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LEVOVI RINTM This application clainms the benefit of U S. patent application

nunber 09/471,513 filed Decenber Mi ch clainms the benefit of U S

provi si ongl, Appbj,cations nunber 5\\‘% Nlmm and 60/ 164, 3¢511@hd34@f0 Whi ch
? d1'2 ( ; . . et

are incorporated herein by reference iim&heir entirety. Field of The

I nvention The field of the invention is treatnment of viral infections.

Backgr ound of The TREATMENT OENKIRAL ENFEGTHNS GISEINGrIcE¥OVIRINTEd with a

shift in the cytokine profile froma Thl 10 response to Th2 response, and

recent research suggests that a control over the bal ance between the Thl
response and t Figs appdicatonsimetheibgrefit pEU Sdnatent applisadon number fY/44}5 beied at i on

and/or = RALANAREG 0% whill LBl SnP BRSS! RbyikiBl RS \)Bmeauorémume{ eased Thl
response appears espeC|a y I mport a i nfection, where

| ong- t &r meeUI64.Bacoamd 684 154, B 3. akiOﬂ“hthU@Mlmmmalﬂi eesperbxeefemmel in tpingtieess or s
have a nore Th2 dom nated response. For exanple, Barker et al. 15 suggest

t hat dise Sslyp 1N HV results froma shift in cytokine production
wi thin th%‘?e‘?dQPQJﬁ. froma Thl to a Th2 pattern [Barker E, Mackew cz

CE, Levy JA Proge iNad bf A€ BdentB6iis abnd? 3bvitidWnfectiof2( 24) 1 11135-9] . Simlarly,
a decrease in the Th2 response appears to be of therapeutic significance,

si nce Rei ser et al . _report that Th2 cytokine levels are elevated in
chronic h entionoctjon [Reiser, M et al.: J Hepatol 1997 Mar;

26(3):471-8 ] 0 _net hods of i-n | [ Tc e are
known. and mayl\’%'% f)celoﬁsa?r‘eﬁsg??l%%dwf&ﬁ H% ecg% -nga{tr%fggnﬁjéﬁ]o s and
non- cybhokiddgorse toal led-eiﬁah:hoﬁﬁi redenit m;ﬁaﬁihlsngeste lttmt edommt boxt shepfaldnce batweent |

cyt oki nes are adm ni stf e% 0 nodul at.e thg Thl/ Th2I bal atne L owar elther
a’ Thi-t yp&he i sevrarse apd the 3 Iesppylse pUgl bR advanfaggous i ERATgnt et al
post ul at e paftadnahde@E ARG MVMghitst Viral &?ec(lbmwxh&bdsbdl@hl fequnsaapppmko be t hat

pronotes the 25 devel opnent . of Thl cells. as treatment for
Al DS si ncéspegialyimpappminHhain ?fhmﬁa%hef%‘@%‘%’ﬁém“‘ﬁbs 'bé‘r"f@&‘t ﬁli%“%‘f‘p

restoring &ebdse. Wre%}@%sgmmtaxndram G&ninﬂtfe@eetsﬁéhsw Fof examisie. Bameea ali rus or
wi th Rauscher Leukem a Virus [ Kni C. and Patterson. Annu

Rev. I1PrT’ruﬁ‘éﬂgeSt1*9’9@5‘33?5?”5‘9?“6‘1‘5]1'1 |fFF“§ﬁg' ﬁé‘rSh&'é!rfW ine ErofuFEon X‘f“‘}i"“&t

deronst r at g L4y fr(ﬁﬂ' H‘rﬂl & 4 fitd Qe [Bhiker £ MAReWice CEXBIWDIA PebcVeei wawopl c
activities critical t he devel opment of 30 Thl responses. [G acie eéﬁ
i on

J din Infesy SHIFYS Ne v 218’@6)4( 111(3)3 91§9@ﬂarlne pHecregse Htg Abe FFéP°‘%§8 APRSAS {9
'(I)'L icyt oki e Helap @it @igh}”ﬁcﬁxﬁgwﬂc@ Relef & laBtdpbiitiat TRE € tbikife ieN6ls @R ESvated iflesi 1 ed
chronic hepatitis C virus infection [Reiser, M. et al.; J Hepatol 1997 Mar;26(3):471-8 ].Various

20  methods of influencing the Th1/Th2 balance are known. and may broadly be categorized in

cytokine-related methods and non-cytokine related methods.

In cytokine related methods of treatment, cytokines are administered to modulate the

Th1/Th2 balance towards either a Th1-type response or a Th2-type response. For example,

Knight et al. postulate that treatment with [L-12 (Interleukine-12), a cytokine that promotes the
25  development of Thi cells. may be used as a treatment for AIDS since IL-12 administration has

been shown to be effective at restoring cell-mediated immunity in mice infected with mouse

AIDS virus or with Rauscher Leukemia Virus (RLV) [Knight, S. C. and Patterson. S., Annu.

Rev. Immunol. 1994. 15: 593-615]. In another example, Gracie. J.A. et al., demonstrated that

administration of IL-18 to mice exhibited pleiotropic activities critical to the development of
30  Thl responses. [Gracie et al. J Clin Invest 1999 Nov 15;1Q4(10):1393-1401]. Although the

administration of cytokines typically results in relatively specific increases in desired Thl
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WO 01/ 46212 PCT/ USO0/ 34610 cytokines, prolonged adm nistration of
cytokines may be problematic for various reasons. For exanple, the
production of reconbinant cytokines is relatively expensive, and isol ation
of non- recon?'zpfnt cytokines fromnatural sources is gengeplikoosdifof i cul t
due to th”@o\%({/ ow concentration of cytokines in natural sources.

further problemis that cytokine preparations 5 typically need to have a
very hi ghywdiegeseprotrgei adntiyisirationrod eytokinesemayi bt radhlemayiccfor warioup sasong o
repeated adm,ni.stration, "4 i : _0Ki ne.
Gyt oki eSS Wi Sl o BE Sy cFISRRRTL PRy LREaRRE 8 (B R e
met hod. rdtombpanesuokakofrymsubsi ances ingdnerally Hfficudydugks thesverydpw enpl oyed to

nodul ate the bal ance hetween a Thl respon n .T
Cvamphe. comenapen f SnolnetEs Raflal MhrdeEORRRE AHleA i SRR ERardetths | oo
Jul ; 53( 1}yphraliphecdh@harzianeni ipis dégZeetof puritydn nider ioavoidiatferg{dN@)ctionpgminher wi t h

gl ut at hi one (GSH). and.its, oxi dized form . GSSG hel. . an

i nmune r EPpYRS @J_r‘%lﬁlsg?ﬂq“g@lr‘?é‘?“ﬁ*h ée%?ﬂihﬂ% pn P%;S‘S?’fesoﬁél%@(e‘&d %)?(gu 1?95;{%%% for

defi ci engi @21 @flerdtdd i paehiand/ or GSH shift the Thl/Th2 bal ance towards Th2.
and that replenishnment with Zn++, NO and/or GSH may shift the Thl/Th2

bal ance towards Thl., 15 Adm ni stration of o R SR r S anG SRR e | Y
advant ageous, %W@écﬁo#%éggﬁgﬂeérho?ég‘%?ng m%(g)h;l[a}?%)?}lc at ever{ﬂgalne\'/at ed
concent r afel ediptoyed Rmbdidatp eretalopcd erpeanchlidd . redpandetzad adihg response. kargxamgdel GSSG

reparations may_be oral .adm ni.st er, nd refore. significan reduce
!to heprlpskSPB?ts‘B‘l‘ ?l'grﬁ'ﬁ%esfségﬁ??‘ﬁﬂ%?té‘?gﬁﬁ%qlﬁ es\/\ﬁéﬁ J?‘h%(ﬁf%%%?g{tizgﬁsl&lasye not

ul t r apur eznHawe iftfic otile (eOkdesier ith gtatifiont(GSHARM by 0XEBizE 86 S8%Gs to be
beneficial only to restaore a Thl/ Th2 20 ba.#,anc fromng.Thzre%g{g nat ed
state, wHEY B899 feeplate ARdmadne FeSPARRTHISEF St 1 ShP b1eT ZP8YS HhaPGr é'g%t GSSG ray
iU ng r e?)se d@fkgé]%ielé gg/@,irg,geo%g@{m GSHGhiTethe Ihmhgalh&h acrmf ds The, ambthher e_>r<] agp le,
.S. Pat. pl . 156, i ncorporated here erence, nmet hod is
descri bedenlwis\hmeehwntm%n'i@w@ﬁﬂéfPsgéﬁﬁvwh{}h e kgyﬁé%éﬁa%ceé?\‘ﬁ?rgb?ﬁ'bavi rin

(1- (85 Dogitytsibciaidn of PEF U 59B0EIG 1 Apdidlfiaafakdedust andtanedisiajdnorsmul at e
the bal ance of the Thl 25 /Th2 response. The use of F}b virin.gs.
especi al Ingn-thicat exenedierated sPngeREatGNE AARIFKPHIIVE 1 BRedugen MBHE, Lhetlse

Ri baviri i,dapks88!Ye %ﬂﬁﬁ@&@ﬁbé&%lﬁ DR FiS e SRRNBQbRGIEIScadu fedice RERGNS €.
but al so Acts as an in I'bitory agent for viral replication. For exanple,

Ri bavi ri ef bifesgibemptionsirspessallytiey t*EPstEPaWiOt‘h@Ft“P‘e‘d Ry HopvergpBFitis C. Some
of this %Iirl;len?sttranglf?t?lﬁﬁnaﬁ&rémmgdsQem@BtHe\UeﬁéHcia?Blfd_e% fes@fth BIOIMEhOf this

effect has been uted to the cytokine bal ance. =~ -
20 balance from a Th2 dominated state, whereas it is unclear if administration of Zn™ and/or

GSH/GSSG may increase a Thl response from a normal Th1/Th2 balance.

In another example, U.S. Pat. Appl. 09/156,646 incorporated herein by reference. a
method is described in which the inventors employ the nucleoside analog Ribavirin (1-(5-
Deoxy-B-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide) to modulate the balance of the Thl -

/Th2 response. The use of Ribavirin is especially advantageous for the treatment of viral

o
W

infections, because Ribavirin not only modulates the immune response towards a Th1 response,
but also acts as an inhibitory agent for viral replication. For example, Ribavirin has been
successfully used in the treatment of Hepatitis C. Some of this effect has been attributed to

antiviral effects and some of this effect has been attributed to the cytokine balance.

30 Although Ribavirin showed a desirable effect in virus count and immune status,

prolonged administration of Ribavirin at relatively high doses was frequently associated with
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30 Although Ribavirin showed a desirable effect in virus count and i mmune
status, prolonged admnistration of Ribavirin at relatively high doses was
frequently associated with 2 WD 01/46212 PCT/US00/ 34610 several side
effects, (&gl 4din9 | eukopenia and henol ytic anem a. In orgerusessqduce the
occurrence or severity of side effects. co-adm n| stration of Ribavirin with
| FNa- 2B has been introduced [Reichert, 0., et a].1998; Lacrcet 351: 83-87] .
However ,sevenal sise.c8acrs.rinaleding lewkpnshia apg hemelyticangmia, I grder 9 Eequie Meases t he
cost of freal Mzing. ANEStonRIr RERR A AWRh FNE-DBYaE 88dnOn Of

| FNa- 2B olcﬁcrtelgésegsseﬁ{g%f% eaﬂfec%e%v si de ef %oelct S attributable to | FNa-2B.
Despi t e ihtheduced [&elohedt yO setab £398f bbncad-'hﬁ1rﬁ3s$7r]a&1¢webﬁh%%§\mlfﬂisﬁaﬂ% of he
treatment. of Vll’ ases, S RABLHS: hleqatic due
to the 3%‘%‘?3‘3 v 'in8rﬁ'§se§| e %{f trg{mﬂl %ﬁ%ﬁ%e er. 3{ “?ls % need to
provisde ddmprigweidn Bemnmd&Baﬂdeazeanhesxslt by dide emdulaaixbutatbietoTWNa—ﬂth bal ance
at arelatively low or no toxic side effects for treatnent of viral

i nfections. Q_Supmary. of fhe | v I t ih@Yr‘éBH Aofviradi 1 ect ed
to a met hod es‘?‘f ﬁé‘%&“‘v u‘ife%&lﬁfa |mr11 s8¢ ?g%ﬁﬁbﬁﬁgﬂpna Ehent, in which

Levovi r i disehesIth€ is3- deﬁbabﬂfmmams pfo)aleinaﬂ;: 4u¢ i thg gineragor af Yﬂ@W&Mld@?foCts

adm ni stere t he i ent,. and V\/ne he ,v an HV
infectio e"g"rwriel‘ﬁaé’}geteﬁb%pm%‘lde émlﬁg\f %%tﬁngﬁb&ﬁ%n}d%fsgﬁ%‘bgglﬁeg?%e of the

i nvent i VEh18THY) lﬁfalncé’mtatrelbmvdl)hkb“aﬁmonb)st Blﬂé effectsofor tréremem\od viraliinfEctfons. ncr eases
the Thl response relative to the Th2 response in the patient, and it is

especi al !é contg&kat eg that the Thl response increases on an absolute. In
furtifer entive subj ect matter, LevovirinTMis

admi ni st er ed ahkdfed @ "rﬁéxﬁ&hdfu\é et of0f Akdl YnfbeR i a pablesY €i n

t he pref erre&‘hgg}s{éé&g \%é[\%nvl:’;‘rpﬂel 'S bet weeﬁ 0. long/ﬁg and 1. Orﬁ%/ kg. 20

Var i ous ialjhexhtI=vodiga™ufle$:-L- ahmgsy@nw Aduzaoieatrearbofami 1?3?@31‘9!’41“ A¥ention .
will becone  nore a e.fol e r i Qpt of
pr ef err €8¢ B%BHF%WF e‘B?‘"’t‘ﬂm mFL‘]Encttllen 3 onlju‘wI u&WE?Ld\?ﬂ a@godr?%%@?ng

dr awi ngsinfebtiothi ch i ke nuneral s represent |i ke conponents. 25 Brief
Description of The Drawings ‘Fig. 1 is a structure of LevovirinT" Fig. 21is

a Syg hetic 35 Qge ECQ lrof 1% RYR et rR{tte'rqxé)ydngxhﬂtTMon%f Ghe [3oérig™e graphs

depi cting various ol ogi cal effects of LevovirinTM and Ri bavirin
increases the Thl response relative to the Th2 response in the patient, and it is especially

contemplated that the Th1 response increases on an absolute. In further aspects of the inventive
subject matter, Levovirin™ is administered in vivo, preferably injected i.v., or orally taken,

wherein the preferred dose of Levovirin™ is between 0.1mg/kg and 1.0mg/ke.

20 : Various objects. features. aspects and advantages of the present invention will become
more apparent from the following detailed description of preferred embodiments of the

invention. along with the accompanying drawings in which like numerals represent like

components.

Brief Description of The Drawings

Fig. 1 is a structure of Levovirin™.

I
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Fig. 2 is a synthetic scheme for the synthesis of Levovirin™.

Fig. 3A-C are graphs depicting various biological effects of Levovirin™ and Ribavirin

on elements of the Thl response.



on elenments of the Thl response. 3 WO 01/46212 PCT/USOQO 34610 Fig. 4 is a
graph showi ng serum ALT levels in Con Ainjected m ce dependence of
treatment with LevovirinTM and Ribavirin. Detailed Description 5 As used
herein, t{g diRkIMm"Vviral infection” refers to-any stage of mcrvisodhssio

i nfection, 1ncluding incubation phase. |atent or dormant phase, acute
phase. and devel opnent and rmai ntenance of imMmunity towards a virus.
Consequent | y,FigHeis pgraphshpwiag semm ALE layplain ConA niagrdméccsispandercesf

gener at|{g%uggmt;,e§lt&%ﬂgn+mrmgquﬁ the patient's inmmune system as well as
aspects of suppressing or inhibiting viral replication. 10 As al so used
herein, |ynphokines are a subset of cytokines produced by hel per T cells,
and are generally con3|dered to fall into two subclasses. Th 1 and Th2. Th
1 cel | s Petailed Beses known as Type | ceI |'s) produce interleukin 2

(re-2), tumor  necr sis factor, T and. interfero amma_.(l.FNy), and are
respohsi bl e Y ¥Ef g?rfimf B 1B VI rartl‘&%eéﬁ rf"ﬁ‘?ffﬂﬂia’i”ﬁ/ﬁﬁfc ag"srnﬂ(?:}eelgﬁ%d type
hyper sengtiubimi incuBdtfbndhbdeViatedt of doFmBhitpRase| StutePhbseasid delbidpmentad ( nor e
nmodernly 15 known as Ty gﬁﬂz cells) produce jnterleuykins, L4, 1L-5 1L-6,

CIL-9, | Lmgigteappse of imrguni Wa’rdéa"ﬁf‘f rFqayenthyBE B PRAEEET &% AT Hunor al

i Mmune I BSRANSSscS HCdndatikd 1O es SRR imniui® SP MR PRI’ s iRlnluBE GRS, aSwEll ad E and
| g&4 antibody isotope switching (Mospann, 1989, Annu Rev | mmunol ,

7: 145- 175pectyefl sppprestine Qs dutibiHas ¥ regliggliqar g Th 1 and Th2 "responses" are
meant to include the 20 entire range of effects resulting frominduction
of Thp 1 and Tflklszeal&d/mahlﬁexﬂnegzmﬁhegmes:&é yedu?,set oﬁé\ﬁﬁkﬁgeﬁrbﬁfce@ b helBer 1s¢ke_ub, .
responses include increase roduction of t corr [ cyt okj nes,

i ncPease%Pdm“b%‘i“F’@Héf‘i"lﬂPemd ip Iﬁ"él B“r‘?"’é?s‘de“rﬁfP?f‘g 435 p?ﬂgcquﬁﬂmét‘ﬂ‘e#"gﬁ ects
associ at ﬁg)\mvgstwpé PELIRFBRAuR IARHELNIPD (10L2)CoilRKh&eSsis fablel U FY ah®L i i Ly

ef fects. fesponse is generally characterized by an increase in |IL-2,

TNF- a. amcérﬂet%N-gymnwwfhé)ésand aph2speasiplssinaridy foy pelbmedigted Snmnainagck A9 zed by

an-incr e r

SV 1ot clvse Bt Pl Briokip O ity 1h Brbolll PRPLIEEEERRSIEARS - o1

n1 crodi tlefow'neaséiypez cdhg\,prodaael xytedv@nnsallplem -6dLed, 1139, ldalfsand Ibtlﬁgimd arqj ecti on
an a ys. 0 evovi,rinTMin 0, ) body

V\Bl ght q) ¥g]ryﬂia\’?i£ {/neasgstm Ll-fumor?l 1{11';'nune Ies Slgsvéé.l%é u%t(ﬂégetsggn tléé},g(\{gﬁ% H vV

i nf ect i ofllefgeas] ez0lgH¥Md IgG4 antibody isotype switching (Mosmann, 1989, Annu Rev Immunol,

7:145-173).

As further used herein, the terms Th1 and Th2 “responses” are meant to include the
20 entire range of effects resulting from induction of Thl and Th2 lymphocytes. respectively.
Among other things, such responses include increased production of the corresponding
cytokines, increased proli.feration of the corresponding lymphocytes, and other effects associated
with increased production of cytokines, including motility effects. A Thl response is generally
characterized by an increase in IL-2, TNF-a. and IFN-y, whereas a Th2 response is typically

characterized by an increase in IL4, IL-5, IL-6, and IL-10.

18]
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In a preferred embodiment, an HIV infected patient with a CD4 lymphocyte count of
about 500 cells per microliter receives once daily over a period of 30 days a single injection of

an aqueous solution of Levovirin™ in a total dose of 0.5mg/kg body weight.

In alternative aspects of the inventive subject matter, the HIV infection need not be

30 limited to a CD4 lymphocyte count of about 500 cells per microliter, b_ut may also include lower
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30 limted to a CD4 | ynphocyte count of about 500 cells per mcroliter, but
may al so include lower 4 WO 01/46212 PCT/US00/ 34610 CD4 | ynphocyte
counts. including CD4 |ynphocyte counts between 500 and 300, 300-150, and

| ess than 150. Simlarly, higher CD4 | ynphocyte counts (i e al so
cont enpl ar8V%¥? shoul d further be appreci ated that vari gﬁgﬁ%ﬁ@rﬁs%

mar kers other than virus titer and CD4 | ynphocyte count nay be

appr opr i e lympitdcydicngnidiinapelingg@B4 ilymaphoeyt cassaeswéenr500and po&SeAd80.ghdt he 5

H 'V virus. For g lLe, dire sa re nt | I a BMCs and
ol asma 1% 05151 SERU Y MG SR ERARISe N Sl A R S obth Pl |
I ndi r ect spasdfisthértelagpreciauad khat edrione climichl nopicent othertthanevifis ti8A an@ Chdds. et c.

Wth respect to the virus type. of.the.viral infection it i S.C ed
Uhat { hoesRbar e rins ey BRapriipia. iiin ey o et AU
type or subtwie Fof exdinglel direcd assaysthre uanbiativelcliere APBYIOs end plagar HB&t vari ous

viruses other than a HV are_also contenplated. It is.generally.

cont enpl 4rAHATEARD Q¥angEaHKE F@% mAthqds a‘P%fc’g@f‘ﬁoﬁg’r FHhETEd elgse/ilu‘?eu ualllér‘(ﬂ“é%ﬂdons
that can q%[iﬁgﬁ@agg;gm&ntgmodﬁiehavi rin. which is the D-isonmer of LevovirinTM
Especiall'y contenplated alternative viral infections include HCV
infection, ang,HBV infection. In rther. alternati

i nventive suqug@tresrpﬁfttt%&.e Vf’ﬁ’éryzgar#ﬁ’iesv T QP ;%gr'lono]%] %fg}{tl%ren\?%\?eled%% Iflé;eagﬁenrtlot be
restrict @ik @iral iffebgdrais elad llnyitddnp @Gpécific wpeor sabyype oIANVOYingDandkiy shouldilte nay
include alternative frequencies and r es. For ex l,e,, .wWhere. relatively
hi gh 18no@PRIECiged thab\ASIOPS YIFHFRY ‘?fE‘érdﬂat"oa %L{’t ﬂrglals\(}éf’réta'?s]tan&g' fig F%nﬁr?a“%r nor e

dai ly i njcggbhpB@d HaaltoRhiooPlrad atbctiorsiifdlldy Vishs infxeioas thagtan(beasard with
concentrations of Levoviri nTMogre desi;Meg ov_e[l an ext etngeld?_ﬁ%rvi Q/dral a

per manenRigTny whishjisthg Dhiserme o Leyovip,™ Expghiglly conieppisd RS HENEM™gel i very
may i ncl yggeioh€inciiBe HE® @fecor @d HBWOMSecli6. usi on, an osnotic punp, or a
sustained rel ease inplant. It should further be appreciated that the
delivery route is not limted to_njections. .but propri at | i very may
el ude” or al - BeRRbSAeme e S Rl Tareruar itk SRRl b C o ary
del i €T Y [ @4 \8rinTUGRELH BB kdsHictddne afsiigradaily injéttioh otdrtagreriad bi/20 dagy,dut man TM
preparations may include tablets, syrups, gels. aerosols, and so.forth. It
i s furt hérchidsaltempraesguenis a?%@“&ang%eg%‘?%{gi‘ﬂ}f“‘oﬁ SRR may al so
be in Vi {kQovifif™ RERITIYeleliver&t, B4 icfol# srasbre daint injeytictls avdh@nentplaad or
fractions of whole bl ood may be EI’G-I ncubated with LevovirinTMi.n, vitro to

ei t her b&dmilarky; wheye highplasmgison ns @b LYoy Hiny drsrdssired PVETAR LRdr period,

chal I engg. e)@ﬁérﬁémrd%ﬁl?é’rﬂs doRreh BB BOPGUSaRblL£¥OM et ddlives reNh@nqy thé ed
that varidus alternative ) .
20  use of a continuous infusion. an osmotic pump, or a sustained release implant. It should further

be appreciated that the delivery route is not limited to injections. but appropriate delivery may
include oral delivery, transdermal delivery, intranasal delivery pulmonary delivery, etc.
Consequently, the formulation of alternative Levovirin™ preparations may include tablets,
syrups, éels. aerosols, and so forth. It is further contemplated that the administration of

25  Levovirin™ may also be in vitro. For example, a predetermined quantity of whole blood or
fractions of whole blood may be pre-incubated with Levovirin™ in vitro to either boost or

generate an immune reaction towards an immunogenic challenge.

With respect to the dosage of Levovirin™, it is éontemplated that various alternative
dosages are also appropriate, including dosages between 0.5 mg/kg and 0.1 mg/kg and less, but
30 also dosages between 0.5 and 1.0mg/kg and more. In general, the appropriate dosage will depend

on multiple parameters, including the type of virus infection, the stage of the virus infection, the
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dosages are al so appropriate, including dosages between 0.5 ng/kg and 0.1
ng/ kg and | ess, but 30 also dosages between 0.5 and 1.0ng/ kg and nore. In
general, the appropriate dosage will depend on nultiple paraneters,

i ncl udi ngwbhgssxpe of virus infection, the stage of the vIPCTAISDOI46LX i ON,
the 5 WD 01/46212 PCT/ US00/ 34610 desired plasna concentrati on of

LevovirinTM e duration of .the tregtpent, .etc
t r eat rrentdesérl&'é@gé’%‘a FERFeBEAtiopRf LS‘éod' Wit h §§WJ§“?}‘ ?ftPe clﬁlr%ur:lgpoé at ively
| ow pl asRinile GoMERAL udddsOmay Bé adhiuwed imith3divk vmilhﬁ'bcnuns at relanf/eslziqvopiasnmy

reqwre relatively h do: g further alter as ects of
t he i nvelPPoFRU|PB; 8& Hﬁ’t"tnz\? &f_"é\‘/gg\l’?{eﬁtﬂﬂsm Tggre éelat“’ 8

addi ti onal pharmaceutically active substances to assi st | n jthe treat ment of
the viral infreailifonker aﬁennhmrcpﬂsmcsobfamme@rmmabumamn’avehwoaainfrv mag bt ve

s s bicd bilf Bk biaSOGRU 205 LTine. IRduLah of: cbRuRRgs . Fo!

exanpPe, caRPINGE W eade 1 hl ors, nucl eoti de and
nucl eosi dgaBRRLOES. C&ﬂd’nplmwIa&dxfmdillbﬁdrmbcanumnyanmuhagncﬁmmbhndeammralkl nes.

Al t hough not wi shing to be bound to articul ar, theor
 Cont enpl 4FGYS SHATTAE mogslews TG Baf P e B R oot B wi ¢
an i ncr egsguddoriab @nd Mlcldosidp @Ry s /lddinmime nbdulaer sildAntaaporsdudacyskprs.i ent
and it is especially contenplated that the relative increase of the Th 1

response to the Th2 respons s, due tq:an h 1
response. TheAiSITf"ﬁ%‘}?é“Rﬁ?‘é‘WePé VAL T A ar?‘f)uzarltﬁeé’?yegggé mg‘llé[?%lthgﬁhg or
col | q@t i weinhisthabibn BRBEEPVRInT is do&'eka&ﬂt»ﬁﬂ‘ipﬂnaheehst hfithe Thdl nasporsse relativeno te
LevovirinTM to activated human PB in a ! rease of
15 the | 2 70w o Pyl SR s ke BRAL RRR AR
level . LBbRRLb URITh2 rédpohst is &@Nb aﬁabs@m@lmmage iA e ThlsespahieoMhaodytokine
Levoviri nT to activated human PBMCs

k f
the | FN- yevelsyaay therebyt be inarsased frui (14a! o gﬂ[ef“&%ﬁ’&ﬂ‘ [m %}é"tge?“' I‘{}?‘{) e ©

level , Qi lflsiABEBPLRSHEin™ ¢S K85RePhuchdtePBINES thaly easalt 1105 mahn b@asﬁcréi&%f( by
wei ght) over an activated control |evel (see also Fi

anot hiér  ehealip? ksyeliof af lsast dAYoehypy g HoYeR AR aqtiyated Gonoh leyel; ?‘2‘6‘3 g’) *I‘H?

response r BERK ol IHGITe BSR 1 QHE] mﬁqﬁbnaigm&:ahﬁd &ORtadl | evel
in IL-2, WB%&%@%@A&%&L&% Cby wel ght), 125% (by wei ght), and 72%

(by wei ghtdan peﬂ@pecase\oéﬂy: IFNty lsyebaf af leegp&% &y weighs) %‘ﬁp?‘éé‘i"é(?‘éél coneel leygli | e
the spectrumof treatable vira nf # bet ween
Ri bavi ri r?'&h?:lmﬁgb?)e\??t‘ri‘cﬁeﬁﬁﬁ O}LQVI(W?H TR §§‘e%$§§%%3§2nt ?ﬁtl) 8¥§a¥1’°e}§5)€g:9

t oXi Ci ty.col@sl 18R(ER¢ fso Rigur& 3-a). Iadndthérskample oms@bntmbkawdnman theringreasg inat

Uk oot ThCFERSS AT R MSFORRIR LSRRy Sh R MU RREE BT e B&hol ogy.
Furt her MRER.y. Litd TI9F-8SeTaeb@Albl Yverdhot €79% adyackifiiftnd VBB {YEWEgf. réspectively.

It should especially be appreciated that while the spectrum of treatable viral infections is
somewhat overlapping between Ribavirin and Levovirin™, Levovirin™ has a substantially
reduced toxicity. For example, while oral administration of Ribavirin in rats at 180mg/kg over

25 | four weeks produced significant hemolytic anemia and leukopenia, Levovirin™ did not produce
any observable clinical pathology. Furthermore, it is especially contemplated that treatment of a
viral disease with Levovirin™ is predominantly based on the modulation of the Th1/Th2 balance
towards a Th1 dominated response, and not predominantly based an a direct antiviral effect. The
term “direct antiviral” effect or activity as used herein refers to an immediate effect or activity of

30  adrug on viral assembly or replication. In contrast, a reduction of viral activity or replication that

is at least in part mediated by one or more components of the immune system is not considered a
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viral disease with LevovirinTMis predom nantly based on the nodul ati on of
the Thl/Th2 bal ance towards a Thl dom nated response, and not

predom nantly based an a direct antiviral effect. The term"direct
antiviralwoeih@ei or activity as used herein refers to anpCTsabi3aél® ef f ect
or activity of 30 a drug on viraI assenbly or replication. In contrast, a

reduction of viral activit epl.i cat hat 1S | e )
o at ed-dhrotvaR Rt ScstiyBhditnts tohe b eltbi s Eong RebRon dbr eq a

6 WO 01/ 4212 respbXsE/dUSRDA ﬁrééﬂ;@m cebirdiRg to ha inventhelsubjedtinetter May BEéspydidlly-

Li kewi se, (it should be appreciated that a.rel at ,g]?e?treductg5 J”fé t he Th2
responsea‘b‘i'i‘f‘iaﬁij’“é"’c‘%e&f‘ﬁé a%esFlaieﬂg“ (?‘“t”i‘f‘éeais?f{/ FESRETSY Yatter m
be "especimédivn). advant ageous in di seases that are correl at ed with an
increased Th2 response (e.g., HCV infection). 5 Exanples The follow ng
exanples_ il | uEt rate an exerrpl ary synthesis and various applications of
LevovTri arrpl e 1 Synt hesi s of Levow rinT™M 10

12,35 Tet 1 ar@ ahelyl ¢ m%f% hiRQEW A BW@P@SI@@%B ﬁﬂL&&h@& of

L-ri bose (50. Bhe I'n an . room
t enper at UE\e)vwaﬁ“added freshly prepared dry nethanolic HCI (40nTL, pr epar ed

by bubbling d HCl .gas into nethanol at OC to a weight increase of 4Q)
via syringe d%é—f-‘se m n period under -argon atnosphere. After the addition

of nmethanolic HCL. the reaction m xture was al.l%wed to stir at room
tenperature for 3-4h. Dry 15 pyri divﬁ@e’(’&@fdr?ﬁ‘?v’%s added and evaporated to

dryness under high vacuum bel ow _4Q0C. Thi process was a&gegt ed (g second
timelith addl-€3onkatradPpessyirh- HrrrP@ﬁJ(fwe%ﬂ)) Torpgtirted spiytian llsriopged P& ed in

dry pyri 93??3&%&9&4 Qrmamusc,aahmn t:moam dt f i RIpeiafirdCad ded fradhBtepared

at nosphere. To his cold stirred solution was added acetic anhydri de
(100m) myaneah@pbwph gtOrrmmenarmy bugblimg drfi§] pesripgggnetagnobet '@ éo aweighs on of

acetic aﬂal@%%e oqQ5}$ Q@yﬁrﬁ@%ﬁflr?é;ﬁ’\%gh&h_rﬁm&r biof hinfospilerd. QG 4R LGHBELAL Ur €

‘'under excl usion ol st'ur e e reaction m xture was evaporated to
dr yness mthenqlisH Cluahewgactiva miktureowiaschllowedocsiir atTagin iepraratues fp ry and

00 d
aga 1 i PR B0 GEhaE TV BorleE an e A8 B o b B T L
wat er ( 4&@:165} was eepeatedt £skcdinHEOS w(tR rdd 0@l iry pyedier ((080@hThe reaxdde Wed ne
(200m) . INS. QTIRY Sridie (F50h)'Eh% B0l th QUL AR DYAE U e PR Amodphérk S0 and

the filt
this cold stirred solution was added acetic anhydride (100ml) via a dropping funnel during 15

min period. After the addition of acetic anhydride, the reaction was allowed to stir at room
20 temperatere under exclusion of moisture for 24h. The reaction mixture was evaporated to
dryness. The residue was partitioned between ethyl acetate (400ml) and water (400ml), and
extracted in EtOAc. The aqueous layer was extracted again with EtOAc (100ml). The combined
EtOAc extract was washed with water (400ml), saturated NaHCO3 (2x 300ml), water (300ml)
and brine (200ml). The organic extract was dried over anhydrous Na;SOs,, filtered and the filtrate
25  evaporated to dryness. The residue was co-evaporated with dry toluene (2x150mi) at high
vacﬁum. The dried oily residue (92g, 95%) was used as such for the following reaction without
further charac'terizatien.
The syrup (92g) from the above reaction was dissolved in glacial acetic acid (300ml) and
treated with acetic anhydride (75ml) at room temperature. The solution was cooled to 0-5°C in

30 anice bath under argon atmosphere. Concentrated H,SO. (21ml) was added slowly during a

15min period. After the addition of H,SOs, the reaction mixture was stirred at room temperature
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25 evaporated to dryness. The residue was co-evaporated with dry tol uene
(2x150m) at high - vacuum The dried oily residue (92g, 95% was.used as
such for the following reaction without further characterization. The
syrup (92@yo bi/sg8i he above reaction was di ssolved in gl aci gctae6¥isgroaci d
(300m) and treated with acetic-anhydride (75ml) at room tenperature. The
solution was cooled to 0-5Cin 30 an ice bath under argon atnosphere.
Concent r afPe ¢ Bd@euresd parTushedics RA08)- andsiredawtil the icg melisi Wajse (300m)) waist er t he
‘addi tion ﬁﬁe&@ﬁ%ﬁaét@&wﬁtﬁ@-ﬁ@@@x%%l‘)‘r'ﬁ'levéﬂﬁxocﬁ)hﬁ Effhcflvad Qgﬁ‘e& %gf @%ur e
WO 01/ 46212 PCT/ US00/ 34610 for 14h and poure on crushed 1 ce 6 and
stirred u(ﬁt‘f'QO“tlhéatP@éﬁdrPéqH%OLV@@Q?m{)B‘UGML()-OQmB méhﬂmzﬁmneﬁ&wheﬁ with
CHC13 ( 2x33005d K %H% r (Sx400mL) .
sat ur at e)c;&%chécémImimeg bt cgéﬁs(rgl %%W;ﬁﬁe ri né%%gkgg@n&&esfh% Washed

or ganix evibvrregidue (g )dTlilQefdslé\ﬁeWaSeH‘PWépmtsd MitB A4y toftiene EX08thl pand disgelpatiat ed t o
dryness t ated with
ary o uene (S5 RTsna il LB} (fint BR)c kil BRGSO AR

cool i ng atrysiadihefsolid avadéyerpdowb@ﬁ“nbhmhesgﬁm & t.80s) ardalried tygivabd.sme
solid wa? Sdd.t ered. washed W|th hexanes : et her (2:1, 50m) and dried to

gi ve 60. 5g product Met hyl -

-(2,3,5-tri vl f ar e xylate (3)
and' 10 Mot hyl TS 5P Ft O g LRI R ho Syl 5 S AR LB The

ir and@yl )Mélh)'d U 3.5-a1-6- ae&l@alr-hbu@aha:beylx ny.4- tAaZ‘ﬁlééS-ldﬁxfbofbﬂate (4): A mixture of

t hyl - | e- 3; t 4 ol ), _ .
o5, 5 ratiIg B B e R B a0 3o by e RAFY B-haipofuranose
bi s( p- Ni t(spsdmenwmbnsﬁmts@ Ritrgphe w?an);ﬂlo@;bmceq J Werd B1aBE inl ARB-028Q580mi1). The

flask was pI aced in a preheated oil bath at 65 175C under wat er aspl rat or
vacuum wi tf a%‘?'f"?srl?lﬂ'ﬁdf‘b? Peshtef ollrbrsh alcioPt I SYcurfierVatst apaatonsasuEBMitct ed i n

an i ce- cQliffirlg' a2 shAt THe et At ki ;éa&ew@e&nefc{ee iRBPicE eamr@w;\m acep | ask.
The fl ask was renoved fromthe oil bath and al | owed cool en the

t enpdPat (Peevesh therepifairsd theilh 8ask: dheyfAnsk Ve rroeyed froaphe 8 dBHIand ahewed to
turat o

Squeous. | gy er R e MR AR Ak KACHER Sl B S BROAGE0mD il lllE

extract WG helinhwers inmeduced. end pkirCEd in Emvrﬂl)us: aquebRs 13(/80@!8{&)‘@2@ brine

(200L) - AJ0R HIRORE ( %Hl?%eé%ﬁ?ﬂ% Emcyg,zm?g&xgwa’s% 4 49 NaeRR d.ered

and t he trate was evapor at 0 dryness e resi ue Wwas |s dln
Et OH ( 1@Bn)). mréﬁqomlmdvhrmh (2aO6H). (Tﬂi@nﬂg)amc\nhﬁradnmmdn@bcwengﬂaﬂroﬁc for 12h

gglogg ed I\Faoé(%h*' grgd a:?c%% w%heevalsx())rla eg téA@wngsgl heerrgsgducm@a%%?sgol% in Enbﬂl fum
Q1 OOml) and dlluted with MeOH (60ml) which on cooling at 0°C for 12h produced colorless

crystals. The solid was filtered, washed with minimum cold EtOH (20ml) and dried at high
vacuum over solid NaOH to give 60g (78%). The filtrate was evaporated to dryness and purified
“on silica column using ChCl;-> EtOAc (9:1) as the eluent. Two products were isolated from the
25  filtrate: fast moving product 8.5g (11%) and slow moving product 5g(6.5%). The slow moving
product matched with the crystallized product. The fast moving product was found to be (4) and
obtained as foam. The combined yield of (3) was 65g (84%).
| 1-B-Ribofuranosyi-1,2,4-triazole-3 -carboamide_ (5): Methyl-1-(2,3,5-tri-O-acetyl-p-L-
ribofuranosyl)-l,2,4-triazole-3-carboxylaté (62g; 161mmol) was placéd in a steel bomb and
30  treated with freshly prepared methanolic ammonia (350ml, prepared by passing dry HCL gas
into dry methanol at 0°C until saturation) at 0°C. The steel bomb was closed and stirred at room

temperature for 18h. The steel bomb was then cooled to 0°C, opened and the content evaporated
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vacuum over solid NaCOH to give 60g (78% . The filtrate was evaporated to
dryness and purified on silica colum using ChCl3-> EtOAc (9:1) as the

el uent. Two products were isolated fromthe 25 filtrate: fast noving
product 8y8@1kéty9 and sl ow noving product 5g(6.5% . The BtDUSMEDYéIR]
product matched with the crystallized product. The fast noving product was
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at e stee o} was e nd stirred at roqm erature for 18h.
The spee|an%tfmnsva§aﬁlﬂmateoﬁ1 ot E @lutwa&wéaowr?%cdc%ﬁ%fngﬁﬁ%%% thed 8

WO 01/ 4623%2e Reckbd)SARhAAG I acelone SHAYMIRE Sindel REcULRS FatiRr WeiRehtAioh eltheifldatdr y
et hanol (100ni) and evaporated to dryness. The residue obtained was

triturat éavwdtdﬁl%é’éF%}?Féa‘tE”edP‘@byl%ld%F?%B(S\R/?ﬁ ch was filtered and washed with
acetone. glhg 3031 d was dried overnight at roomtenperature and dissolved in
a hot Ethng'O‘M) and wat er (1 om) m xture. The volunme of the EtCH

solutlon was reduc 5 and stirring Qn | ate. The
ot "Et OH Soi ut § on TH KRS BRE) GY Ry ReLe 3r PR T FpERRC Rl B 7

filtered. washed with acetone and dried under vacuum Further concentration
of thé fi |traPeipkgsw/éloadmombmmmhseaeteassolatw]éomcbxtedthmomrabwdsnsaﬁg (899 .

Exanpl e Zra'ageaﬁ b f&[ﬂ g,wéaﬁ g@&ﬁmﬁ S8R .s??' geé% 1 and

Ri bavirif erl p eral nonon ear om Iteal t hy
donor s byagteGai) t@omagmaahrgnhormemsrwéru gaaved by adHecmedtonyasiEc durifie@mrcelshment

usi ng Lynphok 0gg nocyt es
wor o o ByCBRerarR i DR 0% cBAF T pndibs a8 AR BT
%L A- DR+ (RPMICH 645%6@[&2:53'0ntﬁmdg Wﬁtoﬂl@oﬂi plasied l%’lglREMneAF% (RPM 1640 medi um
cont ai_ni ng 5% aut o ous

peni ¢P1 | PRACHGS R 8%3%%352?1‘8?‘5 WOEWH}&%%?IC)”“”EBP“ Phe ke N Rat i on

of cyt oki g@glsm-ﬁél@ (8 J* | @ued ﬁ}lurg% 680 itﬁ]) (“graacui:fisd by e lkl&lillﬂd&fﬁoﬁXDnQoQ ml) vver e
acti vate the addition o tap ococcal ente tOXInB
S i SPtaphyarRseal erosHn Pr{S LB 885 JoBinaT S e i el RS ES of

0- 10M of k@é&fewaMf@bMﬁmw lemﬂu&om@h@fat FPE. FdelWimiciearidg! | vat i on,
super nat ant s were anal yzed f -derived cytoki ne production. The
cyt oki ne sehstratamisyagre applyzed for cell-denved cytokine production. The cytokine determination

20  was performed using ELISA kits specific for IL-2, IFN-y and TNF-a (Biosource, Camarilio,
CA). All ELISA results were expressed as pg/ml. Data shown as percentage of activated control,
calculated as the ratio of activated T cell cytokines level in the presence of Levovirin™ or
Ribavirin over the cytokine level of untreated activated T cells times 100%. Thus, a zero effect

on cytokine levels would give a percentage of activated control value of 100%. Figures 3A-C

25  show the similarity of dose responses between T cells treated with Ribavirin or Levovirin™ and
various Thl cytokines. Table 1 shows the effect of Ribavirin and Levovirin™ on SEB
stimulated T cell expression of the Thl cytokines IL-2, IFN-y, and TNF-a. The present data
clearly suggest that Levovirin™ offers significant potential for the treatment of those diseases .in
which ’i_‘ype 1 cytokines play a critical role.
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20 was perfornmed using ELISA kits specific for IL-2, IFN-y and TNF-a
(Biosource. Camarillo, CA). Al ELISA results were expressed as pg/m.
Data shown as percentage of activated control. calculated as the ratio of
acti vat edyd o¢@ézh2 cyt oki nes level in the presence of LevovipcrniEbi/eshsio

Ri bavirin over the cytokine |evel of untreated activated T cells tines
100% Thus, a zero-effect on cytokine levels would give a per cent age of
activated control value of 100% Figures 3A-C 25 show the simlarity of
dose responses belweerny cells trdhtled with IRNbavi ri iM¥F-alevovirinTM and
various Thl cyto nd

Levoviri nTM on SfHB stl mul ated Tiogl | expragsi on of {dpe Th 1 cytokines
IL-2, IFN-y, and TNF-a. The present data clearly suggest that LevovirinTM
- offers significasEB p®ievinmal for 143¥st reat nents of t hps@4di seases in  which
Type | cytokines play a critical role. 30 9 WO 01/46212 PCT/ US0O0/ 34610
Treatnment |L-2 1488 ¥ LENvi6eSEB 190:1200 10G208FB + Rifgyirin 14318 1316
1244 SEB + LevawvirinTM 13112 1223 1447 Table 1 - All data are shown

col l ectively dgblrbanl @%%@h? el'eetfve‘aamws&*wgbﬁﬁﬁ*wedgwol (8t &ﬁ’dﬁfld

t g/ u
deviation) for m':;eme&n AT TR ) o s
i nduced Type | cxfsg]%,v s %ﬁﬁomgﬁ FN-7 462+/ -
37, and for TNF-a 223+/ esting evels were < 30pg/m for all

cytokj nes. 5 Exanple 3 Di rect Antiviral Activity and Cytotoxicity Assays In
vitro testi na for direct antiviral activity of LevovirinTM and R bavirin
agai nst infl €A and B, parainfluenza 1 and 2, and respiratory
syncytial virus were perforned as described in 10 Huffrman, J.H et al.
Antiviral Chem and ChenotBbizect Ab89Fg! BriviRbartdi)emndxiBarAsamad, D. L. et al.
Antiviral Chem and Chenother.1997, 8: 223-233. Anti-human i nmunodefici ency "
vi rus acti vi tly vitigasstmg Sersiimdt dny virbleac ety eri&bw\@aiﬂe’smdlmmrﬁmagiMSMﬂgenaa

Fepr oduch Ao Beoeran e S A itbRwes| SR ya PR s BREmE] sl UferfhB® o
577- B8B6] Huffnan, J e padli Axrsind! CHBN)angdhexothgr. 1837, 18071 - Bbm&Uszryardlemgetaam assay

as descr,!!rgxev(zjrap (¥hem and Chemother 1997, 8: 223-233. Anti-human immunodeficiency virus activity

was assessed by the National Cancer Institute using a procedure designed to detect agents acting
at any stage of the virus reproductive cycle [Weislow, O.W. et al., J. Natl. Cancer Inst. 1989, 81:
577-586]. Anti-hepatitis B (HBV) activity was monitored by using an assay as described by

15 Marionetal., Hepatolo@ 1987, 7: 724-731.Anti-HIV activity and cytotoxicity for Ribavirin was
determined from previous data [McCormick, J.B., Lancet, 1998. II: 1367-1369.

Table 2 shows a comparison of the direct antiviral activity and cytotoxicity of

Levovirin™ and Ribavirin in cells infected with various viruses.

Compound  Activity HBV  HIV INFLA INFLB PARA1 PARA3 RSV

Levovirin™ Dir.Antiviral >100 >600 >200 >200 >1000 >1000 >1000
Cytotoxicity >100 >600 >200 >200 >1000 >1000  >1000
Ribavirin Dir.Antiviral  >100 40 6.1 1.9 40 4 5

Cytotoxicity 53 >40 56 >100 >1000 480 100

Table 2; The viruses tested were Hepatitis B (HBV), human immunodeficiency virus (HIV), Influenza (INFL) A
20  and B, Parainfluenza (PARA) 1 and 3, and respiratory syncytial virus (RSV). Antiviral activity (ECso) or
cytotoxicity (CCs,) is shown in pM.
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15 Marion et al., Hepatology 1987, 7: 724-731. Anti-H'V activity and
cytotoxicity for Ribavirin was determ ned from previous data [ McCorm ck,
J.B., Lancet, 1998. |1: 1367-1369. Table 2 shows a conparison of the direct -
antiviral activity and cytotoxicity of LevovirinTM and R Lid.n.tn cells

i nf ect ed WPW4APi ous viruses. Conpound Activity HBV HIV ‘ﬁﬁﬁ?&b?&hL.B PARA
1 PARR 3 RSV LevovirinTMDir.Antiviral >100 >600 >200 >200 >1000 >1000
>1000 Cytotoxicity >100 >600 >200 >200 >1000 >1000 >1000 Ri bavirin
Dir.Antiviral _>100 40 6.1 1.9 40 4 5 Cytotoxicity 53 >40 56 >100 >1000 480
100 Table 2: E#BRled seos tested were Hepatitis B (HBV), human

i mmunodeficiency virus (H V), Influenza (INFL) A 20 and B, Parai nfluenza
(PARA) | and 3, /Amiinflenpaiont eryitiey atiavptintf ingoneqavglin Afnducadrgpaitist i vity
(EC50) or cytotoxicity (CC50) is shown in M 10 WO 01/46212 PCT/ USO0/ 34610
‘Exanpl e 4 Ant gl Bid QAR HErhrdipiwett fnf@d Ghird¥inedlly Wi A findiPa6RRAYGIZ N A

i nduced Hepatitis BALB/c mce (6 per group were injected
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Levovirinl I . LR Q. L0 0HSy L&Y LR LR ion

with 0. 3%“&%&%@%&?43@?‘1\;‘(@8% B‘A@&%ﬁ?’{é’ﬁ?@%@%ﬁih%&) 2 e M 00 e

t he m ceawsthetizedvatt PeptliranecindexdngFigated by eredianplingtusatg wbraat whblblogd Seruac
puncture_to .obtaip whol e 00d. , Ser,um , was. obt ai ped from t | ood and
sed 1 or "aerSRnRBrPoReSe P8 b 78h {actPSRRye pE Rl pbe liplishaRialel A0
| evel s wexIeT)dBérammAIDE thvels meee derermirey nEingant enzimy aassgussaB(Siga3) biseded tlen t he
10 colorinetric neasurenent of the products yryvi ¢ acld an | ut am c

aci 4f0  oFER PG Menem TP Ly Sraogs CORBTEIRL R Rm® 4 e iy e

a- ket ogl ghraydi€ofaé Subsratgdd AiRnAnS WS kétbdu@aDabd. Figifre 4 SBswWEthAbrhounts sgfependence
of Ribavirin or_LevovirinTM_ .or PBS. Both Bibavirin ang LevovirinTNHMMere
abl e to WEAdMk inglepspdersg of BitayisingrLawrraan] Vs b Beth ibganmand Lexoupg

1900U/ M bR abREG8 ShvHantidlty ré@Ze fcRh ARinBaek siimaddr RO4MBin abbut 156GU/Ao

LevovirinTM 15 Thus, specific enbodi nents and applications of conpounds
and et h®e)/mi +-r18aferfgbayirinandRS4PAplet/t | Bronkevevirial/bvi ri nTM have been

di scl osed. It should be apparent, however,.to those skilled in the art
t hat jgrany nor enaDGetikic dnboNime e shdasplitARaEoRompathds des meihb@bfafe@ingassi bl e

wi t hout departing fromthe inventive concepts herein. The inventive subject
matter, YiRd ifegsiog ,wqhsLevovmn'rM have been disclosed. It should be apparent, however, to those
skilled in the art that many more modifications besides those already described are possible
without departing from the inventive concepts herein. The inventive subject matter, therefore, is
not to be restricted except in the spirit of the appended claims. Moreover. in interpreting both the
20  specification and the claims. all terms should be interpreted in the broadest possible manner
consistent with the context. In particular, the terms “comprises” and “comprising’ should be
interpreted as referring to elements, components, or steps in a non-exclusive manner. indicating

that the referenced elements, components, or steps may be present, or utilized. or combined with

other elements, components, or steps that are not expressly referenced.
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interpreted as referring to el enents, conponents, or steps in a

non-excl usi ve manner. indicating that ¢Egyh§ferenced el enents, conponents,
or steps By ? F@ sent, or utilized, ined with other elenents,.
conmponent¥hatgicla §§ t hat are not expressly referenced. 11 WO 01/46212

PCTI USCQO/,3461 A .S of treatnment of a
vi ral |nfect|%ﬁn%% AQFE Frent °£%W€PIﬁggmmlnaaépﬁﬁggghg g a conpound
according to structure 1, wherein structurel is ON H2ZN/ --1C NN O
HO OH 2. The ndshimisterim acomipawrid agherdisigio sthustupé bal i nfection is selected from
the group consisting of a HV infection, a HCV infection, and a HBV
infection. 3. ,Jbeif®&i.pee pfs claim 1 wherein the step of adm nistering
increases a Th 1 response relative to a Th2 response in the patient. 4.
The net hod of claim 3 whePein the Thl response increases. 5. The net hod of
claim4 wherein the increase ¥g the Thl response conprises a nean peak

i ncrease over an acti viagned on?%ol level in IL-2 of at |east 70% ( by

wei ght). 6. The nethod of cl&ir-m4 il the increase in the Th 1 response
conprises a nean peak increase §ver/ an activated control level in IFNy of
at | east 20% (by weight). 7. The hod of claim4 wherein the increase in

the Thl response conprises a nk@®n pe@H increase over an activated control
level in TNF-a of at |east 50% (by weight). 8. The nethod of claim4
wher ei n Rhe i ibe mathed oficlaime] Whereinabpvina énfewsioprs seéested fr@@awe;ﬂm consisting

of a HIV mfecnon a HCV infection, and a HBV infection.

3. The method of claim 1 wherein the step of administering increases a Thl response

relative to a Th2 response in the patient.
4. The method of claim 3 wherein the Thl response increases.

5. The method of c¢laim 4 wherein the increase in the Thl response comprises a mean peak

increase over an activated control level in IL-2 of at least 70% (by weight).

6. The method of claim 4 wherein the increase in the Th1 response comprises a mean peak

increase over an activated control level in IF_'N-y of at least 20% (by weight).

7. The method of claim 4 wherein the increase in the Thl response comprises a mean peak

increase over an activated control level in TNF-a of at least 50% (by weight).

8. The method of claim 4 wherein the increase in the Thl response comprises a mean peak
increase over an activated control level in IL-2, IFN-y, and TNF-a of 42% (by weight),

125% (by weight), and 72% (by weight), respectively.

9. The method of claim 1 wherein the step of administering comprises in vivo

administration.

10.  The method of claim 1 wherein the step of administering comprises oral administration.
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i ncrease over an activated control level in IL-2, IFNy, and TNF-a of 42%
(by weight), 125% (by weight), and 72% ( by melght) respectively. 9. The
met hod of claim1 wherein the step of adm ni stering conprises i-n vivo .
adm nistration. 10. The nmethod of claim 1l wherein the ste .ﬂggﬁgﬂhﬂlsterlng
conpri sesWBOY*2 Y i ni stration. 12 WO 01/ 46212 PCT/USOO/S%% 11. The

met hod of claim 1 wherein the step of administering conprises injection.

12. The met hoth@embabnihimiheheien thhieessidmidistadhy cinptisgsiimgetioonpr i ses

adm ni stering the conpound in a dose between 0.1 ng per kg of body meight

of the pﬁl&' en a“d d SFUaBE] whkinGhe QQ ¥ ugL}EmEE: oh ﬁséa%hlﬁﬂaenng

f a
nodul at o ne response according to str 2N N-N O
OH HO OH St Ccuﬁﬁsdnlné inl a d&e between 0.1mg per kg of body weight of the patient and 1.0mg per

kg of body weight of the patient.

13. A modulator of an immune response according to structure 1:

N—N (0) OH

HO OH

Structure |
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