WD 2009/ 009562PCT/ US2008/ 069473 C. LP-1-Fe FUSI ON PROTEI N FORMULATI ON FI ELD
OF THE I NVENTI ON The present invention relates to a commercial formulation
of a glucagon-|ike 5peptide anal og fused to an Fc portion of an
i mmunogl obulin. This formul ation can be used to treat diabetes and obesity
as wel |l as YWOvHPOEEe of ot her conditions or disorders. PEACKEREOGNDS OF THE
| NVENTI ON d ucagon-1i ke peptide-1 (GP-I ) anal ogs and derivatives show
promse in clinical 10trials for the treatnent of type 2 diabetes. GP-1
i nduces nunerous biological effects such as stinulating insulin secretion,
i nhi biting glucagon secretion, inhibitilhg gastric enptying, inhibiting
gastric motility or intestinal motility, and inducing weight |oss. A
significant characteri st f timulate insulin
secretion wthout the asd;g%?aﬁcegélgrl S gﬁﬁ@%?#%%%ﬁ%fhat is seen when
using insulin therapy or sone types of 15oral therapies that act by
i ncreasing insulin expression.gghg gisaiphfessTRint herapy involving GP-1
pepti des has been_ |imted by the fact that G.P-1(1-37) is poorly active,
and the two nat ur A9 RFESE¥ CUFRION FFlas Uhtermaroid frndaion oG gucpeqie) OH and
GLP-1(7-36) Nl'xb'éptz(ﬁl‘aﬁakﬁv&ﬁdcdko}’an@t@@ﬁ@d)ﬂaﬁlm‘éhdﬁ@ 180 heuerexlifi8ABlbeShort in
vivo half lives .d kno hat er‘lﬂ genous%(y pr oduced
di pept i dyl - petbff“ifaéfgaé 1@?‘62(3 S T R PR IS ORYRAE PRS- 1 pept i des
by renoving the N-term nal histidine and al anine residues and is a major
reason for the short in vi us approaches have been
undertaken to extend the e?ﬁl}“m na%GQNBﬁ)gFHF I?IXE%{?f@GLP | peptide or
reduce cl earance 6fuctdve-lipeppiidtel (GLO1H trhbgdod Yenvaiitee showi prinsiéerin tigpidai ol ogi cal
activity. @qnapml@%@mwg# c{a%gsem;@s (hfricds ﬁ@ﬁo{;{%m;&%&% Bgcke portion of
an 25i mmunogl obul i n. | munog I'ns typica L[ ave & rcarat | ng
hal f-1ives i rﬁ”ﬂ—‘}l & §timulating mw?tfﬁ“@?@&rfﬁﬁ*é““ﬁlé@@amlswp%sﬂmmgm@ a haI f-life
in humans of it %sz&aggwxl%uﬁg aﬁ%&ing%&iﬁy ddmgfwélg%gé

u5|on protelns

responsi bl e, |ng$c?rt his in. vivo, stabjl

take advant agi® *’t‘ﬁ}é‘r@feﬁﬁi“l"f ByF-pisgirkibly “k‘.)’;li“‘tul'“f'ée g el igputahe

i nmunogl obul idasostaiet ﬁqmﬁ'@ﬂﬁbl’gtﬂdﬁﬁa thires DErolRguaRd inAbh intlapyorQbmd t@&s@'—p

nol ecul e. é$0AI t.hou h feasible for GLP-1 therapeutics (See

U0 091 4624 bR L AR R B Ry i ng the ant i gen o1ty of
vari ous fusion pr Gh@scé‘sinvdseﬁha@tmzmosf&rgm Irepédat Bd byenOvsied prod aaged peri ods

2s & patient i AFIREFHR ot aiOP AR deR bt oottt Bl oce T o
di agnosed wi t BLR-He-3A18bad &LPHHG7- 2N H1, ﬁ'@mapédﬁcci¢W|:@qumdﬂieiemxttelﬂebapeut| cs can
be a concern dnbr lhBoRaIr RREL i Qb Bl Bfo f This
approach is thenfnocgs of PC'i'/ Ug 04/ 1!559;%%%2& édqgﬁg IE%H&\%&N ch pr obl ens
associ at ed® wi PRPENEnpErRscianta ek ganides W‘%ﬂﬁ‘ﬂigélfeff‘é@ff@ﬁﬁlébtﬁhm ty

associ at ed W 4nb aR6kAE RbiGick &ldi iODmQbr kb thr BEsHLHSI R HREDELI NS are overcone by
i dentifying speci roteins that have a reduced risk of

c GLP- _ h
i nduci ng an i mmnydrt’%’éﬁ?ﬁ‘?@hﬁéf“i"éﬁwf‘é‘ﬂ)‘gg?ké’awaﬁﬁﬁmbﬁ%‘c’)F Ispigreian B R Pt rati on and
no | onger haveLiet peptitosr réductcldatiice of the peplithefrdrni G edsuyrmﬂé f:hmlﬁﬁmmfg this nature

are technical ti

r econbi nant | yéﬁlyhr)lé1 (P?:Jt“er g?n%& %M#ﬁ\gggugwgs?}g‘#gﬁf%@ EE acrpé’“f‘%ﬁ?%‘al ly
produced ith nemnvaddiebrlic drimypogabelns 4pic@HCRve RSy cignlafiGOaiftiveswaswobser ved t hat
the fusion protei pg REAGLIG mbi@cu A A ha i 8 RRE Br 0L 95 80 Y
susceptible to degradation ogenous proteases an alteration
t han non- fu5|Efrﬁﬁﬁ?%t@éﬁhﬁ@%ﬂ@ﬁ@mé@iSlfﬁb@a@teeriv%ﬂs fadiid ig Wvérmfshtpr@bﬂ’ém was
sought to be &\@ﬁ{;@%mm&%ﬁy&g@&@l@s%ﬁé %%&é@@@fﬂ@é@%%}awefe' n it was

di scovered that a fornul gtlo r|S| G.P-1-Fc fusion protein buffered

bet ween about THH eEHY" ¥ BFL!’FE“?TH“% thﬁk’é\‘??‘&%‘t}’“V AtPeEsEd melkers-cal stability.
Yet, eveniwhen thelthaigh & doproicd S feRBREsH dNP- hm&hpe@ﬁdsl(s@rvm@mm)are held in
check t he fo nmul ati on not Q z’wtable if it $h ysical | y unstabl e.
Anot her pr obl ?ﬁ%tﬁ‘@é‘f‘%&“‘%@“f%&r 15¢ &8 é’ﬁ%"’?’ﬂ’&yé’ﬁfﬁ‘l‘m*l SIORIVIEIRY RSP on of

sol ubl e aggr egatirescraidpdarsio b belopgidipbadde st HigkO Mhis GngpcbiBNya Shafa@e of a
solution formulation. This problemis sought to be overcone by a specific
conbi nati on of excipients and a specific concentration of a GLP- |-Fc
fusion protein. SUMVARY OF THE | NVENTI ON In one aspect, there is
provided a stable solution fornulation conprising a therapeutically
effective anmount of a GLP-1-Fc fusion protein in citrate buffer with

pol ysorbate-80 in the range of about 0.01%to 0.05% (wWv), mannitol in the
range of about 4.3 to 5.0% (w v), and wherein the solution has a pHin the
range of about pH 6 to 7. 2a In order to overcone the problem of

sol ubl e aggregates and i nsol ubl®e particles upon long termstorage of a



-4- Thr-Thr -Pro-Pro-Val -Leu-Asp-SerSer Phe -Phe- Leu - Tyr -Ser
-Arg-Leu-Thr-Val -Asp-Lys-Ser -Arg -Trp-d3@ n3 u-dy-Asn-Val -

Phe- Ser - Cys254- Ser - Val - Met - Hi s- Mu- Al aLeu-H s -Asn-H s -Tyr -Thr -d n-Lys
-Ser -Leu- Ser - Leu-Ser-Leu-Gy (SEQ ID NO 1) D sul fide |linkages can
exist ultra-chain (on either chain - A or B) and/or inter-chain (between
both chains - A and B). Exanples of intro chain disulfide |inkages arc:
Cys90A - Cys150A, Cys |196A - Cys254A, Cys90B - Cys150B, Cyst 96B - Cys254B.
10Exanpl es of inter-chain disulfide |ifkages are: Cys55A - Cys55B, Cys58A -
Cys58B. Bi ol ogi cal activi ty refers to the ability of the fusion

protein to bind to and activate Vs ghicit a
response. RESFINSSESIIHEFERIET But paélra ¥ htémfbm%gﬁesg% trg‘thesdefl'(@:%rf%%r ?Ig%iof i nsulin,

suppr essi on oQfe dﬂilgh&@cg@ﬂl the Bilbdabd. tTh eaftimjh Bpfusivi preteindbérgeutisss@sbe 4 nduct i on of

satiety, inhibitio apopt asi s a trdghig@‘;q&lgll
proliferati SPPCGT?}C&R “ftF FEft wantﬁ&j&?@clg)gghggécgg i ?ﬁggﬁa Cells, The
G.P-1-Fc fus)lfpor/gscmemsf(mmnmwoom}mmprchsweobleab@wpc@e@?ﬂﬂe 6163%1}1&1 10 ng/ i
of a GP-1-Fc fusian prot L& Lbabd - ofc flsen f usi on
protein, nlmmﬁ?%ﬁmmysan?ﬁg%cﬁéatgln %S g&{)\?qlacdg%%l 10, 0.5 to 5n 0.5 to
2.5, 0.5 to pzotex&a'éemmamsﬁy identByispkeific GOPS -Fedusiorpmoteins @a’tl'@"el“' 0.5 to OS,

5to0 0.8 0 d Urdik®tids 0.5 to
0.6 to 3, recblcefl rf‘% o%mg%ug ap 6rnr§unzed'es§mzseEger%%negecgaﬁd%f@%ngg to 4. 01 1% to 4.
8 to 4, Oaﬁdh@ioﬂger&avb@ff&xorfunttwro 2, 1.2to 2, 1.3to 2, 1,4to 2, 1.51to0

5to 5, O. 0,25 to 1, 0,25
The @nwéieilyad reonbiently at Iva@wnaifcelﬂshé‘ha_erﬁJ81011ﬁeotﬁla%?f6H’P1§Flé’t ein, in
mg/nmi, is about 0.25, about 8l A, @Nﬁ)bwas%@mal@wmeﬁmﬁz about
0.7, about O dz%&%%““tp%‘ §ﬁ)s é%ha?gﬁ 83, about 0.9, about about 1.1,
about 1.2, afowis frodfed aboutmaliaseelaiybere K@F%Caddhé‘@ﬁepilb}&? to ‘?f@b%?“oi %, about
1.67, about 1.7, abou ke ioPRM 4 ondu wemgpléduoa@mut 3, about
3.33, about #d° %?B%Iﬁtpmgease’s %‘Q‘g}%} “or a outonlosl&% /§4§86fu5|0n
protein for neicetiiloslsi §hisuf0bén1e@8|‘*wgbh@bﬁaw@“ﬁfm 585@{3 09
citrate. The 9&1&%@&&@5&@3 roshulfitiGh bo‘}sapdsﬁlglaln}LPhchr ange of
about 5 to 1@%5‘40%;05@?9%@3@&% "8 1o 20 7.5 e% to 12,5, 7.5
to 10,8 to 26isin potckFufferedbdPed, ab@ﬂﬁ)& 6| gnd a@i@?%@@“‘@d 8101%3 to 12.5, 10
to 20, 10 toc%]ﬁS %&@g§0 15, 10 to 12.5, 6 to 14,7 to 13, 8 to 12,9 to I
12 to 20, 14}f cfb to 20, and 18 to 20, Th artlculﬁtlé}f/lcgr%ferred
citrate concentraft’at@Men\shenﬁletﬂkﬁéﬂbrlélﬁ%g@uﬁdbéﬁ%ﬁe ?tSaSSSo%E € &y about 8

to about 12 s HiRaRARL rﬁa‘t’ia@{ulité/bi@ffﬁfi yﬁdal@luhﬁtﬁﬂee mumaemblaml on i s about
10 or about (o]

is a usteﬂ l@ emosfam oyt 6 to 7 to
provi de accepbsab’b@b}s@abfeﬂiep‘tl?"e“f%Iqr‘f’&‘? fREgian Ph el Ay ? Ty RS Ul i not ropic

activity of 3 ToRE tefrh $bRABe B b RikiBn ﬁ}ﬁdulbt&)nS"alﬁs:@'pblaﬂnlmesoﬁgm togar ent er al
adm ni strati %m°1%§0 ¥ caen be g%ll usted 0

, or base
such as Na014>verccmettﬁé Gﬂ@sﬁcrcéﬂ B Or g5y ar‘? fll Igeﬁ%%fc O%Cle?t?aglf) e u@fqer and
citric acid gan fpe.36ded to achieve both the desired buffer concentration
and the desired pH The preferred pH value is in (he range of about 6.3 to
6.7, 6.25 to 6.75, 6.2 to 6.8, 6.15 to 6.85, 6.1 to 6.9. The preferred pH
val ue is about 6.5. toThe GLEgVMAGARWSHOTHEIIOWVENTION nul ation further
conprises mannitol as an isotonicity agent. The mannitol concentration is
in the range of 4.19 &@ Bspdlh (W )is fFmedadnit stafley sehutionefamaulshed scHIPTERG 2
constituent per volu n o | giff@Nwiavi ng
a mannitol coRedst Yo%ef)tfv%a% }m?v@f ? (EHL ?fé ﬁmﬂ-hﬁﬁﬁ%ﬁnﬁ glﬁms:er of
formul ation, QilyseXRksssede aned biabovall % o OKEs (4&”"6 graviel it erf&‘%ﬁﬁlofﬁflout“

di ssolved in 15t | vol ume ref erred
manni t ol conc"@r?t(}r/a?"i’/ a“diweaflr(%f’vémiméj%sg{)ﬁé ranggé %%ggg%ﬂa 0 to about 4.
|, about 4, Ito about 4.2, about 4.2 to about 4.3, about 4.3 to about 4.4,
about 44 to about 4.5, about 4.5 to about 4,6, about 4.6 to about 4.7,
about 4.55 to about 4.75, about 4.5 to about 4.8, ‘about 4.4 to about 4.9,
about 4.3 to about 5.0, about 4.210 about 5.1, about 4.1 to about 5.2,
about 4.7 to about 4.8, about 4.8 20 to about 4.9, about 4.9 to about 5.0,
about 5.0 to about 5.1, about Si to about 5.2, about 5.2 to about 5.3. The
preferred mannitol concentration, in % (wv) is about 4.3, about 4.5, about
4.55, about 4.6, about 4,65, about 4.64, about 4.7, about 4.75, about 4.8,
about 4,9, about 5.0, about 5.1, about 5.2, or about 5.3. The G.P-1-Fc
fusion protein formulation further conprises polysorbate-80 as a
15sol ubi l'i zer and/or stabilizer. The concentration of polysorbate-80 is in

0
3, 0.6
0. o}

2, 1.6 to 2, 0,7 67. 0.9 : 4 at02 151
7 025t Sk pgonpos e ¢ %rm:leélrelt%cghﬁ ety do o fy rkednd &nplat plogu 0
to 0.5.
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-7- therapeutic and/or prophylactic effect w thout causing unacceptabl e
side-effects when adm nistered to a subject in need of GLP-1 receptor
stinul ation. his preferable that the fusion proteins be adm nistered
ei ther once every weeks or once a week. Depending on the disease being
treated, it may be nec 5adm nister the fusion protein nore frequently such
as two to three tinme per week, The present invention wll now be
described only by way of non- limiti néaexanple with reference to the

foll owi ng Exanpl es. EXAMPLES toln vitro G LP-1 receptor activation assay
HEK- 293 cell s st r essi hREs a

CRELuci f er ase syz‘{%rﬁ’? %%gveercseénécgl% fg&?e@gé%gggag?k%a;ﬁeg@? %ubé)#ﬁl ow serum DVEM
FI 2 medi um i g8 180 tanelstoraak af emlut“ﬁtn@rmdyﬂ%}qu@ﬁlé’eéﬁp fgglon2Eptgit e | quot s of
test protei n d| ssol ved 0% i %ﬂ%ﬂ.’aﬂgﬂ he cells
for 5 hours.P ﬂté?vaeflﬁ°§/haf%6‘éakf% %§§§Sfyf§/ aglrilt&ge?ﬁ?ér}gw?ggr?% OgM to 3 nlvl are
prepared at enpXsiagroent.§ atdbovt 1f ere/rlacte Fledd-Fefstw@ini ERide &0 Q%l tion to the
cells to gener fano R 3 / nyaahzmsan@re

det er ni ned. 85“%&%3@2 p?ﬁ‘ﬁq%%rgp&womte Sgcf{%‘d\(/:mruatgc ;E%%; g % i s added
directly to Bﬂﬁi’gapifh‘tfé hﬁwlsﬁwm@dﬁ@féﬁﬂ‘{@edﬁ%?@z@*?ﬁ}hH@§§HS‘4§F PdSSare placed in
a Tri-lTux lum L teA StofabOMTh Wedifoarase expressi on
i s cal cul at e&ﬂi‘@%%%g?t%{]&ﬂgh Sg‘?@%?%g% %%%é Fe fus?on f or mul ’;tl on G.P-Fc
fusion fornulation stability is assessed using the follow ng nethods: ultra
violet-visible spectronetry (UV), reversed phase (RP) chromat ography, size
excl usi on 15chr omat ography, ani on exchange chromat ography, |limted digest
wi th RP chromat ography, absorbance at 550 nm dynamic |ight scattering,
instron, MAC and differential scanning calorinetry (m croDSC).

Rever sed- phase (RP) chromatography is used to nonitor formation of clipped
form GLP-Fc, oxidation in the Fe region and corresponding | oss of intact
mai n peak. Size exclusion (SE) EIPLC is used to nonitor 30polyner (soluble
aggregate) formation and correspondi ng | oss of nonomer. Anion exchange
(AEX) HPLC is used to nonitor charge heterogeneity, particularly formation
of acidic variants (AV), which usually corresponds to dcam dati on, and
corresponding | oss of main peak. Limted Digest is used to nonitor
degradati on products specific to the -g- peptideportion of the GLP-Fc

nol ecul e, such as N-termnal clipping deletion of H (H s at position | of
SEQID NGO 1) and/or & (dy at position 2 of SEQID NO!), protease clips
at F22 ([the at position 22 of SEQID NO!) and/or W25 (Trp at position 25
of SEQID NOI), pyruvlation at the N-term nus, oxidation at W25 (Tip at
position 25 of SEQ ID NO 1), and phosphorylation at S46 (Ser at position
46 of SEQ ID NO 1 ). Absorbance at 550 nmto nonitor turbidity of the
solution due to formati on of insoluble particles, Dynami c |ight scattering
is used to neasure |arge soluble aggregate. Instron is used to neasure
filtration resistance, which is a sem - quantitative nethod initially
devel oped to neasure formation of gel - like structures in glucagon
solution. This 10techni que has been wi dely used to assess physi cal
instability of GLP - 1 peptide solution. Since GLP-Fc fusion is a
conmbination of a GLP - | analog with an 1g&4 Fe chain, filtration

resi stance testing may provide further insight into the nature of the
physi cal instability. The test is perforned to neasure back pressure from
pushing the solution in syringe through a 13 mmdi aneter filter of PVDF
menbrane with 0.2 pmpore size. The | Spressure feedback graph has no sl ope
if there is no resistance or aggregation. Increasing slopes over tine

i ndi cate increasing amounts of aggregation and/or gelation, In order to
sinmplify conparison of runs, only the maxi mum resistance val ues are
reported here. HLAC is a |light obstruction technique wdely used in
parenteral fornul ation devel opnent to nonitor fornmation of insoluble
particulate matters. Differential scanning calorinetry is used to nonitor
the unfol ding characteristics as indicated by thermal transition
tenperature when the protein starts to undergo structural transition.
GLP-Fe thsionrmul ns are prepared according to the follow ng table:

Forrmul ation GLP-Fc 1 ng/m pH Buffer I 6 10 nilvl Citrate 6.5 10 rri N4
Citrete 7 10 rr011 Gtrate 4 6 10 ntvl Histidine 5 6.5 10 mMIlisticline
-O-



6 7 0 nM Phosphate 7 j 7.5 10 nmhil Phosphate
nrvl Trornet ham ne

anal yzed or up to 20 weeks. Effects of pH on GLP-Fc stability:
follow ng table shows the rate constants for the formati on of clipped forns

of G.P-Fc fusion protein at 37C as determ ned by RP chromat ography.

_ 7.5 0 nM Trontt hamhi e
The G.P-Fc fusion fornulations are sterile

filtered through a 0.22 pm pol yvinylidene fluorid
sol utions are stored in 5 nL Vass” e (PVDF) menbr ane.

The

glass vials at 5. 15, 25, 37 and 45C until

The

Formul ation 4 First order rate constamt at 37C (week .1 44 E-03
- 577
F-03 3 7,01 E-03 4 3 83 E-03 5.05 E-03 1.28 E-02 7 1. éS C02 6.43 E-03 9

8.89 E-03

variant for wﬁsteptdﬂveBTror §§ﬁ°§€f cpt%atttﬁpéo?uﬁ%ﬂgc‘fﬁufaﬁ&l # g EONSH ARrmet MBn aci dic

variants o

det er mi ned ﬁw3ﬁﬁxmﬂﬁkmm@ﬁhmmﬁﬂaﬁg®n# First order rate constant at

10

15

20

30

The present disclosure also includes methods of treating patients suffering from
diabetes and obesity as well as a variety of other conditions or disorders comprising

administering the formulation of the GLP-1-Fc fusion protein.

DETAILED DESCRIPTION OF THE INVENTION

The GLP-1-Fc fusion protein of the present invention comprises a GLP-1
compound fused at its C-terminus via a peptide tinker to the N-terminus of an analog of
an Fc portion of an immunoglobulin. The fusion protein is biologically active as a
monomer or as 2 homodimer and has an increased half-life compared to native GLP-1.
The preferred GLP-1-Fc fusion protein comprises the amino acid sequence given by
(SEQ ID NO:1). The more preferred GLP-1-Fc fusion protein consists essentiaily of the
amino acid sequence given by (SEQ ID NO:1). The most preferred GLP-1-Fc fusion

protein consists of the amino acid sequence given by (SEQ ID NO:1),

His—Gly—Glu“Gly—Thr—Phe~Thr—Ser~Asp—Val~Ser—Ser~Tyr—
Leu-Glu-Glu-Gln-Ala-Ala-Lys~Glu-Phe-Ile-Ala-Trp-Leu-
Val—Ly5wGly~Gly—Glwaly—Gly"Gly—Gly~SerﬂGly-GlymGly—
Gly-Ser—Glwaly—Gly—Gly~Ser-Ala~Glu—Seerys—Tyr~Gly—
Pro~Pro-Cys%—Pro~Pro~Cys%—PIOMAla-Pro~Glu—Ala~A1a~Gly-
Glvaro—Ser—Val—PheﬂLeu—Phe—Pro—Pro~Lys-Pro~Lys—Asy—
Thr—LeuwMet*Ile—Ser-Arg—Therro—Glqual—Thr—Cys%~Val-
Val—Val—AspmVal—Ser—Gln—Glu~Asp—Pro—Glu“Val—GlnmPhe—
Asn~Trp—TyrmVal—Asp—Gly~Va¢—Glu~Val—HiSHAsn—Ala~Lysﬂ
ThrmLys—Fro~Arg—GlumG1u—G1nwPhe-Asn~Ser—Thr—Tyr—Arg—
Val—ValwSer—Val-LeuwThr—Val~Leu—HiSwGln—Asprrp—Lau—
Asn—Gly—Lys—Glu~Tyr~Lys—Cyslm—Lys—Val»Ser—AsnwLys-Glyn
Leu—Pro—Ser—Ser—Ile—Glu—Lys—Thr—lle-Ser—LyswAla-Lysv
Gly—Glanro—Arg—GluHPro—Gln-Val—TyruThr-Leu—Pro—Pro—
Ser~Gln—Glu—Glu*Met—ThruLys—A$n~Gln-ValwSer—Leu—Thr~
Cysw6~Leu~Va1—Lys—Gly—Phe—Tyr~Pro~Ser-Asp~Ile—Ala—Val—
Glu—Trp—G1u~Ser—Asn—Gly—Gln»Pro-Glu—Asn~Asn-Tyr~Lys—

GQ.P-Fc fusion protein at 37C as

10



37C (week 4) 4.25 E-02 74.05 E-02 4.73 E-02 4 2.36 E-02 5 4.18 [-02 -10-
5.27 6.4 2 The followi ng table shows the tbrmation of soluble
aggregates (polyner 9% of G.P-Fc fusion protein after 20 week storage al
37C as determned by SE H PLC. Fornulation ft Polynmer 9/0 atter 20 weeks at
37 C 4.6 WOgoeeposse 7,6 5 LA 6 2.2 11 0.6 9 0.3 Therfstobimspag tabl e
shows the rate constants for Ntermnal clipping (des | &) at 37C by
limted di gest

-

Thr-Thr-Pro-Pro-val-Leu-Asp-Ser-aAsp-G3ly-Ser-Phe-Phe-
Leu-Tyr-Ber-Arg-Leu-Thr-Val-Asp-Lys-8er-Arg-Trp-3in-
Glu-Gly-Asn-Val-Phe-Ser-Cyss-Ser-Val-Met-His-Glu-Ala-
Leu-His-Asn-His-Tyr-Thr-Gln-Lys-Ser-Leu-Ser-

3 Leu-Ser-Leu-Gly {SEQID NO:D

Disulfide linkages can exist intra-chain {on either chain - A or B) and/or inter-
chain {(between both chains - A and B).  Examples of intra chain disulfide linkages are:
Cys90A ~ Cys150A, Cys196A — Cys254A, Cys90B ~ Cys150B, Cys1968 ~ Cys254B,

16 Examples of inter-chain disulfide linkages are: CysS5A - Cys55B, CysSBA - Cys3gB,

Biological activity refers to the ability of the fusion protein to bind to and activate
the GLP-1 receptor in vivo and eficit a response. Responses include, but are not limited
to, secretion of msulin, suppression of glucagon, inhibition of appetite, weight loss,
induction of satiety, inhibition of apoptosis, induction of pancreatic beta cell proliferation,

i3 and differentiation of pancreatic beta cells.

The GLP-1-Fc fusion protein formulation comprises about 0.25 to about 10 mg/ml
of a GLP-1-Fc fusion protein. The preferred concentration of the fusion protein, in
mg/mL, is in the range of about 0.5 10 10,0510 5,0.5102.5,0.5t0 2, 0.5 to 1.67, 0.5 to
1.5,0.5101.25,0.510 1,05t 0.9,0.5t060.8,0.5100.75,0.6 102,0.7t0 2,0.8102,0.9

20 102,05t03,06 103,07t03,08t%03,09 103,0.5104,06 t04,07104,08104,0.9
04,1102, 11602, 1.2 102, 13102, 14102,1.5102,1.6102,0.710 167,05t 1.1, ]
w04, 1.0164.0,05105,025t07,0.25t05025t04,025103,025102, 02510 1.5,
0.25 to 1, 0.25 to 0.5. The preferred concentration of the GLP-1-F¢ fusion profein, in
mg/mL, is about 0.25, about 0.42, about 0.5, about 0.6, about 0.67, abaut (.7, about 0,75,

25 about 0.8, about 0.83, about 0.9, abowt 1, about 1.1, about 1.2, about 1.25, sbout 1.3,
about 1.4, about 1.5, about 1.6, about .67, about 1.7, about 1.8, about 1.9, about 2, about
2.3, about 3, about 3.33, about 4, about 5, sbout 6,67, or about 10.

The GLP-1-Fo fusion protein formulation is buffered in the range of about 3 to 20 mM

citrate. The preferred citrate concentration, in mM, is in the range of about 5 t0 15, 5 to
30 12.551010,751020,751 15, 7510125 75w 10,8w020,81015, 8t 125,810 1,

B0 10,91020,%t0 15,9 t0 12.5, 1010 20,1010 17.5,10t0 15, 1010 12.5,6t0 14, 7 to

13,810 12,910 11, 1210 20, 14 to 20, 16 10 20, and 18 to 20. The particularly preferred



Forl ation At Zorder nme constant at 37C (/n week'*1) 10.42 0.32 0.32 4 0.39
0.36 6 0.43 7 (1.52 8 0.31 90.29 - Il- Solubility and viscosity 5The
followi ng table shows the effect of pH on the solubility and viscosity of G
LP- Fc fusion formulation. The solution is first prepared in the

appropri at evbe@pmosséte pH i s adj usted and then the sol uetonsapsssesntent r at ed
by centrifugation using a Centricon concentrator. The solution is checked
visually for signs of reaching the solution's solubility limt.
Concentration is determ ned by UV absorbance. Viscosity is nmeasured toin
Poise (P) where | P=1 g cm1 S-4. Water at 20C has a viscosity of
approximately 0.01 g cmt 54 which is the sane as 1 centi-Poise (cP).

Buf fer pit SoI. | | it Vi sc o ra measur ed
20 o crtr at dnfondpltth BEORE ieel s oy P | ht Bt g% o238y 50
dtrate 6.5 15Bw9a!5m@dlljf®sfclﬁirrw ciirete eneenfiaien i@ odt Wor?abmitssél ution formul ati on

stabi ity compar sfrhfic RS, A G PRLI A0, (ER.SLHE hRiS%h Up to

elucidate the rel atlons ati1on paranete s and
cheni cal / phy s §t~a¢6miﬁﬁtf yﬁ%mb@wl@iﬂésuﬁﬂy tihke GH-eEufvgion Basis@adbr t he dat a,

a quantitafi Vﬁce‘fﬂlg@|f0r'p§etﬁ§‘m%hﬁﬂ%gaﬂ<ﬁ fhopraighid b@ﬁigxﬁﬁd stdamlmaa,%n&eag
formulation with respect to chem cal ancf ysi cal stabil properties;

(ii) explore ‘ﬁ%‘r?ﬁﬁ“&t‘*%ﬁ*‘Hé@”@ﬁ%ﬁ%‘@%ﬂE%Gfdeﬁpmh’édfﬁ’aﬁéﬂ’é‘t‘%?“ 5tg&%r product
wi th accept ablg c@x@ﬁé@ﬁ@f&@&@te@@%tﬂ hé a&:r@siuﬁ@cbwamtah@ adegualied prebust ness of

the formilat Iﬁzc ppc%:m va t(s:cev;\x,r\giltnchrla&cto a%on eg j 1%% ’!SGP %Cto 6‘% pé 2 10%% é {15 Lhe study.

6.25, 6.1 to 6.9. The preferred pH value is about 6.5,

10 The GLP-1-Fc fusion protein formulation further comprises mannitol as an
isotonicity agent. The mannitol concentration is in the range of 4.0 to 5.3% (w/v). The
wnit "{w/v)" means mass of the constituent per volume of the final formulation. Thus, a
formulation having a mannitol concentration of 4.6% (w/v) has 46 myg of mannitol per
mL of formulation, or expressed another way, it has 4.6 grams of mannito] dissclved in a

15 twtal volume of 100 mL of formulation. The preferred mannitol concentration, in % (w/v)
is in the range of about 4.0 to about 4, |, about 4, 1 t0 about 4.2, about 4.2 10 about 4.3,
about 4.3 10 about 4.4, about 4.4 to about 4.5, about 4.3 to about 4.6, about 4.6 to about
4.7, about 4.55 to about 4,73, about 4.5 to sbout 4.8, about 4.4 to about 4.9, about 4.3 to
aboat 5.0, about 4.2 10 about 5.1, abouf 4.1 to about 5.2, abont 4.7 to shout 4.8, about 4.8

W0 toabout 4.9, about 4.9 to about 5.0, sbout 5.0 o 'c;bom 5.1, about 5.1 to about 5.2, about
3.2 to about 5.3, The preferred mannitol concentration, in % (w/v) is about 4.3, about 4.5,
about 4,55, about 4.6, sbout 4,65, about 4.64, about 4.7, about 4.75, about 4.8, aboui 4,9,
about 5.0, about 5.1, about 5.2, or about 3.3.

The GLP-1-Fc¢ fusion protein formulation further comprises polysorbate-80 as a

25 solubilizer and/or stabilizer. The concentration of polysorbate-80 is in the range of about
0.01 to 0.05% (w/v) {or expressed in terms of mg/ml, about 0.1 to 0.5 mg/mL). This
concentration of polysorbate-80 was determined in combination with the GLP-Fc fusion
protein and mannitol to minimize the formation of soluble aggregates and insoluble
particles, The preferred concentration of polysarbate-80, in % (w/v) I8 in the range of

30 about 0.01 to 0.04, .01 to 0.03, 0.015 10 0.025. A preferred concentration of
polysorbate-80 is in the range of about 0.018 1o about 0,022 % (w/v). Another preferred



Al'l the formulations tested in the DoE study arearized in the follow ng

25t abl e. The various formulations are prepared and sterile filtered through
a 0.22 pm pol yvinylidene fluoride (PVDF) nmenbrane. The fornul ations are
stored in 3 nL glass vials at 5, 25 and 40C until analyzed or up to 3

mont hs. - WOTHARMEZ Agent 8i ntr ant (JLP- Pc PalyS8ielaty 80

(50flgitnt) WM Buffer pHimrtnL) (murroL) NaCl t% -1 2- t 150nbd3

0 intyl Curate 65 :t) 005 Mannliol O 10 ruMCitrate 7.0 0.35 Nai.1.-.1 0
G-

concentration of polysorbate-80 is in the range of about 0.015 to shout H.025 % (wiv). A
particularly preferred concentration of p{)fysorbate—gﬂ is about 0.02% (w/v).
A particularly preferred formulation comprises the GLP-Fe fusion protein of
having the amine acid sequence of SEQ ID NO: | in & concentration i the range of about
5 0.25 to about 10 mg/ml., citrate buffer in a concentration of about [0 mM, polysorbate-80
it & concentration of about 0.02% (w/v), mannitol in a concentration of about 4.6% (wiv),
and a pH of about 6.5, Another particularly preferred formulation comprises the GLP-Fe
“fusion protein of having the amino acid sequence of SEQ 1ID'NO: 1 in & concentration in
the range of about 0.25 to about 5 mg/ml., citrate buffer in a concentration of about 10
10 mM, polysorbate-80 in a concentration of about 0.02% (w/v), mannitol in 2 concentration
of about 4.6% (w/v), and a pH of about 6.5, Another particular formulation comprises
the GLP-Fc fusion protein of having the amino acid sequence of SEQ IDNG: ina
concentration in the range of about 0.25 to about 10 mg/mL, citrate bufferina
concentration in the range of about 5 to about 20 mM, polysorbate-80 in a concentration
15 of about 0.02% (w/v), mannitol in & concentration in the range of about 4.5 to about 4.8%
(w/v), and a pH in the range of about 6.3 to about 6.7. Ancther particular formulation
comprises the GLP-Fe¢ fusion protein of having the amino a0id sequence of SEQ ID NO:
I in a concentration in the range of about 0.25 to about 5 mg/mL, citrate buffer ina
concentration in the range of shout 3 to gbout 20 mM, polysorbate-80 in a concentration
20 of about 0.02% (w/v), mannitol in a concentration in the range of about 4.5 to about
4.8% (w/v), and & pH in the range of about 6.3 10 about 6.7.
Administration of the formulations may be via any route known 10 be effective by
the physician of ordinary skill. Peripheral parenteral is one such method. Parenteral

administration i commonly understood in the medical literature as the injection of a

[V
h

dosage form into the body by a sterile syringe or some other mechanical device such as an
infusion pump. Peripheral parenteral routes can include intravenous, intramuscular,
subcutaneous, and intraperitoneal routes of administration. Subcutaneous administration
ig the preferred rounte.

The formulation of the present invention can be used to treat subjects with non-
30 insulin dependent diabetes or at risk of developing non-insulin dependent diabetes, insutin
dependent diabetes, or obesity. An effective amount of the GLP-1-Fe fusion protein in

the context of the descyibed formulation is the quantity which results in a desired
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therapeutic and/or prophylactic effect without causing unacceptable side-effects when
administered to a subject in need of GLP-1 receptor stimulation.

1t is preferable that the fusion proteins be administered cither once cvery two
weeks or once 3 week. Depending on the disease being treated, it may be necessary w0

5 administer the fusion protein more frequently such as two to three time per week,

The present invention will now be described only by way of non-limiting example

with reference o the following Examples.
EXAMPLES

10 I viro GLP-1 receptor activation assay
HEK.-293 cells stably expressing the human GLP-1 receptor, using a CRE-

Luciferase system, are seeded at 30,000 cells/well/80 ul tow serum DMEM F12 medium
into 96 well plates. The day after seeding, 20 pl aliquots of test protein dissolved in 0.5%
BSA are mixed and incubated with the cells for 5 hours. Generally 12 dilutions

15  containing from 3 pM to 3 nM are prepared at a 5X concentration for cach test protein
before addition to the cells to generate a dose response curve from which ECsq values are
determined. Aftor incubation, 100 wi of Luciforase reagent is added directly to cach plate
and mixed gently for 2 minutes. Plates are placed in a Tri-lux luminometer and light

cutput resulting from Tuciferase expression is calculated.

Analytical testing of GLP-Fe fusion formulation
GLP-Fc fusion formulation stability is assessed using the following methods: ultra

viglet-visible spectrometry (UV), reversed phase (RP) chromatography, size exclusion

25 chromatography, anion exchange chromatography, limited digest with RP
chiromatography, absorbance at 350 nm, dynamic Hght scattering, instron, HIAC and
differential scanning calonmetry (microDSC). Reversed-phase {(RP) chromatography is
used to monitor formation of clipped form GLP-Fc, oxidation in the Fc region and
corraspendin'g_ loss of intact main peak. Size exclusion (SE) HPLC is used to monitor

30 polymer (soluble aggregate) formation and corresponding loss of monomer. Anion
exchange (AEX) HPLC is used to monitor charge heterogeneity, particularly formation of
acidic variants (AV), which usually corresponds to deamidation, and corresponding loss

of main peak. Limited Digest is used to monitor degradation products specific to the
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peptide (GLP-1) portion of the GLP-Fe molecule, such as N-terminal clipping deletion of
H1 (His at position 1 of SEQ 1D NO:1) and/or G2 (Gly at position 2 of SEQ 1D NO:1),
protease clips at F22 (Phe at position 22 of SEQ 1D NO:t) and/or W25 (Trp at position 25
of SEQ 1D NO:1), pyruviation at the N-terminas, oxidation at W25 (Trp at position 25 of
5 SEQ ID NO:1), and phosphorylation at $46 (Ser at position 46 of SEQ 1D NO:1).
Absorbance at 550 nm to monitor turbidity of the solution due to formation of insoluble
particles, Dynarmic light scaftering is used to measure large soluble aggregate. Instron is
used to measure filtration rosistance, which is a semi — guantitative method initially
developed to measure formation of gel — like structures in glucagon solution, This
10 technique has been widely used to assess physical instability of GLP ~ 1 peptide solution.
Since GLP-Fc fusion is a combimation of a GLP — [ analog with an Ig(G4 Fc chain,
filtration resistance testing may provide further insight into the nature of the physical
instability. The test is performed to measure back pressure from pushing the solution in
syringe through a 13 mm diameter filter of PVDF membrane with 0.2 pm pore size, The
(5  pressure feedback graph has no slope if there 1s no resistance or aggregation. Increasing
slopes over time indicate increasing amounts of aggrepation andfor gelation, In order to
siplify comparison of runs, only the maximum resistance values are reporied here,
HIAC is a light obstruction technique widely used in parenteral formulation development
to monitor formation of msoluble particulate matters. Differential scanning calorimetry is
20 used to monitor the unfolding characteristics as indicated by thermal transition

temperature when the protein starts to undergo structural transition.

GLP-F¢ fusion formulations are prepared according to the following table:

pH " Buffer
Foromlation
GLP-Fo
1 mgfmi
! 6 10 mM Citrate
2 6.5 10 mM Citraie
3 10 mM Citrate
4 & H) mM Histidine
5 6.5 16 mM Histidine




10 0.2 Ned 0511 tO 10 mNI Iliatidinu 6 5 10 0.2 Maur: MA 0.01 10 mAl Hist'
Na(21 0511 The stability of fornulations is assessed by nonitoring
decrease of nmain peak % by reversed phase (RP) chronatography. The rate
constants for all formnulations are 5shown in the follow ng table.

For mul at i onwgapgngseter rate eungant at 40 C (% nonth 4»critshhes%78 9.08 4
8.44 5 9.06 8.16 7 7.41 6.90 9 7.03 10 6.98 11 8.31 7.10 13 7.42 14 7.97
1S 7.41

9.

6 7 10 mM Phosphate

7 7.3 14 mM Phasphate

& 7.3 10 mM Tromethamine
@ 8 10 md Tromethumine

The GLP-Fe fusion formulations are sterile filtered through a 0.22 um
polyvinylidene fluoride (PVDF) membrane. The solutions are stored in 5 mL glass vials

at 5, 15,25, 37 and 45°C until analyzed or up to 20 weeks.

T

Effects of pH on GLP-Fc stability:
The following table shows the rate constants for the formation of clipped forms of
GLP-Fe fusion protein at 37°C as determined by RP chromatography.

First order rate constant at

Formulation # 37°C (woek .;)

1 4.84 E-03
522 EB3
7.01 E-03
383 E03
3.05 E-03
L2 E-02
L85 1402
6.43 E-03
B.89 E-03

(3%

o] 3] h] W] e W

1

The following table shows the rate constants for acidic variant formation of acidic

variants of GLP-Fe fusion protein at 37°C as determined by AEX HPLC,

Firgt order rate constant at

Formuiation # 37 °C {week .;)

I 4.25E-02
2 405 E-82
3 4.73 B2
4 2,36 E-02

5 4.18 E-02




16 7,30 17 4.92 18 5.5/ 19 5.69 20 -13- There are two types of clip forns
that can be nonitored by RP chronat ography. The first one is the clipped
forns al F22 and/or W25 of the GLP region by residual protcases. The second
type is clipped at the linker region via chem cal nechanism The rate
constants fweo adsleedser nul ations are shown in the foll owppgutabdReds

determ ned by RP chronotography, Fornulation # Zero order rate constant at
40 T O month *1) 1 -1.Q2 3.27 3.02 4 2.79 3.29 2.07 1,77 1.73 1.75

10 1.83 Il 2.81 1"l 1.75 13 '5.02 14 1.90 15 1.92 16 1.97 17 1,51 18 1.61
-10-
6 431 E-02
7 506 42
8 327 E02
B 6.45 H-02

The following table shows the formation of soluble aggregates (polymer %) of

GLP-Fe fusion protein after 20 week storage at 37°C as determined by SE HPLC.

Palymer % after 20 weeks

g .
ormuiation # at 37 °C

i 46
2.4

3

14

2.6

L4

2.2

i1
6.6
0.3

| ee] ~ap g W g W

The following table shows the rate constants for N-terminal clipping (des
HI/H1G2) at 37 °C by limited digest.

Zero eftier rate consfant at
37 °C (% week D)

1 ' 0.42
' .32
3 032

Formulation #

3]

0,39
036

.43

0.52

0.31
.29

Ol ool =] o) wl o




1.9 1.57 -10 1.45 Sol ubl e aggregate formation is nonitored by
si ze exclusion HPLC. The rate 10constants for nononer decrease at 40 nC are
shown in the following table. Fornulation ftfl Zero order rate constant at
40 C Ch nonth") 1.08 7.18 1.19 4 1.21 1.63 6 1,38 2.39 81.93 2.11 to
1,01 11J1. O¥O1PPME98E 1 66 14'5.35 151.14 -14- 16 1. 69PGHUHIHANE 1 15 053
1.00 5S5Ntermnal clipping by limted digest within the GLP region is
nonitored by |imted digest analysis. The rate constants for Des H/Fl 1Q2
are shown in the follow ng table. Forrmulation tt Zero order rate constant
at 40 t (%nonth 1) riMM nalil 2. 4%"

Selubility and viscosity
5 The following table shows the effect of pk on the solubility and viscosity of GLP-
Fc fusion formulation, The solution is first prepared in the appropriate buffer, the pH is
adjusted and then the solution is concentraed by centrifugation using a Centricon
concentrator. The solution is checked visually for signs of reaching the solution’s
solubility limit. Concentration is determined by UV absorbance. Viscosity is measured
10 in Poise (P) where [ P =1 gem™ 5™, Water at 20°C has a viscosity of approximately 0.01

g om™ 57 which is the same as | centi-Poise (cP).

Buffer pH Solubiiity (mg/mL.) Viscosity (cF)
10 mM citrale 5.5 27,1 Not measured
10 mM citrate 58 146.2 Mol measured
I mM citrate &0 179.4 83
FO midd citrate 6.5 156.9 59
10 mM citrate 18 1581 E 7.7

15 Selution formulation stability comparison
A Design of Experiment (DoE) study is set up to elucidate the relationship
between key formulation parameters and chemical/physical stability properties of the
molecule. Based on the data, a quantitative model is developed to (i) define an optimal
target formulation with respect to chemical and plrysicat stability properties; (ii) explore
26 formulation design space to define parameter range for product with acceptable
performance and (iii) establish the adequete robustness of the formulation performance

within the design space explored in the study,

All the formulations tested in the DoE study are summarized in the following
25 table. The various formulations are prepared and sterile filtered through & 0.22 pm
polyvinylidene fluoride (PVDF) membrane. The formulations are stored in 3 mL glass

vials at 5, 25 and 40°C until analyzed or up to 3 months,

Tt ?Tﬁuéi}'
Agont
Sifanmiiet
_ GLo-Fe Polvsothate 86 | SOmgimiy | EDTA

Buffer pH e gmpinl) Nall )




nMIIn01l Mvtall 7/ 9 M Enitial
2.64 14 15 2.48 16 2.44

formation after agitation by orbital
noni tored by SE HPLC. The nononer % results are shown in the foll ow ng
For mub adobomstMononer % 94.5 198.0 96.1 498.1 5 PE1RisGondkeds7 97.9

t abl e.
97.3

ni

2.83 10 n I
18 2.17 19 1.66 10 2.17 10Sol ubl e aggregation
shaking at 400 RPM for 24 hours was

[lialM nn

12
{E3mMgy
H b Cirate 63 i 003 Sfanainnd i
i [0 snpd Cltenie 7.0 in 0.33 U
3 L3 v Clrasg 7. Y 4,08 i
4 F0 vadd Citrndg 7.0 £ (.35 u
3 1) mM Cargre 70 iy .05 @
A o Cliare 6 3 i .35 Minnnitol it
7 o Cioase 6.0 i (.35 éu 0
3 10 m Crrate 6.0 i 0.05 Mafl i
9 1 Cliaze 6.0 ) (.33 Rlannied &
i 10 md Crirate 6.5 i .2 ariuind i}
if L bl Cvane 7.0 i .2 it i}
£2 10 g Clitrie 6.0 i (.2 Muaamtol U
13 10 o Curaze 6.5 W 0.2 Nau) a
g {0 v Clrate 5.0 i .03 Maandtol U
15 P8 b Clirsse 6.5 i (.2 Manniod £]
113) i omkd Curaie 63 i 0.2 Nl 0 i}
i7 1 M Clirate 6.5 1Y g2 Mannimi .01
i8 10 b Citraie &3 i) 0.2 Natl Ui
1o 10 i Histidine f 3 HY 0.2 Munniiol gl
X4 L A Histidine 6.5 14 0.2 Mall 344

The stability of formulations is assessed by monitoring decrease of main peak %

by reversed phase (RP) chromatography. The rate constants for all formulations are

5 shown in the following table.

Formulation #

Zere order ralo consiant at

40 “C (% month )

i 7.65
2 278
3 9.08
4 8.44
5 9.06
6 8.16
7 7.41
8 6.50
9 7.03
10 698
1i 831
137 7.10
13 742
14 7.97
15 741
16 7.30
17 492
18 5.52
19 3.69
20 5352




-1 S 98.0 Il 982 12 97.9 1) 98,1 15 98,1 s 70 98,1 o _
1111Mel nin1=11111 A major- concern for agitation stability is
tlw formation of insoluble particulate Smatters, which can be nonitored by
H AC neasurenents. The HLAC results after agitation by orbital shaking at

400 RPM f or wa¥bshvauésgz are shown in the follow ng table, % lo '9 111AC 10
pm particle counts 400 10 361 4 918 7 7 205 125f 3'%%) ?‘Efl %9” 10

13-

There arc two types of clip forms that can be monitored by RP chromatography.
The first onc is the clipped forms at F22 and/or W25 of the GLP region by residual
_ proteases. The second type is clipped at the lnker region via chemical mechanism. The

rate constamis for ali formulations are shown in the foliowing table as determined by RP

5 chromotography,
Formulation £ Zcm urder rate Lonstant at

" ’ 40 *C 1% month 'y
t 2.02
2 327
3 1062
4 274
s 3.29
6 207
7 1,77
8 1.73
4 £.73
10 1.83
i1 2.81
12 1,75
13 202
4 1.90
is 1.92
it 1.97
17 .51
18 1.61
19 1.52
20 1.45

Soluble aggregate formation is monitored by size exclusion HPLC. The rate

10 constants for monomer decrease at 40 °C are shown in the following table.

Formulation # Zcri{:; icé:ezﬂf:ﬁg::;ﬁ?;l tat
{ L.08
2 218
) 1.19
4 1.21
5 1,63
6 1,38
7 2.39
8 1.93%
2 2.1
1] 1.01
tl 1.04
12 2.25
3 1 166
14 2.35
i5 1,14




12 76 13 .)9 14 1218 15 74 16 17 14 16 19 9 70 10 Conparison of NaCl
vs. Mannitol formulation in Syringe and Vial Formulationl Conposition 1
ng/ mL GLP-Fc, 10 MM Citrate pH 6.5, 150 nM NaG 0.02% (w' v) Pol ysorbate 80
Fc. 10 MM Citrate pH 6.5 5% (wv) marmte!l, WO

2009100956 2@ CEr148PBE8/ 069473 -16- 0.02% ( wi v) Pol ysor pat/esBthosssrs
Stability conparison at 5C of the above Iwo formul ati ons conpari ng nannit ol
and NaCl and syringe and vial storage. SC Ilvlacak % Tine (nu) Fornulation I
Syringe Fornulation 2 Syringe Formulation 1 Vial Formulation 2 Vial 0 77.4
77.1 77.4 77.1 1 NDND 77.1 77.4 3 76.9477.2 76.7 76.5

16 .69
17 0.34
18 " LIS
¢ 033
20 100
5 N-terminal clipping by limited digest within the GLP region is monitored by
limited digest analysis. The rate constants for Des H1/H1G2 are shown in the foliowing
tuble,
. . Zorg order rate cangtant at
Formuation ¥ 40°C (% month ™)
| 2.39
2 277
3 2.45
4 2.47
5 33
& 2.7
7 744
g 2.51
¥ 2.83
i 237
[ L 2,38
12 286
13 .37
14 2.64
15 2.48
16 2.44
17 L83
18 247
19 1.66
) 217
10 Soluble aggregation formation after agitation by orbital shaking at 400 RPM for
24 hours was monitored by SE HPLC. The monomer % results are shown in the
following table.
Eormulation # Monomer %
1 94,5
i 98.0
3 96,1,
4 98.1
) 97 .8
6 8.2
7 979
8 97.3




6 76,4 76.4 75 8 75 9 5C Clipped % Tinme (o) Formulation I. Syringe
Form ul alon 2 Syringe Formulation | Vial Fornmulation 2 Vial 0 0.3 0.7 0.3

0.2 1 NDNDO0.30.230.30./ 0./ 0. 60.40.40.40.4 ~ 5C Monorer %
Trmu) Fornulation 1 Syringe Fornulation 2 Syringe Fornul ation
WO 2009/009562 PCT/US2008/069473
-15-
9 980
K g0
1] 98 2
12 . 97.9
13 98 1
14 Y44
15 981
16 yR
17 y&.2
13 98,1
19 98.5
20 98.3

A major concern for agitation stability is the formation of insoluble particulate
3 matters, which can be monitored by HIAC measurements. The HIAC results afier

agitation by orbital shaking at 400 RPM for 24 hours are shown in the following table,

Formmulation # HIAC 10 um particle counts
i 400
? 18
3 361
4 5
b 918
6 7
7 2058
g 1251
g 17
10 4
[ 10
12 26
13 29
14 1218
15 24
16 2
17 i4
14 ié
19 g
20 3

1o
Comparison of NaCl vs. Mannite!l formulation in Syringe and Vial

Formulation Composition

1 I mg/mL GLP-Fe, 10 mM Citrate pH 6.5, 150 mM NaCl,
0.02% (wiv) Polysorbate 30 _

2 1 mg/mL GLP-Fe, {0 mM Citrate pH 6.5, 5% (w/v) mannitol,




Vial Fornulation 2 Vial 0 98.1 97.1 98.1 97.1 1.
97.9 97.6 97.8 6 97.7 98 96.6 97.1
conpari son at 25C of the above two fornulations coit and NaCl

and vi al

Syringe Forwglb@mbamonzl Vial

72.9 73.5 64.0 68.0 53.8 64.1 6

Formul ation 2 Vi al

- 16

96.6 95.3 ND ND 3 97.9
5ND = Not Determned Stability

1 9.02% (wiv) Polysorbate &0

Stability comparison at 5°C of the above two formulations comparing mannitol

and NaCl and syringe and vial storage.

sC Main Peak %
Formutation 1 | Formulsdon 2 | Formudation | ] Formulation 2
Time (mo) Syringe Syringe Wial Vial
{ 774 771 714 77.1
f ND ND 77.1 774
3 6.9 772 16,7 76,5
[ 76.4 76.4 758 7549
3C Clipped %
Formulation 1 | Formulstion 2 | Formulation L | Formulslion 2
Time {mo) Syringe Syringe Vial Vial
i 6.3 0.2 .3 (3.2
i N ND .3 0.2
3 3.3 e.- 0.2 SRS NUTPORIN .3
& 0.4 0.4 04 0.4
¢ Monomer %
Formuistion | ¢ Formulation 2 | Formulation 1 | Formulation 2
Time (n0) Svringe Svrings Vial Vial
0 98.1 g7.1 98.1 7.1
3 96.6 95.3 ND ND
3 97.9 879 37.6 97.8
6 47.7 98 96,6 97.1
5 NI = Not Determined

Stability comparison at 25°C of the above two formulations comparing mannitol

and NaCl and syringe and vial storage

34

23C ) Main Pesk %
Formulation | | Formulation 2 | Formulation | | Formulation 2
Time (mo) Sviinge Syringe Vil Vial
0 77.4 771 77,4 771
1 ND ND 2.9 735
3 64 £ _ 68,0 53_,8 64,1
] 467 39.6 39.3 419
25C Clipped % _
Formutdation 1 | Formulation 2 | Formulaton 1 | Pormulation 2
Time {ma) Syringe Syringe Vial Vial
{3 (.3 0.2 0.3 0.2
t ND ND Lo 0.8
3 24 1.8 49 2.5
& 7.1 101 .1

and syringe
storage 25C Main P% Tinme (nto) Fornulation 1 Syringe Fornulation 2

0 77.4 ¢friishdsnsbossy. 1 |




46.7 59.6 39.3 41.9 25C dipped % Tine (inn) Formulation | Syringe

Formul ation 2 Syringe Formulation | Vial Fornmulation 2 Vial 0 0.3 0.2 0.3
0.2 NDND1.00.8 2.41.84.9 6 7.13.410.19.1 -17- 115(11 fvlono
ner % Time (inn) Forrmulation 1 Swilltie Formulation 2 Syrime Formul ation

Vi al  For nulv&® pepog@sez PCT/US2008/069473
-17-
! F |
A5C Monomer %
Fornmdation 1. | Formulstion 2 | Formudaton § | Fermulation 2

Time (mo) Syrinpe Syringe Vial Vial

fl 98,1 97.1 98,1 97.1

; 330 95.0 jin) ND

3 918 94l 85 4 92 4

6 82.2 91.7 76 81,7

N = Nat Determined

Stability comparison at 40° C of the above two formulations comparing mannitol

and NaCl and syringe and vial storage

400 Muint Peak %
Formudation 1} Formudation 2 ¢ Formudaton | | Formulation 2
Time (mo) Syringe Syrinpe Yial. Vial
O ki 77.1 714 774
i NE NI 3146 39
3 24.2 3.2 244 125
_ i
ADC ) Clipped %
Formalation | | Formmualation 2 | Formudbaion I | Formudation 2
Time (me) Syringe Syringe Vial i Vial
1} 1.3 (.2 .3 .2
£ ND ND 9.5 .7
3 173 14.9 i7.4 168
40C Monomer %
Formulation 1 | Formulation 2 | Formmlation 1 | Formulation 2
Time (mo) Syringe Syringe Vial Vial
] 08,1 97,1 98,1 97 1
! 86.3 913 NI N
3 $2.2 86.5 80,5 832
3 ND = Not Determined
Manunitol concentration determination
19 The mannitol concentration needed o achieve the warget tonicity of 290 milli-

Osmolarity/Kg for a GLP-Fe fusion protein solution formulation is determined by

titration experiment, The following table summarizes the resulted osmolality as a function

of mannite! concentration, Based on lincar rcgrjzssion analysis of the osmolality results 1o

mannitol concentration with a statistical p value of <0.01, the mannitol concentration is
15 determined to be 46.4 mg/mlL or 4.64%.



Vi al 97.1 98.1 97.1 95.0 95.0 ND ND 91.8194.1 85.4 929 91.7 76 81.7
ND- - Not Determ ned Stability conparison at 40C of the above two
formul ati ons conparing mannitol and NaCl and syringe and vial storage 40C
Main Peak % Tine (ma) Fornulation 1 Syrin ea ForlnU aLion 2 Syringe

For mul at i onwd Mesakeskpr nul ation 2 Vial o 77.4 77.1 77. dpdifydseshRND 37. 6 39
74.2 30.7 24,4 72.5 40C

~ 8-
Vaolume (mL) Volume (mb) Final Mannito} Osmiatabey
10 mM citewte buffer | 10 mM citrate/buifer Concentration mOsm/K el
with 30 mg/mb {mg/mi) -
rranniloh Rept Rep2 Ave.
L0 0 0 31 H 11
?.2 9.8 490 3408 32 308
0.4 9.6 48.6 300 304 302
0.5 9.5 47.8 S 30 301
0.7 9.3 46,5 293 291 292
0.8 9.2 46 4 284 284 284
0.9 9,1 45.5 283 186 88
1.4 9. 45.0 284G 281 281




Cipped % Tine (to) Fornmulation 1 Syringe Fornulation 2 Syringe Fornul ation
| Vial Formulation 2 Vial 0 0.3 0.7 0.3 0.2 NDND 10.5 9.7 173 14.9 17.1

16, 8 - 40C Monorer Ya Tinme Fornulation | Syringe Formulation 2 Syringe
Formulation | Vial Fornulation 2 Vial O98.1 97.1 98.1 97.1 86.3 91.3 ND
ND 822 86wb 2009/m09562 PCT/US2008/069473
L19.
We Claim;

1. A stable solution formulation cormprising a therapeutically effective amount of a
GLP-1-Fc fusion protein in citrate buffer with polysorbate-80 in the range of
3 about 0.01% to 0.05% (w/v), mannitol in the range of about 4.3 to 5.0% {w/v),

and wherein the solution has a pH in the range of about pH G to 7.

2. The stable solution formulation of claim 1, wherein the therapeutically cffective
amount of a GLP-1-Fe fusion protein is in the range of about .25 to about 10
mg/mi
1o 3. The stable solution formulation of claim 2, wherein the therapeutically effective

amount of a GLP-1-F¢ fusion protwin is in the range of about 0.25 to about §
mg/ml.

4. The stable solution formulation of any one of claims 1 to 3, wherein the

concentration of citrate buffer i in the range of about 5 1o 20 mM,

15 5. The stable solution formulation of claim 4, wherein the concentration of citrate
buffer is about 1{ mM,

&. The stable solution formulation of any one of claims 1 to 5§, wherein the
concentration of polysorbate-80 is about §.02% (w/v).
7. The sizble solution formulation of any one of clatms | to 6, wherein the

20 concentration of mannitol is in the range of about 4.5 10 4.8% {w/v}.

8. The stabie solution formulation of any one of claims [ to 7, wherein the
concentration of mangitol is about 4.6% {(w/v),

9, The stable solution formulation of any one of claims 1 to §, wherein the amino
acid sequence of the GLP-1-F¢ fusion protein is that given by SEQ ID NO: |

25 140, The stable solution formulation of any one of claims 1 to 9, wherein the

concentration of the GLP-1-F¢ fusion protein ig in the range of about .25 to 5
mg/mL, the concentration of citrate is about 10 mM, the concentration of
polysorbate-80 is about 0.02% (w/v), the concentration of mannitol is about 4.6%

(w/vyand the pH is in the range of about 6.3 10 6.7.




80.5 852 ND Not DeternimMnnitol concentration determ nation toThe

manni t ol concentration needed to achieve the target tonicity of 290 mlli-
Csmol arity/Kg for a GLP-Fc fusion protein solution forrmulation is

determ ned by titration experinent. The follow ng table sunmari zes the
resul ted osoobwloisss: as a function of mannitol concent PAEUSHIHILED on

| i near regrelssion analysis of the osnolality results to nmannitol
concentration with a statistical p value of <0.01, the rnannitol
concentration is 15determned to he 46.4 ng/nL or 4,64% Vol ume (rnL) 10
niMcitrate buffer Volume (nil.) 10 nMPitrate/bullet- with 50 ing.rnL
rnannnol 1:in a | Mannitol Conceniralion (nmAl) Gsnolnlay (nmOsm Ke) Rep!

Rep2 Ave. 1.0 34 131,34 0." .9, | , a,'i wid4n 96 48,0 300 304
382 0. \5/69- 5 479]3Q'?b«%ab%eosfiuggrlgﬁngﬁzgﬁgﬂﬁyQné?‘cg%i ?hQQE §9¥5 @ 4 %

concentration of GLP-1-Fc fusion proicin is about 1 mg/mL.
12. The stable solution formulation of any onc of claims 1 to 11, whercin the pH is
about 6.5.

3 [3. The stable solution formulation of any one of claims | to 12, wherein the

formulation is stored in a sterile syringe,




46.5 293 29' 0,8 9.2 46.0 284 284 284 0.9 9.1 45.5 283 286 285 1.0 9.0
45.0 280 781 281 -19- W Caim |. A stable solution fornul ation
conprising a therapeutically effective amount of a GLP-1-Fc fusion protein
incitrate buffer with pol ysorbate-80 in the range of about 0.01%to 0.05%
(wWv), mannitol in the range of *3B6¥MST453 10 5.0% (w v), and wherein the
sol ution has a pHin th%EQUgN%Ee%T’ﬂé'ﬁout pH 6 to 7, 2. The stable sol ution

formy at ion, ofy.cLaj Mgl erein the therapeutically effective anount of a
G_f’ﬁiﬂ-}Fekﬁuéi or%'cpr ot eoi ﬁar}lyg in the range of about 0.25 to about 10 ng/m .

t 02120bhecist-dbFe FOBIEN PBATHIYr FARMELATRNOf claim 2, wherein the

t her eutja;t:?glaly effective anount of a G.P-I-Fc fusion protein is in the
raﬁb “of * t 0.25 to about 5 ng/m . 4. The stable solution formrulation of
anyigme of clainms | to 3, wherein the concentration of citrate buffer is in
the range of about 5 t O MM t 55. The stable solution fornulation of

cl &/, PRFFELED rYefﬁborbgn entration of citrate buffer is about 10 M 6 The
stablg sl ution fornulation of any one of clainms 1 to 5 wherein the

congent rarson of pul ysorbate-80 is about 0.02% (wv). 7. The stable
solqatlbonPRB.rfnul, a]ti on of any one of clains | to 6, wherein the concentration
of hani ABH 673 n SERAE T Snge of about 4.5 to 4.8% (W v). 8. The stable
solgbphon formul ation of any one of clainms Ito 7, wherein the concentration
of <4rapni tehthesialouttdicd% (W v), 9. The stable solution formulation of any
one Qf clainms | to 8 wherein the acid sequence of the GP-1-Fc fusion

pr o‘t4§P?1 i's t hat given by SEQ ID NGO 251 C The stable solution formulation
of \aRycBNe1fc1gl Binmehd 1he Sr wheneil nsdrheecanceraw 814 divof the GLP- |-Fe
fusion protein i% in the range ofl%about 0.25 to 5P nwiL, the concentration
of citrate is about 10 nmM the concentration of pol ysurbate-80 is about
0.02% gw’ Wia hRecrPBRENNAATORrPf BVl Lod diy @boaly 416% (w v) and the pH
isin the rammge of about 6.3 26 6.7. -20- | 130 The stable solution

fornmul ati on of any one of claims | to 10. wherein the concentration of GP-

| - Fe fusi tej g ogty LePuiileyl21y T séallie ol ution fornulation
of @Hyeiyn%tg%gegl g!%?”? (??)/ a.(iy Wher g}_n ytlhey pﬁH%i s about 6.3. 13. The stable
solution fornulation of any one of clains | to 12, wherein the fornulation
is stored_ in a sterile syringe, 1 25. SEfMENCE sl STI NG <110> El i

Li 178 &) TéBrf%é(n’fx‘"%fﬁﬁ%sgéﬁ%?’ﬁ% ?%s?%i%é Bl N FORMILATI ON <130> X17652
<160> <170> Patentln version 3.5 <210> 1 <211> 275 <212> PRT <213>

Artificial Sequence <220>
Gly Gly Pro éLr val pPhe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
65 70 75 80

Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val Asp val Ser
83 90 95

Glin Gfu Asp Pro Glu val Gin Phe Asn Trp Tyr val Asp Gly val Glu
100 105 110

val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn Ser Thr
115 120 125

Tyr Arg val val Ser val Leu Thr val teu His Gin Asp Trp Leu Asn
130 135 140

Tv Lvs Glu Tyr Lys Cys Lys val Ser Asn Lys Gly Leu Pro Ser ser
§4§ Y i 1%0 155 160

Thr TIle Ser Lys Ala rys Gly Gln Pro Arg Glu Pro Gin
Tle Glu tys 165 Y 170 175

val Tvr Thr Leu Pro Pro Ser GIn Glu Glu Met Thr Lys Asn GIn val
an e 180 185 190
Page 1



<223> Synthetic Construct <400> 1 Hs Ay Qu Gy Thr Phe Thr Ser Asp Val
Ser Ser Tyr Leu Qu Gu 151015 An Ala Ala Lys Qu Phe Ile Ala Trp Leu Val
Lys Ay Gy Ay Ay 202530 Ay Ay Ay Ser dy dy Ay Ay Ser Gy Ay dy
Gy Ser Ala Qu 354045 Ser Lys Tyr Gy Pro Pro Cys Pro Pro Cys Pro Ala Pro
Au Ala Ala 505560 Gy Ay Pro S¢r76¥a$T2Bhe Leu Phe Pro Pro Lys Pro Lys Asp
Thr Leu 65707580 Met Ile Ser Arg Thr Pro Qu Val Thr Cys Val Val Val Asp
Val_Ser 859095 n u r i malkp1 Tyr Val Asp @y Val
G &eidﬁfogglgyﬁla(aeuHﬁ; Aﬁ%&ga esgy%ﬁ‘BL%srnégge%ﬁ; Gu Gu dn 'he Asn Ser
Thr 115120125 Tyr Arg Val val Ser Val Leu Thr Val Leu H's Gn Asp Trp Leu

Asn_ 130135140 Ay L u Tyr Cys L r ys Ay Leu Pro Ser
Sercl44 1856]1‘555% 5| éﬁGG:uL’g L@%’ ‘-ijlifr eASS§e?§l)2§(']_>\/{ggAﬁgr E@Z")"é&y Gn Pro Arg Qu
Pro G 165170175 val Tyr Thr Leu Pro Pro Ser An Gu Au Met Thr Lys Asn
A n Val 180185190 Page 1 x17652sT25 ser Leu Thr Egs Heu val Lys Ay Phe
Tyrerpréals eeu ASp ﬂqf‘eA%éﬂVa?e’"l%‘?ﬁﬁg WG TEp ‘% -§eryfsn Gy Gn Pro du
Asrf2Asn Tyr Lys Thr >Thr Pro 210215220 °Pro val Leu Asp ser Asp Gy Ser Phe
Phe Leu Tyr ser Arg Leu Thr 225230235240 val Asp Lys Si\lr Arg Trp Gn Gu
A waAsmsprays Ree sar Toys1selw§lly %gz\ﬁﬂzssem" HS3H J°Ala Leu H's Asn His
Tyr Thr G n Lys &r Leu ser Leu 265270 Ser Leu y 275

Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser iLeu Ser Leu
260 265 270

ser Leu Gly
275

rage 2



