
INTRODUCTION

A proportion of HIV infected individuals remain asymptomatic
for a long period post infection. These patients have a strong
antiviral immune response and appear to have low levels of
plasma viral RNA [1]. A skewing of T cell receptor usage in HIV
has previously been reported by a number of investigators
although many such studies have not reported the relationship of
the changes to CD4+ or CD8+ populations. The possibility of a
superantigen effect of HIV has been investigated by a number of
groups and could explain increases, or decreases of TCRBV fami-
lies of T cells found in patients with the disease. Superantigen

effects of crude HIV, gp160 and gp120 have also been observed
on normal lymphocytes [2,3].

There are conflicting reports regarding the changes in parti-
cular TCRBV expressing T cells in HIV infected individuals. For
example, a significant reduction in the numbers of lymphocytes
expressing TCRBV gene products 14, 15, 16 and 17, in patients
with HIV compared with controls was observed by some investi-
gators using PCR analysis [4]. In addition, significant changes in
both CD4 and CD8 positive TCRBV populations of T cells from
HIV infected patients have also been shown to occur [5,6]. It
seems likely that the stage of disease is of importance in deter-
mining the altered percentages of T cells bearing certain TCRBV
gene products. For example, expansion of certain TCRBV fami-
lies has been shown in the CD8+ population in the primary T cell
response to virus [7] and in infants infected with HIV in utero [8].

In this study we have investigated the T cell receptor usage 
of both CD4 and CD8 bearing T cells in the peripheral blood of
asymptomatic HIV infected persons who have been known to be
seropositive for the virus for more than eight years.
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SUMMARY

It is still unclear why some patients with HIV progress more slowly than others to developing full blown
AIDS. In this study using flow cytometry we have investigated the TCRBV repertoire of peripheral
blood T lymphocytes in 17 long-term non-progressing HIV patients (LTNP) to determine if there is a
biased usage of T cell receptor V gene products. Patients were identified from hospital records and
entered into the study. Three colour flow cytometry was used to determine the expression of the
TCRBV3S5, BV5S1, BV5S2, BV5S3, BV6S1, BV7S1, BV9, BV11, BV12, BV13, BV14, BV16, BV17,
BV18, BV20, BV21S3, BV22, and BV23 by CD8 and CD4 positive cells isolated from the peripheral
blood of patients and controls. Increases in the absolute numbers of CD8+ T cells expressing TCRBV2
and 8 were observed in the HIV-LTNP population (P < 0·05 in both cases). No differences were seen
in numbers of CD8+ T cells expressing other TCRBV or in any TCRBV within the CD4+ T cell popu-
lation. At follow up (1–2 years later), those patients in which CD4 levels were below 500 ¥ 106/l were
those initially found to have lower levels of TCRBV8 +ve CD8 cells. A significant increase in the
absolute numbers of T cells coexpressing the gamma delta (gd) T cell receptor and CD8 were also seen
in the HIV-LTNP patients compared with controls (P = 0·002). The increase in CD8+ T cells in the
HIV-LTNP patients may be interpreted as either an antigen specific, or group of antigen specific
responses to viral antigen, or less likely a viral superantigen. A low level of TCRBV8, CD8+ T cells
might be predictive of a more rapid disease progression and might indicate a protective role for this
population in HIV infected patients. The increase in gdT cells bearing the CD8 coreceptor suggests a
role for this cell type in the response to HIV infection.
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PATIENTS AND METHODS

Patients
Patients and controls were recruited from a central London
genito-urinary medicine clinic. Patients attending routine HIV
clinics were identified as long-term non-progressing (LTNP) from
clinical records and were defined as individuals known to have
been seropositive for HIV for at least 8 years and having absolute
CD4 T cells counts above 500 ¥ 106 cells/l (n = 15)or a CD4%
greater than 30% of total lymphocytes (n = 2) within the pre-
vious six months. Controls were males attending the routine
genito-urinary medicine clinic for an HIV antibody test but were
subsequently shown to be antibody negative for the virus.

All of the samples were from homosexual male patients (n =
17) and controls (n = 12). The median age of the patient group
was 40·5 years and the range 28–48 years. The median age of the
control group was 32 years and the range 26–45 years. At study
entry in the patient group the median CD4 count was 530 ¥ 106/l,
range 360–1300 (CD4 percentage median 33, range 14–52) and
median time since first positive HIV antibody test 9·2 years, range
8 years to 11·5 years. All patients were categorized as asympto-
matic. The study was reviewed and approved by the University
College London Hospitals ethics committee. All study partici-
pants gave written informed consent.

Isolation of peripheral blood mononuclear cells
All peripheral blood samples were received blind and the code
remained unbroken until all of the results were determined.
Peripheral blood was obtained by venepuncture, collected into
mucous heparin and centrifuged over Ficoll hypaque (1·077 g/ml,
Nycomed, Oslo, Norway) to isolate the mononuclear cell fraction.
The mononuclear cells were incubated for 40 minutes at room
temperature with Permeafix (Ortho). Preliminary studies showed
that the fixation procedure did not affect the subsequent staining
but inactivated the virus.

Staining procedure: three colour flow cytometry
Cells were suspended in 0·01 M phosphate buffered saline (PBS –
Sigma, Poole, UK) containing 1% bovine serum albumin and
0·05% sodium azide (staining buffer) and dispensed into 96 U bot-
tomed microtitre plates (Nunc, Merck Ltd, Lutterworth, UK) at 
1 ¥ 105 cells per well. The plates were then centrifuged and the
supernatant aspirated. The cells were gently resuspended and 20
ml of the appropriate anti TCRBV monoclonal antibody added to
the well. All antibodies were pretitrated to give optimum staining.
The plate was then incubated for 40 min on ice. The cells were
washed twice in staining buffer and then 20 ml of a 1 in 20 dilution

of rabbit antimouse immunoglobulin conjugated to fluorescein
isothiocyanate (FITC, Dakopatts, Ely, UK) added to each well.
After a further incubation for 40 min on ice the cells were again
washed twice and 20 ml of a 1 in 10 dilution of normal mouse serum
added to each well to block nonspecific binding of the second anti-
body to unbound sites on the rabbit antimouse FITC antibody.
After 40 min on ice the cells were washed again and 10 ml of a 1 
in 5 dilution of anti CD4 conjugated to phycoerythrin (PE,
Dakopatts) and 5 ml of anti CD8 conjugated to cychrome C
(Pharmingen, San Diego, CA, USA) were added to each well. The
cells were again washed and resuspended in 0·5% paraformalde-
hyde in PBS and left in the dark for at least one hour before being
analysed by flow cytometry. Monoclonal antibodies used to stain
T cell populations were CD3-FITC, CD4-PE (Both Dako) and
CD8-Cy (Pharmingen). The monoclonal antibodies used to iden-
tify different TCRBV expressed by CD4 and CD8 ± cells were
TCRBV2(MPB2/D5), BV3(Jovi 3), BV5S1(Immunol 57), BV5S2
(36213), BV5S3(2D2), BV6S1(CRI 304·4), BV7S1(3GSD5),
BV8(JR2), BV9(FIN9), BV11(C21), BV12(VER2·32·1), BV13
(BAM13), BV14(CAS1·1·3), BV16(Tamaya 1·2), BV17(E17.SF3),
BV18(BA62·6), BV20(ELL1·4), BV21S3(IG125), BV22
(Immu546), BV23(HUT78·1) – clonal origins are shown in paren-
theses. Gamma delta T cells were stained with TCRd1 monoclonal
antibodies.

Flow cytometric analysis
All samples were read on a FACScan flow cytometer equipped
with a 488-nm argon laser. Compensation of the three fluo-
rochromes was determined for each patient sample and the back-
ground fluorescence by appropriate isotype control antibodies
IgG1-PE (Dako), IgG1-Cy Pharmingen), IgM (Dako), IgG1
(Dako), IgG2a (Dako) and IgG2b (Dako). At least 7000 events
per sample were analysed using WinMDI software.

Statistical analyses
All statistical analyses were performed using the Instat statisti-
cal package software. All comparisons were made using the
Mann–Whitney-U-test and the resulting P-value adjusted using
the Bonferoni correction.

RESULTS

Although there was a significant increase in the CD8+ cells in 
the HIV-LTNP patients – median, 935 ¥ 106 cells/l, range, 741·4 ¥
106–1483 ¥ 106 compared to median, 340 ¥ 106 cells/l range, 271·1
¥ 106–567·6 ¥ 106 for the HIV sero-negative samples P < 0·0006),
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Table 1. Significant differences in Vb2 and Vbb CD8+ cells and gd T cells between controls and HIV-LT patients

TCR used CD8 Control median CD8 Control 95% CL* CD8 HIV-LT median CD8 HIV-LT 95% CL P-value**

Vb2 13·5+ 10·63–27·01 36·0 31·2–58·87 0·021
Vb8 14·0 11·56–29·14 41·0 36·73–65·74 0·021
gd 17·0 10·10–26·37 80·0 55·8–111·19 0·002

All CD8 340 271–567 935·0 741–1483 0·0006

*confidence limits; **P-values from Mann–Whitney test, Bonferoni corrected. † data are expressed as absolute counts ¥ 10-6/l.
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only absolute numbers of CD8+ T cells using TCRBV2 and 8, 
but no other tested TCRBV families, were significantly elevated
in the HIV-LTNP group compared with controls (Table 1 
and Fig. 1). Both the total lymphocyte numbers and CD4+ T 
cell numbers were comparable between the two groups. When
absolute numbers of T cells were determined, no differences 
in expression of TCRBV by the CD4+ population were seen 
(data not shown). No differences in the percentages of CD8 
positive cells expressing any TCRBV gene product were seen.
Longitudinal studies of three control individuals over a period 
of 5 years showed stability of TCRBV2 expression (7·7 ± 0·2%;
12·1 ± 1·1%; 8·9 ± 1·5%) and TCRBV8 expression (4·9 ± 0·9%;
4·3 ± 0·4%; 2·8 ± 0·5%).

CD4 counts were available in 16 patients on clinical follow up
1–2 years later. The patients were grouped into those whose CD4
counts had remained or dropped below 500 ¥ 106l-1 (n = 5) and
those whose counts remained above 500 ¥ 106l-1 (n = 11). Table 2
shows the median absolute counts of CD8+ T cells expressing dif-
ferent Vb families at initial analysis in relation to CD4 counts at
follow up. It is noteworthy that the group with <500 ¥ 106l-1 CD4
counts at follow up had lower levels of CD8+ TCRBV8+ cells at
initial analysis than those with >500 ¥ 106l-1 CD4 counts compared
with the other TCRBV families. Although it was difficult to eval-
uate the statistical significance due to the smaller sample size (N
= 5) a value of P = 0·07 was obtained indicating a value close to
significance at the 5% level.

The gamma delta (gd ) subset of T cells showed a significant
difference in the expression of CD8 between the controls and
HIV-LTNP patients. There was a 4–5 fold increase in the absolute
numbers of gd T cells coexpressing CD8 in the HIV-LTNP
(median,80·0 ¥ 106 cells/l; range, 55·8 ¥ 106–111·2 ¥ 106) compared
to 17·0 ¥ 106 cells/l (range, 10·1 ¥ 106–26·3 ¥ 106, P = 0·002; see
Table 1).

Plasma HIV RNA levels were not measured at time of study
entry but were measured in 16 patients as part of their routine
clinical follow up, 14 within 18 months of their study sampling
date and 2 within 2–4 years. The median level was 5460 copies/ml,
range £1000–32 800 (Chiron branch DNA assay version 2), 
15 had levels £15 000 copies/ml. This level of viral load is 
supportive of the definition of the patient group as long-term 
non-progressors.

DISCUSSION

Our data indicate that there are increases in certain TCRBV 
families in the CD8+ population of T cells, but not CD4+ T cells,
in long-term non-progressing HIV patients. This is shown as an
increase in absolute numbers of cells expressing certain T cell
receptor elements. Increased numbers of CD8+ T cells were seen
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Fig. 1. Expression of TCR by CD8 ± T cells from controls (�) and HIV-LT patients ( ). Data are expressed as absolute median counts
with 95% confidence limits (¥ 10-6/l).

Table 2. Relationship between CD8 T cells expressing particular TCRBV
families in HIV-LTNP patients with CD4 T cell counts measured at follow 

up after 2 years

Initial TCRBV family counts

CD4 counts at follow up Vb 5·1 Vb 7·1 Vb 2 Vb 8

>500 ¥ 106/l (n = 11) 3·42* 0·8 6·7 6·2
(2·11) (0·46) (6·3) (2·9)

<500 ¥ 106l-1 (n = 5) 2·46 1·03 4·08 2·4
(1·8) (1·01) (2·07) (2·9)

*Median absolute CD8 counts are expressed ¥ 10-7/l (± SD).
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to bear TCRBV2 and 8. Other reports have noted a decrease in
the proportion of cells expressing certain TCRBV families (in this
case BV5S1, 12 and 2 [6]). From our study we suggest that this
apparent decrease may be due to an increase in the absolute
numbers of one of the other families not examined.

It has been reported that there is no change in the expression
of T cell receptor usage in patients with HIV infection. For
example, Boyer et al. [9] using PCR techniques, showed no dif-
ferences in the usage of T cell receptor TCRBV products when
comparing HIV antibody positive and HIV antibody negative
individuals. However, the majority of studies now suggest that
there are expansions in the T cell population bearing one or more
TCRBV element, and that the expansion is linked to certain HIV
proteins [2,3,10], although as yet there is no specific TCRBV
family associated with HIV infection [11–13].

The expansion or deletion of particular TCRBV bearing T
cells might be related to the stage of disease. In a study of primary
HIV infection, Pantaleo et al. [7] showed expansions of CD8+
cells in which the TCRBV usage was restricted in each of six indi-
viduals but varied between each subject. Analysis of junctional
sequences in the expanded population showed considerable
oligoclonality. Similar findings have been observed with infants
vertically infected with HIV-1 [8]. The variation of expanded
TCRBV populations between patients might be the result of an
early response to the virus. It is possible that this early TCRBV
expansion, especially of CD4+ T cells, could be advantageous to
the virus in that certain TCRBV populations might be more 
susceptible to viral entry. In fact, it has been documented that
HIV replicates more efficiently in ‘normal’ T cells expressing
TCRBV12 [14,] than in CD4T cells using other TCRBV families
and a decrease in TCRBV12 cells has been observed in HIV
patients in some studies [5,6]. In our HIV-LTNP patients we were
unable to demonstrate an alteration of this TCRBV segment
(data not shown), but in our experiments we were looking much
later in the disease process. 

A role for HIV superantigens has been supported by a
number of studies. In vitro, experiments by Akolar and colleagues
suggested that viral antigens, particularly gp160 and gp120, may
be capable of acting as superantigens in that these antigens specif-
ically activate T cells bearing certain TCRBV gene products [2,3].
In these experiments, the TCRBV elements shown to be consis-
tently affected were TCRBV2 and 3, although other expansions
were seen in individual samples. These proteins (gp160 and gp120
antigens) have more recently been associated with TCRBV ex-
pansions in the CD4 population [10]. Gp120 has been reported to
have a superantigen activity for a subset of IgVH3 expressing B
cells [15] and certain synthetic HIV peptides for both CD4+and
CD8+ T cells [16]. However, others have shown no superantigenic
activity with HIV proteins [17] and it is now the general consen-
sus that superantigens in HIV infection play little role in T cell
expansions in vivo.

Longitudinal studies by others have shown expansions in the
CD8 positive population at all stages of the disease [18] but unlike
our studies no particular TCRBV was increased.

In our studies, the increase in the absolute numbers of CD8+
T cells bearing particular, common, TCRBV gene products in the
peripheral blood of HIV-LTNP patients is not surprising since
there was an increase in absolute numbers of CD8 positive T 
cells. However, what was particularly noteworthy was that only
TCRBV 2 and 8 were selectively expanded in the CD8+ T 
cells, whilst others were decreased, although not significantly.

Since LTNP patients have a relatively stable HIV specific effec-
tor repertoire of CD8+ T cells which correlates with relatively
stable viraemia and CD4+ T cell counts [19], it is possible that the
effective cytolytic T cells are present within the TCRBV8 family.
Lower levels of these CD8+ TCRBV8+ T cells could therefore be
a contributory factor associated with progression. This is consis-
tent with our findings that at follow up 1–2 years later those
patients whose CD4 T cell levels had remained or fallen below
500 ¥ 106/l, had lower numbers of circulating CD8, TCRBV8 T
cells at initial analysis, compared with those CD4 levels remained
above 500 ¥ 106/l. It therefore seems likely that CD8 T cells play
a role in controlling progression in both in early and later stages
of the disease. Oligoclonal expansions of CD8 positive cells 
in children vertically infected with HIV have been documented
[8,20], although these cells had varied TCRBV usage between
individuals. In addition, reported expansions in the peripheral
blood of HIV infected children born to HIV positive mothers [9]
lasted for approximately 3 months after birth and were postulated
to be an early response to the virus. Interestingly, these expan-
sions were also seen in HIV uninfected children born to infected
mothers suggesting that the infant has responded to, and cleared
the virus. It will be important to determine the levels of specific
TCRBV segments bearing CD8 T cells in individual patients,
throughout the course of their disease. A recent report by Wilson
et al. [21] has shown, using tetrameric complexes, that the expan-
sions of CD8 families seen are antigen specific. It will now be
important to study the functional activity of the CD8 TCRBV2
and especially TCRBV8 T cells in the HIV-LTNP patients to
determine the possible mechanism(s) by which they could control
disease progression.

The influence of HLA on TCRBV usage by the peripheral T
cell population is unclear. On the one hand it has been suggested
that HLA class I and II does influence the TCRBV repertoire [22]
whilst other studies have failed to show a link with either of 
the HLA genes [23,24]. In this study we did not analyse HLA 
haplotypes since there were too few patients for statistical 
analysis.

Our data show a significant increase in the absolute numbers
of gd T cells expressing low levels of CD8, in the peripheral blood
of HIV-LTNP patients. Two subsets of circulating gd T cells, those
bearing TCRDV1 and those bearing TCRDV2/GV9, make up
over 95% of the gd T cells in the peripheral blood [25]. Both of
these gd cell subsets have been implicated in the immune response
against HIV. The TCRDV2 subset has been shown to have a
strong lytic and proliferative in vitro response to HIV infected
cells [26] with a concommitant production of CC chemokines. The
same authors, however, show that this subset is decreased or func-
tionally disabled in patients with HIV [27]. This might represent
a common antiviral response since in other viral infections, such
as herpes virus, the TCRDV2 population seems to be the respond-
ing subset [for review see 28]. Other investigators have shown that
the TCRDV1 subset of cells is responsive to HIV [29,30]. More-
over, this expansion has been suggested to be specific for HIV
since it is not seen in other viral infections [31]. Another report
showed a marked increase in the percentage of gd T cells and
these expressed low levels of CD8 [32]. This is consistent with our
data where we found that the level of CD8 expressed by the gd T
cells was lower than the major CD8 population (data not shown).
It has been shown that the gd T cell population in patients with
HIV infection has an increase in the expression of activation
markers such as HLA-DR and CD38 when compared to control
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individuals [33]. Wallace et al. show that gd T cell clones using
either TCRDV1 or DV2 isolated from HIV antibody negative
individuals have the ability to lyse HIV infected target cells [34]
suggesting that both of these populations of cells may be able to
respond to virally infected cells without prior exposure to the
virus. However, to further confuse the role of gd T cells, an
increase in a new population of gd T cells bearing both TCRDV2
and DV3 chains has recently been reported in a patient with HIV.
Interestingly this new population also bore CD8 [35].

The information above suggests a role for the gd T cell in 
combating viral infection. This might be a general antiviral res-
ponse, as in the TCRDV2 cell population, or a more specific HIV
response by TCRDV1 bearing cells. Our study did not subdivide
the gd T cell population of the LTNP patients into its component
parts but this might be a worthwhile subject of study. The role of
gd T cells in the HIV-LTNP patients several years after infection
with HIV is unclear. It is possible that these CD8+ gd T cells are
helping to maintain the status quo of the chronically infected HIV-
LTNP patients. A functional study of gd T cells in these patients
might also shed light on their possible protective role.
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