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SURFACE LOOP STRUCTURAL ANALOGUES
OF FIBROBLAST GROWTH FACTORS

Related U.S. Application Data

This is a continuation-in-part of co-pending U.S.
patent application serial number 08/126,973, filed Sep-
tember 24, 1993.

Technical Field of the Invention

This invention relates to fibroblast growth factor
analogues having different primary structures in a sur-
face loop that connects the ninth and tenth B-strands.
The analogues retain overall secondary and tertiary pro-
tein structural similarities to the original factors but
exhibit different biological properties and receptor
binding specificity profiles.

Background of the Invention

Polypeptide growth factors are hormone-like modu-
lators of cell proliferation and differentiation. Growth
factors are responsible for the regulation of a variety
of physiological processes, including development, regen-
eration, and wound repair, and have been associated with
normal as well as with pathophysiological processes.
Numerous growth factors have been identified in various
tissues and cells, and names that have been applied to
these factors include epidermal growth factor, platelet-
derived growth factor, nerve growth factor, hematopoietic
growth factors, and fibroblast growth factor.
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tissue which was mitogenic for fibroblasts and endotheli-
al cells. It was later noted that the primary mitogen

5 from brain was different from that isolated from pitu-
itary. These two factors were named acidic and basic
FGF, respectively, because they had similar biological
activities but differed in their isoelectric points.
Acidic and basic FGF are proteins containing approximate-

10 ly 154 amino acids. Their amino acid sequences are re-
lated, with approximately 55% sequence identity between
them.

Acidic and basic fibroblast growth factors are now
known to be members of a larger family of heparin-binding

15 growth factors that collectively trigger a variety of
biological responses in many cell types, including those
of mesoderm and neurcectoderm origin, such as endothelial
cells, smooth muscle cells, adrenal cortex cells, pros-
tatic and retina epithelial cells, oligodendrocytes,

20 astrocytes, chrondocytes, myoblasts, and osteoblasts. As
original family members, acidic and basic FGF are now
denoted FGF-1 and FGF-2, respectively. Seven other mem-
bers of the family have been identified on the basis of
their modulation of cell proliferation and differentia-

25 tion, and their sequence homology to other FGFs.

In addition to eliciting a mitogenic response that
stimulates cell growth, fibroblast growth factors can
stimulate a large number of cell types to respond in a
non-mitogenic manner. These activities include promotion

30 of cell migration into wound areas (chemotaxis), initia-
tion of new blood vessel formulation (angiogenesis),
modulation of nerve regeneration and survival (neurotro-
phism), modulation of endocrine functions, and stimula-
tion or suppression of specific cellular protein expres-

35 sion, extracellular matrix production and cell survival
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vide a basis for using fibroblast growth factors in ther-
apeutic approaches to accelerate wound healing, nerve

5 repair, collateral blood vessel formation, and the like.
For example, fibroblast growth factors have been suggest-
ed to minimize myocardium damage in heart disease and
surgery (U.S. Pat. No. 4,378,347 to Franco).

Current research regarding FGF-2 and other FGFs has

10 centered on the molecular details of the receptor-mediat-
ed pathways by which their diverse physiological activi-
ties are expressed, as a way to gain information for the
design of therapeutically useful agents that can either
mimic or inhibit the action of these factors. Since the

15 primary structure of FGF-2 isolated from a variety of
sources is known, and bovine and human FGF-2 have been
cloned and expressed in E. coli and S. cervisiae, recent
attention has focused on secondary and tertiary struc-
ture.

20 The 3-dimensional structures of FGF-1 and FGF-2 have
been determined (Eriksson, E.A., et al., Proc. Nat. Acad.
Sci. USA 88: 3441-3445 (1991), Zhang, J., et al., Proc.
Nat. Acad. Sci. USA 88: 3446-3450 (1991), and Zhu, H., et
al., Science 251: 90-93 (1991)). In these studies, FGF-1

25 and FGF-2 were shown to exhibit a folding pattern stri-
kingly similar to that observed for the cytokine inter-
leukin-la, and interleukin-1B (IL-la and IL-1B), protein
factors produced by macrophages and T-cells in response
to antigenic or mitogenic stimulation, though the primary

30 structures of interleukin-1 polypeptides have only about
a 10% amino acid sequence correspondence to FGFsS.

The overall structure of FGF-2 can be described as a
trigonal pyramid where each of the three sides are built
of two B-strands together forming a B-sheet barrel of six
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the center of the base of the molecule and extends
through the apex of the pyramid (ibid.). Of the amino

10 acids conserved within the FGF family of proteins, most
are located within the core B-strand regions of FGF-2,
supporting the expectation that each of these proteins
has an overall 3-dimensional structure similar to that of

FGF-2.

15 The biological responses of FGF are mediated by the
heparan sulfate-dependent binding of the growth factor to
specific cell surface receptors (Givol, D., and Yayon,
A., FASEB J. 6: 3362-3369 (1992) and Jaye, M., et al.,
Biochim. Biophys. Acta 1135: 185-199 (1992)), yet the

20 molecular interactions of heparin and receptor with FGF
and the exact nature of the events of the signal trans-
duction pathway are unknown. Studies employing synthetic
peptides related to the FGF sequence showed that FGF-2
(33-77) and (106-129) bind to heparin and act as weak

25 partial agonists and antagonists in a mitogenic assay of
FGF activity (Baird, A., et al. Proc. Nat. Acad. Sci. USA
85: 2324-2328 (1988)). The same study identified a se-
quence, FGF-2 (115-124), involved in receptor binding.
The segment begins in the middle of the ninth g-strand,

30 makes a somewhat open loop on the surface of the folded
molecule, and terminates at the beginning of the tenth (-
strand. This sequence (118-122) in the native protein
forms a small surface loop that is close to a cluster of
basic surface residues that may form a putative heparin

35 binding site (Zhang, J., et al., Proc. Nat. Acad. Sci.
USA 88: 3446-3450 (1991)).
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3178 (1989)); Thr-121 is denoted in the paper as Thr-112

5 since the investigators employed the N-terminally trun-

cated form of the polypeptide, which exhibits full bio-
logic activity but has 146 rather than the usual 154
amino acids). Phosphorylation of Thr-121 results in the
generation of a form of the protein that exhibits an

10 increased capacity to compete with radiolabelled FGF-2
binding to its receptor, but no difference in the biolog-
ical properties of the phosphorylated and nonphosphory-
lated forms of the protein were observed (ibid.). 1In
contrast to FGF-2, FGF-1 is not a substrate for the ki-

15 nase. The data are consistent with the hypothesis that
the sequence 115-124 is involved in receptor binding, but
they do not define the complete receptor binding domain
of the molecule, nor do they demonstrate the physiologi-
cal significance of phosphorylation of Thr-121.

20 In addition to heparin and receptor binding regions,
there is evidence that specific sequences in FGF influ-
ence ligand-induced signal transduction. For example,
deletion of residues 27-32 of FGF-2 (Lys-Asp-Pro-Arg-Leu)
or mutation of the basic residues Arg-118, Lys-119, Lys-

25 128, and Arg-129 did not appear to affect the mitogenic
activity of the protein, but eliminated activation of
plasminogen activator gene expression (Eur. Pat. Ap. Pub.
No. 363,675 to Bergonzoni, L., et al., and Presta, M., et
al., Biochem. Biophys. Res. Com. 185: 1098-1107 (1992)).

30 At least four different fibroblast growth factor
receptors (FGFR) have been identified (Werner, S., et
al., Mol. Cell. Bio. 12: 82-88 (1992)), and functional
differences between different receptor forms have been
observed. Different FGF receptor forms derived from the

35 same gene via alternative splicing have different ligand
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factor receptors exhibit a multitude of structural vari-

ants, and considerable cross-reactivity between receptors
and their various ligands (Yayon, A., et al., EMBO J. 11:
1885-1890 (1992)). Though the carboxy-terminal region of
the third immunoglobulin-like domain appears to be a

10 structural element that defines specificity of different
FGF members (Werner, et al., and Yayon, et al., cited
above), the precise nature of FGF-receptor-heparin inter-
actions and the protein residues involved have yet to be
elucidated.

15
Summary of the Invention

It is an objective of the invention to provide new
structural analogues of fibroblast growth factors.

It is another objective of the invention to provide
20 fibroblast growth factor analogues having binding and
biological activities that are pharmacologically dissoci-
ated, i.e., that bind to an FGF receptor, which may be
the same or different from a receptor that normally binds
the wild-type factor, and/or exhibits different biologi-
25 cal properties from that observed in the wild-type fac-
tor.

It is a further and more specific objective of the
invention to provide fibroblast growth factor structural
analogues such as structural analogues of human fibro-

30 blast growth factor-2, which have all or part of a sur-
face loop replaced with another amino acid sequence.

These and other objectives are accomplished by the
present invention which provides fibroblast growth factor
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the three sides aretfgn provides fibroblast growth factor structural

analogues having an amino acid sequence replacement in
the ninth or tenth B-strand of the factor, or the se-
quence that corresponds to the surface loop that connects

10 the ninth and tenth B-strands, such that the interaction
of B-strands nine and ten with adjacent strands is not
significantly perturbed, and the analogue binds to hepa-
rin. The analogues exhibit binding affinity to a fibro-
blast growth factor receptor. Binding specificity of the

15 analogues is preferably different from the binding speci-
ficity of the native factor to the corresponding recep-
tor. In one embodiment, the analogue stimulates in vivo

angiogenesis.

20 Preferred fibroblast growth factor structural ana-
logues have an amino acid sequence substitution in the
surface loop that extends from the ninth to the tenth B-
strand. In some embodiments, all or part of the amino
acid sequence in the growth factor surface loop extending

25 from the ninth to the tenth B-strands is replaced by
another amino acid sequence such as a corresponding amino
acid sequence derived from related fibroblast growth
factor or interleukin polypeptides.

Thus, the fibroblast growth factor analogues of this
30 invention include, but are not limited to, analogues
formed by using, in replacement of corresponding loop
sequences in other growth factors, fibroblast growth
factor-1 sequence Lysl15-Lysl16-His117-A1all18-Glull9-
Lys120-Asnl2l (amino acids 115-121 of SEQ ID NO 2), fi-
35 broblast growth factor-2 sequence Argll8-Lysl119-Tyrl20-
Thrl2l-Serl122 (amino acids 118-122 of SEQ ID NO 1), fi-



of two [err]-strands together formng a [err]-sheet barrel of six
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Acad 441-3445 (1991)). The base of the pyramd is built
of SI rr] strands extendi ng fromthe three sides of the
pyr am e end of 5 the barrel for_a total of twelve

[err]-strands. Thus, a threefol d repeat Ps observed in the fol di ng of
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of proteins, noswal Ser-Ser-Thr-Pro-Gly-Ala-Arg-Arg-Gln-Pro-Ser-Ala-Glu-
Arg-Leu (amino acids 132-152 of SEQ ID NO 4), fibroblast
growth factor-4 sequence Tyr-Lys-Tyr-Pro-Gly (amino acids
5 172-176 of SEQ ID NO 5), fibroblast growth factor-5 se-
quence Ala-Ile-His-Arg-Thr-Glu-Lys-Thr-Gly-Arg-Glu (amino
acids 176-186 of SEQ ID NO 6), fibroblast growth factor-6
sequence Asp-Leu-Tyr-Gln-Gly (amino acids 174-178 of SEQ
ID NO 7), fibroblast growth factor~7 sequence Ala-Lys-
10 Trp-Thr-His-Asn-Gly-Gly-Glu (amino acids 154-163 of SEQ
ID NO 8), fibroblast growth factor-8 sequence Ala-Lys-
Tyr-Glu-Gly (amino acids 144-148 of SEQ ID NO 9), and
fibroblast growth factor-9 sequence Asn-Leu-Tyr-Lys-His-
Val-Asp-Thr-Gly-Arg-Arg (aminc acids 151-161 of SEQ ID NO
15 10). Analogues having loop flanking sequences changed,

and peptide fragment analogues containing the loop se-
quences are correspondingly provided by the invention.

For example, human fibroblast growth factor-2 struc-

tural analogues having amino acid sequence substitutions

20 in residues 112 to 128 result in factors that retain the
same overall secondary and tertiary structure as FGF-2,
but exhibit different biological properties. 1In these
exemplary embodiments, an FGF-2 loop sequence is replaced
with any size or composition of insert. Some derivatives

25 are prepared by changing residues 115 to 124; others are
prepared by changing loop residues 118 to 122. In one
embodiment, for example, the FGF-2 loop is replaced with
corresponding amino acids derived from FGF-1 from the
same or another species; in another, an interleukin-1f

30 from the same or another species is used; and, in anoth-
er, a loop from FGF-7 from the same or another species is
used. As summarized above, these analogues bind heparin
and a native fibroblast growth factor receptor.

The invention also provides DNA encoding the fibro-
35 blast growth factor derivatives, biologically functional
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Figure 1 sets out sequence alignment of human FGF-2,
FGF-1 and IL-1B in the loop region (identified in the Se-
quence Listing section hereinafter as ID NOs 1 to 3).
The sequences underlined correspond to the surface loop
10 located at the end of the ninth f-strand. The residues
in parenthesis indicate the residues found in the bovine
sequences.

Figure 2 plots competitive receptor binding of con-
fluent baby hamster kidney cells incubated with '#I-

15 FGF-2 and indicated concentrations of competitors FGF-2
(open circles), structural analogue FGF-2LI (described in
greater detail hereinafter, closed squares), and struc-
tural analogue FGF-2LA (described hereinafter, closed
triangles).

20 Figure 3 plots the binding of radioiodinated FGF-2
(closed squares), FGF-2LA (open circles), and FGF-2LI
(open triangles) to FGF-receptor type 1 present on NIH
3T3 cells as a function of added unlabelled FGF proteins.

Figure 4 shows endothelial cell growth of adult
25 bovine aortic arch endothelial cells plated at 8000
cells/well and incubated for 5 days with the indicated
concentrations of FGF-2 (closed circles), FGF-2LI (open
squares), and FGF-2LA (open triangles).

Figure 5 is a bar graph depicting production of
30 cell-associated urokinase-type plasminogen activator
induced by wild-type or mutant FGF-2 (10 ng/ml).
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Ntermnally truna vitro angiogenic activities of wild-type or mutant
FGF-2 (10 ng/ml) as measured by their abilities to induce
formation of tube-like structures by ABAE cells cultured

5 on a type I collagen gel. The data are from a typical
experiment in which cell cultures of identical conditions
are maintained in duplicate wells. Three to four areas
of each well are examined by image analysis and the mean

value and standard deviation are presented.

10 Figure 7 presents an amino acid sequence comparison
among the nine members of the FGF family between residues
corresponding to amino acid residues 113 and 128 in FGF-2
(SEQ ID NO 1; FGF-1 is set out as SEQ ID NO 2, and the
other FGFs are sequentially set out as SEQ ID NOs 4 to

15 10, except that Hisl2l of the FGF-1 bovine sequence is
replaced by Asn in the human sequence). The numbering
system is relative to FGF-2 and the asterisks refer to
identical and conserved residues. Residues located be-
tween the FGF-2 locations Serll7 to Trpl23 mark the posi-

20 tions where other FGFs contain inserts and changes. To
illustrate homologous sequences in the ninth and tenth
B-strands and in the loop region, the figure employs
standard one-letter nomenclature for the amino acids: A,
Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I,

25 Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gln; R,
Arg; S, Ser; T, Thr; VvV, vVal; W, Trp; and Y, Tyr.

Figure 8 shows a comparison of the degree of neo-
vascularization induced in a rabbit ear chamber model by
FGF-2 (closed triangles) and FGF-2LA (closed circles). A

30 control without FGF is represented by closed squares.

Figure 9A plots the binding of '**I-FGF-2 as a func-
tion of added FGF-1 (open circles), FGF-2 (open squares),
FGF-7 (closed circles), FGF-2LA (closed squares), and
FGF-2LI (open triangles) to soluble recombinant FGF-re-
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of the basic residues Arg-118, Lys-119, Lys- 25 128, and Arg-129 did not
appear to affect the MiiHuEWéntion is based upon the finding that chang-

es in fibroblast growth factor surface loop residues in a

manner that does not perturb the overall secondary and
tertiary structure of the FGF molecule yields an array of
structural analogues having varied and desirable physio-

10 logical properties, including FGF agonists and potential
antagonists. Changes in loop sequences, Or seguences
adjacent to loop sequences, yield analogues that bind to
heparin and exhibit binding affinity to a native fibro-
blast growth factor receptor.

15 By "antagonist" is meant any substance that tends to
-nullify the action of another, as one, for example, that
binds to a cell receptor without eliciting a biological
response. For FGFs, antagonists include, but are not
limited to, any substance that binds to an FGF receptor
20 Dbut does not stimulate proliferation or migration of
fibroblasts, endothelial cells and astroglial cells. 1In
contrast, by "agonist” is meant any substance that has
affinity for and stimulates physiological activity at
cell receptors normally stimulated by naturally occurring
25 factors, including mitogenic activity, angiogensis, che-
motaxis, and the like. As used herein, the terms are not
limiting, and a single factor may exhibit antagonism to
one biological function mediated by native factor, and
agonism to another function. Where this occurs, the
30 bioclogical activities of native factor are said to be
pharmacologically dissociated in the analogue.

A protein is defined herein as a fibroblast growth
factor (FGF) if it shows significant sequence and three-



activ?ty of the protein, but elimnated activation of pl asm nogen

activator gene expression (Eur. Pat. Ap. Pub. No. 3637Kid$hebt®as Been Replaced
Bergonzoni, L., et al., and Presta, M, et al ., Bioche . .
Com 185: 1098-1107 (1992)). 30 At | east four dif{g’uﬂuﬂ mgl Ft
growt h factor receptors (FGFR) have been.dentified ( A T
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FGF family, FGF-like activity in 1in vitro or in vivo

assays and binds to heparin or heparin-like substances.
By "heparin" is meant the heterogeneous, sulfated anionic

5 polysaccharide composed of D-glucuronic acid and D-glu-
cosamine, bound to a protein core as the "proteoglycan"
or in a free form as the "aglycan", that may or may not
have anticoagulant properties. "Heparin- like" substanc-
es are molecules that have oligosaccharide structures

10 related to the heparins, but may or may not have antico-
agulant activity. Any type of fibroblast growth factor
or mutein or derivative is encompassed by this invention,
particularly human fibroblast growth factor, as well as
loop sequence peptides that exhibit antagonist or agonist

15 properties, or both.

Broadly speaking, the fibroblast growth factor ana-
logues of this invention include structural analogues of
fibroblast growth factor having at least one amino acid
deletion, insertion or replacement in a B-strand, or a

20 loop connecting two B-strands such that adjacent strands
are not perturbed, and the molecule retains its overall
secondary and tertiary structure. Secondary and tertiary
structure is determined by heparin binding, binding to an
FGF receptor, spectroscopy (using ultraviolet, visible,

25 or circular dichroic light), X-ray crystallography, and
biological activities.

Particularly preferred are FGF sequence replacements
in a loop connecting two B-strands, analogous to the
structural cassette or module replacements of turns with

30 retention of parent conformation disclosed for enzymes by
Hynes, T.R., et al., Nature 339: 73-76 (1989). In some
embodiments, the ninth or tenth B-strand of the factor,
or the sequence that corresponds to the surface loop that
connects the ninth and tenth B-strands, are replaced with

35 any size or composition amino acid sequence insert such



bi ndi ng properties, and anal ogous splice variants from Aisfhergnt. FG-
receptor genes bind different nenbers of the FGF famly cenBeplaced
and Wllians, L.T., Adv. Can. Res. 60: 1-41 (1993)). T / M") A#

growh 5 factor receptors exhibit a nultitude of structural

and consi derabl e cross-reactivity between re%ggtors and their various
| i gands (Yayon, A, et al., EMBO J. 11: - 5-1890 (1992)). Though the
car boxy-term nal region of the third i mmunogl obulin-1ike donain appears

tob 10 st l .. t that defi ; jficit f diff t
FoF members (ver nes ST i Gty BRIGARS L (Kt 'S Ponbt efhElkeper-

precise nature oﬁuﬂyk¢ecdbUmaﬂuﬁﬁniemha@iments, ciee | susfand Lbeppistein
resi dues invol Vec}:éﬁvﬁé@twf& .surfaec!émoﬂ'f%epron]'%?oth r’rgg&\_(ogf. tlﬂﬁus,

I nventi on . It is an objective e’‘inventron to provide new
structural anal odtEsS ofn¥ei it HReqjriiaal fneneempasses loop and loop

3 stem and anchor replacements with structurally related
and unrelated sequences, including random loops, longer
or shorter loops, and differently charged loops and their
stems and anchors. It also encompasses peptide fragments
that mimic these loops in binding studies and biological

10 assays.

As set out more fully below, numbering of the
amino acids in these'strands is, for convenience, made
with reference to FGF-2. Perturbation and strand adja-
cency are herein defined in a three-dimensional sense and

15 measured as described above. Overall folding is main-
tained in the analogues. Preferred analogues bind to an
FGF receptor with an affinity that is greater than, or up
to 100-times lower than the binding of a corresponding
native FGF family member exhibiting affinity to the re-
20 ceptor.

Receptors that many of the analogues typically bind
include native baby hamster kidney (BHK) cell fibroblast
growth factor receptor, NIH 3T3 cell receptors, or other
receptors specific to particular FGFs. Binding prefera-

25 Dbly exhibits an affinity substantially similar or superi-
or to the binding of the corresponding native factor to
that receptor. An advantage of the invention is that the
loop manipulation results in analogues exhibiting similar
binding profiles to the corresponding factors from which

30 the loops are derived. Thus, certain analoqgues of the
invention target receptors that the native factor does
not bind, including receptors on different cell types.
For example, factors that ordinarily bind to endothelial
cell receptors can be engineered to bind to epithelial

35 cell receptors, and so forth. Examples are given herein-



It is another objective of the invention to provide 20 fibroblast growth
factor anal ogues havi ng bi ndi ng and bi ol ogi cal acti vThuS|Sé®t Hhaieerﬂ(eglaced

phar macol ogi cal | y di ssoci - ated, i.e., that bind to a

whi ch may be the sane or different froma receptor th ﬂl nds
the wild-type factor, and/or exhibits different biologi- 25 ties
fromthat observed in the wild-type fac- - lior. is a

further and nore specific objective of the i nvention to prOV|de
fibroblast growh factor_structural anal ogues such as structural
anal ogues of hurfdF9% br RNgoempPiTeyE o%\EH“‘Fé%Y'S? ?ngv}\ﬁ%ﬁlﬁaﬁgtél’llté{r 1far t
of a sur- f aelbrd pop replaced with another am no acid sequence.
These and ot her objectives are acconplished by the present invention
whi ch provides fibroblast growh factor

Especially preferred structural analogues are those

in which the factor has at least one amino acid deletion,

5 addition or substitution in the sequence of the surface
loop that extends from the ninth to the tenth fB-strand
and protrudes from the surface when the molecule is fold-
ed as described by Eriksson, et al., Zhu, et al., and
Zhang, et al., cited above, and has the overall secondary

10 and tertiary structure of the native factor. 1In some
embodiments, the replacements are sequences from other
FGF species or related molecules. In other embodiments,
the replacements are structurally unrelated to any FGF
species, and may contain fewer or more amino acids, or

15 differently charged amino acids. Thus, any amino acid
sequence can be used as a sequence replacement in the
loop connecting the strands.

For example, structural FGF analogues of the inven-

tion include analogues having at least one amino acid

20 deletion, addition or substitution, particularly amino
acid sequence substitution, in surface loops that in-
clude, but are not limited to, fibroblast growth factor-1
sequence 112 to 123, particularly Lysl115-Lysll6é-Hisll7-
Alall8-Glull9-Lys120-Asnl2l (amino acids 115-121 of SEQ

25 ID NO 2); fibroblast growth factor-2 sequence 115 to
124, particularly Argll18-Lysl19-Tyr120-Thrl2l-Serl22
(amino acids 115-124 of SEQ ID NO 1), fibroblast growth
factor-3 sequence Arg-Leu-Tyr-Arg-Thr-vVal-Ser-Ser-Thr-
Pro-Gly-Ala-Arg-Arg-Gln-Pro-Ser-Ala-Glu-Arg-Leu (amino

30 acids 132-152 of SEQ ID NO 4), fibroblast growth factor-4
sequence Tyr-Lys-Tyr-Pro-Gly (amino acids 172-176 of SEQ
ID NO 5), fibroblast growth factor-5 sequence Ala-Ile-
His-Arg-Thr-Glu-Lys-Thr-Gly-Arg-Glu (amino acids 176-186
of SEQ ID NO 6), fibroblast growth factor-6 sequence Asp-

35 Leu-Tyr-Gln-Gly (amino acids 174-178 of SEQ ID NO 7),



-7 - structural anal ogues having am no acid changefd dpess Hid GEReplaced

| oops, or sequences adjacent to the surface | oops, such
overal |l secondary and tertiary structures of the pol yp‘suu w Efm ﬂl,\
significantly perturbed, and the 5 analogues bind to hepa .

particularly, this in- vention provides Tibroblast growt h factor
structural anal ogues havi ng an am no abitﬁséquence repl acenent in
the ninth or tenth [err]-strand of the factor, or the se- guence t hat

corresponds to t surface |oop that connects.10  the ninth_and.tenth
[err]-strands, s ??%ﬁs?h%r?“Féra%?FBE 7 Eab?°[5??T?s?Faﬁ sag%hgcgﬁg ten
wi t h adj acent stgrandshigacmodtr or XGHhi §equenty peatlybe@rprafiirt-HésaAahogue

binds to hepa- g3 Idfy-di\¢ PORLAGUES:EXNIBLL,BENGENgEaT TbnibY8§0 2:1birRro-

blast growth factor-8 sequence Ala-Lys-Tyr-Glu-Gly (amino

5 acids 144-148 of SEQ ID NO 9), and fibroblast growth
factor-9 sequence Asn-Leu-Tyr-Lys-His-Val-Asp-Thr-Gly-
Arg-Arg (amino acids 151-161 of SEQ ID NO 10). A compar-
ison of surface loop sequences in the FGF family is de-
picted in Figure 7. In these embodiments of the inven-

10 tion, structural analogues are prepared by replacing the
surface loop sequence of one FGF with another amino acid
sequence such as, but not limited to, a surface loop se-

gquence from another factor.

Changes in neighboring regions that affect the loop,

15 including loop stems and anchor points, are encompassed
by the invention, so long as the overall folding of the
molecule is not perturbed. Thus, analogues of the inven-
tion include structures having mutations, particularly
sequence replacements, in fibroblast growth factor-1

20 sequence Tyrll2-Ilell3-Serll4-Lysll5-Lysll6-Hisll7-Ala-
118-Glull9-Lys120-Asnl21-Trpl22-Phel23-Lysl124-Asnl25
(amino acids 112-125 of SEQ ID NO 2), fibroblast growth
factor-2 sequence Tyrll5-Argll6-Serll7-Argll8-Lysll9-
Tyrl20-Thrl2l1-Serl122-Trpl23-Tyrl24 (amino acids 115-124

25 of SEQ ID NO 1), fibroblast growth factor-3 sequence Tyr-
Ala-Ser-Arg-Leu-Tyr-Arg-Thr-Val-Ser-Ser-Thr-Pro-Gly-Ala-
Arg-Arg-Gln-Pro-Ser-Ala-Glu-Arg-Leu-Trp-Tyr (amino acids
129-154 of SEQ ID NO 4), fibroblast growth factor-4 se-
quence Tyr-Glu-Ser-Tyr-Lys-Tyr-Pro-Gly-Met-Phe (amino

30 acids 169-178 of SEQ ID NO 5), fibroblast growth factor-5
sequence Tyr-Ala-Ser~Ala-Ile-His-Arg-Thr-Glu-Lys-Thr-Gly-
Arg-Glu-Trp-Tyr (amino acids 173-188 of SEQ ID NO 6),
fibroblast growth factor-6 sequence Tyr-Glu-Ser-Asp-Leu-
Tyr-Gln-Gly~-Thr-Tyr (amino acids 171-180 of SEQ ID NO 7),

35 fibroblast growth factor-7 sequence Tyr-Ala-Ser-Ala-Lys-
Trp-Thr-His~-Asn-Gly-Gly-Glu-Met-Phe (amino acids 151-164



bl ast growth factor receptor. Binding specificity of theT%gsfgt | ogues is

preferably different fromthe binding speci- ficity of eplaced
factor to the correspondi ng recep- tor. In one enbodi gue
stinmulates in vivo angi ogenesi s. 20 Preferred wt h
factor structural ana- | ogues have an ani.no aci d sequence substitution
in the surface | oop that extends fromtH& ninth to the tenth [err]-1
strand. In sonme enbodi nents, all or part of the am no aci d sequence in

h h f andj 5 | -
1 1o 250, S48 I Al TR g ipdentn

[err]-strands is 0 acld sequence such as a
correspondi ng adismo Ty - Tt th lsedheamdal radysinsed Lo TR e el 1¢ by obfRstyr -

growt h fact gfe rQip i1 d -Sptel T RPIIKRENIIEESID NO 9), and ThibSrobhest
fibroblast growth factor anal ogues of this 30 inventjon nclﬁgfistt are
t

not Iinmited to, FPMBYUIACLor-F siefAdense MSHEFR T ¥eptslte er-sSer-

correspondi ng | a@h-Leu-SBAHERESSH i 9+ i s T 4G ey SArd + Dy obrast vgi owt h
Ala-Leu-Asn-Lys-Asp (SEQ ID NO 10). The invention also
encompasses peptides corresponding to these loops that

exhibit heparin and FGF receptor binding.

Structural analogues of FGF-2 are preferred in some

10 embodiments. By "FGF-2" is meant any fibroblast growth
factor-2 exhibiting biologic activity including the 146-
amino acid polypeptide originally isolated and sequenced,
the 154 amino acid form currently thought to be the full
polypeptide, truncated forms exhibiting activity, extend-

15 ed forms such as placental FGF, higher molecular weight
N-terminally extended forms described in the literature
and analogues including derivatives and muteins of any of
these. The term specifically includes natural FGF-2
extracted from mammalian tissue as well as recombinant

20 polypeptides expressed from cloned DNA in E. coli or S.
cervisiae from any species or expressed in insect or
mammalian cells with appropriate vectors.

Human FGF-2 is preferred in many embodiments. Human

FGF-2 having 9th or 10th B-strands which can be manipu-

25 lated according to the invention includes, but is not
limited to, FGF-2 having amino acid additions, amino acid
substitutions, and amino acid deletions, including dele-
tions of portions of the amino or carboxyl terminus, and
chimeric proteins containing FGF at the N-or C-terminus

30 of another protein. Example FGF-2s which can be manipu-
lated according to the invention include those having
cysteine substituted with a neutral amino acid such as
serine, or aspartic acid, arginine, glycine, serine, or
valine substituted with other acids suggested to have

35 enhanced stability in Eur. Pat. Ap. Pub. No. 281,822 to



sequence Argl |l 8-Lysl|9-Tyrl 20- Thrl 21- Ser 122 (am no aci

SEQ ID NO 1), fi-

grow h factor-3 sequence Arg-Leu-Tyr-Arg-Thr-

Val - Ser - Ser - Thr - Pro- @ y- Al a- Ar g- Ar g- G n- Pro- Her” Al a- G u- Arg-Leu (am no
acids 132-152 of SEQ ID NO 4), fibroblast growt h factor-4 sequence

Tyr-Lys-Tyr-Prod@ns ( no. aci ZE}? NO.2) 4 f I

growt h factor-SSs(,ge- ! g uenceqﬁi 'I'fg nﬁ%\r 3? %P?J (g 3 1%59@ éﬁé

(ani no aci dngy Gores me@@mw N ®B) ofltbm%bq:*a%%eg%w ﬁmﬂa@t erl Batu-
ral FGF-2 with a different amino acid residue to yield a

more stable analogue (Eur. Pat. Ap. Pub. No. 320,148 to
5 Arakawa and Fox); muteins lacking amino acids from the

facto}-l sequence Lys115-Lys116-His117-Al al18-d ull9- [Ty $RQr iHS B %e] ;
(amino acids 115-121 of SEQID NO 2), fi- 35 broblast gro Jg,ma, pace

carboxyl terminus and, optionally, having amino acid
replacements suggested to have improved stability while
retaining activity in Eur. Pat. Ap. Pub. No. 326,307 to
Seno, et al.; mutants lacking a substantial part of the
10 amino-or carboxyl-terminus such as those described by
Seno, et al., Eur. J. Biochem. 188: 239-245 (1990);
muteins having various point mutations or an N-terminal
deletion suggested in Eur. Pat. Ap. Pub. No. 298,723 to
Fiddes, et al.; the M1-bFGF to M6-bFGF muteins contain-
15 ing missing and substituted amino acids disclosed in Eur.
Pat. Ap. Pub. No. 363,675 to Bergonzoni, cited above;
readily expressed FGF prepared by replacement of Ala-3
and Ser-5 of recombinant FGF with Glu as described in
Seddon, A.P. et al., Annals N.Y. Acad. Sci. 638: 98-108
20 (1991) and analogues thereof; and the like.

In the practice of this invention, a fibroblast

growth factor derivative of this invention such as a
human FGF-2 structural analogue is prepared by deleting,
adding to, or substituting at least one amino acid, pref-

25 erably more than one amino acid, in the sequence between
residues 112 (Tyr) and 128 (Lys). In some embodiments,
the substitution occurs between residues 115 (Tyr) and
124 (Tyr); 4in others, the change occurs between 118
(Arg) and 122 (Ser). As defined above, the numbering

30 convention for other FGF analogues is relative to FGF-2.

In some preferred embodiments, fibroblast growth
factor structural analogues have an amino acid sequence
replacement in the ninth or tenth B-strand of the factor,
or the sequence that corresponds to the surface loop that

35 connects the ninth and tenth B-strands. Amino acid se-



seque'nce Asp-Leu-Tyr-A@n-Ay (am no acids 174-178 of SEQ pp: ghg)et 7),

fi broblast growh factor-7 sequence Al a-Lys- 10 Trp-Thr-H s < Seplared
(am no acids 154-163 of SEQ I D NO 8), fibroblast growth ”
nd

sequence Al a-Lys- Tyr-Au-Ady (amno acids 144-148 of S
fibroblast growh factor-9 sequence Asn-Leu-Tyr-Lys-Hi s-

4

Val - Asp-Thr-d y-Arg-Arg (am no acids 151-161-8f "SEQ I D NO 15 10).

Anal ogues having | oop flanki ng sequences changed, and peptide fragnent
anal ogues containing the | oop se- qgquences are correspondi ngl.y provided
by the inventionduences are %ﬁSFLQXQﬁﬁPQ? héfaf FFBPgﬂlcggtor%glag@g\nlﬁ#atctor-Z
struc- t ur al thpebogmenohaviidg ,anypecacig¢ aequeasce SLilyst igmitnoorescizis  n
residues 112 to ult in factors that retain t ver al
secondary and te%%?%?§%§ r&gf&PeagédFéﬁQE?ncgg SEF %%ﬁ16¥?§3¥$?gibnt

bi ol ogi cal properties. |In these exenpl ary enbodi mrents, an FG-2 | oop

sequence is replaced por Wibhp3dy S 2¢p2bpEAEROYrWAR Hadvbrelderuciiifal
derivatives 25 are prepared by changing residues 115 to 124: others are

prepared by hanBNAdOBYEp SUEH @fed Tumap FEFr2 srrggsural ARFGAMMLS for
exanpl e, the FG-pZebaerd %y eRipa@edndg BNl or part of the amino acid se-

quence in the 9th to 10th B-strand surface loop with a
random amino acid sequence of any length, provided that
the overall folding of the molecule is not significantly
10 perturbed. Thus, a sequence derived from a structurally
related polypeptide such as fibroblast growth factor-2
from another species, human fibroblast growth factor-1,
or 3 to 9, fibroblast growth factor-1, or 3 to 9 from
another species, human interleukin-1 a or B, or interleu-
15 kin-1 a« or B from another species, soybean trypsin inhib-
itor or hisactophilin, may be employed. In some embodi-
ments, preferred FGF-2 analogues involve an amino acid
replacement that eliminates phosphorylation at Thrl2l.

In one embodiment, a structural analogue of this in-
20 vention exhibiting desirable biological properties more
particularly described below comprises a fibroblast
growth factor-2 derivative having surface loop amino
acids Argll8-Lysll19-Tyrl20-Thri2l-Serl22 (amino acids
118-122 of SEQ ID NO 1) replaced with corresponding amino
25 acid sequence Alall5-Glnll6-Phell7-Proll8-Asnll9 (amino
acids 231-235 of SEQ ID NO 3) from human interleukin-1B,
denoted FGF-2LI in the Examples that follow (SEQ ID NO
15). 1In another embodiment, the analogue comprises a
human fibroblast growth factor-2 derivative having sur-
30 face loop amino acids Argll8-Lys119-Tyrl120-Thrl2l-Serl22
(amino acids 118-122 of SEQ ID NO 1) replaced with corre-
sponding amino acid sequence Lysll5-Lysll16-Hisll7-Alall8-
Glull9-Lys120-Hisl1l21 (amino acids 115-121 of SEQ ID NO 2)
derived from bovine FGF-1, denoted FGF-2LA in the Exam-
35 ples that follow (SEQ ID NO 16). In yet another embodi-



corré&ponding am no acids derived fromFG--I fromthe same or anot her
species; in another, an interleukin-1[err] 30 fromthe san®

RLcc Had Beed Replaceq
species is used; and, in anoth- er, a loop fromFG--7 f’
anot her species is used. As summarized above, these ana Hm#ﬂﬂmw
heparin and a native fibroblast growth factor receptor. e

i nvention al so provides DNA encodi ng the fibro- 35 blast growth factor
derivatives, biologically functional

- 9- CirC“h%EcR'%%Q‘%Aglaedé“cé%g%fgéﬁ‘%fhéﬁQPrffﬁPQbEQEtD§éowcn
factor-2 derivative having surface loop amino acids 118
to 122 replaced with a corresponding 9-residue amino acid
loop sequence from FGF-7 (also known as Keratinocyte

5 Growth Factor), Ala-Lys-Trp-Thr-His-Asn-Gly-Gly-Glu from
FGF-7 (residues 154-162 of SEQ ID NO 8).

The novel fibroblast growth factor structural ana-
logues of this invention are prepared by point mutations,
sequence alterations or polypeptide assembly from consti-

10 tuent amino acids or peptides using chemical, biochemical
or physical means known to those skilled in the art.
Alternatively, the novel fibroblast growth factor ana-
logues of this inventicn are prepared by recombinant
protein synthesis involving preparation of DNA encoding a

15 surface loop mutein, insertion of that DNA into a vector,
expression of the vector in host cells, and isolation of
the mutant FGF thereby produced.

DNA encoding the FGF structural analogues of this

invention are prepared by altering a gene of fibroblast

20 growth factor by nucleotide deletions, nucleotide addi-
tions, or point mutations produced using standard means.
Illustrations are set out in Examples 1 and 2. Because
of the degeneracy of the genetic code, a variety of codon
change combinations can be selected to form DNA that

25 encodes the FGF analogues of this invention, so that any
nucleotide deletion(s), addition(s), or point mutation(s)
that result in a DNA encoding loop mutant FGF are encom-
passed by this invention. Since certain codons are more
efficient for polypeptide expression in certain types of

30 organisms, the selection of fibroblast gene alterations
to yield DNA material that codes for the FGF muteins of
this invention are preferably those that yield the most
efficient expression in the type of organism which is to
serve as the host of the recombinant vector. Altered



and procaryotlc or eucaryotic host cells such as E. coli transforned or

transfected with the vectors in a manner al | owi ng the B%nkqn
express the new factors. 5 Brief Description of the Flg

Figure 1 sets out sequence alignnment of human FG--2,

IL-1[err] in the |loop region (identified in the Se- quence Llstlng
section hereinafter as IDNOs 1 to 3). “TRE sequences underl i ned
correspond to the surface loop 10 |located at the end of the ninth
[err]-strand. The residues in parenthesis indicate the residues

in the bovine CO8QQu&fi&stion may alsqrdppend %ﬂ%ﬂév%59%%t???%ErY%Eéﬁ?or
bi ndi ng of con- consfildéarde ilkaty. hanster ki dney cells incubated with [err]l
- 15 FG--2 and indicated concentrations of conpetitors FG--2 (open
circles), structural anal ogue FG--2LI (described in greater detai
hereinafter, closed sqidmdlasndgsiwuic-factor DNA starting material which

is altered to form DNA coding for the FGF analogues of

5 the invention may be natural, recombinant or synthetic.
Thus, DNA starting material is isolated from tissue or
tissue culture, constructed from oligonucleotides using
conventional methods, obtained commercially, or prepared
by isolating RNA coding for FGF from fibroblasts, and

10 using this RNA to synthesize single-stranded cDNA which
is used as a template to synthesize the corresponding
double stranded DNA.

Illustrating the present invention are cloned com-

plementary DNA sequences defining human FGF-2 analogues

15 such as that constructed in Examples 1 and 2. Also en-
compassed are DNA sequences homologous or closely related
to complementary DNA described herein, namely DNA se-
quences which hybridize, particularly under stringent
conditions that result in pairing only between nucleic

20 acid fragments that have a high frequency of complementa-
ry base sequences, to FGF analogue cDNA, and RNA corre-
sponding thereto. In addition to the FGF-encoding se-
quences, DNA encompassed by this invention may contain
additional sequences, depending upon vector construction

25 sequences, that facilitate expression of the gene.

DNA encoding the FGF analogues of this invention, or
RNA corresponding thereto, are then inserted into a vec-
tor, e.g., a pBR, pUC, pUB or pET series plasmid, and the
recombinant vector used to transform a microbial host
30 organisms. Host organisms useful in the invention are
bacterial (e.g., E. coli or B. subtilis), yeast (e.g., S.
cervisiae), mammalian (e.g., mouse fibroblast), or insect
cells. This invention thus also provides novel, biologi-
cally functional viral and circular plasmid RNA and DNA



tural anal ogue FGF-2LA (described hereinafter, closed tfmshg=
Figure 3 plots the binding of radioiodinated FGF-2 (clo Rqﬂmwd
FGF- 2LA (open circles), and FG-- 2LI (open triangles) to E [J MI'

type 1 present on NI H 3T3 cells as a function of added u

pr ot ei ns. Figure 4 shows endotheIL?I_ceII grow h of adult 25
bovi ne aortic arch endothelial cells plated 4t 8000 cells/well and

i ncubated for 5 days with the indicated concentrations of FG-2 (closed

circles), FG- 2Lveé98?ﬁ énco§?895€§% aRd Eh §h§ gQBﬁ%nE@@a@@éﬁﬁlblng

Figure 5 is a bar grap epi c duction o | -associ at ed
ur oki nase-type pF%%nfﬁBgéﬁaéégpﬁatQﬁnerateﬁnHUcé&abﬁawpl@BPW§e o CUh R

FGF-2 (10 ng/mM)of host organisms stably transformed or transfected with
such vectors under conditions facilitative of large scale
5 expression of the exogenous, vector-borne DNA or RNA
sequences and isolation of the desired polypeptides from
the growth medium, cellular lysates, or cellular membrane
fractions yields the desired products. An example of
expression of FGF-2 muteins in E. coli is given in Exam-
10 ple 3.

The present invention provides for the total and/or
partial manufacture of DNA seéuences coding for FGF-2
loop mutants, and including such advantageous character-
istics as incorporation of codons preferred for expres-

15 sion by selected non-mammalian hosts, provision of sites
of cleavage by restriction by endonuclease enzymes, and
provision of additional initial, terminal or intermediate
DNA sequences which facilitate construction of readily
expressed vectors. Correspondingly, the present inven-

20 tion provides for manufacture (and development by site
specific mutagenesis of cDNA and genomic DNA) of DNA
sequences coding for microbial expression of FGF ana-
logues which differ from the forms specifically described
herein in terms of identity or location of one or more

25 amino acid residues (i.e., deletion analogues containing
less than all of the residues specified for human FGF-2,
and/or substitution analogues wherein one or more resi-
dues are added to a terminal or medial portion of the
polypeptide), and which share the biological properties

30 of FGF-2 analogues described herein.

DNA (and RNA) sequences of this invention code for
all sequences useful in securing expression in procary-
otic or eucaryotic host cells of polypeptide products
having at least a part of the primary structural confor-

35 mation, and one or more of the biological properties of



-10A- ceptor type 1 as a function of added unlabelled FGF

proteins. Figure 9B plots a simlar binding profile, except his Shee eenRemaced
sol ubl e reconbinant FG--2 (I1llc) is enployed. Accord

aspect of the invention there is provi ded a fi brobl ast
structural anal ogue 10 wherein am no acids 1%? to 122, 115 to 124 or 112 to
128 of native FGF-2 are replaced by a coffespondi ng sequence from

FGF analogues which are comprehended by: (a) the DNA
sequences encoding FGF-2 loop muteins as described here-
in, or complementary strands; {b) DNA sequences which
hybridize to DNA sequences defined in (a) or fragments

5 thereof; and (c¢) DNA sequences which, but for the degen-
eracy of the genetic code, would hybridize to the DNA
sequences defined in (a) and (b) above. Specifically
comprehended are genomic DNA sequences encoding allelic
variant forms of FGF analogues included therein, and

10 sequences encoding loop mutein RNA, fragments thereof,
and analogues wherein RNA or DNA sequences may incorpo-
rate codons facilitating transcription or RNA replication
of messenger RNA in non-vertebrate hosts.

Isolation and purification of microbially expressed
15 polypeptides provided by the invention are by convention-
al means including, for example, preparative chromato-
graphic separations such as that illustrated Example 3,
and immunological separations, including monoclonal
and/or polyclonal antibody preparations.

20 As summarized above and described in detail in the
Examples below, two example FGF-2 structural analogues of
this invention are FGF-2LA (SEQ ID NO 16) and FGF-2LI
(SEQ ID NO 15), FGF-2 sequences having loop residues 118
to 122 replaced by corresponding sequences from bovine

25 FGF-1 and human interleukin-1B, respectively, expressed
in E. coli. These mutations have no apparent effect on
either heparin binding, estimated by the concentration of
NaCl required to elute the protein from heparin Sepha-
rose, or on the ability of the proteins to compete with

30 I'**-FGF-2 for binding to the FGF receptors present on
baby hamster kidney cells and NIH 3T3 cells (Example 4).
The loop analogues are mitogenically active in bovine
endothelial cell proliferation assays. Both analogues
exhibit significantly reduced capability to induce uroki-

35 nase-type plasminogen activator. In an in vitro angio-



anot her fibroblast gromh factor or a structurally related I nterleukin,
wherein the anal ogue is capable of binding to heparlnhﬁsﬂmﬁ%@Bth§lmxd
binding affinity to a native 15 fibroblast growh factor

According to a further aspect of the invention there is mm’,
fibroblast growh factor structural anal ogue that is c

to heparin and a fibroblast 20 growth factor:¥%ceptor conprising a
fibroblast growth factor havi ng an am no aci d sequence replacenent in

t he sequence gg?y)cgﬁf e the
ninth and tenth [‘err -stran s ‘of GFlﬁ? or t¢f¥§3éE?Ehi§€§ Egpgngﬁﬁﬁrf?gop,
stens, and anchomasdian sonraraial ta tvhikd 2R rF@Epdndi AgtRRgE@AReifr om

anot her i br obl asti t¥P\Mdsay, é@f—tmx Séh?mf’@s frﬁmth@sgrpﬂ@u@@nﬁsarng of :
(a) fibroblast growth factaor-l| qyence L s

Hisll7-Alall8-d maquklfsqunl-sdg% ucture ’?‘b‘} Y‘hﬂ%it&éfaﬁ%w Ati%Bior-2

sequence Argl48- wwﬂéé%aﬁﬂlébﬁﬁﬁﬁhﬁTﬁdZixSeiRﬁho assay. (c) fibroblast
grow h factor-3 sequence Argl 32-Leul 33-

Tyr 134- Arg135- Thr 136- Val 137- Ser 138- Ser 139- Thr 140- Pr0141-
Another FGF-2 loop mutant, FGF-2LK (described in

greater detail in the Examples), contains a 9-amino acid

sequence from FGF-7 (Keratinocyte Growth Factor). FGF-2
does not bind to FGF-7 receptor (FGFR2 IIIb) on keratino-

10 cytes, and FGF-7 does not bind to FGF receptor type 1
(FGFR1). Replacement of the loop sequence in FGF-2 with
that from FGF-7 results in an apparent decrease in the
affinity of the protein to heparin. In receptor binding
experiments, the FGF-2LK protein is unable to displace or

15 compete with binding of FGF-2 to FGF receptor type 1, but
competes with FGF-7 to receptor type 2 (IIIb) whereas
FGF-2 does not compete with binding. Thus, the loop
sequence confers receptor-ligand specificity and allows
for the binding of FGF-2LK mutant to a receptor subtype

20 (FGFR IIIb) that binds FGF-7 but not FGF-2. Conversely,
the loop sequence from FGF-7 abolishes binding of the
protein to FGF receptor 1.

Introduction of new primary structural elements in

the FGF surface loop without significantly perturbing the

25 overall secondary and tertiary structure of the molecule
provides an array of FGF structural analogues that give
rise to altered properties from one FGF type to another,
and thus a means to modulate the activities of FGF pro-
teins, a means to pharmacologically dissociate the bio-

30 logical activities of the proteins, and a means to intro-
duce new activities. As illustrated in the Examples that
follow, FGF loop analogues can be structured to bind to
the same receptors as corresponding native FGF, or to
different receptors, particularly to receptors corres-

35 ponding to the loop rather than to the native FGF.



(Hyl42 Al a143- Arg- 144- Ar gl 45- A nl 46- Prol147- Ser 148- Ala149-

G ul50- Argl151- Leul52; 35 (d) fibroblast growth facty See d@mmmd
Tyr172-Lys173- Tyr174-Prol75-d yl176;

- 10B- (e) fibroblast growth factor-5 sequence N

Hi s178- Argl79- Thr 180- 3 ul81- Lys182- Thr| 83- Glzy4184 Argl85- Gul 6,

FGF antagonists exhibiting reduced biological activ-
ity are useful as anticancer and antiproliferative
agents. The antagonists that act as angiogenesis inhibi-
tors are useful for the treatment of diseases where neo-

5 vascularization is dominant in the pathology such as
retinopathies of the eye, neovascular glaucoma, skin
disorders, chronic inflammation, rheumatoid arthritis,
and the like.

FGF loop structural analogues that are agonists of
10 FGF activity can promote vascularization, cell growth,
and/or cell survival, and thus have application in tissue
repair such as healing of wounds, burns, bone fractures,
surgical abrasions, gastrointestinal ulcers, and the like
as well as tissue repair during ischemia and myocardial
15 infarction via neovascularization of ischemic tissue.

In addition to surface loop amino acid sequence
replacements, this invention further provides growth
factor peptide antagonists constructed to mimic the re-
placed loop, i.e., that bind to FGF receptors but do not

20 stimulate proliferation or migration of fibroblasts and
other cells stimulated by the corresponding factors con-
taining the loop.

Expression of FGF receptor type is cell-specific,
and the type of receptor expressed determines which FGF
25 the cell will respond to. As mentioned above, change in
receptor specificity, such as that seen for FGF-2LA,
indicates that FGF-2 can be engineered to target a cell
type that it normally does not interact with, such as an
epithelial cell rather than an endothelial cell.

30 The following examples are presented to further
illustrate and explain the present invention and should
not be taken as limiting in any regard.



(f) fibroblast gromﬁh factor-6 sequence Aspl74-Leul75-
Tyr176- G nl77-d y1l78,; (g) fibroblast growh factor-7 sequence

Al al54- Ly e‘H edThr 157- Hi s158- Asn159-d y160-d y161- G ul62;
(h) fibro H ctor-8 sequence Al al44-Lys145-
Tyr 146-d (1) flbro?Iast grow h factor-9 sequence

Asnl51- Leul52- Tyrl53 Lys154- Hi sl 55- Val 36 Aspl 57- Thr 158- G y159- Ar gl 60-
15 Arglé6l. According to a further aspect of the invention there is

provi ded a fibroblast growth factor frct§§gﬁ5gggily of fibrobl ast

grow h factor-l or fibroblast growh fa to 9 wherein the
sequences corresponding to the loop in fi broblast growh factor-2

connecting the ninthg % te%%fe ll[l%rfiztéraﬁztersarf?l% selet/t-d I d ey ghﬂhﬁ)n

consi sting of am no _aci o 124 and 112 to 124 of
native fibrobl a¥6F-2 sgrsmtiradcaaalpgues dr"éﬂ‘%?@ecf@f‘y Lo TR ph Qg ? bop
from 25 anot her hhivingbkasl sair@ude NAYIPr(WsiAfuddtiard eukimea) of FGF-2

5 replaced with the corresponding amino acids derived from
interleukin-18 (IL-18).

A gene enceding human glu®°FGF-2 is first prepared
as described in Seddon, A.P. et al., cited above, herein
incorporated in its entirety by reference, and cloned

10 into a T7 expression vector, pET-3a(M13). Briefly stat-
ed, a synthetic gene encoding the 155 amino acid form of
human FGF-2 cloned into pUC 18 is purchased from British
Bio-technology, Oxford, UK. The nucleotide sequence (2-
49) to be changed is excised from pUC 18 with HindIIl and

15 BspMII and a synthetic fragment encoding the first 5 N-
terminal amino acids of FGF-1 and containing an internal
Ndel site is cloned into pUC 18, yielding a construct
encoding glutamic acid at positions 3 and 5. The cDNA
encoding FGF-2 is then excised from pUC 18 with Ndel and

20 BamHl and cloned into the Ndel and BamHl restriction
endonuclease sites of the expression vector pET-3a(M13),
a derivative of pET-3a.

Two unique restriction endonuclease sites, BstBl and
25 Spll, are introduced into the gene in such a way as to
produce no change in the encoded amino acids (i.e., si-
lent mutations) at positions that flank the codons encod-
ing the segment Serll7-Trpl23 of FGF-2 (Figure 1).

Replacement of residues Argll8-Lysl119-Tyr120-Thrl2l-
30 Serl22 of FGF-2 (amino acids 118-122 of SEQ ID NO 1) with
the human sequence Alall5-Glnll6-Phell7-Proll8-Asnlld (a-
mino acids 231-235 of SEQ ID NO 3) from the corresponding
loop of the structural analogue IL-1B (115-119) (Figure
1) is then effected. The plasmid DNA is subjected to



Detalled Descrl tlon of the I nvention 5 ' This invention i s based

upon t hang es in fibroblast growh factor surface
| oop re manner that does not perturb the overall secondary
and ture of the FGF nol ecule yields an array of

_26_

BstBl and Spll digestion and the larger DNA fragment,
isolated using agarose gel electrophoresis. The DNA
fragment is ligated using T4 DNA ligase to a double-
stranded DNA obtained by annealing two synthetic oligonu-

5 cleotides, 5'-CGAACGATTG GAATCTAATA ACTACAATAC GTACCGGTCT
GCGCAGTTTC CTAACTGGTA TGTGGCACTT AAGC-3' (SEQ ID NO 11)
and 5'-GTACGCTTAA GTGCCACATA CCAGTTAGGA AACTGCGCAG
ACCGGTACGT ATTGTAGTTA TTAGATTCCA ATCGTT-3' (SEQ ID NO
12), that contain termini compatible to those generated

10 by BstBl and Spll digestion. The ligation product is
used to transform strain DH5a E. coli cells. The desired
mutant plasmid is selected for on the basis of suscepti-
bility to cleavage at the newly introduced AfI2 restric-
tion site (underlined) and confirmed by complete sequenc-

15 ing of the gene. The plasmid in E. coli was deposited in
the American Type Culture Collection, 12301 Parklawn
Drive, Rockville, MD 20852 USA and bears A.T.C.C. acces-
sion number 695417.

Example 2

20 This example illustrates the construction of a human
FGF-2 structural analogue denoted FGF-2LA (SEQ ID NO 16)
having the surface loop (residues 118 to 122) of FGF-2
replaced with the corresponding amino acid sequence de-
rived from FGF-1 (Figure 1).

25 Replacement of the segment Argll8-Serl22 of FGF-2
with the bovine sequence Lysll5-Lysll6-Hisll7-Alall8-Glu-
119-Lys120-His121 (amino acids 115-121 of SEQ ID NO 2;
Asn in the human sequence) corresponding to the surface
loop 115-121 of FGF-1 (see Figure 1) is accomplished as

30 described in Example 1 above using the following annealed
synthetic mutagenic oligonucleotides: 5'-CGAACGATTG
GAATCTAATA ACTACAATAC GTACCGGTCT AAAAAGCATG CTGAAAAACA
CTGGTATGTG GCACTTAAGC-3' (SEQ ID NO 13) AND 5'-GTACGCTTAA
GTGCCACATA CCAGTGTTTT TCAGCATGCT TTTTAGACCG GTACGTATTG



structural anal ogues having varied and desirable physio- 10 | ogical
pr oper FhigSheet Has B cqd G agoni sts and potenti al ant agoni sts. Changes
in“IoopJ H& H sequences adj acent to | oop sequences, yield

anal ogu heparin and exhibit binding affinity to a native
fibro- bl ast growth factor receptor. 15 By "antagonist" is
meant any substance that tends to nul lifythe action of another, as
one, for exanple, that binds to a cell receptor without eliciting a

/i mitod Lo, any SURCHIAEEAG rATPEr el PER ek Eracin 5 38" pofRandesised

stimulate prolifeanstamt plasmgdals oseDécted dmbtiobl Assss efidohbekuskepelils
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m togeni c activity, a@gigggnaéﬁe.che- mot axi s, and the like. As used
herein, the terns are not Imting, and a single factor may exhibit
antagonismto one bi ol ogi cal function nediated by native factor, and

Example 3

FGF-2LA and FGF-2LI mutants constructed in Examples
1 and 2 are expressed and purified in this Example.

Following sequence verification, the plasmids con-
10 taining FGF-2 loop mutants described in Examples 1 and 2
above are transformed into competent E. coli BL21 plys S
and cultured at 37°C in Luria broth containing 50 ug/ml
ampicillin and 30 ug/ml chloramphenicol until an absor-
bance at 600 nm of 0.4 is reached. Expression of the re-
15 combinant protein is induced by the addition of 2 mM
isopropylthiogalactoside for 2 hours at 37°C.

Cells from 1 liter cultures are harvested by cen-

trifugation, resuspended in 30 ml of 50 mM Tris-HCl, pH
7.5 containing 0.1 mM EDTA and 0.6 M NaCl, and disrupted

20 by treatment with lysozyme (10 ug/ml) for 20 min at 4°C
followed by sonication (6 x 30 sec pulses). The lysates
are clarified by centrifugation (10,000 x g; 20 min) and
the supernatant solutions incubated with 5 ml of hydrated
heparin Sepharose (Pharmacia/LKB) at 4°C for 1 hour with

25 constant rotation. The resin is isolated by filtration
on 0.8 um filter apparatus (Nalgene), washed extensively
with 10 mM Tris-HCl pH 7.4 containing 0.6 M NaCl and
bound protein eluted with Tris buffer containing 3 M NaCl
(25 ml). The 3 M NaCl eluent is diluted 6-fold with Tris

30 buffer and loaded onto a TSK heparin 5PW column (0.21 x
15 cm; The Nest Group, MA) and the column developed using
a linear NaCl gradient (0.6 to 2 M) in 90 min at a flow
rate of 3 ml/min.



agoni smﬁ,ps}@ammen d4 on. Were this occurs, the 30 biological

activiti ctor are said to be phar macol ogi cal |y
di ssoci a '! tlmwmﬁ rogue A protein is defined herein as a
fibrobla actor (FGF) if it shows significant sequence and

t hree- - 28 - 12 - di mensi onal
structural honol ogy to other nenbers of the FG- famly, FG--1ike
activity inin vitro or in vivo assays and binds to heparin or

heparin-1i ke subst afibesFGF-2 &yelhepgrumni fied meanthd hee et or cgeheousare
sul fat ed anionéﬁalyzed using reverse phase high performance liquid
chromatography (C,, Vydac, the Separations Group, Hes-
peria, CA) using a 0.1% trifluoroacetic acid/acetonitrile
5 gradient (28 to 48% CH,CN in 60 min) at a flow rate of 0.7
ml/min. Elution of bound material is monitored at 210
nm. Both FGF-2LA and FGF-2LI are found to be homogenous,
each giving a single peak. Purity and molecular weight
determinations are also made using a silver stain detec-
10 tion system (Phastgel System, Pharmacia, LKB), and each
protein yielded a single 18 kD silver stained band by
SDS-PAGE.

N-terminal sequence analyses of reversed phase puri-

fied proteins are performed on a model 477A pulsed-liquid

15 phase sequencer equipped with a Model 120A on-line phe-
nylthiohydantcin-derivative analyzer (Applied Biosystems,
Forster City, CA). The analysis gives the sequences Ala-
Glu-Gly-Glu-Ile-Thr-Thr-Leu-Pro-Ala (87%; amino acids 2-
11 of SEQ ID NO 15) and Met-Ala-Glu-Gly-Glu-Ile-Thr-Thr-

20 Leu-Pro-Ala (13%; amino acids 1-11 of SEQ ID NO 15},
indicating a small fraction of the protein retains the N-
terminal methionyl residue (introduced for the expression
of the mature form of the protein).

Amino acid compositions are determined after HCl gas
25 phase hydrolysis (5.7 M HCl/0.1% phenol, 24 hours at
110°C) using a model 420A phenylisothiocyanate-deriva-
tizer equipped with an on-line model 130A separation
system (Applied Biosystems). The full sequences of human
FGF-2LA and FGF-2LI are given in the Sequences Listing
30 section which appears hereinafter (SEQ ID NOs 15 and 16}).

Figure 7 illustrates an amino acid sequence compari-
son between the nine members of the FGF family between
residues 88 and 143 using a numbering system relative to
FGF-2. The asterisks refer to identical and conserved



5 pdryiﬁggggqhggﬁﬁ gked of D-glucuronic acid and D gl u- cosam ne,

bound t as the "proteoglycan" or in a free formas the
"agl ycan" E\\‘m@‘ may not have anti coagul ant properti es.
"Heparin- st anc- es are nol ecul es that have oligosaccharide
structures 10 related to the heparins, but may or may not have antico-

agul ant activity. Any type of fibroblast grovwwsh {actor or nutein or
derivative is enconpassed by this invention, particul arly human
fibroblast growth factor, as well as | oop sequence peptides that )
exhi bit ant agoni stesorduRfoni sTha PP opEns | @xhilit hdf other sites ofr dgnyi-

speaking, the fikiOblafd HWEPEACEOE;@Es in ad@DUESNOEot BhEé yNYERbteA.
i ncl ude structural anal ogues of fibroblast gromh factor having at

| east one amino acid deletion, insertion or replacenment in a
[err]-strand, or a 20 |oop connecting twgxamele] 4strands such that

adj acent strands are not perturbed, and the nolecule retains its

overal | secondary and tertiary structure. Secondary and tertiary
structure is determ nékhiy deppple desdrioes bbbndingtandncell poplidespror,

spectroscopy gusigigyld&@YiOL &lsiNyStRLCFGF-2 mutants isolated and puri-
fied in Example 3 above.

The affinities of FGF-2LA and FGF-2LI for immobi-
lized heparin are identical to wild type FGF-2 on elution
from a TSK-heparin column at about 1.5 M NacCl.

10 FGF-2LI and FGF-2LA are tested for their capacity to
compete for the binding of *‘¥I-FGF-2 (Amersham Corp.) to
baby hamster kidney (BHK) cells, which express high num-
bers of FGF receptor. The assay employed is described by
Moscatelli (J. Cell. Physiol. 131: 123-130 (1987)).

15 Briefly stated, BHK cells plated on 24-well plates are
incubated with 50 pM '»I-FGF-2 with serial dilutions of
unlabelled FGF-2, FGF-2LI or FGF-2LA loop mutants at room
temperature for 1 hour or at 4°C for 2 hours. The cells
are then incubated at 4°C for 30 minutes, washed twice

20 with phosphate-buffered saline and treated with 20 mM
HEPES (N-2-hydroxyethyl-piperazine-N'-2-ethanesulfonic
acid), pH 7.5, containing 2 M NaCl to remove '*I-FGF-2
bound to low affinity heparin sulfate binding sites.
Receptor bound !#*I-FGF-2 is recovered by treatment of the

25 cells with 0.5% Triton X-100 in 0.1 M sodium phosphate,
pH 8, and counted in a y-counter. Assays are conducted
in duplicate.

The results of this binding assay, plotted in Figure
2, are found to be similar for FGF-2, FGF-2LA and FGF-
30 2LI. Replacement of FGF-2 sequence 118-122 with the
corresponding IL-18 or FGF-1 sequences has no apparent
effect on the capacities of the mutant proteins to com-



25 oracircular dichroic light), X-ray crystall ography, and bi ol ogi cal

activities,,. Particularly preferred are FGF sequence repl acenents
in a Ioop’lgl Si§e lagedr r ] - st rands, anal ogous to the struct ural
cassette or u ements of turns with 30 retention of parent
conformati o r enzymes by Hynes, T.R, et al., Nature 339
73-76 (1989). In sone enbodi nents, the-nBfAth or tenth [err]-strand of
the factor, or the sequence that corresponds to the surface |oop that

connects the ninth and tenth [err]-strands, are (eﬁlaqed wi th 35 any size
or conposition aRPk8 Hatd sEFUBRER2| Riedingygm hignh affinity cell mem-

brane FGF type I receptors present on BHK cells. Since
the mutants contain FGF-1 and IL-1f sequences, IL-1B and
FGF-1 are tested in the BHK cell FGF-receptor binding

5 assay. FGF-1 binds to BHK cell FGF receptors with an
affinity equal to that of FGF-2, whereas no binding for
hrIL-18 (Biogen) is detected.

Figure 3 shows the binding of radiocidinated FGF-2

(bFGF), FGF-LA and FGF-LI to FGF-receptor type 1 present-

10 ed on NIH 3T3 cells as a function of added unlabelled FGF
proteins using these procedures. The data show that the
competition binding curves for FGF-LA and FGF-LI are
identical to that for FGF-2, and demonstrate that the
loop exchanges in FGF-2 have no impact on the receptor

15 binding properties of the proteins to cell surface FGF
receptor type 1 {FGFR1l).

The mitogenic activity of FGF-2, FGF-2LI and FGF-2LA
are determined using bovine vascular endothelial cells
derived from adult aortic arch as previously described

20 (Gospardarowicz, D., et al., Proc. Nat. Acad. Sci. 81:
6963-6967 (1984)). Briefly, cells are seeded at an ini-
tial density of 0.8 x 10* cells per 24-well plate in 0.5
ml Dulbecco's modified Eagle's medium (DMEM) containing
10% calf serum (Hyclone, Logan, UT) supplemented with

25 penicillin (100 units/ml), streptomycin (100 ug/ml) and
L-glutamine (2 mM). Two hours after plating, 20 ul ali-
quots of serial dilutions of FGF-2 and the mutants in
DMEM are added. Inhibition of FGF-2-stimulated growth was
determined at a fixed concentration of FGF-2, while that

30 of the mutant proteins is varied. After 5 days in cul-
ture, duplicate plates are trypsinized and cell densities
determined by cell counting in a Coulter counter. Deter-

minations are conducted in duplicate.



that overall nolecular folding is not significantly per- turbed. In
certain enbodlnents the surface loop is replaced with a surface | oop
fronldmé S this invention specifically enconpasses | oop
and Ioo \‘kchor repl acenents with structurally rel ated and
unrelat ncl udi ng random | oops,_| onger or shorter |oops,

and differently charged | oops and their -~ kens and anchors. It al so

enconpasses peptide fragnments that mi mc these |oops in binding studies
and bi ol ogical 10 as
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to 100-timessl owedp tddhide BY "ShEY SHudr&ST4REPPEHLPOA mutant by open

triangles. FGF-2LI is about 5 to 10 times less potent
than FGF-2, whereas FGF-2LA is as potent as the wild-type

factor.
Example 5
10 This example describes in vitro and in vivo angio-

genesis studies using the FGF-2 mutants isolated and
purified in Example 3 above.

Urokinase-type plasminogen activator induction by
the FGF mutants is evaluated. Adult bovine aortic endo-
15 thelial (ABAE) cells are seeded at 20,000 cells/well in
96-well plates and maintained in DMEM containing 10% calf
serum (Hyclone, Logan, UT) supplemented with penicillin
(100 units/ml), streptomycin (100 upg/ml) and L-glutamine
(2 mM) and different concentrations of FGF-2 or mutants.
20 After 24 hours, the cells are washed with phosphate-buf-
fered saline and lysed in 60 mM Tris-HCl1l, pH 8.5, con-
taining 0.05% Triton® X-100. Cell-associated urokinase-
type plasminogen activator (uPA) activity is measured as
described by Presta, et al., cited above, using the plas-
25 min chromogenic substrate D-norleucyl-hexahydrotyrosyl-
lysine p-nitroanilide acetate (American Diagnostics,
Greenwich, CT). Cell-associated protein concentrations
are determined using Coomassie blue binding to protein.
The results are plotted in Figure 5. Both FGF-2LI and
30 FGF-2LA exhibit significantly reduced capabilities to
induce urokinase-type plasminogen activator.

In vitro angiogenesis evaluations are made by ob-

serving whether the mutants induce capillary-like struc-



native FGF fam |y nenber exhibiting affinity to the re- 20 ceptor

Receptrhis Shebhidl g of the anal ogues typically bind i ncl ude native baby
hanster 'mﬁ%ll fi brobl ast grow h factor receptor, NH 3T3
cel | myﬂm her receptors specific to particular FG-s. Binding
prefer bits an affinity substantially simlar or superi-

or to the blndlng of the corresponding nativ® factor to that receptor.
An advantage of the invention is that the | oop mani pul ation results in
anal ogues exhibiting simlar bi nding profiles to the correspondi ng
factors fromwhich 30 the |oops are derived. Thus, certain anal ogues of

t he i nvent i otutes gk ABEBD&@IBsthaltﬁhednahiae3Fa¢mensdoeal colilaigen

Chat ordinari Iy SThd tEPERacr Hapafonat “Gat podBRcapd, piatesp M1 &Y ¢
bind to epithel imtepdredeby addiépygodss mhdchbliedthQIUEXQNpDéSOaﬂemngén
herei n- rat-tail type I collagen (Becton Dickinson Labwares, Bed-
5 ford, MA) containing DMEM and adjusting to neutral pH
with NaHCO, to each well. After formation of collagen gel
(about 1-2 mm thickness), ABAE cells are seeded at 50,000
cells/well. The cultures are maintained at 37°C in DMEM
containing 10% calf serum (Hyclone, Logan, UT) supple-

10 mented with penicillin (100 units/ml), streptomycin (100
pg/ml) and L-glutamine (2 mM) until the cultures reach
confluency, usually in 5 days by which time the cells
form a monolayer on the gel. The medium is then replaced
with fresh medium containing different concentrations of

15 FGF-2 or mutants. The cultures are maintained at 37°C
for 48 hours, then discontinued by fixation with cold
methanol (-20°C).

The abundance of the capillary-like structures

formed by ABAE cells is analyzed by using a Kontron IBAS

20 Image Analyzer assisted with a Hamamatsu C2400 video
camera and a Zeiss Axioshop microscope. The phase-con-
trase image of each field obtained with a video camera is
converted to a binary image in which the areas occupied
by a capillary-like structure is white and the rest is a

25 Dblack background. The extent of in vitro angiogenesis is
then measured as a percentage of the white areas. Cell
cultures of identical conditions are maintained in dupli-
cate wells. Three to four areas of each well are exam-
ined by image analysis and the mean value and standard

30 deviation are determined. The results from this comput-
er-assisted quantitation method are set out in Figure 6.
The induction of tube formation by mutant FGF-2LI is much
less than that by wild-type FGF-2, whereas that by FGF-
2LA is comparable with the wildtype.



- 14 - after. One enbodi nent stinulates angiogenic activity in
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whi ch th | east one amino acid deletion, 5 addition or

substi t ut mE ﬂmnmﬂﬁbuence of the surface | oop that extends fromthe
ninth to strand and protrudes fromthe surface when the
nol ecul e is fold- ed as described by EriRsson, et al., Zhu, et al., and
Zhang, et al., cited above, and has the overall secondary 10 and tertiary
structure of the native factor. In sone enbodi nents, the replacenents

are sequences from ot her
In an in vivo model of angiogenesis, FGF-2LI is

evaluated using the rabbit ear chamber system modified
and improved by Howden, G.F., and Silver, I.A., (Int.
Endodontic J. 13: 3-16 (1980)), observing the growth

5 factor-induced neovascularization, or its inhibition, by
modified growth factors or other reagents.

Rabbits are sedated using 50-70 mg/kg ketamine and

10 mg/kg xylozine administered intramuscularly. The ears
are shaved with an electric hair clipper and cleaned with

10 water, followed by Betadine®. To minimize the risk of
infection, the rabbits are given 20,000 units/kg benza-
thine penicillin intramuscularly prior to insertion of
the ear chambers. The chamber is inserted into an ap-
proximately 0.75 cm area which is not crossed by any

15 major vessels. During the course of the experiments,
observations or any minor handling of ear chambers of the
animals is done by sedating the animal using the intra-
muscular administration of a combination of Butorphanol®
and acepromazine at levels of 1 mg/kg each. FGF-2 or

20 FGF-2LI bound to heparin-Sepharose® beads in a con-
trolled-release alginate capsule is contained in one of
the ear chambers and the other is used as a control con-
taining only the heparin-Sepharose® alginate capsule
vehicle. Thus, the effect of the growth factors and the

25 controlled-release capsule alone can be observed simulta-
neously in the same animal. FGF-2 and FGF-2LI are tested
at 1, 10, and 100 ng/chamber in triplicate. The animals
are kept for 4 to 6 weeks and neovascularization is ob-
served visually and recorded photographically at weekly

30 intervals.

The criteria for evaluation of the degree of neovas-
cularization using this procedure is set out below.
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contain fewer or nore anmino acids, or 15 differently char§B’ u,
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anal ogues of the inven- tion include anal ogues having at |east one

am no acid 20 deletion, addition or substitution, particularly amno

aci d sequence substidditésin £bh gs,ummenlaopse tdedked bt NeovabulllfizBtionar e
not limted to, fibroblast gggﬂk@tjgptor- sequence 112 to 123, gcore
particularly L A aIT8-a UIl9- LySIZ0-ASnIZT (am no
aci ds 115-121 of VeR(3soEL{y2 RETYY): fibroblast growth factor-2 sequence 115
to 124, parsPREUIB#PPY Argl| 8- Lysl| 9- Tyrl 20- Thr 121- Ser 122 (am no?+>
aci ds 115-124 c&kt8EQvEEWNO 1), fibroblast growh factor-3 sequencet-©
Ar g- Leu- Tyr - Ar gapbrraégl néwiorbetxtéhding to t of the Chamber 2.0

Pro-dy-Aa-Ar g:aéwra@ynn&&rﬁeéxtéhém@ Y- AG- L chamdro 29 raabesinckdg- 153, 6f

e e Ao ' 1 PRt Oezat HE8"bbokiEd Yiads o RPUEHSE TVI LY TYr-Pro- By
xtenszve Anastomosxng Capillary Network Filling Chamber Area 5.0
10 The data, plotted in Figure 9, show that FGF-2LI is

superior to FGF-2 in its potential to induce angiogene-
sis. Both FGF-2 and FGF-2LI stimulate large vessel for-
mation, their growth across the chamber, resulting in
anastomosing vessels with an active blood flow. In com-

15 parison, in control chambers that contain alginate-hepa-
rin Sepharose® beads, void of exogeneously added growth
factors, only short capillaries are formed. The differ-
ence in the activity of FGF-2LI compared to FGF-2 is both
quantitative and qualitative. Striking stimulatory ac-

20 tivity of FGF-2LI compared to FGF-2 is observed over a
wide range of concentrations (i.e., from 0.1 - 400 ng/
chamber), and the stimulation is prolific and sustained
beyond the time when the stimulatory effect of FGF-2 has
subsided. (See Figure 8.)

25 Though FGF-2 shows a dose-dependent induction of new
blood vessels compared to the vehicle alone, a comparable
activity for FGF-2 is observed only at concentrations of
10-100 ng/chamber; at higher dosages, a diminshed re-
sponse is observed. Interestingly, at 400 ng/chamber of

30 FGF-2, angiogenesis is completely inhibited, while FGF-
2LI at the same dose greatly stimulates formation of
capillaries and larger vessels. Thus, there is an ob-
served difference in the biological activity of FGF-2LI
compared to FGF-2.

35 Although the in vitro data suggest a reduced angio-
genic activity for FGF-2LI, the in vivo studies indicate



{D NO5), fibroblast growh factor-5 sequence Al a-11e-
His- Arg-Thr-Q u-Lys-Thr-@ y-Arg-A u (am no acids 176- 186Thlssheqt)ﬂas
6), fibroblast growh factor-6 sequence Asp- 35 Leu- Tyr-

acids 174-178 of SEQ ID NO 7), fibrobl ast

(al so known as keratinocyte grow h factgy -or KGF) sequence

Al a- Lys- Tr p- Thr - Hi s- Asn- Ay-Ay-du (amno acids 154-162 of SEQ I D NO
8), fibro- bl ast growth factor-8 sequence Al a-Lys-Tyr-AQu-Ay (amno 5

aci ds 144-148 oa SkRer&gORL )1 e ﬁéﬁﬁfﬁbfﬁt Whild hot mdacing - SeEuence
e ooy b 460 RSl o el 040 (SN 16 igadgl o
famly is de- emphasize a particular property of the loop analogues in
an isolated system using a single cell type, whereas the
5 in vivo model provides a contextual environment to ob-
serve the largely unknown complex interplay of FGF and

other factors in the formation of new blood vessels.

The unexpected discrepancies between the in vitro
and in vivo properties of FGF-2LI indicate that the
10 growth factor biological activities are pharmacologically
dissociated in some loop analogue embodiments.

Example 6

Binding of FGF proteins to different FGF receptors

are determined in this example, by measuring the degree
15 of competition for binding to different types of FGF-

receptor proteins between a radiciodinated FGF protein

and various unlabelled proteins, or by the direct binding

of radioiodinated FGF's to various receptor proteins.

Binding studies are confirmed by chemical cross-linking
20 of the radiociodinated FGF to soluble receptors in the

presence and absence of excess unlabelled FGF.

Sodium heparin from porcine intestinal mucosa (PM-
heparin) is obtained from Hepar Industries (Franklin,
OH). KGF is obtained from UBI (Lake Placid, NY). Na'®I

25 1is purchased from Amersham (Buckinghamshire, England).

. FGFs are iodinated using chloramine T. Specific activi-
ties of the preparations are 1.2-1.7 x 10° cpm/ng FGF and
are kept for up to 3 weeks at -70°C. DMEM (1 g glu-
cose/L), calf serum, fetal calf serum (FCS), penicillin,

30 and streptomycin are obtained from Cellgro (Mediatech,
Inc., Herndon, VA). Saline containing 0.05% trypsin,
0.01 M sodium phosphate, and 0.02% EDTA (STV) is obtained

from Cellgro. Tissue culture dishes are from Falcon



picted in Figure 7. In these enbodi nents of the inven- i.on, structura

anal ogues are prepared by replacing the surface Ioop se wmmml
FGF with another am no acid sequence such as, but not Ii

surface | oop se- guence from anot her factor. I
nei ghboring regions that affect the I oop, 15 including |oop stens

anchor points, are enconpassed by the inve¥iion, so long as the overal
fol ding of the nol ecul e is not perturbed. Thus, analogues of the inven-

tion include struct%ges havi ng mut ati ons, partlcularIK equence
repl acements, in FraREFas?igFotRM 385D | DHOKIREQRe Qﬁnard CA). Four-
Tyr112-11el113- Ser kgt 1 ysilddud ysilOaté sgilqtd% daare from Nunc (Rosklide, Den-

118-d u119-Ly5120r{|@%Qlé 1- Trpl22- Phel23-Lys124- Asnl25 (am no acids
112- 125 of SEQ I D fibroblast growth factor-2 sequence
Tyr115- Argl116- Ser 117- Argll8 Lys119- Tyrl 20- Thr| 21- Ser | 22-Tr pl 23-Tyr| 24

(am no aclds 115-12% 230 Qﬁ@%&b@ %gmoérhg BL 83 9£8"‘4:$ﬂ£€££8£§§ b
sequence Tyr - Al a- Ser- Arg- Lel ser-ser A a-
Ar g- Ar g- A n- Pr 8- Setloning @f Atrge megemlqarrrmmm@% murmegF@Mrgf:esEQ
ID NO 4), fibroblasdrof op¢@FRaE! Of14) SEFGF receptor 2 (FGFR-2; bek) or the
KGF receptor (FGFR(IIIb); K-sam) into the alkaline phos-
phatase-tag expression vector, which encodes for a se-
creted form of placental alkaline phosphatase (AP). The
10 FGF receptor alkaline phosphatase (FRAP) plasmids are
cotransfected into NIH 3T3 cells by electroporation with
a selectable neomycin resistance gene. Clonies are se-
lected in G418 (600 ug/ml) and screened for secreted AP
enzyme activity in the conditioned medium. Clones of
15 each receptor which produced a high level of AP activity
(2 to 4 A, units/min/ml) are then used to produce condi-
tioned medium for binding assays.

Components of the soluble receptor binding reaction
mixture include FRAP-conditioned medium (0.24 OD units/
20 min), 2 ng/ml'*I-FGFs and 200 ng/ml heparin. The FGF:he-
parin:FRAP terniary complex is immunoprecipitated with 20
Hl of a 1:1 slurry of anti-AP monoclonal antibodies cou-
pled to protein A Sepharose®. All components are mixed
at room temperature. The total volume is adjusted to 200
25 ul by addition of DMEM containing 0.1% bovine serum albu-
min. Binding is allowed to proceed for 1 to 2 hours at
24°C, after which time bound receptor complex or the
ligand is recovered by centrifugation at 4°C (10 s at
2,000 x g). The pelleted material is washed twice with
30 500 ul of an ice cold buffer containing HEPES (20 mM),
NaCl (150 mM), glycerol (10%) and Triton® X-100 (1%).
'I-FGF binding is quantitated by counting of the samples
in a gamma counter (LKB). Alternatively, AP enzyme ac-
tivity of the FRAP protein is determined by transferring
35 the FRAP receptor bound to heparin-Sepharose® to a flat-



gquence Tyr-d u-Ser-Tyr-Lys-Tyr-Pro-d y-Met-Phe (amno 30 acids 169-178 of
SEQ | Dy NQ2a HadBe placesit growth factor-5 sequence

Tyr-Al a I s-Arg-Thr-d u-Lys-Thr-d y- Arg-Qd u-Trp-Tyr (am no
aci ds 1% “%mm\ﬂﬁ%m D NO 6), fibroblast gromh factor-6 sequence
Tyr-Qd u- - - Tyr-A n-A@y-Thr-Tyr (am no acids 171-180 of SEQ ID
NO 7), 35 fibroblast growh factor-7 sequenceg;Tyr - Al a-Ser- Al a-Lys-
Trp-Thr-Hi s-Asn-d y-d y-d u- Met - phe (am no acids 151-164 of
SEQ I D NO 8), fibroblast gromh factor-8 sequence Asn-

Asn-Tyr - Thr - Al a- Léwt@om Asicrdl w-ders -phated in @ walymeyet 50 pl of PBS. The

Met - Al a- Phe- Thr - Angelyus 55Q 1R NQ ded qﬂfd ddr Ol RS8f substrate (50 pl of
2x solution of AP assay buffer containing 2 M diethanol-
amine, 1 mM MgCl., 20 mM homoarginine and 12 mM p-nitro-

S phenyl phosphate). The reaction is followed at room
temperature at 405 nm in a kinetic microplate reader.

Receptor binding is determined by quantitating re-
lease of labelled FGF from receptors. Briefly, FGF bound
to heparan sulfate low affnity sites is released from the

10 cell surface by a 5 minute incubation with an ice cold
solution containing 1.6 M Nacl, 20 mM HEPES, pH 7.4, and
the amount of radiocactivity release determined in a gam-
ma-counter. FGF bound to high affinity receptors is
dissociated by a 2 M NaCl (20 mM acetate buffer, pH 4.0)

15 extraction, and the released labelled FGF is quantitated.

Chemical cross-linking experiments are carried out
at room temperature in a volume of 20 pl in siliconized
0.5-ml microcentrifuge tubes. The reaction mixtures
contain FGF receptor immobilized to anti-AP monoclonal

20 antibodies coupled to protein A Sepharcse®, 200 ng/ml
heparin, 2 ng/ml!?*I-bFGF, 20 mM phosphate buffer (pH
7.4), and 140 mM NaCl. After a 90 minute incubation, 1
ml of a solution of disuccinimidyl suberate (Pierce) dis-
solved in dimethyl sulfoxide is added to give a final

25 concentration of 0.15 mM, and the mixture incubated for
an additional 30 minutes. The reaction is quenched by
addition of 1 ml of 200 mM ethanolamine-HCl (pH 8.0) for
30 min. The reaction mixtures are diluted 1:1 with 2x
SDS-polyacrylamide gel electrophoresis loading buffer and

30 electrophoresed on an SDS-12% polyacrylamide gel. Cross-
linked FGF to the FGF receptor are detected by autoradi-
ography on Kodak XAR film.

The position of the surface loop in FGF-2 coincides
with a variable sequence region in the FGF family of



growt i factor-9 sequence Asn-Trp-Tyr-Asn-Thr - Tyr - Ser - Ser -ThisBheet Has Been Replaced
Asn- Leu- Tyr-Lys- Hi s-Val - Asp- Thr-Q3 y- Arg- Arg- Tyr- Tyr - Val -
Al a- Leu- Asn-Lys-Asp (SEQ I D NO 10). The invention al so

pepti des corresponding to these | oops that exhi bi t hepa”‘ﬂHm%mlggm

recept or bi ndi ng. Structural anal ogues of FG~-2 are preferred in
sone 10 enbodinents. By "FG--2" is neant ényafrbroblast grow h
factor-2 exhibiting biologic activity including the 146- am no acid

pol ypeptide originally . isolated and sequenced, . t he 154 1 no acid form
currently thought ptrgt%é'ntshémfetﬁq “ariogs) JHSSETHEnS rolfrﬁ:cua"f‘edaﬁor}cr% Ehis

exhi biting activi rpgien ey HES iewdflowems wiihh des epimbigEman| L Remd tiegeptor
nol ecul ar wei ght . JN-teragnald.y.. ed .for. g§§£gi |f

literature anglgr?éln gtf?serzﬁnécﬁﬁggngtm%e%l\?gﬁm@e andﬂ'ﬁe‘ms %? laono of

t hese. The term spé&anitSal IDA iand ddos tatfGFRL REGLY and SEFRetTPTHYPR

mammal i an tisssle agreel(lrgds- 7 ORI Atcett 29,V RANIE &0 EX PH O S8thd reger -2
cloned DNA in E. coli or S cervisiae from any species or expressed in

i nsect or nanﬁgpigﬁQﬁgmggqu|1§ﬁgﬁqﬂﬁi%ﬁ(9qugq”%gow the competition

binding curves to soluble versions of FGFR1l and
FGFR2(IIIb) for FGF-1, FGF-2, FGF-7 and the loop mutants
following the displacement of radiociodinated FGF-2 and

10 FGF-7 from the soluble receptor, respectively. FGF-1,
FGF-2, FGF-2LA and FGF-2LI bind equally well to FGFR1,
but no binding of FGF-7 is detected (Figure 9A).

The binding profiles for the binding of various FGF

proteins to FGFR2(IIIb) (Figure 9B) show that FGF-7 and

15 FGF-1 bind with the same affinity and that FGF-2 and the
FGF-2L1 mutant do not bind to this receptor type; howev-
er, the binding of the LA mutant to FGFR2(IIIb) is only
about 5-times less than that of FGF-7 or FGF-1. That the
binding profile of FGF-2LA now mirrors that for FGF-1 and

20 not of FGF-2, the FGF-1 loop-host protein, is consistent
with the involvement of this surface loop in determining
receptor-ligand specificity.

The binding specificities of radiolabelled FGF pro-
teins and loop mutants to various soluble FGF receptors

25 are confirmed by chemical cross-linking of the factors to
the receptors in the'presence and absence of an excess of
the unlabelled FGF. FGF-1, FGF-2, FGF-2LA and FGF-2LI
bind to FGFR1l, and addition of an excess of the unla-
belled FGF abolished cross-linking of !*®I-FGF. Cross-

30 linking of '#*I-FGF~7 to FGFR1l is not detected. An iden-
tical cross-linking profile is obtained when the binding
experiments are repeated using a soluble FGFR2 receptor.
The cross-linking profile for FGFR2(IIIb) reveal that
only FGF-1, FGF-7 and FGF-2LA bind to this receptor and

35 that FGF-2 and the FGF-2LI mutant are excluded from bind-



Human FG--2 is preferred in many enbodi nents. Human FGF- 2 having 9th or
10th [err]-strands which can be mani pu- 25 | ated according tBhlifﬂleetHﬁL\/&Q,{

i ncl udes, but is not limted to, FG--2 having am no acid
am no acid substitutions, and am no acid deletions, inclu ,,
c |

tions of portions of the am no or carboxyl term nus, and

proteins containing FGF at the N-or C-terninas380- of anot her protein.
Exanpl e FG--2s whi ch can be mani pu- | ated according to the invention

i ncl ude those haV|nq ystei ne substituted with a neutral am no acid
such as seriner?8r as &rF|GS§C|dnk&PQ|ﬁFH@leﬁlfﬁi &P AT grith the
val i ne substi t ut edbintiinat kar aapirésehtgdeined igarave 33 erdahced stability
in Eur. Pat. Ap. Pub. No. 281,822 to

Example 7

The FGF-7 loop sequence is introduced into FGF-2,
5 and the properties of the new FGF-2 loop mutant are ob-
served in this example.

A FGF-2 loop mutant denoted FGF-2LK containing the
corresponding 9-residue loop sequence Ala-Lys-Trp-Thr-
His-Asn-Gly-Gly-Glu from FGF-7 (residues 154-162 of SEQ

10 ID NO 8) is constructed using the procedures cutlined in
Examples 1 and 2 above.

FGF-2LK shows an apparent decrease in affinity for
heparin. NaCl elution from heparin-Sepharose® is about
0.7 M NaCl, compared with 1.4 M NaCl for the wild-type
15 protein. The molarity of NaCl required to elute the LK
mutant is similar to that required to elute FGF-7. The
lowered affinity of the FGF-2LK mutant for heparin sug-
gests that the loop sequence, although not directly in-
volved in binding to heparin, is able to modify the af-
20 finity of the protein for heparin.

In receptor binding experiments like those set out
in Example 6 above, the FGF-2LK protein is unable to
displace or compete with the binding of '*®I-FGF-2 to FGF
receptor type 1, but is able to compete with binding of

25 '®I-FGF-7 to FGF receptor type 2 (IIIb), whereas FGF-2
does not compete with binding. Although the potency of
the FGF-2LK is about 100 times weaker than the competi-
tion observed using unlabelled FGF-7, a clear change in
receptor-ligand binding profiles is observed.

30 The results indicate that the loop sequence from
FGF-7 confers receptor-ligand specificity, and allows for



-17- Seno, et al.; muteins formed by replacing at Ieast one, and

nore preferably two, of the cysteines found in natu- @EH&HMkﬁmmawd
different amno acid residue to yield a nore stable ana

Ap. Pub. No. 320,148 to 5 Arakawa and Fox); nuteins | acki néﬂ!mm“wu
fromthe carboxyl term nus and, optionally, having amn

repl acements suggested to have inproved stabil4&y while retaining
activity in Eur. Pat. Ap. Pub. No 326 907 to Seno, et al.; nutants

| acking a substantial part. of t m or carbo m nus_such_as
those described by-€ @%ﬁﬂ‘ €1 aﬁhe %éﬁ ihﬁ %#E%%%nT 1%8re§%§t3555TQ5§5?;

mut ei ns havi ng vamhnn;qnndﬂ PR e ilns rost aFGIN-2 er Comrerselvel eheohoop

suggested in Eur. lugq? P -7 8n "ée oy -2 ﬁagée,ﬁots&u% aaff?shes
el ns con te

ML- bFG- to M- bF ai n- i Ng nlsS|ng and substit

aci ds dlsclosedllﬁ4ﬂﬁlng of Fzhe gxptﬁln)t¢«FGBGBe%ﬁBt@6 Ber g6habnthecafed
above; reagi | Wﬁ%ﬁé%@%f&lﬂﬁ%@ﬁo@yﬁ epberesEs: s{f & 2adtor o@n@oo
Ser-5 of reconbi nant F G u as described in Seddo A P.

et
Annals N. Y. Acad. SStgg9ests-tRat 19pher determinants in FGF- 7 are lnvolved in
contributing to the binding affinity of the ligand to the

receptor. The evidence also suggests that the loop se-
quences may modify binding to heparin.

10 The above description is for the purpose of teaching
the person of ordinary skill in the art how to practice
the present invention, and it is not intended to detail
all those obvious modifications and variations of it
which will become apparent to the skilled worker upon

15 reading the description. It is intended, however, that
all such obvious modifications and variations be included
within the scope of the present invention as defined in
the appended claims.



20 (1991) and anal ogues thereof; and the like. In the practice
of this invention, a fibrobl ast growth factor derivative of this

i nvention such as a human FG--2 structural anal ogue is prepared by

del eti ng, adding to, or substituting at |east one ami no acid, pref- 25
erably nore than one amno acid, in the sequence between resi dues 112
(Tyr) and 128 (Lys). In sone enbodi nents, - 4fhe substitution occurs

bet ween residues 115 (Tyr) and 124 (Tyr); in others, the change occurs
bet ween 118 (Arg) and 122 (Ser). As defined above, the nunbering 30
convention for other FGF analogues is relative to FG-- 2. In sone

preferred enmbodi nents, fibroblast grogkduencefacgotnstructural anal ogues
have an am no acid sequence replaCement 1tn the ninth or tenth

[err]-strand of the factor, or the sequence that corresponds to the
surface | oop tMﬂJZﬂﬁENxmmmcIBmemmﬂimmh and tenth [err]-strands. Am no

acid se- (1)  APPLICANTS: Andrew P. Seddon
Luyuan Li
Peter Bdhlen
Magdalena Eisinger
(ii) TITLE OF INVENTION: Surface Loop Structural
Analogues of Fibroblast Growth Factors
(iii) NUMBER OF SEQUENCES: 16
(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: American Cyanamid Company

Patent Law Department
(B) STREET: One Cyanamid Plaza
(C) CITY: Fort Wayne
(D) STATE: NJ
(E) COUNTRY: United States
(F) 2IP: 07470-8426
(v) COMPUTER READABLE FORM
(A) MEDIUM TYPE: 3.5" 1.44 mb diskette
(B) COMPUTER: IBM PC
(C) OPERATING SYSTEM: MS DOS
(D) SOFTWARE: Word Processor
(vi) PRIOR APPLICATION DATA (CIP of)
(A) APPLICATION NUMBER: 08/126,973
(B) FILING DATE: 09-24-93
(viii) ATTORNEY INFORMATION
(A) NAME: Estelle J. Tsevdos
(B) REGISTRATION NUMBER: 31145
(C) REFERENCE/DOCKET NUMBER: 854-008CIP (32,063)
(ix) TELECOMMUNICATION INFORMATION
(A) TELEPHONE NUMBER: 201-831-3242
(B) TELEFAX NUMBER: 201-831-3305

heet Has Been Replaced
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- 18- - guences are herein defined as a sequence of at |east t hree
am no acids, typically at least five am no acids. Exenpl ary am no acid
sequences are set out above. For exanple, a fibroblast growth
factor structural 5 anal ogue such as a human FGF-2 structural anal ogue is
prepared by replacing all or part of the am no acid se- guence in the
9th to 10th [err]-strand surface loop with a2 -random am no acid sequence
of any length, provided that the overall folding of the nolecule is not
significantly 10 perturbed. Thus, a sequence derived froma structurally
rel ated pol ypeptide such as fibroblast growh factor-2

(2) NFORMATION FOR SEQ ID NO: 1

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 21
(B TYPE: amino acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide
{v) FRAGMENT TYPE: internal fragment
(ix) FEATURE
(A) NAME: fibroblast growth factor-2 loop region
(x) PUBLICATION INFORMATION
(A) AUTHOR: Eriksson, A.E., et al.
(B) TITLE: Three-dimensional structure of human
basic fibroblast growth factor
(C) JOURNAL: Proc. Nat. Acad. Sci. USA
(D) VOLUME: 88
(F) PAGES: 3441-3445; sequence on page 3444
(G) DATE: April 1991
(K) RELEVANT RESIDUES: segment corresponding to
polypeptide residues 110 to 130

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 1:

Asn Asn Tyr Asn Thr Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr

110 115 120
Val Ala Leu Lys Arg Thr
125 130

This Sheet Has Been
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from anot her species, human fibroblast growth factor-1, or 3to 9,
fibroblast growh factor-1, or 3 to 9 from anot her speci es, human
interleukin-1 a or [err], or interleu- 15 kin-1 a or [err] from anot her
speci es, soybean trypsin inhib- itor or hisactophilin, may be enpl oyed.
In sonme enbodi - ments, preferred FG- 2 anal ogues involve an amno acid
repl acenent that elimnates phosphorylation at 4Bhr-121. I n one
enbodi ment, a structural anal ogue of this in- 20 vention exhibiting

desi rabl e bi ol ogi cal properties nore particul arly described bel ow
conprises a fibrobl ast grow h factor-2 derivative having surface | oop
anm no aci ds Argll 8- §¥§%§% T§r120 Thrl 21- Serl22 (am no aci ds 118-122
of SEQ ID NO 1) gﬁécé TLON, ESFok&Rnd PafiPrio 225 aci d sequence

Al all5-d nl;6-PheII7_Pr %é8 ?68%&8Edg§é?§&T§§&%%h%§ 231-235 of SEQ I D NO 3)

from human interl euki n- in the Exanpl es that
follow (SEQ I D NO 15). In ?ggta%hG ﬁboglnent the anal ogue conprises a
human fi brobl ast growth factor derivati'vé~ havi ng sur- 30 face | oop am no
acids Argll8-Lysl|9-Tyr120- Thrkgl P9PE22 aminbdiiig acids 118-122 of SEQ ID
NO 1) replaced with corre-

(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(1i) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-1 loop
region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Eriksson, A.E., et al.
(B) TITLE: Three-dimensional structure of
human basic fibroblast growth factor
(C) JOURNAL: Proc. Nat. Acad. Sci. USA
(D) VOLUME: 88
(F) PAGES: 3441-3445; sequence on page 3444
(G) DATE: April 1991
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 107 to 129

(x1) SEQUENCE DESCRIPTION: SEQ ID NO 2:

Asn His Tyr Asn Thr Tyr Ile Ser Lys Lys His Ala Glu Lys His

110 115 120

Trp Phe Val Gly Leu Lys Lys Asn
125

This Sheet Has Been Replaced
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spondlng am no aci d sequence Lys115-Lysl|6-Hisl17-Al all8-

G ul 1 9-Lys120-Hi s121 (am no acids 115-121 of SEQ I D NO 2) derived from
bovine FGF-1, denoted FG-2LA in the Exam 35 ples that follow (SEQ I D NO
16). In yet another enbodi - - 19 -
ment, the anal ogue conorises a human fibroblast growth factor-2
derivative having surface |loop amno acids X84 - to 122 replaced with a
correspondi ng 9-resi due anm no acid | oop sequence from FG--7 (al so known
as Keratinocyte 5 Gowh Factor), Ala-Lys-Trp-Thr-Hi s-Asn-Ay-Gy-Gu from
FGF-7 (residues 154-162 of SEQ I D NO 8).

(4) INFORMATICN FOR SEQ ID NO: 2

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 21
({B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) TFRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: interleukin-18 loop region

(x) PUBLICATICN INFORMATION
(A) AUTHOR: Eriksson, A.E., et al.
(B) TITLE: Three-dimensional structure of
human basic fibroblast growth factor
(C) JOURNAL: Proc. Nat. Acad. Sci. USA
(D) VOLUME: 88
(F) PAGES: 3441-3445; sequence on page 3444
(G) DATE: April 1991
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 223 to 243

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 3:

Asn Asn Lys Leu Glu Phe Glu Ser Ala Gln Phe Pro Asn Trp Tyr
225 230 235

Ile Ser Thr Ser Glu Ala
240

This Sheet Has Been Rep
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The novel fibroblast growth factor structural ana- | ogues of this

I nvention are prepared by point nmutations, sequence alterations or

pol ypepti de assenbly fromconsti- 10 tuent am no acids or peptides using
chem cal, bi ochem cal or physical neans known to those skilled in the
art. Al ternatively, the novel fibroblast growth factor ana- | ogues

of this invention are prepared by recombi nant *3 ~ protein synthesis

i nvol ving preparation of DNA encoding a 15 surface |oop nmutein, insertion
of that DNA into a vector, expression of the vector in host cells, and
I sol ati on of the nutant FGF thereby produced. DNA encodi ng
the FGF struct ural{ 33andNFORMATION HFOR SEQ iIMveétdt:i on are prepared by altering

a gene of fibrobl ast Zqigr@%dbéﬁ@ﬁ”@hﬂ%ﬁd%#?f%ﬁﬂdE’de|eti0n5’ nucl eoti de
ce

addi - tions, or point mutations produ usi'ng standard neans.
Il lustrations are set out in BMMMENGTH:ad 2. Because of the
degeneracy of the genetic codgp)a HPH lanito GRARN change conbi nati ons

can be selected to form DNA t hat ,
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-3 loop
region

(x) PUBLICATION INFORMATION

(A) AUTHOR: Miyamoto, M., et al.
(B) TITLE (excerpt): Molecular cloning of a
Novel Cytokine cDNA Encoding the Ninth Member
of the Fibroblast Growth Factor Family
(C) JOURNAL: Molecular and Cellular Biology
(D) VOLUME: 13
(E) NUMBER: 7
(F) PAGES: 4251-4259; Figure 2 on page 4254
(G) DATE: July 1993
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 124 to 160

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 4:

Leu Gly Tyr Asn Thr Tyr Ala Ser Arg Leu Tyr Arg Thr Val Ser
125 130 135

Ser Thr Pro Gly Ala Arg Arg Gln Pro Ser Ala Glu Arg Leu Trp
140 145 150

Tyr Val Ser Val Asn Gly Lys
155 160

This Sheet Has Been Repla

[




25_en06des t he FGF anal ogues of this invention, so that any nucl eoti de

del.etion(s), addition(s), or point nutation(s) that result in a DNA
encodi ng | oop nutant FGF are encom passed by this invention. Since
certain codons are nore efficient for polypeptide expression in certain
types of 30 organisns, the selection of fibroblast gene alterations to
yield DNA material that codes for the FGF nut etths- of this invention are
preferably those that yield the nost ef ficient expression in the type
of organismwhich is to serve as the host of the reconbi nant vector.

Al tered - 20 - codon sel ection

may al so depend UR® Vﬁ@ﬁdﬁMﬁ%&Eﬁrﬁﬁﬁié§b ID NO: 5

(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 21
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-4 loop
region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Burgess, W.H., and Maciag, T.
(B) TITLE: The Heparin-Binding (Fibroblast)
Growth Factor Family of Proteins
(C) JOURNAL: Ann. Rev. Biochem.
(D) VOLUME: 58
(F) PAGES: 575-606, Figure 1 on page 580
(G) DATE: 1989
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 164 to 184

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 5:

Asn Asn Tyr Asn Ala Tyr Glu Ser Tyr Lys Tyr Pro Gly Met Phe
165 170 175

Ile Ala Leu Ser Lys Asn
180
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consi derati ons. Fi br obl ast growth factor DNA starting materi al

whi ch Is altered to form DNA coding for the FG- anal ogues of 5 the

i nvention may be natural, reconbi nant or synthetic. Thus, DNA starting
material is isolated fromtissue or tissue culture, constructed from

ol i gonucl eoti des usi ng conventional nethods, obtained commercially, or
pr epar ed by isolating RNA coding for FG= fgyom fi brobl asts, and 10 using
this RNA to synthesize single-stranded cDNA which is used as a tenplate
to synthesize the correspondi ng doubl e stranded DNA

Il'lustrating the present invention are cloned com pl enmentary DNA

sequences defininq human FGF- 2 anal ogues 15 such as that constructed in

Exampl es 1 and 2. (A)sd NERRMATIQN s SE@ diDe NONA Gsequences honol ogous or
closely rel ated to compl enentary DNA descri bed herein, nanely DNA se-
quences whi ch hybri di z€ 1 )pSEQUENGE [GARMGIERISTIEFent condi ti ons t hat

result in pairing only between nucleic
(A} LENGTH: 27

{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) TFRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-5 loop
region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Burgess, W.H., and Maciag, T.
(B) TITLE: The Heparin-Binding (Fibroblast)
Growth Factor Family.of Proteins
(C) JOURNAL: Ann. Rev. Biochemn.
(D) VOLUME: 58
(F) PAGES: 575-606, Figure 1 on page 580
(G) DATE: 1989
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 168 to 194

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 6:

Asn Ser Tyr Asn Thr Tyr Ala Ser Ala Ile His Arg Thr Glu Lys
170 175 180

Thr Gly Arg Glu Trp Tyr Val Ala Leu Asn Lys Arg
185 190
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20 acid fragne
sequences, to
addition to th
I nventi on may
construction 2
DNA encodi ng t
thereto, are t

nts that have a high frequency of conpl enenta- ry base

FG- anal ogue cDNA, and RNA corre- spondi ng thereto. In
e FG--encodi ng se- guences, DNA enconpassed by this
contain addi ti onal sequences, dependi ng upon vect or

5 sequences, that facilitate expression of the gene.

he FG- anal ogues of this inventisggn,-or  RNA corresponding
hen inserted into a vec- tor, e.g., a pBR, pUC, pUB or

pPET series plasmd, and the reconbi nant vector used to transform a

m crobi al host
bacterial (e.gqg.
manmal i an (e. g.
t hus al so prov
pl asm d RNA an

This Sheet
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30 organi sns. Host organisnms useful in the invention are

ES)CQNFoﬁMAEIo%U*%b'R' 's%,b YeaR: 8- 9., S cervisiae),
, nhouse |brob , i nsect ceIIs Thi s i nvention
i des novét) §F9p§§ £ CHAR&QﬂSﬁﬂﬁﬁ%ﬁﬁ(ﬂmﬂ viral and circul ar
d DNA (A) LENGTH: 21 residues

(B TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE '
(A) NAME: fibroblast growth factor-6 loop
region

(x) PUBLICATION INFORMATION

(A) AUTHOR: Miyamoto, M., et al.
(B) TITLE (excerpt): Molecular cloning of a
Novel Cytokine cDNA Encoding the Ninth Member
of the Fibroblast Growth Factor Family
(C) JOURNAL: Molecular and Cellular Biology
(D) VOLUME: 13
(E) NUMBER: 7
(F) PAGES: 4251-4259; Figure 2 on page 4254
(G) DATE: July 1993
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 166 to 186

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 7:

Asn Asn Tyr Asn Ala Tyr Glu Ser Asp Leu Tyr Gln Gly Thr Tyr
170 175 180

Ile Ala Leu Ser Lys Tyr
185

en Replaced
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- 21 - vectors incorporating RNA and DNA sequences descri bi ng t he
FG- anal ogues generated by standard neans. Culture of host organi sns
stably transformed or transfected with such vectors under conditions
facilitative of large scale 5 expression of the exogenous, vector-borne
DNA or RNA sequences and isolation of the desired pol ypeptides from
the gromh nedium cellular |ysates, or cellulag Aenbrane fractions
yi el ds the desired products. An exanpl e of expression of FG-2 mnuteins
in E. coli is given in Exam 10 ple 3. - The present invention
provi des for the total and/or partial manufacture of DNA sequences

coding for FGF-2 (9)|DMDQRMA@D@ﬁ,F@@dsi?ctyd&@g such advant ageous
character-  istics a5 |neOROLAL! O RAcFoRPDg REererred for expres-

(A} LENGTH: 25 residues
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-7 loop
region

(x) PUBLICATION INFORMATION

(A) AUTHOR: Miyamoto, M., et al.
(B) TITLE (excerpt): Molecular cloning of a
Novel Cytokine cDNA Encoding the Ninth Member
of the Fibroblast Growth Factor Family
(C) JOURNAL: Molecular and Cellular Biology
(D) VOLUME: 13
(E) NUMBER: 7
(F) PAGES: 4251-4259; Figure 2 on page 4254
(G) DATE: July 1993
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 146 to 170

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 8:

Asn His Tyr Asn Thr Tyr Ala Ser Ala Lys Trp Thr His Asn Gly
150 155 160

Gly Glu Met Phe Val Ala Leu Asn Gln Lys
165
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15 sion by selected non-mammal i an hosts, provision of sites = of
cleavage by restriction by endonucl ease enzynes, and provi si on of
additional initial, termnal or internediate DNA sequences whi ch
facilitate construction of readily expressed vectors. Correspondi ngly,
the present inven- 20 tion provides for manufacture (and devel opnent by
site speci fic mutagenesis of cDNA and geneoi € DNA) of DNA sequences
coding for mcrobial expression of FG- ana- | ogues which differ from
the forns specifically described herein in ternms of identity or
| ocation of one or nore 25 amno acid residues (i.e., deletion anal ogues
cont ai ni ng |l ess than all of the residues specified for human FG-- 2,
and/ or substltutlbhphnENBQE%QTRﬁgrE@ﬁ oRe BP N8telresi- dues are added
to a termnal or nedial, portion of g Iégegtide), and whi ch share
Gaesc

the biol ogi cal propertf® §EQUBVCEG§H§R%95F escri bed herein.

DNA (and RNA) sequences of thi on_code for all sequences
useful in securing expression! gh g¥§€t# 21 resb&Pssor eucaryotic host

cell s of polypeptide products vin t a part of the primary
structural confor- (B) TYPE- aﬂlg& ag?&

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-8 loop
region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Tanaka, A., et al.
(B) TITLE (excerpt): Cloning and Characteriza-
tion of an Antrogen-Induced Growth Factor
(C) JOURNAL: Proc. Natl. Acad. Sci. USA
(D) VOLUME: 89
(F) PAGES: 8928-8931; Figure 2 on page 8930
(G) DATE: October 1992
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 136 to 156

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 9:

Asn Asn Tyr Thr Ala Leu Gln Asn Ala Lys Tyr Glu Gly Trp Tyr
140 145 150

Met Ala Phe Thr Arg Lys
155

This Sheet Has Been Repl

I




35 mation, and one or nore of the biological properties of

- 22 - FG- anal ogues which are conprehended by: (a) the DNA

sequences encoding FGF-2 | oop nuteins as descri bed here- in, or

conpl ementary strands; (b) DNA sequences which hybri di ze to DNA
sequences defined in (a) or fragnents 5 thereof; and (c) DNA sequences

whi ch, but for the degen- eracy of the gematic code, would hybridize to
t he DNA sequences defined in (a) and (b) above. Specifically
conprehended are genom ¢ DNA sequences encoding allelic variant forns

of FGF anal ogues included therein, and 10 sequences encoding | oop nutein
RNA, fragnments th§naqgf INFORMATION FOR SEQ ID NO: 10

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 27 residues
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-9 loop
region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Miyamoto, M., et al.
(B) TITLE (excerpt): Molecular cloning of a
Novel Cytokine cDNA Encoding the Ninth Member
of the Fibroblast Growth Factor Family
(C) JOURNAL: Molecular and Cellular Biology
(D) VOLUME: 13
(E) NUMBER: 7
(F) PAGES: 4251-4259; Figure 2 on page 4254
(G) DATE: July 1993
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 143 to 167

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 10:

Asn Trp Tyr Asn Thr Tyr Ser Ser Asn Leu Tyr Lys His Val Asp
145 150 155

Thr Gly Arg Arg Tyr Tyr Val Ala Leu Asn Lys Asp
160 165
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and anal ogues wherein RNA or DNA sequences nmay i ncor po- rate codons
facilitating transcription or RNA replication of nmessenger RNA in
non-vertebrate hosts. | sol ation and purification of mcrobially
expressed 15 pol ypeptides provided by the invention are by conventi on-

al neans including, for exanple, preparative chronato- gr aphic
separations such as that illustrated Exanple-3g2 - and imunol ogi cal
separations, including nonocl onal and/ or pol ycl onal anti body

preparati ons. 20 As summari zed above and described in detail in the
Exanpl es bel ow, twbléxaaPFORMBIIQONSs FOBCcEBRakkDaNalogues of this

I nvention are FG--2LA ( ) (SEQ I D NO 15), FG~-2
sequences having | oop rgggggggwgyég CQHESE%EE%EEE gced by correspondi ng
sequences from bovine 25 FGF- 1AAn&ENGRHA 7Aterl eukin-1[err], respectively,

expressed in E coli. Thesgpyutgbkong,BauecnNacagrarent effect on
ei ther heparin binding, estimated bé the concentration of NaCl required
to elute the protein from hepalfh SEBAYPEDNESS: single

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE
(A) DESCRIPTION: oligonucleotide
(v) FRAGMENT TYPE: synthetic DNA
(ix) FEATURE
(D) OTHER INFORMATION: used in
preparing constructs
(x1) SEQUENCE DESCRIPTICON: SEQ ID NO 11:

CGAACGATTG GAATCTAATA ACTACAATAC GTACCGGTCT GCGCAGTTTC 50
CTAACTGGTA TGTGGCACTT AAGC 74

(13) INFORMATION FOR SEQ ID NO: 12
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 76
({B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE
(A) DESCRIPTION: oligonucleotide
(v} FRAGMENT TYPE: synthetic DNA
(ix) FEATURE
(D) OTHER INFORMATION: used in
preparing constructs
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 12:

GTACGCTTAA GTGCCACATA CCAGTTAGGA AACTGCGCAG ACCGGTACGT 50

ATTGTAGTTA TTAGATTCCA ATCGTT 76
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rose, or on the ability of the proteins to conpete with 30 I[err]-FG-2
for binding to the FG- receptors present on baby hanster kidney cells
and NIH 3T3 cells (Exanple 4). The | oop anal ogues are nmitogenically
active in bovine endothelial cell proliferation assays. Both anal ogues
exhibit significantly reduced capability to induce uroki- 35 nase-type

pl asm nogen activator. 1In an in vitro angie-53 -

- 23 - genesi s assay, FG--2LA exhibits capillary-like tube for-
mation conparable to wild-type FG--2. In the sane in vitro assay,
FGF-2LI exhi bits fhidh P@EQR%REQEFiSRROﬁEQ IDcHRil I'dry-1i ke structures, but

it significantly stimi{i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 80
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE
(A) DESCRIPTION: oligonucleotide
(v) FRAGMENT TYPE: synthetic DNA
(ix) FEATURE
(D) OTHER INFORMATION: used in
preparing constructs
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 13:

CGAACGATTG GAATCTAATA ACTACAATAC GTACCGGTCT AAAAAGCATG
CTGAAAAACA CTGGTATGTG GCACTTAAGC

(15) INFORMATION FOR SEQ ID NO: 14
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 82
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE
(A) DESCRIPTION: oligonucleotide
(v) FRAGMENT TYPE: synthetic DNA
(ix) FEATURE
(D) OTHER INFORMATION: used in
preparing constructs
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 14:

GTACGCTTAA GTGCCACATA CCAGTGTTTT TCAGCATGCT TTTTAGACCG

GTACGTATTG TAGTTATTAG ATTCCAATCG TT
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5 | ates angiogenesis in an in vivo assay. Anot her FGF-2 | oop

mut ant, FGF-2LK (described in greater detail in the Exanples), contains
a 9-anmino acid sequence from FG~-7 (Keratinocyte Gowh Factor). FG--2
does not bind to FG--7 receptor (FGFR2 I11b) on keratino- 10 cytes, and
FGF-7 does not bind to FG- receptor type 1 &FGFRl). Repl acenent of the
| oop sequence in FG--2 with that from FGF-7%résults in an apparent
decrease in the affinity of the protein to heparin. In receptor binding
experinents, the FG—:2L rotein.i.s able t |splace or 15 conpete with
bi ndi ng of FGF-2 tgﬁ%ékagggﬂg%E°FyB§£lgnﬁufg gb'chﬁpetes with FGF-7 to
receptor type 2 (111b) whereBQUENCEFCHEARACODERIBDICEBONpete w th bi ndi ng.
Thus, the | oop sequence confer ptoLslj LE LGl g =and.all

for the binding of Fob-2LK mut bl FBVGTRbcapt oPaenn, SHECHERS phanihifls) d¥ias
that binds FGF-7 but not FGF-2(B)CBHPEsspugleic achd RBEpagdfQed&ddfir om

FG~- 7 abol i shes bi ndi ng of the(c) S@ﬁﬂkﬁtﬁNﬁ@SEGEiHEQ%ptor 1

(D} TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: DNA encoding a protein

(v) FRAGMENT TYPE: entire sequence

(vi) IMMEDIATE SOURCE: constructed

(ix) FEATURE
(D) INFORMATION: FGF-2 having surface loop
residues 118 to 122 replaced with correspond-
ing structural elements from interleukin-18

(xi) SEQUENCE DESCRIPTICON: SEQ ID NO 15:

ATG GCT GAA GGG GAA ATC ACC ACG CTG CCC GCC CTT CCG GAG GAT 45
Met Ala Glu Gly Glu Ile Thr Thr Leu Pro Ala Leu Pro Glu Aig
5 10

GGC GGC AGC GGC GCC TTC CCG CCC GGG CAC TTC AAG GAC CCC AAG 90
Gly Gly Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro ng
20 25

CGG CTG TAC TGC AAA AAC GGG GGC TTC TTC CTG CGC ATC CAC CCC 135
Arg Leu Tyr Cys Lys Asn Gly Gly Phe Phe Leu Arg Ile His Pro
35 40 45

GAC GGC CGA GTT GAC GGG GTC CGG GAG AAG AGC GAC CCT CAC ATC 180
Asp Gly Arg Val Asp Gly Val Arg Glu Lys Ser Asp Pro His Iég
50 55

AAG CTA CAA CTT CAA GCA GAA GAG AGA GGA GTT GTG TCT ATC AAA 225
Lys Leu Gln Leu Gln Ala Glu Glu Arg Gly Val Val Ser Ile ng
65 70

GGA GTG TGT GCT AAC CGG TAC CTG GCT ATG AAG GAA GAT GGA AGA 270
Gly Val Cys Ala Asn Arg Tyr Leu Ala Met Lys Glu Asp Gly Agg
80 85

TTA CTG GCT TCT AAA TGT GTT ACG GAT GAG TGT TTC TTT TTT GAA 315

Leu Leu Ala Ser Lys Cys Val Thr Asp Glu Cys Phe Phe Phe Glu
95 100 105
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I ntroduction of new primary structural elenents in the FGF surface | oop
without significantly perturbing the 25 overall secondary and tertiary
structure of the nol ecul e provi des an array of FGF structural anal ogues
t hat give rise to altered properties fromone FGF type to anot her,

and thus a nmeans to nodul ate the activities of FGF pro- teins, a neans
t o pharmacol ogi cal |y di ssociate the bio- 30 -Pogical activities of the
proteins, and a neans to intro- duce nem/activities As illustrated in

the Exanpl es Ctg;\atT fou&w 3@5 %ﬁ S“-i-'céé'éeé’ Orhf“@'so
h
'O Loe rLeﬁ qu %oeatfe@fﬁ Fres- e%?;c]ﬁ%rso t}r\]%aa | oop {5_1@ her

receptors, par tors
than to the native FGF

CCT AAC TGG TAT GTG GCA TTG AAA CGA ACT GGG CAG TAT AAA CTT 405
Pro Asn Trp Tyr Val Ala Leu Lys Arg Thr Gly Gln Tyr Lys Leu
125 130 135

GGT TCC AAA ACA GGA CCT GGG CAG AAA GCT ATA CTT TTT CTT CCA 450
Gly Ser Lys Thr Gly Pro Gly Gln Lys Ala Ile Leu Phe Leu Pro
140 145 150

ATG TCT GCT AAG AGC TGA TAA 471
Met Ser Ala Lys Ser
155

(17) INFORMATION FOR SEQ ID NO: 16

(i) SEQUENCE CHARACTERISTICS
{(A) LENGTH: 477 bases encoding 157 amino acids
(B) TYPE: nucleic acid and amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: DNA encoding a protein

(v) FRAGMENT TYPE: entire sequence

(vi) IMMEDIATE SOURCE: constructed

(i1x) FEATURE
(D) INFORMATION: FGF-2 having surface loop
residues 118 to 122 replaced with correspond-
ing structural elements from bovine FGF-1

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO 16:

ATG GCT GAA GGG GAA ATC ACC ACG CTG CCC GCC CTT CCG GAG GAT 45
Met Ala Glu Gly Glu Ile Thr Thr Leu Pro Ala Leu Pro Glu Aig-
5 10

GGC GGC AGC GGC GCC TTC CCG CCC GGG CAC TTC AAG GAC CCC AAG 30
Gly Gly Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro ng
20 25

CGG CTG TAC TGC AAA AAC GGG GGC TTC TTC CTG CGC ATC CAC CCC 135

Arg Leu Tyr Cys Lys Asn Gly Gly Phe Phe Leu Arg Ile His Pig
35 40
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- 24 - FGF ant agoni sts exhi biting reduced bi ol ogi ca

ity are useful as anticancer and antiproliferative agents.

ant agoni sts that act as angi ogenesi s inhibi - tors are useful

treatment of di seases where neo- 5 vascularization is dom nant
pat hol ogy such as retinopathies of the eye, neovascul ar gl aucoms,

Infarction vig, QCONRSEHA ALLFALARNGEL LRENERLCALASEYR oTT atc
Lys Leu Gln Leu Gln Ala Glu Glu Arg Gly Val Val
65 70

GGA GTG TGT GCT AAC CGG TAC CTG GCT ATG AAG GAA
Gly Val Cys Ala Asn Arg Tyr Leu Ala Met Lys Glu
80 85

TTA CTG GCT TCT AAA TGT GTT ACG GAT GAG TGT TTC
Leu Leu Ala Ser Lys Cys Val Thr Asp Glu Cys Phe
95 100

CGA TTG GAA TCT AAT AAC TAC AAT ACT TAC CGG TCT
Arg Leu Glu Ser Asn Asn Tyr Asn Thr Tyr Arg Ser
110 115

GCT GAA AAA CAC TGG TAT GTG GCA TTG AAA CGA ACT
Ala Glu Lys His Trp Tyr Val Ala Leu Lys Arg Thr
125 130

AAA CTT GGT TCC AAA ACA GGA CCT GGG CAG AAA GCT
Lys Leu Gly Ser Lys Thr Gly Pro Gly Gln Lys Ala
140 145

CTT CCA ATG TCT GCT AAG AGC TGA TAA

Leu Pro Met Ser Ala Lys Ser
155
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TCT
Ser

GAT
Asp

TTT
Phe

AAA
Lys

GGG
Gly

ATA
Ile

f or

in the

15

ATC
Ile

GGA
Gly

TTT
Phe

AAG
Lys

CAG
Gln

cTT
Leu

activ-
The

t he

skin
di sorders, chronic inflammuation, rheumatoid &&hritis, and the |iKke.
FGF | oop structural anal ogues that are agonists of 10 FG- activity can
pronote vascul ari zation, cell romﬁh and/or cell surviva
have applicatF¥h FF€ t5GAETT GA ”"?rus%c%GQSUhGaﬁﬁﬁ g*8€ @BEnEST BAFNATC
bone fractur €sSP Gly ch¥gi ¥al %EPa bngalg%§€rgiht%§§lﬁ$F fFPeFEo HAg E%%

i ke as well as tissue rep Pr during ischenia and nyocar di al

and t hus

AAA
Lys
75

AGA
Arg
30

GAA
Glu
1085

CAT
His
120
TAT

Tyr
135

Phe
150

225

270

315

360

405

450

477



In addition

to surface | oop am no acid sequence repl acenents, this

| NVEN Shedd HhsHeb@dplatigovi des growt h factor peptide antagonists

cons c the re- pl aced | oop, i.e., that bind to FGF
rece I t 20 stinulate proliferation or mgration of
fibr

con- t ai

other cells stinmulated by the correspondlng factors
ning the | oop. ExGRBISEQGRARIEY FGF receptor type is

cel |l -specific, and the type of receptor expresse et B
25 the cel IAX3§3%3 esPpondin€ of OX AS - frent FeRedPaboveP - cﬁ&g % 35 &2 18§5).

specificity,
engi neered t
Wit h, such
The follow
t he present
regard.

%if%‘ggg ;h‘gf%mffen ff%g%’:ﬂgtLA‘?aﬂmﬁﬁ? %ﬁs %h%ﬁgz%ﬁ’aq 13%s) -

oes “nof nter

I d Lial [ 30 -
Poc apd E g%sﬁ?eé ety ?”O?”E?ﬁ 8%’??5%’%"5‘%3 ot 25
|nvé hn%%ﬁ

not be taken as limting in any
Bergonzoni, L., et al., Eur. Pat. Ap. Pub. No. 363,675 (1990).

Davidson, J.M., et al., J. Cell Bio. 100: 1219-1227 (1985).

Eriksson, E.A., et al., Proc. Nat. Acad. Sci. USA 88: 3441-3445
(1991).

Feige, J.J. et al., Proc. Nat. Acad. Sci. USA 86: 3174-3178 (1989).
Fiddes, J.C., et al., Eur. Pat. Ap. Pub. No. 298,723 (1989).
Franco, W.P., U.S. Pat. No. 4,378,347, Mar. 29, 1983.

Givol, D., and Yayon, A., FASEB J. 6: 3362-3369 (1992).

Gospardarowicz, D., et al., Proc. Nat. Acad. Sci. 81: 6963-6967
(1984).

Howden, G.F., and Silver, I.A., Int. Endodontic J. 13: 3-6 (1980).
Hynes, T.R., et al., Nature 339: 73-76 (1989).

Jaye, M., et al., Biochim. Biophys. Acta 1135: 185-199 (1992).
Johnson, D.E., and Williams, L.T., Adv. Can. Res. 60: 1-41 (1993).
Miyamoto, M., et al., Mol. cell. Biol. 13: 4251-4259 (1993).
Moscaﬁelli, D., J. Cell. Physiol. 131: 123-130 (1987).

Presta, M., et al., B.B.R.C. 185: 1098-1107 (1992).

Seddon, A.P. et al., Annals N.Y. Acad. Sci. 638: 98-108 (1991).

Seno, M., et al., Eur. Pat. Ap. Pub. Nos. 281,822 (1988) and
326,907 (1989).

Seno, M., et al., Eur. J. Biochem. 188: 239-245 (1990).

Tanaka, A., et al., Proc. Natl. Acad. Sci. USA 89: 8928-8932
{19%82).

Werner, S., et al., Mol. Cell. Bio. 12: 82-88 (1992).
Yayon, A., et al., EMBO J. 11: 1885-1890 (1992).
zhang, J., et al., Proc. Nat. Acad. Sci. USA 88: 3446-3450 (1991).

Zhu, H., et al., Science 251: 90-93 (1991).



- 25 - Exanmple 1 Thi s exanpl e
I I'lustrates the construction of a human FG-- 2 structural anal ogue

denoted F I 15) having the surface | oop (residues 118 to
122) of F%Iﬂm”‘”;ﬂ?e”!ﬁ mth the correspondi ng am no acids derived from
i nterl euki - 1[cerr err A gene encodi ng human
gluferr]FGF-2 is first prepared as descri B& in Seddon, A P. et al.,

cited above, herein

CLAIMS

1. A fibroblast growth factor structural analogue com-
prising a fibroblast growth factor having an amino acid
sequence replacement in the sequence that corresponds to
the surface loop that connects the ninth and tenth -

5 strands in fibroblast growth factor-2, or the loop stems
or anchor points, such that the overall secondary and
tertiary structure of the protein is not significantly
perturbed and the analogue binds to heparin, and wherein
said analogue exhibits binding affinity to a native fibro-

10 blast growth factor receptor.

2. A structural analogue according to claim 1 wherein the
binding specificity to a fibroblast growth factor receptor
is different from the corresponding binding specificity of
native factor from which the analogue is derived.

3. A fibroblast growth factor structural analogue accord-
ing to claims 1 or 2 comprising a fibroblast growth factor
having the amino acid sequence in the growth factor sur-
face loop that connects the ninth to the tenth B-strand

5 replaced by an amino acid sequence that does not signifi-
cantly perturb the overall folding of the molecule, so
that the analogue binds to heparin and a member of the
fibroblast growth factor receptor family.

4. A structural analogue according to claim 3 comprising
a fibroblast growth factor-2 structural analogue.

5. A structural analogue according to claim 3 wherein the
amino acid sequence in the growth factor surface loop is
replaced by a corresponding amino acid sequence derived
from another fibroblast growth factor surface loop or an

5 1interleukin surface loop.
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I ncorporated in its entirety by reference, and cloned 10 into a T7

expressi pET-3a(M[err]). Briefly stat- ed, a synthetic gene

encodi ngIﬂ“ﬂBﬂEin,M” 'd f or m of human FG--2 cloned into pUC 18 is
I *

pur chase Bi o-technol ogy, Oxford, UK. The nucl eoti de
sequence (2- 49) to be changed is excised frompUC 18 with H ndlll and
15 BspM | and a synthetic fragment encoding Thedfirst 5 N term na

am no acids of FG--1 and containing an internal Ndel site is cloned

into pUC 18, vyielding, construct encodi n | utam ¢ acjd. at_positions 3
and 5. The cDNA 3. eft SdHF FER L e «ngq‘gre%‘q?oﬁ?p 38 % YAeRgép the

and 20 BanH and otliowkichg remed il dNdet efhdRardfaYepie i ethdbhits similarities
endonucl ease si teg of iche: SxALLRAl O YEALPTe RET SAUMD) uh 1 cn BndetLyatlve
1 stric onuc 8PBl *Znd

€&
of pET- 3a. “Two “uni que re I on en ease Sites, B
25 Spll, are intr8@¥de&®dnto the gene in such a way as to produce no
change in the encoded am no acids (i.e., si- | ent nmutations) at

positions that flgnk t he codons encod- i ng the segnent Ser117-Trpl23 of
FGF-2 (Figure 1). /- A structural analogue according to claims 5 or 6

wherein a corresponding amino acid surface loop sequence
from another fibroblast growth factor replaces sequences
selected from the group consisting of:
(a) fibroblast growth factor-1l sequence Lysll5-Lys-
5 116-Hisll17-Alall8-Glull9-Lysl120-Asnl2l;
(b) fibroblast growth factor-2 sequence Argll8-
Lysll19-Tyrl120-Thrl2l-Serl22;
(c) fibroblast growth factor-3 sequence Arg-Leu-
Tyr-Arg-Thr-Val-Ser-Ser-Thr-Pro-Gly-Ala-Arg-Arg-Gln-Pro-
10 Ser-Ala-Glu-Arg-Leu;
(d) fibroblast growth factor-4 sequence Tyr-Lys-
Tyr-Pro-Gly;
(e) fibroblast growth factor-5 sequence Ala-Ile-
His-Arg-Thr-Glu-Lys-Thr-Gly-Arg-Glu;
15 (f) fibroblast growth factor-6 sequence Asp-Leu-
Tyr-Gln-Gly;
(g) fibroblast growth factor-7 sequence Ala-Lys-
Trp-Thr-His-Asn-Gly-Gly-Glu;
(h) fibroblast growth factor-8 sequence Ala-Lys-
20 Tyr-Glu-Gly; and
(1) fibroblast growth factor-9 sequence Asn-Leu-
Tyr-Lys-His-Val-Asp-Thr-Gly-Arg-Arg.

8. A structural analogue according to claim 7 wherein the
corresponding amino acid sequence is Lysl115-Lysll6-Hisll17-
Alall8-Glull9-Lys120-Hisl2l from bovine fibroblast growth
factor-1, Ala231-Gln232-Phe233-Pro234-Asn235 from human
interleukin-18, or Alal54-Lys155-Trpl56-Thrl57-Hisl158~-
Asnl59-Glyl60-Glyl161-Glul62 from fibroblast growth factor-

This Sheet Has Been Replaced

AT




Repl acenent of residues Argl18-Lysl 19-Tyr120-Thr121- 30 Ser 122 of FGF-2
(amno a m 1@ “ﬂ QIDNO1) with t he human sequence
Al al | 5- Gﬂ flll ] %MMF&AsnI 19 (a- m no acids 231-235 of SEQ | D NO

3) fromthe corresfontiny | oop of the structural analogue |L-11[err]
(115-119) (Figure 1) is then effected. The plasm d DNA is subjected to
-26 - BstBl and Spll| digestion and the F@rger DNA fragnent,
i sol ated usi ng agarose gel el ectrophoresis. The DNA fragnent is |ligated
using T4 DNA |igase to a doubl e- stranded DNA obtai ned by annealing two
synt heti c ol i gonu-

9. A structural analogue according to claim 8 wherein

said amino acid sequence replacement occurs between resi-
dues 112 and 128.

10. A fibroblast growth factor from the family of fibro-
blast growth factor-l1 or fibroblast growth factors 3 to 9
wherein the sequences corresponding to the loop in fibro-
blast growth factor-2 connecting the ninth and tenth g-

5 strands in fibroblast growth factor-2 is replaced by a
corresponding loop from another fibroblast growth factor
or an interleukin 1.
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5 cleotides, 5 -CGAACGATTG GAATCTAATA ACTACAATAC GTACCGGTCT GCGCAGITTC
CTAACTGGTA TGTGGCACTT AAGC-3' (SEQ I D NO 11) and 5' - GTACGCTTAA
GTGCCACATA CCAGITAGGA AACTGCGCAG ACCGGTACGT ATTGTAGTITA TTAGATTCCA
ATCGIT-3" (SEQ I D NO 12), that contain term ni conpatible to those
generated 10 by BstBl and Spll digestion. The ligation product is

used to transformstrain DH5a E. coil cells. The desired mut ant pl asm d
is selected for on the basis of suscepti- bility to cleavage at the
newy introduced Af12 restric- tion site (underlined) and confirmed by
conpl ete sequenc- 15 ing of the geng. The plasmid in E. coli was
deposited in the American Type Gl ture | ection,.12301 Parkl awn

Drive, Rockville, MD 20852 USA and bears A T=C.C. accg% si on nunber
69417. = Exanpl e 2 20 b Thi s exanpl e
illustrates the construction of a hudan B&-2 strdgtural anal ogue

denot ed FGF-2LA (SEQ I D NO 16) hgw ng th&surface Ioop (residues 118 to
122) of FG--2

Ser—|

Fe
~
—

oer Trp Tyr Val Al

(His)

Pro Asn Trp Tyr lle

Thr
(Ser)

121

GF-1 Asn His Tyr Asn Thr Iyt lle Ser lys lys His la Glu lys Asp Trp Phe Val GI
Figure 1

115

110

FGF-2 Asn Asn Tyr Asn Thr Tyr Arg Ser Arg lys Tyr
[L-18  Asn Asn Lys Leu Glu Phe Glu Ser Ala_Gln Phe

-~
-
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replaced with the correspondi ng am no aci d sequence de- rived from
FG~-1 (Figure 1). 25 Repl acenent of the segnment Argll8-Ser122 of
FGF- 2 - wi th the bovi ne sequence Lysl|5-Lys116-Hi sl|7-Alall8-3d u-
119-Lys120- Hi s121 (amino acids 115-121 of SEQ I D NO 2; Asn in the human
sequence) corresponding to the surface | oop 115-121 of FGF-1 (see
Figure 1) is acconplished as 30 descpibed in Exanple 1 above using the

fol | owi ng anneal ed synt hetic nutfaj @ QJonucl eotides: 5' - CGAACGATTG
GAATCTAATA ACTACAATAC GTACCGGTCT AAAAAI TG CTGAAAAACA CTGGTATGIG

GCACTTAAGCC-3' (SEQ I D NO 13) AND 5' - GTACCCTTAA GIGCCACATA CCAGIGITTT
TCAGCATGCT TTTTAGACCG GTACGTATTG

This is the replacenent sheet

120 —r—rTTrTYy—

MRS mananen a2 o el ]
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- 27- TAGITATTAG ATTCCAATCG TT-3' (SEQ I D NO 14). The desired

mutant plasmd is selected on the basis of the suscepti- bility to

cl eavage at the newy introduced Sphl restric- tion site (underlined)
and confirnmed by conpl ete sequenc- 5 ing of the gene.

Exampl e 3 FGF- 2LA and FGF-2LI nutants constructed in Exanples
1 and 2 are expressed and purified in this Exanple. Fol | owi ng
sequence verification, the plasmds con- 10 taining FG--2 | oop nutants
described in Exanples 1 and 2 above are transforned into conpetent E

coli BL21 plys S

120

SFGF-LA
FGF-LI
——

[- bFGF /muiia nt binding (% bound)

125

FGF (ng/mi)

Figure 3
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and cultured at 37[err]Cin Luria broth containing 50 [err]g/m

anpicillin and 30 pg/m chl oranpheni col until an absor- bance at 600 nm
of 0.4 is reached. Expression of the re- 15 conbinant protein is induced
by the addition of 2 mM i sopropyl t hi ogal act oside for 2 hours at

37[err] C. Cells from1l liter cultures are harvested by cen-
trifugation, resuspended in 30 m of nv Tris-HC , pH 7.5 containing
0.1 mM EDTA and 0.6 M NaCl, and di sr &A@ ¥ treatnent with | ysozyne
(10 [err]g/mM) for 20 mn at 4[err]C foll owed by sonication (6 x 30 sec
pul ses). The |lysates are clarified by centrifugation (10,000 x g; 20
mn) and t he supernatant solutions incubated with 5 m of hydrated
heparin Sepharose (Pharmaci a/ LKB) at 4[err]C for 1 hour with 25 constant
rotation. The resin is isolated by filtration on 0.8 pmfilter
apparatus (Nal gene), washed extensively with 10 MM Tris-HCO pH 7.4
containing 0.6 M NaC and bound protein eluted with Tris buffer

contai ning 3 M NaC (25 mM). The 3 MNaCl eluent is diluted 6-fold
with Tris 30 buffer and | oaded onto a TSK heparin 5PWcolum (0.21 x

15 cm The Nest GTOUD&smﬁ% and the colum devel oped usi ng

200000

Count

150000

Cell

100000

56000
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a linear NaCl gradient (0.6 to 2 M in 90 mn at a flow rate of 3

m/mn, - 28 - The FGC-2
species purified on the heparin columm are anal yzed usi ng reverse chase
hi gh Performance |iquid chromat ography (Clerr], vydac, the Separations
G oup, Hes- peria, CA) using a 0. 1%trifluorcacetic acid/acetonitrile
5 gradient (28 to 48% CH err]CNin 60 mn) at a flowrate of 0.7

m/mn. Elution of bound material is nonitored at 210 nm Both FGF-2LA
and FGF-2LI are found to be honbgenous, each giving a single peak.
Purity and nol ecul ar wei ght determ nations are al so nade using a silver

stai n detec-

Figure 5
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10 tion system (Phastgel System Pharmacia, LKB), and each protein

yi el ded a single 18 kD silver stained band by SDS- PAGE.

N-term nal sequence anal yses of reversed phase puri - fied proteins are
performed on a nodel 477A pul sed-liquid 15 phase sequencer equipped with a
Model 120A on-Iine phe- nyl t hi ohydant oi n-derivative anal yzer (Applied
Bi osyst ens, Forster Cty, CA). The anal ysis gives the sequences Al a-
GQu-dy-du-Ille-Thr-Thr-Leu-Pro-Ala (87% am no acids 2- 11 of SEQ ID
NO 15) and Met-Ala-@u-dy-Au-Ile-Thr-Thr- 20 Leu-Pro-Ala (13% am no
acids 1-11 of SEQ ID NO 15), indicating a small fraction of the protein
retains the N term nal nethionyl residue (introduced for the

expressi on of the mature formof the protein). Am no acid

conpositions are determ ned after HCO gas 25??@?%2@ ysis (5.7 M

HC /0. 1% phenol , 24 hours at 110[err]C) Uus | 420A

phenyl i sot hi ocyanat e- deri va- tizer equipped with an on-line nodel 130A
separation

~4

IP <

6 ¢ -

32 [ ;é, i ,

< L 7 -
M

= [ 1

< 3k .

2 -

d ' L
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O' {

bFGF FGF-2LA FGF-2L! NONE

This Sheet Has Been Replaced

AR




system (Applied Biosystens). The full sequences of hunman FGF- 2LA and
FG--2LI are given in the Sequences Listing 30 section which appears

herei nafter (SEQ ID NOs 15 and 16). Figure 7 illustrates an

am no aci d sequence conpari - son between the nine nenbers of the FGF
famly between resi dues 88 and 143 using a nunbering systemrelative to
FG~-2. The asterisks refer to identical and conserved

- 29- resi dues. The proteins exhibit 36 other sites of identi-

cal and conserved residues in addition to the 7 denoted.

120 125
| |
!
FGF-1 NTYIS|KKHAEKN-~~-~-wcmecemecnu- WFVGLK
FGF-2 NTYRS |RKYTSewwemmmmmmmmcmaa WYVALK
FGF-3 NTYAS | RLYRTVSSTPGARRQPSAERL | WYVSVN
FGF-4 NAYES | YRYPG-~wmmmmmm e m e MFIALS
FGF-5 NTYAS | AIERTEKTGRE--==cme=u- WYVALN
FGF-6 NAYES |DLYQG-===-cmmcmccmme TYIALS
FGF-7 NTYAS | AKWTHNGGE -~ === == m===- MFVALN
FGF -8 TALQN |ARYEG-=~=mmmecmcmcaae WYMAFT
FGF-9 NTYSS | NLYRHVDTGRR=~ -~ === === YYVALN
* * * i %
B-strand 9 LOOP | B-strand 10
Figure 7
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Exanmpl e 4 Thi s exanpl e descri bes binding and cell prolifera- 5
tion studies using the FG-2 nutants isolated and puri - fied in Exanple
3 above. The affinities of FG-2LA and FG~-2LI for inmobi-

lized heparin are identical to wild type FG-2 on el ution froma
TSK-heparin colum at about 1.5 M Nad . 10 FGF- 2L1I and FGF-2LA are
tested for their capacity to conpete for the binding of [err]l-FG--2
(Amersham Corp.) to baby hanster kidney (BHK) cells, which express high
num bers of FGF receptor. The assay enpl oyed is described by
Moscatelli (J. cell. Physiol. 131: 123-130 (1987)). 15 Briefly stated, BHK
cells plated on 24-well|l plates are I ncubated with 50 pMJ[err]l-FG--2
with serial dilutions of

—#— Control wio FEF

I
_E
32£1 12

Vasciularization
[4]]

0 l“: dedad 2t 2 8 T RTES) [N . o ] i0e o

(] + 1 ]

0.1 1 10 100 1000
FGF (ng/bead)

Figure 8
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unl abel | ed FGF-2, FGF-2L1 or

FGF- 2LA | oop nutants at

room
are then i ncubated at

tenperature
The cells

for 1 hour or at 4[err]C for 2 hours.
4[err]C for 30 mnutes, washed twice 20 wth phosphate-buffered saline and

treated with 20 mv HEPES
(N-2- hydr oxyet hyl - pi per azi ne-N

-2-et hanesul foni ¢

acid), pH 7.5, ll

containing 2 M NaC to remyege+rll boundtolowaffinity
heparin sul fate binding si t &t P is recovered
by treatnment of the 25~cells.with 0. 5%Tr|to X-100 in 0 1 M sodium
phosphat e, pH 8, arEl count'ed in a y-counte Assays are conducted
I n duplicate. 5 Thé& results of this biVing assay, plotted ir
Fi gure 2, are foundato bejsimlar for FG--2¥\FG--2LA and FG-- 30 j{2LI.
Repl acement of FGF-2 sgguence |118-122 with the A\ corresponding |L-1[ferr]
or FGF-1 sequences has“ao appdrent effect on WRhe capacities of the
hutant proteins to com ]
Q
= 40— FoRs
- ——T —— FGF-2Z
~ !l —e—rcr7
04 —8— FGFILA
——z—— FGF-ZLI
I v~ - vy i vy
10° 109 10} 102 103 10¢
FGF ng/mi
Figure SA
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- qUseary.y 2r03
- 30-- . pete with [err]l-FG=-2 binding to high affinity cell mem
brane FG-.type | receptors present on BHK cells. Since the nmutants
contain FG--1 and IL-1[err] sequences, |IL-1[err] and FGF-1 are tested
in the BHK cell FGF receptor binding 5 assay. FG--1 binds to BHK cell FGF
receptors w th-an - - affinity equal to that of PG 2, whereas no blndlng
for - rIL 1[err] Lﬁhpgen) |s det ect ed. Flgure 3 shoms the
blndlﬁg of rad|0|dlna ed FGF~2"... - (bFGF), FGF- Lé;and FGF- LI '

FGF- receptor type 1 p?esent~-1@’ ed on NIH 3T3 célls as a functﬂon of adﬂbd
unIabeIIed FGF protelns ustng 't hese procedures The data. shéw t hat tire

-1 - S R . (1.

SURFACE LOOP STRUCTURAL ANALOGUES
OF FIBROBLAST GROWTH FACTORS

Related U.S. Application Data

5 This is a continuation-in-part of co-pending U.S.
patent application serial number 08/126,973, filed Sep-
tember 24, 1993.

Technical Field of the Invention

This invention relates to fibroblast growth factor
10 analogues having different primary structures in a sur-
face loop that connects the ninth and tenth f-strands.
The analogues retain overall secondary and tertiary pro-
tein structural similarities to the original factors but
exhibit different biological properties and receptor
15 Dbinding specificity profiles.

Backgrcund of the Invention

Polypeptide growth factors are hormone-like modu-
lators of cell proliferation and differentiation. Growth
factors are responsible for the requlation of a variety

20 of physiological processes, including development, regen-
eration, and wound repair, and have been associated with
normal as well as with pathophysioclogical processes.
Numerous growth factors have been identified in various
tissues and cells, and names that have been applied to

25 these factors include epidermal growth factor, platelet-
derived growth factor, nerve growth factor, hematopoietic
growth factors, and fibroblast growth factor.

This is the replacement sheet
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conpetition binding curves for FG- LA and FG~- LI are I dentical to that
for FG--2, and denonstrate that the | oop exchanges in FG~2 have no

i npact on the receptor 15 binding properties of the proteins to cel
surface FGF receptor type 1 (FGR1). _ The mtogenic activity
of FGF-2, FGF-2LI and FGF-2LA are detern1ned usi ng bovi ne vascul ar
endothellal cells derived fromadult aortic arch as previously

described 20 ( CospayhadiOvk§E, apowtﬁt =akcoercF)Natas Acagr Serscrabed
6963- 6967 (1984)). Brleflﬁ cells are _seeded density of

0.8 x 10[err] eidm 3t ivktRefprirsafet Fﬂm0b8V1“e HFabﬂlﬁgcngg BE&YT i ed
Eagl e' s nedi unidaVEMwieooh alvBkNgitogeh@0 eakf fsprublaysl ane, ehndgane 1UT)

I ted th 25 | | 00 ts/ /m
e e o Gl e A € s hotre BPteR Bhhr BRECBRREEY Aitldend 1)
of seri al ﬁlILﬂnamubxﬁlﬁfﬁaﬂ amdfehenmuﬁanmsthat i solDerERida rfer oad i u -
nhibition of P sUiuLal edoIraut WaGe e ndRLE" BIe Alartt okt

concentration’o mut ant pl’ oteins is vari ed.
After 5 days |Fm3Fc.u|respectwelydupeceatse shavebagr & ifilas Mipd@Hsd kel |

densities activities but differed in their isoelectric points.
Acidic and basic FGF are proteins containing approximate-
10 ly 154 amino acids. Their amino acid sequences are re-
lated, with approximately 55% sequence identity between
them.

Acidic and basic fibroblast growth factors are now
known to be members of a larger family of heparin-binding

15 growth factors that collectively trigger a variety of
biological responses in many cell types, including those
of mesoderm and neurcectoderm origin, such as endothelial
cells, smooth muscle cells, adrenal cortex cells, pros-
tatic and retina epithelial cells, oligodendrocytes,

20 astrocytes, chrondocytes, myoblasts, and osteoblasts. As
original family members, acidic and basic FGF are now
denoted FGF-1 and FGF-2, respectively. Seven other mem-
bers of the family have been identified on the basis of
their modulation of cell proliferation and differentia-

25 tion, and their sequence homology to other FGFs.

In addition to eliciting a mitogenic response that
stimulates cell growth, fibroblast growth factors can
stimulate a large number of cell types to respond in a
non-mitogenic manner. These activities include promotion

30 of cell migration into wound areas (chemotaxis), initia-
tion of new blood vessel formulation (angiogenesis}),
modulation of nerve regeneration and survival (neurotro-
phism), modulation of endocrine functions, and stimula-
tion or suppression of specific cellular protein expres-

35 sion, extracellular matrix production and cell survival
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determ ned by cell counting in a Coulter counter. Deter- m nations are
conducted in duplicate. - 31 -

The results of this cell proliferation assay are plotted in Figure 4.
The dashed |ine indicates basal cel |l .ggowt h in the absence of added
FGF-2. C osed cir- cles indicate stinmulation by FG--2. FG- 2Ll nut ant
Is 5 represented by open squares and FG--2LA nutant by open triangl es.
FG--2L1 is abqwaixd,0 ALO, taM@SBERESN POP Nt HandbdbRNOFGExD,. steirensdiGH- 2LA

i's as potent %%(Hﬁ%‘@é§t$¥£? 5pr138§£9r1990). These properties pro-
vide a basis for using fibroblast growth factors in ther-
apeutic approaches to accelerate wound healing, nerve

5 repair, collateral blood vessel formation, and the like.
For example, fibroblast growth factors have been suggest-
ed to minimize myocardium damage in heart disease and
surgery (U.S. Pat. No. 4,378,347 to Franco).

Current research regarding FGF-2 and other FGFs has
10 centered on the molecular details of the receptor-mediat-
ed pathways by which their diverse physiological activi-
ties are expressed, as a way to gain information for the
design of therapeutically useful agents that can either
mimic or inhibit the action of these factors. Since the
15 primary structure of FGF-2 isolated from a variety of
sources is known, and bovine and human FGF-2 have been
cloned and expressed in E. coli and S. cervisiae, recent

attention has focused on secondary and tertiary struc-
ture.

20 The 3-dimensional structures of FGF-1 and FGF-2 have
been determined (Eriksson, E.A., et al., Proc. Nat. Acad.
Sci. USA 88: 3441-3445 (1991), zhang, J., et al., Proc.
Nat. Acad. Sci. USA 88: 3446-3450 (1991), and Zhu, H., et
al., Science 251: 90-93 (1991)). In these studies, FGF-1

25 and FGF-2 were shown to exhibit a folding pattern stri-
kingly similar to that observed for the cytokine inter-
leukin-la, and interleukin-1B (IL-la and IL-1B), protein
factors produced by macrophages and T-cells in response
to antigenic or mitogenic stimulation, though the primary

30 structures of interleukin-l1 polypeptides have only about
a 10% amino acid sequence correspondence to FGFs.

The overall structure of FGF-2 can be described as a
trigonal pyramid where each of the three sides are built

of two B-strands together forming a B-sheet barrel of six

This is the replacement sheet
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Exampl e 5 10 Thi s exanpl e describes in vitro and in vivo angi o-

genesis studies using the FG--2 nutants isol ated and purified in
Exanpl e 3 above. Ur oki nase-type pl asm nogen activator induction
by the FGF nutants is eval uated. Adul-t 4bevine aortic endo- 15 thelial
(ABAE) cells are seeded at 20,000 cells/well in 96-wel | plates and
mai nt ai ned i n DVEM cont ai ni ng 10% cal f serum (Hycl one, Logan, UT)

supplenented\Mdﬁquﬂﬂxjéli@trandélODrﬂthshn1§ Astrept adyci BreE00 Ngg/-nm )
and L- glutan1 j%’ Ourggn?ﬁdlgﬂg e@ﬁ4§°??§ﬂi ?t|0@ﬁeoga§gFo% Qhe

mut ant s. é cel s"are was phosphat e- buf -
fered sallne andxkvgbdlsnbﬁolnwarssXFﬁndlpreag Bcgﬁrands ARG "¥. 05%

friton X100 £xid -aneoch pLedsyaek! Besene r&M@& pbagoregemnea @iy aifor
(UuPA) activity 1s neasure as scrib 8 Presta, et al., cited above,
using the pl aghe barrel for a total of tdelve B-strands. Thus, a

threefold repeat is observed in the folding of the poly-
peptide chain and a pseudo-three-fold axis passes through
the center of the base of the molecule and extends
through the apex of the pyramid (ibid.}. Of the amino

10 acids conserved within the FGF family of proteins, most
‘are located within the core B-strand regions of FGF-2,
supporting the expectation that each of these proteins
has an overall 3-dimensional structure similar to that of
FGF-2.

15 The biological responses of FGF are mediated by the
heparan sulfate-dependent binding of the growth factor to
specific cell surface receptors (Givol, D., and Yavyon,
A., FASEB J. 6: 3362-3369 (1992) and Jaye, M., et al.,
Biochim. Biophys. Acta 1135: 185-199 (1992)), yet the

20 molecular interactions of heparin and receptor with FGF
and the exact nature of the events of the signal trans-
duction pathway are unknown. Studies employing synthetic
peptides related to the FGF sequence showed that FGF-2
(33~-77) and (106-129) bind to heparin and act as weak

25 partial agonists and antagonists in a mitogenic assay of
FGF activity (Baird, A., et al. Proc. Nat. Acad. Sci. USA
85: 2324-2328 (1988)). The same study identified a se-
quence, FGF-2 (115-124), involved in receptor binding.
The segment begins in the middle of the ninth @-strand,

30 makes a somewhat open loop on the surface of the folded
molecule, and terminates at the beginning of the tenth B-
strand. This sequence (118-122) in the native protein
forms a small surface loop that is close to a cluster of
basic surface residues that may form a putative heparin

35 binding site (Zhang, J., et al., Proc. Nat. Acad. Sci.
USA 88: 3446-3450 (1991)).
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25 mn chronogeni c substrate D norl eucyl - hexahydr ot yr osyl - | ysi ne
p-nitroanilide acetate (Anerican Di agnostics, G eenwi ch, CT).

Cel | -associ ated protein concentrations are determ ned usi ng Coonassi e
bl ue binding to protein. The results_are_plotted in Figure 5. Both
FGF-2L1 and 30 FGF-2LA exhibit significanfly reduced capabilities to

i nduce uroki nase-type plasninogen activator. In vitro

angi ogenesi s eval u nyvg FeNBIE: BYo Wsnrains SBIYE 191 Whehheh Cha @M;ants
i nduce capillary-like struc- 2

phosphorylated ty a cAMP-dependent protein kinase (Felge,
J.J., and Baird, A., Proc. Nat. Acad. Sci. USA 86: 3174-
3178 (1989)); Thr-121 is denoted in the paper as Thr-112

5 since the investigators employed the N-terminally trun-
cated form of the polypeptide, which exhibits full bio-
logic activity but has 146 rather than the usual 154
amino acids). Phosphorylation of Thr-121 results in the
generation of a form of the protein that exhibits an

10 increased capacity to compete with radiolabelled FGF-2
binding to its receptor, but no difference in the biolog-
ical properties of the phosphorylated and nonphosphory-
lated forms of the protein were observed (ibid.). In
contrast to FGF-2, FGF-1 is not a substrate for the ki-

15 nase. The data are consistent with the hypothesis that
the sequence 115-124 is involved in receptor binding, but
they do not define the complete receptor binding domain
of the molecule, nor do they demonstrate the physiologi-
cal significance of phosphorylation of Thr-121.

20 In addition to heparin and receptor binding regions,
there is evidence that specific sequences in FGF influ-
ence ligand-induced signal transduction. For example,
deletion of residues 27-32 of FGF-2 (Lys-Asp-Pro-Arg-Leu)
or mutation of the basic residues Arg-118, Lys-119, Lys-

25 128, and Arg-129 did not appear to affect the mitogenic
activity of the protein, but eliminated activation of
plasminogen activator gene expression (Eur. Pat. Ap. Pub.
No. 363,675 to Bergonzoni, L., et al., and Presta, M., et
al., Biochem. Biophys. Res. Com. 185: 1098-1107 (1992)).

30 At least four different fibroblast growth factor
receptors (FGFR) have been identified (Werner, S., et
al., Mol. Cell. Bio. 12: 82-88 (1992)), and functional
differences between different receptor forms have been
observed. Different FGF receptor forms derived from the

35 same gene via alternative splicing have different ligand
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tures in ABAE cells cultured on a 3-dinensional collagen gel .

Thr ee-di nensi onal col |l agen gel plates (24-well) are prepared by addi ng
0.5 mM chilled solution of 0.7 nmy/m rat-tail type | collagen (Becton
Di cki nson Labwares, Bed- 5 ford, MA) contaihimg DMVEM and adjusting to
neutral pH . with NaHCO err] to each well. After formation of collagen
gel (about, 1-2 mm thickness), ABAE cells are seeded at 50, 000

cel I's/vel . THRIRIREr BECRPETAESnt 4PAcaNELOIPREr FPE LGP DMEMANTS JFHfTi ni ng
10% cal f serura{ty&+ene, rtegaacedtprsyppke- blad aRMtfedent memsdmd Idd n (100

s ). SUSHLORE BLIO0 o Lreo) s e L2 gt
cells forrran moresayé0:on-the (4683)The madisymiiiddieinsgtepdewech with
The. cul tur B s e rf 3 HBHCSE SHePTECe MULearugd o arrieeull AN T
by fixation wiantspland comstidameble- 2@pesrk€pctivity betwegn rgaapkowe of
the CapiIIary-AA&etﬁéiycgggggus ligands (Yayon, A., et al., EMBO J. 11:
1885-1890 (1992)). Though the carboxy-terminal region of
the third immunoglobulin-like domain appears to be a
10 structural element that defines specificity of different
FGF members (Werner, et al., and Yayon, et al., cited
above), the precise nature of FGF-receptor-heparin inter-
actions and the protein residues involved have yet to be
elucidated.
15

Summary of the Invention

It is an objective of the invention to provide new

structural analogues of fibroblast growth factors.

It is another objective of the invention to provide
20 fibroblast growth factor analogues having binding and
biological activities that are pharmacologically dissoci-
ated, i.e., that bind to an FGF receptor, which may be
the same or different from a receptor that normally binds
the wild-type factor, and/or exhibits different biologi-
25 cal properties from that observed in the wild-type fac-
tor.

It is a further and more specific objective of the
invention to provide fibroblast growth factor structural
analogues such as structural analogues of human fibro-

30 Dblast growth factor-2, which have all or part of a sur-

face loop replaced with another amino acid sequence.

These and other objectives are accomplished by the
present invention which provides fibroblast growth factor

Fhis is the replacement sheet
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formed by ABAE cells is analyzed by using a Kontron |IBAS 20 | nmage Anal yzer
assisted with a Hamamat su C2400 vi deo canera and a Zei ss Axi oshop

m croscope. The phase-con- trase i mage of each field obtained with a

vi deo canera is converted to a binary i-mage in which the areas occupied
by a capillary-like structure is white and the rest is a 25 black
background. The extent of in vitro angi ogenesis is then neasured as a

percentage of Jdohitel ahRAIoqERE! havingUhhUhESalidi daRhigeal thog@rtf'a@@g
are mai ntained in dupli cate vveII Three to four. areas of each well

are exam %QQRFbyJFnﬁ@%“ﬁﬁ&??s?gléﬁlnfhéonﬁaﬁ V4F §8<8nd °SP51d ¢ 0
devi ation are tdediernhaedverihe é@&bhh&r?raﬁﬁthEStﬂaﬂpuBtructuahsaagl&ﬂ&d
guantitation pod are.set out t|%% of,_,t ube

in
o mat | on by HIAHRCRSR) 2E8 Rino 1. Falant henBRsi Byt MALypE o 2,
wher eas thétl@n&IEQues b2hA ite hegpanableerehpahelwuudewe this in-

vention provides fibroblast growth factor structural
analogues having an amino acid sequence replacement in
the ninth or tenth B-strand of the factor, or the se-
quence that corresponds to the surface loop that connects

10 the ninth and tenth f-strands, such that the interaction
of B-strands nine and ten with adjacent strands is not
significantly perturbed, and the analogue binds to hepa-
rin. The analogues exhibit binding affinity to a fibro-
blast growth factor receptor. Binding specificity of the

15 analogues is preferably different from the binding speci-
ficity of the native factor to the corresponding recep-
tor. In one embodiment, the analogue stimulates in vivo
angiogenesis.

20 Preferred fibroblast growth factor structural ana-
logues have an amino acid sequence substitution in the
surface loop that extends from the ninth to the tenth B-
strand. In some embodiments, all or part of the amino
acid sequence in the growth factor surface loop extending

25 from the ninth to the tenth B-strands is replaced by
another amino acid sequence such as a corresponding amino
acid sequence derived from related fibroblast growth

factor or interleukin polypeptides.

Thus, the fibroblast growth factor analogues of this
30 invention include, but are not limited to, analogues
formed by using, in replacement of corresponding loop
sequences in other growth factors, fibroblast growth
factor-1 sequence Lysl15-Lysll6-Hisl1l17-Alall8-Glull9-
Lysl20-Asnl2l (amino acids 115-121 of SEQ ID NO 2), fi-
35 broblast growth factor-2 sequence Argll8-Lysl119-Tyrl20-
Thrl2l-Serl122 (amino acids 118-122 of SEQ ID NO 1), fi-
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- 33- In an in vivo nodel of angi ogenesis, FG-2LI is

eval uated using the rabbit ear chanber system nodified and i nproved by
Howden, G F., and Silver, I.A, (Int. - Endodontic J. 13: 3-16 (1980)),
obserV|ng the growh 5 factor-lnduced neavgscul ari zation, or its

i nhibition, by modi fied growth factors or other reagents.

Rabbits are sedated using 50-70 ng/ kg ketam ne and 10 ng/ kg xyl ozi ne

admi ni stered igHdRIRESE @éwyn fAec SAL $ sequ@ﬁ@esnaagedew-wzam&jemluc hai r
clipper and cl eaned wt wat er f ol | owed z%r@ Eildl ne. mnimze the
0

ri sk of i nfctson, S?’F\eT’P’éb%’F‘Es Ly eh b vRrS ﬂnrptr§/"l§§noé“n]zaa Glu-
t hi ne penicHIAﬂg+m§uanmﬁpméaa¢yd§rlpz I92iosesEQonDoNO 4), fibroblast

growth factor-4 sequence Tyr-Lys-Tyr-Pro-Gly (amino acids

5 172-176 of SEQ ID NO 5), fibroblast growth factor-5 se-
quence Ala-Ile-His-Arg-Thr-Glu-Lys-Thr-Gly-Arg-Glu (amino
acids 176-186 of SEQ ID NO 6), fibroblast growth factor-6
sequence Asp-Leu-Tyr-Gln-Gly (amino acids 174-178 of SEQ
ID NO 7), fibroblast growth factor-7 sequence Ala-Lys-

100 Trp-Thr-His-Asn-Gly-Gly-Glu (amino acids 154-163 of SEQ
ID NO 8), fibroblast growth factor-8 sequence Ala-Lys-
Tyr-Glu-Gly (amino acids 144-148 of SEQ ID NO 9), and
fibroblast growth factor-9 sequence Asn-Leu-Tyr-Lys-His-
Val-Asp-Thr-Gly-Arg-Arg (amino acids 151-161 of SEQ ID NO

15 10). Analogues having loop flanking sequences changed,
and peptide fragment analogues containing the loop se-

quences are correspondingly provided by the invention.

For example, human fibroblast growth factor-2 struc-
tural analogues having amino acid sequence substitutions
20 in residues 112 to 128 result in factors that retain the
same overall secondary and tertiary structure as FGF-2,
but exhibit different biological properties. 1In these
exemplary embodiments, an FGF-2 loop sequence is replaced
with any size or composition of insert. Some derivatives
25 are prepared by changing residues 115 to 124; others are
prepared by changing loop residues 118 to 122. 1In one
embodiment, for example, the FGF-2 loop is replaced with
corresponding amino acids derived from FGF-1 from the
same or another species; in another, an interleukin-1f
30 from the same or another species is used; and, in anoth-
er, a loop from FGF-7 from the same or another species is
used. As summarized above, these analogues bind heparin

and a native fibroblast growth factor receptor.

The invention also provides DNA encoding the fibro-
35 blast growth factor derivatives, biologically functional

This is the replacement sheet
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t he ear chanmbers. The chanmber is inserted into an ap- proxi mately 0.75
cm area which is not crossed by any 15 nmjor vessels. During the course

-of the experinents, observations or any mnor handling of ear chanbers
of the animals is done by sedating theganimal using the intra-
muscul ar adm ni stration of a conbination of Butorphanol[err] and

acepromazine at levels of 1 ng/kg each. FG-2 or 20 FG~-2LI bound to

heparin- Sephai9$& DeadS i dsRi 08 viral r@&}\ede&@éﬁgseoﬁ\bqimahg caRs e i S
contai ned in one of the ear chanbers and the ot se

¢ ri1s a control
con- t ai nidAG AHSFATHC hEPaP F ne CephEs bie 5?§?n%?g$§aﬁgﬁleas "V ﬁ&le.
Thus, the effeglarRfrdhHedrom brirstoccecandithetRe veanbrel lieda eloease:
capsul e al one can be observed sinulia-
1

neous in_the_s ani mal .
FGF-2 and FGFAALOYHNG 1] eOST ©§ ?016¥p5ﬁﬁs1%%en8F@haﬁ§§g%%T
triplicate. The aninmals are kept for 4 to 6 weeks and

neovascula%Bz%ﬁggghjﬁééggintiogeggegh%i§HQL!gsand recorded photographically

at weekly et vatss ia for evaluation of the
degree of neovas- cularization using this procedure is set out bel ow

Figure 1 sets out sequence alignment cf human FGF-2,
FGF-1 and IL-1f8 in the loop region (identified in the Se-

quence Listing section hereinafter as ID NOs 1 to 3).

The sequences underlined correspond to the surface loop
10 located at the end of the ninth f-strand. The residues

in parenthesis indicate the residues found in the bovine

seguernces.

Figure 2 plots competitive receptor binding of con-
fluent baby hamster kidney cells incubated with '#I-

15 FGF-2 and indicated concentrations of competitors FGF-2
(open circles), structural analogue FGF-2LI (described in
greater detail hereinafter, closed squares), and struc-
tural analogue FGF-2LA (described hereinafter, closed
triangles).

20 Figure 3 plots the binding of radioiodinated FGF-2
(closed squares), FGF-2LA (open circles), and FGF-2LI
(open triangles) to FGF-receptor type 1 present on NIH
3T3 cells as a function of added unlabelled FGF proteins.

Figure 4 shows endothelial cell growth of adult
25 Dbovine aortic arch endothelial cells plated at 8000
cells/well and incubated for 5 days with the indicated
concentrations of FGF-2 (closed circles), FGF-2LI (open
squares), and FGF-2LA {(open triangles).

Figure 5 is a bar graph depicting production of
30 cell-associated urokinase-type plasminogen activator
induced by wild-type or mutant FGF-2 (10 ng/ml).



- 34- Criteria for Evaluation of the Degree of Neovascul arization

Observati on Score No Vascul ari zati on

0 Smal | Buds e . 0.5 5

Ext ensi ve Buds - 10 - 1.0 Capillary
Net work Extending to [err] of the Chanber 2.0 Capillary

Networ k Extending > [err] of the Chanber; No Anastornoses 3.0
Anast onoses fron1opmqakbe68h@e$ tht@QaGhaHHQDStrating Zhé® potefxyenfi ve

Anastomsing SAPLLLSEY s R LG EIATDE) (0% -eygh Cor Hucane  The
FGF-2 (10 ng/ml) as measured by their abilities to induce
formation of tube-like structures by ABAE cells cultured

5 on a type I collagen gel. The data are from a typical
experiment in which celi cultures of identical conditions
are maintained in duplicate wells. Three to four areas
of each well are examined by image analysis and the mean

value and standard deviation are presented.

10 Figure 7 presents an amino acid sequence comparison
among the nine members of the FGF family between residues
corresponding to amino acid residues 113 and 128 in FGF-2
(SEQ ID NO 1; FGF-1 is set out as SEQ ID NO 2, and the
other FGFs are sequentially set out as SEQ ID NOs 4 to

15 10, except that Hisl2l of the FGF-1 bovine sequence is
replaced by Asn in the human sequence). The numbering
system is relative to FGF-2 and the asterisks refer to
identical and conserved residues. Residues located be-
tween the FGF-2 locations Serll7 to Trpl23 mark the posi-

20 tions where other FGFs contain inserts and changes. To
illustrate homologous sequences in the ninth and tenth
B-strands and in the loop region, the figure employs
standard one-letter nomenclature for the amino acids: A,
Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I,

25 Ile; X, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gln; R,
Arqg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr.

Figure 8 shows a comparison of the degree of neo-
vascularization induced in a rabbit ear chamber model by
FGF-2 (closed triangles) and FGF-2LA (closed circles). A

30 control without FGF is represented by closed squares.

Figure 9A plots the binding of ***I-FGF-2 as a func-
tion of added FGF-1 (open circles), FGF-2 (open squares),
FGF-7 (closed circles), FGF-2LA (closed squares), and
FGF-2LI (open triangles) to soluble recombinant FGF-re-
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and FG-- 2L ge vessel for- mation, their growh across the
chanber, anastonosing vessels with an active bl ood fl ow.
In com 15 parison, in control chanbers-that-contain al ginate-hepa-

rin Sepharose[err] beads, voi d of exogeneously added growth factors,
only short capillaries are forned. The differ- ence in the activity of
FGF-2L1 conpareptar FGrp@ Lsaboth funcrgoanbdift atided amd apsl l¢ditiGR.pro-
Striking sti tory Vi t f_F c t [
observed ovepl{!eair% vma%legugﬁ teQIBo l%&%cen?: ?l&éﬁsg?}&al% &3:%1‘_2 e%{foe tng/
chanber), and et s39 hwb bei @ﬁCIOSIprn@lnltf F6FaAd Iddstailfe®mPlo¥RYond the tinme
when the stimulatory effect of FGF-2 has subsi ded. (See Figure 8.) 25
Though FGF-2 shows a dose-dependent induction of new bl ood vessel s
conpared to tHRekakhied Dasgrdbtiono@fataBl dnventdOn vity for FGF-2 is
observed only at concentrations of 10- 100 ng/ chanber; at higher

dosages, a_di mi nshed re- sponse is observed. |nte in at 400

ng/ chanber2of 30 FEELD, lﬁﬁ&P&d@ﬁ‘e&F basedo#pPa: &N | ‘{ﬁﬂ% ‘g B3 FRAREE-

es in fibroblast growth factor surface loop re51dues in a

superi or ?jmﬂzsmnhp@chotentlal to i nduce angi ogene- sis. Both FGF-2

manner that does not perturb the overall secondary and
tertiary structure of the FGF molecule yields an array of
structural analogues having varied and desirable physio-

10 logical properties, including FGF agonists and potential
antagonists. Changes in loop sequences, Or sequences
adjacent to loop sequences, yield analogues that bind to
heparin and exhibit binding affinity to a native fibro-
blast growth factor receptor.

15 By "antagonist" is meant any substance that tends to
nullify the action of another, as one, for example, that
binds to a cell receptor without eliciting a biological
response. For FGFs, antagonists include, but are not
limited to, any substance that binds to an FGF receptor

20 but does not stimulate proliferation or migration of
fibroblasts, endothelial cells and astroglial cells. 1In
contrast, by "agonist" is meant any substance that has
affinity for and stimulates physiological activity at
cell receptors normally stimulated by naturally occurring

25 factors, including mitogenic activity, angiogensis, che-
motaxis, and the like. As used herein, the terms are not
limiting, and a single factor may exhibit antagonism to
one biological function mediated by native factor, and
agonism to another function. Where this occurs, the

30 biological activities of native factor are said to be

pharmacologically dissociated in the analogue.

A protein is defined herein as a fibroblast growth
factor (FGF) if it shows significant sequence and three-

Thig i stnelcpMLementbneet



2L1 at the same dose greatly stinulates formation of capillaries and
| arger vessels. Thus, there is an ob- served difference in the

bi ol ogi cal activity of FG-- 2LI conpared to FG-- 2. 35 Al t hough
the in vitro data suggest a reduced angio-12 - genic activity for FG-2LI
the in vivo studies indicate - 35 -

a superaconist-1ike behavior. Wile not neaning to be ‘bound to any
theory, It seddmanfitondk $RrUFtrsadsbapelogy ERpARERFe "@MRE4S QA drhe

propert of thedroohmne} 00HES-1Nke ac@ivis9l @hednsysted b nth aysidgl e cel |
type, whereas the _ ) .
assays and binds to heparin or heparin-like substances.
By "heparin" is meant the heterogeneous, sulfated anionic
5 polysaccharide composed of D-glucuronic acid and D-glu-
cosamine, bound to a protein core as the '"proteoglycan”
or in a free form as the "aglycan'", that may or may not
have anticoagulant properties. "Heparin- like" substanc-
es are molecules that have oligosaccharide structures
10 related to the heparins, but may or may not have antico-
agulant activity. Any type of fibroblast growth factor
or mutein or derivative is encompassed by this invention,
particularly human fibroblast growth factor, as well as
loop sequence peptides that exhibit antagonist or agonist
15 properties, or both.

Broadly speaking, the fibroblast growth factor ana-
logues of this invention include structural analogues of
fibroblast growth factor having at least one amino acid
deletion, insertion or replacement in a B-strand, or a

20 loop connecting two B-strands such that adjacent strands
are not perturbed, and the molecule retains its overall
secondary and tertiary structure. Secondary and tertiary
structure is determined by heparin binding, binding to an
FGF receptor, spectroscopy (using ultraviolet, visible,

25 or circular dichroic light), X-ray crystallography, and
bioclogical activities.

Particularly preferred are FGF sequence replacements
in a loop connecting two B-strands, analogous to the
structural cassette or module replacements of turns with

30 retention of parent conformation disclosed for enzymes by
Hynes, T.R., et al., Nature 339: 73-76 (1989). In some
embodiments, the ninth or tenth B-strand of the factor,
or the sequence that corresponds to the surface loop that
connects the ninth and tenth B-strands, are replaced with

35 any size or composition amino acid sequence insert such

s This is the replacement sheet
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5 1in vivo nodel provides a contextual environnment to ob- serve the
| ar gel y unknown conpl ex interplay of FGF and other factors in the

formati on of new bl ood vessel s.

The unexpect ed di screpanci es

between the in vitro and in vivo propegties of FG-2LI indicate that
the 10 growh factor biological activities are pharmacol ogically
di ssoci ated in sone | oop anal ogue enbodi nents.

Exanpl e 6

are detern1ned in this exanp nmeasurin

that cthB@'lnﬁoQEcE@Erprfgfl@hﬂé tig elgfcf @rle;rmfataamﬂqemem-s
e e

for binding to H¥??%rent“t§5§§aép P@POdlme“gécepPSr gFﬁﬁmJQﬁﬁ en a

rad|0|omluﬂeﬂkéﬁIh@é@teunh a sapdavariieup umb&behbe@qn%ﬂanuux.(NTHnsxhe

di rect bindin

r adi, oi odi

B ndt ng_st udi cEh 45 L BRRE LB SR CERARREAY ErGSERPERaE g S i HEs "o

radi oi odi nat edst&3k &ndsehubbe repéptemsnits théh structurally related

10

15

20

25

30

35

and unrelated sequences, including random loops, longer
or shorter loops, and differently charged loops and their
stems and anchors. It also encompasses peptide fragments
that mimic these loops in binding studies and biological

assays.

As set out more fully below, numbering of the
amino acids in these strands is, for convenience, made
with reference to FGF-2. Perturbation and strand adja-
cency are herein defined in a three-dimensional sense and
measured as described above. Overall folding is main-
tained in the analogues. Preferred analogues bind to an
FGF receptor with an affinity that is greater than, or up
to 100-times lower than the binding of a corresponding
native FGF family member exhibiting affinity to the re-
ceptor.

Receptors that many of the analogues typically bind
include native baby hamster kidney (BHK) cell fibroblast
growth factor receptor, NIH 3T3 cell receptors, or other
receptors specific to particular FGFs. Binding prefera-
bly exhibits an affinity substahtially similar or superi-
or to the binding of the corresponding native factor to
that receptor. An advantage of the invention is that the
loop manipulation results in analogues exhibiting similar
binding profiles to the corresponding factors from which
the loops are derived. Thus, certain analogues of the
invention target receptdrs that the native factor does
not bind, including receptors on different cell types.
For example, factors that ordinarily bind to endothelial
cell receptors can be engineered to bind to epithelial

cell receptors, and so forth. Examples are given herein-

of conpetition
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presence and absence of excess unl abelled FGF. Sodi um heparin
fromporcine intestinal nucosa (PM heparin) is obtained from Hepar

| ndustries (Franklin, OH). KGF is obtained from UBI (Lake Placid,-NY).
Na[err]l 25 is purchased from Amersham (Bucki nghanshire, England).

FGFs are iodinated using chloramne T. Spé%ﬁfic activi - ties of the
preparations are 1.2-1.7 x 10[err] cpm ng FG- and are kept for up to 3
weeks at -70[e seLum.

e (ke L Saean M AG efaditient s SRREl ates ki BBRURE: PERIkaRM g

(M edi at ech, v1wdu: Her ndon, VA). Saline containing 0.05%trypsin,
0.01 leodiun1phosphate, and 0. 02% EDTA (STV) is obtained fromCellcro.
Ti ssue culture dishes are from Fal con

Especially preferred structural analogues are those

in which the factor has at least one amino acid deletion,

5 addition or substitution in the sequence of the surface
loop that extends from the ninth to the tenth f-strand
and protrudes from the surface when the molecule is fold-
ed as described by Eriksson, et al., Zhu, et al., and
Zhang, et al., cited above, and has the overall secondary

10 and tertiary structure of the native factor. 1In some
embodiments, the replacements are sequences from other
FGF species or related molecules. 1In other embodiments,
the replacements are structurally unrelated to any FGF
species, and may contain fewer or more amino acids, or

15 differently charged amino acids. Thus, any amino acid
sequence can be used as a sequence replacement in the
loop connecting the strands.

For example, structural FGF analogues of the inven-

tion include analogues having at least one amino acid

20 deletion, addition or substitution, particularly amino
acid sequence substitution, in surface loops that in-
clude, but are not limited to, fibroblast growth factor-1l
sequence 112 to 123, particularly Lysll5-Lysll6-Hisll7-
Alall8-Glull9-Lys120-Asnl2l (amino acids 115-121 of SEQ

25 ID NO 2); fibroblast growth factor-2 sequence 115 to
124, particularly Argll8-Lysll19-Tyrl120-Thrl2l-Serl22
(amino acids 115-124 of SEQ ID NO 1), fibroblast growth
factor-3 sequence Arg-Leu-Tyr-Arg-Thr-val-Ser-Ser-Thr-
Pro-Gly-Ala-Arg-Arg-Gln-Pro-Ser-Ala-Glu-Arg-Leu (amino

30 acids 132-152 of SEQ ID NO 4), fibroblast growth factor-4
sequence Tyr-Lys-Tyr-Pro-Gly (amino acids 172-176 of SEQ
ID NO 5), fibroblast growth factor-5 sequence Ala-Ile-
His-Arg-Thr-Glu-Lys-Thr-Gly-Arg-Glu (amino acids 176-186
of SEQ ID NO 6), fibroblast growth factor-6 sequence Asp-

35 Leu-Tyr-Gln-Gly (amino acids 174-178 of SEQ ID NO 7),



- 36 - Labware Division, Becton Dickinson (Oxnard, CA). Four-

wel.l tissue culture plates are from Nunc (Rosklide, Den- mar k) .

Sol ubl e FGF réceptor proteins are constructed by . 5 cloning of the
extracel lul ar region of mnurine FG- receo- 5 ~tor 1 (FGFR-1; fig), FGF
receptor 2 (FGFR-2; bek) or the KG- receptor (FGFR(I11b); K-sam) into

the alkaline p S phat ase-ta si,on vector,_ whjch encodes for a
se- creteggﬁgPﬁ%SFt B%ée R (e épln a&ﬁ&%éﬂﬁ?ﬁ%éafA@&rat*ﬂgciﬁeFGF
recept or aIkaIQn@wphoﬁphaDaSQI(FREH)s@qmamakskﬂa&Lys TopransfEtsedshht 0
NIlH 3T3 cells e t or I ogyC r ance
8YyeLeGLERON Aol Wk 14568 o fsb;@d@ OR¥Ch] T eehate

gene. Conies are se- [err for
secreted AP léﬁEyﬁﬁoﬁéﬁlﬁ@P%qrnatﬁ@Q@ﬂmﬂq|HﬁﬂﬂLYﬁRWﬂﬁT Diofky 6&miBo

each receptopr wbigh praduaed o& @Eg;h e 9qf %%dacftxﬂfcgﬁ{last gkdwtf 4
Alerr] unltS/n%géng%—grgegnggc%ﬁAsn Leur%fﬁgifgmkﬂé Val-Asp-Thr-Gly-
Arg-Arg (amino acids 151-161 of SEQ ID NO 10). A compar-
ison of surface loop sequences in the FGF family is de-
picted in Figure 7. In these embodiments of the inven-
10 tion, structural analogues are prepared by replacing the
surface loop sequence of one FGF with another amino acid
sequence such as, but not limited to, a surface loop se-

quence from another factor.

Changes in neighboring regions that affect the loop,

15 including loop stems and anchor points, are encompassed
by the invention, so long as the overall folding of the
molecule is not perturbed. Thus, analogues of the inven-
tion include structures having mutations, particularly
sequence replacements, in fibroblast growth factor-1

20 sequence Tyrll2-Ilell3-Serll4-Lysll15-Lysll6-Hisll7-Ala-
118-Glull9-Lys120-Asnl21-Trpl22-Phel23-Lys124-Asnl25
(amino acids 112-125 of SEQ ID NO 2), fibroblast growth
factor-2 sequence Tyrll5-Argll6-Serll7-Argli8-Lysll9-
Tyrl20-Thri2l-Serl22-Trpl23-Tyrl24 (amino acids 115-124

25 of SEQ ID NO 1), fibroblast growth factor-3 sequence Tyr-
Ala-Ser-Arg-Leu-Tyr-Arg-Thr-Val-Ser-Ser-Thr-Pro-Gly-Ala-
Arg-Arg-Gln-Pro-Ser-Ala-Glu-Arg-Leu-Trp-Tyr (amino acids
129-154 of SEQ ID NO 4), fibroblast growth factor-4 se-
quence Tyr-Glu-Ser-Tyr-Lys-Tyr-Pro-Gly-Met-Phe {(amino

30 acids 169-178 of SEQ ID NO 5), fibroblast growth factor-5
sequence Tyr-Ala-Ser-Ala-Ile-His-Arg-Thr-Glu-Lys-Thr-Gly-
Arg-Glu-Trp-Tyr (amino acids 173-188 of SEQ ID NO 6),
fibroblast growth factor-6 sequence Tyr-Glu-Ser-Asp-Leu-
Tyr-Gln-Gly-Thr-Tyr (amino acids 171-180 of SEQ ID NO 7Y,

35 fibroblast growth factor-7 sequence Tyr-Ala-Ser-Ala-Lys-
Trp-Thr-His-Asn-Gly-Gly-Glu-Met-Phe (amino acids 151-164
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tioned nmedi um for binding assays. Components of the soluble
receptor binding reaction m xture include FRAP-conditioned nedium (0. 24
OD-units/ . 20 mn), 2 ng/mM[err]l-FGs and 200 ng/m heparin. The FG-: he-
parin: FRAP terniary conplex is imunoprecipigated with 20 [err]] of a
1: T slurry of anti-AP nonocl onal antibodi es cou- pled to protein A
Sepharose. All conmponents are m xed at roomtenperature. The total

vol ume is adj ustfeGEIQ) 121$)Q~:c258§er Elbrbylaﬁdlcﬁtmwf Mke@nhé&;ﬁéﬁeeoixé%

b LR di d to 2 h
a?VI e Zi{gm ?é Yer T\S&n i oA ﬂ%l n }ﬁzAgléc]g%e Y%o gf'dr&?He%rpoTVFggﬁzis
is recovered bwe¢emmafﬁnﬁﬂTbn atg4lesr | €EQ 10D sNa@at9) , aﬁdOﬁ@bxoglasEhe

| | eted nat t 3 I ' f
cont ai ni nS“HELE? G R S G I e e S Gt Vot Ll
X-100 (1% .3 AS[nerquq -IRGF by adithg-Val glept That @ty byrgodngriyrofyrhéal -

sanpl es 23 a04/81p- B r &t ly,
tivity of the FRA Ero#&?ﬁn%sédé%érn§%ggi% ﬁ?rggg er?$§g§9§¥H€1§ﬁ aﬁso

receptor bound & 997 epRA‘BeE @@rﬁew%ﬁldmg to theése loops that
exhibit heparin and FGF receptor binding.

Structural analogues of FGF-2 are preferred in some

10 embodiments. By "FGF-2" is meant any fibroblast growth
factor-2 exhibiting biologic activity including the 146-
amino acid polypeptide originally isolated and sequenced,
the 154 amino acid form currently thought to be the full
polypeptide, truncated forms exhibiting activity, extend-

15 ed forms such as placental FGF, higher molecular weight
N-terminally extended forms described in the literature
and analogues including derivatives and muteins of any of
these. The term specifically includes natural FGF-2
extracted from mammalian tissue as well as recombinant

20 polypeptides expressed from cloned DNA in E. coli or S.
cervisiae from any species or expressed in insect or

mammalian cells with appropriate vectors.

Human FGF-2 is preferred in many embodiments. Human

FGF-2 having 9th or 10th fB-strands which can be manipu-

25 lated according to the invention includes, but is not
limited to, FGF-2 having amino acid additions, amino acid
substitutions, and amino acid deletions, including dele-
tions of portions of the amino or carboxyl terminus, and
chimeric proteins containing FGF at the N-or C-terminus

30 of another protein. Example FGF-2s which can be manipu-
lated according to the invention include those having
cysteine substituted with a neutral amino acid such as
serine, or aspartic acid, arginine, glycine, serine, or
valine substituted with other acids suggested to have

35 enhanced stability in Eur. Pat. Ap. Pub. No. 281,822 to
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bottommcrotiter plate in a volume of 50 [err]l of PBS. The reaction
Is initiated by addition of substrate (50 [err]| of 2x solution of AP
assay buffer containing 2 Mdiethanol - amine, 1 mMMMwdC [err] , 20 nV

honpar gi nine and 12 mM p-nitro- 5 phenyl. phosphate). The reaction is

foll owed at room tenperature at 405 nmin a kinetic microplate reader.
Receptor binding is determ ned by quantitating re- | ease of | abelled

FG- fromrecepsens, Bid &fly, REcddtiormed byhanaspdc sugfatebawrabhaity
sites is released fraomthe , . .
and more preferably two, of the cysteines found in natu-
ral FGF-2 with a different amino acid residue to yield a
more stable analogue (Eur. Pat. Ap. Pub. No. 320,148 to
5 Arakawa and Fox); muteins lacking amino acids from the

carboxyl terminus and, optionally, having amino acid
replacements suggested to have improved stability while
retaining activity in Eur. Pat. Ap. Pub. No. 326,907 to
Seno, et al.; mutants lacking a substantial part of the

10 amino-or carboxyl-terminus such as those described by
Seno, et al., Eur. J. Biochem. 188: 239-245 (1990);
muteins having various point mutations or an N-terminal
deletion suggested in Eur. Pat. Ap. Pub. No. 298,723 to
Fiddes, et al.; the M1-bFGF to M6-bFGF muteins contain-

15 ing missing and substituted amino acids disclosed in Eur.
Pat. Ap. Pub. No. 363,675 to Bergonzoni, cited above;
readily expressed FGF prepared by replacement of Ala-3
and Ser-5 of recombinant FGF with Glu as described in
Seddon, A.P. et al., Annals N.Y. Acad. Sci. 638: 98-108

20 (1991) and analogues thereof; and the like.

In the practice of this invention, a fibroblast

growth factor derivative of this invention such as a
human FGF-2 structural analogue is prepared by deleting,
adding to, or substituting at least one amino acid, pref-

25 erably more than one amino acid, in the sequence between
residues 112 (Tyr) and 128 (Lys). In some embodiments,
the substitution occurs between residues 115 (Tyr) and
124 (Tyr); in others, the change occurs between 118
(Arg) and 122 (Ser). As defined above, the numbering

30 convention for other FGF analogues is relative to FGF-2,

In some preferred embodiments, fibroblast growth
factor structural analogues have an amino acid sequence
replacement in the ninth or tenth B-strand of the factor,
or the sequence that corresponds to the surface loop that

35 connects the ninth and tenth B-strands. Amino acid se-
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10 cell surface by a 5 mnute incubation with an ice cold sol ution

containing 1.6 M Nacl, 20 mM HEPES, pH 7.4, and t he anount of

radi oactivity rel ease determned in a gam ma- counter. FG- bound to -
high affinity receptors is di ssociated,py_a 2 M NaCl (20 nM acetate
buffer, pH 4.0) 15 extraction, and the reféased | abelled FGF is

quanti t at ed. Chem cal cross-linking experinments are carried out
at roomte”pergﬁé'ﬁ ekNage’ AT n0kio2d bl Ll o Belllarnidte 1odbo- M

m crocentrifu Re'reacti on M xtur tain FG- receptor

rmrobi i zed € cCAREP. Nﬂlﬁ@nééilléﬁal L3901 catdibedi §a§c§upﬂ1étﬁt43“1|dl‘ffe‘)taé?1|¢$ﬁc

Sepharose, 200egghPlary ahERAr bRid2 sRelhkesr hebEEe Ak ddphosphate
buffer (pH 7.4), and 140 nmM NaCl. "‘After a 90 minute incubation, 1

m of a solution of disuccinimdyl suberate (Pierce) dis- sol ved in

di met hyl sul f oxi de i’&raddaﬁlxptl@ giaVQL&rchibll@an%rommﬁEﬂ‘&d’t&iﬂ' ot Of c i dbl MV
and the m ture |gcubate i tiqnal 30 The reaction is

an dgbﬁ li
quenched b 2uaPtFoR|s fsnf 5Hm5G0 gtﬁ&ﬁ& ﬁ%ﬁ? liﬁa{?ﬁ¥% f or
30 min. The repcepanedi byureplacendi laltledrlphrw tlf 2he amino acid se-

SDS'pO|yacry|a&ﬁggcgeknekﬁ%t@%Rh%%eﬁb%hl%nganQUEU¥f§ggiloop with a
random amino acid sequence of any length, provided that
the overall folding of the molecule is not significantly

10 perturbed. Thus, a sequence derived from a structurally
related polypeptide such as fibroblast growth factor-2
from another species, human fibroblast growth factor-1,
or 3 to 9, fibroblast growth factor-1, or 3 to 9 from
another species, human interleukin-1 a« or B, or interleu-

15 kin-1 a or § from another species, soybean trypsin inhib-
itor or hisactophilin, may be employed. In some embodi-
ments, preferred FGF-2 analogues involve an amino acid

replacement that eliminates phosphorylation at Thril2l.

In one embodiment, a structural analogue of this in-
20 vention exhibiting desirable biological properties more
particularly described below comprises a fibroblast
growth factor-2 derivative having surface loop amino
acids Argll8-Lysll19-Tyrl20-Thrl2l1-Serl22 (amino acids
118-122 of SEQ ID NO 1) replaced with corresponding amino
25 acid sequence Alall5-Glnll6-Phell7-Proll8-AsnllS (amino
acids 231-235 of SEQ ID NO 3) from human interleukin-18,
denoted FGF-2LI in the Examples that follow (SEQ ID NO
15). In another embodiment, the analogue comprises a
human fibroblast growth factor-2 derivative having sur-
30 face loop amino acids Argll8-Lysl19-Tyrl20-Thrl2l-Serl22
(amino acids 118-122 of SEQ ID NO 1) replaced with corre-
sponding amino acid sequence Lysl115-Lysll6-Hisl117-Alall8-
Glull9-Lysl120-His121 (amino acids 115-121 of SEQ ID NO 2)
derived from bovine FGF-1, denoted FGF-2LA in the Exam-
35 ples that follow (SEQ ID NO 16). In yet another embodi-
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30 electrophoresed on an SDS-12% pol yacryl am de gel. Cross- | i nked

FG- to the FGF receptor are detected by autoradi- ography on Kodak XAR
film The position of the surface loop in FG-2 coincides

with a variabl e sequence region in the FG- fam |y of

protei ns where various insertions occur.- SiSnce this regi on may be

I nvol ved with determ ning |igand-receptor bi ndi ng specificity the

bi nding profiles of the | oop .
ment, the analogue comprises a human fibroblast growth

factor-2 derivative having surface loop amino acids 118
to 122 replaced with a corresponding 9-residue amino acid
loop sequence from FGF-7 (also known as Keratinocyte

5 Growth Factor), Ala-Lys-Trp-Thr-His-Asn-Gly-Gly-Glu from
FGF-7 (residues 154-162 of SEQ ID NO 8).

The novel fibroblast growth factor structural ana-
logues of this invention are prepared by point mutations,
sequence alterations or polypeptide assembly from consti-

10 tuent amino acids or peptides using chemical, biochemical
or physical means known to those skilled in the art.
Alternatively, the novel fibroblast growth factor ana-
logues of this inventicn are prepared by recombinant
protein synthesis involving preparation of DNA encoding a

15 surface loop mutein, insertion of that DNA into a vector,
expression of the vector in host cells, and isolation of
the mutant FGF thereby produced.

DNA encoding the FGF structural analogues of this

invention are prepared by altering a gene of fibroblast

20 growth factor by nucleotide deletions, nucleotide addi-
tions, or point mutations produced using standard means.
Illustrations are set out in Examples 1 and 2. Because
of the degeneracy of the genetic code, a variety of codon
change combinations can be selected to form DNA that

25 encodes the FGF analogues of this invention, so that any
nucleotide deletion(s),-addition(s), or point mutation(s)
that result in a DNA encoding loop mutant FGF are encom-
passed by this invention. Since certain codons are more
efficient for polypeptide expression in certain types of

30 organisms, the selection of fibroblast gene alterations
to yield DNA material that codes for the FGF muteins of
this invention are preferably those that yield the most
efficient expression in the type of organism which is to
serve as the host of the recombinant vector. Altered
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mutants, LA and LI, to FGFR1 (Flg) and FGFR2 sub-type 5 Il1lb (FGF-7 or KGF
receptor), which does not bind FG--2 are determ ned. Figures 9A and 9B
show t he conpetition bi ndi ng curves to sol uble versions of FGFRL and
FGFR2(I1'1'1b) for FG--1, FG--2, FG--7 and _thg loop mutants foll owing the
di spl acenent of radioiodinated FGF-2 and 10 FG--7 fromthe sol uble
receptor, respectively. FG-1, FG-- 2, FGF-2LA and FGF-2L1 bind equally

well to FGFRlcodon Bélhel@ :RiMdd9 OfsdFepedd Wl ectedr bl 8dh8t@hkeion
The binding profiles for the binding of various FGF proteins to

FGFR2(111b) (EPYSLESEBFi9RSGw t hat FG--7 and 15 FGF-1 bind with the sanme
affinity and that FG--2 and the FG~-2L1 nmutant do not bind to this

receptor type; howeyx- er, the iq%%i onﬁ%ge LA putant to FGER2(1.11D)
o only Pabout SAPrERd A ST (RRCR DU Sor Eeg 12t RRAE L RRLen
bi ndi ng profilie aflte@ed2ith rMormidNOrcodivet far $HE-EGEndndQogaesob fFG- 2,
the FGR-1 4 00RKBOSLRNQURI T nd P WPIRIALEN , cecdhdniRE bRVELKERRRL Ol this
surface |l oop in determning receptor-IT1gand specificity.

Thus, DNA starting material is isolated from tissue or

tissue culture, constructed from oligonucleotides using

conventional methods, obtained commercially, or prepared

by isolating RNA coding for FGF from fibroblasts, and

10 using this RNA to synthesize single-stranded cDNA which
is used as a template to synthesize the corresponding

double stranded DNA.

Illustrating the present invention are cloned com-
plementary DNA sequences defining human FGF-2 analogues
15 such as that constructed in Examples 1 and 2. Also en-
compassed are DNA sequences homologous or closely related
to complementary DNA described herein, namely DNA se-
quences which hybridize, particularly under stringent
conditions that result in pairing only between nucleic
20 acid fragments that have a high frequency of complementa-
ry base sequences, to FGF analogue cDNA, and RNA corre-
sponding thereto. 1In addition to the FGF-encoding se-
quences, DNA encompassed by this invention may contain
additional sequences, depending upon vector construction

25 sequences, that facilitate expression of the gene.

DNA encoding the FGF analogues of this invention, or
RNA corresponding thereto, are then inserted into a vec-
tor, e.g., a pBR, pUC, pUB or pET series plasmid, and the
recombinant vector used to transform a microbial host
30 organisms. Host organisms useful in the invention are
bacterial (e.g., E. coli or B. subtilis), yeast (e.g., S.
cervisiae), mammalian (e.g., mouse fibroblast), or insect
cells. This invention thus also provides novel, biologi-

cally functional viral and circular plasmid RNA and DNA
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The binding specificities of radiol abelled FGF pro- teins and | oop
mutants to various sol uble FG-F receptors 25 are confirnmed by chem ca

cross-linking of the factors to the receptors in the presence and
absence of an excess of the unl abel l ed,fGE. FG-1, FG--2, FG--2LA and
FGF- 2L1 bind to FGFR1, and addition of an excess of the unla-

bel |l ed FGF abolished cross-linking of [err]l-FG-. Cross- 30 |inking of

[err]1-FGF-7 tQekEbRs iihdpdialaciehna Ahd @A sequdrds ddHSSibimgi ng
profile is obtained when the binding experlnentsépre repeat ed, using a
sol ubl e FGFR2 FBEepCEr analognps Geiedateskidyy SHAoAaTE M52 F{£#+ w5 e

reveal that o fohby tF@rdan iK@s %t F@raisk duinred! toor tdrans feepedrwihnd 35
that FG--2 a“dsEgﬁ 5@2%@%5'3§&3¥ é%;éf?%é&g“%ééffyﬁgﬂka of large scale
5 expression of the exogenous, vector-borne DNA or RNA
sequences and isolation of the desired polypeptides from
the growth medium, cellular lysates, or cellular membrane
fractions yields the desired products. An example of

expression of FGF~2 muteins in E. coli is given in Exam-
10 ple 3.

The present invention provides for the total and/or
partial manufacture of DNA seéuences coding for FGF-2
loop mutants, and including such advantageous character-
istics as incorporation of codons preferred for expres-

15 sion by selected non-mammalian hosts, provision of sites
of cleavage by restriction by endonuclease enzymes, and
provision of additional initial, terminal or intermediate
DNA sequences which facilitate construction of readily
expressed vectors. Correspondingly, the present inven-

20 tion provides for manufacture (and development by site
specific mutagenesis of cDNA and genomic DNA) of DNA
sequences coding for microbial expression of FGF ana-
logues which differ from the forms specifically described
herein in terms of identity or location of one or more

25 amino acid residues (i.e., deletion analogues containing
less than all of the residues specified for human FGF-2,
and/or substitution analogues wherein one or more resi-
dues are added to a terminal or medial portion of the
polypeptide), and which share the biological properties

30 of FGF-2 analogues described herein.

DNA (and RNA) sequences of this invention code for
all sequences useful in securing expression in procary-
otic or eucaryotic host cells of polypeptide products
having at least a part of the primary structural confor-

35 mation, and one or more of the biological properties of
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- 39 - i ng. The cross-linking studies are consistent with the
bi ndi ng data presented in Figures 2, 3, and 8.

Exanmple 7 - The FGF-7 | oop sequence is introduced into FG-2, 5
and the properties of the new FG--2 | oop-nmppant are ob- served in this
exanpl e. A FGF-2 | oop mutant denoted FGF-2LK containing the

correspondi ng 9-residue | oop sequence Al a-Lys-Trp-Thr-
Hi s- Asn- G y- GBGKH and Yoquéswiichesrduesmpbéhéfdedl bSEQ 1) [thdDA i s

i L
in, or complementary strands; (b) DNA sequences which
hybridize to DNA sequences defined in (a) or fragments

5 thereof; and (c) DNA sequences which, but for the degen-
eracy of the genetic code, would hybridize to the DNA
sequences defined in (a) and (b) above. Specifically
comprehended are genomic DNA sequences encoding allelic
variant forms of FGF énalogues included therein, and

10 sequences encoding loop mutein RNA, fragments thereof,
and analogues wherein RNA or DNA seguences may incorpo-
rate codons facilitating transcription or RNA replication
of messenger RNA in non-vertebrate hosts.

Isolation and purification of microbially expressed
15 polypeptides provided by the invention are by convention-
al means including, for example, preparative chromato-
graphic separations such as that illustrated Example 3,
and immunological separations, including monoclonal
and/or polyclonal antibody preparations.

20 As summarized above and described in detail in the
Examples below, two example FGF-2 structural analogues of
this invention are FGF-2LA (SEQ ID NO 16) and FGF-2LI
(SEQ ID NO 15), FGF-2 sequences having loop residues 118
to 122 replaced by corresponding sequences from bovine

25 FGF-1 and human interleukin-1B, respectively, expressed
in E. coli. These mutations have no apparent effect on
either heparin binding, estimated by the concentration of
NaCl required to elute the protein from heparin Sepha-
rose, or on the ability of the proteins to compete with

30 I'¥-FGF-2 for binding to the FGF receptors present on
baby hamster kidney cells and NIH 3T3 cells (Example 4).
The loop analoques are mitogenically active in bovine
endothelial cell proliferation assays. Both analogues
exhibit significantly reduced capability to induce uroki-

35 nase-type plasminogen activator. 1In an in vitro angio-
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heparin. NaCl elution from heparin-Sepharosee is about 0.7 M Nad
conpared with 1.4 MNaC for the wild-type 15 protein. The nolarity of

NaCl required to elute the LK mutant is simlar to that required to
elute FG--7. The | owered affinity of-the FG--2LK nutant for heparin
sug- gests that the | oop sequence, although not directly in- vol ved

in binding to heparin, is able to nodify the af- 20 finity of the protein
for heparin. genesis assay| eE6ptoLAberdibftexpapiidary-Like those foat- out

in Exanmple 6 nt o] n g,to | C& Or
conpete with t %%gg? Ferr?F %2}8 £§88 éﬁk Egcghgo§gh%p2 1, but is
able to conpeﬂ@ﬁmqrﬁ$ﬁ¢Mbn§G6f225 ekbiblEsFarch ﬁ@SFGFnﬂ§§éﬁP@r0¢ype 2
(111b), whereqs T 2ey-1 14028 cRALLGOAREt Buti 1B BhgALAG caflcljoudh rne

pot ency of 2LK 1's about times weakér than the conpeti -

tion obser edhﬂﬁQﬁ]%REBBGPFEGlFGFHYanaIEI8&V°cﬁ§ﬁ§¥ in receptor-1ligand
bi nding profiles is observed. 30 The results indicate that the |oop

sequence from . .
g Another FGF-2 loop mutant, FGF-2LK (described in

greater detail in the Examples), contains a 9-amino acid
sequence from FGF-7 (Keratinocyte Growth Factor). FGF-2
does not bind to FGF-7 receptor (FGFR2 IIIb) on keratino-

10 cytes, and FGF-7 does not bind to FGF receptor type 1
(FGFR1). Replacement of the loop sequence in FGF-2 with
that from FGF-7 results in an apparent decrease in the
affinity of the protein to heparin. In receptor binding
experiments, the FGF-2LK protein is unable to displace or

15 compete with binding of FGF-2 to FGF receptor type 1, but
competes with FGF-7 to receptor type 2 (IIIb) whereas
FGF-2 does not compete with binding. Thus, the loop
sequence confers receptor-ligand specificity and allows
for the binding of FGF-2LK mutant to a receptor subtype

20 (FGFR IIIb) that binds FGF-7 but not FGF-2. Conversely,
the loop sequence from FGF-7 abolishes binding of the
protein to FGF receptor 1.

Introduction of new primary structural elements in

the FGF surface loop without significantly perturbing the

25 overall secondary and tertiary structure of the molecule
provides an array of FGF structural analogues that give
rise to altered properties from one FGF type to another,
and thus a means to modulate the activities of FGF pro-
teins, a means to pharmacologically dissociate the bio-

30 logical activities of the proteins, and a means to intro-
duce new activities. As illustrated in the Examples that
follow, FGF loop analogues can be structured to bind to
the same receptors as corresponding native FGF, or to
different receptors, particularly to receptors corres-

35 ponding to the loop rather than to the native FGF.
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FGF-7 confers receptor-ligand specificity, and allows for

- 40 - the binding of the FG--2LK nutant to a receptor subtype
that binds FG--7 but not FGF-2. Conversely, the | oop sequence from
FGF-7 in the FG-2 host nol ecul e abol i shes bi nding of the protein to

FGF receptor
factor of 100

1. That the af- 5 finity of the-interaction is decreased b
suggests that other determnants in FG--7 are invol ved

contributing to the binding affinity of the ligand to the receptor.
evi dence al so suggefGE tEmatagdrel dtooexdbitingquredvesdrdyi odrly igabi adthy-t o

hepari n.

10

15

20

25

30

ity are useful as anticancer and antiproliferative
agents. The antagonists that act as angiogenesis inhibi-
tors are useful for the treatment of diseases where neo-
vascularization is dominant in the pathology such as
retinopathies of the eye, neovascular glaucoma, skin
disorders, chronic inflammation, rheumatoid arthritis,
and the like.

FGF loop structural analogues that are agonists of
FGF activity can promote vascularization, cell growth,
and/or cell survival, and thus have application in tissue
repair such as healing of wounds, burns, bone fractures,
surgical abrasions, gastrointestinal ulcers, and the like
as well as tissue repair during ischemia and myocardial

infarction via neovascularization of ischemic tissue.

In addition to surface loop amino acid sequence
replacements, this invention further provides growth
factor peptide antagonists constructed to mimic the re-
placed loop, i.e., that bind to FGF receptors but do not
stimulate proliferation or migration of fibroblasts and
other cells stimulated by the corresponding factors con-
taining the loop.

Expression of FGF receptor type is cell-specific,
and the type of receptor expressed determines which FGF
the cell will respond to. As mentioned above, change in
receptor specificity, such as that seen for FGF-2LA,
indicates that FGF-2 can be engineered to target a cell
type that it normally does not interact with, such as an
epithelial cell rather than an endothelial cell.

The following examples are presented to further
illustrate and explain the present invention and should

not be taken as limiting in any regard.
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10 The above description is for the purpose of teaching t he

person of ordinary skill in the art how to practice t he present
invention, and it is not intended to detail all those obvious

nodi fications and variations of it whizh wi || becone apparent to the
skill ed worker upon 15 reading the description. It is intended, however,
t hat all such obvious nodifications and variations be incl uded

wi thin the scope of the present invent Egamadedéfined in t he appended
cl ai ns.

This example illustrates the construction of a human
FGF-2 structural analogue denoted FGF-2LI (SEQ ID NO 13)
having the surface loop (residues 118 to 122) of FGF-2
5 replaced with the corresponding aminoc acids derived from
interleukin-18 (IL-18).

A gene encoding human glu®*FGF-2 is first prepared
as described in Seddon, A.P. et al., cited above, herein
incorporated in its entirety by reference, and cloned

10 into a T7 expression vector, pET-3a(M13). Briefly stat-
ed, a synthetic gene encoding the 155 amino acid form of
human FGF-2 cloned into pUC 18 is purchased from British
Bio-technology, Oxford, UK. The nucleotide sequence (2-
49) to be changed is excised from pUC 18 with HindIII and

15 BspMII and a synthetic fragment encoding the first 5 N-
terminal amino acids of FGF-1 and containing an internal
Ndel site is cloned into pUC 18, yielding a construct
encoding glutamic acid at positions 3 and 5. The cDNA
encoding FGF-2 is then excised from pUC 18 with Ndel and

20 BamHl and cloned into the Ndel and BamHl restriction
endonuclease sites of the expression vector pET-3a(M13),
a derivative of pET-3a.

Two unigue restriction endonuclease sites, BstBl and
25 Spll, are introduced into the gene in such a way as to
produce no change in the encoded amino acids (i.e., si-
lent mutations) at positions that flank the codons encod-
ing the segment Serll7-Trpl23 of FGF-2 (Figure 1).

Replacement of residues Argll8-Lysl119-Tyrl20-Thrl2l-
30 Serl22 of FGF-2 (amino acids 118-122 of SEQ ID NO 1) with
the human sequence Alall5-Glnll6-Phell7-Proll8-Asnll9 (a-
mino acids 231-235 of SEQ ID NO 3) from the corresponding
loop of the structural analogue IL-1B (115-119) (Figure
1) is then effected. The plasmid DNA is subjected to
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| NFORMATI ON (i) APPLI CANTS: Andrew P. Seddon

Luyuan Li Peter B[err]hlen

Magdal ena Ei si nger (i) TITLE OF | NVENTFON: Surface Loop Structural
Anal ogues of Fibroblast G owth Factors (i1i1) NUMBER OF SEQUENCES: 16
(iv) CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Anerican Cyanam d
Conpany BstBl and Spll digestiPat emd lthw Depaydme@NA fragment, (B)
§$E$ET.N§ne Cyﬁ@@ﬂh@eB'ﬁé%ng agarose géfgefgépéoﬂﬁgges N€ The DNA (D)

fragment is ligated using T4 DNA ligase to a double-
stranded DNA obtained by annealing two synthetic oligonu-

5 cleotides, 5'-CGAACGATTG GAATCTAATA ACTACAATAC GTACCGGTCT
GCGCAGTTTC CTAACTGGTA TGTGGCACTT AAGC-3' (SEQ ID NO 11)
and 5'-GTACGCTTAA GTGCCACATA CCAGTTAGGA AACTGCGCAG
ACCGGTACGT ATTGTAGTTA TTAGATTCCA ATCGTT-3' (SEQ ID NO
12), that contain termini compatible to those generated

10 Dby BstBl and Spll digestion. The ligation product is
used to transform strain DHS5a E. coli cells. The desired
mutant plasmid is selected for on the basis of suscepti-
bility to cleavage at the newly introduced AfI2 restric-
tion site (underlined) and confirmed by complete sequenc-

15 ing of the gene. The plasmid in E. coli was deposited in
the American Type Culture Collection, 12301 Parklawn
Drive, Rockville, MD 20852 USA and bears A.T.C.C. acces-
sion number 69417.

Example 2

20 This example illustrates the construction of a human
FGF-2 structural analogue denoted FGF-2LA (SEQ ID NO 16)
having the surface loop (residues 118 to 122) of FGF-2
replaced with the corresponding amino acid sequence de-
rived from FGF-1 (Figure 1l).

25 Replacement of the segment Argll8-Serl22 of FGF-2
with the bovine sequence Lysl15-Lysll16-Hisll7-Alall8-Glu-
119-Lys120~His1l21 (amino acids 115-121 of SEQ ID NO 2;
Asn in the human sequence) corresponding to the surface
loop 115-121 of FGF-1 (see Figure 1) is accomplished as

30 described in Example 1 above using the following annealed
synthetic mutagenic oligonucleotides: 5'~CGAACGATTG
GAATCTAATA ACTACAATAC GTACCGGTCT AAAAAGCATG CTGAAAAACA
CTGGTATGTG GCACTTAAGC-3' (SEQ ID NO 13) AND 5'~-GTACGCTTAA
GTGCCACATA CCAGTGTTTT TCAGCATGCT TTTTAGACCG GTACGTATTG
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(E) COUNTRY: United States (F) ZIP: 07470-8426 (v)

COVPUTER READABLE FORM (A) MEDIUM TYPE: 3.5" 1.44 nb diskette
(B) COWUTER | BM PC S (C) OPERATI NG SYSTEM Ms DOS

(D) SOFTWARE: Word Pr ocessor (vi) PRLOR _APPLI CATI ON DATA (Cl P of)

(A) APPLI CATI ON NUMBER: 08/ 126, 973 (B) FILING DATE: 09-24-93
(viii) ATTORNEY | NFORMATI ON (A) NAME: Estelle J. Tsevdos
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854-008CI P (32,063) (1x TEL CCNNU I | ON IN T] ON

(A) TELEPHONEMNUNBERPZGRighligmglected on the (s i) EEAXDRURBEREPtL-

201-831-3305 pjlity to cleavage at the newly introduced Sphl restric-
tion site (underlined) and confirmed by complete sequenc-

5 ing of the gene.
Example 3

FGF-2LA and FGF-2LI mutants constructed in Examples
1 and 2 are expressed and purified in this Example.

Following sequence verification, the plasmids con-
10 taining FGF-2 loop mutants described in Examples 1 and 2
above are transformed into competent E. coli BL21 plys S
and cultured at 37°C in Luria broth containing 50 pg/ml
ampicillin and 30 ug/ml chloramphenicol until an absor-
bance at 600 nm of 0.4 is reached. Expression of the re-
15 combinant protein is induced by the addition of 2 mM
isopropylthiocgalactoside for 2 hours at 37°C.

Cells from 1 liter cultures are harvested by cen-
trifugation, resuspended in 30 ml of 50 mM Tris-HCl, pH
7.5 containing 0.1 mM EDTA and 0.6 M NaCl, and disrupted
20 by treatment with lysozyme (10 ug/ml) for 20 min at 4°C
followed by sonication (6 x 30 sec pulses). The lysates
are clarified by centrifugation (10,000 x g; 20 min) and
the supernatant solutions incubated with 5 ml of hydrated
heparin Sepharose (Pharmacia/LKB) at 4°C for 1 hour with
25 constant rotation. The resin is isolated by filtration
on 0.8 um filter apparatus (Nalgene), washed extensively
with 10 mM Tris-HCl pH 7.4 containing 0.6 M NaCl and
bound protein eluted with Tris buffer containing 3 M NaCl
(25 ml). The 3 M NaCl eluent is diluted 6-fold with Tris
30 buffer and loaded onto a TSK heparin 5PW column (0.21 x
15 cm; The Nest Group, MA) and the column developed using
a linear NaCl gradient (0.6 to 2 M) in 90 min at a flow
rate of 3 ml/min.
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|near || NCLECULE TYPE - 28 -

The FGF-2 species purified on the heparin column are
analyzed using reverse phase high performance liquid
chromatography (C,, Vydac, the Separations Group, Hes-
peria, CA) using a 0.1% trifluoroacetic acid/acetonitrile

5 gradient (28 to 48% CH,CN in 60 min) at a flow rate of 0.7
ml/min. Elution of bound material is monitored at 210
nm. Both FGF-2LA and FGF-2LI are found to be homogenous,
each giving a single peak. Purity and molecular weight
determinations are also made using a silver stain detec-

10 tion system (Phastgel System, Pharmacia, LKB), and each
protein yielded a single 18 kD silver stained band by
SDS~PAGE.

N-terminal sequence analyses of reversed phase puri-

fied proteins are performed on a model 477A pulsed-liquid

15 phase sequencer equipped with a Model 120A on-line phe-
nylthiohydantoin-derivative analyzer (Applied Biosystems,
Forster City, CA). The analysis gives the sequences Ala-
Glu-Gly-Glu-Ile-Thr-Thr-Leu-Pro-Ala (87%; amino acids 2-
11 of SEQ ID NO 15) and Met-Ala-Glu-Gly-Glu-Ile-Thr-Thr-

20 Leu-Pro-Ala (13%; amino acids 1-11 of SEQ ID NO 15),
indicating a small fraction of the protein retains the N-
terminal methionyl residue (introduced for the expression
of the mature form of the protein).

Amino acid compositions are determined after HCl gas
25 phase hydrolysis (5.7 M HC1/0.1% phenol, 24 hours at
110°C) using a model 420A phenylisothiocyanate-deriva-
tizer equipped with an on-line model 130A separation
system (Applied Biosystems). The full sequences of human
FGF-2LA and FGF-2LI are given in the Sequences Listing
30 section which appears hereinafter (SEQ ID NOs 15 and 16).

Figure 7 illustrates an amino acid sequence compari-
son between the nine members of the FGF family between
residues 88 and 143 using a numbering system relative to

FGF-2. The asterisks refer to identical and conserved
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(A) DESCRI PTI ON: peptide (v) FRAGVENT TYPE: internal fragnent

(i x) FEATURE (A) NAME: fibroblast growmth factor-2 | oop region
(x) PUBLI CATI ON | NFORNMATI ON (A) AUTHOR Eriksson, A E., et al
(B) TITLE: Three-dinensional structure of human basi c
fibroblast growmh factor (029 OURNAL: Proc. Nat. Acad. Sci.
USA (D) VOLUME: 88 (F) PAGES. 3441-3445; sequence

on page 3444 . . . .
Pag residues. The proteins exhibit 36 other sites of identi-

cal and conserved residues in addition to the 7 denocted.
Example 4

This example describes binding and cell prolifera-
5 tion studies using the FGF-2 mutants isolated and puri-
fied in Example 3 above.

The affinities of FGF-2LA and FGF-2LI for immobi-
lized heparin are identical to wild type FGF-2 on elution
from a TSK-heparin column at about 1.5 M NacCl.

10 FGF-2LI and FGF-2LA are tested for their capacity to
compete for the binding of *¥*I-FGF-2 (Amersham Corp.) to
baby hamster kidney (BHK) cells, which express high num-
bers of FGF receptor. The assay employed is described by
Moscatelli (J. Cell. Physiol. 131: 123-130 (1987)).

15 Briefly stated, BHK cells plated on 24-well plates are
incubated with 50 pM '¥®I-FGF-2 with serial dilutions of
unlabelled FGF-2, FGF-2LI or FGF-2LA loop mutants at room
temperature for 1 hour or at 4°C for 2 hours. The cells
are then incubated at 4°C for 30 minutes, washed twice

20 with phosphate-buffered saline and treated with 20 mM
HEPES (N-2-hydroxyethyl-piperazine-N'-2-ethanesulfonic
acid), pH 7.5, containing 2 M NaCl to remove !**I-FGF-2
bound to low affinity heparin sulfate binding sites.
Receptor bound !?’I-FGF-2 is recovered by treatment of the

25 cells with 0.5% Triton X-100 in 0.1 M sodium phosphate,
PH 8, and counted in a y-counter. Assays are conducted
in duplicate.

The results of this binding assay, plotted in Figure
2, are found to be similar for FGF-2, FGF-2LA and FGF-
30 2LI. Replacement of FGF-2 sequence 118-122 with the
corresponding IL-1B or FGF-1 sequences has no apparent
effect on the capacities of the mutant proteins to com-
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(G DATE: April 1991 (K) RELEVANT RESI DUES: segnent

corresponding to pol ypepti de residues 110 to 130 (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 1: Asn Asn Tyr Asn Thr Tyr Arg Ser Arg
Lys Tyr Thr Ser Trp Tyr 110 115 120 Va
Ala Leu Lys Arg Thr 125 _ }go_

pete with **I-FGF-2 binding to high affinity cell mem-
brane FGF type I receptors present on BHK cells. Since
the mutants contain FGF-1 and IL-1fB sequences, IL-1f and
FGF-1 are tested in the BHK cell FGF-receptor binding

5 assay. FGF-1 binds to BHK cell FGF receptors with an
affinity equal to that of FGF-2, whereas no binding for
hrIL-13 (Bicogen) is detected.

Figure 3 shows the binding of radioidinated FGF-2

(bFGF), FGF-LA and FGF-LI to FGF-receptor type 1l present-

10 ed on NIH 3T3 cells as a function of added unlabelled FGF
proteins using these procedures. The data show that the
competition binding curves for FGF-LA and FGF-LI are
identical to that for FGF-2, and demonstrate that the
loop exchanges in FGF-2 have no impact on the receptor

15 binding properties of the proteins to cell surface FGF
receptor type 1 {FGFR1l).

The mitogenic activity of FGF-2, FGF-2LI and FGF-2LA
are determined using bovine vascular endothelial cells
derived from adult aortic arch as previously described

20 (Gospardarowicz, D., et al., Proc. Nat. Acad. Sci. 81:
6963-6967 (1984)). Briefly, cells are seeded at an ini-
tial density of 0.8 x 10* cells per 24-well plate in 0.5
ml Dulbecco's modified Eagle's medium (DMEM) containing
10% calf serum (Hyclone, Logan, UT) supplemented with

25 penicillin (100 units/ml), streptomycin (100 ug/ml) and
L-glutamine (2 mM). Two hours after plating, 20 ul ali-
quots of serial dilutions of FGF-2 and the mutants in
DMEM are added. Inhibition of FGF-2-stimulated growth was
determined at a fixed concentration of FGF-2, while that

30 of the mutant proteins is varied. After 5 days in cul-
ture, duplicate plates are trypsinized and cell densities
determined by cell counting in a Coulter counter. Deter-

minations are conducted in duplicate.
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- 31 -

The results of this cell proliferation assay are
plotted in Fiqure 4. The dashed line indicates basal
cell growth in the absence of added FGF-2. Closed cir-
cles indicate stimulation by FGF-2. FGF-2LI mutant is

5 represented by open sguares and FGF-2LA mutant by open
triangles. FGF-2LI is about 5 to 10 times less potent
than FGF-2, whereas FGF-2LA is as potent as the wild-type
factor.

Example 5

10 This example describes in vitro and in vivo angio-
genesis studies using the FGF-2 mutants isolated and
purified in Example 3 above.

Urokinase-type plasminogen activator induction by
the FGF mutants is evaluated. Adult bovine aortic endo-
15 thelial (ABAE) cells are seeded at 20,000 cells/well in
96-well plates and maintained in DMEM containing 10% calf
serum (Hyclone, Logan, UT) supplemented with penicillin
(100 units/ml), streptomycin {100 pg/ml) and L-glutamine
(2 mM) and different concentrations of FGF-2 or mutants.
20 After 24 hours, the cells are washed with phosphate-buf-
fered saline and lysed in 60 mM Tris-HCl, pH 8.5, con-
taining 0.05% Triton® X-100. Cell-associated urokinase-
type plasminogen activator (uPA) activity is measured as
described by Presta, et al., cited above, using the plas-
25 min chromogenic substrate D-norleucyl-hexahydrotyrosyl-
lysine p-nitroanilide acetate (American Diagnostics,
Greenwich, CT). Cell-associated protein concentrations
are determined using Coomassie blue binding to protein.
The results are plotted in Figure 5. Both FGF-2LI and
30 FGF-2LA exhibit significantly reduced capabilities to
induce urokinase-type plasminogen activator.

In vitro angiogenesis evaluations are made by ob-

serving whether the mutants induce capillary-like struc-
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tures in ABAE cells cultured on a 3-dimensional collagen
gel. Three-dimensional collagen gel plates (24-well) are
prepared by adding 0.5 ml chilled solution of 0.7 mg/ml
rat-tail type I collagen (Becton Dickinson Labwares, Bed-
5 ford, MA) containing DMEM and adjusting to neutral pH

with NaHCO, to each well. After formation of collagen gel
(about 1-2 mm thickness), ABAE cells ére seeded at 50,000
cells/well. The cultures are maintained at 37°C in DMEM
containing 10% calf serum (Hyclone, Logan, UT) supple-

10 mented with penicillin (100 units/ml), streptomycin (100
pg/ml) and L-glutamine (2 mM) until the cultures reach
confluency, usually in 5 days by which time the cells
form a monolayer on the gel. The medium is then replaced
with fresh medium containing different concentrations of

15 FGF-2 or mutants. The cultures are maintained at 37°C
for 48 hours, then discontinued by fixation with cold
methanol (-20°C).

The abundance of the capillary-like structures

formed by ABAE cells is analyzed by using a Kontron IBAS

20 Image Analyzer assisted with a Hamamatsu C2400 video
camera and a Zeiss Axioshop microscope. The phase-con-
trase image of each field obtained with a video camera is
converted to a binary image in which the areas occupied
by a capillary-like structure is white and the rest is a

25 black background. The extent of in vitro angiogenesis is

" then measured as a percentage of the white areas. Cell

cultures of identical conditions are maintained in dupli-
cate wells. Three to four areas of each well are exam-
ined by image analysis and the mean value and standard

30 deviation are determined. - The results from this comput-
er-assisted quantitation method are set out in Figure 6.
The induction of tube formation by mutant FGF-2LI is much
less than that by wild-type FGF-2, whereas that by FGF-
2LA is comparable with the wildtype.
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10

15

20

25

30

_.33..

In an in vivo model of angiogenesis, FGF-2LI is
evaluated using the rabbit ear chamber system modified
and improved by Howden, G.F., and Silver, I.A., (Int.
Endodontic J. 13: 3-16 (1980)), observing the growth
factor-induced neovascularization, or its inhibition, by
modified growth factors or other reagents.

Rabbits are sedated using 50-70 mg/kg ketamine and
10 mg/kg xylozine administered intramuscularly. The ears
are shaved with an electric hair clipper and cleaned with
water, followed by Betadine®. To minimize the risk of
infection, the rabbits are given 20,000 units/kg benza-
thine penicillin intramuscularly prior to insertion of
the ear chambers. The chamber is inserted into an ap-
proximately 0.75 cm area which is not crossed by any
major vessels. During the course of the experiments,
observations or any minor handling of ear chambers of the
animals is done by sedating the animal using the intra-
muscular administration of a combination of Butorphanol®
and acepromazine at levels of 1 mg/kg each. FGF-2 or
FGF-2LI bound to heparin-Sepharose® beads in a con-
trolled-release alginate capsule is contained in one of
the ear chambers and the other is used as a control con-
taining only the heparin-Sepharose® alginate capsule
vehicle. Thus, the effect of the growth factors and the
controlled-release capsule alone can be observed simulta-
neously in the same animal. FGF-2 and FGF-2LI are tested
at 1, 10, and 100 ng/chamber in triplicate. The animals
are kept for 4 to 6 weeks and neovascularization is ob-
served visually and recorded photographically at weekly
intervals.

The criteria for evaluation of the degree of neovas-
cularization using this procedure is set out below.
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Criteria for Evaluation of the Degree of Neovascularization

Observaction Score

No Vascularizaticn 0
Small Buds 0.5
5  Extensive Buds 1.0
Capillary Network Extending to { of the Chamber 2.0
Capillary Network Extending > i of the Chamber; No Anastomoses 3.0
Anastomoses from COpposite Sides of the Chamber 4.0
Extensive Anastomosing Capillary Network Filling Chamber Area 5.0

10 The data, plotted in Figure 9, show that FGF-2LI is

superior to FGF-2 in its potential to induce angiogene-
sis. Both FGF-2 and FGF-2LI stimulate large vessel for-
mation, their growth across the chamber, resulting in
anastomosing vessels with an active blood flow. In com-

15 parison, in control chambers that contain alginate-hepa-
rin Sepharose® beads, void of exogeneously added growth
factors, only short capillaries are formed. The differ-
ence in the activity of FGF-2LI compared to FGF-2 is both
quantitative and qualitative. Striking stimulatory ac-

20 tivity of FGF-2LI compared to FGF-2 is observed over a
wide range of concentrations (i.e., from 0.1 ~ 400 ng/
chamber), and the stimulation is prolific and sustained
beyond the time when the stimulatory effect of FGF-2 has
subsided. (See Figure 8.)

25 Though FGF-2 shows a dose-dependent induction of new
blood vessels compared to the vehicle alone, a comparable
activity for FGF-2 is observed only at concentrations of
10-100 ng/chamber; at higher dosages, a diminshed re-
sponse is observed. Interestingly, at 400 ng/chamber of

30 FGF-2, angiogenesis is completely inhibited, while FGF-
2LI at the same dose greatly stimulates formation of
capillaries and larger vessels. Thus, there is an ob-
served difference in the biological activity of FGF-2LI
compared to FGF-2.

35 Although the in vitro data suggest a reduced angio-
genic activity for FGF-2LI, the in vivo studies indicate
This is the replacement sheet
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USA (D) VOLUME: 88 (F) PAGES. 3441-3445; sequence

on page 3444 a superagonist-like behavior. While not meaning to be

bound to any theory, it seems that the in vitro assays

emphasize a particular property of the loop analogues in

an isolated system using a single cell type, whereas the

5 in vivo model provides a contextual environment to ob-
serve the largely unknown complex interplay of FGF and

other factors in the formation of new blood vessels.

The unexpected discrepancies between the in vitro
and in vivo properties of FGF-2LI indicate that the
10 growth factor biological activities are pharmacologically
dissociated in some loop analogue embodiments.

Example 6

Binding of FGF proteins to different FGF receptors

are determined in this example, by measuring the degree

15 of competition for binding to different types of FGF-
receptor proteins between a radioiodinated FGF protein
and various unlabelled proteins, or by the direct binding
of radioiodinated FGF's to various receptor proteins.
Binding studies are confirmed by chemical cross-linking

20 of the radioiodinated FGF to soluble receptors in the
presence and absence of excess unlabelled FGF.

Sodium heparin from porcine intestinal mucosa (PM-
heparin) is obtained from Hepar Industries (Franklin,
OH). -KGF is obtained from UBI (Lake Placid, NY). Na'*1

25 is purchased from Amersham (Buckinghamshire, England).

- FGFs are jiodinated using chloramine T. Specific activi-
ties of the preparations are 1.2-1.7 x 10° cpm/ng FGF and
are kept for up to 3 weeks at ~70°C. DMEM (1 g glu-
cose/L), calf serum, fetal calf serum (FCS), penicillin,

30 and streptomycin are obtained from Cellgro (Mediatech,
Inc., Herndon, VA). Saline containing 0.05% trypsin,
0.01 M sodium phosphate, and 0.02% EDTA (STV) is obtained

from Cellgro. Tissue culture dishes are from Falcon
This is the replacement sheet
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Labware Division, 3ecton Dickinson (Oxnard, CA). Four-

well tissue cuiture plates are from Nunc {(Rosklide, Den-
mark).

Soluble FGF receptor proteins are constructed by

5 cloning of the extracellular region of murine FGF recep-
tor 1 (FGFR-1; flg), FGF receptor 2 (FGFR-2; bek) or the
KGF receptor (fGFR(IIIb); K-sam) into the alkaline phos-
phatase—tag expression vector, which encodes for a se~
creted form of placental alkaline phosphatase (AP). The

10 FGF receptor alkaline phosphatase (FRAP) plasmids are
cotransfected into NIH 373 cells by electroporation with
a selectable neomycin resistance gene. Clonies are se-
lected in G418 (600 pg/ml) and screened for secreted AP
enzyme activity in the conditicned medium. Clones of

15 each receptor which broduced a high level of AP activity
(2 to 4 A, units/min/ml) are then used to produce condi-
tioned medium for binding assays.

Components of the soluble receptor binding reaction
mixture include FRAP-conditioned medium (0.24 OD units/
20 min), 2 ng/ml'®*I-FGFs and 200 ng/ml heparin. The FGF:he-
pParin:FRAP terniary complex is immunoprecipitated with 20
Hl of a 1:1 slurry of anti-AP monoclonal antibodies cou-
Pled to protein A Sepharose®. All components are mixed
at room temperature. The total volume is adjusted to 200
25 ul by addition of DMEM containing 0.1% bovine serum albu-
min. Binding is allowed to proceed for 1 to 2 hours at
24°C, after which time bound receptor complex or the
ligand is recovered by centrifugation at 4°C (10 s at
2,000 x g). The pelleted material is washed twice with
30 500 pl of an ice cold buffer containing HEPES (20 mM),
NaCl (150 mM), glycerol (10%) and Triton® X-100 (1%).
"I-FGF binding is quantitated by counting of the samples
in a gamma counter (LKB). Alternatively, AP enzyme ac-
tivity of the FRAP protein is determined by transferring
35 the FRAP receptor bound to heparin-Sepharose® to a flat-
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M yanoto, M, et al.
bottcm microtiter plate in a volume of 50 ul of PBS. The

reaction is initiated by addition of substrate (50 ul of
2x solution of AP assay buffer containing 2 M diethanol-
amine, 1 mM MgCl., 20 mM homoarginine and 12 mM p-nitro-
5 phenyl phosphate). The reaction is followed at room
temperature at 405 nm in a kinetic microplate reader.

Receptor binding is determined by quantitating re-
lease of labelled FGF from receptors. Briefly, FGF bound
to heparan sulfate low affnity sites is released from the

10 cell surface by a 5 minute incubation with an ice cold
solution containing 1.6 M Nacl, 20 mM HEPES, pH 7.4, and
the amount of radiocactivity release determined in a gam-
ma-counter. FGF bound to high affinity receptors is
dissociated by a 2 M NaCl (20 mM acetate buffer, PH 4.0)

15 extraction, and the released labelled FGF is quantitated.

Chemical cross-linking experiments are carried out
at room temperature in a volume of 20 pl in siliconized
0.5-ml microcentrifuge tubes. The reaction mixtures
contain FGF receptor immobilized to anti-AP monoclonal

20 antibodies coupled to protein A Sepharose®, 200 ng/ml
heparin, 2 ng/ml'®I-bFGF, 20 mM phosphate buffer (pH
7.4), and 140 mM NaCl. After a 90 minute incubation, 1
ml of a solution of disuccinimidyl suberate (Pierce) dis-
solved in dimethyl sulfoxide is added to give a final

25 concentration of 0.15 mM, and the mixture incubated for
an additional 30 minutes. The reaction is quenched by
addition of I ml of 200 mM ethanolamine-HCl (pH 8.0) for
30 min. The reaction mixtures are diluted 1l:1 with 2x
SDS-polyacrylamide gel electrophoresis loading buffer and

30 electrophoresed on an SDS-12% polyacrylamide gel. Cross-
linked FGF to the FGF receptor are detected by autoradi-
ography on Kodak XAR film.

The position of the surface loop in FGF-2 coincides

with a variable sequence region in the FGF family of
This is the replacement sheet
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(B) TITLE (excerpt): Ml ecular cloning of a Novel Cyt oki ne cDNA

Encodi ng the N nth Menber of the Fi broblast G owh Factor

Fam |y (© JOURNAL: Mol ecul ar and Cel | ul ar Bi ol ogy -

(D VOLUME: 13 (E) NUVMBER 7 (F) PAGES: 4251-4259;
Figure 2 on page 4254 (G DATE July 1993 (K)
RELEVANT RESI DUES: segnment correspondi ng to pol ypepti de

resi dues 124 to 160 . xi{ SEQUENCE DESCRI PTI ON: SEC%LD Qﬁkq; Leu Gy
Tyr Asn Thr BFCWRHNSFNRFg FRGLIFYF ARGETh+OVAIOCerr - =136% tis

130 region mdySbeSehvdlivelr aithydétarAigiAggl GganBroeSeptdka G u

C;? kgﬁ 2;5 B@%n&fgglggecificity the1%§n$éag profiles of 13Q lggb val

mutants, LA and LI, to FGFRl (Flg) and FGFR2 sub-type
5 IIIb (FGF-7 or KGF receptor), which does not bind FGF-2

are determined. Figures 9A and 9B show the competition

Ser

binding curves to soluble versions of FGFR1 and
FGFR2(IIIb) for FGF-1, FGF-2, FGF-7 and the loop mutants
following the displacement of radioiodinated FGF-2 and

10 FGF-7 from the soluble receptor, respectively. FGF-1,
FGF-2, FGF-2LA and FGF-2LI bind equally well to FGFRI1,
but no binding of FGF-7 is detected (Figure 9A).

The binding profiles for the binding of various FGF

proteins to FGFR2(IIIb) (Figqure 9B) show that FGF-7 and

15 FGF-1 bind with the same affinity and that FGF-2 and the
FGF-2L1 mutant do not bind to this receptor type; howev-

er, the binding of the LA mutant to FGFR2(IIIb) is only
about 5-times less than that of FGF-7 or FGF-1. That the
binding profile of FGF-2LA now mirrors that for FGF~-1 and

20 not of FGF-2, the FGF-1 loop-host protein, is consistent
with the involvement of this surface loop in determining

receptor-ligand specificity.

The binding specificities of radiolabelled FGF pro-
teins and loop mutants to various soluble FGF receptors

25 are confirmed by chemical cross-linking of the factors to
the receptors in the presence and absence of an excess of
the unlabelled FGF. FGF-1, FGF-2, FGF-2LA and FGF-2LI
bind to FGFR1l, and addition of an excess of the unla-
belled FGF abolished cross-linking of '#*I-FGF. Cross-

30 linking of '?’I-FGF~7 to FGFRl is not detected. An iden-
tical cross-linking profile is obtained when the binding
experiments are repeated using a soluble FGFR2 receptor.
The cross-linking profile for FGFR2(IIIb) reveal that
only FGF-1, FGF-7 and FGF-2LA bind to this receptor and

35 that FGF-2 and the FGF-2LI mutant are excluded from bind-

This is the replacement sheet
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- 46 - (6) | NFORMATION FOR SEQ ID NO 5 (i) SEQUENCE
CHARACTERI STI CS (A) LENGTH: 21 (B) TYPE: amino
acid R _

- 39 -

ing. The cross-linking studies are consistent with the
binding data presented in Figures 2, 2, and 8.

-~

Examople 7

The FGF-7 loop sequence is introduced into FGF-2,
5 and the properties of the new FGF-2 loop mutant are ab-
served in this example.

A FGF-2 loop mutant denoted FGF-2LK containing the
corresponding 9-residue loop sequence Ala-Lys-Trp-Thr-
His-Asn-Gly-Gly-Glu from FGF-7 (residues 154-162 of SEQ

10 ID NO 8) is constructed using the procedures outlined in
Examples 1 and 2 above.

FGF-2LK shows an apparent decrease in affinity for
heparin. NaCl elution from heparin-Sepharose® is about
0.7 M NaCl, compared with 1.4 M NaCl for the wild-type
15 protein. The molarity of NaCl required to elute the LX
mutant is similar to that required to elute FGF-7. The
lowered affinity of the FGF-2LK mutant for heparin sug-
gests that the loop sequence, although not directly in-
volved in binding to heparin, is able to modify the af-
20 finity of the protein for heparin.

In receptor binding experiments like those set out
in Example 6 above, the FGF-2LK protein is unable to
displace or compete with the binding of !?*I-FGF-2 to FGF
receptor type 1, but is able to compete with binding of

25 I-FGF-7 to FGF receptor type 2 (IIIb), whereas FGF-2
does not compete with binding. Although the potency of
the FGF-2LK is about 100 times weaker than the competi-
tion observed using unlabelled FGF-7, a clear change in
receptor-ligand binding profiles is observed.

30 The results indicate that the loop sequence from
FGF-7 confers receptor-ligand specificity, and allows for

This is the replacement-sheet
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(C) STRANDEDNESS: single (D TOPOLOGY: |inear (i)

MOLECULE TYPE (A) DESCRI PTI ON: peptide (v) FRAGVENT
TYPE: internal fragnent (i x) FEATURE (A NAME
fibroblast gromh factor-4 | oop regi on (x) PUBLI CATI ON
| NFORMATI ON (A) AUTHOR Burgess,. WH., and Maciag, T.

(B) TITLE: The Heparin-Bi ndi ng (Fi brobl ast

the binding of the FGF-2LX mutant £Lt0 a receptor subtype
that binds FGF-7 but not FGF-2. Conversely, the loop

sequence from FGF-7 in the FGF-2 host molecule abolishes
binding of the protein to FGF receptor l. That the af-

5 finity of the interaction is decreased by a factor of 100
suggests that other determinants in FGF-7 are involved in
contributing to the binding affinity of the ligand to the
receptor. The evidence also suggests that the loop se-

quences may modify binding to heparin.

10 The above description is for the purpose of teaching
the person of ordinary skill in the art how to practice
the present invention, and it is not intended to detail
all those obvious modifications and variations of it
which will become apparent to the skilled worker upon

15 reading the description. It is intended, however, that
all such obvious modifications and variations be included
within the scope of the present invention as defined in
the appended claims.

This is the replacement sheet
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G owt h Fact or

Bi ochem
Figure 1 on page 580

RESI DUES:

Fam |y of Proteins (© JOURNAL: Ann. Rev.

(D) VOLUME: 58 (F) PAGES: 575- 606,

segnment correspondi ng

(G DATE: 1989 (K) RELEVANT
to pol ypeptide residues 164 to

184 (xi) SEQUENCE DESCRI PTION: SEQ | D NO 5: Asn Asn Tyr Asn Ala Tyr
G u Ser Tyr Lys Tyr Pro Ay Mt Phe - 465” 170
175 1le Ala Leu Ser Lys Asn 180

(1)

SEQUENCE LISTING

GENERAL INFORMATION

(1)

(1)

(iii)
(iv)

(v)

APPLICANTS: Andrew P. Seddon
Luyuan Li
Peter Bdhlen
Magdalena Eisinger
TITLE OF INVENTION: Surface Loop Structural
Analogues of Fibroblast Growth Factors
NUMBER OF SEQUENCES: 16
CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: American Cyanamid Company
Patent Law Department
(B) STREET: One Cyanamid Plaza
(C) CITY: Fort Wayne
(D) STATE: NJ
(E) COUNTRY: United States
(F) ZIP: 07470-8426
COMPUTER READABLE FORM
(A) MEDIUM TYPE: 3.5" 1.44 mb diskette
(B) COMPUTER: IBM PC
(C) OPERATING SYSTEM: MS DOS
(D) SOFTWARE: Word Processor

(vi) PRIOR APPLICATION DATA (CIP of)

(viii)

(ix)

(A) APPLICATION NUMBER: 08/126,973

(B) FILING DATE: 09-24-93

ATTORNEY INFORMATION

(A) NAME: Estelle J. Tsevdos

(B) REGISTRATION NUMBER: 31145

(C) REFERENCE/DOCKET NUMBER: 854-008CIP (32,063)
TELECOMMUNICATION INFORMATION

(A) TELEPHONE NUMBER: 201-831-3242

(B) TELEFAX NUMBER: 201-831-3305

This is the replacement sheet
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- 47 - (7) | NFORMATION FOR SEQ ID NO 6 (i) SEQUENCE
CHARACTERI STI CS (A) LENGTH: 27 (B) TYPE: am no
acid SR

_42_

(2) INFORMATION FOR SEQ ID NO: 1

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 21
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

{v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-2 loop region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Eriksson, A.E., et al.
(B) TITLE: Three-dimensional structure of human
basic fibroblast growth factor
(C) JOURNAL: Proc. Nat. Acad. Sci. USA
(D) VOLUME: 88
(F) PAGES: 3441-3445; sequence on page 3444
(G) DATE: April 1991
(K) RELEVANT RESIDUES: segment corresponding to
polypeptide residues 110 to 130

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 1l:

Asn Asn Tyr Asn Thr Tyr Arg Ser Arg Lys Tyr Thr Ser Trp Tyr
110 : 115 120

Val Ala Leu Lys Arg Thr
125 130

. This is the repiacement sheet

Date: 1 4 Ny 184"



(C) STRANDEDNESS: single (D TOPOLOGY: |inear (i)

MOLECULE TYPE (A) DESCRI PTI ON: peptide (v) FRAGVENT
TYPE: internal fragnent (i x) FEATURE (A NAME
fibroblast gromh factor-5 | oop regi on (x) PUBLI CATI ON
| NFORMATI ON (A) AUTHOR Burgess, WH., and Maciag, T.

(B) TITLE: The Hepari n-Binding (Fi brabtast)

{3) INFORMATION FOR SEQ ID NO: 2

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 23
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-1l loop
region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Eriksson, A.E., et al.
(B) TITLE: Three-dimensional structure of
human basic fibroblast growth factor
(C) JOURNAL: Proc. Nat. Acad. Sci. USA
(D) VOLUME: 88
(F) PAGES: 3441-3445; sequence on page 3444
(G) DATE: April 1991
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 107 to 128

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO 2:

Asn His Tyr Asn Thr Tyr Ile Ser Lys Lys His Ala Glu Lys His

110 115 120

Trp Phe Val Gly Leu Lys Lys Asn
125

This is the replacement sheet
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G owh Factor Fam |y of Proteins (© JOURNAL: Ann. Rev.

Bi ochem (D VOLUME: 58 (F) PAGES: 575-606,
Figure 1 on page 580 - (G DATE: 1989 (K) RELEVANT
RESI DUES: segnent correspondi ng to pol ypeptide residues 168 to
194 (xi) SEQUENCE DESCRI PTION: SEQ.ID NO 6:  Asn Ser Tyr Asn Thr Tyr
Ala Ser Ala Ile Hs Arg Thr Gu Lys ~ *% 7170 175

180 Thr Ay Arg Gu Trp Tyr Val Ala Leu Asn Lys Arg

(4) INFORMATION FOR SEQ ID NO: 2

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 21
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: interleukin-1f loop region

(x) PUBLICATICN INFORMATION
(A) AUTHOR: Eriksson, A.E., et al.
(B) TITLE: Three-dimensional structure of
human basic fibroblast growth factor
(C) JOURNAL: Proc. Nat. Acad. Sci. USA
(D) VOLUME: 88
(F) PAGES: 3441-3445; sequence on pade 3444
(G) DATE: April 1991
{K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 223 to 243

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 3:

Asn Asn Lys Leu Glu Phe Glu Ser Ala Gln Phe Pro Asn Trp Tyr
225 230 235

Ile Ser Thr Ser Glu Ala
240

This Is the replacement sheet
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Date:



185 190 - 48 - (8)

| NFORVATI ON FOR SEQ ID NGO 7 (i) SEQUENCE CHARACTERI STI CS

(A) LENGTH: 21 residues (B) TYPE: am no acid (‘O-
STRANDEDNESS: si ngl e (D) TOPOLOGY: |inear (ii) MOLECULE
TYPE

..,_‘25-.

(5) INFORMATION FOR SEQ ID NO: 4

(i) SEQUENCE CHARACTERISTICS
(A} LENGTH: 37
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLCGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) . FEATURE
(A) NAME: fibroblast growth factor-3 loop
region

(x) PUBLICATION INFORMATION

(A) AUTHOR: Mivyamoto, M., et al.
(B) TITLE (excerpt): Molecular cloning of a
Novel Cytokine cDNA Encoding the Ninth Member
of the Fibroblast Growth Factor Family
(C) JOURNAL: Molecular and Cellular Biology
(D) VOLUME: 13
(E) NUMBER: 7
(F) PAGES: 4251-4259; Figure 2 on page 4254
(G) DATE: July 1993
(K} RELEVANT RESIDUES: segment corresponding
to polypeptide residues 124 to 160

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 4:

Leu Gly Tyr Asn Thr Tyr Ala Ser Arg Leu Tyr Arg Thr Val Ser
125 130 135

Ser Thr Pro Gly Ala Arg Arg Gln Pro Ser Ala Glu Arg Leu Trp
140 145 150

Tyr Val Ser Val Asn Gly Lys
155 160

- . This is the replacement sheet

1 4 NOV 1996
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(A) DESCRI PTI ON: peptide (v) FRAGVENT TYPE: internal fragnent

(i x) FEATURE (A) NAME: fibroblast gromh factor-6 | oop

regi on ~ (x) PUBLI CATI ON | NFORMATI ON (A) AUTHOR -M yanoto, M, et:
al . (B) TITLE (excerpt): Ml ecular cloning of a

Novel Cytoki ne cDNA Encoding the Ninth mper of the Fi brobl ast
G owmh Factor Famly (© JOURNAL: Mol ecul ar and Cel I ul ar

Bi ol ogy (D) VOLUME: 13 (E) NUMBER 7

(F) PACES: 4251-4259; Figure 2 on page 4254 (G DATE: July 1993
(K) RELEVANT RESI DUES: segnent correspondi ng to pol ypeptide

resi dues 166t oM RvaTION £¥R) sSEQUENGE: DESCRI PTION: SEQ I D NO 7:

(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 21
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D)} TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-4 loop
region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Burgess, W.H., and Maciag, T.
(B) TITLE: The Heparin-Binding (Fibroblast)
Growth Factor Family of Proteins
(C) JOURNAL: Ann. Rev. Biochem.
(D) VOLUME: 58
(F) PAGES: 575-606, Figure 1 on page 580
(G) DATE: 1989
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 164 to 184

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 35:

Asn Asn Tyr Asn Ala Tyr Glu Ser Tyr Lys Tyr Pro Gly Met Phe
165 170 175

Ile Ala Leu Ser Lys Asn
180

Thmistheremacementsheet
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Asn Asn Tyr Asn Ala Tyr Qu Ser Asp Leu Tyr A n Gy Thr Tyr

170 _ 175 180 Ile Ala Leu Ser Lys Tyr

185 -49- (9) I NFORVATI ON FOR SEQ I D
NO 3 (1) SEQUENCE CHARACTERI STI CS (A) LENGTH 25

resi dues - 47 -

(7) INFORMATION FOR SEQ ID NO: 6

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 27
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-5 loop
region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Burgess, W.H., and Maciag, T.
(B) TITLE: The Heparin-Binding (Fibroblast)
Growth Factor Family.of Proteins
(C) JOURNAL: Ann. Rev. Biochem.
(D) VOLUME: 58
(F) PAGES: 575-606, Figure 1 on page 580
(G) DATE: 1989
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 168 to 194

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 6:

Asn Ser Tyr Asn Thr Tyr Ala Ser Ala Ile His Arg Thr Glu Lys
170 175 180

Thr Gly Arg Glu Trp Tyr Val Ala Leu Asn Lys Arg
185 190

This is the replacement sheet
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(B) TYPE: am no acid (C) STRANDEDNESS: single (D)

TOPOLOGY: |i near (ii) MOLECULE TYPE (A) DESCRI PTI ON

pepti de (v) FRAGMVENT TYPE: internal fragnment (i x) FEATURE

(A) NAME: fibroblast gromh factor-7 | oop regi on (x)

PUBLI CATI ON | NFORVATI ON (A) AUTHOR Myanoto, M, et al.

(B) TITLE (excerpt): Ml ecular cloning8f —a Novel Cyt oki ne

cDNA Encodi ng the N nth Menber of the Fibroblast Gowth Factor

Fam |y (C© JOURNAL: Mol ecul ar and Cel |l ul ar Bi ol ogy

(D) VOLUME: 13 (E) NUMBER 7 (F) PAGES:

?i?lhéﬁgggmiigﬁffoﬂmnm1®ngsoé2§éo ID NO: 7 (G DATE: July 19?3 -
, rr .ng to pol ypepti de

tesi duss 146 tO?ig%ggbufﬁggegﬁAﬁgcr%iﬁg%qc@

(A) LENGTH: 21 residues
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE '
(A) NAME: fibroblast growth factor-6 loop
region

(x) PUBLICATION INFORMATION

(A) AUTHOR: Miyamoto, M., et al.
(B) TITLE {(excerpt): Molecular cloning of a
Novel Cytokine cDNA Encoding the Ninth Member
of the Fibroblast Growth Factor Family
(C) JOURNAL: Molecular and Cellular Biology
(D) VOLUME: 13
(E) NUMBER: 7
(F) PAGES: 4251-4259; Figure 2 on page 4254
(G) DATE: July 1993
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 166 to 186

(xi) SEQUENCE  DESCRIPTION: SEQ ID NO 7:

Asn Asn Tyr Asn Ala Tyr Glu Ser Asp Leu Tyr Gln Gly Thr Tyr
170 175 180

Ile Ala Leu Ser Lys Tyr
185

Thmistheremacementsheet
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(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 8: Asn H's Tyr Asn Thr Tyr Al a Ser
Ala Lys Trp Thr H's Asn Ay 150 155
160 Gy Gu Met Phe Val Ala Leu Asn A n Lys e 165

(9) INFORMATION FOR SZQ ID NO: 3

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 25 residues
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-7 loop
region

(x) PUBLICATION INFORMATION

(A) AUTHOR: Miyamoto, M., et al.
(B) TITLE (excerpt): Molecular cloning of a
Novel Cytokine cDNA Encoding the Ninth Member
of the Fibroblast Growth Factor Family
(C) JOURNAL: Molecular and Cellular Biology
(D) VOLUME: 13
(E) NUMBER: 7
(F) PAGES: 4251-4259; Figure 2 on page 4254
{(G) DATE: July 1993
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 146 to 170

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 8:

Asn His Tyr Asn Thr Tyr Ala Ser Ala Lys Trp Thr His Asn Gly
150 155 160

Gly Glu Met Phe Val Ala Leu Asn Gln Lys
165

This is the replacement sheeu
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(10) I NFORVATION FOR SEQ ID NO 9 (i) SEQUENCE CHARACTERI STI CS

(A) LENGTH. 21 residues (B) TYPE: am no acid (O
STRANDEDNESS: - si ngl e (D) TOPOLOGY: |i near (1i) MOLECULE
TYPE (A) DESCRI PTI ON: peptide (v) FRAGVENT TYPE

i nternal fragment

W

0 -

(10) INFORMATION FOR SEQ ID NO: ¢

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 21 residues
(B)Y TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGHMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-8 loop
region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Tanaka, A., et al.
(B) TITLE (excerpt): Cloning and Characteriza-
tion of an Antrogen-Induced Growth Factor
(C) JOURNAL: Proc. Natl. Acad. Sci. USA
(D) VOLUME: 89
(F) PAGES: 8928-8931; Figure 2 on page 8330
(G) DATE: October 19952
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 136 to 156

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 9:

Asn Asn Tyr Thr Ala Leu Gln Asn Ala Lys Tyr Glu Gly Trp Tyr
140 145 150

Met Ala Phe Thr Arg Lys
155

This is the replacement sheet
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(i x) FEATURE (A) NAME: fibroblast growth factor-8 | oop

regi on (x) PUBLI CATI ON | NFORVATI ON
A, et al. - (B) TITLE (excerpt):
tion of an Antrogen-Induced G owth Factor

(A) AUTHOR: Tanaka,

Cl oni ng and Characteriza-

Natl. Acad. Sci. USA (D) VOLUME: 89

8928-8931; Figure 2 on page 8930

(11) INFORMATICN FOR SEQ ID NO:

..Sl..

(© JOURNAL: Proc.
(F) PACES:

(G DATE: Cctober 1992

0

(1) SEQUENCEZ CHARACTERISTICS
(A) LENGTH: 27 residues
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear -

(ii) MOLECULE TYPE
(A) DESCRIPTION: peptide

(v) FRAGHMENT TYPE: internal fragment

(ix) FEATURE
(A) NAME: fibroblast growth factor-9 loop
region

(x) PUBLICATION INFORMATION
(A) AUTHOR: Miyamoto, M., et a&al.
(B) TITLE (excerpt): Molecular cloning of a
Novel Cytokine cDNA Encoding the Ninth Member
of the Fibroblast Growth Factor Family
(C) JOURNAL: Molecular and Cellular Biology
(D) VOLUME: 13
{E) NUMBER: 7
(F) PAGES: 4251-4259; Figure 2 on page 4254
(G) DATE: July 1993
(K) RELEVANT RESIDUES: segment corresponding
to polypeptide residues 143 to 167

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 10:

Asn Trp Tyr Asn Thr Tyr Ser Ser Asn Leu Tyr Lys His Val Asp

145 150 155

Thr Gly Arg Arg Tyr Tyr Val Ala Leu Asn Lys Asp

160 165

This is the replacement sheet
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(K) RELEVANT RESI DUES: segnent correspondi ng to pol ypeptide

resi dues 136 to 156 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 9: Asn Asn
Tyr Thr Ala Leu G n Asn Ala Lys Tyr Gu Ay Trp Tyr 140
145 150 Met Ala Phe Thr Arg Lys 155

2 -

(12) INFORMATION FOR SEQ ID NO: 11
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 74
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE
(A) DESCRIPTION: cligonucleotide
{(v) FRAGMENT TYPE: synthetic DNA
(ix) FEATURE
(D) OTHER INFORMATION: used in
preparing constructs
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 11:

CGAACGATTG GAATCTAATA ACTACAATAC GTACCGGTCT GCGCAGTTTC 30

CTAACTGGTA TGTGGCACTT AAGC 74

(13) INFORMATION FOR SEQ ID NO: 12
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 76
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE
(A) DESCRIPTION: oligonucleotide
(v} FRAGMENT TYPE: synthetic DNA
(ix) FEATURE
(D) OTHER INFORMATION: used in
preparing constructs
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 12:

GTACGCTTAA GTGCCACATA CCAGTTAGGA AACTGCGCAG ACCGGTACGT 50

ATTGTAGTTA TTAGATTCCA ATCGTT 76

This is the replacement sheet
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(11) I NFORVMATION FOR SEQ ID NO 10 (i) SEQUENCE CHARACTERI STI CS

(A) LENGTH. 27 residues (B) TYPE: am no acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (1i) MOLECULE
TYPE (A) DESCRI PTI ON: peptide (v) FRAGVENT TYPE: internal
f ragnment (i x) FEATURE (A) NAME: fibroblast gromh factor-9
| oop regi on (x) PUBLt GATION | NFORVATI ON (A
AUTHOR. M yanoto, M, et al. (B) TITLE (excerpt): Molecular
cloning of a Novel Cytoki ne cDNA Encoding the N nth Menber

of the Fi bféB)asNFORSHMIE FadiWt FHhily NO: 23
(i) SEQUENCE CHARACTERISTICS

(A) LENGTH: 80
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE
(A) DESCRIPTION: oligonucleotide
{v) FRAGMENT TYPE: synthetic DNA
(ix) FEATURE
(D) OTHER INFORMATION: used in
preparing constructs
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 13:

CGAACGATTG GAATCTAATA ACTACAATAC GTACCGGTCT AAAAAGCATG 50

CTGAAAAACA CTGGTATGTG GCACTTAAGC 80

(15) INFORMATION FOR SEQ ID NO: 14
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 82
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE
(A) DESCRIPTION: oligonucleotide
(v) FRAGMENT TYPE: synthetic DNA
(ix) FEATURE
(D) OTHER INFORMATION: used in
preparing constructs
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 1l4:

GTACGCTTAA GTGCCACATA CCAGTGTTTT TCAGCATGCT TTTTAGACCG 50

GTACGTATTG TAGTTATTAG ATTCCAATCG TT 82
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(© JOURNAL: Mol ecul ar and Cel | ul ar
(E) NUMBER 7
(G DATE: July 1993
correspondi ng
SEQUENCE DESCRI PTI ON: SEQ | D NO 10:
Lys Hi s Val

Leu Tyr

Thr Ay Arg Arg Tyr Tyr Val
e Y A A T uroRyaT

165

ATG
Met

GGC
Gly

CGG
Arg

GAC
Asp

AAG
Lys

GGA
Gly

TTA
Leu

GCT
Ala

GGC
Gly

CTG
Leu

GGC
Gly

CTA
Leu

GTG
val

CTG
Leu

Asp

Bi ol ogy

(D) VOLUME: 13
(F) PAGES. 4251-4259; Figure 2 on page 4254
(K) RELEVANT RESI DUES:

segnent

to pol ypeptide residues 143 to 167

Ala Leu Asn Lys
ICN FOR SEQ D

145

(xi)

AsrEdTrp Tyr Asn Thr Tyr Ser Ser Asn

o

AsSp
Ld

(i) SEQUENCE CHARACTEIRISTICS

(ii)

(v)
(vi)
(ix)

(A)
(B)
(<)
(D)

LENGTH:
TYPE:

150

160

171 bases enccding 155 amino acids

STRANDEDNESS: single

TOPQOLOGY:
MOLECULE TYPE

linear

nucleic acid and amino acid

(A) DESCRIPTION: DNA encoding a protein

FRAGMENT TYPE:
IMMEDIATE SOURCE:
FEATURE

constructed

entire sequence

(D) INFORMATION: FGF-2 having surface loop
residues 118 to 122 replaced with correspond-

ing structural elements from interleukin-1f

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 15:

GAA
Glu

AGC
Ser

TAC
Tyr

CGA
Arg

CAA
Gln

TGT
Cys

GCT
Ala

GGG
Gly

GGC
Gly

TGC
Cys

GTT
val

cTT
Leu

GCT
Ala

TCT
Ser

GAA
Glu
5

GCC
Ala
20

AAA
Lys
35

GAC
Asp
50

CAA
Gln
65

AAC
Asn
80

AAA
Lys
95

ATC
Ile

TTC
Phe

AAC
Asn

GGG
Gly

GCA
Ala

CGG
Arg

TGT
Cys

ACC
Thr

CCG
Pro

GGG
Gly

GTC
val

GAA
Glu

TAC
Tyr

GTT
val

ACG
Thr

cccC
Pro

GGC
Gly

CGG
Arg

GAG
Glu

CTG
Leu

ACG
Thr

CTG
Leu

GGG
Gly

TTC
Phe

GAG
Glu

AGA
Arg

GCT
Ala

GAT
Asp

ccc
Pro
10

CAC
His
25

TTC
Phe
40

ARG
Lys
55

GGA
Gly
70

ATG
Met
85

GAG
Glu
100

GCC
Ala

TTC
Phe

CTG
Leu

AGC
Ser

GTT
val

AAG
Lys

TGT
Cys

CTT
Leu

AAG
Lys

CGC
Arg

GAC
Asp

GTG
val

GAA
Glu

TTC
Phe

CCG
Pro

GAC
Asp

ATC
Ile

CCT
Pro

TCT
Ser

GAT
Asp

TTT
Phe

GAG GAT
Glu Asp
15

CCC AAG
Pro Lys
30

CAC CCC
His Pro
45

CAC ATC
His Ile
60

ATC AAA
Ile Lys
75

GGA AGA
Gly Arg
80

TTT GAA
Phe Glu
105

45

80

135

180

225

270

315

155
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(12) | NFORMATI ON FOR SEQ ID NO 11 (i) SEQUENCE CHARACTERI STI CS
(A) LENGTH: 74

STRANDEDNESS:
TYPE

(B) TYPE: nucleic acid (O

single (D) TOPOLOGY: |i near (1i) MOLECULE

synt heti c DNA
preparing constructs (xi) SEQUENCE DESCRI PTION: SEQ ID NO 11

CGA
Arg

CCT
Pro

GGT
Gly

ATG
Met

ATG
Met

GGC
Gly

CGG
Arg

TTG
Leu

AAC
Asn

TCC
Ser

TCT
Ser
155

(A) DESCRI PTI ON: ol igonucl eotide (v) FRAGMVENT TYPE
(i x) FEATURE - 35 {D) OTHER | NFORMATI ON: used in

GAA TCT AAT AAC TAC AAT ACT TAC CGG TCT GCG CAG TTT 360
Glu Ser Asn Asn Tyr Asn Thr Tyr Axg Ser Ala Gln Phe
110 115 120

TGG TAT GTG GCA TTG AAA CGA ACT GGG CAG TAT AAA CTT 405
Trp Tyr Val Ala Leu Lys Arg Thr Gly Gln Tyr Lys Leu
125 130 135

AAA ACA GGA CCT GGG CAG AAA GCT ATA CTT TTT CTT CCA 450
Lys Thr Gly Pro Gly Gln Lys Ala Ile Leu Phe Leu Pro
140 . 145 150

GCT AAG AGC TGA TAA 471
Ala Lys Ser

(17) INFORMATION FOR SEQ ID NO: 16

GCT
Ala

GGC
Gly

CTG
Leu

(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 477 bases enccding 157 amino acids
(B) TYPE: nucleic acid and amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE
(A) DESCRIPTION: DNA encoding a protein
(v) FRAGMENT TYPE: entire sequence
(vi) IMMEDIATE SOURCE: constructed
(ix) FEATURE
(D) INFORMATION: FGF-2 having surface loop
residues 118 to 122 replaced with correspond-
ing structural elements from bovine FGF-1l
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 16:

GAA GGG GAA ATC ACC ACG CTG CCC GCC CTT CCG GAG GAT 45
Glu Gly Glu Ile Thr Thr Leu Pro Ala Leu Pro Glu Aip-
5 10 5

AGC GGC GCC TTC CCG CCC GGG CAC TTC AAG GAC CCC AAG 90
Ser Gly Ala Phe Pro Pro Gly His Phe Lys Asp Pro Lys

20 25 30
TAC TGC AAA AAC GGG GGC TTC TTC CTG CGC ATC CAC CCC 135

Tyr Cys Lys Asn Gly Gly Phe Phe Leu Arg Ile His Pro
35 40 45
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CGAACGATTG GAATCTAATA ACTACAATAC GIACCGGTCT GCGCAGITTC 50 CTAACTGGTA

TGTGGCACTT AAGC 74 (13) | NFORVATI ON FOR

SEQ ID NO 12 (1) SEQUENCE CHARACTERI STI CS (A) LENGTH: 76
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)

TOPOLOGY: | i near (ii) MOLECULE TY¥PEgs - (A) DESCRI PTI ON:

ol i gonucl eoti de (v) FRAGVENT TYPE: synthetic DNA (i x) FEATURE

(D) OTHER | NFORMATI ON: used in prepari ng constructs

Xi)
SEQUENCEGBESGRE PTGONGTSEGACDGEI® G2C CGG GAG AAG AGC GAC CCT CAC ATC 188
Asp Gly Arg Val Asp Gly Val Arg Glu Lys Ser Asp Pro His Iég
50 55

AAG CTA CAA CTT CAA GCA GAA GAG AGA GGA GTIT GTG TCT ATC AAA 225
Lys Leu Gln Leu Gln Ala Glu Glu Arg Gly Val Val Ser Ile ng
65 70

GGA GTG TGT GCT AAC CGG TAC CTG GCT ATG AAG GAA GAT GGA AGA 270
Gly Val Cys Ala Asn Arg Tyr Leu Ala Met Lys Glu Asp Gly Agg
80 85

TTA CTG GCT TCT AAA TGT GIT ACG GAT GAG TGT TTC TTT TTT GAA 315
Leu Leu Ala Ser Lys Cys Val Thr Asp Glu Cys Phe Phe Phe Glu
95 100 105

CGA TTG GAA TCT AAT AAC TAC AAT ACT TAC CGG TCT AAA AAG C@T 350
Arg Leu Glu Ser Asn Asn Tyr Asn Thr Tyr Arg Ser Lys Lys His
110 115 120

GCT GAA AAA CAC TGG TAT GTG GCA TTG AAA CGA ACT GGG CAG TAT 403
Ala Glu Lys His Trp Tyr Val Ala Leu Lys Arg Thr Gly Gln Tyr
125 130 135

AAA CTT GGT TCC AAA ACA GGA CCT GGG CAG AAA GCT ATA CTT TTT 450
Lys Leu Gly Ser Lys Thr Gly Pro Gly Gln Lys Ala Ile Leu Phe
140 145 150

CTT CCA ATG TCT GCT AAG AGC TGA TAA 477
Leu Pro Met Ser Ala Lys Ser
155

This is the rep‘iacemenf sheet

(irtes ] 4 NGU GG



GTACGCTTAA GTGCCACATA CCAGITAGGA AACTGCGCAG ACCGGTACGT 50 ATTGIAGITA

TTAGATTCCA ATCGIT 76
- B3 - (14) 1 NFORMATION FOR SEQ ID NO 13 (i) SEQUENCE
CHARACTERI STI CS (A LENGT@§ 80 (B) TYPE: nucleic
acid - -
SIELIOGRAPHY

Arakawa, T. and Fox G.¥., EZur. Pat. Ap. 2ub. No. 320,148 (1989).
Baird, A., et al., Proc. Nat. Acad. Sci. USA 85: 2324-2328 (1988).

Baird, A., and Bdhlen, ?., Kancdbook of Exp. Pharmacol. 95(1): 369-
418, Springer, 1990.

Bergonzoni, L., et &l., Eur. Pat. Ap. Pub. No. 363,675 (1990).
Davidson, J.M., et al., J. Cell Bio. 100: 1219-1227 (1985).

Eriksson, E.A., et al., Proc. Nat. Acad. Sci. USA 88: 3441-3445
(1951). ‘

Feige, J.J. et al., Proc. Nat. Acad. Sci. USA 86: 3174-3178 (1989).
Fiddes, J.C., et al., Eur. Pat. Ap. Pub. No. 298,723 (1989).
Franco, W.P., U.S. Pat. No. ¢,378,347, Mar. 29, 1983.

Givol, D., and Yayon, A., FASEA J. 6: 3362-3369 (1992).

Gospardarowicz, D., et &l., Proc. Nat. Acad. Sci. 81: 6963-6967
{1984).

Howden, G.F., and Silver, I.A., Int. Endodontic J. 13: 3-6 (1980).
Eynes, T.R., et &l., Nature 339: 73-76 (1989).

Jaye, M., et al., Biocﬁim. Biophys. Acta 1135: 185-199 (1882).
Johnson, D.E., and Williams, L.T., Adv. Can. Res. 60: 1-41 (1993).
Mivamoto, M., et &l1., Mol. Cell. Biol. 13: 4251-4259 (1993).
Moscatelli, D., J. Cell. Physiol. 131: 123-130 (1987).

Presta, M., et al., B.B.R.C. 185: 1098-1107 (13582).

Seddon, A.P. et al., Annals N.Y. Acad. Sci. 638: 98-108 (199%91).

Seno, M., et al., Eur. Pat. Ap. Pub. Nos. 281,822 (1988) and
326,907 (198%).

Seno, M., et al., Eur. J. Biochem. 188: 239~245 (1990).

Tanaka, A., et al., Proc. Natl. Zcad. Sci. USA 89: 8328-8332
(1932).

Werner, S., et al., Mol. Cell. Bio. 12: 82-88 (1992).
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(C) STRANDEDNESS: single (D TOPOLOGY: |inear (i)
MOLECULE TYPE (A) DESCRI PTI ON: ol igonucl eotide (v)
FRAGVENE.: TXPheen MMt i ¢ DNA (i x) FEATURE (D)--OTHER

| NF {n preparing constructs (xi) SEQUENCE
DES ” |Eﬁ NO 13: CGAACGATTG GAATCTAATA ACTACAATAC GTACCGGTCT
GAAAAACA CTGGTATGTG GCAETTAAGC

80 (15) I NFORVATION FOR SEQ ID NGO 14 (i) SEQUENCE CHARACTERI STI CS
(A) LENGTH 82 (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e CLAIMS

1. A fibroblast growth factor structural analogue com-
prising a fibroblast growth factor having an amino acid
sequence replacement in the sequence that corresponds to
the surface loop that connects the ninth and tenth §-

5 strands in fibroblast growth factor-2, or the loop stems
or anchor points, such that the overall secondary and
tertiary structure of the protein is not significantly
perturbed and the analogue binds to heparin, and wherein
said analogue exhibits binding affinity to a native fibro-

10 blast growth factor receptor.

2. A structural analogue according to claim 1 wherein the
binding specificity to a fibroblast growth factor receptor
is different from the corresponding binding specificity of
native factor from which the analogue is derived.

3. A fibroblast growth factor structural analogue accord-
ing to claims 1 or 2 comprising a fibroblast growth factor
having the amino acid sequence in the growth factor sur-
face loop that connects the ninth to the tenth B-strand

5 replaced by an amino acid sequence that does not signifi-
cantly perturb the overall folding of the molecule, so
that the analogue binds to heparin and a member of the
fibroblast growth factor receptor family.

4. A structural analogue according to claim 3 comprising
a fibroblast growth factor-2 structural analogue.

5. A structural analogue according to claim 3 wherein the
amino acid sequence in the growth factor surface loop is
replaced by a corresponding amino acid sequence derived
from another fibroblast growth factor surface loop Or an

5 interleukin surface loop.

A
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(D) TOPOLOGY:

| i near (ii) MOLECULE TYPE (A) DESCRI PTI ON:

ol ITHRRME ReBed®eplaced (V) FRAGMENT TYPE: synthetic DNA (i x) FEATURE

* c L M S *

10

15

20

JMi'”Mi"CN used in

prepari ng constructs - (xi)
'||CN SEQ I D NO 14: GTACGCTTAA GIGCCACATA CCAGIGITTT
AGACCG 50 GTACGTATTG TAGW;ATTAG ATTCCAATCG TT

- 54-

6. A structural analogue according to claim 5 wherein the
binding specificity of the analogue exhibits similarities
to the fibroblast growth factor from which the loop is
derived.

7. A structural analogue according to claims 5 or 6
wherein a corresponding amino acid surface loop sequence
from another fibroblast growth factor replaces sequences
selected from the group consisting of:

(a) fibroblast growth factor-l sequence Lysl1l5-Lys-
116-His117-Alall8-Glull9-Lys120-Asnl2l;

(b) fibroblast growth factor-2 sequence Argll8-
Lysll9-Tyrl120-Thrl2l-Serl22;

(c) fibroblast growth factor-3 sequence Arg-Leu-
Tyr-Arg-Thr-Val-Ser-Ser-Thr-Pro-Gly-Ala-Arg~-Arg-Gln-Pro-
Ser-Ala-Glu-Arg-Leu;

(d) fibroblast growth factor-4 sequence Tyr-Lys-
Tyr-Pro-Gly;

(e) fibroblast growth factor-5 sequence Ala-Ile-
His-Arg-Thr-Glu-Lys-Thr-Gly-Arg-Glu;

(f) fibroblast growth factor-6 sequence Asp-Leu-
Tyr-Gln-Gly;

(g) fibroblast growth factor-7 sequence Ala-Lys-
Trp-Thr-His-Asn-Gly-Gly~Glu;

(h) fibroblast growth factor-8 sequence Ala-Lys-
Tyr-Glu-Gly; and

(1) fibroblast growth factor-9 sequence Asn-Leu-
Tyr-Lys-His-Val-Asp-Thr-Gly-Arg-Arg.

8. A structural analogue according to claim 7 wherein the
corresponding amino acid sequence is Lysll15-Lysll6-Hisll7-
Alall8-Glull9-Lysl120-Hisl2l from bovine fibroblast growth
factor-1, Ala231-Gln232-Phe233-Pro234-Asn235 from human
interleukin-1B8, or Alal54-Lysl155-Trpl56-Thrl57-His158-
Asnl59-Glyl60-Glyl61-Glul62 from fibroblast growth factor-
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(16) I NFORVATION FOR SEQ ID NO 15 (i) SEQUENCE CHARACTERI STI CS

(A) _LENGTH. 471 bases encodi ng 155 am no aci ds (B) TYPE
nuc g 3he e Repacsdn g aci d (C)- -STRANDEDNESS: si ngl e

(D) o || | r (ii) MOLECULE TYPE (A

DES coding a protein _ (v) FRAGVENT TYPE: entire
sequence (vi) 1 MVEDI ATE SOURCE: 8@onst ruct ed (i x) FEATURE
(D) I NFORVATI ON: FG--2 havi ng surface | oop residues 118 to
122 repl aced with correspond- ing structural elenents from
interleukin-I[err] (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 15: ATG

GCT GAA GGG GAA ATELAGEtACEICEGalCQuECEcChEdifG GAGAGALm 46 wiistreAllm A u Ay
f%u Il'e Thr EQEdLSHigéoaéh% E%%u%%%eefégﬁﬁgement occurs betweé% resi-
dues 112 and 128.

10. A fibroblast growth factor from the family of fibro-
blast growth factor-l or fibroblast growth factors 3 to 9
wherein the sequences corresponding to the loop in fibro-
blast growth factor-2 connecting the ninth and tenth @8-

5 strands in fibroblast growth factor-2 is replaced by a
corresponding loop from another fibroblast growth factor
or an interleukin 1.

”!IIIIJ "mj "|"" ”IISI ” l!l, | This is the replacement sheet
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GEC GEC AGC GGC GCC TTC CCG CCC GGG CAC TTC AAG GAC CCC AAG 90 dy Gy Ser
Gy Ala Phe Pro Pro Ay H's Phe Lys Asp Pro Lys 20

25 30 CGG CTG TAC TGC AAA AAC GGG GGC TTC TTC CTG CGC ATC
CAC CCC 135 Arg Leu Tyr Cys Lys Asn Ay Ay Phe Phe Leu Arg Ile H's Pro

35 40 45 GAC GGC CGA GIT GAC GGG GIC CGG
GAG AAG AGC GAC CCT CAC ATC 180 Asp Gy Arg vVal Asp dy Val Arg Qu Lys Ser
Asp Pro His Ile 55

60 AAG CTA CAA CTT CAA GCA GAA GAG AGHY GGA GTT GIG TCT ATC AAA 225 Lys Leu

GInLeuGInAIaGIuGIuéEQJGI Val Val Ser 1le_Lys 65
70 75 ’%%%@%T%T%L{é? ST ATG AAG GAA GAT
GGA AGA 270 Ay Val COys Al a BEnFAPBORSTFRN Ct9ESa u Aasp Ay Arg
80 85 90 TTA CTG GCT TCT. AAA TGT GIT
ACG GAT GAG TGTI TTC TTT TTT GAA 315 Leu Leu Ala Ser Lys Cys Val Thr Asp GQu

Cys Phe Phe Phe Qu
ABSTRACT

Structural analogues of fibroblast growth factors
have an amino acid sequence replacement in the ninth or
tenth B-strand of the factor, or the sequence that corre-
sponds to the surface loop that connects the ninth and

5 tenth B-strands, such that the folding of the molecule is
not significantly perturbed. Preferred analogues have
the amino acid sequence replacement in the surface loop
that extends from the ninth B-strand to the tenth f-
strand and have the overall secondary and tertiary struc-

10 ture of the original factor, and bind to heparin and a
member or members of the fibroblast growth factor recep-
tor family with high affinity. In some embodiments, the
analogues are prepared by replacing the surface loop
sequence that connects the ninth and tenth B-strand with

15 another amino acid sequence such as a loop sequence from
another structurally related fibroblast growth factor or
an interleukin. Preferred analogues exhibit different
biological properties and/or receptor binding specificity
profiles from native factors.

Fig. 1
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95 100 105 CGA TTG GAA TCT AAT
AAC TAC AAT ACT TAC CGG TCT GCG CAG TTT 360 Arg Leu G u Ser Asn Asn Tyr Asn

Thr Tyr Arg Ser Ala A n Phe 110 115
120 - CCT AAC TGG TAT GIG GCA TTG AAA CGA ACT GGG CAG TAT AAA CTT 405 Pro
Asn Trp Tyr Val Ala Leu Lys Arg Thr Ay dn Tyr Lys Leu 125
130 135 GGI TCC AAA ACA GGA CCT GGG CAG AAA GCT ATA CTT
TTT CTT CCA 450
1/9
X .
— ]
- N
TS -
= =
= 's-
< A
S = K-
S
yo
: &
) &
- 7
—_ = <
3 o
WA A

121

Figure 1

114

F-1 Asn His Tyr Asn Thr Tyr lle Ser Jys_lys.lis Ala Glu lys Asn Trp Phe Val Gly Leu lys

FGF-2 Asn Asn Tyr Asn Thr Tyr Arg Ser ArglysTyi - Tl &
15
[L-18  Asn Asn Lys Leu Glu Phe Glu Ser Ala_Gln. Phe

-
-

|
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Gy Ser Lys Thr Ay Pro Gy @n Lys Ala Ile Leu Phe Leu Pro

140 145 150 ATG TCT CGCT AAG AGC TGA TMWA
471 Met Ser Ala Lys Ser 155 (17) -1 NFORVATI ON FOR SEQ I D NO 16
(i) SEQUENCE CHARACTERI STI CS (A) LENGTH: 477 bases
encodi ng 157 am no aci ds (B) TYPE: nucleic acid and am no
aci d (O STRANDEDNEga singl e (D)
TOPOLOGY: | i near (i) MOLE 2 TYPE (A
DESCRI PTI ON:  DNA encoding a protein (v) FRAGVENT TYPE: entire
sequence (vi) | MVEDI ﬁE SOQURCE:_ construct ed (1x)
FEATURE (D) U @\N2 FGF- 2 having surface | oop
residues 118 to 122 repl aced vvlth correspond- i ng
structural elements from bovine FG--1 (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 16:
120 AR A AL R RLLL | AR AALILS LA RALA 1 IR I LRLL | LERARALY § Ill"' AR 811
-
100 | O\ < FGE-2L1 .
]
S 8ot -
O -y
m >
ot
Q L -
Q
o
o OF
| FGEF-2LA
FGF-2—>
20
0 deedendede2idad sadasal PEWRITT [N STt RIS ik 4' s 1 (
70-210-1 109 100 102 103 10% 10° 10
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ATG CCT GAA GGG GAA ATC ACC ACG CTG CCC GCC CTIT CCG GAG GAT 45 Met Ala Qu

Ay Qu.lle Thr Thr Leu Pro Ala Leu Pro Qu Asp 5
10 15 .. GEC GGC AGC GEC GCC TTC CCG CCC GGG CAC TTC AAG GAC
CCC AAG 90 Dy Ay Ser Gy Ala Phe Pro Pro Gy His Phe Lys Asp Pro Lys
20 - 25 30 CGG CTG TAC TGC AAA AAC GGG
GEC TTC TTC CTG CGC ATC CAC CCC 135 Arg Leu Tyr Cys Lys Asn Ay Ay Phe Phe
Leu Arg Ile His Pro 3H9 40
45 - 56 -

120

—O— =FGFLA
SFGF-Ui
—%— RF

[- bFGF/muia nt binding (% bound)

= 109 t0t . 102 103 104
FGF (ng/mi)

Figure 3
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GAC GBC CGA GIT GAC GGG GIC CGG GAG AAG AGC GAC CCT CAC ATC 180 Asp Ay Arg
Val .‘Asp Ay Val Arg Qu Lys Ser Asp Pro Hs Ile 50

55 60 AAG CTA CAA CTT CAA GCA GAA GAG AGA A GIT GIG TCT
ATC AAA 225 Lys Leu dn Leu Gn Ala Gu Qu Arg Ay Val Val Ser Ile Lys

65 70 75 GGA GIG TGI GCT AAC CGG TAC CTG
GCT ATG AAG GAA GAT GGA AGA 270 Ay Vals&ys Ala Asn Arg Tyr Leu Ala Met Lys
Gu Asp Ay Arg 80 85 90
TTA CTG GCT TCT AAA TGT GIT ACG GAT GAG TGI TTC TTT TTT GAA 315 Leu Leu Al a

Ser Lys Cys Val Thr Asp G u Cys Phe u 95
100 105 CGA TTG GAAI#@DQ}T&& TAC AAT ACT TAC CGG TCT
AAA AAG CAT 360 Arg Leu A u Ser Asn Asn Tyr Asn Thr Tyr Arg Ser Lys Lys His

110 115 120
250000
200000

o
O 150000
)
Q
100000 |
50000 }-
0
10-3
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e e mRATSOIET T

GCT GAA AAA CAC TGG TAT GIG GCA TTG AAA CGA ACT GGG CAG TAT 405 Ala G u Lys

Hs Trp Tyr Val Ala Leu Lys Arg Thr Ay A n Tyr 125

130 - 135 AAA CIT GGI' TCC AAA ACA GGA CCT GGG CAG AAA CCT
ATA CTT TTT 450 Lys Leu Ay Ser Lys Thr Ay Pro Ay d@n Lys Ala Ile Leu Phe
140 145 150 CIT CCA ATG TCT GCT AAG ACC
TGA TAA 477 Leu Pro Met Ser Ala Lys Ser

155 5/9 - 97 -

Bl BLI OGRAPHY

Figure 5
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1. Afibroblast growmh factor-2 structural anal ogue wherein
122, 115 to 124 or 112 to 128 of native FGF-2 are
sequence from another fibroblast growth

wherein the anal ogue is

CLAI M5
amno acids 118 to
repl aced by a correspondi ng
factor or a structually related interl eukin.
capabl e of binding to heparin and exhibjgs binding affinity 5 to a

native fibroblast growh factor receptor. 2. A structural anal ogue
according to claiml wherermTthebimdimg—speci ittty of tte anal ogue
is different fromthe cor¢espondi ng binding specificity of fibrbblast

growt h factor-2. 3~_A structur anal ogue according to clainms | or 2
wherei n the sequence coOo¥ B } f 115 tof{ 124 or 118
to 122 of FGF-2 is_gepl aced. 4. AYXibroblast growh factor
structural anal ogug& according to clainms |I\or 2 wherein am po acids
corresponding to F&-2 amno acids 115 to 4 of SEQID NOl 1 have been
repl aced with an a®no acijd sequence sel ecygd fromthe group
E\Q
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G
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consisting of. 5 - & (&) FG*'T anmi no Acids 112-125 of SEQ | D NO 2; Wé#kn= re?

(b) FG--1 ani fio -aci ds 112-12% of ‘SEQ I*b NO 2, except that His121 is
repl aced by Asn121; ! = - (c) -FG=-3 am no acids 129-154 of SEQ I D NO 4;

(d) FGF-4 amino acids 169-178 of SEQ ID NO %8 <10
173-188 of SEQ I D NO 6;

7;

am no aci ds 136- 156 GfheSEQH-D NDegies purifigefd)cf@he hapaviactdbund s

of SEQ 1D NO 1055 and, /s usirld drelASE! GHKER- hEERT e 2RLDAaALL U851 4383 235 Of

SEQ I D NO 3.

wn

10

15

20

25

30

chromatcgraphy (C,, Vvdac, t—he Separations Group, Hes-
peria, CA) using a 0.1% trifluorcacetic.acid/acetonitrile
gradient {28 to 48% CH,CN in 60 min) at a flow rate of 0.7
ml/min. Elution of bound material is monitored at 210
nm. 3oth FGF-2LA and FGF-ZLI are found to be homogenous,
each giving a single peak. Purity and molecular weight
determinations are also made using a silver stain detec-
tion system (Phastgel System, Pharmacia, LXB), and each
protein yielded a single 18 kD silver stained band by
SDS-FAGE.

N-terminal sequence znalyses of reversed phase puri-
fied proteins are performed on a model 477A pulsed-liquid
phase sequencer equipped with a Model 120A on-line phe-
nylthiohydantoin-derivative analyzer (Applied Biosystems,
Forster City, CA). The analysis gives the sequences Ala-
Glu-Gly-Glu-Ile-Thr-Thr-Leu-Pro-Ala (87%; amino acids 2-
11 of SEQ ID NO 15) and Met—Ala-Glu-Gly—Glu-Ile-Thr-Thr—
Leu-Pro-Ala (13%; amino acids 1-11 of SEQ ID NO 15},
indicating a small fraction of the protein retains the N-
terminal methionyl residue (introduced for the expression
of the mature form of the protein).

Amino acid compositions are determined after HCl gas
phase hydrolysis (5.7 M HC1/0.1% phenol, 24 hours at
110°C) using a model 420A phenylisothiocyanate-deriva-
tizer equipped with an on-line model 130A separation
system {Applied Biosystems). The full sequences of human
FGF-2LA and FGF-2LI are given in the Sequences Listing
section which appears hereinafter (SEQ ID NOs 15 and 16).

Figure 7 illustrates an zmino acid sequence compari-
son between the nine members of the FGF family between
residues 88 and 143 using a numbering system relative to

FGF-2. The asterisks refer to identical and conserved
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5. An anal ogue according to claim4 wherein the anino acids corresponding

to am no acids 115 to 124 of SEQ ID NO I have been replaced wth an
am no acid sequence selected fromthe group consisting of (a)
FGF-1 am no acids 112-125 of SEQ ID N© 25 -5 (b) FG--7 am no acids
151-164 of SEQ ID NO 8, and (c) interleukin-1[err] am no acids
231-235 of SEQ I D NO 3. 6. A fibroblast growh factor structural

anal ogue accor di aigsure tgantes t- ‘dike2cehavigher einl b notacé i apruespondi ng
to FGF-2 am no aghdss 18 4 'Irgf o? SEQ LDops -=NO lnbave been, r.%%l %ed Wi th
cted fro

an am no acid sequence, sel m t he group consistin

(a) FGF-1 am no BPRAS 2.2 PrefcSEey| praepey of the (99D @ logawisndnaci ds

112-123 of SEQ I4y h@o?lzateé@eaq}sctehﬁlsﬂuélglsiﬁc'e ce 1§pE ed mer%%%' 2he
(c) FG~1 am_no acids 115-121 of SEQ I D NO 2; GF-1 am no acids

115-121 of SEQ IBNG® RS tPTONAES R 819anFexapal ?%}ﬂé@%d‘”by s 9P21;

(e) FGF-3 ani no seis L‘Jk@-lh&%ﬂqfv SEQ‘Lbﬂ‘xl\QstﬂmLex interpldy R¥F-Feraihgo acids
172-176 of SEQ 1D ,NOQ 5 (c% E am no_aci ds, %76 186 of SEQ I D NO
6: (h) T BASKS TR s t1oa! %@a'a%orsaﬁl%fwoo ood Vessels.

The unexpected discrepancies between the in vitro
and in vivo properties of FGF-ZLI indicate that the
10 growth factor biological activities are pharmacologically

dissociated in some loop analcgue embodiments.
Example 6

Binding of FGF proteins to different FGF receptors

are qetermined in this example, by measuring the degree
15 of competition for binding to different types of FGF-

receptor proteins between a radiociodinated FGF protein

and various unlabelled proteins, or by the direct binding

of radiociodinated FGF's to various receptor proteins.

Binding studies are confirmed by chemical cross-linking
20 of the radioiodinated FGF to soluble receptors in the

presence and absence of excess unlabelled FGF.

Sodium heparin from porcine intestinal mucosa (PM-
heparin) is obtained from Hepar Industries (Franklin,
OH) . KGF is obtained from UBI (Lake Placid, NY). Na**I

25 is purchased from Amersham (Buckinghamshire, England).
FGFs are iodinated using chloramine T. Specific activi-
ties of the preparations are 1.2-1.7 x 10° cpm/ng FGF and
are kept for up to 3 weeks at -70°C. DMEM (1 g glu-
cose/L), calf serum, fetal calf serum (FCS), penicillin,

30- and streptomycin are obtained from Cellgro (Mediatech,
Inc., Herndon, VA). Saline containing 0.05% trypsin,
0.01 M sodium phosphate, and 0.02% EDTA (STV) is obtained

from Cellgro. Tissue culture dishes are frcm Falcen
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(i) FG--7 amino acids 154-162 of SEQ I D NO 8; (j) FG--8

am no acids 144-148 of SEQ ID NO 9; (k) FGF-9 am no acids 151-161
of SEQ ID NO 10; and (I') interleukin-1[err] am no acids 231-235 of
SEQ | mmﬂmmmﬂm An anal ogue according to claim6 wherein the am no
aci ds Il FG--2 am no 28ids 118-122 of SEQ ID NO 1 have
been repl ace](ctl Wit ah am no aci d sequence selected fromthe group

consisting o - 60 -
5 (a) FGF-1 anino acids 115-121 d¢L&BdS| p No 2, (b) FGF-7

am no acids 154-162 of SEQ ID NO 8. and

l. A fibroblast growth factor-2 structural analogue wherein amino acids 118 to
122, 115 to 124 or 112 to 128 of native FGF-2 are replaced by a corresponding
sequence from another fibroblast growth factor or a structually related interleukin.
wherein the analogue is capable of binding to heparin and exhibits binding affinity

5  to a native fibroblast growth factor receptor.

2. A structural analogue according to claim 1 wherein the binding specificity of
the analogue is different from the corresponding binding specificity of fibroblast

growth factor-2.

3. A structural analogue according to claims 1 or 2 wherein the sequence corre-

5  sponding to amino acids 115 to 124 or 118 to 122 of FGF-2 is replaced.

4. A fibroblast growth factor structural analogue according to claims 1 or 2
wherein amino acids corresponding to FGF-2 amino acids 115 to 124 of SEQ ID
NO 1 have been replaced with an amino acid sequence selected from the group
consisting of
5 (a) FGF-1 amino acids 112-125 of SEQ ID NO 2;
(b) FGF-1 amino acids 112-125 of SEQ ID NO 2, except that Hisl21 is
replaced by Asnl21;
(¢) FGF-3 amino acids 129-154 of SEQ ID NO 4;
(d) FGF-4 amino acids 169-178 of SEQ ID NO 5;
10 (e) FGF-5 amino acids 173-188 of SEQ ID NO 6;
(f) FGF-6 amino acids 171-180 of SEQ ID NO 7;
(g) FGF-7 zmino acids 151-164 of SEQ ID NO 8;
(h) FGF-8 emino acids 136-156 of SEQ ID NO 9;
(i) FGF-9 amino acids 143-169 of SEQ ID NO 10; and
15 () interleukin-1p amino acids 231-235 of SEQ ID NO 3.
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(c) interleukin-lI[err] - amino acids 231-235 of SEQ ID NO 3 8. A

structura lmtﬁ \dingto clainms | to 7 wherein the FG~-2 am no acid
sequence\“\w W“‘g 2} corresponding am no acid sequence derived from
anot her WRFC growth Yactor surface | oop, and the binding specificity of

t he anal ogue exhibits simlarities to the fibroblast growth factor
from which the |oop is derived. -~ B9 A fibroblast growth factor
structural anal ogue that is .capahle of binding ta ., heparin and a

fi brobl ast droMW‘F‘S&%%%CCP%%F%? 245 Ao PRGNS 311BP @Bl dsstorigspamding to

actor_ bl aiaD.aPL 18 61k SESUENTRNCPIASETRAL Dot AR VEDSR 130,

corresponds e surtace =l 'oop

[err]-strandeq@hcd$decled RbmiAE group conkRARg Fd stems, or loop, stems, and
anchor points, replaced with a corresponding 5 sequence from anot her

fibrobl ast grdax FGFdctmino seldsdti@d 26rafrfSEQdDyNQuUP, consi sti ng of :
(a) fibroblast growth factor-1 sequence Lysl 15-Lysl 16-H sl 17-Al al
18-dul 19- (O FGEyisapipomsidsdfl-164 of SEQUB) NQ Brand ast growth factor- 2

coeres X atih bR IRl DRI il ) 11000t oo
Val | 37- Ser 138- Ser 139- Thr 140- Prol 41- G y142- Al al43- Argl 44- Argl 45- A n146-
6. A fibroblast growth factor structural analogue according to claims 1 or 2
wherein amino acids corresponding to FGF-2 amino acids 118 to 122 of SEQ ID
NO 1 have been replaced with an amino acid sequence selected from the group
consisting of
S (a) FGF-1 amino acids 112-123 of SEQ ID NO 2;
(b) FGF-1 amino acids 112-123 of SEQ ID NO 2, except that His121 is
replaced by Asnl21;
(c) FGF-1 amino acids 115-121 of SEQ ID NO 2;
(d) FG.I-‘-I amino acids 115-121 of SEQ ID NO 2, except that His121 is
10 replaced by Asnl21;
(e) FGF-3 amino acids 132-152 of SEQ ID NO 4;
(f) FGF-4 amino acids 172-176 of SEQ ID NO 5;
(g) FGF-5 amino acids 176-186 of SEQ ID NO 6;
(h) FGF-6 amino acids 174-178 of SEQ ID NO 7;
I5 (1) FGF-7 amino acids 154-162 of SEQ ID NO §;
(J) FGF-8 amino acids 144-148 of SEQ ID NO 9;
(k) FGF-9 amino acids 151-161 of SEQ ID NO 10; and
(1) interleukin-1B amino acids 231-235 of SEQ ID NO 3.

7. An analogue according to claim 6 wherein the 2mino acids corresponding to
FGF-2 amino 2cids 118-122 of SEQ ID NO 1 have been replaced with an amino

acid sequence selected from the group consisting of
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Prol 47- Ser| 48- Al a149-d ul 50- Ar gl 51- Leul 52; (d) fibroblast growh

factor- 4ngﬂimﬂmﬂﬂmtys 173-Tyrl 74- Prol175- d yl 76; (e)

fibrobl agil b sequence Al al 76-11el 77-Hi sl 78- Argl 79- Thr| 80- 15
G ul 81-Lysl “82*Th¥l B83-Gy] 84-Arg 185-d u 186; (f) fibrobl ast
grow h factor-6 sequence Aspl74-Leul75-Tynrl1l76-G3 nl77-d y178; “(9)
fibroblast gromh factor-7 sequence Al al 54: Lys155-Tr pl 56- Thr 157- H s158-

Asnl159-d y-160-d y161-d ul62; (h) fibroblast growth factor-8

sequence Al al @4-Hosi45idysdds1 B-yif6r SR 48:N60, and . (1)
fibroblast growh factor-9 sequence Asnl 51-Leul 52- Tyr 153- Lys154- Hi s155-
Val | 56- Asp157¢(byHGh8-aMind s@dAd §4-662 Af gEELID NO 8. and

(c) interleukin-1B amino acids 231-235 of SEQ ID NO 3.

8. A structural analogue according to claims 1 to 7 wherein the FGF-2 amino acid
sequence is replaced by a corresponding amino acid sequence derived from another
growth factor surface loop, and the binding specificity of the analogue exhibits

similarities to the fibroblast growth factor from which the loop is derived.

9. A fibroblast growth factor structural analogue that is capable of binding to
heparin and a fibroblast growth factor receptor comprising a fibroblast growth
factor having an amino acid sequence replacement in the sequence that corresponds
to the surface loop that connects the ninth and tenth B-strands of FGF-2, or the
loop and stems, or loop, stems, and anchor points, replaced with a corresponding
5  sequence from another fibroblast growth factor selected from the group consisting
of:
(a) fibroblast growth factor-1 sequence Lysl15-Lys116-Hisi17-Ala118-Glul19-
Lys120-Asnl21;
(b} fibroblast growth factor-2 sequence Argl18-Lys119-Tyr120-Thri21-Seri22;
10 (c) fibroblast growth factor-3 sequence Argl32-Leul33-Tyri34-Argl35-Thr136-
Vall37-Ser138-Ser139-Thr140-Pro141-Gly142-Alal43-Arg144-Arg145-Gln146-
Pro147-Ser148-Ala149-Glul50-Argl51-Leul52;
(d) fibroblast growth factor-4 sequence Tyr172-Lys173-Tyr174-Pro175-Gly176;
(e) fibroblast growth factor-5 sequence Alal76-1le177-His178-Arg179-Thr180-
15 Glul81-Lys182-Thr183-Gly184-Arg185-Glulg6;
(f) fibroblast growth factor-6 sequence Asp174-Leul75-Tyr176-Gln177-Gly178;
(g) fibroblast growth factor-7 sequence Alal54-Lys155-Trpl56-Thr157-His158-
Asnl59-Glyl60-Gly161-Glul62;
(h) fibroblast growth factor-8 sequence Alal44-Lys145-Tyr146-Glul47-Gly148;

20  and
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10: A structural anal ogue according to claim9 wherein the correspondi ng

anm no ) I's Lysl15-Lsl16-H sl17-Ala 118 -G u

19- Lysmmlﬁmumnﬂmﬁmﬂ bovine fibroblast growth factor-1,

Al a231- @ n232- Pe233- Pr 0234- Asn235 from human interleukin- I[err], or

Al al 54-Lys155- Tr p156- Thr 157- Hi s158- AsrP4159-3y 160- A y161-d ul62 from
fi broblast growh factor-7. 11. A fibroblast gromh factor fromthe
famly of fibroblast growth factor-1 or fibroblast growmh factors 3 to
9 wherein thg) Bbmiéscesvabrieaspdeiueged G\snhﬁl -LoopS3-hyrl53-IfyishfoblialshtS- gr owt h
factor-2 connecting_the ninth and tenth err]-strands selected from t he
group cons‘]\'éltlPéﬂg"’\S@%'?lelarFWlh]o?8a@l‘dé9 PrglebATebol.115 to 124, and 112 to 124 of 5
native fibroblast gromh factor-2, is replaced by a corresponding |oop from
anot her fibroblast growh factor or an interleukin 1.

10. A structural analogue according to claim 9 wherein the corresponding amino
acid sequence is Lys115-Lysl16-His117-Alal18-Glul19-Lys120-Hisl21 from
bovine fibroblast growth factor-1, Ala231-GIn232-Phe233-Pro234-Asn235 from
human interleukin-1f3, or Alal54-Lys155-Trpl56-Thrl157-His158-Asnl59-Gly160-
Gly161-Glul62 from fibroblast growth factor-7.

11. A fibroblast growth factor from the family of fibroblast growth factor-1 or
fibroblast growth factors 3 to 9 wherein the sequences corresponding to the loop in
fibroblast growth factor-2 connecting the ninth and tenth B-strands selected from
the group consisting of amino acids 118 to 122, 115 to 124, and 112 to 124 of

5 native fibroblast growth factor-2, is replaced by a corresponding loop from another

fibroblast growth factor or an interleukin 1.
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ceptor type 1 as a function of added unlabelled FGF
proteins. Figure 9B plots a similar binding profile, except
that soluble recombinant FGF-2 (IIIc) is employed.

According to a first aspect of the invention there is
provided a fibroblast growth factor-2 structural analogue
wnerein amino acids 118 to 122, 115 to 124 or 112 to 128 of
native FGE-2 are replaced by a corresponding sequence from
another fibroblast growth factor or a structurally related
interleukin, wherein the analogue is capable of binding to
heparin and exhibits binding affinity to a native
fibroblast growth factor receptor.

According to a further aspect of the invention there is
provided a fibroblast growth factor structural analogue
that is capable of binding to heparin and a fibroblast
growth factor receptor comprising a fibroblast growth
factor having an amino acid sequence replacement in the
sequence that corresponds to the surface loop that connects
the ninth and tenth B-strands of FGF-2, or the loop and
stems, or loop, stems, and anchor points, replaced with a
corresponding sequence from another fibroblast growth
factor selected from the group consisting of:

(a) fibroblast growth factor-1 sequence Lysl115-Lysl116-
Hisll7-Alell8-Glull9-Lysl120-Asnl21;

(p) fibroblast growth factor-2 sequence Argll8-Lysl119-
Tyrl20-Thrl2l-Serl22;

(c) fibroblast growth factor-3 sequence Argl32-Leul33-
Tyrl34-Argl35-Thrl36-Vall37-Serl38~Ser139-Thr140-Proldl~
Glyl42-Alald3-Arg-144-Argl45-Glnld6-Prold7-Ser148-21al49-
Glul50~-Argl51-Leulb2;

(d) fibroblast growth factor-4 sequence Tyrl72-Lysl73-
Tyrl74-Prol75-Glyl76; RE ' '

v _ toa PB 1t -
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(e} fibroblast growth factor-5 sequence Alal76-Ilel77-
Hisl78-Argl79-Thrl80-Glul8l-Lysl82-Thrl83-Glyl84-Argl85-
Glulle;

(£) fibroblast growth factor-6 sequence Aspl74-Leul’75-
Tyrl76-Glnl77-Glyl1l78;

{g) £fibroblast growth factor-7 seguence Alal>4-Lysl55-
Trpl56-Tnril57~Hisl58-Asnl59~Glylé0~-Glylél-Gilule2;

(h) fibroblast growth factor-8 sequence Alaléd4-Lys145-
Tyrl46-Glulé7-Gly148; and

(i) fibroblast growth factor-9 sequence Asnl5l-LeulS52-
Tyrl53-Lysl154-Hisl155-Vall56~Aspl57-Thrl568-Glyl59-Argl60-
Arglel,

According to a further aspect of the invention there is
provided a fibroblast growth factor from the family of
fibroblast g¢growth factor-l or fibroblast growth factors 3
to 9 wherein the sequences corresponding to the loop in
fibroblast growth factor-2 connecting the ninth and tenth
f-strands selected from the group consisting of amino acids
118 to 122, 115 to 124, and 112 to 124 of native fibroblast
growth factor-2, is replaced by a corresponding loop from
another fibroblast growth factor or an interleukin 1.
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Detailed Description of the Invention

This invention is tased upon the finding that chang-
es in fibroblast growth factor surface loop residues in a
manner that does not perturb the overall secondary and
tertiary structure of the FGF molecule yields an array of
structural analogues havipg varied and desirable physio-
logical properties, including FGF agonists and potential
antagonists. Changes in loop sequences, Or seguences
adjacent to loop sequences, yield analogues that bind to
heparin and exhibit binding affinity to a native fibro-
blast growth factor receptor.

By "antagonist" is meant any substance that tends to
nullify the action of another, as one, for example, that
binds to a cell receptor without eliciting a biological
response. For FGFs, antagonists include, but are not
limited to, any substance that binds to an FGF receptor
but does not stimulate proliferation or migration of
fibroblasts, endothelial cells and astroglial cells. 1In
contrast, by "agonist" is meant any substance that has
affinity for and stimuletes physiological activity at
cell receptors normally stimulated by naturally occurring
factors, including mitogenic activity, angiogensis, che-
motaxis, and the like. As used herein, the terms are not
limiting, and a single factor may exhibit antagonism to
one biological function mediated by native factor, and
agonism to another function. Where this occurs, the
biological activities of native factor are said to be
pharmacologically dissociated in the analogue.

A protein is defined herein as a fibroblast growth
factor (FGF) if it shows significant sequence and three-
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SURFACE LOOP STRUCTURAL ANALOGUES
OF FIBROBLAST GROWTH FACTORS

ABSTRACT

Structural analogues of fibroblast growth factors
have an amino acid sequence replacement in the ninth or
tenth B-strand of the factor, or the sequence that corre-
sponds to the surface loop that connects the ninth and
tenth B-strands, such that the folding of the molecule is
not significantly perturbed. Preferred analogues have
the amino acid sequence replacement in the surface loop
that extends from the ninth B-strand to the tenth f-
strand and have the overall secondary and tertiary struc-
ture of the original factor, and bind to heparin and a
member or members of the fibroblast growth factor recep-
tor family with high affinity. In some embodiments, the
analogues are prepared by replacing the surface loop
sequence that connects the ninth and tenth B-strand with
another amino acid sequence such as a loop sequence from
another structurally related fibroblast growth factor or
an interleukin. Preferred analogues exhibit different
biological properties and/or receptor binding specificity
profiles from native factors.
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