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TABLE 4. Mutations at least partially responsible for the subtype dependent behavior of genotypic interpretation algorithms
: for a drugs and algorithms responsible for the observed discordances

Drag® Subtype Mutation patterns {score)” Algorithn responsible”

Naive population

Nelfinavir C 82I/V + 63P + 36I/V (SISS) HIVDB (all sequences also 93L, taken into account
by only HIVDB)
G 821 + 63P + 361 (SISS) and HIVDB (high weight for 821)
821 + 63mt + 201 (SISS)
Ritovavir ¥ 20R + 10V/1 (urSIS) Rega (all sequences also 361, three secondary PI mutations

scored as I by only Rega)

Treated population :
Saquinavir G 90M + 821 (SRIR) ANRS (does not score this as resistant)
Indinavir G 90M + 821 + 54V (RRSI) and HIVDB and ANRS (all sequences also 361, pattern scored
as R by HIVDB and ANRS) :
90M + 821 + 71T + 201 (RISI) Rega (LIOM not scored as R}

Nelfinavir F 88S (RRSI) and Rega (scores this as S)

82A + 34V (IRRR) ANRS (all sequences also 361, not scored as R by ANRS)
Lamivudine CRFO1_AE  65R + 151M (IRRT) ANRS and VGI (do not have a rule for the presence of both)
Emtricitabine CRF01_AE 1181 + 215Y (SSlInr) Rega (all sequences also 41L and 67N, 67N scored only by Rega)

“ Only drugs for which the subtype dependence was proven and for which we found subtypes that displayed significantly more or fewer discordances than subtype
1B are shown. As explained in the text, the decision trees for the drugs where subtype B displayed more discordances were often too complex. Those are not included
in this table.

b positions at which mutations are responsible for discordances as revealed by data mining analysis. The order of the scores is shown alphabetically according to the
algorithm name (ANRS, HIVDB, Regy, and VGI). Oaly the scoring patterns that accounted for most of the discordances (>85%) are shown. nr, no rule available for
the drug.

< Algorithm(s) responsible for the observed discordunces. Some information is provided in parentheses as to why these ulgorithms cuuse a discordance.

sequences with the second pattern also harbor a mutation at Weka decision tree with subsequent statistical analyses is
position PRO 36. Again, these discordances were due to the shown in Fig. 2. Those subtype F sequences all had the PRO
HIVDB algorithm, which is the only one that takes into ac- 361 mutation and thus harbored three secondary PI mutations.
count mutations at position PRO 20 and gives a rather high The Rega algorithm scores this as intermediate for ritonavir,
weight for the PRO 82I mutation for nelfinavir. while all other algorithms score this as susceptible.

For ritonavir, subtype F caused more discordances than sub- For NRTIs, subtype B gave a lot of discordant interpreta-
type B. We found a rule, PRO 20R + 10V/I, in the decision tions. The rule predictive for this discordance in the decision
tree explaining significantly more subtype F partial discor- tree was any mutation at RT 215, but this was not significant

dances than those observed in subtype B. An example of the (P = 0.07). When examining the data, we found that the dis-

Discordances  Total
explained  number

Subtype A 1 13
Subtype B 4 13
. Subtype C 2 9
partial discordant SubtypeD 0 9
no R Subtype F 1 16
CRFOI_AE 2 5
CRF0Z_AG 2 6
concordant
Wild type ' Any mutation
Discordances  Total
explained number
. Subtype A 10 13
concordant partial discordant Subtype B 0 13
Subtype C 4 13
g:gtt’%ee% '11 4 ?6 20R+mutantid (V/I)
CRFO1_AE 2 5 p<0.0001 (compared to subtype B)
CRF02_AG 2 6

FIG. 2. Representation of the Weka decision tree for ritonavir in our untreated population. In the circles, the amino acid position is represented
and, along the arrows, the mutation present is shown. R, arginine. We found that subtype F displayed more discordance. In the Weka decision tree,
two rules were found, i.e., (i) any mutations at position PRO 46 and (i) 20R + mutant 10. We calculated the number of discordances found that
were explained by these rules and compared these numbers for subtype F and subtype B. Only the second rule explained significantly more
discordances for subtype F than for subtype B.
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cordances for stavudine were due to the ANRS system, which
scores the presence of a mutation at 215 by itself as interme-
diately susceptible; all the other systems score this as suscep-
tible. We found that subtype B more often had a mutation at
this position than did subtype C, although this was not signif-
icant.

For the PI saquinavir in therapy-cxperienced patients, the
full discordances observed in subtype G sequences could be
attributed to mutations PRO 90 M + 821 This was due to the
ANRS interpretation system, which does not score this as
resistant (as HIVDB and VGI did) if PRO 821 is present. Only
PRO 82A is taken into account by ANRS.

For indinavir, subtype G also displayed more discordances
than subtype B, apparently due to PRO 90 M + 82I + 54V,
which was scored as resistant by HIVDB and ANRS because
all these samples also had the PRO 361 mutation. Another rule
predictive for discordance was PRO 90 M + 821 + 71T + 20L
The Rega system scores this pattern as susceptible, since the
PRO 90 M mutation by itself is not scored as resistant by this
algorithm.

Subtype F causes more discordances for nelfinavir in treated
patients. The PRO 88S mutation was partially responsible for
these discordances. The Rega algorithm considers these iso-
lates to be susceptible, while the score from other algorithms
was at least intermediate resistant. The partial discordances for
subtype F are explained by PRO 82A + 54V. All these se-
quences had also PRO 36, which is not considered resistant by
ANRS relative to the other algorithms.

Subtype B displayed a lot of discordances for amprenavir. In
fact, the decision tree incorporated subtype in this model. The
resulting rule was PRO 90 M + 54V + 20R + 82A. All these
sequences had an additional PRO 361 mutation, which is not
included in the amprenavir rules of the Rega algorithm. This
mutation pattern scored as intermediate for this system, while
for the other algorithms, the additicnal PRO 361 mutation is
responsible for the resistant score.

For atazanavir, subtype B caused a lot of discordances. The
decision tree was very complex, and no clear rule had a high
coverage and was predictive for the observed discordances in
all subtypes. The atazanavir rules incorporate a number of
mutations also observed for other Pls. Patients harboring a
subtype B virus are probably treated with protease inhibitors
more often and for a longer time, since subtype B has domi-
nated since the beginning of the epidemic in countries where
treatment was available and subsequently has been subject to
drug selective pressure earlier. In these sequences, the large
background of PI resistance mutations probably causes the
discordances observed for atazanavir.

For lamivudine and emtricitabine (FTC), CRF01_AE scored
more discordances than subtype B. For lamivudine resistance
interpretation, this was caused by RT 65R + 151 M (P < 0.05).
ANRS scores the presence of both mutations separately as
intermediate but does not provide a rule for the presence of
both of them, while the Rega algorithm for example scores this
combination as resistant.

For emtricitabine, no clear rules were found in the tree,
although it seemed that RT 41L + 67N + 1181 + 215Y caused
most of the partial discordances observed for CRFOI_AE. The
Rega algorithm is the ounly one that scores the RT 67N muta-
tion for FTC. VGI does not provide rules for FTC.
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For didanosine, tenofovir, and zalcitabine, subtype B had a
lot more discordant interpretations than a number of non-B
subtypes. The decision trees were very complex and also for
these drugs, no clear rules could be deduced.

DISCUSSION

HIV genotypic information has led to an improved under-
standing of mutations in pol, which is associated with virolog-
ical failure. Although resistance genotyping still has some lim-
itations, it is often used to guide therapy start or change. One
of the major problems is the interpretation of genotypic re-
sults. The knowledge on which such interpretation systems are
built is based mainly on subtype B data. Considering the pos-
sible differences in therapy response in other subtypes, it would
be interesting to verify whether our genotypic interpretation
systems are equally valid for all subtypes. A first approach is to
map discrepancies in drug resistance interpretation algorithms
between subtypes and to identify which mutational patterns are
responsible for such discrepancies. Such patterns can then
further be investigated by, for example, in vitro mutagenesis
and measuring the associated phenotype, taking into account
that virus replication under drug selective pressure not only is
a matter of protease and RT mutations but also is determined
by the whole viral genome.

In this study, performed on sequences obtained from 5,030
patients, we investigated subtype-dependant discrepancies be-
tween four commonly used interpretation systems (Rega 6.3,
HIVDB-08/04, ANRS [07/04], and VGI 8.0). The versions an-
alyzed were the ones available to us at the time of analysis. In
the meantime, updates have become available for all of these
systems. None of these systems include subtype-dependant
rules.

We did find drug- and subtype-dependent differences in the
drug susceptibility/therapy response predictions of commonly
used interpretation algorithms. We also identified mutational
patterns that scemed to be partially responsible for the ob-
served discordances.

Concordance was the lowest in the interpretation of therapy-
experienced sequences, which means that it is less clear which
mutations are really important for resistance development.
This may explain some of the differences seen between algo-
rithms in predicting treatment outcome (6). For lopinavir es-
pecially, the pathway towards resistance is unclear, which ex-
plains the high number of discordant results between the
interpretation systems found in therapy-experienced patients
(26, 27).

Our analyses revealed that the proportion of discordances
between commonly used algorithms is subtype dependent for
many drugs, in naive as well as in therapy-experienced patients.
Concordance was higher in naive patients. However, non-B
subtype sequences and subtype B sequences overall had equal
numbers of resistance muftations. Both groups had mostly
“wild-type” sequences. Therefore, the higher number of con-
cordances is probably due to a larger agreement on what is a
wild-type sequence.

In naive patients, discordances were found for nelfinavir
(subtypes C and G). Incidentally, it is known that the pathway
towards resistance for nelfinavir differs for subtypes C and G
from that for subtype B. The PRO D30N mutation is not the
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preferred one as in subtype B; it seems that, rather, the PRO
L.90M is sclected (15) (P. Gomes, I. Diogo, M. F. Gonves, et
al., Abstr. 9th Conf. Retrovir. Opportunistic Infect., abstr. 46,
2002). We found mutational patterns that partially explained
these discordances. Those were mostly due to combinations of
secondary PT mutations, which are often present as a polymor-
phism in non-B subtypes. Some algorithms include these mu-
tations in their rules, while others do not. The PRO 93L mu-
tation for example, is included by onty HIVDB and not by the

other systems. This mutation was present in all subtype C-

sequences with the pattern PRO 82I/V + 63P + 361/V. Simi-
larly for subtype G, the PRO 201 mutation is incorporated by
only HIVDB.

For subtype F and ritonavir, the pattern PRO 20R + 10V/
also included the PRO 36] mutation. Three sccondary PI mu-
tations are scored as intermediate by only the Rega Algorithm.

For NNRTIs, we did not find any subtype-dependent discor-
dances in resistance scoring, although some differences in re-
sistance development have already been reported for subtype
C under efavirenz treatment (2).

For NRTIs, only in naive patients did we find that the pro-
portion of discordances is subtype dependent for stavudine.
Subtype C had significantly less discordances than subtype B
due to a mutation on RT 215 that occurred more frequently in
subtype B sequences.

For PI resistance in treated patients, a lot of discordances
are observed for subtype G in predicting resistance for sa-
quinavir and indinavir and in subtype F for nelfinavir resistance
prediction. The patterns observed here are related to a single
algorithm that scores this differently. Differences often occur

due to the presence of the PRO 361 mutation, which is present

as a polymorphism in non-B subtypes. This mutation often
triggers the switch to score an isolate as intermediate, while
other systems do not take into account the substitution and
consider the isolate to be susceptible. Apparently, there is no
agreement on the role of some of these polymorphic resistance
mutations in PI resistance.

For amprenavir and atazanavir, subtype B displayed a lot of
discordances for treated patients. The decision trees for these
drugs were very complex. The tree for amprenavir included
subtype as a node, so a rufe, PRO 90 M + 54V + 20R + 824,
could be deduced. For atazanavir, no clear rule was found.
These two drugs are only recently being used in clinical prac-
tice, and the pathway towards resistance is not fully understood
yet. The presence of a number of PI mutations, insiead of some
clear rules, is mostly used in the algorithms.

For lamivudine and emtricitabine in treated patients,
CRF01_AE scored more discordances than subtype B. Al-
though resistance for both drugs are predicted by the same
rules in the algorithms, different mutation patterns are found
in the decision trees. For lamivudine resistance interpretation,
this was caused by RT 65R + 151 M. For emtricitabine, this
was RT 41L + 67N + 1181 + 215Y (although not statistically
supported). )

Tipranavir has a low number of discordances for naive
patients as well as treated patients. This is mainly due to the
limited amount of information that is available on resis-
tance towards this drug (9). All algorithms are based on the
same available information and thus predict the same level
of resistance.
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The four evaluated algorithms, in fact, belong to two differ-
ent models. The Stanford algorithm assigns a score to each of
the observed mutations and uses the sum to decide on the level
of resistance, allowing complex patterns of mutations to be
taken into account. The VGI, ANRS, and Rega algorithms are
restrained to specific rules that describe specific mutational
patterns. Therefore, the discordance for complex patterns is
especially inevitable since both models use different ways to
take these into account.

This study is not intended to draw conclusions on the validity
of the different algorithms, but rather to identify mutation
patterns that result in divergence between the algorithms,
among different subtypes. The mutations and particularly the
patterns of polymorphisms in non-B subtypes that are associ-
ated with viral resistance warrant further in vitro studies and
ultimately need to be confirmed by clinical observation. We
acknowledge, as a limitation of this study, the absence of mea-
sures of either in vitro or clinical resistance, which are pheno-
type and therapy outcome, respectively. However, the muta-
tion patterns associated with discordance between the
algorithms may identify the sequences of interest in larger
datasets, obtained prospectively, and linked to viral load
and/or CD4 data to correlate treatment outcormes.

In conclusion, the different algorithms agreed quite well on
the level of resistance scored. However, where there are dif-
ferences, in many cases fthese can be attributed to specific
subtype-dependent combinations of mutations. The mutations
found here should further be investigated as to whether they
contribute to differences in resistance and therapy response
between different subtypes. Our expertise in interpretation of
genotypic resistance will increase with a scale-up of treatment
to include millions of individuals with non-subtype B virus
infections.
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Abstract

HAART S TE A 41T LR HIV-1 BRYE R
OXRBIIIELVLOND b, BIEITHEBOFHIV
HHIDHA S IAIDS I L AT e HL S bR
ChELHMBEDITCEL, LPLEO—FT
HIV-IEEOOEEFIC7 3 /BERLFEL T
FIT AR L, NP HAARTORE L HEH S ¢
BRAE o T, BIEFMI ATV ER DR L
T HIV-1 DFEHITE BT 3RS RAICTTDR
HLVWEENINRL, EHS IR, RETH
HIV-1 EHIRH BT AR AT 5,

[FLU I

Human immunodeficiency virus type-1, HIV-1
EIE DL, ZRIPEHARTEE | highly active
antiretroviral therapy(HAART)DBH%E - EA L
PEEREIC LD BE L WIERZRIT T a7z,
H AT % 1997 4F 12 HAART 28B4k & LT LL#R
AIDS (BRMLGEARESREBR) ICXHBED
FBNLEA 2B 7z, BAITEH LTS8
SRS REIRIPUE: & RIS 1 5 BB REHT R
IEictE s, 1 H 1 oM CH I
AR CTE LRI o TE, DL %

HE T
2] SRR 28 . A ZF
YA E I N~
2000 FBL KA F B RY
AT B, RELD
HEEERFEIc LY ¥y b L
T Ho. 20034 L Y R, W3
F- it hu-PBL SCIDY Y R &
W7 HTHELEL HIV-1 387 3R R

o34 0, B,

=i
e

Bey words : HIV-1,anti-HIV drugs, drug resistance i

L HAARTO FIZTAHZ L2 LY, B
M IR X B BEMOEI Y QOL AL
BENT, SRHIV-1EYIEITEBEEETH
HEE)EBNLERTOEINDL Z WD
BHo LPLENTIES S RWVOIZHIV-1 2
YIETHAHZ &Lk, HLDOHAART TIEHIV-1
BB BITLED VI EThH b, RIZHE
FNZ X DKMz BT A HIV-1 Ol % 52412
WMEZAALZE LTHHIV-1 2 RADRSES
WCHERR T 5 729121389 60 4E R DI FE AL EE &
REENTWD, FAHIV-1IZZFDIFR LM
GE &RV R EAE R (fidelity) O 7282
BTERs RTINS, PLHIVEIDR
LTHESICEAMME L ERT 5, TR0
Ve P DS CIE R LM B 2 2 &
Mo, MEOEEICEKRLTLE) L, 21
A BEANOBINEIRE > TLE ), &
FaCIEHIV-1 ORI DWW T ORILDH
R B LT & 23R A 2 NI BT 2 A AR
T 5,

1. HIV EH & AERER

HIV-1 O I XY B B R (reverse
transcriptase: RT), A ¥ 7 7 7 — - (integrase:
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IN), LT/ 277 —¥(protease: PR)& )
3ODTANVAHBOBENLEELRBE + R
7oL TWh, FOHTHRT EPRD 2 DHHL
HIVEAIRSSOEE Ry -7 v PSR TE
720 MAEMAH SN TWAHHIVEIZRT IO
T 5 FEF(RT inhibitor: RTHE 70577 — &
W23 A BLEA(PR inhibitor: PI)? 2 D12kl
EMB, RTUEZOHEHFICETE, &5
WX 7 LAy PRYEE R R ER
(nucleoside(nucleotide) analogue

transcriptase inhibitor: NRTD&FEX 7 LA ¥

reverse

(non-nucleoside reverse transcriptase: NNRTINZ

SEEND,

1) X7 LF Y FREEGEERFRAEFI(NRTI)
HEABEIX LAY F (X2 VL FFF)
OFET S (FPEK) T, FAEXTIR-2Z
D3 DOHFENPHIEIZER I NI EEL RO,
HACTIIHEF CIZzidovudine(AZT),
didanosine(ddl), zalcitabine(ddC),
stavudine(d4T), abacavir(ABC), tenofuvir(TDF)
DFFTHIFRA AR INFEH IR TV (H
-1) o FROCEIE 72 NRTLEAZ A ML A
?@ﬁ@ﬂﬁbﬁvFUV@mﬁiuiof
31 YEEL ST (NRTI-TP) EMEIE 25,
NRTI-TPIE S EHREOELE & L TINTP D
HEEAICHD A N, MELE SN2 DNAD
WARFDINTPOR DY ICH Y AT R D,
L2 LNRTIiZ3 DOHEEZRWTWALD
WRICHET A3 YB{EX 7 LAY FED
Mo VBT AT VEASPERS LT,
NRTI-TP 2SHL V) 3A & 728 55 C DNA ${ o i
PIiEE 5, CODNAMIRBEMERICL - T
NRTHEHLHIVEHI R 2 HET S (K2-1),
2004 4F |2 RV S L7 TDF XD NRTIs & (3 52
)T Y LE I EET D,
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DONRTITHHEE LI 7L AL N2 L
FFRFOERBEAX v 7 LERIZ2Y
PHGINTHRLBIETL2HIH RS

nucleotide reverse transcriptase inhibitor T& %

2L R W IR BB SR EHI(NNRTI)

NRTI & 13 F7% ) WiR G FEFE O p66 72 =
v DR AT — VIR LEAL OO
& LIERmEER & L
THRE G % FAE T 5, BT nevirapine(NVP),
efavirenz(EFV), delavirdine(DLV)? 3 3&Hl| A58
WAGESNERAShTwa ([1-2),

hydrophobic pocket = #

oy ‘“”I\> ‘
kj

Ny
Zidovudine {(ZDV)
3'-azido-2',3"-
dideoxythymidine

Zalcitabine

Didanosine (ddl)
2',3"-dideoxycytidine

2'.3'-dideoxyinosine

NH,
[ NH

(d) N (e) - cxy (f)
iﬁ Py /k b
Ho-z HO‘@

Lamivudine (3TC) Stavudine (d4T)

()-2",3"-dideoxy-2-thiacytidine 2',3'-didehydro-2,3"- Abacavir (ABC)
dideoxythymidine
NH, NH,

(g) KN N (h) J‘T\ \\N N
Ho\p%o o NH >\0 O/\P%o o J{H
oo S >/o o \/ ~ \(

CHy \H/ CH;

Tenofovir (TDF)

[R}-9-{2- phosphonylmethoxyoropyl)
adenine

Tenofovir disoproxyl fumarate
Bis(POC) -PMPA




Fﬂv%%ﬁﬁﬁDﬁaE; ¥

(a)

o

A

H

FaC.
Q,

Efavirenz (EFV)
DHP 286

(b) (¢
la‘ Ml . M,Cj/ﬂﬂ
Ab W@Q\B/Q% )
e

)
L

Delavirdine {DLV)
U-80152

B1-2 X7 Lty FRBEEEFERER

Hydroxyethylamine isosteres 5

Symmetrical inhibitor %

(a)

Saquinavk (SQV)
(c)
we: ¥
T
Indinavir (IDV)

”Q\H:) )

Hetfinavir (NFV)

(e)

oYy RO

Amprenavlr (APV)

(b)

Ritonavir (RTV)

OO .
St

Lopinavlr {LPV) M
(g) Vl\ﬁ/@
JJ%;) ):U ,

Atazanayir (ATV)

E1-3 Jo77—¥HEH

3) 7O 5 7 —ERAEEI(PI)
HIV-1® PR (% aspartic protease T&H ) F£E T
& % HIV-1 Gag BiEFE DWW ER I CHFET 5
Phenilalanine-Proline Bit5l, #A\vizFuo v
Jun) B 2 R LT AIE T R o T
W%, PLIE HIV-1 0 PR O] W ER a8 B A5 FL
B @ aspartic protease & I T > TWHHEY
FIHLTEHEISNT WD, ZOOPLIZEE
#}E @ aspartic protease * fHE T 5 2 & % <
HIV Gag RiBRARD LI % HE L HIV O R #k -
G S A =T 4, ZRTE nelfinavir(NFV),
ritonavir(RTV),
lopinavir(LPV),

saquinavir(SQV),
indinavir(IDV),

amprenavir(APV), atazanavir(ATV)? 7 4572
ERAINTVWS (F1-3),

2. MHIVERICH TOMMER XD
TERmts

1) B R PR ERBREERI(NRTI)

1987 4ECHLHIVER & L TIRANICEIZE S iz
AZT WS FEAER CHVWH N, HLHIV-1%)
BARBE L, L LEORRIGHEREI LT,
17  BERNICIT AZTIZA L TR MR
L7 ANVAPHHRLTLE ) T EHL 2
kol TOE) B AZTEEMZ 2L
TANARBNLCRD &, WlnE R
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2-1 NRTII & 2 DNAfFSEREDOETE
NRTIIX V) R—ADIMOKREBERESXICEBBRINTNE
FeORDTFFRIVIRAZ LA F3) VERIZESLY
VBV T AT VAR TE 2\ 720 DNA OHEH
fESh D,

WHRFEOERFFEINTND T RS
N7z AZT £ d4TIE EH 5 % deoxythymidine
ENR—R L LTHE SR TAZTICN T
L HEERCHAHM4EIL, D67N, KT0R,
1210W, T215YF, K219QE 3 d4T 2% L& #
i RT. CO6HOMELRZ
TAM(thymidine-associated mutation) & ¥8F5 ¥
%o TAM IZ BT E W 2R & 22 s,
FEHICELERHRGICL > TEENERET
EMHPEESIEET 2 FEFMOENT WS, £0
M A 71 = A LI NRTIASH D A F 1L CfliEE
BUGHME I L7 DNASE 2> 5 NRTI 241 1) 9
H (excision) LB EEZLNRTWVALY Y,
NRTI D% FIif 425 S (MDR)ZE £ & L T 69-
insertion? & Q151M complex® 2SI 5TV 5,
69-insertion {3 T69S B 7 £ 9 SS, SG, SAHE
AZEETTAM EEFTHHITLY AZT, d4T
U & L2 NRTHIZH LS % RT,
CZALIEDNABEIZIUD sAF 72 AZT-MP & 5 \»
IZ NRTI-MP @ excision # {23 5 H|2 X o T
M % %44 %5, QI51M complex I3 A65V,
V75L, F77L, F116Y, QI5IM®D57 I /D
BEIEAEE L, BOICQISIMATHEIND &
HIV DT EE(fitness) MBI 575, 5D D
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AT I JBERPRA L E/ETLHEICL-T
fitness D AIEAHE Z ) NRTINO B R % J&
B b, MISAVIEITCIZ L o THE SN B
Z DZEF L excision I Tl % < NRTI? DNA
HAOH Y AR ZEEHEL TWAHLEZDL
NTWhH, MISAVIITAM & i3 8 ) T
3TCITH L CHERB OB T 2 FHE T 5,
MI184V iZ 3TC D2 ddC, ddIizxf L TAR R
T4 2 /R DSEBRIE WERIZ T215Y £ 80w A
W AAZMIBAV 25D B & AZTIZht§ % st
PEAEES 5o F /2 T215Y 12 ddITHE L2 BE i
T5L74V I - THFEBOMEI A S h
5o KOSRIZTDFIZHE T ATHHERE LT
oM DA, in vitrolZ BT 5 EE &
macaque/SIVmac % V> 7z in vivo BREeEER 2~ 5
M184V & K6SRIFHHMMINE R CTH 5 FATR &
NTW5Y, ZNIEMI84V A TDF I ¢ 5 &
ZE % F D D HR MI84V/K6SR DILLEATY 4
WVADEGEREN B ) I eE 26N 57,
TDF i 69-insertion ZHM AR L Cid &3z
AT % 7R 2%, QI5IM complex % 5D HIV
W LIRS 292 2 & s
TDF I NRTIZHIWHEESMICLEHTH L H
I SN D, NRTIO R EERICRI LT

5oy

2-2 WEREEEF & NNRTIOHF & H
NNRTI 58 s BB R OB PO (I A) i E L
EEBEERNAT T A< — L O HET 2, HH
T2 B AR 3 A OV TR B




1

codon No.

41

44 62 65

67

69

AATn vild type

E A__K

D

T K 3 A

zidovudine(AZT}

LN

v}

didanosine(ddt)
. | zalcitabine(ddC)
S | stavudine(d4T) ‘,::«:-.1
tamivuding(3TC)

abacavire(ABC)

Tenofovir{ TDF)

151 comlex

69 ins complex

multi-nRTE

AAinwidtype | M € A K D T K L.V F. L

K v . N Y £ V. 08 Y M Y 6 L T K ip M P

cadon No. 41 100

103106108 115 116 118 151 181 184 183 130 210 215 219 225 230 236

AAinwild type M £ ALK D T K .b v __F L

nevirapine{NVP)
efavirenz(EFV)
defavirdine(DLV)
multi-NNRTI

multi-NNRT1

AAin vitd type
codon No,

K A A § E AN O N A . Yy 6 t T B:iP M P

codon No.

AAin wild type

| saquinavir(sQV)
- | ritonavir(RTV)
indinavir(IDV)
I nelfinavir(NFV)
amprenavic(APV)

. Lopinavir/ritonavir

codon No.

47 48 50

53 54 73 77 B2 B4 88

1
-

B A HE SN TV, WG RE
TIXHIV RNA 7~ 7L — b i3 DNA A B
MR Z o 7R IR B EE R IS L 72 RNase H
O EITL VRIS NLH, ZDRNase HIZ
M AT &% H539N, D549N % 8 A4 %
& AZT R d4T 123 LT 1045~ 100 5 LL Lot
WHFE SN, TAM & HEHIIFEET AHETH
DOHEEE T 10005, Fic#ER & b9, F 72,
Z ®RNase HDZER3 ddI, ddC, 3TCIZxf L
T E 2 & v, 2D &5 RNaseH D

~RER  RERSRACHRT I I ¥ SVERTSY, A BMERMCX S (HBERETLD

SRER -RERCBVCTHRU T 2RRTAY . ~RERLHASDESI LI LURRUNBELTS (077~ €05H)

N

EH T excision FHEEBET A EEZ LT
b

2) IR R E R A EEI(INNRTI)

NNRTI D FERM R IENRTL & 3£ 20,
NNRTIDFEE ML TH LR v b &IN5
AL BEICRF L CHESNLIEDLAL N,
WHEBROGEHRICEAZRI T LICL
DEEREETRESELEEZONRTVD
(B12-2), MiPERFIZRT & NNRTI [E o #A1M:
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protease

HIV-1

[2-3 7077 -t & ERImME R
PLE 777 - CEHBBEWEET AR v MIHAL T
Oy 7 —¥iEtE HEY 5, BAREEREE (—X
ZER) LEERLOTEIIEET 5,

DIEFTTHY, 1DOFEIMEIIRELE
BERIETT, IAEIIEBEHOFOY Uy
AT A ICEBRENSETNVPIZH LT 100
U O #1335, ZOMMEIEDLY %
EFV A LT b4 % 333 %5, NNRTIIZ &

THE SN AR L1001, KI103N,
V106AM, V1081, Y188CI, GI90A 2SI 5 'Y,
WEN S H—OERCTEHEEMEYRL, 72
SEHN M O ZE LM FHE T B L\ ) FEs
»5 (H2-2),

3) 705 7 —EEREHI(PI)
PIOEAMWHEERIT— XL E (major
mutation) & — K% £ (minor mutation)Z 38 &
ho (|1) —RERELGPIHG R, HLEW
BUWLRENCHE T A2 R CEA T IES
b DDE, SQVICHT S G48Y, IDViZ
Xf§ A M46l/L, NFVIZx$ % D30N, RTV I
%t % V82A/F/T/S, APV IZXf¢ %150V 7% &
BELCHONTWEITHBERTH L, T /-
NFV, SQVO—XZEHETH 5 LIOM L D3ON
CHHMBIBRICH B Z EDRE S TWE 1Y,
CNSD—RERIZTOT T — ¥ OIEMEAL
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EFHIALET 28 0% < (H2-3), 7a77
— PO Er IS rHTTOTF T —H &
PIDMEAZEML TVDEEEZLNLD, —
HTIolEER{boo 7T 7 - oiEk
BTEEI LY ANV ADMIAEEAE T T 5
BELEV o TO—RERIZEVTHBILT
(BT I RRERY “REREBL—RER
EEXBITE (FR1), ZREREZFNENRE
TREEEL LR S22 HITEN I —XK
BRIZL o TIRT LR o lHE, &5
Wi XD R EOERICEH VTS EE 2
LN TwA, LPVIERTV % JCIZi%E & 112000
FICRE S NPITH S, BHIP4501IZ L B1E
T BIDNAFTNALTE) 7 1 M
WEPHETH - 7205, FOHRTV &EDOHH
TR ZMPREZROBITREE Z o /2
B LPVIERTVIC L o CTHE SN L —~RER
V82A kT 5 L9 R CTRB LR, B
Dl RERIFEET MU LOMMER
PEE L CEEMELBETL2EEL0N0T
VB, ATZIE 2003 FICHETE IR OIHTL
WPITH D, ATVICE o CHEEN L —RE
FIII0LTH B, EIREEVZ & IZI50L % 5
L7z HIV-1 3o PLIZ 0 L TR P T id 7%
CEBEZHRPETALEHRESATWS Y,
ATVIZ 1 H 1 HORETHZLRIEIEHL N
RIVERDSER D PL & ARGV R0 5 b 43P
HIVIEBETEZ (RSN T LENFRER
5o

bl U 72 BEHI T O FHRIL IAS-USA 7 1 F
7 4 ¥ TEFE S b Update of the Drug
Resistance Mutations in HIV-1 TZ 8¢ % FHA]
B CH Do 7 x7HA | http://www.isausa.org/
MOBEES Y O - FTLHELHELY,
2005 F 4 HIZRF S 725 OAT20054E 5 A
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L AN O W TORESTIITEI AT
AZOTHERINIZNG,

HHYIC

BIFE B AR TR STV A HLHIV 313 NRTI,
NNRTI % L CPID3 7 5 AT, T A1) T
HIV-1 D58 EAREAN DR A % B CRlvg FREH
Enfvirtide(T-20)05%1 7% 7 9 A & LTEY LT
Wh, FINFE TORTRPRUVOHIV-1EE
Fy N B L L HRETHIV-1 OB
BHERBIATONTVAED, FOHTHLHELRE
ENBDIEA VT 77— BT HHEHTH
59 o BRELEOBBELM THEIITTOR TS
0, BRI L CTEHImEC R Y iEER
Lo REFIOBEL LTI TWA,
LA UHIVISFRGL A EH 1t LT d Hiz 2
AR ZES L CFORHVEREZRVE -
TITSHEIFHS P TH D, HIV OFKAPEES
DA F = X 5 OIS HIV-1EFR O T
HEELRIIRL LTSNS,
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3. JT HIV-1 EFI DR & EFBEFROL - & B

EH®H K

BV RBAERTEIT = f XWF9ek > & — /s v —7

HIV-1 AR 1980 FARMBIC BUERUEEOMTIENY, 20%EBIELE AL, SHHR
(213 4000 7T ADEERE DD EHER S T B, HIV/AIDS DIEFNAEOFE R L 1985 0 zidovudine
DEBAEE . DS H £ THHIV-1 EHMAR GBI ThhTBY, TRITERES 77 2

17 FEHOH HIV-1 ER DA ShFERH ST 5,

I Z T HIV-1 SR ORSER, HEEOIR Y

HIEHE, #LTABROBEIIOWTHEBIZE LB TH,

3L

HIV/AIDS D3R # O BE 13 1985 4£ 0 zidovudine O
BHICHET Y, LIS H § P HIV-1 SRR 5 I m I
Wb Tl Y, TR 17TEBES 2 5 2 17 BEOH HIV-
1EAPETSERENTWE (B1). BREshi
HIV-1 FEH O T b B ORRIRR A4 > b & LTEES
DX 1995 ERD T T 7 —VHERDBEETHB Y, 7o
TT-EHEROBERIC LY, B b HIV-1 OBEEYIERY
& L723H & M AE o 72 4 H B RIS SRR 72 Wi s
ELTEBIND XDk o7, HBEOP HIV 451 % 24
YL LI, BEEERNO HIV-1 B % 58712 3
SRAOCT LTI L2220 ThRL, HA0EFORBEZ
LBEIER ) 2 7 OB L RBAMEHEY 22 0ETL4
HETEH L. SHRAFEEOERBENRIIEEERICE
WTEALB AIDS BEEHAE LK T LA Loy
STW5g Y,

SZFBEAFE ORI X ) HIV/AIDS OSEAE#E T —I5
DERDBICERE L2 EEA LS. Lo Las o wEiLE
PORETHHEEIEL, FTLrUBETREBEIRINT
Wo, ITEELZILIEHEBROWETHL. MPEY
FEH O R CER OB & 5 RERB OB BSE D

A5G
T 208-0011 REMMEHIITFE4 —7 -1
TEL : 042-561-0771
FAX . 042-561-7746
E-mail . wsugiura@nih.go.jp

BHEEZEOL, 7Fe75 2 ¢ QOL &L S
B, ELTT N7 S5 ADWBFITBRD T & 756 HH)
it HIV O MBI SRS H B L E 2 55, RICE
B 2 3 EAI M HIV-1 BIHERI OB TH 5. G
FOFBELFRICEATEOBEEH 558, BAFORERIZ
Fl—2 7 ZADFEAMTORIMMELE L7280, A
CHERLBROFEROBIBEIIREL kT oTLES. &
D BEHITEES OFIF I A OER oML R & &
Xz L WHEPLETHY), ZOREIPEINTNE,
HHIV-1 BRIOHIRE 5B ORBEICOWTES 7 5 24812
FLOTHh.

i HIV EFROBRR & i 7= & BB

(1) XILFY FRUBEEREREMEEH (Nucleoside
Analogue Reversetranscriptase Inhibitor : NRTI)
BACERLS N HIV-IER 2 9 2Cd Y, (a)
zidovudine (AZT), (b) didanosine (ddI), (c) zalcitabine
(ddC), (d) lamivudine (3TC), (e) stavudine (d4T),
(f) abacavir (ABC) # LT (g) tenofovir (TDF) »&%Et
TTHREOERFBTENRTVE L) Znr 5203
#i3 nucleoside 2B L 72 b D TH Y, R+t HL LW
THhOAEYMS DNABMEOBROEE L 45 2 -
Deoxyribose3' i OH #A/KIBL TS (B2). MEHE
RT3 ) YEE M S s hililEE oIz Asko 2'-
deoxynucleotide-5"-triphosphate ®{{# ¥ |= DNA IZH D A
FNDH T LI LBMREMEDMEL (chain termination) T3
%. NRTI BZHIPABEDOLE L % 2 BEL BT
ATH DL, SHRIGEABELBNC S BE S L < i3 2 flpE
ELTHWOHRTE 27812 NRTL 5 8 L 72565
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Zalcitabine (ddC) ! TAK-652
Lamivudine (3TC)

Stavudine (d4T)
Tenofovir (TDF)

XD LY FRUEREERBER
Efavirenz (EFV)
Nevirapine (NVP)
Delavirdine

XY LAY FREGEERBEH POEE - RaEER 70 ?T—ﬁﬂﬁ_%ﬁﬂ
Zidovudine (AZT) ! Enfuvirtide (T-20) Saqumaylr (SQV)
Didanosine (ddl) 1 CORSRRZE#i Ritonavir (RTV)

' Indinavir (1DV)

AK602/0N04128/GW873140%
Maraviroc, UK427857x

(VA4NVA #55% #1%5,

Nelfinavir (NFV)
Amprenavir (APV)
Lopinavir (LPV)
Atazanavir (ATV)

BB EH

00 PA-457
T RS ° b iy
e 7 MARBRIE O\ o MFRRE
_________________________________ i ’\/\/C'____'D\/\/ \l
H 1
{2595~ CREH \ N é;;@
Diketo acid derivative AN // TR &R
L-708, 906 S e
L-731,988 0 %, e
L-870, 810«
5C1TEP
Vf&““‘ * BERBAITHPR TS - T RHl

1 HIV— 1 OEBY 1 70 L HIV-1 BRIOER S

ERTHEN 2Ry 2 ARNOEFEEICFEREI N TV B0, BMTHINZ Ry 2 ANOERIZBAEBRRET DL OTH 5,

LHEBOLNTVD, B AZT AR 25 L Tv A
BIOBEREEIZE <, 20X HRERM%HIET 27D 8X
HOBEAFHEREIRKDOONTE, ZOEKRIIBNT
2004 4FIZFRE S/ TDF i3iliod NRTT & —#8 % B 3457
ROTBY, HFEshsH¥ETHL, TDFIZ 2 -
Deoxyribose 77 acyclic nucleoside phosphonate (ANP) (Zi#&
WahrfEzHo (R2-(g). ANPHELR-/317 4
WVARIORER G EMN &, 1980 SR ITIE T CIZ EB
(T A RERRAHERENTWE O 2% OfEy
oL &Y% { O Herpes virus 3 & 0¥ retrovirus
WAL THORIEART I EBPL Iz s Y, FIC[R]
9-[2-phosphonylmethoxypropylladenine (PMPA) i
retrovirus & hepadnavirus IZfEH 3 A{bA & L TRHB &
N7z 912 PMPA i3 SIV % FI\272 in vitro EECEI 72/
ERNRAEIL 725130 SR R sHC KIS LT
BE O R THY, PMPA TRV REORIUED 7201 EH AL
SNBHF T PBE L INT. 208K, FLRIEZ KIgI
WEL /-7 KT v bis (isopropyloxycarbonyloxymethyl) -
PMPA (bis[POC}PMPA) #3552k L, 73FHH O NRTI & L
TEHLTEL (B2 (h)™7, TDF 12134k NRTI & &
%BRD LD o Twa . Onucleotidase % \»
13 esterase FIZ L W DHEEN LY, EEWNIZBVWTE

—10

BER % L7z R 2 HERE 2 L ST gk e o 7218,
@fthd NRTI & &% 5 HF CHBRICH) AT,
Dipyridamole CTHIBEAIEL H AAASFHES NNV L9 5,
TDF i3 nucleoside carrier pathway & 3£ % 25DV — T
MR Y AE N5 L& h s 920, @3 Ticy »
Bl off 5 a3 EErs LCBY (TDFIZEMIZIZ
nucleotide analogue T %), o> NRTI T3 3EH )55
BOBELE Lo TVARADY) YBILREE ATy 7 LT
2 VEBRONEZ T CHEFELET LI LKL, ©
SHICVo 2 ARY AT 7 TDF it AZT T EZEE 0T
ELTHIEN TV 5 excision DIERY & A DI T & A5HH
LPIZINTWAE, THETDF A AZT I L 3R LI
(VT EEREERLTWE M, OS5 I2HHERI LIS
TDF T#HE S HMHEZE R K65R 1 AZT s 2 2 T215Y
E AR HMBE 2 BARICH B Z L RIE ST W5 2,
2D &S TDF i first line ¥R & LT TR <,
AZT T EEEG OV IV Y 2 — VEEOWALE LTHH
FshTns,

(2) EX VLAY FRUEGEEEFEHRER (Non-Nucleoside

Reverse Transcriptase Inhibitor : NNRTD
NNRTI b #DEAIRT & B ) BREBHELZHET HH

O__.
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A
{
/’ N\, \\\',

)
Zidovudine (ZDV)
3'-azido-2',3'-
dideoxythymidine

Didanosine (ddl)
2',3'-dideoxyinosine
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NH,

(d)

N

O%N
HO@
A\
o

Lamivudine (3TC)
(-)-2',3"-dideoxy-2'-thiacytidine

Zalcitabine
2',3'-dideoxycytidine

(e)

normal nucleoside

(o]

i CH.
(ex. deoxythymidine) HN)j/ : )IN
)\N /K

& NH

o
AW A
'\\_’ 7 OH ‘\_/
Stavudine (d4T) —/}\hydroxy residue necessary .
for DNA elongation Abacavir
2',3'-didehydro-2',3'- (ABC)
dideoxythymidine NH, NH,
® . () )
=
I I
Y N o Y N
—
\P%O " >\0)J\O/\P%o o Ly
o N 1e) o \/ ~
Tenofovir (TDF) &, >/ \H/ \!3:3 Tenofovir disoproxyl fumarate

[R]-9-(2-phosphonylmethoxyoropyl) adenine

Bis(POC) -PMPA

2 ROLFY FRUGTERIEES

#tdH b, BHAE (a) nevirapine (NVP), (b) efavirenz
(EFV), (c) delavirdine (DLV) o 3 ZEH[H 380 % 18 H
ENTWBH, bWPETIE efavirenz DX IFVTEH H
&N T2 P NNRTI D% A5 &I L7
NRTI & 3@ B 28E4 LTBY (K3), #EEEE
DIHERF S KE CEL>TWwd, NNRTI LSRR %
OIEHEAFLEBAEFEICES L, BEREEPLTH S Asplll,
Aspl83 & Aspl85 O EZXTH L, DTFAREIHRT &
LD MRS LGS ETLE) D, BEFRSAT
WELEER OEWIEIEERN TR ) B o TWBED, K
ALARETIEULTEY, BEXERE2 AL %2
K2EZ6NTw5 2, A LABRIEMLTn A Z
i3, BEfFD 3 EAMOZAMMEIZE L VI L2 EKRL TW
5, ZO3DONNRTLIZZDOHEEEALLKEL KO
DDY A TVT A LIRS 2B @ tight-binding
CEFIN RT ICHEET A ty*ﬂ&\/‘%‘:ﬁufﬁ n,
efavirenz 732 DX 123243 5. Tight-binding inhibitor
i3, HIVOBREFHICHWIBEFRAE LTOBHTAI &
PHEENTVWE D, | FEH

inhibitor

@ rapid -equilibrium inhibitor

BRI RTICHAE L TEBY, RT L EHIEESLTVD
BN AT L P A %of\/\ét KHLHIV-I R4 2T 5

B, % %ﬁ’ J& L TIMER L2 WEHKITH S, nevirapine &
delavirdine 22 D% 4 T2 5,

NNRTI & &M 2 Hr 8 MEP T O T0 B, BEAFE
E O A S 2 2 E PR ELEETH 5. NNRTI
BHEATHER LSS, BRI #5570
T SN - BINIHFG O EEH] & FHE S f(L’C\ﬂfJb‘,

EBRICFERSNE L)% b &, Bl s K5 E
NIEESRESEEL, YT —VHERIMALY I 5
ZHIBEREEDOEL E o T 5,

(8) 7B 77 —tBRAEEI (Protease Inhibitor : PI)

Ta 77— ERHEANL 1995 FRICES L THrL45HF T
12 (a) saquinavir (SQV) , (b) ritonavir (RTV) , (¢)
indinavir (IDV) , (d) nelfinavir (NFV) , (e) amprenavir
(APV) , (f) lopinavir (LPV) # L T (g) atazanavir
(ATV) @ 7T SEF ST w5 2903 (R 4),
BUIWEB L3 o07ur 7 —BHEH SQV, RTV,
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(a) (b)

FsC 7 7 \
ol
0 — N

A e

Nevirapine (NVP)
BI-RG-587

Efavirenz (EFV)
DMP 266

|
_ HN. N/—\N\Zj
" /S \_7

(V1N #Eo5% 518,

(c)
TH3 HiC. CH,
L, Y
HN

Delavirdine (DLV)
U-90152

3 XV LAY NRUEGEERERER

Hydroxyethylamine isosteres %

Symmetrical inhibitor &

Neifinavir (NFV)

(e) OH

e © NH\/\/N\S NH,
Y
e

o
o Ph

Amprenavir (APV)

(b)
s. i /Pn o
A e
N x NH O S
T D)
Ph
Ritonavir (RTV)
<f) Ph
ISV
NH H o
HN N’ M NH
Ph
Lopinavir (LPV) N |
A
(9)
J’d;( AN
NH N. NH OCH.
HyCO NH < SNH :
SRS e
PR
Atazanavir (ATV)

4 7oOF7—tEEH

IDV 2N 2R 5 R, O AR SN, SQV
{3 phenilalanine-proline % #1# L 7> hydroxyethylamine
isosteres Wi & I OHHI TH B, Z L Gag pl7-p24, Pol
p6*-protease, proease-RT [ D YIWF &R 2 K. 5 Tyrtyrosine/
Phenilalanine-Proline B2%14% HIV-1 705 7 — Il Rl
T, WHLEDT ARG F 1 v o 7usr7—ETI3EHE -

WiTERWIERIEALAZLOTHAY, ThIZHLT
IDVEERBAZEOEE L 270, RUTANRTF 492
TUTT7T—ETHEL =N T HEAF R THS. L
SV HEMBAR TIIAROEE 2 ML 72L& 2 BEH
OEMEL DS, HIV-L 725 7Bz B W TR Ak
DEETHD Gag ¥ ¥ /37 DYIRTEH] & M L 72L& H°
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(0

$-1360

89

Diketo acid L.-708,906

Naphthyridine L- 870 810

NO,
OH OH
N } XN
)l\ F /
HS N 0 N SH
V-165

5 MEFTIHELIhTWVWIAFI5—EHEAERE

Y EiFoins:. #0kE hydroxyethylamine isosteres 1%
EEFHO(LAY IDV 2 EAM &N 2% o X512 1995
FERPH 1996 FI0TTRBH L2707 7 —YHEHR O
H SQV & IDV @ 2 LA I BISEEMENT R 7 » T2z

b 5F, wih b hydroxyethylamine isosteres # 1&
78 QO{EA% I/ ENF N LITHERIBN ETH D,

WX LT RTV IERBEEHET» OB LN T T 7
—h@@¢L%®%L%mk Brani-gEHTcHL. o
FT7 =¥ ORE e AEETH SI-SUDTEEHCAIK L TRt
Bid Lo TWB I Ens, TIWEEEEIC PI-PUICAEY ¢
B ERAL AR FRLS &5;vc%ﬁ® iR/ R eX (WAL Y
Uo7ur7—EHERNETKENIZSQV - IDVD
hydroxyethylamine isosteres & & RTV @ symmetrical

inhibitor RO DG T A ENTEL. WD 3HD

BIHLE, B 705 7 — VHER OB OB
CRIEE, @RI EES, ORny vy iEae%, £
L TOZ XMW D 2 R T2 7 7 4 VR b b
LW o, 1997 FIZBE L7 NFV IE SQV & C KAl
FHMIECRE LEEEZ D OERTH L. SQV L DEVIIN
FUOEE NS LA ETHY, I X ) BRI
HOREIHI L7z, FfboTus 7 —YHEH L IZE
% % NFV IOH4 Ot 2 2 D30N & N8sD % FHil4 2 =
L2723 APV % ¥ 7= hydroxyethylamine isostere
% FARHE & 129D hydroxyethylamine isosteres R 51 o)
HTdH D, 1999 FIZFEA S N B 2 CLE R TR Vo R 58
MHY,HF VEH IR Do D5, 2004 £ 7 D BRI
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4 % U3 X972 pro-drug @ fosamprenavir 25220 Sz,
Fosamprenaivr 13§54 L7 12 B\~ T alkaline phosphatase

& APV ICEB SN TIRINE N3 %), LPV i3 RTV 35T

o TS NEHITH A, BIRIC %toTiRW
@fﬁﬂéﬁ%‘ZEﬁT%% R FDOERFELEMT HREET S
7o, FORRLPV IR LI EE - HEST, HHE
ROEBBIMEEEZLAT A= — 7 REHME 0 7

TANEFoTVE Y, FRERLTELONATV Th
D, ZoFEH S RTV, LPV FERIZ P1-PUOxFRME % A5
FZEINIFERTH B, ATV ITREENFEORINE %R
L, MHOEHFFELDIRNZ LD 0—H B OREIHE
RELERTHL, FAEHMEHIV-IOTO T 7 4V
O PL LIZEZ Y, MEBIEHFIZKM L 72 Tld I50L 2
100% DFEL TERD B sz, I50L i ATV IS R 28 ©
HY, WOPHIN L TR EREL W & s hTwn
L., F21~2KDOPLIST LTI BE LAY A VAT
HIULT5 ATV ORI S 15 1192,

SHRESPEAETNZHLVER

BIEH SN T A EA OB TH 5 HRERHE L 70
FT—VYURNDTANAY Ry HEVREEOL LTS
— BRI L2 EFREDIER TR TS, MR
L7z E 9 ICHIV-1 #EEROSTO AT v 7IH D
B ERD 9 B, 2O THERIEWTRER IOV
THEICET.

(1) MEREEA

HIV-1 envelope @ gp4l % fZIZ L 72 T-20 (enfuvirtide)
DRETHRET SN TWE B YW = A gpdl @
leucine zipper like domain "T& % heptad repeat 2 (HR2)
DCER36 7 I/ BREY| RO TF FTHY), HR2D
WHTHLHRIIWEETAZLIZL D 9 A VAN T EEE
MRRORAXEET L. bPETIRELZHETIN TV EW
BHITHDH, T200@3TF FOLOKRBEEEISES WS
L, Bffithsr I l, L THERCIIENETHLZ L
BEDOER LT TN 5
2 1>797—CEHEH (H5)

A7 77— BRHEEREE, Tur 7 - HIV-1
DG - WRICHHOBETH Y, FEMBEOGELIEN
& éﬂ(ﬁ"‘&ﬁﬁ”#”ﬂoh’( . BEL DA ) -2
FHTh N CIRgN HIV-1 1 ¥ 7 75 — PICF RN %
L& e LCHE S0 diketo acid % b 21L&
Wb (B5(a)). Diketo acid id#l A 2 BEE G2
BEDO M TOF L— b e LTI 2 &Iz &k Y BEREMNZ
FEEEDEEZLNTWS D, 2000 £ 1285 S N7z L
708,906 & 1L-731,988 O DIV PLHIV-1 IR L 2 L7208
BHRBEBICE TIZRES 2 o7 (B5-(b) ()%, 20
%, diketo HEZ#2 S1360 BBH L, TDF T A TIEH)
HTHREFICE ThREED D, FOBERLIZIEES

(AR E55% H15,

Ty (B5-(e))*). S-1360 D%, L-870,810 ASEFR 3
BRizA->Twsd (B5(d))*®. Diketo acid & 13 8% 5 ¥
ATDA T 7T —EHREF & LTI pyrano dipyrimidine
(V-165) 7S ShTwd (R5E)Y. 22 124,
IRRERE CHET 54 v 77T — PIHEREHILE Yot
ATWA, ZOZLIFRFPARLLDIAVFTI—ED
B L U~ OBBENRT Y, {LEMORESS- %
BEICANDOHLIEERBLTWADTHAD), Fn
TRA 7 75— CHERPEL LT BT RN
FENLIRNTH 5.

@) 7EHA Lt T2 —[HEH (CXCR4 FHEH], CCR5
RREED

HIV-1 0% 03235 VIR TE R L, BEMor
AL VT BRI LA CH L, CXCRL H 5
V2 CCRS #HEMIC L7z b OV BHE S N TS, BIEESR
B CCR5 FLZEH] 12 1 TAK-652, AK602/0N04128/
GWS873140 %2 3% 5. CCRS HHEANIE AR, ITh R
TV AHERA ZHEABEHOPR T, BOEBILIGTVERT
H75 50, 51)_

(4) REARREH

2003 4E 12 PA-457 &9 HIV-1 FEEM % 23 5 A1)
W sh, FOHEERF IS TREMIbRTE W
THhOZFADETRHEL LT LWL OTHE, BF
SRR K AT, BAIMMEROHBEF 2S5 Gag D
CA-pl DEEBEBIEA L, 757 —BIl X A IkaE
#HET B EEZ LN TWA, IF Phasel /11 FiEER S
T s 5,

¥

JeEREENT BT 5 S HOF FH O BB id HIV RYE 12
BHERRE" ORGSR Ll ko7 LrL
HIV/AIDS 2550 2 e b5 T 5 S8R & EE TR ESEAI~
DT 7AW TDI, WEBBICELBPETH L.
R RIS LED TE -3 by SEBBEORE L LT
R EENC O HLHIV-1 BHDER LoD 575, if:“i
PRHHEELAIZIEE > Tk, T THRRTELL )
PLHIV-1 SANIREFICESR 2 LTn0a, LhEh%, & V)
%, L0VRE%, £ L TEYRliziGEz Hig L&A
FIFEIRT DN TV BAS, £0RBE L eEHE 2 CTldk
CRRELEDEEEL D PHEEVIVEDTH S,
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