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The authors have discovered a highly selective CXCR4 antagonist, T22 ([Tyr*!2, Lys’]—polyphemusin II), and its
shortened potent analogs, T140 and TC14012, which strongly inhibit the T—cell line-tropic HIV-1 (X4-HIV-1) infec-
tion through their specific binding to a chemokine receptor, CXCR4. CXCR4 is a major coreceptor (second receptor)
for the entry of X4-HIV-1 into T—cells. These peptides have been found through the structure-activity relationship
(SAR) study on tachyplesins and polyphemusins, which function as self-defense peptides of horseshoe crabs with imma-
ture immune systems. T140 and TC14012 showed the highest level of anti-HIV activity and antagonism of target cell en-
try by X4-HIV-1 among all the CXCR4 antagonists that have been reported to date. Additionally, bifunctional anti—
HIV agents based on the specific CXCR4 antagonists (T140 analogs) —3'—azido—3’—deoxythymidine (AZT) conjugation
have been synthesized and evaluated, since T140 analogs can possibly work as a carrier of AZT targeting T—cells due to
their specific affinity for CXCR4 on T—cells. T22 have two disulfide bonds and a Trp residue in the molecule. In connec-
tion with this study, novel facile and side-reaction-free methodologies for disulfide bond formation have been estab-
lished for the increase of the efficiency of SAR studies. Furthermore, the completely stereocontrolled synthetic process
for a couple of (E)-alkene dipeptide isosteres starting from L—-amino acid has been established in order to facilitate
nonpeptidylation studies on peptide-lead candidates. In this review, the authors wish to summarize our recent research
on the development of specific antagonists against the HIV second receptor CXCR4, involving studies on the establish-

ment of efficient methodologies for the facile synthesis of peptides and peptide mimetics.
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1. EL&®IC

54EHET, TA XOFEERYAIVA HIV) TR %
RN, IREEOHREMEZEZZO T, KREERL
7=. SFNMEEE Science |2 Breakthrough of the Year
(1996 )V & L THRM SN L DI, TOHRBEE
TO HIV, AIDS 72 ICHR< FBZKEF L 2D0
HBELFEENH-Z. 1 DD, HIVSO7r7—t
FHEA 1 A & s G R R HER 2 O AGHEIC
K5 3FIPFHEED, TA4 XDOEBITHMO THZT
bV, HIVEERFOIMH T 1)L X RE % R HRE
LFCRASED LML EZETHS. 2D
X O /e H#E %I, highly active anti-retroviral ther-
apy (HAART) #ELIFIN, BRETHHROIIER
WiziRiETH 0, Hax O HIV 70577 —YlEE
H &R FE R ERDHAGTODINTHEHEINT

W3.222001F, HIVA TS /7O 77—
NRAT D EEITMHT S coreceptor (35 A2 A1K)
MOWICHERINZZETHS. HIV LA D
BRI BWTHIAT S ) ORI TR S >
NI D CD4 Th s &iF, 15FL EbFinsbn
S TCW/=A, coreceptor |3Z DEFEIEMNRE I N7aN
S5EFEARHTH > . FiL, T D coreceptor I3,

A, RIE, RIERIGKE DA IMERD EA IS I 5
TETENADDZHEEKRTHDZENHSNIEIN
ZOTHD., LT, HIV R PTE 20
¥IZE o T, HIVOY A TEI 707 v — RN
P (M-tropic), T Mifafgat: (T-tropic) & —HHf
fasgmitE (dual tropic) IZRKEL EEIN/- (Fig.
DY Zofgmttid~vrory y—2, THIAEK, &
HAETHEOZNZNIZE> THRHEL TS E

AL, T 13 FEAARLRBRHEOZEHEZLEL TRRBRLAEDDTH 2.
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Fig. 1. HIV-Tropism and Receptors for HIV-1 Entry

HAZREOEEDOEWICIX S, M-tropic, T—
tropic HIV 13, #hZEN, BREBZTFrTh1 228
f& CCR5,9 CXCR4 (fusin) ¥ % coreceptor & L THl|
AT 5. BiETIE, HIVABAOBICHEHET S
coreceptor DEWIZ L > T, HIVD Y A1 7% R5-
HIV, X4-HIV & R5X4-HIV I/l TW5, ¥
7z, HIV ER a2 1F 7214 10 [ELL 1S RIEIE D IS
EFENNWBZERZEFORTH o0, ZHUIHKRW
IZ CCRS Z1EDBIETO—HMRBLTNWD Z &
MERTH-o7=. P ZhoomEzd LT, HAD
B3N T O coreceptor ZAEH) & U 72 k217
HiFIORFEF S Z R LG, 9

BIEO LA XOEEHRLELTIE, ERokS i
R RMEEER & HIV 705 7 —EHEA A
INTHO, TO HAART EEIZIEF A A EN
B, L2vL, HAART IZX D Ifih virus & 2 K
MIBRHBREL TICHE> TV TS, KRNICEST
HIV 23FEHEL, HHEZGEOERLTHWDS 2 EAH5
MIZI2 D, HAART |3 HIV O ¥45i % 99% Ik T =
508, FEERAKNMNS HIV 2BE 3 5 Z L3 A0
HETHDHEVNDON, BEMTORMTHD. %
7z, BER OFBMmHE D A )L 2 O HBS O BED
TERIRRINDIFTIERL, EHIEHEIETD
IBHEMH OERE 2T 72012, HIV OEHR
D F B2 M3 2 EHOBRGEAHFE I N TN S,
ZDO XD R MN 5, HIV coreceptors CCRS,
CXCR4 12419 % HIV O G 2 HET 2 HEAINE
PHINk., TOHEEFROMEME L TIIRADU A
VRTHBTEHACFDHDRIZEDTIZA b
LY AT ANNEBE AN, £9, ZOFXER
A% BKKRCCRS DARD YT RTHBTrEN

I M |
HoN-K-W-C-F-R-V-C-Y-R-G-I-C-Y-R-R-C-R-CONH,

tachyplesin |
polyphemusin Il HzN-R-R-W-C-F-R-V-C-Y-K-G-F-C-Y-R-K-C-R-CONH,
T22 HaN-R-R-W-C-Y-R-K-C-Y-K-G-Y-C-Y-R-K-C-R-CONH,

- specifically inhibits the entry of T-tropic HIV-1.
* EC50 =8.4nM, 0050 =27 ]J.M
+ blocks HiV-cell fusion.

Fig. 2. Self Defense Peptides of Horseshoe Crabs and Their
Analog T22

- 2 regulated on activation, normal T cell expressed
and secreted (RANTES), macrophage inflammatory
protein (MIP)-1e, MIP-18, CXCR4 O 1) /j > R T
& %/ E 1 > stromal cell-derived factor (SDF)-1
MEHNZIRVBELEZMNED N THS. INSTrEHA
F, EESHBHIVERZET 2500, 53T
BOREL (70 7 2 JEEREARE), Mlumici s
FIPMED 2 ZEICKDRIUERM, dabb, AkD
TENA ZDIEMTH 2B IMERDEE K NEHEIZ
X0, HIZHIVOERZ{EEL TL X5 gtk
H5., UEDOXDIRHN S, HIV  coreceptors
CCRS5, CXCR4 ZE & U 7K FOBHEA] (7 >
FIZAR) OHENGFEEENTVS,

FESL, W7 MAZomHIcEEL, AKREEH
A TWABHHEI T A IV ATEEXRTF R TH 2
tachyplesin, polyphemusin® /n 5 #ZF&EL T, ¥ ¥R
FIVY (AZT, BACEK THEDbON T X
F)IOZILEd 551 HIV 269 2{ba9Y T22
([Tyr512, Lys’]-polyphemusin II) (18 3&E~XTF
R) 2RWHI L& (Fig. 2).10 £/, T2 ERD
HIV O % 2%k CXCR4 DXy THFiAITH %
TEEHSMTL, D T22 ZHEMEE LT, HL
W& 1 7 OHHIV FORFERTEZ B L THD.
2B, T35 FHNIC2ADTZAIVT « RiEGaH
T5RUTRT 7> (Trp) BEXTFRTHD,
AWFUTBIE L, kDO ERIED R FZBE L72H
BOP I T 1« REEERRRISZREL, ZAF >
BARTTF KOG RO K O & TG M AH B 72
DNRAITHRBFERZRZME L2, ARH T, &
N AF 2 EERTF ROGHIEDOHIEICDNT
AL, RIT, T22 OMEETETEAHBE & 1 FH iR B
KOT22 ZHBHE ST 28 L WY 1 7 Dh1 HIV
FDOBERIZONTIRND ZE LT 5,
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2. BERIRAFUEERTF ROEMEADRR
STFNITERO AN T « REGEEAET2XTF
REGRT 256, HJ/URLIEILDZP AT 1 R
BRI DA T, HEOAEIZ S-SEFEINT
WIEWI 2V T ¢ R BRI AERRT 5 2 &l &
NTW%., X/, RROXRTF RO I JBEHRE
EK, 0F, ERBMT I JBOERTF Rt
v REBALERTFRHDLVWEXRTFRI AT ¢
v I AEERT HHE1E, HOMLEIZ S-S 424G
INBRFAEITRN, Lzdi> T, TNTNDP )V
71 REEGEREBENIC, D, (MERRWICERT
LHENEENDS., ZOHEEZZRITYT 51T, S-
REATA L RERE AT CEBRTESY X))
74 RGBT/ D, ZhiZid, I—K

FUT L, ZIIRFT RZEHWSREDHEINT
WaM, IS ORRALSURSR TR Trp, AF
=2 (Met) WMERIZZITAH T ENHMH5NTHO,
HAIIEHIBR A D 5. 1319 Z 2 TEEZ 51X, /EkRD
BRFEOREZLRB LTz, SHRESATA > O
R#ELR (MU TZIF O ALY > Z)VE >R
(AgOTf) %M WW%H K]S EHERKERP DD A
FILZIVERF T K (DMSO) AILES D AED
VIZKB DN T 1« RIS E RWH U7z (Fig.
3).D KiEEHWS L FHICERET LM P Z))
T4 RIEBICEEE 252, RTFRFO
S—acetamidomethyl (Acm) {R#EI 251 > HHE%
BRI CTERMICOAF VITEMTES. L,

Z DR AL ORI 8ii/s 7 2 /i (Trp,
Met 55) IZETH D, ARKINTEMAHFHOLNE
HARRBTHDEEZ 6%6 51T, EXREILE

EHAEDLEDZEICK TR 2ED Y A
74F#A%ﬁﬂ&7?b®MEgmmyxw74

REGBRICHAITETHS Z L2 RLE
(Fig. 4) .19 S2F%, ARk 7z W T 100 L o
T2 FEROERZET>THD, T22018 7%, S-S
24, Trp 1 f#l, Figs.2 & 4) D& EMEAHBIAZE
ERNRINIT 072,19 £z, RiEERAWTHRO
T/ > SDF-1(67 5%}, S-S2 4, Trp 1 fd,
Fig. 5) OHRITORIIL, KENEHOXRTF R
DERICOAHTHAH I EERLZ. O

%%51Lﬁ@TM@%Eﬁﬁm%ﬁ%’
0, WA 73R 5> T O & G P AR B AR
ﬂm;nmu4%%,&81$,ﬂp%aimm)

e

g e c?Ag C?Ag 50% DMSO A

..... oGl AIOTE ) Clg. OB DMSO Clse Ol
ys iy S Y T M HC aq. yehy

{no significant side reactions with Met, Tyr and Trp)

1) DMSO oxidation in aqueous media

1 SH 0% pmso $—$

ver-CY§einns Gy gens  ——— --A-C}s-----clys---

2) AgOTi-mediated deprotection
A?m Aecm
3 ; AgOTI_ ‘
r-Cy§--- Cyg-c —> ...Cyg--=- — ....Cys-----Cys---
Acm = ace!amldomethyl

Fig. 3. Disulfide Bond Formation in Cys (Acm)—Peptides Us-
ing AgOTf and DMSO/HCI agq.

Mir Mtr  Acm Bu’Mtr BocMBzIBy'Boc By MBzIBu' Mir Boc Acm Mir
H- Arg Arg ~Trp- Cys Tyr-Arg Lys-Cys Tyr-Lys Gly-Tyr -Cys Tyr Arg Lys-Cys-Arg-PAL
¥ 1)1 M TMSB - thicanisole / TFA

Acm S SH Ac.m
H—~Tmp-Cys—-—--—-Cys-—s--er-Cy§—--—-~-Cys—--NH,
¥ 2) Alr oxidation
Acm Acm
¢ r— 4
H—--Trp-Cys: Cy Cy Cys-—--NH,
3) AgOTf - anisole / TFA
4) 50% DMSO /1 M HCI
| JE——
H-—Trp-Cy Cy Cy Cys-—~NH.
[T22]
Mitr = N 2,3,6-trimethylb
MBzl = p-methoxybenzyl
PAL = 5-(4-F hyl-3, 5-dimethoxyph y)-valeric acid linker

Fig. 4. Regioselective Disulfide Bond Formation for the Syn-
thesis of T22 Analogs

T
anc-Arn-O'CHz-Q-O‘CH
* 1. Fmoc-based solid phase synthesis

T Acm

HKPV-5-L S-Y-RCre-P-OJ AF-F-E S H AR AN
GV yerys RS A ARAT b X'® =V, human SDF

T) 26 18 :
C":ys v-a-n-N-N-N-K-L-n-A-v-l-Q-L-A-Cyr; N-P-T-N-LA-K-L~/ X" =l murine SDF

1 D-P-K-L-KWH-Q-E-Y-L-E-K-AL N
¥ 2.1 M TMSBr-thioanisole/TFA
S A‘im SIH Acm
HyNe—eeCy$-P-Cy§-esmCyg—r~Cy8-—~W~-COOH

3. alr oxidation
4, HPLC purification

(The following groups were
used for the protection of
side chains of amino acids.)
Asn: Tnt, Lys: Boc, Glu:
OBU', Tyr: Bu!, Gin: Trt, Asp:
OBuU', Thr: Bu', Arg: Pmc,

i t
Acm Acm His: Boc, Ser: Bu

-chromun-s-su ifonyl

®-= ocHA)-0cH A Hresin

1 18 25
HyN-K-P-V-S-L-5-Y-R- s-P-CYs-R-F-F-E-S-H-X-A-R-A-N-V-K-H)

5. AgOTf/ TFA
6.50% DMSO /1 M HCl aq.
7. HPLC purification

50— 26
CCys-V-Q-R-N-N-N-K-L-R-A-V-I-Q-L-A-Cys-N-P-T-N-L-I-K-L

51 67
1-D-P-K-L-K-W-I-Q-E-Y-L-E-K-A-L-N-COOH

8. trypsin X' = v, human SDF-1(1-67)

9. prolyl endopeptidase X'8 = 1, murine SDF-1(1-67)

Cys-R Cys-P
+
Q-V-C[s—I-D-P N-CL-A

Fig. 5. Synthetic Scheme for SDF-1
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Pmc Pmc Bu’(Acm) Bu! Pmc Boc  Boc Buf Pmc Boc (Acm) Pme

1 . |
H-Arg-Arg-Tyr-Cys-Tyr-Arg-Lys-DLys-Pro-Tyr-Arg-Lys-Cys-Arg-@

®-= OCHz-@OCHz-@-resin

Me3SiCl (10 equiv.) - DMSO (300 equiv.)
- anisole / TFA

H-Arg-Arg-Tyr-Cys-Tyr-Arg-Lys-pLys-Pro-Tyr-Arg-Lys-Cys-Arg-OH
T131

Fig. 6. One-Pot Synthesis of T131

ZRWHUZ (BRiR, Figs. 9 & 11) .22 Z NI
HLTO2IN T 1 RIEG1ROAZEDXTF RO
AR S RiEZBAE L. bbb, NUAFILY
U)LYy R (TMSCH)-DMSO/ kU 7 )L A4 o Fefig
(TFA) ¥z, mETRE (2REEDORE
EEMY =S DY) EPZIVT 1 REEGTE
Ji% % one-pot T17 9 fikZ&BF L7z (Fig. 6).29 &
FEIZKD, Trp 28 £ VWIS AFUEARTFRD
BRLDONRICNER S N, &k O K & 25 H
FIRFE RS ITREIC 2D /2. F7=, ALK, EigipE
K AZT & T140 Otk (#k, Fig. 18) DK D
I23EE D 2R BALE T A R R g i G M i b &5 D
BRICHOEHTHAH I EERLE. D

3. JTHIVRTF R T22 OfEEFHMEEEER
P iR BA

9 £ §i, F#H 51L, tachyplesin & polyphemusin
EHMBICEHMEL T, MNP HIVIERZET 1L
&%) T22 ([Tyr512, Lys’] —polyphemusin II) 7% H W
H U7z AR T2, KD polyphemusin 11 DA
Ry 2 WEbDT N3 EERLZZTD 18T 2/
BEELDOGWRARTF RTH D0, §i HIVIEHEZ
polyphemusin II @ 100 524 £ T, 50% & %hiEE
(ECso) 7Y8.4nM, 50% MifAMREE (CCs) o3
27uM TH % (Fig. 2). =D, NMR,?® CD IZ &k
2 NLARREE AT 2 3T U 7 TS YA B 2 2@ U
TT22 OIEWFRBICBERI =y hZEFEL, T22
D2AEDI AT 1 REEED D B EITHMID D X)L
T4 REGICEOBREINZ-F—22EDHD
RU -2 — MEENEETHD I LEHS ML
7= (Fig. 7)."9 ZOfERZBEZEIC LS 55/
TEHEABICE D, (KT DIKFH RGN T140 %
RWHTIcE 7= (&, Fig. 11).22

antiparallel B-sheet type Il B-turn
A

~a—» inter-strand NOE
- == hydrogen bonds deduced from slowly exchanging amide protons

Fig. 7. Schematic Representation of the Secondary Structure
of T22 Based on the NMR Analysis

T22 3 G4 O fF AP A BIAFZEIC & 0, HIV
MTHIREAT S EEOREBERE, TD5,
JEEG OB T T22 13ER T2 2 &b h> T
7z. F£72, T22 1% T-tropic HIV O D A 2 45 F
MIZFHEE L, M-tropic HIV ORIk L T2 D
INERIBNTEDDN> TV, 51T, K
%, T22 1 3Mifa@&IcB 59 % HIVRESY > /X7
gpl20 & THIlEZ M % > /87 CD4 O /iZ%t L T
OB ZRE DI ENHSNITEo 2, UL,
T22 BHE AR BT 5 gpl20, CD4 10T 5454
HAMEE BT HIVIEE SN T UHMELRNI &
NHND, BIEEREBOZDD AL > OIEHKF %
BRLTWE., 205 RBKHOHF, HIVOD
coreceptor 7N FE H, X #1, M-tropic, T-tropic HIV 3
ZNFN CCRS, CXCR4 ZFHT 2 Z MG X
N7z, T22 NEEROMALE S OB TERT %
Z &% T-tropic HIV (X4-HIV) D& A O H 7% H
MICHHET S Z &5, CXCR4 2419 % X4-HIV
DIRAIT T2 NEEZ5 A 2 EENREIN
7o, FEPE, FEx DOEBRICED, T2213 CXCR4 24
9 % X4-HIV O R A K O fa & 2 5 A I EF
9 5, CCRS 2719 % RS-HIV D12 A K U Hll g
S EE LW ENbho /- (Fig. 8).12 &
512, SDF-1723#f> T\ % CXCR4 23 % i
NIV AREEFERZ T2 13HEFL, £
7=, ¥i CXCR4 £ / 7 00— F )L Hitk 12G52 @
CXCR4 \DfEGZE TR2IBMHELZ. 2O EnB,
T22 |3 CXCR4 ORI T > A=A R TH B Z
EDGERAE N,

4. TR ZEBEELTIHLULY A TOH HIV
BlDERK

ER O T22 OEEEHEEEZSEICL T, Bl
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T22 specifically inhibits:

o HIV-1 infection
mediated by CXCR4

e HIV-1-induced fusion
mediated by CXCR4

e Ca* mobilization in
the response to SDF-1

stromal cell-derived factor-1 (SDF-1)

a natural ligand (chemokine)
for CXCR4
a 67-residue large peptide

cp4 CXCR4
T. Murakami et al. J. Exp. Med., 1997, 186, 1383.

Fig. 8. T22Is a Small Molecule CXCR4 Inhibitor that Blocks
X4-HIV-1 Infection

T22 18 residues, 2 S-S
|d°WHSiZi"9 based on the SAR study of T22
| (ex. The minor disulfide ring is unnecessary.)

TW70 14 residues, 1 S-S

[
T22 HzN-R-R-W-C-Y-R-K-C-Y-K-G-Y-C-Y-R-K-C-R-CONH;

| 1
TW70 HoN-R-R-W-C-Y-R-K- -pK-P-  -Y-R-K-C-R-CONH,

I 1
T131 HzN-R-R-Y-C-Y-R-K-  -DK-P- -Y-R-K-C-R-COOH

TW70: ECsp = 12 nM, CCsg = 16 uM
T131: ECsg = 17 nM, CCsp > 80 uM

Fig. 9. Downsizing of T22

HIV G R BHICH B TR WNEO P Z)V T 1 R
EazEa0 4R 2 HIBR U 728 E R TWT0 %
AR LU= (Fig. 9) TW70 134 — > #7 (+1,i
+241) #H & D Lys—Gly 7 5 D-Lys—Pro ~Z#a
LY —>OEFEZIIN>TED, &R0 2 Kk
ELTIE, T22 LFAKOHIDIRL -2 — MEE %
EoTWV3. . ZDXDIT T2 DT (18 5%
FH—14 55 T3R5, T22 FEAKIITE
72, BEESMREHEEZE L TWD &N D B S5
INTNVWB, T22, TWT70 35 FNIZ Arg 5 f@l, Lys
3EEH, HTEARTHIDF vy —V2HETS
high-cationic 72 HEXRTF R TH 2. KAMD
tachyplesin I HFEFEIC+T DF v+ — P2 HT Bl S
BYEDORTF R THO, IFERITHT 5 5ENHEA
TER BRI BRI L > T, HiEERZRT &
EALNTNDS O T22 OB, T OEMHEERN
MEHEEICBEE L TNWS EEZLSNDDT, 1
N®D Arg, Lys Z R BH 2 H T 2 H KA L-
citrulline (Cit) B MRE Glu ICE#HL T, 4»F
BERO+F ¥ —TEES L, MlFEEOBRR L 2%

T22: high-cationic (5 Arg, 3 Lys, 1 N* —> total charges = + 9)

Natural tachyplesin I: also amphiphilic (total charges = + 7)
electrostatic and/or hydrophobic interaction
with lipid bilayers — antimicrobial action

(o]
Hch.H/\/Ycoou

the membrane permeability of T22 <« cytotoxicity
NH,

NH
C. OOH
H2N n’\/W:Z substitution
Arg Cit = L-citrulline

HZN\/\/\(COOH positive charges{ HOOC COOH

Lys NHZ NHg
Glu (E)

Fig. 10. Design of Low-Cytotoxic Analogs

charges ECgq CCpp

l__j o o
TW70 HoN-R-R-W-C-Y-R-K0K-P-Y-R-K-C-R-CONH, 9 34 15

T131 HoN-R-R-Y -C-Y-R-K-0K-P-Y-R- K -C-R-COOH 8 74 89
T122 HoN-R-R-W-C-Y-R-K- K-G-Y-R- K -C-E-COOH 6 57  >200
T134 H,N-R-R-W-C-Y-R-K-0K-P-Y-R-Cit-C-R-COOH 7 53  >100

0

—
T140 HyN-R-R-Nal-C-Y-R-K-DK-P-Y-R-Cit-C-R-COOH
ECsg = 3.5 nM, CCsp = 45 uM, Nal = L-3-(2-naphthyl)alanine

Fig. 11. Development of a Novel Lead Compound T140

EROAIEZHIEL - (Fig. 10).20 512, CK
a7 I RYATMNEHNIVR Y A T ~NEHL,
MRELT, HxORBELEMERZS I ENT
E, Eiz, Hieln)— RMEEY T140 2 W9 2
EMMT&E /- (Fig. 11) .2 Z ® T140 i3 NMR &
CHARMm # W35 T8 1#EtEICKD, IR
57— /p->—hHiEE L5 TS Z ENHS N
127857 (Fig. 12) .32 X512, T140 20 T LR
DREETETEM B & 15 5 N B O Ky TRHEER
EKkH CXCR4HERTH D E&FAHALE. L
T, T22, T140 B9 &% H A T, $1 HIV iGH &
[CXCR4 # /9% HIV DIRAZHET HIEM] K&
O TH; CXCR4 £ / 7 O — F IV Hidk 12G5 @
CXCR4 \NDOfE & ZHET 21E M (CXCR4 IZxd
LfEGEME) ] PHETSZEERWHL, T22
Je O T140 OIEEFEBHDO A A > D& —4 v M
coreceptor CXCR4 T H % Z & & I FE 1T /=
(Table 1) .39

KIZ, HH CXCR4 FHEH] T140 1I2B L T Ala-
scanning % 17 o 7= §5 %, Arg?, L—3- (2—naphthyl)
alanine (Nal)3, Tyr’, Arg!4 @ 4 ENNLEEILTH %
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Fig. 12. Schematic Representation of the Secondary Struc-
ture of T140 Based on the NMR Analysis and Molecular Dy-
namic Calculations

Table 1. Comparison of Inhibitory Activities of T22-related
Analogs in 3 Different Assays

ICsy (nM)
Analog Inhibition of Inhibition
Anti-HIV HIV-entry of binding
through CXCR4 of 12G5*
tachypresin I >20,000 1,000 N.T.
polyphemusin II 420 520 780
T22 80 5.1 48
all-p-T22 370 1,400 2,800
[Nal3]-T22 110 0.32 N.T.
Scr# no activity no activity no activity
TW70 34 15 N.T.
T131 74 31 N.T.
T134 53 2.7 4.1
T140 3.5 0.43 2.5

* 12G5=an anti-CXCR4 monoclonal antibody, # Scr=a scrambled
4Ala-tachyplesin I, in which 4 Cys of tachyplesin I were substituted with
Ala and the sequence of the constituent amino acids was scrambled.
N.T.=not tested

ZEMBASMITIRo /= (Fig. 13). 39 T140 O LK
1% (Fig. 12) 2"SHWL T, 2050 4 5%HEI3%E
M WM EICHEMEL THB O, HiHIV G
pharmacophore 2k L TWad EEZ 5N, 2
@ pharmacophore % f£#f L 7z &£ %, Cit-scanning
210, BV IBRIRfRE {selectivity indexes (SIs) =
CCs/ECsot ZH T % # &k TC14003, TC14005 %
Bz, LinL, ZOBROERIZEID, Inbs T140
FHYK CRWGAINR BT —8) 1, YUAH
NI IDIME TUMT 2 EBFREDVEDT
HBHCERIED Arg DYIFE N2 Z &ENbho ke
(Fig. 14).» —7, CKuiz 7 2 RENZEH L /255
K TZ14004 1%, HLHIVIEENET TS50 0,

ECso=2.8nM |

120 | ECso=33nM

CCs0 =96 uM TC14003 CCs0=310 uM
Sl = 29,000 St = 160,000
H-Arg—Arg-Nal-c\ys-Tyr@Lys\
Ala-scanning D'-rs
Pro

H-Argc\ys@Arg-Lys\ /

HO-Arg-Cys-Cit-Arg-Tyr

D"l"s{:> ECso = 4.0 nM
Pro .. CCs50=280 uM
HO@rgCys-Cit-ArgTyr” ot TC14005| g 60,000

H-Arg-Arg-Nal-Cys-Tyr-Arg-Lys
indispensable
D residues

Pro

HO-Arg-Cys-Clt-Arg-TVr/

Fig. 13. T140 Leads to Effective Anti-HIV Peptides with
High Selectivity Indexes

H-Arg-Arg-Nal-Cys-Tyr-Arg-Lys \
-T1 40 DLys
ECgp = 3.5 nM

ro
HO-Arg-Cys-Cit-Arg-Tyr 4 100 :

f 80 777
<

T140 Analogs in Feline
Serum

60
H-Arg-Arg-NaI-Cys-Tyr-Arg-Lys\
blys [ 49
ECsp = 2,500 nM o
HO-Cys-Cit-Arg-Tyr 7~
------------------- ¢ ;
0 i
H-Arg-Arg-Nal-Cys-Tyr-Arg-Lys\ 0 4 8 12 16 20 24hr
[Tz14004 | olys —e—T140
ECso =72 nM pr -+--TD14001
o e TZ14004

Stable H2N-Arg-Cys-Cit-Arg-Tyr 7

Fig. 14. Biodegradation of T140 in Feline Serum

MFRBIZBNWTIIE<LETH>Z. £IT, C
Kz I RENCEEL, ZOZEITKDELBER
v hFr—D+1 ERZZEEL T, 512 double
Cit-scanning #1757z (Table 2). Z D#5HE, M
HTRET, mWw Sl z2H7T 5% 5K TN14003
(ECso=0.6nM, CCso=410uM, SI=680,000) &
TC14012 (ECso = 0.4nM, CCso>800um, SI>
2,000,000) 7z HWHL 7.

## 5 (Murakami T., ef al.) 73 T22 @ CXCR4
FHETE M 2 F R L 2K, 12 [RRHZHI O 2 7 O K5+
CXCR4 fHERIW#HE T N/=. 1 DB, De Clercq
S5 KD E N/, bicyclam EIEATWS EHE
BLEY (b&W4 AMD3100, LLRTIE IM3100 &
WS £ #R)39 (Fig. 15) TH O, 2 DHIX, Doranz
SICE @Iz, IEDD-Arg N572HRXTF
R ALX40-4C (Ac—(D-Arg) o-NH,) (Fig. 15) T»
5.3 05 2{eEmiTndineg, CXCR4 249
% X4-HIV DR AZHEL, F/, SDF-1 Offifid
WAL > L EFERSHUER 12G5 O G 2
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Table 2. Anti-HIV Activity of Analogs with the C-Terminal Amide
Analog Sequence ECs, (nM) Charge
T140 H-Arg-Arg-Nal-Cys—-Tyr—Arg-Lys—-DLys—Pro-Tyr-Arg—-Cit—-Cys—Arg-OH 3.3 +7
TZ14004 H-Arg-Arg-Nal-Cys—Tyr—Arg-Lys—DLys—Pro-Tyr-Arg—-Cit—-Cys—Arg-NH, 72 +8
TC14003 H-Arg-Arg-Nal-Cys—Tyr-Cit-Lys—DLys—Pro-Tyr—Arg-Cit—Cys—Arg-OH 2.8 +6
TN14003 H-Arg-Arg-Nal-Cys—Tyr—Cit-Lys—DLys—Pro-Tyr—Arg-Cit—Cys—Arg—-NH, 0.6 +7
TC14005 H-Arg-Arg-Nal-Cys—Tyr—Arg-Lys—DCit—Pro-Tyr—Arg-Cit—Cys—Arg-OH 4 +6
TN14005 H-Arg-Arg-Nal-Cys—Tyr—Arg-Lys—DCit—Pro—Tyr—Arg—Cit—Cys—Arg-NH, 4.6 +7
TC14012 H-Arg-Arg—-Nal-Cys—Tyr—Cit-Lys—DCit-Pro—-Tyr—-Arg—Cit—Cys—Arg-NH, 0.4 +6
TC14014 H-Arg-Arg—-Nal-Cys—Tyr—Cit-Lys—DLys—Pro-Tyr—Cit—Cit—Cys—Arg—NH, 6.8 +6
TC14016 H-Cit—Arg-Nal-Cys—-Tyr—Cit-Lys—DLys—Pro-Tyr—Arg-Cit—Cys—Arg—-NH, 6.6 +6
TC14018 H-Cit-Arg-Nal-Cys—-Tyr—Arg-Lys—DCit-Pro-Tyr—-Arg-Cit—Cys—Arg-NH, 1.2 +6
TC14020 H-Arg-Arg-Nal-Cys—Tyr—Arg-Lys—DCit—Pro-Tyr—Cit—Cit—Cys—Arg-NH, 2.7 +6
TC14022 H-Cit—-Arg-Nal-Cys—Tyr—Arg-Lys—DLys—Pro-Tyr—Cit-Cit-Cys—Arg—NH, 40 +6

N~
E:: H:] E::H ::] Ac~(D-Arg)e-NH,
N N

bicyclam (AMD3100) ALX40-4C

Fig. 15. Other Small Molecule CXCR4 Inhibitors

L7z T2 250, Ih5 3EHDO CXCR4 FHEH]
X, WIN®HHEKEERT TORKRDOREELRAN +8
HHZNWF+IOBATF ML EMTHS (T22 13
RIRDED +9, AMD3100 1% +8, ALX40-4C |3 D
“Arg 9 T+9). £/, Ins3{kEMED
CXCR4 IZH T ZHEEITB W THIA 12G5 EHHiE
M%7, 12G5 13 CXCR4 O — J OV — il 4%
W—THETHDT, TOEWMTELHFEEL TN
HEEVEY X BRI N NG LAY E DA
BEL TWBalEEENH 5. b 3{LEaWdmh
FAIMEEWSHHEIZIEFEICES TN S, 4
DILEMZBITBF v+ —P OhLE, IOEEROEE
MRV EBBEDITHAZSD. SDF-1 L DLb#gT
&, T22 & SDF-173 -3 —hfEzALTWSZ
EMHBERELTHIT 5N S, &I, HIVEAI
B E IS CXCR4 O, HIV OfFmtz
RIET S CXCR4 DELH D fREARFZE AN B I AT
B0 ,3 BAIEE TIZ preliminary 1218 5 N5 &
LTI, T22 (T140), AMD3100, SDF-1, HIV /1%
NZH CXCR4 IZHEA T 2 IS, B MpastL —
TEHRMIERITES, —HF—N—F v T T LN
FCTIEBRWIZ ERDbho TS, £z, Bk

Table 3. Comparison of Activities of 4 CXCR4 Inhibitors in
4 Different Assays

ICSO (nM)
Analog Anti-HIV Inhibition of Inhibition
HIV-entry of binding
MTT IF through CXCR4  of 12G5
T22 290  0.20 2.9 71
T140 12 0.023 0.18 2.3
AMD3100 280 25 1.1 13,000
ALX40-4C 1,300 220 400 3,200

1Cs, values on the 3- (4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium
bromide (MTT) assay are the concentrations for 50% protection of HIV-
induced cytopathogenicity in MT-4 cells. ICs, values on the indirect im-
munofluorescence (IF) assay are based on the inhibition of the viral anti-
gen p24 expression.

2, FEH S O assay £ 12 B W T T22, TI140,
AMD3100, ALX40-4C Zltig L 7z& Z A, HiHIV
&M & TCXCR4 2495 HIVORAZHET S
IEME) KON THT CXCR4 £/ 7 00— FI)LHifk 12G5
D CXCR4 \DFEGZHET H1EMH (CXCR4 1TH
THREEHMME) | OFTNTITBWT, T140 3 HH#E
D% L7z (Table 3).2 5% 25 DLEHMN
CXCR4 IZMHAMHT AHAZHENITHZ &

L&Y O EmAMEIEZ, SHEREGREOEEZS
D, FCETT AL, X5, FoEhodt
W, AL, HERZERWHT I &R EITLD,

X D HH7s CXCR4 HEFEHINT YA > T & 2 AlhElE
MdH 5. Fiz, SDF R{E~ T X TI3HHEERR & M
KOLEROREMNER SN EN 5,4 CXCR4
REL 2550 2 FH KR U2 [ Bk D BIVE A 23 4E U % Wl REME & &
Ll skzn, LML, milkofEs (SDF
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-1, HIV 282 NZ 1 CXCR4 IZHEE T % I
%ﬁ—A—7y7?é@HbTu@m;&)@b
SDF O &2 ERT HIV OB ADAZHET S
CXCR4 HEAI ORI & HBICIIAIEETHD, &
BOERICHIFEFL TWno,

5. 2 EEREMES HIV BlD AR

F7-, T140 58K D CXCR4 2% % @fni: z
FIAL, 2hzXrv—EL T, Moz X3
(FiERFREEACTOT 7 —EHES) 2 TH
fa~N% =2y 574 27952 E%E 7 (Fig. 16).
9, HEESIX T FEMRITE YR > — (X
DIV A=) B L TR G R R E A
AZT Z ARG S E Mt amzE &L (Figs.
17 & 18), FEAYHINEIC AR ME D 72 W FEA (AZT)
WCHMEZ 5222 &ITIL, AEMEEHmO
in vitro TOH A Z R L 7= (Table 4) 254D T22
KON T140 O K 5 IsFER MR I Bifn e 26 9 51 a
WE, MONITA ZXEDY T vT 42T DD
RN —ELTHWSZENTENL, PLI1 XHE
DFEHBEZEHST I ENTE, EELREECRIER

a-NH of Arg' of T140 is intentionally shown for easy understanding.

Fig. 16. Bifunctional Anti-HIV Agents Based on the Specific
CXCR4 Antagonists—AZT Conjugation

oo oy
H DIPCDI, HOBt

—_—
W otected
140-resin

1(AZT)
protected HNJj/CHs Hij’C
T140. resln N
" MesSiCLTFA TFA
oMso
One-pot
procedure

AZT- Suc T140
DIPCDI = 1,3-diisopropylcarbodilmide, HOBt = N-hydroxybenzotriazole

Fig. 17. Synthetic Route for the AZT-T140—-Conjugate

B EOMEERIRT D200 1 DOHF M TE
055 EEbns. B, AIMLEYIZ
zuT@SM@7w3~w&TMO®NX%%Xﬁ
> Z)VY > /1 — (succinyl linker) TZEBIETH
O, £EPpH TRV =3I REEEKL T AZT
ZU)—RATHEHITFTF1>InTn5% (Fig.
19, R 2.5 KD, LAan->T, RAMEs
MO ERGE EXTF RIS DD Z)V 7 1 RIERKIC
&, AEHER pH T O AR EIEZ WS 2 &3 T
E/2\, Z T, iy (Section 2, Fig. 6) O K&
IZEEMES M T i T & % TMSCI-DMSO/TFA 312
X % one-pot & fkiE (Fig. 18) 7%, Z DX D7l
BALEMOERRICHERSEHTESZL2H M

C-terminal @ = OCH, —< )—OCH —< }—fes'n
CHs carboxy free-type 2 H 2 '
ﬂ I MeQ & )-OCHo—resin
[+ | amide-type @ = O

prAy
N3 PTc PTc T‘t BanIm BT: Bclm Br Plrc Trt Pmc

NH-Arg-Arg-Nal-Cys-Tyr-Arg-Lys-pLys-Pro-Tyr-Arg-Cit-Cys- Arg-@

Hnﬂg(c“a

Me3SiCl - DMSO - anisole / TFA

AZT-Suc-T140
\Gl R-Arg- C¥s-cn Arg-Tyr, R=0H
D’:_’{?s AZT-Suc-TZ14004
H-Arg-Arg-Nal-C{s-Tyr-Arg-Ly§’ R =NHy

Fig. 18. One—Pot Synthesis of the AZT-T140 (or TZ14004)—
Conjugate

Table 4. Anti-HIV Activity of AZT-T140-Conjugates

ECs CCs

@ (o) ST
T140 3.3 >20 >6,100
Ne-hemisuccinate-T140 310 >20 >65
Ne-succinimide-T140 330 >20 >61
AZT-Suc-T140 4.6 >20 >4,300
AZT 20 150 7,500
AZT : T140 (1:1) 1.2 >20 >17,000

AZT : Nehemisuccinate-T140 (1 : 1) 13 >20 >1,600
AZT : Nesuccinimide-T140 (1 : 1) 3.2 >20 >6,300

TZ14004 (T140-NH,) 68 8 120
Ne-hemisuccinate-TZ14004 730 >20 >27
Ne-succinimide-TZ14004 390 >20 >51
AZT-Suc-TZ14004 6.1 13 2,200
AZT : TZ14004 (1:1) 11 7 610
AZT : N“—hemisuccinate-TZ14(()(1)4 N 7.9 11 1,400
AZT : Ne-succinimide-TZ14004 4 9 2,300

a:mn
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IZU 7.

6. EBHHIFERTF R{LEAZR
BEZEHESIL, T4 FEERDOK D X7 F ME
{LEH O EIEEIER T F RILOHFFRITHE D AT
W%, 2HHZVXTFRAYAY—DHT, (E)
TN PP RTFRAY AL —IZERL, T/
ez o) 7 =)L & UTELRICUARHITES N7z b
G Ot A DL & T 72 (Fig. 20). 7, L-
7 2 W SEATRET 4 O isomer DIREWY &
LTHESNDTYPU Y V-—af-AEMIT XTI
(aziridine—a,f—enoate) ZH'E & L T, ¥ EHIT
Ki@%%éhthw)%ﬁ%mméiﬁmﬁ
IS y, 0—cis—y, —epimino (E ) —«, f—eno-
mwwE)%M*E< G2, FEELIE, o7
Yo, fAEMIZATINOT L ATy R
(MeSO;H) 12K % {7 i& M NS AE IR A B ER Bt &
FLWHI L, 9 H B I X 2 SR E IR anti-Sy
VIR A TDE ST EITXD, FeEiE A 2
@%@(E%Y»ﬁyy&f?F4V29—%%A
WNEAREIE L Tle#E AT 570t A &2 L

e/
N3 1(azT)
pH74
(air-ox.) %
5 [T1a0 }-+( ] }
Lo A
6 NH— T140
I
Fig. 19. Release of AZT by Formation of a Succinimide

7o ¥ RKE, TIH0FEDORTF R — REEGZ
faI L 2 R TF MEZEIC B W TH AR ERRIEIR

2% EMFELTWS, 2 T140 & — 2 Ei7 I

(E)-7IWr > PRTFRAVAY —&BAL ik
BREGRL, T140 EFEFEOERZAL THWEZ
Lzl Uz,

7. &HYIC

DLk, F#HSIZ, BERDE Y MRIA GBS
D=4y D 1D TdHh B HIV 5 ZRBIKE ET
ET2{bEY T22, KUK DA T140, TC14012
ZAIBIL, HIV YA N Z XL OELFIRTZE &
Ot HIV FIBH S8 1A 2 72 FE A 1 Rz ik L

7= (Fig. 21). B3, FEEEEBREEZ RS
WA, T Z Tyk 7 coreceptor F¥ —4F w K &

U725 HIV Al O BT IEIE, TR H O IR
EWEOT/-DICbRD —~FEEERZHEL T<5LE
Ao, BfE, TH40 FHERZREICEI SR80 T
[ERVPIERTF RILOFFEZHED TN D, £z, K
W EZETTHICEL, YAFEAXTF ROH

further downsizing and nonpeptidylation
—) development of new type anti-HIV agents
against an HIV coreceptor CXCR4

pharmacological and biological tools
for clarification of the detail mechanism
of HIV-1 entry

the possibility as carriers of other anti-HIV
agents targeting T cells

development of
novel synthetic methods
for cystine-containing peptides

peptide mimetics
peptide-lead drugs

stereocontrolled synthetic process
for (E)-alkene dipeptide isosteres

Derivative of T140 at a Physiological pH Fig. 21. Conclusion and Future Works
1R 0,Me \v/_fone
2
" Pd(O) 2 R
H R“CuLn 1
H Ry S>"co,Me
NHMts
TTT cis-E L,L type
MeSO;H
R2
OMs R2CuLn (1 3
1R . —— R \ CO,Me
OzMe NHMts
NHMts
L,D type Mts = 0,S
Fig. 20. Stereocontrolled Synthesis of (E)—Alkene-Pseudopeptides
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Bsa ik, KRUOEHERR 28O (E)-7 IV r >
DRI F RA VA Y — QI ERSARRIRN & kik &
FFEL, ZNSIAS —BROXRTF RRUOXRTF R
AT v I XADIFEERICBWTRHIEETH %
ZEERLE ZOXDIT, EESIE, ALFEE
AL D BREIR I £ /2 D IRIA WL & BB T 5
ZEELMITTEY, 4% BERGEED MM
WHEHBL TWEEWERE> TV,

BE O AWREZRTTHICHLED, KGHEE
TR Z 15 0 £ U 72 iR AR B S A 7S R
BEBIRICEHRBLET. £/, EL<ESFD, #
JihZz 0 % Uz BAR Eia 4 2 BURITHR#BL £
9. E£7, T22, T140 FAERICEE T 208581, %4
M5 9 MM, HEE Rk R R S 2 0 LA 1 R
%, N EZELE @ FERKANE - 7 2T EE
Fekoy—), BT FERKEPTEFEH
%, B E TR E i (B JUNKE
R THWMRRD, MAREFRK S OLFRPFRICEK
STITONZDHDT, LEDOEEFITHEHRKL X
T, I 5T, KRB O tachyplesin I D3RR %
it U CIE & £ U 7z bl KR F B 3K A 5 R R
HAZHR, T140 O AHEEZ Tl CTHEEL
FoNBPEE T TR 2t P E T L ITE W2 L
£9. £/, mED T140 FERD CXCR4 [HETE
PEICBEIT 28F9E T, EERZFED A I AHZEFTARES
BRER (B WILRZEREBEAWRLRD, b
REMEBIZICRBR L 3. 512, KIBTHS 28
EF U EBMRFRFLG LR K & =B Bz
WO RBESBEICHEL R L B £, X/, AW
I I TE & £ U 7z b K KB B A AL
IKEEFBBIR, HER AR e A e B A SRR I
OB B, AR NS E L (B fEEX
L), HEEEREL (B HESEAREH
75T, HHIEFEL (B HORE), mTFAEL
(B /NEPERAL), SPINRAEIEEL G HDEED,
ARERECES (B HIRE), KiffEEEEL
(Bl HAFHE) 213 UCoELAREESS O
BRICE<HEFLEL BT £
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