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�� T cells are primarily found in the gastrointestinal mucosa and play an important role in the first line of
defense against viral, bacterial, and fungal pathogens. We sought to examine the impact of human immuno-
deficiency virus type 1 (HIV-1) infection on mucosal as well as peripheral blood �� T-cell populations. Our
results demonstrate that HIV-1 infection is associated with significant expansion of V�1 and contraction of V�2
cell populations in both the mucosa and peripheral blood. Such changes were observed during acute HIV-1
infection and persisted throughout the chronic phase, without apparent reversion after treatment with highly
active antiretroviral therapy (HAART). Despite an increase in the expression of CCR9 and CD103 mucosal
homing receptors on peripheral blood �� T cells in infected individuals, mucosal and peripheral blood �� T
cells appeared to be distinct populations, as reflected by distinct CDR3 length polymorphisms and sequences
in the two compartments. Although the underlying mechanism responsible for triggering the expansion of V�1
�� T cells remains unknown, HIV-1 infection appears to have a dramatic impact on �� T cells, which could
have important implications for HIV-1 pathogenesis.

�� T cells are minor constituents in the peripheral blood but
provide a sizable contribution to the immune compartment of
the gastrointestinal mucosa, likely representing the first de-
fense against pathogens crossing this surface. In the mucosa,
they constitute up to 50% of all lymphocytes in the intraepi-
thelial compartment and approximately 10% of lymphocytes in
the lamina propria (26, 44). Mucosal �� T cells are ideally
situated to contribute to the earliest stages of the immune
response against infection through epithelial surfaces and are
believed to link the innate and acquired immune responses. In
addition, �� T cells influence gastrointestinal epithelial cell
proliferation and differentiation (27) and development of mu-
cosal immunoglobulin A-producing B cells and play a role in
oral tolerance (15).

�� T cells recognize soluble protein and nonprotein anti-
gens, though the mechanism by which these antigens are rec-
ognized remains enigmatic. Unlike �� T cells, �� T cells rec-
ognize antigens via their T-cell receptor (TCR) in a major
histocompatibility complex (MHC)-independent manner. The
�� TCR recognizes intact proteins in a fashion similar to that
in which antibodies recognize antigens. �� T cells employ a
distinct set of variable (V), diversity (D), and joining (J) re-
gions. Though the potential of �� TCR diversity is, in theory,
greater than that of �� T cells (7), reduced combinatorial
somatic recombination results in restricted �� TCR diversity.
Despite a restriction in receptor diversity, the lack of antigenic
processing or MHC restriction permits recognition of a wide
variety of native and foreign antigens. Though there are six

known � and six known � chains, peripheral blood �� T cells in
healthy individuals predominantly express the V�2 and V�9
TCR variable segments (8).

The physiologic role of �� T cells has not been completely
elucidated, though evidence suggests that �� T cells are in-
volved in protection against infectious pathogens and play a
role in tumor immunosurveillance, and �� T cells have been
implicated in the pathogenesis of autoimmune disease. A va-
riety of stimuli appear to be capable of generating a �� cell
response. The V�9V�2 T cells that predominate in the blood
of healthy subjects recognize phosphorylated, nonpeptidic mi-
crobial metabolites produced by mycobacteria as well as a
variety of other pathogens. V�1 T cells, the dominant popula-
tion in the mucosal epithelial layer, recognize MHC class I-re-
lated receptors, MHC class I chain-related A and B (MICA
and MICB), which are stress induced on intestinal epithelial
cells (18). Though the mechanisms of antigen recognition dif-
fer, the effector functions of �� T cells are analogous to those
of �� T cells. Once activated, �� T cells exert cytotoxicity via
the perforin-granzyme pathway or through induction of apo-
ptosis via Fas/Fas-ligand interactions (6). These cells can also
produce a variety of cytokines and chemokines, depending on
the stimulatory signal. Different pathogens have been shown to
induce expansion of specific subsets of �� T cells. For instance,
expansion of V�2 cells occurs during infection by mycobacte-
rial species, Toxoplasma gondii, Listeria monocytogenes, Ep-
stein-Barr virus (EBV), Plasmodium, visceral Leishmania, and
Salmonella, while expansion of V�1 cells has been shown to
occur during infection with Borrelia burgdorferi, cytomegalovi-
rus, and human immunodeficiency virus type 1 (HIV-1) (22).
In each case, whether �� T-cell expansion reflects specific re-
activity against microbial antigens or is an indirect effect of
immune modulation is not known.
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�� T cells have been implicated in the immune response to
a number of viruses, including herpes simplex virus, EBV, and
HIV-1 (30). Coculture of V�9V�2 �� T cells with HIV-1-
infected lymphocytes has been reported to result in the elab-
oration of HIV-1-suppressive soluble mediators and a cyto-
toxic response (9, 37, 46) against the infected cells. HIV-1
infection has been associated with a significant decrease in the
peripheral blood V�9V�2 cell population and with an expan-
sion in the population of V�1 cells such that they become the
dominant population of �� T cells (2). V�1 predominance also
occurs in the bone marrow of HIV-1-infected subjects but does
not appear in either the blood or bone marrow of patients
chronically infected with most other viruses (40). While fairly
specific for infection with HIV-1, the predominance of V�1
cells has not been associated with the presence of opportunistic
infections (1, 41).

There is considerable heterogeneity of the �� T-cell popu-
lations across body compartments in terms of cellular pheno-
type, nature of the antigen recognized, and effector functions
employed (7). While phenotypic changes in �� subsets of the
peripheral blood have been described, the effect of HIV-1
infection on colonic mucosal �� subsets has not previously
been examined. Since the gastrointestinal mucosa harbors the
majority of the body’s pool of �� T cells, which may play an
important role in transmucosal HIV-1 infection and the con-
trol of HIV-1 replication, it is important that the effect of
HIV-1 on these cells be examined. The principal aim of this
study was to examine the effect of HIV-1 infection on the ��
T-cell population in the gastrointestinal mucosa and peripheral
blood of HIV-1-infected subjects during acute and chronic
HIV-1 infection as well as before and after treatment with
highly active antiretroviral therapy (HAART). Our results
demonstrate that HIV-1 infection is associated with significant
expansion of V�1 and contraction of V�2 �� T-cell populations
in the colonic mucosa as well as in the peripheral blood. These
changes are noted during acute HIV-1 infection and, despite
HAART, persist into the chronic phase of infection without
reversion. Though V�1 population expansion and V�2 popu-
lation contraction are observed in the mucosa and blood, these
compartments contain distinct V�1 and V�2 �� T-cell popula-
tions. Though HIV-1 infection is associated with significant
changes in the blood and mucosal �� T-cell populations, the
factors driving these changes remain unknown.

MATERIALS AND METHODS

Patients and sample acquisition. Peripheral blood and rectosigmoid colonic
mucosal tissue were collected from HIV-1-seropositive and -seronegative sub-
jects. Endoscopic biopsies were obtained from the colon from macroscopically
normal mucosa at a standardized site in the rectosigmoid region 30 cm from the
anal margin. This site was chosen for all sampling to avoid potential regional
variation and the potential for confounding effects from infectious or traumatic
proctitis that would be expected to occur distal to this location. Biopsies were
taken using large-cup endoscopic-biopsy forceps (Microvasive Radial Jaw; Bos-
ton Scientific, Boston, Mass.) (outside diameter, 3.3 mm) and (i) immediately
placed in tissue culture medium (RPMI 1640 supplemented with 10% fetal calf
serum [BioWhittaker, Walkersville, Md.]), (ii) placed into 2-ml prelabeled
cryovials (Nalgene, Rochester, N.Y.) and frozen in liquid nitrogen, or (iii) placed
in formalin for routine hematoxylin and eosin staining to exclude confounding
infectious processes. Phlebotomy was undertaken immediately prior to endos-
copy; blood was collected in EDTA-containing tubes.

Within 10 minutes from acquisition, mucosal mononuclear cells (MMCs) were
mechanically isolated (using a Medimachine apparatus [Dako Cytomation,

Carpinteria, Calif.] per the manufacturer’s protocol) from mucosal biopsies.
Immediately after isolation, cells were resuspended in phosphate-buffered saline
containing antibodies for use in flow cytometry. Utilizing 7-AAD (Calbiochem,
San Diego, Calif.) to assess cell viability by flow cytometry has routinely revealed
more than 90% live MMCs. Peripheral blood mononuclear cells (PBMCs) were
prepared by centrifugation on a Ficoll-Hypaque density gradient (Nycomed
Pharma AS, Oslo, Norway). As before, PBMCs are stained for flow cytometry
immediately after isolation. Informed consent was obtained from all subjects,
and the study was approved by the Human Subjects Protection Committee at the
Manhattan Veterans’ Administration Hospital and The Rockefeller University
Hospital.

Flow cytometry. Cell surface expression of lymphocyte antigens was identified
by monoclonal-antibody staining of freshly isolated PBMCs and MMCs followed
by flow cytometry using a FACSCalibur (Becton Dickinson Immunocytometry
Systems [BDIS], Mountain View, Calif.), with analysis performed using
CellQuest software (BDIS). Monoclonal antibodies used in this study included
anti-human CD3-PE-Cy5 (clone UCHT1), anti-human CD4-phycoerythrin
(clone RPA-T4), anti-human CD8-fluorescein isothiocyanate (FITC) (clone
RPA-T8), anti-human CD103-phycoerythrin (clone Ber-ACT8) (BDIS), anti-
human �� TCR-allophycocyanin (clone B1) and anti-human �� TCR (clone
T10B9.1A-31) (Pharmingen, San Diego, Calif.), anti-human V�1-FITC (clone
TS8.2) (Endogen, Woburn, Mass.), anti-human V�2-FITC (clone IMMU 389),
and anti-human CCR9-FITC (clone 112509) (R & D Systems, Minneapolis,
Minn.). Lymphocytes (initially identified by their forward- and side-scatter char-
acteristics) were then subjected to phenotypic analysis. To determine the per-
centages of �� and �� T cells in the T-cell population, gated lymphocytes were
examined for expression of CD3 and, finally, CD3� lymphocytes were analyzed
for expression of �� or �� TCR. Phenotypic characterization of these popula-
tions with regard to CCR9 and CD103 could then be performed using four-color
flow cytometry. To determine the relative percentages of V�1, V�2, and �� T
cells, isolated MMCs and PBMCs were first examined for expression of the ��
TCR. After gating on the �� TCR� cells, expression of the �-elements was
quantified.

PCR analysis of CDR3 size distribution. CDR3 length polymorphism analysis
uses the size heterogeneity of the CDR3 antigen recognition domain to charac-
terize the diversity of the TCR repertoire within the V�1 and V�2 �� T-cell
populations. The CDR3 size distribution pattern of a defined V� transcript
provides information with regard to antigenic restriction, such that a monoclonal
V� pattern characterized by a single peak of the CDR3 distribution pattern
indicates recognition of a single conventional antigen. A polyclonal response is
represented by a multipeaked CDR3 size pattern.

PBMCs and mucosal biopsies were kept frozen in liquid nitrogen until use.
Using an RNeasy extract kit (QIAGEN, Valencia, Calif.), total RNA was pre-
pared from 1 � 106 to 5 � 106 frozen PBMCs or two biopsies. Total DNase-
treated RNA (1 �g) was reverse transcribed according to the manufacturer’s
instructions. In brief, 1 �g of total DNase-treated RNA in 20 �l of distilled water
was heated for 5 min at 80°C, transferred onto ice, combined with reverse-
transcription mixture containing 6 �l of 5� reaction buffer (250 mM Tris [pH
8.3], 375 mM KCl, 15 mM MgCl2), 1.5 �l of deoxynucleoside triphosphates (10
mM each), 0.6 �l of RNasin, 1 �l of random hexamers (Pharmacia) (1 mM), and
2 �l of Moloney murine leukemia virus reverse transcriptase (200 U/�l; Gibco-
BRL), and incubated for 1 h at 42°C.

PCR was performed under the following conditions: one cycle of denaturation
at 95°C for 10 min followed by 35 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C
for 1 min, with a final extension of 10 min at 72°C. For the CDR3 regions of V�1
and V�2, primer pair V�1a and �C1a and primer pair V�2a and �C1a, respec-
tively, were used in the first round of PCR and primer pair V�1b and �C1b and
primer pair V�2b and �C1b, respectively, were used in the second round of PCR.
The �C1b primer was labeled with fluorescein (6-FAM) so that the length
polymorphism of the final fluorescent PCR products could be analyzed. The
sequences for the primer are as follows: for V�1a, 5�-TATTCGCCAGGGTTC
TGATGAACAG; for V�2a, 5�TCAACTGGTACAGGAAGACCCAAGG; for
�C1a, 5�-GAATTCCTTCACCAGACAAGCGAC; for V�1b, 5�-CAGCCTTAC
AGCTAGAAGATTCAGC; for V�2b, 5�-GCACCATCAGAGAGAGATGAA
GGG; and for �C1b, 5�-AAACGGATGGTTTGGTATGAGGCTG. The PCR
products were size separated on a 6% denaturing polyacrylamide gel on an
automated sequencer (Prism 377; Applied Biosystems, Foster City, Calif.). The
length polymorphism of the CDR3 region of the V�1 and V�2 chains was
analyzed by GeneScan 3.1 (Applied Biosystems).

TCR-� chain sequence analysis. PCR-amplified products of CDR3 regions of
V�1 and V�2 chains were cloned into a TA vector (Invitrogen, Carlsbad, Calif.)
for sequence analysis. The samples were then run on a 6% denaturing polyacryl-
amide gel on an automated sequencer (Prism 377; Applied Biosystems). Nucle-
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otide sequences were aligned using a Bioedit Biologic sequence editor (Tom
Hall, North Carolina State University) and then translated into putative amino
acid sequences. Comparative studies were performed with sequences from rectal
biopsies and peripheral blood.

Statistical methodology. Values are expressed as means 	 standard devia-
tions. Using a paired t test, statistical comparisons were made between PBMCs
and MMCs from individuals. Using a two-sample, equal variance (homoscedas-
tic) t test, statistical comparisons were made between HIV-1-infected and control
subjects. Using SPSS 11.0 for Windows software (SPSS, Chicago, Ill.), Pearson
correlation coefficients were calculated to evaluate correlations between vari-
ables; all reported P values were two sided at the 0.05 significance level.

RESULTS

Patient characteristics. We examined MMCs obtained from
the rectal mucosa and PBMCs obtained from the peripheral
blood of HIV-1-seropositive and -seronegative subjects (Table
1). In all, 71 HIV-1-seropositive and 47 HIV-1-seronegative
subjects were studied, although endoscopy was performed on
only 44 subjects (19 HIV-1-seronegative and 25 HIV-1-sero-
positive subjects). Histopathological examination did not iden-
tify pathological mucosal inflammation in any subject, though
many biopsies from HIV-1-seropositive subjects were de-
scribed as showing nonspecific mild chronic inflammation. Op-
portunistic infections were not identified in any subject within
3 months proximate to the study period. Only five HIV-1-
infected subjects had a past history of opportunistic infection,
and the opportunistic infections (by cytomegalovirus colitis
and cryptosporidial enteritis) involved the gastrointestinal mu-
cosa in only two subjects. A total of 4 of 28 (14.3%) subjects
who had been treated with HAART and 5 of 10 (50%) un-
treated subjects had a CD4 cell count of less than 200 cells/
mm3. Among the 28 HIV-1-infected subjects who were receiv-
ing HAART, 9 (32.1%) had plasma levels of HIV-1 RNA that
were below the level of detection; the other subjects had re-
cently initiated therapy (25%) or had detectable viremia
despite chronic HAART (42.9%) (defined as a regimen con-
sisting of at least three antiretroviral medications, including a
protease inhibitor and two reverse transcriptase inhibitors).

HIV-1 infection is associated with a significant increase in
mucosal but not peripheral �� T-cell populations. Using flow
cytometry, MMCs mechanically isolated from rectosigmoid bi-
opsies of HIV-1-infected and uninfected subjects, as well as
PBMCs isolated by density gradient separation, were exam-
ined. In both HIV-1-infected and uninfected cohorts, the per-
centage of mucosal T cells expressing the �� TCR was signif-
icantly higher than the percentage of peripheral blood T cells
expressing the �� TCR (P 
 0.001 for both HIV-1-infected and
uninfected cohorts). HIV-1 infection was associated with a
significant increase in the percentage of mucosal T cells that
express the �� TCR (23.3% 	 15.6% for HIV-1-seropositive
subjects versus 13.2% 	 5.2% for HIV-1-seronegative subjects;
P � 0.03) (Fig. 1). This phenomenon was not observed when
percentages of PBMCs were examined (4.9% 	 2.6% for HIV-
1-seropositive subjects versus 4.3% 	 3.1% for HIV-1-sero-
negative subjects; P � 0.58) (Fig. 1). Although many of the
HIV-1-infected subjects had detectable levels of HIV-1 RNA
in their plasma, there was no discernible increase in the per-
centage of �� T cells in the peripheral blood of these individ-
uals compared with that seen with HIV-1-seronegative subjects
or HIV-1-seropositive subjects with undetectable levels of
HIV-1 RNA in their plasma.

HIV-1 infection is associated with significant expansion of
V�1 and contraction of V�2 �� T-cell populations in both the
mucosa and peripheral blood of acutely and chronically HIV-
1-infected subjects. Having shown that HIV-1 infection is as-
sociated with an increased percentage of mucosal �� T cells,
we sought to determine whether this expansion is seen pre-
dominantly in the V�1 subset, in similarity to what has been
observed with the blood of HIV-1-infected individuals.

As has been previously described (1, 2) and as confirmed by
the present study, the colonic mucosal �� T-cell populations of
healthy subjects contained significantly more V�1-expressing
(P � 0.05) and significantly fewer V�2-expressing (P � 0.01)
�� T cells than those of their circulating counterparts. HIV-1
infection was associated with a significant increase in the per-
centage of �� T cells that express the V�1 chain in both the
blood and gastrointestinal mucosa (Fig. 2A). The percentage
of the V�1-expressing cell population seen increased from
26.6% 	 21.2% in the blood of HIV-1-uninfected subjects to
59.3% 	 14.8% in the blood in those subjects who were chron-
ically HIV-1 infected (P 
 0.002) and from 41.8% 	 13.3% to
59.0% 	 17.7% in the gastrointestinal mucosa (P 
 0.001) in
these subjects. This observed increase in the percentage of the
V�1 �� T-cell population was seen concurrently with decreases
in the percentage of the V�2-expressing population in both the
blood (42.2% 	 20.7% to 2.6% 	 3.3%; P 
 0.001) and
gastrointestinal mucosa (18.8% 	 6.2% to 10.2% 	 7.7%; P 

0.001) of HIV-1-infected subjects.

These results illustrate changes in the percentage of �� T-
cell populations expressing V�1 and V�2. To show that the
absolute number of V�1 �� T cells was increased and that the
absolute number of V�2 �� T cells was decreased in the blood
of HIV-1-infected subjects, we examined �� TCR staining on
all of the lymphocytes that were isolated from 1 ml of blood of
HIV-1-infected (n � 10) and uninfected (n � 10) subjects (Fig.
2B). While there was no statistically significant difference in
the absolute number of PBMCs expressing the �� TCR be-
tween HIV-1-seropositive (15,938.7 	 9,490.5 cells/ml) and
HIV-1-seronegative (19,015.9 	 12,665.7 cells/ml) subjects
(P � 0.55), significant differences in the V�1 and V�2 subsets
were seen. The absolute number of V�1 cells (10,506.1 	
8,771.8 cells) in 1 ml of blood from HIV-1-seropositive subjects
was significantly increased compared to that from HIV-1-se-
ronegative subjects (3,380.6 	 2,078.7 cells/ml) (P � 0.04).
Further, there was an absolute decrease in V�2 �� T cells in 1
ml of blood from HIV-1-seropositive subjects (693.0 	 535.1
cells) compared to 1 ml of blood from HIV-1-seronegative
subjects (7,163.2 	 8,309.5 cells) (P � 0.04). There was no
correlation between the absolute CD4 cell count or quantity of
HIV-1 RNA in the plasma of the HIV-1-infected subjects and
the percentage of blood or mucosal �� T cells or the percent-
age of V�1 or V�2 �� T cells in the blood or gastrointestinal
mucosa (data not shown). Furthermore, there was no signifi-
cant correlation between the absolute numbers of V�1 and
V�2 �� T cells in the blood of HIV-1-infected subjects (corre-
lation coefficient � 0.037).

Having shown that the blood of chronically HIV-1-infected
subjects is characterized by expansion of V�1 �� T-cell popu-
lations and contraction of V�2 �� T-cell populations, we
sought to determine whether these changes are observed dur-
ing the earliest identifiable stage of HIV-1 infection. We ex-
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amined �� T cells from the blood of 33 HIV-1-infected subjects
who were identified during acute HIV-1 infection. These sub-
jects were viremic but had not yet developed anti-HIV-1 serum
antibodies or had an evolving humoral immune response.
Temporally similar to the changes that were noted in the total
populations of CD4- and CD8-expressing �� T cells (data not
shown), peripheral blood �� T-cell population changes were
seen during early HIV-1 infection (Fig. 2C). While acute
HIV-1 infection was not associated with an increase in the
percentage of peripheral blood �� T cells, a statistically signif-
icant increase in the V�1 subset and decrease in the V�2 subset
populations can be seen at this early point after HIV-1 infec-
tion (P 
 0.001 for changes seen in primary HIV-1 infection
compared with those seen with HIV-1-seronegative subjects).
Further, the percentage of V�1-expressing �� T cells in the
blood of primary infection subjects (53.9% 	 21.6%) was not
statistically different from that of subjects chronically infected
with HIV-1 (59.3% 	 14.8%; P � 0.236). The contraction of
V�2 cell populations was also observed during acute infection
(12.4% 	 7.8%) and remained low during the chronic phase of
infection (2.6% 	 3.3%; P � 0.01).

Treatment of HIV-1 with HAART is not associated with
reversal of the skewed percentages in �� T-cell population
subsets. To indirectly assess whether persistent viremia is re-
sponsible for �� T-cell proliferation, we examined the effect of
suppressive antiretroviral therapy by comparing �� T-cell phe-
notypes in the mucosal and blood compartments of untreated
HIV-1-seropositive subjects to those of subjects who had been
receiving effective HAART for at least 1 year (mean, 19.3
months).

Despite significant suppression of HIV-1 replication, ren-
dering plasma levels of HIV-1 RNA undetectable (plasma
level of HIV-1 RNA, fewer than 50 copies/ml) for a mean
duration of 16.4 months, the phenotypic skewing seen in the ��
T-cell populations remained unchanged; the gastrointestinal
mucosa and blood of treated HIV-1-infected subjects con-
tained a predominance of V�1 cells, while V�2 �� T cells
represented a minority (Fig. 3A). While a significantly higher
percentage of V�1 �� T cells was seen in the peripheral blood
of effectively treated (55.8% 	 17.1%) and untreated (59.9%
	 9.7%) HIV-1-infected subjects than in the peripheral blood
of HIV-1 seronegative subjects (26.6% 	 21.2%) (P 
 0.001
for each comparison), there were no significant differences
between the two HIV-1-seropositive groups (P � 0.418). Like-
wise, with regard to the percentage of V�2-expressing �� T
cells in the blood, there was no significant difference between
effectively treated (5.1% 	 5.1%) and untreated (5.0% 	
4.3%) HIV-1-seropositive subjects (P � 0.993) but the blood
of subjects in both groups contained a significantly reduced
percentage of V�2 cells compared with that of HIV-1-seroneg-
ative subjects (42.2% 	 20.7%; P 
 0.001 for each compari-
son).

For eight HIV-1-infected subjects identified during the
chronic infection period, longitudinal data from the initiation
date of antiretroviral medications to day 540 on therapy are
available (Fig. 3B). On diagnosis, the mean plasma HIV-1
RNA level was 5.49 	 4.61 log copies/ml and the mean CD4
cell count was 501.5 	 243.9. Seven of the eight subjects had
undetectable levels of HIV-1 RNA by day 90. In all, over the
540 days of study only two subjects showed an elevation of
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plasma HIV-1 RNA levels into the detectable range. In this
cohort, effective treatment of HIV-1 with HAART was asso-
ciated with a trend toward normalization of CD4 and CD8� ��
T-cell percentages in the peripheral blood of these subjects
such that within 360 days after the initiation of therapy, both
CD4 and CD8 cell percentages were significantly different
(P � 0.03 for each) from their pretherapy baseline values. In
comparison, treatment did not impact upon the phenotypic
changes in the �� T-cell population; despite 540 days of an
effective antiretroviral regimen, there were no significant de-
creases in the percentage of V�1 (P � 0.179) or increases in
the percentage of V�2 (P � 0.459) �� T cells compared with
their pretreatment values.

Compared with the observed persistent peripheral blood ��
T-cell population changes in HIV-1-infected subjects receiving
effective HAART, mucosal �� T-cell population changes mod-
estly normalize in HIV-1-infected subjects receiving effective
HAART for more than 1 year. The gastrointestinal mucosa of
HIV-1-seropositive subjects who were not receiving suppres-
sive HAART was found to contain a significantly higher per-
centage of �� T cells than the mucosa of HIV-1-seronegative
subjects (29.6% 	 19.2% versus 13.2% 	 5.7%; P � 0.015).
Treatment of HIV-1 with suppressive HAART was associated
with a reduction of mucosal �� T cells to 16.3% 	 8.3%, a
difference which approached significance when compared with
that of untreated HIV-1-infected subjects (P � 0.087) (Fig.
3C). Further, the percentage of mucosal V�1-expressing �� T
cells in HAART-treated subjects (56.7% 	 17.1%) was slight-
ly, though insignificantly, decreased compared to that seen in

untreated HIV-1-seropositive subjects (61.4% 	 20.2%; P �
0.40). Treatment of HIV-1 with suppressive HAART was as-
sociated with a rise in the percentage of mucosal V�2 �� T cells
to 13.8% 	 7.8%, though this was not significantly different
from that seen in the untreated population (18.8% 	 6.2%;
P � 0.22).

Expression of mucosal homing receptors is increased
among peripheral �� T cells of HIV-1-infected subjects. To
explain the expanded peripheral populations of V�1 �� T cells,
we hypothesized that increased trafficking of �� T cells from
the periphery to the mucosa in response to heightened mucosal
HIV-1 replication or overflow from the mucosal compartment
to the periphery is responsible. To examine this hypothesis, we
quantified the expression of mucosal homing receptors on pe-
ripheral blood �� T cells. �� and �� T cells were analyzed for
the expression of CCR9, a receptor that specifically directs
lymphocytes to the small bowel (28, 36), and of CD103 (�E�7),
which is associated with lymphocytes destined for the mucosal
epithelium throughout the gastrointestinal tract. CD103 was
present on 64% of the MMCs isolated from rectal mucosal
biopsies, while consistent with the colonic derivation of the
biopsies, only 5.7% of the MMCS expressed CCR9 (data not
shown). In comparison, a minority of PBMCs expressed either
of these mucosal homing markers. As shown in Fig. 4, a higher
percentage of blood �� T cells of HIV-1-infected subjects
(3.5% 	 2.7%) expressed either CCR9 or CD103 than those of
HIV-1-uninfected subjects (1.2% 	 1.4%; P � 0.01). In com-
parison, the increased percentage of �� T cells from HIV-1-
infected subjects expressing either CCR9 or CD103 (2.8% 	

FIG. 1. Comparison of percentages of peripheral blood and mucosal �� and �� T cells in HIV-1-seronegative (HIV-1�) and -seropositive
(HIV-1�) subjects. PBMCs and MMCs from the rectosigmoid region of HIV-1-seronegative (n � 47 for the study of PBMCs and n � 19 for the
study of rectal biopsies) and -seropositive (n � 71 for the study of PBMCs and n � 25 for the study of rectal biopsies) subjects were analyzed by
flow cytometry. (A) Representative flow cytometry plots outlining �� TCR-FITC cell levels on the x axis and �� TCR–allophycocyanin on the y
axis for both PBMCs and MMCs. (B) Box plot showing cell types and anatomic compartments studied (x axis) and percentages of CD3� T cells
that express either the �� or �� TCR (y axis). In these plots, the boxes extend from the first to the third quartiles, enclosing the middle 50% of the data.
The middle line within each box indicates the median of the data, whereas the vertical line extends from the 10th to the 90th percentile. This graph shows
that for both HIV-1-seronegative (open boxes) and -seropositive (shaded boxes) subjects, a higher percentage of MMCs than PBMCs expressed
the �� TCR. Further, while HIV-1 infection was not associated with changes in the percentages of �� or �� T cells in the peripheral blood, there
was a significant increase in mucosal �� T-cell populations of HIV-1-seropositive compared with HIV-1-seronegative subjects.
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4.1%) did not reach statistical significance compared to those
from HIV-1-seronegative subjects (1.6% 	 0.7%, P � 0.32).
While expression of both CCR9 and CD103 was increased for
�� T cells from HIV-1-infected subjects compared with that
seen with seronegative subjects, significance was only reached
for expression of CCR9 (2.4% 	 1.7% versus 0.6% 	 0.7%; P
� 0.02). In comparison, neither the percentage of CCR9 nor of
CD103 was significantly increased for �� T cells of patients
infected with HIV-1 compared with that seen with uninfected
subjects. Significant increases in the percentage of �� T cells
expressing mucosal homing receptors were seen in both
treated and untreated HIV-1-infected subjects compared with
that seen with HIV-1 seronegative subjects, though there were
no significant differences in the expression of these receptors
on PBMCs of these HIV-1-infected cohorts (data not shown).
Further, though this analysis was performed on total �� T-cell
populations in blood samples, we have noted that the increase
in CCR9 expression is limited to the V�2 �� T-cell population
(data not shown). The percentage of peripheral blood �� T
cells expressing either CCR9 or CD103 was not significantly

correlated with the CD4 cell count or the plasma level of
HIV-1 RNA (data not shown).

Peripheral blood and mucosas harbor distinct populations
of �� T cells. To determine the clonality of �� T-cell popula-
tions, we utilized CDR3 length polymorphism analysis (spec-
tratyping) of the V�1 and V�2 elements for eight HIV-1-
seropositive subjects who were identified during the chronic
infection period. Figure 5 shows profiles of CDR3 length poly-
morphisms of V�1 and V�2 chains from the blood and rectal
mucosa of eight HIV-1-infected subjects at the time of diag-
nosis during chronic HIV-1 infection. The profiles reveal dra-
matic differences in the CDR3 regions of the two anatomic
compartments of each subject for both V�1 and V�2. Further,
extensive length polymorphism in the CDR3 region for both
V�1 and V�2 in each compartment was seen, likely reflecting a

FIG. 2. Assessment of V�1 and V�2 changes in the blood and mu-
cosa of HIV-1-infected subjects. (A) Results from comparisons of V�1
and V�2 expression for the PBMCs and MMCs of HIV-1-seronegative
subjects (open boxes) (n � 27 for study of PBMCs and n � 19 for the
study of rectal biopsies) and of those subjects chronically infected with
HIV-1 (shaded boxes) (n � 14 for the study of PBMCs and rectal
biopsies). The graph shows that the blood and gastrointestinal mucosa
of HIV-1-infected subjects is characterized by a significantly higher
percentage of �� T cells expressing V�1 and a significantly smaller
percentage expressing V�2 compared with that of the HIV-1-seroneg-
ative subjects. (B) Comparison of the absolute numbers of total, V�1,
and V�2 �� T cells present in 1 ml of peripheral blood of 10 HIV-1-
seronegative (open boxes) and 10 chronically HIV-1-infected subjects
(shaded boxes). Supporting the findings depicted in panel A, this graph
shows that HIV-1 infection is associated with a numerical increase in
V�1 �� T cells and with a numerical decrease in V�2 �� T cells in 1 ml
of blood compared to the results seen for HIV-1-seronegative subjects.
The total numbers of �� T cells were not statistically different between
groups. (C) PBMCs from HIV-1-seronegative (open boxes) (n � 27)
and chronically HIV-1-infected (hatched boxes) subjects (n � 14) were
compared with those from HIV-1-infected subjects (shaded boxes) in
the acute infection period (i.e., prior to the development of positive
anti-HIV-1 ELISA examinations) (n � 33). The percentages of cells
stained for �� TCR were quantified, and after gating was performed on
those cells expressing the �� TCR, the percentages expressing V�1 and
V�2 were determined. This graph shows that in similarity to the
changes in �� T-cell populations, the alterations in �� T-cell popula-
tions are seen as early as the acute period of HIV-1 infection.
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polyclonal response to infection. In addition, since there is no
commonality between the CDR3 length patterns of the sam-
ples derived from the eight subjects, the antigens recognized by
these cells may differ between individuals. This is significantly
different from what has been reported for healthy individuals,
for whom identical and stable CDR3 patterns have been de-
scribed as being present throughout the colon and rectum (21,
24). Sequencing of the CDR3 region of the V�1 and V�2 �� T
cells of the blood and gastrointestinal mucosa of six HIV-1-
infected subjects confirmed considerable heterogeneity be-
tween these compartments (data not shown).

Treatment with HAART is associated with variable changes
in the CDR3 length polymorphism profile. Having shown the
HIV-1-infected subjects exhibited marked heterogeneity in the
V�1 CDR3 region and that treatment with HAART is not
associated with normalization of the percentages of V�1 and
V�2 peripheral blood �� T cells, we sought to examine whether
suppression of HIV-1 replication with HAART would be as-

sociated with a restriction or expansion of the CDR3 diversity
of V�1 and V�2 �� T cells, as might be expected with removal
of an inciting HIV-1-related antigen. We examined changes in
the CDR3 length polymorphism profile in RNA from PBMCs
extracted from the eight chronically HIV-1-infected subjects at
90, 180, 360, and 540 days after the initiation of HAART.
Figure 6 demonstrates that despite 540 days of effective
HAART, there was no appreciable restriction of V�1 or V�2
diversity. For the majority of these subjects, the V�1 CDR3
length polymorphism profile differed over time without dis-

FIG. 3. Determination of the effect of suppressive HIV-1 treatment
on �� T-cell population changes. (A) Results from a comparison of
V�1 and V�2 expression on PBMCs of HIV-1-seronegative subjects
(open boxes) (n � 47), of chronically HIV-1-infected subjects who had
not been treated with HAART (shaded boxes) (n � 10), and of
HIV-1-infected subjects whose antiretroviral treatment regimens had
rendered their plasma levels of HIV-1 RNA undetectable (hatched
boxes) (n � 28). The graph shows that effective treatment of HIV-1
infection with suppressive HAART did not normalize the �� T-cell
population changes seen with HIV-1 infection. (B) PBMCs from HIV-
1-infected subjects identified and treated for 540 days after diagnosis
during the chronic infection period (shaded boxes) (n � 8) were
compared with those from HIV-1-seronegative subjects (closed boxes)
(n � 47). On the left side of the graph, the percentages of cells staining
for the �� TCR (FITC) when examined for expression of CD4 (phy-
coerythrin) and CD8 (allophycocyanin) are indicated. On the right side
of the graph, the percentages of �� T cells expressing V�1 and V�2 are
indicated. This graph shows that despite suppressive antiretroviral
treatment for 540 days, the changes in V�1 and V�2 �� T-cell popu-
lations did not normalize compared with those of HIV-1-seronegative
subjects. (C) Comparison of V�1 and V�2 expression on MMCs of
HIV-1-seronegative subjects (open boxes) (n � 19), of chronically
HIV-1-infected subjects who had not received HAART (shaded boxes)
(n � 9), and of those whose antiretroviral treatment regimens had
rendered their plasma levels of HIV-1 RNA undetectable (hatched
boxes) (n � 8). In comparison to the lack of reversibility of the
phenotypic changes seen when blood �� T-cell populations were stud-
ied, effective viral suppression with therapy did appear to result in
partial normalization of the phenotypic changes in gastrointestinal ��
T-cell populations. For each box plot, the x axis outlines the T-cell
phenotype while the y axis outlines the percentage of the lymphocyte
population with that phenotype.
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cernible restriction or expansion of diversity. Patients 7 and 8,
on the other hand, demonstrated a stable oligoclonal response
over the duration of the study. In comparison with the V�1
profiles, the V�2 profiles of each of the patients appeared to be
quite stable over the 540 days of treatment.

DISCUSSION

There is considerable heterogeneity of the �� T-cell popu-
lation in the body, with differing effector functions in diverse
tissue distributions (7). While the effect of HIV-1 infection on
peripheral blood �� T cells has been studied by some investi-
gators, little examination of the effects of HIV-1 on the more
populous gastrointestinal mucosal �� T cells has been under-

taken. We undertook this study to assess whether HIV-1 in-
fection is associated with phenotypic alteration of the mucosal
and blood �� T-cell populations and to determine whether
these changes could be reversed with effective antiviral ther-
apy. We found that while HIV-1-infected subjects did not
exhibit an increase in the percentage of peripheral blood T
cells expressing the �� TCR, there was an expansion in the
percentage of mucosal T cells that expressed the �� TCR. In
both the blood and mucosa of HIV-1-infected subjects, there
was an expansion in the percentage of the V�1 and contraction
in the percentage of the V�2 cell subsets. This study is the first
to show that these phenotypic changes of the peripheral ��
T-cell population are observed during the acute HIV-1 infec-

FIG. 4. Comparison of expression of mucosal homing receptors CCR9 and CD103 on blood �� (right panel) and �� (left panel) T cells of
HIV-1-seronegative and chronically infected subjects. PBMCs derived from HIV-1-seronegative subjects (open boxes) (n � 10) and subjects
chronically infected with HIV-1 (shaded boxes) (n � 16) were prepared by Ficoll-Hypaque gradient and studied using flow cytometry. As shown,
while there was no increase in the expression of mucosal lymphocyte homing receptors on �� T cells of HIV-1-infected subjects, the expression
of CCR9 and CCR9 or CD103 was increased for the total population of peripheral blood �� T cells of HIV-1-infected subjects. For each box plot,
the x axis outlines the T-lymphocyte phenotype while the y axis outlines the percentage of the lymphocyte population with that phenotype.

FIG. 5. Analysis of CDR3 length polymorphisms of V�1 and V�2 �� T cells of chronically HIV-1-infected subjects. Two endoscopically
obtained rectosigmoid biopsies and 1 � 106 to 5 � 106 frozen PBMCs were used for total RNA extraction. Single-strand cDNA was synthesized
from the RNA, and analysis of CDR3 size distribution of V�1-C� rearrangements was performed using a V�1 primer and a C� antisense primer.
Using an internal C�1 primer with a fluorescent dye bound to the amino-2 group of the primer, amplification products were subjected to a runoff
elongation cycle and analyzed. The results of CDR3 length polymorphism analysis of the V�1 and V�2 regions of RNA derived from PBMCs and
rectal biopsies from eight HIV-1-infected subjects at the time of diagnosis are shown. As shown, the spectratypes revealed dramatic differences
in the CDR3 regions between the two anatomic compartments of each subject for both V�1 and V�2. The plots reveal extensive length
polymorphism in the CDR3 region for both V�1 and V�2 in each compartment. The x axis of these plots reveals the CDR3 length, while the y axis
shows fluorescence intensity in arbitrary units.
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tion period, persist during the chronic phase of infection, and
are not reversed by prolonged suppression of HIV-1 replica-
tion with HAART. Expression of CCR9 and CD103 mucosal
homing receptors was increased among peripheral blood �� T
cells of HIV-1-infected subjects, but as determined on the basis
of analysis of CDR3 length polymorphism profiles and se-
quencing of the CDR3 region of V�1 and V�2 �� T cells,
mucosal and peripheral blood populations in HIV-1-infected
subjects are distinct and polyclonal. It is thus interesting that
HIV-1 infection is associated with expansion of the V�1 pop-
ulation and contraction of the V�2 �� T-cell population in both
the mucosa and peripheral blood, despite the genetic differ-
ences in the cells of these two compartments.

The most salient finding of this study was the striking and
irreversible increase in the V�1 �� T-cell population coupled
with the dramatic decline in the V�2 cell population, which was
seen in both the gastrointestinal mucosa and blood of HIV-1-
infected subjects. These changes have previously been de-
scribed for blood �� T cells of HIV-1-infected subjects (2) and
have also been shown to occur in the bone marrow (40), lungs
(1), and duodenum (34) of HIV-1-infected subjects. While the
increases in V�1 T-cell cell population could potentially rep-
resent a homeostatic compensation in response to the declines
in V�2 �� T-cell population (or vice versa), the lack of a
negative correlation between these subsets among the HIV-1-
infected subjects speaks against this probability. Still, the small
number of subjects analyzed may limit the accuracy of this
assessment. To date, the mechanisms responsible for V�1 pop-
ulation expansion and V�2 population reduction have not been
elucidated.

The expansion of the V�1 cell population might have oc-
curred in response to multiple antigens, since we observed that
this expansion was not associated with preferred V� gene seg-
ments. V�1 cells might therefore have been acting in a manner
similar to that seen in response to superantigens. The results of
other studies that have examined the junctional diversity of
V�1 and V�2 �� T cells in HIV-1-infected individuals have also
suggested that the changes are not due to clonal expansion of
V�1 cells or to clonal deletion of V�2 cells (23). The expanded
V�1 �� T-cell populations seen in HIV-1 infection have also
been shown to express a number of V� receptors, further
arguing against a clonal expansion of this cell population (50).
The numerical changes in V�1 T cells may be reflective of a
polyclonal �� T-cell response associated with some aspect of
HIV-1 pathogenesis rather than against a single or a few spe-
cific antigens (49). Given that the polyclonal depletion of the
V�2 �� T cells has been noted to be more evident in subjects
with opportunistic infections, infectious or inflammatory co-
factors may also be involved in �� T-cell population changes
(5).

It is tempting to envisage that the increases in mucosal and
peripheral V�1 �� T-cell populations reflect the expansion of
a population reactive against a soluble HIV-1 antigen. This
would explain the alteration in �� population phenotypic
changes observed during the acute HIV-1 infection period and
in those chronically infected subjects who had not been receiv-
ing therapy. However, the lack of normalization of the ��
population changes with suppressive HAART refutes this, pro-
viding contradictory evidence that V�1 �� T-cell expansion is
unrelated to the extent of HIV-1 replication and, thus, is un-

FIG. 6. Determination of the effect of suppressive antiretroviral therapy on diversity of the V�1 and V�2 CDR3 of blood �� T cells. The results
of longitudinal CDR3 length polymorphism analysis of the V�1 and V�2 regions of RNA derived from eight chronically HIV-1-infected subjects
at 90 to 540 days after diagnosis and initiation of antiretroviral therapy are shown. As shown, there was no appreciable restriction of the V�1
diversity despite the administration of suppressive antiretroviral medications. For the majority of these subjects, the V�1 CDR3 length polymor-
phism profiles differed over time without a discernible pattern to suggest restriction or expansion of diversity whereas the V�2 profiles of each of
the eight patients appeared to be quite stable over the duration of treatment. The x axis of these plots reveals the CDR3 length, while the y axis
shows fluorescence intensity in arbitrary units.
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likely to be due to the presence of an HIV-1-associated antigen
in the blood or mucosa, though antigenemia may still be
present despite the lack of detection of HIV-1 RNA.

Rather than responding to the presence of a viral antigen,
the expansion of the V�1 cells may be in response to the
induced expression of a cellular membrane ligand. EBV-trans-
formed B cells from HIV-1-seropositive, but not from HIV-1-
seronegative, subjects have been shown to be capable of acti-
vating V�1 cells (20). Recent data suggesting that expanded
V�1 �� T-cell populations may also destroy HIV-1-uninfected
as well as -infected CD4� cells (43) provide further evidence
against reactivity to a viral antigen and stronger evidence for
reactivity to a cellular ligand. Given that they are predomi-
nantly located in the mucosal epithelium in healthy subjects, it
is not surprising that V�1 �� T cells recognize MHC-class
I-related receptors (MICA and MICB) induced by stress or
infection of intestinal epithelial cells (18). Due to its large
population of CCR5- and CXCR4-expressing activated CD4�

lymphocytes, the gastrointestinal mucosal compartment sup-
ports heightened HIV-1 replication (39, 45), and the concom-
itant mucosal inflammation (35) could conceivably result in
increased expression of MICA and MICB, triggering local V�1
cell expansion. Other ligands recognized by these cells likely
also belong to the class of stress-induced host factors, such as
heat shock proteins (3, 42) or UL16 binding proteins (10). Our
data provide some clues that may be utilized in the search for
this antigen. The responsible ligand appears to be expressed
early during HIV-1 infection and is not lost despite effective
suppression of viral replication. Identification of this target of
V�1 cells may permit discovery of treatment modalities that
can slow the progression of disease by the salvage of CD4 T
cells.

The possibility of increased mucosal recruitment of �� T
cells in response to HIV-1-associated mucosal inflammation is
supported by our finding of increased expression of CCR9 or
CD103 on peripheral blood �� T cells. The converse may also
be true; Boullier et al. suggested that the increase in the pe-
ripheral V�1 population might reflect increased trafficking
from the tissues into the circulation due to cytokine gradients
(6). In fact, other mucosal inflammatory states, such as inflam-
matory bowel disease, have been shown to be associated with
an increased population of peripheral V�1 �� T cells (16).
Whether mucosa-derived lymphocytes migrating through the
bloodstream retain expression of mucosal homing receptors is
unknown. Therefore, it is not possible to ascertain the site of
origin of the increased V�1 cells or their direction of migra-
tion.

One mechanism possibly responsible for the loss of V�2 ��
T cells is infection and destruction by HIV-1 itself. Some au-
thors have found that a significant percentage of �� T cells
express CD4 (11). In a recent study, Imlach et al. showed that
a large proportion of �� lymphocytes expressed the chemokine
receptors CCR5 and CXCR4 and that CD4� �� T cells could
be productively infected by HIV-1 (25). Using quantitative
PCR for HIV-1 proviral sequences, they showed that there is a
substantial infection of �� lymphocytes, contributing 3 to 45%
of the total HIV-1 proviral load in blood. In another recent
study, Gurney et al. showed that a subset of developing thymic
�� T cells expressing CD4, CXCR4, and CCR5 are susceptible
to HIV-1 infection. These cells could be productively infected

by both CXCR4- and CCR5-tropic HIV-1 virus, which could
cause depletion of CD4� �� T cells (19). While both of these
studies clearly show that �� T cells can express CD4 and
functional HIV-1 coreceptors, they did not assess whether
these receptors were expressed preferentially on V�1 or V�2
�� T cells and whether preferential infection of V�2 �� T cells
could contribute to their loss in HIV-1-infected subjects.

The clinical significance of changes in the V�1/V�2 ratio of
the mucosa and blood of HIV-1-infected subjects remains un-
clear. The V�9/V�2 �� T cells that predominate in the blood of
healthy subjects and are severely depleted in HIV-1-infected
subjects are believed to recognize a number of naturally oc-
curring and synthetic nonpeptide phosphoantigens expressed
by an array of pathogens, including mycobacteria, Plasmodium
falciparum (4), and Francisella tularensis (17), as well as certain
lymphoma cells (14). In particular, HIV-1 has been shown by
Enders et al. to be associated with a polyclonal depletion of a
specific subset of V�9�2 cells expressing the J�1.2 segment
(12). This cellular population is believed to represent the pri-
mary population of circulating �� T cells that recognize the
nonpeptide antigens that are expressed by many pathogens
(33).

Whether the loss of these peripheral blood �� T cells may
increase susceptibility to systemic opportunistic infections and
neoplasia has not been determined. Given that the gastroin-
testinal mucosa represents the primary site of residence of ��
T cells, where they function as vital immune effectors and
influence epithelial cell homeostasis (27), it is likely that mu-
cosal changes in �� T-cell populations are immunologically
important. Despite their likely reactivity to host cellular anti-
gens, in accordance with their activation state, cytolytic activity
against infected cells, and the increased production of gamma
interferon (IFN-�) and tumor necrosis factor alpha (TNF-�) in
patients with systemic viral infections, it is likely that one of the
functions of �� T cells is the elimination of virus-infected cells
(20, 47). In comparison with �� T cells, the antiviral response
of �� T cells is not dependent upon prior exposure to viral
antigens. In fact, one study showed that 40% of V�9/V�2 cells
from healthy donors can lyse HIV-1-infected cells (46). These
cells could exert important antiviral activity through rapid
polyclonal responses.

Stimulation of �� T cells by virally infected cells results in
cellular proliferation and cytolysis through the perforin-gran-
zyme pathway. However, not all �� T cells reactive to virus-
infected cells are directly cytotoxic. Others mediate their effect
by elaboration of soluble mediators. In addition to production
of IFN-� and TNF-�, which contribute to elimination of virally
infected cells, activated �� T cells also produce HIV-1-sup-
pressive �-chemokines (29). Other populations of �� T cells
involved in viral immune responses in humans serve an immu-
noregulatory function. These cells, through the release of cy-
tokines and lymphokines, modulate the Th1 and Th2 pathways
of �� T-cell helper-cell differentiation (13, 48). Type I (Th1)
cytokine (IFN-�, interleukin-2, and interleukin-12) production
is strongly associated with T-cell activation and macrophage
stimulation in attacks on intracellular pathogens. Skewing of
the T-cell response to either Th1 or Th2 activation has signif-
icant consequences for the clearance of pathogens. V�1 cells,
as a whole, appear to secrete less IFN-� than do V�2 cells (11).
Therefore, the increase in peripheral and mucosal V�1 cell
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populations may ultimately result in decreasing clearance of
HIV-1 and other intracellular pathogens by decreasing the Th1
response.

Decreased pathogen clearance by �� T cells of HIV-1-in-
fected subjects has been observed in vitro. One study showed
that the V�9V�2 cells that remain in the blood after HIV-1
infection appear to be incapable of proliferation to their non-
peptidic ligands, though they can still produce IFN-� and
TNF-� (38). Though we showed that HAART is not associated
with a reversal of the decline in V�2 cell populations, it may
reverse the anergy exhibited by the V�9V�2 cells (32). An
important study by Martini et al. revealed that while acute
HIV-1 replication during a structured treatment interruption is
associated with a significant decline in the number of V�9�2
effector �� T cells and the functional anergy of these cells,
resumption of HAART was able to reverse these changes (31).
Since �� T cells have recently been shown to be capable of
reacting against and destroying HIV-1-infected and uninfected
CD4� cells in HIV-1-infected individuals, expansion of V�1
cell populations may also represent an important immunologic
cofactor in disease progression (43). At this stage of investiga-
tion, the physiological consequences of V�1 expansion remain
unknown and any of the consequences proposed above may
prove true.

The lymphocyte response to viral pathogens involves not
only B cells and �� T cells but also the �� T-cell population.
The results we present may have significant clinical implica-
tions. Given the importance of the mucosal compartment in
HIV-1 pathogenesis, further study to elucidate the significance
of the changes observed here is critical. Efforts to strengthen
the innate �� T-cell immune response against HIV-1 may have
important implications for both treatment strategies and pre-
vention of transmission through mucosal surfaces (29). Future
work should define the ligand for the expanded population of
V�1 cells, examine the cause of V�2 population reduction, and
more closely examine the clinical and immunologic ramifica-
tions of the described changes. In addition, given the impor-
tance of the gastrointestinal mucosa, future work should in-
clude this important compartment in studies of �� T-cell
pathogenesis in HIV-1.
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