WD 97/ 02004 PCT/ US96/ 10983 METHODS
FOR TREATING DI ABETES Di abetes nellitus is a netabolic disorder
characterized by the failure of body tissues to store carbohydrates at the
normal rate. Resistance to the action 5 of insulin is the npst inportant
factor to Ty}O@2®apbet es. When this resistance exceeds t WECHUFIHIIBY of
the beta cells to produce insulin, a person becones diabetic. During the

| ast 70 years people suffering from di abetes have been greatly aided by
receiving controlled amounts of insulin 10 Qoesi ty,

particul arly upper body obesity, is often associated with

non-insul i n-dependent di abetMRTHANS | FOBR (TREBRING TIRIREENESCal | ed Type |1

di abetics do not have an absolute requirenent for insulin as their beta

cells are able to secretpidvstids Rel1dibed tlspfat fetaboliddiiseradr 15 | evels.
I n addition su Lients e fe bese y. denons L an i nability
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becone type |1 d| abﬁél csef{ ardl ess. of th f %ort tto conpat .t.he
condi ti on. e SRR 5 iL 5 XS OBt et es t hat

i s known tbOCarry an aut@mmﬂ:ly.rpeesscwEanmplernkedy tabegihut at$ coftem t he
SiXth chr omDSoRgsoBeGE 'Mtthxhngném@ga%p@naenwlkaq;e%eéo publ i shed the

positional clonin he nouse gene nked with this condition.
Yi yi ng Zhang epeégl Lyt GO0 2 These so called Type II diabetics do not

have an absolute requirement for insulin as their beta cells
. are able to secrete insulin, albeit often at diminished
15 levels. 1In addition such patients are often obese and may
demonstrate an inability to respond to insulin.

It is well known that a regimen of diet and
exercise leading to weight loss is the best approach for
treating obese type II diabetics. Unfortunately, these

20 regimeng are usually unsuccessful. Failure to loss weight
may be due to genetically inherited factors that contribute
to increased appetite, a preference for high calorie foods,
reduced physical activity, and an increased lipogenic
metabolism. People inheriting such genetic predispositions

25 are prone to obesity and often become type II diabetics,
regardless of their efforts to combat the condition. The
ob /ob mouse is a model of obesity and diabetes that is known
to carry an autosomal recessive trait linked to a mutation in
the sixth chromosome. Recently, Yiying zhang and co-workers

30 published the positional cloning of the mouse gene {ob)

. linked with this condition. Yiying Zhang et al. Nature 372:
425-32 (199%4). This report disclosed a gene coding for a 167

R amino acid protein (hereinafter leptin) with a 21 amino acid
signal peptide that is exclusively expressed in adipose

35 tissue.



425-32 (1994). This report disclosed a gene coding for a 167 am no acid
protein (hereinafter leptin) with a 21 amno acid signal peptide that is
excl usively expressed in adi pose 35 tissue. WO 97/ 02004

PCT/ US96/ 10983 -2 Circulating levels of leptin in obese individuals have
been shown tgéva??@ ‘\%del y. Consequently, it is now believed §96(10983
subpopul ati on of obese type Il diabetics are particularly anenable to
treatment with leptin. 5 Pharmacol ogi cal agents which are biologically
active and mmc the activity of leptin -are-therefore useful for treating
obese type |l diabetics, particularly those with abnormally h or | ow
levels of circulating |le %rﬁulaﬁén‘és%% Loty Flép'ﬁﬁ%sléhtoheﬁﬁehﬁ Prduslg

nmet hod of 10 thewtibgeroshpwaventvary diideeyes adrischueanpy) sis admoni st ering
to an obese typgel]AfRehLCy aQuﬁ‘;ié;ﬁPﬁdc‘i%naBP%Eeﬂ t&EBt kP g d&&%ﬂ&s”&ﬁ&t ic,

or a pharmaceutical]y accept abI e salt thereof preferre nbodi ment

the invention iReF ard¥’hegenabte t%é‘??ﬁﬁmﬁ%%%ﬂyépﬁndl abetics havi ng
| ow 15 enddyenpharhavdogichl| apénts whiehi hye rlﬁcﬂ{}o@mala}licmmhlﬁd @adi n whi ch
t he indivi dual ad nd r r, than 27 Ki ns per
square neter. H%ﬁ @ér%e ércsg?%t ﬁ)& g’tté?lngﬁ%otcﬂfge OFFOH??%]@PZ% obesity
gene fol |l owi ng trexsicrd phesa éymed@l etua®ﬁ§19$, ipRotage larinnsherd entho a

protein and progessimglivOontife SRLILE 1AL 8T f Widh38Eh 80l YpSignal peptide
renmoved, e.g., fromthe %r;[eerarsppgg!: o?léhnee rreglentelmpenttqgnc_ltseé rglent Iod of.
cystei ne
10 treating or preventing diabetes which comprises administering
to an obese type II diabetic an effective amount of leptin,
leptin mimetic, or a pharmaceutically acceptable salt
therecf. 1In a preferred embodiment, the invention includes
methods for treating obese type II diabetics having low
15 endogenous levels of leptin.

Obesity refers to a condition in which the
individual has a body mass index of greater than 27 kilograms
per square meter.

Leptin refers to the protein produced from the

20 obesity gene following transcription and deletions of
introns, translation to a protein and processing to the
mature protein with secretory signal peptide removed, e.g.,
from the N-terminal valine-proline to the C-terminal cysteine
of the mature protein. Mouse and human leptin protein

25 sequences are published in Zhang et al. Nature 372: 425-32

{1994). The rat leptin sequence is published in Murakami et
1., Biochemical and Biophvgical Regearch Comm, 209(3): 944-

52 (1995). 1In human, murine and rat leptin the Cys
associated with di-sulfide formation is positions 96 and 145.

30 However, particularly with murine and human leptin, a
desGln(28) variant has been observed. Hence, the Cys
residues associated with di-sulfide bond formation may be at
positions 95 or 96 and at position 145 or 146. Leptin may
also be referred to throughout this specification as obesity

35 protein, OB, or ob gene product. Leptin therefore includes
SEQ ID NOs:1-6.



of the mature protein. Muse and human leptin protein 25 sequences are
published in Zhang et al. Nature 372: 425-32 (1994). The rat leptin
sequence i s published in Murakam et al., Biochem cal and Bi ophysical -
Research Co 3): 944- 52 (1995). In human, nurine an in the
Cys associ ate 9@9% di-sulfide formation is positions 96 aggi@%g’lﬁ%
However, particularly with nurine and human |l eptin, a desd n(28) variant
has been observed. Hence, the Cys residues associated with di-sul fide bond
formati on may be at positions 95 or 96-aBdd-at position 145 or 146. Leptin
may al so be referred to throughout this specification as obesity 35
protein, OB, or ob geneThpsduekiliadkein ghendrleftidd FREPURYELS $HOT D NCs: 1- 6.
\ﬁ? 97/0i0?ﬁ | certain amino acids are prone to rearrangementPCTEFUBO6kdEG3 3-
Those skille Cc r ]; cids are prone
to rearrangene A%]p t’%%r% ‘)t’érﬂljlx&ee t%s%gﬁagg%@g% g%geagbgséxgﬂalﬁqin% ég and

i soaspari gi ne 3REFESEA; bR rﬁq nSc Ieﬂa&LP-ﬁ%m&—&@ﬁr nal of 5
Peptide and Prpdmsii an ol “avs;,-.‘ 1‘94791)85aad K B9 EY e rads ref éeehces

t her ei n. These re ﬁggemsnt erivatives are | u egtwthl n_the f‘é‘?‘f of

t he present i nve FJ%\?ESS e[shelr\?magran%edneélat.:t egrﬂﬁe %Vn"i‘sngrgcilag e 1n
the L confi gurmm@m theeserpe b f GhesPoes trptinyensépul iUnkdse prBemmitde 10

clai med net hodj af@-dcR8 BALI ¥R P GYEAECSTe iEhQ:hléSQ @énﬂﬁﬁﬁth@ﬂtl nis nore
preferred. Most pref err%d Ieg/ﬁ <?s useful t;_bnelge%s?n ehoc;lmal ré%l:_lﬂ
protei ns of SEQ | D NOS: P e E‘Eptcln ?L% pres

SEQ | D NO101 claimed method are the native sequences. The use of human

leptin is more preferred. Most preferred leptins useful in
the present method include proteins of SEQ ID NOS:1-6.

Murine Leptin
15 SEQ ID NO: 1

Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu 1le Lys Thr

1 5 10 15
20 Ile Val Thr Arg Ile Asn Asp Ile Ser Hisz Thr Xaa Ser Val Ser Ser
20 25 30
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu Bis Pro Ile
35 40 45
25
Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
50 55 60
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu
30 65 70 75 80
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
85 90 85
35 His Leu Pro Gln Ala Ser Gly Leu Glu Thr Leu Glu Ser Leu Gly Gly
100 165 110
Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125
40
. Leu Gln Gly Ser Leu Gln Asp Met Leu Gln Gln Leu Asp Leu Ser Pro
130 135 140
. Gly Cys
45 145
wherein:

Xaa at position 28 is Gln or absent.



Val Pro Ile dn Lys Val

G n Asp Asp Thr Lys Thr Leu Ile Lys Thr

1

5 10 15 20 Ile Val Thr Arg Ile Asn
Asp Ile Ser Hs Thr Xaa Ser Val Ser Ser 20 25

30 Lys @An L r Ay Leu Asp Phe Ile Pro Gy Leu Hs Pt

40 3@0\5%20 25 Leu Thr Leu Ser Lys Met Asp Gn Th?cﬁdfl’ﬁiﬂﬂgévm
Tyr An dn Ile 50 55 60 Leu Thr Ser Met
Pro Ser Arg Asn Val Ile dn Ile Ser Asn Asp Leu 30 65

70 75 80 @ u Asn Leu Arg Asp Leu Leu Hi s
Val Leu Ala Phe Ser Lys Ser Cys 85 90 95 35
Hs Leu Pro An Ala Ser Ay Leu Qu Thr Leu Qu Ser Leu Ay Ay 100

105 110 Val Leu Gu Ala Ser Gy Tyr Ser Thr Gu Val Val Ala
Leu Ser Arg 115 120 ._Q;:S:_LILL_QMZS 40 Leu A n Gy Ser
Leu G n Asp Met Leu A n G n Leu Asp Leuggsrrifh@ 135

140 dy Cys 45 145 wherein: Xaa at position 2 |s A n or absent. WO
97/ 02004 Val Pro Ile Trp Arg Val Gln Asp Asp Thr Lys Thr Leu 11PGL&UR36/ 10983

-4- Porcine3Leptin iSEQ I D NO
Thr Leu Ile Lys TQ{e val Thr arg

10

15

20

25

30

35

40

45

50

Lys

Leu

Leu

65

Glu

Pro

Val

Leu

Gly
145

Val

Ile

Lys

Leu

Leu

65

Glu

Gln

Serx

50

Thr

Asn

Leu

Leu

Gln

130

Cys

Pro

Val

Gln

Ser

50

Thx

Asn

Arg

35
Leu
Ser
Leu
Pro
Glu

115

Gly

Ile

Thr

Arg

35

Leu

Ser

Leu

20

Val

Ser

Leu

Arg

Gln

100

Ala

Ala

Cys

Arg

20

Val

Ser

Leu

Arg

2 SVal

Ile

Thx

Lys

Pro

Asp

85

Ala

Sexr

Leu

Lys

Ile

Thr

Lys

Pro

Asp

Ser

Gly

Met

Sexr

70

Leu

Axg

Leu

Gln

Val

Asn

Gly

Met

Ser

70

Leu

Pro Ile TrpoArg

Asp Ile Ser His Met
25

Leu Asp Phe Ile Pro
40

Asp Gln Thr Leu Ala
S5

Axrg Asn Val Ile Gln
75

Leu His Leu Leu Ala
90

Ala Leu Glu Thr Leu
10%

Tyr Ser Thr Glu Val
120

Asp Met Leu Arg Gln
135

. in
SEQ ID NO: 3

Gln Asp Asp Thr Lys
10
Asp Ile Sexr His Thr
25

Leu Asp Phe Ile Pro
40

Asp Gln Thr Leu Ala
55

Arg Asn Val Val Gln
75

Leu His Leu Leu Ala
20

Val

Gln
Gly
Iile

60
Ile
Ser
Glu

Val

Leu
140

Thr
Xaa
Gly
Ile
60

Ile

Ala

A n AspsAsp Thr Lys

Ser

Leu
45

Tyx

Ser

Serxr

Ser

Ala

125

Asp

Leu

Ser

Leu

45

Tyx

Ser

Ser

val

30
His
Gin
Asn
Lys
Leu
110

Leu

Leu

Ile

Val
30

His

Gln

Asn

Lys

Ser

Pro

Gln

Asp

Ser

95

Gly

Sey

Ser

Lys
15

Ser

Pro

Gln

Asp

Ser
95

Ser

Val

Ile

Leu

80

Cys

Gly

Arg

Pro

Thr

Ser

Leu

Ile

Leu

80

Cys

LS



5 1 5 10 15 1le
Val Thr Arg Ile Ser Asp Ile Ser Hs Met A n Ser Val Ser Ser 20

25 3010 Lys Gn Arg Val Thr Ay Leu Asp Phe Ile
Pro Ay Leu E’j‘; Val 40 45 Leu
Ser Leu Ser ‘Fb 7 0?‘Asp G@n Thr Leu Ala lle Tyr A n dn | | ECEYS96/10983
55 60 15 Leu Thr Ser Leu Pro Ser Arg Asn Val Ile dn lle
Ser Asn Asp Leu 65 70 75
80 Au Asn Leu Arg Asp Leu Leu His Leu-Léqu Ala Ser Ser Lys Ser Cys 20
85 90 95 Pro Leu Pro G n Ala Arg Ala
Leu Gu Thr Leu Eal Ser Le EJI A%a JlI
110 25 val [eu” CE%“{,‘géér/l d *BefoeTht U VAT, A T8u ser Arg
115 120 125 Leu Gn Gly Ala Leu A n Asp
Met Leu Arp G n Vel LAS[ElheAlaSeer Pew T§8(er Thr Glu Val Val Ala @ Ser arg
140 30 Gy Cys 145 Bovilié Leptin 35 120 125 SEQ
ID NO 3 Val Proglle:;9s.9s Yal .8 Ai?A{{JH’iQIse Lys Thr 1
L 1
5 1301 %Y € ¢ %;gﬁgt 9%5 0G 120 Plé['egla%er royArg Ile
Asn Asp |1 Ser Hi's Thr Xaa Ser Val Ser Ser 25
30 Lys Gn Arg VvalyThe Ay Leu Asp Phe Ile Pro Gy Leu His Pro Leu 35
40 145 45 45 Leu Ser Leu Ser Lys Met Asp G n Thr Leu Ala lle
Tyr An dAn lle 50 55 60
wherein Xaa at position 28 is Gln or absent.
15
Human Leptin
SEQ ID NO: 4
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
20 1 5 10 15
Ile Val Thr Arg Ile Asn Asp Ile Ser His Xaa Xaa Ser Val Ser Ser
20 25 30
25 Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu Hig Pro Ile
35 40 45
Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
50 55 60
30
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu
65 70 75 80
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
35 85 90 95
His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Sexr Leu Gly Gly
100 105 110
40 Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125
Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro
130 135 140
45
145
Gly Cys
wherein:
y 50 Xaa at position 27 is Thr or Ala; and

Xaa at position 28 is Gln or absent.

Rhesus Leptin



Leu Thr Ser Leu Pro Ser Arg Asn Val Val @n Ile Ser Asn Asp Leu 50 65

70 75 80 G u Asn Leu Arg Asp Leu Leu
H's Leu Leu Ala Ala Ser Lys Ser Cys 85 90

95 WO 97/

PCT/ US96/ 1093@8-%?20%0 Leu Pro G n Val ‘Arg Ala Leu G u Ser EBEHUSHI0%I | oy
Ay Vval 100 105 110 5 Val Leu Qu
Ala Ser Leu Tyr Ser Thr Au Val Val Ala Leu Ser Arg 125

120 ' 125 Leu G n Ay Sergbeu An Asp Met Leu Arg A n Leu
Asp Leu Ser Pro 130 135 140 10 dy Cys
145 wherein Xaa at position 28 is dnSFR aBs¥@t> 15 Human Leptin SEQ I D NO
4 Val Prolle @n Lys Val A n Asp Asp Thr Lys Thr Leu Ile Lys Thr 20 1
5 Val Prd(Ile Gln Lys Val Gln Ser Adp frhe ryalrhfhtievAt B Ly£ AsSn Asp
Ile Ser Hi $ Xaa Xa&a Ser VaI Seb Ser 20 20 25 15

30 25 Lys Gp. L Leu Hs Pro lle
35 y Rns yl'i ';l-hr grg )&le Asn%\s#%4é{]ﬁ_§§lr -flh? 'IiiléuGlge.?erL%l Met Asp

G@n Thr Leu Ala Val Tyr Gdn An Ile 50
60 30 Leu 1‘5hr Ser stkSePrigsSeim Arg) VAL IthYailyl Len &k Phé HlSeE‘roAslr}' B&ap Leu
35 40 45

His Pro Val Leu Thr Leu Ser Gln Met Asp Gln Thr Leu Ala Ile
50 55 60

15 Tyr Gln Gln Ile Leu Ile Asn Leu Pro Ser Arg Asn Val Ile Gln
65 70 75

Ile Ser Asn Asp Leu Glu Asn Leu Arg Asp Leu Leu His Leu Leu
80 85 90
20
Ala Phe Ser Lys Ser Cys His Leu Pro Leu Ala Ser Gly Leu Glu
95 100 105

Thr Leu Glu Ser Leu Gly Asp Val Leu Glu Ala Ser Leu Tyr Ser
25 110 115 120

Thr Glu Val Val Ala Leu Ser Arg Leu Gln Gly Ser Leu Gln Asp
125 130 135

30 Met Leu Trp Gln Leu Asp Leu Ser Pro Gly Cys
140 145

Rat_Leptin
SEQ ID NO:6

35 Val Pro Ile His Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5 10 15

Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ala
20 25 30
40
Arg Gln Arg Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
35 40 45

Leu Ser Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
45 50 55 60

Leu Thr Ser Leu Pro Ser Gln Asn Val Leu Gln Ile Ala His Asp Leu
65 70 75 80

50 Glu Asn Leu Arg Asp Leu Leu His Leu Leu Ala Phe Ser Lys Ser Cys

Ser Leu Pro Gln Thr Arg Gly Leu Gln Lys Pro Glu Ser Leu Asp Gly
100 105 110
55
Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val Val Ala Leu Ser Arg



65 70 75 80 G u Asn
Leu Arg Asp Leu Leu H's Val Leu Ala Phe Ser Lys Ser Cys 35

85 90 95 H's Leu Pro Trp Ala Ser Ay
Leu Gu Thr Lepdsideseer Leu Gy Ay 100

110 40 Val Leu Qu Ala Ser Ay Tyr Ser Thr Gu Val Val PEHUYEH08L Arg
115 120 125 Leu G n Ay Ser Leu An Asp
Met Leu Trp G n Leu Asp Leu Ser Pro 130 135

140 45 145 dy Cys wherein: - 7 - Xaa at position 27 is Thr or

Al a; and Xaa at p05|t|0[I11BZ8 |s G n or absent. Rhesus Le%tl n WO 97/ 02004
PCT/ US96/ 10983 -6- SEQ FD NO5 Val Pro tf% A n Lys val &% Ser Asp Thr Lys

Thr Leu lIle Lys leu Giln Gly Ser Leu din Asp Ile Leu Gln Gln Leu ;gb Leu Ser Pro
15 5.Thr Ile Val Thri3arg Ile Asn Aspiisle Ser Hi s Thrida n Ser Val 20

25 > 30 Ser Ser Lys Gn Arg Val Thr Gy Leu Asp Phe Ile
Pro Gy Leu 10 Glu Cys 35 40

45 Hes Pro Val Led5Thr Leu Ser G n Met Asp An Thr Leu Ala Ile 50

55 60 15 Tyr AGn An lle Leu Ile Asn Leu Pro Ser

Arg Asn Val Ile Gn C o . ‘e :
In addition to the above identified protein

10 sequences, it is frequently considered expeditious to prepare
such anti diabetic proteins with a one or two amino acid
leader sequence, especially with a methionine containing
leader. Two frequently employed leaders are Met-Arg and Met-
Asp. Such proteins may be identified infra as Met-Arg-leptin

15 or Met-Asp-leptin or may be identified by Met-Arg-SEQ ID
NO:X, where X is 1 to 6.

Leptin mimetics and fragments are also useful in
the methods of the present invention. Leptin mimetics are
generally defined by Formula (I) (SEQ ID NO:7) as follows:

20
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5 10 15
Ile Val Thr Arg Ile Xaa Asp Ile Ser His Xaa Xaa Ser Val Ser Ser
25 20 25 30
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
35 40 45
30 Leu Thr Leu Ser Lys Xaa Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
50 55 60
Leu Thr Ser Xaa Pro Ser Arg Xaa Val Ile Gln Ile Xaa Asn'Asp Leu
65 70 75 80
35
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
85 90 95
His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
40 100 105 110
. Val Leu Glu Ala Ser Xaa Tyr Ser Thr Glu Val val Ala Leu Ser Arg
115 120 125
45 Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro
130 135 140
148
Gly Cys

50



65 70 75 Ile Ser Asn Asp Leu G u Asn
Leu Arg Asp Leu Leu H's Leu Leu 80 85
90 20 Ala Phe Ser Lys Ser Cys His Leu Pro Leu Ala Ser Ay Leu u 95

100 105 Thr Leu Qu Ser Leu Ay Asp Val Leu G u Al a Ser
Leu Tyr o5 0 7102004 110 PCT/pE96/10983

120 Thr Au Val Val Ala Leu Ser Arg Leu A n Gy Ser Leu @ n Asp 125

130 135 30 Met Leu Trp G n Leu Asp Leu Ser Pro Ay
Cys 140 145 Rat Leptin SBQ-ID NO 6 35 Val Pro Ile
Hs Lys Val G NAASR ASP Thr Lys Thr Leu Ile Lys Thr 1 5

10 ‘15 1le Val Thr Arg Ile Asn Asp Ile Ser H's Thr @n
Ser Val Ser Ala 20 Xaa at position 22 4§ Asn, Asp or Glu:; 30 40 Arg @n
4A{)g Val Thr Gy Leux%.sap Bbepbépcl%rpz@msL@Hr%ls A0 lle 35

eu Ser. Ser As n Thr Leu Al a Val
Tyr Gn G@n lle 45 Xaa a% po thlo 8 is (L,Xn I@fu, 0%5 sent; 60

Leu Thr Ser SLeu ProXs@r &tnpésitidal Sdedis@Matioe Mlsa His Asp Leu 65

70 Xaa’9at posit on 68 is Met 9Qr 3% G u Asn Leu Arg Asp
Leu Leu His Leu Leu Al a PhepSer l Se 1 85 i 90

er Cys
95 Ser Leu Pro A n TH? ARf ?S’V'rl_ @2 ABPs PFR ¥ F8r Leu Asp Ay 100
105 XadlO0abSpdaitiloeu 7A@ usAbar Ser Adey Tyr Ser Thr G u Val Val

Ala Leu Ser Arg Xaa at position 118 is Gly or Leu;
10 said protein having at least one substitution selected from
the group consisting of:

His at position 97 is replaced with Ser or Pro;
Trp at position 100 is replaced with Gln, Ala or Leu;
Ala at position 101 is replaced with Thr or Vval;

15 Ser at position 102 is replaced with Arg;
Gly at position 103 is replaced with aAla;
Glu at position 105 is replaced with Gln;
Thr at position 106 is replaced with Lys or Ser;
Leu at position 107 is replaced with Pro;

20 Asp at position 108 is replaced with Glu; or
Gly at position 111 is replaced with Asp.

Preferably, leptin mimetics are those of Formula
(II) (SEQ ID NO:8) as follows:

25
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5. 10 15
Ile Val Thr Arg Ile Asn Asp lIle Ser His Xaa Gln Ser Val Ser Ser
30 20 25 30

Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
35 40 45

35 Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
50 58 60

Leu Thr Ser Met Pro Sexr Arg Asn Val Ile Gln Ile Xaa Asn Asp Leu
65 70 75 80
40
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Sexr Cys
85 90 95

His Leu Pro Trp Ala Ser Gly Leq Glu Thr Leu Asp Ser Leu Gly Gly



WD 97/ 02004 PCT/ US96/ 10983
-7- 115 120 125 Leu G n Ay Ser Leu An Asp
Ile Leu dn G@n Leu Asp Leu Ser Pro 130 135

140 5 A u Cyswd4puedeps addition to the above identified protei nTlo

sequences, it is frequently considered expeditious to preparpg USRI i

di abetic proteins with a one or two am no acid | eader sequence, especially
with a nmethionine containing |leader. Two frequently enployed | eaders are
Met-Arg and Met- Asp. Such proteins may Be-identified infra as
Met-Arg-leptin 15 or Mpi-Asp-leptin or ,frey be identifieézl by Met - Arg- SEQ
ID NO X, where Xis 1 to 6. Leptin mnefits and fragmeml% are al so useful
in the net hodsvasfrdvhelpreseat daBVEBAt &N Thi epl ival TaTBAILSedlsBy Geperal ly

def i med byB_ForrruI a (15 (SEQID NGO 7)12s follows: 20 & Pro Ile dn Lys Val
G n Asp Asp Thr s Thr Ley Ile Lys Thr 1 5

w0 h‘e“%g élr]g Ffe aI(ﬁ‘f’l'%;lﬁs’A‘“l“egt Ffe Tﬁ%flﬂégul?? B&t SBF $TXaa Xaa Ser
Val Ser Ser 25 20 3 30 Lys
G@n Lys Val The5A3y Leu Asp Phe Ile Pro Ay Leu His Prolle 35

40 10 6ly c¥s 45 30 Leu Thr Leu Ser Lys Xaa Asp A n Thr Leu Al a Val
Tyr An dn Ile 50 55 60 Leu Thr Ser Xaa
Pro Ser Arg Xadevealintle @ n |le Xaa Asn Asp Leu 65 70
75 xa80 at position 27 is Thr or Ala;
Xaa at position 77 is Ser or Ala:
15 Xaa at position 118 is Gly or Leu;

said protein having at least one substitution, preferably
having one to five substitutions and, most preferably, ocne to
two substitutions selected from the group consisting of:
His at position 97 is replaced with Ser;
20 Trp at position 100 is replaced with Gln;
Ala at position 101 is replaced with Thr;
Glu at position 105 is replaced with Gln;
Thr at position 106 is replaced with Lys;
Leu at position 107 is replaced with Pro;
25 Asp at position 108 is replaced with Glu; or
Gly at position 111 is replaced with Asp.

Examples of preferred proteins of the present

invention include proteins of SEQ ID NO:8, wherein Xaa at

30 position 27 is Thr; Xaa at position 77 is Ser; Xaa at
position 118 is Gly; and the amino acid residues at positions
97, 100, 101, 105, 106, 107, 108, and 111 are as follows in
Table I. The native human sequence is provided as a
comparison to the proteins employed in the methods of the

35 present invention.

Table I

Amino Acid Position
Compound 97 100 101 105 106 107 108 111




35 @u Asn Leu Arg Asp Leu Leu H's Val Leu Ala Phe Ser Lys Ser Cys 85

90 95 His Leu Pro Trp Ala Ser Gy Leu Qu Thr Leu Asp Ser
Leu Ay Ay 40 100 105 110
\1/213 e @u %9%500‘)1(22 1)5” SE;uTgrnGGunglarVileuAlGanLigpsﬁ/lret 12?1519%/?% n
Leu Asp Leu Ser Pro 130 135 140 145 dy Cys
50 WO 97/ 02004 PCT/ US96/ 10983
-8- wherein: Xaa at position 22 is Asn,1@sp or Qu; Xaa at position 27 is
Thr or Al a; Xee——at—pos+tioef pGml Ot —ah g et Xt
position 54 is déetiver hdhan Xamis al magsi [ il 6l§1GI18. Nerhor |Lssy Kaap at Gly
. 5 g
Posi tion 118 15 Gy br Leu: |15 o prate’| flu 1,78 [ad] o a8% | By
substitution selectedl from §héigr puprcohdiist iin§lef:| s 4tleos| Bisen 9¢1lys
replaced with Ser or3Pro; Tripugé posid i prhi00 biurfp-h\maeﬂi véd h) Gsp, A&y Of
Lour A at position 1001 s gl ot a8V mndS| vew | 887 by
5 His Trp Ala Glu Lys Leu Asp Gly
6 His Trp Ala Glu Thr Pro Asp Gly
7 His Trp Ala Glu Thr Leu Glu Gly
8 His Trp Ala Glu Thr Leu Asp Asp
9 Ser Gln Ala Glu Thr Leu Asp Gly
10 Ser Trp Thr Glu Thr Leu Asp Gly
11 Ser Txrp aAla Gin Thr Leu Asp Gly
12 Ser Trp Ala Glu Lys Leu Asp Gly
13 Ser Trp Ala Glu Thr Pro ASp Gly
14 Ser Trp Ala Glu Thr Leu Glu Gly
15 Ser Trp Ala Glu Thr Leu Asp Asp
16 His Gin Thr Glu Thr Leu ASp Gly
17 Hig Gln Ala Gln Thr Leu Asp Gly
18 His Gln aAla Glu Lys Leu Asp Gly
19 His Gln Ala Glu Thr Pro AsSp Gly
20 His Gln Ala Glu Thr Leu Glu Gly
21 His Gln Ala Glu Thr Leu Asp Asp
22 His Trp Thr Gln Thr Leu Asp Gly
23 His Trp Thr Glu Lys Leu Asp Gly
24 His Trp Thr Glu Thr Pro Asp Gly
25 His Trp Thr Glu Thr Leu Glu Gly
26 His Trp Thr Glu Thr Leu Asp Asp
27 His Trp Ala Gln Lvs Leu ASp Gly
28 His Trp Ala Gln Thr Pro Asp Gly
29 His Trp Ala Gln Thxy Leu Glu Gly
30 His Trp Ala Gln Thr Leu Asp AsSp
31 His Trp Ala Glu Lys Pro Asp Gly
32 His Trp Ala Glu Lys Leu Glu Gly
33 His Trp Ala Glu Lys Leu AsSp Asp
34 His Trp Ala Glu Thr Pro Glu Gly
35 His Trp Ala Glu Thr Pro Asp Asp




Gy at position 103 is replaced with Ala; Qu at position 105 is repl aced
with @n; Thr at position 106 is replaced with Lys or Ser; Leu at position
107 is replaced with Pro; 20 Asp at position 108 is replaced with
Qu; or Ay {obehdsd On 111 is replaced with Asp. Preferabl i

m netics are t?mse c‘)‘f Formula (I1) (SEQ ID NG 8) as folloms.)‘cﬁ)gg%éf'&?’ro Ile
A@n Lys Val @n Asp Asp Thr Lys Thr Leu Ile Lys Thr 1 5

10 15 1le vVal Thr Arg Ile Asn Asp Ile Ser H's Xaa A n Ser
Val Ser Ser 30 20 -1 - 25 30 Lys
Gn Lys Val Thr Gy Leu AspyPhe Ile Proody Leu H§g Pro kle 35
40 - 4% 35 LﬁLuEiiI'mr 1wy Serlbyy Gkt A}s’phﬂ ) LEhwr LGuuAI aasfal
-IQII) gep Srn ,lAlsﬁ \5/21I 37I e An ISI%rXaCﬁ.ilsn Aop eGl%S i Thhsg% o
75 ’ 86 40 4§ F&n (&M géi\gpLLghn Leu™H s| V" Lp@SRI 4 Bhe
Ser Lys Ser Cys 85 39 Ser | @@ | Ala | Glu | Ly®5|Hie: LpasPrq Giyp
Ala Ser Gy Leu G ugghr Leu|Ass Seroikeul ®hy @ ¥1u |97/ Q2004 Asp 1y
PCT/ US96/ 10983 - 9- %%0 105 P llO Val Leuﬁ(ﬁ;u Al a
Ser Xaa Tyr Ser Thr*& u Val |\B8% A| £yl 87 Ar§l41§ Thr | Leu | GlujjeGly
125 5 42 Ser Gln | ala Glu Thr Leu Asp | Asp
43 Ser Trp Thr Gin Thr Leu Asp Gly
44 Ser Trp Thr Glu Lys Leu Asp Gly
45 Sexr Trp Thr Glu Thr Pro Asp Gly
46 Ser Trp Thr Glu Thr Leu Glu Gly
47 Ser Trp Thr Glu Thr Leun Asp Asp
48 Ser Trp Ala Gln Lys Leu Asp Gly
49 Ser Trp Ala Gln Thr Pro Asp Gly
50 Ser Trp Ala Gln Thr Leu Glu Gly
51 Ser Trp ala Gln Thr Leu Asp Asp
52 Ser Trp Ala Glu Lys Pro Asp Gly
53 Ser Trp Ala Glu Lys Leu Glu Gly
54 Ser Trp Ala Glu Lys Leu Asp Asp
55 Ser Trp aAla Glu Thr Pro Glu Gly
56 Ser Trp Ala Glu Thr | Pro Asp Asp
57 Ser Trp Ala Glu Thr Leu Glu Asp
58 His Gln Thr Gln Thr Leu Asp Gly
59 His Gln Thr Glu Lvs Leu Asp Gly
60 His Gln Thr Glu Thr Pro ASp Gly
61 His Gln Thr Glu Thr Leu Glu Gly
62 His Gln Thr Glu Thr Leu Asp Asp
63 His Gln Ala Gln Lys Leu Asp Gly
64 His Gln Ala Gin Thr Pro Asp Gly
65 His Gln Ala Gln Thr Leu Glu Gly
66 His Gln Ala Gln Thr Leu AsSp Asp
) 67 His Gln Ala Glu Lys Pro Asp Gly
68 His Gln Ala Glu Lys Leu Glu Gly
* 68 His Gln Ala Glu Lys Leu ASp Asp
70 His Gln Ala Glu Thr Pro Glu Gly
71 His | Gln | Ala { Glu | Thr | Pro | Asp | Asp




Leu Gn Ay Ser
135

or Ala; Xaa at position 77 is Ser or Ala; 15

Gy or Leu; te| n havi

havi ng one t

o Fytofy

I ng at

substitutions selected fromthe group consisting of:

replaced with Ser; 20

at position 101 is replaced with Thr;

A n; Thr at position 106 is,repl aged wir
replaced with Pro; 2% Wb ftcpos
Ay at position 1114hs repl g LC§£|S t,lq_,
the present inventi &R i ncl ude profei
position 27 is Thr; 7%aa at poBisi prifrey
and the am no aci d rnesi dues a;t;ig)o%iqtrippn
and 111 are as foll in qub%e Iy Jhe
. . T
a conparison to the proteingd J_rﬁ)l ed i
i nvention. Table | A#i no Acifdii®s t'1|’rtm
106 107 108 148 His Trp
79 His Trp
80 His Trp
81 His Trp
82 His Trp
83 His Trp
84 His Trp
85 His Txrp
86 His Trp
87 His Trp
88 His Trp
89 His Trp
90 His Trp
9] His Trp
92 His Trp
K Ser Gln
94 Ser Gln
95 Ser Gln
96 Ser Gln
97 Ser Gln
98 Ser Gln
99 Ser Gln
100 Ser Gln
101 Ser Gln
102 -Ser Gln
103 Ser Gln
104 Ser Gln
105 Ser Gln
106 Ser Gln
107 Ser Gln

Trp at position 100 is replaced with d n;
a b2at position 105 is replaced with
at position, 107 i
Tl&p| aqesh

h Lysy Leu
talan 1@8u|
Jfr hgé HFB‘?N(
Fhger|, Gkaa
DTQ}, 180xn
o B
CaFounglu
Thr Glu
Thr Glu
Thr Glu
Thr Glu
Thxr Glu
Ala Gln
Ala Gin
Ala Gln
Ala Gln
Ala Gln
Ala Gln
Ala Glu
Ala Glu
Ala Glu
Ala Glu
Thr Gln
Thr Glu
Thr Glu
Thr Glu
Thr Glu
Ala Gln
Ala Gln
Ala Gln
Ala Gln
Ala Glu
Ala Glu
Ala Glu
Ala Glu
Ala Glu
Ala Glu

Leu Gn Asp Met Leu Trp G n Leu Asp Leu Ser
140 145 10 dy Cys wherein:

Pro 130
Xaa at position 27 is Thr

Xaa at position 118 is

| east one substitution,

ubstitutions and, nost preferably, one

E5hSieNile

H s at position 97 is

afhpo

108nr 1

equ
B
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Lys
Lys
Thr
Thr
Thr
Lys
Lys
Lys
Thr
Thr
Thr
Lys
Lys
Lys
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Thr
Lys
Thr
Thr
Thr
Lys
Thr
Thr
Thr
Lys
Lys
Lys
Thr
Thr

Thr

S

(
(
1

re
her el n
5 RYcon
D5,eul 0
bnce i
Ll‘ee“35
ProlQ
Leu

éfLeeru

Leu
Pro
Pro
Leu
Pro
Leu
Leu
Pro
Pro
Leu
Pro
Pro
Leu
Pro
Leu
Leu
Pro
Leu
Leu
Leu
Pro
Leu
Leu
Pro
Leu
Leu
Pro
Pro

Leu

chud

2R

BBY |

c1407,

Rr.ov

ASPes

Asplq
Glu
Asp
Glu
Asp
Glu
Asp
Glu
Asp
Glu
Asp
Glu
Glu
Asp
Glu
Glu
Asp
Asp
Asp
Glu
AsSp
Asp
Asp
Glu
Asp
Asp
Glu
Asp
Glu
Asp

Glu

Al a

)
UasEr

ebg% #}f

ASp
Gly
Asp
Asp




WO 97/ 02004
nati ve human

Trp
Thr
Ay
Trp
Thr
Ay
Adn
Thr
Ay
Trp
Thr
Asp

dn -

Lys
Ay
Adn
Thr
Ay
Trp
Thr
Ay

Al a
Leu

Al a
Pro

Al a

Leu
12
, Ala

Leu
16

Al a

Leu
20

Al a

Leu
24

Thr

Leu
28

Hi s Trp Al a Au Thr Leu
Gu Thr Leu Asp Qdy 2
Wbl © w2 Gn T Leu
Au Lys Leu Asp Ay 6
Asp Gy 7 Hs Trp Aa

Hs Trp Ala du Th{z -Leu

Gu Thr Leu Asp“ Gy 10

ASger qqlerél Al aser GPEIrrp L[IIEBr Lé%fn
GQu TH® Pro{ Sessp| Tr@ y[ Thr | Gln
d llﬂ| A 15 T Ser GSerp _I_;']-f[‘ﬁr L:d;ﬁn
€] nI > 'Ijhﬁ " Leu rseAfsp %"a Y| &‘Qr Gin
Asp G319 Ser H &rp d Fhr Al @lu
g :li S Tlrﬁ n Leﬁl 3SeAJ\rSG lat’rXSThfrhr Jesiu
Asp éhgf‘ 23 | S |yge pT%Er Rhile

H s 115Trp {heer Q[@Typ [Thhr [Bo

Gu Hrs Leu| s ul %Taﬁr G1u

IOHi S%JHTr p /L«I %er Ellﬁp T%ﬁr élr;gu
118 Ser Trp Ala Gln
119 Ser Trp Ala Gln
120 Ser Trp Ala Gln
121 Ser Trp Ala Gln
122 Ser Trp Ala Glin
123 Ser Trp Ala Gln
124 Ser Trp Ala Glu
125 Ser Trp Ala Glu
126 Ser Trp Ala Glu
127 Ser Trp Ala Glu
128 His Gln Thr Gln
129 His Gln Thr Gln
130 His Gln Thr Gln
131 His Gln Thr Gln
132 His Gln Thr Glu
133 His Gln Thr Glu
134 His Gln Thr Glu
135 His Gln Thr Glu
136 His Gln Thr Glu
137 His Gln Thr Glu
138 His Gln Ala Gln
139 His Gln Ala Gln
140 His Gln Ala Gln
141 His Gln Ala Gln
142 His Gln Ala Gln
143 His Gln Ala Gln

Asp
H s
Au
Asp
Hi s
Au
Asp
Ser

G
B

Hi 'S
G s

PCT/ US96/ 10983 - 10 -
Ay 1 Ser
An Al a Au
Thr p
g yrgrrb@#noss@s P s
Trp Al a Gu
Thr Leu Au
Asp 9 Ser
Trp  Thr Au
hr eu
aIg?‘ﬁs P éﬁge
HYe AkR &y
e | key éﬁp
5y 17 i s
O APEP [P
[Hro jPRep |Asly
Hnev?Y giu | g1l $
It p hr an
5P | PER | 2D
@rp 25Glu | G §
B | ABp | &
g | BEY | A8
Pro Asp Gly
Leu Glu Gly
Leu Asp Asp
Pro Glu Gly
Pro Asp Asp
Leu Glu Asp
Pro Glu Gly
Pro Asp Asp
Leu Glu Asp
Pro Glu Asp
Leu Asp Gly
Pro Asp Gly
Leu Glu Gly
Leu Asp Asp
Pro ASp Gly
Leu Glu Gly
Leu Asp AsSp
Pro Glu Gly
Pro Asp Asp
Leu Glu Asp
Pro Asp Gly
Leu Glu Gly
Leu | Asp | asp
Pro Glu Gly
PTro Asp AsSp
Leu Glu Asp




29 H s Trp Ala dn  Thr Leu AQu
Trp Al a A@n Thr Leu Asp Asp 31
Lys Pro Asp Gy 32 Hi s Trp Al a
'Iqr)p/) 33AI a dvg'dhﬁzloﬁ? " pPr OAI aGI uGI uGI yL)?:; e
Thr Pro Asp Asp WO 97/ 02004
PCT/ US96/ 10983 - 11 - 36 H s Trp Al a
Asp 37 Ser An Thr Gu Thid4 -Leu
Gn Al a Gn Thr Leu Asp Gy,39
Lys Leu Asp Giy440 HJ.SSGrGlnG nn.la A a;lu
g% 41AI a a Eer T%%n Leﬁ\I Hﬁgp %tép &Ia %lu
Thr  Leu Asp Gl§644 HisSdrGln Ty jla ThiGlu
gy 45Thr g ﬁer levp LeIhrHJGSUG UGJélT rala Pf @1u
Thr  Leu Asp A2%848 Hlssﬁ (TID Y §I7hrA g
Ay 49 Ser 14%p  AljaHisQinTrp ThrThr Py ¢1ln
R S e it i o F
dy 53 ger Ai%’p atisg TrvagThr Lp§L®
Trp Ala du Lys2 Leu] Hidsp| Tsp|58r | Gln
Thr Pro du Gy3 His | Trp | Thr | Gin
154 His Trp Thr Glu
155 His Trp Thr Glu
156 His Trp Thr Glu
157 His Trp Thr Glu
158 His Trp Ala Gln
159 His Trp Ala Gln
160 His Trp Ala Gln
161 His Trp Ala Gln
162 His Trp Ala Glu
163 His Trp Ala Gln
164 His Trp Thr Glu
165 His Trp Thr Gln
166 His Trp Thr Gln
167 His Trp Thr Gln
168 His Trp Thr Gln
169 His Gln Ala Glu
170 His Gln | Ala Gln
171 His Gln Ala Gln
172 His Gln Ala Gin
173 His Glin Ala Gln
174 His Gln Thr Glu
175 His Gln Thr Glu
176 His Gln Thr Glu
177 His Gln Thr Glu
178 His Gln Thr Gln
179 His Gln Thr Gln

30 Hi s
Trp Aa du
Lys Leu €] u

Tr pq'c?lﬁfssmwa B

Thr Leu Gu

dy 38 Ser

@n Al a G u

E;Pro riu A%%y

Tr Hr=P GAﬁer

JyBeu Eeulu Adsp

@ ¥rd6{ ciu A§%r

Ir hr

yS™° LetFP Aé‘gy

qﬁ ye®0f Glu | G3gr

Trfeu Nap Gh@p

Jys ro AS D

& §F%a] Glu | Gy,

Triro Nzsp [Qasp

Leu Glu Agsp
Pro Glu Gly
Pro Asp Asp
Leu Glu Asp
Pro Glu Asp
Pro Glu Gly
Pro Asp Asp
Leu Glu Asp
Pro Glu Asp
Pro Glu Asp
Pro Glu Asp
Pro Glu AsSDp
Pro Glu Asp
Leu Glu Asp
Pro | Asp | asp
Pro Glu Gly
Pro Glu Asp
Pro Glu Asp
Leu Glu Asp
Pro Asp Asp
Pro Glu Gly
Pro Glu Asp
Leu Glu Asp
Pro Asp Asp
Pro Glu Gly
Leu Glu Asp
Pro Asp Asp




56

Al a Au
Leu Asp
H s An
Gu Thr
Asp Asp
Hi s an
An Thr
Asp Asp
H s An
Gu Lys
Gu . dy
97/ 02004

H s An
@n . Lys
Asp Ay
Hi s Trp
Au Lys
Au Gy
Hi s Trp
Gu Thr
Gu Asp

Se

6

67

71

75

79

r Tr
Thr
Ay 59

Igfjo 97/08)03
3

Al a
Leu

Al a
Leu

Al a
Leu

Thr
Pro

Thr
Pro

p Al
Leu

Hi s
Adn
du
Hi s

a Gu Thr Pro Asp Asp 57 Ser Trp
Au Asp 58 H s An Thr A@n Thr
Hi s An Thr Gu Lys Leu Asp Ay 60
Thr Pro Asp Gy 61 Hi s Gn Thr
dy 62 Hs Gn Thr G u PCHH6M08Y,
Adn Al a Adn Lys Leu Asp Gy 64
Thr Pro Asp @y 65 Hi s an Al a
Gy 66 Hrsl5 -G n Al a An Thr Leu
Gn Al Gu Lys Pro Asp gy 68
Lys | #Hieu | c@nu 4 TQ‘Y(;@ln ! Thr H;Pro Tﬁlu Wp(?iy
Asp YQ,. | a u r ro
%Il A} e(a;ln E‘hr +H 1n oLy’ s Ag..ﬁu Aéﬁp ARD
His | Gln | Thr | GLPCY/4ys06{ 18083 ¢1d2|-cii2
Thr | dieu | c&8 | R8P 1731In | tys H $ro 1MRsp Ty
Ay V4o - Hi Sa1 Tﬂ Pay Thr qn  Thr P proY
Tr p ThTf TP nBATHC L p S g §TO @ Glye| Asp
Thr | Sesu | TApp | Alsp|7@in | Thr H ®ro Trelu Threp
Ay V&er | TrpHisalaTikin TPrys 9 Yeu !Zyél -G
P
Trb. Thr . _GQlu.. Lys.. Leu- Ak sp 8
Thr Fo | TEPu A%ﬁy s tys H %m 1rdsP Trisp
Asp F@er TrpHijsAla T| FF1n Thilys d gro Thelu |ely
Ser Trp Thr Glu Thr Pro Glu Asp
Ser Trp Thr Glu Lys Leu Glu ASp
Ser Trp Thr Glu Lys Pro Asp Asp
Ser Trp Thr Glu Lys Pro Glu Gly
Ser Trp Thr Gln Thr Leu Glu Asp
Ser Trp Thr Gln Thr Pro Asp Asp
Ser Trp Thr Gln Thr Pro Glu Gly
Ser Trp Thxr Gln Lvs Leu Asp Asp
Ser Trp Thr Gln Lys Leu Glu Gly
Ser Trp Thr Gln Lys Pro Asp Gly
Ser Gln Ala Glu Thr Pro Glu Asp
Ser Gln Ala Glu Lys Leu Glu Asp
Ser Gln Ala Glu Lys Pro Asp Asp
Ser Gln Ala Glu Lys Pro Glu Gly
Ser Gln Ala Gln Thr Leu Glu Asp
Ser Gln Ala Gln Thr Pro Asp Asp
Ser Gln Ala Giln Thr Pro Glu Gly
Ser Gln Ala Gln Lys Leu AsSp Asp
Ser Gln Ala Gln Lys Leu Glu Gly
Ser Gln Ala Gln Lys Pro Asp Gly
Ser Gln | Thr | Glu Thr Leu | Glu | Asp
Ser Gin Thr Glu Thr Pro Asp Asp
Ser Gin Thr Glu Thr Pro Glu Gly
Ser Gln Thr Glu Lys Leu Asp Asp
Ser Gln Thr Glu Lys Leu Glu Gly
Ser Gln Thr Glu Lys Pro Asp Gly
Ser Gln Thr Gln Thr Leu Asp Asp




83 Hi s Trp Al a G@n Lys Pro Asp
Ala dn Lys Leu du dy 85 H s
Leu Asp Asp 86 Hi s Trp Al a an
Hi s Trp Al a An Thr Pro Asp Asp 88
Adn Thr MNQ70284,  Asp 89 Hs Trp
Au Ay 90 Hi s Trp Al a Au Lys
Hi s Trp Al a Gu Lys Leu Gu Asp 92
Au Thr Pro du Asp 93 Séf - An
Asp Qdy 94 Ser Gn  Thr u L Y'S
Ser Adn Thr ClLa Thr| sefPrq GlAsp Thxd y A&
Gu Thr Leu Gy efhr B
Asp Asp 98 glger q %Zr Al gln ne rfsln
Ser dAn Aa @B Thri Seprq Glasp Thgg y Glgo
Esn Xgr 10Iéeu ghy Gy 9% | trp ISsr |G
p p Ser n S
Ser dn Aa &0 Lys fEeuN“‘f@ Ciﬂh 7 2t
Au Lys Leu Asp Aspl ¥ds | Gln |Sghr | @Qlw
g u g y 102| 22286rTh G s Nslizé l‘*Gi‘mr Hin
er n a r ey D
ooT/ Usos! 10083 - 192 108 H?% e ﬁﬁ‘olAs e
dy 109 Ser224Trp [THis |GBin |THIT | orle
225 | His Gln Thr Gln
226 Ser Trp Ala Gln
227 Ser Trp Thr Glu
228 Ser Trp Thr Gln
229 Ser Trp Thr Gln
230 Ser Trp Thr Gln
231 Ser Trp Thr Gln
232 Ser Gln Ala Glu
233 Ser Gln Ala Gln
234 Ser Gln Ala Gln
235 Ser Gln Ala Gln
236 Ser Gln Ala Gln
237 Serxr Gln Thr Glu
238 Ser Gln Thr Glu
239 Ser Gln Thr Glu
240 Ser Gln Thr Glu
241 Ser Gln Thxy Gln
242 Ser Gln Thr Gln
243 Ser Gln Thr Gln
244 Ser Gln Thr Gln
245 Ser Gln Thr Gln
246 Ser Gln Thr Gln
247 His Gln Thr Gln
248 Ser Trp Thr | Gln
249 Ser Gln Ala Gln
250 Ser Gln Thr Glu
251 Ser Gln Thr Gln

Ay
Trp
Thr

Al a
Pro

Thr
Leu
Thr
T
Leu
Lys

Aya
ro
VS

Ayg

Phe
et
Ay
Lys
Lys
Lys
Thr
Lys
Lys
Lys
Lys
Thr
Lys
Lys
Lys
Thr
Lys
Lys
Lys
Thr
Thr
Thr
Lys
Lys
Lys
Lys
Lys
Lys
Lys
Thr

84 Hi s Trp
Al a A@n Lys
Pro Gu Gy 87
G rerpinoses, o
Asp Asp 91
H s Trp Al a
An Thr Leu
Asp Gy 9p
Sbeu |Glu | Ty
f’g%" ggyp 9 9@‘}
Bew | m | WApa
oo | diu L%S@J
&F | dY [Hea
&e | Gl | Ao
e | 2 o
78 | Eeb | 2%
&9 Asp Asp
Pro Glu Gly
Pro Glu ASp
Pro Glu Asp
Pro Glu Asp
Leu Glu Asp
Pro | Asp Asp
Pro Glu Gly
Pro Glu Asp
Pro Glu Asp
Leu Glu Asp
Pro Asp Asp
Pro Glu Gly
Pro Glu Asp
Leu Glu Asp
Pro Asp | Asp
Pro Glu Gly
Leu Glu AsSp
Pro Asp Asp
Pro Glu Gly
Leu Asp Asp
Leu Glu Gly
Pro Asp Gly
Pro Glu ASp
Pro Glu Asp
Pro Glu Asp
Pro Glu Asp
Pro Glu Asp




110
Trp
Lys

Trp
Thr
Asp
Trp
Lys

Trp
Lys
Asp
Trp
Lys .,

Gn
Lys

Adn
Thr
Asp
Adn
Lys

Thr

Pro
114

Thr

Pro
118

Al a

Leu
122

Al a
~Pro
126

Al a

Leu
130

Thr

Pro
134

Thr

Pro
138

Al a

Leu

10

15

20

25

30

Ser Trp Thr G@n Thr Leu Gu Gy 111 Ser
A@n Thr Leu Asp Asp 112 Ser Trp Thr Au
Asp Gy 113 Ser Trp Thr Gu Lys Leu €] u
Trp Thr Gu Lys Leu Asp

a'%%&?%r Pro Gu Gy 116 Ser Tr Bc}'%%?{'lmse u

Asp Asp 117 Ser Trp Thr Au Thr Leu Au
Ser Trp Al a An L{s Pro Asp Gy 119 Ser

Adn Lys Leu du dvyiko Ser Trp Aa dn

Asp Asp 121 er Trp Al a GI n Thr Pro Gu
Ser 252Tr p Ser An {Thhr [RE: Asp 128lu | Asp Ser

Gn By Leul gfdu Glﬂs %ﬁél gin Sﬁﬂjs E&B A A@p“

Gu y 125 r S Pro
Ser g54Tr p Sgr &n L"y"gr é’YLF %ﬁ 2§lu GlY r
Au By Prol se®d ul GlAspg TB8 | Gln {Has ( G T Hdm
Asp Gy 129 Hi s G n Thr G n Thr Pro Asp
Hi s Gan Thr Le 131 Hi s
qfherTHFefe{Eﬁg pqggﬁlnspgfpjggpse where;PSXaa(gtnposqﬁ+on u
Asip Al6lh yxd83at positibins77 {3 rser;Thkaa atpositiysm 1lBels du

Gl'?I %ﬁdq:ﬁ'% ameroGreng L%Lsévogl%lionsﬁﬁf’ 103S 13%5 105 a uHi S
Asld) + ASpr 1898 and lllipge deydpscriped inyTablery Leu Gu
H s G mhe gtesentTimvenkysn pfbVldesAbﬁoloéi@&Iﬂ&Qactlve His
Gﬂ}otelz}@ thé-@lbrovgd% efgeé(tgv@ tr&atment" for o e@e tﬁ:@ II
1abet1cs Unexpectedly, the leptin protelns of Table I have
improved properties due to specific substitutions to the
human cbesity protein. These proteins are more stable than
both the mouse and human obegity protein and, therefore,
represent superior therapeutic agents.

Experiments were performed with five to six month
0ld male, inbred normal ICR mice, inbred normal (ob/+), obese-
diabetic mice (ob/ob) from the Jackson Laboratories {Bar
Harbor, Maine) or Harlan (England), and obese-diabetic
{db/db) mice.

Both normal and diabetic mice were housed three or
six per plastic cage (with bedding) and water and feed were
available ad libitum. The temperature of animal rooms was
maintained at 23 % 2°C and lights were on from 0600 to 1800
h. Blood samples were collected from the tail vein. The
most closely related biological test is, therefore, to inject
the test article by any of several routes of administration
(e.g., i.v., s.c., i.p., or by minipump or cannula) and then
to monitor food and water consumption, body weight gain,
plasma chemistry or hormones {(glucose, insulin, ACTH,
corticosterone, GH, T4) over various time periods. Suitable
test animals include normal mice (ICR, etc.) and obese mice
(ob/ob, Avy/a, KK-Ay, tubby, fat). Controls for nonspecific
effects for these injections can be done using vehicle with
or without test articles of similar composition in the same



142 Hi s G@n Al a G@n Thr Pro Asp Asp 143 Hi s
A@n Al a A@n Thr Leu Au Asp WO 97/ 02004
PCT/ US96/ 10983 - 14 - 144 Hi s An Al a Gu Lys Pro Gu
Ay 145 i97§2 Adn Ala Qu Lys Pro Asp Asp 146 Hi
Adn Aa R0 eu Qu Asp 147 H's  d nPCT/HB%/10988 y
Thr Pro Au Asp 148 Hi s Trp Thr An Lys Pro Asp
Gy 149 Hi s Trp Thr An Lys Leu Gu Gy 150 Hi
Trp  Thr dn Lys Leu Asp Asp %l - His Trp Thr dn
Thr Pro AQu dy 152 H s Trp Thr dn Thr Pro Asp
Asp 153 afigal MepitorTing th@ pame Harametews o the tAsp abdicle Hi
Irp ;hr a litse'.’cfsln %ﬂﬂnalsgt%ﬁt S8y tmght to lﬂ:l§ theTercepE_Qf g u
ys. ro Asp r u
Asp 157 ‘ﬁPééﬁ Fee faffa og EP/CQ'H{)atS)Pro GI u Asp 158 Hi
Trp Ala dn Lys Bieod QAutoseGlygvdbd were meabliBed By @ glAkdse A n
Lys Pro SASBﬁldééQ I?rgtgmd or a g:ﬁple%rr%xoldéhgse Ygtﬁmd Lyf’ligggu Gu .
Asp 161 Hi
Trp Aa ddnsuijr Wa?r’r‘%?terﬂlﬁed Wk meglioimmunoggsay k‘Fﬁ'—E usjpg ratg n
Lys Pro A dnsuf$p d64he standbird@. Plgsma thhiglyédtideslWere Mefsurdd U
Asp 165 iy cdffercitl xicd Mt th}} r63%as e aﬁa 66 H
Trp Thr u Eys ?_C1 éﬁ ﬁs g$e as < st Qr& Thr Adn
Lys Pro Asp Asp 168he foregoimg s tﬁhpes dﬁﬂonstea’ﬁed ll'gast leppdn am y
Ay 10 leptin mimetis, regulated food intake and body weight in
normal ICR and genetically obese ob/ob mice. Chronic
administration of leptin and leptin mimetics to ob/ob mice
totally ameliorated the diabetic state of these animals
showing the potential promise for these anti-diabetic
15 proteins as a treatment for obese type II diabetics. Thus,
the present invention provides methods for treating obese
tyvpe II diabeticsg, particularly those with low circulating
levels of leptin.
The compounds of the_present invention may be
20 produced by well known chemical procedures, such as solution
or solid-phase peptide synthesis, or semi-synthesis in
solution beginning with protein fragments coupled through
conventional solution methods. Such methods are well known
in the art and may be found in general texts in the area such
25 as H. Dugas and C. Penney, BIOORGANIC CHEMISTRY, (1981) at pages
54-92,
Proteins useful in the presently claimed methods
also may be prepared by well known recombinant DNA technigues
such as those described in Maniatis, et al. (1988) Molecular
30 Cloning: A Laboratorv Mapual, Cold Spring Harbor Press, Cold
Spring Harbor Laboratory, Cold Spring Harbor, New York or
Current Protocols in Molecular Biology (1983) and
supplements. Techniques for making substitutional mutations
at predetermined sites in DNA having a known sequence are
35 well known, for example M13 primer mutagenesis. The

mutations that might be made in the DNA encoding the present
anti-diabetic proteins must not place the seguence out of



Hi s G@n Al a Gu Lys Pro Gu

A@n Thr Pro Au Asp 171

Gu Asp 172 Hi s An Al a
ﬁw An Al a An Lys Pro

3‘61’_"’ 4r Pro Gu Asp 175

Au Asp 176 Hi s An Thr

Hi s An Thr Gu Lys Pro
dn Thr Leu Gu Asplfre
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Asp 170 H s
H s An Al a A@n
An Lys Pro Asp
Au a Hi s
Hi s a ﬁ(:l%gswpomsg u
Au Lys Pro Asp
Gu Gy 178 Hi s
Hi s An Thr An

AS a gf.“ blyywill
PCT/ US96/ 1098 eadfgg frgpe and prefprablygwill ppb cregye Copplemeptayry g
regions Hpat comdd profiwce fgppndapyymRNAS§rucksge] gosee. Hi s
GoeBoekysSer dBU Eudbpean Farei3 Publicattds, 076,044 Ahr dn
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A@n Al a
Lys Leu
Asp 173
Gn Thr
Lys Leu
Asp 177
An Thr
Thr Pro
dy 181
An _ Thr
Lys Pro
Asp 185
Trp Ala 5
Lys Pro
Gy 189
Trp Thr
Lys Pro
Gy 193
Trp Thr 4
Thr Pro

15
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35

As y 184 Ser Trp Al a
(H‘é(gr’igaI Trp Al a An Thr Pro

Au
du

Lys Pro Gu
Asp 186 Ser

An Lys Theupres@nt inmepti®Y providesSermethkrd forAl a Adn
A%&eat@ﬁ@ d8&se type I§eélab§3ﬂhs A&ﬁe mé%ﬂbd cb%ﬁrlsggo du

Gqs]mlnt EerPrlx_%L?n eéfﬁctlﬁgﬁwt of an }b@‘?tln 1a|r lept-:ﬁ.ﬁ du

A§’dmetA§p1119? dose between abpyy 1 3R 10dQP nglﬂﬂg Pro du
pregerredrose WY frofd &boutlMo toleu, 0063ty /koASpalidre Ser

0 gpg*efegp%/d dcfgeo is '%%Bm a@&ﬂ: % to 600 pq"f}rkg. TrIB prér@tgicing n

this method, anti-diabetic proteins can be administered in a

single daily dose or in multiple doses pexr day.

The

treatment regime may require administration over extended

periods of time. The amount per administered dose or the
total amount administered will be determined by the physician

and depend on such factors as the mass of the patient, the

age and general health of the patient and the tolerance of

the patient to the compound.

The instant invention further provides

pharmaceutical formulations comprising compounds of the

present invention. The proteins, preferably in the form of a
pharmaceutically acceptable salt, can be formulated for
compounds can be

parenteral administration. For example,

admixed with conventional pharmaceutical carriers and

excipients. The compositions comprising claimed proteins
contain from about 0.1 to 80% by weight of the active
protein, preferably in a soluble form, and more generally
from about 10 to 30%. Furthermore, the present proteins may
be administered alone or in combination with other anti-
obesity agents or agents useful in treating diabetes.

For intravenous use, the protein is administered in
commonly used intravenous fluids and administered by
infusion. For intramuscular preparations, a sterile
formulation, preferably a suitable soluble salt form of the
protein, for example the hydrochloride salt, can be dissolved

and administered in a pharmaceutical diluent such as pyrogen-

free water or physioclogical saline. A suitable insoluble



196 Ser Trp Thr G@n Lys Leu Asp Asp 197 Ser

Trp Thr A@n Lys Leu Au Ay 198 Ser Trp Thr A@n
Lys Pro Asp Gy 199 Ser An Al a Gu Thr Pro Gu
Asp 200 Ser An Al a Gu Lys Leu Gu As Ser
an Aa Q7% pro Asp  Asp 202 Ser d %&9%92(109% u
Lys Pro Au Ay 203 Ser An Al a An Thr Leu Au
Asp 204 Ser An Al a An Thr Pro Asp Asp 205 Ser
An Al a An Thr Pro Gu Gy 206- Ser An Al a An
Lys Leu ASP Asfp 207 Ser Adn Aa Lys Leu Au
dy 208 gt of ghg compeund @ay be| psepargd an%émln@tyelz@g as a Ser
$Ln ;hr CHsuspéﬂyion LﬂUan é&déous*ﬂasaler a pharmﬁ@éutlé%FHy Thr A u

r ro As Thr Pr o u
Ay 212 é)rg:eerpta%ée 01l.|l?ﬁse (ﬁ '9 aE gsteﬁ'_ of a %Bg clzgﬂ'x 2€f§ty act or
Adn Thr d such [ags ethyduolegiar dy 214 Ser Adn Thr d u
k\é’s P\r/\;)) 957;A82004G Y 2% a prefesfdd erdddimerf) th@ﬁi‘eseﬁerg}r}rﬁggwn 0983

p -
16 - 216 rogides g ethqd for greating obegq fvpeqly dl%ﬁ’iF t

Ser dn Thlow lemm Tevels Pridioughsdiab@ic 2B ients wiGerhighd n  Thr

An Lys Leéhdog%%l%us ﬁﬂtgﬁ-glevels ma '§lsoﬁ5&1ef1¥hﬁrchﬁb prléé%nt Pro
Au Asp 2 Gu ﬂ

s an o Tiftaingd,methods aperhlg for i\%i)ai)éﬂ sexim aRg Plasalh  Thr

Adn Thr 10 Prlepti@ devebspmay be accomplished using standard antibody-
based methodologies. Leptin assay kits are also commercially
available from Linco Research, Inc. (14 Research Park Dr., St
Louis, MO 63304)

Treating obese type II diabetics having leptin

15 levels between 0 and 80 ng/ml is preferred. More preferred
is to treat obese type II diabetics having leptin levels
between 0 and 50 ng/ml. More highly preferred is to. treat
obese type II diabetics having leptin levels between 0 and 30
ng/ml. Most preferred is to treat obese type II diabetics

20 having leptin levels between 0 and 15 ng/ml.

By way of illustration, the following examples are
provided to help describe how to make and practice the
various embodiments of the invention. These example are in
no way meant to limit the scope of the invention.

25
Example 1
A DNA sequence encoding the following protein
seguence:
30 Met-Arg-~SEQ ID NO:4.

was obtained using standard PCR methodology from a human fat
cell library (commercially available from CLONETECH).
Briefly, degenerate primers were designed based on the
published amino acid seguence of the human ob gene. The

35 primers were prepared for use in polymerase chain reaction
{PCR) amplification methods using a Model 380A DNA
synthesizers (PE-Applied Biosystems, Inc., 850 Lincoln Center
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A@n
Lys
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Trp
Lys

Adn
Thr
Asp
Adn
Thr
Asp
Adn
Thr
Asp
Adn
Lys

Trp
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A@n Lys Pro Asp Asp 225 H s An Thr A@n
Gu Gy 226 Ser Trp Al a An Lys Pro Gu
Al Thr Au Lys Pro Au Asp_ 228 Ser
W‘§%QI' pPro Au Asp 229 Ser  Tr pPCTARY6/10988
Au Asp 230 Ser Trp Thr An Lys Pro Asp
Ser Trp Thr An Lys Pro Gu Ay 232 Ser
Gu Lys Pro Gu Asp—ZBB— Ser An Al a An
Gu Asp 234 Ser An G@n Lys Leu Gu

Dgéye, Fpster Qigy., len944fp_4y)s. m,ryard,a@plmerﬁsQBzem {5-GG Ser
G &G ChysaTG Pias 6@ ger &y &BY ara orc S8¢ eatGeRc adf¥nd G U

€ 'és Fﬁﬁp g% ag, CAT é‘?é AG(fd’rA c%@r ATC %):b AA%%TS 4{;;&5’ cac?

a &A> ‘E?@ reygrpe paigers (9y- (5-GG GGsaﬁATc GAR AATHPTA GGAn
d occ Asp @4P AAG ATC SeA crddata akbrcarddhd o"éhﬁzn %Q;G asp

L ey

GI wereglyxghg‘_ogether Eéﬁih a @GR-regdy hw@m fat| gell EBNA asAsp
tHeStemldte (Blonte&habddstoriBE? In631140365§a3ﬂ§h Way, Ser
g @aloLXft% R0 943@3u Iégnpézldi%B 'h)w Ser an an

Gu Lys Pr o Gu
Ser a nThe ﬂqrsetsgo,ﬁ PCRmpmplifigatigng wexksperformed

using 2.5 units of Amplitag DNA polymerase (Perkin Elmer
Cetus) or 2 units of Vent DNA polymerase (New England
Biolabs) in 100 uL reactions. PCR reactions contained 1 uL
of human fat cell cDNA, 10 pmol of each primer (all four were
mixed). The following conditions were used for *“Touchdown
PCR": 2 cycles: 94°Cx30 sec, 60°Cx30 sec, 72°Cx45 sec 2
cycles: 94°Cx30 sec, 56°Cx30 sec, 72°Cx45 sec; 2cycles:
94°Cx30 sec, 52°Cx30 sec, 72°Cx45 sec; 2cycles: 94°Cx30 sec,
48°Cx30 sec, 72°Cx45 sec; 2 cycles: 94°Cx30 sec, 44°Cx30 sec,
72°Cx45 sec: 28 cycles 94°Cx30 sec, 52°Cx30 sec, 72°Cx45 sec

The resultant PCR reactions products were run on a
1% agarose gel and a band of an approximate 450 bp in size
was visualized by ethidium bromide staining. This band was
present in both sets of PCR reactions. The bands were
excised and reamplified using above conditions in 30 cycles
(94x30 sec, 52x30, 72x45). The PCR product obtained using
Vent DNA polymerase was gel purified and cloned into a pCR-
SCRIPT cloning vector (Stratagene). The vector was then used
to transform E, coli cells. Plasmid DNA was isolated from 20
white colonies of E, coli and samples from three clones were
sequenced. Two such colonies, E, _c¢oli DH10B/p0OJ717 and E.
£oli DH10B/p0OJ718 were deposited with the Northern Regional
Research Laboratories (NRRL) under terms of the Budapest
Treaty and are available under Accession Numbers B-21408 and
B-21409 resgpectively.
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252 Ser A@n Thr An Lys Leu Au Asp 253 Ser
An Thr An Lys Pro Asp Asp 254 Ser @n Thr G n
Lys Pro Gwo 97/630ds 255 Ser Adn Thr Adn Lys Pr o

Asp O her preferre@ fy)rotel ns are those wherein Xaa at p05|t|8ﬁrﬁ‘§9ﬁ’1§’9¥d a;

Xaa at position 77 is Ser; Xaa at position 118 is Ay; and the am no
resi dues at positions 97, 100, 101, 105, 5 106, 107, 108 and 111 are as

described in Table |I. The present inventiZh provides biologically active
proteins that provide effective treatnment for obese type Il diabetics.
Unexpectedly, the |eptin proteins of TabFemPietie | nproved properties due
to specific substitutions to the 1¥edtwragonbesidioar otein. These proteins

are nore stable than both the nouse and hunan obesity protein and,

t herefore, represent super r riments

performed w tﬁ five to g?xbi)ger}? ﬁ%gq%‘ékhﬁn_&‘g&g Angfgﬁﬁ?n??}? W?éngl Abr ed
nor mal (ob/ +), &8SdEed1Brokeihds CORFEEUEERS ot lfnr:émi@ el @foslo BamHT

Labor at ori es (Bwstldabb%n dhidie) Qhel-!lalal;@ﬁhd RRghandy  crand1kraepghabetic

(db/ db) m ce. roal 5 C u Si x_per
pl astic cage (wt hueedgg an‘%d\;;lvg’?g1r'1 fe d%&?e g%&}af\gi abFez%’&eg' .
libitum The tTéwpéPlaE-hre bmfﬁfapmﬁabnass s warhf dedheaandatligated| gatd ¢ and
li ghts were on theore866P prREIE30Grbm Bhoad Woﬁin@eé&;@éﬂdeeQbedAfé%n the

nject the. {ooP i PEer e by St oFPA o e Hhibiat Brodthns, K hepGnecpe

(e.g., i.vi0 gigto ﬁa—pmb WBm RPRURHC 1L Wasival Ao bevd andesoteniyemni t or

food and water g@'owsugpﬁmmm@ahye—yeaghtply:efs spbpdamerciwiTvdtthy 101 pduairones

(gl ucose, insu%knteéggéycline are analyzed. Plasmid DNA is isolated,
digested with NdeI and BamHI and the resulting fragments are
separated by agarose gel electrophoresis. Plasmids

15 containing the expected ~ 450bp Ndel to BamHI fragment are
kept. E, coli B BL21l (DE3) are transformed with this second
plasmid expression suitable for culture for protein
production.

The techniques of transforming cells with the

20 aforementioned vectors are well known in the art and may be
found in such general references as Maniatis, gt _al.,
MOLECULAR CLONING: A LABORATORY MANUAL, Cold Spring Harbor Press,
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York
{1988), or CURRENT PROTOCOLS IN MOLECULAR BIOLoGY, (F. Ausabel,

25 ed., 1989) and supplements thereof. The technigues involved
in the transformation of E, ¢coli cells used in the preferred
practice of the invention as exemplified herein are well
known in the art. The precise conditions under which the
transformed E, _coli cells are cultured is dependent on the

30 nature of the E, _coli host cell line and the expression or
cloning vectors employed. For example, vectors which
incorporate thermoinducible promoter-operator regions, such
as the ¢1857 thermoinducible lambda-phage promoter-operator
region, require a temperature shift from about 30°C to about

35 40°C in the culture conditions so as to induce protein
synthesis.



corticosterone, GH, T4) over various tinme periods. Suitable test aninmals
I ncl ude normal mce (ICR etc.) and obese mce 30 (ob/ob, Avy/a, KK-Ay,
tubby, fat). Controls for nonspecific effects for these injections can be

done usi ng v\e/%b‘g% th or without test articles of simlar _conposition in
t he sane PCT/US9I6/10983

PCT/ US96/ 10983 - 18 - anl mal nonitoring the sane paraneters or the test
article itself in animals that are thought to lack the receptor (db/db
mce, fa/fa or cp/cp rats). Blood glucess |-evel s were neasured by a gl ucose

5 oxi dase nethod or a coupl ed hexoki nase nethod. Plasma insulin was
determ ned with radioi nfAnbAs sRkeigrred, ephgdingnt wfuthn rvaridost Endar d.

Plasma trigl ycm:hgje:szmvmomaaeslursedrasemlwschabt kédsiaviuh ghiteesed as
t he standard. eegf? tl{,dl §§’80 éStSr“,ﬁt“e,dﬁt h%lﬁ I ecptl n and 10 | eptin

mnmetis, regulate SZ%
genet | cally offes /6?3 nIt'%Qel éﬁlgé'm k6 t-r H6ABN Teﬁ‘lllre[é{GiQﬁ ah@il4 epti n
mnmetics t6& oblbcpildent ot'Hlé ytramielfbﬁmai atbdtheedilabgté crairmbeapbathese

ani mal s show ng, EJEBE 9£g%é %rrksgléf osreltef}:q__}ﬁ,ugntl?%%l%lro%tggﬁplS pr ot ei ns

as a treatnent ese i nvention
provi des net h@d@lpépt%?e%@m?ﬂfm@éségt‘;@ethq r¢isastencs  ggrne preskarlont hose

with | ow ci rcuﬂgﬁt eRPréeytds Hfash@Bl i NThd F&l&@&aeuaﬂé ©erd fl%c%%%‘tfohr
ol ut1 on or 20t tannaR8 FH A e nprRETe T hsE Ednfhe it el hie8! ut i on
begi nni ng1fli t tmpdevedn fragments coupl ed through
Proteins which are expressed in high-level
bacterial expression systems characteristically aggregate in
granules or inclusion bodies which contain high levels of the
overexpressed protein. See, e.d9., Kreuger et al., PROTEIN

15 ForpinG, (Gierasch and King, eds., 1990) at pages 136-142,
American Association for the Advancement of Science
Publication No. 89-18S, Washington, D.C. Such protein
aggregates must be solubilized to provide further
purification and isolation of the desired protein product.

20 Id. A variety of techniques using strongly denaturing
solutions such as guanidinium-BCl and/or weakly denaturing
solutions such as dithiothreitcl (DTT) are used to solubilize
the proteins.

Gradual removal of the denaturing agents (often by

25 dialysis) in a solution allows the denatured protein to
assume its native conformation. The particular conditions
for denaturation and folding are determined by the particular
protein expression system and/or the protein in guestion.

Preferably, the present proteins are expressed as
30 Met-Arg-SEQ ID NO: X so that the expressed proteins may be
readily converted to the claimed protein with cathepsin C
? {also known as diaminopeptidase}. The purification of
proteins is by techniques known in the art and includes
reverse phase chromatography, affinity chromatography, and
35 size exclusion chromatography.
The claimed proteins contain two cysteine residues.
Thus, a di-sulfide bond may be formed to stabilize the



conventional solution nethods. Such nethods are well known in the art and
may be found in general texts in the area such 25 as H Dugas and C
Penney, BI OORGANI C CHEM STRY, (1981) at pages 54-92. Proteins useful in the
presently cl ai hods al so may be prepared by well knomn [

DNA techniquegﬁggg #s those described in Mani atis, et al. @@%ﬁﬁﬂwicular
30 doning: A Laboratory Manual, Cold Spring Harbor Press, Cbld Spri ng

Har bor Laboratory, Cold Spring Harbor, | York or Current Protocols in

Mol ecul ar Bi ol ogy (1989) and suppl enents.” Techni ques for naking

substi tuti onal3 é%tc@tlhoEsmé ﬁ;&%&e&ﬁw@@hoﬂ tl%%maepl\&ck@é&dwwﬁerMne
sequence are nown, far .exa rimer a

mutations that TASgRf BRSHeRR 9% ffeC g&ﬁs%ﬁﬁpﬁﬁ tre "reé,%grhtlgﬁt?"l%-laéoetl c
protei ns nust nefllphacehd¢dwe reegqrénsewbtivowtf suchWﬂh9§MIEKHh1bonds

PCT/ US96/10983 - 19 - refﬂ'&c@d:{ﬁ g@dp%@éﬁ{@%léfm' Ln“@ﬁe rRkae

conpl enentary regions that cou uce secondary nRNA structure,  See,
DeBoer, et ai. ml‘l’ﬁf’&b%%rf“'?yateé‘rhstPuBFFEh?‘PJcﬁFlYOVﬁeﬂ4ﬁ°’ﬁ“"(lla§’§§) ag dimers,

The present i Neerimeos, prawviatessa aetihothémultéaerag ohede miypéméts are

di abetics. The seilada oD heAdBbEL SOL 1Y pRBsERL Cobyarse sagpuNt of an
leptin or leptin mnetic in dose between about 1 and 10, 000 Terr]g/kg. A
preferred dose is from about 20 to 10,000 J[err]g/kg. A nore 10 preferred
dose is fromabout 200 to 600 [err]g/kg. In practicing this nethod,

anti-di abetic proteins can be adm nistered in a single daily dose or in

mul tiple doses per day. The



treatnment regime may require admnistration over extended periods of tine.

The anpbunt per adm ni stered dose anount adm ni stered w ||
be determ ned by the physician adgmgmﬁuﬁugmmlfactors as the mass of

t he patient, g&f'@&@ and general heald h Lol » ient and the tol erance of
the patient t& Ihe B8npound. The instant invention further 840983,

phar maceutical formul ations conprising conpounds of the present invention.
The proteins, preferably in the formof a pharmaceutically acceptable salt,
can be fornulated for parenteral adm ni-s€eati on. For exanple, conpounds can
be adm xed wi th conventional pharmaceutical carriers and 25 excipients.
The-conpositioﬁsCE%H$%ising claimed proteins contain fromabout 0.1 to 90%
by wei ght of the active protein, preferably in a soluble form and nore
generally from about 10 {0 3Q9%. Euyrth , . £S5 roteins, may be
adm ni stered al one_or i niboanf@r?at#otﬁ gméﬁ{rgtcﬁte?gg_ggﬁ-ﬁ%eﬁgbtggft ?/heagents or
agent s useful PARRFRCRUGSy ofi doBeRscanssit ifREr Ayerbly ®SepPreventing ein i s
adm ni ster 3l i aigbeteninelldedsi nt ravenous fluids and adm ni stered by

i nfusion. For intranuscul ar preparations, a sterile formulation, preferably
a suitable soluble salt formof the 35 protein, for exanple the

hydrochl oride salt, can be dissdsithed afdChaimnl stharedn saadphepnicerrt i cal

di luent such agepyiwgeiretliceesWatBécttia BRYel GhO U lp $8hkDSeify Yt table

i nsol ubl e V\Qa97/ 02004

PCT/ US96/ 10983 - 20 - form of the conpound may be prepared and adm ni stered
as a suspetion MEEREUTECES Lpasiel oflnadgphassmdbedyp Cli| jeu Tle Lys Thr

Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Xaa Ser Val Ser Ser

20 25 30
15
Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
35 40 45
Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
20 50 55 60
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu
65 70 75 80
25 Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
85 S0 95
His Leu Pro Qln Ala Ser Gly Leu Glu Thr Leu Glu Ser Leu Gly Gly
. 100 105 110
30
Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125
Leu Gln Gly Ser Leu Gln Asp Met Leu Gln Gln Leu Asp Leu Ser Pro
35 130 135 140
Gly Cys
145
wherein:
40 Xaa at position 28 is Gln or absent;
(SEQ ID NO:1)
* (b)
Val Pro Ile Trp Arg Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
» 1 5 10 15
45

Ile Val Thr Arg Ile Ser Asp Ile Ser His Met Gln Ser Val Ser Ser
20 25 30

Lys Gln Arg Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Val

| II!'I Il I{ | THIS SHEET HAS BEEN
! il! i REPLAGED

Thi




acceptable oil base, e.g. an ester of a long chain fatty acid such as ethyl

ol eate. 5 In a preferg i the present invention

provi des a nethod for treating o¢gﬁ ﬁ "ﬂﬁgigﬂetics with low |l eptin

| evel s, thougQ, diahetic patients nous leptin_|evel s nay
Prg SEUSshne

al so benefit %ﬁ)ﬂ% presently clained nmethods. Methods forP serum
and plasma 10 leptin |levels nmay be acconplished using standard anti body-
based net hodol ogi es. Leptin assay kits are also commercially available from
Linco Research, Inc. (14 Research Park-DEé¢,-St Louis, MO 63304) Treating
obese type |l diabetics _having leptin 15 |l evels between QO and 80 ng/m is
preferred. More preferréa is to treat otfdse type I di afeti cs havi ng leptin
llevel s between O0pan@erQel0édH LyRLE ABL ARy iy el emhed b Snbocly 881 [9pese type
Il diabetics having keptin | evels besgeen 0 and 30 ngsonmi”. Most preferred is
to treat olfese type |l diabetics 20 having leptin |levels between 0 and 15
ng/ M. By way of L‘F;{(I“'Bétsteatli'edn?mt Fer oy |0 Y ek dde dfee dmodsriéeaut o hel p
descri be how to n¥ke and practice % he various enbdliments of the Bhvention.
These exanpl e argni RshQeWodkgMBdNbed Qebi sl LdN B GOP RPN & BYERLL ON. 25
Exanpl e 1148 DNA sequence encodssng the fol |l ow ngp protei n sequenge:
Met-Arg-SEQ ID NO 4. 30 was obtai ned using standard PCR net hodol ogy from a
human fat cell | FEt &Yy fCedjietc &Fq praviar G & FotSEe e vy Biy ef | vy,
degenerate priners were designed based on e published am™o acid sequence

of the hurmsn ob g&N@eu B8 Ala Ser Leu Tyr Ser Thr Glu vVal Val Ala Leu Ser Arg
118 12¢ 125

Leu Gln Gly Ala Leu Gln Asp Met Leu Arg Gln Leu Asp Leu Ser Pro
130 13s 140
20
Gly Cys
145 ; (SEQ ID NO:2)

{c)

25 Val Pro lle Cys Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5 10 15

Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Xaa Ser Val Ser Ser
20 25 30
30
Lys Gln Arg Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Leu
35 40 45

Leu Ser Leu Ser Lys Met Asp Gln Thr Leu Ala Ile Tyr Gln Gln Ile
35 50 55 60

Leu Thr Ser Leu Pro Ser Arg Asn Val Val Gln Ile Ser Asn Asp Leu
65 70 75 80

40 Glu Asn Leu Arg Asp Leu Leu His Leu Leu Ala Ala Ser Lys Ser Cys
85 90 95

Pro Leu Pro Gln Val Arg Ala Leu Glu Ser Leu Glu Ser Leu Gly Val
100 105 110

45
Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125

Leu Gln Gly Ser Leu Gln Asp Met Leu Arg Gln Leu Asp Leu Ser Pro
50 130 135 140

Gly Cys
145

55 wherein Xaa at position 28 is Gln or absent; (SEQ ID NO:3)

; T

.'{'hljs Sheet Has Been Replaced THIS SHEET HAS BEEN '
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35 prinmers were prepared for use in polynerase chain reaction (PCR

anplification nethods using a Mde sizers (PE-Applied

Bi osystens, Inc., 850 Lincoln Cent HIMW%EW

PCT/ US96/ 10983/ gi%ﬁh Drive, Foster+ Y,L . Forward priners OB. FIM
USR5/ 19943

(5-GGGGCATA8 ETA ccT ATC CAG AAA GTC CAG GAT GAC AQ)

(5- GG GG CAT ATG AGG GTA CCC ATC CAG AAG GIG CAG GAC @A) (and reverse
primers OB. RLM (5- GG GG GGATC GAT AAT TTA GCA 5 TCC AGG GCT AAG ATC CAA
CTG CCA AAG CAT) and OB. R2H (5-GG GG GGATg; CTA TTA GCA CCC GGG AGA CAG GIC
CAG CTG CCA CAA CAT) were m xed together with a PCR-ready human fat cell
cDNA as the tenpl d8¢ (Cl ontech Laboratories, Inc., 4030 Fabi an Way, Pal o
Al'to, CA 94303; | ugmms#d138-dy. ts of P
anplifications wene Sgr fI(Z;lF%rrslsl)éll IB‘I%éI)I’\Ifal 2G.1§ ?Jsrri’i ?ssp gﬁk‘e,&%ﬁsf}g‘md\ﬁ%ﬁ ?r‘r‘ér ase
(Perkin Elmer Cetus) or 2 units of Vent DNA pol ynerase (New Engl and

Bi ol abs) in=>100 ulf ¥attThEnise PERAPeAcPi BisSohtnikaedad Sek Ofl Hermaer f at

cel | cDNA, 10 pnol of each Primer (all four?%ere 15 nixed)3? The fol | ow ng
condi tions were usgdcliQriys TRYcRAowd, PCR Asp2oiey €1 910 Y] &l §63P- 586  60Cx30
sec, 72Cx45 sec 2 cycless 94Cx30 sec. 5646x30 sec, 72[errgsCx45 sec; 2cycles:
94Cx30 sec.1952Cx30 sec, 72Cx45 sec; 2cycl es: 94Cx30 sec, 48Cx30 sec. 72Cx45
sec; 2 cycles: 94f%t fsrj)‘b%’gt‘) BE LYy ek Agp e Thrplewr 2y J51 Swe: ClpgClay Eles
94Cx30 sec, 52Cx30 séc, 72Cx45 sec The resultant PCR® eactions products
were run on a 1% bgarnseegaletand gebang Rf v SRPEOXINRIL 420 AR, LY, Size
was Vi sual il®ed byé®t hi di um broni degostai ni ng. Thi s7hand was presensoin both

sets of PCR react(i;{)ni. The bands were )
u Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys

85 g0 95

20 His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
100 105 110

Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
25 115 120 125

Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro
130 135 140

145
30 Gly Cys

wherein:
Xaa at position 27 is Thr or Ala; and
Xaa at position 28 is Gln oxr absent;
35 (SEQ ID NO:4)

(e)

Val Pro Ile Gln Lys Val Gln Ser Asp Thr Lys Thr Leu Ile Lys
1 5 10 15
40
Thr Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val
20 25 30

Ser Ser Lys Gln Arg Val Thr Gly Leu Asp Phe Ile Pro Gly Leu
45 35 40 45

His Pro Val Leu Thr Leu Ser Gln Met Asp Gln Thr Leu Ala Ile
50 55 60

50 Tyr Gln Gln Ile Leu Ile Asn Leu Pro Ser Arg Asn Val Ile Gln
65 70 75

Jle Ser Asn Asp Leu Glu Asn Leu Arg Asp Leu Leu His Leu Leu
80 85 S0
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25 excised and reanplified using above conditions in 30 cycles (94x30 sec,
52x30, 72x45). The PCR product ob miﬂm w Vent DNA pol ynerase was gel

purified and cloned into a pCR- m ﬂmf or (Stratagene). The
asm d DNA was isol ated

vector was th to transform
from 20 30 \Aﬁhﬂ%g Ofonies of E. coli and sarrpl es from t hr eePCTBFELOML o

sequenced. Two such colonies, E. coli DHLOB/ pQJ717 and E. coli DH10B/ pQJ718
were deposited with the Nor t her n Regi onal Research Laboratories (NRRL)
under terns of the Budapest Treaty and-ape avail abl e under Accession

Nunbers B-21408 and 35 B- 21409 respectively. WO 97/ 02004

PCT/ US96/ 10983 - 22 - rgp 2 Vector Construction A plasmd cont ai ni ng

t he DNA sequence @r’rﬁo‘fﬂe G a MR SEF Surspi Bt Bfth PrS i'gpr@f‘r?ﬁ?t%ﬁ’ E8¢ ikl ude Ndgl
and BamHl 5 restriction sites. "The plasm d carrying the cloned pr oduct

is digested with MNielrLeanchBasHLet QLT Adt VAN LONZYEEYa SheLa&MMd ser 450bp
fragment is gel-purified and |ilgated into the uestor pRB182 framvwhich the
codi ng sequence for A-C-B pr0| nsulin is deleted. The ligation products are
transformed 10 irfd B* i V> DAIPE-P Hinbreia 155 &4 Feabte GlethL %ol oni es
growi ng ong ryptone-yeast plateées suppl emented W 9h 10 [err]g/ntC

tetracycline are amalnsmetkp Blaseh hsPNAul Sed $6b @hpdysdi gested with Ndel and
BanHl and the resulting fragnentse are separated4by agar osEQeb NO:5)

el ectrophoresis. Plasm ds 15 containing the expected ~ 450bp Ndel to BanH

fragment are kept. E. coli B BL21 (DE3) are transfornmed with this second
15
Val Pro Ile His Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5 10 15
Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ala
20 20 25 30
Arg Gln Arg Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
35 40 45
25 Leu Ser Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
50 55 60
Leu Thr Ser Leu Pro Ser Gln Asn Val Leu Gln Ile Ala His Asp Leu
65 70 75 80
30
Glu Asn Leu Arg Asp Leu Leu His Leu Leu Ala Phe Ser Lys Ser Cys
85 90 95
Ser Leu Pro Gln Thr Arg Gly Leu Gln Lys Pro Glu Ser Leu Asp Gly
35 100 1058 110
Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125
40 Leu Gln Gly Ser Leu Gln Asp Ile Leu Gln Gln Leu Asp Leu Ser Pro
130 135 140
Glu Cys
145, (SEQ ID NO:5)
45
(g)
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 -5 1a 15

50 Ile Val Thr Arg Ile Xaa Asp Ile Ser His Xaa Xaa Ser Val Ser Ser
20 25 30

Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Prec Gly Leu His Pro Ile
35 40 45
55
Leu Thr Leu Ser Lys Xaa Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
50 55 60
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pl asm d expression suitable for culture for protein production. The

techni ques of transform ng cells w af orenenti oned vectors are
wel | known in the art and may be MHMIQQMQMHM references as
Maniatis, et Ql,q, ECULAR CLONI NG A MANUAL, Cold Sg)ri n

Har bor Press, (90? pring Harbor Laboratory, Cold Spring HarBfotUSO@¥83or k
(1988), or CURRENT PROTOCOLS | N MOLECULAR BI OLOGY, (F. Ausabel, 25 ed.,
1989) and suppl enments thereof. The techniques involved in the
transformation of E. coli cells used in t2ve-preferred practice of the
invention as exenplified herein are well known in the art. The precise

condi tions und gu%ircélrt e El[agsforrre}g E. cloli c<lal |s are cultured is
dependent on tfe nattie of ;phé B *Eoltt ALSEREMF T Pnetafitp e
expression or cloning vectors enpl oyed. For exanple, vectors I ch

i ncor por at e5t hekwdendiwci Agerqr OaDilen-ipevAl Déu RegiraASsersuGhsas cyhe c1857
t her noi nduci bl e | anbda- phag®® pronot er - oper afdr regi on, requt¥e a

tenmperature shift ;L5 opahoul, 3Q hout., 3 0C,i.n $he culture conditions
so as to induce protei nag%nthaes%wyal'e\'?\d_g@?}brzéﬁ'ﬁ aef) 4ol e ey

PCT/ US96/ 10883 - 23 - In the preferred enbodi nent of the invention E. coli
K12 RV308 cel | ¥a}feu ?igl@ye@?ragaMGyt o The BLt Valvet gus lstuheer 8ed | | i nes

are avail abl e such as>but not Iim'te’(f_oto, E. coli K1¥5L201, L687, L693,
L507, L640, L64dy chHy deBlbedclEasE Ut Bhr rd814 FL@Q%IsBriﬁ%dsi}O%o cells are

t hen pl atetlson appsepriate nedi a upsger the sel ectiijye pressure of the
antibiotic corgéasspondi ng to the resistance gene present on

Gly Cys

20 wherein:
Xaa at position 22 is Asn, Asp or Glu;
Xaa at position 27 is Thr or Ala:;
Xaa at position 28 is Gln, Glu, or absent;
Xaa at position 54 is Met or Ala;
25 Xaa at position 68 is Met or Leu;
Xaa at position 72 Asn, Asp or Glu;
Xaa at position 77 is Ser or Ala;
Xaa at position 118 is Gly or Leu;
said protein having at least one substitution selected from
30 the group consisting of:
His at position 97 is replaced with Ser or Pro;
Trp at position 100 is replaced with Gln, Ala or Leu;
Ala at position 101 is replaced with Thr or val;
Ser at position 102 is replaced with Arg:
35 Gly at position 103 is replaced with Ala;
Glu at position 105 is replaced with Gln;
Thr at position 106 is replaced with Lys or Ser;
Leu at position 107 is replaced with Pro;
Asp at position 108 is replaced with Glu; or
40 Gly at position 111 is replaced with Asp; and,
{(SEQ ID NO:7)

(h)
Val Pre Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
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the expression plasmd. The cultures are then incubated for a tinme and
tenperature appropriate to the host cell line 10 enployed. Proteins which
are expressed in high-1level bact e“mumwg'ﬂﬂﬂmu ystens characteristically
aggregate in or inclusiont® ntai n high t he
over expr essedg%@%wgf“ﬁf See, e.g., Kr efjge’r ¢t 8. PROTEIN 15 J%?m%s

(G erasch and King, eds., 1990) at pages 136-142, Anmerican Association for
t he Advancenent of Science Publication No, 89-18S, Washington, D.C Such
protein aggregates nust be solubilized fo3%rbvide further purification and
isolation of the desired prgtein product. 20, Id. A varietygof techniques
usi ng strongly denaturing sol utions such as guani di ni um HCO and/ or weakly
denat uri ng sol utleovss ShucArasIidiAdhi aiphrbd ttet HiPTHae @I ses @dl tsersadrubi li ze
the proteins. G adual redAdval of the den@bBuring agents (@éften by 25

di al ysi s) iR a solégi n %Igo%§ the depatured protein to assune its native
conformati on. THRE PAr Ef’cuf reoidi tTofEP FoF dendrurdt LBh *ahd=Pot'Ging are
determ ned by the particular protein expression systemand/or the protein
in question. Prneherabley sthaeypnesend proirer Neuakia wipressesl s 2@

Met - Ar g- SE@OI D NO'S% so that the epressed protein§ may be readily
converted to the ai ged._praqtei jth cath in.C (also known as

di ani nopept i da%ﬁ‘.% hggrpﬁg? f?:a%ir\(l)\inrgo?s"p&ﬁf%ﬁﬁ&ﬁné%ﬁ?&eé hiGleS known in
the art and includes reverse phase chromatography, affinity chromatography,
and 35 si 28 eX@hkuksinohewc Arodar dgrapyHisTHal deniAtedPher 8¢rilns Seorftvai n t wo
cysteine residues. Thus, a &P-sulfide bond My be forned to%tabilize the

His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly

100 105 110

20

Val Leu Glu Ala Ser Xaa Tyr Ser Thr Glu Val Val Ala Leu Ser Arg

115 120 125

Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro
25 130 135 140

145

Gly Cys

30 wherein:
Xaa at position 27 is Thr or Ala;
Xaa at position 77 is Ser or Ala;
Xaa at position 118 is Gly or Leu;
said protein having at least one substitution, preferably
35 having one to five substitutions and, most preferably, one to
two substitutions selected from the group consisting of:
His at position 97 is replaced with Ser;
Trp at position 100 is replaced with Gln;
Ala at position 101 is replaced with Thr;
40 Glu at position 105 is replaced with Gln;
Thr at position 106 is replaced with Lys;
Leu at position 107 is replaced with Pro;
Asp at position 108 is replaced with Glu; or
Gly at position 111 is replaced with Asp,
45 or a pharmaceutically acceptable salt or sclvate thereof.
{(SEQ ID NO:8)
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WD 97/ 02004 PCT/ US96/ 10983 - 24 -

protein. The present invention incl i rein the Cys at
position 96 is crosslinked to Cys 4 ﬁiHm:imﬂigﬁ E wel | as those proteins
wi t hout such di- | de bonds. | n addi (i ins useful in fhe
present 5 i n%ﬂ??’h{?bﬂay exist, particularly when fornul at ed,chglsa?Ws,
trimers, tetramers, and other nultiners. Such multinmers are included within
t he scope of the present invention. 25 1 Cdaim 1. Use of a leptin or
leptin minetic for the manufacture of a mEdicament for treating or
preventing 5 di abet es l1ifus., 2. A.use .of Cdaiml wherein said
leptin or leptin nineti c.g?s selr&_%'fl'é‘%ii A h &G dBp2RonR S I FBATEa) 10
Val Pro I|le d ®rLgswhare) ntirspliahetelr mpydiqks iswasisbeiaysd Withl high

5 _ endogenod® leptin levels. 15 Ile Val Thr Arg Ile Asn Asp
Ile Sér His Thr Xaa Ser Val Ser Ser 20 25

30 15 Lys @ n Lys Val Thr Ay Leu Asp Phe Ile Pro Ay Leu Hs Pro Ile 35
40 > 454Leu Ahretlmd Sov dlpdmedt inspnyd ond ot [odaiMealVal

Tyr An An || er28 wherein th@iabetes mellitus is a®2ociated with low 60

I;Su Thr Ser NEtengcr)ger%\‘r}%Alre%té%nl\é%llsl.e An Isi)e Ser Asn Asp Leu 65

5. A method as claimed in any one of Claims 1
10 or 3 wherein said obese type II diabetic has endogenous
leptin levels in the range of 0 to 80 ng/ml.

6. A method as claimed in any one of Claims 1
or 3 wherein said obese type II diabetic has endogenous
15 leptin levels in the range of 0 to 50 ng/ml.

7. A method as claimed in any one of Claims 1
or 3 wherein said obese type II diabetic has endogenous
leptin levels in the range of 0 to 30 ng/ml.

20
8. A method as claimed in any one of Claims 1
or 3 wherein said obese type II diabetic has endogenous
leptin levels in the range of 0 to 15 ng/ml.
25 g. A method for treating or preventing diabetes

mellitus which comprises administering to an afflicted
patient a leptin or leptin mimetic.

10. The method of Claim 9 wherein said leptin or
30 leptin mimetic is selected from the group consisting of:
SEQ 1D NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ 1D
. NO:5, SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8.

11. The method as claimed in any one of Claims 9
or 10 wherein the diabetes mellitus is associated with high

35 endogenous leptin levels.
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25 A u Asn Leu Arg Asp Leu Leu Hi s VaI Leu Ala Phe Ser Lys Ser Cys 85

90 95 H's Leu Pro Leu u Thr Leu Qu
Ser Leu Gy Ay 100 I ! " i' 110 30 Val Leu

Au Ala Ser GWOI)’/&:«OEH Thr G u Val Vval 115

120 125 Leu G n Gy Ser Leu dn Asp NEt LeBCEHUSI0M3 eu
Asp Leu Ser Pro 35 130 135 140
@y Cys 145 wherein: 40 Xaa at position 28 is G n or
absent; (SEQ ID NG 1) (b) Val Pro'l le TrmaAg Val G n Asp Asp Thr Lys Thr
Leu Ile Lys Thr 1 10

15 45 Ile Val Thr Arg IIéZSerTlﬁspmttkEOCIS@rS ldilgined GhnaSerondalofS¢rlaSes 20
25 or 10 whéthyStrg e AR ¥Rl mzmltgé’ 1@%5@%915@5&&&?&%@ y
Leu His Pro VaI 4 Leu Ser
Leu Ser Lys Met® R?He@"ﬁs THPRIR 1AVELFt e Tyr Adndnille 50

55 60 5 Leu Thr Ser Leu Pro Ser Arg Asn Val Ile dnlle
Ser Asn Aspsleu 65° 13. The methot as claJ.med J.n 2y one75>f laimg 9
80GIuAsnLeuArg‘0 gLeuLeuJ—h%LeuLeuAla eb Sr(% 5

85 W g elrn sal obese type §% dia Eth has enaogernous

leptin levels in the range of 0 to 80 ng/ml.

14. The method as claimed in any one of Claims 9
10 or 10 wherein said obese type II diabetic has endogenous
leptin levels in the range of 0 to 50 ng/ml.

15. The method as claimed in any one of Claims 9
or 10 wherein said obese type II diabetic has endogenous
15 " leptin levels in the range of 0 to 30 ng/ml.

16. The method as claimed in any one of Claims 9
or 10 wherein said obese type II diabetic has endogenous
leptin levels in the range of 0 to 15 ng/ml.

20
17. A formulation for treating or preventing
diabetes mellitus, comprising as an active ingredient a
leptin or leptin mimetic.
25 18. A formulation of Claim 17 wherein said leptin

or leptin mimetic is selected from the group consisting of:
SEQ ID NO:1, SEQ ID NOC:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8.

19. The method as claimed in any one of Claims 17
30 or 18 wherein the diabetes mellitus is associated with low or
high endogencus leptin levels.

This Sheet Has Been Repla THIS SHEET HAS BEEN

(T REPLACED




A0 Ay

i ST

Pro Leu Pro G n Ala Leu Gu Thr Leu- GU,J elr LGIEWHMMHG@EEID SG
105 ‘m ’wmm”m"m,no 15 Val Leu G{i”Al a |Sdi Deseripfipn : SegedThy. taGipaged .....
Val V. g 115 120 @ Claim(s) :paged $2%0 Ipeged S
An Gy Ala Led G Asp Met Leu Arg Gn Leu Asp Lel [P@rawh n@(s}3Qaged ..... to paged .....
135 140 20 Ay Cys 145 35 - ([gsl;z@sirg}tNo %}, d)... paged .....
Val Pro Ile Cys Lys Val A n Asp Asp Thr Lys Thr LeuIIeLsThr% r”ﬁéhd {ig
5 I Claim: 10 15 Ile M r ~Ar
Ile Ser Hs Thr Xaa Ser Val Ser Ser 20 abﬁ&ﬁ Qé ﬂEbEﬁyﬁs """"""""

30 30 Lys G n Arg Val Thr Ay Leu Asp Phe Ile Pro Ay Leu H's Pro Leu 35
40 458 -Leu Uswr qfen deptiys ovedenspnGnanghicl far Athel | e
Tyr @ n Gn | k@nd%acture of aSBedicament for treatim® or &reventln 60
Leu Thr Seg Lg Ero Ser 9 Asn Val Val dn Ile Ser Asn

70 etes ‘f‘%ll tu 80 40 G u Asn Leu Arg Asp
Lgu Leu H's Leu Leu Ala Ala Ser Lys Ser Cys 85 90

95 Pro Leu Pro @ n Val g AlLa Leu Gu Leu Leu y. Val

105 120005 Rt ey G AEEES VSFRUT id ThePkiG R
Val Ala Leu Séeppip mi@etlc is selected f££@P the group consistirkP®flieu A n
Ay Ser Leu G¢gjyAsp Met Leu Arg G n Leu Asp Leu Ser Pro 50 130

135 140 Gy Cys 145
10 Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5 10 15

T

Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Xaa Ser Val Ser Ser

20 25 30

15

Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile

35 40 45

Leu Thr Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
20 50 55 60

Leu Thr Ser Met Pro Ser Arg Asn Val 1le Gln Ile Ser Asn Asp Leu

65 70 15 80
25 Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys

85 90 95
His Leu Pro Qln Ala Ser Gly Leu Glu Thr Leu Glu Ser Leu Gly Gly
100 105 110

30

Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg

115 120 125

Leu Gln Gly Ser Leu Gln Asp Met Leu Gln Gln Leu Asp Leu Ser Pro
35 130 138 140

Gly Cys

145

wherein:
40 Xaa at position 28 is Gln or absent;
(SEQ ID NO:1)
{(b)
Val Pro Ile Trp Arg Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5 10 15

45

Ile Val Thr Arg Ile Ser Asp lIle Ser His Met Gln Ser Val Ser Ser
20 25 30

e

PSS - fFigs Gln Arg Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Val

!
e b
= — -—“



\/\herel n Xaa at p05|t|on 28 is G n or absent; (SEQ ID NO 3) -27-
A n Asp Asp Thr Lys Thr Leu Ile Lys Thr 1

Illll!l”“l “m ILﬂl Xaa Xaa Ser Val Ser Ser %g : e val Thrzérg e

30 Lys Gln Lys Val Thr Ay Leu Asp Phe llesBra Ay Leu H's Pro Ile 35

40 45 10 Leu Thr Leu Ser Lys Met Asp G n Thr Leu Al a Val
Tyr An An lle 50 35 . 55 40 ﬁiO Leu Thr Ser
Met Pro Ser Arg Asn Val Ile An lle Ser Asn Asp Leu 15
70 Leu SeygLeu Ser Lys Met Asp Gln ghrdiqpr Add ILI%UT’N‘ glp\sc‘ﬂ.nLébe Leu
H's Val LeugAl a Phe se? Lys Ser Cys 85 °
95 20 *Hs Lew, i dep L’éLaPr%egerGAX‘gLﬁ% Gay ITlfy Gi—:‘?u.[lAs.‘E’exSﬁEn GELY Ay
100 65 105 0 Val Lesw G u Ala Ser ¥o Tyr
Ser Thr du Vval Val Ala Leu Ser Arg 115 120
125 25 Leu_Qd n d ¢l&dysnl bep @Grg MppLivktlebellisTilpu Gen Rda SAgpSdre Ly SeFerPeps 130
135 10 140 145 3> Ay Cys wirein: Xaa at podition 27
Is Thr or Al a; angrg(q.. aerP%?L}\tI{loanszgB Alg Igeuncgr 'B\bSEeu ’Glu Ser Leu Gly Gly
(SEQ I'D NO 4) 100 105 110
i5 Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125
Leu Gln Gly Ala Leu Gln Asp Met Leu Arg Gln Leu Asp Leu Ser Pro
130 135 140
20
Gly Cys
145 ; (SEQ ID NO:2)
(c)
25 Val Pro Ile Cys Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5 10 15
Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Xaa Ser Val Ser Ser
20 25 30
30
Lys Gln Arg Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Leu
35 40 45
Leu Ser Leu Ser Lys Met Asp Gln Thr Leu Ala Ile Tyr Gln Gln Ile
35 50 55 60
Leu Thr Ser Leu Pro Ser Arg Asn Val Val Gln Ile Ser Asn Asp Leu
65 70 75 80
40 - Glu Asn Leu Arg Asp Leu Leu His Leu Leu Ala Ala Ser Lys Ser Cys
85 S0 95
Pro Leu Pro Gln Val Arg Ala Leu Glu Ser Leu Glu Ser Leu Gly Val
100 105 110
45
Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125
Leu Gln Gly Ser Leu Gln Asp Met Leu Arg Gln Leu Asp Leu Ser Pro
50 130 135 140
Gly Cys
145

55 wherein Xaa at position 28 is Gln or absent; (SEQ ID NO:3)

. 'f:'-n:.::l“.r\!%-V\r}\ SH;}JTM
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(e) Val Pro Ile @n Lys Val Gn Ser Asp Thr Lys Thr Lleu 1"’%

e FLTZEE

i
I
L; 019 t %
Ser % Arg Val Thr Gy Leu Asp Phe Ile Prb [y L8hC4¥ |
- A% Hs Pr aL,LeuthLnI:eu
&h Mt Asp G n Thr Lew Ala Ile 50 55 |
60 50 Tyr G@gy Gn lle Leu Ile Asn Leu Pro Ser Asreat 8 Tn 65
70 75 Ile Ser Asn Asp Leu G u Asn Leu rg E)Leu Leu Hi s
Leu Leu 80 Val Pro Ile Gln s Val Gln Asp Asp Thr Lyg) Thr epdle ?gsaTF’he
Ser Lys Ser Cys H's Leu Pro Leu’ Ala Ser Gy Leu Hu o5
100 5 Ile vaiOBho Arg Ile AIxhrAslpeylgéérS@fs ekl }QaYSASQayaéerngr du
Ala Ser Leu Tyr Ser 110 20 30120 Thr Gu
Val Val Ala Leu Ser Arg Leu G n Ay Ser Leu GI n Asp 125
130 Lys q13*51=>14) Vit THre @i ysudisp [Phe NsapPE'e@lSeEaE\PrHes Qe ©ys 140
145 (SEQ I D NO 3%) (f) 15 val Pr6°||e H's Lys Val4dn Asp Asp Thr

10
Lys Thr LeuIIeL T'ﬂ{ﬂ: s M A " e v
I5 I1e Val Thr ArgTim ASh' ASp Tie"Seridf L ol ng, S5 Tie

Ser

Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Ser Asn Asp Leu
15 65 70 75 80

) Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
85 90 95

20 His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
100 105 110

Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg

115 . 120 125
25

Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro
130 135 140

145
30 Gly Cys

wherein:
Xaa at position 27 is Thr or Ala; and
Xaa at position 28 is Gln or absent;
35 (SEQ ID NO:4)

(e)

Val Pro Ile Gln Lys Val Gln Ser Asp Thr Lys Thr Leu Ile Lys

40
Thr Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val
20 25 30

Ser Ser Lys Gln Arg Val Thr Gly Leu Asp Phe Ile Pro Gly Leu
45 35 40 45

His Pro Val Leu Thr Leu Sexr Gln Met Asp Gln Thr Leu Ala Ile
S0 55 60

50 Tyr Gln Gln Ile Leu Ile Asn Leu Pro Ser Arg Asn Val Ile Gln
65 70 75

Ile Ser Asn Asp Leu Glu Asn Leu Arg Asp Leu Leu His Leu Leu
80 85 90



25 30 Arg

u Asp Phe Ile Pro Gy Leu H's Prolle 35
jmlm |IL!“"@””"T45 25 Leu Ser Leu Ser Lys Met Asp G n Thr-Leu

55 60 Leu
Thr Ser Leu Pro Ser G n Asn Val Leu Gn lde@l-a Hs Asp Leu 65
70 75 80 30 A u Asn Leu Arg Asp Leu
Leu Hs Leu Leu Ala Phe Ser Lys Ser Cys 85 90
95 Ser Leu Pro G n #f§r Prg Feq infiéarc%f Hys IploPxg &ESeklaLéar A2y f@uycés
100 105 110 VaP%Leu G u Al a Seffteu Tyr
Ser Thr dusgval Val
125 40 o 3‘}%2? ¥ 8 ey éﬁé“ Bl &b 4 ansi%u%gﬁs%’ié’ﬁﬁ Ser
Pro 130 135 140 du Cys 145,
(SEQ I D NO 5) 45 (dghhrValu Mad Vdle AGh riduy Sed/drgQuen Adp AgpsdhrleuysinThepleu
Il e Lys Thr 5 125 1340 . 135 15
50 Ile Vz?rlO Thr ArM% ge )ég_g éSnEL SAS?eﬁeﬂf;r)é@l% Xga %}gsr Val Ser Ser
25 {oall a P, Ph e
Leu Hs Pro Ile 35 1;? 40 qg‘ ?ﬁgb gg ’gﬂqﬁr

Leu Ser Lys Xaa Asp A@n Thr Leu Ala Val Tyr An dn Ile 50

55 (f) 60
15
Val Pro Ile His Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Tbr
1 S 10 ' 15
Ile Val Thr Arg Ile Asn Asp Ile Ser His Thr Gln Ser Val Ser Ala
20 20 25 30
Arg Gln Arg Val Thr Gly Leu Asp Phe Ile Pre Gly Leu His Pro Ile
35 40 45
25 Leu Ser Leu Ser Lys Met Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
50 55 60
Leu Thr Ser Leu Pro Ser Gln Asn Val Leu Gln Ile Ala His Asp Leu
65 70 75 80
30
Glu Asn Leu Arg Asp Leu Leu His Leu Leu Ala Phe Ser Lys Ser Cys
85 90 95
Ser Leu Pro Gln Thr Arg Gly Leu Gln Lys Pro Glu Ser Leu Asp Gly
35 100 105 110
Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125
40 Leu Gln Gly Ser Leu Gln Asp Ile Leu Gln Gln Leu Asp Leu Ser Pro
130 135 140
Glu Cys
145, (SEQ ID NO:5)
45
(g)
Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr
1 5 10 15

50 Ile Vval Thr Arg Ile Xaa Asp Ile Ser His Xaa Xaa Ser Val Ser Ser
20 25 30

Lys Gln Lys Val Thr Gly Leu Asp Phe Ile Pro Gly Leu His Pro Ile
35 40 45

Leu Ser Lys Xaa Asp Gln Thr Leu Ala Val Tyr Gln Gln Ile
55 . 60
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vt il

H s Leu

105

Leu Thr Ser Xaa Pro.Ser Arg Xaa Val

Cys 85 .
Leu A u Thr

Ala Leu Ser Arg 115

Leu Gn Asp Met Leu Trp A n Leu Asp Leu Ser

135
Asn,
d n,

havi ng at

of : His

repl aced

Val ;

£

MBI - =

110 10 Vval

Leu G u Al ggSer

120

Leu Asp Ser
Xaa Tyr

90

Pro 15

Leu

PlMQMhH“L“

I[le An |l eg XaaAST ASP L&
805 du Asn Leu

AT g sl L U

G.y-g
Ser Thr

d u Val

130

Leu Thr $4D Xpa5 P Seryhrpgan Vael bt BlnXEke Xae JPOSAR GAU22 s

103 is repl aced W|t

posi ti on 106 Ues ¢rRPbag et rWLéD diySasy MSEIMLeu Trp Gln Leu Asp Leu Ser Pro
135

15

20

25

30

35

40

130

145
Gly Cys

wherein:
Xaa
Xaa
Xaa
Xaa
Xaa
Xaa
Xaa
Xaa

Leu; g

Hadgr

Ala Au at p05|t|on 105 IS replaced W|th an;

at
at
at
at
at
at
at

at

said protein

er’Xa
i S rep

position
position
position
position
position
position
position

position

aa at

d u, cor sent i S
position %8 |G§QN§J'L}‘ S?a(%g Alp AT E'é ﬂl?lklal

position 77 is Ser or Ala; Xaa at p03|t|on 118 is Ay or
| edisE Tenve Pxalisol AlR iSgn Sl &et edluf TlamIgD AsH I§er dreguPlyc GAgi Sti ng
position 97 1% repl aced with¥& or Pro;

t@ g éu

Ser at poSi

poOSi tiong

Va
45— ter-Gn TGy Ser

5
Hi s

Asp or &u; Xaa at position 27 is Thr or Rla; Xaa at posi®ion 28 is

Xaa at

g(gt“/&gr”@ @ér%.?lé A

Leu;

®sition

atsg\g 'tEPu ggl"al AEeR@aCS% Aﬁth Thr

22
27
28
54
68
72
77

is
is
is
is

is

Asn,

140

Thr or Ala;

Gln,

Met or Ala;
Met or Leu;

Asn, Asp or Glu;

is Ser or Ala;

118 is Gly or Leu;

Thr

Asp or Glu;

Glu, or absent;

having at least one substitution selected from

the group consisting of:

His
Trp
Ala
Ser
Gly
Glu
Thr
Leu

Asp

at
at
at
at
at
at
at
at
at

position
position
position
position
position
position
position
position

position

97 is replaced with Ser or Pro;

100 is replaced

101
102
103
105
106
107
108

is
is
is
is
is
is

is

replaced
replaced
replaced
replaced
replaced
replaced

replaceg

Gly at position 111 is replaced with
(SEQ ID NO:7)

(h)

with
with
with
with
with
with
with
with
Asp;

Gln,
Thr or Vval;
Arg:
Ala;
Gln;:
Lys or Ser;

Ala or Leu;

Pro;
Glu;

and,

or

Val Pro Ile Gln Lys Val Gln Asp Asp Thr Lys Thr Leu Ile Lys Thr

said protein

Trp dﬂop05|t|on 100 is
or

at



Leu at position 107 is replaced wwth Pro; Asp at position 108 is repl aced
wth Gu; or 40 Gy at position 111 is replaced with Asp; and, (SEQ ID

NOBZ)mll[m"m"’mm“rm G5n Lys Val @ n Asp Aig Thr Lys Thr Leu I1I5eI :_gsvllhr

Thr
25
Leu
Lys
55
Asn
15
90
Leu
Ser
125
130

Arg Flet Ash Asp*lle Ser His Xaa G n Ser Val Ser Ser 20
30 5 Lys An Lys Val Thr Gy Leu Asp Phe Ile Pro Ay

Hs Prolle 35 ~ 40 45 Leu Thr Leu Ser
Met Asp G n Thr Leu Ala Val Tyr dn @%h-1e 10 50

1 60 Leu Thr Ser Met Pro $gr Arg Asn Val lke G n Ile Xaa
Asp Leu 65 70 75 80

G u Asn Lele Aal Pepatecnld @un Hisp Mzl sbetidlxaaRile Ser vhy SebegerCys 85
yS 95 H& Leu Pro Trp ARa Ser Ay Leu GBP@ Thr Leu Asp Ser
dy dy 100 al lLeu Gu Al a
Xaa Tyr Serysl'r(frl QW TVaIG}NEi‘e“L@f B I prffl%y Lo 6% ¥ S 120
Leu An @y Ser Leu An Asp Met Leu Trp Gn Leu Asp Leu Ser Pro 25
Leu Thr JI3fg Ser Lys Met Asp Gln T Lé41&] ?Alcyg 80n clmh\reei n:
0

10 50 55
Leu Thr Ser Met Pro Ser Arg Asn Val Ile Gln Ile Xaa Asn Asp Leu
65 70 75 80
15 Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys
85 90 95 '
His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly
100 105 110
20
Val Leu Glu Ala Ser Xaa Tyr Ser Thr Glu Val Val Ala Leu Ser Arg
115 120 125
Leu Gln Gly Ser Leu Gln Asp Met Leu Trp Gln Leu Asp Leu Ser Pro
25 1390 135 140
145
Gly Cys

30 wherein:
Xaa at position 27 is Thr or Ala;
Xaa at position 77 is Ser or Ala;
Xaa at position 118 is Gly or Leu;
said protein having at least one substitution, preferably
35 having one to five substitutions and, most preferably, one to
two substitutions selected from the group consisting of:
His at position 897 is replaced with Ser;
Trp at position 100 is replaced with Gln;
Ala at position 101 is replaced with Thr:
40 Glu at position 105 is replaced with Gln;
Thr at position 106 is replaced with Lys:
Leu at position 107 is replaced with Pro;
Asp at position 108 is replaced with Glu; or
Gly at position 111 is replaced with Asp,
45 or a pharmaceutically acceptable salt or solvate thereof.
(SEQ ID NO:8)
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Xaa at position 27 Is Thr or Ala; Xaa at position 77 is Ser or Ala;, Xaa at----

prefe MI one to five substitutions and, nost preferably, one
to two=*su el ected fromthe group consisting of: His at position
97 irs repl aced W|th Ser; Trp at position 100 is replaced wwth An; Ala at
position 101 is replaced with Thr; 40 - 31 - Qu at position 105 is
replaced with @ n; Thr at position 106 is replaced with Lys; Leu at
position 107 is replaced3w t hh Pnee Asmsatclgosietli dn 408 ose replGieeichanit h
Qu; or Ay atoeosi&wﬁellﬁucﬂes i [P ; ;

dh %@e@@@ nét i DS Bis %@sgg%%t?% Y\ﬁ%)hlgh 31

p03|t| g @ ' or Leu; said protein having at | east one substitution,
L

phar maceut i cal | Xdacce etsal ﬁl sol vat e thereof 1
- 3.  Ause g%rl' (fp Aan§V 8?1% of aims 1 or 2 vvherei n the di abetes
nmellitus is associated with high endogenous leptin |evels. 4,

A use  assclained in apy one akeCl aig® c]lanneé meéﬂ‘y”oﬁé‘eof?' @1%%%5
mellitus is assoc%at ed wt \gf gdogenosvﬁ 'éftl n levels.

claimed in any®bnd ‘WS GoebFs 3mGhtt s lssalati;sBSégEe@y‘ﬁbﬂl |l abet | c
has endogenousendgaénpuseepsinnlevielsange of 0 to 80 ng/nm. 6. A use

as claimed in any one of Clains 1 or 3 wherein said obese type Il diabetic

has endogenous 15 Iepti,:p | evel s in the range Qf .0 to 50 ng/m .
. A use as claimed in any one of Claims 1

10 or 3 wherein said obese type II diabetic has endogenous
' leptin levels in the range of 0 to 80 ng/ml.

6. A use as claimed in any one of Claims 1
or 3 wherein said obese type II diabetic has endogenous
15 leptin levels in the range of 0 to 50 ng/ml.

7. A use as claimed in any one of Claims 1
or 3 wherein said obese type II diabetic has endogenous
leptin levels in the range of 0 to 30 ng/ml.

20
8. A use as claimed in any one of Claims 1
or 3 wherein said obese type II diabetic has endogenous
leptin levels in the range of 0 to 15 ng/ml.

25 9. A formulation for treating or preventing
diabetes mellitus, comprising as an active ingredient a
leptin or leptin mimetic.

10. A formulation of Claim 9 wherein said leptin

30

or leptin mimetic is selected from the group consisting of:
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3., SEQ ID NO:4, SEQ ID
NO:5. SEQ ID NC:6. SEQ ID NO:7, and SEQ ID HNO:8.

11. The formulation as claimed in any one of
Claims 9 or 10 wherein the diabetes mellitus is associated

35 with low or high endogencus leptin levels.




- . Vet 7y EoeTe? )
7. A use as clainmed in any one of Claims 1 or 3 wherein ?a?@% é’ié?
type Il diabetic has endogenous leptin levels in the range of 0 to g
ng/m. 20 8. A use as clainmed in any one of Clains 1 or 3 gherein said
obese type Il diabetic has endogenous leptin levels in the rag f O to 15
ng/m. 25 9 A Lokuhat katal mbret v ORbADEEY PreveNEMed di abet es
mel |itus, corrprig(r‘ﬁvg as an active i ngmeetioriivers | eptin or leptin mnetic.

10. A f or NNTERNATIONAL APRLICATOM PUBILISHERR UNDER THEPATEND CODPERATIONTIREATY (PCT)

sel ect
NO 3.
11. The

ﬂ%i $ 1 4,

ﬁ@ﬁl&ﬂ?ﬁ%z‘&i&mﬁ&@éé STing o
SEQ ID NO 5, SEQ

fo ation as cl ai ned

g i iy S W TR0
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di abet
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(57) Abstract

11 diabetics with varying levels of endogenous leptin is claimed.

This invention describes methods of treating diabetes in obese type II diabetic patients. Specifically, methods of treating obese type




