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Perturbations in the T-cell receptor (TCR) V� repertoire were assessed in the CD4 and CD8 T lymphocytes
of human immunodeficiency virus (HIV)-infected children who were receiving therapy during the chronic
phase of infection by flow cytometry (FC) and PCR analysis. By FC, representation of 21 TCR V� subfamilies
was assessed for an increased or decreased percentage in CD4 and CD8 T cells, and by PCR, 22 TCR V�
subfamilies of CD4 and CD8 T cells were analyzed by CDR3 spectratyping for perturbations and reduction in
the number of peaks, loss of Gaussian distribution, or clonal dominance. The majority of the TCR V�
subfamilies were examined by both methods and assessed for deviation from the norm by comparison with cord
blood samples. The CD8-T-lymphocyte population exhibited more perturbations than the CD4 subset, and
clonal dominance was present exclusively in CD8 T cells. Of the 55 total CD8-TCR V� families classified with
clonal dominance by CDR3 spectratyping, only 18 of these exhibited increased expression by FC. Patients with
high numbers of CD8-TCR V� families with decreased percentages had reduced percentages of total CD4 T
cells. Increases in the number of CD4-TCR V� families with increased percentages showed a positive corre-
lation with skewing. Overall, changes from normal were often discordant between the two methods. This study
suggests that the assessment of HIV-induced alterations in TCR V� families at cellular and molecular levels
yields different information and that our understanding of the immune response to HIV is still evolving.

The majority of peripheral blood CD4 and CD8 T cells
express the �� T-cell receptor (TCR), with the � chain repre-
sented by variable segments which are grouped into families
based on sequence homology (16). A complete T-cell reper-
toire is indicative of an intact T-cell population with the po-
tential to recognize a wide range of immunogens. Numerous
reports have documented changes in the TCR V� repertoire
during human immunodeficiency virus (HIV) infection in re-
lation to disease progression and the effect of therapy (4, 5,
8–10, 19–23). CDR3 length spectratyping (8, 19, 21) and flow
cytometric (FC) analysis of TCR V� families labeled with
specific monoclonal antibodies (MAbs) (4, 7, 26) are among
the most frequently used assays for the analysis of TCR V�
repertoire in HIV infection. The CDR3 spectratype is an in-
dicator of the relative proportion of cells in each TCR V�
family with CDR3 of particular lengths, while labeling of cells
with TCR-V�-specific MAbs provides a quantitative assess-
ment of the percentages of particular TCR V� families in T
cells. Thus, evaluation of the TCR V� repertoire with MAbs,
in combination with CDR3 spectratyping, is expected to pro-
vide complementary information. In the present study, we an-
alyzed the TCR V� repertoire in the CD4 and CD8 T cells of
22 HIV-infected children by CDR3 length analysis and by FC.

MATERIALS AND METHODS

Patient population. TCR V� repertoire analyses by PCR and FC were per-
formed concurrently in 22 HIV-infected children with a median age of 8.5 years

(25th to 75th percentile, 5.5 to 13.0 years). The study cohort was comprised of
patients in different stages of the disease with a median CD4 count of 26% (25th
to 75th percentile, 22 to 31%) and a median plasma HIV RNA virus load of
19,629 RNA copies/ml (25th to 75th percentile, 1,070 to 96,216 RNA copies/ml).
All except 2 patients were receiving antiretroviral therapy: 1 patient was on a
single drug and 5 were on two drugs, while the remaining 14 patients were
receiving �3 drugs. Peripheral blood samples were collected during regularly
scheduled visits for routine clinical testing following the obtaining of informed
consent as per institutional review board-approved protocols. This research was
performed in compliance with all relevant federal guidelines and institutional
policies. Patient characteristics at the time of study are shown in Table 1.

CDR3 length analysis using reverse transcription-PCR. Peripheral blood
mononuclear cells were isolated from heparinized venous blood by ficoll-me-
trizoate (Lymphoprep; Nyegard, Oslo, Norway) density gradient centrifugation.
CD4 and CD8 T cells were positively selected by using magnetic beads coated
with anti-CD4 and anti-CD8 MAbs according to the manufacturer’s instructions
(Dynal, Lake Success, N.Y.). The purity of recovered cells as assessed by FC was
�98%. RNA was extracted directly from cells coated on beads with Ultraspec
RNA solution (Biotecx, Houston, Tex.). RNA (1 to 5 �g) was reverse transcribed
with Moloney murine leukemia virus reverse transcriptase enzyme (Gibco BRL,
Grand Island, N.Y.) and TCR �-chain C region primer (C�14). Multiplex PCR
was performed with forward V� primers for TCR V� family 1 (V�1), -2, -3, -4,
-5.1, -5.2, -6, -7, -8, -9, -11, -12, -13.1, -13.2, -14, -15, -16, -17, -18, -20, -21, -22, -23,
and -24 and 32P-labeled C�R reverse primer in the presence of AmpliTaq Gold
DNA polymerase (PerkinElmer, Branchburg, N.J.) as described previously (12,
25). V�10 and -19 were not analyzed, as they are pseudogenes (3). PCR condi-
tions were as follows: 12 min of incubation at 95°C to activate the AmpliTaq
Gold enzyme, followed by 35 cycles of denaturation at 94°C for 30 s, annealing
at 55°C for 30 s, and extension at 72°C for 1 min. At the end of 35 cycles, a final
extension was performed at 72°C for 10 min. The PCR products were resolved on
a 6% polyacrylamide gel, followed by analysis on a Phosphorimager (Molecular
Dynamics, Sunnyvale, Calif.). An immunoscope pattern was generated by using
ImageQuant software (Molecular Dynamics), and the intensity of the signals
from CDR3 segments in each TCR V� family was quantified. Standards for
CDR3 lengths in an unperturbed TCR V� repertoire were established by exam-
ining purified CD4 and CD8 populations in 10 umbilical cord blood samples
obtained from healthy women following uneventful deliveries. CDR3 length
distribution for each V� family in cord blood CD4 and CD8 T cells showed a
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Gaussian distribution. The 5th and 95th percentiles of the numbers of peaks were
calculated for each family. These were five to nine peaks, with the exception of
V�23, which showed three to seven peaks (data not shown). In patient samples,
TCR V� families that exhibited a Gaussian distribution of the CDR3 lengths
were considered unperturbed. The term skewing was used for TCR V� families
that did not show a Gaussian distribution or had a reduction in the number of
peaks to �5 (28). The term clonal dominance was used for TCR V� families that
contained a peak whose area was �50% of the total area for that family (6, 12,
25).

FC determination of V� family representation. The percentage of each V�
family was quantified by four-color FC with a TCR V� kit (kindly provided by
Coulter-Immunotech, Miami, Fla.). This kit consists of premixed combinations
of three anti-V� MAbs per vial for the quantification of TCR V�1, -2, -3, -5.1,
-5.2, -5.3, -7, -8, -9, -11, -12, -13.1, -13.6, -14, -16, -17, -18, -20, -21.3, -22, and -23:
one conjugated with fluorescein isothiocyanate, the second conjugated with phy-
coerythrin, and the third conjugated with both fluorochromes (14). These re-
agents were combined with MAbs directed against CD4 conjugated with phyco-
erythrin–cyanine 5 (Immunotech) and directed against CD8 conjugated to
allophycocyanin (Caltag, Burlingame, Calif.). Samples were labeled within 6 h of
phlebotomy, lysed with Immunolyse (Coulter), and fixed in 1% paraformalde-
hyde (Electron Microscopy Sciences, Fort Washington, Pa.). Lymphocytes were
gated on CD4bright or CD8bright for the determination of V� percentages. Nor-
mal values for the percent representation of individual V� families within both
CD4- and CD8-T-cell subsets were determined by calculating the 5th and 95th
percentiles for each V� family from 10 cord blood samples (data not shown). In
patient samples, values in excess of (increase) or less than (decrease) the 5th and
95th percentiles established in cord blood T cells were considered perturbed.

Estimation of plasma viral load. HIV RNA in plasma was quantified with the
Amplicor HIV monitor kit (Roche Diagnostics, Somerville, N.J.). Sensitivity of
the assay was �50 HIV RNA copies/ml of plasma.

Statistical analysis. Statistical analysis was performed with Sigmastat Software
(Jandel Scientific, San Rafael, Calif.). Distributions of data sets were checked for
normality and compared by using Student’s t test or the Mann-Whitney rank sum
test as appropriate, with a P of �0.05 considered significant. Spearman’s corre-
lation coefficient was utilized to determine the relationships between examined
parameters.

RESULTS

TCR V� repertoire perturbations within CD4- and CD8-T-
lymphocyte populations. The TCR V� repertoire of both the
CD4- and CD8-T-cell subsets of HIV-infected children (Tables
2 and 3, respectively) was found to be significantly perturbed
compared to the cord blood repertoire, which served as the
standard for an unaltered repertoire.

As shown in Table 2, CDR3 spectratyping of CD4 T cells
revealed skewing in 9.7% of V� families based upon the loss
of Gaussian distribution and reduction in the number of
peaks in the CDR3 regions of particular V� families. There
was no evidence of clonal dominance in any V� family in
CD4 T cells. By FC, there was evidence for both an increase
and a decrease in the percentage of CD4 T cells expressing
particular V� families. Increased expression was detected in
13.6% (n � 60) of TCR V� families, and decreased expres-
sion was observed in 8.8% (n � 40) of TCR V� families of
CD4 T cells. As indicated in Table 2, when data for CDR3
spectratyping and FC were evaluated together, of the 42
CD4 TCR V� families that exhibited skewing (by CDR3
spectratyping), percent TCR V� expression by FC was in-
creased in only five individual TCR V� families and was not
decreased in any.

In contrast to CD4 T cells, CD8 T cells exhibited pro-
found alterations in the TCR V� repertoire of HIV-infected
children by all measured parameters (Table 3). Abnormal-
ities in CD8-TCR V� repertoire were most apparent in
assays of CDR3 spectratyping, with 202 V� families (38.2%)
exhibiting skewing; of these, 55 V� families (10.4%) exhib-

TABLE 1. Immunologic and virologic characteristics of the study patients

Patient
no.

Patient
identification no.

Age
(yr)

T-cell count
Virus load

(RNA copies/ml)
Treatment history (no. of
drugs/duration [months])a

Virologic/immunologic
responsebCD4 CD8

% Absolute % Absolute

1 6750001208 0.2 37 3,713 28 2,785 125,482 None NA
2 6750000964 2.0 17 1,420 39 3,178 �50 3/24 �/�
3 6750001154 2.6 19 443 25 590 141,213 2/1 �/�
4 6750001146 3.2 20 715 42 1,466 14,258 2/29 �/�
5 6750001085 4.9 29 1,067 39 1,559 41,000 None NA
6 6700000121 5.8 23 480 44 938 35,174 3/20 �/�
7 6750001028 6.8 29 708 38 918 79,267 3/2 �/�
8 6750000946 7.0 23 502 27 598 �50 3/9 �/�
9 6750000649 7.0 27 1,534 62 3,559 25,000 2/12 �/�
10 6750000939 8.0 33 600 41 749 5,028 3/12 �/�
11 6750000935 9.0 22 813 44 1,514 96,216 3/14 �/�
12 6700000116 9.0 29 1,312 45 2,061 13,391 3/16 �/�
13 6750000717 9.0 32 494 34 526 1,953 1/24 �/�
14 6750000860 9.5 34 1,134 39 1,234 �750,000 3/19 �/�
15 6700000087 10.6 19 277 23 343 39,979 3/6 �/�
16 6700000113 11.8 26 979 46 1,713 972 3/12 �/�
17 6700000061 13.1 23 964 45 1,928 600 4/3 �/�
18 6700000011 13.4 26 633 35 835 1,070 4/1 �/�
19 6700000129 13.7 38 677 36 637 9,161 2/12 �/�
20 6750000988 15.0 0 0 15 202 229,086 3/14 �/�
21 6750000626 15.5 38 1,064 49 1,389 128,628 2/7 �/�
22 6700000123 16.5 23 535 37 85 �50 4/22 �/�

a Patients were on combinations of nucleoside reverse transcriptase inhibitors (NRTIs) (zidovudine [AZT], lamivudine [3TC], and didioxyinosine) or on NRTIs plus
nonnucleoside reverse transcriptase inhibitors (Nevirapine or Efavirenz) or two NRTIs plus protease inhibitors (nelfinavir, ritonavir, or saquinavir) for two, three, or
four drug combinations.

b Virologic response was defined as a decrease in plasma HIV RNA of greater than 1.0 log or to undetectable levels or the continued state of an undetectable virus
load. Immunologic response was defined as an increase in the percentage of CD4 greater than 10% or the continued maintainance of CD4 T cells at greater than 25%.
NA, not applicable.

54 KHARBANDA ET AL. CLIN. DIAGN. LAB. IMMUNOL.



ited clonal dominance. As seen for the CD4 T cells, FC
revealed an abnormal expression of certain TCR V� fami-
lies of CD8 T cells, only some of which were deemed skewed
or dominant by CDR3 length analysis. Overall, in the CD8
T-cell repertoire of all the V� families tested in 22 HIV-
infected children, 202 V� families showed skewing by CDR3
spectratyping; of these 202 families, the percentages of 43
families were increased as determined by FC and the per-
centages of 6 families were decreased. Of the 55 families
that showed evidence of clonal dominance by CDR3 spec-
tratyping, 18 exhibited increased expression by FC.

By both PCR-based CDR3 length spectratyping and FC,
CD8 T cells exhibited more perturbations than the CD4 subset
(Fig. 1). By CDR3 spectratyping, a median number of two
TCR V� families for CD4 T cells and eight V� families for
CD8 T cells (P � 0.001) were skewed in 18 subjects. Clonal
dominance was observed exclusively in the CD8 T cells. By FC
as well, increases in the percent expression of particular V�
families in the CD8-T-cell compartment were greater than the
increases of those within the CD4 subset (mean CD8 count
4.41 versus mean CD4 count � 2.86, P � 0.016) in 21 subjects.
The absolute difference in percentages of each TCR V� family
relative to that from the cord blood was significantly greater for
CD8 T lymphocytes compared to that for CD4 T lymphocytes
(mean CD8 count � 1.36 versus mean CD4 count � 0.92, P �
0.001).

Relationship between TCR V� perturbations and clinical
parameters. We investigated whether a relationship existed
between the level of perturbation in the TCR V� repertoire
and the variables of CD4-cell count and plasma viral load.
Percent CD4 was negatively correlated with the number of

CD8-TCR V� families showing decreased expression by FC (r
� �0.439, P � 0.04) (Fig. 2A). No other correlations between
repertoire deviation and CD4-cell count or plasma viral load
were observed. In addition, no correlation was noted between
perturbations detected by CDR3 spectratyping in the T-cell
repertoire with the age of the patients, the nature of therapy,
or plasma virus load.

Correlations between different assays used to determine
TCR V� perturbations. We sought to investigate if a relation-
ship existed between the number of perturbations at the
molecular level determined by CDR3 spectratyping (skewing
or dominance) and the TCR V� usage at the cellular level as
determined by FC (increase or decrease). The number of
CD8-TCR V� families exhibiting increases in percent expres-
sion correlated with the number of CD4-TCR V� families
that showed increases in percent expression (r � 0.446, P �
0.04) (Fig. 2B). The number of TCR V� families in CD4 T
cells that exhibited skewing by CDR3 spectratyping correlated
with the number of CD4 V� families that were overexpressed
by FC (r � 0.45, P � 0.05) (Fig. 3A) and with the number of
CD8-TCR V� families that were underexpressed by the FC
assay (r � 0.576, P � 0.01) (Fig. 3B). Within the FC assay,
overexpressed CD4-TCR V� families and CD8-TCR V�
families correlated with each other. Within the CDR3 spectra-
typing assay, the number of CD8-TCR V� families show-
ing skewing correlated with the number of V� families dem-
onstrating clonal dominance (r � 0.43, P � 0.04). The in-
dividual TCR V� families exhibiting perturbations, however,
were usually disparate and only rarely the same (Tables 2 and
3).

TABLE 2. TCR V� family analysis in CD4 T cells in HIV-infected children by CDR3 length and FC analysis

Patient no.a
PCRb FC

Skewing Clonal dominance Expansion Depletion

1 None None None 12
2 23, 24 None 3, 5.1, 14, 16, 17 9, 11, 12
3 ND ND None 5.2, 12, 13.1
4 11, 21, 23, 24 None 8, 11, 20 7
5 23 None 8 11, 12
6 4, 21, 23 None 14 12
7 ND ND 3, 9, 14, 18 12
8 23 None 9, 16, 18 12
9 23 None 3 5.1, 12
10 1, 4, 16, 18, 23 None 9, 11, 14, 17 7, 12
11 4, 5.1, 8, 20, 23, 24 None 8, 11, 16, 17 12
12 4, 23 None 5.1, 8, 9, 16, 22 None
13 23 None 11 None
14 ND ND 3, 7, 16 9, 11, 12
15 23 None 14 9, 12, 13.1
16 4, 21, 23, 24 None 16 5.1, 9, 12, 18
17 5.2, 9, 11 None 5.2, 9, 11, 13.1, 14, 17, 18 8, 12
18 21, 23, 24 None 3, 5.2, 11, 13.1, 14 7, 12
19 None None 3, 14, 17 12, 20
21 4, 23, 24 None 8, 13.1, 14, 16 7, 9, 12
22 23, 24 None 8, 14, 16, 18 7, 12

Total no. of TCR V� families
altered (no. of patients)

42 (18) 0 (18) 60 (21) 40 (21)

a ND, not done.
b Analysis not done for patient 20.
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DISCUSSION

Upon antigen encounter, the response of both CD4 and
CD8 cells is deemed to be essential for mounting an efficient
immune response. In the HIV-infected children studied,
marked distortions were observed in TCR V� repertoire in
CD4 and CD8 T cells, with more perturbations in CD8 com-
pared to CD4 T cells, which is in concordance with previous
reports (9, 13, 21, 22). While increases in the percentages of
particular TCR V� families were detected by FC in CD4 and
CD8 T cells, clonal dominance was exclusively present in the
CD8-T-cell compartment (25), which has been previously
shown to result from oligoclonal expansions by sequence anal-
ysis (12). A possible explanation lies in the robustness and
kinetics of the response of each subpopulation subsequent to
antigen encounter, as it has been demonstrated that the initial
proliferation of CD8 cells is of greater magnitude than CD4
cells and of longer duration (13); a recent investigation of
pediatric HIV infection found persistent high-level TCR V�-
specific expansions only within the CD8 subpopulation (22). In
the present study, increases in percent representation of TCR
V� families in the CD4� T cells were without clonotypic over-
representation.

Our observation of an association between the number of
CD4- and CD8-TCR V� families with increased percentages

leads us to speculate that these CD4 populations may have
specifically responded to HIV. If so, this would support the
concept that helper T cells are imperative for CD8-T-cell
function, e.g., cytotoxic lymphocyte activity. Indeed, patients
with tremendously depleted CD4 pools no longer possess
detectable HIV-specific CD8 cells (11) while those patients
capable of controlling virus in the absence of therapy exhibit
strong helper activity (27). HIV-infected children with pre-
served or restored CD4 compartments who are given ther-
apy are perhaps more likely to exhibit virus-specific cytotox-
ic-T-lymphocyte expansions compared to patients in whom
this population is depleted. While increased percentages of
CD4 T cells in HIV-infected children occur transiently (22),
their role in influencing the antigen-specific CD8-T-cell re-
sponse remains to be elucidated. One possibility is that the
CD4 help given to the CD8 lymphocytes is required only
during the initial phase of activation. An alternative hypoth-
esis is that, since CD4 T cells are the primary target of HIV
infection, antigen-specific activity in these cells leads to their
preferential infection and deletion and the remaining cells
are dysregulated due to induction of anergy or apoptosis. A
third possibility is that this may indicate an oligoclonal re-
sponse but not with the dominance of particular clones.

How does the TCR V� response to HIV differ from that

TABLE 3. TCR V� family analysis in CD8 T cells in HIV-infected children by CDR3 length analysis and FC analysis

Patient no.
PCR FC

Skewing Clonal dominance Expansion Depletion

1 4, 5.1, 18, 20, 22, 23, 24 None 9, 22 None
2 2, 3, 4, 5.1, 5.2, 6, 7, 8, 13.1, 13.2, 14,

15, 16, 17, 18, 20, 21, 22, 23
2, 5.1, 5.2, 14, 16, 17, 18 2, 5.3, 7, 8, 13.6, 18 1, 13.1, 21.3

3 4, 8, 9, 11, 18 8, 11, 18 2, 8, 11, 18, 22, 23 13.1, 20
4 1, 2, 3, 4, 6, 8, 9, 11, 13.2, 16, 20, None 5.2, 5.3, 12, 21.3, 22 1, 2, 13.6, 14
5 8, 12, 16, 20, 21, 22, 23, 24 20 2, 9, 20, 22 1, 3, 7, 21.3
6 1, 3, 11, 14, 18, 20, 21, 22, 23, 24 1, 3, 11, 18, 20, 21, 24 None 5.1
7 3, 4, 5.1, 5.2, 6, 7, 12, 18, 23 5.1, 5.2, 12, 18 2, 3, 5.3, 9, 11, 18 None
8 4, 5.1, 22, 24 5.1, 22 5.1, 5.3, 9, 18, 22 3
9 5.1, 5.2, 8, 9, 15, 18, 23 None None 5.1
10 1, 3, 4, 5.2, 9, 11, 13.2, 14, 15, 16, 17,

18, 21, 22, 24
11, 15 5.1, 5.3, 9, 13.1, 18 3, 7, 20

11 1, 3, 5.1, 11, 14, 16, 18, 21, 22, 23 11, 16 2, 5.3, 9, 11, 16, 18,
21.3, 22

7, 20

12 1, 4, 13.2, 21, 23, 24 21, 24 9, 13.6, 22 3
13 1, 12, 20, 21, 23, 24 12, 20, 21, 24 5.1, 12, 14, 22 1, 13.1
14 3, 4, 6, 5.1, 12, 13.2, 14, 17, 18, 20,

21, 22, 23, 24
3, 6, 13.2 5.1, 7, 12, 16, 23 None

15 4, 8, 20, 21 None 2, 22, 23 3
16 2, 4, 12, 15, 18, 20, 22, 24 4, 12, 15 16, 18 1, 3, 5.1, 7, 13.1, 14
17 1, 4, 8, 9, 11, 12, 13.1, 14, 15, 17, 18,

21, 22, 23
1, 9, 13.1 1, 5.3, 9, 11, 13.1, 18 5.1, 7, 8, 12, 20, 21.3

18 5.2, 6, 14, 15, 20 5.2, 15 5.2, 13.1, 16, 22 3
19 1, 2, 4, 6, 7, 12, 14, 13.2, 15, 16, 17,

18, 20, 21, 22, 23, 24
None 2, 14, 16, 17, 18, 22,

23
None

20 3, 14, 18, 21, 23 3, 14, 18 5.2, 5.3, 9, 11, 18,
22, 23

1, 13.1, 14, 20, 21.3

21 2, 3, 4, 6, 9, 12, 13.2, 15, 16, 17, 18,
20, 21, 22, 23, 24

3, 6, 13.2, 17, 20, 21, 24 2, 13.1, 16, 20, 23 3, 7

22 3 None 2, 5.2, 13.1, 22 None

Total no. of TCR V�
families altered
(no. of patients)

202 (22) 55 (22) 97 (22) 45 (22)
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against other viral infections? For the response to Epstein-
Barr virus, selective and massive expansion of a few domi-
nant clones of CD8 T cells accounts for a significant pro-
portion of the lymphocytosis observed (2). Similarly, only a
limited number of clones appear to respond to measles virus
(15). Importantly, neither infectious mononucleosis nor
measles results in chronic persistent infection as does HIV
and elicits only transient lymphocyte expansions. This is in
contrast to HIV infection in which a much more heteroge-
neous response was observed. In an earlier study, it was
found that HIV-specific lymphocytes displayed a heteroge-
neous TCR V� repertoire in certain patients (14). A key
factor impacting the breadth of immune response may be
the duration of disease; a pathogen-inducing chronic disease
may, over time, involve more V� families than a transient
infection. However, the normal mechanisms which result in
focusing of the T-cell response may not be operative during
HIV infection (1), which may be influenced by chronic im-
mune activation, high mutation rate of the virus, or loss of
the T-helper-cell population

It can be speculated that isolated TCR V� perturbations may

result from the partial activation of lymphocytes by HIV or the
response elicited could be against other antigens. Evidence from
the B-cell compartment demonstrates a highly activated cell pop-
ulation that produces large amounts of antibody, very little of
which is specific (18). A similar phenomenon could occur in the
T-cell pool as well. Indeed, a mechanism of partial activation
resulting from incomplete T-lymphocyte differentiation in re-
sponse to viral antigens has recently been described (24). Exper-
iments using major histocompatibility complex peptide tetrameric
complexes in combination with functional assessment will serve to
clarify this issue. Another important question is whether particu-
lar clones become susceptible to apoptosis. High levels of CD8-
cell apoptosis in HIV-infected children have been demonstrated
previously (17).

This study has demonstrated that the information gath-
ered from qualitative PCR methods and from quantitative
FC methods for the analysis of TCR V� repertoire is dif-
ferent. With many TCR V� families exhibiting discordance
in the detection of deviation from the norm between the two
methods, the significance of any single result remains un-
clear. Our study was conducted in chronically infected chil-
dren receiving therapy; a clearer picture of the changes in
TCR V� repertoire may be evident during the acute phase

FIG. 1. Greater disruption of the CD8-TCR V� repertoire as com-
pared to CD4-TCR V� repertoire in HIV-infected study patients.
TCR V� repertoire in study patients was analyzed in relation to that
for normal cord blood T cells, which represent an unperturbed reper-
toire. The CD8-T-lymphocyte population exhibited more changes by
both PCR (A) and FC (B) than the CD4 population. Box plots indicate
the median value as well as 5th, 25th, 75th, and 95th percentiles. The
two groups were compared using the Mann-Whitney rank sum test
with a P of �0.05 considered significant.

FIG. 2. Correlation of FC-based expression of TCR V� families
with each other and with CD4 T cells. Decreases in the percent ex-
pression of CD8-TCR V� families correlate inversely with the per-
centage of CD4 T cells (A). Increases in the percent expression of
CD8-TCR V� families correlate with increases in the percentages of
CD4-TCR V� families (B).
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of response in the absence of treatment. Our understanding
of the significance of assessment of the TCR V� repertoire
during HIV infection in children is still evolving.
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FIG. 3. Relation of FC-based changes in TCR V� families with
skewing observed by CDR3 length analyses. Increases in the percent
expression of CD4-TCR V� families correlate with CD4-TCR V�
skewing (A), and decreases in the percent expression of CD8-TCR V�
families are correlated with CD4-TCR V� skewing (B).
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