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CD4" lymphocytes from HIV-infected patients display impaired
CD45-associated tyrosine phosphatase activity which is enhanced by
anti-oxidants
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SUMMARY

It has been proposed that signal transduction defects may, at least partially, account for the functional
impairment of CD4 lymphocytes during HIV-1 infection. Recently, we have demonstrated that
unresponsive CD4lymphocytes from these patients had reduced protein tyrosine phosphorylation after
CD3 engagement, and that this defect was associated with constitutively altered level$'oaip86

p597™ kinases. Since CD45 is essential for T cell receptor (TCR) and CD2-mediated activation of
protein tyrosine kinases, we study here CD45-associated tyrosine phosphatase activity in resting and
activated CD4 T cells from HIV-infected patients. We found a significant decrease in the basal and post-
activation phosphatase activity of CD45 which correlated well with impairment of proliferative
responses. In addition, decreased levels of cellular thiols observed in resting @Byhocytes

from these patients suggested a disturbed redox status. Although expression levels of CD45 were
decreased in most patients, a significant recovery of phosphatase activity and proliferative responses
was observed in most patients by preincubating cells Widtetyl+-cysteine and’,-mercaptoethanol.

In some patients, anti-oxidant treatment failed to significantly enhance phosphatase activity and
proliferative responses. The low responses of purified CB4nphocytes from these patients were
associated with a high ratio of apoptotic cell death which did not appear to be influenced by anti-oxidant
treatment.
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INTRODUCTION concert with the p58 tyrosine kinase [12-14], is essential for
normal tyrosine phosphorylation response following T cell recep-
Progressive depletion of CD4T cells is the hallmark of HIV  tor (TCR) engagement by modulating the activity of src-like
infection [1]. However, in a number of asymptomatic HIV-infected tyrosine kinases. The enzymatic activity of CD45 depends on the
individuals, despite adequate CD4 cell counts, early impair- presence of adequate amounts of sulfhydryl compounds [15] and
ment of immune responses may also occur [2-5]. These functiondlas important effects in levels of constitutive NFkB activity and
defects observed in both CD&nd CD4 T cells exhibit proper-  thereby in HIV-1 replication [16]. In the present work, we have
ties reminiscent of an anergic state. tried to assess the putative role of CD45-associated tyrosine
It has been proposed that a signal transduction defect might githosphatase activity on functional impairment of CDE cells
least partially account for lymphocyte dysfunction in HIV-infected from asymptomatic HIV-infected individuals. Our results showed
patients [6]. This assumption is supported by reported alterations ia significant decrease in the basal and post-activation tyrosine
C&* mobilization, inositol polyphosphate generation and phos-phosphatase activity of CD45 after CD3 engagement, which
pholipase C activation observed in T cells from infected patientscorrelated well with impairment in proliferative responses.
and in T cells exposed to viral proteins [7—10]. In a recent work, weAlthough expression levels of CD45 were decreased in most
found that unresponsiveness of CD7 cells from HIV-infected  patients,in vitro anti-oxidant pretreatment resulted in a signifi-
individuals after engagement of the CD3 complex was associatedant improvement in proliferative responses and tyrosine phos-
with reduced tyrosine phosphorylation and altered levels offp56 phatase activity from most patients. Nevertheless, in the
and p59”" tyrosine kinases [11]. CD45 tyrosine phosphatase, inexperimental conditions used in this work, the beneficial effects
of anti-oxidant treatment were limited to anergic lymphocytes, and
Correspondence: Dr. Guillaume Dighiero, Urdtenmunolienatologie  failed to rescue CD# lymphocytes engaged in ongoing pro-
et d'Immunopathologie, 28 rue du Dr Roux, 75724 Paris Cedex 15, Francegrammed cell death.
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SUBJECTS AND METHODS In vitro phosphatase assay

Either 20ug of membrane protein or CD45 immunocomplexes
from 5 x 10° cells were incubated in a reaction mixture of & iof
p-nitrophenyl phosphate, 8M 2-(n-morpholino)ethane sul-
phonic acid pH %, 10mv EDTA and 10nw DTT at 37C.

After 20min incubation, reactions was stopped by addition of
Xml of 02 n NaOH. The tyrosine phosphatase activity was
xpressed as absorbance units at 410 nm after removal of duplicate
ample values in the presence of vanadate atlm

Subjects

Peripheral blood was obtained from 23 asymptomatic HiV-1
homosexual men with CD4 counts 300/mn? followed up at the
Hospital of the Pasteur Institut. Seropositive status was defined b
the presence of serum antibodies to HIV-1 using an ELISA
(Elavia I; Diagnostics Pasteur, Marnes La Coquette, Francez
and was confirmed by Western blot analysis (Lav-blot; Diag-
nostic Pasteur). Amogg these823 patients only five were ungelrmmunoprecipitation
treatment. HIV 11, 13, 17, 18 patients were receiving at the Lo

moment of the study a combingtion of AZT 500 mg/dgay and CD4 T cells (5x 10), were washed _t_W|ce_|n serum-_free R'.DMI
2:25mglday of DDC, whereas HIV 14 patient was receiving 1640 and cellular pellets were solubilized ifb@nl Nonidet lysis

buffer (25 mu Tris—HCI pH 74, 1% Nonidet P-40, 150 mNacCl,
AZT 500 mg/day and DDI 400 mg/day. Controls £ 20) were . o
HIV~ healthy volunteers, 5mm DTT, 1 mm PMFS, leupeptin 1@g/ml, aprotinin 1Qug/m)

for 30min at 4C. Nuclei were then removed by low-speed
centrifugation; 1Q:g of anti-CD45 MoAb were added and the

’ . mixture was incubated for 2h at@. Supernatants were mixed
Anti-CD16 (3G8, IgG1) and anti-CD56 (T199, IgG1) MoADbs used \ih 10 mg of Protein A-coupled Sepharose beads pre-coated with
for panning and a rabbit polyclonal anti-mouse 1gG {H) 2049 of rabbit anti-mouse 1gG serum and further incubated for
antibody used for immunoprecipitation of CD45 were purchasedsg nin ot 4C. After three washes in Nonidet lysis buffer and three
from Jackson Immunoresearch (Marseille, France). Murine antiWashes in HLB buffer the beads were resuspended in.260a
CD19 (HD37, 1gG1), anti-CD8 (DK25, 1gG1) and anti-CD14 reaction mixture of 5m of p-nitrophenyl phosphate, 80nr2-(n-

(TUK4, 1gG2a) MoAbs also used for panning, and anti-CD3 p,, hholing)ethane sulphonic acid pH55 10mv EDTA, and
MoAb (UCHT1, IgG1) used for lymphocyte stimulation were 14\ DTT. After incubation for 30 min at 3T, absorbance at
purchased from Dako (Dakoppats AS, Glostrup, Denmark).410nm was recorded

Fluorescent MoAbs to CD45 and CD45RO were from Dako
and anti-CD45RA from Coulter (Hialeah, FL). Sodium orthova- Anti-oxidant preincubation of CD# lymphocytes

_nadate, Tris (hydroxym_ethyl) aminomethane (Tris buffer), NON- A qdition of NAC (Sigma) was made from freshly preparated
idet P-40 N-acetylcysteine (NAC)j,-mercaptoethanole-ME)  gyqck solutions in RPMI 1640 titrated to pHZAwith NaOH. For
and dithiothreitol (DTT) were from Sigma (St Louis, MO). anti-oxidant treatment, cells were resuspended atl&/ml in

serum-free RPMI 1640 and incubated with NAC (2@nand 3,-
Isolation of CD4 T lymphocytes ME (50um) for 2h at 37C. Cells were then washed twice to
Purification of CD4 T lymphocytes was carried out as previouslyremove excess of NAC an@,-ME and finally resuspended in
reported [11]. Briefly, peripheral blood lymphocytes (PBL), iso- 109 fetal calf serum (FCS) RPMI 1640.
lated in a Ficol gradient, were incubated in the presence of anti-
CD8, CD19, CD16, CD56 and CD14 antibodies followed by Cell pro"feration assays

incubation in the presence of sheep anti-mouse-coated immungegr 3H-thymidine uptake, cells were cultivated in 96-well culture
magnetic beads (Dynabeads; Dynal, Oslo, Norway), so as t@lates at 5« 10* cells/well in a total volume of 200l of
achieve a 5:1 bead-to-cell ratio. After incubation for 60 min at supplemented RPMI 1640 culture medium (10% human pooled
4°C, cell fractions were separated by application of a magnet to th@&B serum (Jacques Boy, Paris, France), glutamine/4 HEPES
outside of the tube for 3 min; unbound cells, enriched for CD4 T20mv, sodium pyruvate 10m and penicillin/streptomycin).
cells, were carefully aspirated and a second round of immunomagstimulation was carried out by the addition of inmunomagnetic
netic separation was performed for an additional period of 60 mirpeads pre-coated with saturating doses of mouse anti-human CD3
at #C with a bead-to-cell ratio of 10:1. Purity of subsets was |gG MoAb at a bead-to-cell ratio of 5:1. After 3 days, cultures
evaluated at the end of the enrichment procedures. In all experiyere pulsed with LCi *H-thymidine (CEA, Paris, France)
ments, purity of cell preparations was90% for CD3" CD4"  during the last 18h of culture and then harvested with a cell
cells, as determined by immunofluorescence analysis using aRarvester system (Tomtec Inc., Orange, CT) and radioactivity

Antibodies and reagents

EPICS 752 flow cytometer (Coulter). was measured in a micro beta plate scintillation counter (LKB).
All cultures were performed in quadruplicate, and for each
Membrane preparation experiment a control using only culture medium was performed.

Cells were washed twice in serum-free RPMI 1640 and resus-

pended at 3 10°%/ml in hypotonic lysis buffer (HLB; Tris-HCI  Flow cytometry analysis

25mv pH 75, sucrose 25m, EDTA 0-1 mm, MgCl, 5mm, DTT Flow cytometry analysis was performed on an EPICS 752 fluor-

5mwv, PMFS 1 nm, leupeptin 1Qug/ml, aprotinin 1Qug/ml). Indi- escent activated cell sorter (Coulter) as previously reported. In

vidual samples were made in duplicate in the presence and absenoeder to standardize the assays and to correct for day-to-day
of 1mm NagVO,. Cells were sonicated and nuclei were removedvariations in instrument performance, the mean fluorescence of
by low-speed centrifugation. The membranes were sedimented aglibration beads (Standard-Brite; Coulter) was used to adjust
100 000g for 60 min at 4C. The resulting pellet was resuspended reference fluorescence. A total of at least 10000 cells were

in 200ul of the hypotonic lysis buffer by sonication. Protein analysed for each sample, and data were stored in a histogram
concentration was determined using the BioRad assay system. mode.
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Staining for intracellular low molecular weight thiols in phosphatase activity was observe® < 0-05) in cells from
Low molecular weight thiol (LMT) levels were estimated by flow HIV-infected individuals. Relative mean values of optical density
cytometry using the 5-chloromethyl fluorescein diacetate (CMF)for controls were 245 and ranged from 181 to 334. In the case of
probe [17]. This non-fluorescent probe has been demonstrated tdlV-infected patients, mean values were 114 and ranged from 35
form fluorescent adducts with intracellular low molecular thiols, of to 202. The time course of membrane-associated tyrosine phos-
which GSH is by far the most abundant. Intracellular thiol levels phatase activity upon immobilized anti-CD3-mediated activation
were measured by the method previously described by &tcalt was examined in order to exclude a post-activation normalization
[18], with minor modifications. Briefly, a stock solution of 5- of this activity. As depicted in Fig. 1b, phosphatase activity from
chloromethyl fluorescein diacetate was made up in DMSOuat 5 normal lymphocytes upon CD3-mediated stimulation showed a
and stored in the dark at20°C. Cells were resuspended afiol typical but transient increase, reaching maximal values at 5 min,
in serum-free medium and equilibrated atB7CMF was addedto  followed by a progressive decrease up to 60min. Although a
obtain a final concentration of 5&irand incubated for 10 min in  similar kinetic pattern was observed in HIV-infected individuals,
the dark at 37C . The cells were immediately analysed in the absolute values of phosphatase activity remained significantly
EPICS 752 flow cytometer. decreased and maximal values were achieved precociously (at
1 min post-activation). As reported, the proliferative responses of
Flow cytometric analysis of apoptotic cells CD4 T cells from HIV-infected individuals were defective and

The fluorescent dye merocyanine 540 (MC 540; Fluka ChemicarangecI from about 10% to 90% of those opserved in normal CDA'T
Corp., Ronkonkona, NY), is a lipid packing probe that binds avidly cells _and correlated well vyl‘Fh |mpa|rment in membrane-associated
to the symmetric membranes with exposed phosphatidyl-serinet,erSIne phosphatase a_ct|V|ty (Fl.g' 10).
and has been successfully used as a fluorescent probe in cytometric When flow cytometnc_analyss of C.:D45 was performed, CD4
analysis of apoptotic cells, characterized by high merocyaninT cells _from most HIV_-mfected payents d_|splayed decreased
expression [19,20]. For staining, a stock solution of merocyaninee)q)ress!On of CD45 (Fig. 2). In _patle_nts W't_h decreased CD4_5
was prepared in 50% ethanol at 1 mg/ml and stored in the dark g xpression, flow cytometry anglyss using ant|-c_:D_45RA and am'f
D45R0O fluorescent antibodies revealed a similar decrease in

—20°C. A working solution was freshly prepared by diluting ) iah igh :

merocyanin at 1:500 (final concentrationu@ml) in a HEPES- e(;<pre33|onr:evels ?\I bolth CD45F2|A _and CE45R@ |sof9rms

buffered salt solution with Q% bovine serum albumin (BSA; (data. not 5 gwn). 0 clear corre ation wit .|mpalrment in mem-
brane-associated tyrosine phosphatase activity was observed, sug-

Sigma). Then, 1Dcells were resuspended in 1000f working ) . .
solution and incubated for 5min in the dark at room temperature.geStIng that decreased levels of CD45 can only partially explain
r]decreased activity.

Cells were then washed twice with HEPES-buffered salt solutio
without BSA and immediately analysed on the Epics 752 flow

cytometer. Enhancement of CD45 tyrosine phosphatase activity and prolif-

erative responses of CD4 T cells following pre-incubation with
NAC andg,-ME
RESULTS Recent reports have shown that the enzymatic activity of CD45

depends on the presence of sulfhydryl compounds for activity, and
Decreased membrane-associated tyrosine phosphatase activity {jat alkylating agents irreversibly inactivate the enzyme [15,21].
CD4" T cells from HIV-infected individuals Since recent work has indicated that oxidative stress may be
The vanadate-sensitive membrane-associated tyrosine phosphatmortam in the immunopathogenesis of HIV infection [22,23],
activity was measured in resting CDA cells from 12 asympto-  the intracellular thiol levels of purified CD4 T cells from 11
matic HIV-infected patients, and was compared with that ofaqgitional HIV-infected patients were monitored by FACS using
healthy volunteers. As depicted in Fig. 1a, a significant decreasgye chlioromethyl-fluorescein probe and compared with levels of

350 —
> 300 (@) -l> o (b)
o5 250 B
£2 250 - E/ ~ 250 — ©
38 200F | 2452 — \E Healthy
So 200 - ~ 200 volunteers -
58 150~ E\E 150 (n=10) " -
ZE 150 — ™ L |
'_g s 100 - 100 100
8 50 50 (- 501-" 4 4w "
% ol 1 1 Py Y O
Healthy volunteers HIV-infected 0' 05 1' 5' 15" 30' 60’ 25 5-610.(30-36-928 730'}34 28'5"‘3 ;5':19.5
(n=10) individuals Post-activation time (min) . . 3
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Fig. 1. Membrane-associated tyrosine phosphatase activity of purified GP#phocytes from healthy volunteers and HIV-infected patients.
Individual values of tyrosine phosphatase activity are expressed as absorbance units at 410 nm after removal of duplicate sample values in the
presence of vanadate. (a) Membrane-associated tyrosine phosphatase activity in resting non-activated CD4 lymphocytes. Bars represent mean
values from 12 HIV-infected patient©] and 10 healthy volunteer@j. (b) Time course of membrane-associated tyrosine phosphatase
activity of CD4' T cells after immobilized anti-CD3 MoAb-mediated activation. Individual values represent the mean and s.d. from 12 HIV-
infected patients and 10 healthy volunteers. (c) Correlation between basal membrane-associated tyrosine phosphataszsastivity
thymidine uptake after 72 h of culture. Thymidine uptake values are expressed in gt/iri. B, HIV-infected individuals.
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200 — anti-oxidant treatment or $#0, (50um) as pro-oxidant treatment.
Phosphatase activity from CD45 immunoprecipitates was
measured after 2 h of culture at"®; and proliferative responses
to immobilized anti-CD3 were assessed at day 3. As shown in

180 —

Table 1 and Fig. 3, preincubation with NAC amg-ME signifi-

cantly enhanced the proliferative responses and basal phosphatase
160 activity of CD45 immunocomplexes of normal CD4 T cells

compared with untreated cells. In contrast, pre-incubation with
hydrogen peroxide at 5av almost completely inhibited thymidine
uptake and basal CD45-phosphatase activity (data not shown).
140 — Next, purified CD4 T cells from the same HIV-infected
patients were assessed for proliferative responses and CD45
phosphatase activity before and after anti-oxidant pre-
incubation. According to the degree of proliferative response

Mean of log fluorescence intensity

120
recovery following anti-oxidant treatment (Table 1), HIV
patients were divided into two groups: low anti-oxidant respon-
100 | | ders (LAR; three out of 11) and high anti-oxidant responders

Healthy volunteers HIV-infected individuals (HAR; eight out of 11). _In this latter group, _ proliferative
(n=10) (n=23) responses and CD45 tyrosine phosphatase activity were restored
. ) ) ) ) to values close to those achieved with normal CD4 T cells after
Fig. 2. Flow cytometric analysis of CD45 expression levels in CO4cells similar experimental conditions (Fig. 3). On the other hand, in

from HIV-infected patients and healthy volunteers. Schematic representa- tients with low r n to anti-oxidant treatment. defectiv
tion of mean and range of CD45 intensity values from 23 HIV-infected patients ow résponses 1o anti-oxida eatment, detective

patients and 10 healthy volunteers. In all HIV-infected patients tested, thé)rloliferative responses and CD45 phosphatase activity were only
percentage of CD4 CD45" cells was identical to normals>(96%), as slightly augmented.

assessed by flow cytometry.
Anti-oxidant treatment restored CD45-associated phosphatase

activity and proliferative responses of unresponsive CD#

their normal counterpart. Resting CD4 T cells from HIV-infected cells but failed to affect cells undergoing programmed cell death
individuals showed a decrease of about 15% in mean values dProgrammed cell death (PCD) has been proposed to play an
CMF fluorescence, indicating a disturbed redox status (Table 1).important role in CD4 depletion during HIV infection [24-26]

To evaluate the role of changes in intracellular thiol levels onand there is growing evidence indicating that oxidative stress may
proliferative responses and CD45 phosphatase activity, purifiethe involved in this process [27]. Thus, in order to elucidate whether
normal CD4 T cells from these 11 patients were either untreatedhe weak responses to anti-oxidant treatment were related to
or pre-incubated with NAC (20m) plus 3,-ME (50um) as  ongoing apoptotic cell death, we measured the ratio of apoptotic

Table 1. Values of®H-thymidine uptake and low molecular weight thiols of purified CDi¥mphocytes from HIV-infected individuals and
healthy volunteers*

Culture media Anti-oxidant treatment
Basal thiols levels

Controls CD3 MoAb Controls CD3 MoAb (LTM™)
HIV-infected patients HIV-01 0-14 211 022 767 1582
(HAR) HIV-02 012 242 026 696 1578
HIV-03 013 242 021 603 1439
HIV-04 011 167 015 739 1537
HIV-05 0-17 344 016 716 1545
HIV-06 015 342 018 816 1479
HIV-07 0-16 159 019 698 1531
HIV-08 019 274 018 653 1458

247+ 70 696 + 54 1518 + 54
HIV-infected patients HIV-09 012 41 017 76 1548
(LAR) HIV-10 012 62 021 125 1502
HIV-11 013 83 017 194 1335

62+29 135+ 83 1462 + 112
Healthy volunteersn(= 6), 012+ 005 504+ 57 022+ 0-04 738+ 74 1805+ 98

meant s.d.

*Values of thymidine uptake are depicted as ct/min0> and were performed after 72 h of cultures.
1 Thiol levels were estimated by flow cytometry and are expressed as the mean log of relative fluorescence intensity.
HAR, High anti-oxidant responders; LAR, low anti-oxidant responders.
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Fig. 3.Immunocomplex assay of immunoprecipitated CD45 in resting CD4 T cells before and after anti-oxidant treatment. Values of tyrosine
phosphatase activity are expressed as absorbance units at 410 nm after removal of duplicated sample values in the presence of vanadate
(1 mm). NAC, N-acetylt-cysteine;3,-ME, B,-mercaptoethanoD, HIV 13; O, HIV 15; A, HIV 17; V, HIV 23; ¢, HIV 14; @, HIV 16; A,

HIV 19; A, HIV 25; ¥, HIV 18; &, HIV 20; +, HIV 24.

cells by flow cytometry [19,20]. Results depicted in Fig. 4 show HIV-1-infected individuals have decreased basal and post-
that in the low anti-oxidant responder group, a substantialactivation membrane tyrosine phosphatase activity, which was
fraction of the cells ¢ 40%) underwent PCD (merocyanin associated with impairment of proliferative responses upon CD3-
high) after 24 h culture and that anti-oxidant treatment failed tomediated activation. Interestinglin vitro anti-oxidant treatment
influence this process. These results suggest that anti-oxidamtas able to significantly improve both defective tyrosine phospha-
treatment was useful in restoring proliferative responses andase activity and proliferative responses in most patients.
CD45-mediated signalling in a high proportion of asymptomatic  Defects in signal transduction pathways have been postulated
HIV-infected individuals by acting essentially on anergic non- to play an important role in the impaired functional responses of T
apoptotic lymphocytes. cells during HIV infection [6]. Recently, we have demonstrated
that early tyrosine phosphorylation was defective in purified €D4
T cells from HIV-infected individuals, and was frequently asso-
ciated with altered levels of two scr-family tyrosine-kinases, §59
In this work, we show that purified CD4T cells from asymptomatic  and p5&* [11]. The phosphoinositide pathway, £amobilization
and phospholipase C activation have also been reported to be

100 — affected in T cells from HIV-infected individuals, as well as in T
cells exposed to viral proteins [8,9,28-32]. The critical role of
CD45 in regulating early signalling events after TCR engagement
depends on its ability to regulate tyrosine kinase activity and
phospholipase C activation, thereby affecting®Canobilization
[21,33-35]. Indeed, CD45 cell lines show defective tyrosine
phosphorylation and IL-2 secretion as well as impaired prolifera-
tive responses [12,36,37]. Thus, affected CD45 activity could
at least partially explain the reported signalling defects in lym-
phocytes from HIV-infected individuals.

Although, as previously reported for HIV-infected T cell lines
[16], a moderate reduction in cell surface expression of CD45 was

DISCUSSION

80

60

40

20

Merocyanine high cells (%)

Healthy HIV-infected HIV-infected observed in CD4 T cells from HIV-infected patients, there was no
vol(unt6e)ers patie(nts 9()HAR) patie(ntss()LAR) clear correlation between CD45 expression and impairment of
n= n= n=

phosphatase activity, suggesting that reduction in CD45 expression
Fig. 4. Flow cytometric analysis of apoptotic cells. The ratio of apoptotic Might only partially explain decreased phosphatase activity. Recent
cells was estimated using the fluorescent dye merocyanin 540. Resting CD&ork [38] has reported that binding of surface CD45 by specific
T cells from representative HIV-infected individuals and healthy volunteersMoAbs can be regulated by modification of the accessibility of
were assessed for the percentage of merocyanin high cells (basal). Nexglasma membrane-associated CD45. Further studies are needed to
cells were preincubated either in culture media alone or in the presence ¢{nswer these questions.
N-acetyli-cysteine (NAC; 20 m) + 3-mercaptoethanol%-ME; 50.um) As concerns CD45 involvement in HIV infection, CD4% cell
for 2h at 37C. Atthe end of the pre-incubation time cells were washed andy o haye peen shown to direct higher expression levels of HIV-1
further cultivated overnight in culture media alone. HAR, High anti-oxidant . T

Long terminal repeat (LTR) due to the presence of constitutively

responders; LAR, low anti-oxidant responders. Abscissa represents mer-

ocyanin intensity, whereas ordinate represents cell numbers. Cells unde"Fl-CtiVe NFKB in the nucleus [16]. On the other hand, antibodies

going programmed cell death are characterized by high fluorescenc@g@inst CD45, which probably induce an increase in tyrosine
intensity expressiorid, Basal;@, cultured overnight (without treatment); Phosphatase activity, were demonstrated to decrease post-activa-
W, cultured overnight (pretreated with NAE 3,-ME). tion levels of viral expression. These reports suggest that CD45
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tyrosine phosphatase is able to regulate NFkB activation, an@édministered to HIV-1-infected individuals [42] and inhibits
thereby levels of lymphocyte responsiveness and virus expressiotumour necrosis factor-alpha (TNkF and phorbol myristate
According to these data, defective CD45 tyrosine phosphatasacetate (PMA)-induced cell death in infected U937 cell lines
activity in CD4 T cells during HIV infection might induce a state [43].

of lymphocyte unresponsiveness, with concomitant enhanced virus Our results show that restoration of defective proliferative
replication. responses by anti-oxidant treatment is mainly exerted on unre-

The mechanisms regulating the enzymatic activity of CB¥5 sponsive cells. However, we failed to demonstrate this effect on
vivo are not yet completely known. It has recently been demon-<ells engaged in ongoing PCD, which suggests that the anti-
strated, however, that this activity can be modulated either byoxidant-mediated effect is limited to non-apoptotic unresponsive
tyrosine phosphorylation or by the redox status of the cell. Sincecells, though it remains unclear whether this effect could be
transient phosphorylation of tyrosine residues of CD45 uponexerted at very initial stages of this process and whether the
phytohaemagglutinin (PHA) or CD3 stimulation results in NAC schedule used in this work could not be adequate in inhibiting
enhanced activity [39,40], the possibility exists that defectivecell death. An alternative hypothesis is thiatvitro cell death in
tyrosine phosphorylation previously reported in CD4 T cellsthese patients is the consequence of an irreversible process trig-
from HIV-infected individuals [11] could explain the impaired geredin vivo, which is not modified by anti-oxidant treatment.
enzymatic activity of CD45. However, this appears unlikely, sinceStudies on the redox status of T lymphocytes have suggested that
basal activity which was found defective in this work is not the final outcome of T cell activation (proliferation, TCR/CD3
regulated by this mechanism. On the other hand, the optimalinresponsiveness or cell death) will be dictated by the ability of a
activity of CD45 is dependent on the presence of adequate levelsell to maintain an appropriate oxidant—anti-oxidant balance [27].
of sulfhydryl compounds. In this respect, oxidants or SH-reactiveThus, the severity of the oxidant insult will determine the cellular
agents are able to oxidize essential cysteinyl residues inhibitingesponse (anergyersuscell death).
enzymatic activity, which in turn is only partially recovered by In conclusion, our results demonstrate timagitro anti-oxidant
adding back anti-oxidants [15]. treatment of CD4 cells from HIV-1 individuals is able to recover,

Recent reports suggested a role for oxidative stress and GSEtt least in some cases, the impaired CD45-associated phosphatase
depletion in HIV-induced immunopathogenesis [22,23,41]. Weactivity and the defective proliferative activity of these cells.
examined the influence of oxidative stress in impairing CD45
tyrosine phosphatase activity and proliferative responses of
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