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GLP-2 F0-Rl'trlULATIDl"'~"S

FIELD OF ]l*J‘v'ENTION

The present invention provides fonnulations for GLP-2 5

peptides and analogs thereof. In particular_. tl1e invention

provides formulations of GLP-2 peptides and GLP—2 ana-

logs with improved stability.

BACKGROUND OF THE II“-T‘v'ENTI{Jl*l

.fi.dn1inistration of therapeutic peptides requires peptide

formulations tl1at ren1ai11 stable during storage. In general.

parenteral administration is used with peptides because of

tl1eir increased size and subsequent dillicultgr in crossing _
biological membranes. Peptides can be particularly difficult 1*’

to formulate because of their tendency to degrade over time

andfor undergo aggregation and precipitation. Degradation.

aggregation, and precipitation are all indicative of an
unstable fonnulation. Such an unstable formulation is not

coinniercially viable. as it cannot pass l_l.S. Food and Dntg

Adininistration approval.

Formulation variables which al]'ect the degradation of

peptides during storage include, but are not limited to. pH.

the quantity of salts present. and the type and quantity of

cxcipients. ln addition, tenipcraturcs. pressures. and time for

freezing and dr_ving cycles can affect the stability of a

lyophilized peptide formulation. The role of most of these

variables has been studied; however, the synergistic effect of

the variables is still poorly understood.

in

1-:
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Glucagon-like peptide-2 (GLP-2} is a 33 amino acid i

peptide having therapeutic applications in the treatment of

diseases of tlie gastrointestinal tract. In particular. it has been

determined that GLP—2 and analogs thereof act as trophic

agents to enhance and maintain the functioning oli the 35
gastrointestinal tract and to promote growth of intestinal

tissue. See e.g., US. Pat. Nos. 5,334,428: ."S,'r'89.3T9'. and

5.95"tl.tl?T: and lnteniational Publication No. WC) asrsasoe.

Conunercial exploitation of GLP—2 or an analog thereof

requires a stable Cil.P-2 lorinulation that can be readil}-' 44]

prepared using a L‘LlI11fl1t:%l'ClHll}' acceptable process. Because

(il.l’-2 is a protein, and thus far Inorc labile than traditional

small molecular weight dnlgs. the formulation of GLP-2 or

an analog thereof presents challenges not ECIlI1l'I1Dl1l}'

encountered by the pharniaceutical industry. For example. 4_.—_
lnethioniuc oxidation at position It] and asparginc dca1ni-

nation at position 11. 16, andfor 24 of GLP-2 are potential

routes of degradation. Furthenuore. GLP-2 or an analog

thereof LDEI}-' also be adsorbed to surfaces to form aggregates

and-“or precipitate. which would then render the fonnulation 51;.
unstable.

'lhere is a need in the art for stable tbnnttlations ofiil .l’-2

peptides and analogs thereof which can be prepared using a

eonimercially acceptable process. The present invention
satislies these needs.
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Oran e Book: Approved Drug Products with Thera eutic Equivalence Evaluations
Searc results from the "DB_Rx ' table for query on "1 3441."

Active Ingredient: TEDUGLUTIDE RECDMBINANT

Dosage Form;Route: PDW'DER;SUBCUTANEDUS

Proprietary Name: GAT|'E){ I(]T

Applicant: NP5 PHARI-IS INC

strw swam Exhibit 1039
Application Number: N2 03441

"'"“"”“”‘“'""“"‘ "'31 Orange Book, Gattex
Approval Date: Dec 21, 2012

Reference Listed Drug Yes

RXIOTCIDISCN: RX

TE Code:

Patent and Exclusivitv Info for this product: View

Patent Data

Drug Stlnstalce Dmg Product
“'9' "° claim claim

NEDS4-41 ‘I’ ‘I’

NEDS4-41 ‘I’

NEDS4-41

N2[l3-'-M1

Exclusivitv Data

Appl No Exclusivitv Code Exclusivitv Exuiraliun

Dec 21, 2019

Dec 21, 201?
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1-5

El!

In an: aspect oi l|1.c invcutiun. lb: imcsllnntropiiil: un-
loas of 513-2 nonir-rm tnfiic finqucncc nf Formula I {SEQ
ID ND:1} as fnllnws:

R I -(Yl2un-X1 -II{'2-X_'i-‘X-1-—Str 5—l‘hi:fi-ScrT-AspS-:[PI )-
Lcul-1-Asplfi -AsrLlI5.LeuI”."-.A.]a]S -Xl'§I-X2If,'I-A.sp21-
P1'ic2Z-{P2 J—TI;I25 -Lsu 2Ei-lJr:2TI'-Eln-2Ii--Thr2"J- L}'s3-|J-
{P7-H‘1'5!}fl-R2.

whnn:i.n

X1 is IE5 at 'I'_'rr
3{2Js.Ji..Liu:ru1 Ala-rqilancrncnt amine: mid maids-ins: on

said Inning Iissisllum: In DPP-IV cnsyruni
X3 is Asp nr I3-Ju:
X4 is G-ly nt Ala;
PI is Gin-Klfilrhsn-'l'lu'-Ila ar'I‘§rr-Sc:-1.;-,rs—'I'.'IT{5l‘-Q ID

NCK3}:
KIEI is Mat at an nxidativtly suhlc li-'l::t.replau::n:¢i'it

aininfi arid‘.
1119 is Al: on‘ Thi".

R20 is mg, Lys. His L‘: Ma.
['2 is Iln-A511. lln-Ala or Val-I'.iLn;

F3 is 1 -cuvalcut bond. D1.‘ is 111:. 1].¢-'1'|u' or 1|-c-'I‘hr-Asp-.
R11: H as an N-bcnruinal blocking group:
R2 is U-H -Us I C‘-hurrnilril blanking grtup:
‘fl is one nr two basic aniiiiu acids sdncltd frnin mi:

grnup Arg. Lys. and His:
Ylis nun nrhi-'abasin:'a.11Ii.i1n acids s-ducind [1'on11:tI»:

gtudp Arg. L3-5. and His‘. and
I11 and n.in.d:pcnI]v:.a1l]}'. I: ill or 1; and

-.I.-I1».-Jcin at lca.-it nu: nff-{L I-E11-i3. R-1. P1. Xlfl. XI9. X20.
PI and F3 is och: Ih:|.n 3 wild Int, m.-munalian -[‘iLP.1
1'csi'.duI:.

Wild-type nususnaiian £31.?‘-2 Icsidu-:s wI:Li.ch occur at a
specific pclsilliuu u'cdI:lI:'.rmi.u1:I1l5:i' iLi.gnI'ng firs. '§uI||.lEl'l|.5¢$ of

65 ELF-2‘: Esnlaind from n:1.i.|&'u'cuI: marruulinn spncii-.'.s and
n::nrrI;Iariug1hi: 5Dl2|llE2l1!;E1D 11:: hum.II1 slsqucncvz. rnprnducnd
hclnw. for nn|1w:ni:|1.eI.-1SEQ ID NC!-:2):

5

His —i.La— .Iu.g—G1y—s.-_r—1=iu—:su— .Iuap—GIn— Hr.-i—.na.n—
|_ 1

11u—n.—L..u—i-.s.p-4.-u.—L.¢u-—.-sh—.xIs—.-ug—:.sp—n.c-—L5 2::
11¢:.i.s...—'ri-p—|gu:1i.s—iaIn —1'i.r—|_,3g.—- ri.e—--'r|u—.i,sp In-:n;,i_u In r~nc1:2|

15 II

The a.r|1.i|1n- acid scsi-zhl.-s which. for pulpnscs of this
app1inaLi.o.I1. arc k.rin=Arn In oncu: at spc::'i.fIn pnsitions in wild
t_Irp-I: rnasnsnflial GLP-2's an: Inn: fnltowing: position 3-[13
may b: 11:13: Val: Fhzvsitinn Klfi rruy bu: Asn or Err;
K15! n1:I.y be Alzuinc -:r'l'1u'couinr.po5iI:i-I:q1 X.2.‘£| may bnfirg
Ins Lys: p-n-sjLi4:Iu X27 nay be El: E0’ Lve.u'. and position X211
miur ht Gln nr Ilis.

'|‘hc pt-cscrit ['rLP-2 a.I1.ai::»gs may ilinnrpinranc :1-esircii
ainiln arid sitlstirutinlis into a "|:Iau:tgraI.md"' wI1.i.eh is an
N-Ii-.':|111iua]l;.-‘II C-tutrninally I'I'HH1ifidi'CH.'.|'II|.UI'I mammalian
GLP-2 pa.-prim. Such Innings ate. rqxeasriisd ui I-‘manila J
as Ilmse in which RI cuusnmtes III N-lamina] blasting
yDU[r.3.|1'I1I"I:>I' -I-hen in is I diet: 'l'1i.5flII."BI' twn basicainine
said: such as mg or T_.:.Is-. audio: R2 is a C-I:u‘1ni.u.IJ blotting
g1-oup:atL-:I.-'-¢u- wlmn n is] then Yzisin-1epe.ru1enuy.une at
ru-:: bash: amino aci-is su-:Ii as mg or Lys.

In ;rcfI:n'ndc of 11: i.m.rcnLi.u:irL Iii: ('_i]..F-2
analog is an Inning, vnflull lcngjli. f':LP-}.i.:..GLP-1i[1—33l
and P3 is accordingly‘ I'D: sI.'.ql.I¢I:In.*-I.= J1:-Thr-Asa.
AlE1‘rbal.i.'-'t]’;.'. me: -ELI‘-2 analugs may he Ii‘-u:nnina.1I:.-
tluncnbcd. 1n grinld GLP-2u[1—E|'2J focnis in which P3 is
fl:—'[1I:. DI’ {'iL.P-2I{1—31:I [mm in. which P3 L5 11:. I:
ULP-2t I-313] fnrms in which F3 is J -nuuluit band.

This "b.|.n-sting g'o1q:Is" rc]:rcsa:-mud by R] and. RE E1:
chenucalginupnmal an: lIZI|fliD¢I}' use-ciin ihctnnlpeptidc
-EhI!'J:lIIIi5El.']." tn -nnI1.fi:r binchnnsical s1a'ba'Jil3' and resistance In
rligtfitiirn by I::I:I;1Iq:flIEl-I-'I:. Suillahis N-ls:rrm'.riu] prnlhcling
group-3 includs. fir Exasnplc. D.__3H.bI|.':|:f'EgI'|:l.1pfi such as ..
mctyl. Also suilahlc I5 N—tr.rrn.i|aJ ]:I1'nlc::'LLn3 gmups are
uniln acid analngncs 1.u:'k:ing flit aminn functinn. Suiublt
C‘-1Et'rIu'ruI1 pruning pimps include pimps which mrm
k:II:InI:i DI.’ insidcs :1: In: cutrnn I.lnn1 -of lh: I.‘-tnrmiuil
caIbnJ;rl.ntgrnu|1sv.-!1idifonnc.sI.:rsltE1cn13.~gensimnnf
1h: cube:-wl. Know and esI.e:'-I-:-rming groups inelud-: nl.‘s)'1
growls. pu1rr.i.i:ula.t|g.r hmnnhnd or In‘h1'a.n.c|1-til CH..I1l:_I.r1
groups. c.g.. madly]. r.'.1I:I)'l ud pttlpyl gmups. w1u].c unide-
fnrming grnuprs [m::|.I.I::ii: amino linicti-ans sud: as ]1|.'i.I'I13.l‘_|||'
1n1i.n:. EB.’ ilkylaminn functions. v.'..g._ nsnnn-C,_,a1k_I.rl.|min.o
and di-El salkyrlamjnn groups such as In-cthylamjiin.
uhylamln-:-. dimnihylaminn. d.'u-.iI:,1.Ila:'njno. rm:IJ1:.r1<-.l11:.'-
1a.I'n.I'.n.-n and the llht. Arm'ni:>a.i:i::l mflngns we also sililahln
fnr ]:u'-iiincting rlu: (_'.'-h:L1niIi.a] cud nflhn prts-:I1I: compounds.
for ='.l:=I1'q'IJ:. -I.lcI:.a.rhnI}'Ial.vusI a.m.in-0 a¢.:iI1 aniogucs such as
:g:rr|al.ils.

E.mb-n-d.i.ri1.cnL-2 nf flit Lni-Icnflnn spccificafly iii:J uni: such
alflflfifi in '-I-'Jiir:I1. In B D and RI is I blocking gm-up such as
.u:u:j.-'1'. ud analogs in which in is El and R2 is a C-u:I1:nina1
blanking gr-cup sud: as an a.nxin-r.. e.g.. —J"«'H2.
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