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Abstract A phenalenone compound, atrovenetinone
methyl acetal, was isolated from a culture broth of
Penicillium sp. FK1-1463 as an HIV-1 integrase inhibitor,
and it showed anti-HIV activity in vifro. HIV-1 integrase
inhibition and anti-HIV activity of two other natural
phenalenones were also studied. Among the tested
compounds, funalenone inhibited HIV-1 integrase with an
1C,, value of 10 M and showed the best selectivity (anti-
HIV, {C,= 1.7 M cytotoxicity, IC;,=87 M),
Keywords: enzyme inhibitor, HIV interase, AIDS,
phenalenone

Combined therapeutic regimens with reverse transcriptase
inhibitors and protease inhibitors lead fo a suppression of
human immunodeficiency virus-1 (HIV-1) replication,
reduction of viral load, and decline in morbidity and
mortality [1, 2]. However, the therapy sometimes fails due
to the emergence of mutant viruses that are resistant to

these drugs [3]. Thus, it is critical to discover more
effective and less toxic anti-HIV agents with different
molecular targets in the viral replication cycle. We have
previously screened microbial metabolites for new anti-
HIV antibiotics that inhibit entry of HIV-1 into the
susceptive cells, and found isochromophilones and
chloropeptins by a gpl20-sCD4 binding assay [4, 5] and
actinohivin by a syncytium formation assay {6]. There are
three viral enzymes essential for HIV-1 replication, reverse
transcriptase, protease, and integrase. Of these, only
integrase has not been the target of a clinically used
inhibitor. HIV DNA is inserted into the host genome by a
specialized DNA recombination reaction in which the viral
integrase is the key player [7, 8]. The integration reaction is
composed of three steps, 3'-processing, strand transfer, and
gap filling, and integrase catalyses the first and second
steps. The third step is thought to be catalyzed by cellular
enzymes. Many natural and synthetic integrase inhibitors
have been reported [8~12] but only a few compounds
show high selectivity. Therefore, we screened microbial
metabolites for HIV-1 integrase inhibitors, and found that a
culture broth of Penicillium sp. FKI-1463 has the inhibitory

H. Tanaka (Corresponding author), K. Shiomi, R. Matsui, M.
Isozaki, H. Chiba, T. Sugai: School of Pharmaceutical Sciences
Kitasato University, 5-9-1 Shirokane, Minato-ku, Tokyo 108-
8641, Japan, E-mail: tanakah@pharm kitasato-u.ac jp

Y. Yamaguchi, R. Masuma, H. Tomeda, S. Omura: The
Kitasato Institute, 5-9-1 Shirokane, Minato-ku, Tokyo 108-8641,
Japan

R. Masuma, H. Tomoda, S. Omura: Kitasato Institute for Life
Sciences, Kitasato University, 5-9-1 Shirokane, Minato-ku, Tokyo
108-8641, Japan

T. Chiba, H. Yan, W. Sugiura: AIDS Research Center, National
Institute of Infectious Diseases, 4-7-1 Gakuen, Musashimurayama-
shi, Tokyo 208-0011, Japan

Y. Kitamura: Advanced Clinical Research Center, Institute of
Medical Science, The University of Tokyo, 4-6-1 Shirokanedai,
Minato-ku, Tokyo 108-8639, Japan



66

Atrovenctinone methyl acetal (1)

Fig. 1 Natural phenalenones.
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Fig. 2 Conversion of atrovenetinone.

activity. The active compound was identified as a
phenalenone compound, atrovenetinone methyl acetal (1,
Fig. 1) [13}. This paper presents integrase-inhibiting and
anti-HIV activities of 1 and other natural phenalenones.

A slant culture of the strain FKI-1463 grown on YpSs
agar was inoculated into a 500-ml Erlenmeyer flask
containing 100ml of a seed medium consisting of glucose
2.0%, Polypepton (Nihon Pharmaceutical Co.) 0.5%, yeast
extract 0.2% (Oriental Yeast Co.), KH,PO, 0.1%,
MgSO, 7H,0 0.05%, and agar 0.1%, pH 6.0. It was
cultured on a reciprocal shaker at 27°C for 3 days. One
milliliter of the seed culture was transferred into each of
twenty 500-ml Erlenmeyer flasks containing 100ml of a
production medium consisting of glycerol 3.0%, oatmeal
(Nihon Shokuhin Seizo Co.) 2.0%, dry yeast (Gist-
brocades) 1.0%, KH,PO, 1.0%, Na,HPO, 1.0%,
MgSO, 7TH,0 0.5%, pH not adjusted. The fermentation
was carried out on a reciprocal shaker at 27°C for 7 days.
The cultured broth (2.0 liters) was centrifuged and the
mycelia were extracted with methanol, which was then
removed from the extract by evaporation. The aqueous
extract was partitioned with ethyl acetate at pH 3.0, and the
organic layer was concentrated to dryness in vacuo to
afford brown oil (644 mg). This was chromatographed over
a silica gel column. Active fractions, eluted with CHCI, -
methanol (100:1) and CHCI, - methanol (20:1), were
concentrated to yield a crude material (284 mg). It was

OCHg
HO 0
HO l OH

CH; OH

Erabulenol B (4) Funalenone (5)

applied on a ODS silica gel column and eluted with
aqueous CH,CN. The 50% CH,CN eluates were
concentrated (95.5mg) and chromatographed over
Sephadex LH-20 to yield green oil (86.8mg). It was further
purified by reverse phase (Pegasil ODS, Senshu Scientific
Co.) and normal phase (Pegasil Silica, Senshu Scientific
Co.) HPLC to yield 50.5 mg of green oil.

The purified compound was implicated as 1 by
comparison of the NMR data in CDCl, with the reported
data by Nakanishi e al. [13]. Atrovenetinone (2) is easily
converted into an acetal in alcohol (Fig. 2) [14], and the
acetal is a mixture of diastereomers [13]. So, the NMR
spectra of 1 are complicated. Since 2 exists as the hydrate
(3) in DMSO [14], we observed the NMR spectra of the
isolated compound in DMSO-d;. The spectra were
simplified, and each signal was assigned as follows: 'H
NMR (600 MHz) & 13.67 (1H, s, 5-OH), 12.92 (1H, s, 11-
OH), 6.86 (1H, s, 12-H), 4.70 (1H, g, /=6.5 Hz, 2'-H),
4.04.(1H, br s, 8-OH), 2.72 (3H, s, 14-H,), 1.45 GH, s, 5'-
H,), 1.22 (3H, s, 4'-H,), 1.41 GH, d, /=65 Hz, U"-H;); Be
NMR (150 MHz) § 197.7 (C-7), 196.2 (C-9), 165.1 (C-11),
164.8 (C-3), 164.5 (C-5), 147.9 (C-13), 136.7 (C-1), 118.1
(C-4), 117.6 (C-12), 109.0 (C-2), 104.9 (C-10), 101.9 (C-
6), 91.1 (C-2'), 88.0 (C-8), 42.8 (C-3'), 25.2 (C-5"), 235
(C-14), 204 (C-4"), 143 (C-1'). The NMR data suggested
that 1 was converted into 3 in DMSO solution (Fig. 2), and
released methanol signals (&, 3.15 and . 48.6) were also
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Table 1 Biological activities of phenalenones
{Csq (M)
= Selectivity
HIV-1 integrase Anti-HIV Cytotoxicity (B/A)
inhibition activity {A) (HPB-M(a)? (B)
Atrovenetinone 19 6.7 13 1.9
methyl acetal (1)

Erabulenol B (4) 79 17 230 14
Funalenone (S) 10 17 87 51

IHPB-M(a) cells are human peripheral blood cells transformed by murine leukemia virus. Anti-HIV

activity was measured using HPB-M(a) cells with LTR driven luciferase.

observed. Thus, the isolated compound was identified as 1.
It has been reported as a myosin light chain kinase inhibitor
isolated from a culture broth of Penicillium sp. It may be
derived from 2 during purification. Compound 2 is a
phenalenone compound originally obtained by the
oxidation of atrovenetin produced by Penicillium sp., and 2
was lately isolated from a culture broth of Gremmeniella
abietina (14, 15].

We have previously isolated the other fungal
phenalenones, erabulenol B (4) which inhibits cholesteryl
ester transfer protein and funalenone (5) which inhibits
collagenase [16, 17]. Funalenone was also reported to
inhibit bacterial cell wall synthesis enzymes MraY and
MurG [18]. We evaluated integrase inhibition and anti-HIV
activity of 1 together with those phenalenones. HIV-1
integrase activity was measured by strand transfer assay
according to Craigie ef al. [7]. In vitro anti-HIV activities
of the test compounds were measured by originally
established reporter human T cell line with LTR driven
luciferase. The cells were infected with wild type HIV-1,
and the compounds were added at different concentrations
ranging from 0.0016 to 125 pg/ml. Luciferase activities of
the cells, which appeared to correlate with the level of HIV-
| replication, were measured at day 7, and anti-HIV ICq;s
of the compounds were evaluated. The IC;, value of 1
against integrase was 19 uM, and it also showed anti-HIV
activity at 6.7 uM (Table 1). However, its cytotoxicity was
relatively high. Compounds 4 and 5 showed more potent
inhibition against integrase than 1, and also exhibited anti-
HIV activity. The anti-HIV activity of 5 was the most
potent (1.7 uM), and its cytotoxicity (87 uM) was lower
than 1. Though 5 was reported to inhibit collagenase and
bacterial cell wall synthesis enzymes [17, 18], those
inhibitions were less potent than the integrase inhibition
and anti-HIV activity. Therefore, 5 may be a good

candidate lead compound for anti-HIV agent. Inhibition of
DNA polymerases by the other phenalenones have been
reported, but they did not inhibit HIV reverse transcriptase
[19]. A plant metabolite, hypericin [20], is the only ortho-
and peri-fused aromatic compound reported to show
integrase inhibition [21].

Acknowledgements We are grateful to 'Dr. Junji Inokoshi,
School of Pharmaceutical Sciences, Kitasato University for
providing funalenone. This work was supported in part by the
Grant of Research for the Development of Anti-AIDS
Pharmaceutical Products (KA12505), Japan Health Sciences
Foundation, and the 21st Century COE Program, Ministry of
Education, Culture, Sports, Science, and Technology.

References

1. Hogg RS, Rhone SA, Yip B, Sherlock C, Conway B,
Schechter MT, O’Shaughnessy MYV, Montaner JISG.
Antiviral effect of double and triple drug combinations
amongst HIV-infected adults: from the
implementation of viral load-driven antiretroviral therapy.
AIDS 12:279-284 (1998)

2. Palella FJ Jr, Delaney KM, Moorman AC, Loveless MO,
Fuhrer J, Satten GA, Aschman DJ, Holmberg SD. Declining
morbidity and mortality among patients with advanced
human immunodeficiency virus infection. N Engl J Med
338: 853-860 (1998) .

3. Deeks SG. Treatment of antiretroviral-drug-resistant HIV-1
infection. Lancet 362: 20022011 (2003)

4. Matsuzaki K, Ikeda H, Masuma R, Tanaka H, Omura S.
Isochromophilones I and II, novel inhibitors against gpl120-
CD4 binding produced by Penicillium multicolor FO-2338.
I. Screening, taxonomy, fermentation, isolation and
biological activity. J Antibiot 48: 703-707 (1995}

5. Tanaka H, Matsuzaki K, Nakashima H, Ogino T, Matsumoto

lessons



68

10.

11.

12.

A, lkeda H, Woodruff HB, Omura S. Chloropeptins, new
anti-HIV antibiotics inhibiting gp120-CD4 binding from
Streptomyces sp. 1. Taxonomy, fermentation, isolation,
physico-chemical properties and biological activities. J
Antibiot 50: 58-65 (1997)

Chiba H, Inokoshi J, Okamoto M, Asanuma S, Matsuzaki K,
Iwama M, Mizumoto K, Tanaka H, Oheda M, Fujita K,
Nakashima H, Shinose M, Takahashi Y, Omura S.
Actinohivin, a novel anti-HIV protein from an actinomycete
that  inhibits  syncytium isolation,
characterization, and biological activities. Biochem Biophys
Res Commun 282: 595601 (2001)

Craigie R, Hickman AB, Engelman A. Integrase. /n HIV.
Volume 2. Ed., Karn J, pp. 5371, IRL Press, Oxford (1995)
Pommier Y, Neamati N. Inhibitors of human
immunodeficiency virus integrase. /n Advances in Virus
Research. Volume 52. Ed., Maramorosch K et al., pp. 427-
458, Academic Press, San Diego (1999)

Cos P, Maes L, Vanden Berghe D, Hermans N, Pieters L,
Vlietinck A. Plant substances as anti-HIV agents selected
according to their putative mechanism of action. J Nat Prod
67: 284-293 (2004)

Hazuda D, Blau CU, Felock P, Hastings J, Pramanik B,
Wolfe A, Bushman F, Farnet C, Goetz M, Williams M,
Silverman K, Lingham R, Singh S. Isolation and
characterization of novel human immunodeficiency virus
integrase inhibitors from fungal metabolites. Antivir Chem
Chemother 10: 63-70 (1999)

Singh SB, Jayasuriya H, Dewey R, Polishook IJD,
Dombrowski AW, Zink DL, Guan Z, Collado J, Platas G,
Pelaez F, Felock PJ, Hazuda DJ. Isolation, structure, and
HIV-1 integrase inhibitory activity of structurally diverse
fungal metabolites. J Ind Microbiol Biotechnol 30: 721-731
(2003)

Ondeyka JG, Zink DL, Dombrowski AW, Polishook JD,
Felock PJ, Hazuda DJ, Singh SB. Isolation, structure and
HIV-1 integrase inhibitory activity of exophiltic acid, a novel
fungal metabolite from Exophiala pisciphila. ] Antibiot 56:
1018-1023 (2003)

formation:

13.

14.

15.

16.

17.

18.

19.

20.

21.

Nakanishi S, Toki S, Saitoh Y, Tsukuda E, Kawahara K,
Ando K, Matsuda Y. Isolation of myosin light chain kinase
inhibitors microorganisms:  dehydroaltenusin,
altenusin, atrovenetinone, and cyclooctasulfur. Biosci
Biotechnol Biochem 59: 1333-1335 (1995)

Ayer WA, Hoyano Y, Pedras MS, van Altena I. Metabolites
produced by the Scleroderris canker fungus, Gremmeniella
abietina. Part |. Can Chem 64: 1585-1589 (1986)
Narasimhachari N, Vining LC. Studies on the pigments of
Penicillium herquei. Can J Chem 41: 641-648 (1963)
Tomoda H, Tabata N, Masuma R, Si SY, Omura S.
Erabulenols, inhibitors of cholesteryl ester transfer protein
produced by Penicillium sp. FO-5637. 1. Production,
isolation and biological properties. J Antibiot 51: 618-623
(1998)

Inokoshi J, Shiomi K, Masuma R, Tanaka H, Yamada H,
Omura S. Funalenone, a novel collagenase inhibitor
produced by Aspergillus niger. J Antibiot 52: 1095-1100
(1999)

Zawadzke LE, Wu P, Cook L, Fan L, Casperson M, Kishnani
M, Calambur D, Hofstead SJ, Padmanabha R. Targeting the
MraY and MurG bacterial enzymes for antimicrobial
therapeutic intervention. Anal Biochem 314: 243-252
(2003)

Perpelescu M, Kobayashi J, Furuta M, Ito Y, Izuta S,
Takemura M, Suzuki M, Yoshida S. Novel phenalenone
derivatives from a marine-derived fungus exhibit distinct
inhibition spectra against eukaryotic DNA polymerases.
Biochemistry 41: 7610-7616 (2002)

Pace N, Mackinney G. Hypericin, the photodynamic
pigment from St. John’swort. J Am Chem Soc 63: 2570
2574 (1941)

Farnet CM, Wang B, Hansen M, Lipford JR, Zalkow L,
Robinson WE, Jr, Siegel J, Bushman F. Human
immunodeficiency virus type 1 cDNA integration: new
aromatic hydroxylated inhibitors and studies of the
inhibition mechanism. Antimicrob Agents Chemother 42:
2245-2253 (1998)

from



ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Feb. 2006, p. 694-701
0066-4804/06/308.00+0  doi:10.1128/AAC.50.2.694-701.2006
Copyright © 2006, American Society for Microbiology. All Rights Reserved.

Discordances between Interpretatidn Algorithms for Genotypic
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The major limitation of drug resistance genotyping for human immunodeficiency virus remains the inter-
pretation of the results. We evaluated the concordance in predicting therapy response between four different
interpretation algorithms (Rega 6.3, HIVDB-08/04, ANRS [07/64], and VGI 8.0). Sequences were gatheved
through a worldwide effort to establish a database of non-B subtype sequences, and demographic and clinical
information about the patients was gathered. The most concordant results were found for nonnucleoside
reverse transcriptase (RT) inhibitors (93%), followed by protease inhibitors (84%) and nucleoside RT inhibitor
(NETIs) (76%). For therapy-naive patients, for nelfinavir, especially for subtypes C and G, the discordances
were driven mainly by the protease (PRO) mutational pattern 82I/V + 63P + 361/V for sabtype C and 821 +
63P + 361 + 201 for subtype G. Subtype F displayed more discordances for ritonavir in untreated patients due
to the combined presence of PRO 20R and 101/V. Iu therapy-expericnced patients, subtype G displayed a lot
of discordances for saguinavir and indinavir due to mutational patterns invelving PRO 30 M and 821 Subtype
F had more discordance for nelfinavir attributable to the presence of PRO 88S and 82A -+ 54V. For the NRTIs
lamivadine and cmtricitabine, CRFOL_AF. had wore discordances than subiype B due to the presence of RT
mutiational patierns 65R + 115 M and 1181 + 215Y, respectively. Gverall, the different algorithms agreed well
on the level of resistance scored, buf some of the discordances could be attributed to specific (subtype-
dependent) combinations of mutations. It is not yet known whether therapy respoinse is subtype dependent, but
the advice given fo clinicians based on a genotypic inferpretation algorithm differs according to the subtype.
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Genotyping for the assessment of anti-human immunodefi-
ciency virus (HIV) drug resistance is often used in the man-
agement of individual patient therapy. Currently, it is recon-
mended in Buropean as well as American guidelines (17, 38).
In several retrospective and prospective studies, genotyping
proved beneficial in optimizing treatment for individual pa-
tients (5, 10, 16, 23, 25, 31, 37).

* Corresponding author. Mailing address: Rega Institute for Medi-
cal Research, Minderbroedersstraat 10, 3000 Leuven, Belgium. Phone:
32 16332160, Fax: 32 16332131, E-mail: annemie.vandamme(@uz
kuleuven.ac.be.
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Although genotyping is commonly used, there are still many
uncertainties with respect to the value of genotype in the as-
signment of a new regimen. The current genotypic assays are
not always able to report all drug resistance mutations among
non-B subtypes (11, 18, 19, 24). Regardless of subtype, geno-
typing is not sensitive (o nutations that are present as a minor
variant in the population (22, 40). Genotyping results also
differ depending on the laboratory where they are performed.
Quality control studies indicate that mutations, even present as
a pure variant, are often underestimated (32).

However, separate from the quality and sensitivity issues, the
interpretation of genotypic results is still not standardized.



Voi. 50, 2006

Several interpretation algorithms have been designed to aid in
this, but they may differ in the prediction of therapy response
and/or drug susceptibility. Studies were performed mainly on
subtype B viruses, and even within this subtype, differences
have been detected (6, 21, 29, 34, 35, 36).

Non-B subtypes are a challenge for these systems, since
algorithms for these subtypes were designed using genotype,
phenotype, and therapy response information that was largely
derived from experience with subtype B. Recent analyses sug-
gest that non-B viruses can develop specific mutations that
differ from those identified in subtype B under the same treat-
ment pressure (1, 20). For example, in CRF01_AE but not in
subtype B viruses, V75M seems 1o be significantly associated
with stavudine treatment (2) and, in subtype C but not in
subtype B, V106M is a signature substitution of patients
treated with efavirenz (4). There is a continuing controversy
about the impact of secondary protease mutations (positions
36, 71, 77, etc.) which evolve in subtype B following protease
exposure and are refatively frequent in untreated patients with
non-B subtypes. It has been suggested that some of these can
affect the susceptibility to certain protease inhibitor (PT) ther-
apics in B and non-B subtypes (14, 28).

Although some short-term studies suggest little difference in
therapy response in patients carrying non-B subtypes from that
of patients infected with subtype B (12), other studies showed
a significant difference in responses to treatment for different
subtypes (8, 13). However, current studies have included a
Jimited number of subjects. Potential differences can be due to
differences in drug resistance. It is therefore important to know
how the current drug resistance interpretation systems perform
on different subtypes, and first of all, we need (o know what the
subtype-dependant discrepancies between the systems are.

Comparisons between these interpretation systems have al-
ready been made for subtype B strains; however, the subtype
dependency of resistance assessment by these interpretations
systems has not yet been determined (6, 21, 29, 34, 35, 36). In
this study, we investigated four frequently used interpretation
systems across a large number of non-B sequences to deter-
imine whether discordance between the systems was dependent
on the viral subtype.

MATERIALS AND METHODS

Sequences. Sequences of HIV-1 protease (positions 1 to 99) and reverse
transcriptase (RT) (positions 1 to 240) were collected from the published liter-
ature and from 14 luboratories in 12 countries through the non-B workgroup, a
worldwide effort to establish a database of non-subtype B sequences (20). Three
sepurate analyses were performed based on the treatment history of the patient
at the time of sequencing: P1 apalysis, nucleoside RT inhibitor (NRTI) analysis,
amd nonnpucieoside RT iohibitor (NNRTY) analysis. A sequence wis included in
the respective analysis either if the patient was reported to have had no previous
exposure to 4 druyg in that cluss or if the patient was being treated with a dmg in
that class at the time of sequencing, thus separating the analyses according to
drug class exposure. In this way, sequences froms patients that hud drug exposure
from a particular class in the past but were not at the time of sequenciog taking
a drug from that class were excluded. The treatment data gathered for this
dutabuse were therapy history, with start and stop dutes for a treatment, the
regimens in the therapy, and the doses of the separate antivirals. Sequences were
exciuded when there was no therapy history.

Subtyping. Subtyping was performed by phylogenetic analysis using the sub-
typing tool developed by de Oliveira et al. separately for protease and reverse
transcriptase sequences (7). Briefly, sequences are first analyzed using pure
subtypes s a reference; in 4 second step, knows circulating recombinant forms
are added to the alignment. To detect recombination, bootscanning wids per-
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formed using a sliding window of 400 nucleotides that was advanced 20 nucleo-
tides at u time. Recombinants were included only if they were CRFOL_AE or
CRF02_AG since we had sufficient data for only these two circulating recombi-
nant forms.

Algorithms. Four publicly available algoritbms were applied on each of the
sequences: Agence Nutionale de Recherche sur Je SIDA (ANRS) Juiy 2004 (hitp:
Jiwww sante.gauv.fi/htn/actu/36_vih_2htm) (25), HIV RT wnd Protease Sequence
Databuse (HIVDB) Augost 2004 (butp:i/ivdb stanford.edu) (33), Rega Institute
{Rega) version 6.3 {hitp:/fwww kuleuven.be/regaicev/pdfiResistance Algorithm6_3
pdf) (39), and Bayer Health Cave-Diagnostics (VGI) version 8 (30} (formerly
Visible Genetics).

Mutations considered. In all statisiical analyses (see below), we scored all
miutations that are included in one of the algorithms we used in the analyses: 18
NRTI resistance positions, Le., 41, 44, 62, 65,67, 69, 70, 74, 75, 77, 115, 116, 118,
151, 184, 210, 215, and 219; 16 NNRTI resistance positions, i.e., 98, 100, 101, 103,
106, 108, 179, 181, 188, 190, 225, 227, 230, 234, 236, und 318; and 23 Pi resistance
positions, Le., 10, 20, 24, 30, 32, 33, 36, 46, 47, 48, 50, 53, 54, 60, 63, 71, 73, 77,
82, 84, 88, 90, and 93. For most positions, more than one mutant amino acid cun
be scored. All mixtures at resistance positions were scored as mutants.

Scoring of discordances—statistical analyses and data mining. The algorithm
specification interface at the web site for the Stanford HIV drug resistance
database (http://hivdb.stanford.edu) was used to apply the interpretation algo-
rithumns to each sequeance (3). We assigned three levels of resisiance: susceptible
(S), intermediate (1), and resistant (R). For HIVDB, which assigns five levels
of resistance, we obtained three by pooling the two highest and two lowest

categories.

Loterpretutions were considered concordant if each of the algorithrus assigned
the sume level of resistance to 8 sequence for a particular drug. We considered
the algocithms to be fully discordant if one of them scored the sequence S for u
particutar drug, and another one scored it us R. Interpretations were considered
partially discordant when, among the scores of the different systeins, both § and
1 or both R and 1 were found for the same drug. The numbers of fully discordant
{counted as 1) and purtially discordant (counted as {.5) strains were added to
compute the proportion of discordant strains.

Statistical analyses were performed to see whether the number of discordances
were drug and subtype dependeat. We performed a one-way analysis of variance
(ANOVA) with Tukey’s confidence intervals to check for differences between
different drugs and different subtypes. Differences between only subtype B and
each of the other subtypes have been analyzed in this study.

The data mining program Weka, version 3.4.4 (http:/fwww.cswaikato.ac.nz/~ml
Awekaf), was used to identify mutational patterns that were responsible for the
observed discordances, thereby also identifying the algorithms that caused the
discordances. We used this tool to build binary decision trees with which it tries
to predict all observed discordances. To evaluate the predictive power of the
decision trees, we performed a 10-fold cross-validation. Ln this method, the data
set is split 10-fold and the predictive performance for every subset is evaluated
for a decision tree trained on the other subsets.

We built a model for each drug in which we found a statistically significant
effect of subtype on discordance. We included all subtypes in the model und tried
to predict discordances (three levels, concordunt, discordant, and partially dis-
cordant). For each leaf in the resuiting tree that predicted discordunce, we
culculated the subtype distribution. Fisher exact tests were performed to analyze
whether a rule in the decision tree explained significantly more discordances for
4 particular subtype.

RESULTS

Subtype distribution. We obtained protease and/or reverse
transcriptase sequences from 5,030 patients. The subtype dis-
tribution for each analysis (PI, NRTI, or NNRTT) is shown in
Table 1. In total, we obtained 6,916 (3,926 from naive and
2,990 from treated patients) sequences for PI analyses, 5,689
(2,331 naive and 3,358 treated) for NRTI analyses, and 5,557
(4,208 naive and 1,349 treated) for NNRTI analyses. Twelve
protease and five RT sequences were filtered out due to sus-
pected recombination or were untypable. The majority of the
sequences were of a non-B subtype except for the Pl-treated
and NRTI-treated class, where the prevalence of subtype B
was 82% and 66%, respectively. Subtypes H, J, and K were
excluded because of a limited number of sequences.
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TABLE 1. Subtype distribution for sequences in the analysis
groups PI, NRTI, and NNRTI

No. of sequences for”:

Subtype ri NRTL NNRTL
Nuive  Treated Naive  Treated Naive  Treated
A 363 35 318 105 217 206
B 1,661 2,467 632 2,224 2,139 585
C 672 201 644 339 805 178
D 260 37 201 89 159 131
F 126 80 79 107 140 46
G 128 87 63 158 144 77
CRFO1_AE 207 36 132 251 291 92
CRI02_AG 509 47 262 85 313 - 34

“ A sequence was included in the analysis if there was no previous exposure to
a drug in that class or the patient was being treated with a drug in that class at
the time of sequencing.

Discordances. Overall, the different interpretation systems
agreed well on the level of resistance. Eighty-four percent of
the sequences had concordant results for Pls. In only 6% of the
cases, the algorithms gave full discordant results; most of the
observed differences were due to partial discordances (10%).
For NRTTIs, 76% of the sequences gave concordant results and
8% were fully discordant. The most concordant resuits, 93%,
were found for NNRTI. Only 1% of the sequences caused full
discordances. The results for each drug are shown in Fig. 1.

The concordance was significantly higher for therapy-naive
patients than for treatment-experienced patients (£ < 0.0001)
for all drug classes.
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Protease inhibitor analysis. The number of discordances
seemed to be drug and subtype dependent for therapy-naive
patients as well as treated patients (Tables 2 and 3).

Inn therapy-naive patients, results for nelfinavir were discor-
dant in 1.8% of the sequences, while for lopinavir, this was
(.3% and for tipranavir, this was 0%. When considering the
results for a single drug, the proportion of sequences displaying
full or partial discordances was subtype dependent. Concern-
ing specific subtypes in therapy-naive patients, discordances were
observed for ritonavir (subtype F, P < 0.01) and nelfinavir (sub-
types G and C) (Table 2).

In treated patients, the results were different. The highest
level of discordance was obtained for amprenavir (50%),
whereas 36% of the sequences were scored as discordant for
fopinavir and 14% for nelfinavir. Tipranavir gave still the least
discordant results; only 2% of the sequences were causing
discordances between algorithms. Compared to subtype B,
more discordances were observed for nelfinavir in subtype F
and for indinavir and saquinavir in subtype G (£ < 0.01), while
less discordances were observed for amprenavir in subtypes C
and D and for atazanavir in subtype C (P < 0.01) (Table 3).

Nonnucleoside reverse transcriptase inhibitor analysis. For
therapy-naive patients, no differences could be found between
drugs, while for treated patients, efavirenz scored the most dis-
cordances (11%), followed by delavirdine and nevirapine (5%).

The proportion of sequences displaying full or partial dis-
cordances was subtype dependent in this drug class except for
delavirdine and nevirapine in naive patients. But no specific
subtypes were found that had differences in the resistance
interpretation compared to subtype B.

8000

7000

@ discordant
O partiat discordant
@concordant

FIG. 1. Graphic representation of the number of discordant sequences per drug class. Gray bars represent the number of sequences for which
concordant predictions were made by the four algorithms, white bars represent the number of sequences with partial discordance, and black bars

represent sequences with discordant predictions.
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TABLE 2. Interalgorithm discordances between genotypic drug
resistance interpretation for sequences oblained from
therapy-naive patients infected with FIV-1
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TABLE 3. Interalgorithm discordances between genotypic drug
resistance interpretation for sequences obtained from
therapy-experienced patients infected with HIV-1

Discordunces P value for Discordances £ vatue for
Drug " subtype Subtypes® Drug Nt subtype Subtypes”
(%) depe b (%) . "
ependency dependency
Protease inhibitors Protease inhibitors
Nelfinavir 1.8 <f).01 G and C more Agprenavir 50 <<0.01 C and D less
thun B thun B
Atazanavir 11 <0.01 Atazanavir 42 <0.61 C less than B
Ritonavir 1.1 <<0.01 F more than B Lopinavir 36 <0.01
Amprenavir 0.6 NS Saquinavir 24 <001 G more thun B
Indinavir 0.5 NS Indinavir 15 <0.01 G more than B
Saquinavir 0.4 NS Nelfinavir 14 <<0.01 F more than B
Lopinavir 0.3 NS Ritonavir 9 <0.01
Tipranavir [ NS Tipranavir 2 NS
Nonnucleoside reverse Nonnucleoside reverse
transcriptase inhibitors transcriptase inhibitors
Delavirdine 5 NS Efavirenz 11 <(.01
Nevirapine 5 NS Delavirdine 5 <041
Efavirenz 5 <<0.01 Nevirapine 5 <0.01
Nucleaside reverse Nucleoside reverse
transcriptase inhibitors transcriptase inhibitors
Zidovudine 1.6 <.l Didanosine 54 <(.01 C and D less
Zalcitabine 12 <0.01 than B
Stavadine 1 <0.01 C less than B Abacavir 49 <0.01
Abacavir 0.7 NS Tenofovir 37 <0.01 G,A,C and D
Didanosine 0.6 NS less than B
Tenofovir 0.4 NS Zalcitabine 26 <001 C less than B
Lamivudine 0.2 NS Stavudine 23 <0.01
Emtricitabine 0.1 NS Zidovudine 13 <0.01
Lamivudine 7 <0.01 CRFOI_AE
“ Percentage of sequences that had discordant results between genotypic in- more than B
Emtricitabine 5 <0 CRF01_AE

terpretation algorithms.

? Ope-way ANOV A was used to evaluate whether the number of discordances
was subtype dependent (P of <0.05 was considered significant). NS, not signif-
icant.

< If the number of discordances was subtype dependent, Tukey’s confidence
intervals were nsed for a paitwise znalysis to look for subtypes that caused
significantly fewer or more discordances than subtype B. Although the percent-
age of discordances for some drugs was significantly subtype dependent, this did
not always relate to a specific subtype that displayed significantly more or less
discordances then subtype B.

Nucleoside reverse transcriptase inhibitor analysis. In 1.6%
of the sequences, zidovudine (AZT) was responsible for most
of the discordances in therapy-naive patients; didanosine (ddI)
was responsible for most of the discordances in treated pa-
tients (549%). The difference between drugs in this class was
significant for both therapy-naive (Table 2) and therapy-expe-
rienced (Table 3) patients.

For zidovudine, zalcitabine, and stavudine in the naive pop-
ulation, the number of discordances was associated with sub-
type (P < 0.01). For only stavudine, subtype C was found to
display less discordances than subtype B.

The number of discordances was significantly associated
with subtype for all drugs in therapy-experienced patients
(P < 0.01). For lamivudine and emtricitabine, CRF01_AE
seemed to display significantly more discordances than sub-
type B. Subtypes C and D had fewer discordant interpreta-
tions for didanosine, and subtype C had also fewer for zal-
citabine. For tenofovir, a lot of non-B subtypes had fewer
discordant results than subtype B. This was the case for
subtypes A, C, D, and G.

Mutational features of the subtype dependency. The results
have been summarized in Table 4.

more than B

@ Percentage of sequences that had discordant results between genotypic in-
terpretation algorithms.

" One-way ANOVA was used to evaluate whether the number of discordances
was subtype dependent (P value of <0.05 was considered significant). NS, not
significant.

< 1f the number of discordances was subtype dependent, Tukey’s confidence
intervals were used for a pairwise analysis to look for subtypes thut caused
significantly fewer or more discordances than subtype B. Although the percent-
age of discordances for some drugs was significantly subtype dependent, this did
not always relate to a specific subtype that displayed significantly more or fewer
discordances then subtype B.

In therapy-naive patients among non-B subtype viruses, sub-
types C and G showed partial discordances with respect to
saquinavir susceptibility.

For subtype C, the most frequent pattern that caused partial
discordances was a combination of protease (PRO) 82V/I +
63P + 36V/1. This pattern significantly explained more partial
discordances for subtype C than for subtype B (£ < 0.0001).
This secemed due to the HIVDB interpretation algorithm. All
subtype C sequences displaying this pattern also had the PRO
93L mutation. This mutation is taken into account for only
nelfinavir by the HIVDB algorithm, which scores this pattern
as intermediate, while all other algorithms score these se-
quences susceptible.

Two rules were discovered in the tree for subtype G that
explained significantly more discordances than subtype B. One
was a rule very similar to that for subtype C, PRO 82I + 63P
+ 361 (P = 0.04), and the other rule was PRO 82I + 63mt (any
mutation) + 20I (P = 0.01). In practice, these rules cover the
same sequences, as all subtype G sequences with the first
pattern also harbor a mutation at position PRQ 20 and all
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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

Diug” Subtype Mutation patierns (score)” Algorithm responsible®
Naive population
Nelfinavir C 82I/V + 63P + 36L/V (SISS) HIVDB (all sequences also 93L, taken info account
by only HIVDB)
G 821 + 63P + 361 (SISS) and HIVDB (high weight for 82I)
821 + 63mt + 201 (SISS)
Ritovavir ¥ 20R + 10V/I (0sSIS) Rega (all sequences also 361, three secondary PI mutations

Treated population .
90M + 82I (SRIR)

Saquinavir G
Indinavir G 90M + 821 + 54V (RRSI) and
90M + 821 + 71T + 201 (RISI)
Nelfinavir F 88S (RRSI) and
82A + 34V (IRRR)
Lamivudine CRFOI_AE  65R + 151M (IRRI)

Emtricitabine CRF01_AE 1181 + 215Y (SSInr)

scored as I by only Rega)

ANRS (does not score this as resistant)
HIVDB and ANRS (ull sequences also 361, pattern scored
as R by HIVDB and ANRS) :
Rega (LIOM not scored as R)
Rega (scores this as S)
ANRS (all sequences also 361, not scored as R by ANRS)
ANRS and VGI (do not have a rule for the presence of both)
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 significanily more or fewer discordances than subtype
B ure 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, Rega, and VGI). Oaly the scoring paiterns that accounted for most of the discordances (>85%) are shown. nr, no rule available for

the drug.

< Algorithm(s) responsible {or the observed discordunces. Some information is provided in parentheses as to why these algorithms cause a discordance.

sequences with the second pattern also harbor a mutation at
position PRO 36. Again, these discordances were due to the
HIVDB algorithm, which is the only one that takes into ac-
count mutations at position PRO 20 and gives a rather high
weight for the PRO 821 mutation for nelfinavir.

For ritonavir, subtype F caused more discordances than sub-
type B. We found a rule, PRO 20R + 10V/L, in the decision
tree explaining significantly more subtype F partial discor-
dances than those observed in subtype B. An example of the

Weka decision tree with subsequent statistical analyses is
shown in Fig. 2. Those subtype F sequences all had the PRO
361 mutation and thus harbored three secondary PI mutations.
The Rega algorithm scores this as intermediate for ritonavir,
while all other algorithms score this as susceptible.

For NRTIs, subtype B gave a lot of discordant interpreta-
tions. The rule predictive for this discordance in the decision
tree was any mutation at RT 215, but this was not significant
(P = 0.07). When examining the data, we found that the dis-

Discordances  Total
Wild type Any mutation explained  number
Subtype A 1 13
) Subtype 8 4 13
Subtype C 2 9
partial discordant SubtypeD 0 9
-R no R Subtype F 1 16
CRF01_AE 2 5
/ \ CRFOZ_AG 2 6
concordant
Wild typse Any mutation
Discordances  Total
explained number
) Subtype A 10 13
concordant partial discordant Sublype B 0 13
Subtype C 4 13
Subtype D 4 9
Subt)%e o o1a 16 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 + mutaat 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 I 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-experienced patients, the
full discordances observed in subtype G sequences could be
attributed to mutations PRO 90 M + 82L This was due to the
ANRS interpretation system, which does not score this as
resistant (as HIVDB and VGI did) if PRO 82Lis 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 PRC 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 36L, 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 additional 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 alazanavir rules incorporate a number of
mutations also observed for other PIs. Patients harboring a
subtype B virus are probably treated with protease inbibitors
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 (£ < 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 CRFO1_AE. The
Rega algorithm is the only one that scores the RT 67N wuta-
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 pof, 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 seemed 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).

Qur 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 mutations. Both groups had mosily
“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
trom that for subtype B. The PRO D30N mutation is not the



700 SNOECK ET Al.

preferred one as in subtype B; it seems that, rather, the PRO
L.90M is selected (15) (P. Gomes, 1. Diogo, M. F. Gonves, ct
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 PI 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 only 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 niutation is incorporated by
only HIVDB.

For subtype F and ritonavir, the pattern PRO 20R + 10V/I
also included the PRO 361 mutation. Three secondary 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, 5o a rule, PRO 90 M + 54V + 20R + 82A,
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, instead 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.

ANTIMICROB. AGENTS CHEMOTHER.

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 outcomes.

In conclusion, the different algorithms agreed quite well on
the level of resistance scored. However, where there are dif-
ferences, in many cases these 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.

REFERENCES

1. Abecasis, A. B., K. Deforche, J. Snoeck, L. Bacheler, P. McKenna, P
Carvalho, P. Gomes, R. Camacho, and A.-M. Vandamme. 2005. Protease
mutation MR9J/V is linked to therapy failure in patients infected with the
HIV-1 non-B subtypes C, F or G. AIDS 19:1799-1806.

. Ariyoshi, K., M. Matsuda, H. Miura, 8. Tateishi, K. Yamada, and W. Sugiura.
2003. Patterns of point mutations associated with untiretroviral drug treat-
ment failure in CRFOI_AE (subtype E) infection differ from subtype B
infection. J. Acquir. Immune Defic. Synds. 33:336-342.

3. Betts, B. J., and R. W. Shafer. 2003. Algorithm specification interface for
human immunodeficiency virus type 1 genotypic interpretation. J. Clin. Mi-
crobiol. 41:2792-2794.

4. Brenner, B., D. Turner, M. Oliveira, D. Moisi, M. Detorie, M. Carobene,
R. G. Marlink, J. Schapiro, M. Roger, and M. A. Wainberg. 2003. A V106M
mutation in HIV-1 clade C viruses exposed to efavirenz confers cross-resis-
tance to non-nucleoside reverse transcriptase inhibitors. AIDS 17:F1-F5.

5. Cohen, C. J., S. Hunt, M. Sension, C. Farthing, M. Conaat, S. Jacobson, J.
Nadler, W. Verbiest, K. Hertogs, M. Ames, A. R. Riuchart, and N. M.
Grabam. 2002, A randomized irial assessing the impact of phenotypic resis-
tunce testing on antiretroviral therapy. A1DS 16:579-588.

6. De Luea, A, A. Cingolaai, S. Di Giambenedetto, M. P. Trotta, F. Baldini,
M. G. Rizzo, A. Bertoli, G. Liuzzi, P. Narciso, R. Murri, A. Ammassari, C. F.
Perno, and A. Antinori. 2003. Variable prediction of antiretroviral treatment
outcome by different systems for interpreting genotypic human immunode-
ficiency virus type 1 drug resistance. . Infect. Dis. 187:1934-1943.

. de Oliveira, T., K. Deforche, S. Cassol, M. O. Salminen, D. Paraskevis, C.
Seehregts, J. Suoeck, E. J. van Rensburg, A. M. J. Wensing, D. A. M. C. van
de Vijver, C. A. Boucher, R. Camacho, and A.-M. Vandamme. 2005. An
automated genotyping system for analysis of HIV-1 and other microbial
sequences. Bioinformatics 21:3797-3800.

8. De Wit, S., R. Boulmé, B. Poll, J.-C. Schmit, and N. Clumeck. 2004. Viral
load and CD4 cell response to protease inhibitor-containing regimens in
subtype B versus non-B treatment-naive HIV-1 paticats. AfDS 18:2330-
2331,

>

=



VoL. 50, 2006

9.

10.

il

13.

14,

15.

16.

17.

18.

19.

20.

22.

e}
1928

Doyon, L., S. Tremblay, L. Bourgon, E. Wardrop, and M. G. Cordingley.
2005. Selection and characterization of HIV-1 showing reduced susceptibility
to the non-peptidic protease inhibitor tipranavir. Antivir. Res. 68:27-35.
Duraat, J., P. Clevenbergh, P. Halfon, P. Delgiudice, S. Porsin, P Simonet,
N. Montagune, C. A. Boucher, J. M. Schapire, aud P. Dellamonica. 1999.
Drug-resistance genotyping in HIV-1 therapy: the VIRADAPT randomised
controlled trial. Laocet 353:2195-2199.

Fontaine, E., C. Riva, M. Peeters, J.-C. Schmit , E. Delaporte, K. Van
Laethem, K. Van Vaerenbergh, J. Snoeck, E. Van Wijngaerden, E. De
Clereq, E. M. Van Raost, and A.-M. Vandamme. 2002. Evaluation of two
commercial kits for the detection of genotypic drug-resistance on a panel of
human immunodeficiency virus type-1 subtypes A-J. J. Acquir. Immune
Defic. Syndr. 28:254-258.

2. Frater, A. J., A. Beardall, K. Ariyoshi, D. Churchill, S. Galpin, J. R. Clarke,

J. N. Weber, and M. O. McClure. 2001. Impact of buseline polymorphisms in
RT and protease on outcome of highly active antiretroviral therapy in HIV-
L-infected African patients. AIDS 15:1493-1502.
Frater, A. J., D. T. Dunn, A. J. Beardall, K. Ariyoshi, J. R. Clarke, M. O.
McClure, and J. N. Weber. 2002. Comparative response of African HIV-1-
infected individuals to highly active antiretroviral therapy. AIDS 16:1139-
1146.
Gonzalez, L. M. F., R. M. Brindeiro, M. Tarin, A. Calazans, M. A. Soares, S.
Cassol, and A. Tanori. 2003. In vitro hypersasceptibility of human immuno-
deficiency virus type 1 subtype C protease to lopinavir. Antimicrob. Agents
Chemother. 47:2817-2822.
Grossman, Z., E. E. Paxines, D. Averbuch, S. Maayan, N. T. Parkin, D.
Engelhard, M. Lorber, V. Istomin, Y. Shaked, E. Mendelson, D. Ram, C. J.
Petropoules, and J. M. Schapire. 2004. Mutation D30N is not preferentially
selected by human immunodeficiency virus type 1 subtype C in the develop-
ment of resistance to nelfinavir. Antimicrob. Agents Chemother. 48:2159—
2165.
Haubrich, R., and L. M. Demeter. 2001. Clinical utility of resistance testing:
retrospective and prospective data supporting use and current recommen-
ations. J. Acquir. Immune Defic. Syndr. 26:851-859.
Hirsch, M. S., F. Brun-Vezinet, C. Bonaventura, B. Conwy, D. R. Kuritzkes,
R. T. IPAquila, L. M. Demeter, S. M. H , V. A. Johuson, C. Loveday,
J. W. Mellors, D. M. Jacobsen, and D. D. Rich 2(03. Antiretroviral drug
resistance testing in adults infected with human immunodeficiency virus type
1: 2003 recommendutions of an International A{DS Society-USA Punel.
Clin. Infect. Dis. 37:113-128.
Holguin, A., K. Hertogs, and V. Soriano. 2003. Performance of drug resis-
tunce assays in testing HIV-1 non-B subtypes. Clin. Microbiol. Infect. 9:323~
326.
Jagodzinski, L. L., J. D. Cooley, M. Weber, and N. L. Michael. 2003. Per-
formance characteristics of human immunodeficiency virus type 1 (HIV-1)
genotyping systems in sequence-based analysis of subtypes other than HIV-1
subtype B. . Clin. Microbiol. 41:998-1003.
Kaator, R., D. Katzenstein, B. Efron, P. Carvalho, B. Wynhoven, P. Cane,
J. R Clarke, S. Sirivichayakul, M. A. Soares, J. Snoeck, C. Pillay, H. Rudich,
R. Rodrigues, A. Holguin, K. Ariyeshi, P. Weidle, M. B. Bouzas, P. Cahn,
W. Sugiura, V. Soriane, L. F. Brigido, Z: Grossman, L. Merris, A. M.
Vasdamme, A. Tanuri, P. Phanuphak, J. Weber, D. Pillay, P. R. Harrigan,
R. Camacho, J. M. Schapiro, and R. W. Shafer. 26 April 2005. Impact of
HIV-1 subtype and antiretroviral therapy on protease and reverse transcrip-
tuse genotype: resnlts of a global collaboration. PLOS Med. 2:e112. [Bpub
ahead of print.]

. Kijak, G. H., A. E. Rubio, S. E. Pampure, C. Zala, P. Cabn, R. Galli, J. S.

Montaner, and H. Salomon. 2003. Discrepant results in the interpretation of
HIV-1 drug-resistance genotypic data among widely used algorithms. HIV
Med. 4:72-78.

Korn, K., H. Reil, H. Walter, and B. Schmidt. 2003. Quality control trial for
human immuncdeficiency virus type 1 drug resistance testing using clinical
sumples reveals problems with detecting minority species and interpretation
of test results. f. Clin. Microbiol. 41:3359-3565.

. Loveday, C., D. Dunn, H. Green, A. R. Rinchart, and P. McKenna on behalf

of the ERA Steering Commiittee. 2003. A randomized controlled trial of
phenotypic resistance testing in addition to genotypic resistance testing: the
ERA trial. Antivir. Ther. 8(Suppl. 1):S188.

Maes, B., Y. Schrooten, J. Snoeck, I. Derdelincks, M. Van Ranst, A. M.
Vandamme, and K. Van Lacthem. 2004, Performance of Viroseq HiV-1
genofyping system in routine practice at @ Belgian clinicu! laboratory. 1. Vi-
rol. Methods 119:45-49.

. Meynard, J. L., M. Vray, L. Morand-Joubert, E. Race, D. Descamps, G.

Peytavin, S. Matheron, C. Lamotte, 8. Guiramand, D. Costagliota, K. Brun-

26.

217.

29.

33.

34,

40.

HIV INTERPRETATION SYSTEMS AND SUBTYPES

701

Vezinet, F. Clavel, P'. M. Girard, and the Narval Trial Group. 2002. Pheno-
typic or genotypic resistance testing for choosing antiretroviral therapy after
treatment failure: a randomized trial. AfDS 16:727-736.

Mounno, L., A. Saracino, L. Scudecller, G. Pastore, S. Bonora, A. Cargnel, G.
Carosi, and G. Angarano. 2003. HIV-1 phenotypic susceptibility to lopinavir
(LPV) and genotypic analysis in LPV/r-naive subjects with prior protesse
inhibitor experience. J. Acquir. Immune Defic. Syndr. 33:439-447.

Parkin, N. T., C. Chappey, and C. J. Petropoulos. 2003. Lnproving lopinavir
genotype algorithm through phenotype correlations: novel mutation patterns
and amprenavir cross-resistance. AIDS 17:955-961.

. Perno, C. F., A. Cozzi-Lepri, F. Forbici, A. Bertoli, M. Violin, M. Stella

Mura, G. Cades, A. Orani, A. Chivianni, C. De Stefano, C. Baletta, A.
d’Arminie Monforte, and the Italian Cohort Naive Antiretrovirals Stndy
Group. 2(004. Minor mutations in HIV protease at baseline and appearance
of primary mutation 90M in patients for whom their first protease-inhibitor
antiretroviral regimens failed. J. Infect. Dis. 189:1983-1987.

Ravela, J., B. J. Betts, F. Brun-Vezinet, A.-M. Vandamme, D. Descamps, 1L
Van Laethem, K. Smith, J. M. Schapire, D. L. Winslow, C. Reid, and R. W.
Shafer. 2003. H1V-1 protease and reverse trunscriptase mutation patterns
responsible for discordances between genotypic drug resistance interpreta-
tion algorithns. J. Acquir. Immune Defic. Syndr. 33:8-14.

. Reid, C. L., R. Bassett, 8. Day, B. Larder, V. De Gruttela, and D. L. Winslow.

2002. A dynamic rules-bused interpretution system derived by an expert
panel is predictive of virological failure. Antivir. Ther. 7:5121.

. Sarmati, L., E. Nicastri, M. A. Montane, L. Dori, A. R. Buonomini, G.

d’Ettorre, F. Gatti, S. G. Parisi, V. Vullo, and M. Andreoni. 2004. Decrease
of replicative capucity of HIV isolates after genotypic guided change of
therapy. J. Med. Virol 72:511-516.

. Schwurmaa, R., D. Brambilla, T. de Groot, D, Huang, S. Land, J. Bremer, L.

Benders, C. A. Boucher, and the ENVA Working Group. 2002. Underesti-
mation of HIV type 1 drug resistance mutations: results from the ENVA-2
genotyping proficiency program. AIDS Res. Hum. Retrovir. 18:243-248.
Shafer, R. W., R. J. Duane, B. J. Betts, Y. Xi, and M. J. Goozales. 2000.
Human immunodeficiency virus reverse transcriptase and protease sequence
datubase. Nucleic Acids Res. 28:346-348.

Stiirmer, M., H. W. Doerr, and W. Preiser. 2003. Variety of interpretation
systems for human immunodeficiency virus type 1 genotyping: confirmatory
information or additional confusion? Curr. Diuy Targets Infect. Disord.
3:255-262.

. Stirmer, M., . W. Doerr, S. Staszewski, and W. Preiser. 2003. Comparison.

of nine resistance interpretation systems for HIV-1 genotyping. Antivir.
Ther. 8:55-60.

. Torti, C., E. Quiros-Roldan, W. Keulen, L. Scudelier, S. Lo Caputo, C. A.

Boucher, F. Castelli, F. Mazzotta, P. Pierotti, A. M. Been-Tiktak, G.
Buccolieri, M. De Gennaro, G. Carosi, C. Tinelli, and the GenPherex Study
Group of the MaSTeR Cohort. 2003. Comparison between rules-based hu-
man immunodeficiency virus type 1 genotype interpretations and real or
virtual phenotype: concordance analysis and correlation with clinical out-
come in heavily treated patients. J. Infect. Dis. 188:194-201.

. Tural, C., L. Ruiz, C. Holtzer, J. Schapiro, P. Viciana, J. Gonzales, P.

Domingoe, C. A. Boucher, C. Rey-Joly, B. Clotet, and the Havana Study
Group. 2002. The clinical utility of HIV-1 genotyping and expert advice: the
Havana trial. AIDS 16:209-218.

. Vandamme, A. M., A. Sonnerborg, M. Ait-Khaled, J. Albert, B. Asjo, L.

Bacheler, D. Banhegyi, C. A. Boucher, F. Brun-Vezinet, R. Camacho, P.
Clevenbergh, N. Clumeck, N. Dedes, A. De Luca, H. W. Deerr, J. L. Faudoo,
G. Gatti, J. Gerstofi, W. W. Hall, A. Hatzakis, N. 5. Hellmann, A. Horban,
J. D. Lundgren, D. J. Kempf, D. Miller, V. Miller, T. W. Myers, C. Nielsen,
M. Opravil, L. Palmisanoe, C. F. Perno, A. N. Phillips, D, Pillay, T. Pumarola,
L. Ruiz, M. O. Salminen, J. M. Schapiro, B. Schmidt, J.-C. Schmit, R.
Schuurman, E. Shulse, V. Soriano, S. Staszewski, 8. Vella, R, Ziermann, and
L. Perrin. 2004, Updated Europeuan recommendations for the clinical use of
HIV drug resistance testing. Antivir. Ther. 9:829-848.

. Van Laethem, K., A. De Luca, A. Antiaori, A. Cingolaui, C. F. Perno, and

A.-M. Vandamme. 2002. A genotypic drug resistance algorithm that signifi-
cantly predicts therapy response in HIV-1 infected patients. Antivir. Ther.
7:123-129.

Van Laethem, K., K. Van Vaerenbergh, J.-C. Schmit, S. Sprecher, P.
Hermans, V. De Vroey, R. Schwwrman, T. Harrer, M. Witvrouw, E. Van
Wijugaerden, L. Stuyver, M. Vau Ranst, J. Desmyter, E. De Clercq, and
A~M. Vandamme. 1999. Phenotypic assays and sequencing are less sensitive
than point mutation assays for detection of resistance in mixed HIV-1 ge-
notypic populations. J. Acquir. Immune Defic. Syndr. 22:107-118.



HVBSMEOBE

HIV-1 D EEHITH4
C2WTOEI
DFE,

L&D Ea TEIL

P = %E% i

SRV
T A REFE v 57 —#E IR N T

ib

£5]

]

Abstract

HAART AFAFTEA SN CLSRHIV-1 BREE LR
DFEBIZZZE L VDL OND S, B 1THEEOFHIV
A AMEH SN AIDSIC L AR 8L R
CRERPREHTCEL, LIOLEO—HT
HIV-1ZBE S OEEFICT I/ BERT FEL <K
HIT A EE L, THAHAART ORIE T RIG S &
LEEE o TWA, BEHBIAIVER O &
2 HIV-1 O ZERIT BT 2 H5E AT
FHLWEESKA EELPIE o, AT
BIV-1 EA AT 28 ME2 BArd 5.

FLBIC

Human immunodeficiency virus type-1, HIV-1
TRYSE DIRIRIY, ZAIBEAREE | highly active
antiretroviral therapy(HAART)D A% - A &
MEMBICLYVER LWERZRTTE
HATD 1997 412 HAART 5BAG & LT LAR
AIDS (f&?ﬁ‘l‘éﬁ’f’%ﬁ/\f@ﬁ) LB EED
FEBNE B RO 72, RS L Ta7zH
AR & RN B B 3B R

fEictgEs N, 1H 1O CHEImpE
M TE AR TE, 20X S

wmE T ‘

[ S RE S RER 0T . A ABTE & v
LY VIiv MR Ufnaa
2000£;:$1t?< ERZ B ZRIE
BT, B, BEL Y
JHEBEERICV P57y e L
TE) . 20034 & DBk, Wi
721t hu-PBL SCID ¥ 7 A % F
Wz HRBUHIV-1 SRR, AR
oS 7, BE,

Key words : HIV-1,anti-HIV drugs, drug resistance

A HAARTOHZIZTH 2 LI28 D, Bk
M RIS L B BEEOEH L R Y QOL AL
HFENT, SRHIV-1BEITERREETS
HEE)EBNLEERTOEMINLZ LD
Do LALENTIE R SRVOIZHIV-T A&
RETHL T L L, BADOHAART TIEHIV-1
BRYGEDEFIREO LW ETH D, RITHE
FNZ X D ARAIZ BT B HIV-1 OHEFE % 5241
HEZAALZE LTS HIV-1 2N SRS
WCHERR S 5 729D 12134 60 F B O FEALE &
MEXNTWD, FAHIV-1ZZDOEFK L
B ARV ER BT (fidelity) D720 1 Z&H
ETERYREITHEEEL, PUHIVECN
LCHAEHIEAN 2 EET S, if_rJL
Ve B F O SEH) B CLE 38 LR ATHE 72 =
ME, MEOHEREICKKELTLE) &, £h
DD EHOBRIEIFEE > TLE ) K
FaCIX HIV-1 OIAIT I D W T OREDH
FABY LT & AR FUCT 0 B A8
T 5,

MHIV ZH &R

W BB ¥ (reverse
A v 7 77 — ¥ (integrase:

HIV-1 OH%E I
transcriptase: RT),

Recent progress in anti-HIV drug resistance : Masako Nishizawa, Wataru Sugiura,National Institute of Infectious

Diseases

BIO Clinica 20 (8), 2005 (711) 51



A SPECIAL EDITION

IN), #LT7 a7 7—+t(protease: PR)& 19
3D ANARKOHRPEE L FE 2 R
2L TWwWh, TOHTYHRT EPRD 2D
HIVEERIBASE D TRy -y L EshTa&
7oo MIFEMH SN CTWABHLHIVEIERT IZA
T 5 MHEHIRT inhibitor: RTHE 700577 — 4
V2R3 % BHEAI(PR inhibitor: PHO 2 212 KB
SNbo RTIEZTOMRERTICHEIE, 56
NESAE I $UE 4 3 ]
(nucleoside(nucleotide) analogue reverse
transcriptase inhibitor: NRTH & JEX 7 LA o F
(non-nucleoside reverse transcriptase: NNRTI)Z

S END,

1) X7 L7 Y RRVEEEFREEZI(NRTI)
HABEEIXZ2LF Y (2L A4FF)
OFRET S FEEME) T, TAFTI)R-2R
D3 DOHENHEIZER I NIEELHO,
HATIZHRAEE TiZzidovudine(AZT),
didanosine(ddl), zalcitabine(ddC),
stavudine(d4T), abacavir(ABC), tenofuvir(TDF)
DFFTRIPSRAIT AR ENFH IR TWE (K
1-1) o FEOTEI S N7z NRTHEEE Y M A
THEADR 7 LAY Y VEMEEERIZL - T
31 YEME ST (NRTI-TP) EMEIE 25,
NRTI-TP I HEEFEROKE L L TINTPD
EG%MLEYD A, WHEZE S 472 DNA D
ICARDINTP O D IC Y AT B,
L2 UNRTIHIZ3 OOHEZRWTWDL D
WRICHEETH3) VBIEX 2 LAY FEeo
Mo VBT AFVESTEER ST,
NRTI-TP 2HL b ;A & 1720 55 C DNA 81 0 g
PIEE %, ZODNAMRBEERICL > T
NRTIEHHIVHRZHEE T2 (K2-1),
2004 4F- (2 5B S 417 TDF I3 o) NRTIs & (3 8
0TI YRR LRI CEER D, b

52 (712) BIO Clinica 20 (8), 2005

DONRTITHME L AX 7L X7 L
FTF FOERERZAFy 7 L#ERHIZ2Y VL
WS SN THREBET L2HI R L

nucleotide reverse transcriptase inhibitor T& 5

2)IF R R ER B B R BAFEFI(NNRTI)

NRTI & 3587 V) Wiln B EEFE O p66 7 1 =
v DR AT — EEE AL AL O B O
hydrophobic pocket {245 & L IEREIUER & L
THERE JUS % B E S 5 o BITE nevirapine(NVP),
efavirenz(EFV), delavirdine(DLV)? 33X 552
TARRSNFHI LTS (F1-2),

Q [o] NH,
(a) o (D) (c) "
a OZNT S © 0

mw @ mw

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

Zalcitabine

Didanosine {ddi)
2".3"dideoxycytidine

2',3"dideoxyinosine

NH,

(d) N [ (e) ” I CHy (f) N
HN 3\
- JJ D

o
o N HN N
HO
S kﬁ mkﬁ
()

Lamivudine {37C) Stavudine (d4T)

NH

()-2,3"dideoxy-2'thiacytidine 2 3"didehydro-2.3'- Abacavir (ABC)
! dideoxythymidine
NH, NH,
= ! o N
@ [ﬁ[> [ﬁ[>
9 Sy N h Sy N
HO\P/O (o} NH >\O O/\P/o 0, J‘H
o~ \( >/o ° \/ % \(
CH, \ﬂ/ CHs
o

Tenofovir (TDF)

[R)-9-(2- phosphony!melhoxyompyl)
adenine

Tenofovir disoproxyl fumarate
Bis(POC) -PMPA




HV BREDRE

(a)

Efavirenz (EFV)
DHP 266

(b) (c)
a E | ”llo: n,c\»()ﬁ
o

Delavirdine (DLV)
u-90152

1-2 JEX 7 LA FRNRERREH

Hydroxyethylamine isosteres &

Symmetrical inhibitor 3

00,12

Saquinavir {SQV)

X8

Indinavir (IDV)

”/Q\ﬂ:; )

Nelfinavir (NFV)

(e)

sasacive

Amprenavir {APV)

(b)
HLAY%»\AQ

Ritonavir (RTV)

" Sy

Lopinavir (LPV) [
(@)
y 8 ~0 \E/

Atazanavif (ATV)

®1-3 7ua77—EHEH

3) a7 7 —EHEHIPI)

HIV-1® PR {3 aspartic protease TH 1) ZH T
& % HIV-1 Gag BIERE DO YIMTER 12 FFFE T B
Phenilalanine-Proline it%l, & %\ idFm i~
7] ALY FRR LYY A IE T R o T
V%o PLIZHIV-10) PR O YIW RN S FL
B4 @ aspartic protease & IZHE L > TV HH %
FALTRIFENRTVWE, ZOHPLIEE
#H @ aspartic protease & FLE Y 5 = & 72 <
HIV Gag AiEEAEDYIWT = FHE L HIV O RLFA -
YIS % [k 9 5 o BLFE nelfinavir(NFV),
saquinavir(SQV), ritonavir(RTV),
indinavir(1DV), lopinavir(LPV),

amprenavir(APV), atazanavir(ATV)? 7 #2575
RIS TS ([1-3),

2. MHVERICH T H5MMLERE XD
TERMER

1) ARV EE B REEHRI(NRTI)

1987 4R ICHLHIVER E L CTHRMICHE SN
AZT ISP HEAFERTHWS R, HLHIV-1%)
RaBELL, L2 LEFOMREHERS T,
e BAERNITIZAZTION L CORSHRT
L7z ANVARBBELTCLE D 2 &L
iChholze TOL)HAZTRE MR 2L
TANARENLCRA &, SlnEEESE

BIO Clinica 20 (8), 2005 (713) 53



[ 2-1 NRTIIC & % DNA R EDET
NRTIiE ) A= AD I OKEEXES X IZERENTVES
T2ORDFFXFVYRRZ LAY F3) VEBRZHEELY)
VBV AT WEEE R TR T & 2z DNA O{HERA
HEXND,

WKHAEOERNFEINT VD I LIRS
Nioo AZT & d4T X EH 6 b deoxythymidine
EN— AL L CHBESNAER CAZT I
L EE R CTH HM4A1L, D6TN, K70R,
1210W, T215YF, K219QE X d4T 2%} LA
M rsRT, CcO6MOWMHLERY
TAM(thymidine-associated mutation) & #F5
5o TAMIZHI TIEBE VI EE 2 7R & 2 Wvas,
REICEL ARG IO L > TERPERT 5
ETEE;EET 2EIMONTVD, 20D
fif P A 7 = X LI NRTIASHL Y A F o Cleg
BUS 231k L7- DNA$H A & NRTI % 41 9 9
Z (excision) LB EEZS5NTWBED Y,
NRTL D ZFM A2 FMDR)YZE 5 & L Tld 69-
insertion” & Q151M complex® 23S N TV 5,
69-insertion (& T69S B % £ 9 SS, SG, SA¥E
AEFETTAM A7 T HFIT L) AZT, d4T
IR & L7-NRTHIX L @B M2 R o
ZHIIDNAGHICEL D AAE N7 AZT-MP & % \»
I& NRTI-MP @ excision & {2H£ 3 2 H12 L - T
i1k % 5843 %, Q151M complex I3 A65V,
V75L, F77L, F116Y, QI5IM D57 I VD
BIEABE L, BAOICQISIMASFHFE SN &
HIV O ¥E5 e (fitness) DS b L 5 28, BH @
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AT I VBERNRA EEBTLFICL T
fitness O AR ASHE = 1) NRTI~O B EMT M % %
By Ho MISAVIZITCIZ L » THE SN B A
Z OEREIT excision {14 T3 7 < NRTI D DNA
BHAOWD) AAEBEHEHEEL AL LEZD
NTw5, MIS4VIZITAM & 1874 ) BT
3TCIZx L THE RO MR T2 FET 2,
M184V X 3TC DRI ddC, ddIizxt L TR
TP % 7R ASBLERIE VS T215Y &40 7 A
NV A MI8AV b B & AZT IR 5 8%
YDSEIE Y 5o F 72 T215Y 2 ddITiH4: 12 BE
TAHLIAVIIID o THRBOBENR SN
%o K6SRIETDFIZH G ¢ AMMHERL LT
S I B D, in vitroll B 5 EE L
macaque/STVmac % V> 72 in vivo RYLEERD 5
M184V & K6SRIZHHBIE R TH 5 HHI R S
NTW5Y, ZHIEM184V ASTDF 12K § 5 ik
S % B B HFER MIBAV/KESR DAL 4
WADHFREN 2B ) 7o E26N57,
TDF 13 69-insertion 2RI 120 L T3S
AT 27K 925, Q151M complex % ##2 HIV
Cxt LTRSS SRR S B9 2 eh b
TDFIENRTIZ HI T EREGIC S AR Th 5 H
HEARES B, NRTIOFEHITH IS 1B L C

S

2-2 HfREEEE & NNRTI O &EBL
NNRTI I #IE B BRI A AT () 1ofa L
EERELRNAT 94 v — b OREE#MET L,
TS B RIS O R BRI TR T B 6



codon No. 41 44 62
AAin wild type M E ALK D T K L v

sondnetnzr) {1 0]
+'1 didanosine(ddt)

zalcitabine(ddC)
g stavudine(d4T)
A Tamivudine(3TC)
i -| abacavire(ABC)

Tenofovir{ TDF)

151 comlex
69 ins complex
msdti-nRT1

AAinwitd type M 3 A K D T K L v __F L

K Y V_ Y F VYV o Y M Y 6 L T K P _M_p

777777 65 67 69 70 74 75

106 108 115 116 215 219:225 230 236

navirepine(NVP)
afavirenz(EFV)
defavirdine(DLV)
TOAt-NNRTE
multi-NNRTI

TNMRTIS §

AAinwidtype i M E A K D T K L. Y
codon No, 4144 62 65 6769

K VooV .Y 3 V.9 Y M Y . 6. L. T KiP M P

codonNo, 10 30

AAinvidype | L K LD

£ saquinavir(sQY)

indinavir(iDV)

AAnvild type L KL D

L A G v vV I N__L

ﬁﬁﬁﬁﬁ 10 20 24 30 32 33 36 46 47 48 50

§3 54 63 7V 73 77 #2 84 88

KRR BARSRANCHRTSC LNFSVERTSY . BORMBRECKIBELRETHO

- j IRER ! -RRRCRVTHRL TS SERTHY, —XEBEBASHEBLLLIYBEBLANLELY S (TRF T YD)

BH MR ME SN TV 5, HRERIG
TIZHIV RNA 7 ~ 7 L — b IZDNA & 5% UG
MHEZ o 1o P IEEFEFE IS L 72 RNase H
DXL DGR ENDLH, T DRNase HIZ
EMEAE T &2 % H539N, D549N % A3 5
& AZT R d4T 2R L C 1045~ 10015 2L L oo Tif
HHFESN, TAM &R ETAETE
DT PERE 1L 10005 EIc#ERE 59, 72,
Z ®RNase HOZ Ridddl, ddC, 3TCIZxL
T2 2 &%\, 2O L H 5 RNaseH D

TR T excisionFELEET AL EEZ LN TW
B

2RI R W B BEREAEHI(NNRTI)

NNRTI DKM 2 FUINRTI & 182 Y,
NNRTIDAEEHATH B R v b EIFEh S
EALEPFICRF L THFEINIHEIHS N,
WHEBEROEERICEAZRIT I LI
WEREELRESELEEZON TV
(2-2), MfHERETFIERT & NNRTI R O EAE:
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[2-3 Juo7 7YoL AL R
Pl 7O 77—V EREWEETAEr v MIEAEL T
oF7—tOEETHET L, BAMMERLN (—K
TE) FEEPLOEEBICIFET 5,

DETTHY, 12O2OFENMWHIZKE L E
BERIETT, Iz IE181FHOFO Y v H Y
AT A VICEBRINAEFETNVPIZH LT100
B Lo ERT 5, ZOmEIEDLY %
EFV 23 LT O M ST 5, NNRTIIZ &
> THE SN HZERITIEMBIZL100I, K103N,
V106AM, V108I, Y188CI, G190A %15 1LY,
WD H—DOBRTEEMELERL, F/2
A O ENEEZETH 5 L\ ) RS
o (H2-2),

3)7'AF 7 — EEHEFI(PI)
PIOHEAMHEERIT—KRE R (major
mutation) & . %K% & (minor mutation)Z 7738 &
ha (1) —KERL PG, LK
BB IR T WA R CRAE IS
b DALV, SQVIZHTT 5 G48V, IDV IZ
%9 % M46l/L, NFVIZxfT % D30N, RTVIZ
XF9° % V82A/F/T/S, APV IZXF$ AI50V 72 &
BELHONTWAEMHEERTH L, T2
NFV, SQV®DH—XZEHETH 5 LIOM i3 D3ON
EHMA BRI H B Z ARG STV Y,
INHD—RKERIZTOTF T —¥OIEHER L
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WPHCALET 2 F0°% ( (M2-3), FuF7
—VYORE*ELEELrHETTOF T —H L
PIOEG &AL TWa EEZ LN, —
HTIOWEELD D TaTr 7 —¥OiEH
BTFERIL YAV AOMIEENIART T 5
BEDLE G , TO—RERIHEWCTHILT
BT I/ MRBME “RERLERL—KRER
EEXBIT A (FR1), ZAERIEZFNANRK
TREMEEL LA SE2FITMmA—XK
TRIZL o TET LB ORE, 55
Wi &) SR EOBS T s EE X
LNTWA, LPVIERTV % JEIZERE & 112000
BT SN PITH Do BAIPA50IZ L B1L
WEZITBIDONAFTRLTEY F 4 YK
WEDHETH 57225, FOHRTV & DA
TR 2 MARE L ROFEFEEE B o7
B LPVIERTVIZE o THE I N A —RE R
V82A & HEIT 5 X ) TR L7-/%, o
Dl RERBIHELET MU oMM AR
PEEL CEERELBETLEEZZOLRT
W5 W, ATZIF2003FIZHEFTEINTRLITL
WPITH b, ATVIZE o THEEN L KL
FIIISOLTH B, EIREVZ & 21501 % 1%
L7z HIV-1 134 PLIZ AT U CAS ATt Tid 22
CEBEZETPETLIERESNLTVE Y,
ATVIZ 1 H 1 EORETHI LRI HL R
BIERAHERDPL L HLRFFV 0 5 53T
HIVIEETEZ (A S T CEHIFHS R
5o
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ERHN—-YVarvehoTwad, FHLHIV
L EAMHE I D W TOBRIESTITF I TW
HOTHEE IR NG,

HHUIC

BAE H AR CEN E T A HLHIV 313 NRTI,
NNRTI Z L CPID3 7 5 AN, T A BT
HIV-1 OfE EMBEA~DR A% CRa HEH
Enfvirtide(T-20)05% 727 72 9 A & LTEB LT
Wh, F/22NF TORTRPRES O HIV-1 B
F YN RERNE LFHRITHIV-1 3O
FUEFIATONTWED, ZOHTHHEEL
ENDDEA T 77— BT AHERITH
590 BESEOBRESH CHREIITONLTS
0, BEFOERNIIK L CEHIMEICH Y EER
Bl Lo EROEEE LTS Tna,
L U HIV EFHRGLHIV AN L Ch Hiz %z
AR ES L CEORHIVEER V-
TITSEIFHL P TH b, HIV OSEHITHE:ES
DR I = X L OIFIIEAHE S HIV-1AFFRO ¢
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