484

54.0 = 32.3°4 (48.1 £ 16.0)

3,754.2 + 1,468.3 (1.4 = 0.3)  5,082.9 = 2,397.5° (1.8 = 0.5)

M41L/D6TN/KTOR/T215Y

DO6TN/KT0R
4.6+ 1.0° (4.6 = 1.2)

M41L/M184V/T215Y

1.9 = 1.0° (3.5 % 0.5)

1Csp (nM) = SD (change, n-fold)” for:
Didanosine 2,097.7 + 1,101.4 2,899.8 + 1,627.9 (1.4 = 0.4) 2,164.6 = 1,019.8 (1.3 £ 0.2) 2,893.7 + 1519.0 (2.1 £ 0.8)

M184V
0.4 = 0.1 (0.5 % 0.01)

M41L/T215Y

TABLE 2. Drug resistance levels associated with NRTI resistance mutations as determined using X4-MaRBLE cells infected with HIV-1 clones
10.6 £ 6.9° (125 = 1.9)

Wild type
0.8 x04

Agent

Zidovudine

CHIBA-MIZUTANI ET AlL.

3.5 23 (12 = 0.6)
443 + 277 (6.8 + 7.4)
503 + 24.2¢ (3.8 * 1.6)

2,015.1 + 842.8°4 (52 + 0.9)

3+17)
(2.1 % 0.7)

30+08(12x0.3)
17.8 £ 6.9° (2.4 + 1.3)
g)2
5

313+ 249
836.2 * 522.

3.9+ 2.0 (2.2 * 0.8)
>5,000° (>1,339.3)
40.7 + 23.8° (2.9 * 1.1)
3,300.0 = 1,986.9° (10.6 * 3.1)

>5,000° (>533.7)
17.5 = 7.6 (0.9 = 0.3)

3.4 %06 (13 = 04)
1,497.5 = 589.4° (3.9 = 1.2)

3833 (15 £ 08)
20.9 * 14.5° (3.8 + 3.2)
29.9 + 14.0° (22 + 0.4)

985.5 = 306.3° (3.2 + 1.1)

? Change (n-fold) = (observed ICs; for strain)/(ICs, for wild type).

25=*11
87 +4.5
144 52
348.7 £ 122.8
b P, <0.05 for comparison with wild-type virus.

Lamivudine

Zalcitabine
Stavudine

Abacavir

4 P, <0.05 for comparison with M411L/T215Y virus.
€ P, <0.05 for comparison with D67N/K70R virus.

€ P, <0.005 for comparison with wild-type virus.
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vir. The patient in case 2 had been heavily treated with anti-
retroviral agents, and isolate 2 had a high accumulation of
NRTI and PI resistance mutations but no NNRTI resistance
mutation. This isolate had six TAMs and an M184V mutation
in the RT region and demonstrated resistance to zidovudine
(change, 32.9-fold) and lamivudine (change, >380.7-fold) but
not to efavirenz. As for the protease region, 11 mutations were
detected, including three major mutations (M461, V82F, and
L90M). Of these 11 mutations, 10 matched known lopinavir
resistance mutations (International AIDS Society—USA drug
resistance chart) (20). Indeed, high resistance to lopinavir
(change, >76.5-fold) was observed.

Isolate 3 had 6 TAMs (M41L, E44D, D67N, V1181, L210W,
and T215Y), and a high level of resistance to zidovudine
(change, 114.5-fold) was observed. As the virus in this isolate
had all four known NRTT resistance mutations responsible for
hypersusceptibility to NNRTIs, it was hypersusceptible to efa-
virenz (change, 0.2-fold). Efavirenz hypersusceptibility was de-
fined as a change in resistance of <0.4-fold compared to that
of the wild type by statistical analysis (mean value minus 2 SD)
and by data from a previous report (4). Isolate 4 had accumu-
lated five TAMs and demonstrated 191.7-fold-higher resis-
tance to zidovudine. No lamivudine resistance and NNRTI
resistance mutations were observed, and the virus was suscep-
tible to lamivudine. Isolate 4 also had M41L, V1181, L210W,
and T215Y mutations, and the virus demonstrated hypersus-
ceptibility to efavirenz (change, 0.2-fold). Two major muta-
tions, D30N and L90M, and eight secondary mutations in the
protease region were observed. Of these eight secondary mu-
tations, five matched lopinavir resistance mutations, with our
assay indicating a 9.4-fold increase in resistance to lopinavir.
Isolate S had an RT inhibitor resistance pattern similar to that
of isolate 2, having accumulated six TAMs and the M184V
lamivudine resistance mutation in RT and demonstrating
104.1-fold-higher resistance to zidovudine and >380.7-fold-
higher resistance to lamivudine. This virus also had M41L,
V1181, L210W, and T215Y mutations. Though this virus ap-
peared to be slightly more susceptible to efavirenz (change,
0.6-fold), this effect was not statistically significant. Isolate 5
had accumulated 11 lopinavir resistance mutations in the pro-
tease region and demonstrated 75.5-fold-higher resistance to
lopinavir in our assay.

Isolate 6 had accumulated six TAMs in RT and showed
224.0-fold-higher resistance to zidovudine. This isolate had
E44D and V1181 mutations (low-level-lamivudine-resistance
mutations) and showed 6.7-fold-higher resistance to lamivu-
dine. Similar to those in cases 3 to 5, the virus in case 6 had
M41L, V1181, L210W, and T215Y mutations and demon-
strated slight hypersusceptibility to efavirenz (change, 0.4-
fold). As for the protease region, isolate 6 had three major
mutations, M461, 184V, and L90M, and six minor resistance
mutations. Of these nine mutations, eight were listed as lopi-
navir resistance mutations, and intermediate-level resistance to
lopinavir (change, 14.6-fold) was observed. Isolate 7R had
K103N and showed high-level resistance to efavirenz (change,
66.8-fold). No other drug resistance mutations in the RT re-
gion were found, and thus the isolate was susceptible to zidovu-
dine and lamivudine. The protease region did show two minor
mutations, L63C and V771, and the isolate was susceptible to
lopinavir.
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TABLE 3. Drug resistance levels associated with NNRTI resistance mutations as determined using X4-MaRBLE cells
infected with HIV-1 clones

ICs, (nM) * SD (change, n-fold)® for:

Agent
Wild type K103N Y181C
Nevirapine 206.3 = 68.2 16,110.7 = 6,445.7° (78.6 = 19.7) 9,586.3 = 6,396.4° (47.5& 23.8)
Efavirenz 1.4x04 79.3 = 33.3% (54.7 = 15.6) 23x0.6°(15+0.0)

¢ Change (n-fold) = (observed ICs, for strain)/(ICs, for wild type).
& P, <0.005 for comparison with wild-type virus.
€ P, <0.05 for comparison with wild-type virus.

Thus, the increases observed in levels of resistance to
zidovudine and lopinavir were associated with the accumula-
tion of known resistance mutations associated with those
drugs. Similarly, hypersusceptibility to efavirenz was associated
with the accumulation of M41L, V1181, L210W, and T215Y
mutations in four out of six clinical isolates (30). Taken to-
gether, these results confirm the reliability of using X4- and
R5-MaRBLE cells in drug resistance phenotyping.

DISCUSSION

The development of reliable methodologies to evaluate drug
susceptibility in vitro has been a major thrust of drug resistance
research. Although several phenotypic assays are commercially
available for clinical usage, they are expensive and may not be
readily available either in developing or developed countries.
As for use in research laboratories, these commercial assays
target only the protease and reverse transcriptase gene regions
of the HIV-1 genome, limiting their flexibility as a tool for
basic research. Thus, there is still a need for easy-to-use assay
systems with high reproducibility, for both clinical and research
usage. To fill this gap, we drew a blueprint for a new type of
reporter cell line by considering the advantages and drawbacks
of several previously reported cell lines (12, 15, 17, 21, 24, 26,
31, 36). Based on this blueprint, we chose the T-cell-based cell
line HPB-Ma (16, 29, 40) as the parent cell line to introduce
reporter genes and to establish new reporter cell lines.
HPB-Ma is a murine leukemia virus-transformed human T-cell
line demonstrating high susceptibility to HIV-1, which can
replicate efficiently in these host cells. As HPB-Ma cells natu-
rally express CD4 and CXCR4, but not CCRS, we introduced
the CCRS expression gene to widen the susceptibility spectrum
of the cell line to include RS-tropic viruses. The reporter pro-
tein chosen to measure HIV infectivity was FL, as it has a
wider dynamic range than other known reporter candidates.

Another type of luciferase, RL, was introduced as a marker of
cell number and viability.

Finally, two types of new reporter cell lines were established,
X4-MaRBLE and R5-MaRBLE. As expected, these new cell
lines had several advantages over previously described cell
lines. First, viruses efficiently propagated in these cell lines,
making multiple-round replication assays possible. In addition,
viruses could be isolated from patient plasma and PBMC by
using the cell lines. Since other reporter cells may not allow
replication-competent viruses to be efficiently produced, their
use is largely limited to single-cycle replication assays. These
assays are currently accepted as the major method for measur-
ing viral infectivity due to their rapid readout of results. How-
ever, single-cycle replication assays cannot evaluate the
postintegration late phase of the viral life cycle. To evaluate
late-phase inhibitors, such as PIs, by using single-cycle replica-
tion assays, an additional step is required prior to the assay to
produce viruses under test drug pressure. On the other hand,
multiple-round replication assays allow late-phase inhibitors to
be directly evaluated, just as early-phase inhibitors, without
additional culture. Furthermore, multiple-round replication
assays allow for a clearer readout of drug susceptibility, as the
differences in drug susceptibilities between the reference and
test viruses may be amplified by each round of replication.

Second, the cell lines were successfully transfected with RL
to broaden their application. The constitutive expression of
this second luciferase in the cell line has made it possible to
easily and accurately evaluate cell number and the cytotox-
icities of test compounds. As we planned to conduct multi-
ple rounds of assays, the cells were cultured for at least a
week, long enough for them to propagate and increase the
background level of FL. The extent of this increase de-
pended on the amount of viral inocula or the level of inhi-
bition by antiretroviral agents. By monitoring RL activity,

TABLE 4. Drug resistance levels of Pl-resistant mutants analyzed using HIV-1-infected X4-MaRBLE cells

ICsq (nM) = SD (change, n-fold)® for:

Agent
Wild type M46l V8T LoOM
Indinavir 113+43 195217022 £ 2.7) 38.0 = 6.8° (3.8 = 1.6) 11521511 =03)
‘Saquinavir 74+34 5.0 = 2.4(0.7=03) 6.5 %13 (1.0 = 0.4) 69 = 1.1(1.0 = 0.4)
Nelfinavir 49+23 74+53(1.9=15) 20.0 +5.5° (54 £3.7) 1152074 (33 222)
Amprenavir 6731 9.7 +5.4(2.0 = 2.0) 172 £52°(29 £ 1.0) 10.7 2 2.1 (2.0 = 1.3)
Lopinavir 6.6 38 63x29(1.1=0.7) 29.1 + 9.0° (5.0 = 1.8) 56+ 09 (1107

2 Change (n-fold) = (observed ICs, for strain)/(ICs, for wild type).
b P, <0.005 for comparison with wild-type virus.

¢ P, <0.05 for comparison with wild-type virus.

4 P, <0.01 for comparison with wild-type virus.
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TABLE 5. Susceptibilities of seven patient-derived viral isolates to representative drugs assayed using R5-MaRBLE cells

Strain or - ICso (nM) = SD (change, n-fold) of:

isolate Tropism® RT mutation(s) Protease mutation(s)

(subtype) Zidovudine Lamivudine Efavirenz Lopinavir
JRCSF (B) RS None L63P 1.4 x0.6(1) 13.6 £4.6(1) 09x01() 193=*=84(1)
1(B) RS None . L63P/T, ATIA/V, VTTI 1.2(0.7) 42(0.3) 1.5(1.8) 6.8 (0.5)
2 (B) X4, R5 MA41L, D67N, K70R, L101, L33F, M461, F53L, 56.1(32.9) >5,000 (>380.7) 1.1(1.3) >1,000 (>76.5)

K101Q, M184V, 154V, L63P, AT1V,
L210L/W, T215F, G735/T, V771,
K219Q V82F, LO0M
3(F) X4,R5 MA41L, E44E/D, D67N, K20T, D30N, M361, 195.1 (114.5) 34.5(2.6) 0.1(0.2) ND¢ (ND)
K101K/E, V118], M46M/L, L63P, A71V,
L210W, T215Y N88D
4 (B) X4, R5 MAJ4I1L, E44A, D67N, L10V, K20T, D30N, 326.5 (191.7) 13.5 (1.0) 0.2 (0.2) 123.4 (9.4)
V1181, L210W, M361, 154V, L63T,
T215Y ATLV, VTTV/,
N88D, Lo0M
5B X4, RS M41L, E44D, D67N, L10V, K20R, V321, 177.4 (104.1) >5,000 (>380.7) 0.5 (0.6) 986.8 (75.5)
V1181, M184V, M36I, M46L, F53F/L,
L210W, T215Y 154V, L63P, AT1V,
V824, L9OM
6 (F) RS MA41L, E44D, D67N, 1101, K20T, M36L, M461, 381.7 (224.0) 88.0 (6.7) 0.3 (0.4) 190.6 (14.6)
V118l 1.210W, F53L, Le3L/I/T/P,
T215Y AT71V, 184V, LIOM
7R® (B) X4 K103N L63C, V771 2.1(1.5) 22.3(1.6) 60.2 (66.8) 7.6 (0.4)

“ Recombinant HXB2 with patient-derived protease and RT sequences.

® The tropism of each virus was determined by using X4-GHOST and R5-GHOST cells.

¢ ND, not determined.

we could easily evaluate culture conditions and their effects
on assay results.

These two characteristics confer a great advantage to using
the MaRBLE cell lines for screening new antiretroviral agents.
They allow both early- and late-phase inhibitor candidates to
be evaluated under the same protocol, as the assay permits
multiple viral replications. Moreover, monitoring of RL activ-
ity allows false-positive results (inhibition by test drugs due to
cytotoxicity) to be detected and eliminated. Finally, the use of
RL activity greatly improved the efficacy of screening.

The MaRBLE cell lines stably expressed the transfected
genes, as confirmed by the stable expression of CD4, CXCR4,
and CCRS5 on the surfaces of cells maintained in culture for up
to 6 months with continuous passage. We also confirmed that
the two reporter genes were stably expressed and that ICygs
were identical for both newly plated and 6-month-old cultures
(data not shown).

In conclusion, we successfully established two unique cell
lines, X4-MaRBLE and R5-MaRBLE, which are useful for
assaying viral drug resistance and for screening new antiret-
roviral compounds. Although the cost of phenotypic assays
using our cell lines may be less than that of commercial
systems, the assays require a biosafety level 3 laboratory,
general culture equipment, and a luminometer for readout.
Since these are all expensive items, the assay price should be
reduced and the assay protocol should be simplified for
wider usage of the assay.

ACKNOWLEDGMENTS

We thank Hiroshi Yoshikura, Mari Takizawa, and Mitsuo Honda
for their help and discussions. We also thank Claire Baldwin for her
help in preparing the manuscript.

This study was supported by a grant from the Human Sciences
Foundation and the Program for Promotion of Fundamental Studies

—345—

in Health Sciences of the National Institute of Biomedical Innovation
(NIBIO).

REFERENCES

1. Ait-Khaled, M., A. Rakik, P. Griffin, A. Cutrell, M. A. Fischl, N. Clumeck,
8. B. Greenberg, R. Rubio, B. S. Peters, F. Pulido, J. Gould, G. Pearce, W.
Spreen, M. Tisdale, and S. Lafon. 2002. Mutations in HIV-1 reverse trans-
criptase during therapy with abacavir, lamivudine and zidovudine in HIV-1-
infected adults with no prior antiretroviral therapy. Antivir. Ther. 7:43-51.

2. Baxter, J. D., D. L. Mayers, D. N. Wentworth, J. D. Neaton, M. L. Hoover,
M. A. Winters, S. B. Mannheimer, M. A. Thompson, D. L. Abrams, B. J.
Brizz, J. P. Joannidis, T. C. Merigan, et al. 2000. A randomized study of
antiretroviral management based on plasma genotypic antiretroviral resis-
tance testing in patients failing therapy. AIDS 14:F83-93.

3. Bento, F. M., D. Takeshita, C. B. Sacramento, T. R. Machado, M. B. Mathor,
A. K. Carmona, and S. W. Han. 2004. Over expression of the selectable
marker blasticidin S deaminase gene is toxic to human keratinocytes and
murine BALB/MK cells. BMC Biotechnol. 4:29.

4. Bosch, R. J., G. F: Downey, D. A. Kat: tein, N. Hell n, L. Bacheler, and
M. A. Albrecht. 2003. Evaluation of cutpoints for phenotypic hypersuscep-
tibility to efavirenz. AIDS 17:2395-2396.

5. Cingolani, A., A. Antinori, M. G. Rizzo, R. Murri, A. Ammassari, F. Baldini,
S. Di Giambenedetto, R. Cauda, and A. De Luca. 2002. Usefulness of mon-
itoring HIV drug resistance and adherence in individuals failing highly active
antiretroviral therapy: a randomized study (ARGENTA). AIDS 16:369-379.

6. Clevenbergh, P., J. Durant, P, Halfon, P. del Giudice, V. Mondain, N.
Montagne, J. M. Schapiro, C. A. Boucher, and P. Dellamonica. 2000. Per-
sisting long-term benefit of genotype-guided treatment for HIV-infected
patients failing HAART. The Viradapt Study: week 48 follow-up. Antivir.
Ther. 5:65-70.

7. Cohen, C. J., S. Hunt, M. Seusion, C. Farthing, M. Conant, S. Jacobson, J.
Nadler, W. Verbiest, K. Hertogs, M. Ames, A. R. Rinehart, and N. M.
Graham. 2002. A randomized trial assessing the impact of phenotypic resis-
tance testing on antiretroviral therapy. AIDS 16:579-588.

8. Condra, J. H., W. A, Schleif, O. M. Blahy, L. J. Gabryelski, D. J. Graham,
J. C. Quintero, A. Rhodes, H. L. Robbins, E. Roth, M. Shivaprakash, D.
Titus, T. Yang, H. Teppler, K. E. Squires, P. J. Deutsch, and E. A. Emini.
1995. In vivo emergence of HIV-1 variants resistant to multiple protease
inhibitors. Nature 374:569-571.

9. Durant, J., P. Clevenbergh, P. Halfon, P. Delgiudice, S. Porsin, P. Simonet,
N. Montagne, C. A. Boucher, J. M. Schapire, and P. Dellamonica. 1999.
Drug-resistance genotyping in HIV-1 therapy: the VIRADAPT randomised
controlled trial. Lancet 353:2195-2199.

10. Eshleman, S. H., G. Crutcher, O. Petrauskene, K. Kuunstman, S. P.
Cunningham, C. Trevino, C. Davis, J. Kennedy, J. Fairman, B. Foley, and J.
Kop. 2005. Sensitivity and specificity of the ViroSeq human immunodefi-




VoL. 45, 2007

11

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

ciency virus type 1 (HIV-1) genotyping system for detection of HIV-1 drug
resistance mutations by use of an ABI PRISM 3100 genetic analyzer. J. Clin.
Microbiol. 43:813-817.

Fumero, E., and D. Podzamczer. 2003. New patterns of HIV-1 resistance
during HAART. Clin. Microbiol. Infect. 9:1077-1084.

Gervaix, A., D. West, L. M. Leoni, D. D. Richman, F. Wong-Staal, and J.
Corbeil. 1997. A new reporter cell line to monitor HIV infection and drug
susceptibility in vitro. Proc. Natl. Acad. Sci. USA 94:4653-4658.

Grant, R. M., D. R. Kuritzkes, V. A. Johnson, J. W. Mellors, J. L. Sullivan,
R. Swanstrom, R. T. D’Aquila, M. Van Gorder, M. Holodniy, R. M. Lloyd Jr.,
C. Reid, G. F. Morgan, and D. L. Winslow. 2003. Accuracy of the
TRUGENE HIV-1 genotyping kit. J. Clin. Microbiol. 41:1586-1593.
Gu, Z., Q. Gao, X. Li, M. A. Parniak, and M. A. Wainberg. 1992. Novel
mutation in the human immunodeficiency virus type 1 reverse transcriptase
gene that encodes cross-resistance to 2',3'- dideoxyinosine and 2',3-dideoxy-
cytidine. J. Virol. 66:7128-7135.

Hachiya, A., S. Aizawa-Matsuoka, M. Tanaka, Y. Takahashi, S. Ida, H.
Gatanaga, Y. Hirabayashi, A. Kojima, M. Tatsumi, and S. Oka. 2001. Rapid
and simple phenotypic assay for drug susceptibility of human immunodefi-
ciency virus type 1 using CCR5-expressing Hel.a/CD4(+) cell clone 1-10
(MAGIC-5). Antimicrob. Agents Chemother. 45:495-501.

Hartley, J. W, and W. P. Rowe. 1976. Naturally occurring murine leukemia
viruses in wild mice: characterization of a new “amphotropic” class. J. Virol.
19:19-25.

Hertogs, K., M. P. de Bethune, V. Miller, T. Ivens, P. Schel, A. Van
Cauwenberge, C. Var Den Eynde, V. Van Gerwen, H. Azijn, M. Van Houtte,
F. Peeters, S. Staszewski, M. Conant, S. Bloor, S. Kemp, B. Larder, and R.
Pauwels. 1998. A rapid method for simultaneous detection of phenotypic
resistance to inhibitors of protease and reverse transcriptase in recombinant
human immunodeficiency virus type 1 isolates from patients treated with
antiretroviral drugs. Antimicrob. Agents Chemother. 42:269-276.
Hollinger, F. B., J. W. Bremer, L. E. Myers, J. W. Gold, L. McQuay, and the
NIH/NIAID/DAIDS/ACTG Virology Laboratories. 1992. Standardization of
sensitive human immunodeficiency virus coculture procedures and establish-
ment of a multicenter quality assurance program for the AIDS Clinical Trials
Group. J. Clin. Microbiol. 30:1787-1794.

Imamichi, T. 2004. Action of anti-HIV drugs and resistance: reverse trans-
criptase inhibitors and protease inhibitors. Curr. Pharm. Des. 10:4039-4053.
Johnson, V. A., F. Brun-Vezinet, B. Clotet, B. Conway, D. R. Kuritzkes, D.
Pillay, J. M. Schapiro, A. Telenti, and D. D. Richman. 2005. Update of the
drug resistance mutations in HIV-1: fall 2005. Top. HIV Med. 13:125-131.
Kimpton, J., and M. Emerman. 1992. Detection of replication-competent
and pseudotyped human immunodeficiency virus with a sensitive cell line on
the basis of activation of an integrated beta-galactosidase gene. J. Virol.
66:2232-2239.

Larder, B. A., S. D. Kemp, and P. R. Harrigan. 1995. Potential mechanism
for sustained antiretroviral efficacy of AZT-3TC combination therapy. Sci-
ence 269:696-699.

Larder, B. A., A. Kohli, P. Kellam, S. D. Kemp, M. Kronick, and R. D.
Henfrey. 1993. Quantitative detection of HIV-1 drug resistance mutations by
automated DNA sequencing. Nature 365:671-673.

Miyake, H., Y. lizawa, and M. Baba. 2003. Novel reporter T-cell line highly
susceptible to both CCRS- and CXCR4-using human immunodeficiency
virus type 1 and its application to drug susceptibility tests. J. Clin. Microbiol.
41:2515-2521.

NEW T-CELL-BASED CELL LINES EXPRESSING HIV-1 REPORTERS

25.

26.

27.
28.

29.

30.

31.

32.

33.

34,

3s5.

36.

37.

38.

39.

40.

487

Myint, L., M. Matsuda, Z. Matsuda, Y. Yokomaku, T. Chiba, A. Okano, K.
Yamada, and W. Sugiura. 2004. Gag non-cleavage site mutations contribute
to full recovery of viral fitness in protease inhibitor-resistant human immu-
nodeficiency virus type 1. Antimicrob. Agents Chemother. 48:444-452.
Petropoulos, C. J., N. T. Parkin, K. L. Limoli, Y. S. Lie, T. Wrin, W. Huang,
H. Tian, D. Smith, G. A. Winslow, D. J. Capon, and J. M. Whitcomb. 2000.
A novel phenotypic drug susceptibility assay for human immunodeficiency
virus type 1. Antimicrob. Agents Chemother. 44:920-928.

Reed, L., and H. Muench. 1938. A simple method of estimating fifty percent
endpoint. Am. J. Hyg. 27:493-497.

Sarkar, G., and S. S. Sommer. 1990. The “megaprimer” method of site-
directed mutagenesis. BioTechniques 8:404-407.

Shimizu, Y. K., R. H. Purcell, and H. Yoshikura. 1993. Correlation between
the infectivity of hepatitis C virus in vivo and its infectivity in vitro. Proc.
Natl. Acad. Sci. USA 90:6037-6041.

Shulman, N. S., R. J. Bosch, J. W. Mellors, M. A. Albrecht, and D. A.
Katzenstein. 2004. Genetic correlates of efavirenz hypersusceptibility. AIDS
18:1781-1785.

Spenlehauer, C., C. A. Gordon, A. Trkela, and J. P. Moore. 2001. A lucif-
erase-reporter gene-expressing T-cell line facilitates neutralization and drug-
sensitivity assays that use either RS or X4 strains of human immunodefi-
ciency virus type 1. Virology 280:292--300.

Sugden, B., K. Marsh, and J. Yates. 1985. A vector that replicates as a
plasmid and can be efficiently selected in B-lymphoblasts transformed by
Epstein-Barr virus. Mol. Cell. Biol. 5:410-413.

Tisdale, M., S. D. Kemp, N. R. Parry, and B. A. Larder. 1993. Rapid in vitro
selection of human immunodeficiency virus type 1 resistant to 3’-thiacytidine
inhibitors due to a mutation in the YMDD region of reverse transcriptase.
Proc. Natl. Acad. Sci. USA 90:5653-5656.

Tural, C., L. Ruiz, C. Holtzer, J. Schapiro, P. Viciana, J. Gonzalez, P.
Domingo, C. Boucher, C. Rey-Joly, and B. Clotet. 2002. Clinical utility of
HIV-1 genotyping and expert advice: the Havana trial. AIDS 16:209-218.
Vandamme, A. M., F. Houyez, D. Banhegyi, B. Clotet, G. De Schrijver, K. A.
De Smet, W. W. Hall, R. Harrigan, N. Hellmann, K. Hertogs, C. Holtzer, B.
Larder, D. Pillay, E. Race, J. C. Schmit, R. Schuurman, E. Schulse, A.
Somnnerborg, and V. Miller. 2001. Laboratory guidelines for the practical use
of HIV drug resistance tests in patient follow-up. Antivir. Ther. 6:21-39.
Vodros, D., C. Tscherning-Casper, L. Navea, D. Schols, E. De Clercg, and
E. M. Fenyo. 2001. Quantitative evaluation of HIV-1 coreceptor use in the
GHOSTS3 cell assay. Virology 291:1-11.

Willey, R. L., R. Shibata, E. O. Freed, M. W. Cho, and M. A. Martin. 1996.
Differential glycosylation, virion incorporation, and sensitivity to neutralizing
antibodies of human immunodeficiency virus type 1 envelope produced from
infected primary T-lymphocyte and macrophage cultures. J. Virol. 70:6431—
6436.

Wilson, J. W. 2003. Update on antiretroviral drug resistance testing: com-
bining laboratory technology with patient care. AIDS Read. 13:25-30, 35-38.
Winters, M. A, R. J. Bosch, M. A. Albrecht, and D. A. Katzenstein. 2003.
Clinical impact of the M184V mutation on switching to didanosine or main-
taining lamivudine treatment in nucleoside reverse-transcriptase inhibitor-
experienced patients. J. Infect. Dis. 188:537-540.

Yoshikura, H. 1989. Thermostability of human immunodeficiency virus
(HIV-1) in a liquid matrix is far higher than that of an ecotropic murine
leukemia virus. Jpn. J. Cancer Res. 80:1-5.

—346—



L= $ | rnAzAEoREN S NON-coding RNA OEERRRR (TR

AV AREFIHICH TS
ncRNA DEE|

mERT, SEETF, 2H K

EECEYEBYHBICSVT IV ABREOREEEE L TETMEORNAINER TS VLM -
oo BRBOWIEW, J1LVAGIOMRFEE L IEEMEORNAIZEETS 2 N VEEREF LY,
MRNAZ DL W ETZEFBEOPICE o/, EBICTI N AREZMARBEED mRNA ZFIE L THE8 =% L
A3EIBCBEOEEAHHTAIZ LS P ok, ZhSOHREIMIVAEBEFEOLIICTFEHL

HVENOEIELTEA»EERS D A THEKRRL.
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1998 FEIZ Fire 52 & o THE SN/ RNA TH
(RNAD &Y, %> o8, TR WAEYE TR
FE3N7mRNABESEZOBETFRAMBBHEL LT
MHNTWwh, RNANZHIRACTO 20BE/H#EO/NE
Znon~coding RNA (ncRNA) I2& o THFHEE,
HYRBERTIRIANY A VARSI 20—
BELUTHBETL LRI ORESNTHE DY,
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ENTsiRNA &Y, TAPHEAEORNAI #FHE
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Involvements of ncRNA in viral replication controls
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MBNA DSOEERZEEE L TOCIVABEERIELTWVD. RISC : BNA-induced silencing complex

[E) ncRNA [C&HTEEMIBATO
DA L AEEHE

EEME ORI EERE LT, YA VAHERD
ncRNA D RNAL ZFHET 5 L o BT OEIMIE
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(Epstein-Barr virus : EBV)
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¥72, HIV-1HED Tat ¥ ¥ 37 HH*3HRNAI O
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¥ 2 nef@IGF
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