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Introduction

Summary

In China, the majority of human immunodeficiency virus (HIV) infections
are predominately subtype B. It is important to characterize the HIV-1
subtype B-specific and its T cell response within the Chinese population,
with the aim of identifying protective correlates of immunity to control
HIV-1 infections. In this study, we performed a comprehensive analysis
looking into the magnitude/strength of T cell responses directed at the Gag
protein of the HIV-1 subtype B, one of the most conserved HIV-1 proteins.
The study group consisted of anti-retroviral native and chronic HIV-1
subtype B-infected individuals. We used enzyme-linked immunospot
(ELISPOT) assay to quantify the total T cell responses to HIV-1 Gag at the
single peptide level. Twenty-eight (38%) peptides were recognized in 24
(82:8%) individuals. The p24 was identified as the most frequently recog-
nized subunit protein with the greatest T cell response in the test, which cor-
related positively with CD4" T cell count and inversely with viral load (VL).
At the level of the human leucocyte antigen (HLA) supertypes, we detected
the highest levels and a significant correlation with both the CD4" T cell
count and the VL with Gag T cell responses in Bw4/Bw4. These findings
demonstrate that (i) the HIV-1B Gag p24-specific immune responses play an
important role in controlling viral replication and slowing clinical progres-
sion; and (ii) HLA-Bw4/Bw4 allele has stronger T cell responses, which is
associated with slow clinical progression in Chinese HIV patients.

Keywords: Gag, HIV-1-specific, HLA, T cells

analysis of HIV-1B-specific immune responses, dealing with
both CD4 and CDS, in the context of a vaccine design. The

Human immunodeficiency virus (HIV) viral load (VL)
and CD4" T cell count are the key markers of disease
progression. The relationship between HIV-induced
immune responses and virological control remains conten-
tious. Inverse correlations between HIV-specific T cell
responses and concurrent plasma VL have been demon-
strated by some researchers [1-4], but could not be con-
firmed by others [5-9]. Furthermore, some studies reported
discordant correlations between T cell responses and VL
(count/response), and those numbers demonstrated these
relationships to be determined by the infecting clade, target-
ing of the subdominant epitopes [10], region of HIV
targeted [4,11,12] and how far the disease has developed
[13]. HIV-1 subtype B (HIV-1B) is the most prevalent
HIV-1 subtype both in China and globally. The emergent
ascendancy of HIV-1B indicates a need for a comprehensive

introduction of major human leucocyte antigen (HLA)
class I supertypes that grouped the major histocompatibi-
lity complex (MHC) class I alleles, on the basis of their
functional properties, allowed us to address associations
between T cell responses and plasma VL within the HLA
supertypes [14]. We focused on the Gag protein because it
was the more highly conserved region of HIV-1.

Recently, the first successful Phase III HIV vaccine trial
was reported from Thailand [15], although its efficacy was
marginal. For the development of a more effective vaccine,
it is crucial to understand accurately the influence of
sequence variation among HIV subtypes and HLA diversity
among ethnic groups. In this study we aimed to provide
more information about T cell epitopes in HIV-B infec-
tions; we addressed the associations between the virus-
specific T cell immune responses and plasma VL, CD4*
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T cell count and the HLA supertype in the course of a
natural HIV-1B infection in Chinese citizens and evaluated
the possible ways in improving the HIV-1B Gag p24-
specific immune responses during the progression of HIV.

Materials and methods

Study population

This study was approved specifically by Beijing YouAn
Hospital Ethics Committee and was conducted according
to the set guidelines for research. Written informed
consent was obtained after explaining the purpose and
expected consequences of the study. Twenty-nine HIV-1B-
infected individuals were enrolled into an ongoing study
concerning clinical progression of HIV infection in
patients at the Beijing YouAn Hospital (Beijing, China).
The study groups consisted of chronically infected indi-
viduals with confirmed serodiagnosis of HIV and reported
as having no prior history of anti-retroviral therapy. Diag-
nosis of the HIV-1 infection was made using the solid-
phase method with enzyme linked immunosorbent assay

Table 1. Characteristics of the study patient cohort.

(ELISA) kits, which were provided by the National AIDS
Control Organization, located in China, and infections
were confirmed further by Western blot (WB) test. The
characteristics of the subjects in our study are detailed
in Table 1. Blood samples were obtained after written
informed consent during scheduled visits. As health con-
trols, we also included into our study 20 individuals who
were tested as being seronegative for both HIV-1/2 and for
hepatitis B and C. Along with the above-mentioned group,
individuals who were screened for acute illnesses and
infections requiring treatment were also included into our
study, although pregnant females and patients with blood
dyscrasias were excluded.

HLA typing

Genomic DNA was extracted from the patient’s peripheral
blood mononuclear cells (PBMCs) with the QIJAamp DNA
Mini Kit (Qiagen, Hilden, Germany). HLA tissue typing was
performed initially at low/medium resolution, using the
polymerase chain reaction-sequence specific primers (PCR-
SSP) method adapted from Bunce [16]. High-resolution

Patient ~ Laboratory First positive  poute of CD4" T VL HLA typing
no. ID Age Sex Test time transmit  cell count  (log) Al A2 Bl B2 BWI  BW2
1 C107 25 Male 2006 Sex 573 29 A*02 A*31 B*15 B*15 BW6 BW6
2 C108 28 Male 2004 Sex 429 42 A*02 A*33 B*58 B*46 BW4 BW6
3 C109 35 Male 2004 Sex 280 50 A*02  A*31 B*40 B*46  BW6  BW6
4 Cl116 39 Male 2003 Sex 159 33 A*02 A*24 B*40 B*51 BW4 BW6
5 C131 33 Male 2003 Sex 358 47 A*03 A*31 B*51 B*51 BW4 BW4
6 C152 27 Male 2006 Sex 328 45 A*02 A*30 B*13 B*15 BW4 BW6
7 C155 27 Male 2004 Sex 523 45 A*01 A*02 B*57 B*39 BW4  BW6
8 Cl168 30 Male 2003 Sex 306 2-8 A*02 A*11 B*40 B*51 BW4 BW6
9 C17 32 Male 2003 Sex 679 41 A*02 A*26 B*08 B*40 BW4 BW4
10 C187 39 Female 2005 Blood 470 32 A*03  A*24  B*07 B*15 BW6  BW6
11 C199 27 Male 2007 Sex 250 4-6 A*24 A*24 B*40 B*15 BW6 BW6
12 C206 27 Male 2006 Sex 224 4-8 A*02 A*11 B*40 B*15 BW6 BW6
13 C226 50 Male 1998 Sex 467 45 A*02 A*02 B*48 B*52 BW4 BW6
14 C236 28 Male 2001 Sex 358 37 A*02  A*11 B*46 B*51 BW4  BW6
15 C238 27 Male 2005 Sex 359 3.7 A*11 A*11 B*07 B*52 BW4 BW6
16 C246 22 Male 2006 Sex 449 3-0 A*02 A*24 B*40 B*38 BW4 BW6
17 C284 24 Male 2005 Sex 406 4-3 A*02 A*11 B*39 B*15 BW6 BW6
18 C30 49 Male 2002 Sex 350 45 A*02  A*02 B*13 B*15 BW4  BW4
19 C309 31 Male 2005 Sex 357 6-0 A*02 A*02 B*40 B*51 BW4 BW4
20 C310 29 Male 2008 Sex 190 44 A*33 A*33 B*44 B*58 BW4 BW6
21 C323 25 Male 2005 Sex 255 49 A*02 A*11 B*07 B*52 BW6 BW6
22 C331 27 Male 2007 Sex 256 27 A*02  A*02 B*46 B*15 BW6  BW6
23 C341 36 Male 2007 Sex 342 6-0 A*03 A*30 B*13 B*15 BW4 BW6
24 C342 30 Male 2005 Sex 340 49 A*03 A*30 B*07 B*52 BW4 BW4
25 C356 22 Male 2006 Sex 335 2-4 A*02  A*24 B*27 B*46  BW4  BW6
26 C359 31 Male 2007 Sex 569 2:5 A*02  A*24  B*07 B*52 BW4 BW6
27 C375 25 Male 2005 Sex 276 42 A*02  A*29 B*40  B*35 BW6  BW6
28 C393 29 Male 2004 Sex 271 3-4 A*02 A*29 B*39 B*15 BW6 BW6
29 C394 26 Male 2007 Sex 543 42 A*02  A*24  B*40 B*15 BW6  BW6

HLA: human leucocyte antigen.
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HLA class I typing was performed by PCR, using reference
strand conformational analysis (RSCA), as described
previously [17].

PBMC isolation

Fresh blood was obtained by phlebotomy. PBMCs were then
isolated from ethylenediamine tetraacetic acid (EDTA),
treated and heparinized; the sample blood was then placed
onto a Ficoll-Hypaque density gradient (Sigma, St Louis,
MO, USA) and finally cryopreserved [90% fetal calf serum
(FCS), 10% dimethylsulphoxide (DMSO)] at —196°C until
needed for testing.

Plasma viral load, CD4* T cell counts

The HIV-1 RNA plasma viral load and CD4" counts were
quantified using the HIV-1 RNA 3-0 bDNA assay (Bayer,
Leverkusen, Germany) and fluorescence activating cell
sorter (FACS) count (Becton Dickinson, San Jose, CA,
USA), respectively, according to the manufacturer’s instruc-
tions. The threshold for RNA detection was at 50 copies/ml.
In our study all plasma viral loads are presented as log,
transformed data.

Synthetic HIV-1 Gag overlapping peptides (OLPs)

HIV peptides were obtained through the National Institute
of Health, AIDS Research and Reference Reagent pro-
gramme (https://www.aidsreagent.org/). Peptides were syn-
thesized by Sigma and by the Medical Research Council
Human Immunology Unit (WIMM, Oxford, UK); 18-mer
peptides overlapping by 10 nucleotides and representing the
consensus clade B proteome were pooled into the Gag
protein, as described previously [18-20].

Interferon (IFN)-Y enzyme-linked immunospot
(ELISPOT) assay

The lyophilized peptides were dissolved in DMSO (Sigma)
and then in RPMI-1640 medium at a concentration of
1 mg/ml. The single peptide was pooled and the final con-
centration of each peptide was measured at 4 pg/ml. The
PBMCs, stored at —180°C, were thawed and cultured at
37°C for 18 h in RPMI-1640 medium (Hyclone, Logan, UT,
USA) with 10% FCS (Hyclone), 200 mmol/l L-glutamine
(Sigma) and antibiotics (100 U penicillin and 100 mg/ml
streptomycin; Lukang, Germany), the cultured cells (10%)
were then added to each well in a 96-well microtitre high-
affinity plate (MAIPS4510; Millipore, Boston, MA, USA),
precoated with an anti-interferon (IFN)-y antibody (10 g/
ml; Mabtech, Nacka Strand, Sweden). The single peptide
was added at a concentration of 4 pg/ml unstimulated; phy-
tohaemagglutinin (PHA; Biostat, Germany)-stimulated cells
served as negative (mock) and positive controls, respec-
tively. The assay was performed in the same manner. The

plate was incubated for 16 h at 37°C in 5% CO,. The IFN-y
producing cells were then made visual with a biotinylated
anti-IFN-y secondary antibody (Mabtech) and an enzyme-
substrate complex, which included avidin-bounded bioti-
nylated horseradish peroxidase (Bio-Rad, Hercules, CA,
USA) and the chromogen substrate (Biorad). The deep-
brown-coloured spots with decreasing density radiating
from the centre were counted by the AT-Spot 3000 Elispot
Analysis system (Antai Yongxin, Beijing, China). The assay
was considered valid only if positive (PHA-stimulated)
control wells showed 1100 spots/10° cells, and if the nega-
tive control wells showed 10 spots/10° cells. To determine
the threshold background responses to HIV-1 peptides,
PBMCs from 20 HIV-1-seronegative individuals were
assessed by ELISPOT assay. The mean numbers of spots for
HIV-1 Gag obtained from HIV-1-seronegative individuals
were read at 3. The following two criteria were used to
determine a positive response: (1) the mean number of
spots against the respective antigen in HIV-1-seronegative
subjects + 3 standard deviations (s.d.) was considered to be
a cut-off point for a positive reading; and (2) peptide wells
with > 10 spots more than the background (as opposed to
the number of spots obtained in the negative control wells
of the respective study subject) were considered positive.
The results were expressed as spot-forming units (SFU)/10°
cells.

Statistical analysis

Statistical analysis was performed using Excer 2007 and
spss. The number of individuals with positive responses to
pl7, p24 and pl5 proteins was compared using Fisher’s
exact test. We then analysed the association between the
breadth in terms of cell count and clinical outcome (CD4* T
cell count and VL) using the Mann—Whitney U-test and
Spearman’s correlation test measured between the magni-
tude of T cell response and clinical outcomes (CD4" T cell
count and VL). We also employed one-way analysis of vari-
ance (ANova) of the differences in the various T cell
responses among the MHC class I supertypes. The OLP rec-
ognition was confirmed by a single peptide ELISPOT
experiment.

Results

Among 29 individuals, 24 (82:8%) were recognized to have
at least one peptide present; the average cell count range
was 874 SFU/10° cells (range 60-3905) (Fig. 1). Of 61 OLPs,
23 (37-7%) were recognized in at least one individual: five
peptides located in pl7 were targeted in 14% of the sub-
jects; 14 peptides in p24 and four peptides in p15 were rec-
ognized in 48 and 17% of those who participated in the
study; six OLPs were recognized in one subject and the
other 17 OLPs were recognized in more than one of the vol-
unteers. G5 (HIVWASRELERFAVNPGL) was the highest
ratio sum of all the responses from the various individuals,
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Fig. 1. Magnitude of human immunodeficiency virus (HIV)-1
subtype B Gag-specific T cell responses in 29 HIV-1B-infected
individuals. Measured as interferon (IFN)-y enzyme-linked
immunospot (ELISPOT), represented as spot-forming units
(SFU)/10° peripheral blood mononuclear cells.

with 3986 SFU/10° cells and peptide frequency at 17% in all
the recognized peptides, which was located in P17. The
other most frequently recognized peptides were located in
p24: G33 (EIYKRWIILGLNKIVRMY), which was recog-
nized in five individuals, G18 (GQMVHQAISPRTLN
AWVK) in four individuals and G42 (TILKALGPAATL
EEMMTA) in four others (Fig. 2).
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Fig. 2. Magnitude and Frequency of 61 human immunodeficiency
virus (HIV)-1 subtype B Gag overlapping peptides (OLPs). The total
magnitude of T cell responses specific for each tested peptide is shown
as bars in the left part of the graph. The frequency of each tested
peptide is shown as bars on the right part of the graph. Significant
differences were observed when comparing the magnitude and
frequencies for different peptide sets.
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Fig. 3. Total magnitude and average frequencies of the human
immunodeficiency virus (HIV)-1B Gag subunit proteins
(P17,P24,P15). The left histogram shows total magnitude

per protein. The right histogram was average frequency per
peptide per protein.

When looking at the three subunits of Gag (P17, P24,
P15), P24 was the most highly targeted protein region and
its ratio was at 12 363 SFU/10° cells; average frequency per
peptide was 4-2%. This was followed by pl7 (sum magni-
tude 5799, frequency 2:9%). The one with the lowest mag-
nitude was pl5 (sum magnitude 2927, frequency 1-4%)

(Fig. 3).

ELISPOT breadth, magnitude and clinical outcome

First, we examined the various correlations with the CD4* T
cell count and VL. The results showed that there were no
significant correlations with the overall responses and the
CD4" T cell count; the same was found with the plasma VL
(Fig. 4a). Interestingly, in a site-specific analysis, we found a
significant association with CD4" T cell count and VL only
in p24. The CD4" T cell’s median count was significantly
higher with regard to 402 cells/ul (range 270-573) than
297 cells/ul (range 159-406) among those with a greater
breadth of responses, in individuals with two and one
responses, respectively (P =0-00018), but not in other sites
(Fig. 4b, middle). The VL median was significantly higher
in 491 log copies/ml (range 4-22-5-80) than 3-71 log
copies/ml (range 2-36—4-93) individuals with a greater range
of responses, in individuals with three and two responses,
respectively (P=0-0016), but not in other sites (Fig. 4c,
middle).

We next investigated the relationship between the various
ranges of cell count and VL and clinical outcome. There
were no significant correlations with the total magnitude of
responses and the CD4" T cell count and VL (R*=0-007,
P=0-656; R*=0-112, P=0-076) (Fig. 5a). In a detailed site-
specific analysis, the range of differences in cell count and
VL in p24 had a significant correlation with clinical
outcome, both in CD4"* T cell count (R*=0-229, P = 0-038)
(Fig. 5b) and VL (R*=0-223, P = 0-041) (Fig. 5¢), but not in
other sites (samples).
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HLA supertypes and clinical outcome

Host genetic factors play an important role in mediating
resistance to a HIV-1 infection and may modify the course
of the virus infection. HLA-B alleles (Bw4 epitope; B*27
and B*57), as well as killer cell immunoglobulin-like recep-
tors, have been associated with slow progression of HIV-1
infection. Based on this theory, the patients were classified
as Bw4/Bw4, Bw6/Bw6 and Bw4/Bw6, three HLA super-
types, and the associations between HIV-1B-specific T cell
responses and CD4" T cell count and plasma VL were
analysed. In a detailed HLA supertype analysis, numerical
counts in Bw4/Bw4 had a significant correlation with
clinical outcome both in CD4" T cell count (R*>=0-779,
P=0-048) (Fig.6a) and VL (R*=0-797, P=0-040)
(Fig. 6b); no statistically significant association was
observed between either CD4* T cell count or plasma VL

and responses with Bw4/Bw6 and Bw6Bwé6 (Fig. 6a,b).
Compared to the quantative T cell responses in Bw4/Bw4,
Bwo6/Bw6 and Bw4/Bw6, three HLA supertypes, the highest
range of T cell responses was observed in Bw4/Bw4, signifi-
cantly higher than Bw6/Bw6 (P <0-05) and Bw4/Bw6
(P<0-01) (Fig. 7).

Discussion

In the past decade, the correlation between T cell responses
and immune control of HIV-1 infection has been explored
extensively, and some controversial results have been
reported [21-25]. Some previous studies have shown an
inverse correlation between the magnitude and frequency of
HIV-specific CD8* T cells and plasma VL [26-29], whereas
such correlations were not observed in other studies
[7,30,31]. In this study, our results showed that there were
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(HIV) T cell responses to haemagglutination inhibition assay (HIA).
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significantly higher than Bw6/Bw6 and Bw4/Bwo6; * and **, significant
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variance analysis.

no statistically significant correlations between total quanti-
tative range and breadth of T cell responses and plasma VL
or CD4* T cell count.

A recent study has demonstrated that the responses of T
cells to different HIV proteins had discordant associations
with plasma VL, which resulted in effective T cell responses
without a demonstrable biological impact in patients with
chronic HIV infection [32]. In this study, the data demon-
strated that the relative quantitative magnitude of T cell
responses targeting Gag-p24 correlated with CD4" T cell
count (>350 cells/ul) and VL. The significance between
these correlations has yet to be understood completely. In
the present study, Gag p24 was the most recognized antigen
among the study population, with 65% (35 of 54) respond-
ing to Gag P24. This was consistent with the findings of
other studies with individuals infected with HIV-1 subtype
B, irrespective of the nature of antigens used in the study
[33]. The broader and stronger p24 responses observed in
the present study supports the thesis of a dominant role of
Gag-specific T cell epitopes in the natural course of HIV-1
subtype B infection among the Chinese citizens who were
studied. The correlation between virus-specific immune
responses and plasma VL in HIV-1B Gag, and particularly
in Gag p24, suggests an important role of p24-specific T cell
responses in the control of viraemia. The highly conserved
p24 appears to have functional constraints and may not be

flexible for accumulation of new mutations which, in turn,
would allow control of the virus by a capable Gag p24-
specific T cell response. These findings may lead researchers
to look further into the relative importance of HIV proteins
for vaccine design, and suggest that the Gag p24 might be
the most plausible region to include in vaccine candidates
for inducing T cell immune responses that could contain
viraemia. Several papers have discussed the advantages of T
cell immune pressure against p24 for viral control, which
includes selection of escape mutations that lead to viral
fitness cost [34,35], sequence stability compared with other
viral particles [36-38], the abundance of Gag protein in
incoming virions [39] and more rapid antigen presentation
of Gag epitopes following viral infection [35].

The genetic background of any particular population
might be an important factor for vaccine efficacy, particu-
larly when limited epitope-specific vaccine designs are used.
Kaslow et al. described a predictive power for particular
HLA class I alleles for the outcome of vaccine trials,
showing that individuals vaccinated with Bw4 epitope,
HLA-B*27 or HLA-B*57, HLA alleles associated with slower
disease progression, had better responses to an ALVAC-HIV
recombinant canarypox vaccine [40-43]. Flores etal.
pointed that homozygosity for HLA-Bw4-bearing B alleles
is associated with a significant advantage in slowing disease
progression and that the HLA-Bw4 motif is important in
AIDS pathogenesis[44]. The results of our study also
pointed out, although indirectly, to a potential difference in
immune responses among carriers of different HLA super-
types. Within Bw4/Bw4 was there a magnitude of T cell
responses that had a significant correlation with clinical
outcome both in CD4* T cell count and VL. Furthermore,
the highest quantitative range was found in Bw4/Bw4 and
was significantly higher than Bw6/Bw6 and Bw4/Bw6. This
information assumed that as differences in correlation pat-
terns are related to control of viraemia, differences between
diverse major histocompatibility complex (MHC) class I
HLA supertypes should be taken into account in vaccine
design to elicit optimal T cell responses within HLA super-
types, as well as to design vaccine efficacy trials for partici-
pants that represent the population in which such a vaccine
would be used in the future.

This study had a number of limitations. First, we focused
on Gag-specific T cell immune responses and did not
investigate all the viral proteins. As this type of analysis
requires a large number of cells, and the volume of blood at
our disposal was limited, we chose to focus on Gag
responses. Gag was known to be the most important viral
target. Instead of testing a large number of OLPs individu-
ally, we undertook experiments in triplicate turns to
improve reliability of results by using a matrix system. An
ideal condition would be to have a sufficient amount of
blood to confirm all the responses created by using the
individual peptides. Secondly, we did not confirm these
OLP responses to T cells using the 51Cr release assay.
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However, ELISPOT assays are now accepted widely as a
technique for mapping T cell epitopes [45]. Thirdly, these
research data were based on the single cytokine IFN-y; we
did not evaluate multi-functionality of T cells with other
cytokines such as IL-2 or TNF-o [46]. However, our data
indicate the existence of a substantial number of unique T
cell epitopes in HIV-1B infection; it is therefore worth con-
ducting a systematic analysis of T cell epitopes when
vaccine trials are undertaken in different populations
infected with different subtypes.

Conclusion

Overall, our data suggest that Bw4/Bw4 allele and T cell
selection pressure on the p24 antigen appears to have the
most significant impact on HIV replication in this particu-
lar form of HIV-B infection in the Chinese population.
These findings may be helpful for us to understand the
determinants of HIV evolution in Chinese patients, as well
as providing important information on immune responses
in correlates for protection against the virus.
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