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[ D- MEALA] 3- [ ETVAL] 4- CYCLESPORI N The present invention
relates to the use of a cyclosporin for the treatnent
of 5 hepatitis Cvirus (HCV) infection and to a

USE OF [DMBAIBFLHETVAR4-E 9&E©§PbRﬂ@ FéRn‘mE PREATMENT OF HEPATITIS C INFECTION
AND PHAF@MR&E@W@ALBCO s‘(‘ﬁégl @lﬁf s‘blg“@ é@%S@iLAﬁgiE /Q.‘J]h N LOSPORIN
00 an co eagues Cl €

10

15

20

25

30

ears ago
(1989) 359- 362). HCV belongs to the famly 10
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triamiseuesiQR durlmm@,graancm Introdyigtiom of diagagsi st faslseregning blood
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based on a conbination of interferon aI pha and

ribavirin. This therapy, produ esa ned
ant i - AtiflaHCVEp388 3 seTigisqnedicn Rj’é‘f’r tat e?rﬁfeg@t%rently about

D AGEP398 o880 iy . 1 FYEAAL 7 B0l B il
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f eve

g@pgpeewglg lgpéggf‘eg f?@@@g%&tﬁ%&%l rﬁgl‘wa‘rls!;I ?oro\lver cirrhosls and
hepatocellular carcinoma (see Poynard et al., Lancet 349, (1997), 825-832).

There is no vaccine available, and therapeutic options are very limited (see
Manns et al., Indian J. Gastroenterol. 20 (Suppl. 1), (2001), C47-51; Tan et al.,
Nat. Rev. Drug Discov. 1, (2002), 867-881).

Current therapy is based on a combination of interferon alpha and ribavirin.
This therapy produces a sustained anti-viral response in 85-90% of patients
infected with genotypes 2 and 3, but, unfortunately, only in about 45% of patients
infected with the prevalent genotype 1. Furthermore, side effects are significant
and include myalgia, arthralgia, headache, fever, severe depression, leucopenia

and haemolytic anaemia.

Clearly, additional therapies, with a higher antiviral activity and a better

safety profile, are required for the treatment of HCV infection, particularly e.g. in
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and haenol ytic anaem a. Cearly, additional therapies,
with a higher antiviral activity and a better safety

wW@e@hiobsess are required for the treatnment of H®RCT/IB2005/002940

infection, particularly e.g. inthe case of the
prevention of HCV recurrence.-4n order to establish
the safety profile, criteria such as | ow cytotoxicity
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on at ¢ i cal achi evabl € drug concentrati ons

1988, 20.(3stpplcd), 865-87hepad dhasp, 608, J Thssoentapl, 2008, 38, 567-
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drug) aoregirations (seartiatashist ali Hepataleay:d 12830288, and
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Hmﬁ‘ effebeofCs® welshdt ab’soonatéd\hith ehmméupphésagm/mtmw based on
consi der that expandi ng appli caf\tl ons of CsA ma

eaggvéfageagmﬁqq with e HER FRSRAEVely af @8 MENYnQSBRRessive macrolide,
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0 overcone this problem woul be to consi
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anal ogs and conmpound N 11 is one of the
raprsuggestihat ene@mbdmdg dvamtqrge this lpr@blprrb\yeultdybe i eerssider the

Ion with 9 other.: arin erivatives, were
18p e phie By PRI eSS | on P 0 4840
281 for their non-inmunosuppressive properties and

were considered as being potentially useful in the
t r eat famingdhepst 15 years, a number of medicinal chemlstry studies have

been conducted with the aim to identify such non-immunosuppressive cyclosporin
analogs and compound NIM 811 is one of the most representative compounds

having such a property.

NIM 811, along with 9 other Cyclosporin A derivatives, were reported by Ko
et al. in patent application EP 0 4840 281 for their non-immunosuppressive
properties and were considered as being potentially useful in the treatment of HIV
infection and the prevention of AIDS. The design of those derivatives involved the

modification of the amino-acids in 4- and/or 5-positions of Cyclosporin A.

By modifying amino-acids in 2- and/or 6-positions of Cyclosporin A, Sigal et
al. synthesised a total of 61 cyclosporin analogs and observed that such chemical
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infection and the prevention of AIDS. The design of
t hose derivatives involved the nodification of the
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By nodi fying am no-acids in 2- and/or 6-positions of
Cyclosporin A, Sigal et al. syhthesised a total of 6 1
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arety pro conmparison to e al ready approve
7heB&)y or the newly proposed ones. The present
inventors surprisingly found that the adm ni stration
to a patient infected with HCV of a very specific

conpogRd. aiin: 6F-thé Brédeit MvettibRtiyad pratidsthe dTRfdian Wi a new
above requirenents. They observed that, in addition to

therapy formthermalimentebHCY ipfentiont particolaxky &.g] in3he rasa|df the

SRSB4 B3 00 48 Bhy 68 e oty
whtifa bétter! safetyastofiefih camparigah s the aeddy approveditkétapy or the

replication.
newly proposed ones.

The present inventors surprisingly found that the administration to a patient
infected with HCV of a very specific compound, i.e. [D-MeAla]’-[EtVal]*-CsA,
meets the above requirements. They observed that, in addition to its non-
immunosuppressive property, [D-MeAla]®-[EtVal]*-CsA has a significantly
increased affinity for cyclophilins, which increased affinity is correlated with an

elevated efficacy against inhibition of HCV replication.

Accordingly, one of the subject-matters of the present invention relates to
the use of [D-MeAIa]3-[EtVaI]4—CsA for the manufacture of a medicinal product

intended for the treatment of HCV infection in a patient.
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Accordingly, one of the subject-matters of the present
invention relates to the use of [D MeAla] 3-[EtVal]

wWa2@sA39088 t he manufacture of a nedici nal prodeCT/IB2005/002940

i ntended for the treatnent of HCV infection in a
patient.- A - [DMeAl a] 3-[Etht]4-CsA has been
reported by V\énger et al. in W 00/01715 and it has

been mD-MeAlaPdetVail-C4S hBedicehrmepbditat ey Pethis-cdal.on

| d i
WP 10U 15 Bt been Atiributed The CAY Reglstry Number 254435-95.5. i
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N- et hyl - L-val i ne. The conventional nunberi ng of am no

Bl Ui, S BB AR B RGP E re- ) BPRESA T thregnine, onbu s

RGeS RYri¢! atidg DCNIEPOS ist R-riethpEDCslifinie, Btval i Nistiafl-L-valine,
g{ortl on indicating the identity of resi dues that are

ot Bdrualing, ek ethissN-methylkileiigioe.i Nass bralapingy ([Ag is D-alanine,

| d I

A MSPATE N AT R TR PRE RS R ofBfipo e
bbgﬁens gefgrdligazediin réferdrige eh@ygqibsporir\Alis ehoWn(&B{bw $he formula.
a cycl osporl n that is ideptical to Cé cl.osp

Ba@elﬁtacm@aae Ny esing ﬁomtwﬁm@s SOPBIFIRE AL pRiiondndicating
%) ofrebRIBEE "Eﬁét dlﬂ%}%nPﬁSﬁﬁﬂbsé Wﬁgélgé’;g%rm J\?\V: trﬁeprowdlng

exp d further vv| OW Ng experinme
thedr plmmtmmgandwa sacaomd pertiendabdllede(s#s' dndisatingl tred all other residues

res asured, by lucifera S i n :
F EErBgaRab oSk fibvsiospya A Fer gramblen IiglER oA, R suclosporin

fﬁ@l&@\tlﬁé%@bﬁﬁb@ﬁﬁ%éﬁ&p@%ét%é[@u #5B0HHSRN i Peplaced by

I nfected Huh-7 - FIig. 3 represents cl earance

N@bdlhbmatlmylde§01ﬁualnﬁ)ect ed Huh-9-13 cells; - Fig. 4

represents 3D representation of dose response with

conbi nati on

The present invention will be explained further with following experiments
and with the drawing in which:
- Fig. 1 represents a dose response histogram measured by luciferase assay in
infected Huh-7-Lunet cells;
- Fig. 2 represents a dose response histogram measured by luciferase assay in
infected Huh-7.5 cells;
- Fig. 3 represents clearance response curves of infected Huh-9-13 cells;
- Fig. 4 represents 3D representation of dose response with combination
IFN / [D-MeAla]*-[EtVal]*-CsA.

Current medical uses of Cyclosporin A relate to the ability of this compound
to suppress the cell-mediated immune response by preventing production and
release of several autocrine T-cell growth factors, including interleukin 2 (IL-2),
from activated T cells (see Borel (1989) Transplant. Proceed. 21, 810-815; Kronke
et al. (1984) Proc. Natl. Acad. Sci. USA 81, 5214-5218; Faulds et al. (1993) Drugs
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IFN / [D-MeAl a] 3-[EtVal]4-CsA Current nedical uses
of Cyclosporin Arelate to the ability of this
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by preventing production and rel ease of several

autocrine T-cell growth factors; including interleukin

2 (IL-2), fromactivated T cells (see Borel (1989)
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(caIC|neur|n) (see Hauske (1993 705-

fernayreamelexesultsiioar mbgqlmorggft gg)jtogggafq_s]e@tgle/]{gpf calcineurin.
s]e%p\fgm Gl d@?%)qqgfu%%é g?%-@%' R o%}f’% A B9V PARAGIRev.

res s/in an |n Ion o e phosphat ase

ﬁlgtnuvmt Y150f70T 8147 Grabiree (1999 Cell 96,681 12614). Cadcneurin promotes
ture 365,

MehlapiverdepherPhpRiatich SONFdsT @3@?3 2 FigalSeeto the nucieus
gﬂ'\ E%g)pﬁwsor yia?éé\ﬁh'ﬁ =) tlﬂtBF?_Fcﬁémtf'ﬁné fhafshétiRites target genes,

at1on of NF-AT that then translocates to
tnmlmmglthmkl_ @igene. it associates with activator protein
1 and transactivates target genes, including the IL-2
gene It is believed that, due to the am no-acids in

- ang i¢bBRSVdd s, dd&o’%@ﬂlﬁo{dﬂid@hﬂ 3-4ar@4\da>@&|oas

drarmtl caII 4educed ability to interact wit

H%ImﬁqlebrhErWaB -CrAasy drgraatically sedusrd ability to interact with
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armcandy indtbased aﬁmltyffoﬂl?rdoplminsmsﬂnwicateﬁ by rassays of inhibition of
i sonerase activit Pept prolyl cis-trans

peptidylprely P'ﬁfté%ﬂ?‘) 'Sﬁmei“‘ﬁq ?CtB‘FthycI ophi |l i ns was
determ ned using a procedure adapted from Kofron et
al. (see Biochemstry 30,

Peptidyl-prolyl cis-trans isomerase (PPlase) activity of cyclophilins was
determined using a procedure adapted from Kofron et al. (see Biochemistry 30,
6127-6134 (1991) ; J. Am. Chem. Soc. 114, 2670-2675 (1992)). N-succinylated
Ala-Ala-Pro-Phe-para nitro-aniline (Suc-AAPF-pNA, Bachem, Bubendorf,
Switzerland) was used as the substrate. The assay was based on the preferential
chymotrypsin cleavage of the trans isoform of the Phe-pNA bond in the
tetrapeptide Ala-Ala-Pro-Phe-pNA. This cleavage liberates the para-nitroaniline
moiety that can be detected and quantitated at 390 nm (¢ = 11,814 M'em™).
Schutkowski et al. (1995) Biochemistry 34, 13016-13026. Cis-trans isomerization
is catalysed by cyclophilin (PPlase, EC 5.2.1.8). After mixing CsA or another
cyclosporin (107 — 2x107° M final concentrations prepared from 1000-fold
concentrated stock solutions in ethanol) with 0.1 ug cyclophilin (Sigma) in a total
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6127-6134 (1991) ; J. Am Chem Soc. 114, 2670-2675
(1992)). N-succinyl ated Al a- Al a- Pro- Phe-para

WoRa603%88 | | ne ( Suc- AAPF- pNA, Bachem Bubendor PCT/IB2005/002940

Swi tzerl and) was used as the substrate. The assay was
based on the preferential chy-n@)t-rypsn n cl eavage of the
trans i soformof the Phe-pNA bond in the tetrapeptide

AbrmAd af Pr5omPER4® MM Hepes, pHEAYAgRd irdubatibe Sort @ min on ice, the
para-nitroaniline nojety that can be detected an
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n a total vol une 0 mV Hepes,
EoestaahWasrdah@mlned fifopn tlm)datramhialned eASH\@)n’tEQi,Cam tnifial rate

Beetant w2 s BRI op Al ar Gy Pt ket Bheichiin
@#@ﬁéﬁtraﬂénir@sﬁdh%e&ﬂﬁws W@r@ést&bﬁ%é&f&fcxéb n&atm YPahd other

m of a solution of chynotrypsin in 8‘)
pM@los@@ms @ndi&so (W%nmlbtﬂowwoa@antrawmfalqeﬁ of differept

BB o e Bsshe 08 Bl Br ot A1 g s

$han n.medrts that thd tompouad das @anstiginér dﬁfﬁomﬁﬁmaﬁmwman CsA.
fromthe data obtained. As a control, an initial rate

constant was al so determ ned for a parallel reaction

that Iy ' .

were SONEEHT SKBgRASht eporEhaSa kAL LeRaRaR Rfedtiiates
immunssappressiverattiviiied c(f@%osphmhs.t&awnmn etak (15992)ﬁ|)ransplant.
bk o LLRISET RS BEROT RaBl SRR TS5 ctruct
'c%ﬁfalr‘ilﬁ } Had'f@ﬁél? Pa%tdg@as‘"eog@{é‘ﬁﬁdéﬁﬁe%nﬂb%ﬁé promoter of

cyc [1n affi y than CsA NF- AT- dependent
Iaﬂldb-i‘it genavesg ohtained Fom 6i ZeakeyNovartis Phamma AG, Basel,

VRAPRHRETSS Shi< i b B SEMSSED SRS peREHERR wi

aeb heat MaklivatbaTeheeam @iemnﬁ gD umﬂcp“etr@cnmﬁ oNgd LYl streptomycin,
cont ai ni ng a bacteri al al act osi dase gene under the

ZoniM glutagning, §Dd4Mt2emema eethanol anch#0Qwfral I@mramy@m B. The cells
Wid€ st SR8 Ty SR flich ot T B Byt Tar e and
VA5t lig/ml phytohemagglutinin in the presence or absence of cyclosporin A or
another cyclosporin (10° — 2x10”° M final concentrations prepared from 1000-fold
concentrated stock solutions in ethanol). Subsequent to incubation for 20 h at
37°C, cells were harvested and lysed in 50 mM Na,HPO, (pH 9.0), 10 mM KCI,

1 mM MgSO4, 1% Triton X-100, 0.5 mM 4-methylumbelliferyl-B-D-galactoside
(Sigma, Buchs, Switzerland). The B-galactosidase reaction was allowed to
proceed for 1 h in the dark at room temperature. Fluorescent 4-methyl-
umbelliferone was assayed fluorometrically in the supernatant solution (excitation:
355 nm; emission: 460 nm). Concentration-response curves were established for
cyclosporin A and other cyclosporins, and the ICsp values of different cyclosporins
were calculated relative to that of cyclosporin A (1.0). A value higher than 1 means

that the compound is less immunosuppressive than CsA.
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10% heat-i nactivated fetal calf serum 100 u/m
penicillin, 100 ng/mM streptonycin, 2 mM gl utam ne, 50

workoB/osaesg apt oet hanol and 100 u/ m  hygronyci n BCT/IB2605/002940

cells were stinulated by the addition of 2.4 nM
phor bol - 12- nyri st at e- 13- acet at é-and 75 ng/ m
phyt ohemaggl utinin in the presence or absence of
cycl osporin A or another cyclosporin (10~9 - 2x1 0"5 M
final concentrations prepared from 1000-fold
€ resulis @?&&l@“ﬁfb‘ﬂﬂﬁﬂ?@ B&{OWt hanol ). Subsequent
to incubation for 20 h at 370C, cells were harvested
and lysed in 50 nM Na2HPO4 (pH 9.0), 10 MM KCl, 1 mM
Wzb®t]1: Cysldphitinbindidg 0P Plase) alt Ammatriogupptesisivief @i+ activities of

g:-\c@;‘gala t 0Si d@ E)Si ma, Buchs, Switzerland). The
$5nfRd CINGT gyslospay ?lon was al l owed to proceed for 1

darkK at room ature.| uor escent
AR baa e sayed 11

nbel | i ferone {was_assayed fI uoronetrically iin

tOss!\supernat ant sol utildnO (excitatlibf: 355 nm

r\r cont r.at e

BRI EAVRBT CEl odopi n A and Tlfer cyel ospor |

ﬂﬁg”aﬁ_q:ékbu val'ues off gdgTTerent (PSporins were
alculated relative to that of cyiclosporin A (1 .0).] A

val ue higher than 1 means that the conpound is |ess

nosu %@ﬁ%%lqgggg%léd%%%lﬁ gﬁg%}tﬁ%ﬁﬁjm pos\l\fnon 4 (i.e.,
QPeﬁ’ ' I?%?raﬁ‘féﬁcbl '&Ql%é@%ﬁﬁﬁo‘éﬁpbiéss&b ity '(|‘h'e9§ul@‘d as inhibition

ot her cycl osporins The data shown in
roé\uealexwremn)caa wall asglatectablyterdhianced cp@bphlllarbmdmg activity

isasbEEes beiilet aE PPRee stk Sid0aiing Suhstitgiongp position 3

IrbsAteRKiRr £ 5SHNANt A FurBd m@ﬁéa@@tlﬁ@yabbwm lﬂ?&ﬂﬁg@hctlwty (by 2 fold or
cycl ophilin b|gd|n gctiv é éne asured as inhibiti
B

cmOIBPD%EbNhQAlal/r[E Qﬂ“ Q%I lbpad ia higherseysdephiln bM'ﬂQwaCt'Vlty and a
Qﬁ\ﬁ%@}e{%@p IF gpbt’ésgl(\:/?%&ﬁ’mltﬂ [yi«#"qt]‘hegA' tHd Sé‘&erﬁference

VIt

[oBrrthNn@] élra{IIEbMafrdmﬂa tﬁemterhturéa{mald]ﬂ GbAris ajedl knwih as NIM811.
bi ndi n

g activity and a | ower residual
[ rmunosuppre33| ve activi ty than [I\/EI I e] 4-CsA, the best

Non- i mmnuppressn ve activity of fD I\/EAI al 3-fEtVvall

;‘rCtCIS O,hlg gég)r&l? n%t%yrrat %{}%g?ﬁ uS|’1|o§s.Up[l)namsrléffelgsau&elrt%%s()lf\@sA, [Melle]*-
CsA and [D-MeAla]*-[EtVal]*-CsA were estimated using the mixed lymphocyte
reaction. In this assay, cyclosporins were dissolved in ethanol (10 mg/ml). Freshly
isolated CD4" PBMCs from two healthy donors were mixed subsequent to
inactivation by irradiation of one of the populations (stimulator cells; S). After five
days of co-culture in the presence or absence of a cyclosporin (1 pg/ml), the
proliferative response of the non-inactivated cell population (responder cells; R)
was determined by [*H)-thymidine incorporation.

The assay was conducted reciprocally with the two cell populations, each
being inactivated and stimulated in turn. Stimulation (%) of responder cells was

calculated by the formula:
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CsA and [D-MeAl a] 3-[EtVal] 4-CsA were estimated using

the m xed | ynphocyte reaction. In this assay,

(10 ngP@T/JB2005/002940
Freshly isolated CD4+ PBMCs fromtwo healthy donors

were m xed subsequent to inactSvation by irradiation

of one of the populations (stinmulator cells; S). After
Ibéf'éfén@ §Nﬁ’1u1§tlo@\0= ¢00 B(L(éamlple witk cyclespore —dracksmmd) / ¢sample
a cyclosporin , the proliferative response of
whlouiozya ln\rabg‘g@cf@l"l‘ dpopul ation (responder cells;

R) was determ ned by [3H|-thym dine incorporation. The
assay was conducted reciprocally with the two cell

popul ghinpis refercto dmiixtgre uﬁasttmulatwcamimsponden cglisdBagkground

E«%Jnrrggﬁrgtglgaggclg%ql ﬁfgw%@\.,qplgsggﬁ@%m cglfq rgpﬁegnRgs%%are shown in
FABES, eridy e o/ h<HARABY fo otk BYhMdlle|SeERland

0Spor | ackground) Sanple refers tq a
[D-)hneAIa]3th‘¢al]4nﬂ*sAtane eaaelnttaib';slﬁvw otimmmunosigsvmactivity.
represents a control in which only stinulator cells
are m xed. Results are shown in Table 2. They were

r é'%%{?ohﬁébf b4t PBRICssh4hE€presente/absence of
T%b%rb@ Iﬂ'iog%[réEtti\IVa CsA are essentially devoid of
cytdnawllm:pres& ve activity. Table 2: Prol iferative

espense \/LJH":' r-ouvpa ——te en Q T
E‘Z‘Jgﬁ r|¢|9 Rds> vefers to dT\EO- ufture %?O'p Standard

responder| cells fromdonor 1 and sti mifeddtive)cel | s f rjalaviation
donor 2. Nis the nunber of nead pts—H-gh
&tk SAcv aNDnei ty and | ow cyt ot 98 ci t)}‘ppyt ost atic 30
effeci—of =7y MeA-al-3=rEt Va4 CgAAS ntioned 3

¥%us! yCSPnfection with hepatlitis |[Virus C (HCOV) ils
5R15§rg20us \dfhCepobl em because ger gigt ent | 'y i nf ect|ekd
patients e at a high r4i sk _for |devellopinga chrenie
IRVEISAi se HE-MEAlalﬁ[Ea{&ﬂb -G$Ar hogik arf5nepat ocel I ul gr11
car-c-f |U||u Curtent—avartabtre—ther Py | naaequa[ eT
ﬁéﬂg Qgp?on of the latter posrjul ati odn as well as
I 3 CI apgd W th significant sigle gfgects. Until |2
recently, | deve] oom:nt of nore efflective therapies—was
R2s8Ed JiMeIhQi -ﬁ%’ence of an app”r opriife in vitro
nodel—of X; atitpws eenmng of
522 &3 al | WM?M@UEEY%% oy

S1xS2 | None 4 0 0.6

R1 x S2 refers to a co-culture of responder cells from donor 1 and

stimulator cells from donor 2. N is the number of measurements.

High anti-HCV activity and low cytotoxicity/cytostatic effect of [D-MeAla]3-[EtVaI]4-
CsA

As mentioned previously, infection with hepatitis virus C (HCV) is a serious
health problem because persistently infected patients are at a high risk for
developing chronic liver diseases including cirrhosis and hepatocellular carcinoma.
Current available therapy is inadequate for a large fraction of the latter population
as well as is associated with significant side effects. Until recently, development of
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prior to evaluation in human clinical trials. This
obst acl e was overcone by the devel opnent of

w@emenssoss | y nodi fied HCV m ni genomes (repl i copnSl/IB2061/002940
selfamplify in cultured hepatoma cells to high Ievels
(Lohmann et al. Science 285, {9999), 110-1 13). This
HCV replicon system has rapidly becone the standard

este dffdctivt YR iapisHivds hﬁfé’e‘r@@by% aBséheenasha pﬁﬁﬁlate in vitro

persi stence (Bartenschlager et al. Antiviral Res
mm)of HAV replicatipndh og\@rﬁﬁﬁee@aggfﬁpierﬁ\allm active compounds

n%g c? e%lhgﬂgﬁﬂﬂoﬁmgahﬁhlc%? pﬁ}lsaog ?,legﬁgg%oercome by the

ramne ypro eln alm no

al@vébpﬁémriﬁlmbﬂc\alwfmbbiﬂed mvrmmtg@nmmes (repﬁccﬂtsyedwaﬁtself-
an internal ribosone entry site (IRES) |located at th
amplily inpeultyred heratorpa Cﬁﬂ?\ﬁ%'&@?dﬂﬁ'&( hrgagn @é%@qlq’ﬂ(@ 285,

3‘19@@ F4oleiy pfﬁi%ﬁ-L@? reég:%ézéﬁ?%délg%g Bﬂlﬁb@&c%@'tﬁe Standard tool

nvel‘ope pro el ns 'e”VviTopori
momted;mngﬂ—lC\daachtatmt paﬂiogpneslelanml m@glsw'd:el\{ﬂértmschlgger et al.

Attt RS, S0d2R03 15 T0M. Se MY, SFhas S sivts CbArsingle-stranded
W&th&%taﬁg %Q%M%%H: Relfyre g%ﬁ?ra{%ﬁﬁof dbsut 3000

first success li'con was “a bicistr
@minauao:ldm Tiranglaion obtrtB p@llypmtelnos] irdtiateid\at leRH&iernal ribosome

nﬁﬁ%@?ﬁﬁy Mﬁgﬁ@ﬁ)%' tS? ?ﬁ‘@&o’h E@é‘{: prrotem is cleaved

mtbﬂmé@ﬁ tém prdii@}ﬁspﬂ’ﬁbgllr&ﬁud@@aéﬂd Hﬁﬁelrﬁgbéﬁw@ﬁé p?@telns E1 and
i ntroduction i nto Huh cells and selection usin

C%?em@ﬁs&le]ylromcmrsprioé@m% Ropglilugtural Rieteins NS2 epg |N§ﬁ bavmg

SRR 5 Do A1 BB 00, B hous
wmtﬁmidedurtgmtém M$4atNSﬁA@‘nfdl RNAmpeimnm Fblymerase NS5B.
ssi veness of the host cell and npor t ant

tTr'i‘@r?g &l %‘dﬁqe(?ﬁ?%f epjgop WRR 8 s &HH%HN/% Cﬁﬂ?&%'f‘@ﬁ%a sto 3’ direction

0 L0 o0 REH 2em BE A RAb O an IRES
dranal anmdephatdmardms eivasand cbdhlgesemmheas f@TH@Vrm‘GtBMBJNS?» to
N8 St o ledtcfor e BRivrheshiai selscton (8 G418
RoomaRely 08 E5iat 08 HeAHBEotta SERLRASIIF g fevel
f(ﬂ),lOOQ 3, OGDfO@plﬁéG&hlb(lthrhgmeWd 99%h6bptautemlberaﬁlee system
frlejée'acied ?ha%trepp catl efh&%éy? eren ede on petrr(raurss%ae%egs of the host cell
and, importantly, on the selection of cell culture-adaptive mutations in the HCV
protein-coding sequences. Replication was found to be sensitive to interferon
alpha, providing evidence for the relevance of the system for screening drugs that
have in vivo efficacy. Variant replicons were also constructed in which the
neomycin phosphotransferase-coding sequence was replaced, e.g., by a
luciferase-coding sequence or by sequences coding for a luciferase-ubiquitin-
neomycin phosphotransferase fusion protein. Replication of the latter variant
replicons can be assayed by the convenient luciferase assay, whereas replication

of the former replicon requires determinations of RNA copy number.

Watashi et al. (2003) demonstrated by Northern blot and quantitative RT-
PCR (reverse transcriptase polymerase chain reaction) that HCV RNA
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replicons can be assayed by the conveni ent |uciferase
assay, Wwhereas replication of the fornmer replicon

WO e@aiossess det er mi nati ons of RNA copy nunber. VeCHER003102940

al . (2003) denonstrated by Northern bl ot and
quantitative RTPCR (reverse tridnscriptase pol ynerase
chain reaction) that HCV RNAaccunul ati on was i nhi bited

RcGmbidtion Was ihibitdtrpy TRANRE Wol bg 38é AnUmesapp R sive macrolide
FK506 and the non-i mminosuppressive CsA derivative PSC

XS5 06randtiner ren-inoowioeRupRIesaye FsA dedative P3Ge33 in HCV replicon-

SRR L YOG TPl A B ol 7S, b oblrmn e pets o

kictind agentiOevealed that HOY IRNAStﬁéCWaefredudml by about 200 fold in the
cycl osporl n A They further_found that non-1 mmuno
Pipsaneeseivelgln ysipsPerrn Avdiney fudhesiruadsbat peR-fmmego-

t

SPGB T A 853 BRIV atrRbours
H?Nﬂcaﬁedethat [Mleltﬁ -SsAi was abettegually ascaffdotive @si GsAfin tedeicing HCV
ﬁ'\&‘iig i nvention has anti-HCV activity and, should it

R acti vi ty, how this activity conpares with the
activities of CsA and [Melle] 4-CsA, experinents were
carried out that conpared inhibitory effects of CsA,
[ Mel | g detesninenuhétbentis ayjclasporin\efithe presentiimvaention has anti-HCV

B 38 "SRR R SR T BB S win e
ldegilities @wsvxbamqm Hévhmw @xpemh@ambr@eéﬁream that compared
fusion protein and otelns NS3-5. The vi

drhjbiteryaffests gf GaAeEquliQi n‘Q&A amd«{DrMaﬁabf[E@‘éaith% in hiCV
E%"i%:@ gltured in RPML 1640 nmedi um (G bco)

b@ e W|th 10% fetal calf serum 2 nmM glutam ne
(Life Technol ogi es), 1 x non-essential am no aC| ds

(Li fe Technol ogi es) u/m penicilli
st r eptSHRYP Hsﬁa @%@llmth@,qy\t@@ﬁ@lplgﬁt{on@ lgg{A encoding a

;f éﬁr}ﬁﬂlcﬁ r‘a%%lu mﬁﬁ%oﬁ%lrgp{l’\}é%ggnost ea‘?r%f%ﬁ&é‘f%élgﬁ ch)ttely and HCV

| I"'cat’i on) sa S
@irofEIONS8HS. s'thmrahseqaénm originatedrreme TNIC\MPeicksaofigenotype 1b.

Crlsnierorit i AP B pREM Gabea) SHppIRmIesiE yith 10% feta
tc%ﬁ‘se?%?%ﬁﬂﬁ%llhfhrﬁﬁg'(li% W%E:ﬁnéﬁﬂ%@) ARHoHEdsEntBI &mino acids

i ncubated for an addi t1 onal

(Life Technologies), 100 u/ml penlcnlln 100 Mg/ml streptomycin and 250 pg/ml
G418 (Geneticin, Life Technologies) at 37°C and 5% CO,. For antiviral
(replication) assays, cells were seeded at a density of 7000 cells/well in 96-well
View PlatesTM (Packard) in the same medium except for G418. After a 24-h
incubation, medium was removed, serial dilutions of test compounds in medium

were added, and cells were incubated for an additional 72 h.

Antiviral effects were estimated either by luciferase assay or quantitative
RT-PCR. To carry out luciferase assays, medium was removed, and cells were
washed with PBS. Subsequent to lysis in 50 pl of Glo-lysis buffer (Promega) for 15
min, 50 ul of Stead-Glo Luciferase Assay Reagent (Promega) were added fo cell
lysates. Luciferase activity was measured using a luminometer, and the signal
from each test well was expressed as a percentage of the signal measured in

wells of cultures not exposed to a test compound.
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Antiviral effects were estimated either by |uciferase
assay or quantitative RT-PCR To carry out |uciferase

w@s®ap3gossredi um was renoved, and cells were WaBtETB2MWY (02940

PBS. Subsequent to lysis in 50 Ml of Go-lysis buffer
(Pronmega) for 15 min, 50 ml ofl1Stead-d o Luciferase

Assay Reagent (Promega) were added to cell |ysates.
Luci ferase activity was neasured using a | um nonet er,
and the signal fromeach test well was resse

per ceﬁ?gééné'ﬁy gRd cylastatic $wege eatimels 'no‘?aré‘ﬁ?lt‘iwté’ﬁes In
R
REuidh SPREN plstes (BESkionTTRRHAORing HAERTWadkM] (CellTier 06
AQuéo‘angmR@cﬁeaelNe PehPesliféBdioktAssal) Elzn»mega)) Inui;hmgssay,
T [ | Ti 9 A No
8RS~ Ggthy Bhia ke carBp BB DL LE St otieny)-

?;l(tét zSﬁJFﬁt(K}W ghs B?o%d@céd for éfc{rﬁTa%ahhﬁéM)e;wa%me@ @0%98 nm in

-2-(4-sul fophén - 2H-tetrazolium (MP
biptatedeader. tF@rmafzen rmzmtlonas directhueomelatacdevithnungrmhlife cells.
in a plate reader. Formazan production is directly
correlated with nunber of life cells. RT-PCR anal ysis

quant RirapPeg amysis Quiantitaté®Hieonedthydie PegioaT replicthsarsing an ABI
ABlI PRI SM 7700 sequence detector (Applied Biosystens,

PEISM 77HQ sequemice defectos KM'@%@@SV@@% Eostarfefs GA)edhe

i TS 2000 TACSToRGOATTC. and

Bl- OWFCATD)@T@AW@GNCAAWW@&FW probe was

I I d
@n@%&é‘éﬁﬁ%@&%@%@?ﬁ%@m@a EMIBLRBALE IR @ plasmid
t
e P o £ PR R RS AR Ehe sBHuence was used.
which is the effectlve concentration reqw red to

wht cnResUEEORE eSS aERmshiS en Bk cRidutn & ECaatRtthe
Bff@réﬁte&gégdcs Brifs, \ﬁPﬂéﬁri@EHé éﬁédtlv@rdbﬁcgﬁtréﬁéﬁ ?edl)ire'&%mhnbﬁ HCV

|V|ty|nex |, which is the rati o between
crgiconmeplication bya#0%, and mw@w,amueb i®heaconmentiagion ma@unred that

e 1 S SRR iy BEIE b9% s sty

frifexl WpicH isQhe @ét.d BEIVIEIBS €sPARAET and for
esti mation of cytostatic effects of compounds. In

agreenent with the above-discussed observations by
vt as*f‘ébl%t3 ghowé %Q@S’ob?éiﬁed from Huh 5-2 cells using luciferase activity

assays for estimation of replication efficiency and MTT assays for calibration of
luciferase assays and for estimation of cytostatic effects of compounds. In
agreement with the above-discussed observations by Watashi et al. (2003), CsA
and [Melle]*-CsA had similar anti-HCV (replication) activities.

Surprisingly, [D-MeAla]>-[EtVal]*-CsA was considerably more potent than
CsA and [Melle]*-CsA. It was also noted that the 50% cytostatic concentration
(CC50) for [D-MeAla]*-[EtVal]*-CsA was significantly higher than the values
determined for CsA and [Melle]*-CsA. Consequently, a considerably higher
selectivity index was found for [D-MeAla]>-[EtVal]*-CsA as compared to the two
other cyclosporins. Analogous experiments in which ECso values were derived
from determinations of RNA titers using quantitative RT-PCR yielded similar
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and [ Melle] 4-CsA had simlar anti-HCV (replication)
activities. Surprisingly, [D-MeAla] 3-[EtVal] 4-CsA

wWoR®6088088 der ably nore potent than CsA and [ MePCB]B2005/002940

4-CsA. It was also noted that the 50% cytostatic
concentration (CC50) for [D-MiRl-a] 3-[EtVal] 4-CsA was
significantly higher than the val ues determ ned for

Eér?%lﬁs‘l@ns M| véﬂheéoﬁw @WGM&@ o@tawwﬂowsaobl[wlene] -CsA

er sel ecti Vit ndex was found f

an{:l @\Mef]xlat} EEst)O(aHsC@Am:gﬂmtlv@Iyt Agtem}@s mdl\@ate thglt the lower of two

erRRBRhh et P4 3% AR BRI ons "o “Ra ci ter s

usi ng quantltatlve RT- PCR vyi el ded S|n1IarconcIusions
SI val ues of 45*, 73 and 625* were obtained for

Teble & ECeos QQm@np[ﬁlm%g defermingg fromdygtferase assays of HCV RNA

I
RS RT3 GRSy I s Pk g Wucorase
3ont=irifg I-m%mmdplﬁionval ues deter m ned fromluciferase

assays of HCO\/ RNAreplication—and Aaccava

@ﬁ"@f?%ﬂdm ty in Huh BECo Qt@l’ﬂng +2bn19¢@| (ﬁéfrgl’ﬁq "Selectivity index

| uci ferasecontai ni n @Qj i nireplligogi\pel Vi ra
activity of [D MeAl g§ -r Et'Val 14- ¢sA neasured iln

iOgffect ed target cel|8.28i4/h0ri8comyi tladt+/+HE8 The 41
[ L] [D NMeAlL 3]l R r|:+\/g|1/| Co A eclonnar
{Ia-l\dséklaba@VaHrﬁéA 08 B8 i n |Gkfure syst en%%b

ﬂug %»E(cg'@g the 1n ?]\2 situatio -141N€ Method uysead

ma cells that| had been infgcted with an

|nfect|ous full I'ength chineric HCV construct or the

Antixie i ) EtVa et cells with
ﬁé&[ﬁb%ﬁpH@V} cycl osporl n of the [ nventl on or CsA,
activity was nmeasured as being directly
correlated to the inhibition of the viral replication.
I nf ecti ous |ruses full = | Arer|
pet edher R SUMLR AT B T nehis AN SA Sl pfET R Bsa was
ey éétSrrﬁh@dhﬁ @att@@sys@énhs Pprédtnimp HRyH. vnTchsutuauon The

construct of Jd virus vwas also nodified to obtain

method useddepatems cels thathpdbeacinfested @/lme@un(fgqtlog@,fgll length
Epimene B ASRtGus" e, BRSNS Hat s PRAIRRAId oy HTucterase

ebEsHtbPgenet Afer tae tiidiménboftblel ifected cells with the cyclosponn of the
invention or CsA, the luciferase activity was measured as being directly correlated
to the inhibition of the viral replication.

Infectious HCV viruses of full-length chimeric genome between HCV strains
J6 and JFH1 (Jc1) were used to inoculate the hepatoma cells of the assays. The
construct of Jc1 virus was also modified to obtain a bicistronic genome carrying a
luciferase reporter gene (Jc1-Luc). Twenty-four and ninety-six hours after the
transfection of RNA transcripts of the genomes by electroporation of Huh-7.5 cells,
cell culture supernatant was collected. Supernatants were filtered (0.45 uM) and
cell culture infectious dose 50 (CCID50) per ml were determined by the limiting
dilution assays according to Lindenbach et al. (Science, 309, (2005), 623-626).
The CCID50 were 1.3 x 105 for Jc1 and 4.2 x 103 for Je1-Luc.
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cell culture supernatant was coll ected. Supernatants

were filtered (0.45 mM and cell culture infectious
waelo®e/03808§ CCl D50) per nml were determ ned by theCT/IB2005/002940

limting dilution assays according to Li ndenbach et

al . (Science, 309, (2005), 6‘2?33626) The CCI D50 were

1.3 x 105 for Jd and 4.2 x 103 for Jd -Luc. Assays used

ei t heAssays-usedugititer stuh-ZHh-unetoc Huhs? .6 lcelisndlohreanalet al., Science

féé(%&?%gfﬁ@éé“ﬁﬁb viColer arul (P BreRp YNGR Hhore's

HEBRING %ﬂ\ﬁ B %ggfbhﬁﬁin’téd‘ Aithi 10% @& at-fiattivared fegal bovine

serum nte ra), 1x non-essential am no acids
$&H.IUCCBCS)1(]D’[eg[¢)nﬂXp@nr@S|entlal arainecagids (Gicayy/ R0 1U/ml penicillin

338, Ao S5 B8] YRR PG for -

nofB! defatalt 87 C amdas%, CORNFar émnmteu (aregnwhm‘; aSsayd, IHuh-7-Lunet
wer e seeded at a density of X 4 x 104

g HubtT.5gzellg vnqemeplemaéﬁéienﬁm mf ;2 X 6@4 Ohduf %04: S?U,ﬁr per well of a

SRR R Pl e g0t ot e

SéPLkc vikds weddk (1 IZah@IBblaté%x)uur O2Bins of theedg1 vings siaclsls(1 2-well
i nocul um was replaced b E m contai ning, di ffere

RlgiRSInE Put Nows '%ﬁeféQﬁVHHS["EQ yas feriaegd by &s A gontaining
éﬂ‘fﬁ"ﬁ?%r{tlgo%%ﬁ e ra?l‘@éiAfo? A on%%e E%@h -J=A EﬁHWere-lfhﬁher

ition repll timated
incabbtedaee ansxialjtiondb 72 dvouys.out | uci f er ase assay ceI l's
wer e harvested, washed with PBS and |ysed in
luci ferase lysis buffer (1% Triton X-100, 25 nmM

9' yCYTrat YiBigion be viFd b fcatior\widde-&dt ﬁnat%ﬂdoylluﬁﬁé@’s@)assay To

Firefly luciferase activity was nmeasured accordi ng
eairg gat IL@lfeaase gssayi eells, wers hayyestedowaphed guith- B,B,Szgnd lysed in

PtGtastudy nilra’ Ui THRSE - 1627y By By dpd el v poso4

315@% HGPR Séh’d I1’l|h“1lf/IGIDT'(')2$ sty Qhoifeyass setivity, wéérrfédswmccordmg to
nM DTT, ot assi um phosphat e buff
KHGQGB?’[ alnal ‘z’wgl %s(m)baqoaﬁ AG\4-4624n Bristly, afgr one freézelthaw

e E5lve BN S0 pr BRDBbbE WU FiR8s SRR R0
éB@iy boffer) (26anVegly oyl bme, 15mMmMdg8Qetx ArmpMVeEB TTFRgaM ATP, 15 mM
and 2), both[DI\/bAIa [ Et Va white

RAtAseHIN phrakhats Husier rid J@)émJ #O%HH%@% SAlil %00 mM
fRIifeth’ 35 A igiydyidlycitEe Fily, luminescence was measured by using a

Lumat LB9507 luminometer (Berthold) for 20 samples.

In these examples (Figs. 1 and 2), both [D-MeAla]’-[EtVal]*-CsA (white
bars) and CsA (black bars) resulted in a dose-dependent antiviral activity, whereby
[D-MeAIa]3-[EtVaI]4-CsA proved again superior over CsA, thus corroborating the
data obtained with the subgenomic replicons. A10-fold higher concentration of
CsA was needed to result in the same replication inhibiting effect as the

cyclosporin of the invention.
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[D-MeAla] 3-[EtVal] 4-CsA proved again superior over
CsA, thus corroborating the data obtained with the

W@ aingessoss c replicons. A 10-fol d hi gher concenp@EIB2005/002940

of CsA was needed to result in the same replication
inhibiting effect as the cyckddporin of the
invention.H gh affinity of the cyclosporin of the

R HHiRify bPthé ¥ybRiRbl Iriinrbﬂtﬁetiheeahaﬁefoﬁb € th

gakawa et

al . (kP abéJ@di@B&é;sédeéﬁrf/ﬁfdnsVWWéé%l%i al. C(ZDDS) and
bi ndi ng capacity of cyclosporins to the ¥c|o phi | ins.

Nagakawartal 2008k thv@aagé-l W effect wagfre tq el biagling capacity of

By SRR e aiaPbils, Ihe SHER AP BR Rkt of Csp. (Metel

eRlhagied EDMQAIE]P [E&Vé CQAIst meaeu@d f@ycyabbhillmﬁ td\determine the
and, consequent | l'ication, Comrercia

PR PORRGRBRER ! B asarAnt ity R (ol s cudehlmA, and
kBAsciR: o CAPRefghdaf ¥ of cvel ophilins uas

using a c rypsi ncoupl ed
spect rophotonetric assay according to Garcia-Echverria
et al ., (BBRC, 191 70-7 method is
based mﬁ@'ﬂﬁmém%@ %h@e&? ?%R}‘"H}Ac!ﬁiﬂmﬂvﬁ&”ﬁ“ in the
fa@éaby%ﬁ fFinPIQ_gg agfl\ghgﬁfpérybg!tg)hg[ng_vy”a? gg’garmmed usm% a chymotrypsin-
pepplled@ectreahatgmetnbasaaseaccnm‘dmgahoaGal‘qla—Eahvenrﬁeet al. (BBRC,

TR *tabslai th-3BY ofhis Gretfsd K Pt ko Firedtag i o
bﬁ?l@loﬂ;{p@hﬂ‘oi bé éssé’ﬂ”tﬁélwﬁé Noéu&ﬂ‘fyl-laﬁia@%robyhe -nitroanilide.
clo peptide was made up in a solution

emmldeg.odaawagezlbgr@ted ithe pata-pitosnine meiely thateould be

SRRRNGEP ah % BB B0 508 PP Il RfoRR-6rthb & foGwas limited by

$ne pdte @f loid-vars Wonmaribatibe cariett obishyncyasplsilh AaThe(feptide was
Cycl ophilin A (7500 rml/ total enzyne
OFAHR I B iSeHtios; ¢f rﬁ "Melf' W23 v®a0§aetb@nwmt i4{0gmM to enhance

4 8t 0B, TR B VR o it

speetroptmatbateder drudt the watenbath wasrsebat 5¥0p@yelophitin A (7500
b 50 st o s
HESIMHERES) hd AL ABIApotBecRo AUy SO SR, i
Ey& vith KO H) and svereédecuhiaded fer G mimutes afiveamdempeeature followed by
54 minutes in the water bath. CsA, [Melle]*-CsA or [D-MeAla)*-[EtVal]*-CsA were
added as appropriate in these incubations using a concentration range of 2-50 nM.
Then 3.5 ml of the incubated cyclophilin was added to the sample cuvette. The
reference cuvette contained a reaction that had gone to completion to balance the
reference beam. Peptide was added at 25 uM to initiate the reaction and the
change in absorbance was monitored at 10 data points per second. As a control,
rates were also determined for a parallel reaction that lacked cyclophilin. These
blank rates of peptide hydrolysis (i.e. in the absence of cyclophilin) were

subtracted from rates in the presence of cyclophilin A.
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reference cuvette contained a reaction that had gone
to conpletion to balance the reference beam Peptide

woRrmcaskdesl at 25 nMto initiate the reacti on aPdI/iBe0s/002940

change in absorbance was nonitored at 10 data points

per second. As a control, rat &3 -were al so det erni ned

for a parallel reaction that |acked cyclophilin. These

bl ankThexirdtial shteseyiitained Hyoin they BP$age assaysiweresandiysacchy first

ShieEYsarRRGbn e by P G55 R/ BRoh B ages ofthe
firhemoub& 5Hhe aﬂ@@amhewabgomfaﬁbat&eggbm.i Té&thl GRElehe

regression anal ysi's by using first order
cormentration i Eonthefinhibior dissegation corstanhdicand e wite capstant for

hange.i n. the ahsorphanc T :
et dodRafior VeRRRE Pl Pe A diire 365TS (2003, Biosofy
SPfiingthe déita obfinddBorpthe regresksion arialysis ive thietight binding
[Tmting reaction was calculated with the software

irhiigps multireteipiegsigtieon. by fitting the data obtai ned
fromthe regression analysis in the tight binding

inhibitor rmultiprotein equation. The tight binding

i nhi bThetightibindgahhibitoe mudtiproteimaeduaticn had teoligwing formula:

formila: v = KE t*P-k*(-h-sqrt(b*b:4*c)) (2 where b |
defined as b = - (E1VPAERPCleatbO a2 noe
Wwherdb i€Adiked'55 ® £§(|E?*FJ+EN-&2aHM dife-gpmpyter for a

given set of data, a graphiC representation of the
Oace Bipk; andk veateaatculated Ibiyribe foompaden for argiven sat ef data, a

a@%%%&%égﬂt@tlélg&%%a%{blggﬁé% the e §itfRl b thé points
R g Vg ey e
equatins; [ Mel | e] 4° CsA and [ D- NeAl a] 3- [Et Val f - CsA

det er i ned from PPI | vi . | owest Ki

o el oo o LRk R RS SR Ha e, | oves

ivhee BEE PO+ K ey @EE@PtIne hi gh potent of antiviral
activity, the specificity and selectivity index (as
above-nmenti oned) conpared to CsA and [ Mel | e] 4- CsA.

FUR 4.5, "R dnd kRBIRRFETLRPAHIRPA FHEYR [Melle]-CsA and [D-MeAla]™

[EtVal]*-CsA determined from PPlase activity assays.

Compound E: (pmol/mg) Ki (nM) k (s-1)

CsA 7500 9.79+1.37 |0.17 £ 0.0069
[Melle]*-CsA 7500 2.11+0.32 |0.17 £0.0068
[D-MeAlaP-[EtVall’*-CsA |7500 0.34+0.12 |0.16+£0.0074

The lowest K; of cyclophilin A observed for the cyclosporin of the invention
corroborated the high potent of antiviral activity, the specificity and selectivity index
(as above-mentioned) compared to CsA and [Melle]*-CsA. Surprisingly, the non-
immunosuppressive [D-MeAla]>-[EtVal]*-CsA showed an almost 6-fold higher
affinity for the cyclophilin of the example compared to the other non-
immunosuppressive cyclosporin [Melle]*-CsA.

The above-described experimentation provided that
[D-MeAla]>-[EtVal]*-CsA was a more effective inhibitor of HCV replication than any
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[ D- MeAl a] 3-[ Et Val ] 4- CsA showed an al nost 6-fold higher
affinity for the cyclophilin of the exanple conpared

WO 20061088088 her noni nunosuppr essi ve cycl ospor i NPCT/IB2005/002940

[ Mel | e] 4-CsA. The above-descri bed experinentation
provided that [D-MAl a] 3-[ Et Va6]-4- CsA was a nore
effective inhibitor of HCV replication than anyot her

ber eskted %&@I&QEMW THi® l|ﬁcréé@é&éﬁt@-ﬂi@\ﬂbbﬁﬁ@b@ﬁélawdwnh the
correlated wit he increased cycl ophilin bjnding

wereagedycysioghiinveindisg activity YAlP-MeAdak-[Etisi] r@ﬁﬁr con

cl earance and rebound The recurrence of HCV infection
is a major problemof the disease especially even with
the use of potential efficient treatnent, e.g.

EACV eeplicom cheefancelaricdrélesumd To st udy whet her t he
nore potent anti-HCV activity of the cyclosporin of
the invention as conpared to CsAis reflected in the

bili f th ff
o oud iR GG G ISR ia dnalg It She gfseass
g?@g&i GlYévé’rgir}vftﬁ HHE thsB 2% patliaPERioRIMN ﬁe@fméﬁ‘le eg | §elodspBrin and/or

reconbi nant produced replicon. g
irdederneanh To-stady whetherhberamoreqpedertrantield CVsagtivity-of the cyclosporin

LB LA sAPRIEh D GSnar it PN iR fompound to

Wdré @ﬂﬁméﬂﬂlﬁcmée:%ﬂg odJ&l@? SV Fepliebh froih thised alnnnt\ma cell
presence of either A or [D-MAla]l] 3-[EtVal] 4-

apsahwas periormed pa@i N presenes ef t*‘@r $e|@¢ﬂ\/|eefb’i160fob$ for
trol f d t
b PR ed Bicetce o 1he Bits select i ve

pressure woul d not ian uence the HCV replicon content
during several Elassa

ceI | sAsaYs werf Hubro q%&ﬂlg&%% %%“a{&%p%\?ﬁ“ @Miﬂaehmann et
B R AR AR P ORI the usyal compet

ﬁwdla’mrml\r/IEI\Am&theg’e@41Brprgssmes'éhe ekliswehatuliwned istheé presence of
carryjng t L£ v ee e to
%@y ¢ok o IO MK ERRVENTGaA Bolr el adbrebhdiminer wete loft
gba@arroh ?%n@é&% Cﬁésﬁ%g@%eééﬁﬁél Whs F8A8rHed 'té‘@uhmhtee that
ound phase. wer € perfornmed on extracts of
\‘he absm affthe &3431 &seleak\a]pmssure would not influence the HCV replicon
content during several passages. To confirm that Huh-9-13 cells that had been
treated for 7 days with [D-MeAla]*-[EtVal]*-CsA were indeed cleared from their

replicon, G418 selection (1000 pg/ml) was restarted for 2 more passages. Only

those cells that were still carrying the HCV replicon have been able to proliferate
under these conditions and cells without replicon have died in the presence of

G418 during the rebound phase.

RT-PCR were performed on extracts of viral RNA of samples taken at
different passage points. The forward and reverse primers used were 5'-
CCGGCTACCTGCCCATTC-3 and 5-CCAGATCATCCTGATCGACAAG-3,
respectively. The fluorogenic probe was 5-~ACATCGCATCGAGCGAGCACGTAC-
3. As an internal control, a plasmid containing part of the neomycin

phosphotransferase gene sequence was used. Results were analysed and
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di fferent passage points. The forward and reverse
prinmers used were 5 - CCGGCTACCTGCCCATTC- S land

W@ 2006025888 CATCCTGATCGACAAG S', respectivel y. TPET/1B2005/002940

fl uorogeni ¢ probe was d' ACATCGCATCGAGCGAGCACGTAC— 3.

As an internal control, a pladki-d containing part of

t he neonycin phosphotransferase gene sequence was

éﬁ@@ss@@%@d %umﬁl‘tyi ofirgpliger RN dey)persEe00 aslisiand ased ty draft a
replicon RNA (ng) per 1'000 cells and used to draft

ﬁrajlhaph Results fromthese experinments (Fig. 3)

showed the superior antiviral effect of [D MAl a]

3-[EtVal] 4-CsA conpared to CsA in this standard in

vi t r oReslilts fremetnesSexperisienig (Figt Jeshopdihesuperior antieiral effect

o HEBleAIRETER A Sorbaeedln CRhifRbs Sandiely uigel assay.

Sﬂﬁ_ﬁgﬂnﬁ i I@B F)Qﬁ'ﬁ@f fe %v[aﬁﬁéﬁ%oﬁe@%ubfd@ﬁéﬁéct and not only

es and square in Flg wer e
sigastatic effectr mthemthcaemmnaaesnw ressica OBA. ledmdu awvhen the [D-

@Eq"iﬁéf@itﬁi ERA e Ll S T RRIS Toitchhe 31 8608 Figy 3) were
gai’m dUIRPeE th thetdreSsred 6f G41 sqm@uwp@s@ﬁ&ﬁ@@aﬁuwmed
le to proliferate in the presence of (418

comparem Cﬁattre[alﬁql/ﬁmlsﬁd@rﬂpvd|as|nd4nemlem&,0tamuétum$ that had been

SRR P2 Ao BpbdagEl e R e

Feeml oFfGAHRY Tihi esitfirated thae[BMeuitaPdEtVal]*-CsA was able to cure
D- MeAl a] 3- %EtVaI]4 CsA / I FN-a 2a conbi nati on was

+9rd Becells Sromy theleHRM 18pHCeR. Pri chard and Shi pman
(Antiviral Res, 1990, 14, 181-205). In brief, the
theoretical additive effect is calculated fromthe
Dosg copimateom curves of individual conpounds by the
equation of forrmula: Z =c¢ + Y(1-X), where X
represents the inhibition produced by

i@e%ﬂ@dlﬁm 5t part bittHeSArd it 'ﬂﬁ*er%ﬁ? of HOPirffeivrd Tih'a\éﬁect of

I one. represents the ef produced by t
ﬂaMeAlatl?. EEtVai]4{CE$A/él¢H No324 c—zomair]amoasmas/\ﬁvaiuam ldﬁllzgithe method

R BRSSPl AT oL 25600 S B A S B9 e
ﬂ%dréﬁéﬁl%iddﬂ%féﬁ“e%t is calculated from the dose-response curves of individual
compounds by the equation of formula:

Z=X+Y(1-X),
where X represents the inhibition produced by [D-MeAla]3-[EtVal]4-CsA alone and

Y represents IFN-a 2a alone. Z represents the effect produced by the combination
of [D-MeAla]3-[EtVal]4-CsA with IFN-a 2a. The theoretical additive surface is
subtracted from the actual experimental surface, resulting in a horizontal surface
that equals the zero plane when the combination is additive, a surface that lies
above the zero plane indicates a synergistic effect of the combination and a
surface below the zero plane indicates antagonism. The antiviral assay was
carried out essentially as described above for Huh 5-2 cells except that
compounds were added in checkerboard format. For each compound three
replicate plates were used to measure the dose response curve of each individual

compound. The data obtained from all three plates were used to calculate the
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that equals the zero plane when the conbination is
additive, a surface that |ies above the zero pl ane

WO p@oo3808% a synergistic effect of the conmbi naPCDIB2ae 002940

a surface bel ow the zero plane indicates antagoni sm
The antiviral assay was carri-d@ -out essentially as
descri bed above for Huh 5-2 cells except that

eEteticd adaRive adtire. ContbisstieT odied fbpéaah palf@f cem;imunds were

conpound_ three replicate plates were use
alse denainrtaphieateeData weraanalysed fQ’fd/iaJZI?BGQIbYéB?rM@HA test.

The data obtained fromall three plates were used to
cal cul ate thetheoretical additive surface. Conbination
NM@MSyﬁ@ttgls!mdctiphy wasfnotedr‘abtlmmghesteccmceatrdbom ohlFN-a 2a

eFibiidaieralRig eaffbmeg M actiiy o B Ml i ang Coa
i IENGR O3 AP BBhEALIRNSS BBk pig2a. used.  but

overa |ne ant 1 - HCV act|V|ty ‘of
[Dl\/bAla]S [EtVaI]4 CsAwith IFN-a 2a can be

TRe g Wi e Al SR e GEA saliie pUBEHAIERAAS Bugws:
- [DIMSRR A B o4 A haS B MBRS patei hﬁnmv Hctigif hndiieless

activity and is less cytotoxic than CsA, as shown in
sytotxic thary6sAnae shepniioan HGYssthgenomic eepligontsystem.

¢34 8 ek ARGBE AR b AUV BISELES M i
o oo gt O Y Epane

e{@TMe/éladHEt\&?éH Gofais abigds sues pels Eom BefrdiGY aaplicpnmore
TichegRgHRSEE cyclophilin binding affinity. - The
anti -

activity of the conbination
F higsdletfiestd ate\Mfeldidd @is A rhoﬂeF;Noaoaaceds cycldphilin ®inding affinity.

O, A P AR R 2

gm tiest ered by any conventional route. It nmay be
m ni stered parentally, e.g. |ntheformof
i nj ectabl e sol utions or suspen3| ons, in the form of

) TSRt A i T B aRrs Hilbinv.
mwﬁb%ﬁné&mcﬂmwé@dmmwé@@bwény a8 ritfonal route. It may be
Phar maceuti cal conpositions for oral adm nistration
edministarad parewtallysper imthss form of injectable solutions or suspensions, or
in the form of injectable deposit formulations. Preferably, it will be administered
orally in the form of solutions or suspensions for drinking, tablets or capsules.
Pharmaceutical compositions for oral administration comprising a cyclosporin of
the invention are described in Examples. As is demonstrated by the examples,
such pharmaceutical compositions typically comprise a cyclosporin of the
invention and one or more pharmaceutically acceptable carrier substances.
Typically, these compositions are concentrated and need to be combined with an
appropriate diluent, e.g., water, prior to administration. Pharmaceutical
compositions for parenteral administration typically also include one or more
excipients. Optional excipients include an isotonic agent, a buffer or other pH-
controlling agent, and a preservative. These excipients may be added for
maintenance of the composition and for the attainment of preferred ranges of pH

(about 6.5-7.5) and osmolarity (about 300 mosm/L).
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the invention are described in Exanples. As is
denonstrated by the exanples, such pharmaceuti cal

W@ 09p/034088 ons typically conprise a cycl ospori nPOF/1B20€5/002940

invention and one or nore pharmaceutically acceptable
carrier substances. Typical Iy?gthese conpositions are
concentrated and need to be conbined with an
appropriate diluent, e.g., water, prior to

Apr ol O ue _ or
LRI e Vs R ——
B8 £ delnel}.g@. FF*ta?.nlgé%u‘i?PQS,‘ng arfs 6B &12U4S ahA . BIPa@Mppl.

i'sotoni ¢ agent, er or other pHcontrol i ng agent,
2005/01p48S82 Biathevaral s chesindipaiedidosage i@ arigrof the

T S e, SRR B Bl b0 B Rl
g@%@{)@ﬁ#@?&%@&? FORS BhbUL PE/KG tnabosa0Twighey. By the

mul ations for oral adm nistration can
intralyenauds route), e irdicatedosorraspepdingodrsage may b, from about 1 mg/kg

BB SRR BEOEE R s O ot
glglg)lljjﬁﬁtl)f o cyslé)%Pbﬁﬁ? oNEfRkinyertibn i3 \rideastood todne dreafmoont that when

admtinistgr rwgtgdlgnb;gumte é&q’ﬁggp/j g%hgggg@aﬁglg%gfgﬁ)% patient in need
r e e i .
EShRmen ALY kBl RS RS R7 R dtieclERR 3R fesponcE atich as 2

%tdﬁlgfi&ﬂlytggﬂiﬁfcaﬁthréﬂuowmm sehomeifl Ectiter er arsignificastt reduction of
cycl osporin of the invention is understood to be an
ghaimALTHGHVIR &M tRRIRRHR Yt ered repeatedly in the course

of a therapeutic reginen to a patient in need of

treatment of HCV infection results in an objective

cli ni fritialrpresersdinicat studiesavereacarsied cult kg assess thesafety of oral

,rdggég H &E—%‘A@Egmgﬁh%: z?ers/q fc{,d%ﬁ?%ﬁ@ t&igfrﬂ{géﬁmacokinetic profile

hﬂhtéa?étyﬁﬂaﬁ@ Jf thié R 8libStanek. SStuiesshowed that dused of 50 to 1600
assess e safety of oral doses of |

D- MeAl
3nd [t ¥ahitr-swsiomin weterevesenwelkiolaratgsh Miwg]%'&ﬁh@ﬁ"&ed side

profjle and f i . . .
6o e Ba ey Lousha ety argsi. mic
Heatacksd! I e dide wHeets wereenotelosetrelatedt ed. M1 d and
short-lived side effects were observed incl uding

nausea, vomting, abdom nal pain, mld headaches.

These l\fuilnqgroqsffg&to?s WAl e BlerdffPedididdation by a clinician when
determining trial doses for testing efficacy of a pharmaceutical composition
comprising a cyclosporin of the present invention against HCV infection. Primary
among these are the toxicity and half-life of the chosen cyclosporin of the
invention. Additional factors include the size of the patient, the age of the patient,
the general condition of the patient (including significant systemic or major
illnesses including decompensated liver disease, severe preexisting bone marrow
compromise and other viral infections), the stage of HCV infection (acute vs.
chronic) as indicated, e.g., by serum alanine aminotransferase (ALT) levels, the
particular genotype of HCV, previous therapy of HCV infection, the presence of
other drugs in the patient, and the like. A course of treatment will require repeated
administration of a pharmaceutical composition of the invention. Typically, an

adequate drug dose will be administered 3-7 times per week, and duration of



10

15

20

25

30

Nunerous factors will be taken into consideration by a
clinician when determning trial doses for testing

we@bdobo38098 of a pharmaceuti cal conposition conpP¢EHIBG002940

cycl osporin of the present invention agai nst HCV
infection. Primary anong thesé0are the toxicity and
hal f-1ife of the chosen cycl osporin of the invention.

fedinterttaay Bé‘ﬁd?ﬁ abblEd wiKshe 63naathef ptdferatiy frent about 4 weeks
the age of the q_atlent the general condjtion of t

iocabasitI 2 mabihsa TreAtaTagi Ay o followadky detsmigtions otHev in
é%yﬁf%ﬁgh%%ﬁjsr#meﬂg ijg&ﬂﬁpﬁﬂ?%@s 'TWeeéngbélﬁflﬁgtirﬁ%trment is a

: _ ONE Mmarrow conprom se
virslagicahfezpbheasie., ﬂie&abﬁenge ocDHCHDdt thef end of)a t(emtmeat course,

severo| o ealimiaLe of eaodht aRtaBeol Bopb 48 soppaeton of

fhatiidht. HWIrP%ér}Jhﬂ agFBé l?lfeaE@éd' atitRERNA Ie\Fé! %y metlbods such as

presence of ot s int atient, and
duantitative BT -PCEemnmmﬂthemlldlois@qwt the peqtelatlevjel by enzyme

FoRRpREAY o NGRS A g Eagaes TUngoReray i igLpoteins. The
BHID GBI eﬂs@rn@lﬁd@ﬁ%ei@hlﬁﬁﬁiﬁ ofed Sedlinf ALTOBvel in the normal
oftreatnent may be from about 4 weeks to 6 nonths,

pargfeer abl y from about 4 weeks to about 12 nonths.
Treatment nmay be foll owed by deterninations of HCV in
serum and neasurenent of serum ALT | evels. The

endpojrgha@nadceatiéaipmpdsitorvofthe pgesait imestionsaay lcomprlse one or
t he absence of HCV at the end of a treatnent cours

swre ciheripgtasients astive aoaingt H&Y fegtioadp asklitionsio a Syclosporin of
o B Pl s SR A 4R g, ..
gibavivianot émnteﬁei&ﬁ &PRa oA cyolosperim obthet inventiar andjl such other
Séﬁ\tfﬁe ;ngﬁéﬁégL@% gg-nz neigigrmga rt]ggaestagy %$9 Eaﬁ&%ﬁcgamﬁ@armaceutical
RPEHRRsflon B 5 aifflibfed sS4l A8 DAl lofin dpBipEte dose

Cevel e normal range ceutica
cegipen désigned ta distapr thedrenefi WQMBmmtht@mﬁlﬁrapy othe

BhpiRRsats st sedert 158 potat bt SadLabiE b i ieleddrish peciti
%H/a?s?betﬁ/\%ened@é&' &F eRUNOE aRyeht Wilrd’épeﬂ{digpon the specific

st ance .Qg., ribavirin, or "an interferon al pha. A
memitm of astiveraganis empidyedathe eansition Akihedeatiant being treated,

'Sthe . t%: g&“ A {hsét;?rreg%ug%%% gﬁ.rsﬁéh B&&lhoﬂgl é&?/e
PRIt st

ingredients will generally be administered in amounts less than or equal to those
for which they are effective as single therapeutic agents. The FDA approved
dosages for such active agents that have received FDA approval for administration

to humans are publicly available.

All patents; patent applications and publications cited herein shall be considered to

have been incorporated by reference in their entirety.

The invention is further elaborated by the following examples. The examples are
provided for purposes of illustration to a person skilled in the art, and are not
intended to be limiting the scope of the invention as described in the claims. Thus,

the invention should not be construed as being limited to the examples provided,
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conposition or can be adm ni stered separately as part
of an appropriate dose regi nen designed to obtain the

whewe34088 of t he conbi nation therapy. The apprP@I/iBDEs/002940

dose regi nmen, the anount of each dose adm ni stered,
and specific intervals betweeBldoses of each active
agent w |l depend upon the specific conbination of

BGE $h@l@9érﬁoﬁsﬁﬁéb ey @ﬂcoﬁn?@sé} angliandal airidtioas paat sstome evident
being treated, and other ftactors discussed in the

p® @viesukt of the: fegshinguuRVidedinareiWal acti ve i ngredients
will generally be adm nistered in anbunts |ess than or
equal to those for which they are effective as single

EX@NPEBLT: eyagear?ieoL [Dr 20 qEﬂga}?@smosagesl for such
active ents that have recelv FDA .
Btraneiated Kpmom PR HIREISDY: %arpﬁﬁﬁncera/ o %?mt@edAPP nouveaux

Eﬁél% sd@q.f,ﬁgct:s;?d?m Ag:% rﬁ@%g@ﬂfjaﬁl‘t‘wmmt FQ@@ItéHé@@mences

ere shal e CONSi ave been i ncorporate
inivezsieyr ehlcausamneh €H-181% LaasgnnelIGwitaeriandi (@001 )p.
further elaborated by the follow ng exanples. The
exanpl es are provided for purposes of illustration to

@gﬁﬁ'f 3ol M%@éh-\/@ Mg L Ala-BIa MELARMELRILENMESGI-MEBmt(Oac)-

mting e scope of the invention as described in
Nbe&ﬁraOfvE Thus, the invention should not be

STl Ro R DA eh DR R T e st g olution of

eyéloy@émram (03 (BB mArsiesTe! 0ey) iflertiD rbaceticeanthyidriole. The solution
t eachi ng Tprow ded herein. MPLE 1: Synthesis of
o)

pes\aines] fop Bt atiiopm tesmperaiyas e sergtioprmixtye, was then diluted
y]tgl%o%ou@g eg@?&g{ g@gcégiro?vr\{%ﬁﬁﬁbicg Withtar aﬁ@ f{ﬂﬁff{r‘ﬁ@g Xvith a

comme agent ant |
Gatuthted atﬁ.feoSSIs‘ﬂIIﬂm oﬂimdmnillctarboﬁaﬂeaﬂi'herunganlerph]a@e@vas dried

BT A P
?%[%#gge Sgieg@ffow fes%L'i@B tréllr?éﬂ \W/QQléh'rc%Q gf@% ofi 4llicael (eluent:

a de to a solution cycl osporin
BS(I?dléhlo(rﬁmﬁthmId/methar@I)gand recmﬁamtemreelher dhbygief de.

vvas tirred for omte eratur ,
P rlahadiAranble Frieriniataler b aesgag 2 vieid of 92%.
et hyl acet ate, and washed twice with water and four

times with a
Trimethyloxonium tetrafluoroborate (22.5 mmoles; 3.3 g) was added to a solution

of MeBmt(OAc)-Cs (7.5 mmoles; 9.4 g) in 60 ml dichloromethane. After 16 h at
room temperature, 35 ml of 0.26 M sodium methanolate in methanol were added.
After 1 h, 35 ml of methanol and 35 ml of 2 N sulphuric acid were added, and the
reaction mixture was stirred for another 15 min, neutralized to pH 6.0 with
saturated KHCOj3 (28 mi) and extracted twice with ethyl acetate. The organic
phase was washed 2 times with saturated NaCl, dried over anhydrous Na,SO,and
filtered. Subsequently, solvent was evaporated under reduced pressure. The
residue was chromatographed on silica gel (eluent: 5:1 ethylacetate/methanol).
7.3 g of H-MeLeu-Val-MeLeu-Ala-D-Ala-MeLeu-MelLeu-MeVal-MeBmt(OAc)-Abu-
Sar-OMe were obtained (yield: 76%).

HPLC tr=268.23 mn (98%)

ES/MS: m/z: 1277.5 [M+H"], 639.2 [M+2H"]
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saturated aqueous sol ution of sodi um bi carbonate. The
organi ¢ phase was dried over anhydrous Na2SO4,

wo 2dobmsseE8 and sol vent was evapor at ed under r edRCEUB2005/002940

pressure. The yell ow resi due obtai ned was
chr omat ogr aphed on silica get22el uent: 98:2
di chl or onet hane/ net hanol ) and recrystallized in ether.

Syhthesi of NGBl (M U-AEAD-Alavile L eupasicer-MeMal $eBmt(OAc)-Abu-
recovered, representing a yield of 92%

$ﬁrﬂ\qﬁyl oxoni um t etraf| uoroborate (22.5 mmol es;

nmol ezzwﬁ%lég 42‘85%}]% chhélr orret% ne. teX?t er nfli)ée?] Q7o m)
nweoenatidep ¢o atsalwion3df hﬁMeﬁeLOVEBNMLsudNaFﬁ)-nPdam&eiodzL&MeLeu MeVal-
MRETBONS a5 R-DHE 5 rambless i A8 Tk irayrian. After 2 h
£6R8ht | Zé@géPHfa?ed\’aa?\oSﬂ'\'erdrﬁge P%d&@%d%eéhréﬁd%sg} nPhed on silica gel

neutra H'6.0 wth saturated KHCO3
éeluanist 8d tewrbiﬁyk/methyéemar (Md@Btethylmpetate GBni c phase

SRR TE, A o DI 8L oy el -

e@Mﬂ@QéQIMévallméBnit@Aé)?AbQI%S@m wé"d@eobtamedit(©owyleld)
chr omat ogr aphed on silica gel (eluent: 5:1

et hyl acet at e/ net hanol ). 7.3 of

B TR I TN

54 Aihdled 35 ﬁg)(lﬁ&%}o radivBloromnathaha’ After f Mrbfiieacti6®Xhe mixture
V-2 HH ] S}{nt hesi s

wageyislized Asmdﬁh{msmde@ﬂ%@w@%w Richlorpmethane. A he

B¥ER e LR B Moo B ity SohrBl JRIEY dried over nfyarous

t\kaazSOaahdtfllteledlfSubsequently, solvent was evaporated under reduced

H MeLeu- eu- Al a: D- Al a- MeLeu- MeLeu- MeVal -

%ecﬁﬁum\ S WaBRRToME oINS o) (elgans: 9:1

NPF %tél%nggﬁét‘I%T@Eﬂneﬁfé'nbﬂ )88 GP{WIMéIE‘@h-AIa D-Ala-
the cr e product was chromat ographéd on silica

g/lﬂLe(LeMeb.aud\/le‘GaEMEBmt((BAcyAbmﬁary@th were obtained (61% yield).

1); 9:1 MIBE/ met hanol (2)). 5.8
r'é&% e(k’/g%f‘gu(vél - MeLeu- Al anBAlag? (2) )

M/ms: W&emaqul\/mwgsm;(ﬁwh-mm Sar- OVe wer e obtai ned
(90% vyield). 13. trlfluroracetlc acid were added

to a solution of the | atter conpound
Synthesis of Boc-D-MeAla-EtVal-Val-MelLeu-Ala-D-Ala-MeLeu-MelLeu-MeVal-

MeBmi(OAc)-Abu-NMe-CH,-CH3-OH:

Fluoro-N,N,N',-tetramethylformamidinium hexafluorophosphate (TFFH)

(0.96 mmoles; 0.25 g) was added, under an inert atmosphere, to a solution of
H-Val-MeLeu-Ala-D-Ala-MelLeu-MelLeu-MeVal-MeBmt(OAc)-Abu-Sar-OMe

(0.87 mmoles; 1.00 g), DIPEA (2.78 mmoles; 0.48 ml) and Boc-D-MeAla-EtVal-OH
(0.96 mmoles; 0.32 g) in 15 ml dichloromethane. After 15 min, dichloromethane
was evaporated, and the residue was taken up in ethylacetate. The organic phase
was washed successively with a saturated NaHCO3 solution, a 10% solution of
citric acid and a saturated NaCl solution, and was then dried over anhydrous
Na,S0O, and concentrated. Chromatography on silica gel (in 98:2 ethylacetate/
methanol) yielded 1.14 g (90%) Boc-D-MeAla-EtVal-Val-MelLeu-Ala-D-Ala-MelLeu-
MeLeu-MeVal-MeBmt(OAc)-Abu-Sar-OMe.
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(4 moles; 5.6 g) in 290 m dichloronethane. After 1 h
of reaction, the mxture was neutralized usi ng KHCO3

w@naonizdosg ed with 500 m di chl oronet hane. The PCTEB2ES/002940

phase was washed 2 tines with saturated NaCl, dried
over anhydrous Na2SO4 and fi F28red. Subsequently,

sol vent was evapor at ed under reduced pressure. The

resi due was chromat ographed on silica gel (eluants:

9:1 MIBE/ et hyl acetate (1); 3:1 MIBE/ net hanol_ (2)).
dhetiatier preduct (R.64 mmelgs, 0. 93 'g) was taken up in 45 ml anhydrous

T

EM’ftde]s at A1|5’54ﬁ1|r7 intéfvaldtgveByenpéricd of ®h 30 min. At4 h, the reaction
rrggmb/v%sttiac@%qval VaI ) Nbéﬁéecﬁz@ al:g}qmon o'}[l:':ILO(?’)J citric aC|d an da
E r?cre{\t'e&j S|H Eébl) ﬂb@éﬁﬂf@ The orgagsc %asse was

exa Iuorop
acdbdd witidan Oa’m sohuaon oﬁt:rmrspblelrand a sawrateldd‘ﬂaGhs@ﬂtlon and was

H-VaI Leu- Al a -
Rel SRE.5F! 37 YATERS o3 Op G onBe PRk AHE SHiATB4(oGrébhy on
Q néé IQHI anw‘s B &é‘tﬁt@/rﬁeﬁaﬁe &@B@Qe@%)m&so MeRR&-EtVal-Val-
m d| | oromet hane. After
MeﬂemAthtmlaMehals-MeA@bN@/@ch-M%Bmt(%)fw -NiMe-fdt-CH2-OH
taken £$ n ethylacetate. The organi c phase was washed
? U y with a saturated NaHCGs solution, a 10%

ES/MS /z0f 484 O [VE+HIG TH RO @Va26#] ur at ed NaCl sol uti on,
and was then dried over anhydrous Na2SO4 and

concentrat ed. Chronat ography on silica gel (in 98:2

SRR EARGE o i Al Sl L vevel
64=t-Mb\AatDHI\/EBm(OAc) Abu- Sar - Ove. The |l atter product

mané% s 8 e o 650 s SR B g

e 03\51 Jfélld Epﬁ{[’%}él méLéu-NhSD%allﬁeﬂbu-Méﬁaj KR\ MEBMAOAC)-

reaction m xture was
Adonl- NM&-GI—@EE]—IZW(@ngﬁmbgesaﬁdlmm@)nndﬂ 4 ovbrag¢thanel, and the

S BTS2 T B SR B Rt B o v
dhifdr@ﬂ KTHPLE R Aass spectramery UAREEBD Nafhe mfkturel Was cooled to
O°C and hydrolysed by addition of 1 M NaHCOs. Methanol was eliminated, and
the residue was taken up in ethylacetate. The organic phase was washed with
1 M NaHCOs; and then a saturated NaCl solution, dried over anhydrous Na;SO4
and concentrated. The product (557 mg), H-D-MeAla-EtVal-Val-MelLeu-Ala-D-Ala-
MeLeu-Mel eu-MeVal-MeBmt(OAc)-Abu-O-CH,-CHo-NHMe, was used in the next
step without purification.

Product (0.42 mmoles; 557 mg) was dissolved in 20 ml methanol and combined,
under an inert atmosphere, with a solution of sodium methanolate (1.26 mmoles)
in 1.26 ml methanol. After 18 h at room temperature, the reaction mixture was
cooled to 0°C, and sodium hydroxide (4.2 mmoles; 168 mg) in 5 ml water was
added dropwise. After 21 h at room temperature, the reaction mixture was again
cooled to 0°C and neutralized with 1 M KHSO,. Methanol was eliminated, and the

residue was dissolved in ethylacetate. The organic phase was washed with a
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then dried over anhydrous Na2SO and concentr at ed.
After chromatography on silica gel (in 95:5

wedoglozsoes at e/ net hanol ) 0.63 g (81% of PCT/IB2005/002940

Boc- D- MeAl a- Et Val - Val -

MeLeu- Al a- D- Al a- MeLeu- MeLeu-N4/al - MeBnt ( OAc) - Abu- N\Ve- C

H 2-CH2- OH were obtained. ES/MS: nfz: 1434.9 [ MkH+]
gonfi-SatliMitatHNaSysoldition, driedl over anhydrous Na,SO,4 and concentrated.

Rhoocsh (B2 s et rvan b S e vt b o
e o TR PE R AR A DL Rr g TSl et prytfogton
IHPMEBm*Z@B@)mnNﬁ%NNE-chz CH2 OH (0.425 mol eﬁ; 618

' 2. i
aSiamie oot BR824 5t “the react on vas
nonitored by HPLC and nass spectronetry. After 80 h,

the mxture was cooled o QOC, and hydrol ysed by
SyiotihesisrofdD-WeajkEval] Qsfhanol was el i i nat ed, and

d K
ot ST Sy B Ra R LD v oD e D e
M@@buﬂﬂéuéumleVﬂfNﬂégnﬂ%u-@ﬁhQ;ﬂi &2 mrhele6A0@ntY) and sym.collidine
concentrated. The product (55

478 mmplesep 24 mydn 59gnb@cwpgp@en‘&]a@e was added dropwise to a

e e e s

bﬁoékihamP?AOPi@ﬂSmmmWSs d2 gy @d 3 inlit@Odichlaremietharie.
and conbj ned, under. an inert atno

€3 ihJiesntherrezeion, mlﬁﬁf%la’ﬁ§lhé(fjé°|¥§s‘§) Eer o !085‘;} 9 H0% NzCOs
Qé)lug?ﬁ t]9i‘&ﬂ|or tfinelfal e% a@@%ﬁgﬁﬁ t?keﬁ R in ethylacetate.

reaction mx ure was cool e
Mhidrooganie phésé wamh/ashedslscougs)smeiy Wwithia it HGlesolutidtieand a

SaaEaed wotian o1 fagl Augdch L BbhEdBEs NasE 0y A concentrated. Crude
gﬁ%ft{cﬁ{éda%ﬁr}f‘feﬁ'bnlm%é%@o?reldﬁg hqoqhg\ceg%?l[mrmema?d[EtVal] -CsA

due was ved Tn ethylacetate
biRk&htre30dsanyd80%ashed wit h aseni - sat urat ed NaCl

ESvilh A Lot R L R R Ca0g
H D- MeAl a- Et Val - Val - MeLeu- Al a- D- Al a- MeLeu-

MeLeu- MeVal - MeBnt - Abu- OH, was used in the next step
WXAABLE R Qi tamudations of cyclosporins of the invention.

Amounts are expressed as % wiw.

Example A:

Cyclosporin of the invention 10
Glycofurol 75 35.95
Miglycol 812 18
Cremophor RH40 35.95
Alpha-Tocopherol 0.1
Example B:

Cyclosporin of the invention 10
Tetraglycol

Captex 800



HPLC tr=26.27 m (86% ES/Ms: m z: 1235.5 [ MtH+]
618.2 [ Mt2H+] Synthesis of [D MeAl a] 3-[ Et Val ] 4- CsA:
wQeae/3%8s | nert at nosphere, a sol ution of PCT/IB2005/002940
H D MeAl a- Et Val - Val - MeLeu- Al a- D- Al a-
MeLeu- MeLeu- MeVal - MeBnt - Abu- €2P ¢0. 162 nmol es; 200 nm)
and symcollidine ( 1.78 nmmoles; 0.24 mM) in 50 m
Nikkbl ECO®pDhane was added5lgopwi se to a sol ution of
é?- azabenzotri azol e-1-yl ox¥ tripyrrolidi nophosphoni um
eividionsekiessHBHE) (PyadP! 0. 486 nmmol es; 254 ng) in
3.2 liter dichloronethane. 72 h later, the reaction
m xture was hydrol ysed by addition of a 10% Na2CC3
Erampleo@: Di chl or omet hane was evaporated, and residue
aken up ip_ ethylacetate., The organi c phase was washed
éMé@éE@i"\‘/QFS’"Wﬁnﬁo%. 1 N®a solution and a saturat ed
@g}d&drgmgf NaCl, dried oypgsanhydrous Na2SO4 and
concentrated. Crude product was purified on silica
Wedlycoli8dl2di ng 110 ng (59%4 [ D- MeAl a] 3- [ Et Val ] 4- CsA
PLC t :3|§ m (100%) M5: miz: 1217.6 [ MrH+]
ng{'% té’? EXAVPLE 2: ‘Otal fornul ations of
BMf.WWQkyé}ﬁsé]é (Bpm)l nverg.08:m.1 Anount s are exp_ressed
as %'w w.” Exanpl e A® Cyclosporin of the invention 10
d ycofurol 75 35.95 Mglycol 812 18 Crenophor RH40
35. 95 Al pha- Tocopherol 0.1 Exanple B: Cycl osporin of
the invention 10 Tetraglycol 2 Captex 800 2N kkol
HCO 40 85.9
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But yl hydr oxyt ol uene (BHT) 0.1 Exanple C. Cycl osporin
of the invention 10 dycofurol 75 39.95 Mglycol 812

wadoogiossesphor RHAO0 36 Butyl hydr oxyani sol e ( BHAPCT/IB2005/002940

0. 05-0. 1Exanpl e D. Cycl osporin of the invention 10
Tetragl ycol 10 Myritol 5 Cre'rr%@hor RHA0 74.9

Al pha- Tocopherol 0.1 Exanple E: Cycl osporin of the

i nvention 10 Et hanol 9 Propyl ene glycol 8 Crenophor
RHA0 4 1 dycerol nonolinoleate 32 For i ndividual
EXmBIecHt s of fornulations A-D and for methods of

i d idd sh ent Appl. No.

g&gggﬂs@rﬁ,ﬁoefg;rfgﬁﬁg&gﬁddwe i [ D MeAl a] 3- [ Et Val ] 4- CsA for
Téteaghpcalf act ure of a medildl nal product intended for
é{lhetﬂﬁreatrrent of HCVinfe§tion in a patient. 2. Use
B ding to claim 1 charhcterised in that said
CrYBihad RHlBt Val ] 4- CsA im go- admi ni stered or

adm ni stered separately with at | east a second
Alpheetocapherelat i s activé-Agai nst HCV infection as
part of an appropriate dose regi nen designed to obtain
the benefits of the conbination therapy of HCV

Eraepld BN in said patient.

Cyclosporin of the invention 10
Ethanol

Propylene glycol

Cremophor RH40 41
Glycerol monolinoleate 32

For individual components of formulations A-D and for methods of preparation see

British Patent Appl. No. 2,222,770.
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3. A pharmaceutical conposition conprising
[D-MeAl a] 3-[EtVal ] 4-CsA and a second ingredi ent that

WO 200808808 agai nst HCV infection. 4 . A phar neRP€UTB206:/002940

conposi tion according to claim3 characterised in that
it conprises further a pharmmééutically acceptable
carrier and, optionally, a diluent. 5. A nethod for
treat ment of HCV infection i CGlaimgat i ent conpri si ng
adm nistering to the patient an effective anount of
[ D- MeAl a] 3-[ Et Val ] 4- CsA 6 . A nethod according to

gl al M 3efd Dtl\r/ISﬁHIE UQbeP{I%CHaﬂUféc@u%rdfsd ﬁ‘ﬁdlcmal product

0- adm ni s erin dm nistering separately as part
i?fte@dlac&fumh@ltﬂe&trﬁedhsfd-l@h’gnimhommagzwent o obtain the
benefits of the conbination treatnent effective
anounts of said [D MeAl a] 3-[EtVal ] 4-CsA and of a

?ﬁ?gggsb%c%%ﬁ&tto bRdth 1 sharatieriGedditiitisalddD-MeAla]*-[EtVal]*-CsA
is co-administered or administered separately with at least a second ingredient
that is active against HCV infection as part of an appropriate dose regimen
designed to obtain the benefits of the combination therapy of HCV infection in said

patient.

3. A pharmaceutical composition comprising [D-MeAla]3-[EtVa|]4-CsA and a

second ingredient that is active against HCV infection.

4, A pharmaceutical composition according to claim 3 characterised in that it

comprises further a pharmaceutically acceptable carrier and, optionally, a diluent.

5. A method for treatment of HCV infection in a patient comprising
administering to the patient an effective amount of [D-MeAla]’-[EtVal[*-CsA.

6. A method according to claim 5 for treatment of HCV infection comprising
co-administering or administering separately as part of an appropriate dose
regimen designed to obtain the benefits of the combination treatment effective
amounts of said [D-MeAla]*-[EtVal]*-CsA and of a second ingredient that is active

against HCV infection.



