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ABSTRACT Lymphoid tissues from asymptomatic HIV-
infected individuals, as compared with symptomatic HIV-
infected subjects, show limited histopathological changes and
lower levels of HIV expression. In this report we correlate the
control of HIV replication in lymph nodes to the non-cytolytic
anti-HIV activity of lymphoid tissue CD8" cells. Five subjects
at different stages of HIV-related disease were studied and the
ability of their CD8* cells, isolated from both lymphoid tissue
and peripheral blood, to inhibit HIV replication was com-
pared. CD8" cells from lymphoid tissue and peripheral blood
of two HIV-infected long-term survivors suppressed HIV
replication at a low CD8*:CD4* cell ratio of 0.1. The CD8*
cells from the lymphoid tissue of a third asymptomatic subject
suppressed HIV replication at a CD8*:CD4™ cell ratio of 0.25;
the subject’s peripheral blood CD8* cells showed this antivi-
ral response at a lower ratio of 0.05. The lymphoid tissue CD8*
cells from two AIDS patients were not able to suppress HIV
replication, and the peripheral blood CD8* cells of only one
of them suppressed HIV replication. The plasma viremia,
cellular HIV load as well as the extent of pathology and virus
expression in the lymphoid tissue of the two long-term sur-
vivors, were reduced compared with these parameters in the
three other subjects. The data suggest that the extent of
anti-HIV activity by CD8* cells from lymphoid tissue relative
to peripheral blood correlates best with the clinical state
measured by lymphoid tissue pathology and HIV burden in
lymphoid tissues and blood. The results add further emphasis
to the importance of this cellular immune response in con-
trolling HIV pathogenesis.

Analyses of the lymph nodes of human immunodeficiency
virus (HIV)-infected individuals have revealed that these
tissues are the main sites of HI'V replication, even in patients
who are clinically healthy (1-4). The lymph node is thus
considered to be the reservoir of HIV in the body and perhaps
the origin of HI'V-induced pathogenesis in the host (5). Since
HIV replication in the lymph node is never totally controlled,
chronic immune stimulation can occur. Consequently, HIV
may contribute to inducing pathogenesis in the lymphoid
system by both direct virological and indirect immunological
effects. This pathogenesis results in the functional compromise
of the lymphoid system, which leads to opportunistic infections
and the demise of the patient. However, compared with
subjects with HIV-related disease, asymptomatic individuals
who have been infected with HIV for many years have a
significantly lower HI'V burden in their peripheral blood, and
their lymphoid tissues do not display extensive histopathology
(6). Moreover, the replication of HIV in the lymph nodes is
limited (7). Presumably a strong immune response by these
subjects contributes to their viral and clinical latency.
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To understand the mechanism conferring virus control and
protection from HIV-mediated lymph node pathogenesis, we
studied the CD8" cell-mediated non-cytolytic suppression of
HIV replication (8). This immune response has been investi-
gated extensively by our laboratory and others (for reviews see
refs. 9-11). This immune response by CD8* cells of the
peripheral blood has clinical relevance: a strong response
correlates directly with a healthy clinical status (12) and a
reduction in the response occurs concomitant with progression
to disease (13). Further salient characteristics of this immune
response are: (i) that it involves neither target cell lysis (10, 14,
15) nor modulation of activation of target CD4* cells (8, 10);
(ii) that it is independent of major histocompatibility complex
restriction at the effector phase (12, 16); and (i) that it is
mediated in part by a novel soluble factor (8, 16—18), which
does not share identity with any other known cytokines or
chemokines (9).

We have evaluated the capacity of CD8* cells from lym-
phoid tissue to suppress HIV replication. Five subjects were
studied at different stages of HIV disease and the capacity of
the CD8" cells from the lymphoid and peripheral blood
compartments to suppress HIV replication was compared.
This study indicates that the lymphoid CD8* cells can control
HIV replication in vitro. Comparably high levels of non-
cytolytic suppression of HIV replication by CD8" cells from
both the lymphoid tissues and peripheral blood correlated with
a healthy clinical state. Reduced levels of lymphoid tissue
CD8" cell immune response either correlated with a poor
clinical state or suggested that the clinical prognosis of the
individual was poor. Thus, non-cytolytic suppression of HIV
replication by lymphoid CD8* cells may be important in
maintaining the integrity of the lymphoid tissues and control-
ling HIV pathogenesis in vivo. Reduction in this antiviral
response may presage development of disease. These studies
add further emphasis to the importance of this cellular immune
response in controlling HI'V pathogenesis and emphasize the
necessity for developing therapies that can enhance and main-
tain this anti-HIV activity.

MATERIALS AND METHODS

Subjects. Five subjects whose clinical status represented
different stages of HIV infection were studied. Two individ-
uals were long-term survivors of HIV infection. Subject 1 has
remained clinically asymptomatic since being diagnosed as
HIV seropositive 10 years ago, although the estimated time of
HIV infection is 12 years. Subject 2 also believes that he was
infected with HIV 12 years ago and the HIV seropositive
diagnosis was made 11 years ago. This subject has experienced
some clinical symptoms including hairy leukoplakia, oral
candidiasis, shingles, night sweats, and some weight loss. He

Abbreviations: PBMC, peripheral blood mononuclear cells; LMC,
lymphoid tissue mononuclear cells; PHA, phytohemagglutinin; RT,
reverse transcriptase; FDC, follicular dendritic cells.



13126  Immunology: Blackbourn et al.

was asymptomatic at the time of this study. Subject 3 believes
that he was infected 6 years ago and has remained asymptom-
atic. The date of his HIV diagnosis was 1993 (2 years before
removal of the lymph node). Subject 4, who was infected
approximately 7 years ago, has had hairy leukoplakia and a
marked CD47" cell loss, but has not taken anti-retroviral
therapy. Subject 5 was infected 3 years ago. He has experienced
weight loss, a rapid CD4* cell loss, development of Kaposi
sarcoma, and has received comprehensive antiretroviral ther-
apy. Lymphoid mononuclear cells were derived from lymphoid
tissue removed with local anesthesia from all subjects except
for subject 3, from whom tonsils were the source of lymphoid
cells. The patients’ laboratory parameters are presented in
Table 1, and their clinical category, according to the Centers
for Disease Control and Prevention HIV classification (19),
and CD4" cell count are summarized in Table 2. This study
received the approval of the Committee on Human Research,
University of California (San Francisco).

Mononuclear Cell Preparation. Peripheral blood mononu-
clear cells (PBMC) were prepared by sodium diatrizoate
density gradient centrifugation of heparinized blood according
to previously described methods (20).

Lymphoid tissue mononuclear cells (LMC) were prepared
by carefully teasing apart the lymphoid tissue using sterile
forceps and gently rubbing the tissue over a sterile fine wire
gauze. The lymphocytes were washed with Hanks’ balanced
salt solution through the gauze, which retained residual lym-
phoid tissue. The lymphocytes were washed three times and
used directly without further purification.

CD8* and CD4* Cell Separation. CD8" cells were obtained
from freshly isolated mononuclear cells by immunomagnetic
bead separation, with anti-CD8 antibody-coated immunomag-
netic beads (Dynal, Lake Success, NY) (12). The CD8" cells
were >95% CD8* as determined by flow cytometry (FACsort;
Becton Dickinson). CD4" cells were isolated from freshly
prepared mononuclear cells of HIV-infected patients with
anti-CD4 immunomagnetic beads (Dynal). T-cell analysis was
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performed by flow cytometry, according to previously pub-
lished methods (12, 21).

Cell Culture. The culture medium was RPMI 1640 (Bio-
Whittaker) containing 10% heat inactivated (56°C, 30 min)
fetal bovine serum (Gemini Biological Products, Calabasas,
CA), 1% antibiotics (100 units/ml penicillin; 100 ug/ml strep-
tomycin) and 2 mM glutamine. The medium was supplemented
with either 10% natural interleukin 2 (Human T-stim; Col-
laborative Research), or human recombinant (r) interleukin 2
(Collaborative Research) at 200 units/ml, unless stated oth-
erwise.

Assay of CD8* Cell Anti-HIV Activity. Non-cytolytic CD8"
cell anti-HIV activity was determined by the endogenous virus
assay, as described (10). CD8" cells and HIV-1 naturally
infected CD4* cells were cocultured in 24-well cell culture
plates (Falcon, Becton Dickinson Labware) at multiple
CD8":CD4* cell ratios, in duplicate where possible, and
passed at 3-day intervals. The selected CD8":CD4" cell ratios
ranged from 0.05 to 1:1. At the start of the assay, the cells were
stimulated by phytohemagglutinin (PHA) (3 ug/ml; Sigma)
for 3 days. In most experiments, CD8* cells were cocultured
with autologous CD4* cells. However, in one AIDS patient,
insufficient CD4" cells were available and the cells were
cocultured with heterologous naturally infected CD4" cells
from an HIV-1-infected donor. This choice of heterologous
CD4™ cells was possible because this antiviral response is not
major histocompatibility complex restricted at the effector
stage (12). Previous studies have shown that the extent of the
CD8* cell anti-HIV activity is independent of whether the
source of the naturally infected CD4* target cells is either an
asymptomatic or a symptomatic subject (12). Virus replication
was quantitated by particle-associated reverse transcriptase
(RT) activity (22), or in one case (subject 1), by p24 core
antigen assay (Coulter). Inhibition of HIV replication was
determined by comparing peak virus replication in wells
containing CD4" cells cultured alone with peak virus repli-
cation from wells containing CD4* and CD8* cell cocultures.

Table 1. Immunological and virological parameters of peripheral blood and lymphoid tissue

Cell subsets

CD4* cell
CD47 cells, CDS8™ cells, CD4*:.CD8* Plasma virus  virus load¥ Virus CDS8™ cell
Subject* % % cell ratio loadt % isolation§  anti-HIV activity
1. Long-term survivor
Peripheral blood 25 69 0.4 867 0.0003 — <0.05
Lymph node 48 44 1.1 0.0033 — <0.05
2. Long-term survivorll
Peripheral blood 35 43 0.8 4,554 0.0001 — <0.05
Lymph node 52 22 1.6 0.07 — 0.1
3. Asymptomatic individual
Peripheral blood 59 55 1.1 149,678 0.033 — <0.05
Lymph node 85 25 3.4 0.1 + 0.25
4. AIDS patient
Peripheral blood 8 91 0.1 398,994 0.1 — <0.1
Lymph node 6 81 0.1 0.01 + >1.0
5. AIDS patient**
Peripheral blood 13 80 0.2 55,573 0.0033 + 1.0 (81%)
Lymph node ND ND 0.01 ND >0.5

ND, not determined.

*See Table 2 for CD4" cell count and Centers for Disease Control and Prevention HIV classification.

TExpressed as HIV-1 RNA copies/ml, determined by RT-PCR.

¥Expressed by percentage as the least number of cells that released HIV as determined by infectious center assay.

$Virus isolation by the A culture method (20) was performed by PHA stimulation of the subject’s PBMC and culture for 1 week before coculture
with PHA-stimulated PBMC from an HIV-seronegative individual.

TExpressed as the lowest CD8*:CD4+ cell ratio at which 90% or greater suppression of HIV replication occurred in autologous peripheral blood
CD4+ cells; <, indicates that this was the lowest CD8*:CD4™ cell ratio tested; >, indicates that no anti-HIV activity was detected at this highest
CD8*:CD4* cell ratio tested.

IThe plasma sample for HIV RNA load determination was taken from this subject 3 weeks prior to lymph node removal.

**Heterologous peripheral blood CD4* cells were used to assay the anti-HI'V activity of this patient’s CD8™ cells. The virus isolation was performed

with PBMC from the previous visit to our laboratory, 3 months prior to removal of the lymph node.
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Table 2. A comparison of clinical state, lymphoid tissue pathology, and in situ hybridization studies of HIV RNA present in lymphoid tissues

Lymphoid tissue

HIV RNA in tissue by in situ

Subject Clinical state™ Pathology hybridization¥

1 916 CD4™" cells/ul; Early FL, prominent 2° GC Single GC positive, no individual cells with
HIV + 10 years; CDC Al abundant HIV RNA (DNA positive)

2 1078 CD4+ cells/pul; Early FL, prominent 2° GC Two to three GC positive, several
HIV + 11 years; CDC Bl individual positive cells

3 956 CD4™" cells/ul; FH, prominent 2° GC Many GC positive, many individual
HIV + 2 years; CDC Al positive cells

4 213 CD4% cells/pul; Late FL, no intact GC FDC positive,¥ some individual positive
HIV + 7 years; CDC B3 cells

5 87 CD4+ cells/ul; ND ND

HIV + 3 years; CDC C3

FL, follicular lysis; GC, germinal centers; FH, follicular hyperplasia; ND, not determined; CDC, Centers for Disease Control and Prevention;

FDC, follicular dendritic cells.
*At the time of lymphoid tissue biopsy.

TA positive GC result indicates that at least one site of HIV infection was detected.
¥Subject 4 lacked intact GC, but FDC-associated virus was evident in disintegrating GC. In situ hybridization methods are described in the text.

Control of HI'V replication was considered to have occurred if
the RT level of the CD8*:CD4* cell coculture was reduced by
90% or more. The extent of virus suppression was determined
by the lowest CD8*:CD4™* cell ratio needed to control HIV
replication.

HIV Detection and Quantification. HIV isolation from
cultured cells was performed according to previously pub-
lished methods (20). The “A culture” method consisted of
PHA stimulation (3 pg/ml) of the subject’s PBMC or LMC for
3 days and then culture for a further 4 days, before PHA-
stimulated PBMC from HIV-seronegative individuals were
added. The cultures were passaged every 3—4 days for a total
of 30 days. HIV-1 was assayed by particle-associated RT
activity for which a positive result is considered to be higher
than 5000 counts per minute per ml of culture fluid. In this
culture technique, the stimulated CD8* cell subset typically
prevents HIV release. Hence, the A culture can be an indirect
indication of the extent of CD8* cell antiviral activity.

Plasma HIV RNA quantitation was kindly performed by
Cindy Christopherson in the laboratory of Shirley Kwok using
polymerase chain reaction techniques described (23).

Infectious center assays were performed with subjects’
CD4+ cells positively selected from either PBMC or LMC with
immunomagnetic beads. These cells were serially diluted 10-
fold and each dilution of cells was inoculated onto 2 X 10°
human PBMC. These PHA-stimulated PBMC were prepared
from a healthy HI'V-seronegative blood donor. The assay was
performed in a 24-well plate in triplicate for each CD4™" cell
dilution. Seven days later, an additional 10° PHA-stimulated
PBMC were added to each culture. The cultures were passaged
every 3-4 days for a total of 30 days. HIV-1 was assayed by
particle-associated RT activity. In some cases, insufficient
CD4" cells were available for this assay and CDS8* cell-
depleted mononuclear cells were used instead. The results are
presented as the lowest percentage of the CD4™* cells plated,
which induced RT activity in the target PBMC.

In situ hybridization studies to detect HIV RNA in lymphoid
tissues were performed as previously described (7). This
technique detects both HIV genomic RNA and HIV messen-
ger RNA.

RESULTS

CD8" Cell Anti-HIV Activity. The anti-HIV activity of
CDS8" cells from four subjects was assayed using autologous
peripheral blood CD4* cells. For subject 5, an AIDS patient
with very few CD4™" cells, the antiviral activity of his CD8*
cells was assayed with heterologous CD4* cells from an
asymptomatic HI'V-infected subject. The LMC CD8™ cells of

two long-term survivors of HIV infection (subjects 1 and 2)
had strong anti-HIV activity, that was comparable to the
response by CD8™ cells from their peripheral blood. The CD8*
cells from both the LMC and the PBMC of subject 1 sup-
pressed HIV replication at the lowest CD8%:CD4™ cell ratio
tested (0.05; Table 1). The CD8* cells from both sites from the
second long-term survivor, subject 2, showed similar levels of
antiviral activity, except that the LMC CD8* cells required a
slightly higher CD8*:CD4™ cell ratio (0.1 versus <0.05; Table
1) to control HIV replication. The lymphoid CD8™ cells of the
third subject, an asymptomatic individual for 6 years (subject
3), showed antiviral activity at the CD8":CD4™* cell ratio of
0.25. Thus, the anti-HI'V response was reduced compared with
that shown by CD8* cells from his peripheral blood
(CD8*:CD4™ cell ratio = <0.05; Table 1).

The LMC CD8™ cells of the AIDS patient, subject 4 (213
CD4" cells/ul of blood), failed to show antiviral activity even
at the highest CD8":CD4" cell ratio tested, 1.0 (Table 1).
However, his peripheral blood CD8" cells showed strong
control of HIV replication at the lowest CD8":CD4™ cell ratio
tested, 0.1. Finally, the CD8" cells from the LMCs of the
second AIDS patient, subject 5 (87 CD4* cells/ul of blood),
failed to show antiviral activity (Table 1) and even enhanced
HIV replication (data not shown). His peripheral blood CD8*
cells inhibited HIV replication by only 81% at a CD8*:CD4~
cell ratio of 1.0 and lower ratios also enhanced HIV replication
(data not shown).

The antiviral activity of CD8% cells from the three healthy
subjects was also assayed using autologous CD4* cells from the
lymphoid tissue. The results were consistent with those of
Table 1 (data not shown). The three subjects’ CD8* cells
showed strong control of HI'V replication, despite the elevated
viral load of the lymphoid CD4"* cells relative to that of the
PBMC CD4™ cells (Table 1). Furthermore, the same pattern
of slightly reduced antiviral activity by the lymphoid CD8*
cells compared with the PBMC CD8* cells was demonstrated
for subjects 2 and 3. Insufficient LMC were available for this
comparison to be made for the two symptomatic patients.

HIV isolation by the A culture method provides an indirect
indication of CD87 cell anti-HIV activity (see Materials and
Methods). Culture of both the LMC and PBMC from the
long-term survivors, subjects 1 and 2, by this method did not
yield virus replication (Table 1). The LMC A culture of the
asymptomatic individual, subject 3, did release virus (Table 1),
consistent with the reduced anti-HIV activity of this individ-
ual’s LMC CD8" cells (Table 1). However, no HI'V replication
occurred in the A culture of his PBMC.

HIV replication by the A culture method was achieved more
readily with cells of the symptomatic subjects than cells from
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the three healthy individuals. The A culture of the LMC from
the AIDS patient, subject 4, released HI'V, whereas his PBMC
A culture did not (Table 1). Due to insufficient cells, A cultures
were not performed with the mononuclear cells from the other
AIDS patient, subject 5, at the time of lymph node biopsy.
However, at his previous visit to our laboratory (3 months
earlier) HIV was readily released from his PBMC A culture
(Table 1).

Plasma and Cellular Viral Load. The quantity of HIV RNA
in the subjects’ plasma was determined by RT-PCR (Table 1).
The lowest amounts of plasma HIV-1 RNA from the five
subjects in this study were found in the long-term survivors of
HIV infection, subject 1 (867 RNA copies/ml), and subject 2
(4554 RNA copies/ml, Table 1). The asymptomatic individual,
subject 3, had a relatively high plasma virus load (149,678 RNA
copies/ml, Table 1), but the highest virus load was found in the
AIDS patient, subject 4 (398,994 RNA copies/ml, Table 1).
The virus load of the second AIDS patient, subject 5 (55,573
RNA copies/ml, Table 1) was lower than that of either subject
3 or 4. This virus load was also lower than expected for the low
level of CD8™ cell antiviral activity, but presumably this result
reflects a combination of extensive antiretroviral therapy and
a low CD4" cell count.

The cellular viral loads in the lymphoid and peripheral blood
compartments were determined by infectious center assay
(Table 1). The viral burden of the lymphoid tissue of each of
the three healthy subjects was higher than that of the periph-
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eral blood (=~1-3 logo). The virus level of the AIDS patient,
subject 4, was 10-fold higher in the peripheral blood compared
with the lymphoid tissue, whereas in the second AIDS patient,
subject 5, it was 3-fold higher in the lymphoid tissue.

HIV RNA Expression in Lymphoid Tissues. /n situ hybrid-
ization studies were performed to detect and localize HIV
RNA in the lymphoid tissues of the subjects studied (Fig. 1).
A comparison with the pathology of the lymphoid tissues was
made (Table 2). The lymph node of the long-term survivor,
subject 1, showed the lowest level of viral RNA expression of
all the lymphoid tissue studied (Fig. 14). One signal was
detected over a germinal center confirming the presence of
HIV in this lymph node and supporting the infectious center
data (Table 1). However, no individual cells with abundant
viral RNA were detected. It is noteworthy that in situ DNA
PCR did detect HI V-infected cells within the germinal center,
which were evidently not producing HIV RNA (data not
shown). The lymph node of the second long-term survivor,
subject 2, compared with that of subject 1, showed elevated
levels of viral RNA in virions trapped by FDC. Viral RNA was
detected in two to three germinal centers and individual HIV
RNA positive cells were identified (Fig. 1B). The tonsil tissue
of subject 3 revealed HIV trapped in the FDC of many
germinal centers and many individual cells within the germinal
centers contained HIV RNA (Fig. 1C). The subject 4 lymphoid
tissue showed late stage follicular lysis consistent with pro-
gression of HIV-related disease. Although intact germinal

F1G. 1.  In situ hybridization to detect HIV RNA in lymphoid tissues. (4) The lymph node of the long-term survivor, subject 1, showing a single
HIV RNA signal in the germinal center. (B) The lymph node of the long-term survivor, subject 2, showing individual HIV RNA positive cells.
(C) The tonsil tissue of subject 3 reveals many germinal centers harboring several individual cells containing HIV RNA. (D) The lymphoid tissue
of subject 4 (which showed late-stage follicular lysis consistent with progression of HIV-related disease) shows HIV trapped by residual FDCs and

some cells within the germinal centers containing HIV RNA.
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centers were not evident in this tissue, in situ hybridization
suggested that HIV was trapped by residual FDCs and occa-
sional cells within the germinal centers contained HIV RNA
(Fig. 1D). The lymphoid tissue from subject 5 was not sufficient
for conducting these RNA analyses.

DISCUSSION

This study indicates that CD8* cells from the lymphoid tissue
of healthy HI V-infected individuals, similar to these cells in the
blood, provide substantial control of HIV replication in vitro.
Furthermore, this noncytolytic suppression of HI'V replication
by lymphoid CD8™ cells, in comparison to CD8* cells from
PBMC, appears to correlate best with the clinical status. In
these studies, clinical status is defined by the criteria of clinical
symptoms, HIV RNA plasma copy number, and HIV tran-
scriptional activity in lymphoid tissue cells. The point preva-
lence studies in the present report suggest that as the capacity
of the lymphoid CD8* cells to control HIV replication weak-
ens, the clinical status of the patient declines.

The correlation between lymphoid CD8* cell anti-HIV
activity and clinical status is reflected in the anti-HIV response
of the CD8* cells of subjects 3, 4 and also subject 2, and the
extent of virus expression in their cells (Table 1). The LMC
CDS8™ cells of subject 3, an asymptomatic individual who has
been HI V-infected for 6 years, demonstrated reduced antiviral
activity relative to his PBMC CD8™ cells. His LMC CD8* cells
showed antiviral activity at the CD8*:CD4* cell ratio of 0.25,
but this level was reduced compared with that shown by his
peripheral blood CD8™ cells (CD8*:CD4* cell ratio = <0.05;
Table 1). Although this subject lacks clinical symptoms of
chronic HIV infection, his HIV RNA plasma copy number is
high (149,678 RNA copies/ml) relative to the levels of the two
long-term survivors of HIV infection in this study (subject 1,
867 RNA copies/ml; subject 2, 4,554 RNA copies/ml), which
is suggestive of a poorer clinical prognosis (24). Furthermore,
HIV-infected cells of the lymphoid tissue of subject 3 showed
the highest level of HIV transcriptional activity of the three
subjects studied (subjects 1-3) with intact germinal centers
(Fig. 1, Table 2). These data suggest a strong correlation
between reduced LMC CD8* cell antiviral activity and clinical
deterioration. This issue is being investigated as the subject is
followed over time.

The results observed with subject 3 could also reflect the
source of his lymphoid CD8" cells, the tonsils, but the data are
consistent with both the HIV RNA plasma copy number, virus
isolation studies, and cellular virus load in this subject. Fur-
thermore, on the occasion of his tonsilectomy and a follow-up
visit 8 months later, the peripheral blood CD8™* cells of this still
asymptomatic subject have shown low levels of anti-HIV
activity when tested with heterologous CD4" cells acutely
infected with HIV (data not shown). This finding is consistent
with a poor clinical prognosis (12, 13).

The lymphoid CD8™ cells of subject 4 failed to show antiviral
activity even at the highest CD8*":CD4™ cell ratio tested, 1.0
(Table 1). However, his peripheral blood CD8* cells showed
strong control of HIV replication at the lowest CD8*:CD4*
cell ratio tested, 0.1. Consistent with the undetectable LMC
CD8* cell anti-HIV activity and late-stage follicular lysis, the
HIV RNA plasma copy number of this subject was the highest
of the five studied (398,994 RNA copies/ml). Moreover, virus
was readily isolated from his PBMC (A culture) and his cellular
virus load was substantial (Table 1).

The anti-HIV response of the LMC CD8* cells of subject 2
was also reduced compared with that of his peripheral blood
CD8" cells and this subject has experienced some clinical
symptoms of HIV infection. Although slight, this difference
was observed as well when the LMC and PBMC CD8" cells of
this subject were tested against autologous LMC CD4* cells
(data not shown). In summary, the data from subjects 2, 3, and

Proc. Natl. Acad. Sci. USA 93 (1996) 13129

4 suggest that a reduced LMC CDS8* cell anti-HIV activity
relative to that of PBMC CDS8* cells correlates closely with
either the clinical status of the subject or suggests a poor
clinical prognosis.

As cited above for the subjects 2, 3, and 4, the extent of the
antiviral activity of the CD8" cells from all subjects in this
study was supported by the virus isolation assay (see Materials
and Methods). The absence of HIV replication in the A culture
technique reflects CD8™* cell control of autologous HIV at in
vivo effector:target cell ratios. The A cultures of both the LMC
and PBMC of the two long-term survivors of HIV infection,
subjects 1 and 2, did not release infectious virus. These data are
consistent with the strong antiviral activity of the CD8* cells
from both cellular sites of these two subjects. As noted above,
the LMC A cultures of subjects 3 and 4, but not their PBMC
A cultures, released virus. These data are also consistent with
the relative level of the CD8* cell antiviral activity in the LMC
compared with the PBMC of both subjects.

The results of the in situ hybridization studies are also
consistent with the hypothesis that decreased CD8* cell
anti-HIV activity in vitro reflects loss of control of HIV
replication in vivo. When strong CD8™ cell anti-HIV activity
was observed, the number of cells in the lymphoid tissue
expressing HIV RNA was reduced (Fig. 1) as was the extent
of HIV-related pathogenesis in the lymphoid tissues (Table 2).
Furthermore, while the lymphoid tissues of subjects 1, 2, and
3 are almost indistinguishable by pathology, CD8* cell anti-
viral activity could be predictive of a decline in the clinical
status of subject 2, and perhaps of subject 3. Subject 1 has
remained clinically asymptomatic, but subject 2 has experi-
enced some clinical symptoms of HIV disease (see Materials
and Methods); we are monitoring subject 3.

The in vitro studies of the present report suggest one possible
mechanism (CD8* cell response) by which HIV can be
controlled at the lymphoid site where cells exist in an activated
state and are particularly susceptible to HIV infection (25, 26).
The number of subjects of the present report is limited due to
the difficulty in obtaining lymphoid tissues. However, the
CD4* cell counts and thus the clinical state of the individuals
studied represent the wide variations observed with HIV-
infected people. Therefore, the observations on CD8* cell
activities of these subjects should be representative but need to
be confirmed in future studies with larger numbers of patients.
Nevertheless, a clear trend is represented by these data: a
reduction in the capacity of lymphoid CD8" cells to suppress
HIV replication correlates with a compromised clinical state
and an increased viral burden, both in the lymphoid tissue and
the peripheral blood. These studies with lymphoid tissue
support previous findings that strong CD8" cell suppression of
HIV replication could play a major role in preventing the HIV
pathogenic process (12, 13). These observations place further
emphasis on therapeutic directions for strengthening this
cellular immune response (27).
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