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Uni versity, Xi nyuancun, Tianjin 300072, China ' @0002* TI TLE OF THE

| NVENTI ON A Pharmaceutical used for treating H 'V infection, the conposition

and uses thereof CROSSs Thi s application
clainms the benefit of wgggyg?g%%%ﬁ%ﬁﬁg%@gﬁy?l 30985.7 filed on
29/ 08/ 01, now Chi nese Pat. 957, PCT Patent Application No.
PCT/ CN02/ 00405 filed on 06/ 06/ 20 the contents of which are incorporated
herein by reference in their enti rety FI ELD OF TECHNOLOGY The present
invention relates to a fusion inhibitor, which can be used in the treatnent
of HV infection. BACKGROUND OF THE I NVENTION 1. H V and Al DS epi deni c
Infection with Human | mmunodeficiency Virus (H V), a pathogenic retrovirus,
can cause Acquired I munodeficiency Syndrone (AIDS) (Barre-Sinossi, F. et
al ., 1983, Science 220: 868-870 . Al 't hough macrophage, neuron and ot her
cells can be APHARMAGEURIGAL §FORTREATING TIQN, B3B-48 ) , the
CD4+ | ynphocytes are the | Qr t I r HV ( Dalgleish, A et al.
, 1984, Nature 312:767-8 &ﬂ&@i@ﬁﬁﬁd&gfﬁ&ﬁ&ém nity to the CD4
nol ecul es on the surfaces of CD4+ cells. HV infection in a human body
destroys so nmany CD4+ | ynphocytes that the body begins to |ose its immune
function, therefore an AIDS patient is highly vul nerable to various
i nfections, neuronal dysfunction, tunors, and so on. Suffering fromthe
synptons, the patients die eventually ( edited by Levy J. A : Acute HV
i nfection and susceptible cells ~ published in U S. A 2000, Page 63-78 )
Wth its severe synptons and high nortality rate, the epidem c contagion
of AIDS has becone one of the |eading causes of death that is threatening
human heal t h.
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So far in the entire world, people infected by H V have accunulated to a
total of 57,900, 000. 21,800,000 people have died fromAIDS in the |ast
decade. 5, 300, 000 people were found to have newy contracted H'V within the
year 2000. In China, HV infection spreads rapidly. Experts estimted that
in 2000 the population of HV positives has exceeded 800, 000-1, 000, 000,

whi ch i ncl gqoesEROF ITHEEHINVENTIONOI | dren (VWHO Report 2000, UNAIDS and WHO .
Currently at |east two types of H'V have been identified: HV-1 (Gllo, R
et.al., 1984, SA Rmnceadtcdd8sd508)reatimg HHIWinfecfioh,ahie compositionsnd usés086,

Sci ence 223:343-346). Each of them has high genetic heterogeneity. For

H V-1 al ontherediere are at | east 11 different genotype (A-J and O subtypes)
(Jonassen, T.0 et al. , 1997, Irrol. 231:43-47). The E subtype of H V-1 is
distributed mainly in Central Africa, Thailand, India, Vietnam Kanpuchea,
Mal aysi a, r I r i Report 1996). The HV
subt ypes fm%'mNgﬂngﬁ?%éﬁgﬁﬂ%eg%pe (Yu, E. S et al.
1996, Anerican . Publ | ¥ : 22) r ction cycle
of HV has Seveffgsaﬁ@éygﬁg’gﬁl? {n]'issp Eggé‘%ﬂﬂ’@h‘“gﬁ%@‘ teeﬁ]\?/les‘lpggéema %og?gt ein gp 120
attaches i ?é@f{sfﬂ fifed gnégr&ﬁdl, 66w CHRRD PANRo! BE.AH9N30983. 5 PRI fPafenbi Ndi Ng Wi th
CD4 nol ecule Tocated on the surface of T4 |ynphocyte. M ~ith the assistance
of chenoki P@phcutics BRPPAT/CRNOE0¥405HeE by 06/052002/386 covitérs bfwhibwate cel | ul ar
menbrane (Berger, E. A, et al. ~ 1999, Ann. Rev Immnol., 17: 657-700).
After the in¢srponated bereindy referentt M their emtiretgyacked i n nucl eocapsid enters into
the host cell with its capsid shucked off and viral nucleic acid exposed.

The viral reverse transcriptase catal yzed the transcription of HV
single-stranded RNA into single-stranded DNA, which is then transformed to

doubl e- st r ¥HEER QRABGHNLQY,| ysis of cel lul ar pol ynerase. The

doubl e- st randed can.either exist freely.in cytoplasmor he Jjntegrated
as provirus int JE%I@EGFC‘EH}VS%%W&tﬁl\tﬁa@“?%@@ﬁf’&@’é&m&bewq’dﬁp t$%t egr ase,

t hus engen ' infection (Roe, T. et al. ~ 1997, J. |~irol. 71
(2):1334-4 %Hﬂ%ﬁt&\ﬁlﬁﬁ&é@%\%ﬂbféh wi Il not be excised fromthe host chronosone,
is very stable and reproduces itself with the replication of host
chronmosone. After the HHV nRNA is translated into a |arge pol yprotein, the
viral prot BACKGROUNDIOF'TEEINVENTIONYprotein to 2 formmature viral
structural proteins (Xiang, Y. & Leis, J. ~ 1997, J. |~irol. 71 (3):
2083-91). These structural proteins, together with HV nucleic acids, are
finally asseApV aad ADS epidémiel r us granul es and rel eased outside the cell by
buddi ng (Ki ss-Lazozl o, hn, T. ~ 1996, Trends in M crobi ol ogy
4(12):480-5). | infestiviewivh Hiinen &mmneddficehay¥auo{HIV)Va pathdgenairemoviasg: 1 )
attachment and entry into host cell through a fusion process;, 2) reverse
transcri pt cancaselAcqiired damusadef®ienpy Synsireme (AR a Berredinpsgir betski ng;  4)
virus assenbly and release. 2. The treatnment for H V infectiaon Al {hough

gr eat of f on DY, atace;As BB LOX o AlthepabrmasoRtoge, mehioiaaf oHi¢E oPisCoRAE i ve

et node, o BB bl ot TR DR DR ghalalt 17
ant1 o s aniGlhyBECRTSIENA DN, ESTROSEESYI/BisoNs qERLEge and

vacci nes cyrvedat kivorieamnigedhé CD4MRolv@dsbnan@siifackd of CDA-heelst @DEs of ani mal
trials. Although vacci nes agai nst H V nmenbrane proteins gp 160 and gp 120

have al r eaghfestiondnla hivden bodysdestrsymomthny @D4-hiyhmphstyaesthatahe bddybegmb td ri al s,

the results of the trials are disappointing. Many vaccines that are

ef fective lasepsavmnte fuhdtiam frecdforeran AIDISgiatiesttio highlyniulnetableapeanous ef f ecti ve

in human (McElrath, MJ. et al., 1996, Pro. Natl. Acad Sci. USA 93:3972-77)
The fact infhettonsmevionplstysfuseieonmtimerg: rid 19 an. Susigrieg Fomihesympremsithe

Genot] o mmPalsma Ge tvaghtlin CalteRbY Loros SchelicarD iecissant wsbspiblerne. dr ugs
agai nst Al DS, appr.oved.i e | d_coul d.\be classified into two categories:
HV revers&® Sr’a‘ﬁ?@?}]egt"égest"pnﬂww g?%e "Cfarles C. J. , et al. ~ 1996, JAMA
276:146 ) and H Lokt hi : S - Bl . rnati onal
AI DS Soci ety usk‘){ﬂ?gs}%?@%;gymﬁ%g? g8 iy &%&nﬁla?iﬁ%et elpidEiomagdfiee U

i nfecti on- tATARYAE bR b tRISAIMY dausds JREWLN kHad &afireattiMg Wainan KEMAN

"Cocktail Therapy" is a conbination therapy using both types of inhibitors
(Lafeuillade, A, et al. , 1997, J. | nflect. Dis. |75:1051-SS).



Reverse transcriptase inhibitors, including AZT, ddl, ddC, 3TC, and d4T,
etc, would induce drug resistance, sooner or later, that nmeans the viruses
becone | ess 3 sensitive to the drugs, and the effective inhibition
concentration of the drugs rise by several-fold or even ten-fold ( Vella,

S. and Floridia, M 1996, International AIDS Society USA 4 (3):15 ) . This
drug-r esi stSafaeinithe agie noaldepeopld infebted by HIValave acuaiigated td Mtalvfa hunman
body, a single HV virus could produce 10g-10' new virus granul es every
day, whil e 571890180022 1,800,0G0 people B¢ disd from AHDRS im@ztilashdwdéé 30000 i s- sense
nmut ati ons, affecting the expression of anmino acids, ma pen in the

regul at or y Pgeplesvezafonad fo hayeingwhwongiagist SHY within dherygar QQOSBTTGthH!:\HIé'f rains,

h b h 0% d f
bort o gendernseradt oy EpHt SR t@t'nﬁ‘zé@)z h‘é‘%&‘ﬁp@‘é‘cﬁri%ﬂﬁﬁ?SZQCSil? 1
Pl P Y !

B P e BupaY s SR Ehhok a8 A b Y BIREd SRTBRRSE o
resi st ant SYW@?R E)BﬁtZO%'ﬁf\IA?ﬁg%kgWé)after t he mJt ations in addition to

control sensitive virus stralns reover, all the reverse transcriptase

i nhi bi tors have gpRA!Y hedPWEiyp¥s SR Bebler 8ALIiHOEAYEL (GANS, l‘i)’émf oms

i ncl ude spinal cord suppression, vomting, |iver dysfuncti on muscl
weakness, dssemc@fzz@emo-pma)ramu HIS-Y (Ulavel yBétaal) 1988 Spiancd £33t 34G- 346?]

i nfl ammat i on. Many patients have to suspend the treatnent due to these

i nt ol er abl &ash dftheffhas high(gehétdieterogdneity. FoeHI4 1. alonezl,ﬂ&‘r'c angl.at lBagtl11 J. Med.
317:185-91; Lenderking, WR. , et al 1994, N._Engl. J. Med 330:738-43) .
Dr ug- r esi stdifferentigenetype 4] Ard Qrsublypes) @ﬁﬂ#sé% Er%teédse19%VHPi 8+ 5434k at i ons

i bi L or S%E%ﬁm%?”&ﬂ? ﬁ%%‘ﬁ’fbytef@eeﬁ ise :31;& pd. B 1995,
Na 374:
dysi unct on gty sradEe MaFyed SBERE it §§rg'th§w'ésdhtﬁ%k§ﬂ£§i<eav ond”

nout h, abn (

RUNECE e %gtﬁ“'?"’d{hcz* BRI S ©
anti-HV drlgg§ A Relbdi). PubRX Healt/P86(8 PRAMEEI60- I esi st ance. Theref ore,
there is still a huge obstacle in the treatnent of H V infection.
Apparently, it iTheuwemedictibocydihief HE Hasdeveralimportam svépis hFibsgttheenvefdpecacy and
|l ower toxicity for the treatnent of H V infection. New drugs can be

devel oped glysbproteimgml 20:attgehes itself ti the bossioell menbeage thirokghits spetificat i on cycl e.
Recently a few of anti-Al DS drugs with new nmechani sns have been 4

devel oped &indine with GRAmolelelae ﬁﬂpwhqsvrfwfﬂrbgnph%@ee Withige incl ude some
HI v t t hi bj,t ot hi bi t
well hs sofse AR PRHIRIDa R et HBPiahh Mol G Behosf < yv isted
here ( De, n%mg?]ne“(B%%gp’EBe\éthW@T b: ROWIL Jﬁrﬂ%no%?ﬂ sh-700). Ak lt'ﬁ .
suc eparin,

absor bent s di um’l aur at e, rose su f at e

can interr @fiod f18cée, ftﬁ@Hw vmonqmﬂe’%ﬁn%clls&c‘épﬁawﬁhﬁnﬁmaﬂ&i h&é%%ell wm? hecyte
through the action of pol yani on groups. However, these absorbents have bad

speci fi ci t yagsidishuickdd dfbaridovitay nucheieraeid bxpdiedn Ty vity fdvefsd Gfag@siptasdle Vi rus

| oad ( Baba, M, et al. ~ 198 8, Pro. Natl. Acad. Sci. USA. 85:6l32-6); 2).
Sol ubl e CDtstabyzed the édnscoipporoEHIV gipgle0anded RNA irdd sipgteestianded DAL s. Sone
reconbi nant sol uble CD4s could bind the virus granules before gp |20

cont act t haheghas then densfernestodenblatstianded AN AbE thawptalysis/efrellglany | nf ect i on.
However, these rec t sol ubl e of pno arent effect on the
HiI V-\{ st r aiPR “]eé"éFgﬂgdpoPB'Grﬁ%@B xﬁg{%ﬂfg}‘er%? ‘?Fé‘f'a'rr)‘pctw’ﬂ? lasm qfibgal

experi nents_.di d rovid n el iabl e i de r ntivi

ot vty ( asppist 88 pRYRYL o AON chGmioRbmE nR PR Saliis o BichigfiBigie, =
Chermoki nes b Hfdkfin@AP) Ben ittB&lodqRES, TANIES 1 5oM/Prioy1 M. Pil-4G3 bi ndi ng

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



wi th CCRS and SDF binding with CXCR4, can be used to prevent HV fiom
entering into host cells. They could not only conpetitively bl ock the
gonphosi s between H V gp 120 and cel |l ul ar chenoki ne co-receptors but al so
limt HV inbreak points by depressing the expression of this co-receptor

on cell. The | atest chenoki ne co-receptor blockers include positive charged
smal | _pept kdaSmatirdlifd sttt flotdmd(X YoRa QR oveuds Jsugdl. aR3AMVD3 | 00,
TAK- 779 andﬂtrl chose{nt ksu n. ﬁ‘gAI t hougﬁg sol ubl e CD4-19gG can sﬁp)sr ess HV

replicati onpgngy)y. thhese sltﬁjctfm@:sﬁl pﬂ&temaltbgélha vath HIN nadleiaatidyiare/finallycl i ni cal

trials. 5). Agents such as 2,2'-dithiobisbenzam des (Dl BAs) and

azadi car boasseintied (MDAEwodIS Igramlesamar@@s@mng;deaﬂnd 0d|il bybeddmg y of viruses

t hrough interactions with NCp7 zinc finger site. A segnment of gp4l or

i ts anal og(KiasrLbeozdm diphasTa 1906, Srendds i Micrefiolpgy 4@%5&%@ 4) T-20 is capable

of blocking virus entry into the cell ~ 1993, Nature

365:113.) 7). | I sy cthg eriea aqag?ﬁmﬁ/ih{) f&ﬁ@‘@ﬁ%i‘f&s 1Y) atgqsewegsanéep%mzz

f I uor oqui nol one EMPA87; | nhi tors of such as

der | vat | vesupfowsebargres figotnieets 3) ek ot Rk hEREREE F oni <

aci d) urea] [ t. H i me into host

| ynmphocyt epﬁoggigrtrlg‘l ?Xtﬁgluarng pY%EJsg{I@é?R/ﬁg{%%%ﬂkgy lcuEﬁ)(%(ragﬁpChem 28(3): 140-155)
3. Fusion inhibitors blocking viral entry into cells Many bi ol ogi cal

processes involve nenbrane fusion. In eukaryotic cells, the fusions of

cel | ul ar memMphérefimentfohEPYaifettpncont i nuousl y, i ncl udi ng endocyt osi s,

secretion, recycle of nmenbranous conponents, and so on ( Wiite) J. M 1992,

Sci ence 258: 91 Althéugh grebxeffoptshaveticeh dedicated o effentiveremetiahandomkventiveicl ude

t he secretion of regulated fusion hornone, enzyme, and nerve transmtter.

Sorme nore muthds forananyicass, thers isde wonking yascg oppurgderAHdS et and of muscl e

cells. According to an enbodi nent of the resepf‘? i.nvention, the anti-fusion

or anti - menbr anéridesl ¥ac 05‘ b&#ﬂﬂ&@w qi,gqpa mfpduging newt@lizings ses t he
fusion of t nor e..bi ol o ranes C i.n i ment of
the pr esenta\',‘%ﬂ%éq'?tafgﬁn 2 RES tenm'gu"ﬁrﬁpgﬁseéar"% 9°r¥?§r a%‘ébggxgraéld n%)q%ceir cel lul ar

or viral g% Ly S ul Vi

Accordi ng t(E)Ea A %((ij ?rkgh'[tﬁaof(f 8|e pj?ééngemz{m?‘%cgﬁﬁlgln) M%Iley antl Vi raI agent is
a_conpound chipgtl UW&Idﬁbdi%tNé \X/@Hd dr@§tarin thdst@fes ©€ hhishal G140 Adthobftevdcbiiedi ti on
of virus -cell tusion, or cell-cell fusion. According to an enbodi nent of
the presentagainstd¢IM m&nbﬁaheptduénm:gplﬁﬁ ahd gp Bi0dtaeelalteadyrerivediinto fitss,i on, such as
envel ope viral infection of cells, and other processes simlar to viral and
cel lul ar f sedond, orsthnmdhstagemfatmlhdppdashdmsulng)fbm:lmlswm digappoirgmgi Many | n
conclusion, nenbrane fusigon is a critical step éor envel o e VI rus to attack
and penet ra’ﬁ@llteﬁéhqwéecef@éwesto(mmégé%I’Rf?‘%’i‘onwla ratory ammf Mat ur e

as. i s dor Egtipat e Vel NP Bk /596 P Bl At 56 &%2@3535#?&96 i€ ng.
host cel | S.Frx]c-[%tfséléﬂtﬁﬁ e AEERY hupe jﬁB%IeES% ¢ Jaxmm%s&lrap Rigbei ns on HIV

envel ope. recursor o oteins IS

pol ysacchar tﬂsut% QMR complekig aﬁalearvdbr114§ of HPV gﬁlm*clnmﬂmg I(quorg,ns ¥60 is
hydrol yzed by certain proteaSe into two subunits: gp 120, which is outside

t he 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

3



envel ope, and gp4l, which is a trans-nenbrane protein. After the
hydr ol yzation, gp 120 and gp4l are still |inked by non-coval ent bonds and
pol ymeri zed as triners outside the virus granule. The trans-nenbrane
protein gp4l, whose ectodomain with a highly helical structure, has a

hi ghly efficient origination nmechanismfor nmenbrane fusion, and is known as
t he pi vot abensiive taihe dinepsORRIthe Rfe@imt hibitieetdnsedtaition oS thdi dregs risedyt i ci pat i on
in the fusing process of cellular nenbranes ( Ferrer, M, et al. ~ 1999 ~
Nat. Str ucteveRi-fdld 6¢ edd)te®bdd 6VellZh®and Eloridet, Mal . 19960Ditdrnamimod AGDS Med Chem
8(9):2219-27 ) . It has been denonstrated by crystal diffraction analysis
that when Sewemt/Sak69: 15D acBhipemgeresistonaeisassocistad path high mietienrage of gp4l is

d of six helical bundl i t erm nal,p and C-term nal
el | ces. ar HIVdmiequmagpods ANRElCHNABH R RTOCHER |t L BB AERAR t o ¢ he
Coul 1 o CEvan aa: plf tnermitBGort it s o I herrBRich R bl Ny TP gte {0 oy
1997, Cell _89: - i i st in. ; | t. | - i
conf or n~at fngiat%ﬁgtaégct)sn&tp %%xen%(;éfs c%nﬁoe# a_ i 'gée]ac\l{/‘lﬁ? h‘?pé‘ ?%‘%‘Il}em%rrgéﬁag 'b}rj% Iﬂ&ﬂng from
i nfected Cs.éhgﬁu adth thd f{ﬁ;epoptﬁ gﬁot&mﬁﬁ "s‘brﬂé‘HfIV%irhi’ﬁs,'tﬁe %?a@i@ﬁ?egg RehidBe he

C-term nal I X so that N-t er m nal usion area 1Is en, then after

gp 120 on Kighdak 46%ih Be@nhfdTRdid Sfquehdel of fitaldYenE L 0BRIQG snd MaihaRRKGNe
co-receptor on the cellular nmenbrane, an receptor-activated confornational
change of @@9R] The Rietroviridaevolch Blémini\Ptess, iNemaYorkstlelds heyoredult reverser al
surface into the host cellular menbrane. At this tinmne, ng41. is transforned
from an untrassstiptaseainhibiors fesd-to dsugoresisionechnfaciliating thepralifpraomeaf r pi n

i nternedi ate_conformation, Wen the C-term nal and, N-peptides of ,gp4l bind
t oget her, fosistany i #; exiskbeforgandzafter theanuiatiqng an additien tooptrek sgpsifiyes
exposed, and the.pro-hairpin internediate is transforned into a nore
ener gy- st aBi¥ $@hai rpin conformation, and by this time the viral envel ope
has fused vvithmﬁ |yl gg=Ta) = TaTg . . o J. Biol.
Chem 273 :404). (gev:é*la‘yé?élfeum o% I nﬁ§%%§?bg§gﬁm‘/ i ¢ gg\f}g#oéﬂdmly;rg@é%

am no- aci dyPpt ld8eagd © ThY SeptoRBNndIRIe Spingl B d'@lppfesdiéd, vbidting, Aberdp41 T- 20,
its sequence is as follows: X-YTSLIHS IEESQVQ%KNEQE’LLEL SLWNWF- Z. The
struct ur al dgdfiictias,i mysclefwebkaéds | disdabed oEpeéghetahaérvolis gpwn, andbpssreatic capabl e
of conpeting with the C peptide of gp4l in binding with its N-term nal

f usi on ar emfla@matios. Many pasentstha¥e toefubpend tiRGreatment dye foshese antolerabtessideon can
interrupt the fusion between HIV7g 41 and host cellul ar nenbrane ( the

| Cso i s wi effeats (HischlaMgd., effalmM 987 O Bwgl., J. &fed. k7. H5-9sobenderkingiVeR3e5: 113 ;
Wlild, C T. et _al. ~ 1994  Pr Natl_ . Acad Sci. US:4 91:9770-74). In the
pr o- hai r pi ﬁl-’stlgg‘é M@Zﬁ%ﬂsg%%'ﬁ)nut es, T-20 is very effective in

i nhibiting the b ndj ] - i f i £ Dl inal fusion
area, thus bl ocﬂg?r%}e[gﬁtea%%#s%ﬁgﬁ'@ﬁgﬁrggleﬁaf?'? ri%ngea#elﬁi\e\%le&r)ﬁt 3Ea${oﬁl al envel ope

and cel | ul g, PRoRRERYend hdfleictded ¥rilfsitaite inXllrheZé}%aseJinhilMSJl>r§ P%r?g{ﬁ%’r ane. it

295:163-8 ) . 'Because a fusion inhibitor acts on the cel

doesn' t neqgkdtip AIBStRAGIHE(CoMss, deH el dIS 1WSeXNBlube 3145569MD)! ITHE siden
conparison, the anti-HV drugs, currently in clinical use, all act in the
m ddl e or kfites off pxgessedhhibitarainciudt digeén dysfuoétidnpgdstroeitéstinaltdiseomfiegns t hey
must be first released into the cells to be able to inhibit the

repr oduct i bitney stongs nimbeass arpupil yiouth, abrfirmplih of tipid nitapieligncandgegniedd ani no
aci d sequence of the hydrophobic core of gp4l suggests that the virus is

not |ikel ydiserdgevBlesks. gralg 1% JAMce/Talfr vt the fusion inhibitors. It is
shown in vitro experinents that T-20.can,speci{,icall | HV entry into
cells. On the of’hgﬁm'ﬂ%d?o%é’%] ﬁet%ge?t}yr%spd 3&8%&@%@%%8%86&8’85 Bf clinical
trials have j ndicat t j.ent | T

adm ni straﬁdgggaﬁlgiggﬂaa@%hg r@?f%?ﬁéfggsgll]%g@ g{) eStésbgei 11\r‘i@}’é g%grtﬁl,gmaorf tv he nost
si de ef f eclge@oR. Appar@itlyGt AdRger®For the Aied Y ReWURRR willlbeReHaitacydngage of
200ny, T-20 can renar ka%”ly re%uce the H'V | oads 1 n nost patients, and 30%
has fal | enidedregkicitydor eettrdatrient GPHIV (AfesMdn. t han 400/ ml). Besides, T-ZOis

al so e$' ective to H'V patients who have al ready devel oped drug resistance.
It is reported Neatdrugsecanbellevelofed@pdinstaeiM targets is difierenastagestcd HI®s under gone
sonme increase after the use of T-20 ( Kilby, J, M et al. ~ 1998, Nat. Med
4: | 302- 13gplicytion ayeleNRercentden fapopfranticA D adrugowgh new meghanismsshavebéesn of T- 20
m ght induce the production of specific antibodies against T-20, that could
cause the AIDS patients resistance to t-20. Nevertheless, duri ng an
experinment of a few weeks, T-20 maintained antiviral activity all the tine
( Pitcher, C. D. et al. ~ 1999, AIDS 13(15):2171-4) . Conpared with the HV
reverse transcriptase inhibitors and protease inhibitors currently in

..... . -, — o~ N o T



The present invention provides fusion inhibitors with both high stability
and hi gh valence for the treatnent of H V infection. The fusion inhibitors
of the present invention can be used in conbination therapies against AlDS,
in production nethods, or in other applications. In conparison with T20,
The inhibitors of the present invention have higher efficacy, and | ower
adm ni st r adkwiloféa2aBeLin-dePeh reSr GOM HIWRId ADS. Jhkde RGELIEILAGsIRe i

enbodi ment of the present invention, the fusion inhibitor is a specific
pepti de of H3¥ reversetraseiptisednldbies s aid HIV tpesteaseanhibiapgias gvefrao upae aglded t o
both ends of the peptide. The present invention provides the follow ng

t echnol ogy asti-HNegentdeiomaddit nthet targetythatfaze ligad kerb ddday€nE. 02000 Repidrent
invention, the fusion inhibitor is a peptide derived fromH V

t r ans- menbVanak 181(§dyPrbtlei n gp4l. According to a further preferred

enbodi nent of theé})res e has an no da}?i d .sequence

nt. i nvention, .th ept i '
as set forth in!BEESpPIQEDents; su ﬁaswgurgg@tﬂy&uifﬂteagexp@pq: B\j\lfg}e’ and heparin,

(10 1o al SR gt D6SERaion ar e P HEy ok ok i Mg hmptbok bl BEF 1 0°

group or - %%ﬁc?ﬁzofﬁ\&@%i% @r&%s.i ﬁox?&/eir Tha@ 8L hﬁ@@aﬁ%ﬁgﬁ%@%@% tyl group, a

hydr ophobi ¢ group, “or a~nacronol ecul e vector group, obi ¢ group
i's pref er aglitpSome 8f Rk BRZNNin@EaRi the vifhs 138 SOHabg) M UR al.,2 1988, Pro. Natl,
tert-butyl oxycarbonyl group, or a 9-fluorenyl nethyl oxycarbdnyl group; the
macr onol ecuked \Sef 1IBA. 85@Wp263; a |ipid-fatty acid chel ate, a pol yet hyl ene
glycol, or a carbohydrate; Z is a carboxyl group or -Z 1-Z2, wherein Z 1 is
a carbonyl group). Sehible@Ddsaramsediorpyeant gpl204tame bindingtty hostyoels. Somgl  gr oup,
a hydrophobi ¢ group, or a macraonol ecul e vector graqup. As used herein, the
si ngl e-1 et fQSP"%U&é saluble €BPdmeould bindithe viges granudes befere spi 20 epatachthe G4

;g: ljcC)ZV\QB/:st Q@L@eggﬁﬁ?@@%@%@gﬂ% %F%’%énwg%%@r"w Ilglﬁ)g’FYe&i these| | sol eucine L

L i . ..

KLysi FEMve{ﬁ%Pg‘mnﬁam%bAeyFa“aﬁfenoefﬁﬁragmfﬁ% oot OMLpe KLY h straitirisolBted Siomh v Ty r osi
ysin | | . eSO vTyr os

nevval | nebgttﬁﬁé’ érﬂeeﬂﬁylgfr&ré‘ov fHehihRdl %gﬁl%ﬂiggh &ﬁg{)&fde%i?@l%lé dvYfeiitd on,

or Z2 or ophobi ¢ group. e rophobi c group 1's an

acar bobenz gx\th&f ﬂuﬁiralaacﬁﬁﬁsf]&dmﬁt@s{m ). @t hier 1obuit V) ImpaAs DoAY L1EBLOLP, Or a
9-f | uor enyl net hyl oxycar bonyl group. According to an alternative ‘enbodi nent
of the present BnCherhokies andZhefrranaléisanchizinigiR AVEESvaMIP11a) MIR41 febindipt or gr oup.
The macronol ecul e vector group is a lipid-fatty acid chelate, a

pol yet hy| emith GCREand SIF binding W EYER 4 can betusecopeverh BLV fiowfesteriaginient odi ment

f the present _inyention -nenti pon X2.i.s an | gr nd Z2
ios ;ne aﬁ1’ ﬁgoesé%:qylﬁ %eey éolulcc)i n’otg yecogll;))gn\{i%el;ﬁoékl tlcl)e geo?nphosisI bsétv?een ﬁf\?tgglzogndo up, 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,

5



According to an enbodi nent of the present invention, a conposition for
conbi nation therapy agai nst ASS conprises the inhibitor, and at | east one
conponent selected fromthe 10 group consisting of reverse transcri ptase
inhibitors, virus protease inhibitors, glycosidase inhibitors, viral nRNA
capping inhibitors, anphotericin B, ester bond bindi ng nol ecul es

cast anospernfl pepwgth anti-H'V activity, hydroxyurea, a-interferon,
~3-interferon, and y-interferon. According to a preferred enbodi nent of the
present i nventi @ninhibiigs ofiegrase, sucteazslervariessfCarbdnyldi t or i s at | east one
selected fromthe group consisting of AZT (3" azide-2'~ 3'-dideoxycytidine),
ddl (2' ~ 3'[NN-Os@xihgdreiyr@haphthdienesiifonic 3¢id)dicdl canypegvent HINeom idegragid) ~

3' - di deoxyadenosi ne), d4T (2', 3'-dideoxy-di deoxythym dine), 3TC,

Nevi r api neits genowieini@hoselympidcyte gengmeel Mangek, eralpA2009m d Béstorg i de; the

gl ycosidase inhibitqr is SC 48334 or MDL-28574 or both; the viral nRNA
capping i nﬂﬁ@ﬂﬂﬂ"lﬁg Tibovirin. The present invention also provides the
inhibitor to be adm nistered for the treatnent of H V infection via
injection, in oral dosage fornulation, in rectal dosage formulation, or in

per cut aneo%§Fg%?%gg§g%%&%“ﬁn&%osi tion containing the inhibitor can

al so be adninis nent of HV infection via injection, in
oral dosage for mumbioRiical prockR&siRlolve ARABRANE MY IbdukoticRklls! the RGIOALT aneous
dosage formnul ation’ The inhibitor can be manufactured by applying common

t echni ques ofigdliulaErhdnitiisneki® Wipperingt doftinubslycinchidiig endisyEis; Secration, recyplept | des can
be synthesized on a certain vector or in a solution. Longer peptides can be
produced byfmembrabousanmpdidatstand bonan O¥hite, drMg 4892 Scignea 2 582172240 . Bgangpdaser al

di stinct segnents and then connected together. The nucl eotide sequence
encodi ng t wgﬁlplepmise@e pesliap eells ippludedhe seergtionrpdiregnlated fypierhormene spvessed t hr ough
t he technol o fam | i.aroéoo an ordinary techniCi a@gi n tfhi S fﬁel . .One or
more of  t habUEYG HESHSAROmsmAT B plesnclide e disian of germeals28 6f r esi dues
can be repl a%ﬁdffﬁg non- pepti de bonds including (but not limted to) imno,
ester, phtlﬁ’}ﬂ §/ zi de, sem carbazide, azo bonds, etc. The non-pepti de-bond

r epl acenent reaggégglrazn oednsgg{zgggﬁbelépgmhgg%e&tqﬁﬁggorﬁfme%ﬁ_hjsiohgrt he art. This

pepti de can al so nt hesi ng ot her chem cal groups to its

ani no and/ Qfti-Aembraxe/fusibredrig 18 anh ageft R BBRSOr sigpreideaid Kistod of B YiRiré abi i ty,
and/or inhibitory activity, etc. For exanpl e, hydrophobi c groups, such as
car bobenzodiologitalnsenbranes. Aicesrtdinigud wh empodimentyflthgypresemt imvantide twolded to t he
amno termnal, and acetyl or 9-ffuorenyl nethyl oxycarbonyl can also be

pl aced at minse biplbgical membranes jare eithes cellblanas viral struchuesdsuplyascelpitas biembrgne up,
tert-butyl oxycarbonyl goup,. or am no group _can be added to the carboxyl
torm nal * o gl %ﬁlwedg.ccqrﬁmam@ erpbodiment of s presentianersionshaamiuplzed by

the pepti aaueh h asugpoh bl il ingefinaradl W 8 Wofior SPiRs 3R 0. °' °°
Bosi des, A el (AR AFifh (59 Ghiahert BEOR BAABA I AGALpENAI pepti de

can be replaced by a known non- ural amno acid residue rn’order to
enhance it snfedigiis kdldiad to bleRBMAd faddt, hich ¥s enddléeQral inf&tiGoficAR] M lofley activity.
Furthernore, any of the above-nentioned peptides can have a non-peptide
macr onol ec praessssasiiilar togira apd delluldrdithionosutiaiwhattappens dunilg bactesialr boxyl ter m nal
t hrough a coval ent bond, including ( but not limted to) a lipid-fatty
aci d chel atcepugatigol yet hyl ene gl ycol, or a carbohydrate. BRI EF DESCRI PTI ON
OF THE DRAW NGS Figure 1 shows the am no acid sequence of Fusonex (SEQ ID
NO : 1), which iBcenclysen, pepbianrifusionipoeiigal sep oeenyaipprovins fogtackrd onex i s
derived fromthe am no acid sequence 117-1 S 1) 2 )
ool Vepan il sy

g 'SEQ# |D NO
the C- pept ipa@ctrme ﬂﬁl pYWeissenkaah Wi sl 1997, M’"L"ﬁé_ [ @s-,ThFHEt"HIV
above- ment Id(r)ungeo(%th%lppegelm? i_nlveen iZ[)n? %u%ggx,e 25 \gerll%s Hssci%gvafti\?ers, i %E‘ISn glgék%rs 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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Figure 2 is the elution profile showing the characteristic peaks of Fusonex
and the conpl ex of Fusonex and gp4l N-peptide (35-70) from Superdex
chromat ography colum. Figure 3 is the circular dichroismspectra of the
macr onol ecul ar secondary structure of the conplex of Fusonex and gp4l
N- peptide (35-70). Figure 4 shows the stability conpari son between Fusonex
and T-20, whRiopk And §81CWHiMEs @ frarishfenibr@ib brotdird Aftrtd hydrahizittnegp12Garidhe mel ting
curve of Fusonex conplexed with gp4l N-peptide, and the curve on the |eft
si de (hol | gp4icdre stilldipked by hdrecavalbrit bomds and padyneeized-aR Gineosquksideelst wig h gp41l
N-peptide. It had been shown that, in the range of 35-80C, Fusonex is nore
st abl e t hagrafiule(The transireenshwane pragevpendds whase ectgdomamiwithadighly dlisalstruderef usi on
inhibitory activities of Fusonex and T-20. Ln this experinment, the activity
of | uci f er 4aes highly efSeigntopgingfipamaeehapisny or MRRpLpas Wsigh, apdis <R 8541 YR tory
activities of Fusonex, (circle nd T-20 (.square). .The cellul.ar fusion was
nduced by TRieGH TP b BateSr AT e Pt Bl sS85 T core
gene and T7 I n u Wi t : X S| gene
r%g%gqurgerr% %t i‘-*f‘%é% 1%} S‘J;jl?ct. Iﬁéﬁgﬁgﬁggié@ oo, G

and lucife ’'géne, uci ferase expl éssed and &

chem cal fbHéU eﬁ%%(\j"?héﬁm'%fﬁg?ldﬁ)s' experinment defines as 100%t he

| uci ferase“acti vit e con group in the absence of any fusion
inhibitor. It hatha9eRndsisnitatddtyiorysal diffiidion amlysis HRGHAth fidoh ¢ikes pligsONEX has a
better inhibiting activity than T-20, based on the conparison of their

i nhi bi ti on beteleenAiubes anddell, the core lof gpfdl 5 composedi oftserhelinal Yuhdlesiwiggpeltifie. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Based on the anal ysis of the three-dinensional
structure O¥tegpinal and Gderprinad helices anecollp¢atad ap theseihaispingwhieh/ B the BBV envelapii bi t or
Fusonex. Detail ed descriptions of the antiviral peptide involved in the
present i niethe pelilapmembrang. Whilssherept] tsier can form afypianpare that facitsisethe vierd

(Tom the SeNeREma ReREIHICRer o Corfibn 8 r (RS TH deidsminiabeea | o
l\lro ans2 %ﬁ%@%ﬁb@g@;&%ﬂ%@% smggnﬁﬁgeo(g?%egr egié'adg{g%\% e° %&H? {’#g&§?§ Ment is as

fol I ows: W MR AN idrhinaiHGPRMpfdd hslde theRtarhibhl hx 'so thadthe.  Add S
(serine) to the NNtermnal ~ because serine is generally added to the

N-t er m nal Noferndind fillioh breéa I Bidddic thegier 120 6 wildl $urfade coMbin&utithithd b4 E
(Qutamc acid) for | (Isoleucine) at No.118, so that it forns a

char ge- charrepeptorend chentokine cavieceptdr oft fregelvlan mpmbrand)\an re@tor-attivetad can i ncr ease

the stability ] L ) )
conformational 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



of the a-helix. 4. Substitute T (Threonine) for E (GQutam c acid) at

No. 119, the intention is to cover the hydrophobic pocket including

W Trypt ophan) 117, W20 and Ws0. 5. Substitute E (GQutamc acid) for S
(Serine) at No. 125, so that it can forma charge-charge interaction with K
(Lysine) at No. 129, which can increase the stability 13 of the a-helix.

6. Substi t )i&holf ckik)a nfbrane thRlIC AR RAthRGhéYaRde cﬁhNN)QJiéx%%. &9l.,1 1088, Nehrean form

a charge-charge interaction with E (Jutamc acid) at No. 125, it can

i ncrease tkes §98abwild, CyT ef all, hEoa-Mel Notl, Adad. Sou iS4 A1t9780-F4 ) Inytlts pae-haifpir  E
(GQutamc acid) at No.133, so that it can forma charge-charge interaction
with E (d stitawhich lsts ohinyatimities, T26 iswedy dffectiv8in, inhibiting she bindmgefthbe t he stability
of the a-helix. 8. Substitute E (Qutamc acid) for T (Threonine) at

No. 136, soCtpeptideiof grétdnvith¢s Nt fugien arers thyeblpgangthedfomastonpfiahairpin Lysi ne) at
No. 133, it can increase the stability of the a-hﬁl'x. 9. Substitute E

(G utan c bewesn theralenysiapscand golbvss membrane (Kheer Yad Shaic Y. 200050 Mo Hiela
charge-cha%%e 6hg}t)eract ion with R (Arginine) at No. 144, it can increase the
stability Y882 helix. After a series of the above-nentioned

alterations, th | Fal. faus] I nhL b ' he
follow ng am noﬁg%ﬁéc,fx %%%@Q%%M%ﬂ&%@%&%ﬁg@&ﬁ%@&%&%ﬁﬁ&( SEQ
ID NO: 1 ) WALVE=Yali o N ' i '

i ghoval enSUSSIBIERAERks fRGER Ih GO, HE I BHPE BLLL Bt UPRRAKLA WAL 1 ved

from the Caderthd midble 8ihtd taged bfivigabiifectiva ©f Rd¥cells] thatlrhdahs by hisebefistodomai n - of
H V-1 (subtype E) trans-nenbrane gl ycoprotein gp4l. The pol ypepti de Fusonex

i n the presatediimy thatellsig beableno mhibit éreyeproductborof dretimading HIV. Iisaddaoathe of
bl ocking the fusion process between viruses and cells, and between
Vi rus-i nf ebighlyl conseived amido agid setfeenceof thgairopbobipeaseafignd] suggestsrihat the vingsonex i s

capabl e of , preyenti the viruses fromentry. into cells, as. well as
cont ai ni ng‘stnﬂ'é-‘Y(gl}SF%‘[c%g‘?l rwmw%%&?‘ﬂ{‘@&“@&' ﬁégls QM IBVIHRI nf ect ed ones.
According to the virusscell f.usj the fus) I phibi g
concent r at PRRTFGHS @R&?@@@ﬁ%@ﬁg’@%@ﬁ%ﬁ % Qgpl e8pmeﬁlla§%.b8'$ﬁ}tlfs, t he
pepti de ofeh% sté#%é’ ] ' _ ngf i: | Laht i ng
agai nst Hl _|n?‘e}{g§i§%_ﬁ(§ d@%ﬁg&ﬁ%@%gl%% téé?%ﬁ%nbﬁﬁgn stoits
hi gh st abi Lt y.28Rdmisbid 720 asdholtbeciipiihtithe Sfindl Bord Rh@ & Rlost sié@FéckON 1S a
much better i1nhibitor against virus fasron than T-20. The antiviral
activity ofrefrlowgede,oninimidtiksgrédein adaily dosage bE200ME) TR0 eanaerharkeplytribdvcd 4

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.,



fromspreading to uninfected CD4+ cells and other cells. In addition, the
antiviral activity of the inhibitor of the present invention does not
require the elicitation of any i mmune response in the host. The inhibitor
of the present invention can be applied to any biological fields related to
menbrane fusion inhibition, including prevention of the transmttal of
human or negyghyBYes atisexisdrs (especially H'V) fromuninfected cells.
According to a preferred enbodi nent of the present invention, the inhibitor
Fusonex and its derivatives are used as inhibitors of retrovirus
(especially HV) transmttal to uninfected human or non-human cells. The

i nhi bi tor SUMWVIARY ©OFGHE INVENTIOGN can al so regul ate those bi ol ogi cal
processes inside the cells that are related to the secondary structure of
coiled protein helices. As used herein, "Regulate"” refers to an activating

or a s ressing effect by the pepfi.de aqf the present invention on the
| evel glropt he Iex B presspt We%lt&"tpéﬂvphiegé’éwb‘@wé‘gﬂ“ ‘%’1‘8{)‘?‘\% li‘él‘ ﬁ&%’d’@a cells
dtg th ituati j t .ab fod. ti I t
(compar eq { ey e biroR ST WGP TE05SpR Db AT LRl o S
denti Ty CRLREHRSmAbiden Wﬁpﬁé%ﬁlﬁﬂﬁs'iﬂb%ﬁuﬁgnme{hg&r&ﬁbﬂ& antiviral

conpounds, conpoun atrve activitie nside the cell. In

additi on,  blcAibRORRSmpiisb GitPT 20 TR inkiBIGAUrR Présal irdbrion Rve Aighir| ed 10 1t he
di agnosis of a specific brological, viral typés, and /or viral subtypes.
The pr esenEﬂiEa%‘ﬁﬁHlbﬂz&ﬁhﬂﬂﬂﬁﬁld@s@@,\éﬁdthéﬂ@lmeﬂt@ﬂéiﬂyi tor, Fusonex, and its
derivatives. e present invention also provides a joint adm nistration of
Fusonex or its decdrdiagioanembbdimenttofithe pregatingentionche fasiominhibitorana spetifial
agents, in the treatnment and /or prevention of viral infection, especially
HI'V i nf ect peptide afi36aminageid residues, witlh temmigal-papping axpups addedta hathgndsof the

mechani sns in action as viral fusion inhibitors. As a result, cooperative
or syner gi gentide.ef f ect s may result fromjoint drug adm nistration. According

to an enbodi nent, of the present.in ion, . F x.Qr 1lts derivatives can
be adni ni ster edtr\lRfPrWeBtt'ﬂ‘%ng@é%"fdfs%ﬁpog?wgh%ﬂi’g’gfgﬂ ng, including (but not
limted to): sig”; g%g j il ' TGS Inhithq
periodic adm ni s ra@?gﬁgagn S&?ﬁ%@?@hﬁﬁgfgby sp%$ﬁg§hnplg? adﬁ?%ig%ration
of an anti )séﬁtﬁ&d&ﬁeqﬁ&ﬁm%@ménmegl SRERERIgRNT Adtordig t6 @fiaend wi thin a
certain period of tine, repeating sucﬁ adm nistration sequence (nanely the
peri od) t o preRiiéd emipiindnbbfthetiresent irventivh, aleqepiide hhdwm amirol azidsedquetcees sgpy) . The

conmbi nation therapy of Fusonex or its derivatives with other antiviral
agent s pr oforttein SEQENOt heandpeset forthastthllevs:hat can reduce the effective

dose and thus the toxicity of the nti.vi rapies. r re, drug
conbi nati on can X‘ﬁWWW%@N‘@Wé&ﬁ&## 6ﬁb¢r@g€%®iirﬁ'gﬁéh%nﬁgr ‘ent
mechani snms,, which not only increase the antiviral efficacy but al so prevent
t he viruse§)fron1building up tol erance agai nst any therapy al one. The
probability of . r { f - . The present

i nvention al so E&%@?@gé G?%QQE%%§FH§?§§ﬁHgﬁghg?ggg%g@gﬁgs as therapies or
as preventives 6fis¥i ihiSo g%ﬁ;P&QXQ!XZYwh@_réQ X1 i¥faf Ghih® Broug, AhE X islafl agrbi nat i on
conprises Fusonex or its derivatives in effective dose, at |east one of

ot her agentgoupadtg/diophobit gadlipl sraahdcagiotalle yecas grpp;ald lydrophdbiargrouphie agent s
used jointly with Fusonex or its derivatives include any drugs which are
known or uptkferabdyanecarbabanzoxygroay, d dangyl goup, agerebuyloxydarberycgipynenta of t he
present invention, Fusonex or its derivatives are adm njstered, together

wi t h anot hé&lugrpaylmetiylerycarbenyk sreup:the magremalpguleectargraup inglipd-ity aed ude (but
not limted to): antjviral agents, such as the cytokines rlFNa, rlFN~i,
and r| FN7; chelate,a palyethviene glyeghog %a¢nhibitors, such as AZT, 3TC, ddl,

ddC, Nevirapi ne,, At evirapine, Delayitdine,. P NLPA, T d oth
i deoxyr i bonuc) deat A SB P s PG e bk YR P bR EPRnL PRl s P2y ipe 200 "

i nhibitors, ch, as ?ﬂg”@ LT i b L ' ' R d
VX—478;_hyd¥%§@€?§§?tyl gﬂ%hﬂﬁ&mggggﬁﬁé&?ﬁﬁ#@ﬂ%gf%%ﬁ%%c E%i V|rg?oa?
ribovirin; anphof{&ised hére; tHRSinple- 008 EoBE WhREenRL amioeackPretidisper M ne with
anti-H V activity; glycoprotein processing inhibitor; glycosidase

i nhi bi tors @6ndB338lland MDL- 28S74; virus absorbent; CD4 receptor bl ocker;

chenoki ne co-receptor inhibitor; neutralizing antibody; integrase
i nhi bitors, and ot herAf usi onAlanimebi t ors.

=
—

-
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Therefore, the present invention provides an inproved antiviral therapy for
the treatnment of broad viral (including HV) infection. In addition, the
present invention provides a nethod of joint drug adm nistration ained at
boosting the therapeutic effect, including the use of Fusonex, its
derivatives, at least a different nedicine, and/or a 16 phar macol ogi cal | y
acceptabl e vector. TRe conbiAwginien therapy can prevent the virus from
buil di ng up a tol erance agai nst each therapeutic alone, and at the sane
time reduce drug toxNcity anssperagmese the therapeutic index. As used
herein, "viral infection" refers to a norbid state in which the virus .
i nvades a cell. WienDthe virAspaeistasids the healthy cell, it takes advantage
of the host reproduction nechanismto reproduce itself, then finally kills
the cell. After buddbng froXsH&eel |, those newy produced progeny viruses
go on to infect otheé ceIIs.lS me viral genes can also integrate into host
chronosone DNA in th forn1é?ugpwvirus, and it is called as |atent

i nfection. The proviEus reprodisgsadidsel f with the replication of the host
chronosone, and can bring the infected people into norbidity at any nonent
if activated by varigus fact@y&nénside and outside the body. As used
herein, "therapy or prevention of viral infection" refers to suppressing
the replication and Hhe spr gagtidiie Vi ruses, preventing the virus self
settling inside the host, and inproving or alleviating the synptons caused
by viral infection. The cri tleslewidfeor ef fective therapy include |ower viral

| oad, lower nortality rate, and/or |lower norbidity rate, etc. As used
herein, "derivativesk referdevenany peptides, honol ogous to Fusonex, that
have the sequence, h%ﬁnlogu , .anal og, or segnent of Fusonex, or that have
substitute, insertioft, and/ d¥58€letion of one or nore amno acids. As used
her ein, "therapeutics% refeﬁat QL8RY nol ecul e, conpound, or drug conductive
to the treatnent of ral inrecto’d or virus-caused di seases, especially
antiviral agents. Asgused h i ssynergic action” refers to a joint drug
adm ni stration that Fs nDrqugkgg%?ﬁ% than the additive action of nerely
using any of two or pore thegrgpputics to cure or to prevent viral

i nfection. The synergic effect can increase the efficacy of antiviral drugs
and avoid or alleviaBe viralSetiaéer ance agai nst any single nedicine. A

pepti de of the present application is defined as a conplex of two or nore
am no acids |inked bY¥ pepti ddrégmmings. The peptide nonenclature is related to
t he nunber of its constitutive anmino acids. For exanple: a dipeptide
contains two anmino a¥ d residvEePRA | e a tripeptide contains three, etc. A
pepti de conposed of n or l.gss.17 am no acids is called an oligopeptide;
whil e a peptide conpdsed of Y% han ten amino acids is called a

pol ypeptide. The desg¢riptionRgfpt the applications of Fusonex in the
treatment of H'V and other viral infection is as follows: Fusonex is a

pol ypeptide with antiviral activity. The peptides of the present invention
i ncl ude Fusonex (a 36 am no acid peptide derived fromgp4l), its segnents,
and/ or anal ogs. Athedify apidfard cabstimexofilie présemidvertion XNEorf2 orbotiars. The
pepti des of the present invention are capable of suppressing the spread of
human and bydiephobragnoap. Thethydrophobis gmoup ssp awitebéngoxyigroup, 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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It is believed that H'V and other viruses replicate thensel ves ceasel essly
24 hours a day fromthe nonent of infection. Thus, it is necessary to use
antiviral agents at different stages of viral infection. The present
invention also provides a joint adm nistration of the peptide with
different antiviral agents, to inhibit virus-cell fusion and intercellular
spread of Eﬂ‘oﬁy s@BistinpvE redasctidngdriprase intibirrg, Girustproa@aserintsbitars,i ghycosidagdr ugs,

i ncl udi ng Fusonex, for the treatnment of HIV infection is as follows: The
acti ng t ar ihibitofs, FirslonRNAi eapping tithibigiry; @ohotedicin Bysster bandtiinding sur f ace. The
functional nechani smof Fusonex is to inhibit fusion to prevent free virus
granul es f motaciles eastanogpesmingrwigetntsHIY qativiey, hydsgromeea; prantoiferoges from
spreading frominfected cells to other cells. It is believed that Fusonex,
when admi nPIperfern; shd-interieh one or nore drugs with different targets,
may provide additive.or, synerqgi¢ effects. e present invention provides a
joint administ réﬁFWﬁ‘“@ftoﬁrﬂfﬁége‘?ﬁ’B[’ ity %EE%W%%C“EWHCW{O& rrF‘(Fésle’Pves. Joi nt
drug adm ni stratjon. cak [ : S0 reduce
he t oxi ci £gnTlRE o b sl seika igh Gk bRl SRudRRDAN @50

efficacy t Eé@yge, @'J&Héoﬁfr%niﬁﬁe)[‘&ﬁ t@m'&mﬁesgnn@ifna)?sd@ (29 3t-RgidudxyEidine),

Finally, t J oint adm tration of drugs ‘can al so prevent of reduce the
chances of J§he’ daveliidpeidenssinel] 4T (2 £3i-stidetre—dilbexythymiine), 3TOvent i on

provi des a therapeutic nmethod for HV infection of human and ot her manmmal s.
Thi s met hotNevicapine, AtevirapideyiDelasitdine] PJEAUBMRA and/or ovisdeithe glyedsideses i n ef f ecti ve
dose as well as at |east another agent that is preferably a 18 different
antiviral agibitoris S@E%ﬁé‘%h@hﬂ&ﬁ%i%hmbﬁhﬁmbg&iﬁcﬂmmomt hod for the
treatment of viral infection (especially HV infection). The present

i nventi on &b8¥rArovi des a drug combination for the treatnent of HV

i nfection, the nmbi nat.i.on _has _[Fusone r .it.s. deriyative in effective dose
and at |east a dinfPESEHIOY F?Q/F‘F%Proéb%ﬁ@l?dah“?‘ﬁ@?@?&@W,‘s‘?fﬁ%g"ﬁéﬁe or its
derivative ﬁ&gﬁ t: Wt | LA bi Le al
prot ease | ﬁ%?@l}é g(r)fs)fq]\gyt otfoﬁg'ga, 19}%{:/?%}12?:{1”%&{3% Slg%‘li ft‘og? gl?ﬂ‘}é}ll’ mé)%e%{élfd(\)/%éggl fusion
i nhi bi t or s forifiation! it in PertdtaReRistiosigerbtilatidn,| be nore effective in
suppressing viral replication and transmttal. The methods of the present

i nvention i ncl ugdecanipasitiontcoataining thé irfhitdton ean aiso be Rindmistencdtfovtheal one, and
joint drug adm ni stration of Fusonex or its derivatives with other
antiviral agement of HEVirdectiondizinjettéers in erabdastgeofonmulatiore in rectabdodage

adm ni stered sinultaneously (used as a m xture or separately), or

sequenti al |f9m(ulawmuanln@ew?/qnew&d%mpfﬂmulww period therapy administers to
the patients an_antiviral c ou dur i n certain period and then

admi ni stering a@'@é‘g}ﬂtatoéﬁ?r? 8%1“’[}%%%83%%"@%"5 ﬁamH‘r?B'? cBPiaPes 4%y, such

adm ni st 1 al) AbRKILER P BRP Fdr b RCUhAHepliBes' R BEL AthdsBeBbh FYLALS t NE
toxicity, as wel'l as e drug resistahce e therapy. e present
invention ak&gr Bf M\ WRioR. HhrigeP p&tidePdn RPrédIRERBY rdcBmbinaINAS €S

adm ni stering the peptide of the present invention first, and then anot her
antiviral agmabdlogdrd chibsynktesipedis sdeeral distmet gppewmetand thearbiotedgai N or
anot her viral fusiton inhibitor. Consequently, the inhibitor of the present
i nventi on aogdthes. Hernuekbtidesdquemd ehendingthe geptulgsambe synthesized araorant i vi r al
agents. The "joint adm nistration” includes not only using two or nore

t her apeut i ctonedged pxnressed thronghithe echnpdegydpmilisyto an argingwi tagnicias id thisror e

t herapeutics separately but sinultaneously, for exanple, via different
veins intofitke same body. The "joint adm nistration” also includes

o St er 10 i SRS P DR LR B A3
{ho.r over oae T KRR bERELEHTor Sk op R Rk B p R ORI P bi 11 ng
HI'V pr ot easger, phitaliytiaBe ! f2tidkbacRIzydAHoAls, @fc. 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

11



proteins, inhibiting integrase, and inhibiting viral fusion. Drugs based on
t hose attacki ng nodes above include (but not limted to): antiviral agents,
such as the cytokines, including rlFNa, rlFNp, and rlFN~y; cytokine
inhibitors; reverse transcriptase inhibitors, such as AZT, 3TC, ddl, ddC,
d4T, Nevirapine, Atevirapine, Delavi Trdine, PMEA, PMPA, Loviride, and

ot her dide i } b SHRAXOKY ] AR CHQEt-B@yloMchBbnyPr Ot ease

i nhi bi tors%&éﬁ%ggggggﬁ? g?&?%’,sngjﬁ)%av%, I z’di na%tl/i r, Neqﬁli %yavi r,y and
VX-478; gl poapicdase adddditbithedrmino seraiinah sanBGe G383 4-fuotniiiiethiBhédbonyl ral mRNA
capping inhibitors such as ribovirin; anphotericin B; ester bond binding
mol ecul e cest aswoispelacedrae thei ankina terininal. \Tha@boxermentiongd hydrgphabic grgiig,copr ot ei n
processing inhibitors; glycosidase inhibitors SC 48334 and MDL-28574; virus
absor bent ; tegehutylaxyeasbanyl gbur: Reaminogreumanbe added te tkagashoxyhierminabpighe
neutralizing antibody; integrase inhibitors gnd ot her, fusi (i)n inhibitors. A
descri pt i opensidet Inadditioncthg peptite qap be syithesizgd pyshangngts,spptial a5 1 ol | ows:
Fusonex peptide is hi.ghl y-ef fective fusion,inhibitor capable.of

Suppr essi ng"'}fﬂ’r\‘?‘a{“l‘?f’ ?fi'gﬁﬁ?'}éﬁfa%é”ﬂﬁfs awg‘%aecbdé&@‘%ﬂfé’ﬁﬂ%% U3 S ociate with
gp4l on vi b@il I%Qr\é%ls%%d%? e'u.ﬁharﬂ-ﬂg{heltshﬁeﬁﬁé%f:&q%a Pgnevérﬁiflb abil $edire JFO
exanple, in tRe course of the vira protein gp T YT anst of fat ron from

natural St fHaGHrblef iin{)&ﬁiofxél?eﬁﬁkleséah%tréﬁl&ed by 2 XABWn GBA-naRITA Alnfind &4d t he
binding site on viral gp4l and as a result; destroy the fusion process

bet ween t hessidue us&deptd@nhdie @€ ktability-bivaveitabiliay, aadrot fiionafinkibieory aetinyt
invention, is derived fromthe amno acid residues 117-151 of H V-1

t raps- menbr ane Poherinore) pdyl ofithel abavwepoentidned p&idescanchase a don-pBgtade f rom t he
amino termnal to the carboxyl term nal, Fusonex has an am no acid sequence
as fol | ows maxrogwiCuRREEENYEITP lirkedrp SemGapRNEREer parboxyl grminabthaougha ) | n
addition, the present inventjon alsq proyvides, segnents of the Fusonex

pepti de ( SERyalent Rend, includyng {hut %‘Hé‘ﬂ@teéﬁo%lﬁﬂlipﬂ’ Vaé‘gtcf’?rl?“tey? pe#ﬁ%tgiéle?‘i uncated
Fusonex peptides can, contain 4-36 am no acids (nanely ranging from
tetrapepti 8@0‘?]00’3%9 H?Cl}ygfa’i%i d peptide). "X" is an anmino group or -X 1-X2,
wherein X 1 is an imno group, and X2 is a 20 hydr ophobi ¢ group,
including (but not limted to) carbobenzoxy, dansyl, tent-butyloxycarbonyl
group, acegRIEFAMESERIPYRORTOF THE DRAWIRGSONY! (FMOXC), or a o

coval ent -1 1 nked macronol ecul ar vector group, including (but not limted to)
lipid-fatty acid chel ate, pol yet hyl ene gl ycol and carbohydrate. Zis a
carboxyl group or -Z 1-Z2, wherein Z 1 is a carbonyl group, and Z2 is an
am no group, tehRigubeil yhowstbaaibineyacidgequance ofFlesomczScﬁﬁ)IQbﬁla}), whishds gr oup,
including (but not limted to) lipid-fatty acjd chel ate, polyethyl ene

gl ycol anda@alypemiifgcamposad piFgamingsridsy Fuspaghis,derygd ‘?‘I’f@ the AWRa R Fusonex,
the inhibitors of r inenty on, can al.so tjd ompyr i sing SEQ
DoNo ;1 semepingd | s L SRERIDINRY ahl At RePtd T E B L e pPBR)
nsertion, A BfudCliglablt. Abnfihed Ghallkifor WAAAAGel For Hiflo 301L0. aCi d
insertion can made up of a single®amno acid residue or a residue
segment of 2- I5ppmid®ihé BRtiof PRAR shBRi thOSIRIF k&G 1Rti€ BLakBdf Fidonelheed into
Fusonex and its segments, anal ogs, and/or honol ogs. Furthernore, the

i nhi bi t or s tigf confiffexsfaBttiexianl @pd | Nrpeptidd (33e70) dival Sgserdvx dhtsmdiegragyEQ | D NO,
: 1), analogs of Fusonex honol ogs, and/or Fusonex segnents that show
antiviral aecluimwity. The inhibitors of the present invention include

Fusonex, segnments of Fusonex, anal oags of Fusonex, and truncated Fusonex
horol ogs. These Figuimh3 i thel cirgdas sishreiginspgcyia of Hie macsenelecuafgeandayof Fusonex

fromwhi ch one or re am no,acids are et ed, e lesulting peptides
havi ng a | 8WRFtUIE gfithe eamplexsof, Msﬂ‘Eer?EflcgEgle}ﬂh@QEd? hgnz:(gt ed Fusonex may

contain a single.adjacent part..or nore .unattach rts h bove
ment i oned pept | gég_ugégﬁg%%set}p’e ﬁ@gl_giya‘io %fl Ongjﬁs%eﬁ‘ﬂ%ddlf%e%ﬁ(tangﬁj '%(§1é’v_eil§?eér'sent
| nvention, tﬁ@&r@é@d‘fﬂgﬁghﬂic@{?&%d' ctin’dFeZ%tﬁé‘%@ltiﬂl?%r@%ﬂ“@soﬂ%ﬁ@cﬁﬁél £ed-wif1e
protective amno aci ubstitutes conprise of ‘amno acids wth simlar
charges, Sigg@fN-FEpHUL anb YIS QPNOS the WRRSAC (BN Cirel§) & ehe MEtiIAFTLEIe €1 ds (one
or nore) they replace in Fusonex ( SEQID NO.: 1 ) peptide sequence. A
des;:ri Ioti OIT-96 cdrislecdtvivi gl Nvgeptide. Ttrhad @k shadhitiit Sih ke rafge oAi35IBOPGSONEX s
as foll ows:

Fusonex is more stable than T-20 at the same temperature.
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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 enbodi ment of the present invention, Fusonex is
adm nistered with other antiviral 21 agents, including (but not Iimted
to) drugs acting on different targets all through the virus replication
process, such apighRVElReysith@RS ol iiBitdty abtVithsl T Fasonek adll TPIZRUSBSE

i nhibitors and gl'ycosylation inhibitors, etc; antiviral agents acting on
di fferent ggjeifiet, 8 actibitypoilcifdissewiasused for qastithgiveranalgsis of tstisior al agent s
acting on different sites of the same nolecule; and antiviral agents
capabl e of inhibitegrdctintienof Fusdoei (cgciehanddB261(sqaem)t Thf cellnkar Gision wassi st ance.
The wor ki ng nmechani sms as well as the benefits of joint adm nistration
shoul d be lodoesd hyoHBV-1 gpd bensi When sheceieston sell expresingsn §Gmmeene and e
present field. The inhibitars of the present i ntion can_be adm ni stered
j oi ntly wi pelymerasegene fusesyyithshe target CFﬁemIa%SH@ %ﬁﬁemndﬁvﬁf%‘*& reRgyter

I i de derjvatives. Th I id i. i i .derivati
of pur e BiTEY HSAPOHEESE AEPay PHTF O Et Eroaber BRSESeeREs Akl a i chan, sm i <
: t Faf GBS des ¥t Bechani smis
i Che. absgmegnaft dobek e O Mehb B ARG B e SRBIE P M BB HEh el Gt

can suppr egfyd i6sisy HHtRIr STt Bhd ENAhEFh hat 28 the MmeRVBEST Rratib R FR6dreRhas e and
thereby termnate the viral DNA replication. This is why they becone

anti - H V t heeérentibifing 8@1Vit§ thanor-26Xasel én thé£dmpaisordF thdiahkib@bnt hem can
suppress H V-1 replication in vivo and in vitro, had been approved as
renmedi es f activitiey of tifecell ifionainducéd B HIMalvgpl 60rxs.use of t hese drugs for
treatment can lead to mass propagation of drug-fast H 'V strains in addition
to many side effects. The inhibitors of the present invention can be

adm nistered jointly wth nucleqsi I jves and non-nucl eosi de
derivati vePEfM&%éﬂémglﬁéPﬁMdﬁ@gg‘%@m (but not Iimted to): 2',
3' - di deoxyadenosi ne (ddA); 2' ~ 3'-diseoxyguanosine (ddGQ; 2' -~

3' -di deoxyi nosine (ddl); 2' ~ 3'-dideoxycytidine (ddC); 2',

3' - di deoxyt hym gi ol + Pl = bLad N and
3'-azide2', 3 - g?%goo(?&g%?aé‘% }?e"T( Wedﬁgé%sgﬁaﬂgﬁi&gﬁrgﬁ%ﬁ%léglle(rgrﬁ@tof t he
present | ni{ﬁreﬁﬁ&ngbro&ib& DNl PRSIOH tstifor VAL IP(SSnek! PefagbPddseHiRns d€the
preferably 2' , 3'-dideoxy-2'-fluoronuceotides, including (but not limted
to): 2' , 2ntividl pkpoidy invdlved inibe pesdentamiention &e listed ‘as faliohdoxy

-2' -fluoroinosine; 2'3 - dideoxy -2'-fluorothymdine; 2' ~ 3'- dideoxy

-2' -fl uorocyti dil Néysonewdis 2'polypgptiddicdapryednf 36 appno add regidyeh fusaner' -

fl uoronuceotides, including. (but not lim tgtﬂ to): 2! , 3 - gi deox% -2

3' - di dehydr 6S§Qﬂplﬂ9-0tlr?y‘ﬁfi'(‘ﬂ‘f?é f(qnam)stsgmm ﬁ?‘é?”é’raétﬁ §Pauenee rAEdN@ b5 de
derivatives ar ' oAl deoxy - 2% - fluogonuceot i des rei.n the fluorine
bond' 1 1 nia e TsPUSHRIPING of o et BEAE EtometRar BV T G Rurpe)

di deoxy - 2! - I; C %ﬁiﬁ ' : ot e
-fluoroi noé?ﬂ%%f 'II—Jb {fhfj?;@aﬂ%@%&%‘g‘ﬁ’ I d(fgg?/r-%spfﬂgs §e1gﬂiﬁgfig)é§;tfol-” iwrs1'e (F-ddC).
Joi nt drug adwdm\ﬁﬁm smmlvsﬁmqmemﬁﬂﬁuﬂww@h@m fi@ deni vati ves,
and thereby reduce its toxicity as well ‘as drug-resistance of the virus,
whi | e mai nt ai ni ng AdES (sediné) tyitheN-tagiinali thecaude saindiingerleraliq apdertf torthed

enbodi nent of the present invention, the conbination of antiviral peptides
and nucl eoiN-tbemiher ofiaat-helxtoiimréaselés Falibtyex or its derivatives in effective
dose, and AZT, ddC , and/or d4T in effective dose for the treatment of HV
i nfection. A noBeSyhstituse E&eiugarnig agidhisr A dlsplsucingicat dNpek! 8¢ suthahisforms@i t ed t o) :
Fusonex or jts derivatives anc;]qcilg’%,l'li i N (—:5ff ct.i ée 61066; and/or 3TC..Viranmune,
Rescri pt or chasgeehasge Infesagtion yut gining) b Noddd, whigh canyinfreasethe stebility ve
dose. Fusongxh or il't s derivatives can also be admnistered jointly with

i nhi bi t or s %M€ ¥'e phosphoryl ating enzyne, including (but not 1imted to)
acyclouridine c i [ NG ihq) (S@H} B
benzoxybenzyl acagg%?l ?Eéwgﬂﬂhﬁl’%gﬁgﬁmﬂ@ﬁ%‘PE%"}S{’gﬁ?.t i neenzlgfl]\/ﬁ,&%) ;

amet hobenz dRépHebR o.l:lgét'i'rﬁ:h(dﬁ}%%’@ﬁ%ﬁo han)117, W120 and W60.

hydr oxynet %?/Y%g%gs{ acycl oﬁi di ne (HVBAU) ; agd )

hydr oxymet hyl beszexystiang Bl(atyshioutidiifors (SEfBAUNo. F26 eoehat @trcah f&m a
derivatives can also be admnistered jointly with cytokines or cytokine

i nhi bi t or s chargechatgnopterbaion voth K (Iyisinepatt™d). 129 whigh can iBbkease. the staitityr | FNy ;
TNFa i nhibitors, MX-160, human r interferon aA, human r interferon (3, and
human r interferon 'y. A nore preferre# joint drug adm nistration includes

Fusonex or its derivatives and ~i interferon in effective dose. Protease
i nhibitors prevent the virus frommturing mainly during the viral



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 A DS patient

H V-1 evel exhibits an exponential decline and their CD4 | ynphocytes rise in
nunber (Deeks, et al., 1997, JAMA 23 277:145-53). Joint adm nistration of
viral protggeahdlikbi tors with fusion inhibitor Fusonex can produce a
synergic effect and achi eve satisfactory clinical results. The present

i nvention provi deSubatitubeK by féraN (Aspatgines) 4INo. 121, so thav i, canffioroha i s a
joint drug adm nistration usi Fusonex or its derivatives in effective
dose toget d@rgwharganmmlea%th%fﬁlmaﬂm aqidh) asNoe b33, tean nseeasq the stabilityer
including (but not limted to): Indinavir Invirase, Norvir, Viracept, and
Agener ase. OfthggrleliXor its derivatives can al so be used jointly with
anti-HV drugs cessi. as Vi razo e. The
acting mechani S%II%I‘&’ %u?%gégglqeg?RHéﬁ@%ﬁnﬁ}%?m@%%g@uﬁ%&“‘w B'?—J ¥Bbet i ng
wi th guani pe | !, g the
et hy a1 o Robe e Bhe R W RN BB} 41 e, MG BREH 20 it P

bet ween Fu n e. In addition, Fusonex or its derlvatlves can
be adm ni stﬁlgggzgll?%lgfnﬁtﬁb aIvm{éHI(h anphotericin B. Anphotericin B is a polyene
antifungal anti piSibsGtutd B{Glibdibiabid) for Te(TFsonttey atWé.N36,tse tkt it ARBRGE eri cin
B and its formate have an inhibiting effect against many |ipid envelop

vi ruses i nakhagerghdrdinterphionavithcK (Lysidehst o .sI83] ibwan inoreass thy stabiligrafs hunman
body while its formate has a nuch lower toxicity. Thus, Anphotericin B or

i ts formatthewahelise admi nistered jointly with Fusonex or its derivatives,
and produce an anti-H'V synergic ef whi ch, all ows clinical, doctors to

f
use Anphot eri ci i Bbstituiq B (Gbatqiﬁpéc@hﬁarmspar@gwgs)ﬁ Nookft0, s,thahig can s

t I t F b t d
Foi nt 1y i R haigeaft R Eievu g wib TRl #0%G 0PA s ErdRodie o, i o
t bl f hi bi t I I t
v envel ot YA EHEREPoTLC Gl yooprotei ne op 120 and gpa1. The .

gl ycosyl ation opngf 25&eddf RletbSvathehfitRl aftBiatibfd] thelrdwl il AIMJH iAkibiteNS
bet ween gp 120 and CD4. The progeny virus synthesised in the presence of

cast anospeF#donex Rasmpoveladfatie follbeitig aniiey adidsggquenve: parental virus. The joint
adm ni stration of Fusonex or its derivatives wth castanosperm ne can
produce a syner §WEBWERBIENMEK QREKHpEESQEQEIIRNEKBILIEN€SEQIIRNO.: 1)

adm ni stration of Fusonex or its'derivatives with the above-nentioned
antiviral ther aﬁb@pﬁes,@terawnb@l ppxidga e peptisy (5@@@@@\1/191 higbyalegesiyirgh t he

t field., E th d.AZT. be 24
fested thr Sq@myﬂ?ar?qxx?%&mweﬁcﬁ 4 s R ehe RaPRRPAGTAARE i ng 11 v
t t I hi bi t
the act]vi suge (BLliZ 1 it B e pﬁaﬁlgﬁ&%?‘a’h silypt EPRRLAEERabd' | Of L) "R
or pr ot el N UARBRA| Sha1°he pdlyHEHRE FRIJER ithe bl HPRAR0H, QB helel B,

dosage m ni stration tes is as | Ows. Drug conbination is

descri bed toricehtratibagis Capble o irdkaig tﬁaﬂ@fonlﬁa@@mméen Vifusekednid\elld, ¥es W th at
| east one of other therapeutic agents provided by the present i nvention can

be used f obetteen vinesainfeeted ceils gdemeniedtahones. Byublacking theentr tiusenexiis al
infection. The joint drug adm nistration provided by the present invention
can produceapshleadgravientangsthe singses frofrf entry intwisellspaewelt peepntpinips thenbi nat i on
cont ai ns Fusonex or .its derivatives, and | east one of other antiviral
agents, suéhreading eb iruses from infested eels &0 I"HI*I?IEIF@ 8PS, protease inhibitors, nRNA

h t t | at hi bent,
E’:BZC?Zi'eB?OL ”i T8 e SR s BB S PRBRDS perCe oDt 71 g
anti body, %g,z ASR. IomogJem ﬁtha@aﬁfr%h%é LIﬁé %m‘dQBI‘IIIe PRésda i lhﬂa% igdi ng (but

not lim ted nucl eosi anal 0gs or charn nat ors;
CO-r ecept Ohad gHihiptdvet SARMEY A Hhting against HIV 1nfect10n, 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) preventing HIV
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(Tremblay, C. L. et al.,2000, J. AIDS 1:25(2)99-10) . According to an
enbodi nent of the present invention, therapeutic agents that can be used
jointly with Fusonex or its derivatives include (but not Iimted to):

2- deoxy-D-gl ucose (2dd c), deoxynojirinyci nacycl oguanosi ne, virazole,
rifadin, adamantanam ne, rifabutine, ganciclover (DHPG, fanticlove,

buci cl over fRHBRadidd teantifeianCBay iced 41, otherdelty) i slditon, thd dntivigslot hymi di ne,
ara-A, ara-AWP, bronovi nyl deoxyuri di ne, BV-arau,

1- b- D- gl ycaativilyi ofeleinhibinst ofthEpfBsén ideatimydowgInbureguiré theatiaaiohetf hyy ani ne,
hydr oxyur ea, phenyl acetic heptanedi one, diarylamdine, ( S) - (

p- ni t r obenapmuie re@parse o thedioste and phosphonof ormat e. The present invention
provi des a drug conhi nati gn of Fusonex, or iLs d?.ri vatives wt f}.@ggy ot her
above- ment i oned Thembhitoaof therpraseat investion car be anpplied; iy anyrbiglggical fields

exposed o ARG BLMeRATAS OB DAl pge Pepanmrte dfdatn o
. ere | ctedoy Tt > o

D et | v STRSE et VRS (SRbboT s Pl PG REGHERE 1O, O 5

| nfecti on 'p?%@%gféwgdgﬁggag;ogg% prédtiflindSnelof, (HE HififHor WRLdRK Sndippdl 1 NG

Hl V- cont ani'n products, and body fluird I n a nedical

acci dent. |qeri{fiRELareAS&Pas ihMBitHS RF feARVirkd (esﬂs&iam?eﬂwtrahm_&mttbon can be used
as a preventive vaccine. Wth the inocul ation of the peptide of the present
i nventi on, uhinfeckeistumainldr npndwinae celtst i bodi es that can inhibit HV infection
and neutralize HV viruses. The present invention provides a preventive
vacci nati on schdime inhilkitor lof thergresentioventignican alseragilgte thoseduolagisel t he pepti de
at an effective concentration for eliciting sufficient ipmy responses to
neut r al i ze Professep ingidethe gells thag agegplated fo thesegondaryt spructire Hﬂ?cb{;g PFRtGMN nf ecti on

of cells. Theg elicit i myne r.esponses can .be.detected by standar

t echni ques &§aS- AﬁBﬁﬁ;ﬁ ?‘FE?“E) ngegqlatgk fqr}?rs i?chan[ ruvaine °f/&c9869f8i‘5¥&§ etf%cgw fhe

enbodi nent of..th resent. invent i e ' . ' d

adm ni ster é’&ptﬂ){}: %ﬁlge rgselngﬂné'g? |°c§lnd.nqﬁ?lleg?l e %&ﬁgﬁiﬁ%@@%ﬁ@aiﬂ@gﬁ ses,
the peptidg, eth@@elﬁz( ed RVRBinRifioR AthE GbRA &tﬁé?é}ﬁﬁle%iﬂé pYEERe Proper
adj uvant s i ncludi ng ut  not limted to): mneral gel, such as al um nium
hydr oxi de; igwhfi@)e active substance, such as |ysolecithin; Puronic

pol yhydric al cohol, polyanion; other peptides; oil enulsion agent; and

ot her potenti al Thednhibitorof therprhsentinvension caualko bsuisd¢o identifyCampotnds- Guer i n
(BCG and smal|l coryneform The routes by which the above-nentioned vaccine
i s adni ni stvitheighibiteryagtivityefivire fusiangpativirak epmpepads, andeqrappanggwith

i ntranuscul ar, [ntraperitoneal, jntrayenous, hypodermal, and cteric

Fout es. A dEURYSEPRTItEY g diselkn aaqitiendbHEASOREX 1840 RyEreghvertioncAR
treatnment o cute. Vi r i.nfectian in. .S SU .Fusonex or its
derivati ve?ﬁsé’ﬁ’&ﬂ’ghegetogwlﬂg%otsgroga sg?mfgc?lbqgfa)gl\e%%lt }"\%lef ‘@%%}e]““gzﬁ‘f“g ent to
suppress Visﬁ@tg {sepl ication. This effective dose can be determ ned by

nmet hods gener P y known to one of skill in the art, including setting
paranet ers such T peésehigvetibn pdvides anBvél EisietdinhibiteraFadonaishd ity and
toxicity, etc. As an exanple, Fusonex can be injected continually for 4-52
weeks in a ddcisstives. Thedrdsentinvgntiog ako pagvides apoiaf miedtrdibaeofi Ris@&Gxpt #200ny a
day. The nost preferred dose is 30ng .80ng a day; the duration is about 52
weeks. The drdwmativies withtothen agents svehl asfasher Bngarab ggents, int the treatment andder r anges

fromabout 2 days to 1/4 days, nost preferably 1-1/2 days. Wen in the best
dosage, Fuduenertion of yizal infection, especially HIV infectiori. 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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derivatives can attain a peak concentration of 1 ng/m-I Ong/m in blood

pl asma. The bl ood concentrati on of Fusonex can be determ ned as foll ows:
make up a sterile injection of 20% Fusonex in sone proper buffer saline
solution and inject it continually, then nmeasure the bl ood concentration by
HPLC. The effective dose of the therapeutic agents such as the antiviral
agents 1 n .ghnh rf’aggien!a%Eéof?aB'aﬂnvimfcbmﬁyémmfhmra deh%in%ﬁb&;%?tiM@,SreFé?ati_ng
determ ned on tlhe asis of the reconmended dosage of various antiviral
agent s wel kydpn@winis@atisseglidrict (namdlytheetiod)tbeedice fpessitde ddpagaaderofj oi nt
adm nistration is about 10% 50% | ower than the literature-recomended
dosage f or tieemaividdlehadpyg)ni strati on. Medi cal professionals should pay
attention to the dosage at which toxic reactions begin to occur. Wen the
functions of malhewpmbingtion therapy of Ruseney onitsedediyptyps dvithoothereantivitdd dr ug

i nteractions occur, the doctor should know how and wh fo sus&%gg or
ternminate egentuprevidese pavel Herapsutie methed that can f%écﬂ%éggd‘t"@ dosg u§ ever.

A VLRI I N e e
ffecti t her. tic.,d f whi
oflect | ve \DSARH G AR0AIE o S A By AR, SRS et

WCIEL AL V%ti\gﬁi Ei‘ﬁgaclxyg?alE@g%egizﬁMh@ﬁ%sEPﬁBﬁ%ﬂﬁiing rugfat&'efﬁ%e 9§aiﬂsh£rgyct ype of

drugs can be determ acc Ing to standard ph col ogi cal procedures of
cel I cul t Ukgerslfy AteMhe SroavilityRITsaddesiul tiRspycy depdfore indreasedocedur es can be
determ nation of the nedium /|l ethal dosage (LDSO the dosage at which 50% of
t he experi ment alThe present imveatién hlse povaies! dtugecombitiatiom afd preparatonsase ( EDso,
the dosage at which 50% of the experinental colony are cured). The ratio of
t her apeut i chenigii¢s aryas poeventives iof yiriss(esprecialln Bl ¥piadaction | Fiedrugsambmation:
represented by LDso / EDso. The higher the therapeutic index is trgf better
t he conpousampeses Eusanex of ig defivativesan effective dpse, ahy eéﬁiol’?ﬁpf@&’ﬁ%?geﬁ@n? ion can
be used to,infer the dosage ra for human. The dosage of this kind of
conpounds TP QE?CC\}Q&“P@% agceg&ﬂ@é;

®f%fienati ¢ drug concentration range,
namel y hi gher than k. i biGhd: Li:.gan be
regul at ed accor (TE ﬁ&g‘?‘ gp?sr\%{gj%gté%%getnf §$°#§ng ?%I)V(rilérgﬁgggﬁ}r{nchﬁ?é;?r}ytadt?lﬁ%n‘%lgﬁt e.
Based on t REsSEhdd éhundBeaPesRes. ARcofHERD ayerefied eRBodlRlht sHthesteameur at el y.
The drug c%ﬁ%entratiucr)ln ir?gbl ood pl agrramggan%ge measured by HI' L%. 27 A
descri pti ofinvahtibh Fuderiea@e ith dedivdtivbs are admihisiehet mogetiteawiithranothet ggent withs
follows: Patients are admnistrated directly with the drug conbi nation

cont ai ni ng aFifeartxmerhanism. Thesewagenty msjude(butinphlimited to)xantiveralgents,csudh ug

conmbi nation containing Fusonex or its derivatives with sone ,B_roper carrier
or exci pi ens thecytakines TiENop BEAIPy. . t Bad gFNage. T 6YCrss wanscripfass inhipitorss Wek | on,
especially H\V j ctj.o e, pr.epar.at.i on d admi nigtrat] t echnql ogy for
this appli @ér‘%"ngljfé’ i (?d.qqﬁ@omg%gg’ﬁsvwnfﬁﬁﬂaww“?@é& PMPA. CaYiFAG:
activity of th | e eRRPbgil i . Pl subt ype
speci fici t)f?ﬁ\?/ﬁ}egﬁﬂ%r%gﬁ@o@%%g@f’ﬂ;p pgé)ql{kg)\ﬁ% n:&glletB 2@%3@ l;zi'b{s%%ci fic virus.
The pepti d‘?ﬁimorgﬂﬁc}%s_@?{‘aﬂﬁl HD REBhAVAN [ AVIFOSEASARS hid VR-478, H V-1, and such
an advantage can be uti |ze8 In this field of diagnosis reagent. For

exanpl e, th@d@&%mhwuﬂmam&%ipmgtimmforg,rsh@h feptal deovidm daphukediny i dentify
the type of "a certain isolated virus strain (HV-1 or H V-2). For exanple,

i n the presenrebonfbihding Mokoulexapapispamineanitti soil-HI Cdctiviynglgctpdte@D4+ cel | is
infected with an unknown virus strain, and then continuation to culture the
cel | . Aft erpragedsing inbibiter; glyepsidase inhibiitors SCER3TeandVBIL-28574i iasant i s tested,
and if the activi té is total|y suppressed, this virus strai P .Shoul d be
HIV-1; if t39sorhent; Pt‘yeqeet%élocg?xpfheé@é’& correcspiRIRIERY, BRNAIZNG i (11 e, the
virus strain.s nott | i kelké .@I V-1 heglgr esem%i irnventi on al so includes the
use of phardtHEYe GeeEFsenIUbitoRs, @AY PLheEBiSIof ANIGHOTS, e har 6 4 proper dosage
formul ation for rgaﬁ' 1. 00 S i t ] 51§sf /or drug
conbi nati ons of ﬁﬁgetfgrésg%{&?@\}@ﬁﬁ %‘éﬁ)l]og t ﬁg’gﬁg’r@%ﬂ Jeillltﬁ élpggfrlérrl rogﬂ‘

formul ati Orlri?hﬂ@ht%EBHaQ_@§alc(fnctu|aﬁllg‘}ﬁ'miiﬁ}@$tioﬂn§1 RlditlRetR PSSR injdAUEMt | ON,

especially the conbination prepared as a solution, can be adm ni stered by
ext ragast r qirb}i@&sd Mathod 6Ffoft dhupddwiihibgat(0aldimeDit bobstirgate tHeapkitic eiéefious

i njection. The peptides or the conbinations of the present invention can
al so be pr epduading g wBe sDFusbhex) itk deriadvespatdbasad differeatt meticor, d/arse of a
phar macol ogi cal |y acceptable carrier well-know in the art. Appropriate
carriers are necessary for preparing tHé peptides or conbinations into
tablets, pills, capsules, liquid, gel, syrups, slurry, suspensions, and
ot her dosage formnul ati ons. The peptides and drug conbi nations of the
present invention can be adm nistered by routes well-known to one of skil
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present invention can be ground together with solid excipients into a

wel | -distributed m xture and then processed into granules that are fixrther
processed into tablets or the kernel of sugar-coated tablets; if necessary,
proper adjuvant can be added to the m xture. Proper excipients and fillers
can be sugar, such as |actose, saccharose, mannitol, or sorbicolan; fibrin
products, $H&khadSlogiRhIRsicaEstible Wb@at The Sdrabiaktion the@ps tal pleverp tiieatiqus St ar ch,
glutin, tragacanth, methyl cellul ose, hydroxypropyilugiet hﬁll cel | ul o;qe, sodi um
car boxynet fipm melding wsetolennde agaipsilegeh thylapguticalongparel at tie same digwardyce

di sintegrants, such as cross-linked pol yvinyl pyrrolidone, agar, alginic
acid, or i dsugstakicity pkdentiap¢ethe thesapgutiorindpx.oper coat shoul d be provided to

t he kernel of s(llggaréé:%at,ed“ t_alt;,lngcg. ,Ipfﬁfgféﬁng%g&q%%tg?v@&cemrat ed
sugar sol ution s TR, AfIgbi Qfn I [ e,

car bopol gel, gol thyl ene glycol, titanium x{d cellulose nitrate, and
proper or gdhed %@eﬂ?ﬁ%ﬁ es@ﬂé@ﬂfer%‘%‘ﬁ%laﬂﬁ’?ic lﬂ.‘ tﬁ??sf "éﬁéﬁ‘f’g%ﬁm hgﬁti ons of
coloring matte r bl e Dj t t . coat of
cugar - coat Sprpdshiap S frEl AEREE RSy BRAREL 14 i EABE SuBInETC, O
drug comnbi i r “gdﬂ% h SHRG A i : t I P1ik capsul e
29 and t ern{s@glcélg tls‘%?e?] Iec psuP%&Hnﬁgéeg?vgpﬁe'tslﬁﬁ%znr%gh}ge%ldﬂ{ricgli% 2§§B§uch as

gl ycerin okjrafeRbscanGlsd intthRtsintd Hdst@mrdnidRntADNAl if tkfdtrmilonproRirhid, khdit, such
as | actose, an adhesive, such as starch, and/or a lubricant, such as tal cum
or stear at s called agldient infectian STielprovinsrepraduces #celbeith dedeplcatiombf the ze t he
active conponents. In the soft capsule, the active conpound can be

di ssol ved dostohepersdo, and cao being thyjafected gaople inte otorkidity aitany mgment ifi qui d .
olefin, or liquid-like polyethylene glycol. Besides, a stabilizer can al so
be added. Aftivatedbywsigyeiactorsinside pashautside therbody.admi ni strati on shoul d be
oo Ponen comm ST Dabhe S lnd StV mBen Sh et 2"
ment i oned conbi nat > n

formul atio f.troch I h X f ] i 3 Dl j t he

pepti des o?&ecr%%ﬁahgﬁfugdntsheg? ltefl ﬁé’?g‘?‘g%gr?{ é‘{gﬁ@lﬁﬁl |E 8&“%%?%&%%%??9‘ % el eased
Use of SomPa ARG B ARFiel e M R e A i TG TR &ffria O DY
trichl or of lfgidfeBie thapy thclide Wvadrairabibhd) d6wweihereatity £a8¢, aadrotliowerde or ot her
proper gases. In the case of high-pressure aerosol, the dosage unit can be
defi ned by mdibiduyeatt,icky of neasured rel ease with one valve. The glutin
capsul e and cartridge used as insufflator or exsufllator can_be produced as
a m xture cont aiAsiused hereinpederivetives areferatonnypeptidag) hameogousipFusaes (such as

et S e st By BRSO b L Pl B aRs " "
adm ni stration, . For exanpl h C I . i-nfo a formul ation for
i nj ecti ons SPREULERse] é‘%‘ﬁ%& %695:5’#’1?3%?%8%@? :Fega%&g? az(::lggriti nuous i ntravenous

| nfusi on. The PrEARERRLER, §iférabdliiR0 el WSy GRIAIR. ARG O g for m of

unit dosage. For exanp can be packed nto anpoul Preparations in

| ar ge dosaggndirflvétcie hRatrakeOvifainfdttioh of Wrgfcaubdd diskasagespesisiin as anpoul e
or | arge-dosage container, and added with preservative. The conbi nati ons of
t he presentantivitabagentsn can take the form of suspension, solution or enulsion
with oil or water as its nedium and can contain sone additives, such as a
suspendi ng agentAs usedhéreinzésynergisdiction’” refesyteragaint druptadmiistrptioo it isat i ons f or
extragastrointestinpal admnistration can be in a wet\t er solution of. the
active subdeipgectiysianthe pddite action pEBeTeliFineA O TR OF MOFNSiaBRItiss t he

ti bst | so. be. d d il-1i i
"0 ot on. 1REeRK opr e SiphnleEo dreeniegr HEEEen Rrieer e TR of 1 such
as g _ngel ! a(r)di\l/'ral 591 s afhd a\%{(ﬁ]Epﬁ%fa?edvifa?Lotlé'rar?c%'agaiﬁ&ta?lg' ﬁigﬁnnéad?cir?é hyl ol eate
or triglyceri de, ore° posone. er-11 Ke suspension For i njectron can

contai n substance,dhk o?ﬂﬁrp‘?@s%ﬁtsaprphé‘ati%%ﬁﬁ&d)ﬁ MEGRASE bPwoSdiGhor@S sodi um
car boxynmet hyl ceIP | ose, sorbic alcohol, and glucosan. The above nenti oned

suspensi on @b @Uicﬁsqme@bﬁbﬂ;tiﬂe Ibesds. Th¢ peptidp homedclatiels tdlated todthe subst ance
that increases the conpound solubility in order to prepare a

hi gh- concenfumbti affitssohstitutive. anfihe acddt Feeexaopio aditeptde tdntaiputwoesnains

i njection can be dissolved in sone proper solvent, such as sterile water
for inject iaoid refidiesivéilea tripaptidp sentains direeppiceApgpiide ¢nmipnsed often of ks at i on.
The peptides or conbinations of the present invention can al so be prepared
into rectal dosage formul ations such as’suppositories or retained enemas.
They can be prepared with frequent substrate such as cacao butter or other
gl yceryl esters. Apart fromthe dosage formul ati ons that have been
described, the peptides or drug conbinations can al so be prepared as

o o e b1 -, -



31 pol ymers, such as pol yvinyl pyrrolidone, can be used to substitute for
pol yet hyl ene; ot her sugar or pol yose can be used to substitute for glucose.
The drug conbi nations can al so include proper carrier-like excipients in
solid or gel phase. These carriers or excipients include (but not limted
to) cal ci um carbonate, cal cium phosphate, various sugar, starch, cellul ose
derivati vegmirdedcaisiiglcalled aRoliyopeptide; Wb a@eptidd doaipdyddesmere)tha ten The dr ug
conbi nati ons of the present 1nvention also include the conbination of
active conpmimendciisiiscalitd epblypeptiiese used to obtain the therapeutic purpose.
The nethod of determining effective dose is well-known to one of skill in
the art. A descThptessription for ke appcations pebusotexindhe trepsmenteafdHiV andvention is
as follows: The Fusonex peptide (SEQ ID NO.: 1) shows an effective
antiviral &ther yiralynfegtiongs agfollpws: t he peptide and its derivatives can be

?ﬁﬁfbf‘foaifaznz‘%ﬁﬁ{‘@%?“ FROPRES Bt DRV Sot i L ReBRE 2t MR ct e
cpread of IR s0RoERERnh UG BhRR &RTeq o REA1L By SURBRECS @
H V-2 StT abidoPRithidydbsd pbot R0 Y bR ih el edveRipirdldsY Thé beptiigopet | des of

t he present 1 nvention can used to suppress the spfrea non- human
ret rovi r us @fesert ipleHibmsre (CRpELIOGH supprsiftht SprefDyf Hithan@e @fies maning, fel i ne
sarcoma virus, |eucovirus, siman | munodeficiency, |eucosis virus,

| eucovi r us retfovituses) expe¢idlbBGsi ve pneunoni a virus. The peptides of the
present invention are also |likely to suppress the spread of other
retroviruses andWiobelieyed that HEViand sther viruses teplieage thomselwestcenselisslg@4t o) human
respirat or¥ syncytial virus, di a,t aner virus, Newcastle di sease virus,
human par aPP¥is @&i3y &opm the gnoment phinfegtnm o Tusy 1§ds neeessmyde yeg antivirakagsplds ent

i nvention aj rovi des . .the.use.of . the peptides in joint dru

admi ni st raft @ﬁ‘e’gﬂtr“?g?é of V‘éat‘ﬁfg?ﬂo%f“}‘%?@gﬁ‘g& ertionalse MOVigesa 088y e nent i oned
retrovirus - [QV.k S o L1t f.QE . use f .] Oi nt
adm ni str a??%ﬁ‘%?%ﬁgﬁ;ﬂ%‘g‘% ggéti'(%w ﬁf@ﬂ;@fg qga}(ﬁ% gﬁlag\g}/\@?’ ‘%‘é“t‘%{r&‘ég’;*ﬁ H?lﬁsil/égﬁt ion
provides | Qﬁd‘ﬁxta‘géﬁgﬁirgﬁﬂé% bPNRisef Fusonex and other 32  therapeutic
agents. The joint drug admnistration can prevent synplasm fornation and
HI'V replicati on, Thé\desthiporSeHaibms adriidistraton Guregh inciudmgdHusbhex, for thde
patients. The joint admnistrations of the present invention can also be
used to al treatimentofAI infectiohds abifebawes associated with H V infection. For
exanple, antiviral peptide Fusonex qr its derivatives can be adm ni stered
jointly with antiThe 2etmg targetefFusenexiipembtheglycoprotein gpdl ofitisal surface adent s to
suppress HRBV, .EBY, .1 nfection .and. of her .acci dent infection (including
T8 The pouferigm) meghanis o ison i FinBbH Mo oLt ree BnEratiesy v
infection. ;:The eff.ectijv se for joi LNé St rat| - S on the
ot hodsas T8I PSS PP estia brehsthe AR ahiyPleaciin S ik el 1)
and to ad '&bﬁﬁﬁ&mhﬁ by any proper routes, including (but not limted to):
i njecti onmf uch as intravenous, intraperitoneal, intramuscular, and
hypoder mal i nj ect jt@ybeligVéd that FRBbAREwheAdMinidiéesdSdinelh) $AthHinke @A moselgiigas
actinal nucosa, rectal, vaginal epithelium pharynx nasalis nucosa, enteric
mucosa, et withpdifferet;tatge@nmay promideadditivéer sypergicreiects oBhecarksent insergtionl e

adm nistration routes. Conpared with existing drugs in the art, the

pepti des ofpravides gjeiseadminisiretan ofrirggssinclding Fusangk and elderivetivess Joint

remar kably inproved efficacy, for su?pres ing HV nmenprane fusion, a better

stabi | ity S adninigiRationean sxuee noianuthe giective desedpt also reice thedoxicihe dosage
can be r ed%? 51% a%a\clilratl r(]1(?urg(§.f lcr)lra%dlttirc])(ral, it icz(ljneim%fr(];v(?actﬁc;,S ei%&%y rtl?rgggﬁ g 'varli:?a)g;l 0 es
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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Exanples to illustrate the present invention are as follows: Exanple 1
production and purification of Fusonex. Fusonex was synthesized on the 431
A-typed bi osystem pol ypepti de synt hesi zer. The Fast-M-c chem cal nethod was
used in this synthesis, and standard solid- phase synthesizing technique
was used with am no acids protected with 9-fl uorenyl net hyl oxycar bonyl
(FMOC) . Thgiffefd@ eittviral apehtide TFA, water, 5% ani syl sul fide, 2.5% ethylene
di sul fhydrate, and 0.8M crystalline phenyl phenol. In order to prolong the
bi ol ogi cal hal f The presatft ifveatioreprovides amimprovddanethod forwbestr&dmentadeiryl at ed,
and carboxyl term nal was am dated The peptide was automatically

di ssoci at ethféatiom(¢speciallydikV mfectinr). Ipp presenidnveatien albeproividies aldnigh bul ky
groups were automatically removed. Dissociated fromthe resin, the crude
Fusonex pepembiaatipnsfopthediogtment e H{¥infogsian; thgicembingtipnhap Rusprax ofutst our - f ol d

I . After the. trif tion, th tide. h ti i | d
ether and OFGRINS diepore SRe e st aErin TR s} BR PATEr ARl pur 11
by HPLC. fi ‘] . i
czlr ried ou u%oﬁ%ﬁg%% &%@g@enﬁ%ﬁlldﬁ@%%&lFogetrlﬁeklﬁ’ktg.rr%ﬂ%%lq]gﬁﬁl ﬁh@ﬁ%‘ﬁ@?t ;vagf t he
purified Fﬁf&%g tixmﬁ)gwsdeyto}emse RyibRe TRARE Sr BiheR VA hdiGPinnibiebes: THAS hi gher

t han 95% usonex 1s verified by amno acid sequencing an

el ectron j lint"BeS adhigRiration Willbe'RbrR@HEaIveWE hiipptessihg RitalirbpIRdtidaNeX wWas
4641 .24D." Exanple 2: an el ution experinent of Fusonex e nethod used in

Fusonex el wahgittelxperinent is as follows: On Superdex 75 chromat ogr aphy
colum, the excess Fusonex and the conplex of Fusonex and gp4l N-peptide (3
5-70) was el ut edhe ethods afthe pressntgenpominelude administriien obFusonexosritsct i on

vol une for the curve was,é 30mlL. According to the results, an elution profile
(Fi gure 2) dogigtiye alppe, aphicint d1ug admigiratiemel Eusenex qrdissisripativrs with other conpl ex
of Fusonex and 41 eptide 5-70 s at the position of, 13.2ml, and
Chat of | Fuathaal hieais FORRRee 810 dtesst e of Sher eert SosfHE iifeee -

determ nati.on . f C g N> pepti de

G rcul ar dP' rltgf'es?%ggg%? r‘dgﬁwéﬁgpeu%ﬂégﬁﬁgﬁgétog%%éﬁ?%ﬁ@ rd%%t%t]frn gh of Fusonex

conpl exed M&M}% %@fﬁfem adfldisibrs t& {18 pARCHRY £ MRFirdl édﬁ&op:oqna Quzd - ~M pH

7.4 in 0.1 M al i um phosphate, and then the secondary structure

of Fusonex c&@4P pérRhndithdh Mpddistorinensécdad m&rirdﬁédﬁgmuﬂ&duﬁb’g sddtispect ra. The
anal ysis was carried out on Aviv 62A DS circul ar dichroism spectrum

appar at us. pétied. Seph adiginishtidn sequence (rmimelyte Pesat) exrepeatedyidietateahe | de
(35-70) was neasured in a wavel ength range of 200 260nm The conditions for
t he circul soxicityctswelkan thedmigrasistance of heeherape breath of circularly

olarized |ight s 1.5.nm .and the step was 0.5. the tinme constant was
g 4 d ng present mvrenntxon also provi?ies g dl\ﬁ%rent perlor&%erapy that compnoses

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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2.0 seconds, and the length of light cell was 10 mm Three-|evel polynom al
was used for the correction with the blank data. The tenperature of sanple
was naintained with thernoelectric holder and its error range was within
1C. The results were shown in the circular dichroism (CD) spectra (Figure
3). According to Figure 3, it has been shown that the conplex of Fusonex

and gp4l NyRpedmis ﬁﬂitﬁt&gﬁnt@?ﬁasé}%ﬂd%hﬂﬁﬁﬁ}ﬂ%Yusﬁinf Dedgstasaf onl®@8e a, - helices.

Degree ( 8 ) was used as the unit of e ellipticity of the spectrum
y-axi s, i tgtaekingmiodes kyovB inchsdexbotiiotlifiite006) dmtivirmhagettspbuch agiegur e 3) at
222 nm Exanple 4: testing the stability of Fusonex and T-20 This

exper i ment cydekinesyrinekding BN, aBiNf, tand ofF Ny; pdokipeimhibitershyeversasuring its
nmelting curve at different tenperatures. The experinent was carried out on
Aviv 62A Dsanscriptasedinhibiterny ek as AGdc3 Tanddpiir dddisNevirppineeffraiaping e r ange
for heati nﬁﬁpe_pti de solution was from 20C to (265 C., This experinent tested

the st abi | Pelpvigkrdige RVESe BMEA; Lioyuidg, 31 qther; dideoxyiibqnyeleesidsr at di f f er ent
t t . The 50% el ting t ture, for F plexed with gpal
S R E R g N
C, whil . 5006 i o T i 41 N- id
(t he cur vel Sirapg WREdvicadOURAA b Eoddibe hhiplofiO MR Y 84410 47, N Pept! de

ot her condypIQnssHeEvRallEN AR Bping ihlHR¥s fRNRS A¥oVAGE AfpRofeiiging; ekieFper at ure
to nelt. The resulfs were shown In the nelting curve (Figure 4) of Fusonex

conpl ex angbnl-tiRtigOmpleenle cATaRsphrmghel withargiHEV 4ctividy; hvkob@esa; shown that the
stability of Fusonex was higher than that of T-20. Exanple 5: the
i nhi bi t or yglsedproteinyproées$ing mhiitorsg glynesidasi Mhibitorsf€o-#8334 and MBPILs285/) enent i ng
exanple, it has been shown in the cell-cel] fusion assay that Fusonex can
bl ock vi r avirusrabserbewiCIP4rgceptor blackers) ghempking ige-reqeptos inhibitary, newerlizinghe sane
has 23+ GHIRODRBSBIOY RO e HEBRIPIRISh (1 Coo) of Fusonex vas abou
26t s over A0 e o Bl 48 QN vl ence it
Fusonex peptide is a highly-effective fusion inhibitor capable of suppressing
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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35 viruses fromfusing with human cells, as well as inhibiting

Hl V-induced intracellular fusion, thus blocking the virus invasion into
uninfected cells. The detail ed description of the assay is as follows: The
antiviral activity of Fusonex can be determned by in vitro testing. In the
present invention, a luciferase experinment was used to quantificationally
test the aBydrophobd gfoupomneding (butoblitited1ed) carbobénzoky, dansyy npl asm i nduced by
H V-1 gpl60~H The specific experinment nethods are as follows: The T7
pronot er wast-bungedytasisbnyrgraupt heety SRAP-hpshyleeattyloegarboyb(FMOCheora oni ng site
to assenble a luciferase reporter gene plasm d-Pst7luc. The internal

ri bozyne exovalersilinked mapes0lecuiar yactepgralpripduding(butnoylimited endipid-fetts | i nked
with the 5 -termnal of luciferase gene as well as the downstream area of
T7 pronot epcidchalatgeplyethyleng glygaland<carbobydrateand HI V-1 gp 160 gene were .

bcl d i | i I ! 1d- PMI3. | I cul
Gi'sh, the 2037 Zaf PERRERY ST ErAir ok B RAELI EHOYbBERE: M P Equal
titi f d. : fect
the.ef f eor amsapdp. i bR O S KB ARIGIE yOREF pldB kb POST
target cel gy n@ﬁrn@@r?bl)(ﬂ)lk)ﬁl%rﬁ? aeialchaae,a@fasﬁexﬁfgxﬂm érﬁp&arwmrg%.gene was

set as a negative cont e cells wth non-serous DVMEM were rinsed,

after the DNA pr acidditicH 1© FiSSnexGde ¢he thiivate FusoneRthe ﬁmliﬁiwrsadfthef)resﬁﬂo
mnutes at 37 Cin 9mM/di sh non-serous DVEM Afterwards, the cells were

stirred upimredticiovan alsrtid peptidestdoenptlisii SEY) YUNQIL rig onpéptides ¢omprisiey SEQ pet t e,
and then the cells precipitated after centrifugation were collected. Cells
in each di $BN@r & withswbgténtiery insertRnpandiordletetiophEneenrmerersintigo 46ds. FBe S, and
then the effector cells were mxed wth target cells (45 p.| each) in
96-wel | culmigeacyl isartign capsbe madea o painglegenine agid residyngoga reidyesesment st |

F : di. d in DVB hen di | by 20-fald. Th
of ut i on &t 9o S g e s PRty dFSafcenhEhuRherant B e med um

sol ution a¥

bef ore use, ture medi um or PBS was added, or Fusonex
or T-20 di Is?érgn?n?s\?/ggalé\%dg%d/é[?hc%%lg ntrations augnenting continuously from

zero. The m xtur gyQherkidfd e iARibltSrs of tHeSFERAt i RIntidn imthdehBtoldpsicen i nhibitor
were stirred, and then cultured at 37Cfor 8 3G hours. Before anal yzing

the | ucif erFassheg €SEQ IDINOL: 1Y aloigh bEF@ofi@dhcinolegsealtl/orf Fiednéxseplehis and t hen
the cells were dissolved in 60 p.l cytolytic buffer at a 1:1 concentration.

40 pl | ysatieatshov antivisf activég The istdbiborsvef the pfesertanventiok indidedlibonexy| t ur e
pl ate and then 100pl fluorecein and coenzyne A were added. Three sanpl es
for each ceéegments eftHuspngrepralogsaf Fupanssaand drungated Risenerbomelogs. Thest ng

| uci ferase substigte to the. bl ack 9 cul Eure at e asure the

-wel | | |
cheni cal 1 MBPREGEHORST HRIBHIGF BRI SusncE o SV 3m WUGh PREPEMOS he
em ssion mv?@g{/@% har? L8R4 Re r{l@]&%@?&@tﬂe& 8%&1?%%5({%&%&901{@@5 FaddsS" 29€

and standaff Ion Were ca reé data of eac

concent r at i ?qudaﬁtegfn?oﬂeﬁ Haichh@ih Ldgle AdjadeREpafrRehdrEBRAtAMRE] fdrfslogd Wi th

the sinple arfinity bal ance
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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formula (% luciferase activity = 100/( 1+(C 1Cso)) and then reckoned up
the 1Cso value. The results were shown in the inhibition profiles of
Fusonex and T-20 against viral fusion (Figure 5). Figure 5 indicated that
the 50% i nhibition concentration (1CS) of Fusonex (circles) was about 1/20
of that of T-20 (squares). The ICS value was 1.2 + 0.2 nM for Fusonex,

while it iggeass, thchidi (b notfidited ké) drhfredcting b diffdrére taraéte alt ehrbegh fhesonex
fusion inhibition was 20 times higher than that of T-20. In conclusion,

Fusonex i svisuscrepifration proapgeshchias bevietse ttansaripedse irdutotocs npalgedteade 36 am no
acids in a specific sequence. This inhibitor and its conbi nati on have a
.strong i nhinbibitorsyand glyicosytlationgualiibisars 1o antiviesd agents ackisg weldiffesent wargetsbet t er
stability and higher val ence, Therefore, it can inprove_therapeutic
ef fi cacy wall thsoyshidhe visus spreadingrpresss antiyirat AgebLAng o differem sites ofdhef f ect s.
37 | claim 1. A fusion.i.nhibitor fgr tfhe treat nent of FHX i ?fecti on
conpri si ngS4Rf maleRye AR gntiwgrl @gens sapapls of gigyenting or reducing the development
X- SWETVERE] ENYTK S - ™ ein Xis

hﬁ gru rgké%)tlagclr%. W%én&%ggeh EA)S h@geﬂéﬁté P%\@%{t

either an & rein is an | and X2 is

sel ected fpgy rg{i&moﬁfarb%i 1§bWa%o afl s@BntAcehi |te<§lf16’lH§i§al cRHhQRn@RI ¢ group,

and a nmacr ono e%: ar carrier group; Z1s elther a rboxyl group or -Z1-2Z2,
wherein _le;'ege,ﬁlﬁg]a_r bonyl group, and Z2 is selected froma group consisting
of an am no group, a tert-butyloxycarbonyl group, a hydrophobic group, and
a macr onol ecul aThemhibiters cfitiresent investionrdah be administered pintlylwither ei n t he
hydr ophobic group is selected fromthe group consisting of a carbobenzoxy,
a dansyl, eettosirus inbibitoxsxipclading fiut, noslintited &) mficleesidedemvativdsoklyecar bony!| ;
wherein the macronol ecul ar carrier group is selected fromthe, group

consi st i ngnesleasideidgrivatives arg impiayed demvatives of pyeng ugigasidseand pabndingnd a
carbohydrate. 3., The inhibitor of claiml i n is an acetyl group and
25" e an amcissiied (peirashng Bethafiams B oteteet RS prbBNA R GEmE v | nf'ect | on
COMPY | ST N0 sl 43 4R AL B vale bt licetc iy o iR AR cOFPONEN!
sel ected frromtne group consisting Of reverse transcriptase inhibrtors,

virus protgass thier nhAbssided] AR QahHaHd §ntiasis OF SHNW élaedly RO répRi Ng

i nhi bitors, anmphotericin B, ester-bond bi'nding noleculess wth anti-HV
activity, hifkcApMsy £ thérebyefrhinatedhe virdl DNW egpliestivh. Taizds Why tHegbbesme. 5.

The conposition of claim4 wherein the reverse transcriptase nhibitor is
38 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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at | east one conponent selected fromthe group consisting of AZT, ddl, ddC,
ddA, d4T, 3TC, Nevirapine, Atevirapine, Delavirdine, PMEA, PMPA, and
Loviride; wherein the virus protease inhibitor is at | east one conponent
selected fromthe group consisting of Aquinarir, Ritonavir, Indinavir,

Nel fi navir, and VX-478; wherein the glycosidase inhibitor is SC 48334 or

MDL- 28574 gF 4 R@flﬂirg%eﬂ@dr n&({EStxd’ésrﬁL:luHﬁg@bﬁmhﬁﬁeﬂ By D11 9 didoldy QOV' rin.

6. The fusion tor o aim<1 1's adm nistrated i’ ntranmuscul ar | Y,

intr aV_en_OugLmdeﬁ;r&&mw&uﬁm&meqmﬂy Mérepreétbradly, e npelessitealetioatbley. 7. The
conposi tion of aim4 is adm nistrated intramuscul arly, intravenously,

subcut aneodsd 7, Ir dideyxy 2ecrdnucestides evherdirmthe dustiye b@M is in the B

A9, . AY9. Au& Al 9. AY& AY&y. A" R Al 9E. AF92. AY9. A. A& A .

L. AYL. AY9. Mnﬁeuhatmmgimhﬁintg\(bum liAQteAY@) Al 3adigdogy 2°. /B ¢ flpstoadenasing. A& Al u
& Al 9. AL. A9. Aa. Al & AYs. A 1@ :

t | vakf [ V] BddAY] @4 dadideoxyad] ftaﬂ'-@é@l]‘@%‘]ec@]@ ’czﬁ/]zc'aPchF@’é}]'%aM cal]ca]calc
&qr 4
?>L<J]r (r:rﬁ]c’c‘ ?(]S]Cgfiﬂﬂﬂcrg%a)]c@]&]%@]]‘ﬁg;])c%ﬂt%? g&?f%&?éﬁ feond g%ﬁceébﬁ dospeeQfjnusteoside ca] ca ¢
N I
?]( ((:(’(El 1 g’? LC ‘(’:a% %?)‘(;‘%Jﬂﬁg’&é"‘]‘\%v%gﬁ%‘ {3\{1‘3 lca§ 6“ -re(sj tangﬁ%c/g?'/caflca]vca?/] caj ca]
ﬁﬁﬁ@%@%ﬁ@%-ﬁmﬁﬁﬁﬁﬂﬂﬂﬁmmmm
ca] ca] caV] ca] cag ﬁ?t@%]p?ﬁ%ﬁ&ﬁ&rﬁ@é&ﬁ@ﬂt@h%%déﬂﬂ inPedion] thalcemyinaibge a] cal ca

V] ca JJJIKM NORRsRRRRSS

VpWY[ \ “bbDe¢hithvital pdptided i uclepidd daivatijes irohaleFalarek oafits dpdalived ina] ca] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca!.j|]j]jkakl | mhnmr nhn
noo( su@waffedtiZe dbbe, ai® PLInddC Zanidr m&ﬁ]cq]vcaipe%lﬂoc d]@aﬁ&ﬁa?ﬁ&f&ﬁ}/c aj ca] ca]
ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca ca] caj ca] ca% cajcajcalcal2z ! (Q@BH 5

b#p' , } wr mhénfagtion Adnergpsefpied dmp cambualioninchiden{bubnetdinitadia) F4sensx O8] cal ca]
1t.z2nl b
%ﬂ%%%@%@%f@ kg angan oy earpind) RasebRREalblif 2v] on] ca
&' 4 #* * k% %
i? nglﬂ‘ ;{a{/\;?‘k’ a@ﬁ]ﬂ%}%?’]ag?'c’a ‘%%Xlﬁ]lca ce{fﬁeciﬁe% ca] ca]( ca]oca] ca] ca] cMa] ca] ca] c
a] ca] ca ca] ca] cghg%;a L A3 b b Ve ded idintly- wiliPRGRIAS4456B8g: ;

; >A0B6B?BDEzupkf a\ W | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca
] c*a] ca] cahg@hé pidsphaiglating edyme) 1ﬁélallmglmh©alirﬁméd:'toﬂ¢3&ddhdiﬁéJJJ R11334456B8g

' ;AOBGB’>BDEzampblﬁthm]:ludl]lgh]:m]acyqlma]dhw] @A boapederaiacytloaridina] ca] cal ca] ca
_] c”Ma]ca]ca] ca]]ca]ca ca] Cgl] ca] ca] cal ca ca] cal@i K-14109%&' ()-yS
109 () - L1UB&AU); a0 2 » amethohgnzoxybemsylacylpyridine

10%: () - @(AMIQ %GKA[S)), h)%rg)?yr%e(%h%e lacyc O(IJJ(F)/I(ngg )(Hl%/&lﬁa)o#&<lo%& ()-s:Sd e
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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Fusonex can produce a synergic effect and achieve satisfactory clinical results. The
present invention provides a the method for treating HIV infection, which is a joint drug
administration using Fusonex or its derivatives in effective dose together with a
protease inhibitor in effective dose, the latter including (but not limited to): Indinavir,
Invirase, Norvir, Viracept, and Agenerase.

Fusonex or its derivatives can also be used jointly with anti-HIV drugs that
disturb 5’-mRNA processing, such as virazole. The acting mechanism of virazole is
unknown yet and presumed to be competing with guanine in forming the mRNA
capping structure, and/or disturbing the methylation of these molecules. There is likely
to be a synergic action between Fusonex and virazole.

In addition, Fusonex or its derivatives can be administered jointly with
amphotericin B. Amphotericin B is a polyene antifungal antibiotic that can bind
irreversibly with sterol. Amphotericin B and its formate have an inhibiting effect
against many lipid envelop viruses including HIV. Amphotericin B has a serious
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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against cells, inhibiting the formation of synplasm, inhibiting the activity of reverse

transcriptase, or inhibiting viral ability for RNA or protein synthesis, etc.

A description of the dosage formulations, dosage, and administration routes is
as follows. Drug combination is described first.

The drug combination of Fusonex or its derivatives with at least one of other
therapeutic agents provided by the present invention can be used for the treatment or
prevention of human or non-human viral infection. The joint drug administration
provided by the present invention can produce an additive/synergic effect.

The preferred drug combination contains Fusonex or its derivatives, and at
least one of other antiviral agents, such as reverse transcriptase inhibitors, protease
inhibitors, mRNA processing inhibitors, protein glycosylation inhibitors, virus
adsorbent, CD4 receptor inhibitors, chemokine co-receptor inhibitors, neutralizing
antibody, integrase inhibitors, and other fusion inhibitors, including (but not limited to)
nucleoside 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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infection in other situations, such as in medical workers handling HIV-contaminated
blood, blood products, and body fluid in a medical accident. In these cases, the peptides
of the present invention can be used as a preventive vaccine. With the inoculation of the
peptide of the present invention, the host will produce antibodies that can inhibit HIV
infection and neutralize HIV viruses.

The present invention provides a preventive vaccination scheme, which
comprises: administering to the host the peptide at an effective concentration for
eliciting sufficient immune responses to neutralize the HIV, e.g., to develop the ability
to inhibit HIV infection of cells. The elicited immune responses can be detected by
standard techniques well-known to one of skill in the art. According to an embodiment
of the present invention, the peptide used as vaccine is administered by muscle
injection.

In order to increase immune responses, the peptide of the present invention can
be administered with some proper adjuvants including (but not limited to): mineral gel,
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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derivatives can attain a peak concentration of 1mg/ml—10mg/ml in blood plasma. The
blood concentration of Fusonex can be determined as follows: make up a sterile
injection of 20% Fusonex in some proper buffer saline solution and inject it continually,
then measure the blood concentration by HPLC.

The effective dose of the therapeutic agents such as the antiviral agents in joint
administration with Fusonex or its derivatives is determined on the basis of the
recommended dosage of various antiviral agents well-known to one skill in the art. The
preferred dosage for joint administration is about 10%—50% lower than the
literature-recommended dosage for separate administration. Medical professionals
should pay attention to the dosage at which toxic reactions begin to occur. When the
functions of marrow, liver and/or kidney are damaged, or serious drug interactions
occur, the doctor should know how and when to suspend or terminate the
administration and to regulate the dosage to a lower lever. In contrast, if the anticipated
clinical therapeutic results are not achieved, the doctor should also know how to
enhance the dosage.

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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A description of the dosage formulation and administration routes is as follows:

Patients are administrated directly with the drug combination containing
Fusonex or its derivatives, or with the mixture of the drug combination containing
Fusonex or its derivatives with some proper carrier or excipient in order to obtain the
dosage for treating viral infection, especially HIV infection. The preparation and
administration technology for this application is well-known to one of skill in the art.

The antiviral activity of the peptides of the present invention can exhibit a
subtype specificity, which means a specific peptide inhibits only a specific virus. The
peptides of the present invention are most sensitive to HIV-1, and such an advantage
can be utilized in this field of diagnosis reagent. For example, the anti-HIV-1
specificity of this peptide can be used to identify the type of a certain isolated virus
strain (HIV-1 or HIV-2). For example, in the presence of the Fusonex peptide, an
isolated uninfected CD4+ cell is infected with an unknown virus strain, and then
continuation to culture the cell. Afterward, the retrovirus activity of cellular supernatant
is tested, and if the activity is totally suppressed, this virus strain should be HIV-1; if the
activity is not suppressed or suppressed only a little, the virus strain is not likely HIV-1.

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



109 ()- ,109M& ()- 109 ()-k_& 109 ()-) " 10% ()- RRRRRRRRKS7= 1
MLOY& () - M-L MLOY%& ()-M MLOY& ()- M-L MLOY& ()-M MLOY%& () - MRRRRRRRRSW/'= 1
MLOY& ()-M MLOY& ()- M-L MLOY& ()-M MLOY& ()- M-L MLOY% () - MRRRRRRRRXX@ 1

including intramuscular, hypodermal, intramedullary, introthecal, directly
intraventricular, intravenous, intraperitoneal, intranasal, or intraocular injection,
percutaneous, local, vaginal administration, etc. The dosage formulations include (but
not limited to) tables, pastille, powders, suspensions, suppositories, solution, capsules,
frost, plasters, and micro-motors. For convenience, the drug combinations of the
present invention can be made up by routine methods into any pharmacologically
acceptable formulation using one or more physiologically acceptable carriers. The drug
combinations of the present invention can comprise one or more excipient and adjuvant
to facilitate the processing of active compounds. The formulation is determined by the
administration route. To facilitate the injection, the peptides or combinations of present
invention can be prepared as a solution, e.g., a physiological saline solution. In the case
of dialysis membrane administration, penetrants that facilitate the preparation
penetration of barriers should be used, and these penetrants should be generally known
in this field.

The oral dosage formulation of the peptides and drug combinations of the
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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and the sealed soft capsule made of glutin and a plasticizer such as glycerin or sorbic

acid. The stuffing-type capsule contains a filler, such as lactose, an adhesive, such as

starch, and/or a lubricant, such as talcum or stearate. In addition, a stabilizer can also be

used to stabilize the active components. In the soft capsule, the active compound can be

dissolved or suspended in some proper quuid, such as fatty oil, liquid olefin, or

liquid-like polyethylene glycol. Besides, a stabilizer can also be added. All the dosage

formulations for oral administration should be convenient for patients. In the case of

actinal administration, the above mentioned combination can be prepared into the

convenient dosage formulations of troche.

In the case of inhalation administration, the peptides or combinations of the
present invention can be readily released in the form of aerosil by use of high-pressure
package or atomizer, or by use of some proper propellant such as
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon
dioxide or other proper gases. In the case of high-pressure aerosol, the dosage unit can
be defined by the quantity of measured release with one valve. The glutin capsule and
cartridge used as insufflator or exsufflator can 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 ampouie 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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viscosity, such as sodium carboxymethyl cellulose, sorbic alcohol, and glucosan. The
above mentioned suspension can also contain selectively a proper stabilizer or
substance that increases the compound solubility in order to prepare a
high-concentration solution. The active component of the pulverous injection can be
dissolved in some proper solvent, such as sterile water for injection that is in the
absence of pyretogen, before administration.
The peptides or combinations of the present invention can also be prepared into
rectal dosage formulations such as suppositories or retained enemas. They can be
prepared with frequent substrate such as cacao butter or other glyceryl esters.
Apart from the dosage formulations that have been described, the peptides or
drug combinations can also be prepared as long-acting dosage formulations that can be
administered by hypodermal or intramuscular planting or intramuscular injection.
Therefore, the peptides and its derivatives or drug combinations can be prepared with
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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other sugar or polyose can be used to substitute for glucose.

The drug combinations can also include proper carrier-like excipients in solid or
gel phase. These carriers or excipients include (but not limited to) calcium carbonate,
calcium phosphate, various sugar, starch, cellulose derivatives, gelatin, or polymers,
such as polyethylene glycol. The drug combinations of the present invention also
include the combination of active components in effective dose used to obtain the
therapeutic purpose. The method of determining effective dose is well-known to one of
skill in the art.

A description for the uses of peptides of the present invention is as follows:

The Fusonex peptide (SEQ ID NO.: 1) shows an effective antiviral activity. As a
result, the peptide and its derivatives can be used as human and non-human retrovirus
inhibitors, especially, HIV inhibitors, and thus preventing the virus from spreading to
uninfected cells.

The peptides of the present invention can 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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therapeutic agents. The joint drug administration can prevent synplasm formation and
HIV replication, and thus suppressing the reproduction of HIV in the patients. The joint
administrations of the present invention can also be used to alleviate or cure the
diseases associated with HIV infection. For example, antiviral peptide Fusonex or its
derivatives can be administered jointly with antifunal égents, antibiotics, or other
antiviral agents to suppress HBV, EBV, CMYV infection and other accidental infection
(including TB).

The best use for Fusonex or its derivatives is to suppress HIV infection. The
effective dose for joint administration can be based on the methods as follows. For
example, to prepare the drug in a proper carrier and to administer it by any proper
routes, including (but not limited to): injection (such as intravenous, intraperitoneal,
intramuscular, and hypodermal injection, etc.); epithelium or mucosa absorption, such
as actinal mucosa, rectal, vaginal epithelium, pharynx nasalis mucosa, enteric mucosa,
etc; per os; transdermal or other pharmacologically feasible administration routes.

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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ether and then dried for 24 hours.

The crude Fusonex peptide was purified by HPLC. On the C18 column (15 um
global filler), linear elution was carried out in water/acetonitrile containing 0.1% TFA.
The purity of the purified Fusonex peptide, which was measured by analytical HPLC,
was higher than 95%. At last, Fusonex is verified by amino acid sequencing and

electron jet mass-spectra. The molecular weight of purified Fusonex was 4641.24D.

Example 2: an elution experiment of Fusonex

The method used in Fusonex elution experiment is as follows:

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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The results were shown in the circular dichroism (CD) spectra (Figure 3).
According to Figure 3, it has been shown that the complex of Fusonex and gp41
N-peptide (35-70) had a secondary structure of 100% a, -helices. Degree (8) was used
as the unit of the ellipticity of the spectrum y-axis, its ellipticity 6 was about -40,

000/deg cm* dmol (Figure 3) at 222 nm.

Example 4. testing the stability of Fusonex and T-20

This experiment determined the stability of a polypeptide by measuring its
melting curve at different temperatures. The experiment was carried out on Aviv 62A
DS circular dichroism spectrum apparatus. The temperature range for heating peptide
solution was from 20°C to 95°C.

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 detailed description of the assay is as follows:
The antiviral activity of Fusonex can be determined by in vitro testing. In the
present invention, a luciferase experiment was used to quantificationally test the ability
of Fusonex to inhibit the formation of synplasm induced by HIV-1 gp160yxs.
The specific experiment methods are as follows: The T7 promoter was inserted
into the pSP64 upstream sequence of the cloning site to assemble a luciferase reporter
gene plasmid—Pst7luc. The internal ribozyme entry site (IRES) of
encephalomyocarditis virus(CMCV )was linked with the 5’-terminal of luciferase gene
as well as the downstream area of T7 promoter. CD4 gene, T7 polymerase gene, and
HIV-1 gp160uxs gene were subcloned into the mammalian expression
plasmid—PMT3.
In a 10cm culture dish, the 293T cells 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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fluorecein and coenzyme A were added. Three samples for each concentration point
were repeated. Two minutes after adding luciferase substrate to the black 96-well
culture plate, measure the chemical fluorescence intensity with Spex fluorolog-3
fluorimeter, the emission wavelength being 552 nm and slit breadth being 7mm. The
average and standard deviation were calculated from the three data of each
concentration point.

The inhibition data in the experiment was fitted with the simple affinity balance
formula (% luciferase activity = 100/(1+(C/ ICso)) and then reckoned up the ICs; value.
The results were shown in the inhibition profiles of Fusonex and T-20 against viral
fusion (Figure 5). Figure 5 indicated that the 50% inhibition concentration (ICsp) of
Fusonex (circles) was about 1/20 of that of T-20 (squares). The ICso value was 1.2 +0.2 nM
for Fusonex, while it is 23 + 6 nM for T-20. In other words, the valence for Fusonex fusion
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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acid sequence as follows:
X-SWETWEREIENYTKQIYKILEESQEQQDRNEKDLLE-Z (SEQ ID NO.:
1).
wherein
X is either an amino group or -X1-X2, wherein X1 is an imino group, and X2 is
selected from a group consisting of an acetyl group, a hydrophobic group, and a
macromolecular carrier group;
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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) 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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