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

ELIJAH M. SONGOK,!? RAPHAEL M. LWEMBE,? RUKIA KIBAYA,2 KANA KOBAYASHL,!
NICAISE NDEMBIL! KAYOKO KITA,! JOHN VULULE,? ISAO OISHI,? FREDRICK OKOTH,?
SEINI KAGEYAMA,! and HIROSHI ICHIMURA!3

ABSTRACT

To investigate the in 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 pol and env
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 straim, 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, and F2.2 Recently, it was realized that a significantfrac-
tion of isolates is of an intersubtypeform 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 have
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 have 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, respectively$’ 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-

!Department of Viral Infection and International Health, Graduate School of Medical Science, Kanazawa University, Kanazawa, Japan.

?Kenya Medical Research Institute, Nairobi, Kenya.

3Japan International Cooperation Agency, The Research and Control of Infectious Diseases Project in Kenya, Nairobi, Kenya.
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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-
Jution. 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-
tenatal 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 Isiand, NY).
Polymerase chain reaction (PCR) amplification was performed
on the viral po!l and env regions. A part of the pol region en-
coding the reverse transcriptase gene (corresponding to 2480~
3180 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 () 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 KS004 in 1996 (O) and 2002
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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 55°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 M10 (5-CCAATTGTCCC TCATATCTCCTCCTCC-

AGG-3') were used for the first round and primer pairs M3
(5'-GTCAGCACAGTACAATGIACACATGG-3") 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 pCRII vector (In-
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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 subsequentinspection and manual modification. Phyloge-
netic trees were constructedby the neighbor-joiningmethod and
its reliability was estimated by 1000 bootstrap replications. All
alignments were gap stripped for the generation of trees. Re-
sulting trees were visualized using Treeview, version 1.65. To
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determine recombination breakpoints, the recombinant identi~
fication (RIP) analysis was performed.!

The cutcome 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 loop of KS004 clones isolated in December 1996 (KS004_612) and in Janu-

ary 2002 (KS004,_201).
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sults suggest thatin 1996 the patient was coinfected with a like-
lihood of various viral variants, such as either pure subtypes A
and D, 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 had 34 amino acids, which is
consistent with other subtype D clones from the region.! How-
ever, there was a predicted shift in coreceptor usage from CCRS
to CXCR4 based on the change in the net amino acid charge,
from +2 in 1996 to +6 in 2002.!% Similar aminc 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 pol 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
artifact arising 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 observations.

The emergence and dominance of the A/D recombinant form
confirm not only that recombination in vivo occurs in 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 env region.!
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.

ACKNOWLEDGMENTS

The authors wish to thank all counterparts of the KEMRI-
JICA Project for their services. Special thanks to Dr. Takahashi
Kurimura and Dr. Davy Koech for their technical advice. This
work was supportedin part by International Scientific Research
Program (Grant 14256005) from Monbu-Kagakusho (Japan
Ministry of Education and Science) and by The Research and
Control of Infectious Diseases Project in Kenya, JICA. This
work is published with the permission of the Director, Kenya
Medical Research Institute.

10.

11.

12.

13.

14.

15.

— 63

SONGOK ET AL.

REFERENCES

. Kuiken C, Foley B, Hahn B, et al.: HIV Sequence Compendium

2001. Theoretical Biology and Biophysics Group, Los Alamos Na-
tional Laboratory, Los Alamos, New Mexico, 2001.

. Peeters M and Sharp PM: Genetic diversity of HIV-1: The mov-

ing target. AIDS 2000;14(Suppl. 3):5129-139.

. Robertson DL, Sharp PM, McCuichan FE, et al.: Recombination

in HIV-1. Nature 1995;375:124-126.

. Gao F, Roberison DL, Morrison SG, ef al.: The heterosexual hu-

man immunodeficiency virus type 1 epidemic in Thailand is caused
by an intersubtype A/E recombinant of African origin. J Virol
1996;70:7013-7029.

. Papathanasopoulos MA, Hunt GM, and Tiemessen CT: Evolution

and diversity of HIV-1 in Africa—a review. Virus Genes 2003;
26:151-163.

. Littsola K, Tashkinova T, Laukkanen G, et al.: HIV-1 genetic sub-

type A/B recombinant strain causing explosive epidemic in inject-
ing drug users in Kalingrad. AIDS 1998;12:1907-1919.

. Piyasirisilp S, McCutchan FE, Carr JK, et al.: A recent outbreak

of humap immunodeficiency virus type 1 infection in Southern
China was initiated by two highly homogeneous, geographically
separated strains, circulating recombinant form AE and a novel BC
recombinant. J Virol 2000;74:11286-11295.

. Songok EM, Lihana RW, Kiptoo MK, ef al.: Identification of env

CRE-10 among HIV variants circulating in rural Western Kenya.
AIDS Res Hum Retroviruses 2003;19:161-165.

. Heyndrickx L, Janssens W, Zekeng L, et al.: Simplified strategy

for detection of recombinant human immunodeficiency virus type
1 group M isolates by gag/env heteroduplex mobility assay. J Vi-
rol 2000;74:363-370. i
Dowling WE, Kim B, Marson CJ, et al.: Forty-one near fuli-length
HIV sequences from Kenya reveal an epidemic of subtype A and
A-containing recombinaunts. AIDS 2002;16:1809-1820.

Songok EM, Kakimoto K, Genga I, et al.: Prenatal short course zi-
dovudine reduces mortality in children born to HIV-1 positive
mothers in rural Kenya. J Infeat Dis 2001;183:1540-1541.
Songok EM, Fujiyama Y, Tukei PM, et al.: The use of short course
zidovudine to prevent perinatal transmission of human immuno-
deficiency virus in rural Kenya. Am J Trop Med Hyg 2003:69:
8-13.

McDonald RA, Chang G, Michael NL: Relationship between V3
genotype, biologic phenotype, tropism and co-receptor use for pri-
mary isolates of human immunodeficiency virus type 1. J Hum Vi-
rol 2001;4:179-187.

Chunfu Y, Ming L, Newman DR, et al.: Genetic diversity of HIV-
1 in western Kenya: Subtype specific differences in mother-to-child
transmission. AIDS 2003;17:1667-1674.

Kaleebu P, French N, Mahe C, et al.: Effect of human immuno-
deficiency virus (HIV) type 1 envelope subtypes A and D on dis-
ease progression in a large cohort of HIV-1 positive persons in
Uganda. T Infect Dis 2002;185:1244-1250.

Address reprint requests to:

Hiroshi Ichimura

Department of Viral Infection and International Health
Graduare School of Medical Science

Kanazawa University

13-1 Takara-machi

Kanazawa 920-8640 Japan

E-mail: ichimura@med.kanazawa-u.ac.jp



EPIDEMIOLOGY AND SOCIAL SCIENCE

B R Y, BT R e [ ER R B

m Genetic Diversity of HIV Type 1 in Rural Eastern Cameroon

Nicaise Ndembi, *7 Jun Takehisa, * Leopold Zekeng, 1 Eiji Kobayashi,* Charlotte Ngansop, §
Elijah M. Songok,* Seiji Kageyama,* Taichiro Takemura,§ Eiji Ido,§ Masanori Havami, §
AT Lazaie Kaptue, I and Hiroshi Ichimura, MD, PhD*

Summary: To monitor the presence of ganotypic HIV-1 variants
circulating in eastern Cameroon. blood sumples from 57 HIV-1-
infected individuals attending 3 local health centers in the bordering
rural villages with Cenival African Republic {CAR) were collected
and analyzed phylogenetically. Out of the 40 HIV-1 strains with posi-
tive polymerase chain reaction (PCR) profile for both gug and env-
C2V3, 12 (30.0%) had discordant subtype or CRF designation: 2 sub-
type B/A (gag/env), 1 B/CRFO1, 2 B/CRF02, 1 CRFOI/CRF01.A, 2
CRFI1T/CRFO1, 1 CRF13/A, 1 CRF13/CRFO1, 1 CRF13/CRF11, and
1 G/U (unclassified). Twenty-eight strains (70.0%6) had concordant
subtypes or CRF designation between gag and env: 27 subtype A and
1FZ. Outof the remaining 17 HIV-1 strains negative for PCR with the
env-C2V3 primers used, 10 (38.8%) had discordant subtype or CRF,
and 7 (41.2%) had concordant one based on gagipoilenv-gpél analy-
sis. Altogether, a high proportion (22/57, 38.6%) of the isolates were
found to be recombinant strains. Tu addition, an emergence of new
forms of HIV-1 strains, such as subtype B/A (gag/env), B/CRFO] and
B/CRF02, was identified. The epidemiologic patien of HIV-1 in
castern Cameroon, relatively low and high prevalence of CRF(02 and
CRF11, respectively, was more closely related to those of CAR and
Chad than that of other regions of Camercon, where CRF02 is the
most predominant HIV-1 strain. These findings scrongly 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-1
variants, though epidemiologic sigmficance of new HIV-1 forms is
unknown.
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Recem studies have suggested that simian immunodefici-
ency virus of chimpanzee (STVepz) has been introdoced
into humans at least 3 times, resulting in HTV-1 groups M, N,

and O."* The cross-species transmission of SIVcpz is now [

thought to have occutred through humans being exposed to the
blood of chimpanzees infected with SIVcpz during hunting
and butchering of these chimpanzees in rural areas of the equa-
torial rain forest of Central Africa.*™

The epidemiologic pattern of HIV-1 infection in
Cameroon, a west-central African country, is characierized
by an extensive genctic variability of the virus in terms of
co-circulation of all representative major groups and sub-
types,* thongh CRF02_AG and subtype A represent 70-80%
of HIV-1 infection in the country.”'® HIV-1 group O seems
to be endemic in Cameroon, where the frequency is estimat-
ed to be 2-5% among HIV-1-infected individuals.’®=® Group
N, the least spreading virus group among HIV-1 isolates, is
represented by only a handfu] of viruses identified in some
villages in Cameroon. Overall 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 on
patients living in major urban arcas, and less information is
available on the distribution of group M strains circulating in
rural areas,” where >60% of Cameroonians reside.

In the cast of Camercon, Chad, relatively low prevalence
of CRF02_AG (13.1%) and relatively high prevalence 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 Carneroon, 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*2*

The purpose of this study was to investigaie the genetic
diversity of HIV-] strains circulating in rural and border vil-

ages of eastern Cameroon, to compare the result with those of
Chad and CAR, and to determine the influence of migration of

] Acquir immune Defic Syndr = Volume €0, Number O, Month 0 2004 1



TABLE 1. Characteristics and Genetic Ciata for HIV-1-infected Subjects Studied in Eastern Cameroon

Genetic Subiype}

Sample ID*  Age(y)  Sex  Natiomaliy  Clinical Status gag pol envC2V3 gp4l
01CM2213 28 ARC CRF_OI.AE NA CRF_01.AEA NA
01CF2214 30 ARC G U U NA
01CM2215 34 ARC CRF_02.AG NA CRF_02.AG NA
0ICM2216 36 ARC A NA A NA
o1CM2217 26 ARC CRF_11.epx NA ] NA
01CM2218 25 AC CRF_1l.cpx CRF_1l.cpx U
01CM2219 32 ARC CRF_11l.cpx NA CRF_02.AG NA
01CM2220 29 ARC CRF_02.AG NA A NA
01CM2222 46 ARC CRF_(2.AG NA CRF_02.AG NA
01CM2223 25 ARC CRF_01.AE NA CRF.02.AG NA
0iCM2224 29 ARC CRF_02.AG NA CRF_02.AG NA
0i1CM2225 31 ARC B NA A NA
01CM2226 32 ARC CRF_02.AG NA CRF_02.AG NA
01CM2227 20 AC CRF_02.AG NA CRF_02.AG NA
0ICM2228 42 ARC CRF_02.AG NA CRF_02.AG NA
01CM2229 30 AIDS CRF_11.cpx NA CRF_11.cpx NA
01CM2230 48 ARC A NA NA
01CM2237 42 ARC CRF_(2.AG NA NA
01CM2232 19 AC B u U
01CM2234 28 ARC CRF_11l.cpx NA NA.
01CM2235 33 ARC B U U
01CM2236 44 ARC CRF_02.AG NA CRF_02.AG NA
01CM2237 38 ARC F2 NA 2 NA
01CM2238 29 ARC CRF_i3.cpx NA CRF_01.AE NA
01CM2239 25 ARC CRF_13.cpx NA CRE_1l.cpx NA
01CF2240 50 ARC CRF_02.AG NA CRF_13.cpx NA
01CM2241 30 ARC CRF_01.AE ;
01CM2242 48 ARC CRF_(2.AG

01CM2243 30 AC CRF_11.cpx ACpX
01CM2244 2 ARC CRF_01.AE NA CRF_l1l.cpx NA
01CM2246 17 ARC B NA CRF_01.AE NA
01CM2260 2 ARC CRF_13.cpx U A CRF_13.cpx
01CM2262 7 ARC B NA NA
01CF2268 23 AC CRF_(2.AG CRF_02.AG CRF_02.AG
01CM2269 2 ARC CRF_1l.cpx CRF_li.cpx CRF_11.cpx
01CM2270 26 ARC CRF_02.AG CRF _02.AG U
01CM2271 26 ARC CRF_1l.cpx CRF_02.AG CRF_1l.cpx
01CM2272 27 ARC CRF_11.epx NA CRF_11.cpx NA
01CM2273 54 ARC CRF..11.0px NA CRF_11.cpx NA
01CM2274 a5 ARC CRE_02.AG NA NA
01CMz2275 35 ARC CRF09_cpx CRF_02.AG CRF0O9_cpx
01CM2276 30 ARC CRF_11.opx NA CRF_11.cpx NA
01CM2277 28 ARC CRF_1l.cpx CRF_11.cpx CRF_11.cpx
0ICM2278 37 ARC B NA CRF_02.AG NA
01CM2280 26 AC CRF_11.cpx CRF_02.AG CRF_02.AG
01CM2281 20 ARC CRF_02.AG CRF_02.AG CRF_02.AG
01CM2284 25 AC CRF_il.opx CRF_1li.cpx CRF_1l.cpx
01CF2287 33 AC CRF_1l.opx NA NA
02CM319 18 AC ot “Qr

*Subject identification number is preceded by year of sample coliecticn: tgenolyping of a part of gag-p24 (460 bp). en-C2V3 domain { approxiniately 530 bp}.
pok-In (288 bp), and en-gpd1 (408 bp); $Group 3 from rursl center provinee of Cameroon.
AC, asymptomatic carrier: ARC, AIDS-related complex; CMR, Camercon, NA, not available; ND, not detected.
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Genetic Diversity of AIV in Cameroo:

pecple across the border on the genetic diversity of HIV-1 in
the eastern part of Cameroon.
MATERIALS AND METHODS

Study Population
The subjects enrolled in this study were HTV-1-infected

individuals recruited in September 2001 in 3 semirural areas of

eastern Cameroon near Bertoua, a town on the road connecling
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-
mitied infection, tuberculosis, or AIDS. ‘Afier obtaining in-
formed consent and ethical clearance, 10 ml. of blood samples
were collected from the 57 patients (27 men and 30 women,
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FIGURE 1. Phylogenetic trees based
on a part of env-C2V3 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
{Q), and env-gp41 gene (approxi-
mately 405 bp) of 19 HIV-1 strains
(D) from eastern Carneroon with ref-
erence sequences of representative
subtypes/CRF. The reference se-
quences used in gag, pol and 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 =270%
or higher is shown. Brackets on the
right represent the major group M
subtypes. Newly derived sequences
are marked with a filled square ().
Further analysis of the 34 probable
subtype A sample sequences with-
out the rest of the sample sequences

is shown in part E.
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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), pol-IN gene (288 bp) of 20
HIV-1 strains (C), and env-gp41
gene (approximately 405 bp) of 19 A
HIV-1 strains (D) from eastern Cam-
eroon with reference sequences of
representative subtypes/CRF. The ——
reference sequences used in gag, ]
pol, and env trees 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
270% or higher is shown. Brackets ]
on the right represent the major [errts epyl
group M subtypes. Newly derived '
sequences are marked with a filled
square (B). Further analysis of the
34 probable subtype A sample se-
guences without the rest of the e

mean age = SD: 31.5 & 10.0 years) (Table 1) and screened
for HIV antibodies. The plasma samples were confirmed o
be positive for HIV antibodies with a microparticle enzyme
immugpoassay kit (AxSYM HIV1/2; Abbott Japan) ané an
immunochromatography assay kit (Determiine HIV1/2; Abbott
Japan). The peripheral blood mononuclear cells were prepared
by Ficoll-Paque Plus (Amersham Biosciences, Uppsala,
Sweden) density gradient centrifugation. Genomic DNA was

4

T plumioa! of TICPIAHES SUBRINITONS

extracted from peripheral blood mononuclear cells of sero-
reactive samples using a DNA extraction kil (Qiagen, Hilden,
Germany).

Polymerase Chain Reaction, Cloning,
and Sequencing

A part of HTV-1 group M env gene covering C2V3 {cor-
responding to 69757520 nt in HIV-1i50p.) Was amplified by

© 2004 Lippincot! Witliams & Wilkins
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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-1 strains (D) from eastern Cam-
eroon with reference sequences of
representative subtypes/CRF. The
reference sequences used in gag,
pol, and env trees 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 filled
square (B@). 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 polvmerase chain reaction (PCR ) with primers M5 (§'-
CCAATTCCCATACATTATTGTGCCCCAGCTEG-3Y)
and M10 (5'-CCAATTGTCCCTCATATCTCCTCCTC-
CAGG-3") in the first round, and M3 (3'-GTCAGCACAG-
TACAATGCACACATGG-3") and ME (5'-TCCTTG-
GATGGGAGGGGCATACATTGC-3') in the second round.®
A part of gag encoding p24 (corresponding 1o 1596-2G16 nt in

© 2004 Lippincort Williams & Filkins

Nurnber of nutirotde sebstitutinng:

HIV-1xp,) was amplified by nested PCR using primers
H1G777 (53'-TCACCTAGAACTTTGAATGCATGGG-37
and H1P202 (5-CTAATACTGTATCATCTGCTCCTGT-
3') in the first round, and H1gagl1584 (5'-AAAGATG-
GATAATCCIGGG-3") and g17 (5’-TCCACATTITCCAA-
CAGCCCTTTTT-3') in the second round.” A part of env gene
encoding gp41 (corresponding to 7880-8280 nt in HIV-

5
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FIGURE 1. {continued) Phylogenetic
trees based on a part of env-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-1 strains (D) from eastern Cam-
eroon with reference sequences of
representative subtypes/CRF. The
reference sequences used in gag,
pol, and env trees 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
270% or higher is shown. Brackets
on the right represent the major
group M subtypes. Newly derived
sequences are marked with a filled
square (B). Further analysis of the
34 probable subtype A sample se-
guences without the rest of the y
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sample sequences is shown in part E.

lpxme) was amplified by nested PCR with primers GP40F!
(5'-TCTTAGGAGCAGCAGGAAGCACTATGGG-3") and
GP41R1 (5'-AACGACAAAGGTGAGTATCCCT-
GCCTAA-3") in the first round, and GP46F2 (5'-AC-
AATTATTGTCTGGTATAGTGCAACAGCA-2") and
GP47R2 (5'-TTAAACCTATCAAGCCTCCTACTAT-
CATTA-3"}in the second round.?® A part of pol gene encoding
integrase (IN) (corresponding to 4493-4780 nt in HIV-1 ey
was amplified by nested PCR using primers, unipol § {(5'-

6

Blumber Bl friclectide sobeilolivme

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

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

& 2004 Lippincott Williams & Wilking
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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), pol-IN gene (288 bp) of 20
HIV-1 strains (C), and env-gp41

CRFI1_cpx

gene (approximately 405 bp) of 19 aiemir @

HIV-1 strains (D) from eastern Cam- oicH2Ms o

eroon with reference sequences of

representative subtypes/CRF. The sCM2En ©

reference sequences used in gag, B
vicMm2iz ©

pol, and env trees are shown in bold.
The bootstrap value at each node
represents tha number among 1000
bootstrap replicates that support the
branching order. Bootstrap value of

=70% or higher is shown. Brackets \
on the right represent the mejor
group M subtypes. Newly derived
sequences are marked with a filled
square (#). 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 final extension of 72°C for 10 minutes. Samples that could
not be amplified with the env-C2V3 or the gag-p24 primer sels
were analyzed with env-pp41 and poi-IN-specific primers.
PCR amplification was confirmed by visualization with cthid-
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 leasi § clones per
sample were analyzed to obtain a consensus seguence.

Genetic Distance and Phylogenetic Analysis

The sample sequences were aligned with subtype refer-
ence sequences from the Los Alamos databese by CLUSTAL
W (version 1.81) with subsequent imspect:on and manual
modification. The frequency of puclectide 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 nucleotide sequences in this study were submitted to
Genbank and are available under the following accession nom-
bers:

© 2004 Lippincort Williams & Wilkins

0
Number of nucleatide substitutions

gag-p24 sequences: AY539583-AY 539638 (n = 56)
pol-IN sequences: AY539639-AY 539658 (n= 20)
env-(C2V3 sequences: AY5433545-AY543584 (o = 40)
env-gp41 sequences: AYS41010-AY541028 (n = 19)

RESULTS
The epidemiologic and clinical data on the 57 HIV-1-
infected individuals and genetic subtypes of HIV-1 strains
identified in gag-p24, env-C2V3, emv-gpdl, and pol-IN are
shown in Table 1.

Phylogenetic Analysis in the
env-C2V3 Sequences
Out of the 57 samples, 40 (70.2%) were found to be posi-

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

remaining 17 samples (29.8%) were negative for PCR with the
emv-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%)
CRFU1_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 significant.
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 gag-p24 and env-C2v3 for 57
HIV-1 Strains

gag-p24 eny-C2IV3 2 Total
Concordant genotypes A A 3
¥2 F2 1
CRFO1 (A) A 3
CRF0O1 (A) CRFU2 (A} 1
CRFO01 {A) CRFIL(A} 1 28
CRIOZ (A) A 2
CRFO2 (A) CRF02 (A) 9
CRFGZ (A1  CRF13 (A} I
CRF11{A) CRF02 (A} 2
" CRF11{a) CRFI1(A)
Discordant genotypes B A
B CRFO01 (E)
B CRFO2 (A)

e e B R e 1O Wy
—
N

CRFOL (A) CRFOLA
CRF11{A) CRF01(E)
CRF131G) A
CRF13(G) CRFO1(E)
CRF13(G) CRF11{A)
G U
Incomplete or negative
PCR profile between
gag and env a* ND 17 17

a*: 16 have (+/~) avd 1 has (~/~) in the gagsenv region.
ND, not detected.

CRF11_cpx, and 1 with CRF13_cpx, significantly (with §7.0.
76.3, and 100% bootstrap values, respectively).

Phylogenetic Analysis in the
gag-p24 Sequences

All of the 57 samples but one (02CM313) were found to
be positive for HIV-1 PCR with the set of gag primers. The
phylogenetic ree based on gag sequences (Fig. 1B) showed
that 45 (80.4%) were subtype A, 6 (10.7%) B, 1 (1.8%) F2, 3
(5.4%) CRF13_cpx, and 1 (1.8%) U. Out of the 45 subtype A
samples, 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 analyses based on
gag-p24 and env-C2V3 for the 57 HTV-1 strains is shown in
Table 2. Out of the 40 samples that could be analyzed both in
gag and em~C2V3 regions, 12 (30.0%) had discordant sub-
type or CRF designation: 2 subtype B/A {gag/lenv), 1
B/CRF01_AE.2B/CRF02_AG.1CRF01_AE/CRF01_AE.A,
2 CRF11_cpx/CRFOI_AE, 1 CRF13_cpx/A, 1

8

CRF13_cpx/CRFO1_AE, 1 CRFI13_cpx/CRF11_cpx. and 1
G/U. In 9 of these 12 strains, CRFs were involved in recombi-
nation events. Twenty-eight strains (70.0%) had the concor-
dant subtypes or CRF designation between gag and enmv: 27
subtype A and 1 F2.

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

Additional PCR analyses on 17 samples with Z gag/eny
profiles, (+/-) and (——), were carried out with groups M, N,
and O primers for pol-IN and env-gp41. Phylogenetic analy-
ses based on po/-IN and env-gp41 sequences revealed the
presence of 10 profiles: 2 U/U, 1 U/A, 1 U/CRFI1L cpx, 2
CRF1]_cpx/U, 3 CRFI11_cpx/CRFI11_cpx, 1
CRF02_AG/CRF09_cpx, 1 CRF02_AG/CRF11_cpx. 2
CRF02_AG/U, 3 CRF02_AG/CRF02_AG, and 1 group O
{pol-IN/em~gp41) (Fig. 1 C and D). Thus, of the 17 HIV-1
strains negative for PCR with the emn-C2V3 primers used, 10
(58.8%} had discordant subtype or CRF, and 7 (41.29¢) had
concordant one based on gagipol/env-gp41 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 [
alignment of our 40 strains that could be analyzed in em-C2V3
region. Thirty-five, 3, and 2 of them had V3-loop consisting of
35, 36, and 37 amino acids in length, respectively. The most
cominon tetrameric peptide at the apex of the V3-loop (high-
lighted gray in Fig. 2) was GPGQ (n = 34; 85.0%). A neutral
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 glitamic acid,
was present at position 25. The net charge of the V3-loop was

- env-gp4l

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

pol-Integrase (288 bp)

(405bp) CRF02 CRFI1 U O  Toul (%)
A 1 1(5.9)
CRF02 2 3(17.6)
CRF09 1 1(5.9)
CRF11 1 3 1 5(29.4)
& 2 2 2 6 (35.3)
o 1 1(5.9)
Total (%) 7{412) 5(294) 4(23.5 1(59) 17(100)

U, wnclassified: ~0,” group O.

€ 2004 Lippincott Williams & Wilkins
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FIGURE 2. Alignment of deduced
amino acid sequences of the V3-
loop of HIV-T strains from eastern
Cameroon. Consensus amine acid
sequences of subtype A, CRFQ1, sub-
type F2, and consensus M based on
Los Alamos database are given on
the top line using single letter code.
Dashes and dots indicate identities
and gaps, respectively. The V3-loop
is indicated with a bar, and te-
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from +2 to +6 (mean net charge 2.82; 95% CI 2.49-2.15). A
common feature of the HTV-1 strains with V3-loop consisting
of 36 and 37 amino acids was the insertion of an amino acid
residue between positions 1413 and 25-26.

DISCUSSION

In the current study we found that a high preporiion
{38.6%) of HI'V-1 strains in eastern Cameroon were recombi-
nants. This 1s higher than those reported in urban areas (7-
10%) of Cameroon.'*** In our study, 4 subtype B/A (gag/em’)
recomnbinant strains were found in this area. This is the first
report of intersubtype B/A, B/CRF01_AE, and B/CRF02_AG
in Cameroon. Although CRF15_01/B (gag/eny) and
CRF03_AB have been reported n Thailand and Russia. re-
spectively, the mosaic composition of these CRFs is different

© 2004 Lippincott Williams & Wilkins

from that of our B/A recombinants.’**! However, thesc 4
strains did not cluster together in em-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
env-C2V3 with a reference strain CM53122,?® a recombinant
between CRY¥01_AE and subtype A found in eastern Cam-
eroon [rom an unlinked epidemiclogic study, suggesting 4 pos-
sible emergence of a second generation of CRFs. These find-
ings strongly suggest that this part of Cameroon is a potential
hotspoi of HTV-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.



Ndembi et al

| Acquir Immune Defic Syndr e Volume 00, Number 0, Month 0 2004

Qur data in rural eastern Camercon highlight a relatively
lowprevalence of CRF02_AG (29.8 and 35.0%) and relatively
high prevalence of CRF11_cpx {(21.4 and 17.3%) based on
gag-p24 and em~(C2V3 analyses, respectively. These results
are in contrast with previous reporls cn genctic diversity in
Cameroon, where the majority of env and gag subtypes A vi-
ruses are CRIP02-like.”"!*1%2Y The epidemiologic pattern
of HIV-1 genetic diversity in eastern Cameroon, such as
relatively low and high prevalence of CRF02_AG and
CRF11_cpx, respectively, was more clesely relaied to those of
Chad and CAR than that of other geographic regions of Cam-
eroon. A high proportion of subtype B (3 1%) was alse found to
be circulating in eastern Cameroon, and more interestingly,
these subtype B sequences clustered significantly in the gug-

24 tree (with 80% ofbootstrap value) with HXB2, 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 people but
also >10,000 American and Furopean eagineers have beer: in-
volved for >10 years. Further analysis of full-length genome
sequences and appropriaic phylogenetic analysis would be
needed to clarify.

As for CRF09_cpx, which sequences are available only
in Los Alamos database so far, has come from independent
molecular studies in Senegal and Ghana, west Africa. This is
the first report of CRF09_cpx among Cameroonian 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 used, 5 (29.4%) and 6
{35.3%) were unclassified in pol-IN and emv-gpd1 phyloge-
netic analyses, respectively. Despite the great genetic diversity
and the high proportion (38.6%) of recombinant strains, all of
the 17 samples could e detected with the pol-IN and env-gpd |
primer sets. Thus, our PCR-based approach could be 4 molecu-
lar screening tool 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 acid charge and the presence of uncharged and nega-
tively charged amino acids at positions 11 and 25 of the V3-
loop.3® In the current study, most of our strains have the V3-
loop with less than +6 of net amino acid charge, suggesting that
these HIV-1 strains were non-syncytium inducing viruses
(INSI) using CCRS as a coreceptor for cellujar entry. In addi-
tion, of our 39 possible NSI viruses, 2 contained a pesitively
charged amino acid residue at position 25 with a tetrameric
motif consisting of GPGR at the apex of the V3-loop. The pre-
dicted phenotype did not cerrelale with the clinical status of
our subjects, most of whom were AIDS-related complex or
suspecied AIDS patients. Recently, an independent study on
non-B HIV-1 viruses has also revealed a lack of correlation

10

between predicied phenotype of isolates based on V3-based
genotype and in vitro syncytivm-inducing capacity of the 1so-
lates from an urban area of Cameroon.' Further apalysis will
be needed for understanding of pathogenesis of non-subtype B
HIV-1, and the relationship between V3-based genotype and
phenotype of non-subtype B HIV-1.

In Camercon. where multiple subtypes co-circulate. in-
tersublype recombination of HIV-1 strains is a commion occur-
rence and plays a central role in active generation of new forms
of HIV-1 variants. Monitoring the emergence of new strains
not only in urban but alse in rural areas would be very helpful
for establishment of control strategies for the HIV epidemicin
wesl-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 lymphocytes 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 clinical status of therapy-naive patients.

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

Human immunodeficiency virus type 1 (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 (3-5, 8, 9, 18, 19). This persistent
reservoir of infected cells is the major impediment to
HIV-1 eradication. Therefore, it is important to esti-
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and Research), Sannomaru 4-1-1, Naka-ku, Nagoya, Aichi
460-0001, Japan. Fax: +81-52-955-1878, E-mail: kanedat@
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mate the viral reservoir and to study its dynamics 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: 32M, B,-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 vi.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 were 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 HI'V-1 plasmid (pUC-IIIB) was
constructed by cloning one copy of HIV-1 1B without
LTR .into pUC118 (TaKaRa, Shiga, Japan). A human
B.-microglobulin (B2M) standard plasmid (pGEM-
B2M) was constructed by cloning one copy of 2M
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 B2M 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 pul 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 gag(06 (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 1 min at 72 C and a final extension for 7
min at 72 C. The DNA was amplified in a total volume
of 50 ul containing 1X 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 ul
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
Quantification 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 1004+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
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Table I. Accuracy and reproducibility of real-time PCR assay using LightCycler system

HIV-1 DNA Intra-assay (n=35) Interassay (n=15)
(copies/10° cells) Mean*=SD CV%  Accuracy (%) Mean*=SD CV%  Accuracy (%)
10,000 9,548+32] 5.2 95.5*3.2 10,048=*712 7.1 100.4+7.1
1,000 944+48 5.1 94.4+4.8 930x67 7.2 93.0+6.7
100 94+5 47 94.0+4.5 101x12 11.7 101.2x11.9
50 49+7 13.0 98.4+4.5 537 13.1 106.9x+140
10 11x1.2 14.0 106.9+12.0 12+3.1 259 118.7+30.8
5 46*+1.8 383 91.8%35.2 5.1+26 50.7 101.2+51.3
2 1.2+0.5 453 58.6£26.6 14*1.0 71.9 69.7+50.1

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 DNAY Detection of circular Subtype
: (cells/pl) (copies/ml) (copies/10° cells) HIV-1 DNA
1 602 1,200 1,070 - B
2 298 1,600 270 +9 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 33,000 3,600 - B
8 329 35,000 <DL” - B
9 715 44,000 450 +4 B
10 281 50,000 10,800 +4 B
11 441 54,000 1,440 - B
12 283 70,000 2,220 + B
13 330 92,000 300 - B
14 619 93,000 <pL” - B
15 116 110,000 15,290 +4 B
16 98 120,000 98,120 +9 B
17 229 150,000 <DL” +° B
18 527 210,000 1,930 +4 B
19 49 210,000 2,870 +9 B
20 307 250,000 1,620 +4 B
21 21 430,000 33,240 +9 B
Median 307 54,000 2,220
(range) (21-715) (1,200430,000) (<DL-98,120)

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

? Below limits of detection.
9 1 and 2LTR circular DNA.
“ 1LTR circular DNA.

numbers of the f2M 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). Amounts 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).

Maiching 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. 1). 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
levels 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 CD47 Cell Count or Plasma Viral Load
A negative relationship was observed between intra-

A) HIV-1 DNA level <DL
Gag 1

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 HTV-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

TagMan Probe

B consensus [ICAAGCAGCCATGCAAATGTTIAAAAGAGACCATCAATGAGGAAGCTGCAGAATGGGA

patient 3
patient 4*
patient 5
patient 8
patient 14
patient 17

B) HIV-1 DNA level >DL

B consensus
patient 1
patient 2
patient 6™
patient 9
patient 10
patient 11
patient 12
patient 13
patient 15
patient 18
patient 20
patient 21

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

Gag 1

CAAGCAGCCATGCAAATGTHAAAAGAGACCATCAATGAGGAAGCTGCAGAATGGGA

those of mother sequences. *: subtype C, **: subtype E.

TagMan Probe

Gag 2

TAGATTGCATCCAGTGCAGGC

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

No. of patients

HIV-1 DNA

Categories 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).




