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human FGF-Zl MDSDETGFEHSGLWVSVLAGLLLGACQAHPIPDSSPLLQFG-GQV-RQRYLYTD 

mouse FGF-15 MARKWNGRAVARALVLATLNLAVS-GRPLAQ-QSQSVSDEDPLFLYGNGKITRLQYLYSA 58 

DAQQTEAHLEIREDGTVGGAADQSPESLLQLKALKPGVIQILGVKTSRFLCQRPDGALYG 112 

GPYVSNCFLRIRSDGSVDCEEDQNERNLLEFRAVALKTIAIKDVSSVRYLCMSADGKIYG 118 

SLHFDPEACSFRELLLEDGYNVYQSEAHGLPLHLPGNKSPHRDPAPRGPARFLPLPGLPP 172 

LIRYSEEDCTFREEMDCLGYNQYRSMKHHLHI IFIQAK-PREQLQDQKPSNFIPVFHRSF 177 

ALPEPPGILAPQ--PPDVGSSDPLSMVGPSQG--RSPSYAS 

FETGDQLRSKMFSLPLESDSMDPFRMVEDVDHLVKSPSFQK 

Mg. 1 
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Fiiename: mouse FGF-Zl cDNA in pGEM-T 
Sequence Size: 659 
Sequence Position: 1 - 659 
Translation Position: 14 - 646 

10 20 30 40 50 60 
GAGCGCAGCCCTGATGGAATGGATGAGATCTAGAGTTGGGACCCTGGGACTGTGGGTCCG SEQ ID NO:1 

M E W M R S R V G T L G L N V R SEQ ID N0:2 

70 80 90 100 110 120 
ACTGCTGCTGGCTGTCTTCCTGCTGGGGGTCTACCAAGCATACCCCATCCCTGACTCCAG 
L L L A V F L L G V Y Q A Y P I P D S S 

130 140 150 160 170 180 
CCCCCTCCTCCAGTTTGGGGGTCAAGTCCGGCAGAGGTACCTCTACACAGATGACGACCA 
P L L Q F G G Q V R Q R Y L Y T D D D Q 

190 200 210 220 230 240 
AGACACTGAAGCCCACCTGGAGATCAGGGAGGATGGAACAGTGGTAGGCGCAGCACACCG 
D T E A H L E I R E D G T V V G A 'A H R 

250 260 270 280 290 300 
CAGTCCAGAAAGTCTCCTGGAGCTCAAAGCCTTGAAGCCAGGGGTCATTCAAATCCTGGG 
S P E S L L E L K A L K P G V I Q I' L G 

310 320 330 340 350 360 
TGTCAAAGCCTCTAGGTTTCTTTGCCAACAGCCAGATGGAGCTCTCTATGGATCGCCTCA 
V K A S R F L C Q Q P D‘ G A L Y G S P H 

370 380 390 400 410 420 
CTTTGATCCTGAGGCCTGCAGCTTCAGAGAACTGCTGCTGGAGGACGGTTACAATGTGTA 
F D P E A C S F R E L L L E D G Y N V Y 

430 440 450 460 470 480 
CCAGTCTGAAGCCCATGGCCTGCCCCTGCGTCTGCCTCAGAAGGACTCCCCAAACCAGGA 
Q S E A H G L P L R L P Q K D S P N Q D 

490 500 510 520 530 540 
TGCAACATCCTGGGGACCTGTGCGCTTCCTGCCCATGCCAGGCCTGCTCCACGAGCCCCA 
A T S M G P V R F L P M P G L L H E P Q 

Fllg. 4A 
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550 560 570 580 590 600 
AGACCAAGCAGGATYCCTGCCCCCAGAGCCCCCAGATGTGGGCTCCTCTGACCCCCTGAG 
D Q A G F L P P E P P D V G S S D P L S 

610 620 630 640 650 660 
CATGGTAGAGCCTITACAGGGCCGAAGCCCCAGCTATGCGTCCTGACTCTTCCTGAATC 
M V E P L Q G R S P S Y A S * 

Fly. 415’ 
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FiIename: human FGF-Zl cDNA in pGEM-T 
Sequence Size: 643 
Sequence Position: 1 - 643 

Translation Position: 9 - 638; 

10 20 30 40 50 60 
agccattgatggactcggacgagaccgggttcgagcactcaggactgtgggtttctgtgc S EQ ID NO:3 

M D S D E T G F E H S G L W V S V L SEQ ID ND:4 

70 80 90 100 110 120 
tggctggtcttctgctgggagcctgccaggcacaccccatccctgactccagtcctctcc 
A G L L L G A C Q A H P I P D S S P L L 

130 140 150 160 170 180 
tgcaattcgggggccaagtccggcagcggtacctctacacagatgatgcccagcagacag 

Q F G G O V R Q R Y L Y T D D A Q Q T E 

190 200 210 220 230 240 
aagcccacctggagatcagggaggatgggacggtggggggcgctgctgaccagagccccg 
A H L E I R E D G T V G G A A D Q S P E 

250 260 270 280 290 300 
aaagtctcctgcagctgaaagccttgaagccgggagttattcaaatcttgggagtcaaga 

S L L Q L K A L K P G V I Q I L G V K T 

310 320 330 340 350 360 
catccaggttcctgtgccagcggccagatggggccctgtatggatcgctccactttgacc 

S R F L (I Q R P D G A L Y G S L H F D P 

370 380 390 400 410 420 
ctgaggcctgcagcttccgggagctgcttcttgaggacggatacaatgtttaccagtccg 

E A C S F R E L L L E D G Y N V Y 0 S E 

430 440 450 460 470 480 
aagcccacggcctcccgctgcacctgccagggaacaagtccccacaccgggaccctgcac 

A H G L P L H L P G N K S P H R D P A P 

490 500 510 520 530 540 
cccgaggaccagctcgcttcctgccactaccaggcctgccccccgcactcccggagccac 

R G P A R F L P L P G L P P A L P E P P 

Fllg. 5A 
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550 560 570 580 590 600 
ccggaatcctggccccccagccccccgatgtgggctcctcggaccctctgagcatggtgg 

G I L A P Q P P D V G S S D P L S M V G 

610 620 630 ' 640 650 
gaccttcccagggccgaagccccagctacgcttcctgaagcca 

P S Q G R S P S Y A S * 

Fly. 55 
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Codon usage for yeast (highl y expressed) genes 

AmAcid 

Ala 
Ala 
Ala 
A1a 

Arg 
Arg 
Ser 
Ser 

.Lys 
Lys 
Asn 
Asn 

Met 

He 

Thr 

Codon 

GGG 
GGA 
G61 
G66 

GAG - 

GAA 
GAT 
GAC 

GTG 
GTA 
GT1 
G16 

G66 
66A 
G61 
666 

A66 
AGA 
A61 
A66 

AAG 
AAA 
AAT 
AAC 

ATG 
ATA 
A11 
A76 

A66 

Fig. 7A 

Number 

33.00 
70.00 
2672.00 
171.00 

277.00 
2442.00 
1100.00 
1211.00 

117 .00 
75.00 
1548.00 
1026.00 

36.00 
203.00 
2221.00 
969.00 

20.00 
1336.00 
116.00 
94.00 

2365.00 
651.00 
347.00 
1259.00 

766.00 
43.00 
1223.00 
1070.00 

28.00 

/ 1000 

0.86 
1.82 
69.62 
4.46 

7.22 
63.63 
28.66 
31.55 

3.05 
1.95 
40.33 
26.73 

0.94 
5.29 
57.87 
25.25 

0.52 
34.81 
3.02 
2.45 

61.62 
16.96 
9.04 
32.80 

19.96 
1. 12 
31.87 
27 .88 

0.73 

Fraction 

0.01 
0.02 
0.91 
0.06 

0.10 
0.90 
0.48 
0.52 

0.04 
0.03 
0.56 
0.37 

0.01 
0.06 
0.65 
0.28 

0.01 
0.83 
0.05 
0.04 

0.78 
‘ 0.22 

0.22 
0.78 

1.00 
0.02 
0.52 
0.46 

0.01 

US 2009/0074776 A1 
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Thr 
Thr 
Thr 

Trp 
End 
Cys 
Cys 

End 
End 
Tyr 
Tyr 

Leu 
Leu 
Phe 
Phe 

Ser 
Ser 
Ser 
Ser 

Arg 
Arg 
Arg 
Arg 

G1n 
GTn 
His 
His 

Leu 
Leu 
Leu 
Leu 

Pro 
Pro 
Pro 
Pro 
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ACA 
ACT 
Ace 

106 . 

TGA 
TGT 
TGC 

TAG 
TAA 
TAT 
TAC 

TTG 
TTA 
TTT 
T10 

T00 
TCA 
TCT 
TCC 

CGG 
CGA 
C01 
006 

CAG 
0AA 
CAT 
CAC 

CTG 
CTA 
CTT 
CTC 

CCG 
CCA 
C01 
000 

Mg. 

126.00 
1129.00 
962.00 

325.00 
10.00 
254.00 
33.00 

11.00 
85.00 
219.00 
913.00 

2202.00 
576.00 
432.00 
1145.00 

26.00 
149.00 
1279.00 
818.00 

0.00 
1.00 
249.00 
5.00 

62.00 
1225.00 
236.00 
433.00 

52.00 
236.00 
90.00 
14.00 

10.00 
1271.00 
279.00 
33.00 

3.28 
29.42 
25.07 

8.47 
0.26 
6.62 
0.86 

0.29 
2.21 

23.79 

57.38 
15.01 
11.26 
29.83 

0.68 
3.88 
33.33 
21.31 

0.00 
0.03 
6.49 
0.13 

1.62 
31.92 
6.15 
11.28 

1.35 
6.15 
2.35 
0.36 

0.26 
33.12 
7.27 
0.86 

0.06 
0.50 
0.43 

1.00 
0.09 
0.89 
0.11 

0.10 
0.80 
0.19 
0.81 

0.69 
0.18 
0.27 
0.73 

0.01 
0.06 
0.52 
0.33 

0.00 
0.00 
0.15 
0.00 

0.05 
0.95 
0.35 
0.65 

0.02 
0.07 
0.03 
0.00 

0.01 
0.80 
0.18 
0.02 

US 2009/0074776 A1 
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Codon usage for Drosophila (highly expressed) genes 

AmAcid 

Glu 
Glu 
Asp 

Ala 
Ala 
Ala 
Ala 

Arg 

Ser 
Ser 

Lys 
Lys 
Asn 
Asn 

Met 

He 
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Codon Number 

000 6.00 
GGA 380.00 
007 575.00 
000 746.00 

GAG 1217.00 
GAA 115.00 
GAT 503.00 
GAC 654.00 

070 719.00 
GTA 29.00 
077 226.00 
076 608.00 

000 94.00 
GCA 80 .00 
067 446.00 
066 1277.00 

AGG 48.00 
AGA 12.00 
AGT 16.00 
AGC 267.00 

AAG 1360.00 
AAA 108.00 
AAT 127.00 
AAC 878.00 

ATG 387.00 
ATA 4.00 
A17 390.00 
ATC 969.00 

Fig. 6A 

[1000 

0.28 
18.04 
27.29 
35.41 

57.77 
5.46 
23.88 
31.04 

34.13 
1.38 
10.73 
28.86 

4.46 
3.80 
21.17 
60 .61 

2.28 
0.57 
0.76 
12.67 

64.55 
5.13 
6.03 
41.67 

18.37 
0. 19 
18.51 
45.99 

Fraction 

0.00 
0.22 
0.34 
0.44 

0.91 
0.09 
0.43 
0.57 

0.45 
0.02 
0.14 
0.38 

0.05 
0.04 
0.24 
0.67 

0.06 
0.01 
0.01 
0.23 

0.93 
0.07 
0.13 
0.87 

1.00 
0.00 
0.29 
0.71 

US 2009/0074776 A1 
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Thr 
Thr 
Thr 
Thr 

Trp 
End 
Cys 
Cys 

End 
End 
Tyr 
Tyr 

Leu 
Leu 
Phe 
Phe 

Ser 
Ser 
Ser 
Ser 

Arg 
Arq 
Arg 
Arg 

GTn 
GTn 
His 
His 

Leu 
Leu 
Leu 
Leu 

Pro 
Pro 
Pro 
Pro 
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ACG 
ACA 
ACT 
ACO 

TGG 
TGA 
TGT 
TGC 

TAG 
TAA 
TAT 
TAC 

TTG 
TTA 
TTT 
TTC 

T00 
TCA 
TCT 
TCC 

CGG 
CGA 
CGT 
C00 

CAO 
CAA 
CAT 
CAO 

CTG 
CTA 
CTT 
CTC 

CCG 
CCA 
CCT 
000 

114.00 
34.00 
164.00 
1127.00 

243.00 
1.00 
20.00 
220.00 

12.00 
58.00 
113.00 
574.00 

210.00 
9.00 
62.00 
635.00 

195.00 
29.00 
103.00 
558.00 

7.00 
25.00 
281.00 
465.00 

703.00 
66.00 
88.00 
312.00 

1182.00 
21.00 
55.00 
224.00 

84.00 
135.00 
72.00 
626.00 

Mg. 815’ 

5.41 
1.61 
7.78 
53.49 

11.53 
0.05 
0.95 
10.44 

0.57 
2.75 
5.36 
27.25 

9.97 
0.43 
2.94 
30.14 

9.26 
1.38 
4.89‘ 
26.49 

0.33 
1.19 
13.34 
22.07 

33.37 
3.13 
4.18 
14.81 

56.10 
1.00 
2.61 
10.63 

3.99 
6.41 

(2.42 
29.71 

0.08 
0.02 
0.11 
0.78 

1.00 
0.01 
0.08 
0.92 

0.17 
0.82 
0.16 
0.84 

0.12 
0.01 
0.09 
0.91 

0.17 
0.02 
0.09 
0.48 

0.01 
0.03 
0.34 
0.55 

0.91 
0.09 
0.22 
0.78 

0.69 
0.01 
0.03 
0.13 

0.09 
0.15 
0.08 
0.68 

US 2009/0074776 A1 
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Codon usage for enteric bacterial (high1y expressed) genes 

AmAcid 

Glu 
G10 
ASP 

Codon 

GGG 
GGA 
G60 
G80 

GAG 
GAA 
GAU 
GAC 

GUG 
GUA 
GUU 
GUC 

GCG 
GCA 
G60 
600 

A66 
AGA 
A60 
A60 

AAG 
AAA 
AAU 
AAC 

AUG 
AUA 
AUU 
AUC 

ACG 
ACA 
ACU 

Number 

10.00 
3.00 
305.00 
230.00 

108.00 
394.00 
149.00 
298.00 

93.00 
146.00 
289.00 
38.00 

161.00 
173.00 
212.00 
62.00 

1.00 
0.00 
9.00 
71.00 

111.00 
320.00 
19.00 
274.00 

170.00 
1.00 
70.00 
345.00 

25.00 
14.00 
130.00 

/1000 

1.89 
0.44 
52.99 
34.55 

15.68 
57 .20 
21.63 
43.26 

13.50 
21.20 
41.96 
5.52 

23.37 
25.12 
30.78 
9.00 

0.15 
0.00 
1.31 
10.31 

16.11 
46.46 
2.76 
39.78 

24.68 
0.15 
10.16 
50.09 

3.63 
2.03 
18.87 

Fraction . . 

0.02 
0.00 
0.59 
0.38 

0.22 
0.78 
0.33 
0.67 

0.16 
0.26 
0.51 
0.07 

0.26 
0.28 
0.35 
0. 10 

0.00 
0.00 
0.03 
0.20 

0.26 
0.74 
0.06 
0.94 

1.00 
0.00 
0.17 
0.83 

0.07 
0.04 
0.35 
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AmAcid Codon Number /1000 ' Fraction . . 

Thr ACC 206.00 29.91 0.55 

Trp UGG 55.00 7.98 1.00 
End _ UGA 0.00 0.00 0.00 
Cys 060 22.00 3.19 0.49 
Cys UGC 23.00 3.34 0.51 

End UAG 0.00 0.00 0.00 
End 0701 0.00 0.00 0.00 
Tyr UAU 51.00 7.40 0.25 
Tyr UAC 157 .00 22.79 0.75 

Leu 006 18.00 2.61 0.03 
Leu UUA 12.00 1.74 0.02 
Phe 000 51.00 7.40 0.24 
Phe UUC 166.00 24.10 0.76 

Ser UCG 14.00 2.03 0.04 
Ser UCA 7.00 1.02 0.02 
Ser UCU 120.00 17.42 0.34 
Ser UCC 131.00 19.02 0.37 

Arg C00 1.00 0.15 0.00 
Arg CGA 2.00 0.29 0.01 
Arg CGU ' 290.00 42.10 0.74 
Arg CGC 96.00 13.94 0.25 

61!] CA6 233.00 33.83 0.86 
G1n CAA 37.00 5.37 ' 0.14 
His CAU 18.00 2.61 0.17 
His CAC 85.00 ' 12.34 0.83 

Leu C06 480.00 69.69 0.83 
Leu CUA 2.00 0.29 0.00 
Leu C00 25. 00 3.63 0.04 
Leu CUC 38.00 5.52 0.07 

Pro CCG 190.00 27 .58 0.77 
Pro CCA 36.00 5.23 0.15 
Pro CCU 19.00 2.76 0.08 
Pro CCC 1 00 0.15 0.00 

mg. ‘.95’ 
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HUMAN FGF-21 GENE AND GENE 
EXPRESSION PRODUCTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Patent Application No. 60/ 1 66,540 ?led Nov. 18, 1999 
and US. Provisional Patent Application No. 60/203,633 ?led 
May 1 1, 2000, Which are incorporated by reference herein in 
their entirety. 

TECHNICAL FIELD 

[0002] The present invention relates to nucleic acid 
sequences encoding a member of the Fibroblast growth factor 
(FGF) family, and to polypeptides encoded by the nucleic 
acid sequence. 

BACKGROUND OF THE INVENTION 

[0003] The prototypic ?broblast growth factors (FGFs), 
FGF-1 and FGF-2, Were originally isolated from brain and 
pituitary as mitogens for ?broblasts. HoWever, FGF-1 and 
FGF-2 are Widely expressed in developing and adult tissues, 
and are polypeptides With multiple biological activities 
including angiogenesis, mitogenesis, cellular differentiation 
and repair of tissue injury (Baird, A. et al., Cancer Cells 
3:239-243 (1991); Burgess, W. H. et al., Annu. Rev. Biochem. 
58:575-606 (1 989). According to the published literature, the 
FGF family noW consists of at least nineteen members, 
FGF-l to FGF-19. FGF-3 Was identi?ed to be a common 

target for activation by the mouse mammary tumor virus 
(Dickson et. al., Ann. NI’. Acad. Sci. 638:18-26 (1991); 
FGF-4 to FGF-6 Were identi?ed as oncogene products 
(Yoshida et al., Ann. N. I’. Acad. Sci. 638:27-37 (1991); Gold 
farb et al., Ann. NYAcad. Sci. 638:38-52 (1991); Coulier et 
al., Ann. NYAcad. Sci. 638:53-61 (1991)). FGF-10 Was iden 
ti?ed from rat lung by homology-based polymerase chain 
reaction (PCR) (Yamasaki et. al., J. Biol. Chem. 271:15918 
15921 (1996)).FGF-11 to FGF-14 (FGF homologous factors 
(FHFs) 1 to 4) Were identi?ed from human retina by a com 
bination of random cDNA sequencing, data base searches and 
homology-based PCR (SmallWood et. al., Proc. Natl. Acad. 
Sci. USA 93:9850-9857 (1996)). FGF-15 Was identi?ed as a 
doWnstream target of a chimeric homeodomain oncoprotein 
(McWhirter et al., Development 124:3221-3232 (1997)). 
FGF-16, FGF-17, and FGF-18 Were identi?ed from rat heart 
and embryos by homology-based PCR, respectively (Miyake 
et al., Biochem. Biophys. Res. Commun. 243: 148-152 (1998); 
HoshikaWa et al., Biochem. Biophys. Res. Commun. 244: 187 
191 (1998); Ohbayashi et al., J. Biol. Chem. 273:18161 
18164 (1998)). Recently, FGF-19 Was identi?ed from human 
fetal brain by data base search (Nishimura et al., Biochimn. 
Biophys. Acla 1444: 148-15 1 (1999)). They have a conserved 
~120-amino acid residue core With ~30 to 60% amino acid 
identity. These FGFs also appear to play important roles in 
both developing and adult tissues. Thus, there is a need in the 
art for additional FGF molecules having functions and activi 
ties that differ from the knoW FGFs and for FGFl molecules 
speci?cally expressed in tissues implicated in human disease. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides a composition com 
prising an isolated polynucleotide selected from the group 
consisting of: 

Mar. 19, 2009 

[0005] (a) a polynucleotide comprising at least eight con 
tiguous nucleotides of SEQ ID NO:1 or 3; 
[0006] (b) a polynucleotide having at least 80% homology 
to the polynucleotide of (a); and 
[0007] (c) a polynucleotide encoding a protein expressed 
by a polynucleotide having the sequence of SEQ ID NO:1 or 
3 
[0008] The invention further provides for the use of the 
isolated polynucleotides or fragments thereof as diagnostic 
probes or as primers. 
[0009] The present invention also provides a composition 
comprising a polypeptide, Wherein said polypeptide is 
selected from the group consisting of: 
[0010] (a) a polypeptide comprising at least 6 contiguous 
amino acids encoded by SEQ ID NO: 1 or 3; 
[0011] (b) a polypeptide encoded by a polynucleotide com 
prising SEQ ID NO:1 or 3; and 
[0012] (c) a variant of the polypeptide of SEQ ID NO:2 or 
4 
[0013] In certain preferred embodiments of the invention, 
the polynucleotide is operably linked to an expression control 
sequence. The invention further provides a host cell, includ 
ing bacterial, yeast, insect and mammalian cells, transformed 
With the polynucleotide sequence. The invention also pro 
vides full-length cDNA and full-length polynucleotides cor 
responding to SEQ ID NO:1 or 3. 
[0014] Protein and polypeptide compositions of the inven 
tion may further comprise a pharmaceutically acceptable car 
rier. Compositions comprising an antibody that speci?cally 
reacts With such protein or polypeptide are also provided by 
the present invention. 
[0015] The invention also provides for the production of 
large amounts of otherWise minor cell populations of cells to 
be used for generation of cDNA libraries for the isolation of 
rare molecules expressed in the precursors cells or progeny; 
cells produced by treatment may directly express groWth 
factors or other molecules, and conditioned media is screened 
in assays for novel activities. 
[0016] The invention further provides for the isolation, self 
reneWal and survival of mammalian stem cells and the differ 
entiation of their progeny. 
[0017] The invention also provides for compositions and 
methods of preventing or sloWing the degeneration of or 
increasing the numbers of hepatic cells, in disease states 
including but not limited to, cirrhosis of (i.e. liver, hepatitis, 
and post-surgical and post-injury tissue regeneration; of pre 
venting or sloWing degeneration of or increasing the numbers 
of cells in the testes in disease states such as infertility and 
impotence, and of preventing or sloWing degeneration of or 
increasing the numbers of cells of the thymus in disorders of 
the thymus and immune system. 
[0018] The invention also provides for compositions and 
methods for identifying inhibitors of FGF-21 function, useful 
in disease states such as liver and testicular cancers, or leu 
kemias, lymphomas or other cancers, and proliferative or 
differentiation disorders of cells derived from the thymus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1. Amino acid sequence comparison of human 
FGF-21 With mouse FGF-15. Asterisks indicate identical 
amino acid residues of the sequences. 
[0020] FIG. 2. Amino acid sequence comparison of human 
FGF-21 and human FGF-19. Asterisks indicate identical 
amino acid residues of the sequences. 
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[0021] FIG. 3. Expression of FGF-21 in mouse tissues. 
[0022] FIG. 4. DNA sequence (SEQ ID N011) and amino 
acid sequence (SEQ ID N012) of mouse FGF-21. 
[0023] FIG. 5. DNA sequence (SEQ ID N013) and amino 
acid sequence (SEQ ID N014) of human FGF-21. 
[0024] FIG. 6. Alignment of the amino acid sequences of 
human (SEQ ID N014) and mouse (SE Q ID N012) FGF-21. 
[0025] FIG. 7. FIG. 7 provides codon usage for yeast. The 
?rst ?eld of information on each line of the table contains a 
three-letter code for an amino acid. The second ?eld contains 
an unambiguous codon for that amino acid. The third ?eld 
lists the number of occurrences of that codon in the genes 
from Which the table is compiled. The fourth ?eld lists the 
expected number of occurrences of that codon per 1,000 
codons in genes Whose codon usage is identical to that com 
piled in the codon frequency table. The last ?eld contains the 
fraction of occurrences of the codon in its synonymous codon 
family. 
[0026] FIG. 8. FIG. 8 provides codon usage forDrosophila. 
[0027] FIG. 9. FIG. 9 provides codon usage for E. coli. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] Because of their potent activities for promoting 
groWth, proliferation, survival and differentiation of a Wide 
variety of cells and tissue types, FGFs continue to be pursued 
as therapeutic agents for a number of different indications, 
including Wound healing, such as musculo-skeletal condi 
tions, for example, bone fractures, ligament and tissue repair, 
tendonitis, bursitis, etc.; skin conditions, for example, burns, 
cuts, lacerations, bed sores, sloW healing ulcers, etc.; tissue 
protection, repair, and the induction of angiogenesis during 
myocardial infarction and ischemia, in the treatment of neu 
rological conditions, for example, neuro-degenerative dis 
ease and stroke, in the treatment of eye disease, including 
macular degeneration, and the like. 
[0029] The ?broblast groWth factor (FGF) proteins identi 
?ed to date belong to a family of signaling molecules that 
regulate groWth and differentiation of a variety of cell types. 
The signi?cance of FGF proteins to human physiology and 
pathology relates in part to their key roles in embryogenesis, 
in blood vessel development and groWth, and in bone groWth. 
In vitro experiments have demonstrated a role for FGF in 
regulating cell groWth and division of endothelial cells, vas 
cular smooth muscle cells, ?broblasts, and cardiac and skel 
etal myocytes. Other members of the FGF family and their 
biological roles are described in Crossley et al., Development 
1211439-451 (1995); 0huchi et al., Development 12412235 
2244 (1997); Gemel et al., Genomics 351253-257 (1996); and 
Ghosh et al., Cell Growth and Dl?‘erentiation 711425-1434 
(1996). 
[0030] FGF proteins are also signi?cant to human health 
and disease because of a role in cancer cell groWth. For 
example, FGF-8 Was identi?ed as an androgen-induced 
groWth factor in breast and prostate cancer cells. (Tanaka et 
al., FEBS Lett. 3631226-230 (1995) and RNAS. 8918928 
8932 (1992)). 
[0031] The role of FGF in normal development is being 
elucidated in part through studies of FGF receptors. Wilke, T. 
et al., Dev. Dynam. 210141-52 (1997) found that FGFRl, 
FGFR2, and FGFR3 transcripts Were localiZed to speci?c 
regions of the head during embryonic development in chick 
ens. The expression pattern correlated With areas affected by 
human FGFR mutations in CrouZon syndrome, a condition of 
abnormal intramembranous bone formation. Belluardo, N. et 
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al., Joun Compl. New: 3791226-246 (1997) studied localiZa 
tion of FGFR 1, 2, and 3 mRNAs in rat brain, and found 
cellular speci?city in several brain regions. Furthermore, 
FGFRI and FGFR2 mRNAs Were expressed in astroglial 
reactive cells after brain lesions, supporting a role of certain 
FGFs in brain disease and injury. 0ZaWa, K et al., Mol. Brain. 
Res. 411279-288 (1996) reported that FGFl and FGF-5 
expression increased afterbirth, Whereas FGF3, FGF-6, FGF 
7, and FGF-8 genes shoWed higher expression in late embry 
onic stages than in postnatal stages. 
[0032] NeW members of the FGF family are described here, 
Wherein the FGF protein is expressed in a variety of tissues 
but most abundantly in the liver. A polynucleotide encoding 
the mouse FGF of the invention has the sequence as shoWn in 
SEQ. ID N011 .A polynucleotide encoding the human FGF of 
the invention has the sequence as shoWn in SEQ ID N013. The 
mouse polynucleotide Was identi?ed as encoding a member 
of the FGF family by the conserved regions throughout the 
amino acid sequence and by the regions of homology shared 
by the polynucleotide and genes encoding knoWn FGF pro 
teins. 
[0033] The inventors believe that FGF-21 is a previously 
unidenti?ed member of the FGF family: To date, over 19 
human FGF proteins have been identi?ed. In most cases, 
homologous proteins in other manuals, particularly mice and 
rats, have also been identi?ed. The human proteins vary to 
different degrees in terms of amino acid sequence, receptor 
speci?city, tissue expression patterns, and biological activity. 
[0034] The present FGF-21 differs in sequence from all the 
FGF proteins described to date in publications. As discussed 
herein, the knoWledge about the roles played by various FGF 
proteins continues to groW, but is by far incomplete. 
[0035] The present invention adds to this knoWledge by 
disclosing that the FGF of SEQ ID N011 is highly expressed 
in liver, and human FGF -21 may play a role in development of 
and recovery from liver disease. Further, FGF-21 is also 
expressed in testis and thymus, and therefore may play a role 
in the development or recovery from disorders of testicular 
function or function of cells derived from the thymus. The 
invention therefore is based upon the identi?cation, isolation 
and sequencing of a neW ?broblast groWth factor (FGF-21). 
[0036] Isolation and Analysis of Mouse cDNA encoding 
FGF-21 According to the invention, DNA encoding a novel 
mouse FGF has been identi?ed. The nucleotide sequence of 
the entire coding region Was determined by adaptor-ligation 
mediated polymerase chain reaction using mouse embryo 
cDNA as a template. The nucleotide sequence of the coding 
region alloWed for the elucidation of the complete amino acid 
sequence of the mouse FGF (210 amino acids) (FIG. 4). This 
protein is tentatively named FGF-21. 
[0037] Isolation and Analysis of Human cDNA Encoding 
FGF-21 A human gene encoding FGF-21 Was located in the 5' 
?anking region of a putative human a-f‘ucosyltransferase 
gene. The cDNA encoding the entire coding region of human 
FGF-21 Was ampli?ed from fetal brain cDNA by PCR using 
FGF-speci?c primers as follows: sense primer: 5' agccat 
tgatggactcggac 3' (SEQ ID N015); antisense primer: 5' tggct 
tcaggaagcgtagct 3' (SEQ ID N016). 
[0038] Expression of FGF-21 mRNA in Adult Mouse Tis 
sues The expression of FGF -21 mRNA Was examined in adult 
mouse major tissues including brain, heart, lung, liver, kid 
ney, spleen, lung, thymus, testis, muscle, skin, and small 
intestine by polymerase chain reaction. FGF-21 mRNA 
expression Was detected at high levels in the liver (FIG. 3). 
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Expression Was also seen in testis and thymus. To con?rm the 
expression of FGF-21 mRNA in mouse tissues, mouse tissue 
(A)+ RNA Was examined by Northern blotting analysis using 
a 32P-labeled rat FGF-21 cDNA probe. The results con?rmed 
a high level of expression in mouse liver. Expression Was also 
seen in thymus; larger transcripts Were seen in testis tissue. 

[0039] Reference to FGF-21 herein is intended to be con 
strued to include groWth factors of any origin Which are 
substantially homologous to and Which are biologically 
equivalent to the FGF-21 characterized and described herein. 
Such substantially homologous groWth factors may be native 
to any tissue or species and, similarly, biological activity can 
be characterized in any of a number of biological assay sys 
tems. 

[0040] The term “biologically equivalent” is intended to 
mean that the compositions of the present invention are 
capable of demonstrating some or all of the same groWth 
properties in a similar fashion, not necessarily to the same 
degree as the FGF-21 isolated as described herein or recomi 
bination) produced human FGF-21 of the invention. 
[0041] By “substantially homologous” it is meant that the 
degree of homology of human FGF-21 to FGF-21 from any 
species is greater than that betWeen FGF-21 and any previ 
ously reported member of the FGF family. 
[0042] Sequence identity or percent identity is intended to 
mean the percentage of same residues betWeen tWo 
sequences, referenced to human FGF When determining per 
cent identity With non-human FGF-21 , referenced to FGF-21 
When determining percent identity With non-FGF-21 groWth 
factors, When the tWo sequences are aligned using the Clustal 
method (Higgins et al, Cabios 8:189-191, 1992) of multiple 
sequence alignment in the Lasergene biocomputing softWare 
(DNASTAR, INC, Madison, Wis.). In this method, multiple 
alignments are carried out in a progressive manner, in Which 
larger and larger alignment groups are assembled using simi 
larity scores calculated from a series of pairWise alignments. 
Optimal sequence alignments are obtained by ?nding the 
maximum alignment score, Which is the average of all scores 
betWeen the separate residues in the alignment, determined 
from a residue Weight table representing the probability of a 
given amino acid change occurring in tWo related proteins 
over a given evolutionary interval. Penalties for opening and 
lengthening gaps in the alignment contribute to the score. The 
default parameters used With this program are as folloWs: gap 
penalty for multiple alignment:10; gal) length penalty for 
multiple alignment:10; k-tuple value in pairWise align 
ment:1 ; gap penalty inpair-Wise alignment:3; WindoW value 
in pairWise alignment:5; diagonals saved in pairWise align 
ment:5. The residue Weight table used for the alignment 
program is PAM250 (Dayhoff et al., in Atlas of Protein 
Sequence and Structure, Dayhoff, Ed., NDRF, Washington, 
Vol. 5, suppl. 3, p. 345, 1978). 
[0043] Percent conservation is calculated from the above 
alignment by adding the percentage of identical residues to 
the percentage of positions at Which the tWo residues repre 
sent a conservative substitution (de?ned as having a log odds 
value of greater than or equal to 0.3 in the PAM250 residue 
Weight table). Conservation is referenced to human FGF-21 
When determining percent conservation With non-human 
FGF-21, and referenced to FGF-21 When determining per 
cent conservation With non-FGF-21 groWth factors. Conser 
vative amino acid changes satisfying this requirement are: 
R-K; E-D, Y-F, L-M; V-I, Q-H. 
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[0044] The invention provides FGF-21 proteins or variants 
thereof having one or more polymers covalently attached to 
one or more reactive amino acid side chains. By Way of 
example, not limitation, such polymers include polyethylene 
glycol (PEG), Which can be attached to one or more free 
cysteine sulfhydryl residues, thereby blocking the formation 
of disul?de bonds and aggregation When the protein is 
exposed to oxidiZing conditions. In addition, pegylation of 
FGF-21 proteins and/or muteins is expected to provide such 
improved properties as increased half-life, solubility, and pro 
tease resistance. FGF-21 proteins and/or muteins may alter 
natively be modi?ed by the covalent addition of polymers to 
free amino groups such as the lysine epsilon or the N-terminal 
amino group. Preferred cysteines and lysines for covalent 
modi?cation Will be those not involved in receptor or heparin 
binding or in proper protein folding. For example, cys 27 and 
cys 104 may be modi?ed. It Will be apparent to one skilled in 
the art that the methods for assaying FGF-21 biochemical 
and/or biological activity may be employed in order to deter 
mine if modi?cation of a particular amino acid residue affects 
the activity of the protein as desired. 
[0045] It may be advantageous to improve the stability of 
FGF-21 by modifying one or more protease cleavage sites. 
Thus, the present invention provides FGF-21 variants in 
Which one or more protease cleavage site has been altered by, 
for example, substitution of one or more amino acids at the 
cleavage site in order to create an FGF-21 variant With 
improved stability. Such improved protein stability may be 
bene?cial during protein production and/ or therapeutic use. A 
preferred site is a monobasic site Within tWo residues of a 
proline, such as near residue 160 of SEQ ID N014. 

[0046] Suitable protease cleavage sites for modi?cation are 
Well knoWn in the art and likely Will vary depending on the 
particular application contemplated. For example, typical 
substitutions Would include replacement of lysines or argin 
ines With other amino acids such as alanine. The loss of 
activity, such as receptor binding or heparin binding, can be 
tested for as described herein. 

[0047] FGF-21 can also include hybrid and modi?ed forms 
of FGF-21 including fusion proteins and FGF-21 fragments 
and hybrid and modi?ed forms in Which certain amino acids 
have been deleted or replaced and modi?cations such as 
Where one or more amino acids have been changed to a 
modi?ed amino acid or unusual amino acid and modi?cations 
such as glycosylations so long as the hybrid or modi?ed form 
retains the biological activity of FGF-21. Fusion proteins can 
consist of the FGF-21 of the invention or fragment thereof and 
a signal sequence of a heterologous protein to promote secre 
tion of the protein product. 
[0048] Fusion proteins comprising FGF-21 or a biologi 
cally active or antigenic fragment thereof can be produced 
using methods knoWn in the art. Such fusion proteins can be 
used therapeutically or can be produced in order to simplify 
the isolation and puri?cation procedures. Histidine residues 
can be incorporated to alloW immobiliZed metal af?nity chro 
matography puri?cation. Residues EQKLISEEDL contain 
the antigenic determinant recogniZed by the myc monoclonal 
antibody and can be incorporated to alloW myc monoclonal 
antibody-based af?nity puri?cation. A thrombin cleavage site 
can be incorporated to alloW cleavage of the molecule at a 
chosen site; a preferred thrombin cleavage site consists of 
residues LVPRG. Puri?cation of the molecule can be facili 
tated by incorporating a sequence, such as residues 
SAWRHPQFGG, Which binds to paramagnetic streptavidin 
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beads. Such embodiments are described in WO 97/25345, 
Which is incorporated by reference. 
[0049] The invention further includes chimeric molecules 
betWeen FGF -21 and keratinocyte growth factor (KGF) (Re 
ich-Slotky, R. et al., J. Biol. Chem. 270:29813-29818 (1995)). 
The chimeric molecule can contain speci?c regions or frag 
ments of one or both of the FGF-2l and KGF molecules, such 
as the FGF-2l fragments described beloW. 

[0050] The invention also includes fragments of FGF-2l. 
Preferred fragments of SEQ ID NO4 and 2, respectively, 
include: amino acids from about 1 to about 209 (210 for SEQ 
ID NO:2); amino acids from about 2 to about 209 (210 for 
SEQ ID NO:2); amino acids from about 1 to about 177; amino 
acids from about 40 to about 209 for SEQ ID NO2 and amino 
acids from about 40 to about 177. Such fragments can be 
prepared from the proteins by standard biochemical methods, 
or by expressing a polynucleotide encoding the fragment. 
[0051] FGF-2 l, or a fragment thereof, can be produced as a 
fusion protein comprising human serum albumin (HSA) or a 
portion thereof. Such fusion constructs are suitable for 
enhancing expression of the FGF-2l, or fragment thereof, in 
an eukaryotic host cell. Exemplary HSA portions include the 
N-terminal polypeptide (amino acids l-369, 1-4 1 9, and inter 
mediate lengths starting With amino acid 1), as disclosed in 
US. Pat. No. 5,766,883, and publication WO 97/24445, 
incorporated by reference herein. Other chimeric polypep 
tides can include a HSA protein With FGF-2l, or fragments 
thereof, attached to each of the C-terminal and N-terminal 
ends of the HSA. Such HSA constructs are disclosed in US. 
Pat. No. 5,876,969, incorporated by reference herein. 
[0052] Also included With the scope of the invention are 
FGF -2l molecules that differ from native FGF-2l by virtue of 
changes in biologically active sites. 
[0053] GroWth factors are thought to act at speci?c recep 
tors. According to the invention, FGF-2l and as yet unknown 
members of this family of groWth factors act through speci?c 
receptors having distinct distributions as has been shoWn for 
other groWth factor families. 
[0054] A preferred hFGF-2l of the present invention has 
been identi?ed. Also preferred is hFGF-2l prepared by 
recombinant DNA technology. Included Within the scope of 
the invention are polynucleotides, including DNA and RNA, 
With 80% homology to SEQ ID NO: 1 or SEQ ID NO:3; 
preferably at least 85% homology, more preferably at least 
90% homology, most preferably 95% homology. Polynucle 
otides With 96%, 97%, 98%, and 99% homology to SE Q ID 
NO:1 or 3 are also included. Percent homology is calculated 
using methods knoWn in the art. A non-limiting example of 
such a method is the Smith-Waterman homology search algo 
rithm as implemented in MPSRCH program (Oxford 
Molecular), using an a?ine gap search With a gap open pen 
alty of 12 and a gap extension penalty of l. 

[0055] FGF-2l can also include hybrid and modi?ed forms 
of FGF-2l including fusion proteins and FGF-2l fragments 
and hybrid and modi?ed forms in Which certain amino acids 
have been deleted or replaced and MODIFICATIONS such as 
Where one or more amino acids have been changed to a 
modi?ed amino acid or unusual amino acid and modi?cations 
such as glycosylations so long as the hybrid or modi?ed form 
retains the biological activity of FGF-2l. By retaining the 
biological activity, it is meant that the ability of FGF-2l to 
promote the groWth, survival or differentiation of responsive 
cells is preserved, although not necessarily at the same level 
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of potency as that of the FGF-2l isolated as described herein 
or that of the recombinantly produced FGF-2l. 
[0056] Also included Within the meaning of substantially 
homologous is any FGF-2l Which may be isolated by virtue 
of cross-reactivity With antibodies to the FGF-2l described 
herein or Whose encoding nucleotide sequences including 
genomic DNA, mRNA or cDNA may be isolated through 
hybridiZation With the complementary sequence of genomic 
or subgenomic nucleotide sequences or cDNA of the FGF-2l 
herein or fragments thereof. It Will also be appreciated by one 
skilled in the art that degenerate DNA sequences can encode 
human FGF-2l and these are also intended to be included 
Within the present invention as are allelic variants of FGF-2l . 

[0057] Recombinant human FGF-2l may be made by 
expressing the DNA sequences encoding FGF-2l in a suit 
able transformed host cell. Using methods Well knoWn in the 
art, the DNA encoding FGF-2l may be linked to an expres 
sion lector, transformed into a host cell and conditions estab 
lished that are suitable for expression of FGF-2l by the trans 
formed cell. 
[0058] The DNA encoding FGF-2l can be engineered to 
take advantage of preferred codon usage of host cells. Codon 
usage in Pseudomonas aeruginosa is described in, for 
example, West et al., Nucleic Acids Res. 11:9323-9335 
(1988). Codon usage in Saccharomyces cerevisiae is 
described in, for example, Lloyd et al., Nucleic Acids Res. 
20:5289-5295 (1992). Codon preference in Corynebacleria 
and a comparison With E. coli preference is provided in Malu 
bres et al., Gene 134:15-24 (1993). Codon usage in Droso 
phila melanogasler is described in, for example, Akashi, 
Genetics 136:927-935 (1994). Codon usage in yeast is also 
shoWn in FIG. 7, codon usage in Drosophila is shoWn in FIG. 
8, and codon usage for E. coli is shoWn in FIG. 9. 
[0059] Any suitable expression vector may be employed to 
produce recombinant human FGF-2l such as expression vec 
tors for use in insect cells. Baculovirus expression systems 
can also be employed. A preferable method is expression in 
insect cells, such as Tr5 or Sf9 cells, using baculovirus vector. 
[0060] The present invention includes nucleic acid 
sequences including sequences that encode human FGF-2l. 
Also included Within the scope of this invention are 
sequences that are substantially the same as the nucleic acid 
sequences encoding FGF-2l. Such substantially the same 
sequences may, for example, be substituted With codons more 
readily expressed in a given host cell such as E. coli according 
to Well knoWn and standard procedures. Such modi?ed 
nucleic acid sequences are included Within the scope of this 
invention. 
[0061] Speci?c nucleic acid sequences can be modi?ed by 
those skilled in the art and, thus, all nucleic acid sequences 
that code for the amino acid sequences of FGF-2l can like 
Wise be so modi?ed. The present invention thus also includes 
nucleic acid sequence Which Will hybridiZe With all such 
nucleic acid sequences, or complements of the nucleic acid 
sequences Where appropriate, and encode a polypeptide hav 
ing the cell survival, groWth or differentiation activity of 
FGF-2l. The present invention also includes nucleic acid 
sequences that encode polypeptides that have cell survival 
promoting activity and that are recogniZed by antibodies that 
bind to FGF-2l. Preferred methods and epitopes for raising 
antibodies are described in Example 4. 
[0062] The present invention also encompasses vectors 
comprising expression regulatory elements operably linked 
to any of the nucleic acid sequences included Within the scope 
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of the invention. This invention also includes host cells of any 
variety that have been transformed With vectors comprising 
expression regulatory elements operably linked to any of the 
nucleic acid sequences included Within the scope of the 
present invention. 
[0063] Methods are also provided herein for producing 
FGF-21. Preparation can be by isolation from conditioned 
medium from a variety of cell types so long as the cell type 
produces FGF-21. A second and preferred method involves 
utiliZation of recombinant methods by isolating or obtaining 
a nucleic acid sequence encoding FGF-21, cloning the 
sequence along With appropriate regulatory sequences into 
suitable vectors and cell types, and expressing the sequence to 
produce FGF-21. 
[0064] Although FGF-21 has been described on the basis of 
its high expression level in liver, this factor may act on other 
cell types as Well. It is likely that FGF-21 Will act on non-liver 
cells to promote their survival, groWth, differentiation state or 
function. This expectation is based upon the activity of knoWn 
groWth factors. Members of the FGF family act on many cell 
types of different function and embryologic origin, even 
When their expression is limited to one or a feW tissues. 

[0065] The inventors herein have identi?ed that FGF-21 is 
expressed at a higher level in liver. This suggests a role for 
FGF-21 in, for example, precancerous lesions, hepatoma, 
cirrhosis, repair, from in?ammatory diseases, trauma or other 
types of injury, and other diseases of the liver. Further, FGF 
21 is also expressed in thymus and testis. This suggests a role 
for FGF-21 in, for example, infertility, control of testosterone 
production, cancer of the testis or associated cells, and other 
disorders of the testis, and in disorders of cells such as 
immune cells derived from the thymus, for example, autoim 
mune disorders, leukemias and lymphomas, immune de? 
ciency states, and the like. 
[0066] The present invention also includes therapeutic or 
pharmaceutical compositions comprising FGF-21 in an 
effective amount for treating patients With liver, testis or 
thymic disease, and a method comprising administering a 
therapeutically effective amount of FGF-21. These composi 
tions and methods are useful for treating a number of dis 
eases. The compositions and methods herein can also be 
useful to prevent degeneration and/or promote survival in 
other non-liver tissues as Well, such as promoting angiogen 
esis, neuronal survival, Wound healing, and the like. One 
skilled in the art can readily use a variety of assays knoWn in 
the art to determine Whether FGF-21 Would be useful in 
promoting survival or functioning in a particular cell type. 
Promotion of neuronal survival is useful in the treatment of 
nervous system diseases and conditions, including Parkin 
son’s disease, AlZheimers disease, traumatic injury to nerves, 
and degenerative disease of the nervous system. 

[0067] In certain circumstances, it may be desirable to 
modulate or decrease the amount of FGF-21 expressed. Thus, 
in another aspect of the present invention, FGF-21 anti-sense 
oligonucleotides can be made and a method utiliZed for 
diminishing the level of expression of FGF-21 by a cell com 
prising administering one or more FGF-21 anti-sense oligo 
nucleotides. By FGF-21 anti-sense oligonucleotides refer 
ence is made to oligonucleotides that have a nucleotide 
sequence that interacts through base pairing With a speci?c 
complementary nucleic acid sequence involved in the expres 
sion of FGF-21 such that the expression of FGF-21 is 
reduced. Preferably, the speci?c nucleic acid sequence 
involved in the expression of FGF-21 is a genomic DNA 
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molecule or mRNA molecule that encodes FGF-21. This 
genomic DNA molecule can comprise regulatory regions of 
the FGF-21 gene, or the coding sequence for mature FGF-21 
protein. The term complementary to a nucleotide sequence in 
the context of FGF-21 antisense oligonucleotides and meth 
ods therefor means suf?ciently complementary to such a 
sequence as to alloW hybridization to that sequence in a cell, 
i.e., under physiological conditions. The FGF-21 antisense 
oligonucleotides preferably comprise a sequence containing 
from about 8 to about 100 nucleotides and more preferably 
the FGF-21 antisense oligonucleotides comprise from about 
15 to about 30 nucleotides. The FGF-21 antisense oligonucle 
otides can also contain a variety of modi?cations that confer 
resistance to nucleolytic degradation such as, for example, 
modi?ed internucleoside linages (Uhlmann and Peyman, 
Chemical Reviews 90:543-548 1990; Schneider and Banner, 
Tetrahedron Len. 31:335, 1990 Which are incorporated by 
reference), modi?ed nucleic acid bases and/ or sugars and the 
like. 

[0068] The therapeutic or pharmaceutical compositions of 
the present invention can be administered by any Suitable 
route knoWn in the art including for example intravenous, 
subcutaneous, intramuscular, transderrnal, intrathecal or 
intracerebral. Administration can be either rapid as by inj ec 
tion or over a period of time as by sloW infusion or adminis 
tration of sloW release formulation. 

[0069] FGF-21 can also be linked or conjugated With 
agents that provide desirable pharmaceutical or phar'macody 
namic properties. For example, FGF-21 can be coupled to any 
sub stance knoWn in the art to promote penetration or transport 
across the blood-brain barrier such as an antibody to the 
transferring receptor, and administered by intravenous inj ec 
tion (see, for example, Friden et al. Science 259:373-377, 
1 993 Which is incorporated by reference). Furthermore, FGF 
21 can be stably linked to a polymer such as polyethylene 
glycol to obtain desirable properties of solubility, stability, 
half-life and other pharmaceutically advantageous proper 
ties. (See, for example, Davis et al., Enzyme Eng. 41169-73, 
1978; Bumham, Am. J. Hosp. Pharm. 51:210-218, 1994 
Which are incorporated by reference.) 
[0070] The compositions are usually employed in the form 
of pharmaceutical preparations. Such preparations are made 
in a manner Well knoWn in the pharmaceutical art. One pre 
ferred preparation utiliZes a vehicle of physiological saline 
solution, but it is contemplated that other pharmaceutically 
acceptable carriers such as physiological concentrations of 
other non-toxic salts, ?ve percent aqueous glucose solution, 
sterile Water or the like may also be used. It may also be 
desirable that a suitable buffer be present in the composition. 
Such solutions can, if desired, be lyophiliZed and stored in a 
sterile ampoule ready for reconstitution by the addition of 
sterile Water for ready injection. The primary solvent can be 
aqueous or alternatively non-aqueous. FGF-21 can also be 
incorporated into a solid or semi-solid biologically compat 
ible matrix Which can be implanted into tissues requiring 
treatment. 

[0071] The carrier can also contain other pharmaceutically 
acceptable excipients for modifying or maintaining the pH, 
osmolarity, viscosity, clarity, color, sterility, stability, rate of 
dissolution, or odor of the formulation. Similarly, the carrier 
may contain still other pharmaceutically-acceptable excipi 
ents for modifying or maintaining release or absorption or 
penetration across the blood-brain barrier. Such excipients 
are those substances usually and customarily employed to 




























