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The HIV protease inhibitor Indinavir inhibits cell-cycle progression in vitro
in lymphocytes of HIV-infected and uninfected individuals

Surendra Chavan, Sangeetha Kodoth, Rajendra Pahwa, and Savita Pahwa

Indinavir (IDV) is a potent and selective
human immunodeficiency virus type 1
(HIV-1) protease inhibitor (PI) widely used
in antiretroviral therapy for suppression
of HIV, but its effects on the immune
system are relatively unknown. Recently,
it has been reported that Pls inhibit lym-
phocyte apoptosis. In the present study
we have investigated the effects of ex
vivo addition of IDV on lymphocyte activa-
tion and apoptosis in cells from HIV-
infected children (n = 18) and from
healthy uninfected individuals (controls,
n = 5) as well as in Jurkat and PM1 T-cell
lines. Pretreatment of control peripheral

blood mononuclear cell (PBMC) cultures
with IDV resulted in a dose-dependent
inhibition of lymphoproliferative re-
sponses to different activation stimuli.
Additionally, this treatment led to cell-
cycle arrest in GO/G1 phase in anti-CD3
monoclonal antibody-stimulated PBMC
cultures in controls and in 15 of 18 HIV-
infected children. Spontaneous- or activa-
tion-induced apoptosis of PBMCs from
HIV-infected or uninfected individuals or
of Fas-induced apoptosis in Jurkat and
PM1 T cell lines were not inhibited by IDV.
Moreover, IDV did not inhibit activation of
caspases-1, -3, -4, -5, -9, and -8 in lysates

of Jurkat T cells undergoing Fas-induced
apoptosis. The findings indicate that IDV
interferes with cell-cycle progression in
primary cells but does not directly affect
apoptosis. It is concluded that IDV may
prolong cell survival indirectly by inhibit-
ing their entry into cell cycle. In individu-
als on PI therapy, Pl-mediated effects
could potentially modulate immunologic
responses independently of antiviral ac-
tivity against HIV. (Blood. 2001;98:383-389)

© 2001 by The American Society of Hematology

Introduction

Immunodeficiency is a hallmark of human immunodeficiency virughat the similarity between HIV protease (an aspartyl protease) and
type 1 (HIV-1) disease and is characterized by a progressitree cellular caspases (cysteine proteases) involved in apoptosis
decrease in CD4 T cells. The introduction of combination therapiesuld result in Pl-mediated anticaspase actititif Some recent
(eg, with drugs targeting the viral-specific enzymes reverse transcripadies with the PI Ritonavir have implicated a direct antiapoptotic
tase and proteaks® have had a dramatic effect in slowing diseaseffect of the drug on T cell$®as a possible mechanism for CD4
progression. In the majority of patients, drug regimens containifigcell increase following therapy. However, in another study, the in
HIV-1 protease inhibitors (Pls) and reverse transcriptase inhibitorgro addition of the PI Indinavir (IDV) to cells of HIV-infected
(RTIs) are effective in reducing plasma viral burden, with concompatients did not result in antiapoptotic effeétdhe mechanism by
tant increase in CD4 lymphocyte coudfswWhen therapy fails, the which Pl therapy results in immunologic benefit independently of
virologic rebound is associated with a decline in CD4 T cellsts antiviral effects thus remains unclear.
Curiously, in a subset of patients, the immunologic benefit persists A characteristic feature of Pls is their ability to modulate
despite virologic failuré:” The mechanism of this “discordant” proteosome®d-?2that are involved in a variety of cellular functions
response is not clearly understood, and the observed effects hamd constitute an important component of the biological system. It
been ascribed to virologic factors as well as to direct effects of thas been shown that this effect of Pls on proteosomes impairs
Pls on the immune system, distinct from their antiviral effects. antigen presentation and processing by antigen-presentingcells.
Mechanisms of CD4 T-cell loss in HIV disease have been under addition, Pls have also been shown to influence lymphocyte
debate for several years. Loss of CD4 T cells by apoptosis has beeoliferatior?®23 the reported effects, however, have been contra-
put forth as one mechanism for the immune deficiency in Hidictory, presumably because the experimental systems have been
infection. Increased lymphocyte apoptosis is recognized asdéferent as have the doses of drugs used, which have varied widely
feature of HIV infection and has been attributed to direct anid these studies.
indirect effects of HIV on the immune systeWfiTherapy-induced In the present study we have tested the hypothesis that Pls
decrease in plasma HIV RNA has, in fact, been shown to resultimediate immunomodulatory effects that can influence host immu-
reduction in lymphocyte apoptosig!! The antiviral effect of Pl nity in a manner distinct from the benefits attributable to control of
drugs is mediated by the inhibition of the HIV protease, the enzynviral replication. Here we have examined the effect of therapeutic
that is required for the processing of HIV polypeptides into small@oncentrations of IDV on lymphocyte activation and on spontane-
peptides and maturation of viral partickes'® It has been argued ous and activation-induced lymphocyte apoptosis in peripheral
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blood mononuclear cell (PBMC) cultures of healthy volunteers arpiofile and apoptosis. In healthy volunteers, for the study of IDV effect on
HIV-infected patients and in T cell lines. lymphocyte apoptosis, additional experiments were performed to simulate
the state of in vivo lymphocyte activation, which is a characteristic feature
of the HIV-infected state. PBMCs were first activated with PHA/@mL)

. for 4 days, washed, and then treated as described above with different
Materials and methods concentrations of IDV for 18 hours, followed by activation with anti-CD3
mAb for 48 hours.

Apoptosis in Jurkat and PM1 T cells was induced through Fas death
This study was conducted in healthy volunteers(6) and in HIV-infected ~Pathway by culturing the cells with anti-Fas mAb CH11 (100 ng/mL) in the
children (n= 18) during regularly scheduled visits to the Pediatric InmuPresence of different concentrations of IDV for 2, 6, and 18 hours. In other
nology Clinic at North Shore University Hospital (Manhasset, NY) bygxperiments, Jurkat and PM1 T cells were precultured with different
protocols approved by the hospital's institutional review board. Theencentrations of IDV for 18 hours followed by treatment with CH11 for 6
children ranged in age from 0.4 to 13.9 years (median, 8.7) and had absofftd 18 hours. To investigate the effect of IDV on the cell cycle, Jurkat and
CD4 counts ranging from 17 to 2371 cell#/ (median, 595). Plasma virus PM1 T cells were cultured with different concentrations of IDV over
load ranged from 1.6 to 5.5 laggHIV RNA copies/mL (median, 3 log).  Periods of 24, 48, and 72 hours and stained with propidium iodide.

Most infected children were on antiretroviral therapy that included the RTls Lymphocyte apoptosis was investigated as described in propidium
Zidovudine, Stavudine, Zalcitabine, and Didanosine and the Pls Nelfinaiflide-stained cells using the Coulter Epics Elite ESP (Coulter, Hialeah,
or Saquinavir plus Ritonavir. Nine of 18 patients were on one or 2 Pls fil-) instrument after careful gating for lymphocytsFor cell-cycle

combination with 2 RTIs, whereas the others were on 2@) or 3 Studies, DNA content was determined by using listmode files with the
RTIs (n= 5). multicycle flow cytometry software (Phoenix Flow System, San Diego,

CA). In healthy volunteers, results of cycling cells (intSG2/M phase) or

of cells undergoing apoptosis were expressed as a percentage of total cells
for that culture condition. In patients, cycling cells and apoptotic cells in
Peripheral venous blood was collected by venipuncture into tubes contdiDV-treated cultures are expressed as a percentage of cycling cells or
ing acid citrate dextrose as an anticoagulant. PBMCs were isolated dyoptotic cells in cultures without IDV (ie, cells precultured witp.l/mL
Ficoll-Hypaque (Lymphoprep; Nycomed, Oslo, Norway) density gradiem@MSO).

centrifugation and suspended at a density of 1(f cells/mL in RPMI

1640 (Whittaker Biproducts, Walkersville, MD), 10% fetal calf serumlymphoproliferation studies

(Hyclone Laboratories, Logan, UT), 2 mM L-glutamine (Whittaker Biprod-

S ) - PBMCs from healthy human volunteers were precultured in medium alone
ucts), penicillin G (100 U/mL), and streptomycin (10@/mL) (Whittaker . . . :
Bipl’Z)d‘:,ICtS) ( ) ptomycin (10g/mL) ( or with different concentrations of IDV for 18 hours in 96-well plates

(Becton Dickinson Labware), followed by the addition of stimuli in
triplicate [viz, anti-CD3 mAb (0.5ug/mL), PHA (2 pg/mL), Con A (2
rg/mL), PMA (10 ng/mL) plus lonomycin (3.M)], isotype-matched
Two different T-cell lines, Jurkat (clone E6-1; ATCC, American Typeantibodies, or DMSO (control) for an additional 48 hours. Cultures were
Culture Collection, Manassas, VA) and PM1(AIDS Research and Pulsed with [*C]-thymidine (1p.Ci/well) for the last 18 hours, and uptake
Reference Reagent Program, Division of AIDS, National Institute f [**Cl-thymidine in cells was quantitated by scintillation countifig.
Allergy and Infectious Diseases, National Institutes of Health, Bethesdg/mphoproliferative responses of IDV-treated cultures are expressed as
MD) were maintained and cultured in RPMI 1640, 10% fetal bovine serurfll€ percentage of C]-thymidine incorporated in cultures without

2 mM L-glutamine, and antibiotics penicillin and streptomycin. AntihumahDV treatment.

Fas (CD95) monoclonal antibody (mAb) CH11 and fluorogenic substrates o

Ac-YVAD-AFC, Ac-DEVD-AFC, Ac-LEHD-AFC, and Ac-IETD-AFC of ~Study of caspase activity

caspase-1; caspase-3; caspases-4, -5, and -9; and caspase-8, respeciflyysates from CH11-treated Jurkat CD4 T cells was used to quantitate
and their specific inhibitors (Ac-YVAD-CHO, Z-DEVD-FMK, Z-LEHD- activity of caspase-1, -3, -4, -5, -9, and -8. In brief<110f Jurkat CD4 T

FMK, and Z-IETD-FMK, respectively) were purchased from Kamiyg.g|is/mL were cultured with 100 ng/mL anti-Fas antibody CH11 for 3 hours.
Biomedical Company (Seattle, WA). Purified mouse antihuman CD3 MABq|is \vere washed once with ice-cold Hanks balanced salt solution,
was purchased from BD Pharmingen (San Diego, CA). Agift of IDV sulfatgyowed by suspension in cell lysis buffer [20 mM Tris-HCI (pH 7.5), 150
powder was generously given by Merck Research Laboratories (Rahwgyy NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM sodium
NJ). RNAse, phytohemagglutinin (PHA), concanavalin A (Con A), phorbgly o 5hosphate, 1 mM sodium orthovanadate, 1 mM phenylmethylsulfonyl
12-myristate 13-acetate (PMA), and lonomycin were purchased froforige, 1 mg/mL leupeptin, and 20 mg/mL aprotinin] for 20 minutes. Cells

Sigma (St Louis, MO), and propidium iodide was obtained from Moleculgfere incubated on ice for 20 minutes and then disrupted by passing through

Probes (Eugene, OR). a 20-gauge needle for 10 times. Cell extracts were clarified by centrifuga-
tion at 16 00@ for 15 minutes at 4°C. To study the effect of IDV on caspase

Culture conditions and measurement of lymphocyte apoptosis activity, cell extracts were incubated with different concentrations of IDV

and cell-cycle profiles (12.5puM to 100 M) or with specific caspase inhibitors (Ac-YVAD-CHO,

. . Z-DEVD-FMK, Z-LEHD-FMK, and Z-IETD-FMK) followed by addition
Test PBMCs were cultured for 3 days with anti-CD3 mAb (Rg/mL) or of caspase-specific fluorogenic substrates (Ac-YVAD-AFC, Ac-DEVD-

with control isotype-matched antibody to study spontaneous- and activati(mfc AC-LEHD-AFC, and Ac-IETD-AFC) for caspase-1; caspase-3:
::éjecgc:eiy\rz\[/):(;gy;eBal\/Fl)((:)péﬁlstlusr.ezofj:uldg :;iriﬁﬁdzivzgﬁ/’ctl:fu?éuglavt\/;%%spasesA, -5, and -9; and caspase-8, respectively. Activity of each caspase

S ) ) P . “was estimated as a release of 7-amino-4-trifluoromethyl coumarin (AFC)
(Becton Dickinson Labware, Franklin Lakes, NJ). Different concentratlor};s

of IDV were prepared from IDV powder dissolved in dimethyl sulfoxidem?:r]o traete Czszitsrg;fu%e,—gz;tz?b(sst::aé%Tagimzsaétﬁ?nib;/(s[-jur?/:oéccir;;:ng
(DMSO) and added to the cultures at a final dilution ofpl/mL. P P ’

Thereafter, the cells were cultured with anti-CD3 mAb (@d3mL) or with Eﬁ‘gﬁ;iﬁg‘@?a ?h? 'rn}?é?snlcast;;Ined;:/rlgflljl?érrg;ce}tlgps were monitored
control isotype-matched antibody for an additional 48 hours. At termination P P '
of cultures, cells were harve_sted by cen_tnfuganpn, wgsh_ed, and f'xedért]atistical analysis

70% ethanol for 1 hour and incubated with propidium iodide ((&@mL)

and RNAse (100wg/ml). Samples were kept in the dark at roomSigmaStat 2.0 statistical software (Jandel Scientific Software, San Rafel,

temperature for 30 minutes and stored at 4°C until analyzed for cell-cydl#) was used for all statistical analysis.

Donors

Isolation of cells

Cell lines and other reagents
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12
Results
: : £ 10
IDV blocks lymphocyte cell cycle in GO/G1 phase in cells S
from healthy volunteers and HIV-infected children g— ’—58
0 =
PBMCs from healthy volunteers and from HIV-infected children % 5
were incubated in the absence or presence of different concentras .26
tions of IDV for 18 hours followed by stimulation with anti-CD3 or 2 \Oo

control antibodies for an additional 48 hours. The effect of IDV on F
anti-CD3 mAb—induced cell-cycle progression in healthy vqun-g
teers is shown in Figure 1A. Preincubation of PBMCs with IDV = 5
blocked anti-CD3-induced cell-cycle progression in a dose-
dependent manner. IDV was found to block cells in the GO/G1 o4
phase, prior to their entry into synthesis phase (S). At the lowest 0
concentration of IDV (5uM), 36.2%+ 3.5% cells were in cell

cycle compared with 47.2 1.2 cycling cells in PBMCs cultured

with anti-CD3 mAb without prior exposure to IDVP(< .05). At F'9ure 2. Effect of IDV on lymphoproliferation.

X N were preincubated without or with different concentrations of IDV for 18 hours
the highest concentration of IDV (50M), only 15% = 1.3% cells  foliowed by activation with different stimuli for an additional 48 hours. Proliferation

were in cycling phase. The effect of IDV on anti-CD3-inducegas measured with [*C]-thymidine incorporation added at 1 p.Cilwell for the last 48
ceII-cycIe progression in PBMCs of HIV-infected children i§10urs. Results of [*4C]-thymidine incorporation in IDV-trt_eated cultures are expressed
shown in Figure 1B. Pretreatment of PBMCS With IDV Was foundiuan + Sp for o1 representate experiments: ¢, mecium alone: &, ant-3 (0.5

to inhibit anti-CD3-induced cell entry into S phase in a dosgwg/mL); A, PHA (2 pg/mL); B, PMA (10 ng/mL); + lonomycin (1 wM); and O, Con A
dependent manner in 15 of 18 HIV-infected children. The ex viv@ rg/mL).

blocking effect of IDV on anti-CD3-induced cell cycling was

noted to occur in patients regardless of whether they were receivilsgm’ PMA plus lonomycin, or Con A. A similar pattern of
PI therapy or not. Addition of IDV at the same time as anti-CDse-dependent inhibition was noted in cultures of unstimulated
mAp did nc_)t inhibit ceII_—cycIe progression. Viability of cells WaSce|is, with more than 50% inhibition of{C]-thymidine uptake at a
equivalent in cultures with or without IDV pretreatment. 5 to 10uM dose range of IDV. At 18 hours after preincubation of
PBMCs with IDV, no significant difference in*{C]-thymidine
uptake and cell viability was noted between cells cultured with and
\\/vithout different concentrations of IDV (data not shown).

X
o

20 40 60
IDV (1M)

PBMCs from healthy volunteers

IDV impairs lymphoproliferative responses

Pretreatment of PBMC cultures of healthy volunteers with 1D

(0-50 M) for 18 hours, followed by stlmulat_lon with anti-CD3 Spontaneous and anti-CD3—induced lymphocyte apoptosis

mAb (0.5 pg/mL) for 48 hours resulted in dose-dependenf, yn infected children

reduction of lymphoproliferative responses (Figure 2). This antipro-

liferative effect of IDV was also noted for cultures stimulated wittSpontaneous lymphocyte apoptosis was investigated in 3-day
PBMC cultures of HIV-infected children. As shown in Figure 3,
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Figure 1. Effect of IDV on anti-CD3-induced cell-cycle progression. (A) PBMCs

Media  anti-CD3 Media anti-CD3

from control volunteers (n = 5). *, P < .005. (B) PBMCs from HIV-infected children
(n = 15). PBMCs from healthy volunteers and HIV-infected children were preincu-
bated without or with different concentrations of IDV for 18 hours followed by
activation with anti-CD3 mAb (0.5 p.g/mL) for an additional 48 hours, and cells were
stained with propidium iodide for cell-cycle profile analysis by multicycle flow
cytometry software. In healthy volunteers, cycling cells in S + G2/M phase are
represented as percentage (mean * SD) of total cells for each test condition. For
patients, cells in S + G2/M phase in IDV-treated cultures are expressed as a
percentage (mean *= SD) of cells in S + G2/M phase in cultures without IDV
treatment. *, P < .05.

Non-PI

]

Figure 3. Spontaneous and anti-CD3-induced apoptosis in PBMCs from
HIV-infected children. PBMCs of HIV-infected children were cultured in medium for
3 days without anti-CD3 mAb to determine spontaneous lymphocyte apoptosis and
with anti-CD3 mAb (0.5 pg/mL) for 48 hours to determine activation-induced
lymphocyte apoptosis. Data shown represents percentage of lymphocyte apoptosis,
estimated by propidium iodide staining. Symbols represent individual patients who
were on non-Pl— (left) or on PI- (right) containing antiretroviral therapy regimens.
Mean value in each data set is represented by a solid line.
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Figure 4. Effect of IDV on spontaneous and anti-CD3-induced apoptosis in

PBMCs. The PBMCs were from HIV-infected children (A, n = 15) and from healthy
volunteers (B). PBMCs were preincubated without and with different concentrations
of IDV followed by culture in the absence ([J) or presence (M) of anti-CD3 mAb (0.5
rg/mL) for an additional 48 hours. Lymphocyte apoptosis was estimated by
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hours’ preincubation with IDV followed by anti-CD3 activation
yielded very few cells undergoing apoptosis. These studies were
extended to examine the effect of IDV in apoptosis of PBMC
cultures following prior activation with PHA (Figure 4B). PBMCs
from healthy volunteers were cultured with PHA&/mL) for 4
days followed by incubation with different concentrations of IDV
for 18 hours. These activated cells were cultured with anti-CD3 or
control mAb (0.5pg/mL) for an additional 48 hours to study
activation-induced apoptosis. No significant difference in apoptosis
was noted in PBMC cultures that were treated or not treated with
different concentrations of IDV, whereas anti-CD3—induced apopto-
sis was significantly blocked by Ac-DEVD-CHO, a known inhibi-
tor of caspases.

IDV does not influence cell cycle or apoptosis of Jurkat
and PM1 T-cell lines

IDV at concentrations of 5 to 5QuM did not influence the
cell-cycle profile of Jurkat (Figure 5A) or PM1 (Figure 5B) T-cell
lines over incubation periods of 24, 48, or 72 hours. Fas-induced
apoptosis was not inhibited in cells precultured with different
concentrations of IDV or in cultures simultaneously incubated with
different concentrations of IDV and anti-Fas antibody CH11, either
in Jurkat (Figure 5C) or PM1 T cells (Figure 5D) over a period of 2
to 18 hours.

IDV does not inhibit caspase activity

The activity of caspases-1, -3, -4, -5, -9, and -8 over 120 minutes in
lysates of CH11 mAb-treated Jurkat T cells as demonstrated by
release of AFC from caspase-specific fluorogenic substrates is
illustrated in Figure 6. IDV at concentrations of 12.5 to 104 did

not inhibit the activity of any of the caspases, whereas addition of
caspase-specific inhibitors resulted in the expected inhibition of
caspase activity.

propidium iodide staining. In healthy volunteers, cultures with 50 pM caspase A B
inhibitor Ac-DEVD-CHO were also established. In patients, apoptosis in IDV-treated s 65 65
cultures are expressed as a percentage of cells undergoing apoptosis in cultures S
without IDV pretreatment. In healthy volunteers, lymphocytes undergoing apoptosis S? 50 50
are expressed as a percentage of total cells for each condition. * and **, P < .05. ‘2
2 35 35
S
spontaneous lymphocyte apoptosis was not significantly different ., i 20 1
in HIV-infected children who were on PI drug regimens (range, 0 10 20 30 40 50 0 10 20 30 40 50
4.4% to 34%; median, 10%) from those not on Pl-containing drug(;]c D
regimens (range, 4.3% to 33%; median, 20%). Activation-induce 100
lymphocyte apoptosis following anti-CD3 stimulation, however, |, 50 100
was significantly increased over spontaneous apoptosis only irg 60 zg
. . a
children on non-PI therapies, whereas the percentage of lymphog
. ) . . S < 40 40
cyte apoptosis remained unaffected following anti-CD3 activationg 20
in children who were on Pl regimens. Anti-CD3-induced lympho- o 0
cyte apoptosis was also significantly higher in children on non-PlI 0 10 20 30 40 50 0 10 20 30 40 50
drug regimens (range, 7.6% to 47%; median, 25.1%) as compared IDV (uM) IDV (5M)

with those on Pl-containing drug regimens (range, 6.5%

0 .
to 34 @gure 5. Effect of IDV on cell-cycle progression.

Cell-cycle progression of Jurkat

median, 12.2%P < .05).

IDV does not inhibit lymphocyte apoptosis

(A) and PM1 T (B) cells and apoptosis in Jurkat (C) and PM1 (D) T-cell lines. For
cell-cycle analysis Jurkat and PM1 T cells were cultured with different concentrations
of IDV for 24 (<), 48 (#®), and 72 (X) hours. Cell-cycle progression was determined by
propidium iodide staining and is represented as the percentage of cells in S + G2/M

Preincubation of PBMCs from HIV-infected children with 1DV phase by using multicycle flow cytometry software. To study the effect of IDV on

anti-Fas—induced apoptosis in Jurkat and PM1 T cells, cells were cultured without or

(5-50 wM) did not influence spontaneous or anti-CD3-inducegin anti-Fas mAb CH11 (100 ng/mL) in presence of different concentrations of IDV,
apoptosis (Figure 4A); this response was not different between apoptosis was determined at 2 (2), 6 (), and 18 (@) hours. Cells were also
patients receiving PI- or non—PI-containing antiretroviral therapiééecultured with different concentrations of IDV for 18 hours, and apoptosis was

(data not shown).

induced by culturing these cells with CH11 for 6 (H) and 18 (®) hours. Data are shown
for mean + SD of the percentage of cells undergoing apoptosis as estimated by

In PBMCs of healthy individuals, the above protocol of 1&ropidium iodide staining.
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A 40 250 involved in many biological and degradative proces$é&The PI,
Caspase-1 Caspase-3 Ritonavir, has been shown to block the chymotrypsin-like activity
35 200 ;
? of murine 20S proteason&?? Proteasomes control the cell cycle
30 150 ° by proteolytic degradation of several cell-cycle regulatory proteins
05 100 such as cyclins, cyclin-dependent kinaseg, and their inhik_ﬁf@?s.
5) ’ . Additionally, PIs have been reported to influence cytokines that
51 20 50 regulate lymphocyte proliferatioft:36:3%40It has been shown that
§ 15 0 . the serum levels of interleukin 16 (IL-16) are increased in patients
b 0 40 80 120 0 40 80 120 on IDV-containing drug regimer:36 |L-16 is known to inhibit
g 100 a_mti-CD3—induced Iymphocyte activatiorj and Iymphoprolifera—
% tion3940 These observations, together with our findings, suggest
80 that IDV may be blocking cell-cycle progression in lymphocytes,
60 possibly by enhancing the levels of IL-16 production in association
40 with the blocking of proteasomal activity.
Recent clinical investigations, including our own studies and
20 those of several other groups, have shown that following potent
' 0 e antiretroviral therapy a decrease in virus load is accompanied by an
0 40 80 120 0 40 80 12g increase in CD4 T-cell counts and decreased T-cell apopto-

sis10.11.41-43 Accelerated lymphocyte apoptosis is a well-known
6. Effoct of . 6 and o Call| . feature of HIV diseas&®4445The increased apoptosis involving

Figure 6. Effect of IDV on caspases-1, -3, -4, -5, -8, and -9. ell lysates from . . . .

apoptotic Jurkat T cells were preincubated with different concentrations of IDV (V, CD‘_‘ and CD8 T ce!ls in HIV ITECtlon has beten ?Xplam?d on the

12.5 uM: [, 25 uM; B, 50 pM; and #, 100 M) or with 100 M of specific caspase  Dasis of host and viral factoPg!* Host factors implicated include

inhibitors (V) followed by assay for caspase activity as described in the "Materialsand  jmbalance in cytokine production and immune activation following

methods” section by the release of 7-amino-4-trifluoromethyl coumarin, expressed as HIV infection that results in increased expression of death recep-
relative fluorescence units (RFU), from caspase-specific fluorogenic substrates over

a 2-hour period. Controls consisted of wells without lysates (®) and of lysates without tors and ”gandé? Viral factors include viral proteins (gp120, vpr,
inhibitors (O). tat, nef, and protease), all of which have been shown to influence

lymphocyte apoptosis in vitrtf:° Thus, the decrease in lympho

cyte apoptosis in patients on antiretroviral therapy has been
attributed to the rescue of cells from the direct and indirect effects
of HIV. Additionally, the PlIs themselves have been ascribed to have

Combination therapies with HIV PlIs have had a dramatic effect gitiapoptotic properties. Although the activity of Pls is aimed at
the survival of HIV-infected patien&:28An intriguing observation Viral proteases, it has been hypothesized that they can influence
is that, in a subset of patients, the increase in CD4 T cells and fhest cellular proteases (viz, caspases) because of the similarity
decrease in activation status of T cells can be sustained, despltared by these proteases at their active sites. Ritonavir has been
virologic relapse after development of drug resistsf6®.It has reported to inhibit apoptosis in PBMCs cultured from HIV
recently been suggested that Pls can directly inhibit lymphocy@@nors}?® from HIV* donors}” and in CD34 cell¥ and also has
apoptosis and that this effect may contribute to an immunologigen shown to inhibit caspase activity® In our studies reported
benefitindependently of an antiviral efféét°In the present study herein, the in vitro addition of IDV did not inhibit the spontaneous
we demonstrate that the effects of the PI, IDV, are broad rangifg anti-CD3-induced apoptosis in PBMCs of healthy volunteers
and that at therapeutic concentrations IDV can inhibit entry of cef@d of HIV-infected children or the apoptosis induced through Fas
into cell cycle. The drug was found to inhibit cell proliferation bu@athway in Jurkat and PM1 T-cell lines. We also did not find
had no direct antiapoptotic activity nor did it inhibit cellularevidence for inhibition of specific caspases involved in the
caspases involved in apoptosis. These findings, and the kno@@pptosis cascade. In agreement with these findings, Lu and
effects of HIV proteases and HIV Pls on cellular proteases addriel?® have reported that neither T-cell receptor or CD3 ligation
proteasome&. 223032 jmplicate Pls in potentially modulating a nor Fas-triggered apoptosis was affected by IDV in PBMCs from
wide range of immunologic responses and provide insight intohgalthy volunteers or HIV-infected donors.
mechanism for promoting cell survival, without directly influenc-  The differences in our findings from the reported inhibition of
ing cell death. lymphocyte apoptosis and of caspase activity by:Pfscan be

A novel finding in this study was that IDV blocks cells fromexplained on the basis of the difference in experimental systems
entering into cell cycle. This effect was reflected in the inhibition ofind in data interpretation. A major difference is that we used
cell proliferation following activation stimuli. In fact, IDV was short-term exposure of lymphocytes to IDV (18 hours), whereas
found to inhibit14C-thymidine uptake in cells activated through therd’1® have used longer culture periods (3-15 days) with
different pathways: direct T-cell receptor cross-linking usingritonavir prior to lymphocyte activation. Thus, in cells cultured for
anti-CD3 mAbs, indirect T-cell activation induced by mitogensonger duration with a PI, fewer cells would be cycling because Pls
such as PHA and ConA, as well as activation induced Bylock their entry into cell cycle. It has been shown that cells that
pharmacologic means using PMA plus lonomycin. These findinggve undergone multiple rounds of cell division are more suscep-
are in agreement with the previously reported antiproliferativiible to apoptosis (Chavan et al, unpublished observations, 2000).
effects of IDV reported for myeloblastic and promyelocyticThus, cells cultured for prolonged periods with a Pl would be
leukemia cell lineg® The broad-based antiproliferative effectexpected to exhibit apparently reduced apoptosis as compared with
favors the likelihood of inhibition of proteasomal activi§??2or  cells cultured in the absence of the PI. These cells would also be
modulation of cytokine productio#¥:36 Proteasomes are the mainexpected to show less caspase activity, as reported by Sloand et
proteolytic complexes operating in the cytosol and nucleus and ai&”-18and Weichold et &P even without a direct effect of the Pl on

Time (minutes)

Discussion
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caspases, as shown in our study. The cell-cycle inhibitory effectwhs seen only in primary PBMC cultures, and IDV was unable to
Pls could also be a factor responsible for the smaller increaselddck continuously cycling cells such as Jurkat and PM1. Thus,
apoptosis following anti-CD3 stimulation in cells of patients on Pihhibition of immune activation may be restricted to newly

therapy as compared with patients not on Pl therapy. Collectivebacruited cells. This property of Pls may in fact be beneficial to the
these studies indicate that IDV may not have a direct effect st in terms of host/virus interaction; a decrease in activation of
apoptosis but may prolong cell survival by inhibition of cell-cyclehe immune system may prevent the spread of the virus and
progression. The difference in the molecular structure of IDV anflze|l-mediated immunopathogenesis in HIV infection. It has been
Ritonavir is a less likely explanation for differential effects oRyq|| documented that HIV replication is supported mainly in

lymphocyte apoptosis. In agreement with this contention we haygjing cellss? 58 Hiv-specific proteins such as vpr block the cells

fom:lnd tTat another_ Pl, I\_Itilﬂn?\g_r ' h?s et_ffectsts;rnllart_tqtlD\c/:'?riln G2 phase that the virus uses to its advantage to increase the
cefi-cycie progression without direct antiapoptotic activity ( aéynthesis of viral proteins, and thereby increases its replicétion.
van et al, unpublished observations, 2000). . - .
S . . . Blocking of the cells in GO/G1 phase by Pls could result in reduced
The inhibition of cell-cycle progression and antiproliferative . . . . .
- . I . viral production of wild-type as well as drug-resistant mutant virus
property of IDV could affect the host/virus relationship in various ™. Lo ) . .
ins, thereby contributing to persistent benefit despite develop-

ways, as well as modulate immune responses in general. Poten?fé? ) i ) S o
adverse effects of IDV include inhibition of clonal expansion of th&"€"t of1V|raI.r.eS|stance mutations observed in different clinical
cells of the immune systef.Pls are known to have unexplained®norts: Additionally, as reported by Ikezoe et?lthis property

toxicities such as abnormal fat distribution and lipodystrophynight be useful for treatment of patients with acute promyelocytic
insulin-resistant diabetes, and hypercholesteréffiainhibition leukemia with Pls. Elucidation of mechanisms by which Pls block
of cell-cycle progression by IDV may be a potential factofell-cycle progression and exert antiproliferative activity will
contributing to the increased differentiation of lipid-producingprovide insightinto the full effect of Pl therapy on the immunopatho-
adipose tissue®;>*as cell-cycle blocking is essential for differen genesis of HIV disease and open new vistas for disease targets for
tiation of adipose cells. Interestingly, the effect of IDV on cell cycléhis class of agents.
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