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Abstract: We detected several types of human immunodeficiency virus type 1 (HIV-1) variants with an inser-
tion mutation in the p6** and p6™ genes in eight of twenty-two (36.4%) patients who possessed drug-resis-
tant viruses under highly active anfiretroviral therapy (HAART). It was characteristic that a conserved pro-
line-rich motif “PTAPP” in the N-terminus of p6®¢ protein was completely or partially duplicated in all cases.
Five among the eight cases were retrospectively investigated in terms of the occurrence of dynamic
change in the gag gene between the inserted and wild-type HIV-1 in the course of HAART. The longitudinal
analysis revealed the following: 1) The inserted-type viruses were selected over the wild-type during
HAART in three cases in which the both types coexisted in the beginning of the therapy. 2) In two cases in
which the inserted-type HIV-1 alone was detected before tlie beginning of HAART, the inserted-type
HIV-1 alone was continuously detected during the therapy. The inserted-type HIV-1 was also detected in
four of thirty-nine (10.3%) therapy-naive patients. However, the frequency of inserted-type HIV-1 detec-
tion in the HAART-receiving patients is significantly higher than that in the therapy-naive patients
(P=0.02). These results suggest that this type of insertion mutation is a polymorphism of the p6*¢ and p6™
genes, however, it consequently gave an advantage on proliferation and/or survival of the HIV-1 variant

under the presence of antiretroviral drugs.

Key words: HIV-1, HAART, Insertion mutation, p6**

Highly active antiretroviral therapy (HAART) for
human immunodeficiency virus type 1 (HIV-1)-infected
individuals has made it possible to suppress the plasma
viral load below the detectable level in many cases (19).
However, HAART is still invalid in a minor population;
the viremia and CD4 cell counts are not improved from
a first trial in some cases, and in other cases, the viral
load elevates again after HAART once suppressed it
(4). In such cases, the emergence of variants with low
susceptibilities to anti-HIV-1 drugs is considered (13, 14).
As a number of mutations in the protease (PR) and
reverse transcriptase (RT) genes of HIV-1 have been
reported to give the drug resistance to the variants (10),
we routinely assess these drug-resistance-associated
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Naka-ku, Nagoya, Aichi 460-0001, Japan. Fax: +81-52-955-
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mutations before the start and change of regimens of
HAART (12).

Recently, it was reported that amino acid substitu-
tions, A431V and L449F, in the nucleocapsid (NC)/pl
and p1/p6®* cleavage sites of gag polyprotein precursor
are induced by some PR inhibitors including indinavir
and lopinavir (3, 5, 7, 23). This type of mutation in
substrate regions for the PR as well as some amino acid

Abbreviations: ABC, abacavir; APV, amprenavir; AZT, zidovu-
dine; bp, base pairs; DDBJ, DNA databank of Japan; ddI, didano-
sine; d4T, stavudine; EDTA, ethylenediaminetetraacetic acid,;
EFV, efavirenz; HAART, highly active antiretroviral therapy;
HIV-1, human immunodeficiency virus type 1; IDV, indinavir;
NC, nucleocapsid; NFV, nelfinavir; NP, a therapy-naive patient;
NVP, nevirapine; PR, protease; PTH, a patient treated with
HAART; RT, reverse transcriptase; RT-PCR, reverse transcription
and polymerase chain reaction; 3TC, lamivudine; TFP, trans-
frame protein.
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mutations in PR is involved in the development of resis-
tance to the PR inhibitors since the mutations made the
substrates easily hydrolyzed by drug-resistance-mutated
PR (7). To examine the existence of the gag cleavage site
mutations in addition to a routine genotypic analysis, we
newly designed primer sets for the amplification of a
region containing the gag, PR and RT genes. After the
start of genotypic analysis using the primer sets, we
frequently detected several types of insertion mutations
in the p6® and p6™ genes of drug-resistant HIV-1 derived
from HAART-receiving patients. The existence of sim-
ilar insertion mutations was recently reported by Peters
et al. (18), while it is still unclear how the acquisition of
this type of insertion mutation contributed the survival of
the HIV-1 variant in the course of HAART. In the pres-
ent study, we longitudinally investigated in terms of the
occurrence of dynamic change in the gag gene between
the inserted and wild-type HIV-1 during HAART.

Materials and Methods

Primers. We designed two primer sets for an ampli-
fication of regions (1,539 bp) containing codon 425-500
of gag polyprotein and codon 425-936 of gag-pol
polyprotein. The last codon of the amplified regions is
codon 349 of the RT gene. Sense and antisense primers
for réverse transcription and polymerase chain reaction
(RT-PCR) were K1 (5-AAGGGCTGTTGGAAAT-
GTGG-3") and U13 (5-CCCACTCAGGAATCCAGGT-
37, respectively. Sense and antisense primers for nested
PCR were K4 (5-GAAAGGAAGGACACCAAATGA-
3" and U12 (5-CTCATTCTTGCATATTTTCCTGTT-3),
respectively (Fig. 1). Four other primers were used
for sequencing reactions. KHC, 5'-CCTGTCAA-
CATAATTGGAAG-3'; X9, 5'-CAATATTCCAAAG-
TAGCATGAC-3 N6, 5-ATTTTCCCACTAACTTCT-
GTAT-3"; DRPR0O4, 5- CTGGCTTTAATTTTACTGG-
TA-3". Primers for the determination of HIV-1 sub-
types were MK650 (5'-AATGTCAGCACAGTACAAT-
GTACAC-3"), MK616 (5-AATGGTGAATATCCCT-

GCCTAACTCTATT-39, 461M (5-TGGCAGTC-
TAGCAGAAGAAG-3"), and YTOO1 (5~
ACAATTTCTGGGTCCCCTCCTGAGGA-3") (16).
Sense and antisense primers for RT-PCR were MK650
and MK616, respectively, and those for nested PCR
were 461M and YTOO1, respectively.

Measurements of plasma viral load and CD4 cell
counts. Viral load was measured using an ampricore
HIV-1 monitor v1.5 system (Roche, Tokyo). CD4 cell
counts were measured by flow cytometry (FACSCal-
ibur, Becton Dickinson) using anti-CD4 antibody
(DAKO, Kyoto, Japan).

Informed consent. All of the genotypic analyses of
HIV-1 were performed with patients’ informed consents
in this study.

Patients. We performed the genotypic analysis on
thirty-nine antiretroviral therapy-naive patients (NPs)
and twenty-two HAART-receiving patients in whom the
emergence of drug-resistant variants was clinically sus-
pected. Tabie 1 shows the profiles of the patients treat-
ed with HAART (PTHSs) and drug-resistance-associated
amino acid mutations detected in the viruses.

Stocked plasma samples. Plasma samples stored at
—80 C were used for the retrospective analysis of HIV-
1.

Genotypic analysis. HIV-1 RNA was purified from
plasma of ethylenediaminetetraacetic acid (EDTA)-
added peripheral blood using a QlAamp viral RNA mini
kit (QIAGEN, Tokyo). The target region was amplified
by RT-PCR with the superscript one-step RT-PCR for
long templates kit (Invitrogen, Tokyo) and successive
nested PCR with LA Tag polymerase (TaKaRa, Osaka,
Japan). The products of RT-nested PCR were separated
in 1.0% agarose gel, and purified with SUPREC-01
(TaKaRa). The DNA sequences of the PCR products
were determined by a direct sequencing method using the
BigDye terminator cycle sequencing kit and ABI PRISM
310 (Applied Biosystems, Tokyo). Both DNA and
amino acid sequences were compared with the consensus
sequence of HIV-1 subtype B (database of Los Alamos

NC pi p6*e

el L4 gag
i

NC = p6™ protease reverse transcriptase gag-pol
amm Tl ! .
HIV-1 genome
110 — g 1B
Ki — 1734 bp “—Ui3

1539 b -
k4 =+ 2000 « U12

Fig. 1. Schematic drawing of HIV-1 DNA amplified by RT-nested PCR using four primers, K1, U13, K4, and U12. Amplified region
containing both codon 425-500 of the gag polyprotein (NC, p1, and p6®%) and codon 425-936 of the gag-pol polyprotein (NC, TFP, p6®,
PR, and RT). NC, nucleocapsid; TFP, transframe protein; PR, protease; RT, reverse transcriptase.
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Fig. 2. Inserted-type HIV-1 detected in patients under HAART. A) Insertion mutations in a region containing both p6%2 and p6™ genes.
The 5 side of a region containing both the p6® and p6™ genes of HIV-1 is compared with that of the consensus sequence of HIV-1 sub-
type B (B consensus) in each case. Solid and opened arrowheads indicate the start of the p6™ and p6%® genes, respectively. B) Com-
parison of an amino acid sequence of the p6™ protein with that of the B consensus in each case. C) Comparison of the amino acid
sequence of p6™ proteins. Both inserted nucleotides and amino acids are shown in bold type, and identical or similar sequences to the

Ll T T e e S g S

B e e [l o T e L R e Y WU TR [l

T

-

S.IBEET AL

v \

CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAG—-

AGCCAACAGCCCCACCAGAAGAGAGC. .

CCACAAGGGAAGGCCAGGGAACTTCCTTCAGAGCAGACCAGAACCARCAGCCCCACCAGCACAGCCAACAGCCCCACCGGAAGAGAGC. «

CCACAAGGGAAGGCCAGGGARTTTTCTTCAGAGCAGACCAGAGC A==~ = m—r—— ACAGCCCCACCAGAAGAGAGCTTCAGGTTTGGG. .
CCACAAGGGAAGGCCAGGGAATTTTCT TCAGTGCAGACCAGAGCCAACAGCCCCGACAGCCCCGCCAGAGGAGAGCTTCAGGTTTGGG. .« «

CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCAACAG-====~ CCCCACCAGAAGAGAGCTTCAGGTTTGGGGAA. . .
CAACAAGGGGAGGCCAGGGAATTTTTTTCAGAGCAGACCAGAGCCAACAGCCCCGCLCCCTCCGGAAGAGAGCTTCAGGTTTGGGGAA. |«

CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCAA~ =~ === == CAGCCCCACCAGAAGAGAGCTTCAGGTTTGGG.
CCACAAGGGAAGGCCAGGGAATTTTCTCCAGAGCAGGCCAGAGCCATCAGCTCCACCAGCCCCACCAGAAGAGAGCTTCAGGTTTGGG .

CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAG

CCACAAGGGGAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCAACAGCCCCACCAGAGCCAACAGCCCCACCAGAGGAGAGCTTC. .«

CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGA GCCAACAGCCCCACCAGAAGAGAGCTTC.

-ACCAGAGCCAACAGCCCCACCAGAAGAGAGCTTC. . .

CCACAAGGGGAGGCCAGGAAACTTCCTTCAAAGCAGCCCAGAGCCAACAGCCCCACCAGCGCCAACAGCCCCACCGGCAGAGAGTTTC. . .

CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCAA -~ === CAGCCCCACCAGAAGAGAGCTTCAGGTTTGGG.

CCACAAGGGGAGGCCAGGGAACTTTCTTCAGAGCAGACCAGAGCCAACAGCCCCACCAGCCCCACCAGAGGAGAGCTTCAGCTTTGGG. .« -

CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCAACAG=~—~= =~ CCCCACCAGAAGAGAGCTTCAGGTTTGGGGAA.
CCACAAGGGGAGGCCAGGGAATTTTCTTCAGTGCAGACCAGAACCAACAGCCCCACCCCCACCAGAAGAGAGCTTCAGGTTTGGGGAG. .«

LOSRPE~=—ww—= PTAPPEESFRFGEETTTPSQKQEPIDKELYPLASLRSLFGNDPSSQ 52
LOSRPEPTAPPAQPTAP PEESFRFGEETTTPSQKQEMIDKEMYPLTSLRSLFGNDPSSQ 59
LOSRPE-~=-PTAPPEESFRFGEETTTPSQKQEPIDKELYPLASLRSLFGNDPSSQ 52
LOCRPEPTARTAPPEESFRFGEETATP SQKQEQIDKDLYPSASLRSLFGNDPSSQ 55
LOSRPEPTA-~PPEESFRFGEETTTPSQKQEPIDKELYPLASLRSLFGNDPSSQ 52
FOSRPEPTAPPPPEESFRFGEETTTPPQKQEQIDKELYPLASLRSLFGNDPSS 53
LOSRPEPT---APPEESFRFGEETTTP SQKOEPIDKELYPLASLRSLFGNDPSSQ 52
LOSRPEPSAPPAPPEESFRFGEETTTPSQKQEPMDKELYPSASLKSLFGNDPLSQ 55
LQSRw====~ PEPTAPPEESFRFGEETTTPSQKOEPIDKELYPLASLRSLFGNDPSSQ 52
LOSRPEPTAPPEPTAPPEESFRFGEGTTAPSQKQEPIDOELYPLVSLKSLFGNDHSSQ 58
LOSRPE===m=w= PTAPPEESFRFGEETTTPSQKQEPIDKELYPLASLRSLFGNDPSSQ 52
LOSSPEPTAPPAPTAPPAESFRFGEETATPSQKQEPIDKELYPLASLKSLFGNDP 55
LQSRPEPT~«~APPEESFRFGEETTTPSQKQEPIDKELYPLASLRSLFGNDPSSQ 52
LOSRPEPTAPPAPPEESFSFGEGTTTPSQKQEQKDKELYPLASLRSLFGNDPSSQ 55
LOSRPEPTA~-PPEESFRFGEETTTPSQKQEPIDKELYPLASLRSLFGNDPSSQ 52
LOCRPEPTAPPPPEESFRFGEETTTPPOKQEPIDKELYPLASLRSLFGNDPSSQ 54
POGKAREFSSEQTR--~==== ANSPTRRELQVWGRDNNSLSEAGADRQGTVSFSF 48
POGKARELPSEQTRINSPTSTANSPTGRELOVWGRDNNSLSEAGDDRQGNVSSNE 55
PQGKAREFSSEQTRAN-~~5PTRRELQVWGRDNNSLSEAGADRQGTVSFSF 48
PQGKAREFSSVQTRANSPDS PARGELOVWGRDSNSLSEAGTDROGSVSFSE 51
POGKAREFSSEQTRANS~~PTRRELQVWGRDNNSLSEAGADRQGTVSFSF 48
QQGEAREFFSEQTRANSPAPSGRELOVWGRDNNS PSEAGADRQGTVSFSF 50
POGKAREFSSEQTRAN=---5PPRRELOQVWGRDNNSLSEAGADRQGTVSFSF 48
POGKAREFSPEQARATISSTS PTRRELOVWGGDNNSLSEAGADGQGTVSFSF 51
POGKAREFSSEQ=~===- TRANSPTRRELDVWGRDNNSLSBEAGADRQGTVSFSF 48
PQGEAREFSSEQTRANSPTRANS PTRGELOQVWGRDNSSISEAGADRPGTISFSF 54
POGKAREFSSEQ-~~~—— TRANSPTRRELOQVWGRDNNSLSEAGADRQGTVSFSF 48
POGEARKLPSKQPRANSPTSANSPTGREFQVWGRDSDSLSETGADRQGTVSFSF 54
PQGKAREFSSEQTRAN~--SPTRRELQVWGRDNNSLSEAGADRQGTVSFSF 48
POGEARELSSEQTRANSPTS PTRGELOLWGRDNNSLSEAGAEGQGTVSLSL 51
POGKAREFSSEQTRANS~~-PTRRELOQVWGRDNNSLSEAGADRQGTVSFSF 48
POGEAREFSSVQTRTNSPTPTRRELOVWGGDNNS PSEAGADRQGTISESE 50

inserted sequences are shown with underlines.
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CAGACCAGAGCCAACAGCCCCACCAGARGAGAGC. . .

B consensus 1 CCACAAGGGAAGGCCAGGGRATTTTCTTCAGAG

NP#9 1
B consensus 1
NP#11 1
B consensus 1
NP#28 1

o)

B consensus
NP#38 1

B

CCACAAGGGGAGGCCAGGARATTT CCTTCAGAGCAGACCAGAGCCAACAGCCCCCAGANCAGAGCCAACAGCCCCACCAGARGAGAGT. . .

CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCAA-——~—~=== CAGCCCCACCAGAAGAGAGCTTCAGGTTTGGG. . «
CAACAAGGGAAGGCCAGGARACTTCCTTCAGAGCAGACCAGAGCCAACAGCCCCACCAGCCCCACCAGARAGAGAGCTTCAGGTTTGGG. . «

CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCAA-——— == CAGCCCCACCAGAAGAGAGCTTCAGGTTTGGG. .
CCACAAGGGAAGGCCAGGAAACTTCCTTCAGAGCAGACCAGAGCCAARCAGCCCCACCAGCCCCACCAGAAGAGAGTTTCAGGTTTGGG. . .

CCACAAGGGAAGGCCAGGGAATTTTCTTCAGAGCAGACCAGAGCCAA~~~== === CAGCCCCACCAGAAGAGAGCTTCAGGTTTGGG. . .
CCACAAGGGAAGGCCAGGARACTTCCTT CAGAGCAGACCAGAGCCAACAGCCCCACCAGCCCCACCAGAAGAGAGT TTCAGGTTTGGG. . .

B consensus 1 LQSRP===——== EPTAPPEESFRFGEETTTPSQKQEPIDKELYPLASLRSLFGNDPSSQ 52
NP#9 1 LOSRPEPTAPRTEPTAPPEESFRFGEETATPSQKQEPIDKELYPLASLKSLEFGNDP 56
B consensus 1 LQSRPEPT---APPEESFRFGEETTTPSQKQEPIDKELYPLASLRSLFGNDPSSQ 52
NP#11 1 LQSRPEPTAPPAPPEESFRFGEETATPSQKQEPIDKELYPLASLKSLFGNDP 52
B consensus 1 LQSRPEPT--~APPEESFRFGEETTTPSQKQEPIDKELYPLASLRSLFGNDPSSQ 52
NP#28 1 LQSRPEPTAPPAPPEESFRFGEETAAPSQKQEPIDKELYPLASLKSLEGNDP 52
B consensus 1 LQSRPEPT~~-APPEESFRFGEETTTPSQKQEPIDKELYPLASLRSLFGNDPSSQ 52
NP#38 1 LQSRPEPTAPPAPPEESFRFGEETATPSQKQEPINKELYPLASLKSLFGNDP 52
B consensus 1 PQGKAREFSSE--we~—== QTRANSPTRRELOVWGRDNNSLSEAGADRQGTVSFSF 48
NPi#9 1 PQGEARKFPSEQTRANSPONRANSPTRREFQVWGRDSDSLSETGADRQGTVSLSEF 55
B consensus 1 PQGKAREFSSEQTRAN---SPTRRELOVWGRDNNSLSEAGADRQOGTVSFSF 48
NP#11 1 OQQGKARKLPSEQTRANSPTSPTRRELOVWGRDSDSLPETGADRQGTVSFSF 51
B consensus 1 PQGKAREFSSEQTRAN---SPTRRELOVWGRDNNSLSEAGADRQGTVSFSF 48
NP#28 1 PQGKARKLPSEQTRANSPTSPTRREFQVWGRDSGSLSETGADRQGTVSESF 51
B consensus 1 PQOGKAREFSSEQTRAN-=--SPTRRELOVWGRDNNSLSEAGADRQGTVSESF 48
NP#38 1 PQOGKARKLPSEQTRANSPTSPTRREFQVWGRDSDSLSETGADKQGTVSESF 51

Fig. 3. Inserted-type HIV-1 detected in therapy-naive patients. A) Insertion mutations in a region containing both p6*% and p6™ genes.
The 5’ side of a region containing both the p6®* and p6* genes of HIV-1 is compared with that of the consensus sequence of HIV-1 sub-
type B (B consensus) in each case. Solid and opened arrowheads indicate the start of the p6* and p6*® genes, respectively. B) Com-
parison of an amino acid sequence of the p6 protein with that of the B consensus in each case. C) Comparison of the amino acid
sequence of p6™ proteins. Both inserted nucleotides and amino acids are shown in bold type, and identical or similar sequences to the

inserted sequences are shown with underlines.

National Laboratory). Drug-resistance-associated muta-
tions were defined according to consensus guidelines
for drug-resistance testing (10). RT-PCR program con-
sisted of 1 cycle of RT reaction (30 min at 50 C), 1
cycle of pre-PCR (2 min at 94 C), and 40 cycles of
PCR (15 sec at 94 C, 30 sec at 50 C, and 2 min at 68 C).
PCR program consisted of 1 cycle of pre-PCR (3 min at
94 C) and 40 cycles of PCR (15 sec at 94 C, 30 sec at 50
C, and 2 min at 70 C).

Determination of HIV-1 subtypes. The nucleotide
sequence of the V3 region of the env gene was classified
together with the reference sequences to determine HIV-
1 subtypes (15).

Accession numbers. Nucleotide sequences encoding
the p6% and p6™ proteins of HIV-1 derived from PTH#1,
PTH#4, PTH#5, PTH#6, PTH#16, PTH#18, PTH#21,
PTH#22, NP#9, NP#11, NP#28, and NP#38 were sub-
mitted to the DNA databank of Japan (DDBJ) (accession
No. AB074263 through AB074267, and AB085203

18

through AB085209).
Results

Insertion Mutations Detected in the p6*® and p6™ Genes
of HIV-1

We detected several types of insertion mutations at the
5" side of a region containing both the p6®* and p6™
genes of HIV-1 in eight of twenty-two (36.4%) patients
who possessed drug-resistant viruses under HAART.
The numbers of inserted nucleotides were six (PTH#5
and PTH#22), nine (PTH#4, PTH#6, and PTH#21),
eighteen (PTH#16 and PTH#18), and twenty-one
(PTH#1). The same or similar nucleotide sequences
originally existed near the inserted sequence in each
case (Fig. 2A). Since all the numbers of the inserted
nucleotides were multiples of three, the insertions did not
yield the frameshift of codons. Figure 2B shows the
amino acid sequence of p6®® protein in each case. Insert-



