USE OF ED- MEALAW ETVALWCYCLOSPORI N FOR THE TREATMENT OF HEPATITIS C

| NFECTI ON AND PHARMACEUTI CAL COWVPCSI TI ON COVPRI SI NG SAI D

[ D- MEALA] 3- [ ETVAL] 4- CYCLOSPORI N The present invention relates to
the use of a cyclosporin for the treatnment of 5 hepatitis C virus (HCV)
infection and to a pharmaceutical cottposition conprising said cyclosporin.
HCV was cl oned and characteri zed about 15 years ago by Choo and col | eagues
(see Sci engse @éb-méd BT

Fl avi vi ri daep amﬁmn%ﬂa@ggg;%ﬁgépoeﬁﬁﬁo WT*AE&E@ 5 Tﬂ{i‘%r cSiiinded
RNA genome of positive polarity (see Bartensc ager t al |V|9RA'F Res.
60, (2003), 91-102). HCV is transmtted primarily by blood, blood products
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course of infectionis typically mld. However, the inmune systemis often
i ncapabl e of clearing the virus, and people vvlth persistent infections are

at a hh gh ri Isk for |mesnsbnms;ha@&e%drasmtm@@érhlah@[u epbshfoMa (see
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i ncl ude rryal ia art ®-depressi on, |eucopenia
and haenol yt'°c anaeni a. CI early, additional therapies, with a higher

antiviral activity agde t he
treat nent of H ynf ect i c\))rjli% g%?%ta%%ﬁ&%?{n&&gtérbﬁemaﬁ%rég'g%f{g’q’g aBbut of the

prevention of HXP PO PPARIE wiecied vith iy %@e @%ﬁ'&ﬁl’i‘i?lﬁ’ﬂ"ﬁ@h%'ﬁmaw ofile,
criteria such amild. OW\Meyéroﬁhexnmurteysyaz@dw i€ ytedshaabhisle of &I%P%ﬂﬂmﬂk Ohd

sel ectivity ind rel evant, f Jlnlca atment of HCV
i nfection. 5A ngé\ﬁj cF)Stééé n?erc %{'hs gre Fap! ?r"b'?# 'Vle-fé‘\f”?c’ﬁisé"é' i on Using

oycl ospori né vva‘%epla@é@‘ 9af§lfé§®ﬁ (ﬂ@é(ﬂ’owr@iaiam aicetdd@se(toal) easss2see Ter aoka
at al., Transplant Proc., 1988, 20 (3 swop! 3), 888-876, and |Inoue etal. J

Gastroenterol, 2003 38, 7-
: There is no vaccine avaitable, 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).
25
Current therapy is based on a combination of interferon alpha and ribavirin,
This therapy produces a sustained anti-virat response in 86-90% 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 sﬁghiﬁcant
30  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, particulary e.g. in



572). Recently it was shown that Cyclosporin A (CsA) inhibited the in vitro
intracel lular replication of an HCV subgenornic replicon at clinically

achi evabl e 10 drug concentrations (see Watashi et al,, Hepatol ogy 38, 2003,
1202-1288, and Nakagawa et:al., E3BRC 313, 2004, 42-47). Both groups
suggested that the anti HCV effect 0eCsA was not associated with

i mMMUnosuppressive activity based on obser%ations made with the use
respectively of an i munosuppressive macrdlide, i.e. the conpound known
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activity (see’RSepation: mate wih thg \ise Toapectivaly f an ygnuncsyppressiye macralide,
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nonbul ky 10 h%ldro hot%irzz oFr) ﬁléam}:rdg@ta%s%ﬁ&g?@ﬂ%ﬁg@%@%&%ﬁ%?ﬁb@%ﬁ% and in
position 4, i gestihrtene SRLEPMtoRVeReaRis A nielklemaorould be fo/carsisigr the
hydr ophobi ¢ amsenfubndrhmentduppaetile @i dedpotif@famgs.cuci ne and they report that
t hose cor%aounds have a high potency to inhibit H V-1 replication and
essentially | ack i munosuppressive activity ( see International patent

appl i cati on WO 00Poimithedl 1Seramhadumbet afthedicindl cheéQ09)siudlds HaL@3- 6) .
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antiviral acthaving¥uaDapifeptybetter safety profile in conparison to the
al r eady igproved t herapy or the new y proposed ones.

NIM 814, along with @ other Cyclosporin A derivatives, were reported by Ko
etal. in patenti‘ application EP 0 484 281 for thelr non-mmunosuppressive
properiles and were consideted as being potentially useful in the freatment of HIV
infection and the prevenfion of AIDS. The design of those derivatives involved the

30 modification of the amino-acids in 4~ and/or 5-positions of Cyclosporin A,

i
!

By medifying amino-acids in 2- and/or 6-positions of Cyclosporin A, Sigal et
al. aynthesiseci a fotal of 81 cyclosparin analogs and observed that such chemical



The present inventors surprisingly found that the admnistration to a
patient infected with HCV of a very specific conpound, i.e.

[ D- MeAl a] 3-[ Et Val ] 4- CsA, 25 neets the above requirenents. They observed
that, in addition to its noni munosuppressive property,

[ D- MeAl ar gEt Val r - CsA has a signifi cantl¥ increased affinity for

cycl ophilins, which increased affinity-r¥s correlated with an el evated
efficacy against _inhibition of HCV replication. 30Accordingly, in one
aspect, t her enpdifigstigng indérerarecipase it themmeRpasRpressivesctivitydsee Bigel ethe

manuf act ure ofi, a pedivelnals produnb-g2ey ended for the treatnent of HCV
infection or for the prevention of HCV recurrence in a patient. - 3a - In
anot her aspect, there is provided a pharnmaceutical conposition conprising
[ DMeAl a] 3- 1Et Vallfndsh aasdp@tor nesiling spRs@B8d ingpesitienbs ¢\ifspbiin Aln
antiviral VUQ} sgbstance active against HCV sel ected fromthe group

consi sti ng of'#§'HAGPRNNORHIMYRCFURPEISPIE GRMRCKRAS were described in particular

[ D- MeAl a] 3- [ Hy\tadrfidde €541, rolg/CoesPeanepo/a o dap o Vemoeio e4/28430. n WO 00/ 01715
and it has been attributed the CAS Registry Nunber 254435-95-5. It is a
cyclic undecapeptide described by the following fornmula: 5

- MeBnt - c@hbu- D- Ve Alhengtn\d bl Wave ddigaad A serieDpAbanplinay it bafar feal - 1234 56
7891011 wher Bt .is, " N . '

N et hy | - ( 4R CBRRTArRRSiton 3. 19 WHRNDPY et AR Ry ajagh popkuley

L- u- am ndtfut ywiophabidor d2ulvairaine acililotredr thydn- Dglting) g, in Bbdigdn 4,9n which

N- et hyl - L-val, ne 0 Vval, i -val | ne Leu IS methyl -L:leucine, Alais
L-al ani ne, ( X Qrieln gl QT%%P‘h%t?g%Q%XIY&FSﬁgdrﬂpwéqt'ﬁgﬁ E(Ef_u-t'i%?mwg.a%e
convent i onal othentreni algudifie amd they epiod tpaithdseomsnppends hiveya high golancy &f er ence
of Cycl ospori;n A is s : _ : A, LS, hj ev usi ng
conposite nar‘r@éﬁ?tc%'ri}/pfftégl}?%élggIa?%{Y?ésstéﬁtﬁ%&{l?%“n&%%%é?‘%{nsgs%%%%ivﬁg§1 ity of

resi dues t hatintametiefial patewirapplication Yo §6/01 i1 ged Ssipaheidrond aindtp(2000Pi ng 15
their posisti 9993_gj'_|d a second portion |abelled uCsA" indicating that all

ot her residues are identical to those in Cyclosporin A For exanple,
[Meller-CsA is a cyclosporin that is identical to cyclosporin A except that

MeLeu in positionn dig dr 4R @&t R¥eMRIH i§ 1d Polib M clbmidiaPhBE heg) -
therapy for the treatment of HCV infection, particularly e.g. in the case of the
prevention of HCV recurrence. This therapy should offer a higher antiviral activity

20 and a better safety profile in comparison to the already approved therapy or the
newly proposed ones.

The present inventors surprisingly found that the administration o a patient
infected with HCV of a very specific compound, i.e. [D-MeAlaP-{EtVal]*-CsA,

25 meets the above requirements. They @bserved that, in addition to its non-
immunosuppressive property, [D-MeAlaP-{EtVal]*-CsA has a significantly
increased affinity for cyclophiiins, which increased affinity is correlated with an
elevated efficacy against inhibition of HCV replication.

30 Accordingly, in one aspect, there is provided the use of [D-MeAlaf’-
 [EtVal]*-CsA for the manufacture of a medicinal product intended for the

treatment of HCV infection or for the prevention of HCV recurrence in a patient.



20The present invention will be explained further wwth foll ow ng
experinments and with the drawing in which: - Fig. 1 represents a dose
response hi stogram neasured by |uciferase assay in infected Huh-7-Lunet
cells; - Fig. 2 represents a dose response hi stogram neasured by

| uci ferase assay in 25 infected Huh-735-cells; - Fig. 3 represents

cl earance response curves of infected Huh-9-13 cells; - Fig. 4 represents
3D representation of dose response with combination I FN /

[ D-MeAl ar-[ EtVal r-CsA. 30Current nedi cal uses of Cyclosporin Arelate to

t he abi 7 agotagr aspest. g spTavided apbpraaceutipal oBmosHivnicafgsindidne r esponse
by pr eV%ﬁllé}ﬁ[é{K/Qﬁ"UGEA QRd 2N Eh 88&MdThrRBILRE Hat RUPSIHVIES d?u§e| | growth
factors, including interleukin 2 (IL-2); fromactjvated T cells (see Borel
(1989) TFrbsiamcaantive pgaipsldCVaplecerhirgndhe gioyriconsisting of rbpgim)andralc. Nat | .
Acad. Sgj 5214-5218; Faulds et at (1993) Drugs -5- 45,
953-1048#gﬁ%§@ﬁééﬁtry into cells, Cyclosporin A binds to cyclophilins with
high affinity (see Handschumacher et al. (1984) Science 226, 544-547). As
anong di fferent biological function, they have peptidyl-prolyl cis-trans

i sonerase (PPlase) activity that can be neasured in vitro (see Fischer et
al. (1989) Nature 337, 476- 5 478; Takahashi et al. (1989) Nature 337,
473-475). Critical for the i mmunosuppressive effect of cyclosporin Ais an
i nteraction between cycl ophilinCyclosporin A conplex and cal cium and

cal nodul i n- dependent serine/threoni ne phosphatase 2B (cal ci neurin) (see
Hauske (1993) DN&P 6, 705-711, Friedman et al. (1991) Cell 66, 799-806; Liu
etal. (1991) Cell 66,807-815). Formation of this 10 ternary conplex results
in an inhibition of the phosphatase activity of calcineurin. (see Jain et
al . (1993) Nature 365, 352-355; Rao et al. (1997) Annu. Rev. |nmunol. 15,
707-747; Crabtree (1999) Cell 96, 611-614). Calcineurin pronotes the

sel ective dephosphoryl ati on of NF-AT that then translocates to the nucl eus
where it associates with activator protein 1 and transactivates target
genes, 15 including the IL-2 gene. It is believed that, due to the
am no-acids in 3- and 4-positions, [D MeAl ar-[EtVal]4-CsA has a
dramatically reduced ability to interact with cal cineurin as shown by
transcriptional and inmunol ogi cal assays as well as a 20 significantly
increased affinity for cyclophilins as indicated by assays of inhibition of
peptidyl-prolyl cis-trans isonerase activity.

Pepti dyl -prolylcis-trans isonmerase (PPlase) activity of cyclophilins was
determ ned using a procedure adapted from Kofron et al. (see Biochem stry
30, 25 6127-6134 (1991) ; J. Am Chem Soc. 114, 2670-2675 (1992)).
N-succi nyl ated Al a- Al a- Pro-Phe-para nitro-aniline (Suc-AAPF-pNA, Bachem
Bubendorf, Switzerland) was used as the substrate. The assay was based on
the preferential chynotrypsin cleavage of the trans isoformof the Phe-pNA
bond in the tetrapeptide Al a-Al a-Pro-Phe-pNA. This cleavage |iberates the
para-nitroaniline



30 noiety that can be detected and quantitated at 390 nm (s = 11, 814

M 1lcm 1). Schut kowski et al. (1995) Biochem stry 34, 13016-13026. C s-trans
i sonerization is catal ysed by cyclophilin (PPlase, EC 5.2.1.8). After

m xi ng CsA or anot her cydosporin (10-9-2x10-5 Mfinal concentrations
prepared from 1000-fold concentrated stock solutions in ethanol) with 0.1
pg cyclophilin (Sigm) in a total - 64_volunme of 1.5 m of 40 nmM Hepes,
pH 7.9, and incubation for 50 min on ice, the reaction m xture was

transferred to a puyeihe.(Edrah’.gasn&Sendt L i.ap .spect rophot onet er
(Varian). Subse u[ent to]et[he gddi tion ofn f%r%gniﬁy\cl)\?ené/%’;ﬁo l’r"jpsi n (70 pl of a

sol ution of CHYRBOIGERM it basiteematiNeytyd theeAS Beaistng Mumber B54435t95%5.dd by
addition of ¥ plcli®lindecpeptitdisgivbd pPtRfoanRFRuBNA in 0.5 M

Lid/trifluoroethanol. The reaction was nonitored for 3 min, and an initial
rate constant was determ ned fromthe data obtained. As a control, an

initial rate-MeRRt@bu-DAse s-50/ALEMBLALALIOIAR-NERALIE] el BBghl On that

| acked cycl ophilin. ncentration-respgnse curves were established for
cyclosporin A ard other 16 cycPosBoring, &nd Bcs0 (%50% 1thhibltory
concentration) values of different cyclosporins were expressed relative to

e an i ael PRGN ey ARy S Sea R A N iepBRB A Bpor t or

assay was uskd-aminobuyricyactd) DefdeAintd 8-nidhyHDvaiiie BV SNy valind, | es of

cycl ospogins : |, 61992 rans nt, Proc. 43-48. Jurkat T

cgl | s gt ?i%l yv?lrl?)%%%’ ect gﬁg L%\A“ '[Sh'\q? e&gk%—;{e[ugp\eg%ﬁg? Pﬂﬁn'%ﬁﬁéq%lsiﬁa nine,

bact eri all3- gl deYald$ Nasahgdnaliomdde cohentiondimaimbefin@ofaminoterd of an 1L-2
ene were obgai > vard | har A asel i tzerl and.

'?'he cells mé%!t%ﬁgg%ﬁé}%ﬁyw%ggger%@%oﬁrﬁyg%%%?@%%tsga %%e%m?@fg}a%mu%a.

heat - i nact i vBbig dchieded biabsing eorapnsitd 08med ndmprsinga Fitst portidd hdfagting

st rept omyci BWMCH e - t n u/

hygronyci n gtﬁe,&l)'dhe __gJIf s merggaétg%r@{%tgrgg%gf/@‘%%%a P)tg %r?]n o?@%%vﬁ{?fg

phor bol - 12- nieir gesiion, and asecandeodion latiipd)/GaA” fimdicating itsad @il othieniasiduest he
resence. or L&k r 1 - 10-5 M

p ALIRNGE A thoys fnqg\ﬁﬂif sbéhrﬁ&.giao_r {@g@hags[@%%?&&% s %{1:@?%%

final concentrations prepared from 10 entrate

sol uti ons i nfhatipidestisal togtysloseren exesr} hatMakewin Hositiond inreplacs?by cel |'s were
har vest ed angdellsy ﬁeih@f-l‘_ii%omih@)ZHPm (pH 9.0), 10 MM KCl, 1 mM MgSHA4, 1%
Triton X-100, 0.5 nmM 4-net hyl unbel l'i feryl -3-D gal actosi de (Si gnma, Buchs,
Switzerland). The p-gal actosi dase reaction was allowed to proceed for 1 h

in the dark at rUmepicesmenahtisiewil beeporeahirfr Wihtowind(ahabhisk €r one was
assayed fl uor one rh%alwlgy in thcg]hsuper nat ant solution (excitation: 355 nm
em ssion: 460 rm{h.it PN A- r esponse curves were established for

cycl ospor i n -Figndepteberts ayiobe f3pbondashistégram Mead e sdb @bi@ée@éss@'gfiﬁ erent
cydosporins E;i\g%;g E‘ak Iatfd lr.el ative to that of cydosporin A (1.0). A value
hi gher than 4 RNl 890SC ompound s | ess | munosuppr essi ve than CsA.

- 7 - : - Fig. 2 represents a dose response histogram measured by luciferase assay in

25 infected Huh-7.5 cells;
- Fig. 3 represents clearance response curves of infected Huh-9-13 cefls;
- Fig. 4 represents 3D representation of dose response with combination
IFN / [D-MeAlalP-[Etval]*-CsA.

30 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 (1988) Transplant. Proceed. 21, 810-815; Kronke

et al. (1984) Proc. Natl. Acad. Sci. USA 81, 5214-5218; Faulds et al. (1993) Drugs



Exanpl e results are shown in Table 1 bel ow. Table 1: Cyclophilin

bi ndi ng (PPl ase) and i nmunosuppressive (IL-2) activities of 5 CsA and ot her
cycl osporins Conmpound PPlase IL-2 CsA 1.0 1.0 [DMeAl a] 3-[EtValr-CsA 0.3
7161 [Mel le]l-CsA 0.5 2250 The data shown in Table 1 reveal ed that
certain substitutions in position 4 (i.e., Val, Ile) dramatically reduced

| mrunosuppressive activity (nmeasured ag_inhibition of IL-2 expression) as
wel | as detectably enhanced cyclophilin binding activity 10 (neasured as

inhibition o t ition 3
resulted in %315 gg%?tﬁgj agbi)ﬁ/%ﬁ% ﬁtfa C%?,{f\c ggésdedri?})rf\ %i ﬁ)%‘é b gﬂmgﬁact Ivity
(by 2 fold oaffiniy{eee dandsphupaghgr etral (49443 Scignce P 5 tﬁéﬂﬁé?hlﬁgwneycl ophilin

bi ndi ng act 'd’ffér)én%@cellﬁ)’r‘ﬁ‘:ﬁorf ey Haad éﬂwm@w&é fand ié@m@Fést\(Plbl)éséhan

[ Mel l er-CsA, the best reference conp ound avai abl e fromthe |terature

[ Mel | e] 4- cSAaqtiwtyathgfcparar?@\me%yr%fwmiseel%sqn@ﬁeﬁMﬁ%@w@vr@s@. v&Cactivity of
| D- MeAl al 5- f FgVahkanGsih et al. (1989) Nature 337, 473-475). Critical for the

immunosuppressive effect of cyclosporin A is an interaction between cyclophilin-
Cyclosporin A complex and calcium- and caimodulin-dependent serine/threonine
phosphatase 2B (calcineurin) (see Hauske (1993) DN&P 6, 705-711, Friedman et
al, (1991) Cell 66, 799-806; Liu et al. (1991) Cell 66, 807-815). Formation of this
10 temary complex resuits in an inhibition of the phosphatase activity of calcineurin.
(see Jain et al. (1983) Nature 365, 352-355; Rao et al. {1897) Annu. Rev.
immunol. 15, 707-747; Crabtree (1899) Cell 96, 611-614). Calcineurin promotes
the selective dephosphorylation of NF-AT that then translocates to the nucleus
where it associates with activator protein 1 and transactivates target genes,

15  including the il-2 gene.

it is believed that, due to the amino-acids in 3- and 4-positions,
[D-MeAlaP-[Efval]*-CsA has a dramatically reduced ability to interact with
calcineurin as shown by transcriptional and immunological assays as well as a
20 significantly increased affinity for cyclophilins as indicated by assays of inhibition of

peptidyl-prolyi cis-trans isomerase activity.

Peptidyl-prolyl cis-trans isomerase (PPlase) activity of cyclophilins was
determined using a procedure adapted from Kofron et al. (see Biochemistry 30,
25  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
30 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 (PPiase, EC 5.2.1.8). After mixing CsA or another
cyclosporin (107 — 2x1 0 M final concentrations prepared from 1000-fold
concentrated stock solutions in ethanol) with 0.1 pg eyclophilin (Sigma) in a total



In a confirmatory anal ysis, immunosuppressive activities of CsA [MlteCsA
and [D-MeAl a] 3-[EtVal ] 4-CsA were estinmated using the m xed | ynphocyte 20
reaction. In this assay, cydosporins were dissolved in ethanol (10 nmg/m).
Freshly isolated Cal.+ PBMCs fromtwo healthy donors were m xed subsequent
to inactivation by irradiation of one of the populations (stinulator cells;
S). After five days of co-culture in the presence or absence of a
cyclosporin (1 pg/m), the proliferative response of the non-inactivated

e b POPUL L Bl BAUR 0 it pe o o W (FlEhEA AP0 i btk eV ™ 01 1
Fsr o it Hepe arad P in rt o e

i ncor poration onduc reci proca e two cell
popul ati ons, reagdipn m:iﬂnngaﬁ&@wfvmcb@ peiyete thetiwas é’@i’flaﬂi 19?(1‘; i, a@maml ation (%

of responder sE@éﬂloﬁh&@:ﬁeﬁ*ﬁ laﬁ)t QQb@ﬁuEm%h@éﬂﬂlﬁ n of 3. 7% mg B?r cent
100" x

stinmulation = l osporin - Mg_rloun sanpl e
wi t hout cycl @Bm@twu@sm (Hbgikqjﬁ@ewa?n g’aﬁhﬁﬁ@tww@msmtra Gﬁ)%har@ nWes mul at or
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i nterpreted ﬂ—t? Ffﬁ'&ﬁ“’?‘r‘i‘ét’dbﬂierf SpRSN ESATYaresar m'm/@ﬂdaﬁn\?m[“étr%@l r-CsA are

essential |y devairfl wab dbRIHINGS HORIRS 8htd @bRATAVAS ¥-control, arl #tlafrale
Proliferative response of ce/ bse@ce of 10

cycl ospori ns g %Wﬁ?@oﬁmﬂﬁﬁ?%%,%@n’?w& qfk}ﬁa{‘f-‘@ﬁ YeePhid-andar d

devi ati on Rl Csnéhtration-response cuirves were established for cyclosporin A and other
10 cyclosporins, and ICsp (50% inhibitory concentration) values of different
cyclosporins were expressed reélative to that of cyclosporin A (1.0). A value less
than 1 means that the compound has an higher cyclophilin affinity than CsA.

A NF-AT-dependent reporier assay was used initially to estimate

15 immunosuppressive activities of cyclosporins. Baumann et al. (1892) Transplant.
Proc. 24, 43-48. Jurkat T cells stably transfected with a reporter construct
containing a bacterial B-galactosidase gene under the control of a promoter of
an iL-2 gene were obtained from G. Zenke, Novartis Pharma AG, Basel,
Switzeriand. The cells were grown'in RPMi1640 medium supplemented with

20  10% heat-inactivated fetal calf serum, 100 u/mi penicillin, 100 pg/mi streptomycin,
2 mM glutamine, 50 pM 2-mercaptoethanol and 100 u/ml hygromycin B. The cells
were stimulated by the addition of 2.4 pM phorbol-12-myristate-13-acefate and
75 pg/ml phytohemagglutinin in the presence or absence of cyclosporin A or
another cyclosporin (10° — 2x10°° M final concentrations prepared from 1000-fold

25 concentrated stock solutions in ethanol). Subsequent to incubation for 20 i at
37°C, cells were harvested and lysed in 50 mM Na;HPOQ4 (pH 8.0), 10 mM KCJ,

1 mM MgSQO,, 1% Triton X-100, 0.5 mM 4-methylumbeliiferyl-B-D-galacioside
(Sigma, Buchs, Swilzerland). The B-galactosidase reaction was allowed to
proceed for 1 h in the dark at room temperature. Fluorescent 4-methyl-

30 umbeliiferone 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 1Cs 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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Example results are shown in Table 1 below.

Table 1: Cyclophilin binding (PPlase) and immunosuppressive (1L-2) activities of

CsA and other cyclosporins

Compound PPlase IL-2

CsA 1.0 1.0
[D-MeAla]{EtVal[-CsA 0.3 7161

[Melle]*-CsA 0.5 2250

The data shown in Table 1 revealed that certain substitutions in position 4 (i.e.,
Val, lie) dramatically reduced immunosuppressive activity (measured as inhibition
of IL-2 expression) as well as detectably enhanced cyclophilin binding activity
(measured as inhibition of PPlase activity of cyclophilin). Substitution in position 3
resulted in a substantial further increase in cyclophilin binding activity (by 2 fold or
more; cf (D-MeAla]-[EtVall*-CsA. It had a higher cyclophifin binding activity and a
lower residual immunosuppressive activity than [Melle]*-CsA, the best reference
compound available from the literature. [Melle]'-CsA is also known as NiM811.

Non-immunosuppressive activity of [D-MeAlal*-EtVall*-CsA

in a confirmatory analysis, immunosuppressive activities of CsA, [Melle]*-
CsA and [D-MeAlaP-{EtVall*-CsA were estimated using the mixed lymphocyte
reaction. In this assay, cyclosporins were dissolved in ethanol (10 mg/mi). 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-cuiture in the presence or absence of a cyclosporin (1 pg/mt), the
proliferative résponse of the non-inactivated cell population (responder cells; R)

was determined by [PH]-thymidine incorporation.

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

calculated by the formula:



R2 x S1 None 8 100 9 R2 x S1 CsA 4 9
[D-MeAl ar-[EtVal ]4-CsA 4 4 75 65 9 7
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Percent stimulation = 100 x (sample with cyclosporin — background) / (sample

without cyclosporin — background)

Sample refers to a mixture of stimulator and responder cells. Background

represents a control in which only stimulator cells are mixed. Resuits are shown in

Table 2. They were interpreted to mean that both [Melle]*-CsA and

[D-MeAla]>{EtvVall*-CsA are essentially devoid of immunosuppressive activity.

Table 2: Proliferative response of CD4" PBMCs in the presence/absence of

cyclosporins

Co-culture | Compound N % Stimutation Standard
(relative) deviation

R1x 82 None 8 100 30

R1x 82 CsA 4 29 3

R1x82 [ [Melle]’-CsA 4 84 13

R1x82 [D-MeAla]-[EtVal]*-CsA 4 75 11

R2 x 51 None 8 100

RZxS1 |CsA 4 |9

R2 x S1 [Melie]-CsA 4 75

R2 x $1 [D-MeAla-[EtVall*-CsA 4 65

S7x62 | None a0 0.6

R1 x 82 refers to a co-culture of responder cells from donor 1 and
stimulator cells from donor 2. N is the nhumber of measurements.

Hiqﬁ anti-HCV activity and low cytotoxicity/cytostatic effect of { D-MeAlaP-[EtVal]’-
CshA ‘

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 fréction of the latter population
as well as is associated with significant side effects. Until recently, development of
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initiated at an interna o ) )
10 amino acids. Translation of this polyprotein is initiated at an internal ribosome

entry site (IRES) located at the 5" end of the RNA. The HCV polyprotein is cleaved
into at least ten proteins. They include capsid protein C, envelope proteins E1 and -
E2, possible viroporin protein p7, non-structural proteins NS2 and NS3 having
serine proteinase as well as ATPase/helicase activities, NS4A, membraneous
16 web-inducing protein NS4B, NS5A and RNA-dependent RNA polymerase NS5B.
The first successful replicon was a bicistronic RNA containing in a 5’ to 3’ direction
an HCV IRES, a coding sequence for a neomycin phosphotransferase, an IRES
from an encephalocarditis virus and coding sequences for HCV proteins NS3 fo
NS5. Subsequent to introduction into Huh-7 cells and selection using G418
20 {geneticin), this replicon could be shown to replicate autonomously to high levels
(1,000-5,000 copies/cell) (Lohmann et al., 1999). Characterization of the system
revealed that replication efficiency depended on permissiveness 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
25 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
30 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 biot and quantitative RT-
PCR (reverse transcriptase polymerase chain reaction) that HCV RNA
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medi um except for G418. After a 24-h
Antiviral effects were estimated either by luciferase assay or quantitative

RT-PCR. To carry out luciferase éssays, medium was removed, and cells were

30 washed with PBS. Subsequent to lysis in 50 pl of Glo-lysis buffer (Promegay) for 15
min, 50 pi of Stead-Glo Luciferase Assay Reagent (Promega) were added to 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.



25 incubation, nmediumwas renoved, serial dilutions of test conpounds in
medi um wer e 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, nediumwas renoved, and cells were
30 washed with PBS. Subsequent to lysis in 50 pl of Qo-lysis buffer
(Promega) for 15 mn, 50 pl of Stead-d.g Luciferase Assay Reagent (Pronega)
were added to cell lysates. Luciferase activity was neasured using a

| um nometer, and the signal fromeach test well was expressed as a
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(CC50) fon [ fhdiAlakded Blivadlid vARenaTshstnECi,cant |y higher than the val ues
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derived fromdeterm natigns of RNA titers usin uant i atlsé PCR yi el ded
simlar assays for estimation of replication efficiency and MTT assays for calibration of

luciferase assays and for estimation of cytostatic effects of compounds. In
25 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
30 (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 ECgp values were derived
from determinations of RNA titers using quantitative RT-PCR yielded similar



- 12 - conclusions. SI values of 45*, 73 and 625* were obtained for CsA,

[ Mel | e] 4- CsA and [ D- MeAl argEt Val r- CsA, respectively. Asterisks indicate
that the |ower of two independently determ ned values are presented. 5

Tabl e 3: EC50, CC50 and Sl val ues determned fromluciferase assays of HCV
RNA replication and MJ assays of cytotoxicity in Huh 5-2 cells conprising a
| uci ferasecontai ning HCV m nireplicon mpound EC50 (pg/m) +/-. CC 50
(pg/m) Selectivity index Std.Dev. +/-“Std.Dev. CsA 0.28 +/- 0.13 11.6

t-5.6 41 [ D MedL iRl S sl Bl ddisCoA Qs harebulined Y CsA, [Melie]'-CsA
and [D-MeAlaP-[EtVal]'-CsA, respectively. Asterisks indicate that the lower of two

independently determined values are presented.

5 Table 3: ECs, CCsp and Sl values determined from luciferase assays of HCV RNA
replication and MTT assays of cytotoxicity in Huh 5-2 cells comprising a luciferase-

containing HCV minireplicon

Compound ECsé {paimiy +/- | CCsq (ug/mi) Selectivity index
: Std.Dev. +/- Std.Dev.

CsA 0.28 +/-0.13 11.6 +/- 5.6 41
[D-MeAlal-JEtVal]*-CsA | 0.03 +/- 0.04 > 27 > 9800
[Melle}*-CsA 0.22 14 |64

EiVali*-CsA measured in infected target cells with

10 recombinant HCV

The anti-HCV activity of [D-MeAla]3-[EtVall4-CsA compared to CsA was
further determined in culture systems approaching the in vivo situation, The
method used hepatoma cells that had been infected with an infectious full length

15 chimeric HCV construct or the same virus that was modified to cany a luciferase
receptor gene. After the treatment of the infected cells with the cyclosporin of the
invention or CsA, the luciferase activity was measured as being directly correlated

to the inhibition of the viral replication.

20 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

uciferase 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,

25  cell culture supermatant was collected. Supernatants were filtered (0.45 uM) and
celt 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 CCIDS0 were 1.3 x 105 for Je1 and 4.2 x 103 for Je1-Luc.
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(G bco) or 2 tﬁfﬂ?{f&r '8??, OHESO) for Huh-nono cells at 37C and 5%
002. For antiviral (replication) assays, Huh-7-Lunet and Huh-7.5 cells were

ol ate. Tuenty fouagpBor ot Rbortnbiets S B8, et T "ot ne
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(12-vel | luciferase lysis buffer (1% Triton X-100, 25 mM glycylglycine, 15 mM MgSO4,

4mM EGTA, and 1 mM DTT). Firefly luciferase activity was measured according to

Krieger et al. (J Virol, 75(10), (2001), 4614-4624). Briefly, after one freeze/thaw

cycle, cells were resuspended and 100 pi of cell lysate was mixed with 360 pi

20  assay buffer (25 mM glycylgiycine, 15 mM MgS0O4, 1 mM DTT, 2 mM ATP, 15 mM
potassium phosphate buffer, pH 7.8) and 200 ul substrate solution (200 mM
luciferin, 25 mM glyeylglycine). Finally, luminescence was measured by using a

Lumat LB9507 luminometer (Berthold) for 20 samples.

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

30 cyclosporin of the invention.



10 plates). Four hours later, the virus inoculumwas replaced by nedium

containing different concentrations of CsA or [D MeAl a] 3-[EtVal ] 4- CsA and
were further incubated for an additional 72 hours. The inhibition of viral
replication were estimted by luciferase assay. To 15 carry out |uciferase
assay, cells were harvested, washed with PBS and |ysed in luciferase lysis
buffer (1% Triton X-100, 25 nmM glycyl gl1y40| ne, 15 mM MgSH, 4nM EGTA, and 1
vl DTI) Firefly luciferase activity was measured according to Krieger et
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concentrati orf® B?G%i\w 2% -result in the sane replication
inhibiting effect as the 30 cycl osporin of the invention. - 14 - High
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spect r ophgt or%e%ercggﬁl @@H@a&gﬁﬁé&nﬁ%@%ﬂr ﬁr‘{ﬁé bk Borfif wél nmaie%ﬁﬁc, 191,

(1993), 70-75 ased on the trans se ect Ivity of
chynot rypS| nthq)qatq)@frﬁis, Hans lmmqrﬁgtiqrwpéned out by cy ophmn A. The peptide was

N-succi nyl - alpgadl iR aQoRiisn Br 24 i RN 2 8 S-trifhRBodiRRd: S66705h0IaY 8Akarldeber at ed
the para-nitroaniline moiety that could be 15 detected and quantitated at
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(500 0 D RO e SR s et SRy 2 200
uni ts/ ng), pbH miuies infth&Ghber Bal. 0% eMensitHoated [B-Me G HENVAIECsAlwgreom
A o
usi ng a e8ncé&hen a.'ﬁlmimf trerigaubafed2yB0ptifid 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 1o 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 paralle! reaction that lacked cyclophilin. These

30  blank rates of peptide hydrolysis (i.e. in the absence of cyclophilin) were
subtracted from rates in the presence of cyclophilin A.



25 Then 3.5 m of the incubated cyclophilin was added to the sanple
cuvette. The reference cuvette contained a reaction that had gone to
conpletion to balance the reference beam Peptide was added at 25 pMto
initiate the reaction and the change in absorbance was nonitored at 10 data
poi nts per second. As a control, rates were also determned for a parall el
reaction that Iacked cyclophilin. These 30 bl ank rates of peptide

hydrolysis (i.e. in the absence of cycl ophilin) were subtracted fromrates
in the presence o I obt ai ned
fromthe PPl ase aigfgygﬂa\%g?ges dabn%a'lf%dsﬂéjéln %‘é FSF:"er"Sset asgﬁweﬂeryntaﬁél 0 Ig'?\al ysi s by

using first ordRsregressiet anatysis Wnlse*{g ﬁrﬁ@rdafé@eefonsma‘tlon@ft ertecedoiibe of t he
change in th%n?ebc%%mqea%angg%tﬂ%b Phitoe SRIYERmE POGRILAR! on (EL), the

i nhi bitor di ssociation const he rate constan or 5 the rate
limti ng r eaCPNGIRASN (), Bhel “dl'@t@rvi)isﬁwfﬁfﬁé cepfipydke arg g*eyete(cgoeent 8 osof t)

by fitting thg fad AnBRS Aldessh WOIdUEd B ﬁe%oﬁwa@%yﬁs 8003, é:@&ﬁ? I ght

binding inhibitor nultiprotein equation. The tig b ndi ng 1 nhib

mul ti prot ei n b¥dHRg;tamdata @btaineddiom tbwreajesrsmrh@naa/s=81@weﬂ%h§nen% i's defi ned
as b = - (Et* RindiKinuiiprsleit ehSatoriEt *P*1. Once Et, Ki and k were cal cul ated
by the conmputer for a given set of data, a graphl c representation of the
data was plotted and the line fitted to the points assum ng tight inhibitor

binding to a singlie MebRdng ikedilneditipiotdiheqglisioh aal fig: ﬂaﬁovﬁﬁwwnholﬁsi
v = KFEt* EK(B-sqrt(B*B 4*C))/2 %%&Et*g EI*+i< and C=Et*P"I Tabl e
4. Et, ki'%nd k val ues of cyclV ( (%"}3\ }[ZI\/EI te -CsA and
[ D MeAl ar 20 wiheMab is-desifed as Berqag*edl#i{‘,)cundl?ﬂbasﬂ*lam ivity assays. Conpound- Et
(pnol /mg) Kt dn'?:cMEth(; %%a 11<)wecr:§ éalculated by the computer for a given set of data, a

graphic representation of the data was plotted and the line fitted to the points

assuming tight inhibitor binding to a single protein, defined by the following

15  equations;
v = K*E¢*P-K(B-sqri(B*B-4C))/2
where B=Ed#P+i+K;and C=E¢Pl.

Table 4: F,, K; and k values of cyclophilin A for CsA, [Melle]*-CsA and [D-MeAla]*-
20 [EfVal]*-CsA determined from PPlase activity assays.

Compound Ei(pmolimg) | K; (nM) k {s-1)

CsA 7500 9.79+1.37 |0.17 £0.0069
[Melle]-CsA 7500 241+032 |0.17 £ 0.0068
[D-MeAla’-[EtVal]-CsA | 7500 0.34+0.12 ]0.16 £ 0.0074

fhe 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 [Meile]*-CsA. Surprisingly, the non-
25  immunosuppressive [D-MeAlal-[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
30 [D-MeAla]-{EtVal]'-CsA was a more effective inhibitor of HCV replication than any



7500 9.79 1.37 0.17 0.0069 [Meller-CsA 7500 2.11 0.32 0.17 0.0068

El D- MeAl ar - [ Et Val4- 05A 7500 0.34 0.12 0.16 0.0074 The | owest Ki

of cyclophilin A observed for the cyclosporin of the invention corroborated
the high potent of antiviral activity, the specificity and selectivity

I ndex (as above-nentioned) conpared to CsA and [ Mel | e]4-CsA. Surprisingly,
the non- 25 immunosuppressive [ D MeAl a],3-[ Et Val | 4- CsA showed an al nost
6-fold higher affinity for the cyclophl in of the exanple conpared to the
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cycl osporin ease cor ate the increased
cycl ophi I i n icnetisad cydenphitintbynding amamﬂ{wqﬂa RAEtVall’s@sA.HCV repl i con
cl earance and rebound 5

HCV replicon clearance and rebound

The recurrence of HCV infection is a major problem of the disease
especially even with the use of potential efficient treatment, e.g. cyclosporin and/or
Interferon. To study whether the more potent anti-HCV activity of the cyclosporin
of the invention as compared to CsA is reflected in the ability of the compound to

10 more efficiently cure cells producing HCV replicon from thbse, an in vitro cell
assay was performed based on presence of the selective drug G418 for

recombinant produced replicon.

Assays used Huh-9-13 cells, human hepatoma celis (Huh-7) (Lohmann et
15  al, Science 285(5424), (1999), 110-113) Cells were grown in the usual complete
medium DMEM without G418 pressure. The cells were cultured in the presence of
either CsA or [D-MeAla]*-[EfVal]*-CsA (both at 0.5 or 1 pg/ml) or were left
untreated for 7 consecutive passages. Control was performed to guarantee that
the absence of the G418 selective pressure would not influence the HCV replicon
20 content during several passages. To confirm that Huh-9-13 cells that had been
treated for 7 days with [D-MeAla]>-[EfVal]*-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 celis without replicon have died in the presence of
25 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,
30 respectively. The fiuorogenic probe was 5’—ACATCGCATCGAGCGAGCACGTACu
3. As an internal control, a pfasmid containing part of the neomycin
phosphotransferase gene sequence was used. Results were analysed and



The recurrence of HCV infection is a major problemof the disease
especially even with the use of potential efficient treatnent, e.g.
cyclosporin and/or Interferon. To study whether the nore potent anti-HCV
activity of the cyclosporin of the invention as conpared to CsAis
reflected in the ability of the conpound to 10 nore efficiently cure cells
produci ng HCV replicon fromthose, an_.iyp vitro cell assay was perforned
based on presence of the selective drug 0418 for reconbi nant produced

repl i con. ;hgj}, ggyjo? RNAYARhQ 0D 081 £R] bstdtbbiarA (Lohmann
et 15 al ., SC|ence 285(5424 999) 110-113) Cells were grown in the
usual conpleﬁéﬂﬁhdlunlDNEN1mAthout 0418 pressure. The cells were cultured
in the presence of either CsA or [13-MeAl a] 3-[EtValr-CsA (both at 0 5 or 1

pg/mM) or were left untreated for 7 consecutive SS ntro
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part of the photrans erase gene s ce was use sults
wer e anal ysetiubi®di3 selld From theipHEYJeplicas. a quantlty of replicon RNA (ng) per
1' 000 cells and used to draft a graph. Results fromthese experinents (Fig.
3) showed the superior antiviral effect 5 of [D MeAl a] 3-[ Et Val ] 4- CsA
conpar ed 6o Osum ¢ambitdtionst andard in vitro cell assay. Surprisingly, the
cycl osporin of the invention showed virucidal effect and not only
virustatic effect as the other imunosuppressive CsA. |ndeed, when the

[ OMBAl a13- [ Einjeferan G5 *@P@étoéﬁlel%ﬁﬁgtth%faé?épf HOVdnfeetions Taggfedighre in Fig.

3) were agai [p$idaidys P&Eivhr!ih t58 / FEE 2B eBmBInafdl #aé Eenoatad uﬁh@ﬂﬁe)mefhb@
cul tures di ed 10 conpared to CsA treated cellslé;r%{%gﬁ ggtsrlangl e). Both

cul tures thaff mafﬂe@}‘? $higaar Ativird] Resal9: 14 sages were
abl e to ppol iHeBfelit® ddhitivd effdut st fated fréei B da'daa—@sm‘elwﬁ;ed of Individual

[ D- MeAl a] 3-r Et Val | i %Aﬁf\\gas ﬁbl e fto @u_re Huh-9-13 cells fromtheir HCV
replicon. 153??‘9@“'@6 tgIuEHon ALBFYYRon (I FN) is part of the current
therapy of HCV infection. The effed=of+V¥Y3-XpAl aJ3-[EtValizt-CsA/ IFN-a 2a
combi nati on S al uat e Sln I he
(Antiviral R@gere%%ies?agtﬁ @5‘ pre CB%E?‘S '\f ‘ﬁggé&ﬁgggg (R]%%gdl tive
effect is calaupreterls fﬁmmtm&arﬂozeemmmme eﬁact\wsdwbdlblydﬁne/ccdntammloorrpounds
by the egyat |, op AEabR Bia.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

30 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



Z = X+ Y(1-X), where X represents the inhibition produced by

[ D-MeAl a] 3-[Et Val ] 4-CsA alone and Y represents |FN-a 2a alone. Z represents
the effect produced by the conbination 25 of [D-MeAlaj 3-[EtValj4-CsA with

| FN-a 2a. The theoretical additive surface is subtracted fromthe actual
experinmental surface, resulting in a horizontal surface that equals the
zero pl ane when the conbination is addi_t,l' ve, a surface that |ies above the
zero plane indicates a synergistic effect of the conbination and a surface

bel ow t he ze Werel ' JThe antiviral. assay was 30
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replicate plates were used to neasure the dose response curve of each
I ndi vi dual cgns'ﬂound. The data obtained fromall three plates were used to
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consi dered Sfiltliid (i a. 4f4.ndi ' NEt Val r - CsA can
be summari 22@1 as f@i#ﬁ@%ﬁ Iﬁfﬁ%@&ﬁg\g@ ?@%&B%%—SW?{%&S%%%@@SDM ent
anti - HOV act [Pri¥oAlalRdEnéldeesA has g ynase pricot antbaHCEsttivigsarstislassi n an
HCVsubgefqwpm Texel il Wn | an tiepatom
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efficiently than CsA

18 - These effects are related to & more pronounced cyclophilin binding affinity.
- The anti-HCV acivity of the combination [D-MeAlaJ3-{EVall4-CsA / [FN-a 2a is
additive.

, ID-MeAla]*-{EtVal]*-CsA can be used to treat patients infected with HCV.

20 The active cofipound may be administered by any conventional route. It may be
administered parentally, e.g., in the form of injectable solutions or suspensions, of
in the form of injectable deposit formulations. Preferably, it will be administersd
orally in the form of solutions ar suspensions for drinking, tablets or capsules.
Pharmaceutical compositions for oral administration comprising the eyclosporin of

25  the invention are described in Examples, As is demonstrated by the examples,
such pharmacgutical compositions typically comprise the cyclosporin of the
invention and one or more phammaceutically acceptable carrier substances.
Typically, thesp compositions are conecentrated and need to be combined with an
appropriate dilvent, e.g., water, prior to administration. Pharmaceutical

30 compositions for parenteral administration typically also include one or more
excipients, Oplienal excipients include an isotonic agent, a buffer or other pH-
contrelling agent, and a preservative, These excipients may be added for
maintenance of the composttion and far the atiainment of preferred ranges of pH
(about 6.56-7.5) and osmolarity (about 300 mosm/lL).



- The anti-Hell/ activity of the conbination [D MeAl a] 3i Et Vall4-CsA / | FN-a
2a is additive. P-MeAlilari EtVal 14-CsA can be used to treat patients
infected with |iCV. 20 The active coMpound may be adm ni stered by any
conventional route. It may be admi nistered parentally, e.g., in the form of
i njectable solutions or suspensions, or in the formof injectable deposit
formul'ations. Preferably, it will be admgnistered orally in the fon'', of
sol utions or suspensions for drinking, tablets or capsul es. Pharmaceuti cal
conposi tions for oral adm nistration conprising the cyclosporin of 25 the
invention are described in Exanples, As is denonstrated by the exanpl es,
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cyclosporin of the invention is understood to be an anount that 10 when
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- 20 - treatnment mak be from about 4 weeks to 6 nonths, preferably from
about 4 weeks to about 12 nonths. Treatnent nmay be foll owed by

determ nations of HM in serum and nmbasurenment of serum ALT | evels, The
endpoint of treatnment is a virological reqponse, i.e., the absence of NOV
at the end of a treatment course, 5 several nontilis after initiation of
treatnment, or several nonths after conpletion of treatnment. FICIV in serum
may be neasured at the RNA | evel by net ®ds such as guantitative RT-PGR or
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cycl ospori n ¥olqgifal frqpaess: | enihembeencesii¢C\ast the end ek amehierdcotrser

ant | vi 1 al 5 dr sigefll hohRGter ihfiaforflof rddAaM] & Shvofd nRRAMUEE ESHOAnG] pha.  The

cycl osporin of ,the grpl‘\/,ent i on and such ot her active I nior be
admi ni st er ed"THGERERVAR S MBY be measuied a6 e M6 derel brmetiomsssch aon or can

be adnmi ni st eqentinevERIRER ofsorPRf bisfs At MBNYOBI @&é}-bg%hkﬁﬁe fTﬁgi T ool at
rap e appropriate

designed to . b Dol nefits, of the conbipation therapy. Th

dose regi md%‘ﬁ‘gg?ﬁ?g%ﬁ?Sﬁﬂcgégﬂefﬂgﬁ'@mﬁ%?ﬁ{?f:ﬁ grareRrsay of Wik pegirias. fTine
14erval s betandpaintinsgsisofnchaisa defemieatbgant sehlch AUFpeRIInBE ARG Specific
conbi natjpon ghsAct i ve agents enpl oyed, the condition of the patient being
treated, and ot her factors discussed in the previous section. Such

addi ti onal active i n%: edients will generally be admnistered in anounts

| ess than or equalphbghdBose E&lﬁpc\(ﬁﬁcﬁl}bﬁ re6ER lt‘ﬁffegﬁ&rlis {'_n?égﬁaglgﬁ;é@gnj}eeor

t her apeut i Cﬁen&% . hhe: FDA a&grov_e osages N Ve agents
that have r SUER QR PgIedRE SNE apainstidqY infestiondn sdditien tathesyclosnsrinpubl i cl y
a\éa: : agl e. Afthepatsent Bvemion subh ag ot éwﬂ!é?%gﬁgﬁaﬁﬁ@ai Gdbiis0pstatid ed herein
sha co t Y n.,ncerporated by reference in their
entiret 3 5 3%%&@3%%‘?[&%%%@‘%5@%%?F’g F%fg?ﬁpgf'ﬁﬂfﬁ‘? 'FY%‘E‘PB APdfHHY exanpl es.
The exanpl esthgr actiyedngredientican betAdminisiesedtbgethbusd part bthetsame per son skil | ed
in the art, nR&tha3EGdAPL. ( A -t he invention
as descri beg in th@‘dc?l ainl'rr%l#ﬁ@ﬁﬁ)g,05'?ﬁggﬁﬁgdegrﬁ%deg%eéﬁgﬁggégg?ﬁBfea’?:onst rued as
bei ng | i mi t BRPTEBNER EeRSERmRILIgRanFrde gblain the bengfifs ofthewombiraticonst rued t o
each! nge Pr g, dad e o e o SRR S 1 BNl 1 2. co
eachi ng P G4 S Shls Ry s or 88 s et dspord upon oo |

specific combination of active agents employed, the condition of the patient being

treated, and oiher factors discussed in the previous section, Such additional active

ingredients wil? generally be administered in amounts fess than or equal fo those

for which they are effeciive as single thetapeutic agents. The FDA approved

25  dasages for stch active agents that have received FDA approval far administration
to humans arelpublicly available.

All patents, pafent applications and publications cited herein shall be copsidered to
have been incdrporated by reference in their entirety.
30 ' 5
The invention l,s further elaborated by the following examples. The examples are
provided for purposes of llustration to a person skilled in the art, and are not
intended to be fimiting the scope of the Invention as described in the claims. Thus,
the jnvention should not be construed as being timited fo the examples provided,



5 (Translated froma Ph.D. thesis by Jean Francois Quichou entitled "De
nouveaux anal ogues de Cyclosporin A comme agent anti-VU-1-1", Faculte des
Sci ences, University of Lausanne, CH 1015 Lausanne, Switzerland (2001)).
Synt hesi s of H MeLeu-Val - MeLeu- Al a- D- Al a- MeLeu- MeLeu- MeVal - MeBnt (Cac) - 10
Abu- Sar - Ove: 4-Di net hyl am nopyri di ne (DIVAP) (41.5 mmol es; 5.8 g) was added
to a solution of cyclosporin A (CsA) (8 nmmol es; 10 g) in 100 m acetic
anhydride. The solution was stirred for2hs h at roomtenperature The
reaction m xture was then diluted with 600 nl eth and shed
twice with waP@shadbesapstiupdiaenzeimpass amy andaly %%P"'éig g)&go@ n of
sodi um bi car badar®uit thbe ei=gaRG praviRddevas dri ed over anhydrous Na2804,
filtered and sol vent was evaporated under reduced pressure. The yell ow
resi due obtai ned was chromat ographed on silica gel (eluent: 98:2

di chl or omet haBERAREL Bansynthesiof (B Mada)A BivafdCsm ether. 9.5 g of

MeBmt ( CA d of
029 20 117 mety BN R PR dbrehGisaR ARSI AL AR P ot G
to a sol uti onamdlogveBae Ce¥logpots P((i)nﬁnemgﬁrésntbglhﬂdQ)FacuﬁE&ﬂBSrﬁClences

di chl or onet ha{]ﬁ,verﬁh,tano &@antﬂe 8?mé®£§$é’?§vﬂ&8§g§fﬁ26%})9'f 0.26 M sodi um

met hanol ate in Het wer €’ a met hanol and 35 mni
of 2 N sul phuric acid were added, and the 25 reaction m xture was stirred

f A e o Byilhds AFEALLISAL DD Rl SabUAUEYIEER G2 ) and

extracted twi acetate e organi ¢ phase was washe tines
wi t h sat ut@t efbNGEHOMdr | ed over anhydrous Na2SO4and filtered. Subsequently,

sol vent was r R 1P Siution of
chr omat ogr aph%gﬂﬂér%ﬁ@&ﬁinggwgree(gmﬁ%% 5:1 efﬁyBI éa)%e{sgﬁﬂg/@lgﬁ%%\%a%?%o 30 7.3

g of H MeLeu-Syglospasing(Gsfa mm%w@) et 08univiopts anpdrfe-dke)somligsar - ove

wer e obt ai ne%&é’étﬂe@ forﬁ@% at rb!?rh@tﬁ;ﬁer@t@% 38Be MeucliSPMixtFeMR théd dilutdd77. 5
[ MFEI |, 639. 2 -22 - Synthesis of

H- Val - MeLeu- AY @Ombﬁ%E@%@%i%wwé\?élmﬁ%%th(@&%)a"ﬂﬁ%éwwm PVAP (2. 3

nmol es; 3¢ f’@a’tura!éﬂ aﬁb&ﬂhé'sbﬁzﬂbrhb%)ﬂﬁmblear{)@neﬂeﬂmﬂcﬁgam@pﬁgsmés avexie added
to a soI ut.ion of I\/bLe?\E’V MeVal

MeBnt ( QAc) - AbRHeEaRnYER!s %J)ﬁ%ﬁ?rg ane} sgl)/erftﬁva&fgvapor? r@H?H’PgPEﬁdan After 2
h, sol vent wasregiteahalekbw @sidué bstaiiet deis phathatdbgrapisedodir silinat geg (edypinéd on

silica gel (equant Soronicthangimetiiiol andoVdaflddth o B (& Nyl acetate (1)

MeBmt(OAc)-CéA, a white powder, were recovered, representing a yield of 92%.

20
Trimethyloxonium tetrafluoroborate (22.5 mmoles; 3.3 g) was added to a solution
of MeBmi(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 mi of 2 N sulphuric acid were added, and the

25  reaction mixture was stirred for another 15 min, neutralized to pH 6.0 with
saturated KHCO3 (28 ml) and extracted twice with ethyl acetate. The organic
phase was washed 2 times with saturated NaCl, dried over anhydrous NazSO,and
filtered. Subsequently, solvent was evaporated under reduced pressure. The
residue was chromatographed on silica gel (eluent: 5:1 ethylacetatelmethanol).

30 7.3 g of H-MeLeu-Val-MeLeu-Ala-D-Ala-Meleu-Mel.eu-MeVal-MeBmt(OAc)-Abu-
Sar-OMe were obtained (yield: 76%).
HPLC tr=268.23 mn {98%)
ES/MS: mfz: 1277.5 [M+H'], 639.2 [M+2H"]



9:1 MIBE/ nethanol (2)). 5.8 g of Ph-NHC(S)-

MeLeu- Val - MeLeu- Al a- D- Al aMeLeu- MeLeu- MeVal - MeBnt ( OAc) - Abu- Sar - Ove wer e
obtained (90%yield). 10 13.8 m trifluroracetic acid were added to a
solution of the latter conpound (4 mmvles; 5.6 g) in 290 m

di chl oronet hane. After 1 h of reaction, the m xture was neutralized using
KHCO3 and diluted with 500 ml dichlorongthane. The organi c phase was washed
2 times with saturated NaCl, dried over anhydrous 15 Na2SO4 and filtered.

i’,ﬁi’sﬁﬂ‘#ﬁﬂ;Xsrﬁfﬂhgiggﬁﬁy@?@%m&\%?‘% e G S o A

MTBE/ net hanoBa(-@Me 2.8 g HVal - MeLeu- Al a-D- Al a-

MeLeu- MeL j 9 yd) . HPLC
{r=25.80 m (& ¥ 2 0?&%%‘%9%'%‘%’6&%“1 Wt %%Q@P@g b gﬁ'& h)eS| s of
Boc- D- MeAl a- Eﬁ%@d%ﬁo misplitionpiH-Mehpa-MekMelewbiasb-Alz Vel se-BielemMs\Vakbu- NVe- C
H2- CH2- OH; FMé%ﬁ(dM)lAM%;sér@M@(EBé Ayldiar ?@ﬂ@&@h%r@%ﬂ;%r Artiosphat e

(TFFH) 25 (0.96 nmol és; 0. g) was added, under an inert atnosphere, to a
sol uti on of wlmt%@amﬁ@dmwtae M@@rmbwaw?amammﬁhe@%)sm%ee'Sar-

(B 0. 86 m es%h}an@é) Qgi)tert@ugﬁveﬁn?ﬂ Jtﬁemm*mé_ﬁleﬂ%fb%tdfé é%anﬂl . A
OC- a- a | C orone ane. er
e i o T R evanab@ o st S -y MeleurasMel Sune DrtRon up. | 1

et hyl acet at epmelT B MY g8 MS/PIRBMIGANASU RS TME WERCESGhaE{90WYikR).a saturated
NaHCG3 s%utl on, a 10% solution of citric acid and a saturated NaCl
solution,”and was then dried over anhydrous Na2SO4 and concentr at ed.

Chr omat ogr aphy, 8o tsfivkdraetgelkid(dre 98dad thsdiatvatontey lat@tdoapolind yi el ded 1. 149

90¢ ] ) . .
Soo b Mol a- EERIS:S S R IR0 PRetare A 0 FECATIOREER FIEHE - Abu- Sar - O
Me. - 23 - whendwtdiesd paiagkBCOG @nﬁétlumtbwms 5O®rrf93|cgi)3mmhatwk§he up in 45 m

Oy 0SB0 e e R AT VAL Al e R, =5, 2
t he reactd onN&SGpand lﬁéemdsswqwtly,cscm@nt Wwysl pcppssied bydaxdeducedn of 10%
citric acid &@gsure. The residue was chromatographed on silica gel (eluants; 9:1
MTBE/ethylacetate (1); 3:1 MTBE/methano! (2)}. 2.8 g H-Val-Mel eu-Ala-D-Ala-
Mei.eu-MeLeu-MeVal-MeBmt(OAc)-Abu-Sar-OMe were obtained (61% yield).
HPLC r=25.80 mn (99%)
20 ES/MS: miz: 1050.5 [M+H"), 547.7 [M+2H"]

Synthesis of Boc-D-MeAla-EtVal-Val-Meleu-Ala-D-Ala-Mel eu-Meleu-MeVal-
MeBmi{(OAc)-Abu-NMe-CH,-CH,-OH:
Fluoro-N,N,N' -tetramethylformamidinium hexaflucrophosphate (TFFH)
25  (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 mi) and Boc-D-MeAla-EtvVal-OH
(0.96 mmoles; 0.32 g} in 15 mi dichloromethane. After 15 min, dichloromethane
was evaporated, and the residue was taken up in ethylacetate. The organic phase
30 was washed successively with a saturated NaHCO; solution, a 10% solution of
citric acid and a saturated NaCl solution, and was then dried over anhydrous
Na;S04 and concentrated. Chromatography on silica gel (in 98:2 ethylacetate/
methanol) yielded 1.14 g (90%) Boc-D-MeAla-EtVal-Val-Mel eu-Ala-D-Ala-Meleu-
Mel.eu-MeVal-MeBmt{OAc)-Abu-Sar-OMe.



concentrated. Residue was taken up in ethylacetate. The organi c phase was
washed with a 10% solution of citric acid and a saturated NaCl sol ution,
and was then dried over anhydrous Na2SO4 and concentrated. After

chromat ography on silica gel (in 95:5 ethylacetate/ methanol) 0.63 g (81%
of Boc-D MeAl a- Et Val -Vval - 10

MeLeu- Al a- D- Al a- MeLeu- MeLeu- MeVal - MeBm gOAc) - Abu- NMe- CH2- CH2- OH wer e
obtained. ES/MS: miz: 1434.9 [MrH , 71739 [ Mr2HL Synt hesi s of

H D MeAl a- Et Val - Val - MeLeu- Al a- D- Al a- MeLeu- MeLeu- MeVal 15 MeBnt - Abu- OH:

Met hanesul fonic acid (3.18 mmoles; 2.060 mM) was added to a sol ution of

Boc- D- MeAl a- & Vahie Nﬁma&g@m an&ﬂé& Aloa-gYRks tak¥hlupln KB WabnieiBsds( OAC) -
Abu- N\Ve- CH2- CHZ OH

nmol es in hanol nd t he
m xture was MeHwesd ?6‘3{ WWPW@&‘?W@?@% %&Qﬁﬂ’é’é%saéid 8 rP%igctl on was
20 lrmgl tor egpayoﬂgl’%@gaﬂm IMBAGIsTeck b@f&tdf)’ﬁhﬁ’lfﬁﬁfAB@hhthetrém:tlnhxlture vas
cool ed to_0C .and hydro it anol was
el i ni nat efl, AWMAUIEAEISCE8 é 8\&5\@‘%&&8‘?{5 @’ba‘i?‘{%“"é't%b% C%fagﬂgeafﬁe organi ¢ phase
was washed WeddtehtrdfeiatésiRicand thik@rupsin Sttyiacatatel TNadigamal phissewasdri ed over

ﬁ]gﬁ/{e&uz E?%,gg 46\@1;,%!%?@0%6 utjo at ef%ita;;r Q%g RhS %us%Euregtgg’ Kla@;oluﬁon, and was

MeLeu- MeLeu- %Haineﬁ/bﬁeme(nw)mmﬂzsm@ﬁﬁ{mmum Aftershieatogmaplhen next st ep

wi t hout purif catl P y/ M in 20 m
net hanol and® !5%%‘?’ 8 go- gueﬁgﬂ?ceé%efmﬁég}at%ta %ﬁq /«3%%0(\{\% ag%\s%ﬁ%{/%“gﬁatof sodi um
met hanol dbe ¥bLAGAADIAds MeBOu-Melau-Re\Vial- MeBrit&rs)-AbiiNMe-Clig-OirlZ®Hr 0om

t enper at ur e, the A g&l on mxture was cooled to 0C, and sodi um hydroxi de
(4.2 mmol es; %’8%6 'n 5 nl water was added dropwi se. After 21 h at room

t enper at ur e, EBMS:re/ac1438b fidHt Llr“f'é?\ﬂ/é@'*‘&'dah n cooled to OC and neutralized
wth 1 MKHSO. Methanol was elimnated, and the residue was dissolved in
et hyl acetate. The organi c phase was washed with a - 24 - seni-saturated

NaCl sol uti ofynttesiedf %%Meéh@bfﬁb\@ M@-@B@Aa'ﬁ’nﬁaé\@ﬁ%rw?lﬁ“é\ﬁev%e pr oduct

(335 ny; 464
H D- MeAl a§Et elBrr{/ﬁ IVELeu Al a- D- Al a- MeLeu Leuzgsvcglp I? u OH, was used
in the next Medpnasuliositaciiusi1Binomees 084 was P Ttﬁ’é'% 5 ES/MS: m z:

1235.5 [V, B@é@-raebMéb’Bf-\%lMéL@ﬁlﬁﬁa@fAl{almMW&UEMMIMM{OA@@Ier an
i nert atnosphere a sol uti on of

H D MeAl a- Et #av-Nig-CheCha-QU -4254rapies 31 vmpbin Al mebane!: 2LP8H (0. 162

mol es; 200 AEgkueehsHEaneRiab ahdin¥#htained at 50°C. Progress of the reaction was
20 monitored by HPLC and mass spectrometry. After 80 h, the mixture was cooled to
0°C, and hydrolysed by addition of 1 M NaHCO3. Methanol was eliminated, and
the residue was taken up in ethylacetate. The organic phase was washed with
1 M NaHCO; and then a saturated NaCl solution, dried over anhydrous Na,SO4
and concentrated. The product (557 mg), H-D-MeAla-EtVal-Val-Meleu-Ala-D-Ala-
25 Mel.eu-Meleu-MeVal-MeBmt{OAc)-Abu-O-CHy-CHx-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)
30  in 1.26 m! 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 KHSO4. Methanol was efiminated, and the

residue was dissolved in ethylacetate. The organic phase was washed with a



10 (1.78 mmoles; 024 mM) in 50 m dichloronethane was added dropwi se to a
solution of (7-azabenzotriazol e-1-yloxy)tripyrrolidi nophosphoni um

hexaf | uor ophosphate (PyAOP, 0.486 mmles; 254 ng) in 3.2 liter

di chl oronet hane. 72 h later, the reaction m xture was hydrol ysed by
addition of a 10% Na2CO3 sol uti on. D chl oronet hane was evapor ated, and
resi due taken up in ethylacetate. 15 TB organi ¢ phase was washed
successively with a 0.1 N HCl sol utiofi gnd a saturated sol ution of NadCl,

dried over anhydrous Na2SO4 and cqncentr at ed uct purlfled on
silica gel, SA"&rsdiHged NeGigolrigysine ‘%?‘f@é aﬁ&]déoﬁsga?gﬁ“ ANGERY fi‘r =30.54 m
]g100°/t|) tES/ I\/Srhévmdudtzaﬁ’s fgl M)’sb‘}HJﬁWIéE{MMM@De%WJ&E -Rel.€r-al _
ormul ati ons o C e inv Amoun ressed as %
ww Exanp MALeGHRVSERREREAR Gl Y Duh® Par AP R BRSSO

M gl ycol 812}3!8L©t:ermnmﬂn fﬂﬁéll&)SS 95 Al pha- Tocopherol 0.1 30 Exanple B:

Oyl osporgn p,fie) nyetd R, Thothgeq 2 Capt ex 8002

Synthesis of [D-MeAlaP-{EtVal}*-CsA:

Under an inert atmosphere, a solution of H-D-MeAla-EtVal-Val-Meleu-Ala-D-Ala-

Meleu-Meleu-MeVal-MeBmt-Abu-OH (0.162 mmoles; 200 mg) and sym.collidine
10 (1.78 mmoles; 0.24 ml) in 50 m! dichloromethane was added dropwise to a

solution of (7-azabenzotriazole-1-yloxy)tripyrrolidinophosphonium hexafluoro-

phosphate (PyAOP, 0.486 mmoles; 254 mg) in 3.2 liter dichloromethane.

72 h later, the reaction mixture was hydrolysed by addition of a 10% Na;CO;

solution. Dichloromethane was evaporated, and residue taken up in ethylacetate.
15 The organic phase was washed successively with a 0.1 N HCl solution and a

saturated solution of NaCl, dried over anhydrous Na;$SO,4 and concentrated. Crude

product was purified on silica gel, yielding 110 mg (58%) [D-MeAiaf-{EtVal]*-CsA

HPLC tr=30.54 mn (100%)

ES/MS: miz: 1217.6 [M+H"], 609.3 [M+2H"]

20
EXAMPLE 2: Oral formulations of cyclosporins of the invention.
Amounts are expressed as % wiw.

Example A:

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

30
Example B:

Cyclosporin of the invention 10
Tetraglycol

Captex 800



Ni kko! HCO 4085.9 Butyl hydroxytol uene (BHT)O0.1 Exanple C. 5 Cycl osporin of

the inventionl0 d ycof urol

7539. 95 M gl ycol

But yl hydr oxyani sol e (BHA)0.05-0.1 10 -26 -
i nventionlO Tetraglycol10 5 Myritol5 Crenophor RH4074.9 Al pha- Tocopherol 0.1

Exanpl e E:

10

Nikkot HCO-40
Butylhydroxytoluene (BHT)

Example C:

Cyclosporin of the invention
Glycofurot 75

Migiycol 812

Cremophor RH40
Butylhydroxyanisole (BHA)

- 25~

85.9
6.1

10
39.95
14

36
0.05-0.1

81214 Crenophor RH4036
Exanpl e D. Cycl osporin of the



10Cycl osporin of the inventionlO Ethanol 9 Propyl ene gl ycol 8 Crenophor
RH4041 d ycerol nonolinol eate32 15 For individual conponents of

formul ati ons A-D and for nethods of preparation see British Patent Appl.
No. 2,222,770. 27 Clains 1.Use of [D MeAl al3-FtValr-05A for the

manuf acture of a nedi canent for the tre nt of HCV infection or the
prevention of HCV recurrence. 5 2. Use according to claim1, wherein the
medi canment further conprises at |east a second ingredient that is an
antiviral drug substance active against HCV selected fromthe group

consi sting of fxabgtd @i n and an interferon al pha, wherein said second
ingredient is 0- 1 Nl st ered adm ni stered separately. 10 3. A
phar maceut i ca|éy(c&59§§%'§‘| ?f?'gerr?ng%rrﬁrﬁrﬁi Si n%y [ D-MeAl a] 3-FtVal r-CsA and at | east a
second i ngrediletregyésdt is an antivir®l drug substance active agai nst HCV
sel ected fr5om|\;|\};@0,gr oup consisting qf ribavirin and an interferon al pha.
154. The pharnmaceuti cal conposition according to claim3 further conprising
a phar maceut i CdpMgpPiEEEH0abl e carri eft%nd, optionally, a diluent.

Alpha-Tocopherol 0.1
Example E:

10  Cyclosporin of the invention 10
Ethanol 9
Propylene glycol 8
Cremophor RH40 41
Glycerol monolinoleate 32

15
For individual components of formulations A-D and for methods of preparation see

British Patent Appl. No. 2,222,770.



10

15

27

Claims

1. Use of [D-MeAta]a-[EtVal]4~CsA for the manufacture of a medicament for

the treatment of HCV infection or the prevention of HCV recurrence.

2. Use according to claim 1, wherein the medicament further comprises at
least a second ingredient that is an antiviral drug substance active against HCV
selected from the group consisting of ribavirin and an interferon alpha, wherein

said second ingredient is to be co-administered or administered separately.

3. A pharmaceutical composition comprising [D-MeAla}3—[EtVaE]4—CsA and at
least a second ingredient that is an antiviral drug substance active against HCV

selected from the group consisting of ribavirin and an interferon aipha.

4. The pharmaceutical composition according to claim 3 further comprising a

pharmaceutically acceptabie carrier and, optionally, & dituent.



