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treatment of HIV infection.

BACKGROUND OF THE INVENTION

1. HIV and AIDS epidemic

Infection with Human Immunodeficiency Virus (HIV), a pathogenic retrovirus,
can cause Acquired Immunodeficiency Syndrome (AIDS) (Barre-Sinossi, F. et al.,
1983, Science 220: 868-870) . Although macrophage, neuron and other cells can be
infected by HIV (Maddon etal., 1986, Cell 47:333-48) , the CD4+ lymphocytes are
the major target cells for HIV (Dalgleish, A. et al., 1984, Nature 312:767-8) , because
HIV has strong affinity to the CD4 molecules on the surfaces of CD4+ cells. HIV
infection in a human body destroys so many CD4+ lymphocytes that the body begins to
lose its immune function, therefore an AIDS patient is highly vulnerable to various
infections, neuronal dysfunction, tumors, and so on. Suffering from the symptoms, the
patients die eventually (edited by Levy, J.A.: Acute HIV infection and susceptible
cells, published in U.S.A, 2000, Page 63-78) .

With its severe symptoms and high mortality rate, the epidemic contagion of

AIDS has become one of the leading causes of death that is threatening human health.



positives has exceeded 800, 000- 1, 000, 000, which includes both adults and
children (WHO Report 2000, UNAIDS and WHO . Currently at |east two types
of H'V have been identified: HV-1 (Gallo, R et.al., 1984, Science
224:500-503) and HI V-2 (Cl avel, F.et al., 1986, Science 223:343-346). Each
of them has high genetic heterogeneity. For H V-1 alone, there are at | east
11 differ Sotfag@nbé ymie World, peoplddinfesed\byadV falenecseiated tdh tordl ofl ., 1997,

Virol. 231:43-47). The E subtype of HIV-1 is distributed mainly in Central
Africa, Tha&i7|90d00] 2d8e0,000peplecdave KmdptoohAH)S Wathayast decaBer,300,@ na, and
west ern hem sphere (WHO Report 1996). The H V subtypes found in China are
nostly B, Beople weresipyng grehqvenewly cogtragied FIV withintw yean20q0c hChina, 3l i ¢

Heal th 86(8 [): 1116-22). _The reproduction cle of H.V h ever al

i mport ant é?fgéé‘).“ Sﬁfqaéi rapdly, EXRerty ¢shmat Itf}%d‘b?@(iloe'ihﬁ Pgpulaten %ttalgla\Zhes i tsel f
to the host _cell nmenbrane j pecif.i bi ndi ng.,w_t nmol ecul e
| ocat ed on PP 'V%SJW %ceeequ WW&ERQ@@?"ZW lﬂa't]%eé bo&é%‘ﬁ’é‘?&ﬂ%‘éﬁ@?enc henoki ne
co-recept or w8 ReLbA! f hth the host cellular nenbrane
(Berger, E 2\ etR’e?F)ﬁ?O?g\g’lgl’kIR%%%_aﬁﬁg@H mrunol ., 17: 657-700). After the

fusion process, dint) ¥ st WO tyPESHETIV RavR BeérrRERARIIIHEVL B{GhallbNR Qethfie host
cell with its capsid shucked off and viral nucleic acid exposed. The viral

reverse tradnserScpnas 224:600-a03)zmd HIVE2 (Clavs CF.étpil.| 09860 Kciehdé X3rmi3es4sh.r anded
RNA into single-stranded DNA, which is then transformed to doubl e-stranded
DNA by t he Eagh af theinchas highegeheticheterpgangitye Fas HIVlhalomy therearstat eastdd DNA can
either exist freely in cytoplasm or i nte&rated as provirus into host

chr omosone diffgsen\genatype '&F%Osﬁubﬁ’l’@ﬁg ?Janassm dr-gtal, 19N irehgdlidedihg H V
Provi rus, P ERIIPE OBV it rii CEnFR ATEh THAODIS & very
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assenbl ed into new virus granul es and rel eased outside the cell by budding
(Ki ss-Lazozl o, Hhbmeprdductidl8fcle 3f HIV has sevérhlimpbitattagps AKiist,) thé 8B refope

glycoprotein gp120 attaches itself to the host cell membrane through its specific

binding with CD4 molecule located on the surface of T4 lymphocyte. With the

assistance of chemokine co-receptor, the viral envelope fuses with the host cellular

membrane (Berger, E.A., et al.,, 1999, Ann. Rev. Immunol., 17: 657-700). After the

fusion process, the HIV virion packed in nucleocapsid enters into the host cell with its

capsid shucked off and viral nucleic acid exposed. The viral reverse transcriptase

catalyzed the transcription of HIV single-stranded RNA into single-stranded DNA,

which is then transformed to double-stranded DNA by the catalysis of cellular

polymerase. The double-stranded DNA can either exist freely in cytoplasm or be

integrated as provirus into host chromosome DNA by the catalysis of viral integrase,

thus engendering HIV latent infection (Roe, T. et al., 1997, J. Virol. 71(2):1334-40).

Provirus, which will not be excised from the host chromosome, is very stable and |

reproduces itself with the replication of host chromosome. After the HIV mRNA is

translated into a large polyprotein, the viral proteases cut and process the polyprotein to



In summary, the critical stages of H 'V replication are: 1) attachnment and
entry into host cell through a fusion process; 2) reverse transcription
and integration; 3) protein translation and processing; 4) virus assenbly
and release. 2. The treatnent for H V infection Al though great efforts have
been dedicated to effective renedial and preventive nethods for many

years, ! Nefsin Hatlfe WA Kirikuipbiotdis liarfiy! Yol I0s, &, DAY, pifdl THSR! vacei ne
shoul d be I nnocuous and capabl e of inducing neutralizing antibodies as

wel | as pengssbenThesErsunetur £ ppasingIogaheruatLidl Vieudiciaaeds e Hhatlgd

(Levy,J. A and Levy, J. A, 1988, Trens MedRev. 2: 265-71é . Many H'V vacci nes
current |y dsembledddoinawtvires goanubes andredeaséd otitside the celi hyybeddifig ani mal tri al s.
Al t hough vaccines against H V nenbrane protejns ap | 60 and gp 120 have

al ready no{éus-Lazagld,iHadn, T., s & drends inMicrepialogydd 25#8@5)-ni cal trials, the
results of the trials are di.sappointi ny . vaccines that are effective
to prevent HV ilmf%ff‘i‘rdnt%F ,qnp@gg,aggs&fﬁ-ﬂynq%go%prg: %‘E“acé?‘f:’ét&”fi\?é“}'n human
(McElrath, MJ. et al., ,1996, Pro. Natl. Acad Sci. USA .93:3972-77). The
fact ¢ nat_ o Bistcel Brapeh RERioRgrocess Pbroyrst Fauehpliond Reol Desear ch
could be attr.i .10 .eX1 iability of HV genetic

mat eri al s Pﬁt lgﬁ&kagtl(fﬂantdrb?g‘gegm%??g}%se %M?é%%égg%) . The drugs agai nst

Al DS approved in the world could be classified into two categories: HV
reverse transcriptase inhibitors (Charles, C. J. , et al. , 1996, JAMA
276: 146) andThd iYedimehtfos BIVikfe&idnors (Mles, S. A et al., International

AIDS Society USA 4(3):15) . Both of themaimat |ater stages of HV
i nf ecti on-t r ansAdihptiglogreaneffortadsentiden dedicateditovdfieatieesremetial avel prevantive
"Cocktail Therapy" is a conbination therapy using both types of inhibitors
(Laf eui | | adwethotls forananyl years] e is o warskiag vaccine or curedon §HIS 5€f) . Rever se
transcriptase inhibitors, incl Légl ng AZT, déil , ggc .3TC, and d4T, etc,
woul d i nduce dr éd ifeal vageiigshould bg innocugus agd gapable;pf indycing neytralizing, | s o5
becone | ess sensitiye to the drugs, and the eff ivwe [nhibition
concont r at AEEPagies o vl e 8L i HRure G W e SRR B Ve 1 o
S. and Fl ori{l] L s Al N gdgnaty I RIS 26081Het dednes 15) - This
drug-resi st gﬁ%&%‘%&%s%@%& ed %8" th 7?% enutégtslz on rat el_v%#ﬁﬁl}lf\{/. I'n a human
body, a si pgh@tliideltpsdin thowdrill 426 Qlbinand &8peh O AnifRntrialy, WSthengvdceRmes

against HIV membrane proteins gp160 and gp120 have already moved into first,

second, or third stages of clinical trials, the results of the trials are disappointing. Many

vaccines that are effective to prevent HIV infection in laboratory animals are not

effective in human (McElrath, M.J. et al., 1996, Pro. Natl. Acad. Sci. USA 93:3972-77) . The

fact that scientists are making little progress in HIV vaccine research could be

attributed to the complexity and variability of HIV genetic materials (Bloom, B. R.,

1996, Science 272:1888-1900) .

The drugs against AIDS approved in the world could be classified into two

categories: HIV reverse transcriptase inhibitors (Charles, C.J., etal., 1996, JAMA

276:146) and HIV protease inhibitors (Miles, S. A. etal., International AIDS Society

USA 4(3):15) . Both of them aim at later stages of HIV infection—transcription and

assembly of new viruses. The well-known “Cocktail Therapy” is a combination therapy

using both types of inhibitors (Lafeuillade, A, et al., 1997, J. Infect. Dis. 175:1051-55).

Reverse transcriptase inhibitors, including AZT, ddI, ddC, 3TC, and d4T, etc,

would induce drug resistance, sooner or later, that means the viruses become less
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every day, while the nutation rate is 3X105 per replication cycle. Mny

m s-sense nutations, affecting the expression of am no acids, nmay happen
in the regulatory genes as well as in the envel ope proteins. In sone HV
strains, the nutation rate could be as high as 40%in the am no acid
sequences of certain genes(Mers, G and Mntaner,J. G, 1992, The

Ret rovi ri dggsiiob to the dikg@nann the efectivikintibiiskcdnterkBbibn of A dugsasslby, reverse
transcriptase inhibitors lead to drug-resistance by facilitating the

prol i f er at sexarabfold vesvesittemfold t \&illasS. tand Fleeidias M. befo96e/raardaidricd HID S e
mutations in addition to control sensitive virus strains. Mreover, all

t he rever sSodietilisedr4 (H)dde i ks iugoesistaegeds aysedted sithdyghomusationfase ofd  t o
their dosage. The symptaqons i nclude spinal cord sugpressi on,. vomting, |iver
dysfunctio ,Ivnmé&waﬁgyaﬁ@s%qg?%ﬁg\éa%%cwd pedpgmEt arthenarprisusaranuist,  and
pancreatic inflammtion. Mn at i s§ have.to suspend the treatnent due
to these i RYSY 83aBih eg}edguta%qx¥@5q1§3?@?)53?{”?&}995&91} xS gfa_n,y MYEEAe N Engl . J.
Med. 317:185-91: ' . e .19

330: 738- 435““?*‘%@‘?13%?%@{@'%%’_‘ $Ehsioriragtlo aeids i rh%l%‘?eg%‘q*“(?r’g%“r'%{?g'a%%‘?s

I nhi bi tors,s Wi & inthSe v@%;PtMBF&EinPTIHE&ﬂé Br9ehHSin ,_em&mlﬁw%ﬁ@'a@w@a hegy Stance

in all the protease 1Inhi rs presently wused in AIDS treatnent (Condra,

J. H et ahighal99%.in thatauiifo Rid se@8nced bf ceHam gehekd M 6Ging Mdntaiens 6ase

i nhibitors include liver dysfunction, gastrointestinal disconfort, kidney
stone, nunb9eS ThaRetrodiridmertd, 1, ermnnBdess, Weof YorkSildl 0fet akoh regolt, ravedsenent al

di sorder (Deeks, et al., 1997, JAVA 277:145-53). In sunmmary, nost of the
current |y treesgripiase inhibijorg deaggo slrug-resigtange byofapilitating the prelifexation of

drug-resi stance. Therefore, there jis still a, huge ohstacle in the treatnent
of HV infeézﬁﬁnbﬁ.ralmgareém pgforg and; after; the antations 1 F@l%@b@ ONrAlSENIIEYs wi t h
better efficacy and lower toxicity for the treatnent of HV infection. New
drugs can BEYH$¥P#8oped against new targets in different stages of HV

replication cychg, . “1‘9@ Wﬁ. - ani snms
have been 4 de@reodp%gg%g?l%%rre@?;rs\;gng‘g{cﬁs{rageéslgépgﬁs!ﬂ%\_ Y aIr:uEb {Xﬁ%gé.gﬁéﬁese drugs
i ncl ude sopRiHRR Wosdge V THE ¥RAFBmS lifthiie shRhlERd supprdRtibRvondtith, ¢ prot ease
inhibitors, as well” as sone new anti-HV agents ained at other targets

that are | dgsfamttibgmuscloayeaknesk, discd®B3®f pBphetdb dervous system, and pancreatic

inflammation. Many patients have to suspend the treatment due to these intolerable side
effects (Fischl, M.A., etal., 1987, N. Engl. J Med. 317:185-91; Lenderking, WR., et
al., 1994, N. Engl. J. Med. 330:738-43) .

Drug-resistance is also a major problem for protease inhibitors. Mutations in
viral protease gene have caused drug-resistance in all the protease inhibitors presently
used in AIDS treatment (Condra, J. H. et al., 1995, Nature 374:569-71). The side
effects of protease inhibitors include liver dysfunction, gastrointestinal discomfort,
kidney stone, numbness around mouth, abnormality of lipid metabolism, and mental
disorder (Deeks, et al., 1997, JAMA 277:145-53).

In summary, most of the currently used anti-HIV drugs are highly toxic, and
induce drug-resistance. Therefore, there is still a huge obstacle in the treatment of HIV
infection. Apparently, it is urgent for the need of new drugs with better efficacy and
lower toxicity for the treatment of HIV infection.

New drugs can be developed against new targets in different stages of HIV
replication cycle. Recently a few of anti-AIDS drugs with new mechanisms have been
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| Trol. 10 (4):255-77) : 1). Virus absorbents, such as sodium| auryl

sul fate, dextrose sulfate, and heparin, can interrupt the cohesion of gp
120 on HV envel ope and the | ynphocyte through the action of polyanion
groups. However, these absorbents have bad specificity and high toxicity.
Some of them can even increase the virus |load (Baba, M, et al., 198 8,

Pro. Natl. dev¥std afler in-dépth reSéardhlid #11§) and2AID STt dufdReludé SomiSRay L 0

prevent gp 120 frombinding to host cells. Sonme reconbinant sol uble CMs
coul d bi nd HIWeaevérsetsargcipnadedshibiedro ard HPY Dooteasstiatibitdrs)ens Gisll as s@he e es on
cel lul ar menbrane and prevent HV infection. However, these reconbinant
sol ubl e CD4sti-&H¥ agents einegdhothet tacdetsthat avelistbdhdse (De, € Eai 3600, Rev el from
sone patients. Mreover, the clinical experinments did not provide any
reliable eVirabd@é4)3%r7their antiviral activity (Gonatos, P. et al.,

J.
s | BT M S e A S o SR 1,
be e bl Rl HeYah SRR AI0T2 B ISP S iR AR ARSL orL
o1 eC L oLsyils Al s M LT ERK oMRUAS AL ol RESES BP0 0551 o1

i ncl ude  pesddty. $6me BRhGR hn2V& ihcrd8Phé HRS 10aH (!BaBS MK 4688209, Tggs  and
conmpounds such” as AMD3 100, TAK-779 and trichosanthin. 4). Although

sol ubl e CDAckd) Gk U754 8p@1836)H V replication in vitro, it has no reliable
antiviral activity in clinical trials. 5). Agents such as
2, 2' - di t hi obi sh@&hZahibtteCD¢DMBASYd trptevent gp 8 foam hindug to ADK)cells Somel ock t he
assenbly and di sassenbly of viruses through interactions with NCp7 zinc
finger ~ si fesomgjnanisolubleERds geuld hind the virgseramiesigfera spb0 ennsast the D4 usi on
ol B BTR Rt B b5 B BBl Y L2 e
et P ABCEBH AR BRI prin BRI
some patients. Moreover, the clinical experiments did not provide any reliable evidence
for their antiviral activity (Gomatos, P. J. et al., 1990, J. Immunol. 144:4183-8);
3). Chemokines and their analogs, including RANTES, MIP-1a, MIP-1f binding
with CCRS5 and SDF binding with CXCR4, can be used to prevent HIV from entering into
host cells. They could not only competitively block the gomphosis between HIV gp120 and
cellular chemokine co-receptors but also limit HIV inbreak points by depressing the
expression of this co-receptor on cell. The latest chemokine co-receptor blockers include
positive charged small peptides such as AL X40-4C and T22, and compounds such as
AMD3100, TAK-779 and trichosanthin.
4). Although soluble CD4-IgG can suppress HIV replication in vitro, it has no reliable
antiviral activity in clinical trials.
5). Agents such as 2,2’-dithiobisbenzamides (DIBAs) and azadicarbonamide (ADA)
can block the assembly and disassembly of viruses through interactions with NCp7 zinc finger
site.
6). A segment of gp41 or its analog can be used as a fusion inhibitor. For example,
T-20 is capable of blocking virus entry into the cell (Jiang, S. et al., 1993, Nature 365:113.)
7). Inhibitors of viral mRNA transcriptase, such as CGP64222, fluoroquinolone K-12,
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[ N, N-bi s(2-(5-hydroxy-7-napht hal enesul foni c acid)urea], can prevent HV
fromintegrating its genone into host |ynphocyte genone (Maurer K, et al:
, 2000, Bioorg Chem 28(3):140-155) . 3. Fusion inhibitors bl ocking viral
entry into cells Many biol ogical processes involve nenbrane fusion. In
eukaryotic cells, the fusions of cellular nenbranes are happening
contlnuouskMdELﬁmgpdlng endocytosi s, secretion, recycle of nenbranous
conponents, and so on (Wite, J. M, 1992, Science 258:917-24). Exanples
of fusion in sorgenpiéets ofifitegrade) sach asalerisdeves bECab@widt i on of regul ated fusion
hor nrone, enzynme, and nerve transmtter. Sone nore notabl e exanpl es include
the fusi on [NN-9a{2-(5dedrbsy-anaphtiblenasulfvoic ecidareal; canoayent dHINgranointegratmgh odi ment
of the present invention, the anti-fusion or anti-nenbrane fusion drug is
an agent t litageromeiiise hast kympkagyte enomes(MimserK ot aln 8600 wHiaerz Ghare  bi ol ogi cal
menbr anes. A%Fprdln to an enbodi nent of the present invention, two or

nor e bioIo ranes are either cellular or viral structures, such as
cellular menbrane and viral envel ope. According to an enbodi ment of the
present invention, the antiviral agent is a conpound that inhibits viral

i nfection fF&%hlﬁuthgggfgf%mnwﬁrﬁe on of virus -cell fgsi on, or

cell-cell fusion ccor to an’ e ment of the present invention, the
infection is relm&sélol@ﬂmm%%mmﬁyﬁmo@& QRAGHRR@IIsVIhE Bfsiohd!f €Cti on

of cells, and othef processes simlar to viral and cellular fusion, such
as what happediglathiénbighebae happeridg cofitibusiypinéliding endocpdsis, Isetétion  redyElBbr ane
fusion is a critical step for envelope virus to attack and penetrate the
host cel | s of éinbmeaiscomponaftseind si on (Whigs J. Mt §92:5@8ire 258391364 ). Efdmeplasnt i - HI V
drug of the E;esent i nvention, Fusonex, as well as |ts derivatives, is a
fusion bl o@E lomspm@p@nlearc%mdg@é efse@m@rvfaﬂgwgdmg@ QBIONe enzyme, f usi on

process is ntroIIed b r ot ei ns env Th recur sor
Dt e gl 5 IS STt Heate SaePonds B SEagRsalsend b gt he
Vi rus reproduqtlﬁn period, gp 160 is hydrol yzed by certain protease into
t wo subunlt“gm%ﬁ3 20 which is outside the 6 envel ope, and gp4 1, which is

a trans- rrenbranq,‘ota&qﬁ ) 13- an‘SnibObint ﬁ?gﬁﬁggF%SXxﬁ%\}eﬂﬁo L gp4| are

still linked by non-c alent bon ynerlze ’as triners outside the
Vi rus anti-membrane fusion drug is an agent that inhibits or suppresses the fusion of two or more

biological membranes. According to an embodiment of the present invention, two or
more biological membranes are either cellular or viral structures, such as cellular membrane
and viral envelope. According to an embodiment of the present invention, the antiviral
agent is a compound that inhibits viral infection of cells, such as the inhibition of virus -cell
fusion, or cell-cell fusion. According to an embodiment of the present invention, the
infection is related to membrane fusion, such as envelope viral infection of cells, and other
processes similar to viral and cellular fusion, such as what happens during bacterial
conjugation.

In conclusion, membrane fusion is a critical step for envelope virus to attack and
penetrate the host cells (Weissenhorn, W, etal.,, 1997, Nature 387:426-30) . The anti-HIV
drug of the present invention, Fusonex, as well as its derivatives, is a fusion blocker to prevent
viruses from entering host cells.

The fusion process is controlled by the glycoproteins on HIV envelope. The precursor
of the glycoproteins is gp160 that has polysaccharide groups. During the virus reproduction
period, gp160 is hydrolyzed by certain protease into two subunits: gp120, which is outside the
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granul e. The trans-nenbrane protein gp4 1, whose ectodomain with a highly
helical structure, has a highly efficient origination nmechanismfor
menbrane fusion, and is known as the pivotal nolecule to open the gate of
cells for its direct participation in the fusing process of cellular
menbranes (Ferrer, M, et al., 1999, Nat. Struct. Biol. 6(10):953-60; Zhou,
G, et al. envelip6Qnd gp41BivEIEH i9a trivRndmibedie pikdh). AReriRe djolyzatldn, §pa30 &rlen
denonstrated by crystal diffraction anaFysi s that when fusion takes place
bet ween vi gpslese stifidinied by son-tdvalert bowds afid prbyvhenies] as omeosetkidefthesis hel i cal
bundl es wherein the N-termnal and C-term nal helices are collocated as

t hr ee hai r granale.ifie transfrhombrang pratajn gnht ewlgse ectadomamevith @lhighly delicalstractarae.  Whi | e
the gp4l trimer can _form.a fusion pore_ that facjlitates the viral,

i ntrusion hayahigeetfigisit opginptionaeghyanisy fopmempranesfusion, paais knevap gs thepivatd. 73)

T 2L, e B e LBl R AL TR GGl o111 0, O
Nt i nal _heli X | M t - ] ' h
¥t el R SRR 1S, 08 SRSk kor b

combi nes Wihhkh t eg; .Mgaeggé;,;_gg?)%\@_%ﬁe_rmki ne co-receptor on the cellular

menbrane, an receptor-activate conformati onal change of gp4l occurs in
whi ch its N-ter Hagbeef dériotetSat ey @REtal diffractiofi aalysisithhaeiRn fildoR tikBepldtest
cellular menbrane. At this time, gp4l is transforned from an unstabl e

nat ur al noibetiveen vimses amnf @lisythe icom of gpdd isscompaoseth off sixdielical bundlesweltbrei the
conformation. Wen the C-termnal and N-peptides of gp4l bind together,

t he hydr ophbteinsinalandEriermanal helices asg collpeatedtag thrggrhaispingiwhich fix the HEY sowsbape and
the pro-hairpin internediate.is trans,forrrec% into a m)r&ls energy-stahilized

hﬁi r pi nI f:orﬁ PPFAEL%WF‘“E’%& ihilethegpt | trmer gap form afusignpore Efr?ilﬁéég?@%é'@lw th
A . J , . Cy Bi . 73:404).
tghg f ?Es} "R e Brst 6 (e Dbl B0 (A0 10 hsissinadseblge.
. g o AT ! . !
ol | ows:  Pobelitp ot e e gne it bl b BB RABRER, © °°
simlarityiftedcafd Aﬁﬁr&,ﬁﬁ‘ql@"térﬁﬁnﬁliﬂaﬁllis%ap Rfinside tHERKRAmihdl hARRE HahOf

conpeting wth the C peptide of gp4l in binding with its N-term nal fusion

area. On t hetermindl fidion ared is hrdde, then Afte? @120 o difay surfase combiaesWithahd OD4 can
interrupt the fusion between H'V gp4l 7 and host cellular nmenbrane (the

| C50 is wi trdweptor dnd cheavline od-readgfor (0d itheregllulasmembranea an recep®®-8ctivited ur e 365: 113;
Wid, C T. et al., 1994, P% Natl. Acad Sci. USA 91;9770-74). In the

pr o- hai r pi gonformational change of gp41 occurs in which its N-terminal extends beyond the viral

surface into the host cellular membrane. At this time, gp41 is transformed from an unstable
natural non-fusion conformation into a pro--hairpin intermediate conformation. When the
C-terminal and N-peptides of gp41 bind together, the hydrophobic N-terminal core of the
trimer structure is exposed, and the pro-hairpin intermediate is transformed into a more
energy-stabilized hairpin conformation, and by this time the viral envelope has fused with the
cellular membrane (Jones, P L., etal,, 1998,J Biol Chem. 273:404).

The first fusion inhibitor ever discovered is a 36 amino-acid peptide derived from the
C-terminal (127——162) of gp41 ——T-20, its sequence is as follows:

X-YTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWF-Z.

The structural similarity of T-20 to the C-terminal of gp41 makes it capable of
competing with the C-peptide of gp41 in binding with its N-terminal fusion area. On the

surface of T-cell, T-20 at very low concentration can interrupt the fusion between HIV gp41



state which lasts many mnutes, T-20 is very effective in inhibiting the
bi ndi ng of the C peptide of gp4l with its NNtermnal fusion area, thus

bl ocking the formation of a hairpin between the viral envel ope and
cellular menbrane (Kliger,Y and Shai, Y, 2000, J. M. Biol. 295:163-8)
Because a fusion inhibitor acts on the cellular nenbrane, it doesn't need
to be rel egs@st chiltrdRnfbink 6tht fCH%SWithin thSrahgé e hVOiargS. CQ AIDAI0S Narrd he
anti-H V drugs, currently in clinical use, all act inthe mddie or late
stages of vy @B, iWidECt T enalof 19905r0.0%H Scadt SvatUSHEH B 70-M4)y Inthesiro-hairphni 1 st

rel eased into the cells to be able to inhibit the reproduction ofe invading
HI V | n additite ohich takte maryi mimitys, Te0seveneaffecive nanhibtting thedaqdmg ofthef t he

hydr ophobi c core of gp4l suggests that the virus is not likely to develop
drug resi sCeaptisle afendh sdthithN-tenminabfisipmarea, thusbleckingithe farmaiermef aihairin t r o
experinments that T-20 can specifical Ig'té bl gck H V snhr,y into cells. On the
ot her handbetweanithe viral envelppaand gellujap megbrage (KUgerdad SpaicY i gP0s] MaliBigls have
i ndi cat ed %J%,%I DS patients can put up well with T-20 adm nistration.
T-20 has n 1City against the spinal cord, and the nost side effects

has g agai nst - . o
erar kbl y © ey Becaliieasiidhifiitifor B8dihe blufls Hithbaind' R fled [HRMlensfs 20 €87
a detect abinﬁdgﬁ%\ﬁ? debPHEHndtibA Mn Ao, thBafi-HP® druds, diréntly ﬁ\:cﬁﬁcﬁﬁie,em ive to

H V patients ave already devel oped drug resistance. I's reported

that the nyshahe MiddICBMate sds of vifl infesidnpilidstdils thanGead ey igabe fi@e | ncr ease
after the use of T-20 (Kilby, J. M et al., 1998, Nat. Med 4:1302-1307)

|t has beereleasediinto the célls &d bd ablego inkibintteaeprodusti onaif thennvading HPVY Imadghtion,itieduce t he
production of specific antibodies against T-20, that could cause the Al DS
patients r highlycensered amiro add sesnee effthe gsopholicieareef gpAl auggestsithat the vises a f ew

weeks, T-20 majntaipeq aptiviral activjty.all the i Pitcher, C. D. et
S 090" 1 Ay G deeslor v tesitance Snsibe s Gl PRl bV YESe.
f[alransésra?gtase.inhi)(gai‘‘303 and.yintﬁa Lnhibitor G Irr nlllaX iﬁ | i ni cal
use, the afPEHPy: g?itcﬁ%swgﬁa@‘h ?%Wepl&’m{ﬁcf%‘greegg\_e{ erd’gf"tlhﬁ]%eacy, | ower
toxicity, ﬁ@&nggg%&g%ée@géﬁcm&mmbav QIR Lthar AIDS filidnld bt lpape of T 20

is as high as ay Is an 1 ndication o y and | ow

anti - f usi oty l2ARARiniskAtiHIED hiho tHEEF g AnsPhhe itk Borh] 20l thed afBGRie effectd has
caused sone | ocal responses in sone patrents (Kilby, J. M et al., 8 1998,

Nat . Med 4aré 30w ;e Jor inThilldidiRadeCn alalty dobigEdIT200Mg, T-20 can remarkably reduce
the HIV loads in most patients, and 30% has fallen below a detectable level (lower than

400/ml). Besides, T-20 is also effective to HIV patients who have already developed drug
resistance. It is reported that the number of CD4+ cells in some patients has undergone some
increase after the use of T-20 (Kilby,J. M. etal., 1998, Nat. Med. 4:1302-1307) . It has been
worried that long term administration of T-20 might induce the production of specific
antibodies against T-20, that could cause the AIDS patients resistance to T-20. Nevertheless,
during an experiment of a few weeks, T-20 m;intained antiviral activity all the time (Pilcher, C.
D.etal, 1999, AIDS 13(15)2171-4) .

Compared with the HIV reverse transcriptase inhibitors and protease inhibitors
currently in clinical use, the advantages of the fusion inhibitor T-20 are better efficacy, lower
toxicity, and no drug resistance yet. However, the clinical dosage of T-20 is as high as 200mg
per day is an indication of its bad stability and low anti-fusion valence. In addition, because of

such high dosage, T-20 has caused some local responses in some patients (Kilby, J. M. et al.,



The present invention provides fusion inhibitors with both high stability
and high valence for the treatnent of H'V infection. The fusion inhibitors
of the present invention can be used in conbination therapies agai nst

Al DS, in production nethods, or in other applications. In conparison with
T20, The inhibitors of the present invention have higher efficacy, and

| ower adm pooRt Mgt AL 4da6Agsp7)and thereby |lower toxicity. According to an
enbodi ment of t he present invention, the fusion inhibitor is a specific
pepti de of 36 amino acid residues, with term nal-capping groups added to
both ends of the peptide. The present invention provides the follow ng

t echnol ogy SUMMARY. ORGHE INVIENTTON pref erred enbodi nent of the present
invention, the fusion inhibitor is a peptide derived fromH V

trans- nenbrane gl ycoprotein gp4 1 According to a further preferred

enbodi ment of the present inventjop, the pepti an.am ci d sequence
as set forth i AhegEeseptaveption provi S‘P%m'%“é‘ rﬁ“ﬁ‘ﬂﬂﬁ’ fglggsl} Qﬂgﬁ‘

R R R il 57

group or '%ﬁ%u&m%ﬁfﬁioﬂ Pqngfogﬁﬁﬁonﬁ@%&zoﬂ acetyl group,
a hydr ophobrl' € group or ecu ector group, t ydr ophobi ¢ group
is prefer hé’atl H)BBRWTZ(E'I’Héiﬂlubﬁrmﬂﬁ)ﬁesﬁft ﬁﬁéhtlo@have higher
tert-butyl oXycar onyI roup, or a 9-fluorenyl nethyl oxycarbonyl group; the

macr ool ec gifigacy, afd IetvelidRitistraondlobagg land tharebyloweritokicitghel at e, a pol yet hyl ene
glycol, or a carbohydrate; Z is a carboxyl group or -Z1-Z2, wherein Zl is a

car bonyl group, Aacsidid@to an embodimientof thg present maerttbn,tthfbﬁmylll mkt}v(tmlbospptlﬁg roup, a
hydr ophobi ¢ group, or a nmacronol ecul e vector group. used herein, the
si ngl e- | et peptideofhéaminopaeid sesiduesnyithtemmienl-erppias ewypsadded ta Ib@th epdsrof hed as
fol | ows: Apél)uzggl ne 9 R Arginine N Asparagines D Aspartic acid
The present invention provides the following technology schemes:
According to a preferred embodiment of the present invention, the fusion inhibitor is a
peptide derived from HIV trans-membrane glycoprotein gp41. According to a further
preferred embodiment of the present invention, the peptide has an amino acid sequence as set
forth in SEQ ID NO.: 1, and is set forth as follows:
X-SWETWEREIENYTKQIYKILEESQEQQDRNEKDLLE-Z (SEQ ID NO.:
D).
In the peptide (It is also called Fusonex in the following description),
X is an amino group or -X1-X2, wherein X1 is an imino group, and X2 is an acetyl
group, a hydrophobic group, or a macromolecule vector group; the hydrophobic group is
preferably an acarbobenzoxy group, a dansyl group, a tert-butyloxycarbonyl group, or a
9-fluorenylmethyloxycarbonyl group; the macromolecule vector group is a lipid-fatty acid
chelate, a polyethylene glycol, or a carbohydrate;
Z is a carboxyl group or -Z1-Z2, wherein Z1 is a carbonyl group, and Z2 is an amino
group, a tert-butyloxycarbonyl group, a hydrophobic group, or a macromolecule vector group.
As used herein, the single-letter codes representing amino acid residues are

defined as follows:

A Alanine



C Cysteine Qdutamne E Qutamc acid G dycine HHstidine |
| sol eucine L Leucine K Lysine M Methionine F Phenylalanine P Proline
S Serine T Threonine. WTryptophan Y Tyrosine V Valine According to a
preferred enbodi nent of the present invention, X2 or Z2 or both are
hydr ophobi ¢ group. The hydrophobi c group is an acarbobenzoxy group, a
dansyl group, a terR-butyl okgimieoonyl group, or a
9-fl uor enyl met hyl oxycar bonyl group. According to an alternative enbodi nent
of the present invenN on, XAsparaghesor both are nacronol ecul e vector group.
The macronol ecul e vector group is a lipid-fatty acid chelate, a
pol yet hyl ene gl ycol , Dor a cakfperigdcite. I n a further preferred embodi nent
of the present invention, the above-nentioned X2 is an acetyl group, and
Z2 is an anino group% Accor di¥fM€ an enbodi nent of the present invention,
a conposition for cogginatiq@ t her apy agai nst AIDS conprises the
inhibitor, and at |east one 8H$Bﬂ%nt selected fromthe 10 group
consi sting of reversg transcs hnhibitors, virus protease inhibitors,
gl ycosi dase i nhi bi tgr S, Vi @P&mlé&appi ng inhibitors, anphotericin B,
ester bond bindi ng Qpleculqugﬁ§tanospernine with anti-H V activity,
hydr oxyurea, a-interferon,

H Histidine

Isoleucine

e

Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophan

Tyrosine

< < &= 4 »w v 7 g R C

Valine

According to a preferred embodiment of the present invention, X2 or Z2 or both are
hydrophobic group. The hydrophobic group is an acarbobenzoxy group, a dansyl group, a
tert-butyloxycarbonyl group, or a 9-fluorenylmethyloxycarbonyl group.

According to an alternative embodiment of the present invention, X2 or Z2 or both are
macromolecule vector group. The macromolecule vector group is a lipid-fatty acid chelate, a
polyethylene glycol, or a carbohydrate.

In a further preferred embodiment of the present invention, the above-mentioned X2 is
an acetyl group, and Z2 is an amino group.

According to an embodiment of the present invention, a composition for combination
therapy against AIDS comprises the inhibitor, and at least one component selected from the
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O-interferon, and y-interferon. According to a preferred enbodi nent of the
present invention, the reverse transcriptase inhibitor is at |east one
selected fromthe group consisting of AZT (3'- azide-2',

3' -di deoxycytidine), ddl (2', 3'-dideoxyinosine), ddC (2',

3' -di deoxycytidine), ddA (2', 3'-dideoxyadenosine), d4T (2',

3' - di deoxy gbupesnsifirp)oftedersetranscdiptase inilsitors; aipiseoteddedntibieqrs,glycobidhsevi r di ne,
PMEA, PMPA, and/or loviride; the glycosidase inhibitor is SC 48334 or
MDL- 28574 inhititots) viraleRNAr aip pimRivhits syppiangphotenciniB, ester bondrhitidng ri n. The
present invention also provides the inhibitor to be adm nistered for the
treat nent ofolaanlgs castanospesming with ajteB Y @ativitynhysrexyusss adterfeionul at i on, in
rectal dosage fornmulatjion, or in percutaneous dosage fornulation; A
conpositioﬁ*&@ﬁ?%ﬁkﬁﬁﬁﬁ%Wﬁﬁ@?%ibitor can al so be adninistered for the

treatment of HV infecti | .d lation, i
ectal dosage « ASPHGIEPAPrelshed Apetimarsafal Sl HETRE, MR “The |
i nhi bit Lyi ' ,_oet hod
cnown i ¢ HaRsergiae TAILRGE Hf fallorB R o ARERRbup SORRANST RS T 1042
certain veg 2’9§'—L<]‘[|ldt%x§ inb)OdHI (#%‘%de@ﬂ?ﬁdsﬁl@ﬁdd@@',be—&ﬂ&g&%ﬁdin@){

r econbi nant t echnol 0gy, or can be synt’hesi zed as several "di stinct
segnent s agdA (e cdideeghidefoside) 94T (e 3'-TFhideoryrcldrled ythgmiig)8TCe encodi ng the
pepti de can be synthesized and/or cloned and expressed through the

t echnol ogy Nesirapine,2Atetirapiae) Delavirdire BMEACPMPA aad/or lavitide, the glycasidese One or nore
of the peptide bonds of the inhibitor connecting am no acid residues can
be repl acedhhibitonio$C péB3ddce MIdat285 i bethribe Arcappingiinhiiioriy) i ni no,
ester, phthal hydrazi de, sem carbazi de, azo bonds, etc. The non-pepti de-bond
repl acenenfibP¥HBt j ons are common know edge to one of skill in the art. This

id | b hesi dDb i .ot h hem | i
B0 and) or canBeRpsertuRyART sy 8royRies HediBlordh bf AfnteraPEAVES 20111y,
and/ or i nhk&h&&%Ya@ﬁi\'/ Fdfééﬁ’on%acinje ?dn, Foﬁrﬁ%ﬁfyrﬂéﬂq{i&{? PRIl Sﬁs‘agé’& such

as carbobenzoXy, dansy or tert-butyloxyc group, can be added to
the am no f&ndiRh; ol PerbBinkdusUosTel forilgivy, met hyl oxycar bonyl

A composition containing the inhibitor can also be administered for the
treatment of HIV infection via injection, in oral dosage formulation, in rectal dosage
formulation, or in percutaneous dosage formulation.

The inhibitor can be manufactured by applying common techniques and
methods known in the field. For instance, small peptides can be synthesized on a certain
vector or in a solution. Longer peptides can be produced by recombinant DNA
technology, or can be synthesized as several distinct segments and then connected
together. The nucleotide sequence encoding the peptide can be synthesized and/or
cloned and expressed through the technology familiar to an ordinary technician in this
field.

One or more of the peptide bonds of the inhibitor connecting amino acid
residues can be replaced by non-peptide bonds including (but not limited to) imino,
ester, phthalhydrazide, semicarbazide, azo bonds, etc. The non-peptide-bond
replacement reactions are common knowledge to one of skill in the art. This peptide can
also be synthesized by putting other chemical groups to its amino and/or carboxyl
terminal to enhance its stability, bioavailability, and/or inhibitory activity, etc. For
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can al so be placed at the am no term nal. The above-nenti oned hydrophobic
group, tert-butyloxycarbonyl group, or am no group can be added to the
carboxyl terminal of the peptide. In addition, the peptide can be

synt hesi zed by changing its spatial conformation. For instance, one or
nore am no acids of the peptide can use their D-isomers instead of the

usual L-i SP)EHEE%, _hg@:%'pﬁ'&ﬁ@ gRlups, aast a@dh@bcﬁi&hi&yﬁdﬁhﬁ&l[&&hr@ﬁﬁrl@iﬁywb&@l pr esent
inventional peptide can be replaced by a known non-natural am no acid

resi due i ngenuplean be adédddan ke drhifno sérafnal,iany acdyloavafiuosdnlmiethyloxyearbdnyt  f usi on
inhibitory activity. Furthernore, any of the above-nentioned peptides can
have a nonegnegidd eplacedat trecingoateaminak dthe mbovesmpntionad bytrophabieegrougni no
and/ or carboxyl termnal through a covalent bond, including (but_ not
limted tolertsbutylgyyearbenyt group oraminelzseup, cag bg aides: tayhegaeboxy] teaminal fithe

car bohydrate. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gur.e 1 shows the am no
aci d sequepensidss Inaddiieaxthe geptidersanbe synthesizgh py ghanging itsspatiabent i de conposed

of 36 am no acids. Fusanex is derived from ng m no..acid seguence
(117-151) ¢ “P%H°R&J9f 1BStange, QMieLr FIGTE ATHPAC qﬁ?*vﬁfpa@%iaﬂ(‘ée‘i@%& ype). In

Il the figu . - ti i _ ] f .
St s g Sers iR AR e [URA'T RBAE S BIUR, b Fond ARG BT tRB L 07 AT 11O

Fusonex anﬁne ﬁng%nﬁﬁmti%ﬁal%%{nﬂ%ﬂ% réplited g b oW RbhS@tura amitd) acid oM

Super dex chr t ogr aphy um. Figure 3 is the circular dichroismspectra

of the nmacrRdk acoider toeakaaied s Stabitity, biohvdiRbidity, ahd/ocfugivhdnhibitorkastivigx and
gp4l N-peptide (35-70). Figure 4 shows the stability conpari son between

Fusonex and T- 2Burthdrmoed, any bfthe abwveementionbdpepitiges cani hdwe ¢ sob-peptider cl e) i s
the nmelting curve of Fusonex conplexed with gp4l N-peptide, and the curve
on the | ef magioglgdudar vector group Einkedstoithair #rinpiang/or garpexyd termmap threwghnd exed

with gp4l N-peptide, It had been shaq that, . jn the r e of 35-80C,
Fusonex i sCcowsent Bengs including, (%”E@Pt ‘&ﬂé"géry@“{' éF‘thﬁagt.e’ 3 polpsthylene 5 shows
t he fusion j n(gi bi tor?; a(éti vities of Fusonex and T-20. In this experinent,
the acti vi gb'c £ OF {EAPUNAALC a5 used for quantitative analysis of the fusion

inhibitory activities of Fusonex (circle) and T-20 (square). The cellul ar
fusi on was

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the amino acid sequence of Fusonex (SEQ ID NO.: 1), which is

a polypeptide composed of 36 amino acids. Fusonex is derived from the amino acid
. sequence (117-151) (SEQIDNO.: 2) atthe C-peptide of HIV-1 gp41 (E subtype). In
all the figures, the above-mentioned single-letter codes are used for amino acids.

Figure 2 is the elution profile showing the characteristic peaks of Fusonex and
the complex of Fusonex and gp41 N-peptide (35-70) from Superdex chromatography
column.

Figure 3 is the circular dichroism spectra of the macromolecular secondary
structure of the complex of Fusonex and gp41 N-peptide (35-70).

Figure 4 shows the stability comparison between Fusonex and T-20, wherein
the cﬁrve on the right side (solid circle) is the melting curve of Fusonex complexed with
gp41 N-peptide, and the curve on the left side (hollow circle) is the melting curve of
T-20 complexed with gp41 N-peptide. It had been shown that, in the range of 35-80°C,
Fusonex is more stable than T-20 at the same temperature.
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i nduced by H V-1 gp 160HxB. When the effector cell expressing gp 160HxB
gene and T7 polynerase gene fuses with the target cell expressing CD4 gene
and luciferase reporter gene, the luciferase gene is expressed and a

chem cal fluorescence is radiated. This experinent defines as 100%t he

| uci ferase activity of the control group in the absence of any fusion
inhibitor. It had,heehsRan0iisatinhibitor) AGHGHERIFASGRALAGILLI0 In fHisOnex has

a better inhibiting activity than T-20, based on the conparison of their

i nhi bi ti onexpReitreMi, theastivity bflaciferdde Wassisehfor qdamiativeyanklyiis df dhie Tgsidnx n.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Based on the analysis of the

t hr ee- di neimhibitos] activities bfFwsonéx @pdie) andB-20(eperd). Thawelnlar &usiopreasi des a
novel fusion inhibitor Fusonex. Detail ed descriptions of the antiviral
pepti de i ninduceschyi HIVHezppb@senVhen thanflesior selbexnressg gpd 69uinigsng andiT7? Fusonex

i | tid d of 36 i id i . F SEQ I D NO. :
1y PSP ey P balameran SR USRS (B SR PHRSCSNE IO GEia A IR ERSRSSPERET 1 0
1,130 (S50 B0 8 16 SR E5. T W SR L L,
(Subtype E 2 , 0 ence o IS
toi . : I NO : 2
Tl B P B RSB L
the N-tergf ;fugén dsife! had Bed\BbRAIRL) éﬁ%e%‘aﬁ#é%bh&éhtr_aﬁon,%@&fe&%% e E

(d utamc acli r I (Isoleucine) at No. , so that it fornms a

char ge- chap ggitériilabitag haﬂ'itYVit an TR20,Avagéd ok cainpisohdE theihinkibitioan i ncrease
the stability of the a-helix. 4. Substitute T (Threonine) for E (A utamc
aci d) at Nactikitis of the deh fiesivin induded by d1IVelqgpd60iidne hydr ophobi ¢ pocket

i ncludi ng W Tryptophan) 117, Wi20 and Ws0. 5. Substitute E (Q utam c acid)
for S (Serine) at No. 125, so that it can forma charge-charge interaction

with K (Lysine) at No. 129, whjich ¢ [ the stability 13 of the
a-helix. 6D 'Q%W@?&éﬁ?ﬁﬂmﬁﬁﬁggi nes) at No. 129, so that it
can forma charge-charge interaction with E (GQutamc acid) at No. 125, it
can increase the stability of the a-helix.

Based on the analysis of the three-dimensional structure of gp41, the present

invention provides a novel fusion inhibitor Fusonex. Detailed descriptions of the
antiviral peptide involved in the present invention are listed as follows:

1. Fusonex is a polypeptide composed of 36 amino acid residues. Fusonex

(SEQIDNO.: 1) is derived from the segment (the amino acid sequence from No.117
to No.151) (SEQID NO.: 2) ofthe C peptide of the ectodomain of HIV-1 (Subtype E)
trans-membrane protein gp41, its amino acid sequence of this segment is as follows:

WIEWEREI SNYTNQIYEILTESQNQQDRNEKDLLE (SEQ ID NO.: 2)

2. Add S (serine) to the N-terminal, because serine is generally added to the
N-terminal of a o-helix to increase its stability.

3. Substitute E (Glutamic acid) for I (Isoleucine) at No.118, so that it forms a
charge-charge interaction with R (Arginine) at No.122, which can increase the stability
of the a-helix.

4. Substitute T (Threonine) for E (Glutamic acid) at No.119, the intention is to
cover the hydrophobic pocket including W(Tryptophan)117, W120 and W60.

5. Substitute E (Glutamic acid) for S (Serine) at No. 125, so that it can form a
charge-charge interaction with K (Lysine) at No. 129, which can increase the stability
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7. Substitute K (Lysine) for E (Qutamc acid) at No. 133, so that it can
forma charge-charge interaction wwth E (Qutam c acid) at No.136 and

No. 137, it can increase the stability of the a-helix. 8. Substitute E
(GQutamc acid) for T (Threonine) at No. 136, so that it can form a
charge-charge interaction with K (Lysine) at No. 133, it can increase the
stability gfthetult@lir- hel i x. 9. Substitute E (Qutamc acid) for N

(Asparagi nes) at No. 140, so that it can forma charge-charge interaction
with R (Argini ng)Substithite K {Hysine) forddifAspacagoms pattNe 12% tsa that ittopn édrnt he
a-helix. After a series of the above-nentioned alterations, the new viral

f usi on i nhelsirgesehargaistemstion wihdhf(dyamioacidlre Nool 3% iticag ingrasothasiabilisequence:
SVWETWEREI ENYTKQ YKI LEESQEQQDRNEKDLLE (SEQ ID NO.: 1) The present invention
provi des aohBpereliX( Fusonex) with hi gh-val ence antiviral activity. Fusonex

has 36 am no aci7 gn&%]géﬂ%ri chcrjr é{{@ma}nhggcﬁ:ﬁ@w E@I ﬁgﬁjﬁgﬁﬁgc' d sequence
(No. 117-151) of 't ! utami B ! ﬁh}lglrﬁe

I . T I . . . .
2t very 1 obbrEB s At REOK AR HSuEAHRORAE) e, e ARES P, B RblaRe °ve"

bet ween vi th% iIRNEF G lolielixand between virus-infected cells and uninfected
ones. By blocking the entry, Fusonex is capable of preventing the viruses

fromentry intogcsibsstutels (GRkdmidacidp Rirdl (ThighninePat 961 86,d0 Mkat @f cakl ifsreses from
infected cells to uninfected ones. According to the virus-cell fusion

assay, t heath@geoharghintdradtion withni€ €hysine) atd¥o f138, it Barsimareasd the 2@Abilind af | ower
than that of T-20. Thus, the peptide of the present invention has an
i mproved efheioehkalix. in fighting against HV infection, and shoul d have a

reduced toxicity., Thanks to its h_isgh stability and_high efficacy, the
peptide of the Briubsiuts B(Gltangq acid) for M, Aspp@eings) af Alo: 180 8 thabic#st vi r us

f usi thap T-2Q. Th t.iviral ivity of  E i ncl ud t t
' ted 1 ofrRre g apion PR {etifie) g 6 4, hPELFERR col s and

ot her cell§t J. | tneR, the antiviral activity of the inhibitor of the
. abn{;' - . X N ; .
present inventron does not require the elicitation of any inmune response

in the host. After a series of the above-mentioned alterations, the new viral fusion inhibitor
Fusonex is composed of the following amino acid sequence:

SWETWEREIENYTKQI.YKILEESQEQQDRNEKDLLE (SEQIDNO.: 1D

The present invention provides a peptide (Fusonex) with high-valence antiviral
activity. Fusonex has 36 amino acids and is derived from the C-terminal amino acid
sequence (No.117-151) of the ectodomain of HIV-1 (subtype E) trans-membrane
glycoprotein gp41. The polypeptide Fusonex in the present invention, even at very low
concentration, is capable of blocking the fusion process between viruses and cells, and
between virus-infected cells and uninfected ones. By blocking the entry, Fusonex is
capable of preventing the viruses from entry into cells, as well as containing the
spreading of viruses from infected cells to uninfected ones.

According to the virus-cell fusion assay, the fusion inhibition concentration for
Fusonex is 20-fold lower than that of T-20. Thus, the peptide of the present invention
has an improved efficacy in fighting against HIV infection, and should have a reduced
toxicity. Thanks to its high stability and high efficacy, the peptide of the present
invention is a much better inhibitor against virus fusion than T-20.

The antiviral activity of Fusonex includes (but not limited to) p;eventing HIV
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The inhibitor of the present invention can be applied to any bi ol ogi cal
fields related to nenbrane fusion inhibition, including prevention of the
transmttal of human or non-human retrovirus (especially HV) from
uninfected cells. According to a preferred enbodi nent of the present

i nvention, the inhibitor Fusonex and its derivatives are used as

i nhi bi t or s fofn §Réddg toumidfegeecDak loglisind)othdraBsia ddditidr) themtinigct ed human
or non-human cells. The inhibitor of the present invention can al so

regul at e t hepatylifohoghibabr ofithe peeses snvientordéodsmet rghire theledititaioa of ehyat ed t o
the secondary structure of coiled protein helices. As used herein,
"Regul at e" immhne espansain tethostat i ng or a suppressing effect by the peptide

of the present invention gn the level or the extent of a certajn biological
activity insiddhephititorof thecrspssay '@Me”ct’@“tcﬁ%b%?ﬁﬂi‘ﬁg O] mOIPE’éalgjl?Edénce of the

tide in th t i tion). The inhibit th : ' ti
Can. al S0 becedtp FEmPHEALGN BhRpAm Fe etk Hreieip Pt o el Ry 1 o
fusi on. antiviral q 4 . . Y Tt
o oS TR SRS TSROl SRR 51 1
al so be ap%‘t te(f &ﬁ%%t%‘?ﬂ%}rﬁseﬂf indertiORCHE frfhilh o?IFQQinQi"ancli yral types, and

[or viral ypes. e present 1 nvention provifdes a novel fusion

i nhi bi tor, JEHeAREXare®86H AdiBhibR&% iof AdtiovREs (cihialy BHYY trahgintalitoon al so
provi des a joint adm nistration of Fusonex or its derivatives with other
agents, suchinfted Hudianarnonihnalanaglsnt s, in the treatnent and /or
prevention of viral infection, especially HV infection. These agents may
or may not havd&helimhititoref thetpreseot inwention shn ago ragulate these tiglogicalal f usi on
inhibitors. As a result, cooperatjve or synergistic effects may result
from j oi nt Paeqesseninsidaithe cells thay aregelatnddp sy Jego %%Gmr?rﬁﬁ?‘”lsﬁfi PIHeNpr esent

i nventi on, X or, its vat i v.es ni stered w

agents in é‘gﬁcsq%n § ‘Fﬁ?pthW“h g‘;‘g%é‘;qét!eu ERTSHS _t‘%%{]ﬁc 1$ﬁ§?gn(}riar§p9%r8§sgr&qf{'e& W;neous
o Bt AORBEL A R S e By o0
then a seconeh.aRt bdis(EdmEREPRINRE sitidtiBh th fhe @6dchad & tREpeARe @ tHelpiBent’ ePeAL i NY
such adm ni stration sequence (nanely the period) to reduce possible drug
resi st ance j@fention).
The inhibitor of the present invention can also be used to identify compounds
With inhibitory activity of virus fusion, antiviral compounds, and compounds with
regulative activities inside the cell. In addition, the Fusonex in the present invention can
also be applied to the diagnosis of a specific biological, viral types, and /or viral
subtypes.
The present invention provides a novel fusion inhibitor, Fusonex, and its
derivatives. The present invention also provides a joint administration of Fusonex or its
derivatives with other agents, such as other antiviral agents, in the treatment and /or
prevention of viral infection, especially HIV infection. These agents may or may not
have the same sites or mechanisms in action as viral fusion inhibitors. As a result,
cooperative or synergistic effects may result from joint drug administration.
According to an embodiment of the present invention, Fusonex or its
derivatives can be administered with other agents in all the following, including (but
not limited to): simultaneous administration, sequential administration, periodic
administration, and periodic therapy (for example, administration of an antiviral
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the antiviral therapy). The conbi nation therapy of Fusonex or its
derivatives with other antiviral agents provides a novel therapeutic

nmet hod that can reduce the effective dose and thus the toxicity of these
antiviral therapies. Furthernore, drug conbination can inhibit viral
infection of host cells through different nechani sns, which not only

i ncrease t g AHd Meh@lse&ntiianatival 2oinpahiRPwRhia ARt tatnRrivH bOERS, depeitinBUi | di ng
up tol erance ggal hst any therapy al one. The probability of successful

t herapy i s gidreldafipicRatidhcdegasied (nafiedy thegeaod) to rudrite ipossitde dmgnedstastesfdr ug
conbi nati on and preparations as therapies or as preventives of virus
(especi al | yheHdn¥yiralnkeapy)on. This drug conbi nation conprises Fusonex or its
derivatives in effective dose, at |east one of other agents, and /or a
phar macol ogi cal Me acwbipatin therapy pHFusompreonitfednryativas vifhopthen aptiyiralh Fusonex
or its derivatives include any drugs which are known or under experinent.
Accor di ng Bgends prouides » aevel thssanentinmethod that cap redueg thejeffoetiveidgse a']fff Whex or

its derivati| . dm ni.st d t. h i th t h t Wit

i Frerent - AARRAIL AL eV hT e B terrhs B eorEire R bE e i ¢
ts, h,. th t OKi I, F I . . A

SAEHET M R G S ORI e

At evi rapl ng,y ié‘ﬁ‘ibz{cfg'ﬂﬁ?alsf P/Eg?nt Maﬁruské)ﬁb{n'b‘ﬁﬂding%ﬁ%l@?alﬂ_@é a%ainst any

di deoxyri bonucl eosi des or odi deoxyri bonucl e0si de; viral protease

i nhi bi tor s h@aFhiGHR. ’ﬁﬁélyﬂdbaﬁiiig,ofﬁx&c%mitﬁéraﬂyﬂﬁiim&bfe indeasetinavi r, and
VX-478; hydroxyurea; viral capping inhibitors, such as viral

ri bovirin; anmph@hepresent ilentiers ales providds drugdiontpinutibe and preparstiamsasper m ne
with anti-HV activity, glycoprotein processing inhibitor; glycosidase

i nhi bi t or s tISCapIG3AB4s preventiies ST, (especially HEV ) nfastian.; Tidpdrugsembpinations| ocker ;
chenoki ne co-receptor inhibitor; neutraljzing antibody; integrase

i nhi bi t or s COMAEsesFHEINEK 95 ity HervakVes lﬂéff%qtlwﬁefeefﬂbgéﬁt ong ef pthesagents; #ifent i on

provi des ar} i ngroved . antiviral hGer for the treatnent of broad viral
(i ncl udi ng_%%af‘ﬂ?cé’&qgl??m_a?%pg _ ivtef?'t%_ , the present invention provides a
method of ] o Nt 13E YPedeileR iibeiPhiR FulddR b A JBRARL ML oy RLARGHE ©

effect, including sonex, Its derivatives,

di fferent nRdifivifor HREY Kpedmdft. PREGIREAbAGreRIrkd cMBEMReADIfRhY prefeat . The

conbi nati on therapy can prevent the virus
invention, Fusonex or its derivatives are administered together with another agent with
a different mechanism. These agents include (but not limited to): antiviral agents, such
as the cytokines rIFNa, rIFNB, .. and rIFNy; . r everse transcriptase inhibitors, such
as AZT, 3TC, ddI, ddC, Nevirapine, Atevirapine, Delavirdine, PMEA, PMPA, Loviride,
and other dideoxyribonucleosides or fluorodideoxyribonucleoside; viral protease
inhibitors, such as Saquinarir, Ritonavir, Indinavir, Nelfinavir, and VX-478,;
hydroxyurea; viral mRNA capping inhibitors, such as viral ribovirin, amphoteribin B;
ester bond binding molecule castanospermine with anti-HIV activity; glycoprotein
processing inhibitor; glycosidase inhibitors SC-48334 and MDL-28574; virus
absorbent; CD4 receptor blocker; chemokine co-receptor inhibitor; neutralizing
antibody; integrase inhibitors, and other fusion inhibitors.

Therefore, the present invention provides an improved antiviral therapy for the
treatment of broad viral (including HIV) infection. In addition, the present invention
provides a method of joint drug administration aimed at boosting the therapeutic effect,
including the use of Fusonex, its derivatives, at least a different medicine, and/or a
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frombuilding up a tol erance agai nst each therapeutic alone, and at the
sane tinme reduce drug toxicity and enhance the therapeutic index. As used
herein, "viral infection” refers to a norbid state in which the virus
invades a cell. Wen the virus enters the healthy cell, it takes advantage
of the host reproduction nmechanismto reproduce itself, then finally kills
the cell. phiefacHegidaiiBaccéptatle vb&o€ Tht combiastonbiedapy paophecad tip ageny
viruses go on to infect other cells. Sone viral genes can also integrate

i nto host dlomroikiongeuiNAldrance hgaifisireachotheqapenticralime, amicat khie saims tioeel redibeas

| atent infection. The provirus reproduces itself with the replication of
the host dhugiosictyrend enhdnesathe therapgutibmdenf ect ed people into norbidity at
any nonment if activated by various factors inside and qutside the body. As
used herein, "tHerspdheseinprasabinfecan’ oreters to3 mppe stategR Whichythe ¥ingg

[ h ' [ dth d of. vi ' h
Vi el f Tuatehs s WHGR dhe P enisethe PRAES el ki G Anat SVREDPR 1 ne
t S dhe iR entfEthe R b b P Evraty
Vet ude 1 oRapSgicpi e pidnsCEEbHRlles L, Gieh KFlyRne i 8. TR b Y

rate, elc i ﬁgt%g" hﬁ&s%in['%wlfﬂ‘éﬁﬁééa 'ref%g%grre;e@rgé onQo Git¥ct R IcEIRS s 0gous

t o Fusonex, Have the ‘sequenc | ogue, anal og, or segnent of
Fusonex, okjrhh@hed\@vlsoShiesiatd idtchost chrhbdonts DRACH flie fafth ©F poRired, afdig Or
nore am no acids. As used herein, "therapeutics" refers to any nol ecul e,
conpound, @ calledigs lateanimteetion €T Heproviaustrepradueen itsebfl with tiel replicagon ofthe or

vi rus-caused di seases, especially antiviral agents. As used herein,
"syner gi ¢ ostichromasefmey and candring ithe infecied paopte inte mosbiditynatt anymangent ifor e
effective than the additive action of nerely using any of two or nore

t her apeut i @gtivated by yagions fagtorpingide and gutpide theodyt i on. The synergic ef fect

can 1t eae SR, Rbenlb vk Mind B SRR R SR, 1L e
i defi d . | f . J. i i . tid
5 1 5 R g P o B 5 B g

constituti Y]Bft?mdrl%, 'iggpr ﬁ%a@mg!ml s%rmﬁ?orﬂi ORREd BIBviFQRARERS. TH cARlgC  aci d

residues while a tripeptide contains three, etc. A peptide conposed of ten
or | ess 17 for effective therapy include lower viral load, lower mortality rate, and/or lower

—t

morbidity rate, etc.

As used herein, “derivatives” refers to any peptides, homologous to Fusonex,
that have the sequence, homologue, analog, or segment of Fusonex, or that have
substitute, insertion, and/or deletion of one or more amino acids.

As used herein, “therapeutics” refers to any molecule, compound, or drug
conductive to the treatment of viral infection or virus-caused diseases, especially
antiviral agents.

As used herein, “synergic action” refers to a joint drug administration that is
more effective than the additive action of merely using any of two or more therapeutics
to cure or to prevent viral infection. The synergic effect can increase the efficacy of
antiviral drugs and avoid or alleviate viral tolerance against any single medicine.

A peptide of the present application is defined as a complex of two or more
amino acids linked by peptide bonds. The peptide nomenclature is related to the
number of its constitutive amino acids. For example: a dipeptide contains two amino
acid residues while a tripeptide contains three, etc. A peptide composed of ten or less
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amno acids is called an oligopeptide; while a peptide conposed of nore
than ten amno acids is called a polypeptide. The description for the
applications of Fusonex in the treatnent of H'V and other viral infection
is as follows: Fusonex is a polypeptide with antiviral activity. The

pepti des of the present invention include Fusonex (a 36 am no acid peptide
derived fr emirRftis.is tdlied 86 OliEsHeptide; aMilé @Ipeptivd) @posddefitoneldn Wes al so
exist in other envelop viruses. The peptides of the present invention are
capabl e of aminppceisss culied hpobpematd. of human and ot her nmammal  retroviruses,
especially HV. It is believed that HV and other viruses replicate

t hemsel ves ceas@hededcyiptien fonohe applicatps of Brsonérainthgiseatment offi{ldcaridon. Thus,
it is necessary to use antiviral agents at different stages of viral

i nf ect i on. othee Vissl dafection;ifaefollpws al so provides a joint adninistration of

and i er col 1 ul Spsdnsy SEpolyseptind bl oG iy Pple Rt offaain | TS
dni ni stratj on. of. - i o far v
ot ect  on. 11y ORSHinfeRosch B 84 Hnd AR e Ry b Mo e P T Ryl

0l ¥ COPY Ot €GPl . Yiek8 berihich 365 oxifl1f otfek Bl iusdlP Theplsfleobe figsonex 1 s

to inhibit fusion ree virus granul e rom i nfecting other
cell's, andptemiBéaiién dd@apibldisBuphressingSte SFEAdSE Hunti and otk athnfidl | s to
other cells. It is believed that Fusonex, when administered jointly with
one or nor eetfbvirgses, supkdialtli Iferent targets, nmay provide additive or synergic
effects. The present invention provides a joint adm nistration of drugs,

i ncl udi ng Fuson&ds belitved thatiBIV aad iothss viruses replicage thgmaelwésieaselessly 34 can
reduce not only the effective dgse hut al so reduce the toxicit of the
antiviral BPW@@.daYEFOEH@Ft“P%‘FEm P?mg“‘&ﬁo'?' husy i is nesesspyite He8antiyial ARt vari ety

of drugs cATORPED!sies SE e Qoo b B tifior'te L iBoment of or ug
| st admhitgstrRfi ' R4 A6S: or HI vV
[t ect ron 3fIRALR e SPHER WENABEH 4850 Rt SBRANCIB MR 1 g

Fusonex or aﬁ&ﬁxter@@lﬁia‘r‘géﬂe?lféf\i/iﬂls@ﬁfeCti ve dose as well as at |east another
agent that 1s preferably a

The description of a joint administration of drugs, including Fusonex, for the

treatment of HIV infection is as follows:

The acting target of Fusonex is on the glycoprotein gp41 of viral surface. The
functional mechanism of Fusonex is to inhibit fusion to prevent free virus granules
from infecting other cells, and to prevent the viruses from spreading from infected cells
to other cells.

It is believed that Fusonex, when administered jointly with one or more drugs
with different targets, may provide additive or synergic effects. The present invention
provides a joint administration of drugs, including Fusonex and its derivatives. Joint
drug administration can reduce not only the effective dose but also reduce the toxicity
of the antiviral drugs. In addition, it can improve the efficacy through a variety of
mechanisms for attacking the viruses. Finally, the joint administration of drugs can also
prevent or reduce the chances of the development of drug resistance.

The present invention provides a therapeutic method for HIV infection of
human and other mammals. This method comprises administering Fusonex or its
derivatives in effective dose as well as at least another agent that is preferably a
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18 different antiviral agent. The present invention provides an inproved
nmet hod for the treatnent of viral infection (especially HV infection).
The present invention also provides a drug conbination for the treatnent
of HV infection, the conbination has Fusonex or its derivative in
effective dose and at |least a different antiviral conpound. Preferably,
Fusonex or diffefent@ftiviat dgégt. shoul d be used together with retrovirus
inhibitors, viral protease inhibitors, cytokines, cytokine inhibitors, or
ot her viral fusiTaepiesédntlriveotien prokes aroinfirochdugethodifaritsd tredtinem ofivirkl be nore
effective in suppressing viral replication and transmttal. The nethods of
t he pr eseninfeatioe GespenallyIdIViméectidn). Tihe presentanventiorasoprvides aidrug  deri vati ve
al one, and joint drug adm nistration of Fusonex or .its derivatives with

ot her ant Fombiaptionfenths treatmaeny o HAY anfegtione thercombinatipn hasfaisongxeidls can be
dm ni st d. si.mult .Jn . I
S e ARER St A 501 B H0 SSPHEL B, s et er e 10
the. pat i entae i 8P ddelvitive ISR HdldthePich St Qidhs REHiR0s, Bl hen
|H§g° d npouhd duri ng Anot her p

adm ni ster second antiviral co a ériod. Such

admi ni strap} Qo ﬁﬂ%@&?cﬁgﬁmﬁ, YyfoRine REHiiRAY, of DiHeP PRAREG0d AndltbRViR € the
toxicity, as we as the drug’'resistance of the therapy. The present
invention aligirdg AthidRErafortivillRhére eBBétivedn Sipprasbivg ViralreSIRARGA SIS

adm ni stering the peptide of the present invention first, and then another
antiviral agadmittal and then the peptide of the present invention again or
another viral fusion inhibitor. Consequently, the inhibitor of the present
i nvention or it Zhelmethpds pftheipsesantrinvantior inglide admmistratiompf Fusonéreor itsnt i vi r al
agents. The "joint admnistration” includes not only using twp or nore

t her apeut i derivative alopeandioint dpg admimistraienoh Fuspagx oauédiemtwgs Pith odher nor e

t her apeutics,. separate but i.qul t ane ly, for exanple, vig different
vei ns i nt o2ftHdra aog?gtsb%\gssppe atjrl%ismneaogﬁ%}m\(gg?rgﬁ ?aélﬁ’er%fnéIBStFW | udes

adm ni steri.n i I 1 0\ i drug and

then the s& orlltépeg) gg@ﬁéggﬁg@é#ﬁgjﬁ%ﬁ%%r%se gglﬁ l @é‘é‘“@&%@?ﬂer wth

Fusonex ca el ' ; Helnh@oMtsh Sitfiier v

i bt g e The s§°e{$h§hhz’gr§?’3tdgsstgﬁ?{nhip%i M in i ipoThA Bfing o
certain period and then administering a second antiviral compound during another

period. Such administration sequence (namely the period) is repeated to alleviate the
toxicity, as well as the drug resistance of the therapy.

The present invention also provides a different period therapy that comprises
administering the peptide of the present invention first, and then another antiviral agent,
and then the peptide of the present invention again or another viral fusion inhibitor.
Consequently, the inhibitor of the present invention or its derivative is administered
together with other antiviral agents.

The “joint administration” includes not only using two or more therapeutics
together as a mixture therapy, but also using two or more therapeutics separately but
simultaneously, for example, via different veins into the same body. The “joint
administration” also includes administering the drugs sequentially, namely
administering one drug and then the second drug.

The preferred antiviral agents used together with Fusonex can attack the viruses
in the following different modes: inhibiting the reverse transcriptase, inhibiting the
capping of viral mRNA, inhibiting HIV protease, inhibiting the glycosylation of
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capping of viral nRNA, inhibiting H'V protease, inhibiting the

gl ycosyl ation of 19 proteins, inhibiting integrase, and inhibiting viral
fusion. Drugs based on those attacking nodes above include (but not
limted to): antiviral agents, such as the cytokines, including rlFNa,

ri FNp, and rI1FN y; cytokine inhibitors; reverse transcriptase inhibitors,

such as AZdroteddCinhfhiting ifdErasél4hd idiediii@atdl usioM Brigsabéton thosd avi  Trdi ne,
PMEA, PMPA, Loviride, and ot her dideoxyribonucl eoside or

f 1 uor odi desackinp@nodee alsovddnclivde (dlit motdindied eo): afitivixiat ageats, suchhasal®e Saqui navi r,
Ritonavir, Indinavir, Nelfinavir, and VX-478; glycosidase inhibitors, such
as SC- 4833dytaisiges, Mclud@@5TEN o, vIFNf, antRNKNyapysdkige inhibitors; ogverssuch as

ri bovirin; anphotericin B; ester bond binding nol ecul e castanasperm ne

wi th anti - #angcrptaseinkibitornysachay AZda3 TCdlcdilr, ¢ i Nevirapines Atayiapingi bi t or s;

gl ycosidase inhihitors SC.48334 and MDL-28574: virus absorbent; CD4

recept or bPgldkehrdine PP@)‘%&WE@@p%’&'Otﬁ?ﬂﬁ“iﬁof%rﬂ@““ﬁlé?ﬁ‘ &5 zi ng

anti body; jntegrase .inhibitors. and other, .f.usi on . inhibitors.,.A description
of the 2t r (RATGREEGHrbRReBe g iftrotpst bt SN A bt RENEERx Pept de
i's a highly-ef ' US| i Pl b LQE 0 C5E H Vv

i nfection. @?&@ﬁﬂﬁ@dv&%ecau@’ %&@#\%ﬁé@gﬁhg&s’s%&? ng g%@ﬁagﬂ% on viral

envel op apﬂ)ﬂ-nﬁmlr; YRRkl rﬁI@ﬁARfaBﬁiﬁ%%xhﬂﬁtoYﬂ dudh ad HSdvaKn; alPhoRKBIATH; @sted N t he

course of the viral protein gp4l transformation fromnatural structure

into fusi oporfltbindifigimeleckle 8avtmossamimonipieiti-HIVactivig, hydiokyugeasi t € on viral
gp4l and as a result, destroy the fusion process between the viruses and

t he cel | s. glifcopootein, pracessipg intibitofs, glycosidase mhibitors\& G B33, andSMBDEF285@4; from t he
amino acid residues 117-151 of H V-1 trans-menbrane protein gp4l and
conposed ofingmbaerbens; CR4irersptorblogkensothemeking gprieceptor ihikitors, gentaizingr boxy|

N e L
RS L R o Y GERT fohpBE ARG PRS2, (50,10,
can contain 4- 36pABhdpePRUEE aHIGHRR bfedtRe Ash iAKGHBrCBhAAPEPhup PRt
HIV infection. Maybe this is because Fusonex can associate with gp41 on viral envelop
and interrupt the process of viral fusion. For example, in the course of the viral protein
gp41 transformation from natural structure into fusion structure, Fusonex can compete
for the binding site on viral gp41 and as a result, destroy the fusion process between the
viruses and the cells.
Fusonex, a peptide of the present invention, is derived from the amino acid
residues 117-151 of HIV-1 trans-membrane protein gp41 and composed of 36 amino
acids. Read from the amino terminal to the carboxyl terminal, Fusonex has an amino
acid sequence as follows:
X-SWETWEREIENYTKQIYKILEESQEQQDRNEKDLLE-Z (SEQ ID
NO.: DD
In addition, the present invention also provides segments of the Fusonex
peptide (SEO ID NO.: 1) that shows an antiviral activity. These truncated Fusonex
peptides can contain 4-36 amino acids (namely ranging from tetrapeptide to
36-amino-acid peptide).
“X” is an amino group or -X1-X2, wherein X1 is an imino group, and X2 is a
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36-am no-acid peptide). "X" is an amino group or -X | -X2, wherein X 1| is
an imno group, and X2 is a 20 hydrophobic group, including (but not
limted to) carbobenzoxy, dansyl, tert-butyloxycarbonyl group, acetyl, and
9-fl uorenyl met hyl oxycar bonyl (FMOC), or a coval ent-1inked macronol ecul ar
vector group, including (but not limted to) lipid-fatty acid

chel at e, pohy&bphdearoapy@elhdiap dhaiobimjted &f) €arbdbérzory, dansyhxyl group or -Z
1-Z2, wherein 1 is a carbonyl group, and Z2 is an am no group,

tert-butyl eryasyidgoabonglrgpoyp, actyl samiedzfuonmyleethylaxycarboriyb(FNMOCHr a ncl udi ng
(but not limted to) lipid-fatty acid chelate, polyet h?_ll ene glycol and

car bohydr acevalé¢nt-likied macromadecnias yaetrr gioup.tinduding feyd tnet mugd)ﬁgﬂlpnd-fa@y
inhibitors of the present invention can, also be peptides conprising SEQ ID
NO : 1, or aﬁ‘é[ﬁh?'él‘@é”%%ﬁ@igwgobl’_’éCaTthNb.at:e- 1 with substitution, insertion,
and/ or deletion_aof one or, nore am aci ds. ., The mno acid i rtion can
e made. up of aZaf AGROORTHEDIE: @11 ok siiste A1 & % berbedhp LS ans. 15

am no acids, .ne i i i i S .and its
O e S D T S
present in WOl 40 ' anal ogs of
Fusonex ho ﬁ{lggg%g%édg?ﬁgﬂfsﬁggggﬁ?gg&n&n@gﬁ%e(gsﬁﬁgwﬁrgn%?hy g%ateécti vity.

The i nhi bitors ofn {d¥idH FRBEnexAna Bid tBkhchted IFUstek URO ifhibitorS SOME Picserdf
Fusonex, anal ogs of Fusonex, and truncated Fusonex honol ogs. These

truncat ed migatiexcancilgybeqeptites coaprisilg SEENIENOe 19br pemideecorprising/8EQ@h one
or nore amno acids are deleted, the resulting peptides having a |ower

limt of 41D NGO hovithciubistitutiaiénsertionyarsizorai¢letion ofiene oraporeaming acids. Jhagl e
adj acent part or npre unattached parts, of the above nentioned peptide
sequence. AR fihigserion parcheyaedenaf agmelepanipe add rsidus v Afgsidue segieenini no

o eSS P S o RO b 6 oAl BEANE B0,
PySLoPnob! S UG b o idydl om0 20105 (one o Torc) they renl e
agents in joint pduhdhete itd iAMbbAsdE HESRERY ihvenfidn idchlde BdRtologs of
Fusonex (SEQ ID NO.: 1), analogs of Fusonex homologs, and/or Fusonex segments
that show antiviral activity. The inhibitors of the present invention include Fusonex,
segments of Fusonex, analogs of Fusonex, and truncated Fusonex homologs. These
truncated Fusonex comprise the peptide sequence of Fusonex from which one or more
amino acids are deleted, the resulting peptides having a lower limit of 4-6 amino acids.
These truncated Fusonex may contain a single adjacent part or more unattached parts of
the above mentioned peptide sequence.
According to an embodiment of the present invention, the amino acid
substitutes have protective properties. The protective amino acid substitutes comprise
of amino acids with similar charges, sizes, and/or hydrophobic characteristics to the
amino acids (one or more) they replace in Fusonex (SEQ ID NO.: 1) peptide sequence.
A description of the antiviral agents in joint administration with Fusonex is as
follows:
The fusion inhibitors. of the present invention can be administered jointly with
other therapeutics in order to enhance its antiviral efficacy. According to a preferred
embodiment of the present invention, Fusonex is administered with other antiviral
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The fusion inhibitors of the present invention can be adm nistered jointly
with other therapeutics in order to enhance its antiviral efficacy.
According to a preferred enbodinent of the present invention, Fusonex is
adm nistered with other antiviral 21 agents, including (but not limted to)
drugs acting on different targets all through the virus replication
process, spgdntsafcludin@(bet dot fiffed kel degs donhg bhidifesent Yargéts ald tiRbegshe

i nhibitors and gl ycosylation inhibitors, etc; antiviral agents acting on

di fferent viasyeplicatiad procksspsugh ab heversetrassciptasadihigtops, srelgsoteaset i vi r al

agents acting on different sites of the sane nolecule; and antiviral

-agent s capmbibtorstang iglycestlatiog inhibitass,Lats; agtivired agenieactipgwontdiffesént targetdr ug

resi stance. The worki ng nechanisnms as well as the benefits of joint

admi ni st r agll tioughdhe Wirksespreading Precess ankvirad Agents acting @ndifEasensisises ofdhe
personnel in the resent field. The jnhibitors of the,present invention
an b adniamemelealleaaanyalesins bl Plrveri irtaritt FRERRERET but ot
limted to),.nucleosi. eri vat i . ' i j yes are

| mpr oved dbF g arTE SuERAOThY Rt mediifisnUE WER3S B EEABLOKRE 2 C o

Their acti 4 ' 1dShel ; LA [ ; t hesi zed.
The nucl eogﬁgﬁggﬁuv%?}d\?:ose,ﬁ?ﬁhﬁﬁgnggggﬁggagft anylt)%iegp b?{o?tgel}éﬁ%ﬂat hat can be
bound to Obﬂ%@émlﬁgﬁ[ eosi des, can suppress the synthesis of cDNA catal yzed by
reverse transcriptase and thereby term nate the viral DNA replication.
This is why theYh&mbibiters cfithie prickevit inventpeah be administered fointlyewignpl e, AZT and
ddT, both of them can suppress H V-1 replication in vivo and in vitro, had
been appr oretxbviass inbibitdisemcliding vy noblimised t) nuelpeside ddsivativeseller , use of

t hese drugs for treatnent can |lead to mass propagati on of drug-fast HV
strains i nnugiensidedariyasivensrg imppwed flerivatives of puring, ppglgasisies angd pyrigaidige es ent
invention can be adginistered.jointly wth | epside.derivatives and

non- nucl eoB#¢ePSHEs i \ngiragtg m “ﬁ{ﬁ‘dfé’o%%fé‘t&iﬁ%‘fﬁ frombeingde (but not

o ™ 50 Shinrsized, T ERKASGARMDE, (ffEhbechce ofhuy b SRARUAYIRNG. (119

2', 3'-di deoxyi nosine di deoxycy
3' - di deoxyp Gy tgié)!ﬂ%r hdddsided’ can%h;%%EQQ%%hﬂie@i@%MDmn%‘a@dl%d(13943_\)er§nd
3' -dide d T).

3' -azide2', oxycytidine ( According to an enbodi ment of the
present i nygiNctipiase dnd@herobiclefnmbtéahelGird] DN A Y&sicatich. Talsawhy Ry ibdeome

preferably 2',
anti-HIV therapeutic agents. For example, AZT and ddT, both of them can suppress
HIV-1 replication in vivo and in vitro, had been approved as remedies for HIV infection
and AIDS. However, use of these drugs for treatment can lead to mass propagation of
drug-fast HIV strains in addition to many side effects.

The inhibitors of the present invention can be administered jointly with
nucleoside derivatives and non-nucleoside derivatives. The nucleoside derivatives
include (but not limited to): 2°, 3’-dideoxyadenosine (ddA); 2’, 3’-diseoxyguanosine
(ddG); 2’, 3’-dideoxyinosine (ddI); 2’, 3’-dideoxycytidine (ddC); 2’,
3’-dideoxythymidine (ddT); 2’, 3’-dideoxy-dideoxythymidine (d4T) and 3’-azide2’,
3’-dideoxycytidine (AZT). According to an embodiment of the present invention, the
nucleoside derivatives are halonucleoside, preferably 2’,
3’-dideoxy-2’-fluoronuceotides, including (but not limited to): 2°, 3’- dideoxy
-2’-fluoroadenosine; 2’, 3’- dideoxy -2’-fluoroinosine; 2’3’- dideoxy

-2’-fluorothymidine; 2’, 3’- dideoxy -2’-fluorocytidine; and 2°, 3’-dideoxy-2’,
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3' -di deoxy-2'-fluoronuceotides, including (but not limted to): 2', 3'-

di deoxy -2'-fluoroadenosine; 2', 3 - dideoxy -2'-fluoroinosine; 2'3'-

di deoxy -2'-fluorothym dine; 2', 3'- dideoxy -2'-fluorocytidine;, and 2',
3' -dideoxy-2', 22 3'-didehydro-2'- fluoronuceotides, including (but not
limted to): 2', 3'- dideoxy -2', 3'-didehydro-2'fluorothym dine (Fd4T).
More prefera &) [ J erl 1o\ iBitéd to)32>, Ohi. 2 -
fluor onuceét'?@é}sly(\}/{ﬁz 2’?@@ ﬁgdegﬁ%égf llnhl\éla dgn(gﬁtl ns&?lﬁ]lt't% %éo)?)z cgm(ca %%% i%n,

i ncl udi ng GhuideRirolo! Midrélyhiline 4T B Mordipaeferably; tBe nudleosidel decivatpdenosi ne
(F-ddA), 2', 3'-" dideoxy E 3 -fluoroinosine (F-ddl), & 2', 3'-dideoxy-2'
P -fl uor ogy1°dli 3te dideoxldQ)- flubvbmicestidey vadrdimihs fluatinobondanimthelfce t he dosage
of nucl eoside derivatives, and thereby reduce its toxicity as well as
drug- r esi stemfoemation; meluding byt nenilingtedria): At -aBhidideoxtiel’r fanfluetoaddnosioei vity.
According to a §>r ef erred enbodi nent of the pr eseg&ai nvention,

t he
conbi nat i ofF-ddA)adfi B rdifeqxap? RidloseinosinecFeddl)dé der Bvdidegus2ithel ude
F its derjvati i ffecti d , d T, ddC d/. d4T i
ofToct T ve duRRonGIinatE-ddcy alow A REpiRtaloh GiEtiee e doseee of weborgh drug |
combi nati on i.n¢l udes,(,b not limted to): .F e i ri jves and
COb! AL 058 e WA G Ry AR e S Y
Loviri de, NﬁYﬂtﬁiﬁﬂ Bfir Qﬁq fﬁa@%ﬂ}i{ _i ne in effective dose. Fusonex or its

derivatives can akso be além nistered jointly with inhibitors of urdine
phosphor yl at i Ng ARBMIRy to laPréfeidéd émbdiite A the presefOnéntionChe lcombirdtive

conpounds, including benzyl acycl ouri di ne (BAU); benzoxybenzyl acycl ouri di ne
(BBAU) ; an®f habérakpydptidycdndutucidotide detivBriNgs inchrdetFusdren 2o xty dereyivesciyc| our i di ne
(AVB- BAU) ; hydroxynet hyl benzyl acycl ouridi ne (HVBAU); and
hydr oxymet leffedsivaziosey bedh AZTaddC | and/ord4TeincHkaizadpse fon theriesatoentiof EIV
derivatives can also be adm nistered jaointl }/ W th cytokines or cytokine
i nhi bi t or s infeetian, &i mere Preferreddrugicambination includesyt not limuted to): FueenekpRy;  TNFa
inhibitors, NNX- 160, h nr.interferon a man r interferon.13, and
numan 1 e Pt and TG eBessiveford abl b FE: UG edRRTRIOFATRERE | nol udes
Fusonex or ;its. I ive: [ nt i1n effective dose. Protease
i nhibitors Lﬁ’?"é@&’gﬁé‘ﬁ\@}n\% %@s@géﬂﬁl%&teﬁegt%%énl y during the viral
Fusonex or its derivatives can also be administered jointly with inhibitors of
urdine phosphorylating enzyme, including (but not limited to) acyclouridine
compounds, including benzylacyclouridine (BAU); benzoxybenzylacyclouridine
(BBAU), amethobenzylacyclouridine (AMBAU); amethobenzoxybenzylacyclouridine
(AMB-BAUY), hydroxymethylbenzylacyclouridine (HMBAU); and
hydroxymethylbenzoxybenzylacyclouridine (HMBBAU).
Fusonex or its derivatives can also be administered jointly with cytokines or
cytokine inhibitors, including (but not limited to): rIFNo, rIFNp, .. and rIFNy; TNFa
inhibitors, MNX-160, human r interferon aA, human r interferon 3, and human r
interferon y. A more preferred joint drug administration includes Fusonex or its
derivatives and B interferon in effective dose.
Protease inhibitors prevent the virus from maturing mainly during the viral
assembly period or after the assembly period (namely during the viral budding).
Protease inhibitors show an antiviral activity both in vivo and in vitro. After being
administered protease inhibitors, the AIDS patient HIV-level exhibits an exponential

decline and their CD4 lymphocytes rise in number (Deeks, et al., 1997, JAMA
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assenbly period or after the assenbly period (nanely during the viral

buddi ng). Protease inhibitors show an antiviral activity both in vivo and
invitro. After being adm nistered protease inhibitors, the AIDS patient
H V-1 evel exhibits an exponential decline and their CD4 | ynphocytes rise
in nunber (Deeks, et al., 1997, JAVA 23 277:145-53). Joint adm nistration

of viral p??’?ﬁ@ﬁ%ﬂ NBinP hdinstrdiiddof Wl protdaabinRibiters witllaeRAnGEbPT oduce a
synergic effect and achieve satisfactory clinical results. The present

i nvention PushHed@sn prodiiee apinbagt éfect irdesthieng sdtisfdciony elafidabresuldhiTib i s a
joint drug adm ni stration using Fusonex or its derivatives in effective
dose t oget ppessemiitvention provideas ehei méthéd footreatimgdfli\eimféctien,doiseh istaljeint druger
including (but not limted to): Indipavir, |Invirase, Norvir, Viracept, and
Agener ase. afmingstragionpsing Euspaex onits dasiyadens implestive desedaggteerivithya wi t h
anti-HV drugs that _ disturb 5 -nRNA processi.n such.as virazqle.. The
acting mecREReasmimTbiorin s@ective dose, thelatker lﬂ?dlﬁggb%l“gkmﬁf}/ﬂ} Iégmé&‘ﬁ’peti ng

with guanipe.in form.ng.the cappi ng structure, and/or disturbing the
net hyl at i oﬂ“‘G‘faS?’h&oéV‘Ffol\}é@ﬁ?pgg%ﬁﬁ?ngF% likely to be a synergic action
bet ween Fusonex zand vir . bk 4 | ives can
be adm ni stered P?%?nr? Io§ﬂ§m8%rﬁvatlg%p(%gg !asg’ibgi%ﬁe@gﬁ&prp%ﬁ%]%ﬁ ﬁcf‘ﬁg@{. \s(@é pol yene

anti f ungal b 3P MHIGA tphéde A virakd16 Ve Sichhg/ métHahisit siTvitlazolégphot eri ci n
B and its fd%Fﬁriate have "an fﬁlﬂél]& ti ngleffect agagi/nst many |ipid envel op

vi ruses i nghkstvidydtlahd pAsmied & becdompBtihgevith gasineinorniing tiei hRNHowar ds  human
body while its formate has a nuch lower toxicity. Thus, Anphotericin B or
its format eapping steucads] anidiir disadbingitin tngthylatibn Bfitheseamolecules. Thertas likelyi ves,
and produce an anti-HV synergic effect, which allows clinical doctors to
use Anphot ¢o beasymBrgie agtion tebwerntfusonex|apdeirazdises wit hout losing its
antiviral activities. Fusonex or its .derivatiyes.can,al. s}c;, be adm ni st ered
jointly with thdnagditienFusenexor §s deraativesan of ppmpnistered It ni ne, whi ch
is a vegetabl e alkalpid .capable.of i.nhibifin | GOl . pr i,h_processing.
H v envel opBPRRRTETEC AmRIFERYLS i poeanibeaidntit BhEiahd rre
gl ycosyl at i i ke? StefBin it mdte h&ve dh inhibiging BiEGAct | Ons
bet ween gp 1@%’69%%8% q"he r oé’eni}_mls synt ﬁeg‘f zed Int %e_ presence of
cast anosperphifg Mag 1Pid&@RKBp virddes dchididgyHI VI ainghteriiy BRESA séfiobyls. The | oi nt

toxicity towards human body while its formate has a much lower toxicity. Thus,

Amphotericin B or its formate can be administered jointly with Fusonex or its

derivatives, and produce an anti-HIV synergic effect, which allows clinical doctors to

use Amphotericin B or its formate in lower doses without losing its antiviral activities.

Fusonex or its derivatives can also be administered jointly with the

glycoprotein processing inhibitor castanospermine, which is a vegetable alkaloid

capable of inhibiting glycol protein processing. HIV envelope contains two large

glycoproteins gp120 and gp41. The glycosylation of proteins plays an important role in

the interactions between gp120 and CD4. The progeny virus synthesized in the

presence of castanospermine has a weaker infectivity than the parental virus. The joint

administration of Fusonex or its derivatives with castanospermine can produce a

synergic effect.

The therapeutic effect of the joint administration of Fusonex or its derivatives
with the above-mentioned antiviral therapeutics can be evaluated by generally used

methods in the present field. For example, the joint effect of Fusonex and AZT can be
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adm ni stration of Fusonex or its derivatives wth castanosperm ne can
produce a synergic effect. The therapeutic effect of the joint

adm ni stration of Fusonex or its derivatives wth the above-nentioned
antiviral therapeutics can be evaluated by generally used nethods in the
present field. For exanple, the joint effect of Fusonex and AZT can be 24
tested thr gl tBrovugh b ShNetPof inViteb ekgerineRfihdBdihS inibiting HIV:tokibiy bi ting H 'V
toxicity against cells, 1nhibiting the formation of synplasm inhibiting
the acti vi hyaigst célBy@hibitingtthafismaiigt alsynplasm,iintibiting thegctivityadf ebérké t y f or RNA
or protein synthesis, etc. A description of the dosage fornul ations,

dosage, anttamsdnptase tor athitoting oal elslifyfor RNAf os firotes sybrhgsjs,cterbi nati on is
described first. The drug combi nati on of Fusonex or its deriyvatives with at
| east one of ot hArdesaripsion oé theidoseagarmulpiensi drsagd pnd pdminibeaEian rQUiesdht i on
can be used for the treatpent or reyention of human or non-human viral

i nf ect i on. asiedlops; g sopyinaHag Hidé"ﬁ‘?”é‘ﬁ\{gfft- provi ded by the present invention

can produce an additive/synerqgic.effect. .The .preferred, dr copbi.nati on
cont ai ns Fusonex&lg‘? a’i“gscoﬂé}"ia{}‘g? P(/@és?n%?f 1§tcﬁarnpaé3/§§ wétﬁéu g‘;ﬁa&go[’ﬁé)?%gﬁfi vi ral
agents, su as, & [ I i i:nhihi {.phibitors,
et SRR UBOEE AR b e EEREARE el I

adsor bent , pfddnicACTuRtan bR RbhiiMabvirdt FEmioh TEneGomt BAGRIdAnikwftidal t or s,
neutralizing antibody, integrase inhibitors, and other fusion inhibitors,
i ncludi ng phyvided®ly the presend inventionrvas ipestiuicel en additivedsynergicadfiecn t er mi nat or s;
chenoki ne co-receptor inhibitors AMD- 3100 (Trenblay, C. L. et al., 2000, J.
Al DS 1: 25( 2) 99- 1The preferred diugcpromnationeobtaihs Fesdnen or ith dempratisespind atvent i on,
t herapeutic agents that can be used jointly with Fusonex or its

deri vat i veleastrane @ ethepantivifel agentsi sush as rgverse rapssoRipsoingibitetss protersd c)

i fabut | nelnHAE: GIOVA PR ipore: PP e,

Llr 3%8: gssg@%&%ﬁwtﬁgecleﬁgf? igklllrg:ljg}s,nc enfoidrle'c Qégépt‘é?r{‘nﬂbii‘oers, naehgél'é’ingar a- AVP,

1- b- D- gl ycgﬁﬁ%@gﬁg{egfa@@m%rﬁ,aéd E)t%éxbﬁJElBPYﬂlﬁmwréfﬁﬁcﬁﬁding ?%r)?ﬁ?ﬂhﬁﬁé@’tb?m ne,

hydr oxyur e ceti c heptanedi one, diarylam dine,
(p- ni t r obefgyléoside analogs or chain terminators; chemokine co-receptor inhibitors AMD-3100

(Tremblay, C. L. et al.,2000, J. AIDS 1:25(2)99-10) .

According to an embodiment of the present invention, therapeutic agents that
can be used jointly with Fusonex or its derivatives include (but not limited to):
2-deoxy-D-glucose (2dGlc), deoxynojirimycinacycloguanosine, virazole, rifadin,
adamantanamine, rifabutine, ganciclover (DHPG), famciclove, buciclover (DHBG),
fluoroiodoaracytosine, iodoxuridine, trifluorothymidine, ara-A, ara-AMP,
bromovinyldeoxyuridine, BV-arau,

- 1-b-D-glycoarabinofuranoside-E-5-[2-bromovinyl]uracil, adamantethylamine,
hydroxyurea, phenylacetic heptanedione, diarylamidine, (S) - (p-nitrobenzy!)
-6-thioinosine and phosphonoformate. The present invention provides a drug
combination of Fusonex or its derivatives with any other above-mentioned compounds.

In addition, the peptides of the present invention can also be used as a
preventive measure for individuals who are exposed to HIV but have not been infected
by it yet. Examples of such a preventive measure include (but not limited to): the
prevention of mother-baby transmittal of the viruses; and the prevention of HIV
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- 6-t hi oi nosi ne and phosphonoformate. The present invention provides a drug
conbi nati on of Fusonex or its derivatives with any other above-nentioned
conpounds. I n addition, the peptides of the present invention can al so be
used as a preventive neasure for individuals who are exposed to H V but
have not been infected by it yet. Exanples of such a preventive neasure

I ncl ude (bllﬁtfecﬁgé r{«%}tﬂb‘s‘?ﬂaﬁ s: sutcn%]g rﬁlrn VX @Qtw(ﬂﬁer@ilamhgﬁlvbﬁ)%'anhﬁﬁ&?m ttal of

t he viruses revention o Infection rn other situations,
such as i nyed n flind inh MregiRBl RBidBAL Brthedd cagdd, the bemilles
product s, a%ﬁgb%%d%gﬁg ?na]g&.r;ryedl cal accident. In these caseslp@[?he
peptides  gf the prespites@Rtion batettiused acaprebent v edcarse. &Viflr the arculation afthe ne.
Wth the inoculation of the peptide of the present invention, the host

Wi || produpeptiletof tediresent inatntioanthe stovil pevdace iantibglies dhat gaelinh®ittHY | ze HI V
viruses. The present invention provides a preventive vaccination schene,

whi ch  conpféction andderitradize BEY ivijuses. t he host the peptide at an effective
concentration for eliciting suffj ci ent inmune responses to.neutralize the

HV, e.g., to débepesgent wevean@m proyides g preyRRtevapfiRptionseheme, Whish cel s, The
| t ed b d d h

Sl | krouncopawe Brmarenme g et dhe Seotide Y en AERMEIoRREN RS of (e
present mvg@&@@&@%&%ﬂ&& &ﬁ@&o%u%a&%'tﬁeem a%ﬂ%raesas @nitgvscl e

i njection Crease € responses, e peptl

present i nyghhiy gwmfec{?@n 6%19'%1@%&%%&@8@0%@@% b@&létbbt@dlbyﬁ i ncl udi ng
(but not Iimte m neral gel, such as alum nium hydroxi de;” surface
active SUbﬁtfaﬂdHi@tecﬁﬂiqbesaﬁell-kﬁ@b@w ériel of skiflin obre art. Avobsdivgroian ealbodinodnt

pol yani on; other peptides; oil enulsion agent; and other potenti al

addi tives bbthelpuesant 1mnos,uh¢1pqmdlaaxsed Asuscdné isedmenistered by nusde) and snal |
coryneform The routes by which the above-nentioned vaccine is adm nistered
i nclude (lectiont |inited to) oraI i ntradermal , intranuscul ar,

i ntraperitoneal , intravenous, oder mal , and %/g%% iC routes.
description of UMerdepioABEesF AR g55PPESesahs BIRIRAT TP essal Y IORSAR of

hourd e RaatrcraRahsOR v B Ju skt TR o RER el e B T

such as aluminium hydroxide; surface active substance, such as lysolecithin; Puronic

polyhydric alcohol, polyanion; other peptides; oil emulsion agent; and other potential
additives for human use, such as Bacillus Calmette-Guérin (BCG) and small
coryneform. The routes by which the above-mentioned vaccine is administered include
(but not limited to) oral, intradermal, intramuscular, intraperitoneal, intravenous,
hypodermal, and mycteric routes.

A description of the dosage of Fusonex is as follows:

In the treatment of acute viral infection in mammals such as human, Fusonex or
its derivatives should be administered at an effective dose sufficient to suppress viral
replication. This effective dose can be determined by methods generally known to one
of skill in the art, including setting parameters such as biological half-life period,
bioavailability and toxicity, etc. As an example, Fusonex can be injected continually for
4-52 weeks in a dose of 0.2-10.0 mg/kg a day. A preferred dose is 20mg~200mg a day.
The most preferred dose is 30mg——80mg a day; the duration is about 52 weeks.

The administration interval for Fusonex or its derivatives ranges from about 2
days to 1/4 days, most preferably 1-1/2 days. When in the best dosage, Fusonex or its
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replication. This effective dose can be determ ned by nethods generally
known to one of skill in the art, including setting paraneters such as
bi ol ogical half-life period, bioavailability and toxicity, etc. As an
exanpl e, Fusonex can be injected continually for 4-52 weeks in a dose of
0.2-10.0 ng/ kg a day. A preferred dose is 20ng-200ng a day. The nost

preferred ggsGiilss &%&lainmk%omiraﬁaﬁoﬂ%gmlm O/ AbIAWlo R INREK The The

adm nistration interval for Fusonex or its derivatives ranges from about 2

days to 1/ foda¥encenBafiorsHRbmd cin be Beikrmiays as Mllews:i makiehp daerdledosage,
Fusonex or its 26 derivatives can attain a peak concentration of

| ng/ m - 10ntyjétion of O%dhspiexinsomdprepettudied satina selntiormariddnjeof it Easionalky, can be
determ ned as follows: nmake up a sterile injection of 20% Fusonex in sone
proper buf flen neabura¢hesllbod consertrationydtBLG.t continually, then nmeasure the

bl ood concentration by HPLC. The effective dos%1r of the, therapeytic agents
such as the ant ilhe efectivgdaseofithe therapeuticagentsisuch agthe antivirghageis dnidintor it s

deri i i s.det. ' h [ f. . ded f

Var | ous. anEOSIRIGRBHDS AT oo R s terhe A TR gy of BRna- ot of err ed
vari ous anffiiTHHRTSBHAS ARICK KB SR -

[t orat ur croeREBisrarnor gt 0P R BREHend WA R BURE ANl The

prof essi On@le%erre%{kﬁog%l]&[ﬁg}'oi tatdﬁ{ﬁ{igtpd@ioﬁ?s 4036t ﬁ?z%agﬁ)%tlowé}ic}ﬁzth fngxi ¢ reactions

begin to ocCcur. unctions of marrow, |iver and/or kidney are

damaged, OfjtefftlifeXéSoriibitedHo8igdThi @peratefdetifistrition. MRdicalprofessidialsknow how
and when to suspend or termnate the admnistration and to regulate the

dosage to shdubd\piy dtevieion td the dosdge as tvhich toxid eeaetndns begiatte dccur] Whercthie
therapeutic results are not achieved, the doctor should al so know how to
enhance t héundtismsgef. makroweflivecandias kidney areedamaged @ seftous dfug imterastigntiosage at
whi ch the drug conbination is sufficient to inmgrove the patient's

condi t i ons oefury the @pepbsipulfl knowhepy gad whejto %al?emrs’étﬁrma& and therapeutic

ff f this, ) f.d d i ned di d
L i Sk B30 RSB DM B BRSO RN 1
le, the. d ] | i hal d
CrA! €., OB OSSR LM b M 052

the nedi umeﬁﬁén@@{ﬂe%s%.se (ED50, the dosage at which 50% of the
experi nent a

An effective therapeutic dosage refers to a dosage at which the drug
combination is sufficient to improve the patient’s conditions or to prolong his survival
period. The toxicity and therapeutic effect of this type of drugs can be determined
according to standard pharmacological procedures of cell culture or animal
experimentation. For example, the procedures can be determination of the medium
lethal dosage (LDso, the dosage at which 50% of the experimental colony are killed)
and the medium effective dose (EDso, the dosage at which 50% of the experimental
colony are cured). The ratio of therapeutic ability to toxicity is the therapeutic index and
can be represented by LDso / EDso. The higher the therapeutic index is, the better the

| compound is. Statistics obtained in cell and animal experimentation can be used to infer
the dosage range for human. The dosage of this kind of compounds lies best within a
certain hematic drug concentration range, namely higher than EDso while with no or
low toxicity, and then it can be regulated according to the dosage formulation and
administration route. Based on these data, the dosage for human use can be determined
accurately. The drug concentration in blood plasma can be measured by HPLC.
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colony are cured). The ratio of therapeutic ability to toxicity is the
therapeutic index and can be represented by LD50 / ED50. The higher the
therapeutic index is, the better the conpound is. Statistics obtained in
cell and ani mal experinentation can be used to infer the dosage range for
human. The dosage of this kind of conpounds lies best within a certain
hematic drug CcoRcRiRbh8PtHe A8 e (R RAon NG REMidiStedliokPoGeyRiak BN no or
low toxicity, and then it can be regul ated according to the dosage

formul ati on andpatets ané sdmialstrared direits. witagredrogncéhsiastiohadoataidife dosage f or
human use can be determined accurately. The drug concentration in bl ood
pl asma canFisenereasity dutlivityvesiRbrGvitiPthe Anixitmscof the dog cvinbitation osatgimingor mul at i on
and admi nistration routes is as follows: Patients are adm nistrated

di rect |y wrusenesher ith degivetivesiwith Some pepar gRimichgr Pieivens in erder tosobgain theat i ves,
or with the m xture of the drug conbinatiop containin Fusonex or its
deri vat i ve40sige f?@@?f%“&)\“@ié’\fe%‘&ﬁqué?‘“a@ %&:ﬁ“gﬁc@ﬂ'ﬂ- Pg?ﬂé?"o(“@“abt ain the
dosage for freating viral infection, especi H V infection, The

prepar at i off"YAgtra 'em“?hgé({}% 1sta88h%§9§&/w$}%19¥qwtso%pq is‘SIQf?gﬁairts

wel | - known to o skl l. ' VAR . i vity.qf the
pepti des of the'?g? ge%‘é’ﬁ? f 40#113& n?tftggp%g}ﬁie%&t?‘gi%?é Sgl){t 12%1%1%%&8%%%:{1'1% city, which
nmeans a Spgin. - Al aF Y : LibitConiy ifi PaRt | des of
Tho. pr osont o e SRRTRANE iR Reshd & et pBp R o) £ e s Pt a0
can be uti pdptides dfithé Preserdt iimledti ardint@nemkitive RAGEVMI, afdduckxAaiVaatagt he
anti-H V-1 specificity of this peptide can be used to identify the type of
a certain ¢amdeattitided/inrthis fieldtaf diagn¢sid i¢agennrForlexam@le, thoantekdipl e, in the
presence of the Fusonex peptide, an isolated uninfected CD4+ cell is

i nfect ed wpehifigity ofthiscnentide candegisedioridentifiitherine ofctertaimsalated vires cul ture

the cell. Afterward, the retrovi rugL ac%i vity of &ell{ ul ar supernatant is
tested, antirain (108 HIY2)y Fosexample, inthe presence of the Rusprexpeptide, @81 ai n shoul d

be HIV-1; jf . BV i d d I little,
the virus seplrprire Chlkan SRl P aE SRrmaar YRR RGAR: Fh0e o 1 nol udes
the use of HRALIRGHIL MR MAKREWAR, fhe £ROTHRRchARIRORLIS: BoBhalf dosage

formul ation tor systenatic adm nistration e pepti des and/ or

drug conbi gt andif tHehRtiviEEis edthlly dﬂl‘ggﬂé‘sieﬁﬂhis\%hb st4lRkKGUId BS BTV aaiftheer and
formul ation, the peptides or the ‘conbinations of the present invention,

especi al | yadtivity ¢omdisopgressed prr sappressdd aslya 1ithé, whe virys strain ibeotdikeiyHBL-ér ed by

The present invention also includes the use of pharmacologically acceptable
carrier to prepare a proper dosage formulation for systematic administration based on
the peptides and/or drug combinations of the present invention. With appropriate
carrier and formulation, the peptides or the combinations of the present invention,
especially the combination prepared as a solution, can be administered by
extragastrointestinal routes including (but not limited to) intravenous injection. The
peptides or the combinations of the present invention can also be prepared as a solution
fit for oral administration by use of a pharmacologically acceptable carrier well-known
in the art. Appropriate carriers are necessary for preparing the peptides or combinations
into tablets, pills, capsules, liquid, gel, syrups, slurry, suspensions, and other dosage
formulations.

The peptides and drug combinations of the present invention can be
administered by routes well-known to one of skill in the art, including actinal, rectal,
dialysis membrane, or enteric administration; extragastrointestinal administration

28



extragastrointestinal routes including (but not limted to) intravenous

I njection. The peptides or the conbinations of the present invention can
al so be prepared as a solution fit for oral adm nistration by use of a
phar macol ogi cal |y acceptable carrier well-known in the art. Appropriate
carriers are necessary for preparing the peptides or conmbinations into
tabl ets, pinthgingG@nssesar, hysidetmalgatramegullaps inusthecaly diretigpensi ons, and

ot her dosage formulations. The peptides and drug conbi nati ons of the
present i nineavéntricutanintrevenadsyiimiapestoadal biptramasalesr merhdculananjection; one of skil |

in the art, including actinal, rectal, dialysis nenbrane, or enteric
adni ni st r apérostanesus,rlecphstagivaladoynistiationaehsi Ahesdesage ormplgtionsdneladenput
i ntranuscul ar, hypodernmal, intranmedullary, introthecal, directly

i ntravent r i jted tphablgs astille, PP o PR YARS FUPRORE T tiongcapsules, aocul ar
o T el P Ao tiero-gfors 16 Bty erishcd W &hb BymRRaidiSe gl o oo a9

: . Ces ool ut ' _ S
e ot opreset BRERr B ity HatireAaHO RTnno, anl BhdmaPliBBicBhS, o

| nventi on_ £ Bnle RS HPriiingQ o MofBARRTodial19 aateptlevaGsl ndidnal | v

accept abl e mul ati on usi ng one or nore physiologically acceptable

carriers. dgfbiditiths o?ﬂﬁ?}é&éﬂﬂ iaventioh ciheorMirie @Rt of My ExCiplent il APRANE Se one
or nore excipient and adjuvant to facilitate the processing of active

conpounds. tofaeiliface the lpeddessing f addvecompuoadd oyl he fermudadionns dateratinagibyrtbeit e.  To
facilitate the injection, the peptides or conbinations of present

i nventi on administrapierepnates do facilitatesheiinjestion,ahepeptidepercombinagioanpf prasenhe
solution. In the case of dialysis nmenbrane admnistyation, ge etrants that
faci|itat elnvEeiqncaphe Rropared as @seluian.icch, HPhYSRIqsice salig splutiopdn 5€ and

t hese penet ts should b ener.al | no N this. fiel .The oral dosage
for nul at i oﬂ{‘ggly?l%@eﬁ’gfﬁ“lg 8@@9‘%’ {la?npéné{)mgtf?%h@{eotpe Pﬁeggrab'%sent i nventi on
can be gro e W | X104 | I ). i r'mg‘ﬁp

m xture anﬁgx}%ﬁréﬁ&pé#c}%érsl%%unf%é ‘gsreg’nﬁdg}s‘gs? hg?ét%trn% s?{a&rﬁtﬁr?lg #g%(%%l(l:%sse into
tabl ets or; g feler nel of sugar-coated tablets; if necessary, proper

adj uvant can be added to the mixture. Proper excipients and fillers can be
sugar, such as fTReb@$8osagéfsrmalatise of thepepiidds anddrugonbimtibrsof the bri n

products, such as cornstarch, wheaten starch, rice starch, potato
present invention can be ground together with solid excipients into a well-distributed
mixture and then processed into granules that are further processed into tablets or the
kernel of sugar-coated tablets; if necessary, proper adjuvant can be added to the mixture.
Proper excipients and fillers can be sugar, such as lactose, saccharose, mannitol, or
sorbicolan; fibrin products, such as cornstarch, wheaten starch, rice starch, potato
starch, glutin, tragacanth, methyl cellulose, hydroxypropylmethyl cellulose, sodium
carboxymethy! cellulose, and/or polyvinylpyrrolidone. If necessary, disintegrants, such
as cross-linked polyvinylpyrrolidone, agar, alginic acid, or its salt-like alginate sodium.
Proper coat should be provided to the kernel of sugar-coated tablets. The coat can be
made from concentrated sugar solution containing Arabic gum, talcum,
polyvinylpyrrolidone, carbopol gel, polyethylene glycol, titanium oxide, cellulose
nitrate, and proper organic solvent or solvent combination. Different combinations of
coloring matter or edible pigment can be added to the tablets or coat of sugar-coated
tablets to discriminate or designate the active compound.

The drug combination for oral administration includes the stuffing-type capsule
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starch, glutin, tragacanth, nethyl cellul ose, hydroxypropyl nmethyl
cel l ul ose, sodium carboxynethyl cellul ose, and/or polyvinylpyrrolid one.
| f necessary, disintegrants, such as cross-Ilinked polyvinyl pyrrolidone,
agar, alginic acid, or its salt-like alginate sodium Proper coat should
be provided to the kernel of sugar-coated tablets. The coat can be nade
from concepid fHeQealed & capoihle iriadd of glatiakid @ glaéticider sudhiam glycatic umorbic

pol yvi nyl pyrrol i done, carbopol gel, polyethylene glycol, titanium oxide,
cel l ul ose a¢lilt Tirt stuffingrtyperoapeile congans filk) sneinas lactosglanadhesoenhichas i on.
Different conmbinations of coloring matter or edible pignent can be added
to the tabktatch, amd/@odubridant wgelrasdalaum@r steatisteeinsaddgion & stebifizersnen alse be
designate the active conpound. The druq conbi nation for oral adm njstration
i ncl udes t heedde stabilizg theastiveegmpanentsoly thewplk apsule dherFtive LOMBYRE 1B berade of

luti d a plastici uch | yeer.i bic ..acid, .Th

Stuf i ng- t FENGHERAEPeaisl Bisnue prone fghic wih S VIO FGE 1o Sfanesi ve, such
t h,. 4 | ' ' RSH : t j tion,

b | zor TodiiPooBihVithk BB EHER, FRabRr 4 Ao O RRIE RudehRdy T 10 ©

o oper 11 at UeEnf Kok af ARG FRAPE: o ER ol e pfen T g or " =T

proper |iqui suc Iquid olefin, or quid-1li

pol yet hyl engidil YdifthistrResH, @RSabode fileatibrlet Z6mbinatiornémbelRepdeltidto tht! t he
dosage formulations for oral adm nistration should be conveni ent for
patients. kendeiRRncdssegoformalationsadf tadhe.ni stration, the above mentioned

conbi nation can be prepared into the convenient dosage fornulations of
troche. In the dathe case ¢frinbmlationadministiatips,tthepénsides eneomhipatiodeef the

conmbi nations of the present invention can be readily released in the form
of aerosi| prspertdavestiomeanrhereadily seleased inthg dermypt agrosilibydise ogﬁ"g%‘?’%%e of sone
proper propellant such as rodifluoroneﬁ trichl orofl uoronet hane,

di chl h
di chl or ot ePPHLE OF HOMIASHST b(¥i'§(‘%?)8ﬁsonﬁﬁ RQPGPTORellAY %ﬁ?h B oper gases. In the
f high; . | ' th
Guant oy oA hRLERALYBrAERE dcidiRuctaRRERnd My Bl raMlorbahiit bt "€

cartridge Waetheds Julks ?f’ésde?%%es.QE tRe&idé bf MR pressiite R&oBSIOME ABshgd Bk ch Xt Ur €
containing the peptides and a proper pulverous substrate (such as | actose

or starch) pe HofndddRithélgsantity sranddsial raese ofithidne vaive SE glitiivapsuloandan be
prepared into a dosage fornulation for extragastrointestinal
admi ni st r atcharidgehsed exmsyffletor bhexsufftatorizan be produced as a mixture containing the

peptides and a proper pulverous substrate (such as lactose or starch).

The peptides or combinations of the present invention can be prepared into a
dosage formulation for extragastrointestinal administration. For example, they can be
prepared into a formulation for injections that include cluster-drug injection or
continuous intravenous infusion. The preparation for injection use can be packed in the
form of unit dosage. For example, it can be packed into ampoules. Preparations in large
dosage can also be packed in the form of unit dosage, such as ampoule or large-dosage
container, and added with preservative. The combinations of the present invention can
take the form of suspension, solution or emulsion with oil or water as its medium, and
can contain some additives, such as a suspending agent, stabilizer, and/ or dispersant.

The drug combinations for extragastrointestinal administration can be in a
water solution of the active substance, namely the water-dissolved form. The
suspension of the active substance can also be produced as a proper oil-like suspension
injection. The proper oleophilic solvent or vector includes fatty oil such as gingeli oil,
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prepared into a fornmulation for injections that include cluster-drug
injection or continuous intravenous infusion. The preparation for

i njection use can be packed in the formof unit dosage. For exanple, it
can be packed into ampoul es. Preparations in |arge dosage can al so be
packed in the formof unit dosage, such as anmpoul e or | arge-dosage

cont ai ner, opghriRdped fayt dtiddésas Siokadsi elgyl olear crarilyeaideosrslippkohble present

i nvention can take the form of suspension, solution or enulsion with oil
or water aswatérslikestspansioarfdr infeatiorccant antairs Drbstaackiihii mesases tlersusenaion
suspendi ng agent, stabilizer, and/ or dispersant. The drug conbi nations for
ext r agast r oispositys suchls sathimicatbpsymeshyl celtuldss, sarbig aloghele pndglucesannlhef t he
active substance, nanely the water-dissolved form The suspension of the
active subsgbensorentignedpuspensionyiap@lse cantain sglegtivahes praper stailizes 9§ pensi on
injection. The prog ol eophi lic sal ve@) .or, ve&t or includes fatty oil such

as gi ngel i systance aggncggﬁﬁqSﬁEgpgglgpupgtSp iliey ig ordsrdp PERRIP &s et hyl ol eate or

crio ! i o Iy . mas et ‘i

subst ance. Dietr e AR ey dE petie St LRI ol BER G BT Co™ ! "

car boxymet m'sgolggci iln%ﬁm%?r%ﬁ‘e‘?%glkrfnt%ﬁﬂQ?Lteril%%t&' f‘dFﬁ’ife%Eon fihigis ifpRve menti oned
a tain st abi | r

suspensi on can SO CO selectively a proper lzer O subst ance

that incregggacd SEpyrQBR&L Befos@AdiRihisirhtion N Or der to prepare a
hi gh-concentration "sol ution. The active conponent of the pul verous

i njection can bghe@eptidds e dombinatiuns of thepeesesttihvanion canialso bs pseperet litowat er
for injection that is in the absence of pyretogen, before adm nistration.
The pepti desctardosagetformailations such astsapposierestoriretamad engmasahheyl eao bee pr epar ed
into rectal dosage fornulati ons such as suppositories or retained enenss.
They can b@repgredpsithofreqientsubsiaeia swah aseacaorbutier auetherglycend sstefut t er or ot her
gl yceryl esters. Apart fromthe dosage farnmul ationg that, have en
described, the pépatden H}e%a?&? OUU'ﬂ%f(’r‘?éﬁ?agH@vecbfﬁ“ ansCB'g?J%t er%eﬁgﬁ‘ésooras

| ong-acting _dosage fornul ations th e . )] . mal or
i nt rarruscu%&lfg%ﬂ patipys Spn el %%B%%ﬁi gérafaflg?gé %Br?. ééf?ﬁérﬁgpge{setm%%g%%epti des

and its dery : | i i ; Lt anPr oper
ol yrer s, RUFEAHER b by AT BT fanB: AR hiedion?
chr omat ogr %@%for@!thb@é%ﬁdés apd ubligivdavés\oridhpecombinatibnasan e gibparedivithl e sal t.

The drug carriers for hydrophobic peptides or conbinations of the present
proper polymers, hydrophobes (oil emulsion, for example), ion exchange
chromatography, or hardly soluble derivatives, such as hardly soluble salt.

The drug carriers for hydrophobic peptides or combinations of the present
invention are a co-dissolved system of organic polymers and aqueous phase that blends
with water and contains benzyl alcohol and non-polar surfactant. This co-dissolved
system can be a VPD co-dissolved system. VPD is a solution containing 3% (W/V)
benzyl alcohol, 8% (W/V) non-polar surfactant multiethoxyaether and 65% (W/V)
polyethylene glycol 300 in absolute alcohol, while a VPD co-dissolved system (VPD:
5W) is prepared with VPD diluted in water by 1:1 and 5% glucose. This kind of
co-dissolved system can dissolve hydrophobes better while it will produce low toxicity
in systemic administration. As long as its solubility and toxicity are not changed, the
proportions of the co-dissolved system can be altered greatly. In addition, the
components of the co-dissolved carrier can also be changed. For example, other
non-polar surfactant with low toxicity can be used to substitute for multi-ethoxyaether;
the proportion of polyethylene glycol can also be changed; other biologically-blending
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invention are a co-dissolved system of organic polyners and aqueous phase
that blends wth water and contains benzyl al cohol and non-pol ar
surfactant. This co-di ssolved systemcan be a VPD co-dissolved system VPD
is a solution containing 3% (WV) benzyl alcohol, 8% (WYV) non-pol ar
surfactant nulti et hoxyaet her and 65% (WYV) polyethylene glycol 300 in

absol ut e apgfers, suthiak oRviMPIPya6lidine seintRdised st itstitviIor pSly§thyleneyr epar ed
with VPD dilluted in water by 1:1 and 5% gl ucose. This kind of co-dissolved
syst em canothes suglav er pylgesezanbe asddadtsebstite far glacose! | produce | ow toxicity
in systemc adm nistration. As long as its solubility and toxicity are not
changed, the pﬂ"bpdmgicombirtationmn@?ﬂodilfé@dﬂ meplerwmeeﬁrieamb@n@lm solidcpr
greatly. In addition, the conponents of %he co- di sso| ve[\d carrier can al so
be changedsgelpbasesThess|carriess pegxcinients ipelhds (bytipotdimitsditopfaleumsariossteci ty can

b d t bstitute for.nulti-eth ther; .t ti f
pol yot hyl GARCHMASHPB VA e HARB OBt s B DERRA £y SOV BRI ng 31
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pol yet hyl e rrsugar se can used S tute for
gl ucose. They e mh'o@ﬂﬂi\fé%en@laﬁ&té MR RIRP BedaBobla ki ke
gel phase. Th

excipients 1n solid or ese carriers or excipients include
(but not | ixgrdpRehid Purpsl ThélMethdt R Batkrniningdfettive dU3e sPlél-Rnowid dhéofsugar ,
starch, cellulose derivatives, gelatin, or polymers, such as polyethylene
gl ycol . Thekilinshpeactnbi nati ons of the present invention also include the
conbi nation of active conponents in effective dose used to obtain the

t her apeut i ¢ pur pAgiescription fert the usesfof gentidlesrpfitha greseatdnyantien shasdoliavsel | - known
to one of skill in the art, A description for the uses aof peptides of the
present inventi &he Fusogex pentidskS8EQ IPNO - L:haws ap eliestiye aptirirs! peivi® A54) shows
an effective @ﬁhl Vi r res

| activity.. As a | t,, the et_ideaneﬂits
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e ot oy nbiitdes, BHBlaf oy ARG RSBl RSt o S BAE At N9 (0

suppress t Qginefeaadnof human retroviruses, including (but not limted to)
H V-1 and H V-2 strains and human T-Iynphocytes (HTLV-I and HTLV-11). The
peptides of theTRepegitles bNheprésem ifvAtian 64n be used to suppress the spread of

human retroviruses, including (but not limited to) HIV-1 and HIV-2 strains and human
T-lymphocytes (HTLV-I and HTLV-II). The peptides of the present invention can also
be used to suppress the spread of non-human retroviruses, including (but not limited to)
Boving leucosis virus, feline sarcoma virus, leucovirus, simian immunodeficiency,
leucosis virus, leucovirus, and ovine progressive pneumonia virus.

The peptides of the present invention are also likely to suppress the spread of
other retroviruses and/or non-retroviruses, including (but not limited to) human
respiratory syncytial virus, distemper virus, Newcastle disease virus, human
parainfluenza virus and influenza virus.

Furthermore, the present invention also provides the use of the peptides in joint
drug administration for the treatment of diseases caused by the above-mentioned
retroviruses and non-retroviruses.

A description for the uses of joint administration for suppressing HIV is as
follows:

The present invention provides joint administrations of Fusonex and other
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be used to suppress the spread of non-human retroviruses, including (but
not limted to) Boving |eucosis virus, feline sarcoma virus, |eucovirus,
si m an i mmunodefi ciency, |leucosis virus, |eucovirus, and ovine progressive
pneunoni a virus. The peptides of the present invention are also likely to
suppress the spread of other retroviruses and/ or non-retroviruses,

| ncl udi ng (H%\'%e@l% ageht¥ TRE ok )drid BtRinistr@Se EaAlpPENenSHMEMEh Formakibh Snd

di stenper virus, Newcastl e di sease virus, human parai nfluenza virus and

i nfluenza yrvysplichtiér, Agd ik SuppréRingteseptodutn@ndfiHIV ialthopaeasi Tiesjiotdhe use

of the peptides in joint drug admnistration for the treatnent of diseases
caused by uahginzhatiensrofihd presait invettiomianabedeana toatleviateror curetbes. A
description for the uses of joint admnistration for suppressing HV is as
fol | ows: THisegseeaseodiatedwishtHIdhinfacton.dies example, antiviralipsptiastiusarexat iSusonex
and other 32 therapeutic agents. The joint ?rug adninistratign can prevent
synpl asm f deninativescaabg administered jqintiit Wik antifies! agents, aphiietecssPrethethe

duction of HV i h i j oI Lnistrati f th
or esent i nowiELpEepiib aveRa e Vo i bfelinaBf bt deReifelin oo

associ at ed ., infection. For exanple, antiviral peptide Fusonex or
its deri vgflflﬂ%lgygg% be adm nistered jointly with antifunal agents,

antibiotics, or Oi"lgkfﬁelst ?é%%x,"i*’ﬁs%lneﬁgﬁi?& erlvatived o8BS preHI VERYectiohMlienf ect i on

and ot her acci dent nfection (including TB). The best use for Fusonex or
its derivakffy@ive d8sd for pillREMSHstiAtdnichd BEbdsed on THeanetBbdsentfolkrvsd®ee for | oi nt
adm ni stration can be based on the nethods as follows. For exanple, to
prepar e t hexghiplg to Prepare thp drugdafarpreper aadliet andabradmiusister it by atwyprapsr pr oper
routes, including (but not limted to): injection (such _as intravenous,
i ntraperit omeed, includimgr(hnte limited to injé¢eyipn (uchas intrayenous, dntraperitongal,
epi thelium or nucogsa absorption,  such s acti.nal nucosa, rectal, v
epi t hel i umintygBsoHar, %‘wpéermﬂzwt%rﬁéﬁ epitheljpy of mucgsa.absprptiog,such
. transdermal or. ot her pharnmacol.ogi cal l.y feasi bl dministrati.on routes.
Conpar ed wit ﬁcqé’ﬂt'g't"foﬁ f&?‘g‘ZW‘ﬁ teﬂg}‘egﬁrt": P %’énxpngf)?‘lsd’éus? O%}’ eﬁ‘ﬁg‘?;’)nrugg%nt
| nvention e&&ﬁvtcﬁ?trgrﬁhkm BEoMEY firAGETogicall) FERSbIEAImnibiFRIoR Yoste$T T 1 Cacy for

suppressi ng

agi nal

Compared with existing drugs in the art, the peptides of the present invention
has the following advantages: a remarkably improved efficacy for suppressing HIV
membrane fusion, a better stability and a higher valence; while the efficacy is improved,
the dosage can be reduced and therefore the side effects are reduced.

.Examples

Examples to illustrate the present invention are as follows:

Example 1: production and purification of Fusonex.

Fusonex was synthesized on the 43 1A-typed biosystem polypeptide synthesizer. The
Fast-Moc chemical method was used in this synthesis, and standard solid- phase synthesizing
technique was used with amino acids protected with 9-fluorenylmethyloxycarbonyl
(FMOC). The reagents include TFA, water, 5% anisyl sulfide, 2.5% ethylene
disulfhydrate, and 0.8M crystalline phenylphenol.

In order to prolong the biological half-life of Fusonex, its amino terminal was
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menbrane fusion, a better stability and a higher val ence; while the
efficacy is inproved, the dosage can be reduced and therefore the side
effects are reduced. Exanples Exanples to illustrate the present invention
are as follows: Exanple 1. production and purification of Fusonex. Fusonex
was synt hesi zed on the 431A-typed bi osystem pol ypepti de synthesizer. The
Fast- Moc Cheqifcd aldRh/BE%)! WRSindl SaslarhiBatéd) The Sepiidd RS astomandllysdigikiddd sol i d-

phase synthesizing techniqgue was used with am no acids protected with

9- f I uor eny koRitheresrorcthe dppaitus, agdFiiOaie chiindulicg groepstveere andradieally Fefpovedit er, 5%

ani syl sulfide, 2.5%ethylene disulfhydrate, and 0.8M crystalline

phenyl phendmssooiamd(ﬁodahe tesin, pheodnadedrusdmex ﬂ!ﬂptﬂm@smﬁblpﬁﬂi@d‘ﬁaf G minges iFosldnex, its

amno termnal was 33 acetyl ated, and carbox term nal was am dated. The
pept i de wasthenat fwafoldyolune. @réhﬁﬁe@m@aaumrtmep&@ was gyaphed fva eesapield at us, and
t he side chain bulk u were automatically renoved. Dissociated from

t he resin, C@Pré‘néﬂﬁﬂé“c% c%i‘?urﬁepti de was precipitated for 20 n1 nutes in

Id eth f ol d
vashed two. ] med T REBIFSORGE REFUds v TREen o7 S o O ei el BB e
Fusonex pepi dbgﬁlll@f’)ﬂ n?é% hﬁxh&g“}ah’cﬂf’g@out(?ﬂ vJa'f'é?/aQet@; 18 Ui Bink n#":() 19 1§ia0bal

filler), | was carri wat er/acetonitrile contalnlng
0. 1% TFA. Tﬁbﬁumrdfwe ﬁfnﬁ%&?uwekfpbﬁﬁe':wiféﬂ%s RRR&IreEby ¥R RaMASLCEaSUr ed
by anal ytical "HPLC, was higher than 5% At last, Fusonex is verified by
am no aci dwae Gighecthagos¥dAt Ekt@Fhithxiselenﬂ&SBy aﬁlﬁﬁfamﬂ seqUeaciagadul ar wei ght
of purified Fusonex was 4641.24D. Exanple 2: an elution experinent of
Fusonex Theleptedimjetmassespectna. Aihe omdecubdr steight obpypdied Masonexsvaast6A bR4Dws: On
Superdex 75 chromat ography col umm, the excess Fusonex and the conplex of
Fusonex and gp4l N-peptide (35-70) was eluted. The eluent was phosphate
buffer. The total coll. ectl on voI e for the curve was 30m . According to
the results NCe AR PHLHON AN %1 e 2) was drawn, which has shown that

the elution pea g}ﬁ%ggg‘ dﬁ?rﬁggtehgf%%%ﬂﬁerlrgenglsgﬁ lll(%Wgoeptl de (35-70) was

at the positi on onex Was at the position
of 17.3mt. On Superdex 75 chromatography column, the excess Fusonex and the complex

of Fusonex and gp41 N-peptide (35-70) was eluted. The eluent was phosphate buffer.

The total collection volume for the curve was 30ml. According to the results, an elution
profile (Figure 2) was drawn, which has shown that the elution peak of the complex of
Fusonex and gp41 N-peptide (35-70) was at the position of 13.2ml, and that of Fusonex

itself was at the position of 17.3ml.

Example 3: determination of the structure of Fusonex complexed with gp41 N-peptide

Circular dichroism spectra were used to determine the structure of Fusonex
complexed with gp41 N-peptide. First, the sample was diluted to 25 uM, pH 7.4 in
0.1M NaCl/20mM kalium phosphate, and then the secondary structure of Fusonex
complexed with gp41 N-peptide was determined by CD spectra. The analysis was
carried out on Aviv 62A DS circular dichroism spectrum apparatus. The peptide
solution containing Fusonex and gp41 N-peptide (35-70) was measured in a
wavelength range of 200——260nm.

The conditions for the circular dichroism spectra were: 20°C, the breath of
circularly polarized light was 1.5 nm, and the step was 0.5 nm, the time constant was
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Exanple 3: determ nation of the structure of Fusonex conpl exed w th gp4l
N-peptide G rcular dichroismspectra were used to determ ne the structure
of Fusonex conplexed with gp4l N-peptide. First, the sanple was diluted to
25 M pH7.4in 0.1 MNaCl/20m kal i um phosphate, and then the secondary
structure of Fusonex conplexed with gp4l N-peptide was determ ned by CD
spectra. The Rbehdssarl thefengtheoiighdcetiuvasdid mimi YhigeAeviBpalynamiblawasdisedhr oi sm
spectrum apparatus. The peptide solution containing Fusonex and gp4l
N-pept i de €@3ha6rrevtion wathsthe bldnk data. Thectewbeatyire of sampde whs a@DtabGAwIth The
conditions for the circul ar dichroism spectra were: 20C, the breath of
circul arl ytlmnaelcczteqholdgrhand\n,éssertpr:r)amwaémtmm Cstep was 0.5 rim the tinme
constant was .0 seconds and the, | t cell 0 mMm

Thr ee-1 evel pol yﬂ" eresmltsuxere shawn iy e cir arc%q: %'érlnl(g \/%P?Wat(ll\:ég“b‘f k dat a.
The t t h t old d
"ts error Ashydinie HPRa . Hes S6oh a Pl it Ll llmeled L EREGREpAL BRI e "

di chroi sm o] r en
shown  t hat ﬁ\%ﬁéﬂ%ﬁpﬁ@ Hof iy sy RATHO0R o 2nre Begieo L) RSy
secondary gt mé%wo?tmeui&w?%ffﬂa% be&Rin yQﬂsr@seen(&ocu%avdssdeut 3§, the unit of
the ellipticity of the spectrumy-axis,”its ellipticity 0 was about - 40,
000/ deg cnpo 2allﬁbg‘u(u:§guaa 3)pdt 2222mﬂm Exanpl e 4: testing the stability
of Fusonex and 20 This experiment determned the stability of a

pol ypeptide by measuring its melting curve at different tenperatures. The
experi nment was carrl ed out on Aviv 62A DS circul ar dichroi sm spectrum
appar at us. EX abiity,ef a1di 1rg0 pept i de  sol uti on was from 20C

to 95 C. Thi -' ex rlnt testedth taj|lt of a eptide based on to
its melting cur&@‘séﬁpﬂlmqﬂéﬁ@mm‘f‘ Uipef H‘Hﬁpeﬁggﬁ ﬁgf"te?%‘{]mgétﬁper ature

r opr csent el TR ol sRpdabigR B 'defqungﬁa"%gé%eﬁéwﬁoﬂéwt f;f'ﬁre

f T-20
o e SYTHRARE dthha B8 DA ER, (0 ol o Kl ikt
Fusonex cogglhsn MBeHEMR0PC o5t enperature to nelt.

This experiment tested the stability of a polypeptide based on to its melting
curve at different temperatures. The 50% melting temperature for Fusonex complexed
with gp41 N-peptide (the curve on the right side, represented by solid circles) is 70 °C,
while the 50% melting temperature for T-20 complexed with gp41 N-peptide (the curve
on the left side, represented by open circles) is 51 °C. When other conditions were the
same, Fusonex complex needs a higher temperature to melt.

The results were shown in the melting curve (Figure 4) of Fusonex complex and
T-20 complex. According to Figure 4, it has been shown that the stability of Fusonex

was higher than that of T-20.

Example 5: the inhibitory activity of Fusonex against HIV-1 infection

In this implementing example, it has been shown in the cell-cell fusion assay
that Fusonex can block viral infection very effectively. In the fusion assay under the
same conditions, the ICspof Fusonex was 1.2 + 0.2 nM, while the ICsp of T-20 was 23 + 6
nM. The 50% inhibiting concentration (ICsg) of Fusonex was about 20 times lower than that of
T-20. It has be shown by its high valence that Fusonex was more effective in preventing HIV
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The results were shown in the nelting curve (Figure 4) of Fusonex conpl ex
and T-20 conplex. According to Figure 4, it has been shown that the
stability of Fusonex was higher than that of T-20. Exanple 5: the
inhibitory activity of Fusonex against H V-1 infection In this inplenenting
exanple, it has been shown in the cell-cell fusion assay that Fusonex can
bl ock Vi r akinisd fasih fusifg with Burednfcelis] dswedl yis inhibitiid I Vi-inducedinasshylarisidey t he sane
conditions, the I1C50 of Fusonex was 1.2 + 0.2 nM while the 1C50 of T-20
was 23 + 6 thusbckitipeth&ass inmasidniitd ngnfeaterdoeells r at i on (| C50) of Fusonex was
about 20 tines |lower than that of T-20. It has be shown by its high

val ence that FuJdbadstaledsdaseriptionrgfdle assay isas fﬁﬂ'@\‘ﬂéntl ng HV 35 viruses from
fusing with human cells, as WeIL:_ as inhi b| \(wl nduced intra IIuIar
fusion, thus bilGeRAN RN D Eu g% SHRF 964 ig yfreafestang Lt the

detail ed descr| ption of VI ty of

Fusonex caﬁreﬁ'é“td'é‘fegpﬂ'i‘ r"i‘elﬂmg?aﬁe éi:rfr‘pgn t‘%as?tuf‘?fgto qluﬁnt{l}ﬁcé?o lé’stgﬁlthq 21?? ¥t ion, a

| uci f erase eablllty of
Fusonex ¢ oo HRBeFE{ hubRind fFaboh oGl %@%ﬁénﬁﬁm&”?ﬁ&f % gp 1601
The specific exagpispRific PRkt MEBodSartab hﬂms meﬁ ProM BN & in¥éeed
inserted into the pSP64 upstream sequence of the cloning site to assenble

a | uci f er agfto HRPSSR6AUpsQEINE sqyuarsce of tiksdl Fhitg siteToassentbly MRkiferattazyomerent ry
site (IRES) of ‘encephal onyocarditis virus(CMCV)was |inked with the
5' -t er m nalgend plasmit£-PstBec. Jha énteras rvh@lzymasntmstedd\liRESD eafn area of T7

pronoter. CD4 gene, T7 polynmerase gene, and H V-1 160HXB gene were
subcl oned iencephalnmynearditis vims GM ﬁaéﬂinmch‘gﬁhﬂleﬁﬁﬂmmmﬂl af ciferasa ganet ur e

di sh, the 293T cells were transf rred by |um P hate Met hod, Equal
quantities aﬁ)f”e@ﬁs ﬂques'gmar&ﬁe T7 PERINGsR V’@e'ii‘é"e&eqeoa"d( r ansf ect
the effect and pSP64 an € el 8 used to transfect the

t ar get ;HIyCF Bl“é?ﬁns"g’ ﬁ’ﬁ%gﬁﬁ&%@aweﬁgei%—kB or CD4 gene was
set as a n ldv_em,ﬁgntrol The cells with non-serous DVEM were rinsed,
after the precipitate was added. The cells were cultured for 30-40

mnutes at 37 Crj B 18&th cdinse dANthe @09V gells were transferred by Calcium Phosphate
Method. Equal quantities of gp160uxg gene and T7 polymerase gene were used to
transfect the effector cells, and pSP64 and CD4 gene were used to transfect the target
cells. The PMT3 plasmid in the absence of gp160xxs or CD4 gene was set as a negative
control.

The cells with non-serous DMEM were rinsed, after the DNA precipitate was
added. The cells were cultured for 30-40 minutes at 37 °C in 9ml/dish non-serous
DMEM. Afterwards, the cells were stirred up and down gently in the dish by pumping
with a transfer pipette, and then the cells precipitated after centrifugation were collected.
Cells in each dish were resuspended in 3ml~4 ml DMEM containing 10% FBS, and
then the effector cells were mixed with target cells (45 pl each) in 96-well culture plate
so as to achieve a well-distributed state.

First, Fusonex or T-20 was dissolved in DMSO, and then diluted by 20-fold.
The solution as a stock solution was put to serial dilution in culture medium before use.
In each well, 10 pl culture medium or PBS was added, or Fusonex or T-20 diluent
was added at concentrations augmenting continuously from zero. The mixture of target
cells, effector cells, and the fusion inhibitor were stirred, and then cultured at 37°C for 8
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DVEM Afterwards, the cells were stirred up and down gently in the dish by
punping wth a transfer pipette, and then the cells precipitated after
centrifugation were collected. Cells in each dish were resuspended in
3mV-4 mi DMEM containing 10% FBS, and then the effector cells were m xed
with target cells (45 1 each) in 96-well culture plate so as to achieve a
vel | - di strhuyt eskrsteahlyzifp Eetlucifodssepexe, Girst TheXbultwremedis setetettddin BVESO, and
then diluted by 20-fold. The solution as a stock solution was put to

seri al dil wid then the celi$ werealisselved m d@eflaryeolytsebuffet at &bd lvonedntratidi0 4¢Iul cul t ur e
medi um or PBS was added, or Fusonex or T-20 diluent was added at

concent r at lysate was gransferreritoceanh vell of Bieblack Aerwell enlturplatgiand thea 19Puk ar get

cells, effector cells, and the fusjion_jnhibitor were stirred, and then
cul tured afluggeesin apd gpenzung, 4 yese a%%ﬁorhresﬁ@mgﬂfﬁ oy e@ﬁ@qne@mraap&e@nbene,

first th | t i bl.otted i.n .well dth t |
Ll ool vaq Preepeatet T pinpies aRfeiddieg Teierase subsiraittp A4 WAk 9 well*| Vente was
t f d h | | f the. bl k 96- | ecult. | th 100111
ool rCulhiie BRED it s chafict Abfestict o it Gro dibarRg © Don 20010

i nt ok ] ; i i 1 t th
poi n Wﬁﬁrﬁ{?&@% o e %@m%iﬁggﬁig%ﬁ%e ] BEY Lm%kéfala{ha&eﬁl T € to the

bl ack 96-we culture ate, ne em cal uorescence intensity

Wi th Spex fledsleQingGtaddart|déviatitbivere calcdiRutdi & it thisd\dataesteath bei ng 552 nm
and slit breadth being 7mm The average and standard devi ation were

cal cul at edcéricenrdtion goimtee data of each concentration point. The inhibition
data in the experinent was fitted with the sinple affinity balance fornula
(% | uci f erase a®h¢ inhibjtien dydin(the-¢xperim@bbyvps fitterl witle thersiraple afftnitypatanee | C50
value. The results were shown in the inhihition profiles of Fusonex and
T- 20 agai nfarmyla &b lucieraseastivity FU08/(E3(C/ i shrand shengeckonedup thedCsovalies ooy

that of T 366 Sty eesRowhin thed o O O FohSoa3 TP aeinfisher. whi l o
it is 23 +.6. f -20 1n..qth ol he. . f usi
i bi 1 onfiied (sfe 2 B hindleRh (MR sosk iR POMEEllioh BERS e (5100
a COWDOUf‘dF%H&E(Qrc?eEmP&raBo& ELOLIRMDE RDY (&R SER ICHlaRbwaT 00 aalds in a

speci fic seqguence. is inhibitor and its conbination have a strong
i nhi bi t or y foaGhdonéx whikgdeis 285+ 6 Vol 2@ dh biher, wads, e vhlers forFlisandedtdisr st ability

and inhibition was 20 times higher than that of T-20.
In conclusion, Fusonex is a compound capped at both terminals and composed
of 36 amino acids in a specific sequence. This inhibitor and its combination have a
strong inhibitory activity against HIV infection, as well as with better stability and

higher valence. Therefore, it can improve therapeutic efficacy while requires a lower

dose, which could reduce the side effects.
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hi gher val ence. Therefore, it can inprove therapeutic efficacy while
requires a |l ower dose, which could reduce the side effects. 37 1 claim 1.
A fusion inhibitor for the treatnent of H V infection conprising an am no
aci d sequence as follows: X- SWETWEREI ENYTKQ YKI LEESQEQQDRNEKDLLE-Z (SEQ I D
NO : 1). wherein X is either an amno group or -X1-X2, wherein X1 is an
imno group, angdeXind S selected froma group consisting of an acetyl
group, a hydrophobic group, and a rmacronol ecular carrier group; Zis
either a carboxyl group or -Z1-Z2, wherein Zl is a carbonyl group, and Z2
is selected froma group consisting of an am no group, a

t ert - but yl oxycat.bond fusiprauhipitar fonyhertogatndnt of HE% idectimmdompriging@memémnul ar
carrier group. 2. The inhibitor of claiml wherein the hydrophobic group is
sel ect ed facidrsequprceds dellpwsonsi sting of a carbobenzoxy, a dansyl, a

tert-butyl oxycarbonyl. and a 9-f nyl . rein the
macr onol ecul ar XﬁﬁJW%WYfKQﬁﬁwaﬁb@ﬂ@ﬁﬁ@iﬁpié%@ﬁ@tlﬁﬁg of a
i pi d-fatti/ acid chelate, a polyethylene glycol, and a carbohydrate. 3.
The inhibithr of claim1 wherein X2 is an acetyl group and Z2 is an am no

group. 4. A con&gnge&i on for the treatnent of HV infection conprising the
fusion inhibitors of claim1-3, and at |east one conponent selected from

the group consi gtif Bgher 8h aﬁ]ﬁ]}éegrr&ﬂ) & HNSKD, Whersift X 1B R ihbSrop, BABXRAOT ease

i nhibitors, glycosidase inhibitors, viral mRNA capping inhibitors,
anphot eri cidlecked festh @lgrélgébnbistiviy sthnrmobtgLatoas, aydrophabicigrélipyanadai vity,
hydr oxyurea, a-interferon, f3-interferon, and 7-interferon. 5. The
conposi t i omaabomolegular darvibregreupy t he reverse transcriptase inhibitor is 38
at | east one conponent selected fromthe group consisting of AZT, ddl, ddC,
ddA, d4T, Z is either a carboxyl group or -Z1-Z2, wherein Z1 is a carbonyl group, and Z2

is selected from a group consisting of an amino group, a tert-butyloxycarbonyl group, a

hydrophobic group, and a macromolecular carrier group.

2.  The inhibitor of claim 1 wherein the hydrophobic group .is selected from
the group cohsisting of a carbobenzoxy, a dansyl, a tert-butyloxycarbonyl, and a
9-fluorenylmethyloxycarbonyl; wherein the macromolecular carrier group is selected
from the group consisting of a lipid-fatty acid chelate, a polyethylene glycol, and a

carbohydrate.

3. The inhibitor of claim 1 wherein X2 is an acetyl group and Z2 is an amino

group.

4. A composition for the treatment of HIV infection comprising the fusion
inhibitors of claim 1-3, and at least one component selected from the group consisting
of reverse transcriptase inhibitors, virus protease inhibitors, glycosidase inhibitors,
viral MRNA capping inhibitors, amphotericin B, ester-bond binding molecules with

anti-HIV activity, hydroxyurea, a-interferon, B-interferon, and y-interferon.

5. The composition of claim 4 wherein the reverse transcriptase inhibitor is
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3TC, Nevirapine, Atevirapine, Delavirdine, PMEA PMPA, and Loviride;
wherein the virus protease inhibitor is at |east one conponent sel ected
fromthe group consisting of Aquinarir, Ritonavir, Indinavir, Nelfinavir,
and VX-478; wherein the glycosidase inhibitor is SC 48334 or MDL-28574 or
bot h; wherein the viral nRNA capping inhibitor is R bovirin. 6. The fusion
i nhi bitor af legdt@dnscdmpsnemt sélevtat framehk grotp eonsisting af ALT, ddinddG\ddAod4T,y,
subcut aneously, orally, rectally, or percutaneously. 7. The conposition of
cl ai m 4 i s 33@yNevsaping, ddevirapmanbelevirding, PMEARVMBAetnsulsovjrides wheteitatheousl v,
orally, rectally, or percutaneously. 39 .

virus protease inhibitor is at least one component selected from the group consisting of

Aquinarir, Ritonavir, Indinavir, Nelfinavir, and VX-478, wherein the glycosidase
inhibitor is SC—48334 or MDL —28574 or both; wherein the viral mRNA capping

inhibitor is Ribovirin.

6.  The fusion inhibitor of claim 1 is administrated intramuscularly,

intravenously, subcutaneously, orally, rectally, or percutaneously.

7.  The composition of claim 4 is administrated intramuscularly,

intravenously, subcutaneously, orally, rectally, or percutaneously.
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