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ity to the transcription machinery or its
direct interaction with general transcrip-
tion factors. As a consequence, increased
amounts of HNF-1 induce a regulatory
mechanism that leads to the general down-
regulation of HNF-4-dependent liver-spe-
cific genes, including the HNF-1 gene itself.
This promoter-dependent dual function of
HNF-1 suggests its central role in the coor-
dination of the regulatory network that de-
fines the hepatic phenotype.
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Positive Effects of Combined Antiretroviral
Therapy on CD4* T Cell Homeostasis and
Function in Advanced HIV Disease

B. Autran,* G. Carcelain, T. S. Li,T C. Blanc,i D. Mathez,

R. Tubiana, C. Katlama,

P. Debré, J. Leibowitch

Highly active antiretroviral therapy (HAART) increases CD4 ™ cell numbers, but its ability
to correct the human immunodeficiency virus (HIV )-induced immune deficiency remains
unknown. A three-phase T cell reconstitution was demonstrated after HAART, with: (i)
an early rise of memory CD4™ cells, (ii) a reduction in T cell activation correlated to the
decreasing retroviral activity together with an improved CD4* T cell reactivity to recall
antigens, and (jii) a late rise of “naive” CD4* lymphocytes while CD8" T cells declined,
however, without complete normalization of these parameters. Thus, decreasing the HIV
load can reverse HIV-driven activation and CD4* T cell defects in advanced HIV-infected

patients.

New antiretroviral therapies combining
inhibitors of HIV-1 protease and reverse
transcriptase are highly efficient at reducing
viral replication and increasing CD4* T
cell numbers (1). The physiopathological
processes that allow such CD4* T cell in-
creases are debated as is the capacity of such
treatments to allow CD4™" cell regeneration
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and restoration of immune competence.
These sets of questions reflect current con-
troversies about the pathogenesis of HIV-
related CD4" cell depletion. Indeed, al-
though much attention has been paid to the
high turnover in HIV virions and infectious
CD4* T cells (2), no evidence for an en-
hanced turnover and regeneration in the
mature CD4 " subset has been produced so
far, either in the course of the natural HIV
infection or after HAART (3). Telomer
length studies have indeed provided evi-
dence for a high turnover in the CD8* but
not in the CD4" subset (4). Furthermore,
reduced numbers of phenotypically defined
“naive” T cells in advanced HIV-infected
patients argue for a decline in the T cell
regeneration capacity with disease progres-
sion, although mechanisms for such defects

FREL e

are not elucidated (5). On the other hand,
the chronic T cell activation observed
throughout the course of infection favors T
cell apoptosis or anergy, or both, which
might contribute to the CD4™ T cell deple-
tion, though also affecting the undepleted
CD8* cell subset (6). A progressive CD4+
cell dysfunction also appears on a per-cell
basis in early stages of the disease, as as-
sessed in vitro by defects in CD4" T cell
proliferation and interleukin-2 (IL-2) pro-
duction to recall antigens (7), and might
participate in the loss of mature T cell
expansion with disease progression.

We investigated the extent to which
HAART would reverse these major CD4*
T cell abnormalities and allow some resto-
ration of immune competence at advanced
stages of HIV disease. We analyzed expres-
sion of key surface molecules on peripheral
blood T cells and the CD4* T cell prolif-
eration against recall antigens from two ma-
jor opportunistic infections under potent
antiretroviral regimens. Eight previously
untreated adults with advanced HIV-1 in-
fection received ritonavir, a potent HIV-1
protease inhibitor, combined with azidothy-
midine (AZT) and dideoxycytosine, two
reverse transcriptase inhibitors, over a peri-
od of 12 months. Ritonavir given alone the
first 2 weeks rapidly induced a 1.3 = 0.5 log
decrease (P = 0.01) in the numbers of both
HIV RNA copies per milliliter of plasma and
infectious cells per 107 blood mononuclear
cells from base-line values of 4.9 = 0.4 and
3.4 = 0.5, respectively (P < 0.05). A max-
imal decline of 1.9 * 0.6 log and 2.5 = 0.5
log was reached for each viral parameter at
month 6 under triple-combination therapy
(Fig. 1). A low stable viral load was main-
tained under treatment through month 12
with plasma HIV-1 RNA copies falling be-
low the threshold of detection in three of
the eight patients. Major T cell changes
were also observed in the peripheral blood
from all patients during the first 2 weeks of
treatment. A steep rise occurred in lympho-
cyte counts that predominated on the
CD4" subset, with a twofold CD4" cell
increase from a mean base line of 164 = 86
cells/pl of plasma to 327 = 74 cells/pl of
plasma (P = 0.01). Meanwhile, CD87 cells
also increased, though with a lower ampli-
tude from a mean of 1168 * 427 cells/ul
plasma at entry to 1387 * 619 cells/pl
plasma at day 15 (P = 0.035). During the
next 12 months, a sustained though slower
CD4* cell increase was observed with a
mean positive linear slope of +10%. The
CD4™* cells reached a mean value of 365 =
145 cells/l plasma 1 year after initiation of
the study, however, remaining below nor-
mal ranges in six of the eight patients
(mean normal CD4 counts were 900 *+ 185
cells/p.l plasma). In contrast, CD8" cells, as
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Fig. 1. Long-term changes in CD4 and CD8 lympho-
cyte counts, plasma viral load, and cellular viremia un-
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der triple antiretroviral therapy. Eight non-drug experi-
enced patients (mean age, 38; age range of 32 to 50)
were enrolled in a multicenter open study approved by
the ethical review boards. Participants had no prior
antiretroviral therapy and gave written informed con-
sent before entering the study. Patients received 600
mg/day of ritonavir (Abbott Laboratories) for 14 days,
after which were added 600 mg/day of zidovudine (Ret-

rovir, Glaxo-Wellcome) and 6 mg/day of zalcitabine 0 >
(Hivid, Roche) with treatment maintenance for 12
months. (A) Plasma HIV RNA copies/ml were deter-

N
©
-
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-
N
-
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mined by reverse transcriptase polymerase chain reac-
tion (PCR) (Roche Molecular Systems, Amplicor kit).
‘The threshold detection level was 200 HIV RNA copies/
ml (dashed line). Results are expressed as the numbers
of HIV-1 RNA copies (log 10) per milliliter of plasma; (B)
Number of infectious cells was determined by co-cul-
ture of patient peripheral blood mononucleated cells

(PBMCs) isolated on Ficoll-Paque gradient centrifuga-
tion with allogeneic phytohemagglutinin-blasts and IL-2
and analyzed according to Poisson distribution analysis
(23). (C) Blood CD4* and CD8* T lymphocyte percent-
ages were analyzed according to standard procedures from fresh EDTA-
blood samples with a flow cytometer (Becton Dickinson, San Jose, Califor-
nia); absolute cells per microliter were derived from total blood lymphocyte
counts obtained from automated totalleukocyte counts (Coulter, Margency,

14

France). (D) Blood CD8* counts were determined as described above.
Normal values for CD4 cells are 900 = 185 cells/p.l plasma and for CD8 cells
are 550 + 165 cells/pl plasma. Intrapatient variations were calculated by
using the Wilcoxon ranked nonparametric test.

well as total lymphocyte counts (8), de-
clined in the same period to a mean of
966 =+ 480 cells/ul plasma, still above nor-
mal values (550 = 165 cells/ul plasma) in
six of eight patients. The T cell differenti-
ation and activation changes were further
assessed on cryopreserved cells. The initial
increase in lymphocyte counts was due to
CD3* T cell changes as their numbers in-
creased from 59 + 12% to 77 *+ 11% at 4
months (P = 0.012), whereas B and natural
killer lymphocyte percentages decreased

Fig. 2. Two-phase kinetics in memory/naive CD4 T cell ampli-

(8). The percentages of CD3*CD4* T cells
continuously increased from 12 * 9% at
entry to 18 *= 6% 12 months later (P =
0.028). However, they remained far below
normal values (45 = 7%) (8), thus reflect-
ing the persistent predominance of the
CD8* lymphocyte subset.

Memory CD4* T cells, as defined by the
CD45RO isoform usage (9), primarily con-
tributed to this CD4* T cell increase (P <
0.05) during the first 4 months of the study.
A second though nonsignificant rise oc-

CD45RO*
100

curred between months 6 and 12, where
they accounted for a mean of 75 * 5% of
the CD4% T cell subset (normal is 55 *=
9%) (Fig. 2). Reciprocal findings were not-
ed in the CD4%t45RA* /RO~ subset. Func-
tional naive CD4" T cells are better char-
acterized by double expression of the
CD45RA  isoform plus the L-selectin
(CD62L), as the latter facilitates the cells’
entry in the lymph nodes through the high
endothelial venules (10, 11). More impor-
tant, in these untreated advanced patients,

CD45RA* CD45RA*62L*

fication. Patient PBMCs were separated on Ficoll-Hypaque
gradient and kept frozen in liquid nitrogen until use under
conditions yielding =80% cell viability upon thawing. The pro-
portions of CD4 memory (CD45R0O™) or naive (CD45RA* and
CD45RA+CD62L") subsets were assessed on thawed PBMCs
by three- and four-color immunofluorescence (IF) analysis using
the following monoclonal antibodies (mAbs): anti-CD4
(SFCI12T4D11) mAb conjugated to energic couple dye (ECD),
a tandem fluorochrom composed of phycoerythrin (PE) and
Texas Red,; fluorescein isothiocyanate (FITC)-conjugated mAbs
against: CD3 (I0T3b), CD45RA (ALB11), CD45RO (UCHL-1),
and CD62L (DREGS8). Isotype-matched control murine immu-
noglobulins were conjugated to the distinct fluorochroms de- 20
fined above. All reagents were a gift from Coultronics (Mar-
gency, France). Cells were simultaneously stained with distinct
fluorescent-labeled mAbs in phosphate-buffered saline supple-

80

60|

H
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Positive cells (%)

mented with 1% bovine serum albumin, washed, and analyzed ODO
(10,000 cells per sample) on an EPICS XL It cytometer with the

tetraOne™ software (Coulter). Percentages of CD4* and CD3+CD4+ cells
were found to be identical; therefore, the following analysis was performed
on CD4™* cells: CD4* CD45RO* and CD45RA™* cell percentages in the
CD4™* subset were determined in a lymphocyte gate defined on forward
and side scatters (FSC/SSC) [that contained a total of CD3*, CD19%, and
CD16*CD56™" lymphocytes >95%, as defined on separate samples (8)]
combined to a CD4* gate. The CDB2L positivity was analyzed on the
CD4+*CD45RA* cells by successively combining the FSC/SSC, CD4™,
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and CD45RA™ gates. Normal values are as follows: CD3*4* and CD4* T
cells, 900 =+ 185 cells/pl plasma; CD4*CD45RO™" in CD4™* cells, 55 + 9%
CD4+*CD45RA* in CD4* cells, 47 = 10%; and CD62L* in CD4*
CD45RA™ cells, 96 + 3%. All samples corresponding to the same patient
were analyzed in the same experiment. Results are presented as individual
percentages of positive cells at day 0 (DO), month 4 (M4), and 12 (M12)
after treatment. Intrapatient variations were calculated with the Wilcoxon
ranked nonparametric test.
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the proportions of L-selectin® cells were
extremely low before treatment, represent-
ing a mean of 23 = 25% in the CD4"
CD45RA™ subset compared with their nor-
mal (96 = 3%) values. These low CD62L*
percentages were maintained for 4 months
after initiation of therapy. Around that
time, the proportions of L-selectin® cells
steadily increased within the CD4%
CD45RA™ subset to reach a mean 62 *+
25% (P < 0.05) (Fig. 2), still lower than the
control values observed in healthy HIV-1
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seronegative adults. The overall changes
resulted in a twofold increase in absolute
values of naive L-selectintCD4™ T cells
from the base line.

The two waves in memory and naive
CD4* T cells were associated with a de-
crease in CD4* T cell activation markers.
Indeed, a continuous decrease in the pro-
portions of activated CD4% T cells dis-
playing major histocompatibility complex
class II molecules [human lymphocyte an-

tigen-DR (HLA-DR)] was noted from day

Fig. 3. Depreased T cell ac- 104 2
tivation and viral load under 201 g
triple antiretroviral therapy. = ¢ 3 2
Changes in T cell activation & 15 10 5 [-CHFDR
markers HLA-DR and CD25 3 2| 0D4*45RO*DRY
were measured on CD4* @104 +102 7 |@ CD3'8"DR*
and CD8* T cell subsets & 0 [ - Infective calls

. [73 [
by three-color IF analysis o 51 10 2
of frozen cells. (A) Changes 8
in HLA-DR expression. on 0 £
CD4+*, CD4* CD45RO™, 35 500
and CD3*CD8* T cells. Pro- 304
cedures described in Fig. 2 & 400 e e
were used: CD8* Toellswere @ 251 | 300 E |-m-CDa*CD45RA*
labeled with a FITC-conjugat- 8 o0 E| oo
ed anti-CD3 (I0T30) and an @ 200 2 [ GBase O
ECD-conjugated ~ anti-CD8 & 157 & [4-CD4 counts
(CFCI21Thy203) mAbs; HLA- & 10+ L100
DR was labeled by using the 0
PE-cyanine 5 (PE-Cy5)-con- 5_2 0 5 4 6 8 10 12 14

jugated anti-HLA-DR mAb
(Immu 257), (Coulter). The

Months

HLA-DR positivity was analyzed on the previously defined CD4+, and CD4TCD45RO* cells by successively
combining the FSC/SSC, the CD4™", and the CD45RO* gates, and on CD8* T cells by successively
combining the FSC/SSC, CD3*, and CD8™ gates. Normal values for HLA-DR™ positivity in the CD4+* and
CD8* subsets were 6 = 3% and 10 = 6%, respectively. Results are expressed as mean = SE percentages
of HLA-DR™ cells within either the CD4*, the CD4*CD45RO*, or the CD3*CD8™* cells. Cellular viremia is
also shown as defined in Fig. 1. Resullts are expressed as the mean = SD values. Intrapatient variations were
calculated with the Wilcoxon ranked nonparametric test. (B) Changes in CD25 expression in the CD4+,
CD4+CD48R0O™, and CD4*CD48RA™ cells were defined according to the procedures described in Fig. 2
and using a PE-conjugated anti-CD25 (B1-49-9) mAb clone (Coulter). Percentages of CD4*CD25* cells in
the CD4* cells were determined in a FSC/SSC lymphocyte gate combined to a CD4+ gate. The CD25
positivity was analyzed on the previously defined CD4*+CD45R0O* and CD4*+CD45RA™ cells by successively
combining the FSC/SSC, CD4+, and CD45RO* or CD45RA™ gates. Resullts are expressed as mean = SE
percentages of positive cells within either the CD4+, the CD4*CD45R0O*, or the CD4+*CD45RA™ cells.
Normal values for CD4*CD25* in the CD4* subset are 6 = 7%. Mean absolute CD4 counts measured on
fresh blood samples as defined in Fig. 1 are also shown.

DO D15

chs

CD3s

Fig. 4. Decreased expression of CD38 on CD8* T cells under triple antiretroviral therapy. Changes in
CD38 expression defined by three-color IF analysis of frozen cells, using the procedures described in
Fig. 2 and the PE-conjugated CD38 (T16) mAb (Coulter). Expression of CD38 on CD8*CD3™ cells was
analyzed by successive gating as described in Fig. 3. Normal values for percentages of CD8™ cells
positive for 41 = 18 with a weak positivity of the CD38 expression. IF dot plot analysis of CD38
expression on CD8* T cells is given from a representative patient. All frozen samples were analyzed in

a single experiment.
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15 to month 12 (P = 0.011) when they
reached normal values (Fig. 3A). The loss
in HLA-DR expression predominated on
memory CD4745RO™ T cells, a point of
special importance when the preferential
propagation of HIV in activated cells from
this subset is considered (12). A transient
early rise in CD4% T cells displaying the o
chain of the IL-2 receptor (CD25) was
noted at day 15 mostly on memory
CD4%45RO™* T cells, followed by a reduc-
tion in CD4*CD25" cells at month 4 to
normal values (P = 0.025) (Fig. 3B). Even-
tually, a significant increase of CD257 cells
occurred in the CD4*CD45RA™ subset
(P = 0.028) during the last 6 months in
parallel to the late increase of the
CD4%45RAT62L" cells. Contrasting with
the early IL-2-R-a chain changes, the
CD69, a very early marker of lymphocyte
activation and proliferation (13), was barely
detected (<1%) on CD4" T cells even
during the early lymphocyte rise. Similarly,
no propidium iodide nuclear incorpora-
tion (a marker for cycling cells) was de-
tected in these peripheral blood CD4* T
cells (8). Activation markers also declined
in the CD8" subset during the study pe-
riod, and the proportions of activated
CD8*CD3* T cells displaying HLA-DR
reached normal values at month 12 (P =
0.043) (Fig. 3A). The kinetics in
CD3*8*HLA-DR™ cell decrease was sim-
ilar to the decrease in CD3"4*HLA-DR*
cells and occurred in parallel with the
progressive decline in CD8* counts. High
proportions of CD8% T cells exhibiting
CD38 indicated the advanced disease
stage of our patients before treatment
(14). The CD38 expression also decreased
on CD8*CD38™" cells over the study pe-
riod, from 75 = 17% of cells strongly CD387*
at day O to a mean of 55 * 23% of cells
weakly CD38% at month 12 (P = 0.011),
which was close to normal values (41 =
18%). A strong decrease in CD38 fluores-
cence intensity was observed between day O
and month 6 (Fig. 4). Interestingly, a strong
correlation (r? > 0.8) was found over the
12-month study period between the decreas-
ing HIV activity and the subsiding activation
markers HLA-DR and CD38 on both CD4*
and CD8* T cells. The HIV-related abnor-
malities in T cell activation and differentia-
tion therefore were, in part, reversible with
viral load reduction in advanced patients.
We then investigated whether a defec-
tive CD4" T cell proliferation to recall
antigens might be corrected under treat-
ment in a second independent study. Six
non-pretreated patients with similar viral
load and CD4 counts received a similar
combined regimen. A reduction of 3 log in
plasma viral load was observed 3 months
after therapy together with a mean absolute
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CD4* cell increase of 129 = 95 cells/ul
plasma above the base-line values of 176 *
106 cells/pul plasma (Fig. 5A). Plasma
HIV-1 RNA copies became undetected in
three of six patients. Changes in naive and
memory CD4™ T cells were similar to the
changes reported above and further con-
firmed the late absolute increase in
CD4%45RA™62L" naive cells (P = 0.02)
that, however, remained below normal
thresholds (425 = 150 cells/ul plasma)
(Fig. 5A). In the six patients, we could not
detect a significant in vitro proliferative
response to recall antigens from cytomega-
lovirus (CMV) and Mycobacterium tubercu-
losis before treatment, which contrasts with
the strong T cell proliferation induced by
CD3-triggering (Fig. 5, B through D). A
CD4* T cell proliferation against CMV
and tuberculin antigens was detected after
initiation of therapy while remaining nega-
tive against the HIV-1 p24 antigen (8). A
significant increase in stimulation indexes
against CMV and tuberculin occurred be-
tween month 1 and 6 in the six patients

(P < 0.05) (Fig. 5, C and D). In addition,

both the amplitude and the kinetics of such
antigen-specific proliferative responses dif-
fered from the anti-CD3 mitogenic effect.
Indeed, a maximal 13-fold increase in stim-
ulation indexes from the base line was
reached at month 3 for antigen-specific pro-
liferation, which contrasted with the sixfold
maximal increase observed for CD3-stimu-
lation between day 15 and month 1. Such
improved antigen-specific T cell reactivity
was also detected on a per-cell basis as
assessed by the significant increase in pro-
liferation against CMV or tuberculin when
analyzed per CD4* T cells from a mean of
55 = 85 at entry up to 205 = 120 cpm per
1000 CD4* T cells at month 6 (P < 0.05)
(8). This antigen-specific proliferation
reached normal ranges (mean normal in-
dexes: 50 = 40) for three of the six patients
between months 3 and 6 (Fig. 5, C and D).

In these two studies, immune reconsti-
tution was first marked by a rapid outburst
in the circulation of both CD8" and ma-
ture memory CD4 ™" T cells devoid of early
markers of ongoing cell proliferation ex-
cept for the transient peak in memory

|

CD4" T cells displaying the a-chain re-
ceptor. Such features suggest that CD4™
and CD8* T cells, previously recruited
into productively infected tissues before
treatment, would be mobilized and recir-
culate with the arrest in viral replication,
as shown in murine models (15). Activa-
tion markers then subsided on both CD4*
and CD8* T cells as retroviral activity
decreased under antiretroviral drug con-
trol. Although we cannot exclude some
non-antiviral effects of protease inhibitors
(16), the lower HIV activity obtained
with efficient antiviral therapy should re-
sult in a rapid subtraction of virus antigens
in germinal centers, as recently shown
(17), with opposite effects on the CD4*
and CD8" T cell numbers. Lower HIV
activity and the subsequent reversal of
chronic T cell activation would thus allow
for a slow CD4™ T cell expansion, whereas
the CD8* T cell compartment would con-
tract. Memory CD4™ T cells predominat-
ed in the early CD4™" blood cell increase,
while L-selectin™ naive CD4™ T cells ap-
peared later on, data reminiscent of the T

Fig. 5. Restoration of specific CD4* T cell reactivity to

recall antigens under combined antiretroviral therapy. Six A4OO T B

naive patients with mean initial CD4 counts of 176 + 106 E ,<1°°° 2 - A

cells/pl plasma and viral load of 5.3 = 0.3 log HIV-1 RNA ~ @|=-cns g ] s o

copies/ml received a combined antiretroviral regimen in- 5 "8 ~-CD4*asRA | 2 N 4 4

cluding one protease inhibitor (indinavir: Crixivan) plus g 200 4 8|-a-cosrasmar 2 100 A e

two nucleoside analogs (AZT or DAT + 3TC) and were B g e O

prospectively followed up for 6 months after initiation of © E ~#HIV RNA g .

therapy for CD4 T cell reconstitution. (A) Kinetics in the ol o2 LT

viral load decrease and absolute values in CD4 subsets 1012345678 T 1 o 1 2 3 4 5 6

reconstitution. Plasma viral RNA load was detected by Months D Months

reverse transcriptase PCR (Roche Amplicor Monitor kit). ><100 100 o

The threshold level of detection was 200 HIV RNA cop- -§ ° _§

ies/ml. For each assay, a negative control, a low-level 2 A N £ . '
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detected from fresh samples with a four-color flow cy- -1 0 1 2 3 4 5 6 -1 0 1 2 3 4 5 6
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tometer (Coultronics). The flow cytometry analysis of var-

ious CD4 subpopulations was performed on the same whole blood speci-
men in three-color IF, using a panel of mAbs to the following cell-surface
proteins: CD3-PercP, CD4-FITC, CD8-PE, CD45-FITC/CD14-PE (Becton
Dickinson, Pont de Clay, France) and CD45RA-PE, and CD62L-FITC (Immu-
notech, Marseille-Luminy, France). All antibodies were incubated with 100 w!
of whole blood for 20 min at 20°C before red cell lysis. After washings with
PBS, 5000 lymphocytes defined by an FSC/SSC gate combined to CD45+/
CD14~ staining were acquired into the FACScan flow cytometer and ana-
lyzed according to Cell Quest (Becton Dickinson, San Jose, California). (B) T
cell proliferation triggered by CD3 cross-linking: Proliferation assays were
performed on fresh PBMC at the different time-points into microtiter plates
previously coated by an anti-CD3 mAb (UCHT1, a gift of P. Beverley, IRCF,
London, United Kingdom) from ascitic fluids at appropriate dilutions accord-
ing to standard procedures (24). A total of 1 X 10° PBMCs containing a
known percentage of CD4* T cells was cultured for 3 days in RPMI-1640
culture medium supplemented with 2 mM L-glutamine, 1 mM sodium pyru-
vate (Gibco Life Technologies, Cercy Pontoise, France), and 10% pooled
heat-inactivated normal CMV-seronegative human AB sera (Centre de
Transfusion Sanguine, Hopital Pitié-Salpétriére, Paris, France). Tritiated thy-
midine (1 n.Ci) (CEA, Saclay, France) was added during the last 18 hours of
culture and incorporated radioactivity was measured on a B scintillation
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counter (Beckman). Results were considered as positive only when meeting
two conditions: geometric mean counts per minute with antigens >5000 and
stimulation indexes (counts per minute obtained for cells+stimuli/
cells+medium) >5. The threshold for normal values was =35,000 and index
=35 cpm is indicated (dashed line). Antigen-specific CD4* T cell proliferation
against CMV (C) and tuberculin (D) antigens. Proliferation assays were per-
formed as described above against purified protein antigens from CMV (Behr-
ing, Germany) or tuberculin (Serum-Staat-Institut, Copenhagen, Denmark) that
were extensively dialyzed and titrated before use at appropriate dilutions. Cells
were cultured for 6 days. Similar assays were performed with the recombinant
HIV-1 p24 protein produced in Escherichia coli, purified and extensively dia-
lyzed (Transgéne, Strasbourg, France). Positive antigen-specific responses
were to meet two conditions: cpm >2000 and a stimulation index (Sl) >3. The
Sl of 3 is indicated (dashed line). The mean SI normal values are 50 * 40.
Similar indexes were obtained when testing CD8-depleted cell preparations in
similar conditions (8). The counts per minute results were also analyzed in
relationship to the CD4™* T cell input in culture by calculating the experimental
counts per minute (CMV or tuberculin) per 1000 CD4* T cells in culture minus
the control counts per minute without antigen per 1000 CD4* T cells (8).
Intrapatient variations were calculated with the Wilcoxon ranked nonparamet-
ric test.
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cell regeneration observed in adult recov-
ery from bone-marrow aplasia that is
mainly composed of memory CD4* T cells
(18). The trend toward normalization of
CD4* T cells displaying the CD28 co-
stimulatory molecule (8) observed in our
studies reflects the lower CD4* T cell
activation and might allow for some re-
covery from enhanced sensitivity to apo-
ptosis or anergy (19). The loss of memory
CD4™" T cell reactivity to recall antigens
was indeed reversible under efficient anti-
viral therapy. This latter observation con-
trasts with the limited benefit for CD4* T
cell function reported with ritonavir
alone, *'where a weaker reduction in viral
load (-1 log) could only increase preexist-
ing CD4™ T cell responses but failed to
restore a lost T cell reactivity to recall
antigens (20). The significant but partial
restoration of CD4™ T cell proliferation to
recall antigens that we report might par-
ticipate to the progressive regeneration of
mature peripheral CD4* T cells observed
after the first month of treatment, in
agreement with murine models (21, 22).
This sequence of events suggests that,
in the natural course of a productive in-
fection, HIV activity per se is the driving
force for chronic immune stimulation; the
latter would take part in the defects in
antigen-specific CD4% T cell activation
and proliferation noted in HIV-infected
patients (6, 7). Because such functions are
required for a normal homeostasis of ma-
ture peripheral T cells in adults (21), their
alteration would appear as a key mecha-
nism in HIV-induced CD4™" T cell deple-
tion. This impairment of the mature
CD4* cell repopulation process was, in
part, reversible under effective antiviral
treatment, although the balance between
CD4* and CD8™" subsets was not yet nor-
malized with CD8% counts still higher
than normal and CD4* counts remaining
below normal thresholds. Earlier or stron-
ger therapeutic interventions should rea-
sonably achieve better reversibility.
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Chemical Coupling Between Atmospheric
Ozone and Particulate Matter

Z. Meng, D. Dabdub, J. H. Seinfeld*

A major fraction of ambient particulate matter arises from atmospheric gas-to-particle
conversion. Attempts to reduce particulate matter levels require control of the same
organic and nitrogen oxide (NO,) emissions that are precursors to urban and regional
ozone formation. Modeling of the gas-aerosol chemical interactions that govern levels
of particulate components showed that control of gas-phase organic and NO, precursors
does not lead to proportionate reductions of the gas-phase-derived components of
atmospheric particles. The chemical coupling between ozone and particulate matter has
implications for strategies to achieve the new ozone and particulate matter standards
proposed by the U.S. Environmental Protection Agency.

Ozone has historically been regarded as the
principal urban and regional air quality prob-
lem in the United States (1). Epidemiologi-
cal evidence that urban mortality rates are
correlated with mass concentration of fine
particulate matter has now focused intense
interest on reducing levels of airborne parti-
cles (2). In November 1996, the U.S. Envi-
ronmental Protection Agency (EPA) pro-
posed new ozone (O;) and particulate matter
air quality standards (3). Because exposure to
lower O; concentrations over longer periods
of time than the current standard (0.12 parts
per million averaged over a 1-hour period) is
deemed to be of primary relevance, EPA
proposed to lower the O; standard to 0.08
ppm averaged over an 8-hour period. EPA
also proposed to revise the existing particu-
late matter (PM) standard to add two new
PM, s (particulate matter of diameter less
than or equal to 2.5 pm) standards set at 15
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wg m > for the annual mean, and 50 wg m™

over a 24-hour period. Hundreds of counties
in the United States in addition to those
already in violation of the current standards
are estimated to violate either or both of the
new O; and PM standards (4).

Ozone and PM have traditionally been
considered as separate problems. However,
O, and PM are chemically coupled, and this
coupling is of profound importance in un-
derstanding processes that control the lev-
els of both. Urban and regional ozone
abatement strategies have, for more than a
decade, been evaluated with three-dimen-
sional atmospheric models by the EPA and
state and local agencies (1). We report here
the application of a three-dimensional, size-
and chemically resolved gas-aerosol model
to examine how the chemical coupling that
exists between O5 and PM influences joint
control of the two classes of pollutants.

The common components of atmospheric
particles, such as sulfate (SO42”), nitrate
(NO;7), ammonium (NH,"), organic com-
pounds, crustal material, and water, reach the
particulate phase by several different processes
(Fig. 1). Aside from the direct emission of
particles into the atmosphere, gas-to-particle
conversion processes play an essential role in
determining the mass of airborne PM. Such
processes depend intimately on the organic
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