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GLP-1-Fc FUSI ON PROTEI N FORMULATI ON FI ELD OF THE
I NVENTI ON The present invention relates to a

waeermwoshal formnul ati on of a glucagon-1like 5 prEL/US®08/069473

anal og fused to an Fc portion of an immunogl obulin.
This fornul ation can be used to treat diabetes and
obesity as well as a variety of other conditions or

di sorders. BACKGROUND OF THE1L NVENTI ON d ucagon-|i ke
peptide-1 (G.P-1) anal ogs and derivatives show promni se
in clinical 10trials for the treatnent of type 2

di abet es. CGLEIP-14hd FtBEONIROOEEN FORMYLAJIOS f ect s
such as stinmulating insulin secretion, inhibiting

gl ucagon secretion, inhibiting gastric enptying,

i nhi biting gastric ETELDIG)F)THEINViEN@IG)NaI motility,
and i nduc ng ni fi.can acteristic
o L PR 195 o Bl PR ru T PGBl
mkphmuhdb@ﬁmaﬂe@ﬁmabadonbsxlmﬁmhmgoghmcemmabﬁMﬂMmhemnx

n.uysin nsulin thera of
%ﬂaltrettr?é#ﬁ'ﬁt td it ST By - PPl GRg ot i disorders

expression. The useful ness of therapy involving GLP-1

peptides has been Ilntted éﬁthe f act that GLP-1(1-37)
i s poorly activEBAGHEROYND QF THAE INXENIION ur ri ng

tr unc@qlﬁﬂ%dﬁ ReipdBific- I%Plﬂ)%naazgsoiﬂd ARG AR hov pRAiINHA clinical

are rapid cleared in vivo and have extrenely short
itfaly fog ttleneﬁtmem fdgpe 2 diahetes k FERA induces mperseus Mitiegical effects
ROGAK “S\QnghB,eﬁgdlﬁ%Ecr&%t 1ngﬁ§t§1g g\ﬁc%%&eﬁo\{) inhibiting gastric
i nactivates circulating G.P-1"peptides by renoving the
Npssfre, mdibitivigsaaptee motiltycr attesﬁnd enqtidity, eurbisduping wagh loss. A
g%lnﬁfcaﬂt%ﬁﬁg(gerﬁsﬂﬁ 0 ﬁP—%h? [‘g& atlifity Y4 étﬁ’ntﬂéﬁtl: fn’s&tﬁnf Leretion without the
r1 ous approaches have been Undertaken to extend the
@bsopiated rislonf l‘ryabglwelnﬁethatf is aeerherl upepinida therapyedyeme types of
cl n 0 0 ody whil e
ﬁ%ﬁ%&%ﬁ%ﬁﬁgﬁ HQEQE%Q ?h Jﬁéﬁﬁéﬁe approach invol ves
f usi n@hauﬁdﬁaeis qifehﬁra;denwdvmgl é‘rLFel ptidds s lgden dimited by the fact

IRy SR R PR it el @ Ry ey B Yy AR e

ralret@h3e0K and Gard (BR3GAIH, -dré fapidiyncléuiebn $iv0 fandiRave @x@dnely

days, Th . portion of the |nnun

BB bl B T ot G TP Rroghest iy peptidase 1V
@PpIv) Mectiveies Gircupkiat BILRS| fepkides ¢ YahdvagehON-tbid@nal histidine
stabi l.ity provided by the F¢ portion of an

PRTTEIAEE SHUrTIdA féaJBrrré%S@P \Wrﬁbe TRE by Redl-lidss

act i viviaMoRfaphldgehE-Fvd bEa attkdRen SRR 4G ndiikidn half- llfe ofa
Ggfroach is feasible for GP-1 therapeutics (See WD

Pabpepriyle ot e clegrapoeyd therngptidedfiae s bpdyywhidn mgntaiing
%%16@@&'1‘ b&fvtty Bhe X@%a@h’ svbHed ﬁ’tﬁlngﬁ gl gﬁe Yi@eet% the Fc portlon of'an

admni stered repeatedly over prol onge eri ods of
tijnppenogiptiuding Inmuinetabalinsytypicalyriees lang drculazmg mIpliges g vivo.
fusio | e e
troat 5 T Rer Cahe i TP AR RN e D Y bR e The
dicperwe of tha imodnagldn]in Boefpossilgn, ippat, épnthis reviepeaaltilitgs GLP-1-
e n oft i t
gf%?%sg?n Opr otgglng %%Vghta%%gf th:e stﬂ) 1t¥ gﬁ 1c{eﬁﬁo éﬂé]?%: %W%rﬂ 0? gln
Fﬁﬁi’rffuhl&‘glﬁmmm 5\5195 pleWB2i0g ﬂie@n@cﬂ@@@) acthl'ty Mnhe G Lpr binbbnusle

o1 1 oot Doy Py SR EGER TG B GTeT MR EL (e PERCH#227)

@hle ik ];a%@nefrals:bﬁxrerrpﬂ’efgireihlg sheaih Bg oty OO Khmmb% fusida @t‘dtélgfi \mjpél
eci.fic G.P-1-Fc fusion proteins.t ave a [educe
PSR atrs o ah e e it i el e for

prol onged adm ni stration and no | onger have effector
function. The fusion proteins of this nature are
technically too |large and conplex to produce
10synthetically or reconbinantly in bacterial cells.
These fusion proteins are typically produced in
mammal i an cells, such as CHO, 293, or NSO It was
observed that the fu3|on protelns produced |n
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-4-
Thr - Thr - Pro- Pro- Val - Leu- Asp- Ser - Asp- d y- Ser - Phe- Phe-

woew9lyaseSer - Ar g- Leu- Thr - Val - Asp- Lys- Ser - Ar g- TPQF/Gh2008869473

u- @ y- Asn- Val - Phe- Ser - Cys2=A- Ser-Val - Met - H s-d u-Al a- L
eu- Hi s- Asn-Hi s- Tyr-Thr-d n- Lys- Ser - Leu- Ser -
5Leu-Ser-Leu-@y (S7J) ID NO 1) Di sul fide

l'i nkages can exi st intra-chain (on either chain - A or

B) and/or inter-chain (between both chains - A and B).
Exanpl es of intra chain disulfide |inkages are: Cys90A
GICy 5 ¥6 OAjon Bysd@aiics-as CpatRBwth Gpb@@Bnust Bysd&@Bor her entire life

Y AR B PRI T 55 g oo

CyseBBf the Fc portidh odtaigd wetanged teffedtoryfunaiony. STHiapplvach is the focus

ERECaS 8 sUE RO T e o & Bk ¥EbSenia

Respongesity mal dftetor uitvitaaBodiatd WithhdreidistrationsEGLet i-Ba fusion

of i.nsulin, suppressian of gl gop, .i nhi bition of

Appers ¥e PV‘?X%Q“@% lﬁ%@,’mg ?P&El‘%f kﬁ%‘b‘?“ figiop gggjeins that have a
ir€thicd fidk QI irdlhiciaP MPInQ SR, redp0ikd GFtbaBpcated RADFIORAL CadBBifiration
cell proliferation, 15and differentiation of

FAhES Lagsr datstieeopungtioThe 'GLP- 1- Fc fusion protein

f or nuirgd {Q13n PRIV TeISs ARG ardecdmichBy ABMtke A IBHIFK tPhroduce
a GLP-1-Fc fusion protein. The preferred concentration
ayntheiisalyy@irenombinstey ¥ baptarihgelin Thess fusion preteing Atgetyrieally
3RRMEeOn Talfnaki®n cBis JubiPastHE; B3t & NSP 1t Vasobk Qv thik-tRe fusion
to 1.67, 0.5to 1.5, 0.5to 1.25, 0.5to 1, 0.5 to
Ora@eingpreduced @, rgamigalGintcellOwiRBe moregeadyly Susceptiplettg dogradatign by

oty Brfhg g ol e ol oo ol frogte b

Wa@eriap cels. Thisprebleni wis tooglit to be veran, in PCB/UHH2(R5/0253 6t o

1.6. 4 . 0 :
SweogopGfoyncgeib fods aedylsd dhy B ormgiasid Sorhuting b (%o
Aysidh, (ZoteindbuBered® b@wetmoabdut tH 2 bnd @boilit (3] 8.0.p2ovided ikcrealed?25
tﬁ 0. a Thi? preferred concentration of the G.P-1-Fc
FOYMSH SBPOPai n, in my/mL, is about 0.25, about 0.42,
about Y@, byenaitet theGndabilitkee viuséd B7hosedediypiotbhsds ar&h@diin check,

Q. 75, 25about 0.8, abaqut..0.83, . apout 9, ahout 1,
él?:?otgfm ation may ot Eﬁ%uf?ﬁa Hdut p%s*fg, y mﬂ%{e- ﬁl@?lema@}em
bbébrvealdgulic presont idda@ttlr iskhforabtor Lo10Hle agddetates And/insoluble
about 1.8, about 1.9, about. 2, about 2.5, about 3,
apiges apondongyigepptomee afsniefution forpylation This preflem fogteht ¢ be
& cEhEdila ffeciftid Sh@binRiRt R bReifiOitdal drenfit Sonbéufag:e6k d LP-
the range of about 5 to 20 mMcitrate. The preferred
diicrfigien pgtséent ration, in mM is in the range of about
5to 15, 5to 30 12.5, 5to 10, 7.5 to 20, 7.5 to 15,
7.5 to 12.5, 7.5 to 10, 8 to 20, 8 to 15, 8 to 12.5, 8
to 11, 8 to 10, PYMMIRYOK FHEINVENBIOY. 5 10 to 20,
10 to , : .

Lo 15 gustto gtbrddhy'ie prbfeh el ciubly afbr ek ing s iEbig Hayfles
tuporROng Thw speagk o€ ubdution fpmslaionefia GLB- 14T fusameprotein, the

SERSTALPLOR -3l IS OB ol Ry b

cbmpadig doncehtordbitdld mgmakud atGLPO1-6¢ fialva protdif),. Do 20 mM

SUBs SRR PSR AP AN RO 5P ) P o

ihagitig & pAtaf 6{7i. ThidEdrinviatiyn pilovidbeurekpecledRcant] éshsidergdtyoieai n
and be 5acceptable for renteral adm ni st r?ti T Tl’llle
SPIuRIS Aegaceii and vy PaliaeniPoacT i ClueEs teaddign. the

base such as NaOH, to the desired pH or a conbination
of citrate buffer and citric acid can be added to

achi eve both the desired buffer concentration and the
desired pH The preferred pH value is in the range of
about 6.3 to 6.7, 6.25 to 6.75, 6.2 to 6.8, 6.15to
6.85, 6.1 to 6.9. The preferred pH value is about 6.5.
10The G.P-1-Fc fusion protein fornulation further
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5adm ni ster the fusion protein nore frequently such as
two to three tine per week. The present

w0 pooenodsen wi | | now be described only by way 0PCT/US2008/069473

non-limting exanple with reference to the follow ng

Exanpl es. EXAMPLES 10 In vitro GLP-1 receptor

activation assay HEK- 293 cells stably expressing

the human GLP-1 receptor, usizng a CRELuci ferase

system are seeded at 30,000 cells/well/80 pi |ow

serum DMEM F12 nediuminto 96 well plates. The day

@qugrt iperidi diggova0d fiat thisisquoors fophulaegt is proot sdbide in a syringe than

V. re m xed and incubated with the

?Vﬁi f%gp‘??%%ed%ﬁeﬁ%m Fal | y 12 dilutions 15cont ai ni ng

f r om Zhophetont BvenidoanBo prrkder edhats ofitréaXing patarstsofftingfrom

for eac n _bef ore addition t ells. to
e Poid GG R E DB OB P E Bat Rl
atminikedragnhofethmAdtioarof theatital iFo fiysich@Potpin. of Luci f er ase
reagent is added directly to each plate and m xed
gently for 2 mnutes. Plates are placed in a Tri-| ux

| um nomret er DRTATLEPD ESURPEIONOW THPINVENTIONCI f er ase
expression is calculated. 20 Analytical testi ng of

GLP- FER% (P drFor B APRictoH the bresenicyenfien pqrahrises 2 GLP-1

fC@ﬁl n@trhsRf asitsattdrininyis Vg a%‘éﬁ@tﬁﬁﬂﬁﬁer% tRN-fRRinl1Obf MW NBg of
ods: ultra violet-visible spectronetry (UV),

raéxlfé peidgn phasianuurpylobHing ke wmmﬁemsﬁ biglogigdlyipsiivres 25

GIUNSRRE Q9L 2 RDYodiARkE QR X HDARIS S RAIPTR QAR Yo naIn'vET‘Gt@dl

di gest with RP chronmat ography, absorbance at 550

da amfetrrelduCg}Iﬂ 1-E¢ Aistoampireign chmpisenthe apind@CHdquence glven by

Ezg é pﬁ The %?)E%P@ﬂ:ﬁ%@bﬂ" lnFJ fu 10& o‘feﬁﬁj%ggl)sts essenuall% of the
rse ase romat ogr aphy s use
fapvinvedcidoeqehcegiv ppad SEQrim NDR). FEhe raosi mafemdl GLR--RefuFion

I R T

(sol ubl e aggr egat e) formation and correspondl ng | oss
of .”DII‘EQE %tlex%ﬂang iﬁQQSe@P% L
nonitor-c the é’rogen parti c:upar‘lal orrra i on
of aciLeIheGlnafGJameéneAw Amm—tﬂunalPhy Ebesﬂe]smdmi&mo—

deam dati I
Lim tg Edgﬁ G’segyg(gP n|g>1 OG(I:i F/aga¥|%r1y pr 8’duclys
speci GiLg- s@r{clrﬂs_y G—l&-—Gp)ngl}ZIeSe(IGPH-a]:)SlpSEérfmys{}nytrhGly—

GLP-F ecu ch _as term letion
of HL PR Rt B o b7 S SR PO e P P ths oLy~
(Ay atLyppmmeon\f&1eﬁ?hSE@1h{1>H\dGPrb)—,PrpFoyealsﬁ)myspasm

[(: '2I'r2p( EP pﬁ%ﬁ“ |tq\{[)eotn Ig%ngégsgf? %g‘%\ﬁrf)l\glﬁ %ﬁ@nﬂﬂ ocﬁ’séf val-

the Nvherw DuUssp-oxildatir-enl@tc MBS sprrpoat1 posd t-Hdm-2he -
of 5SEQ I D NO é, and ph?sphoryl at i ﬂ at $S46 (Ser _at
posi t FOR~ 48P of Y ISEO T BRIy 1 ) VA Ao Hﬁ cel At BEG AT S~

noni It mgrtuy@md )Ax@f-GuheGB@l@nltﬂmﬁedlAenL QefOTm-_t'Ily&ﬂAQg—
I nsol u rticle C_ 1l t gscat rrng 1. s use
to negéﬁlr\égfaﬁ'edfe VEdT EI'%)?{ %é’@gYae]g =i Hllﬁs{gf “TFPed¢eto

neasuAenfGlnyﬂsﬂmiurésrsbﬁme@ySﬂMﬂD&h ValaSsansn Lys-Gly-
guant t |t |1 I d _
For mfr o o G- oo e efh e ARECeLe HRAS Ly
sol ut Pén:- GﬁmnE?Qh@ﬁ@bﬁﬁpqﬁéoTﬁ%ﬁIﬁﬁénTWFd@F? %@HﬂPﬁQJPrO‘
aslseSSeBh(YBﬂli.Iﬁllu—l(‘ﬂSﬁ—&BtLTIﬁy ©fs -G - Glﬂl p@ptsr,@l@Leu Thr -
sol ut S

GLP -bX ﬁﬁgﬁogqﬁﬁiﬁys Gﬁ Imﬁc§ghafﬁ ?Ilt ﬁﬁﬁhAla “val-
reS|sGaneErpfﬁmuﬂﬁyrﬁayanby+@knfand:ﬁén Aestyht-Tynt-0ys -
the nature of the physical instability. The test is
performed to neasure back pressure from pushing the
solution in syringe through a 13 mmdi aneter filter of
PVDF nmenbrane with 0.2 um pore size. The 15pressure

f eedback graph has no slope if there is no resistance

or aggregation. Increasing slopes over time indicate
lncreaSIng anDunts of aggregatlon and/or gelatlon In

M o
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9 8 10 mM Tronet ham ne The GLP-Fc fusion
formul ations are sterile filtered through a 0.22 um

w@oiogwiasyl i dene fluoride (PVDF) nenbrane. The BOI/US10081669473

are stored in 5 nL glass vials at 5, 15, 25, 37 and

45C unti | analyzed or up to 20 weeks. Effects of pH on
GLP-Fc stability: The followi ng table shows the
rate constants for the formauion of clipped fornms of
GLP-Fc fusion protein at 37C as determ ned by RP
chromat ogr aphy. Fornul ation # First order rate

const ARt - BT FrCRrwedR L -4u1Asp 8 TEAGR -Gl B Sor fRIg3 PRe-
2-8% EeQ3rdr F83 Adeg08eb-DhPvdr Q30 11628 £ Dy -rb-8an-
tableg%ﬁd§5y5ﬁ31rg%ePESng%ﬁﬁpngbFeﬁcyaicM%%ﬁgﬁht u-Ala-

f or mat.eonH 0f - 72801 -0HiG -Tar Hant SGlof - I@sPSEe - Last v prot ei n

at 37£éas thgngﬁedS?%§¢§§OH§éc Formul ati on # First

or der "Tat e cons ek -1) 1 4.25 E-02 2
4.05 E-02 3 4.73 E-02 4 2.36 E-02 5 4.18 E-02 -10- 6
4.31 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, Cys196B — Cys254B.
Examples of inter-chain disulfide linkages are: CysS55A — Cys55B, Cys58A — Cys58B.

Biological activity refers to the ability of the fusion protein to bind to and activate
the GLP-1 receptor in vivo and elicit a response. Responses include, but are not limited
to, secretion of insulin, suppression of glucagon, inhibition of appetite, weight loss,
induction of satiety, inhibition of apoptosis, induction of pancreatic beta cell proliferation,
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 to 10, 0.5t0 5, 0.5t0 2.5, 0.5t0 2, 0.5t0 1.67, 0.5 to
1.5,0.5t01.25,0.5t01,0.5t00.9,0.5t0 0.8, 0.5t0 0.75,0.6 t02,0.7t02,0.8t0 2, 0.9
t02,0.5t03,0.6 t03,0.7t03,0.8t03,0.9 t03,0.5t04,0.6 t04,0.7t04,0.8t04,0.9
to4,1t02,1.1t02,1.2 t02,1.3t02,1.4t02,1.5t02,1.6t02,0.7t01.67,09t0 1.1, 1
t04,1.0t04.0,0.5t05,0.25t07,0.25t05,0.25t04,0.251t03,0.25t02,0.25t0 1.5,
0.25to 1, 0.25 to 0.5. The preferred concentration of the GLP-1-Fc fusion protein, in
mg/mL, is about 0.25, about 0.42, about 0.5, about 0.6, about 0.67, about 0.7, about 0.75,
about 0.8, about 0.83, about 0.9, about 1, about 1.1, about 1.2, about 1.25, about 1.3,
about 1.4, about 1.5, about 1.6, about 1.67, about 1.7, about 1.8, about 1.9, about 2, about
2.5, about 3, about 3.33, about 4, about 5, about 6.67, or about 10.

The GLP-1-Fc fusion protein formulation is buffered in the range of about 5 to 20 mM
citrate. The preferred citrate concentration, in mM, is in the range of about 5 to 15, 5 to
12.5,5t0 10, 7.5t0 20, 7.5 to 15, 7.5t0 12.5, 7.5 to 10, 8 to 20, 8 to 15, 8to 12.5, 8 to 11,
810 10, 910 20,9 to 15,9 to 12.5, 10to 20, 10to 17.5, 10 to 15, 10 to 12.5, 6 to 14, 7 to
13,810 12,90 11, 12 to 20, 14 to 20, 16 to 20, and 18 to 20. The particularly preferred
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E-02 7 5.06 E-02 8 5.27 E-02 9 6.46 E-02 The
follow ng table shows the formati on of sol uble

waogreagasbres (pol ymer %9 of GLP-Fc fusion prot ePCT/E$1008/069473

20 week storage at 37C as determ ned by SE HPLC.

Formul ation # Polynmer % after 20 weeks at 37 C1 4.6 2
2.431.442.651.462.271.18¢0.690.3

The foll ow ng table shows tha-rate constants for

N-term nal clipping (des HL/H1I&) at 37 Cby linmted

di gest. Fornulation # Zero order rate constant at 37 C
(cawemkicentrjtich iQindRe @ng: Fabyut0.t32bakt 01,39d BbAdt 86 #oQt 123nM.

) ) . | ubij.l [ [ 5Th

It el -FRLB g g BRI °
sol ubiThé ply iscedilisted Sc@8gd of abdut GLLEPT tderofids haaptable stability, to
fornul ati ...JTh | ut f t he
e PeapRoply P SR R lSEP TS T roRin and be
Sedeptableon B it emhrnahexﬂoﬂﬁ yThe @lFIIt c{ah be g@ﬁm@i%yufdmg aéid, such as

t T uti on. ecke .
&f u‘éf:q%%nsf‘“g‘?n;‘? 33351@ o erdS%‘te PRI 178 E‘Ftlﬁ“i %ﬁ“’%‘teq’“ffer and citric

9610t bd dMed {otichievdIRylic @B UERl @ﬁlffér%oﬂ@h@a&nsh rdﬁ(ﬂth@)deslﬂ’éd pH.
absorhance. Viscosity is neasured 10i n_Poi %22} \glf%eg%t
t (4]

1 hppreferreq pipalucds i theggpgsofabow 68 A G238 6
I QX k&Y et Peflided pH value is about 6.5.

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
unit "(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 mg of mannitol per
mL of formulation, or expressed another way, it has 4.6 grams of mannitol dissolved in a
total volume of 100 mL of formulation. The preferred mannitol concentration, in % (w/v)
is in the range of about 4.0 to about 4. 1, about 4. 1 to about 4.2, about 4.2 to about 4.3,
about 4.3 to about 4.4, about 4.4 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 4.2 to about 5.1, about 4.1 to about 5.2, about 4.7 to about 4.8, about 4.8
to about 4.9, about 4.9 to about 5.0, about 5.0 to about 5.1, about 5.1 to about 5.2, about
5.2 to about 5.3. The preferred mannitol concentration, in % (w/v) is about 4.3, about 4.5,
about 4.55, about 4.6, 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 GLP-1-Fc fusion protein formulation further comprises polysorbate-80 as a
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 polysorbate-80, in % (w/v) is in the range of
about 0.01 t0 0.04, 0.01 to 0.03, 0.015 to 0.025. A preferred concentration of
polysorbate-80 is in the range of about 0.018 to about 0.022 % (w/v). Another preferred
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gcml s-Iwhich is the sane as 1 centi-Poise (cP).
Buffer pH Solubility (nmg/nmL) Viscosity (cP) 10 nM

W@Ra0pM09S65. 5 27.1 Not neasured 10 mM citrate 5PEI/USR0R069473

Not neasured 10 mMcitrate 6.0 179.4 8.3 10 nMcitrate

6.5 156.9 5.9 10 mMcitrate 7.0 158.1 7.7 15Sol ution

formulation stability conpari son A Design of

Experinent (DoE) study is sefs-up to elucidate the

rel ati onshi p between key formul ati on paraneters and

chem cal / physi cal stability properties of the

wohaeoimton OBa@mrbm 8(hie idtht sangaotpbant (. &tth eeourd.s % (e/v). A
N ol at| on

%Ig%{ﬁ lgl%égre}"e re cgncgtg%itlglg Pfal% nnyQP {/@23%0 Clé@oro%f 859 (\{v

pr opeAtpaggnla(li pjef@rcg farmla2ioh oasmpﬂsas tho W LdPei fgmompxatem ¢fo

& PO PRRRE Bl T NERY o iy BEFER e o o

UGS hisues $0 i/ nilh @itfaty bifife Aini aongeatrhtmroac@it W) tM, polyl@bate-80
desi ace explored in the study. Al the o

A5 s FoRe o Ev LT A OF b MaoB L e habpy At )
tah@a paldf evun@.52 2inadabEpartidiRurly prdf@Ha fh@tuldoatd@pSedihe GLP-Fc

prepared and sterile filtered through a 0.22 pm
POTSARTAGIN o Sfeng e srimgecidpomieyca SERURENOT o dconcentration in

fier i ealriaBaLE 025 € SoQf LehginiL, Bitfite tﬁﬂﬂ%lsfn a\eoaéeﬁtraton%f aldcut 10
and 40C until analyzed or up to nont hs.

TeMi quysyrbate 80 in A@@?ﬂentratlon of argrH)- Q?Oﬁ) (w/v), nggnpiel iEg cqm@pl};ratlon
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the GLP-Fc fusion protein of having the amino acid sequence of SEQ ID NO: 1 ina
concentration in the range of about 0.25 to about 10 mg/mL, citrate buffer in a
concentration in the range of about 5 to about 20 mM, polysorbate-80 in a concentration
of about 0.02% (w/v), mannitol in a 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. Another particular formulation
comprises the GLP-Fc fusion protein of having the amino acid sequence of SEQ ID NO:
1 in a concentration in the range of about 0.25 to about 5 mg/mL, citrate buffer in a
concentration in the range of about 5 to about 20 mM, polysorbate-80 in a concentration
of about 0.02% (w/v), mannitol in a 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.

Administration of the formulations may be via any route known to be effective by
the physician of ordinary skill. Peripheral parenteral is one such method. Parenteral
administration is commonly understood in the medical literature as the injection of a
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
is the preferred route.

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

the context of the described 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.

It is preferable that the fusion proteins be administered either once every two
weeks or once a week. Depending on the disease being treated, it may be necessary to
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 to the following Examples.

EXAMPLES

In vitro 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 low 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
containing from 3 pM to 3 nM are prepared at a 5X concentration for each test protein
before addition to the cells to generate a dose response curve from which ECsg values are
determined. After incubation, 100 ul of Luciferase reagent is added directly to each plate
and mixed gently for 2 minutes. Plates are placed in a Tri-lux luminometer and light

output resulting from luciferase expression is calculated.

Analytical testing of GLP-Fc fusion formulation

GLP-Fc fusion formulation stability is assessed using the following methods: ultra
violet-visible spectrometry (UV), reversed phase (RP) chromatography, size exclusion
chromatography, anion exchange chromatography, limited digest with RP
chromatography, absorbance at 550 nm, dynamic light scattering, instron, HIAC and
differential scanning calorimetry (microDSC). Reversed-phase (RP) chromatography is
used to monitor formation of clipped form GLP-Fc, oxidation in the Fc region and
corresponding loss of intact main peak. Size exclusion (SE) HPLC is used to monitor
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-Fc molecule, such as N-terminal clipping deletion of
H1 (His at position 1 of SEQ ID NO:1) and/or G2 (Gly at position 2 of SEQ ID NO:1),
protease clips at F22 (Phe at position 22 of SEQ ID NO:1) and/or W25 (Trp at position 25
of SEQ ID NO:1), pyruvlation at the N-terminus, oxidation at W25 (Trp at position 25 of
SEQ ID NO:1), and phosphorylation at S46 (Ser at position 46 of SEQ ID NO:1).
Absorbance at 550 nm to monitor turbidity of the solution due to formation of insoluble
particles. Dynamic light scattering is used to measure large soluble aggregate. Instron is
used to measure filtration resistance, which is a semi — quantitative method initially
developed to measure formation of gel — like structures in glucagon solution. This
technique has been widely used to assess physical instability of GLP — 1 peptide solution.
Since GLP-Fc fusion is a combination of a GLP — 1 analog with an IgG4 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 um pore size. The
pressure feedback graph has no slope if there is no resistance or aggregation. Increasing
slopes over time indicate increasing amounts of aggregation and/or gelation. In order to
simplify comparison of runs, only the maximum resistance values are reported here.
HIAC is a light obstruction technique widely used in parenteral formulation development
to monitor formation of insoluble particulate matters. Differential scanning calorimetry is
used to monitor the unfolding characteristics as indicated by thermal transition

temperature when the protein starts to undergo structural transition.

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

pH Buffer
Formulation
GLP-Fc
1 mg/ml
6 10 mM Citrate
2 6.5 10 mM Citrate
3 7 10 mM Citrate
4 6 10 mM Histidine
5 6.5 10 mM Histidine
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Mannitol 0.01 70 10 inivi Histidine 6.5 10 0.2 NaCl
0.01 The stability of fornmulations is assessed
by nonitoring decrease of main peak % by reversed
phase (RP) chromat ography. The rate constants for all
formul ati ons are 5shown in the foll ow ng table.

Formul ati on_# Zero order rate constant at 40 C (%
month -1) 1 7.65 2 9, 7873 9|08 FP®sphge 5 9. 06 6| 8. 16 7
7.41 8 6.907 9 (703 1 67938 10 mM Phosphate

8 7.5 10 mM Tromethamine

9 8 10 mM Tromethamine

The GLP-Fc fusion formulations are sterile filtered through a 0.22 pm
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.

Effects of pH on GLP-Fc stability:
The following table shows the rate constants for the formation of clipped forms of

GLP-Fc fusion protein at 37°C as determined by RP chromatography.

Formulation # First ordgr rate cor}?tant at
37°C (week ™)
1 4.84 E-03
2 5.22 E-03
3 7.01 E-03
4 3.83 E-03
5 5.05 E-03
6 1.28 E-02
7 1.85 E-02
8 6.43 E-03
9 8.89 E-03

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

variants of GLP-Fc fusion protein at 37°C as determined by AEX HPLC.

First order rate constant at

Formulation # 37°C (week -1)

1 4.25 E-02
2 4.05 E-02
3 4.73 E-02
4 2.36 E-02

5 4.18 E-02
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chromat ography. The first one is the clipped forns at

F22 and/or W25 of the G.P regi on by residual

prot eases. The second type is clipped at the |inker

region via chem cal nechani smp- The rate constants for

all fornulations are shown in the follow ng table as

determ ned by RP 5 chronotography. Fornulation # Zero

order rate constant at 40 C (%#ditzh -1) (1 2. 02 2 3. 27
33.02 4 279537296 2707 7 $5¢4lg0 & 79 9 1.75 10
1.83 11 2.81 12 1.75 13 2.02 14 1.90 15 1.92 16 1.97
17 8 5.27 E-02

9 6.46 E-02

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

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

0
Formulation # Polymer :E éagte(:)rc 20 weeks

1 4.6

2 2.4

3 1.4

4 2.6

5 1.4

6 2.2

7 1.1

8 0.6

9 0.3

The following table shows the rate constants for N-terminal clipping (des
HI1/H1G2) at 37 °C by limited digest.

Formulation # Zero oroder rate cons_tlant at
37 °C (% week ™)
1 0.42
2 0.32
3 0.32
4 0.39
5 0.36
6 0.43
7 0.52
8 0.31
9 0.29
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C are shown in the follow ng table. Fornulation # Zero
order rate constant at 40 C (% nonth -1) 1 1.08 2 2.18
31.1941.2151.6361.387 2.39 8 1.939 2.11 10
1.01 11 1.04 12 2.25 13 1.661114 2.35 15 1.14 -14- 16
1.69 17 0.54 18 1.15 19 0.53 20 1.00 5N term nal
clipping by limted digest within the GLP region is
nmonitored by limted digest analysis. The rate
constants for Des H1/HL& are shown in the foll ow ng
table. Fornulation # Zero order rate constant at 40 C

(Stumany And dscobity

The following table shows the effect of pH 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 concentrated 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
in Poise (P) where I P=1g¢g cm ' s Water at 20°C has a viscosity of approximately 0.01

gcm ' s ' which is the same as 1 centi-Poise (cP).

Buffer pH Solubility (mg/mL) Viscosity (cP)
10 mM citrate 5.5 27.1 Not measured
10 mM citrate 5.8 146.2 Not measured
10 mM citrate 6.0 179.4 8.3
10 mM citrate 6.5 156.9 5.9
10 mM citrate 7.0 158.1 7.7

Solution 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 physical stability properties; (ii) explore
formulation design space to define parameter range for product with acceptable
performance and (iii) establish the adequate 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
table. The various formulations are prepared and sterile filtered through a 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.

Tonicity
Agent
Sanrite]
GLP-Fe Polysorthate 83 | {80mg/mi} EDTA
Buifer pH {mgimly {fmgol) MNall {0}
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aggregation formation after agitation by orbital

shaki ng at 400 RPM for 24 hours was nonitored by SE

HPLC. The nononer % results are shown in the foll ow ng
Formul ati on # Mononer-12 1 94.5 2 98.0 3 96.1 4
98.1 5 97.8 6 98.2 7 97.9 8 97.3

t abl e.

{ESGmd )

H 10 e Citrate 6.5 10 0.05 Mannitel &
Z {0 mb Citrate 7.0 i 0.35 Mall g
3 10 e Citrate 7.0 10 0.05 Mannitel &
4 {0 mb Citrate 7.0 i 0.35 Mannitol g
5 10 e Citrate 7.0 10 0.05 Nalll &
6 {0 mb Citrate 6.5 i 0.35 Mannitol g
7 10 e Citrate 6.0 10 0.35 Nalll &
3 {0 mb Citrate 6.0 i 0.05 Mall g
3 10 e Citrate 6.0 10 0.35 Mannitel &
{0 {0 mM Citrate 6.5 i 0.2 Mannitol &
il 10 e Citrate 7.0 10 0.2 Mannitel &
12 {0 mM Citrate 6.0 i 0.2 Mannitol &
13 10 e Citrate 6.5 10 0.2 Nall &
{4 6.0 i 0.05 Mannitol &
15 i 6.5 10 0.2 Mannitol {
16 18 mbA Citrate 6.5 i3 0.2 Nal’l iy
17 10 M Citrate 6.5 10 (4.2 Mannitol 0.1
I8 18 mbA Citrate 8.5 ) .2 Nal’l (.61
14 10 mbi Histidine 6.3 i 3.2 Mannitol 0.1
24 10 mM Histidine 6.5 10 0.2 Nal’l .41

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

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

shown in the following table.

Formulation #

Zero order rate constant at
40 °C (% month )

l 7.65
2 9.78
3 9.08
4 8.44
5 9.06
6 8.16
7 741
8 6.90
9 7.03
10 6.98
11 831
12 7.10
13 7.42
14 7.97
15 7.41
16 7.30
17 4.92
18 5.52
19 5.69
20 5.52
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formati on of insoluble particulate 5 matters, which

can be nonitored by H AC neasurenents. The H AC

results after agitation by orbital shaking at 400 RPM

for 24 hours are shown in the-follow ng table.

Formul ation # H AC 10 um particle counts 1 400 2 10 3

361 4 55918 6 7 7 205 8 1251 9 17 10 4 11 10 12 26

13 29Thete 42180 Lpedf clif f@rms that can be monitored by RP chromatography.

The first one is the clipped forms at F22 and/or W25 of the GLP region by residual
proteases. The second type is clipped at the linker region via chemical mechanism. The
rate constants for all formulations are shown in the following table as determined by RP

5  chromotography.

Formulation # Zero order rate const_?nt at
40 °C (% month ™)
1 2.02
2 3.27
3 3.02
4 2.79
5 3.29
6 2.07
7 1.77
8 1.73
9 1.75
10 1.83
11 2.81
12 1.75
13 2.02
14 1.90
15 1.92
16 1.97
17 1.51
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 # Zero order rate const_?nt at
40 °C (% month ™)
1 1.08
2 2.18
3 1.19
4 1.21
5 1.63
6 1.38
7 2.39
8 1.93
9 2.11
10 1.01
11 1.04
12 225
13 1.66
14 2.35
15 1.14
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150 mM NaCl, 0.02% (w' v) Pol ysorbate 80 2 1 ng/nL
GP-Fc, 10 MM Citrate pH 6.5, 5% (wv) mannitol, WO
2009/ 009562PCT/ US2008/ 069473 -16- 0. 02% (w V)

Pol ysorbate 80 St abi l-i4-y conpari son at 5C of

t he above two fornul ati ons conparing mannitol and NaCl
and syringe and vial storage. SC Main Peak % Ti me (no)
Formul ation 1 SyriHge Formulatidi@92 Syringe
Formulation 4 MiallFormulation 3% al 0 727.4 77.1 77.4

77.1 1 ND ND [72—1 ?%.4 3l76.9 7715 76 7 46.5 6 76.4
76.4 75.8 75.9—5€-€pped %ﬁ%ine t+rg)

N-terminal clipping by limited digest within the GLP region is monitored by

limited digest analysis. The rate constants for Des HI/H1G2 are shown in the following

table.
Formulation # Zero order rate const_?nt at
40 °C (% month ™)
1 2.39
2 2.77
3 2.45
4 247
5 235
6 2.72
7 2.84
8 2.51
9 2.83
10 2.37
11 238
12 2.86
13 2.37
14 2.64
15 248
16 2.44
17 1.82
18 2.17
19 1.66
20 2.17

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.

Formulation # Monomer %
1 94.5
98.0
96.1
98.1
97.8
98.2
97.9
97.3

R[A|N|n | =W
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Formul ation 1 Syringe Formulation 2 Syringe

Formul ation 1 Vial Fornulation 2 Vial 0 0.3 0.2 0.3
WO®2@9/00982 ND 0.3 0.2 3 0.3 0.2 0.2 0.3 6 0.4 0rdrI/0S2008/069473

0.4 5C Monomer % Tinme (nmo) Formulation 1 Syringe

Formul ation 2 Syringe Formulation 1 Vial Fornulation 2
Vial 0 98.1 97.1 98.1 97.1 1 96.6 95.3 ND ND 3 97.9

97.9 97.6 97.8 6 97.7 -15-
9 98.0
10 98.0
11 98.2
12 97.9
13 98.1
14 94.4
15 98.1
16 98.1
17 98.2
18 98.1
19 98.5
20 98.3

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

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

Formulation # HIAC 10 um particle counts
1 400
2 10
3 361
4 5
5 918
6 7
7 205
8 1251
9 17
10 4
11 10
12 26
13 29
14 1218
15 24

16 2
17 14
18 16
19 9
20 2

Comparison of NaCl vs. Mannitol formulation in Syringe and Vial

Formulation Composition

1 1 mg/mL GLP-Fc, 10 mM Citrate pH 6.5, 150 mM NaCl,
0.02% (w/v) Polysorbate 80

2 1 mg/mL GLP-Fc, 10 mM Citrate pH 6.5, 5% (w/v) mannitol,
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Not Determ ned

Stability

conparison at 25 C of the above two formul ations

W@ o09pm0dseyy manni t ol

and NaCl and syringe and VPEI/US2008/069473

storage 25C Main Peak % Tinme (nmo) Formulation 1
Syringe Fornulation 2 Syringe Formulation 1 Vial

Fornmul ati on 2 Vi al

0 77.4 77.1 77.4 77.1 1 ND ND 72.9

73.5 3 64.0 68.0 53.8 64.1 6146.7 59.6 39.3 41.9
25C dipped % Tine (no) Fornulation 1 Syringe

Fornul ation 2 Syringe Formulation 1 Vial

Formul ati on 2

Vil al

0 0.3 0.2]0.03%Qw2v)PoNBoriDe 80

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

and NaCl and syringe and vial storage.

5C Main Peak %
Formulation 1 | Formulation2 | Formulation 1 | Formulation 2
Time (mo) Syringe Syringe Vial Vial
0 774 77.1 77.4 771
1 ND ND 77.1 774
3 76.9 77.2 76.7 76.5
6 76.4 76.4 75.8 759
5C Clipped %
Formulation 1 | Formulation2 | Formulation 1 | Formulation 2
Time (mo) Syringe Syringe Vial Vial
0 0.3 0.2 0.3 0.2
1 ND ND 0.3 0.2
3 0.3 0.2 0.2 0.3
6 0.4 0.4 0.4 0.4
5C Monomer %
Formulation 1 | Formulation2 | Formulation 1 | Formulation 2
Time (mo) Syringe Syringe Vial Vial
0 98.1 97.1 98.1 97.1
1 96.6 95.3 ND ND
3 97.9 97.9 97.6 97.8
6 97.7 98 96.6 97.1

ND = Not Determined

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

and NaCl and syringe and vial storage

25C Main Peak %
Formulation 1 | Formulation2 | Formulation 1 | Formulation 2
Time (mo) Syringe Syringe Vial Vial
0 774 77.1 77.4 77.1
1 ND ND 72.9 73.5
3 64.0 68.0 53.8 64.1
6 46.7 59.6 39.3 41.9
25C Clipped %
Formulation 1 | Formulation2 | Formulation 1 | Formulation 2
Time (mo) Syringe Syringe Vial Vial
0 0.3 0.2 0.3 0.2
1 ND ND 1.0 0.8
3 2.4 1.8 4.9 2.5
6 7.1 3.4 10.1 9.1
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wo-o00a0%Eb2 on 2 Syringe Formulation 1 Vial FornmedHUS®NS/@9473

Vial 0 98.1 97.1 98.1 97.1 1 95.0 95.0 ND ND 3 91.8
94.1 85.4 92.9 6 82.2 91.7 76 81.7 ND = Not

Det er m ned Stability conparison at 40 C of the
above two formul ati ons conpari-ng mannitol and NaCl and
syringe and vial storage 40C Main Peak % Ti ne (np)

Fornmul ation 1 Syringe Formulation 2 Syringe

Formulation 1 |
25C Monomer %
Formulation 1 | Formulation2 | Formulation 1 | Formulation 2

Time (mo) Syringe Syringe Vial Vial

0 98.1 97.1 98.1 97.1

1 95.0 95.0 ND ND

3 91.8 94.1 85.4 92.9

6 822 91.7 76 81.7

ND = Not Determined

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

and NaCl and syringe and vial storage

40C Main Peak %
Formulation 1 | Formulation2 | Formulation 1 | Formulation 2
Time (mo) Syringe Syringe Vial Vial
0 774 77.1 77.4 77.1
1 ND ND 37.6 39
3 242 30.2 24.4 225
40C Clipped %
Formulation 1 | Formulation2 | Formulation 1 | Formulation 2
Time (mo) Syringe Syringe Vial Vial
0 0.3 0.2 0.3 0.2
1 ND ND 10.5 9.7
3 17.3 14.9 17.1 16.8
40C Monomer %
Formulation 1 | Formulation2 | Formulation 1 | Formulation 2
Time (mo) Syringe Syringe Vial Vial
0 98.1 97.1 98.1 97.1
1 86.3 91.3 ND ND
3 822 86.5 80.5 852

ND = Not Determined

Mannitol concentration determination

The mannitol concentration needed to achieve the target tonicity of 290 milli-
Osmolarity/Kg for a GLP-Fc fusion protein solution formulation is determined by
titration experiment. The following table summarizes the resulted osmolality as a function
of mannitol concentration. Based on linear regression analysis of the osmolality results to
mannitol concentration with a statistical p value of <0.01, the mannitol concentration is

determined to be 46.4 mg/mL or 4.64%.



Vial Fornmulation 2 Vial 0 77.4 77.1 77.4 77.1 1 ND ND
37.6 39 3 24.2 30.2 24.4 22.5 40C d i pped % Ti e

w@ pp/odssul ati on 1 Syringe Formul ati on 2 Syr i PQEUS2008/069473
Fornmulation 1 Vial Formulation 2 Vial 0 0.3 0.2 0.3

0.2 1 ND ND 10.5 9.7 3 17.3 14.9 17.1 16.8 40C
Monormer % Tinme (no) Formulation 1 Syringe Fornul ation
2 Syringe -18-
Volume (mL) Volume (mL) Final Mannitol Osmolality
10 mM citrate buffer | 10 mM citrate/buffer Concentration (mOsm/Kg)
with 50 rpg/mL (mg/mL) Repl Rep2 Ave.
mannitol
1.0 0 0 34 34 34
02 9.8 49.0 308 302 305
04 9.6 48.0 300 304 302
0.5 9.5 47.5 301 301 301
0.7 9.3 46.5 293 291 292
0.8 9.2 46.0 284 284 284
0.9 9.1 45.5 283 286 285
1.0 9.0 45.0 280 281 281
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Formulation 1 Vial Fornmulation 2 Vial 0 98.1 97.1 98.1
97.1 1 86.3 91.3 ND ND 3 82.2 86.5 80.5 85.2 5ND =
woRiDetser m ned Mannitol concentration deter nm PEI/USI008/069473
10The mannitol concentrati on needed to achi eve the
target tonicity of 290 mlli- Gsnolarity/Kg for a
GLP-Fc fusion protein solution fornulation is
determ ned by titration experg-nent. The foll ow ng
tabl e sunmari zes the resulted osnolality as a function
of mannitol concentration. Based on |inear regression
analysis of the osnolality results to mannit ol
MeEbime ati on with a statistical p value of < 0.01,

the mannitol concentration is 15 determ ned to be 46. 4
g/ bl Acitable sghgipn farmglatigpyeqmpsisinge)thergpentigelly elfegtive paeyngpta

Vol unme poipe ﬁd@ioﬁ'}g}o@élﬁ malielbuitfe 5v1tﬂ4p5@so§9até[gé Mthe range of

manni t ol Fi nal nni tol Concentrati on n% n)
Osnol agut -0 rcefrakg) (w/v), meppitoRmgbe mpee ofpbeutd. 3o 3478av/v),
34 0. 2,8 Rrd9 R s3RBoBRR a39BinGhekaSect 1B pAQA, 304

2. The stable solution formulation of claim 1, wherein the therapeutically effective

amount of a GLP-1-Fc fusion protein is in the range of about 0.25 to about 10

mg/ml.

3. The stable solution formulation of claim 2, wherein the therapeutically effective
amount of a GLP-1-Fc fusion protein is in the range of about 0.25 to about 5

mg/ml.

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

concentration of citrate buffer is in the range of about 5 to 20 mM.

5. The stable solution formulation of claim 4, wherein the concentration of citrate

buffer is about 10 mM.

6. The stable solution formulation of any one of claims 1 to 5, wherein the

concentration of polysorbate-80 is about 0.02% (wW/v).

7. The stable solution formulation of any one of claims 1 to 6, wherein the

concentration of mannitol is in the range of about 4.5 to 4.8% (w/v).

8. The stable solution formulation of any one of claims 1 to 7, wherein the

concentration of mannitol 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-Fc fusion protein is that given by SEQ ID NO: 1

10. The stable solution formulation of any one of claims 1 to 9, wherein the
concentration of the GLP-1-Fc fusion protein is in the range of about 0.25 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/v) and the pH is in the range of about 6.3 to 6.7.
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solution forrulation conprising a therapeutically

effective anount of a GLP-1-Fc fusion protein in

citrate buffer with pol ysorbate-80 in the range of

5about 0.01%to 0.05% (w v),20mannitol in the range of

about 4.3 to 5.0% (wWv), and wherein the solution has

a pHin the range of about pH 6 to 7. 2. The stable

sol Ut Tbastibde snlktanifomuddtios by ohg ofgleinsilrottheherein the

t her apeut i.cal ive t. P-1-Fc fusion
prot erarififti ¥ GLR-THe A AT Bt o 1o

ngy/ YA Thd 9&hle Sheiostfainluation biidryame boelandsdttd db, vaferaih thieipH is
2, mhg&g%g the therapeutically effective anount of a
a_P- 178 ¥0si on protein is in the range of about 0.25
t 0 EBbOLd sthblerglution fdrmuldiien 8T @yl e 80O¢1nikrs Arto fi D rwitken thon
of any one .of clains 1 to 3, wherein the concentration
of ci%FET@“WM?F@F”P%a?W“@ﬁ%“%ﬁnge of about 5 to 20 mM
155. The stable solution fornulation of claim4,
wherein the concentration of citrate buffer is about
10 MM 6. The stable solution fornulation of any one
of clains 1 to 5, wherein the concentration of

pol ysorbat e-80 i s about 0.02% (W V). 7. The
stable solution fornulation of any one of clains 1 to
6, wherein the 20concentration of mannitol is in the
range of about 4.5 to 4.8% (wWv). 8. The stable
solution fornulation of any one of clains 1 to 7,
wherein the concentration of mannitol is about 4.6%
(wv). 9. The stable solution fornul ati on of any one
of clains 1 to 8 wherein the am no acid sequence of
the G.P-1-Fc fusion protein is that given by SEQ ID
NO 1 2510. The stable solution fornulation of any one
of clains 1 to 9, wherein the concentration of the
GLP-1-Fc fusion protein is in the range of about 0.25
to 5 nmg/nL, the concentration of citrate is about 10
mVv] the concentrati on of polysorbate-80 is about 0.02%
(wv), the concentration of mannitol is about 4.6%
(wv) and the pHis in the range of about 6.3 to 6.7.
-20- 11. The stable solution fornulation of any one of
claims 1 to 10, wherein the concentration of GP-1-Fc
fusion protein is about 1 ng/nL. 12. The stable
solution formul ation of any one of clains 1 to 11,
wherein the pHis about 6.5. 513. The stable solution
fornmul ati on of any one of clains 1 to 12, wherein the
fornmulation is stored in a sterile syringe. 10



