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Abstract

Relationship between the level of HIV-1 proviral DNA
and HIV-1- specific cytotoxic T lymphocyte response in
HIV-1 infected Koreans

Jun Yong Chai

Department of Medicine
The Graduate School, Yonsa University

(Directed by Professodune Myung Kim)

Background: The use of highly active antiretroviral therapy (HAART) ihet treat-
ment of human immunodeficiency virus type 1 (HIV-1)-infsttindividuals has resulted
in dramatic improvements in the clinical outcomes of marfecied persons. However,
HAART does not eliminate the persistently replicatingetatHIV-1 reservoir in patients,
despite the viral suppression associated with the therbiby-specific cytotoxic T
lymphocytes (CTLs) play a central role in the immune respasHIV infection. The
objective of this study is to ascertain the relationshipwben the level of HIV-1
proviral DNA and CTL response in HIV-infected Koreans.

Patients and Methods. Eighty-two HIV-1-infected Koreans who had been admitted
to Severance Hospital, Yonsei University College of Mewdiciwere included in this
study, after obtaining their informed consents. HLA clasgehes were typed, using
the sequencing-based typing method. CD4+ T cells weretésbliiom the peripheral
blood mononuclear cells (PBMC) of HIV-1-infected indivals, using a human CD4
cell-separation kit. In order to determine the frequency G4+ T cells carrying
HIV-1 provirus in infected individuals, real-time PCR wasarried out. DNA (1 ng)
from the CD4+ T cells was used as a template for the real-ti@R.PAn enzyme



linked immunospot (ELISPOT) assay, using HLA-I restrictpeptides, was also
performed to evaluate the responses of the HIV-1- speciftotaxic T lymphocytes.
Spearman's rank correlations or Pearson's correlatiore wsed to correlate the
frequency of HIV-1-specific CTLs with the frequency of CD4F cells harboring
HIV-1 proviral DNA.

Reaults: No significant differences in the frequency of CD4+ T cellarboring
HIV-1 proviral DNA were detected between patients recegjviand those who did not
receive, HAART. There was, however, a statistically sigaift inverse correlation
between the frequency of CD4+ T cells harboring HIV-1 paviDNA and the
CD4+ T cell counts in the peripheral blood of subje&s(.01, r=-0.307). Among the
patients receiving HAART, the frequency of CD4+ T cells lagitg HIV- 1 proviral
DNA was lower in patients in whom viral load had been supped® levels below
25 copies/mL than in patients in whom viral load had not begopressed?=0.033).
CTL response was also found to be higher in patients with ppmeased viral loads
than in patients whose viral loads had been suppressed tieatable leveld3=0.02).
In patients with the HLA-A genotype of HLA-A*0201, who also xhebited
undetectable levels of plasma viral load due to suppressiienfrequency of CD4+ T
cells harboring HIV-1 proviral DNA did not correlate with ¢hCTL response
(P=0.604). Among the 28 patients studied with HLA-A genotypeHhA-A*0201, 18
(64.3%) exhibited sequence variations in the Gag-faepitope. Among 26 patients
studied with HLA-A genotype other than HLA-A02, 19 (73.1%Xhibited sequence
variations in the Gag pi#ss epitope.

Condusons HAART does not eradicate the proviral DNA. This result isoat®nsis-
tent with the results of previous studies. CTL response ViEsted by plasma HIV
RNA, but not by proviral DNA. There were immune escape matdmtthese chronically
HIV-1 infected Koreans. However, a comparison of viral seges derived from the
HLA-A*0201 positive individuals to sequences obtainednfréiLA-A02 negative indivi-
duals demonstrated some weak evidence for immune sel@céssure, thus bringing into
guestion the in vivo efficacy of immunodominant CTL resgsnsluring chronic HIV-1
infection. As neither HAART nor HIV-1 specific CTL eradieatproviral reservoirs,

-another strategy is clearly required in order to eradicdié ibfection
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Relationship between the level of HIV-1 proviral DNA
and HIV-1- specific cytotoxic T lymphocyte response in
HIV-1 infected Koreans

Jun Yong Choi

Department of Medicine
The Graduate School, Yonsa Universty

(Directed by Professodune Myung Kim)

|. Introduction

The use of highly active antiretroviral therapy (HAART) ihet treatment of human
immunodeficiency virus type 1 (HIV-1)-infected individeahas dramatically changed
the clinical outcomes of many infected persons, and hasilmted to current subs-
tantial declines in both the incidence of AIDS, and AIDSied mortalit§7. However,
replication-competent virus, HIV-1 proviral DNA (includi 2long terminal repeat
circles), spliced and unspliced HIV-1 RNA in CD4+ T cells,daanidentified viral
reservoirs have all been demonstrated in most infectedvidogils, even those in
whom plasma viremia has been suppressed below detectablé e These sources of
ongoing replication have emerged as the major obstacleetcettadication of HIV- 1.
Continuous HAART treatment does not eliminate viral reglan in the peripheral
blood, or more specifically, in the memory (CD45R0O) T lympytes™. HAART also
does not prevent replication in cells harboring competeiM-H proviral DNA. These
facts underline the impossibility of eradicating HIV-1 ngionly HAART**#*

The ability to generate high levels of broadly specific -#fil¥-1 cytotoxic T lymp-
hocytes (CTL) is considered to be a critical component of libst immune response
to HIV-1"% Studies of immune responses generated in HIV-infectedvidugls
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indicate that CD8+ T cells play an important role in the adntof viremia. The
emergence of HIV-specific CD8+ CTL activity coincides withe clearance of viremia
during primary HIV infectiot™'® and declines in CTL response tend to be associated
with disease progression in infected individdals

As with other chronic infectious diseases, it is possiblat tthe long-term efficacy
of combination antiretroviral therapy will require the aentation of host immune
responses, most notably, that of anti-HIV-1 CTL reactiviBecent studies, however,
have vyielded contradictory evidence regarding the impéotombination antiretroviral
therapy on anti-HIV-1 CTL reactivity. Several reports haasserted that the numbers
of anti-HIV-1 CTL precursors, as measured vitro in a 2-week, limiting dilution
assay, increase due to suppressive antiretroviral thénapgute and chronically infected
patient§® Conversely, others have reported that the levels of eiliogl CD8+
CD38+ T cells, which bind HLA-A2 tetrameric HIV-1 Gag pl7 aRT peptide com-
plexes, actually decrease after the initiation of antkétal therapy in patients with
advanced immunodeficierf®?> %" Recently, another study has provided some evidence
that triple-drug antiretroviral therapy fails to produce sastained increases in anti-
HIV-1 CD8+ T-cell function in HIV-1-infected patients wittadvanced immunodefi-
ciency®. Two basic patterns of HIV-1-specific T-cell reactivitystétant from combi-
nation antiretroviral therapy have emerged. One involvesearly rise, from very low
pretreatment levels, in anti-HIV-1 CTL and IFN- producing CD8+ cells specific for
HIV-1 Gag, Pol, and Env during triple-drug therapy. However decline to baseline
levels was observed in most of these patients within 2 yedrs. second pattern of
anti-HIV-1 CD8+ T-cell responses in the study was the tatillife of CTL and IFN¥
reactivity to increase above the low baseline levels, tiftout the entire 2 years of
triple-drug therapy.

The mechanisms underlying the maintenance or disappeaddnCTL after HAART
remain unclear. The effects of CTL on persistent repligatieservoirs of HIV infection
are also not yet well known.

| postulated that HIV-1 proviral DNA, reflecting the HIV-leservoir, might induce
CTL responses in HIV-infected individuals.

The objective of this study was, then, to ascertain whatioakhip exists between
the level of HIV-1 proviral DNA and CTL response in HIV-infed Koreans.

-5 -



1. Patients and Methods
1. Study Patients

Eighty-two HIV-1-infected Koreans who had been admittedSeverance Hospital,
Yonsei University College of Medicine, were enrolled insthstudy, after obtaining
their informed consent. All subjects were chronically HlVinfected patients. Their
HIV RNA levels were measured by nucleic acid sequence-basaplification, using
the NucIiSen@EasyQ Analyzer (Biomerieux, Boxtel, Netherlands). CD4+ @D8+ T
lymphocyte counts were calculated by multiplying the numbef lymphocytes
measured with an automatic cell counter, by the percenthgeDd+ or CD8+ antigen
positive cells, using monoclonal antibody (Becton-Diskin, New Jersey, USA).

2. HLA Genotyping

HLA class | genes were typed using the sequencing-basedhgtypiethod (by
Biosewoom Co, Seoul, Korea). Polymorphic regions (exonnttom 1, exon 2, intron
2, and exon 3) were amplified using a set of HLA class | loqesiic primers.
Both strands of exons 2 and 3 were sequenced with an autorbéNéd sequencer,
using nested sequencing primers, as has been previousiibae?.

3. The frequency of CD4+ T cdls harboring HIV-1 proviral DNA

A. Isolation of CD4+ T cells

Peripheral blood mononuclear cells (PBMC) were obtained-iogll-Hypaque density
gradient centrifugation. CD4+ T cells were isolated frora BMCs of HIV-1- infec-
ted individuals, using a human CD4 cell-separation kityGapTM, StemCell Techno-
logies, Vancouver, Canada).

B. Quantitative real-time HIV-1 DNA PCR

In order to determine the level of HIV-1 provirus-harbori@p4+ T cells in the
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infected individuals, real-time polymerase chain readi®CR) was conducted, as
described below. Genomic DNA was isolated fromX-2 106 ipdriCD4+ T cells, using
a DNA isolation kit (QIAGEN, Hilden, Germany), according tine manufacturer's
instructions. DNA (1 ng) was then used as a template for tial-PCR, which was
performed in an iCycler (Bio-Rad, CA, USA). The amplificati reaction was done in
triplicate, using 0.5¢M primers, a 0.2«M fluorescent probe, 0.8%h dNTPs, 5nvi
MgClI2, and 2.5U Platinum Taq Polymerase (Applied Biosystefroster City, CA,
USA) in a total volume of 5Q: L. Primers 5-GGTCTCTCTGGTTAGBAGAT-3' (5'
primer) and 5-CTGCTAGAGATTTTCCACACTG-3' (3' primer) veemused, along with
the fluorescent probe, 5-6FAM-AGTAGTGTGTGCCCGTCTGTIMRA-3'. PCR con-
ditions consisted of a denaturation step afC95 for 3 mindtawed by 45 cycles
of 15 seconds at 95 , and 1 minute at(58 . Serially diluted ACBMNA (from the
National Institute of Health, USA) was also subjected to P@R above, in order to
obtain standard curves.

4. HIV-1 specific cytotoxic T lymphocyte response

An enzyme linked immunospot (ELISPOT) assay was performedoider to
establish the number of IFN-  producing cells, as descrilvediqusly®. Nitrocellulose
membranes in 96-microwell polyvinylidene difluoride-ked plates were coated
overnight at 4C with 50«L of anti-IFN-7 MAb per well. The antibody-coated plates
were then washed four times with phosphate- buffered S&iB8), and treated with
180 £« L of RPMI medium containing 10% human serum per well, fdnalir at 37C .
The responder cells for this assay were PBMCs or, when iaunfficcells were
available, CD8+ cells enriched by the negative selection PBMC with
antibody-coated magnetic beads (anti-CD4, anti-CD19, amdCD16 MAb) to remove
CD4+ cells, B cells, and natural killer cells, respectivefy total of 10 to 1¢ of
these PBMC or CD8+ cells were incubated overnight, alC37 in G@, with
HIV-1 peptides (10« L/mL) in nitrocellulose membrane 964wglhtes. The plates were
washed four times with PBS containing 1% BSA, angt 2 L of theosdary antibody
(biotin-conjugated anti-IFN¥ ~ MAb 7-B6-1) per mL was addedl ¢ach well; the
plates were then incubated for 2 hours afC37 in,.Che plates were washed four
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times with PBS containing 1% BSA, then treated with avidimimh Dbiotinylated
horseradish peroxidase H for 1 hour at room temperature. dlates were then
washed an additional three times with PBS containing 1% BS& three times with
PBS alone, followed by a 5-minute incubation with 100 L of 3miro-9-
ethylcarbazole per well. The reaction was stopped with ingntap water. Red-brown
spots, representing single CD8+ T cells producing FFN- evesunted using dissecting
microscope. PBMC or CD8+ T cells stimulated with phytoheghatinin were used as
a positive control. The number of antigen-specific, CD8<ell- producing IFN+y
cells was calculated by subtracting the number of spotifgrneells in the medium
control from the peptide-stimulated cells.

5. Sequencing of HLA-A*0201 restricted epitopes

Genomic DNA from CD4+ T cells was used for a PCR template. Titigps used
in the Pol R4 PCR were 5-GACAGCTGGACTGTCAATGAC-3' and 5'-
GTGGCTTGCCAATACTCTGTC-3. The primers used in the Gag 7pds’ PCR were
5-CCTGGCCTGTTAGAAACATCA-3' and 5-TGCTCTTCCTCTATCTTET-3'. PCR
was carried out with 1« L of template DNA, 20 pmol of each primend PreMix
(Bioneer, Daejeon, Korea) containingil g of Tag DNA polyreerin a total volume
of 20 « L. Model 2400 PE Thermal Cycler (Applied Biosystemsn Sase, CA, USA)
was used for DNA amplification, which was performed af(94 Jominutes, followed
by 35 cycles at 9¢ for 30 seconds, G5 for 30 seconds, affd 72 Of@edonds.
The PCR products were directly sequenced using the prinmetsttee Dye Terminator
Cycle Sequencing Ready Reaction Kit (PE Applied Biosystéiarrington, UK).

6. Statigtical analysis

Spearman's rank correlation or Pearson's correlation wsed to measure correla-
tions between®d the frequency of CD4+ T cells carrying HIV-bval DNA and
immunologic, virologic, and clinical parameters, afl tregdiency of HIV-1- specific
CTLs and the numbers of CD4+ T cells carrying HIV-1 provirdNA) immunologic,
virologic, and clinical parameters.



1. Results
1. Study Patients

The characteristics of the enrolled patients are desciitbetable 1. Twenty-two of
these were naive with respect to antiretroviral treatmentthe moment of blood
sampling, and 60 were receiving various HAART regimens. fffean CD4 count was
380+203 cells/« L, and the mean plasma HIV RNA level was 69388302 copiesL.

Table 1. Basdine characterigtics of patients included in the study
Characteristics

Sex (no. of male/no of female) 71:11

Age (meanzstandard deviation)

No. of AIDS patients

Mean CD4 count (cellglL)

Mean CDS8 count (cellgL)

Mean plasma HIV RNA (copies/mL)
No. of patients on HAART

39.5+9.2(22-71)
34(41.5%)
380+203(2-890)
791+387(136-2355)
69,998+387,302(<25-310M)0
60(73.2%)

2. HLA-A genotyping

HLA-A genotypes were detected in 75 subjects. Allele fregigs at the HLA-A
loci are shown in Table 2. For the HLA class | region, 9 ansgém the A locus
were identified in 75 HIV-1 infected Koreans. A02 (28.0%)24425.3%), A33 (14.0
%), A26(12.7%), and All(10.7%) were the predominant amtigeand were all
detected in frequencies exceeding 10%.



Table 2. Gene freguencies of HLA-A in 75 HIV-1 infected Koreans

Allele No. of allele Allele frequency(%)
AO01 1 0.7
A02 42 28.0
A03 3 2.0
All 16 10.7
A24 38 25.3
A26 19 12.7
A30 6 4.0
A31l 4 2.7
A33 21 14.0
Heterozygote 60 80.0
Homozygote 15 20.0

3. The frequency of CD4+ T cdls harboring HIV-1 proviral DNA and
correation between various immunologic and virologic parameters

The mean frequency, in all subjects, of HIV-1 proviral DNarboring CD4+ T
cells was 48.4+92.1 pg/ng genomic DNA. No significant défeces were detected in
the frequencies of HIV-1 proviral DNA-harboring CD4+ T sebetween the HAART-
naive patients and the patients who were receiving HAARTER..0 pg/ng genomic
DNA vs. 48.2496.9 pg/ng genomic DNAP>0.05). There was no correlation between
duration of HAART and the frequency of CD4+ T cells carrying#l proviral DNA.
There was, however, a statistically significant inverseretation detected between the
frequency of CD4+ T cells carrying HIV-1 proviral DNA, andettCD4+ T cell counts
in the peripheral blood of subjec+0.01, r=-0.307, Figure 1). However, no correlation
was discovered to exist between the frequency of CD4+ T cedisying HIV-1
proviral DNA and CD8+ T cell countsP&0.05, Figure 1). Among the patients recei-
ving HAART, the frequency of CD4+ T cells harboring HIV-1 pi@al DNA was
lower in patients in whom viral loads had been suppressedelowb25 copies/ mL
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Figure 1. Relationship between the frequency of CD4+ T cells harbotimmal

immunodeficiency virus type 1 (HIV-1) proviral DNA and immoiogic parameters.
Correlations were assessed between the frequency of aelierimg HIV-1 proviral
DNA and the numbers of CD4+ and CD8+ T c¢

than in patients with unsuppressed viral loads (20.7+331&p of genomic DNA vs.
106.1+149.3 pg/ng of genomic DNAP=0.033, Figure 2). There was no correlation
between the duration of HAART and the frequency of CD4+ Tscalrboring HIV-1
proviral DNA(P>0.05).

4. HIV-1 specific cytotoxic T lymphocyte response

We performed ELISPOT assays using HLA-A*0201 restrictegtide (Pol RT76-484
ILKEPVHGV, and Gag pl#-ss SLYNTVATL) in patients with HLA-A genotypes of
A*0201. The mean CTL response was 532+679 SPCst#lls. CTL responses could
not be correlated with either CD4+ T cell counts or CD8+ T aadunts P>0.05,
Figure 3). CTL response was higher in patientsl@) with unsuppressed viral loads
than in patientsrE13) in whom viral loads had been suppressed to undetedilss
(856 SPCs/10cells vs. 196 SPCs/iells, P=0.02, Figure 4).
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Figure 3. Relationship between cytotoxic T lymphocyte responses,assessed by
ELISPOT assays, and immunologic parameters in HIV-1 iefeqiersons with HLA- A
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ELISPOT assays, and CD4+ and CD8+ T cell counts

-12 -



1600
©1400 [
3
© 1200
o
<1000
800
600
400 .
200 o

+

CTL responses(spu

T T
nondetectable detectable
Plasma HIV RNA

Figure 4. Cytotoxic T lymphocyte responses (CTL), as determined biSEOT assays,
according to levels of plasma HIV RNA. CTL responses weréndrign patients with
unsuppressed viral loads than in patients whose viral Idedb been suppressed to
undetectable range (856 SPC&#lis vs. 196 SPCs/iells, P=0.02).

5. Reationship between the level of HIV-1 proviral DNA and HIV-
specific cytotoxic T lymphocyte response

In the patients with HLA-A genotype of HLA-A*0201, who alsmgsessed undetec-
table plasma viral load levels, the frequency of HIV-1 praviDNA-harboring CD4+
T cells did not correlate with CTL responBe(.604, Figure 5).
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Figure 5. Relationship between the frequency of CD4+ T cells hargohioman immu-
nodeficiency virus type 1 (HIV-1) proviral DNA, and cytoioxXT lymphocyte responses,
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as determined by ELISPOT assays, in HIV-1 infected persdtis MLA-A genotypes
of A*0201. Correlations were assessed between the frequehcCD4+ T cells har-
boring human immunodeficiency virus type 1 (HIV-1) proVildNA, and spot- forming
cells in ELISPOT assays.

6. Escape mutations within the HLA-A*0201-restricted CTL epitope

Among the 28 patients studied with HLA-A genotype of HLA-&ML, 18 (64.3%)
exhibited sequence variations in the Gag 7pisepitope(Table 3).

Table 3. Gag pl7e epitope sequence variation among HLA-A*0201-postive subjects

Peptide CD4+ T cell .
Subjects counts HIV- RNA  proviral DNA CTL responses
| K E P V H G V (cellshL) (copies/mL) (pg/ng) (SPCs/1bcells)
3 | L K E P V H G V 666 3,000 4.63 580
8 | L K E P V H G V 381 <25 22.27 255
10 | L K Q P V H G V 551 50 115
16 | L R E P V H G V 404 75,000 34.25 430
20 | L K VvV P V H G V 223 <25 21.76
22 | L K E P V H G V 268 <25 0.46
26 | L K E P V H G V 245 3,200 126.53 993
29 | L K E P V H G V 647 <25 2.81 175
30 | L K E P V H G V 243 67,000 71.33 158
33 | L K E P V H G V 259 <25 118.84
34 | L K T P V H G V
38 | L K H P V H G V 234 <25 18.12 763
40 | L K E P V H G V 262 <25 33
42 | L K E P V H G V 269 4,900 48.66 120
44 | L K Q P V H G V 827 <25 155
45 | L K Q P V H G V 407 24,000 48.83 195
48 | L K E P V H G V 286 3,200 2.77 2,570
49 | L K E P V H G V 157 22,000 482.82 175
51 | L K Q P V H G V 386 <25 4.86 110
61 I L K E P V H G V 535 2,300 2.58 2,053
64 | L K T P V H G V
66 | L K E P V H G V 393 <25 0.84 378
69 | L K E P V H G V 327 21,000 20.57 483
72 | L K A P V H G V 555 <25 92.84 38
74 | L K E P V H G V 262 120 32.78 1298
75 | L R E P V H G V 725 11.15 708
78 | L K E P V H G V 616 <25 5.48 250
83 | L K E P V H G V 285 <25 0.15 70
85 | L K E P V H G V
88 | L K E P V H G V 242 <25 31.42 83
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There were no differences in CD4+ T cell counts, plasma HIVARNe frequency
of HIV-1 proviral DNA-harboring CD4+ T cells, or CTL resparss between the patients
with and and those without escape mutants.

Among 26 patients studied with HLA-A genotypes other thanAH02, 19 (73.1
%) exhibited sequence variations in the Gagrpds/epitope(Table 4).

Table 4. Gag pl7r.ss epitope sequence variation among HLA-AO2-negative subjects

Subjects Peptide CDg;uItsce” HIV RNA  proviral DNA
S L Y N T vV A T L (cellshL) (copies/mL) (pg/ng)
4 s L Y N T V A T L 677 <25 10.04
5 s L F N T V A T L 411 620 228.74
7 s L Y N T V A V L 355 7,300 11.02
9 s L F N A V A V L 407 <25 72.94
15 s L Y N A V A V L 275 28,000 186.42
19 s L F N L V A T L 392 <25 2.29
23 s L F N A V A V L 591 <25 3.08
24 s L Y N T V A T L 31 1,500,000 311.13
25 s L F N T V A T L 584 7,500 0
27 s L Y N T V A T L 270 <25 19.53
32 s L Y N T V A T L 281 120,000 20.64
a1 s L F N T V A T L 359 <25 42.04
43 s L F N T V A T L 268 3,600 181.79
46 s L Y N T V A T L 196 <25 94.43
a7 s L Y N T V A V L 445 <25 1.02
53 s L F N T I A T L 111 2,800 394.69
55 s L F N T V A T L 393 710 22.60
56 s L F N A V A V L 70 <25
57 s L F N T V A T L 890 <25 4.10
58 s L F N T I A T L 715 <25 0.22
65 s L Y N T 1 A T L 611 5,700 15.26
67 s L Y N T V A T L 275 <25 1.26
68 s L F N T V A T L 266 <25 2.49
73 s L F N T V A T L 226 81 248.89
77 S L H N T V A V L 461 <25 0.51
80 s L Y N T V A T L 3,600 77.02
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Among 30 patients studied with HLA-A genotype of HLA-A*02011 (36.7%) exhi-
bited sequence variations in the Pol JRTss epitope(Table 5).

Table 5. POl RTas4 epitope sequence variation among HLA-A*0201-postive subjects

Subjects Peptide CDi;u:tsce" HIV RNA  proviral DNA  CTL responses
S L Y N TV A T L (cellshiL) (copies/mL) (pg/ng) (SPCs/l&:eIIs)

3 S LY N T V A T L 666 3,000 4.63 580
8 S L F N T V A T L 381 <25 22.27 255
10 S L F N T V A T L 551 50 115
16 S L F N T V A V L 404 75,000 34.25 430
20 S L F N T V A T L 223 <25 21.76
22 S L F N A | A V L 268 <25 0.46
26 S LH N T V A V L 245 3,200 126.53 993
29 S LY N T V A A L 647 <25 2.81 175
30 S LY N T V A T L 243 67,000 71.33 158
33 S LY N T V A T L 259 <25 118.84
37 S L F N A V A V L 113 9,600 41.56
38 S LY N T V A T L 234 <25 18.12 763
40 S L H N T V A T L 262 <25 33
42 S LY N T V A A L 269 4,900 48.66 120
44 S L F N A V A T L 827 <25 155
45 S L F N T | A T L 407 24,000 48.83 195
48 S LY N T V A T L 286 3,200 2.77 2,570
49 S LY N T V A T L 157 22,000 482.82 175
51 S L F N T V A T L 386 <25 4.86 110
61 S L F N T V A T L 535 2,300 2.58 2,053
66 SV F N L V A V L 393 <25 0.84 378
69 S L H N T V A T L 327 21,000 20.57 483
72 S L F N T V A T L 555 <25 92.84 38
74 S LY N T V A T L 262 120 32.78 1298
75 S LY N T V A T L 725 11.15 708
78 S LY N T V A T L 616 <25 5.48 250
83 S LY N T V A T L 285 <25 0.15 70
88 S LY N L V A T L 242 <25 31.42 83
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Among 32 patients studied with HLA-A genotypes other thanAFA02, 10(31.3
%) exhibited sequence variations in the PolsR87s4 epitope(Table 6).

Table 6. POl RTae4s1 €pitope seguence variation among HLA-AO2-negative subjects

Subjects Peptide CDg;uItsce” HIV RNA  proviral DNA
| L K E P \% H G Y (cellshL) (copies/mL) (pg/ng)
4 | L K E P V H G V 677 <25 10.04
5 [ L K T P V H G V 411 620 228.74
7 I L K E P V H G V 355 7,300 11.02
9 I L K E P V H G V 407 <25 72.94
15 Il L K E P V H G V 275 28,000 186.42
19 I L K E P V H G V 392 <25 2.29
23 I L R T P V H G V 591 <25 3.08
24 Il L K E P V H G V 31 1,500,000 311.13
25 I L K E P V H G V 584 7,500
27 I L K A P V H G V 270 <25 19.53
32 I L K E P V H G V 281 120,000 20.64
35 I L K R P V H G V 381 1,200 22.16
36 I L K E P V H G V 472 6,300 6.18
39 I L K E P V H G V
41 I L K H P V H G V 359 <25 42.04
46 I L K E P V H G V 196 <25 94.43
a7 Il L K E P V H G V 445 <25 1.02
53 I L K T P V H G V 111 2,800 394.69
55 I L K E P V H G V 393 710 22.60
57 Il L K E P V H G V 890 <25 4.10
58 I L K E P V H G V 715 <25 0.22
65 I L K E P V H G V 611 5,700 15.26
67 Il L K E P V H G V 275 <25 1.26
68 I L K E P V H G V 266 <25 2.49
71 I L K E P V H G V 603 <25 100.12
73 Il L K V P V H G V 226 81 248.89
76 I L K T P V H G V 54 <25
77 I L K E P V H G V 461 <25 0.51
80 Il L K E P V H G V 3,600 77.02
82 Il L K D P V H G V 2 94,000
84 Il L N E P V H G V 625 <25 8.50
87 Il L K E P V H G V 284 99, 000
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V. Discussion

The use of HAART in the treatment of HIV-1 infected individlsiehas contributed
to sizable declines in both the incidence of AIDS, and AlB@ted mortality 1.
However, even continuous HAART treatment does not resulihén complete elimina-
tion of viral replication in the peripheral blobt, and HAART is also unable to halt
replication in cells containing competent HIV-1 proviraNR These facts underscore the
impossibility of eradicating HIV-1 using only HAART***

Three phases of viral decay following HAART have been desdfi The decreased
plasma viral load in the first phase reflects two processesntoinsic decay: the
clearance of free virions from the plasma with a half-lifiéd)y of <6 h, and the decay
of short-lived infected CD4+ T lymphocytes, with a t1/2 of21days". The second
phase represents the clearance of the viral reservoir froectéd macrophages and
mononuclear cells in the lymphoid tissues, with a t1/2 of Wwekk§”. The observation
that memory CD4+ lymphocytes have a mean inter-mitotic opeidf 22 weeks is
consistent with the t1/2 of proviral DNA in the PBMCs of patie receiving HAART
It also suggests that CD4+ T cells may serve as latent reéserfoo the third phase.

HAART also does not result in the elimination of HIV-1 resars, as reflected by
the frequency of HIV-1 proviral DNA-harboring CD4+ T cellsThis finding is
consistent with the reports of other researchers. Modedingies built on projections
of decay curves have estimated that in a setting of prolorsyggbression of plasma
viremia by antiretroviral therapy, to <50 copies of HIV RNAerpmilliliter, it would
require from 7 to 70 years for the pool of latently infectediscéo be completely
eliminated®. Furthermore, the reservoir of latently infected cells éplenished during
minor rebounds of virus replication. These rebound eps&saday occur intermittently,
even in patients who for the most part are treated sucdgssand major viremic
rebounds will certainly occur in patients whose therapynieriupted for a period of
weeks or longéf. Differences in HIV-1 proviral levels according to the degrof
suppression of plasma HIV RNA in patients receiving HAARTghti be caused by
the dynamic differences between the three phases of vicayd®llowing HAART.

The inverse correlation existing between CD4+ T cell couwamtsl HIV-1 provirus
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levels is also consistent with the findings of another studi that study, a signi-
ficant inverse correlation was demonstrated to exist lmtwie frequency of HIV-1
proviral DNA-bearing CD4+ T cells, and CD4+ T cell counts. inigar pattern was
discovered with regard to the CD4+.CD8+ T cell ratio in HiVirffected individuals
receiving HAART, and in whom plasma viremia had been suppredelow the limit
of detection for prolonged periods of time.

The ability to generate high levels of broadly specific -4ii/-1 CTL is considered
to be a critical component of the host immune response to Bfi¥s CTL recognize
peptides derived from endogenously synthesized viraleim&t which are processed
intracellularly and presented as a complex with MHC classolenules and beta 2-
microglobulin at the surface of infected cdllsThe specific interaction of the T cell
receptor heterodimer and the peptide/MHC complex resultshé activation of CTL
response, and the subsequent control of viral replicatianbgth cytolytic and noncy-
tolytic mechanism&, thereby providing an overall antiviral effect, which ikely to
be important in both the acute and chronic phases of infétffd

In this study, we examined CTL responses directed againgtlktlerived epitopes
restricted by HLA-A*0201, the most common class | allele irsinethnic popula-
tions. The magnitude of CTL response was not correlated withviral burden in
these chronically infected persons. Augmentation of CTipaemrses requires sufficient
levels of antigen, functional T-helper-cell responsesy amtact antigen presentation
network§”* HIV-1 infection appears to disturb both the antigen priediem networks
and the T-helper-cell respon$é€ and these disturbances may be greater in subjects

A+ These

treated during chronic infection than in those treatednduearly infectio
disturbances would also affect the abilty of CD8+ T cells respond to antigen.
Minimal expression of viral antigens has also been obseiveithe resting state of T
cells. Therefore, the augmentation of CTL responses coult] by itself, affect
latency reservoirs.

Another study had suggested that CD8+ T cells exhibit posempipressive activity
against HIV replication in the latent viral reservoir, vidredt cellular contact, in
patients who are naturally long-term nonprogressors, ahdase treated with HAARY.
This study suggested that other antiviral activities of €DB cells, other than CTLs,

were responsible for the suppression of HIV replication he testing CD4+ T cell
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reservoirs.

Although the selection pressure associated with antiviralg therapies has been
well documented, less is known about the immune selectiosspre exerted by CTL
At least one study of primary infection has demonstrated eheergence of viral
sequence variants not recognized by the initial CTL resdonbut this has not been
a universal finding. Other studies have generated conflicting data regardimguine
selection pressure on the population of viral variants iromic HIV infection™>">!
Other studies have suggested that CTL may be present, Wteactive in vivo. Such
impairment may be related to a lack of sufficient helper atictiorr™>

The emergence of the immune escape mutant is considered tmebef the main
obstacles to immune-based therapy, most notably in thelogewent of therapeutic
vaccines. In this study, there were a large proportion of (¥dcape variants in
patients. However, a comparison of viral sequences deficed HLA-A*0201 positive
individuals to sequences obtained from HLA-AO2 negativdividuals demonstrated
only weak evidence suggesting immune selective pressuus, liringing into question
the in vivo efficacy of immunodominant CTL responses preskming chronic HIV-1
infection.

This study has some limitations. It features cross-sedttibndings, and the sequence
variations of epitopes were not compared with the sequen€ekorean reference
strains. The serial follow-up of viral sequence variatiomd a&omparison of sequences
to those of Korean reference strains would facilitate a nmeeise characterization of
the CTL escape mutant. The heterogeneity of the study papulaonstitutes another
limitation of this study.

Despite some limitations, this study delineates the lifoita inherent in HAART
and other immune-based strategies, as have previous ssttlies clear that another
strategy will be necessary with regard to eradication of hiiféction.

_20_



V. Concluson

HAART did not eradicate proviral DNA, as had been estabiishe previous
studies. CTL responses were affected by plasma HIV RNA, butbg proviral DNA.
Immune escape mutants were detected in these chronicallyl Hhfected Koreans,
and the immune escape mutant is considered to be one of the ahatacles to
immune-based therapy. However, a comparison of viral segsederived from HLA-
A*0201 positive individuals to sequences obtained from HA@R negative individuals
demonstrated some weak evidence for immune selectiveumesthus bringing into
guestion thein vivo efficacy of immunodominant CTL responses during chroni®/-Hl
1 infection. As HAART and HIV-1 specific CTL are insufficierto eradicate proviral
reservoirs, another strategy must be devised in order tlicata HIV infection.
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Abstract (In Korean)
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CD4 %A THEZTE Rttt 1A CD4 ¥4 TAE SolA HIV-1 provirust
A= CD4 4 A28 &S Z74st7] f1ste] CD4 /3 TAIE2] genomic DNA
5 F3Oo= real time PCR: 333t} . CTL respons@l =& =43s}7] 9135}
HLA-I A3}t peptideE AH&-3Fe] Enzyme linked immonospot (ELISPOT) assSay:

HA7)s o 71 223k A8S 3l
o)

o}
=

ol
2o

s R0
*

ol
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o
S
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J3FATh HIV-1 5o] CTL HE-S-3} HIV-1 provirus?l 1= CD4 3 AlEe] Hl&
7ke] ¥ A= Spearman's rank correlatioht}  Pearson's correlgtiokt-8-5}o]
A8t

A3 HIV-1 provirus’t 9l& CD4 ¥4 A9 H]&2 HAARTE Alaiut> &
2o} A|3PRbx] ke B1x} 7holl fro)3k xpolzk Itk HIV-1 provirus’l 1= CD4
P Mzl Hl&2 CD4 YA THIZESFS frole 99 AadAE YeElokP=
0.01, r=-0.307). HAARTE Al 5% $x}5olA &4 nlol|~ s=7F HETH
njnko 2 Ao Ql= A= A 2] HIV-1 provirus’t 1= CD4 & Aol v
o] vlolg|x FE7F AAE A Ze AR Sbt(P=0.033). CTL #FH-2 &
o]l s AAEA] e gApEe] I vpoly A Fvt oAlE kAt
EHTE Ei(P=0.02). @Y vlole]s FEIL JAHo] Ut HLAA02 #49
S A APl A HIV-1 provirus’} &= CD4 A AEQ] H]E&3} CTL WHe-&
A BAZE IATHP=0.604). HLA-A* 0201 +34 &S A 325 5 64.3%] 4]
Gag pl#.ss epitope F-212] escape variatioh UEFSITE . HLA-A o] AR o}
d 3x}E T 73.19%0 4 Gag pl#ss epitope F-912] G714 <E Wo 7k vrERSE

ZAE: HAARTE 7|E9 At Aol vpx7EX|2 HIV proviral DNAS a,\OHX]
5ol o2 YERsh CTL WHs-2 proviral DNAC olaiM &= daktx] ¢kar
Al mpolE =0l of Foll ofsfAnt @ W= Ao g vtk o gl
HIV 24 7¥°ﬂ;<}0ﬂ/ﬂ " escape mutart AT Lk, HLA-A*0201+ 3
Q1 wF HLV-A02 #d&o] obd ot Ate]e] HLA-A*0201 A3 epitope?] ofv|=
Ab A7IAE S Bl B A WY dEsiEo] v HIV AR AAY e
A2 S AR B 7FsAdo] S-S UERTE HAARTS} CTL ©] provirus
resernvoie §1 4= glom g | HIV XS 93 thE Hdeko] e sittal Al HL,

m&zL'

¢

AANEE T HV, HIV 24 $34 WIZHS, proviral DNA, Al Z5A
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