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Although CD41 cells are the primary targets of human immunodeficiency virus type 1 (HIV-1) infection,
earlier reports have suggested that intrathymic infection of CD81 cells may occur. However, it was unclear
whether HIV-1-infected CD81 thymocytes were truly mature single-positive (SP) cells. In the present study,
SCID mice implanted with human fetal thymus and liver tissues (SCID-hu mice) were infected with three
primary isolates of HIV-1 and infected thymocytes were analyzed to assess maturational status. After intra-
implant or intraperitoneal injection with HIV-1, thymocytes were sorted by three-color flow cytometric analysis
into mature populations of CD3hiCD41 and CD3hiCD81 SP cells of >99% purity (<0.3% CD4-containing cells
in the CD81 population). The presence of HIV-1 provirus in the sorted thymocyte populations was determined
by quantitative PCR. A fraction of mature CD3hiCD81 thymocytes contained HIV-1 proviral DNA, and evi-
dence of viral mRNA transcription in these cells was demonstrated by in situ hybridization. In contrast, when un-
infected CD3hiCD81 thymocytes were cocultured with HIV-1-infected CD41 thymocytes, no evidence of produc-
tive HIV-1 infection was detected. Thus, HIV-1 infection of CD81 thymocytes in the SCID-hu mouse does not
occur by direct contact with the virus. Rather, cell surface CD4 is required; therefore, precursor cells are the
likely primary target of HIV-1 infection in the thymus. During ontogeny, some of these infected cells continue
their differentiation into mature CD81 SP thymocytes that contain proviral DNA and express viral RNA.

The function of CD81 T cells in controlling human immu-
nodeficiency virus type 1 (HIV-1) infection through either cy-
totoxic activity or blocking viral replication in CD41 cells by
the secretion of inhibitory factors is an important component
of the host defense against HIV-1 (3, 18). A decrease in plasma
viremia within weeks of HIV-1 infection correlates with the
appearance in the peripheral blood of anti-HIV major histo-
compatibility complex class 1-restricted CD81 cytotoxic T cells
(CTL) (7). The increased number of HIV-1-specific CD81 T
cells initially observed in the peripheral blood samples of HIV-
1-infected individuals decreases later in the disease course
(13). This decline in HIV-1-specific CTL responses during
clinical latency coincides with increasing viral load and may be
a factor in the eventual collapse of the immune system and
development of AIDS (10, 16). A role for HIV-1-specific
CD81 T cells is indicated by the observation that long-term
survivors of HIV-1 infection maintain normal CD81 T-cell
numbers and persistent HIV-1-specific CTL responses but that
individuals with progressive disease do not (16, 31). CD81 cells
are also important in protection against infections by other
pathogens, e.g., cytomegalovirus (20). Since HIV-1 does not
infect mature CD81 T cells, a mechanism for CD81 T-cell
depletion may be related to the decline in the naive CD81

T-cell population observed in the peripheral blood samples of
HIV-1-infected children and adults (21, 22). Therefore, factors
which influence CD81 T-cell number and function may be
crucial in understanding regulation of the immune response in
HIV-1 infection (14).

The SCID-hu mouse model has previously been used to
characterize thymic abnormalities after HIV-1 infection (2, 8,

9, 27). In this system, HIV-1 proviral DNA has been detected
not only in CD4-expressing thymocyte subsets (precursor
CD32CD4loCD82, CD32CD41CD81 double positive [DP],
and CD41 single positive [SP]) but also in the CD81 SP subset
(1, 27, 28). Since peripheral blood CD81 thymocytes are not
permissive for HIV-1 infection (19, 25), we questioned
whether infected CD81 thymocytes are truly mature SP cells
or rather DP thymocytes that express low levels of CD4, i.e.,
CD4loCD81, which have downmodulated their CD4 expres-
sion subsequent to viral infection. We therefore utilized the
SCID-hu mouse model and flow cytometric sorting to deter-
mine whether a mature subset of CD81 SP thymocytes defined
as CD3hiCD81 were infected after intrathymic and intraperi-
toneal (i.p.) injections with primary isolates of HIV-1.

In this report, we provide direct evidence that the most
mature CD81 thymocytes contain a population infected with
HIV-1 wherein viral mRNA transcription occurs. Because
CD3hiCD81 thymocytes from an uninfected SCID-hu thymus
were not infectable by coculture with HIV-1-infected CD41

thymocytes, this study suggests that infection of CD81 thymo-
cytes occurs during earlier stages of intrathymic T-cell devel-
opment.

MATERIALS AND METHODS

Infection of SCID-hu mice. SCID-hu mice were made as previously described
by both a traditional approach (27) and a modified method (11, 12). By the
traditional approach, 1-mm3 pieces from a second-trimester human fetal thymus
and liver were implanted under a single renal capsule of C.B-17 scid/scid mice.
These SCID-hu mice were used within 7 months of implantation of human
tissues for infection by the highly cytopathic SM primary isolate. Mice were
anesthetized, and a flank incision was made to expose the thymic implant. HIV-1
was injected directly into the thymus at 400 to 4,000 50% tissue culture infective
doses in a volume of #0.1 ml, and the flank incision was closed. Mice were
sacrificed 2 to 3 weeks after intrathymic infection by lethal anesthetic inhalation,
and the thymic implant was removed.

Modified SCID-hu mice were constructed by implanting second-trimester fetal
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tissues under both kidney capsules and increasing the quantities of human thymic
and liver tissues implanted as previously described (11). These modifications
result in larger grafts, increased graft survival, seeding of human lymphocytes in
the peripheral lymphoid organs, and dissemination of HIV-1 infection after
intrathymic or i.p. injection (11). The primary patient isolates of HIV-1 used in
experiments with these mice, HIV-128 and HIV-159, were isolated after coculture
of peripheral blood mononuclear cells from a 15- and 17-month-old HIV-1-
infected child, respectively, with phytohemagglutinin (PHA)-activated donor pe-
ripheral blood mononuclear cells as previously described (12). SCID-hu mice
were infected by i.p. injection of 8,000 50% tissue culture infective doses in a
volume of 0.8 ml. These SCID-hu mice were sacrificed by lethal ether inhalation
3 to 6 months after infection. Thymic implants and spleens were removed, and
single-cell suspensions were prepared by mechanical dissociation.

Thymocytes used as negative controls for each experiment were from SCID-hu
mice implanted with thymic and liver tissues from the same fetal donor but not
injected with HIV-1.

Fluorescence-activated cell sorting (FACS) and analysis. Thymocytes were
stained with anti-CD3–fluorescein isothiocyanate (FITC) (Becton Dickinson,
Mountain View, Calif.), anti-CD4–quantum red (QR) (Sigma, St. Louis, Mo.),
and anti-CD8–phycoerythrin (PE) (Becton Dickinson) according to each man-
ufacturer’s recommendations. Only thymocytes that expressed the highest den-
sities of CD31 (approximately 20% [see Fig. 1]) were further sorted into CD81

and CD41 SP populations. All sorting was conducted in a negative-pressure
room with an Epics Elite flow cytometer (Coulter Corp., Hialeah, Fla.) exclu-
sively used for sorting HIV1 cells and equipped with a biohazard containment
chamber and a 15-nm argon laser with a 488-nm excitation wavelength. The
purity of each of the sorted populations, CD3hiCD41CD82 and CD3hiCD81

CD42 thymocytes, used in our study was .99%. Sorted cells were washed and
either stored as pellets at 270°C until HIV-1 DNA PCR analysis or placed
immediately in coculture.

Spleen cells were stained with FITC–anti-HLA class I monoclonal antibody
(MAb) (Pharmingen, San Diego, Calif.), anti-CD8–PE, and anti-CD4–QR. For
background controls, cells were stained with nonreactive isotype-matched MAbs.
Spleen cells containing the total human cell population (HLA1) and sorted
HLA1CD81CD42 cells were used in HIV-1 DNA PCR analysis.

Detection of HIV-1 DNA by quantitative PCR. DNA PCR analysis to measure
HIV-1 proviral DNA was performed by the method of Graziosi et al. (6). Briefly,
cell pellets were lysed in 0.5 ml of buffer containing 0.001% Triton X-100,
0.0001% sodium dodecyl sulfate, 10 mM Tris-HCl (pH 8.0), and 1 mM EDTA.
Reaction mixtures (100 ml) contained 50 ml of DNA lysate, 50 pmol (each) of a
primer pair (SK38 and SK39) specific for the gag gene, 200 mM (each) the four
deoxynucleotide triphosphates, 10 mM Tris-HCl, 2.5 mM MgCl2, 50 mM KCl,
and 2 U of Taq polymerase. HIV-1 DNA was amplified for 25 cycles of dena-
turation (94°C), annealing (55°C), and extension (72°C). Amplified products
were detected by liquid hybridization to [32P]ATP-end-labeled SK19 probe,
subjected to electrophoresis on 10% polyacrylamide gels, and exposed to film
(Eastman Kodak Co., Rochester, N.Y.) for various lengths of time. For quanti-
tation of the viral burden, serial 10-fold dilutions of 105 cells from HIV-1-
infected animals were mixed with a constant number of uninfected Jurkat cells

(106) prior to cell lysis and DNA extraction. Alternatively, serial dilutions of
DNA from 105 cells were added to DNA from 106 Jurkat cells and amplified as
described above. Similar results were obtained by both methods. The signals on
autoradiographs were visually compared with those from simultaneously ampli-
fied DNAs from serially diluted ACH-2 T cells containing one provirus per cell.
Video images of the films were obtained with a GDS 5000 system (UVP Inc., San
Gabriel, Calif.), and densitometry was performed with SW5000 software (UVP
Inc., Cambridge, England) as previously described (32). The signals obtained
with thymocyte subpopulations were compared to standard curves generated
with serially diluted ACH-2 cells.

Cell cocultures. Sorted HIV-1-infected CD3hiCD41CD82 SP thymocytes
(100% purity) were cocultured with uninfected CD3hiCD81CD42 thymocytes
(99.8% purity) at a 1:1 ratio (;2 3 106 [each]). Thymocytes were activated with
1 mg of PHA (Sigma Chemical Co.) per ml in AIM-V medium (Life Technolo-
gies, Inc., Grand Island, N.Y.) supplemented with 10% AB human serum, 2 mM
L-glutamine, antibiotics, and interleukin-2 (IL-2) (20 U/ml) in a 1-ml final vol-
ume. On day 4 of coculture, cells were sorted again into .99% pure CD3hi

CD41CD82 and CD3hiCD81CD42 subsets. Sorted cells were pelleted and an-
alyzed for the presence of HIV-1 DNA by PCR.

Detection of HIV-1 mRNA by in situ hybridization. In situ hybridization was
performed by Molecular Histology, Inc. (Gaithersburg, Md.) as previously de-
scribed (5). Sorted CD3hiCD41 and CD3hiCD81 SP thymocytes (106 cells) from
infected and uninfected SCID-hu mice were suspended in 1 ml of plasma.
Topical thrombin (150 ml; Gentrac, Inc., St. Louis, Mo.) was added at room
temperature, resulting in plasma clot formation, and fixative was added to clots.
Cells that contained clots were embedded in paraffin, and sections were cut and
placed on silanized slides. Slides were deparaffinized, acetylated, and hybridized
with an antisense HIV-1 probe (or control sense probe) representing the full-
length HIV-1 genome. After hybridization, slides were exhaustively washed,
digested with RNase, and coated with Kodak NTB3 emulsion. After a 4-day
exposure, slides were developed and stained with hematoxylin.

RESULTS

HIV-1 proviral DNA is found in mature CD81 thymocytes.
Only thymocytes that have undergone positive selection and
differentiated into mature SP T cells express high levels of
T-cell receptor (TCR)–CD3 on their surfaces (4, 15, 24).
Therefore, to determine whether mature CD81 thymocytes
could be infected after intrathymic or i.p. injection of SCID-hu
mice with HIV-1, we analyzed the most mature population of
CD81 SP thymocytes, those that stained the brightest with
anti-CD3 MAb (Fig. 1). To verify the purities of CD3hiCD81

and CD3hiCD41 thymocyte populations, portions of sorted
cells were routinely subjected to a second FACS analysis. Only

FIG. 1. Sorting of mature CD81 and CD41 SCID-hu thymocytes. SCID-hu thymocytes were stained with FITC–anti-CD3, QR–anti-CD4, and PE–anti-CD8
antibodies. Only cells that stained brightest for CD3 expression (A) were sorted into CD81CD42 cells (B) and CD41CD82 thymocytes (C).
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those populations found to be .99% pure (Fig. 1B) were used
in experiments. The CD3hiCD81 thymocytes used in these
experiments contained #0.3% CD41 cells. The CD3hiCD81

thymocyte population also expressed high levels of CD69, an-
other marker characteristic of mature SP thymocytes (data not
shown).

Intrathymic injection of SCID-hu mice with the primary
HIV-1 isolate SM results in rapid depletion of the DP
CD41CD81 population in the thymic implant by 6 weeks after
infection (2). Thus, mice were sacrificed within 2 to 3 weeks of
infection. In all the mice examined, reduced thymic cellularity
(40 to 50% of uninfected controls) was observed, with the main
reduction observed in the DP population. At these time points,
proviral DNA was detected in both CD3hiCD41 and
CD3hiCD81 SP mature subsets, as shown by DNA PCR anal-
ysis (Fig. 2). By using ACH-2 titration as a reference, 51% of
CD41 SP thymocytes from thymuses infected with this highly
cytopathic strain contained proviral DNA. In comparison, ap-
proximately 1% of CD3hiCD81 SP thymocytes from the same
thymus contained HIV-1 proviral DNA. Since each HIV-in-
fected cell may contain more than one copy of proviral DNA,
these approximations represent upper limits of the percentages
of infected cells.

Since the HIV-1 SM isolate establishes an acute infection
which is highly cytopathic in SCID-hu mice, causing complete
thymocyte depletion and thymic involution within 2 months, it
was important to study SCID-hu mice infected with less cyto-
pathic strains that do not lead to rapid depletion of the DP cell
pool. Infection with the primary isolates HIV-128 and HIV-159
(and others) in a modified SCID-hu mouse model was shown
to result in minimal effects on thymopoiesis up to 6 months
after infection (12). This model may be more representative of
most in vivo infections and allowed us to determine the pres-
ence of proviral DNA in SP populations at two time points, 3

and 6 months. As shown in Fig. 3, HIV-1 infection of both
CD3hiCD41 (37%) and CD3hiCD81 (1.0%) thymocytes was
detected by DNA PCR 3 months after i.p. injection of
SCID-hu mice with patient isolate HIV-128.

In another set of experiments, we examined CD3hiCD81

thymocytes after i.p. injection with patient isolate HIV-159.
Interestingly, CD3hiCD81 SP thymocytes contained more pro-
viral DNA (10% of cells infected) than did CD3hiCD41 SP
thymocytes (0.5% of cells infected) in two separate experi-
ments. The results at 6 months postinfection with HIV-159 are
shown in Fig. 4. Similar results were obtained at 3 months
postinfection. At that time, infected thymuses contained 81.9%
6 1.7% DP CD41CD81 cells, 9.9% 6 1.2% SP CD41 cells,
and 7.0% 6 0.9% SP CD81 cells. Thus, infection with this
isolate did not induce significant depletion of the DP and
CD41 SP populations. The presence of a higher percentage of
SP CD81 cells that contain proviral DNA may represent a
stochastic event, representing the normal maturation of HIV-
1-infected DP cells into SP CD81 and CD41 cells. It is not
clear whether direct infection of CD4 SP thymocytes occurred
in these mice. In light of the relatively high percentage of
CD81 SP cells that contained proviral DNA, it was of interest
to determine whether such infected cells seeded the periphery.
Due to the number of cells required for sorting, the spleen was
chosen as the peripheral lymphoid tissue to investigate. Spleen
cells were sorted after three-color staining with anti-HLA class
I, anti-CD8, and anti-CD4 into total human cells (HLA class
I1) and CD81CD42 human cells and were analyzed by PCR
for the presence of HIV-1 proviral DNA. As shown in Fig. 4,
although the total human spleen cell population contained
proviral DNA, a pure subpopulation of CD81 cells did not.
Since the mice were infected via the i.p. route, it is equally
possible that infection of the human cells in the SCID-hu
spleen occurred extrathymically and was restricted to periph-
eral CD41 cells. Since mature SP CD81 cells are not suscep-
tible to HIV-1 infection (see below), any peripheral CD81 cells
that contained proviral DNA were likely to be recent emi-
grants from the thymus. At this point, we cannot exclude the
possibility that low numbers of provirus-containing CD81 cells
seeded other compartments of the peripheral lymphatics not
tested in our assay.

Mature SP CD81 thymocytes cannot be infected by cocul-
ture with HIV-1-infected CD41 thymocytes. It may have been
that mature CD81 SP thymocytes became infected with HIV-1
at an earlier stage of development when CD4 was expressed or
were infected by cell-free or cell-associated virus. To deter-
mine whether mature CD81 thymocytes can be infected by cell
contact with HIV-1-infected CD41 cells, we set up cocultures

FIG. 2. Detection of HIV-1 DNA in mature SP thymocytes. Thymocytes
were harvested from SCID-hu mice ;2 weeks after intrathymic injection with the
HIV-1 SM isolate, sorted into CD3hiCD41 and CD3hiCD81 SP subsets, and
analyzed after serial dilutions by DNA PCR for the presence of HIV-1 DNA with
gag primers, as described in Materials and Methods.

FIG. 3. Detection of HIV-1 DNA in SP thymocytes 3 months after infection of SCID-hu mice. Thymocytes were harvested from modified SCID-hu mice 3 months
after i.p. injection with HIV-128. The CD3hi population was sorted into CD3hiCD41 and CD3hiCD81 SP thymocytes and analyzed by DNA PCR for the presence of
HIV-1 DNA as described in the legend to Fig. 2.
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of CD3hiCD41 thymocytes from a SCID-hu mouse infected
with HIV-128 with CD3hiCD81 uninfected thymocytes (Fig.
5A) and CD81 thymocytes that were not further selected
based on their CD3 surface expression (Fig. 5B). Both popu-
lations of SP CD81 cells were $99% pure by FACS analysis.
Cultures were activated with PHA and IL-2. On day 4 of
coculture, thymocytes were sorted again into CD41 and CD81

subsets and were analyzed by DNA PCR with HIV-1 gag-
specific primers. Proviral DNA was detected only in CD41

thymocytes, not in mature CD3hiCD81 thymocytes (Fig. 5A).
The results shown are those for two coculture experiments that
yielded the same results. In contrast, similar coculture exper-
iments with the total population of CD81 thymocytes (i.e., not
CD3hi) demonstrated that these cells were infected by contact
with HIV-1-infected CD41 thymocytes within 3 days (Fig. 5B).
These data strongly suggest that at least a fraction of CD81

cells were in fact CD3medCD4loCD81 cells (transitional cells),
expressing low levels of CD4 that were not detected during
FACS sorting and subsequent FACS analysis. The results of
this experiment further demonstrate that similar to peripheral
CD81 T cells, truly mature CD81 thymocytes cannot be in-
fected directly by HIV-1. Therefore, the more likely explana-
tion for the finding of proviral-DNA-containing CD3hiCD81

thymocytes is that they became infected as immature DP thy-
mocytes and continued their maturation into SP CD81 cells.

Both CD3hiCD41 and CD3hiCD81 thymocytes from HIV-1-
infected SCID-hu mice express HIV-1 mRNA. The detection of
HIV-1 DNA provirus in CD3hiCD81 thymocytes may indicate
latent or defective infection. Therefore, after determination
that mature CD3hiCD81 SP thymocytes contained integrated
copies of HIV-1 proviral DNA, we investigated whether they
also transcribe HIV-1 mRNA. An analysis of thymocytes by in
situ hybridization demonstrated that both CD3hiCD41 and
CD3hiCD81 thymocytes contained HIV-1 mRNA (Fig. 6).
Thus, it is likely that HIV-1 infection of thymocytes which have
completed differentiation into the mature CD81 SP subset is a
productive infection.

DISCUSSION

The goal of the present study was to investigate whether
intrathymic infection with HIV-1 results in the infection of
mature CD81 thymocytes destined to exit the thymus. Our
findings suggest that a small fraction of SP CD3hiCD81 thy-
mocytes (0.5 to 10%) are infected, but they are most likely
eliminated before they exit the thymus. Infection of CD81 SP
thymocytes may be another mechanism that contributes to the
pathogenesis of HIV-1 infection, even in cases where no overt
thymic destruction is observed. Infection of CD81 thymocytes
may explain the decline in the numbers of peripheral blood
naive CD81 cells in HIV-1-infected individuals (21, 22) and
the gradual loss of protection against opportunistic infections.

We focused on CD3hi thymic populations in order to dis-
criminate between the mature CD81 SP population and cells
at earlier stages of intrathymic development that still express
low levels of CD4. By using three HIV-1 primary isolates in
this study, we found that CD3hiCD81 thymocytes do contain
HIV-1 proviral DNA, albeit at lower frequencies compared to
those of CD41 SP cells for two of the three primary isolates
studied. HIV-1 mRNA was also detected by in situ hybridiza-
tion in both SP populations, suggesting productive infections of
both. Our in vivo infection system is different from that of
Uittenbogaart et al. (29), who found subsets of CD42CD81

TCRhi and CD42CD82TCRhi thymocytes that contained pro-
viral DNA in late stages (2 weeks) of in vitro HIV-1 infection.
Since their in vitro system most likely did not allow for normal
differentiation of DP thymocytes into SP mature subsets, the
most likely explanation for their results was that these infected
subsets represented CD41 populations that downmodulated
their surface CD4 expression after viral infection. In our in vivo
studies with less cytopathic viruses, it was previously shown
that thymic cellularity and intrathymic differentiation were not
significantly altered. Thus, most of the CD3hiCD81 thymocytes
sorted were probably truly mature SP cells. However, we can-
not exclude the possibility that some DP thymocytes became
infected at a transitional stage, namely, after they became

FIG. 4. Detection of HIV-1 DNA in CD3hiCD81 SP thymocytes but not CD81 splenocytes from chronically infected SCID-hu mice. Six months after i.p. injection
of HIV-159, thymocytes and spleen cells were harvested from infected SCID-hu mice. (Top) Unfractionated thymocytes and sorted CD3hiCD81 and CD3hiCD41 SP
thymocytes were assayed. (Bottom) Human cells were isolated from infected SCID-hu spleens by sorting HLA class I-positive cells (total) or further sorting CD81

human T cells (5 3 103; .99% pure).
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committed to the CD8 lineage and upregulated their CD3
levels but before they lost their surface CD4 expression. After
infection, such cells could have lost their surface CD4 expres-
sion as part of their maturation process or due to virus-induced
downmodulation.

Since we could not infect sorted CD3hiCD81 thymocytes in

vitro either by contact with free virus in culture (unpublished
data) or by cell-to-cell transmission in coculture with HIV-1-
infected CD41 thymocytes (Fig. 5), HIV-1 infection most like-
ly occurs prior to the final maturation of CD81 SP thymocytes.
A reservoir of HIV-1-infected CD41CD81 DP thymocytes
which have escaped cell death could transmit the HIV-1 ge-
nome to progeny CD41 and CD81 SP cells during intrathymic
maturation.

Surprisingly, one viral isolate, HIV-159, was associated with
a greater viral load in CD81 thymocytes compared to that in
CD41 thymocytes isolated from the same thymus. Since no
preferential loss of CD41 SP thymocytes was seen in the ani-
mals examined, it may represent one end of the spectrum of
intrathymic maturation of infected DP thymocytes into SP
subsets.

Finally, when we examined both thymocytes and spleen cells
after infection with HIV-159, the observation of HIV-1-in-
fected CD81 cells was restricted to the thymus. At 6 months
after infection, we were unable to detect infected CD81 cells in
the spleen, suggesting that infected CD81 thymocytes did not
emigrate to peripheral lymphoid organs. Due to the number of
cells required for FACS sorting, we were unable to isolate
CD81 human lymphocytes from peripheral blood or lymphatic
tissues other than the spleen. Thus, we cannot exclude the
possibility that HIV-1-infected CD81 thymocytes did exit the
thymus but were undetected by our assay or were eliminated
extrathymically. Our data are in agreement with those of Sleas-
man et al. (26), who studied peripheral blood cell subsets from
10 HIV-1-infected neonates and detected no CD81 T cells that
contained proviral DNA. Intrathymic depletion of CD81 thy-
mocytes may result from cell death by a direct or indirect
cytopathic effect of HIV-1 (28). Thymic organs from some
HIV-1-infected individuals have shown parenchymal damage,
involution, and destruction (17, 23). However, these changes
may occur late in HIV-1 disease. The naive CD81 subset
begins to decline early in HIV-1-infected individuals and con-
tinues to decrease throughout the course of disease (21, 22).
Our finding of HIV-1 infection of CD81 thymocytes with pos-
sible intrathymic destruction may explain the gradual decline
in the number of peripheral blood naive CD81 cells observed
in HIV-1-infected humans. This may be especially true in con-
genitally infected infants that display rapid onset of immuno-
deficiency (30).

FIG. 5. Mature CD3hiCD81 SP thymocytes are not infected by cell contact
with HIV-1-infected CD41 thymocytes. (A) Sorted uninfected CD3hiCD81 SP
thymocytes were stimulated with PHA (2 mg/ml) and cocultured in the presence
of IL-2 (20 U/ml) with HIV-1-infected CD3hiCD41 SP thymocytes. On day 4 of
coculture, cells were resorted and analyzed by DNA PCR with primers and
32P-labeled probe specific for the HIV-1 gag gene. (B) Similar experiments were
performed with CD81 thymocytes from an uninfected SCID-hu mouse. (C)
ACH-2 cells.

FIG. 6. Both CD3hiCD41CD82 (A) and CD3hiCD81CD42 (B) thymocytes express HIV-1 mRNA. SP thymocyte subsets from HIV-128-infected and uninfected
SCID-hu mice were analyzed for HIV-1 mRNA expression by in situ hybridization as described in Materials and Methods. No positive signal was found in thymocytes
derived from uninfected thymuses.
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A reduction in the number of naive CD81 cells that seed the
periphery is likely to deplete the peripheral immune organs of
naive CD81 cells capable of responding to new infectious
agents, which may lead to opportunistic infections. A decline in
the naive CD81 T cells that seed the periphery, along with
programmed cell death and destruction of activated peripheral
CD81 cells, may contribute to the eventual reduction in the
total CD81 T-cell population documented in late-stage dis-
ease.
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