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Detection of Resistance Mutation to Lamivudine in HIV-1 Infected Patients

Young-Keol Cho', Heung-Sup Sung'?, Hee-Jung Lee!, Yoo-Kyum Kim', Hyun-Sook Chi?
Goon-Jae Cho® and Moon-Won Kang*

Department of Microbiology' and Clinical Pathology’, University of Ulsan College of Medicine,
Department of Internal Medicine, Pusan National University Hospital, Department of Internal
Medicine, Catholic University Medical College’

To investigate resistance to lamivudine (3TC), we examined the incidence of M184V in 20
HIV-1 patients treated with 3TC for 13.1+9 months. Fourteen of 20 patients had been exposed
to zidovudine (ZDV) or didanosine (ddI) prior to 3TC therapy. Nested PCR targeting to reverse
transcriptase (RT) and direct sequencing were performed for peripheral blood mononuclear cells
sampled serially. There were resistance mutations to ZDV in at least 9 patients at baseline,
although there was no resistance mutation to 3TC. We could detect M184V in 6 (30%) out of 20
patients. The incidence of M184V increased as the duration of therapy prolongs (13% in samples
<12 months; 47% in samples >12 months). The frequency of mutation M184V was higher in
patients with previous mutation to ZDV than in patients with wild type. Resistance mutation was
not detected in 7 patients. This study shows that resistance to 3TC tends to develop rapidly in
patients with baseline mutations or two drugs combination therapy than in those treated simultaneously
with triple drugs. This report is the first on resistance to 3TC in Korean AIDS patients.
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Table 1. Baseline characteristics of 20 HIV-1 infected patients

o SexAgelYeart oot A
1 M36/1990 67G/70R/215F/219Q ZDV/ddI/IDV (91) 1 49
2 M41/1989 67N/70R/215F/219Q ZDV/ddI/RTN (52) 40 0
3 M36/1993 67N/70R/215F/219Q ZDV/ddI (40) 3 196
4 M38/1991 70R ZDV (75) 695 0
5 M15/1991 WT - 249 41
6 M48/1992 WT ZDV/ddI (30) 189 49
7 M28/1992 70R ZDV/ddI (11) 72 0
8 M17/1991 67N/70R/219Q ZDV (78) .95 109
9 M42/1993 67N/70R/219Q ZDV/RTN (27) 65 0

10 M36/1991 70R ZDV/RTN (69) 307 0
11 M30/1990 411/70R ZDV (91) 228 25
12 F38/1988 WT - 42 0
13 M8/1992 WT ZDV/ddI (22) 150

14 M30/1990 WT ZDV/ddI (28) 8

15 M26/1989 WT - 18

16 F24/1987 WT ZDV (26) 6 71
17 M34/1989 WT - 28 25
18 M32/1991 NT - 38 NT
19 F42/1992 NT ZDV/IDV (18) 390 NT
20 M42/1992 WT - 290 0

Age/year?; the age / in the year of HIV-1 diagnosis, RTI; Reverse transcriptase inhibitors, ZDV; Zidovudine,
RTN; Ritonavir, 3TC; Lamivudine, ddl; Didanosine, IDV; Indinavir, WT; wild type at reverse transcriptase
codons 32 to 229, NT; not tested. (months)b the duration of ZDV intake.

A we) vo| 82t o | kgl A wE
HHM 222 A3} survival fitnessE SFAFA] A A
drug pressuredtol| M = F4& & 5 e TS
227 gk,

FDA 3%1< wo} @A AMg-H 1 e 14744 4
o] B E AIDS X &4 & pol §-A A7} encoding
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B2 virological failureel] th3 U9} early marker
o)tk wat AAZMqE A& AlF A, CD4*
T A 257t astAY slo] & g7t 3714
L X F5A S ZA A genotypingS st AHeo] Lyt
Holth.

AT ZE & zidovudine (ZDV) monotherapyol] o)
3} genotypic resistance A& T Loz Hy
@ v R, @A SRR R A ZaA A}
£-8}= drug combination2 ZDV, lamivudine (3TC)
9} protease inhibitor (PD)Q! Indinavir (IDV)o)t}. &
oA & 1973 FE SN AHEH ] A FHE
3TCol &k A Ed o] A8E RT 32-229 o}
=it G BN E B3 2AEIS VIO ke

o) o},

ME % ey
1. 8 X}

HIV 3} 2182 1987~1993d o] HIV-1 2 =}
2 AR 20HE e Pt A7 A
& ol ZDV 5& &3 &
o0 99 e 3TCE 2-83}7] A o|n] RT YA
Al o off & baseline mutationg 3}1} o} A 74X 1
2421tk (Table 1). 129 - CD4' T A X4=7} 100/l
o]}el w7] AIDS Sttt a1 8% ICD-
p24 3ol FAHYD o] F THL ABAE B
45 e AT AF HA 7|Ee 2 3TC HF
E27)7ke 13119709 (2~3070 Q)0 At} 3TC
87 B8 o 150 mg¥ 23] 931, ZDV-E 200 mg
A 33], 78] 31 IDVE 800 mg¥ 33) o).

2.CD4" T ME$ &3 I ICD-p24 2 EHX|

CD4' T X5 4 CD8' T A X 5E ojn| L X
3 v 2 Simultest reagent® G A 3+ & CD4* 2
CD8" T A X HAIEE flow cytometer® &% 5}
Q35 A5 Forod Fac,

Immune complex dissociated (ICD) p24 39-&
ELISA " © 2 (Dupont, USA)Z 243519 o0
£ FE =¥ 25 pg/ml o] ot} p24 A}
anti-p24 A7 2T A& £2)37) g8 A4S
A2 & Faete A S AN desd ¥
X2 uncoated 96 well platedl] & 3} standard 5
£ 9e ¥ 9 15 M glycine$ Ho] 2 g
A7 F15M Trisg Yol 2847t 8 e
2 150 plE & A 7} coated® 96 well plated]] %

A WA h YA 3 2 4wk ELISA WY
3 L3t

3. Nested PCR1l direct sequencing

Polymerase chain reaction (PCR)3%} direct sequen-
cing Wi & b2 T 2o}, T2 E A A7 (peri-
pheral blood mononuclear cell; PBMC)E #H Al 2 A}
43ttt 22 PCRE primers JA99 (5-GGGGG-
AATTGGAGGTTTTATCAAAG-3'; 2394-2418)%}
RIT137 (5-TTCTGTATGTCATTGACAGTCCAGC-
3'; 3301-3325) A}-&38kd RT codons 19| A] 2197}k
A& E 35t 931 base pairs (bp)S ZZ5}QH.
23} PCR& AMHE (257 bp; codon 13-98), Fukxt
(428 bp) @ FwkE (319 bp; codon 152-259)& 1}
o} overlap HA AAISt AT A& 919 pri-
mersE 523 (5'-AAGCCAGGAATGGAT-3'; 2586-
2603)7 526 (5-TGCAGGATGTGGTATTCCTAA-
3 2824-2843)9 11 FWHEE 9 3 primersE RT-A;
5-GGCCTGAAAATCCATATA-3'; 2701-2719)9} RT-
D; 5-CTAAGTCAGATCCTACATATAA-3'; 3108-
3128, TutE-Z2 9 8} primers= 527 (5-GGATGG-
AAAGGATCACCAGCAATA-3'; 3003-3026)¢} 530
(5-CCCATCCAAAGGAATGGAGGTTCT-3'; 3202-
3225)01 Q4 T}V, 437] & primers®) W &= HIV-1 NL
3L 71Z0 R Yt

2 o

1. Lamivudine (3TC) &2 A|ZF Al& oAl
M184V EIX| 5

E A3 AR 209 F 14L& Lamivudine=
§38t7] A ZDVo|\} IDVE E43] 1 o]
Z 99 2 ojw] ZDV] th 3} baseline mutation

ANEE 1879 AAZRE Lol G| MDA
3TCt} ddiof] g WlA ofu|=4te] AF gx]H
2] 9¥SkTh (Table 1).

2. 3TC 227|7 U M184V ELX| A}7|

HF A AL 71F22 2099 3TC 47
HE 13149709 (2~3071 €)o] At 3TCo o &
yiAd Edvo] M184VE 208 Z 69 (30%)91 M
225 E & 21 J) 4] = baselineol| A} Bt}
ZDVe] gk YA Sd®ol 71 FrstA .
M184V7L &A1 € 69 o A 3TCell th &t WA X
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Table 2. Additional resistance mutation to lamivudine (3TC) and zidovudine (ZDV) in the 20 HIV-infected
patients after combination therapy with 3TC

Patient 3TC therapy Additional mutations Combinatipn CD4" T ICQ-p24 Accession
no. (months) therapy with cells/ul antigen® number®
1 5 V1181 ZDV/IDV 8 + AF273149
13 V118I/M184V ZDV/IDV 13 - AF273150
2 20 - ddi/IDV 204 - AF273164
25 V118I/M184V ddi/IDV 332 - AF282137
30 V118I ddI/IDV 348 - AF282138
3 25 - ddi/IDV 295 - AF282163
29 - dd/IDV 426 - AF282164
4 7 M184V ZDv 923 -
12 M184V V40" 900 -
19 M184V DV 652 - AF282151
24 - ZDV only 435 - AF282152
5 12 Mi84V ZDV 294 - AF282148
18 M184V ZDV 326 + AF282149
6 <11 M184V ZDV/IDV 63 + AF282161
7 8 - ZDV/IDV 239 - AF282156
19 M184V ZDV/IDV 248 - AF282157
8 2 - ZDV 134 - AF282150
9 8 - ZDV/IDV 59 + AF282165
10 27 - ZDV/IDV 337 - AF282147
11 3 - ZDV/IDV 396 - AF273176
12 10 wT ZDV/IDV 271 - AF282135
13 10 M41L ZDV/IDV 574 -
17 M41L/67N“/ T215Y ZDV/IDV 507 - AF282153
14 14 M41L/T215Y ZDV/IDV 8 + AF282140
15 3 WwT ZDV/IDV 118 -
12 wT ZDV/IDV 139 - AF282139
16 5 WT ZDV/IDV 203 - AF273153
17 10 WT DV 233 - AF282136
18 2 WT ZDV/IDV 121 - AF273183
19 3 WwT ZDV/IDV 898 - AF282162
20 5 WT ZDV/IDV 279 - AF282158

a; +, detected over 25 pg/ml and —, undetectable, b; GenBank accession number, c; mixed genotype of D67
and 67N, WT; wild type at RT codons 32 to 229.

A71E 3TC 5§ F 77} 7, 11, 12, 13, 19
2571 Qo) 9ATh (Table 2). h4 SAMo] %7}
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Figure 1. Despite triple drugs combination therapy, resistance mutations to reverse transcriptase (RT) inhibitors
accumulate in RT. As the duration of therapy prolongs, multiple resistance mutations (M184V and V118l to 3TC;
K70R, D67N/E/G, T215F/Y, and K219Q to ZDV) developed in 3 patients with best adherence. In particular, the
patient 1 who developed D67E from month 66 and D67G from month 83, did not show any response to triple
therapy probably because of serial addition of drug, one by one. The patient also showed accumulation of 8 resis-
tance mutations to IDV at month 103. On the other hand, the patients 2 and 3 treated with 3TC, IDV, and ddI,
showed good response in part because the resistance to ddI and IDV was not developed.
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Figure 2. Alignment of amino acids of HIV-1 reverse transcriptase in patients treated with RT inhibitors. The se-
quences were obtained from the last sample in each patient. There was no mutation associated with ddI and ddC
resistance (K65R, Y69D, L74V, and M1841V). HIV-1 RT sequences from patients #2, 18, and 19 were not subtype
B but recombinant strain. Con; consensus sequences from Korean patients.
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A= 1A 5 a8 o} (p=0.035).

207 & 79 (A} #12 R 15~20, Table 2)9| A
£ RTIo] di@ YA a7t A8 gxHA
gked olE9 3TC E47|7t& BF 12744
ol stFth. 22y} &A #162 71l 8374 F
QFeF267lY A= THEH 2R ZDVE A7 &
43} 3TC &8 167]€ Hol K70R°] 1071 A
o] L210W3} T215Y7} 24 € v} 913 (Patient #1
in Table 2)V g2} #19% 3TC £-§ A ZDVH
IDVE 1870943t 543 sttt

3. 2.27|70] oiE M184V I

2277t whE M184V BX] &2 3TC 287
ko] 12719 oMol A & 13% (2/15)9 2 12714
o] Aol & 47% (715 th. 12708 )¢ X &3
o2 3TCE E83 109 F M184Vyl &1 5 X
2o g sHez 1A e uE B 2970Y
o]t} (#3, Table 2). 1 5% F 2@ o=
(#1337} 14) baselined| A B} Z71E ZDV WA
EdWolE Zt1 AT £33 M184V HA &2
3TCE B-8317] Ao oln| ZDVe i |A3<
A ARG FAATA A= 55% (5/97)°1 AL
wild typeQl Ex}Fol A& 11% (1/9%)=2 WA S
72 2 A wA et (p=0.069). 67 F
M184V7}t 748 WA BR " 84 #4% DV o
g Rzgoz Qs ZDVH 3TCiHE B4l
6l 3TC 5§ A o]n] ZDVE 7570 Y9 &34
3 3TC -8 77145 M184v7t 21 5 Q1.

4. V1182 Etx|

3t 3TCY| 3t moderate resistanceZ ERJH
g3 #H2 239 1181 o]v] ZDVe i gt WA
codons= 47} <)% Bf-& Aol UAd 28 (FAt
#13} 2, Fig. 1)l A5t JeElS o} (AF273149, AF
273150, AF283137 2 AF283138). 3+ A} #24
ME 257095 M184VrE L &xlH & 3071
A (FE A 317RE Aol = BFAHA Fsich

5. &2 ZDVE =33t EXloMel M &
H

[t}

#717+2] ZDV monotherapy 2 ZDVol| t &} base-
line mutation®] 47} 19le &=} #1, 29} 32 CD4*
T Ml E4% 10/ul ©] 8}o] 3L baseline 2@ ¥ o] 4%
N2 PAA o2 Aot vzt &3 #1E
G5 B85 A g x EF3ln ZDVE

ZA713r B8-8 F ddl, IDV € 3TCE sy 37}
SR A gAd A PHEE HolA] Ayt
(Fig. 1). 53] A& ¥ 6671 LA e EAFez
vehbes WA 93] DETN o4l D67E7} vie}
%1 8370 9 A B & D67G7T ©A 5)7) Al &sk
2 103 EA APFEA Tt WA $3; #29) 32
3TCS} IDVE EA|d F713F & R7|7 B43)
ZDV tAl ddIZ u}3zo] CD4* T A X429 x| &3
A F7HE BAFRU} (Fig. 1).

6. Hjo|2 A &8 p24 ST Bis]

ICD-p24 v}o] 2] & 392 baselineol| 4 &= 87 ol
A FAHAEH 3TC & Fo & 5HAA &4
it M184Vr &A1 " $ake] 50% (3/67)el
A p24 o] B 53 MI84V} B 5% ¢
& 84} 14% (2/143)0 A B H AT} (p>0.05).

7.otojm gt Ml

208 9} 3TC H-& Aol AAE 7] E & Gen-
Bankol &% 3}9 ). GenBank accession numbery>
Table 18] A} HE #1~17L &P E z}2} AF
273146, AF273163, AF273206, AF273191, AF273185,
AF273203, AF273197, AF273189, AF273207, AF
273184, AF273175, AF273157, AF273193, AF273169,
AF273166, AF273152 22 AF2829490] 51 &2} #20&
AF2732010]t}.

207 8] 3TC B8 ¥ HF AA=5E 2% €
A71A 429 GenBank accession number-& Table 2
9} Zronj o] 59| olu| At A F L Fig. 29} 2t}
3TC B-& AF =& HAAAA A4 2 ehd
= Q151IME v x &x) 54 it

al }

M2k

19973 B€] oA = ZDV, 3TC} ddl 3 27}
A £} PISl IDVE X 3§38} triple drugs combination?}
B Y3A AFEHE T oy ol o] & X 7 A9
g WA EAld i e Basl ok dury
© 2 IDVY ZDVI Z& k&l Ul g high-level
resistance’} Yoj 7] 7tA = Bl 31 AR 6
NGl A 2xde] At} of & ZDVe) gt A
9] 7% M41L, D67N, K70R, L210W, T215F/Y 3
K219Q 67} &] B o] 3 27) ojAto], IDVA W)
& WA e A% L10V, K20M/R, M46l, 154V, L63P,
AT71TV, V82A/F/T, 184Ve}l MIOL & Ho]x 3~4
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BYFo N 2dth o] X7 A1 3L
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R A oF 100089} 244 Aok 2 UL,
a2 3o V11817 M41L%} T215Y/F7F Sk
2 7% 3TCell o} g moderate resistance (4504}
254 AHE elE Aoz Lagl o
3TCE W8 48 Ho| gl B 29I ME B
A =) o] (AF282134 2 AF273210) 1181¢] &jn] 4]
HaM e F o A7 Hojof st}

E&7]7ke] 2 M184V A RIE S B 2
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stk YuHA o 2 3TC monotherapyAl &= %] 8 A] =}
171 ool o] M184V7} RAH = Roz &
A o' 3] #4%& baseline CD4* T A| £
E a2 pA A 40l n g EdNiclze
K70R Btof] glol@ A& maishd 184ve] &8 &
o 92 @i} a8lm o] A= 3TC B
22 8] 4097t M184VE A4 51t} o)
= d¥kA o 2 3TCY nonnucleoside RT inhibitors
E X §3}+= partially suppressive regimens-S pre-
existing resistant variants®] H] kA ¢l Z2lo =z 9
& WA A gicis ALV g gaict,

B2} #12 Y5 wild type D679 A KE] ddl
E& F< =94¥o] D67E0] LA s R 1 IDV &
& <o DEIGR o33t (A& B Fn
D67E7} VTR o] & X o] WS Holx] gkt
th. D67GE EFT = F A= HAART
A5 ARG 442 A2 2 o7} Bud up
At} ob£3 o] FA A= IDVel g A &
ol 7} 87 ER S At wheby X 84 E F7}
StAY A A] REZA] 2717] o] 4-& FA o &
Aol BFAYL AU E F At

ddle]l o W4 2d 2 9= K65R, L74vy
M184VE M184V7} 3TColl thE WA $EH
ok 53 B2 41,2 R 30]A ddIE 71T B
SH .o U} 8} #1354 20 A = V11818 M184V 7}

Al JEl 3 K65RF L74VeE g =4 g
Ao v Fo] ddlo] g WAL HdHR g
Ao HHAT. GapA ¥ A7 g4 Sl A
€ ddlo] Ak WA 598 0] K65RU L74VE ¢l
9}t 283 QI151ME ZDVH} zalcitabine 3 -&
ZDVZ#} ddl 22 multiple dideoxynucleosidesZ A
71t &3t BAEANA A=Y 13 o) &
B4 35~19%9A JEE= Aoz BaHw 3
oY B AT gAARE xdstd T Sajo)
A& ot EXH A gkt

PI B-& 5o #AQle]l RTAA 2 WA 4
Wol7} 718 A% CD4' T A 2471 43
AL B} F7H A gL YA 129 F
119 ol CD4* T A X457} &7}k yA 3} CD
4" T A EF Atolo] #Hol YL ¢ F AP
(p=0.035).

A8 &3 Frtol o] T8 24 F st
drug adherenceQ1 6] £ A thA A & A} #5, 6
2 4e FE 5L F 27l 50% W2 ¥gkn U
A= 90% o] FolAth H & A SHES
% 7}38}7] 98l A& adherence failure S therapy fai-
lure$} T &3] of & Ro|t}.

E AT Y BAE0A A 230 g 3
2t Hrle dRE PIE ¥ &34 929 PI
A g Wiy 58 g% 3 FgH oz gg
te Aol WAPAT & AFE B 47
37HA HAE A-SHE FAG B4357] Al&st
€ ol WA 2d & AANZ F 27} geno-
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