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HIV-1 N3481 i 25 22 2 i A7 R
R RASFE A AR

F8F #H KHM RBHA B k@ HAEL FiKk
AE#ER NEH FHE

[(BE] B EPHIV-1RAEXRENSIEFELERBEPHRTERETHR
Ko, Hx  HFRT-PCR MM FRA Y 1 614 B3657 5 BOM 619 K657 B9 LA B E & HIV-1
pol % H & FIM (PR) 35 7 B8 (RT) K H B (2100 bp) . KK 1233 ZFFIRHBERE
HIV-1 i 25 8B HE R B SR S S R, 0BT N34ST S BRIGSS R i, R N348I EEFEH
RERITRMBEPHRITRN 6%, ERKITREPHRITERNOS%., EHETFERE
(AZT)F RBITHAE NI THRITRBER FHEARS AZT A RIGTRNEE (14.1% vs.
4.7%,¢=10.21,P<0.01) ; 7E ! BE N3481 ZEAF B3 2857 R F 1 N34S B LA S HM R ARS8
R B, S5 M H 2 iR 25 2248 (TAMs) 3L R & 4= 5 85.0%(34/40) . 5 M184V/I 3L [R 1 2R o5
52.5%, @it FH—K AT RIGITRBNILERBES NI REH—ERAT HREHRREL
A RTHEAMB,

[X@iA] XHRE 18; T25; N348I
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[Abstract] Objective To elucidate the prevalence and the mutation pattern of N348I that
related to the resistance seen in the AIDS patients, in China. Methods Partial pol gene of HIV-1
comprising of full protease (PR) and reverse transcriptase (RT) was obtained from plasma samples of
therapy-failure individuals (n=614) and therapy-naive individuals (n=619) by using reverse
transcription polymerase chain reaction (RT-PCR). 1233 sequences were then submitted to the HIV-1
drug resistance database of the Stanford University to analyze the prevalence and the emergence
pattern of N348I. Results The prevalence of N3481 was 6.5% in the therapy-failure patients and
0.8% in the naive individuals, respectively. The prevalence of N348I was more popular among those
patients whose ART regimens containing zidovudine (AZT or ZDV) than those without AZT in
regimens (14.1% vs. 4.7% , x’=10.21, P<0.01). N348I always emerged, and combined with others
mutations among patients of ART, whose frequencies were: 85.0% in combination with
thymidine analog mutations (TAMs) and 52.5% with M184V/l, respectively. Conclusion N348I
was somehow prevalent in the therapy-failure patients when using the first-line antiretroviral drugs,
and it emerged as unique patterns. This study laid the ground in improving the technology of drug
resistance genotypes detection and providing theoretical basis to study the mechanism of resistance
and the law of molecular evolution.
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HIVIHA R FREER A ERE . FBHY
YE R R A AL S S MR R AR U , B0 B
YA HBRR BT, BN, W25 EERER
FTREBYREEREA, WREELSNIES 4 AT
o, RN E HRE I R TR R E T RER
HAMEREIRFNE HIE M A HK , X R RS
IREE H LB NOUE, BME2HEMN
56X imyimBAY MR X HIVEHRESR
200 Z4N, BFIMHIV HAREMREEXLED
Ve ER ., EEREIR, HYESIRET
AR, Y E R REE LIS ] 24
it M e B A, il I R e R R
#il7 (NRTIs) R I9T , E R R B (RT) R B X F0
RNase H X o] th 8 1 T 25 22 %8, % 5 H A 2 BK
A i 25 R AR e,

N348I Bif JLESA R AR ERNESE, &
i FiFF ZKE (AZT/ZDV) & E B (DD &I i
BEPHRITRARAN12.5%, BEH BRBHE
HIRE S0, N3481 RAE{LF HIV-1 RTWEHEX,
FEARHE HIV-1 Tt 25 25 5 54 1000 7 =5 69 X3 A S0, 4
F# E H 87 & 2 (In House) 1 H M AL &9 HIV-1
i} 245 3k B8 AU 4G 08 7 3 0 v K M N3481 RAE , X%
RBERE LR B E P RATRE &R AERRE
KW, ARBFFEHLET 3R BEIETT MK BT LR
BHEHIV-1 RTEHEHSKFEIIRHT, B N3481 38
BEREARITROE REHEL,
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1. HIV-1 M 3 #54 : 2y 2008 — 2010 ZE [ &5 . ]
JEE B FRs i O R I E B E R A # 4R
REMTETALR B XK. .8 B,
) AR P OB MR EZIRER
TR LR B FE MK brA ., HEMIRETERES
24 h N4 BS L 3K H-4R7F F-80 CIKAE,3 1A N5ER
HIV-1 B E B4R . 26 RE M B AR FEE,
THREEHXHERGELS QEFRIURREIRTH
B iR IRZGIK MM RIS BISIT RS

2. FERXF RSP :HIV-1 RNA K4k s
B {# FH Qiagen 23 @] QIAamp®Viral RNA iX 7] & , %
PR B ¥4 , RT-PCR {8 i &34 77l ¥ % TaKaRa 24
A& R 4 (8 B Vector NTI 34, HF 516
PHEFGRE

3. 25 B R AR - SHBR R HIV-1 T 25 R
W HESIE, SR A ERIFERE (VL) N K>

1000 IU/ml, AT RE R, 2B RNA Z AT
B 500 pl i 3% 16K 6 4B i 0, SHR IR AR,
FRAALKEAEKNFE, P ¥ HIV-1 pol #£H
2100 bp Bk B, & 2 H M (protease) £+ (1 ~ 99z
FBF)AMRTLK( ~560 M EBF). HHANSI
YRFE1, B—HRKERNEKEN 10X One Step RT-
PCR Buffer 5 pl1,. MgCl, (25 mmolV/L) 10 pl, dNTP
Mixture 5 pl, RNase Inhibitor (40 U/ul) 1 ul, AMV
RNaseXL (5 U/ul) 1 pl, AMV-Optimized Taq(5 U/ul)
1 ul, PLA-1(20 pmol/L) 1 pl,PLA-2(20 pmol/L)
1 ul . RNA B4R 5 ul .RNase Free ddH,O 20 pul, 2 %k
4% 50 °C 30 min .94 °C 2 min, 1 MEFF;94 C 30,
55 C 305s.72 °C 150 5,30 ™ §¥; 72 C 10 min,
% % [Z I & %& 9 TaKaRa Ex Taq 25 pl,PLA-3
(20 pmol/L) 1 pl,PLA-4(20 pmol/L)1 pl. 55 —%¢
PCRF=#) 5wl .ddH,0 18 pl, X %44 94 °C 5 min,
14ME38 ;94 «C 305,63 € 305,72 C 150 5,30 MF
#£;72 °C 10 min,

F1 HIV-1 WGRMEHS Y
FFIs ~ 3Y) 1044

PCR3|¥)
b TR
PLA-1

TGGAAATGTGGAAAGGAA GGAC 2027 ~ 2050

PLA-2 TGACTTTGGGGATTGTAGGGAATA 4650 ~ 4673
Al B

PLA-3* CAGAGC CAACAGCCCCACCA 2147 ~ 2166

PLA-4" TAAAATCACTAGCCATTGCTCTCC  4285~4308
ME5 Y

PLA-5" CTTCTGTATATCATTGACAGTCCAGCT 3300 ~ 3326

PLA-6" CCTAGTATA AACAAT GAGACAC 2946 ~ 2967

PLA-7* CTTTGGATGGGTTATGAA CT 3231 ~3250

E MY

WYY EH XA B, 5 B Cexpress
Wit gnsd BHEFIRIE B2 % EHTHE K2 HIViR
25 % #2 FE (http: //hivdb.stanford.edu) 3t 17 £ £ HIV
it 25 2 H 22 A 4t . b HIV T &Y &9 $) 2 #) H pol
X EH #HIT

4. Geit24r 47 . # FH SAS 9.1.3 Service Pack 3 3%
o, N34BI RN [SIERAABPREMBH HLE
{8 Fl Fisher ¥ B0 56 ; 0 28745 N348I 7E R [R] HIV-1
TR FRIF A RPH B RARXCRIRER

% R

1. BRFEXT B AIHFRIE : $R 1B 52 % pol R BB F 5 i
1233 B LG B E B IGITT 5 RIGIT R L B4 2
(50.2% vs. 49.8% ) , 4EWH 19~65 % , LA HER
(435%), X BHME ALEHEE, ETREHE 2
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ik i 2R e BT o H B3 K (56.2% ) , 36 9T B [A] 2 4
(94.3%) 7 3 5E L4 _E, B VL>1000 [U/ml, A] A Ri%
T4 B E TR IR R MM JL R A Br AL 8
¥ B AR RORBITTHEE D, HEEBER L
32.0% (B B EEHEM P 143%, BHETEEM Y
17.8%) , R A& R 8 (11.3%) . BZHHTIE
FTBRE SR —AIRBIRIT FRIEEER2),

®2 BIRMBHESAOENE

AEAE B MR (%)
YN 1233
b-tad 614 49.8
KIGTF 619 50.2
ez
5 723 58.6
k'S 510 414
&R
BRI/ SRS IE 693 56.2
55 Rt 176 14.3
FHEtEEM 219 17.8
kK & 139 11.3
AHE 6 0.5
FREBRIT TR
AZT/DDI/NVP 195 31.8
3TC/DAT/EFV 139 22.6
D4T/DDI/NVP 125 20.3
DDV3TC/NVP 117 19.1
AZT/3TC/NVP 4 0.7
Combivirivit/EFV 20 33
Combivirivir/NVP 14 23
FimEiRTeIE(A)
0-~12 14 23
~24 21 3.4
~36 107 17.4
~-48 145 23.6
~60 183 20.8
~72 109 17.8
>72 35 5.7

H:NVP(EFHFE); ITC(HKAE): DIT(FIMKE); EFV
(4kIEE L) ; Combivirivir(hk REHF BREAN)

2. N3481 RAEMRATIHN : 1233 BB E P 455
EHERFYIHF7ENIMBI R, N3481 REAG RIS
STTRMBEDPRRITREN 6.5%, ERBITRETH
MATEHR0.8%, EHIRIEIRIT KRBT H B N3481
AR 40 B 2B & 4, A IR HIV-1 JF &Y f8] (B CRF_
01AE.CRF_08BC)ZREREMEMNEREL ¥
B X (’=116,P>005) ; & AZTHRIT T R
(AZT/DDUNVP Hl AZT/3TC/NVP) B9 8 & ,N3481 2¢
FRWITERN 14.1%(28/199) ; A X AZTBIT
7 R (DDI3TC/NVP #1 D4T/3TC/EFV) B B & ,

N348I (M ATHE K 4.7%(12/256) . {F & AZT RJT
FEHBRENIBIRENHTERES TEARY
AZT HFRIBE ($=10.21,P<0.01), HKIFHE<
124 A B 8, N3481 B AT K 35.7% , 3857 >24
M ABIBRE N34S R TEN 2.9% ~ 7.5%(FK3).

£®3 NIYIREMFRITHER

me k4 WITE (%)

WITIEN

o 40 6.5(40/614)

KIGIT 5 0.8(5/619)
HIV-1 WRIGRIT AB¥)

B 365 7.4(27/365)

CRF_01AE 213 5.2(11/213)

CRF_08BC 36 5.6(2/36)
WIrF R

AZT/DDUNVP 24 12.3(24/195)

AZT/3TC/NVP 4 4/4

DDI/3TC/NVP 6 5.1(6/117)

D4T/3TC/EFV 6 4.3(6/139)
WiTEtEI(A)

0-~12 5 35.7(514)

~24 1 4.8(1121)

~36 8 7.5(8/107)

~48 9 6.2(9/145)

~60 10 5.5(10/183)

~72 6 5.5(6/109)

>72 1 2.9(1/35)

3. N3481 R3E 5 H A 2522 A [R] e td A& 5L :
B A4 NRTIs FIFER 2 i e % RE I 7] (NNRTIs)
24 ML BB 26 N TR AR X RATEIRYT B & PRRAT
ZHBERTRIGTREPEN<001)(FE4), ¥
5T %k M & & & 2 4F K103N, Y181C., M184V/I,
G190A . L210W, T215F/Y M i 47 335 >20% , N348I
WATEN 6.5% , 0 JF 26 A 23 Hil,

SHT HATE > 10%#9 143238 55 N3481 3£ [F] i
BB (£S), X 14 MR R 5 N3481 3 [F 3
BHAN B ERTHS NMIERE RO LH ., &
14 4% T 4 i 8 4 (M41L, D67N, T69D, K70R .
V1181.L210W . T215F/Y .K219Q) 5 N3481 £ ] i B
B H B > 10%.

4. N3481 745 i 1h B4 - 78 H B N348I R AEH)
BERWITRES NMSIHUS HibRZTEBR S HME
.18, 5 NNRTIs 5 NRTIs T E R Z5HI{ER., S5k
HAU W 2R (TAMs) LR EH 346, &
85.0%(34/40) ; S MIS4VA LR B0 A 21 B, 5
52.5%(21/40) ;N348I 55 K65R .Q151M 3t [d] it BE A9
HEB/N IR 2.5%), W6,
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B4 WITRE=614)5KEITRE (n=619)
HIV-1 i 5% AT (%) By LT

e ﬁiﬁ%(?ﬁi@f&) - PN
KIRIT HRITRM
M41L 0.32(2) 16.45(101)  104.71 <0.01
E44D 0(0) 8.31(51) 53.63 <0.01
A62V 0.48(3) 3.42(21) 13.92 <0.01
K65R 0.16(1) 2.44(15) 12.53 <0.01
D67N 0.32(2) 16.29(100)  103.52 <0.01
T69D 0(0) 13.03(80) 86.25 <0.01
K70R 0.64(4) 17.43(107)  102.37 <0.01
L74V 0.16(1) 5.53(34) 32.30 <0.01
V751 1.45(9) 6.68(41) 21.62 <0.01
V901 1.29(8) 5.37(33) 15.98 <0.01
KI103N 0.81(5) 56.84(35) 473.47 <0.01
V106A 0(0) 12.70(78) 83.95 <0.,01
V108I 0.48(3) 9.93(61) 55.94 <0.01
V118l 5.33(33)  11.24(69) 14.17 <0.01
Q151M 0.16(1) 3.91(24) 21.79 <0.01
Y181C 0.65(4) 36.48(224)  262.64 <0.01
M184V/l 0(0) 40.22(247) 31139 <0.01
Y188L 0(0) 7.65(47) 49.26 <0.01
G190A 0.16(1) 25.24(155)  175.48 <0.01
L210W 0.32(2) 22.64(139)  151.56 <0.01
H221Y 00) 17.10(105)  115.71 <0.01
T215F/Y 0.16(1) 44.79275)  353.34 <0.01
K219Q 0.16(1) 19.71(121)  132.08 <0.01
N3438I 0.81(5) 6.51(40) 28.55 <0.01
®RS5 [ITRBBHPE AR AR
45 N3481 FRT 4 BRSO
FiTa 55 N348I1[ajHT i B H 5(%)
RE ) & 2 v P
M41L 16.45 75.25 24.75 51.50 <0.01
D67N 16.29 87.00 13.00 109.52 <0.01
T69D 13.03 85.00 15.00 7840 <0.01
K70R 17.43 89.72 10.28 135.05 <0.01
KIO3N  56.84 91.69 831 48528 <0.01
VIO6A 12,70 91.03 8.97 105.03 <0.0!
Vi8I 11.24 86.96 13.04 75.39 <0.01
YI8IC 3648 90.63 9.37 295.75 <0.01
MI184VI  40.23 90.69 9.31 327.13  <0.01
GI9A 2524 95.48 4.52 106.85 <0.01
L210W 2264 88.49 11.51 164.73 <0.01
H221Y  17.10 90.48 9.52 13762 <0.01
T2ISF/Y  44.79 89.82 10.18 381.89 <0.01
K219Q  19.71 89.26 10.74 149.17 <0.01

®|6 NIMBIRTRAEMK

o S -

REEAWER RS RS, B HT 252
AWr=a LA 8 589 B HE MY, N3481 G [F et
£ BUNRTIs f1 NNRTIs it 25 R % , E L L iR B
RIFRILHER B E P RATRAT IR 1290 1, &
RERER, NIBI REEFIRBIRITRYEE
FRERTRIGITHRE(6.5% vs. 08%) , 3 HTE
AFEBITTRPREREBMETHIAR, FHE
AZTHEIT T RN BENBIRENRITEN
14.1% , BEBTATAZT F R BE , S N348I
5{#ER AZT MK,

A CEK R E Y, N3481 5 41.,67.70.103. 108,
181.,184,190,210.215 219 S RE B A B E XL
B, 33X 8647 5 A R 5 N34T — R & A= BT R 8
. BB Kk I, N3481 5 M41L.D67N, T69D.
K70R.V1181.L210W. T215F/Y.K219Q 3t [5] 1 BR
Bt %1l 8 & , i M41L. D67N. K70R, L210W,
T215F/Y K219Q #8/8 T TAMs %8 , fEREHERA L,
N3481 5 TAMs 3t [F] & 4= 9 &5 85.0% , 5. B N3481 &
R 5 TAMs RER I H M,

N3481 5 TAMs 2 %8 1} #L Z A1 4 H 5 NNRTIs
i 25 2€ A [R] B 1 B, N3481 B0 % 4 BB R B/,
Ie5h , N3481 5 M184V A BA B AL, [RaT 4 BLa]
B ERCR BT 3TC KBRS, ZHFEFHE
N3481 €35 #8 5 NNRTIs 3 E i 25 2 i 5 — 2 1
B , {8 N3481/TAMs/Key NNRTI resistance mutations
A EERBHEA, H K B N348UMI184V/I/KKey
NNRTI resistance mutations # =,

AR E I N38 REER EHREIRIT RN
M ERBEP A —EMRAT, HFEEHRNEE
B, EREMIURBIRT T RPREBERR, R
Bt TR E N348I T 5 A ERE R . FEE L
PR B IRITRT [ A RE K R FEIE B T RIF M THL X
FRAMBENTREIRIT, 5 HIV-1 T 252225 1A
RAEAN  RRAREEH " R RM TR
BHRTRMXOHAERNRE, AHALERER,

REKHFEAAZTHRITTORE. A

AR

H e L ERBCGEENBW AR, Y

N3481/M184V/I/Key NNRTI mutations

N3481/TAMs/Key NNRTI resistance mutations
N348UK65R/Q151M Complex/M 184V/I/TAMs/Key NNRTI mutations

N348I/K65R/M 184V/I/Key NNRTI mutations
N3481/M184V/I/TAMs/Key NNRTI mutations

5 12,5 i pol X Bt PR 4 38 10 B 9 < B
19 415 AU 32591 F B0 A5 0 i 25 28
! 25 AF BN AR G A i R i 28

1 25

14 350 AF , X 3 R it 25 2848 1) et 25 ML ) B

1 : Key NNRTI mutations {4 £5 K103N, V106A, V1081, Y181C/T1,G190A/S

SH M REM ARG EA



-912 -

AR ATR E 2011 SE9 5324598 Chin J Epidemiol,, September 2011, Vol. 32,No. 9

3.
$ £ X W

[ 1] Martinez-Picado J, Martinez MA. HIV-1 reverse transcriptase
inhibitor resistance mutations and fitness: a view from the clinic
and ex vivo. Virus Res, 2008,134(1-2):104-123.

[2] Imamichi T, Berg SC,Imamichi H, et al. Relative replication
fitness of a high-level 3’ —azido-3’' —deoxythymidine-resistant
variant of human immunodeficiency virus type 1 possessing an
amino acid deletion at codon 67 and a novel substitution ( Thr—>
Gly) at codon 69. J Virol , 2000, 74(23) : 10958-10964.

{31 Julias JG, Boyer PL,McWilliams MJ, et al. Mutations at position
184 of buman immunodeficiency virus type—-1 reverse
transcriptase affect virus titer and viral DNA synthesis. Virology,
2004,322(1):13-21.

[4] Nikolenko GN, Palmer S, Maldarelli F,et al. Mechanism for
nucleoside analog-mediated abrogation of HIV-1 replication:
balance between RNase H activity and nucleotide excision. Proc
Natl Acad Sci USA, 2005, 102(6) : 2093-2098.

[5] Bennett DE, Camacho RJ, Otelea D, et al. Drug resistance
mutations for surveillance of transmitted HIV-1 drug-resistance:
2009 update. PLoS One,2009,4(3) :e4724.

[6] Gupta S, Fransen S, Paxinos EE, et al. Combinations of mutations
in the connection domain of human immunodeficiency virus type
1 reverse transcriptase: assessing the impact on nucleoside and
nonnucleoside reverse transcriptagse inhibitor resistance.
Antimicrob Agents Chemother,2010,54(5) : 1973-1980.

[7] Nikolenko GN, Delviks-Frankenberry KA, Palmer S, et al.
Mutations in the connection domain of HIV-1 reverse
transcriptase increase 3’ —azido-3 '-deoxythymidine resistance.
Proc Natl Acad Sci USA,2007,104(1):317-322.

(8] Betancor G, Puertas MC, Nevot M, et al. Mechanisms involved in
the selection of HIV-1 reverse transcriptase thumb subdomain
polymorphisms associated with nucleoside analogue therapy
failure. Antimicrob Agents Chemother, 2010, 54 (11) : 4799-
4811.

{9] Hachiya A, Shimane K, Sarafianose SG, et al. Clinical relevance
of substitutions in the connection subdomain and RNase H
domain of HIV-1 reverse transcriptase from a cohort of
antiretroviral treatment-naive patients. Antiviral Res, 2009, 82
(3):115-121.

[10] Biondi MJ, Beilhartz GL, McCormick S, et al. N348I in HIV-1
reverse transcriptase can counteract the nevirapine-mediated bias
toward RNase H cleavage during plus-strand initiation. J Biol
Chem, 2010,285(35) : 26966-26975.

[11] Schuckmann MM, Marchand B, Hachiya A, et al. The N348I
mutation at the connection subdomain of HIV-1 reverse
transcriptase decreases binding to nevirapine. J Biol Chem, 2010,
285(49):38700-38709.

[12] Steegen K, Demecheleer E, De Cabooter N, et al. sensitive in-
house RT-PCR genotyping system for combined detection of
plasma HIV-1 and assessment of drug resistance. J Virol
Methods,2006,133(2) : 137-145.

[13] Zhong P, Pan Q, Ning Z, et al. Genetic diversity and drug
resistance of human immunodeficiency virus type 1 (HIV-1)
strains circulating in Shanghai. AIDS Res Hum Retroviruses,
2007,23(7):847-856.

[14] Jordan MR, La H, Nguyen HD, et al. Correlates of HIV-1 viral
suppression in a cohort of HIV-positive drug users receiving
antiretroviral therapy in Hanoi, Vietnam. Int J STD AIDS, 2009,
20(6):418-422.

[15] Yap SH, Sheen CW, Fahey J, et al. N348I in the connection
domain of HIV-1 reverse transcriptase confers zidovudine and
nevirapine resistance. PLoS Med, 2007,4(12) :¢335.

[16] Hachiya A, Kodama EN, Sarafianos SG, et al. Amino acid
mutation N3481 in the connection subdomain of human
immunodeficiency virus type 1 reverse transcriptase confers
multiclass resistance to nucleoside and nonnucleoside reverse
transcriptase inhibitors. J Virol,2008,82(7):3261-3270.

(We#% B $9:2011-04-02)
(B4 KHTR)



