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Al DS virus or w th Rauscher Leukem a Virus (RLV) [Knight, S. C. and
Patterson, S., Annu. Rev. Immunol. 1994. 15: 593-615]. In another exanple,
G aci e, é, v4gh2al ., denonstrated that adninistration of pekusi@adem mce
exhi bited pleiotropic activities critical to the devel opnent of 30 Thl
responses. [Gacie et al. JAin Invest 1999 Nov 15;104(10):1393-1401].

Al t hough the admREATMENDOBDVIRXLINFESTIONS USING LEREOMIRINK r el ati vel y
specific increases in desired Thl 1 WO 01/46212 PCT/USOQ 34610 cyt oki nes,
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whi ch the inventors enploy the nucl eosi dé anal og R bavirin
of therapeutic significance, since Reiser et al. report that Th2 cytokine levels are elevated in

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 cyvtokine 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 IL-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  Thi responses. [Gracie et al. J Clin Invest 1999 Nov 15:104(10):1393-1401]. Although the

administration of cytokines typically results in relatively specific increases in desired Thl

1
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advant ag\%ﬁ‘lﬁmg’ﬁﬁ the treatment of viral infections, becapsmuBdBgiorin not
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further naspedt st eoffan'eheatsmvmtmtwelosubp(émexmweﬁo priodyasy FurthempypiesZn and

adm ni st er g}é Vi VO, ref er.abl ect ed g 0 h\é‘% ein
the pr efcé'?& Sg}o%rgpaé"im D8 IV iF E%?Iagémﬁg r\/evcelearllld(ﬁh‘a‘fg)fr()Fl(S(;‘(ﬁ1 éc/fm&lg i %) g%
Valr : OES ARII&EcTeactiBR, U§REiallASMAEE {he prdpratidiadt agedtrafuré. Hovaves Gh&t i nventi on
W econe
administration of Zn"™" and/or GSH/GSSG seems to be beneficial only to restore a Th1/Th2
70  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-p-D-ribofuranosyl)-1,2,4-triazole-3-carboxamide) to modulate the balance of the Thl
25  /Th2 response. The use of Ribavirin is especially advantageous for the treatment of viral
infections, because Ribavirin not only modulates the immune response towards a Thl 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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15 In one aspect of the inventive subject matter, the administration of the Levovirin™
increases the Thi 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/keg.

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.

25 Brief Description of The Drawings

Fig. 1 is a structure of Levovirin™.
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.



cyt oki nes, increased proliferation of the correspondi ng | ynphocytes, and
other effects associated wth increased production of cytokines, including

motilitywefdiRess. A Thl response is generally characteri pe@g/syo/asid Nncrease
inlL-2, TNF-a. and IFN-y, whereas a Th2 response is typically 25
characterized by an increase in IL4, IL-5 1L-6, and IL-10. In a preferred
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an ext efl rmanent very contenplate or 'exa , a
mor e pey.n@ners). delivery may include the

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 proliferation 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

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

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, but may also include lower
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20 use of a continuous infusion, an osnotic punp, or a sustained rel ease
inplant. It should further be appreciated that the delivery route is not
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an increase dr ?‘fﬂrﬂ’ér gll‘ﬁmartlé’gﬁﬁ)‘?%@ O?gfedflﬁ?é‘v? Bul)é??érrfaﬁ‘?if?_ﬂ?ﬂ’@gﬁlbfﬁgéa“ioﬂo pati ent,
and jist i1SvBRE Addddhof BBRRIcaSH sthBRdaliPthjéBbAbIME dehitd 88S@ ISk, il erafhl
response to the Th2 response is due to an absolute increase in the Th 1

r espons ancliidrealteynatiie frequeneigeind reies.ties cstyplpevhene retasisely highmmaeuatrtl v or

col l ectiyvely.. Eor anpl [ e : : 1 Qi .on of
Levovi riIheT‘R%flg ag?eﬁé%{gggeelhvﬁﬁ@gh %%{s&&rn(%sﬁ oﬁ*&eg%}s{ﬁ% tﬁu%r?s%géa%gng%ﬁaﬁ&%%crease of
15 the IdimflalgwlerOhighblakb@asbncé¥tioys WELGILrindY afe desiraicdvey at edercied peddd,

| evel . Alternatively, It is contenplated that adm ni stration of

Levovi r i AmnaRsnh deliveat is qomemalateapRas XAy er @are pergangnt delivery may include the

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, gels. 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 contemplated 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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mean peak increase of the IFNy level of at |east 20% (by weight) over an
activated control level, or in a nean peak increase of the TNF-a | evel of
at | eastyoQhsy Weight) over an activated control |evel pECs@Somdssm Fi gures
3A-C). In another example, it is contenplated that the increase in 20 the
Thl response may conprises a nean peak increase over an activated control
| evel i niesited?lasmarNingentratieh dfNRvavioh ™4 2o dunationesf giet tyeatmemogte. Bpr qeangte.) . and

72% ( by i ght respectively...lt shqu icall i hat
B T S g s e T M
bet ween Bhhawhtidnd ofNevdvervovi stherNifal Infactivhy iy Mqhiasretatsalydtiginddsagdsy reduced
toxicity. For exanple, while oral admnistration of Ribavirin in rats at

180nmg/ kg over 25 four eks produced significant hemplytic anepia and

| eukopeni a, E‘é%‘b‘@/{;ﬁ?‘ﬁ#&aﬂvgﬁpeﬁf‘ 8&}}8 aRYF 3 g%ggr %‘g reﬁecvloi“rli}lncafnaﬁﬁf hol ogy.
Fur t Ber nBf®ineli twilhSad@fRAEI phbiyace@thBTRd AL 8abstdhats thagadi i tHe tbtntent uf thal

di sease with LevovirinTMis predom nantly based on the nodul ation of the

Thl / Th2 vival imfrstions: Gaptenwplatedrdditioaal nhareaseyticaip Adive subrgrnsst npludeientviraht | y
based an a dir tivi c L iRl inngfidget or
act i vi t yEEL %%ag@%ﬁ%{r%er%l%&gag{?resﬁé&%%te%nF-EFg)rr%ﬁ | éifméne@ g%%m%? gctti Vity of 30 a
drug on o¢intékotrieihligie@ideranplops ahd ommubamoduistoasibstances athydnélade gytokiesal
activity or replication that is at least in part nediated by one or nore

f the i . ' da. .6 4
PCT] LSO 34619 Mough PRCT Y Fyraiad Bran SRBHHERER G e et e oy

be appreghilisehtionJF LavdvarimMiiy orfedettivite Bn Qcreat el tHOZhT 68paiss eclativeitd thea
treatnment according to the inventive subject matter ma% be especi al |

advant agéguesponsedn easey. andt is srreciby Faygm@atedition therelatvs wasary o Msponse
(e 9., HeponddIh 86 1P NepoBs AP LR PGl hdrOMt HOREIRTLESnde ISl an

exenpl arr§3p§9nt S1 s ana various applications o evovirinT EXanple 1
Synt hesijsvedf mhethercby be ivtehfedlin@yRlubliyl@tdoded@valyeF ot exa@ple- itihamtamamasdthat ) :

To a stirred solution 01‘,_L-ribose[F§i 0.0 3@3.33 1) in anhégr.ous
met hanol2dpsmefAtPn &F et Srp et 21“69&8 PR etimpy é‘?ﬁf %7‘ ?)ngfhi?ey inczgage of
met n%no!thﬁlﬂfgev@m 1eaBTRPRbE Heid¥r) BYADIN REvAEYcIitd] 838, ARb@atiiyIanel at 0C
to a'weight 1ncrease of 4g)” via syringe during 15 mn period under argon
at nos phenetempiatest thattrdmamigiratiopof evovirin™ to activated human PBMCs may resultin a

mean peak increase of the IFN-y level of at least 20% (by weight) over an activated control level,

or in a mean peak increase of the TNF-a level of at least 50% (by weight) over an activated

control level (see also Figures 3A-C). In another example, it is contemplated that the increase in

20  the Thl response may 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.

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 ofa
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

6



met hanolic HCL, the reaction m xture was allowed to stir at room
tenperature for 3-4h. Dry 15 pyridine (100m ) was added and evaporated to
dryness wgl@naehi2gh vacuum bel ow 40C. This process was repeatusdo/adcsecond
time with additional dry pyridine (100m ). The residue was dissolved in
dry pyridine (250nm ) and cooled in an ice bath to OC under argon

at mospheidiectpptivigah] effecs pracgvity. dakevaes. ishord ke spraeriaed thebs redatiya gdietiereof
(100M ) i . . ) Do tion of
boeti c Al SifreaboiRp i £ BBl UELREpd  HECREYS fce bl ol e BSRIPT, o
under exdiasigenusih diehss tiaearkgprr@died witheanrieaedsed ithriespatrse (agasHEWapor at ed to
drynessnﬁéhe resi due was partitioned between ethyl acetate (400m ) and

wat er (4 ﬁWT?'and extracted in Et OAc. The aqueous | ayer was extracted
again with EtQAc (100m ). The conbined EtOAc extract was washed with water
(400n1l) ,Exgaiplesat ed NaHCO8 (2x 300m ), water (300m) and brine (200m ). The
organi c extract was dried over anhydrous Na2SO4, filtered and the filtrate
25 evapor at ed’he Golibwing ssampléra il i@itechincexamplaePsydupid had ediosk bpplitayortsalfuene
(2x150mL) at. high vacuum The dried oily residue (929, 95% was used as
such forle¥M8rRGT| owi ng reaction without further characterization. The

syrup (929) fg@mdidg above reaction was dissolved in glacial acetic acid
(300m ) and Tr‘e‘gl?d with acetic anhydride (75ml) at room tenperature. The

solution was cooled to 0-5Cin 30 a[rsll i.ce path under argon atnosphere.
Concentrated H2SO4 (21m) was added”@PBHPALUAVIRG a 15mi n period. After the
addition of H2SO4, the reaction mxture was stirred at roomtenperature 7

WO 0%/ 46212 Fbéﬁsw_e@)ﬂé%wl-ﬁrwibfﬁﬁ;%ﬁ%(la'otﬁ eefirg ORLORSELiTEResE 698y , and
stirred ﬁ%g%giﬁlﬁoﬁ%ﬁhgﬁ%ﬁdstlﬁ?hé%i @OO&?)OAQ%I&m Y%ghag%g%s @&d%?%%ﬁl?%%@%roe n;_?

CHC13 (2’x oroform extract was W th water
sat ur at eldy NatHat®ic HCx@E0tibyspawatberbupRldndry Hetigiabmianmethafnat §°C tbhevaigished

organi c .extract was dried over anhydr.oys S, filtered, and evaporated to
dr ynoss R GEAE oMy SR S BMASH0) indfiarzoberte g 5 O HEBIREd it h
dry tol yemen6ROPE) RN cHbS 8RkMRAVAshIloRedYd stRENRom RRBE N ure W3 Cdh. DPPN
cooling at 10C for a da% produced colorless crystals. The crystalline

\%4

sol i1d wagriding (El0sd) ang evappreted e drynesstunder high viacugo pelowaHIC dFhied t o
gi ve 60.5 r oduct . . . . ,
Vet hyl - PRSP eyt e 14 PGB e (B0 T 812 %ar boxyl a
e (3) anghsold:€d in dry pyridine (250ml) and cooled in an ice bath to 0°C under argon atmosphere. To
thhyl-I1(2,3.5-tri-C}acetyl-p-L-ribofunanosxl1-1.2,4-triazole-5¢carboxylat
e (4): Ahigeeld sHmedgolution 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 temperature 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 NaHCO; (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 (2x150ml) at high

vacuum. The dried oily residue (92g, 95%) was used as such for the following reaction without

further characterization.

The syrup (92¢g) 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,SOj, the reaction mixture was stirred at room temperature
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met hyl -1, 2, 4-triazol e- 3-car boxyl ate (25.4g, 200mmol ),
1,2,3.5-tetra-0O acetyl -(3-L-ri bofuranose (63.66g, 200nmol) and

bi s(p ni %gg%@é&)phosphate (1g) were placed in an RB-flask-{B8f%kdo The

flask was in a preheated oil bath at 165-175C under wat er aspl rat or
vacuumw th stirring for 25mn. The acetic acid displaced was collected in

an i ce- cfird4i ﬁxappddﬂai 011 &uﬂie&@@dSG(fg),bﬁH\&ﬂﬁéH GiiR tiasipé malarwamsd soba)RRsf | ask.
The fl ask was renoved oil bath and allowed to cool. Wen the

t enper at #ldgd gpd ?"H@C‘Fpéﬁé‘w @égb H%@OPB]@Q thhs clierofaym exragyas(vapbedl yith water
sat ur at e@m&ﬂﬁi@éﬁé&@ﬁhﬁcw r@x3dbkdip %@e‘? P@%{rﬁé?ﬁ(ﬁ%‘) “HE Sfeq The

aqueous l'ayer was extracted ‘again With e co ned Et CAC
extract ovgsnigesthestwas diedsaten ety dpubdi4SO3. ﬁl(efi@i)add)evawaated tq &@ﬂesﬁ)o ginelabr i ne

200md) . .Th extract dried d Na tered
tnd the 7P ErSreRReE TR LGS RS Vb ekt dRdied QadniB dRe s d e
Et OH  ( 1aByTkihed (RhOSl), mmll upoh BodeigH: { GONto) a dayh;br@h!u&a c6lRakisngystdis. @ke f Or 12h

produced col orl ess als. The solid was filtered, washed with m ni num
col d Et CHyYalting 50115%%6?1}6@?& wesher grith hexanes npbe: 1s 60mb anel dred to Preed-80g
(78% . I};}gd@tltrate was evaporated to dryness and purified on silica
col um ing ChCl3-> EtOAc (9:1) as the eluent. Two products were isolated

fromthe 25 f f.ast i.n
product 5g(6. lgg)él&lafrﬁg ssa[gv?% l Héb%o ucts%rlraf Cﬁﬁéﬁ% ?ﬂg¥§%&g§§;§§? i zed
pr oduct . MEthel- {458, SFEEV(DJ’agetplF[DIIiu@ﬁoflwaﬁosE/DurKM-hﬁhzbE {-darb@hithte 0Ot AinfigArast f oam

The conbi ned KI eld of (3) was 65&& /%
1- ( 3- Ri bsethyla %&vrla@lezo 4artbpméts|< caPmmahi ba.3(Btetra-O-acetyl-p-L-ribofuranose

Met hyl - |

M bof ur ae S5yl AR nikalnbsy iphosphate 1 asge Pt in g REGARNSPW0BY 1 o
st eel boﬁfh: féeakl wagﬁlatcfcblataqﬂehﬂateb oflrbaﬂhity6$>r1 epanederneitteasplraor eqvanmivaiti 350m
prepared by p nol at OC until saturation)

at 0C. fgé? %n&%e “&F‘ él&ip[étﬁgﬁ weg ?Oﬂlé%fggtn Fgesreolf drpahatisnlaced or 18h

The teeaenb&mh irhBEEh L0 RN AR ﬂQﬂd@P%@%n?d@Qdfﬁ‘aﬁl he 81193 eﬁi&%ﬁ%ﬂ&%
WO 01/46212 PCT/ US00/ 34610 to dryness. The residue was treated ry

et hanol qoeD0Yhen thngmperapoe af b fiagk me;hwéselghw@ -7PEsEdec GiDmiread saramited

i fil d and hed h
acet one. S0P POLGEE Rl i S r ol B puar RSP el ved | n
a hot Etdghn(a0PiAC (a[)dml/)/a‘l"l@dc&ﬂtﬂﬁéd)Etm&G Hifict Wﬁh&vé&ﬁé&%h@ﬁtuialf&i N2,

sol ution was reduced to 150m heating 5 and stirring on a hot pl ate The

hot Et OH38Qmi waer @ROmbend hg%@@()@&eﬂhwlgmw etmce s drigdsovepphydrouger e

‘:):c | E@;eﬁﬁ @65 I}ﬁgre\ﬁl ahfl tRCAL ARG Ra A Ef o HIREs. VRS YeifBue P TllSh 1V SPGB ati on
(1 OOml) a.nd diluted 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-Ribofuranosyl-1,2,4-triazole-3-carboamide (5): Methyl-1-(2,3,5-tri-O-acetyl-B-L-
ribofuranosyl)-1,2,4-triazole-3-carboxylate (62g, 161mmol) was placed 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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gave additional material. The total yield was 359 (89% . Exanple 2

Determ nation of Cytokine pattern in response to LevovirinTM and R bavirin
10 Peri pkas ad/48100d nononucl ear cells were isol ated from healuseysanonors by
density gradient centrifugation foI | owed by T cell enrichnment using
Lynphokwi k (One Lanbda, Canoga CA) . nt am nati ng rmnocyt es were
renoved ByirgaTeldscesiqus Vmsé"se?ﬁeé Wl‘lblﬂfﬁ’ thlwlﬁ(@éﬂl and eyapqratsd godigmss The|

YHLA- DR+ 530 d oﬁéféé@z%? i'htux%P:q W Ref0RL %&?901 dpwﬁaglv&dg?éteregaﬁmgfég WiRd um

cont ai ni ng 5% aut ol ogous plasma, 1 % gltutam ne,
peni ci | | acetoser Bt sotig ovan danttio@rmg%azmmr capereird anbdiysol vedrin t het BeHe(GO0MAE | on

of cytoki T: cel (0.2F 06inav|urre .2 .were
act | vat ey RErdhane iR T BhRY atd ST ieouarRishl B Bk Tehinden,

Si gnes  Sknd dutithSon dhot praiel ThHeGBDBIEU sdliti o ®bolin®@hdbvRISd thlobBR cridtads Qe Of
0- 10M of LevovirinTMor R bavirin for 48 hrs at 37C. Foll ow ng activati on,

super nat ¥erediligeide wamsr yvdceigpe e driedapsredew dirther qonerntietiponf tha filirate
cyt oki ne%g,%tagglm)‘?% O&é}lagofh\é@&al%élﬁ%{agggg@ o 1y9 ELI SA kits specific for IL-2,

| FN-y an source ril ELI SA results were
expr esselxasple® nl . Data shown as percent age of activated control,
cal cul at ed as the ratio of activated T cell cytokines level in the presence

of Levoviti nTM Of DeRAmilibh by Oiind MftobY Sk BYRLodhin LI ERE AT ACt | vat ed

T cells tines 100% Thus, a“zero ef on cytokine l'evel s wou gi ve
percentage of activated control val ue of 100% Figures 3A-C 25 show the
simlrity ofPaipberalblsprbmeaenusiseugedln Werediedlhtsd fromehcatihywilarvrbshdensity n or

Levovi rinT Al Ki;nes e 1 sh

R bavt 1 St Pl B S Bl BTl iad L PRI FOF ik ot
cyt oki negark LCA&). Cof¥minatial enohbEytés wdrb eenpd @8 & adigkaéte t&bl@@trd. PusSHGUEsélist hat
LevovirinTM of fers S|gn|f|cant potentlal for the treatnent of those

di seasesV§R > P2 TypeHLAPRokad s "nf Ry 5 a ap¢ pefegpdintaiied in BBMI-ARS 01/ 46212
PCTT USOO3AR 10 TG Rbilhs 2N 3o T0K7, 3,558, 100,400 1990 SEB + R bavi i

14318 13 EB +LevoviTinT
15 penicillin/streptomycin and 0.05% 2-mercaptoethanol). For the determination of cytokine protein

levels, T-cells (0.2*10°%n a volume of 0.2ml) were activated by the addition of 80ng of
Staphylococcal enterotoxin B (SEB, Sigma. St. Louis, MI) and incubated in 96-well plates in the
presence of 0-10uM of Levovirin™ or Ribavirin for 48 hrs at 37°C. Following activation,
supernatants were analyzed for cell-derived cytokine production. The cytokine determination

20  was performed using ELISA kits specific for IL-2, IFN-y and TNF-o (Biosource, Camarillo,
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 Th1 cytokines. Table 1 shows the effect of Ribavirin and Levovirin™ on SEB
stimulated T cell expression of the Th1 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 Type 1 cytokines play a critical role.

30



Table 1 : Al data are shown collectively as nmean percentage of activated
control (+/- Standard deviation) for all cytokines. The absolute |evel
(pg/ M +/ woi4P84- ) of SEB induced Type | cytokine secretiparngsois@io | L-2
640+/- 36, for IFN-y 462+/- 37, and for TNF-a 223+/- 27. Resting |levels
were < 30pg/m for all cytokines. 5 Exanple 3 Direct Antiviral Activity and
Cytotoxicity Assays In vitro testing for direct antiviral activity of
LevovirinTM and Rirdwtedti N agai nstii-pf | uenzajpyand BrNgagai nfl uenza 1 and
2, and respiratory syncytial virus were perfor rred as described in 10
Huffman J.H e Antiviral m and t her. 97, 8: 75-83 and
Barnard, D. L. %Egl Antiviral gﬁbm and g@ggt her , 8: 223-233.

Anti - human i mmu iency virus activity _was assessed by the Nati onal
Cancer Institut gﬁg '}?ﬂ%a‘élnﬁr ocedur8*hesi gnedPFE det ect?4&fents acting at any
stage of the virus reproductive cycle [Wislow, OW et al., J. Natl.

Cancer Inst. 1985B “‘8]13V0V5TP?M586]131AM| -hepiﬁﬁiﬁl s B (HBW actl vVity was

moni t or ed by (5:1 fdaﬁfy own collefwe‘l’y as alean piirx ntJé eof' ac 1va¥é con /- Stanfarg) at ol ogy

1987, 7: 724- AGdel M erM 25 inle n was

determ ned fr OfTJy{quﬁé@eQHQn Q?stfél- 1MoL Bd, &K FNJMBzw-s %H:Pf% TNF* +/- _
1367-1369. Tabl Qe£m§lm‘@/5ve@<QW|fdrS]D@er1f1est he direct antiviral activity and
cytotoxicity of LevovirinTMand R bavirin in cells infected with various
viruses. Conpound Activity HBV H 'V I NFL. A I NFL. B PARA 1 PARA 3 RSV
LevovirinTM Dir. Antiviral >100 >600 >200 >200 >1000 >1000 >1000

Cyt ot oxi ci t yExample3500 >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 HEpadli Hirsvidal QEIBVY anll OyRitoxidTiueaef i ci ency virus
(H'V), Influenza (INFL) A 20 and B, Parainfluenza (PARA) 1 and 3, and

respiratory Eﬁwi@y teisﬁhhg for ditect aBNYal adiiity \off Lavovaai™\and Rilidetzdgalist influenza
cyt ot oxi Ci %{é& is shown in M, 10 WD 01/46212 PCT/ US00/ 34610 Exanple 4
Anti - i nfYa %ﬁaylﬂ%fﬁa\h and s ansk TEBRITARRTY BYNSYNAlVIuEY ResE BN hasalepsithad &

Hepgg i tHﬁffman, J.H. et al. Antiviral Chem. and Chemother. 1997, 8: 75-83 and Barnard, D.L. et al.
Antiviral Chem. 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  Marion et al., Hepatology 1987, 7: 724-731.Anti-HIV activity and cytotoxicity for Ribavirin was
determined from previous data [McCormick, J.B., Lancer, 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 INFL.A INFL.B 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 (ECse) or
cytotoxicity (CCsg) is shown in uM.
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BALB/c mce (6 per group were injected intra-peritoneally with a single
dose of 20g 5 (1 ng/kg) of R bavirin or LevovirinTM or 200l PBS 1 hr prior
to intravenous tail vein injection wth 0.3ng Concanaval i ,

Cal bi och®Q M&4A12Di ego, CA). After 24 hr the mice were ané’ggﬁ}ésg’%‘g&@wm
Pent hrane and exangui nated by cardi ac puncture to obtain whole bl ood. Serum
was obtained fromclotted bl ood and used for determ nations of serum

al ani ne am notransferase (ALT). Serum ALT | evels were determ ned using an
enzyne acti vilixpmpledy (Signa) based on the 10 col orinetric neasurenent of
the products (pyruvic acid and glutamc acid) formed fromthe catalysis of
the substrates, 4akanRinheueUdviies O NbRFih e AL Freakdvdlh Q ifaRP@EpiME
anounts of serum ALT in dependencé of Ribavirin or LevovirinTM or PBS.
Both Ribavirin and LevovirinTM were able to substantially reduce Con A

i nduced ser umAiBrc pge(6per Eronp AisERNc¢ G0 yanperitencalewith pisingle dos@ of 2ng

Ri bavirin_and, 9 m. +[7 179. fQr ovitdnIM .15 Thus, specjfic.. .

onbod miPE RN Sbhhn &t iy o BRI DANbrdin AR sn B FEL R ipasion (o
i nfecti et 3ig CoventavdlmTAM(Oay &, OaBIdcking Fa8 $Rebo, CiA) SAfed X4 hehapRavaRE |
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15 Thus, specific embodiments and applications of compounds and methods of treating a
viral infection with Levovirin™ 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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