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Active Generation and Selection for HIV Intersubtype A/D
Recombinant Forms in a Coinfected Patient in Kenya
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ABSTRACT

To investigate the ir vivo evolution of recombinant HIV, we followed up on a mother who was initially coin-
fected with subtypes A and D in Kenya. Blood samples were obtained in 1996 and 2002, and HIV pel and eny
genes were amplified by PCR, cloned, sequenced, and phylogenetically analyzed. As for the 1996 sample most
of the clones generated from the pol and env genes clustered either with subtypes A and D reference strains.
However, two clones from the pol gene were found to be independent recombinants between subtypes A and
D by RIP analysis, suggesting active generation of recombinant forms. As for the 2002 sample, all the clones
from the pol gene clustered only with the subtype A reference strain, while all the env clones clustered only
with subtype D, denoting a dominance of an A/D recombinant form. These results indicate that in patients
dually infected with subtypes A and D there is an ongoing generation and selection for A/D recombinant

forms.

HE GENOME OF HUMAN IMMUNODEFICIENCY VIRUS TYPE 1°

(HIV-1) is in a rapid evolutionary state. Presently, HIV has
been classified into three main groups based on their genomic
sequences: M (major), and two divergent groups, O (outlier)
and N (non-M, non-0).! The vast majority of variants found
worldwide and responsible for the AIDS pandemic belong to
group M. Phylogenetic analysis of group M has further led to
its subdivision to pure subtypes A to K and subsubtypes Al,
A2,F1,andF2 2 Recently, it was realized that a significantfrac-
tion of isolates is of an intersubtype form composed of genomes
from two or more different subtypes. These mosaics are thought
to be generated by recombination arising from coinfection of
the same target cell with different viruses, leading to produc-
tion of heterodimeric virions.* They are highly likely to bave
arisen in geographic regions where distinct HIV subtypes co-
circulate. Some of these mosaic genomes are unique and have
been restricted to small clusters. However, others bave spread
globally infecting unlinked individuals and are now designated

as circulating recombinant forms (CRF).12 The contribution of
recombinant viruses to the global AIDS pandemic is signifi-
cant. The spread of CRF01-AE (CM240) in Thailand,* the dom-
inance of CRF02-AG (CRF02) in West and Central Africa’
and the recent explosive outbreaks of HIV in Russia and China

" attributed to CRF03-AB and B/C, respectively5” suggest that

HIV recombinant variants will have profound implications in
anti-HIV prevention and control strategies.

In Kenya, though pure subtypes Al and D are the most com-
mon HIV subtypes; there has been a rise in reported cases of
recombinants especially in the Western region® Samples col-
lected between 1997 and 1998 showed that 26.8% were re-
combinants,” while those collected 2 years later showed a more
than 40% recombination!® Expectedly, the A/D recombinant
form has been the most prevalent, accounting for more than
46% of all reported recombinant cases. The increased report-
ing of the A/D recombinants in the country has lead to specu-
lation that in areas where A and D subtypes coexist, the inter-
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subtype A/D recombinant form may be preferentially selected.
However, as HIV molecular studies in Kenya have mostly been
cross-sectional, there has been little information on longitudi-
nal follow-up, which has precluded analysis of their in vivo evo-
lution. Demonstrating the types of HIV favored by selection
mechanisms will increase our understanding of its evolution for
the design of effective anti-HIV therapeutic and vaccine strate-
gies. In this study, we report our findings on a mother in west-
em Kenya who initially was coninfected with HIV subtypes
A and D but developed the A/D recombinant form during
follow-up.

The patient involved (KS004) was in 1996 a 22-year-old an-
tenata] clinic attendee participating in a study on the preven-
tion of HIV mother-to-child transmission using short-course zi-
dovudine in rural western Kenya.!! She was among a group of
mothers who, due to reasons earlier outlined,'? could not com-
ply with zidovudine use. The initial blood sample was obtained
at recruitmentin August 1996 and another sample was obtained
6 years later (January 2002), on a follow-up program to deter-
mine eligibility of use of full-course antiretroviral therapy. On
each occasion the sample was separated into peripheral
mononuclear cells using Ficoll-Paque, and genomic DNA was
extracted with DNAzol (GIBCO-BRL, Grand Island, NY).
Polymerase chain reaction (PCR) amplification was performed
on the viral pol and env regions. A part of the pol region en-
coding the reverse transcriptase gene (corresponding to 2480—
3130 nt of HIV-1 HXB2) was amplified by nested PCR with
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FIG.1. Phylogenetic analysis of the pol-RT gene (697 bp) of
HIV-1 clones isolated in 1996 (O, ©) and 2002 (W) from an
HIV-infected mother (KS004) in Kenya.
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FIG. 2. Phylogenetic analysis of the env-C2V3 gene (550 bp)

of HIV-1 clones isolated from KSQ04 in 1996 (O) and 2002
().

primer pairs RT18 (5'-GGAAACCAAAAATGATAGGGGG-

AATTGGAGG-3") and KS104 (5'-TGACTTGCCCAATT-

TAGTTTTCCCACTAA-3’) in the first round and KS101 (5'-
GTAGGACCTACACCTGTTCAACATAATTGGAAG-3")
and KS102 (5'-CCCATCCAAAGAAATGGAGGAGGTT-

CTTTCTGATG-3") in the second round. Cycling conditionsin-
cluded a hot start at 95°C for 10 min, then 35 cycles of denat-
uration at 95°C for 30 sec, annealing at 35°C for 30 sec, and
extension at 72°C for 1 min and a final extension at 72°C for
10 min. For the amplification of part of the env gene (corre-
sponding to 6954-7504 nt of HIV-1 HXB2) primer pairs M5
(5'-CCAATTCCCATACATTATTGTGCCCCAGCTGG-3")
and MI0 (5-CCAATTGTCCC TCATATCTCCTCCTCC-

AGG-3") were used for the first round and primer pairs M3
(5'-GTCAGCACAGTACAATGIACACATGG-3")y and M8
(5'-TCCTTGGATGGGAGGG GCATACATTGC-3'} for the
second round. Cycling conditions for both fragments were sim-
ilar and included a hot start at 95°C for 10 min, then 35 cycles
of denaturation at 95°C for 30 sec, annealing at 55°C for 30
sec, and extension at 72°C for 1 min, and a final extension of
72°C for 10 min. The PCR products arising from four inde-
pendent PCR reactions (approximately 697 bp for pol and 550
bp for env) were separately cloned by using a pCRIH vector (In-

-20-



SELECTION FOR H1V INTERSUBTYPE A/D

KS004_612 clone #32

Simildity to Subtype Consensus wkhin Window

200 300 200 500 500
" Position of Centsr of Window

257

KS004_612 clone #14

0B —— g a0~ 40 " S 60
Posklon of Center of Window
A
-~ subtype D
—e— stbtype A

FIG. 3. RIP output and schematic representation of the mosaic structure of the pol-RT gene (697 bp) of HIV-1 clones
(KS004_612 clones #14 and #32} isolated from KS004 in 1996.

vitrogen, Carlsbad, CA) and plasmid DNA for sequencing pre-
pared by Quantum miniprep kit (Bio-Rad Life Sciences, Her-
cules, CA). DNA sequencing was carried out by dye-deoxy ter-
minator chemistry on an ABI 310 automatic sequencer (Applied
Biosystems, Foster City, CA). At least 12 plasmid clones were
sequenced from each fragment and from samples collected in
both of the years to obtain the consensus sequence, DNA se-
quences were aligned by using CLUSTAL W, version 1.81,
with subsequent inspection and manual modification. Phyloge-
netic trees were constructedby the neighbor-joiningmethod and
its retiability was estirnated by 1000 bootstrap replications. All
alignments were gap stripped for the generation of trees. Re-
sulting trees were visuzlized using Treeview, version 1.65. To
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determine recombination breakpoints, the recombinant identi-
fication (RIP) analysis was performed.!

The outcome of the phylogenetic analysis of the reverse tran-
scriptase pol gene region (697 bp) of representative clones of
both the 1996 and 2002 samples is shown in Figure 1. Clones
derived from samples collected in 1996 clustered with repre-
sentative sequences from either subtype A or D in both the pol
(Fig. 1) and env gene (Fig. 2). Two clones generated from the
pol gene of the 1996 sample did not cluster with any reference
strains, and RIP analysis revealed that they were independent
recombinant forms between subtypes A and D (Fig. 3). Clones
isolated from the 2002 sample all clustered within the subtype
A sequences in the pol and subtype D in env gene. These re-
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FIG. 4. Predicted amino acid changes in the V3 Joop of KS004 clones isolated in December 1996 (KS004_612) and in Janu-

ary 2002 (KS004_201).
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sults suggest that in 1996 the patient was coinfected with a like-
Lihood of various viral variants, such as either pure subtypes A
and [, a combination of the pure subtypes and recombinants,
or various types of recombinants. However, by 2002 only one
variant, an A/D recombinant, had been selected for dominance.

The predicted amino acid changes in the V3 loop are shown
in Figure 4. The V3 loops of the subtype D clones isolated in
1996 and those isolated in 2002 bad 34 amino acids, which is
consistent with other subtype D clones from the region.! How-
ever, there was a predicted shift in coreceptorusage from CCRS
to CXCR4 based on the change in the net amino acid charge,
from +2 in 1996 to +6 in 2002.!% Similar amino acid changes
were observed at position 7 and a whole peptide change,
RQGTHI to TIYSYR, from positions 9 to 14.

Overall, isolates obtained from the 1996 sample showed
greater diversity in the subtype A (both po! and env} than in the
subtype D sequences. But those obtained in 2002 were almost
a clonal line of env sequences with very little diversity. This
homogeneity in env sequences from 2002 may be due to a wan-
ing of the host immune pressure, though the possibility of an
artifactarising from our PCR and cloning procedures cannot be
excluded. We are currently analyzing the viral RNA to com-
pare the circulating virus with the proviral DNA to confirm
these cbservations.

The emergence and dominance of the A/D recombinant form
confirm not only that recombination in vive occursin dually in-
fected patients, but also that particular types of recombinants
may be preferred by selection processes over the parental sub-
types. A recent report from the same location in Kenya has
shown a preference for vertical transmission of subtype D con-
taining gag and env fragments over subtype A.!¢ Similarly, in
a large study cohort in neighboring Uganda, there have been
reports of faster progressionto AIDS among cases infected with
HIV-1 subtype D than those with subtype A in the envregion.!
The preferred selections for env D over env A in our study case
may support the hypothesis that viruses containing subtype D
sequences in the env region have better fitness capacity in vivo.

Intersubtype recombination may be a common occurrence in
Kenya and plays a central role in the emergence of new HIV
variants. However, for the design of effective anti-HIV strate-
gies, there is a need for more studies in areas where multiple
HIV variants cocirculate to establish why some subtypes or re-
combinants have an ability to subsequently “win™ over the rest
for dominance.

GeneBank accession numbers: deposit of samples to
GeneBank in process.
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m Genetic Diversity of HIV Type 1 in Rural Eastern Cameroon
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Elijah M. Songok,* Seiji Kageyama,* Taichiro Takemura,§ Eiji Ido,§ Masanori Havami,§
Lazare Kaptue, | and Hiroshi Ichimura, MD, PhD*

Summary: To monitor the presence of genotypic HIV-] variants
dirculating in eastern Cameroon. blood sumples from 57 HivV-1-
infected individuals attending 3 local health centers in the bordering
tural villages with Central African Republic {CAR) were collected
and analyzed phylogenetically. Qut of the 40 HTV-1 streins with posi-
tive polymerase chain reaction (PCR) profile for both gag and env-
C2V3, 12 (30.0%) had discordant subtvpe of CRF designation: 2 sub-
tvpe B/A (gag/env), 1 B/CRFO1, 2 B/ACRFU2, 1 CRFOI/CRF(GLAL 2
CRFI1/CRF01, 1 CRF13/A, 1 CRF13/CRF01, 1 CRFI3/CRF1Y, and
1 G/ (unclassified). Twenty-eight sirains (70.0%5) had concordant
subtypes or CRF designation between gag and env: 27 subtype A and
1 FZ. Qutof the remaining 17 KIV- strains niegative for PCR with the
env-C2V3 primers used, 10 (38.8%4) had discordent subtype or CRF,
and 7 (41.2%) had concordant one based on gagipolienv-gpsl znaly-
sis. Altogether, a high proportion (22757, 38.6%) of the isolates were
found to be recombinant strains. In addition, an emergence of new
forms of HIV-1 strains, such as subtype B/A (gagieny), BICRFO1 and
B/CRF02, was identificd. The epidemiologic pattamn of HI'V-1 in
eastem Cameroon, relatively low and high prevalence of CRFO02 and
CRF11, respectively, was meore ¢losely related to those of CAR and
Chad than that of other regions of Camercon. where CRFO2 is the
most predominant HIV-] strain, These findings songly suggest that
this part of Cameroon is a potential hotspot of HIV-1 recombina-
tion, with alikelihood of an active generation of new forms of HIV-}
vagiants, though epidemiclogic sigmficance of new HIV-1 forms is
unknown,
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Recent studics have suggested that simian immuncdefici-
ency virus of chimpanzee (SIVepz) has been introduced
into humans al least 3 times, resulting in HTV-1 groups M, N,

znd 0.7 The cross-species transmission of SIVepz is now

thought {0 have occurred through hunans being exposed to the
blood of chimpanzees infected with SIVcpz during hunting
and buichering of these chimpanzees in rural arcas of the equa-
torial rain forest of Central Africa %~

The epidemiologic pattern of HIV-1 infection in
Cameroon, a west-cenlral African country, is characierized
by an extensive genetic variability of the virus in terms of
co-circulation of all representative major groups and sub-
types, ™ though CRF02_AG and subtype A represent 70-80%
of HIV-1 infection in the country.”"'® HIV-1 group O seems
1o be endemic in Cameroon, where the [fequency is estimat-
ed 10 be 2-5% among ITV-1-infected individuals.”®~° Group
N, the least spreading virus group among HIV-1 isolates, is
represented by only a handful of viruses identified in some
villages in Cameroon. Overzll seroprevalence of HIV-1 in
rural villages has been reported to be relatively low
(0.7-6%) compared with urban and semiurban areas (11%) in
Cameroon.>%2! However, most studies have been focused en
palients living in major urban areas, and less information is
available on the distribution of group M strains circulating in
rural areas,” where >60% of Cameroonians reside.

In the east of Cameroon, Chad, relatively low prevalence

" of CRFO2_AG {13.1%) and relatively high prevaience of

CRF11_cpx {13.1-18.0%) and subtype D (18.7%) compared
with those in neighboring countries, have been reported. In the
southeast of Camerocen, the Central African Republic (CAR), a
high prevalence of subtype A (69.7%) and CRFOI_AE
(21.8%) has been reported,*?? showing that the subtype dis-
tribution is heterogeneous in west-central Africa.2***

The purpose of this study was fo investigate the genetic
diversity of HIV.1 strains circulating in rural and border vil-
lzges of eastern Cameroon, 1o compare 1he result with those of
Chad and CAR, and to determine the influence of migration of
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TABLE 1. Characteristics and Genetic Cata for HIV-1-Infected Subjects Studied in Eastern Cameroon

Genetic Subtypet

Sample ID*  Age(y)  Sex  Nationality  Clinical Status gag pol enyC2V3 gp4l
01CM2213 25 M ARC CRF_D1.AE NA CRF_01.AEA NA
0ICF2214 30 M ARC G U U NA
01CM2215 34 F ARC CRF_(2.AG NA. CRF_02.AG NA
01Ch2216 36 M ARC A NA A NA
01CM2217 26 M ARC CRF_1l.gpx NA _CRF WNA
01CM2218 25 F AC CRF_11l.cpx CRF_1l.cpx U
01CM2219 32 F ARC CRF_1l.cpx NA CRF_02.AG NA
01CM2220 26 M ARC CRF_02.AG NA A NA
01CM2222 46 M ARC CRF_(2.AG NA CRF_02.AG NA
D1CM2223 25 M ARC CRF _01.AE NA CRF_02.AG NA
QICM2224 29 F ARC CRF_(02.AG NA CRF_02.AG NA
01CM2225 31 M ARC B NA A NA
01CM222 32 M ARC CRF_02.AG NA CRF_02.AG NA
Q1CM2227 20 F AC CRF_02.AG NA CRF_02. AG NA
01CM2228 42 F ARC CRF_02.AG NA CRF_02.AG NA
01CM2229 30 F AIDS CRF _lt.opx NA CRF_1l.cpx Na
01CM2230 48 M ARC A NA NA
01CM223] 42 F ARC CRF_02.AG NA NA
01CM2232 19 F AC B u U
01CM2234 28 M ARC CRF_1l.cpx NA NA-
01CM2235 a3 M ARC B U U
01CM2236 44 F ARC CRF_(02.AG NA CRF_02.AG NA
CICM2237 38 M ARC F2 NA F2 NA
0ICM2238 29 F ARC CRF_i3.cpx NA CRF _01.AE NA
01CM223¢9 25 M ARC CRF_13.cpx NA CRF_1l.cpx NA
01CF2240 50 M ARC CRF_02.AG NA CRF_13.cpx NA
01CM2241 30 M ARC CRF_M.AE  CR¥_1l.cpx D U
01CM2242 48 M ARC CRI_02.AG NA CRF_02.AG XA
01CM2243 30 F AC CRF_1l.cpx CRF_1l.epx e CRF_11.cpx
01CM2244 2 F ARC CRF_01LAE NA CRF_l1.cpx NA
01CM2246 17 F ARC B NA CRF_01L.AE NA
01CM2260 2 F ARC CRF_j3.cpx U A CRF_13.cpx
01CM2262 27 F ARC B NA CRY 02.AG NA
01CF2268 23 F AC CRF_(2.AG  CRF_02AG CRF_02.AG
01CM2269 2 F ARC CRF_Il.epx CRF_Il.cpx CRF_11.cpx
01CM2270 26 M ARC CRF_02.AG  CRF_02.AG U
01CM2271 26 - F : ARC CRF_1l.cpx CRF_02.AG CRF_1l.opx
0ICM2272 27 F ARC CRF_1l.cpx NA NA
01CM2273 s M CMR ARC CRF 1l.epx NA NA
CI1CM227a as F CMR ARG - CRF_02.AG NA NA
CICMZ275 as M CMR ARC CRFI9_cpx CRF_02.AG CRFGS, opx
01CM2276 30 F CMR ARG CRF_1l.apx NA _C NA
01CM2277 28 F ARG CRF_ll.cpx CR¥_1l.cpx ¢ CRF_11.cpx
01CM2278 7 F ARC B NA NA
01CM2280 26 M AC CRF_1lepx  CRF_02Z.AG | CRF_02.AG
01CM2281 20 F AR CR¥_02.AG CRF_02.AG CRY_02.AG
01CM2284 23 M AC CRF_iLepx  CRF_1lepx CRF_li.cpx
01CF2287 33 F AC NA NA
02CM319 12 F AC 0t Q"

" Subject identification pumber is preceded by year of sample coliecticn: fgenotyping of a part of gag-p24 (460 bp). em-C2V3 domain {approximately 330 bp.
pal-ln (288 bp}, and err-gpd1 (405 bp); 3Group © from ruml cenier provisce of Cameroon.
AC, zsymptomatic carticr: ARC, AIDS-relared complax; CMR. Camercon, NA, not available; NID, not detected.
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Genetic Diversity of HIV in Camergon

people across the border on the penelic diversity of HIV-1 in
the eastern part of Cameroon.

MATERIALS AND METHODS

Study Population ,
The subjects enrolled in this study were HTV-1-inflected
individuals recruited in September 2001 in 3 seminaral areas of

easiern Cameroon near Bertota, a town on the road connecting
the capital cities of Cameroon (Yaounde) and CAR (Bangui).
They were 52 Cameroonians and 5 CAR citizens attending 3
local health centers and suspected of or having sexually trans-
mitled infection, tuberculosis, or AIDS. Alier obtaining in-
formed consent and ethical clearance, 10 ml. of bloed samiples
were collected from the 57 patients (27 men and 30 women,
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FIGURE 1. Phylogenetic trees based
on a part of enwC2V3 gene (ap-
proximately 550 bp) of 40 Hiv-1
strains {(A), gag gene (approximately
460 bp) of 56 HIV-1 strains (B), pol-
IN gene (288 bp) of 20 HIV-1 strains
(©, and enw-gp41 gene {approxi-
mately 405 bp) of 19 HIV-1 strains
(D) from eastern Cameroon with ref-
erence sequences of representative
subtypes/CRF. The reference se-

quences used in gag, pol, end env
trees are shown in bold. The boot-
strap value at each node represents
the numbear among 1000 bootstrap
replicates that support the branch-
ing order. Bootstrap value of =70%
or higher is shown. Brackets on the
tight represent the major group M
subtypes. Newly derived sequences
are marked with a filled square ().
Further analysis of the 34 prebable
subtype A sample sequences with-
out the rest of the sample sequances b

is shown in part E.
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3

FIGURE 1. (continued) Phylogenetic
trees based on a part of em~C2V3
gene (approximately 550 bp) of 40
HIV-T strains (A), gag gene (approxi-
mately 460 bp) of 56 HiV-1 strains
(B), pcl-IN gene (288 bp) of 20
HIV-1 strains (C), and env-gp41
gene (approximately 405 bp) of 19
HIV-1 strains (D) from eastern Cam-
eroon with reference sequences of
representative subtypes/CRF. The
reference sequences used in gag,
pel, and env trees are shown in beld.
The bootstrap value at each node
represents the number among 1000
bootstrap replicates that support the
branching order. Bootstrap value of
=70% or higher is shown. Brackets
on the right represent the major
group M subtypes. Newly derived
sequences are tmarked with a filled
square (B). Further anzlysis of the
34 probable subtype A sample se-
quences without the rest of the L
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sample sequences is shown in part E.

mean age = $D: 31.5 + 10.0 years} (Vable 1) and screened
for HIV antibodies. The plasma samples were confirmed to
be positive for HIV antibodies with 2 microparticle enzvine
immunoassay kit (AXSYM HIV1/2; Abbett Japan) and 2n
immunockromatography assay kit {Determine HIV1/2; Abbett
Japan). The peripheral blood mononuclear cells were prepared
by Ficoll-Paque Plus (Amersham Bioscicnces, Uppsala,
Sweden) density gradient centrifugation. Genomic DNA was

4

" “Nurabed af nucksanan SUDRHUTGRE

extracted from peripheral blood mononuclear cells of sero-
reaciive samples using 1 DNA extraction kit (Qfagen, Hilden,
Germany).

Polymerase Chain Reaction, Cloning,
and Sequencing

A part of HIV-1 group M emv gene covering C2V3 (cor-
responding to 6975-7520 ot in HIV-li5m.) was amplified by

£ 2004 Livpincont Williams & Wilkine
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1

FIGURE 1. (continued) Phylogenetic
trees based on a part of em~C2V3
gene (approximately 550 bp) of 40
HIV-1 strzins (A), gig gene (approxi-
mately 460 bp) of 56 HIV-1 strains
{B), pokIN gene (288 bp) of 20
HIV-1 strains (C), and enw-gp4i
gene (approximately 405 bp) of 19
HIV-1 strains (D) from eastern Cam-
eroon with reference sequences of
representative subtypes/CRF. The
reference sequences used in gag,
pol, and envtrees are shown in bold.
The bootstrap value at each node
represents the number among 1000
bootstrap replicates that support the
branching order. Bootstrap value of
=70% or higher is shown. Brackets
on the right represent the major
group M subtypes. Newly derived
sequences are marked with a fitled
square (H). Further analysis of the
34 probable subtype A sample se-
guences without the rest of the
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sample sequences is shown in part E.

nested polymerase chain reaction (PCR ) with primers M5 (5'-
CCAATTCCCATACATTATTGTGCCCCAGCTIG-3Y)
and MI10 {5'-CCAATTGTCCCTCATATCTCCTCCTC-
CAGG-3") in the first round, and M3 (5'-GTCAGCACAG-
TACAATGCACACATGG-3") and MR {(5'-TCCTTG-
GATGGGAGGGGCATACATTGC-3') in the second round.®
A part of gng encoding p24 (corresponding to 1596-2016 0t in

© 2004 Lippincott Williams & Wilkins

.'ﬁurnbcr -uf.ﬁurlr.v!i&c subsiitutions:

I-TIV-I,mz) was amplified by nested PCR using primers
HIG777 (3'-TCACCTAGAACTTTGAATGCATGGG-3"
and H1P202 (5-CTAATACTGTATCATCIGCTCCTIGT-
3') in the first round, and Higag1584 (3'-AAAGATG-
GATAATCCIGGG-3") and g17 (3'-TCCACATTTCCAA-
CAGCCCTTTTT-3") in'the second round.” A part of env gene
encoding gp4l (corresponding to 7886-8280 nt in HIV-

5
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FIGURE 1. {continued) Phylogenetic
trees based on a part of em-C2V3
gene (approximately 550 bp) of 40
HIV-1 strains (A), gag gene (approxi-
mately 460 bp) of 56 HIV-1 strains
{B), polIN gene (288 bp) of 20
HIV-1 strains (C), and env-gp41
gene (approximately 405 bp) of 19
HIV-T strains (D) from eastern Cam-
ercon with reference sequences of
representative subtypes/CRF. The
reference sequences used in gag,
pol, and envtrees are shown in beld.
The bootstrap value at each node
represents the number among 1000
beotstrap replicates that support the
branching order. Bootstrap value of
=70% or higher is shown. Brackets
on the right represent the major
group M subtypes. Newly derived
sequences are marked with a filled
square (M), Further analysis of the
34 probable subtype A sample se-
guences without the rest of the ¥
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sample sequences is shown in part E.

lymps) was amplified by nested PCR with primers GP49F])
(5"-TCTTAGGAGCAGCAGGAAGCACTATGGG-3') and
GP41R1 {3'-AACGACAAAGGTGAGTATCCCT-
GCCTAA-3") in the first round, and GP4GF2 (5'-AC-
AATTATTCGTCTGGTATAGTGCAACAGCA-3") and
GP47R2 (5'-TTAAACCTATCAAGCCTCCTACTAT-
CATTA-3") inthe second round.*® A part of pof gene encoding
integrase {IN) (corresponding to 44934780t in HIV-1i5og0)
was zmplified by nested PCR using primers, unipol 5 {5'-

6

Wimber ol uic)eatide subrsbulions

TGGGTACCAGCACACAAAGGAATAGGAGGAAA-S)
and uripol 6 (§’-CCACAGCTGATCTCTGCCTTICTCTG-
TAATAGACC-3°) in the first round, and uzmipel 1 (3'-
AGTGGATTCATAGAAGCAGAAGT-3") and unipol 2 (5'-
CCCCTATTCCTTCCCCTTCTTTTAAAA-3") in the second
round.®

Nested PCR was perfermed with an AmpliTag Gold
PCR kit {Perkin-Elmer, Foster City, CA) according (o the
manufacturer’s instructions. Amplification was done with one

€ 2004 Lippincott Williams & Willirs
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FIGURE 1. {continued) Phylogenetic
rees based on a part of em-C2V3
gene (approximately 550 bp) of 40
HIV-1 strains (A), gag gene {(approxi-
mately 460 bp) of 56 HIV-1 strains
(B}, pol-IN gene {288 bp) of 20
HIV-1 strains (C), and enw-gp4]
gene (approximately 405 bp) of 19
HIV-1 strains (D) from eastern Cam-
eroon with reference sequences of
representative subtypes/CRF. The
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reference sequences used in gag,
pof, and env trees are shown in bold.
The bootstrap value at each node

represents the number armong 1000
bootstrap replicates that support the
branching order. Bootstrap value of
270% or higher is shown. Brackets
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on the right represent the malor
group M subtypes. Newly derived
sequences are marked with a filled
square (M). Further analysis of the
34 probable subtype A sample se-
quences without the rest of the
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sample sequences is shown in part E.

cycle of 95°C for 10 minutes and 35 cycles of 95°C for 30
seconds, 45-35°C for 30 seconds, and 72°C for 1 minute with
a fina} extension of 72°C for 10 minutes. Samples that could
not be amplified with the em~C2V3 or the gag-p24 prisuer sets
were analyzed with env-gpd4l and pel.TN-specific primers.
PCR amplification was confirmed by visualization with ethid-
ium bromide staining of the gel. The amplified products were
cloned with TOPO TA cloning kit (Invitrogen, Carlsbad, CA)
and sequenced as previously described.® At least § clones per
sazmple were analyzed to obtain a consensus sequence.

Genetic Distance and Phylogenetic Analysis

The sample sequences were aligned with subtvpe refer-
ence sequences {rom the Los Alamos databzse by CLUSTAL
W (version 1.81) with subsequent inspectior and manua)
medification. The frequency of noclectide substitution in each
base of the sequences was estimated by the Kimura 2-param-
eter method 2’ A phylogenetic tree was constructed by the
neighbor-joining method,?* and its reliability was estimated by
1000 bootstrap replications. The profile of the tree was visual-
ized with Tree View PPC version 1.6.5.

Nucleotide Sequence Accession Numbers

The nuclectide sequences in this smudy were submitted to
Genbank and are available under the following aceession pum-
bers:

© 2004 Lippincont Williams & Fillins

a1
Nwnnber of authrotide subsdtutions

gag-p24 sequences: AYS39583-AY 539638 (n = 56)
pol-IN sequences: AY539639-AY 539658 (n = 20)
em~CIV3 sequences: AY543345~AY 543584 (n = 40)
em-gp41 sequences: AYS41010-AY541028 (n=19)

RESULTS
The epidemiologic and clinical data on the 37 HIV-1-
infected individuals and genetic subtypes of HIV-1 strains
identified in gag-p24, env-C2V3, em-gpdl, and pol-IN are
shown in Table 1.

Phylogenetic Analysis in the
env-C2V3 Sequences
Qut ofthe 57 samples, 40 (70.2%) were found o be posi-

* tive for HTV-1 PCR with the set of env-C2V3 primers. The

remaining 17 samples (29.8%) were negative for PCR with the
env-C2V3 primers used in the present study. The phylogenetic

tree based on env-C2V3 sequences (Fig. 1A) showed that 34 [

{85.0%) were probable subtype A, 1 (2.5%) F2, 4 (10.0%)
CRFO1_AE, and 1 (2.5%) U (unclassified). Thus, the majority
of the samples fell into subtype A, though the clustering with
subtype A reference sequences was not completely significapt,
We further analyzed these 34 probable subtype A sequences
without the rest of the sample sequences (Fig. 1E), showing
that 14 clustered with CRF02_AG reference strains, 7 with

7
{
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TABLE 2. Subtypes in gog-p24 and em~C2V3 for 57
HIV-1 Strains

gng-p24 enr-C2¥V2  an  Totsl
Concordant genotypes A A 3
B2 F2 1
CRFO1¢A) A 3
CRFOI(A)  CRFOZ(AY 1
CRFOF(A) CRFII{AY 1 28
CRIF0Z2 (A) A 2
CRFD2 (A} CRFO2(A) O
CRF02 (oY CRFI3(A) 1
CRF11{A) CRF02{A} 2
" CRF11{A) CRFI1A) 35
Discordant genotypes B A 2
B CRFO1 (E} 1
B CRFO2(A) 2
CRF31 (A)  CRFOLA 1 12
CRF11{A) CRFO(E) 2
CRFI3 () A i
CRF13(G)  CRFOI(E) 1
CRF13(G) CRFIl{a) 1
G U 1
Incomplete or negative
PCR profile between
gag and eny a* ND 17 17

a*: 16 have (+/~) and 1 has {~"-) in the gag/onv region.
NI, not delected.

CRF11_cpx, and 1 with CRF13_cpx, significantly (with 87.0.
76.3, and 100% bootstrap values, respectively).

Phylogenetic Analysis in the
gag-p24 Sequences

All of the 57 samples but one (02CM219) were found o
be positive for HIV-1 PCR with the set of gag primers. The
phylogenetic tree based on gag sequences (Fig. 1B) showed
that 45 {80.4%) were subtype A, 6 (10.795) B, 1 (1.8%6) F2, 3
{5.4%) CRF13_opx, and I (1.8%) U. Out of the 45 subtype A
sampies, 17 significantly clustered with CRF02_AG reference
strains (with 74.6% bootstrap value).

Phylogenetic Analysis in the env-C2V3 and
gag-p24 Genes

The summary of the phylogenetic analvses based on
gag-p24 and env-C2V3 for the 57 HTV-1 strains is showa in
Table 2. Out of the 40 samples that could be anzlyzed both in
&ag and em=~C2V3 regioms, 12 (30.0%) had discordamt sub-
type or CRF designation: 2 subtype B/A (gag/znv), 1
B/CRF01_AE, 2B/CRF(02_AG. 1 CRFG1_AE/CRFOI_AE.A,
2 CRFI11_cpx/CRFOI_AE, 1 CRFI3_e¢py/A, 1

g

CRE13_cpx/CRFOT_AE, 1 CRFIZ_cpx/CRF11_epx, and 1
GAJ In 9 of these 12 strains, CRFs were involved in recombi-
natlion events. Twenty-eight strains {70.0%) had the concor-
dant subtvpes or CRF designation between gag and env: 27
sublype A and 1 F2.

Phylogenetic Analysis in the pol-IN and
env-gp41 Genes

Additional PCR analyses on 17 samples with 2 gag/eny
prefiles, (+/-) and (—/-), were carried out with groups M, N,
and O primers for pel-IN and em-gp4l. Phylogenetic analy-
ses based on pol~IN and env-gp4] sequences revealed the
presence of 10 profiles: 2 U/U, 1 U/A, 1 U/CRFI] epx, 2
CRFI1_cpx/U, 3 CRF11_cpx/CRFI11_cpx, 1
CRF02_AG/CRF09_cpx, | CRF02_AG/CRFI1_cpx, 2
CRF02_AG/U, 3 CRF02_AG/CRF02_AG, and I group O
(pol-INfeme-gpd1) (Fig. 1 C and D). Thus, of the 17 HIV-]
sirains negative for PCR with the em~C2V3 primers used, 10
(58.8%) had discordant subtype or CRF, and 7 (41.2%+) had
concordant one based on gug/polien-gp4 ] analyses (Tables 1,
2,and 3).

V3-Loop Amino Acid Sequence Analysis

The V3-loop has been shown to be important for anti-
body neutralization, phenotypic change, and co-receptor us-
age.” Figure 2 shows the predicted V3 amino acid sequence i)
alipnment of our 40 strains that could be analyzed in emv-C2V3
region. Thirty-five, 3, and 2 of them had V3-loop consisting of
33, 36, and 37 amino acids in length, respectively, The most
common tetrameric peptide at the apex of the V3-loop (high-
lighted gray in Fig. 2) was GPGQ (n = 34; 85.0%). A peutral
amino acid residue, such as glycine or serine, was always
present at position 11, and an amino acid with a negatively
charged side chain, such as asparagic acid and glutamic acid,
was present at position 25. The net charpe of the V3-loop was

TABLE 3. Subtypes in pol and env-gp41 for the 17 HIV-1
Strains With Incomplete and/er Negative PCR Profile
Between gag and em~C2V3

pol-Integrase (288 bp)
. env-gpdl

(405bpy CRIT02 CRFI1 U (o] Total (%)

A 1 1(5.9)
CRF02 k) 3(17.6)

CRF09 1 1{5.9)
CRF11 1 3 1 5(294)

U 2 2 2 6{35.3)

O ] 1¢2.9)
Total (%) 7{412) 5(294) 4¢235 1{9 17(100)

U, wnelussified: 0, group C.

& 2004 Lippincott Williams & Wilking
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loop of HIV-1 strains from eastern  S1&r2ze7
Cameroon. Consensus amino acid  Faoe:
sequences of subtype A, CRFO1, sub-
type F2, and consensus M based on  Conseszit

Los Alamos database are given on  #10MI23%.°

the top fine using single letter code.

Dashes and dots indicate identities Fbligz‘zfa’i
and gaps, respectively. The V3-loop ~ZACI2zid-L
is indicated with a bar, and te- Cenaunavecx

ok ble
a3 pheootyps
3% B
53. RS
3 RS
j‘:’ “
35.{: 35 H
35 kS,
3% RS
£ En
LA
EL I
36, RS
EL )
¥ ¥exa
EH RS
&,  R3"
3t m
g RS-
a5’ BS:
3. RS
isi Eo
a5 R4
| K5?
3 ORI
L. .3
25 B
35. &S
RS
.ﬂ-
ot
RS
RS
%8,

LRI )
Az, kS
=
35 RS°
3% B
3 EEA
WK ow

trameric tip of the V3-loop is high-
lighted in gray.

from +2 to +6 (mean net charge 2.82; 95% CI 249-3.15). A
common feature of the HTV-1 strains with V3-loop consisting
of 36 and 37 amino acids was the insertion of an emino acid
residue between positions 14-135 and 2526,

DISCUSSION

In the current study we found that 2 high preporicn
{38.6%%) of HIV-1 strains in eastern Cameroon were recombi-
nants. This is higher than those reported in urban areas {7-
10%) of Cameroon."*** In our study, 4 subtype B/A (gaglem?)
recombinant strains were found in this area. This is the first
report of intersubtype B/A, B/CRF01_AE, and B:CRF(2_AG
in Cameroon. Although CRF15_01/B (gagient) and
CRF03_AI have been reported in Thailand and Russia. re-
spectively, the mosaic composition of these CRFs is different

& 2004 Lippincott Wiliiams & Wilkins

from that of our B/A recombinants.’®?! However, these 4
strains did not cluster together in env-C2V3 tree, suggesting
that these viruses have evolved from independent recombina-
tion events. In addition, our strains 01CM2213 and
01CM2534% found in eastern and southern Cameroon, Tespec-
tively, clustered significantly (with 80% bootstrap value} in
em=C2V3 with a reference strain CM53122, a recombinant
berween CRF01_AT and subtype A found in eastern Carn-
eroon from an unlinked epidemiclegic study, suggesting a pos-
sible emergence of a second generation of CRFs. These find-
ings strongly suggest that this part of Cameroon is a potential
hotspot of HIV-1 recombination, with a likelihood of an active
generation of new forms of HIV-1 variants. It would, there-
fore, be important to monitor the appearance of new variants in
this area.
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Our data in rural eastern Cameroon highlight a relatively
low prevalence of CRFO2_AG (29.8 anc 35.0%) and relatively
high prevalence of CR¥11_cpx {21.4 and 17.3%) based on
gag-p24 and em-C2V3 analyses, respuctively. These results
are in ceontrast with previous reporls on genetic diversity in
Cameroon, where the majority of env and gag subtvpes A vi-
ruses are CRF02-1ike.”**1%2% The epidemiclogic patiern
of HIV-]1 genetic diversity in eastern Cameroon, such as
relatively low and high prevalence of CRF02_AG and
CRF11_cpx, respeciively, was more clesely related to those of
Chad and CAR than that of other geographic regions of Cam-
eroon. A high proportion of subtype B (1 1%) was also found to
be circulating in eastern Cameroon, and more inlerestingly,
these subtype B sequences clustered significantly in the gug-
P24 tree (with 80% of bootstrap value} with HX32, a Eurcpean
subtype B reference strain. These findings could be related to
the launch of a pipeline Chad—Cameroon project crossing the
castern part of Cameroon, in which not only local pewple but
also >10,000 American and European exgincers have beer: in-
volved for >10 years. Further analysis of full-length gesome
sequences and appropriate phylogeneiic analysis would be
needed to clarify.

As for CRFO% _cpx, whick sequences are available only
in Los Alamos database so far, has come from independent
molecular studies in Senegal and Ghana, west Aftica. This is
the first report of CRF09_cpx among Cameroornian isolates in
rural eastern Cameroon, suggesting that it may be spreading
into west-central Africa,

In the current study we used 4 sets of primers to detect
highly divergent HIV-1 strains. Among the 17 samples nega-
tive for PCR with the env-C2V3 primers nsed, 3 {29.4%) and 6
{35.3%) were unclassified in pel-IN and env-gpd1 phyloge-
netic analyses. respectively. Despite the great genetic diversity
and the high proportion (38.6%) of recombinant strains, afl of
the 17 samples could be detected with the pol-IN and enmv-gpd1
primer sets. Thus, our PCR-based approach could be a molscu-
ler screening too] for detecting highly divergent HiV-1 vari-
ants.

To predict virtual phenotype of HIV-1, 2 approaches
have been used based on subtype B analyses, such as the net
amino a¢id charge and the presence of uncharged and nega-
tively charged amino acids at positions 11 and 25 of the V3-
loop.?* In the current study, most of our strains have the V3-
loop witkless than +6 of net amino acid charge, suggesting that
these HIV-1 strains were nen-syncylium inducing viruses
(INSI) vsing CCRS as a coreceptor for cefluiar entry. n addi-
tion, of our 39 possible NSI viruses, 2 contained a positively
charged amino acid residue at position 25 with z tetrameric
motif consisting of GPGR 2t the apex of the V3-loop. The pre-
dicted phenotype did not cerrelale with the clinical statas of
our subjects, most of whom were AIDS-related camplex or
suspected AIDS patients. Recently, an independent study on
non-B HIV-1 viruses has also revealed a luck of correlation

10

between predicled phenotype of isolates based on V3-based
senolype and in vitro syneytivm-inducing capacity of the iso-
lates from an urban area of Camercon.’ Further analysis will
be needed forunderstanding of pathogenesis of non—subtype B
HIV-1. and the relationship between V3-based genotype and
phenatype of non-subtype B HIV-1.

1n Cameroon. where multiple subtypes co-circulate, in-
tersublype recombination of HIV-1 strains is a comumon occur-
repce and plays a central role in active generation of new forms
of HIV-1 variants. Monitoring the emerpence of new strains
niot only in urban but also in rural areas would be very helpful
for establishment of control stratepies for the HIV epidemicin
west-central Africa.
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Abstract: Measuring the amount of HIV-1 DNA in infected cells is important to estimate the size of the viral
reservoir in patients. However, the clinical impact of the intracellular viral DNA level remains unclear. The
present study examines the clinical significance of the HIV-1 DNA level in peripheral CD4* T lymphocytes
from 21 therapy-naive patients. HIV-1 DNA levels in purified peripheral CD4* T lymphocytes were mea-
sured by the real-time PCR method using the Roche LightCycler system that can detect 200 copies/10°
cells. We detected intracellular HIV-1 DNA in 15 (71.4%) of 21 patients at levels ranging from 270 to
98,120 copies/10° CD4"* cells, with a median of 2,220 copies/10° cells, We also found HIV-1 DNA that was
below the detection limit in the remaining 6 patients, although 8,800-150,000 copies/ml of HIV-1 RNA were
detected in plasma. Circular HIV-1 DNA was not detected in 5 of 6 cases, suggesting that reverse tran-
scription in CD4" T Iymphocytes of these cases was not active. Thus, delayed HIV-1 infection of CD4* T
Iymphocytes was demonstrated in these patients. The level of HIV-1 DNA in peripheral CD4* T lympho-

cytes indicates the dlinical status of therapy-naive patients.

Key words: Delayed HIV-1 infection, Therapy-naive, Real-time PCR, HIV-1 DNA

Human immunodeficiency virus type | (HIV-1) effi-
ciently and continuously replicates itself after inserting
its genome into the DNA of host cells. Such active
viral replication correlates directly with disease pro-
gression and patient survival (11). Therefore, the HIV-1
RNA level in plasma directly reflects viral replication
and has become a powerful prognostic tool (14).

Highly active antiretroviral therapy (HAART) that
basically includes combinations of nucleoside or non-
nucleoside inhibitors of reverse transcriptase (RT) and a
protease inhibitor(s) can significantly reduce plasma
HIV-1 RNA to below detectable levels. However, even
after years of HAART treatment, cells harboring repli-
cation-competent HIV-1 can still persist in the blood
and lymphoid tissues (3-3, &, 9, 18, 19). This persistent
reservoir of infected cells is the major impediment to
HIV-1 eradication. Therefore, it is important to esti-

*Address correspondence to Dr. Tsuguhiro Kaneda, Clinical
Research Center, National Hospital Organization Nagoya Med-
ical Center (Tokai Area Central Hospital for AIDS Treatment
and Research), Sannomaru 4-1-1, Naka-ku, Nagoya, Aichi
460-0001, Japan. Fax: +81-52-955-1878, E-mail: kanedat@
nnh.hosp.go.jp

mate the viral reservoir and to study its dynarmics by
measuring intracellular HIV-]1 DNA levels. However,
the clinical significance of intracellular HIV-1 DNA
levels remains unclear.

Real-time PCR can treat many samples in a short
period, making it useful for studying intracellular HIV-1
persistence (6, 7). In this report, we first validated the
real-time PCR method and then successively measured
intracellular HIV-1 DNA levels in 21 therapy-naive
patients. We specifically aimed to determine the status
of HIV-1 infection in patients carrying a detectable
plasma viral load, but whose CD4" T lymphocytes were

~ minimally infected.

767

Materials and Methods

Patients. Twenty-one therapy-naive HIV-1-infected
patients who underwent initial consultation at Nagoya
Medical Center, Japan, were enrolled in this study. The

Abbreviations: B2M, P.-microglobulin; HAART, highly active
antiretroviral therapy; HIV-1, human immunodeficiency virus
type 1; RT, reverse transcriptase.
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quantification of HIV-1 was performed after informed
consent was obtained.

Measurements of plasma viral load and CD4 cell
counts. Viral load was measured using an Amplicor
HIV-1 monitor v1.5 system (Roche Diagnostics,
Tokyo). CD4 cell counts were performed by flow
cytometry with FACSCalibur (Becton Dickinson,
Tokyo) using anti-CD4 antibody (DakoCytomation,
Kyoto, Japan).

Purification of CD4-positive lymphocytes and DNA
extraction. CD4' lymphocytes were isolated by Stem-
Sep column chromatography (Stem Cell Technologies,
Vancouver, BC, Canada). Collected cells wore washed
and resuspended in phosphate-buffered saline. DNA
was extracted using QlAamp DNA Blood Kits (QIA-
GEN, Tokyo).

Preparation of HIV-1 DNA and B2M DNA assay
standards. A standard HIV-1 plasmid (pUC-IIIB) was
constructed by cloning one copy of HIV-1 IIIB without
LTR into pUC118 (TaKaRa, Shiga, Japan). A human
B:-microglobulin (B2M) standard plasmid (pGEM-
B2M) was constructed by cloning one copy of B2M
exon 2 to pGEM-T (Invitrogen, Tokyo).

Quantification of HIV-1 DNA by real-time PCR. We
designed PCR primers and a TagMan probe for HIV-1
DNA based on the HIV-1 subtype B consensus
sequence (database of Los Alamos National Laborato-
ry). The amplification primers were located in the gag
region: forward primer (Gag 1), 5“CAAGCAGCCATG-
CAAATGTT-3' and reverse primer (Gag 2), 5-GCATG-
CACTGGATGCAATCT-3". The TagMan probe has the
sequence 5-FAM-TCCATTCTGCAGCTTCCTCATT-
GATG-TAMRA-3". Copy numbers of the f2M gene
were determined using the primers, 5-CAGCAAG-
GACTGGTCTTTCTATCTCT-3" and 5-ACCCCACT-
TAACTATCTTGG-3', with the TagMan probe, 5-
FAM-CACTGAAAAAGATGAGTATGCCTGCCGT-
GT-TAMRA-3".

Real-time PCR proceeded using an LC Fast Start
DNA master mix hybridization probe kit (Roche Diag-
nostics). The PCR mixtures contained 60 ng of DNA
extracts, 2 Ml of DNA master mix, 5 mm MgCl,

primers (500 nM each) and the TagMan probe (400 nM)

in a total volume of 20 pl. Cycling parameters consisted
of denaturation for 10 min at 95 C followed by 45
cycles of 10 sec at 95 C and 30 sec at 60 C. The auto-
mated LightCycler system performed the amplification,
as well as data acquisition and analysis.

Determination of HIV-1 subtypes and tropisms. We
determined the nucleotide sequence of the V3 region of
the env gene to classify the HIV-1 subtype and tropism
as described (10, 17).

Sequencing HIV-1 gag region. Nucleotides contain-

ing the region amplified by real-time PCR were ampli-
fied by nested PCR using the external primers gag03
(5-AAAACATATAGTATGGGCAA-3") and gag05 (5-
GGGCTATACATTCTTACTAT-3") and the internal
primers gag06 (5-GATAGAGGTAAAAGACACCAA-
3’} and gag04 (5-TAGGTGGATTGTTTGTCATC-3").

The DNA in both reactions was denatured for 5 min
at 95 C followed by 30 cycles of 30 sec at 95 C, 30 sec
at 50 C and T min at 72 C and a final extensicn for 7
min at 72 C. The DNA was amplified in a total volume
of 50 pl containing 1 X LA Tag buffer (TaKaRa), 2.5
mM MgCl,, 0.1 mm each ANTP, 400 nM each primer,
and 1 U LA Tag DNA polymerase (TaKaRa). Genomic
DNA (60 ng) was amplified by the first PCR, and 5 pl
of this mixture was applied to the nested reaction.

Both sense and antisense strands of PCR products
were sequenced directly using BigDye Terminator
Sequencing Kits and an ABI PRISM 310 automatic
sequencer (Applied Biosystems, Tokyo).

The sequences of the PCR products were deposited in
the DNA Data Bank of Japan (accession numbers
AB154280 through AB154297).

Detection of unintegrated circular HIV-1 DNA. Unin-
tegrated circular HIV-1 DNA was amplified by nested
PCR using C1R1 (5-GACCTCAGGTACCTTTAAGA-
3" and C1R2 (5-GCTTAATACTGACGCTCTCGC-3)
primers in the first reaction, and C3R1 (5“GGGAGC-
TTTAGATCTTAGCC-3') and C3R2 {(5-CCTTCTAG-
CCTCCGCTAGTC-3") primers in the nested reaction.

The conditions and PCR mixture components were
identical to those used for HIV-1 gag sequencing,
except Tug DNA polymerase (Roche Diagnostics) was
substituted for LA Tag polymerase.

Results

Accuracy, Reproducibility and Sensitivity of HIV-1 DNA
Quantiification Using LightCycler

Table 1 shows the validation data obtained using
latently HIV-1-infected ACH2 cells containing one
provirus per cell. The interassay CV% was 7.1, 11.7,
50.7 and 71.9 at 10, 10, 5 and 2 copies, respectively.
The accuracy (%) values of the corresponding experi-
ments were 100.4%7.1, 101.2*11.9, 101.2+51.3 and
69.7%50.1, respectively. The intra-assay reproducibility
of HIV-1 copy numbers was determined as shown in
Table 1. When pUC-IIIB standard plasmids were the
HIV-1 DNA source instead of ACH2, the accuracy and
reproducibly of HIV-1 DNA measurements were identi-
cal (data not shown). These results show that quantifi-
cation of HIV-1 DNA with LightCycler can be per-
formed with high sensitivity and reproducibility. Data
were normalized as copies/10° cells by measuring copy

—35-



HIV-1 INFECTION IN THERAPY-NAIVE PATIENTS 769

Table 1. Accuracy and reproducibility of real-time PCR assay using LightCycler systemn

HIV-1 DNA Intra-assay (n=35) Interassay (n=15)
(copies/107 cells) Mean=*SD CV%  Accuracy (%) Mean=SD CV%  Accuracy (%)

10,000 9,548+32] 52 95.5%3.2 10,048+712 7.1 100.4+7.1
1,000 044 +48 51 934+48 930+67 7.2 93.0x6.7

100 94+5 47 94.0x4.5 101+12 11.7 101.2x11.9

50 49%7 13.0 98.4+4.5 53x7 13.1 106.9*+14.0

10 11£1.2 14.0 1069120 12+3.1 259 118.7+30.8

S 46*1.8 38.3 91.8£35.2 5.1x2.6 50.7 101.2+51.3

2 1.2+0.5 453 58.6+26.6 1.4*1.0 71.9 69.7x50.1

Table 2. HIV-1 DNA level of 21 therapy-naive HIV-1-infected patients

Patient No. CD4 cell count  Plasma HIV-1 RNA HIV-1 DNA* Detection of circular Subtype
i {cells/uly {copies/ml) (copies/10° cells) HIV-1 DNA
1 602 1,200 1,070 - B
2 208 1,600 270 + B
3 388 8,800 <DL" - B
4 350 13,000 <DL" - C
5 292 18,000 <DL* - B
6 295 20,000 2,440 +* E
7 542 33,600 3,600 - B
8 329 35,000 <DL” - B
9 715 44,000 450 -+ B
10 281 50,000 10,800 +* B
11 44] 54,000 1,440 - B
12 283 70,000 2,220 oot B
13 330 92,000 300 - B
14 619 93,000 <DL” - B
15 116 110,000 15,200 +4 B
16 93 120,000 98,120 o+ B
17 229 150,000 <DL" + B
18 527 210,000 1,930 +4 B
19 49 210,000 2,870 +4 B
20 307 250,000 1,620 +4 B
21 21 430,000 33,240 +* B
Median 307 54,000 2,220
(range) (21-715) {1,200-430,000) (<DL-~98,120)

# Average values of HIV-1 DNA assayed in duplicant.

* Below limits of detection.
*1 and 2LTR circular DNA.
% 1LTR circular DNA.

numbers of the B2M gene since two $2M copy numbers
correspond to one cell. Since 10* cells were usually
used in one assay, we defined the lower limit of detec-
tion as 200 copies/10° cells.

Total HIV-1 DNA Copy Numbers in CD4" T Lympho-
cytes from Therapy-Naive Patients

We determined the intracellular HIV-1 DNA in 21
therapy-naive HIV-1-infected patients. Fifteen (71.4%)
of the 21 patients had HIV-1 DNA levels ranging from
270 to 98,120 copies/10° CD4" cells, with a median of
2,220 copies/10° cells (Table 2). Amounis of HIV-1
DNA were below the limits of detection in the remain-

ing 6 paticnts (patients 3, 4, 5, 8, 14 and 17).
The HIV-1 subtypes were B (n=19), C (n=1, patient
4) and E (n=1, patient 6).

Matching of Primers and TagMan Probe

To eliminate the possibility that the low HIV-1 copy
number was underestimated because of mismatching,
we analyzed the nucleotide sequences of HIV-1 DNA
from 6 patients containing the same regions as the
primers and the TagMan probe region (Fig. I). The
Gag 1 region corresponding to the forward primer did
not contain any mutations in patients 3, 5 and 8 with
undetectable levels of HIV-1 DNA. However, we iden-
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tified one mutation (C--T) in the center of this region in
patients 4, 14 and 17. In the Gag 2 region, all patients
had some mutations, however, none of them were locat-
ed at the 3~OH end. In the TagMan probe region, we
identified no mutations in 4 of 6 patients (4, 8, 14 and
17), and one in the remaining 2 patients (3 and 5). We
estimated that these mutations were not critical to the
real-time PCR reaction because of their positions.
Sequencing the HIV-1 DNA from patients with high
fevels revealed the same or similar nucleotide muta-
tions. We concluded that the low levels of HIV-1 DNA
found in the 6 patients were not false-negative values.

Relationship between Intracellular HIV-1 DNA Levels

and CD4* Cell Count or Plasma Viral Load
A negative relationship was observed between intra-

A) HIV-1 DNA level <DL

K. WADA ET AL

cellular HIV-1. DNA levels and CD4* cell count
(R=0.483). The tendency was the same (P=0.033,
Kruskal-Wallis test) when the 21 patients were classified
into 3 groups (L, <200; IM, 200-350 and H, >350
cells/ul) (Table 3). On the other hand, a positive rela-
tionship between intracellular HIV-1 DNA levels and
plasma viral load was observed although the associa-
tion was quite weak (R=0.287). The Kruskal-Wallis
test showed no correlation between them (P=0.125).

Detection of Unintegrated Circular HIV-1 DNA

We further investigated whether T lymphocytes from
6 patients were minimally infected with HIV-1 by
detecting circular HIV-1 DNAs that are sensitive mark-
ers of early HIV-1 infection (2, 12, 13). Figure 2 shows
the results of agarose gel electrophoresis. We detected

Gag 1 TagMan Probe Gag 2
B consensus [CAAGCAGCCATGCAAATGTTIAAAAGAGATCATCAATGAGGAAGCTGCAGAATGGGATIAGATTGCATCCAGTGCAGGO
patient 3 3. . .. ... . ... .. ... . 0 T 1 N [
patient4* . .. ..... 25 Y Y C......
patiemt 5 . ... ... ... ... . ] c. ] .o = 2 d. G A, ... T
patient8 ). . ........... ... ... 0] ... . e AL, A..T
patient 14 1. ....... T e AL o e e C......
patient 17  |. ... .. .. T . e G..A. ... e Ao e T.
B) HIV-1 DNA level >DL
Gag 1 TagMan Probe Gag 2

B consensus JCAAGCAGCCATGCAAATGTTAAAAGAGACATCAATGAGGAAGCTGCAGAATGGGATIAGATTGCATCCAGTGCAGGH
patient 1 . . . . . ... e e e e e = N T
patient 2 0. .. ... ... TR SRR 1 TR Aot T
patiemt 6™ |- . ... ... e O G. oo T,
patient . . . ... e L B + S T.
patient 0 . . . ... ... ... ... .. ] 0o S e I C. e
patient 11 |. . . ... .. L o o oo Y 0 e S
patiemt 12  §. - . ... ... . ... oo e G.....coovee e T.
patiemt 13 f. - . . .. .. o oo ol AT . e e e | C......0.. T.
pationt $5 0. . ... d. . ... T.
patiemt 18 |. . . . . ... .. o o e e e e e e e D L L T.
patient 20 L. . .. ..o e R - T.
patient 21 ). . .. .. ... .. ..o e e e T.

Fig. 1. Nucleotide sequence of amplified region by real-time PCR. Sequences of forward primer (Gag 1), TagMan probe, and reverse
primer (Gag 2) used for HIV-1 DNA quantification are boxed. Mutations in these areas are shown by capital letters corresponding to
those of mother sequences. *: subtype C, **: subtype E.

Table 3. Levels of HIV-1 DNA according to CD4" cell count or plasma VL category
HIV-1 DNA

. No. of patients
Categories : Ot

tested (copies/10° CD4* cells)

CD4' cell count (cells/ul)

<200 4 24,270 (2,870-98,120)*

200-350 10 1,920 {<DL~-10,800)*

=350 7 1,440 {(<DL-3,600)*
Plasma HIV-1 RNA (copies/ml)

<50,000 9 1,070 (<DL-3,600)**

50,000-100,000 5 1,830 (<DL~10,800)**

> 100,000 7 9,080 (<DL-98,120)**

*: P=0.033, **: P=0.125 (Kruskal-Wallis test).
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one LTR-circular HIV-1 DNA with or without two
LTR-circular types in 11 of 15 patients in whom real-
time PCR showed that intracellular HIV-1 DNA levels
were detectable. However, no circular HIV-1 DNA was
detected in the remaining 4 patients who were judged
positive by real-time PCR (Table 2). In contrast, as pre-
dicted, no circular form HIV-1 DNA was detected
among the patients who were judged negative by real-
time PCR except patient I7. Circular HIV-1 DNA was
detected at a rate of 100% in the group with the highest
plasma viral load (>10° copies/ml), with the lowest
CD4* cell count (<200 cells/ul), and with the highest
intracellular HIV-1 DNA levels (>10° copies/10° cells)
(Table 4).

Discussion

We measured HIV-1 DNA copy numbers in CD4* T
lymphocytes from 21 therapy-natve patients using real-

A) HIV-1 DNA <DL

Paticat
3 4 5 8 14 1TNCPC

ILTR ciecles.

B) HIV-1 DNA>DL

Paticat
1 2 6 7 %918 11121315 16 18 1% 280 21 NCPFC

'~ ILTR cirehis.

 ILTR circias

Fig. 2. Detection of unintegrated 1LTR and 2LTR circular HIV-1
DNA in 21 therapy-naive patients. Moltd cells were used as neg-
ative control (NC) and Molt4-1IIB cells persistently infected
with HIV-1 HIB were used as positive control (PC). Products of
PCR electrophoresed in 1% agarose gels were visnalized by
staining with ethidium bromide.

time PCR with the Roche LightCycler system. The
lower limit of detection was 200 copies/10° cells. The
intracellular HIV-1 DNA copy numbers ranged from
below detectable levels to 98,120 copies/10° cells. This
distribution was similar to those reported by Désiré et al.
(7)., Andreoni et al. (1} and Riva et al. (15). Although
the number of patients studied might be insufficient to
statistically determine an association between plasma
HIV-1 viral load and levels of HIV-1 DNA, we identi-
fied a weak positive relationship. The key point was
the demonstration of the presence of CD4* T lympho-
cytes containing a minimal level of HIV-1 DNA in 6 of
21 therapy-naive patients despite high levels of viral
load ranging from 8,800 to150,000 copies/ml. There-
upon, we evaluated the tropism of plasma HIV-1 RNA
of these viruses by sequencing the env V3 region. In all
cases, the determined tropism was M-tropic suggesting
that viral replication is actively ongoing in target cells of
M-tropic HIV-1. In contrast, HIV-1 infection in CD4" T
lymphocytes was not widely established. Current belief
is that M-tropic HIV-1 predominanily replicates in
patients at the first stage of infection, followed by an
increase in T-tropic HIV-1 variants as reported by
Schuitemarker et al. (16). According to this model, the
very low level of HIV-1 DNA in the CD4* T lympho-
cytes found in this study might reflect the infection
stage where almost all CD4* T lymphocytes remain
free from HIV-1. Circular HIV-1 DNA was unde-
tectable in most such patients, supporting this notion
because this melecular species of HIV-1 DNA reflects
active reverse transcription and replication.

From this viewpoint, the HIV-1 DNA copy number in
CD4" T lymphocytes could be a new indicator of the
clinical status of HIV-1 infection in therapy-naive
patients. In addition, the delayed HIV-]1 infection of
CD4" T lymphocytes could provide new insights into
anti-HIV-1 therapy. Selective therapy against M-tropic

Table 4. Detection rate of circular HIV-1 DNA in iherapy—na:fve patients classified as three categories

Categories Detectica rate of circular HIV-1 DNA
CD4* cell count (cells/ul)

<200 4/4 (100%)

200-350 6/10 (60%)

>350 277 (28.6%)
Plasma HIV-1 RNA (copies/ml)

50,000 3/9 (33.3%)

50,000-100,000 2/5 (40.0%)

>100,000 717 (100%)
Intracellular HTV-1 DNA (copies/10° cells)

<DL 1/6 (16.7%)

200-10,000 711 (63.6%)

>10,000 414 (100%)

-38-



