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Apoptosis Enhancement by the HIV-1 Nef Protein

Andrea Rasola? Daniela Gramaglia, Carla Boccaccio, and Paolo M. Comoglio

The HIV-1 nef gene, essential for AIDS pathogenesis, encodes a 27-kDa protein (Nef) whose biochemical and biological functions
are unclear. It has been suggested that Nef expression contributes to the T cell depletion observed during the disease by promoting
their apoptosis. We report that in CD4* human lymphoblastoid cell lines transfected with thenef cDNA obtained from three
different HIV-1 strains, expression of the Nef protein enhances and accelerates the response to four unrelated apoptotic agents
(staurosporine, anisomycin, camptothecin, and etoposide) but not to an anti-Fas agonist Ab. Nef reduces the expression of the
anti-apoptotic proteins Bcl-2 and Bcl-X_ and induces a striking enhancement of apoptotic hallmarks, including mitochondrial
depolarization, exposure of phosphatidylserine on the cell surface, activation of caspase-3, and cleavage of the caspase target
poly(ADP-ribose) polymerase. Interestingly, the peptide Z-Val-Ala-DL-Asp-fluoromethylketone (a broad-spectrum caspase in-
hibitor) reduces, but does not abolish, phosphatidylserine exposure, suggesting that Nef also activates a caspase-independent
apoptotic pathway. Surprisingly, Nef expression increases DNA degradation but without causing oligonucleosomal fragmentation.
An increased apoptotic response and down-modulation of Bcl-2/Bcl-Xfollowing Nef expression are observed also in NIH-3T3
fibroblasts. These data show that Nef enhances programmed cell death in different cell types by affecting multiple critical com-
ponents of the apoptotic machinery independently from the Fas pathway. The Journal of Immunology,2001, 166: 81-88.

[umoq

pathogenesis, endowed with still elusive biochemical andcan alter the cellular response to different apoptotic stimuli. Apo-
biological properties (1). Indeed, some long-term nonpro-ptotic pathways can be triggered either through the activation of —
gressing AIDS patients are infected witmef-deleted HIV-1 virus  death receptors of the TNF receptor superfamily, such as Fas, or byg
(2), and an intachef gene is necessary for high titer viral repli- several receptor-independent stress stimuli (31). The engagemen%

pape

T he HIV-1 protein Nef is an essential modulator of AIDS  In this context, we have investigated whether Nef expression §

cation in animal models (3). Transgemef expression in mouse of the Fas signaling cascade directly activates the caspase pro
CD4" T cells causes the development of an immune syndromeeases, which irreversibly dismantle the cell by cleaving specific =.
closely resembling human AIDS (4). Furthermore, in T lympho- protein substrates (32, 33). Alternatively, when death receptor-in- 3
cytes Nef determines the internalization of the CD4 receptor andlependent apoptosis occurs, mitochondrial alterations are mandaé
MHC class | molecules (5-7). Nef interacts with tyrosine kinasestory for caspase activation and the execution of the programmed 3
of the Src family (8, 9), with serine/threonine kinases (10, 11), anccell death (PCD} program (31, 34, 35). The control of mitochon-
with the nucleotide exchange factor Vav (12), thus altering theirdrial function is the result of the interplay among the Bcl-2 protein
function (13-15). By interfering with the signal transduction ma- family members, some of which promote cell survival, such as
chinery, Nef can activate T cells in a variety of experimental mod-Bcl-X, and Bcl-2 itself, whereas others promote apoptosis (36, 37).
els (4, 16-20). Activated T cells become highly susceptible to In this work, we show that Nef increases the apoptotic response
apoptosis in a process called activation-induced cell death, phygse several unrelated stimuli in different cellular models. Interest-
iologically relevant for a correct balance of the immune responsengly, Nef quenches Bcl-2 and BclXexpression, and it enhances
(21). Accordingly, prolonged expression of an activating CD8-Nefand accelerates alterations of the mitochondrial function. More-
chimera in Jurkat T cells leads to their apoptotic death (22). over, in lymphoblastoid T cells, Nef increases caspase-mediatedn9
The dysregulation of the apoptotic process contributes to the&legradative events, activates additional caspase-independent pro-
pathogenesis of a wide variety of human diseases, including viratesses, and interferes with the degradation of DNA.
infections (23). Several investigators have proposed that, during
the course of HIV-1 infection, apoptotic cell death plays a central\aterials and Methods
role in the dramatic depletion of T cells characteristic of AIDS cej| culture and apoptosis induction
(24-29). Interestingly, macaques infected withef-deleted SIV

T . . _Human T lymphoblastoid CEM cells were grown in suspension in RPMI
do not develop AIDS-like symptoms, due to a dramatic redUCtIon1640 culture medium supplemented with 5% FBS (Life Technologies,

in the apoptotic death of CTL and CD4cells (30). Rockville, MD) and 2 mM.-glutamine in a humidified 5% CQncubator

at 37°C. They were positive for the surface markers CD4 and CD45 and
negative for the markers CD3, CD8, CD14, and CD19 (38). These CEM
Division of Molecular Oncology, Institute for Cancer Research, University of Torino cells were used to stably express the HIV-1 Nef protein, and they were
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Medical School, Candiolo, Italy selected in the presence of G418 (1 mg/ml), as described previously (39).
Received for publication March 3, 2000. Accepted for publication Septemberln this work, Nef-expressing CEM cells are referred to as CEM/Nef cells.
28, 2000. Unless otherwise statedefwas from the HIV-}4, strain. However, CEM

The costs of publication of this article were defrayed in part by the payment of pagece”s expressing the Nef protein of the HI\gL or HIV-1,  strains were
charges. This article must therefore be hereby maddkrtisemenin accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

1 ; . ) .. 3 Abbreviations used in this paper: PCD, programmed cell deatl?*Gantracel-
G-Ir—grli ngéklv;as supported by the Progetta AIDS of the Istituto Superiore di Sanita lular C&* concentration; CMXRos, chloromethyl X-rosamine; DEVD-pNA, Asp-

" Glu-Val-Asp-p-nitroanilide Ays,,, mitochondrial inner membrane electrochemical po-
2 Address correspondence and reprint requests to Dr. Andrea Rasola, Division dential; PARP, poly(ADP-ribose) polymerase; Pl, propidium iodide; PS,
Molecular Oncology, Institute for Cancer Research, Strada Provinciale 142, Km 3.95phosphatidylserine; STS, staurosporine; Z.VAD-fmk, Z-Val-Ala-DL-Asp-fluorom-
10060 Candiolo (To), Italy. E-mail address: arasola@ircc.unito.it ethylketone; Anis, anisomycin; MAP, mitogen-activated protein.
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used to confirm all experiments. NIH-3T3 fibroblasts stably expressing théty) by using the ApoAlert caspase-3 assay kit (Clontech, Palo Alto, CA)
HIV-1 Nefgry protein were obtained as previously reported (40) and se according to the manufacturer's instructions. Each experiment was per-
lected in the presence of G418 (0.7 mg/ml). Experiments were performedormed in duplicate, and protease activity was measured by a colorimetric
on a pool of clones expressing the viral protein, referred to as pool 3, andssay at 405 nm on an Elx 800 microplate absorbance reader (Bio-Tek
as a control on a pool of clones transfected with an empty vector (pool 2)nstruments, Winooski, VT).

and on wild-type NIH-3T3 fibroblasts. In all cell lines, Nef expression was
assessed as described previously (38, 39, 40).

_To trigger apoptosis, native and CEM/Nef cells were incubated for 5 hga rosporine (STS), anisomycin (Anis), camptothecin, etoposide, PI, and
with the different agonists in multiwell tissue culture plates at the SeEd'”gcarbonyl cyaniden-chlorophenyl-hydrazone were purchased from Sigma
density of 16 cells/ml. NIH-3T3 fibroblasts were seeded onto 60-mm petri St. Louis, MO). FITC-conjugated annexin V was obtained from Boehr-
dishes; once cells became subconfluent, they were incubated in apoptot ger Man’nheim and CMXRos was purchased from Molecular Probes (Eu-
conditions for 7 h. Caspase inhibitors were preincubated for 30 min befor%ene’ OR). The caspase inhibitor Z-Val-Ala-Asp-fluoromethylketone
addition of the proapoptotic compounds. Control experiments were Per(z.VAD-fmk) was obtained from Bachem (Subendorf, Switzerland).
forme(_i to exclude for solvent (DMSO) nonspecific effects on apoptosiscy_11 anti-Fas mAb was purchased from Upstate Biotechnology (Lake
induction. Placid, NY), anti-poly(ADP-ribose) polymerase (PARP) and anti-

Flow cytometric analysis of mitochondrial inner membrane caspase-7 mAbs were obtained from PharMingen (San Diego, CA); anti-

. . . . Bcl-X, polyclonal Ab, anti-Bcl-2, and anti-caspase-3 mAbs were from
electrochemical potential (4,) and phosphatidylserine (PS) Transduction Laboratories (Lexington, KY); and aatactin polyclonal

€xposure Ab was from Santa Cruz Biotechnology (Santa Cruz, CA).

Cytometric recordings oAy, and cell surface exposure of PS were-per Results
formed simultaneously on CEM cells as described elsewhere (41). Briefly, ) o . .

after induction of apoptosis, $@ells were resuspended in HEPES buffer Mitochondrial depolarization and phosphatidylserine exposure

(10 mM HEPES, 150 mM NaCl, and 5 mM CaflCells were then in  following apoptosis induction

cubated for 15 min at 37°C in FITC-conjugated annexin V, chloromethyl . - .

X-rosamine (CMXRos, 200 nM), and propidium iodide (PI;udy/ml). To evaluate PCD induction in T lymphoblastoid CEM cells, we
Samples were analyzed on a FACScalibur flow cytometer (Becton Dick-have contemporaneously measured two different apoptotic param-
inson, Mountain View, CA). Data acquisition was performed using aeters, the loss of the innexys,,, and the exposure of PS on the

CellQuest software and data analysis with a WinMDI software. We usedayterng| |eaflet of plasma membrane. Cells have been incubated
forward and side scatters to eliminate debris, and FITC-annexin V (FL1)

CMXRos (FL2), and PI (FL3) fluorescent signals were then showed aéN'th .the prOte'n_ kinase 'nh'b'tor STS’_W'th the prpteln SytheS's
density plot diagrams. Cells that did not display plasma membrane integinhibitor and mitogen-activated protein (MAP) kinase activator
rity, as assessed by Pl exclusion, were not considered for further analysignis or with the CH-11 anti-Fas agonist Ab. As shown in the
Data are shown as arbitrary units of fluorescence on a logarithmic scale. fytofluorometric experiment of Fig. 1A, treatment of CEM cells

guadrant was set on the diagrams experiment-by-experiment, and it Wag;, g1 or Anis induces the accumulation of a cell population
kept constant in all of the conditions of each experiment to point out the

different cell populations. In NIH-3T3 fibroblasts, as PS exposure waseXhibiting both a breakdpwn aky, and flippir?g of PS through
hardly measurable once cells were put in suspension, apoptosis was det@tasma membranddwer right quarterof each diagram). Remark-
mined by contemporarily measuring),, breakdown and cell shrinkage, ably, these apoptotic cell populations are highly increased when
recorded as a forward scatter parameter reduction (42). Pl-positive cellqIree differennefalleles (LAI, A01, and SF2) are expressed (Fig.

Chemicals and Abs
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and debris were excluded as above. Statistical analyses were performed by, e . ; b
applying Student's test; data are presented as means$D. In control A). As exemplified in Fig. 1B, the enhancement of these mito- Q

experiments, cells were incubated in the presence of the mitochondrigthondrial and plasma membrane changes is observed in CEM/Nefg
uncoupling agent carbonyl cyanide-chlorophenyl-hydrazone to verify cells also after treatment with two other unrelated compounds, 3
the loss oAy, camptothecin and etoposide, which respectively inhibit DNA to- o
DNA fragmentation assays poisomerase | and Il. On the contrary, Fas receptor triggering with &

DNA fragmentation was analyzed by electrophoresis on agarose gel and qt;?e anti-Fas agonist Ab induces a comparable response betwee[%
using the cytofluorometric TUNEL technique. In the former case, after ative and Nef-expressing CEM cells (Figh)L

induction of apoptosis, X 1C° cells were washed in PBS and lysed ina  We have observed a dose-dependent los&{gf and PS flip
buffer containing 10 mM Tris, 1 mM EDTA, and 0.2% Triton X-100 (pH ping across plasma membrane by using a wide range of agonist|
8.0). Samples were then incubated in 10§/ml RNase A (30 min, 37°C)  concentrations. Nef expression highly increases the effect of STS

and 100ug/ml proteinase K (10 min, 56°C). DNAs were precipitated in 0.5 ; ; : ;
M NaCl-isopropanol. washed in 70% ethanol, and loaded on a 1.5% agac_Jr Anis for every tested concentration (a representative experiment

rose gel. The TUNEL technique was applied off &@lls by use of the in  With Anis 1S shown in Fig. 2A), while it never alters_the response
situ cell death detection kit (Boehringer Mannheim, Indianapolis, IN) ac-t0 the anti Fas Ab (data not shown). The Nef-mediated enhance-
cording to manufacturer’s instructions. Data are presented as cytofluoroment of apoptotic induction after STS or Anis treatment, but not
metric recordings of fluorescence intensity on a logarithmic scale vs numafter Fas receptor engagement, is statistically significant, as con-
ber of recorded events. fi ; . .

irmed by the Student'stest analysis displayed in Table I. More-
Western immunoblot analysis over, apoptosis induction is accelerated in Nef-expressing CEM

Cytosolic extracts were prepared by lysing CEM cells at 4°C in a bufferce”s‘ As depicted in Fig. 2B, after 1 h of incubation with Anis,

composed by 135 mM NaCl, 20 mM Tris-HCI (pH 7.5), 1 mM Cga%  CEM/Nef cells markedly display bottd,, breakdown and PS
Nonidet P-40, in the presence of phosphatase and protease inhibitors @xposure, whereas in native CEM cells these apoptotic changes are

mM vanadate, Jug/ml leupeptin, 1uM pepstatin, 1 mM PMSF, and 100 recorded only after 2 h. This kinetic effect is also observed by

ng/ml soybean trypsin inhibitor). Cell lysates were then loaded on SDSyqqing CEM cells with STS, but not with the anti-Fas Ab (data
polyacrylamide gels and proteins were blotted onto Hybond-C Extra mem-

branes (Amersham, Little Chalfont, U.K.) following standard methods. N0t shown).
Nonspecific binding was blocked by a 1-h incubation in TBS with the . .
addition of 5% BSA and 0.1% Tween 20 (pH 7.4). Abs were incubated forDecrease of the expression of the Bcl-2 and Beproteins

2 h at room temperature, an_d HR_’P-conjugated secondary A_bs were add‘iﬂnceAwm homeostasis and early apoptotic changes are regulated

arm:elrs?]érs)r.mems were visualized by enhanced chemiluminescencgy yne Bel-2 protein family, we have investigated the expression of
two prominent antiapoptotic components of this family, Bcl-2 and

Caspase activity measurements Bcl-X, . Nef markedly reduces the expression levels of both these

Caspase activity was measured as cleavage of the chromophore-conjugafeéPteins, as assessed by Western blot assay (Fig. &d B).
substrate Asp-Glu-Val-Asp-p-nitroanilide (DEVD-pNA; DEVDase activ- Apoptosis induction does not change the basal expression level of

=
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Caspase activation has been investigated by studying the cleav-

A age of caspase-3, the main effector protease of this family. As
Ctr STS Anis  ofas shown in Fig. 5A, all three proapoptotic compounds cause the gen-

2.3 22805 30570, 15595 1.9 eration of the cleaved, i.e., activated, p17 form of caspase-3. Con-
. - ol eEm sistently with the cytofluorometric measurements, this effect is dra-
B ""“"71"5',,;:— e #J matic in the case of STS and Anis on CEM/Nef cells (see also the

5 00 55 T13dd et lan reduction of the uncleaved caspase-3 inupger partof Fig. 5A).

895 33286 24 42 334605 15 Pretreatment with the caspase inhibitor Z.VAD-fmk before apoptosis

induction completely blocks the cleavage of caspase-3, independently

~ e | by LAl of the apoptotic agonist and of Nef expression (Fig). 5
3 2 e To directly assess caspase activity, we have measured with a
; 3.4 38 13 67.7 1.5 54.9 13.0 250 . . .
8 893 25372 14 20 294718 24 colorimetric assay the cleavage of the chromophore-conjugated
% DEVD-pNA peptide (DEVDase activity), which is a substrate of
© e AO1 caspase-3-like proteases. Nef expression significantly increases the

il DEVDase activity elicited by STS and Anis, but not by the anti-
858-70 o e Fas Ab, and this enzymatic activity is completely abolished by

) mi min pretreatment with Z.VAD-fmk (Fig. B).

n | s ) SF2 Furthermore, we have investigated the cleavage of one nuclear
L 1% V ¥ caspase substrate, the PARP. PARP is cleaved into the expected
55 25 76 309121 672138 375 85-kDa fragment in all our apoptotic conditions (Figd)6 Con-

Annexin V (Ps flipping) sistently with cytofluorometric data, Nef significantly enhances the g

processing of PARP after STS or Anis treatment. Fig.dgpicts §

B the ratio between cleaved and intact PARP in the different condi- o

Ctr CPT ETO tions. As reported in Fig. 6A, the caspase inhibitor causes a com-&.

goe 46 884 42 892 42 plete prevention of the proteolysis of PARP in all of our experi- %

. mental conditions, independently of Nef expression. 5]

e F|PC B T R 3

3 z %
s 30 1.8 5.1 23 34 32 .

S% 89.1 33 667 26 94 422 DNA degradation =2

5 ) One of the final steps of the apoptotic process, the degradation of3

i gllmon ([ e | AOT DNA, has been also investigated. By using the cytofluorometric 3

& E ] 45 5

T0 4 i el a6s TUNEL technique, we have detected DNA double-stranded breaks o
Annexin V (PS flipping) in all conditions of apoptosis triggering. As depicted in Fig. 7, both o
STS and Anis cause a stronger DNA degradation in Nef-express-<

FIGURE 1. Nef expression enhances plasma membrane PS flipping anghq than in native CEM cells. Instead, the effect of the anti-Fas Ab S
Av dissipation. CEM cells have been exposed for 5 h to: A, 50 ng/m STSis comparable between the two cell types. In all conditions tested, @

1 pg/ml Anis, 150 ng/ml CH-11 anti-Fas agonist AbHas) andB, 1 uM e . (=]
camptothecin (CPT) and 100M etoposide (ETO). The experiment has & complete inhibition of DNA degradation has been observed fol- 2

been performed i on native CEM cells and on CEM cells expressing 1OWiNg pr_etreatment with Z.VAD-fmk. DNA Cl.eavage I_"e_‘s been 3
three differentnef alleles (LAI, A01, and SF2) and iB on native CEM  also studied with agarose gel electrophoresis. Surprisingly, the %
cells and on CEM/Nef,, cells. Staining with CMXRos is shown on the caspase-dependent DNA laddering induced by STS, Anis, or the )3
vertical axis and with FITC-annexin V on the horizontal axis. Cells ex- anti-Fas Ab in CEM cells is abolished by Nef expression, even K
posing PS on the cell surface are in thght quartersof each diagram,  though the appearance of a smeared signal confirms the presence
while cells d|spla¥|ng'lo'ss qful/m are in thelower quarters. Percentage of of a non-oligonucleosomal DNA degradation (Fig. 8). This lack of
each cell population is indicated. Ctr, Control. DNA degradation is independent of the duration of the apoptosis
induction (from 1 to 8 h; data not shown), thus excluding the
possibility of losing either early or late DNA fragments.

Bcl-2/Bcl-X,_ in any of our experimental conditions (data not
shown). Interestingly, the expression level of caspase-3 is not diproptotic response in NIH-3T3 fibroblasts

ferent between native and Nef-expressing CEM cells (F@). 3 ) )
The effect of Nef on the apoptotic process was measured in an

Enhancement of caspase activation unrelated cell type, NIH-3T3 fibroblasts stably transfected with the

Treatment of native CEM cells with a broad-range caspase inhibViral protein (40). As reported in Fig.A9 in Nef-expressing cells
itor, the peptide Z.VAD-fmk, before apoptosis triggering with STS (indicated as pool 3 in the figure), the protein level of Bcl-2 and
or Anis shows that caspase activation is required for cell surfac8cl-X, is reduced, whereas the expression of caspase-7 is unaf
PS exposure, but not fary,, dissipation (compare tHewer quar fected. Caspase-3 was not tested because our Ab was not reactive
ters of the cytofluorometric diagrams in Fig. 4A). However, in On these cells. Apoptosis induction was assessed by quantifying
CEM/Nef cells Z.VAD-fmk only partially inhibits PS exposure on Ay, breakdown and cell volume reduction, an intermediate step
the cell surface, while it reducesy,, breakdown (Fig. 4B). In  during the course of the apoptotic pathway (42). A typical exper-
contrast, the appearance of both the apoptotic parameters is coriiaent is displayed in Fig. B. Three unrelated proapoptotic com-
pletely abolished by the caspase inhibitor when cells are incubateplounds caused a marked mitochondrial depolarization (vertical
with the anti-Fas agonist Ab, independently of the expression ofixis of the diagrams) and cell shrinkage (horizontal axis of the
Nef (Fig. 4). diagrams) only in Nef-expressing cells.


http://www.jimmunol.org/

84 HIV-1 Nef AND APOPTOSIS

A B
CEM Nef
89.6 35 895 24
Citr e | Ctr
fgg 5
32 47
822 45 460 82
1
FIGURE 2. Dose-response and kinetics analysis of
apoptosis induction. 1P\, CEM and CEM/Nef cells _ o :i': z?:
have been exposed for 5 h to the indicated concentra- £ s - - -
tions of Anis, while inB, cells have been triggered with f f
1 pg/ml Anis for the reported times. Diagrams are la- 2 S L
beled as in Fig. 1, and the percentage of each cell pop- § . § Ty .
ulation is indicated. Ctr, Control. @ Anks O 2 : Anis
(ug/ml) 492 17 (hours)
e |3
i

227 264 159 506
497 08 63 273

1.00

220 185 83 726 775 320 111 553
Annexin V (PS flipping) Annexin V (PS flipping)
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Discussion degree of loss of\ys,,,, PS exposure on the cell surface, caspase
activation, PARP cleavage, and DNA degradation with respect to —.

Depletion of functional immune cells is a hallmark of AIDS. This ] ] ] ‘
can be achieved either through a direct cytopathic effect on inhative CEM cells. The increase in the apoptotic response has beerg

fected cells (43, 44) or through the activation of apoptotic pro-/SO observed by using other proapoptotic compounds such asg

. . . >
grams (45). T cell apoptosis has been proposed as a mechaniﬁﬂmpmthec'n .and et0p03|de.. Moreover, the apoptqtlc effect of =3
involved both in the early steps of HIV-1 infection and in the these agents is accelerated in CEM/Nef cells. Consistently, apo-Q

massive T cell depletion which leads to immune suppression (28);_)tosis induction is increased when Nef is transfected in a different @
The HIV-1-Nef protein is a possible mediator of this apoptosisCe!l line, NIH-3T3 fibroblasts, as measured By, breakdown

S

- T

induction. In fact, Nef promotes the transcription of Fas ligand ano""nd cell shrinkage. %
c

Fas in T cells, increasing their sensitivity to Fas-mediated apopto- 1 ne marked enhancementdnj;,, breakdown caused by Nef in
- these cell lines suggests that its expression alters an early an(ﬁ

hematopoietic cells by binding to their cell surface (48). Therefore COMmon step of the apoptotic program (37). The homeostasis of co
is under the tight control of the Bcl-2 family proteins (35, 37, N

it seems likely that Nef can induce apoptosis by interacting WithA“”m .
different transduction pathways, although the precise mechanisnis))- Interestingly, we have observed that both CEM/Nef cells and 5
of its interferences with the apoptotic cascades remain to be

clarified.
In the present study, we show that the HIV-1 Nef protein en- A B
hances the apoptotic process induced by several unrelated agents uBcl-2 aBel-X
in different cell types. In fact, when three different allelesefare Da KDa M N"
expressed in a CD4T cell line, CEM cells, and these are incu 2 % ” El
bated with staurosporine or Anis, CEM/Nef cells show a higher
. oactin aactin
Table I. Percentage of cells displaying loss &, and PS exposure ) cor_ket ¢ CEM__Nel
. i yi Xposu ———r————
on the cell surface " 2 —] 42 — |
(o
STS Anis Anti-Fas Ab
Control (50 ng/ml, (1 pg/ml, (150 ng/ml, ocaspase-3
Cell Lines (n=9) n=9) n = 6) n=4) kDa CEM  Nef
CEMcells 7.7+ 1.5% 23.4+ 4.4% 49.2+ 10.1% 42.0+ 6.3% S ——
CEM/Nef 75+ 1.1% 76.9F9.2% 92.4+ 4.4% 36.8= 7.3%

cells FIGURE 3. Nef reduces the expression level of Bcl-2 and Bgl-Kut
p >0.05 <0.001 <0.001 >0.05 not of caspase-3. Western immunoblot assays have been performed on
« Cell ati howing at least these tw } dered native and Nef-expressing CEM cells to assess the expression level of
ell populations showing at least one 0O ese (wo parameters are considere _ _ ~ : :
apoptotic. Experimental conditions are as in Fignl;Number of experiments. A Bol-2 (A), Bel-X, (B), and ca_spase 3,(C)' To V_enfy the amount of protein
Student'st test analysis has been performed over measD values to assess for 10ad, blots have been rehybridized with an ani&ctin Ab (AandB). InC,

significant differences{ < 0.01). the same blot ofA has been used.
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A A
CEM acaspase-3
Ctr STS Anis oFas CEM
926 1.1 736 22437 14 674 34 Nef
SIS - + - -+ - - -+ - - + - -
’}Ew. ; f-;;.:‘ Anis - — + - — 4 — — - 4 — — 4 -
S T .Eg RS afFas - — -+ - - + - — — + - — +
4 55 08 98 144 64 485132 160
4 7 - - - - - _ -
€ 896 33700 40574 31893 32 ZVAD tr e A
5 PI2=| "™ e - ——- —— ——
e | e | el || g2 ;| ZVAD v
B i il ) p17—| = 'Y 3 -y
5.9 12198 62328 67 65 1.0 —

Annexin V (PS flipping)

B B
Nef
Ctr STS Anis oFas 104
906 30110 67 72 259671 36 £
£ 8+
3 s |l g || Y 8 o
$ 28 36 02 82106 66354 239 > 44 Q
€ 911 26277 290687 21.1883 47 w =
a
5 1 =
_ o
it Nt ZVAD . 8
25 38 75 35842 60 34 36 cr S Anis oFas =
Annexin V (PS flipping) FIGURE 5. Nef expression increases caspase activation. CEM cells g
R have been treated for 5 h with 50 ng/ml STSwd/ml Anis, or 150 ng/ml
FIGURE 4. Caspase inhibition affects PS exposure on the cell surface~, 11 anti-Fas agonist Axfas).A, Western immunoblot assay display- %
and Ay, breakdown. CEM cells (A) and CEM/Nef cells (B) have been

. o . e ing cleavage of the p32 form of the caspase-3 to the active p17 fragment.:
incubated for 30 min with or without the caspase inhibitor Z.VAD-fmk Preincubation with the caspase inhibitor Z.VAD-fmk (Z.VAD, 1M)
(Z'_VAD’ 100 uM) before a 5'h treatmenF with 50 ng/ml STSug/ml abolishes the processing of caspasB;3olorimetric measurement of the
Anis, or 150 ng/ml CH-11 anti-Fas agonist AbRas). Diagrams are la- enzymatic activity of caspase-3-like proteins. The cleavage of the substrate

[

unww|

beled as in Fig. 1, and the percentage of each cell population is 'nd'cate%eptide DEVD-pNA (DEVDase activity) is indicated on the vertical axis as e
Ctr, Control. arbitrary units of enzymatic activity, and it is completely prevented by (g
preincubating cells with Z.VAD-fmk (Z.VAD, 10@M). [, 0: CEM cells o

without and with Z.VAD-fmk, respectively1, l: CEM/Nef cells without _3|_|

_ _ _ _ ) and with Z.VAD-fmk, respectively. Vertical bars over each column rep- Q
Nef-expressing NIH-3T3 fibroblasts display a dramatic reductionresent SDs; the effect of STS and Anis is significantly different between Z
in the expression level of the anti-apoptotic proteins Bcl-2 andCEM and CEM/Nef p < 0.01 with a Student's test analysis). Ctr, Control. 3
Bcl-X, . These two proteins inhibit the release of caspases and ©
caspase-activating factors from apoptotic mitochondria (37), )
and contribute to the maintenance of the proton gradient respon- %

sible for Ays,, by inducing a proton efflux from mitochondria (35, some of these signaling pathways, Nef would enhance the apopto-
50). Consistently, we have measured a lower apoptosis inductiotic response even upstream of the modulation of Bcl-2/Bcl-X
in native than in Nef-expressing CEM cells following treatment In the Fas apoptotic pathway, when the caspase activation cas-
with the uncoupling agent carbonyl cyanidechlorophenyl-hy- cade occurs immediately downstream of Fas receptor engagement
drazone, which dissipates the proton gradient (A.R., unpublisheétype | cells; Ref. 37), apoptosis induction cannot be altered by
observations). Moreover, Bcl-2 regulates intracellulaf Caon Bcl-2/Bcl-X, (31). Accordingly, we have measured a comparable
centration ([CA"];) homeostasis by increasing the buffering ca response to the triggering of the Fas receptor between native and
pacity of the endoplasmic reticulum and mitochondria (51). A re-Nef-expressing cells. In apparent discrepancy with our results,
duced expression of Bcl-2 could be at least partially responsibl&auli et al. (47) showed a positive correlation between Nef ex-
for the higher [C&™]; that we previously observed in CEM/Nef pression and the increase in Fas-mediated T cell death. However,
cells, both in basal conditions and after discharge of intracellulathese authors quantified a different apoptotic parameter, i.e., sub-
pools (38). An excessive €4 release from intracellular stores and diploid DNA, which could partially explain this discrepancy. In
a dysregulation of [C&']; homeostasis may facilitate the execu addition, in our hands, CEM cells were much more responsive to
tion phase of PCD (52), and this could explain the observed enthe cross-linking of Fas than the Jurkat cells used by Zauli et al.
hancement of apoptosis in Nef-expressing CEM cells. (47). Thus, possible differences between native and Nef-expressing
Nef could down-regulate Bcl-2/Bcl-Xexpression by modulat CEM cells could be overwhelmed by the high apoptotic effect of
ing their transcription. In fact, the activity of several componentsthe anti-Fas Ab. Nonetheless, our results suggest that an increase
of signal transduction cascades, such as Src-like kinases, the p2it-the apoptosis induction through the triggering of the Fas system
activated kinase, and some MAP kinases, is affected by Nef (1, 4s not common to all cases of Nef expression in T cells.
12-15). Furthermore, Nef could control the early steps of several Remarkably, the broad-range caspase inhibitor Z.VAD-fmk
apoptotic pathways by interacting with p53 (53), the phosphati-only partially reduces PS exposure on the cell surface of CEM/Nef
dylinositol 3-kinase (40) or the MAP kinase cascades. By tuningcells treated with STS or Anis. This is surprising, because several
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A A
aPARP CEM
CEM Net chr ST Anis aFas
SIS -+ - -+ - - -+ - -+ - - i
ANS — — + — — 4 — — — 4+ — — 4 — j 34 y 214 . _285 i_178
ofas — — — 4+ — —+ - — — 4+ — — 4 gl A ' & Iy
ZVAD - - — -+ + 4+ - — — — + + + 2
] § ;'n‘ i 4
g ] | |
P16 — | o i o o - - ;'\ 1.7 | 2:) [ | 1.5 | 1.3 Z.VAD
p8s — -— s —— j \ F 3 i
TUNEL FITC
B B
Nef
Cell lines Ctr STS Anis oFas
Ctr STS Anis oFas
CEM  |1.4£1.9% | 16.9+6.8% |27.8+10.9% |30.71.8%
)
CEM/Nef | 1.3+0.8% | 47.8£10.5% | 86.5£9.5% |34.749.6% h__22 56.5 66.7 27.0
- [
P >005 | <0.01 <0.01 >0.05 gL b T . s
FIGURE 6. Nefexpression enhances the caspase-dependent cleavage « & 12 & 33 ‘w 20 15
PARP in CEM cells. Cells have been treated for 5 h with 50 ng/m| STS, 1 g— g— g— s - 2.VAD
ng/ml Anis, or 150 ng/ml CH-11 anti-Fas agonist AdHas). InA, detec- i e L A,
tion of the cleavage of p116 PARP to the expected p85 fragment has bee TUNEL FITC
performed by Western immunoblot assay. The cutting of PARP is inhibited . A
FIGURE 7. Nef expression enhances DNA degradation in CEM cells.

when cells are preincubated with Z.VAD-fmk (Z.VAD, 1@M). In B, the : )
{.Eells have been treated for 5 h with 50 ng/ml STSdiml Anis, or 150

ratio between the p85 and the p116 forms of PARP has been measured wi e . ist Al | has b d
a densitometric analysis after Western immunoblot experiments, and a st9/ml CH-11 anti-Fas agonist A Fas). DNA cleavage has been assesse

dent'st test analysis has been performed over mea8D values to assess with the cytofluorometric TUNEL technique in native and in Nef-express-
for significant differences (g< 0.01;n = 4). Ctr, Control ing CEM cells (AandB, respectively). The peak on the left represents cells

with intact DNA, that on the right apoptotic cells, whose percentage is

indicated over the horizontal line. On the horizontal axis is reported the

intensity of the fluorescent signal, on the vertical axis the number of re-
reports describe PS externalization as a caspase-dependent pherded events. Preincubation with the caspase inhibitor Z.VAD-fmk
nomenon (41, 54, 55). Neither caspase-3 or PARP cleavage n¢£-VAD, 100 uM) completely abolishes DNA degradation. Ctr, Control.
DEVDase activity were detectable in CEM/Nef cells incubated
with Z.VAD-fmk, thus indicating that caspase inhibition is com- A
plete. However, activation of a Z.VAD-fmk-insensitive caspase in
CEM/Nef cells cannot be formally ruled out, and this might be
responsible for PS flipping across plasma membrane. Alterna-
tively, STS or Anis could trigger in CEM/Nef cells, but not in
wild-type CEM cells, a caspase-independent PCD program in ad-
dition to the normal apoptotic pathway, or they could kill a fraction
of Nef-expressing CEM cells by necrosis. Phosphatidylserine flip-
ping onto the external leaflet of the plasma membrane has been
recently recorded in both of these types of cell death (56, 57).

Moreover, we never observe DNA laddering, which is a
caspase-dependent process (58), in CEM/Nef cells, even though in Nef
our conditions these cells display an equal or higher degree of
caspase activation with respect to native CEM cells. A lack of
sensitivity of the agarose gel technique is possible. However, our
results are highly reproducible both on native and Nef-expressing
CEM cells (n>10), independently of the degree of caspase activity
(compare Figs. 5Band Fig. 8). Therefore, some additional step
beyond caspase activation could be abrogated by Nef. We have
recently proposed that a Cefflux across the plasma membrane or
a coupled K efflux intervenes in the activation process of the ) ] ]
endonuclease responsible for nucleosomal DNA fragmentatiofi' CURE 8. Nef expression abolishes oligonucleosomal DNA fragmen-
(41). Because we have observed that CEM/Nef cells lack’d-Ca tation in CEM cells. Native and Nef-expressing CEM cellsai#dB, re-
dependent K conductance (38), a correlation between alteration spectively) have been.treated for_5 h with 50 ng/.ml STHgiml Anis, or
p (38), S150 ng/ml CH-11 anti-Fas agonist AlxFas). Oligonucleosomal DNA

in plasma membrane ion fluxes and DNA laddering during apo-jeayvage has been investigated on agarose gel electrophoresis (M, 1-kb

ptos.is can be envisfaged, and this possibility is under current inm w. marker; Promega, Madison, WI). Preincubation with the caspase in-
vestigation. Interestingly, CEM cells show a caspase-dependefmibitor Z.VAD-fmk (Z.VAD, 100 uM) abrogates DNA laddering in native
DNA degradation if measured by the TUNEL technique. This ap-CEM cells. Ctr, Control.
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FIGURE 9. In NIH-3T3 fibroblasts, Nef reduces A B

the expression level of Bcl-2 and Bcl-Xbut not of

caspase-7, and it enhances cell volume reduction and a3 Pool Pool Chr CPT ETO Anis

Ay, dissipation. The experiments have been-per kP@ 2 3 742 198595 359622 324698 274
formed on wild-type cells (3T3), on cells transfected 24 _ oBel-2 _ a3
with an empty vector (pool 2), and with a vector con- - g -

taining thenefgene (pool 3). IM, a Western immu- 26 —[8 PED | oBelX Ar -

noblot assay has been performed. The blot has been _ - ) 4, 0 53 01 28 00
tested with anti-Bcl-2, anti Bcl-X and anti-caspase-7 * DG ocosase] } e SaAG18 73087 484698 298
Abs. To verify the amount of protein load, the same 42 —El oaactin f Pool
blot has been rehybridized with an antiactin Ab. In é’ Fa |7 oo rll | | o B
B, cells have been exposed for 7 h tqull campto- =L _

thecin (CPT), 10QuM etoposide (ETO), o Jug/m B vien 13 ern w00
Anis. Staining with CMXRos is shown on the vertical

axis, while the horizontal axis displays the forward Pool
scatter (FSC) parameter, which is directly proportional L = : et 3
to the cell volume. Cells in theght quartersof each B = %02 3401 =00233 =01 ;’23 08
diagram are smaller, and those in tlogver quarters ESsC

display loss ofAy,,. Percentage of each cell popula
tion is indicated. Ctr, Control.

optotic feature is increased in CEM/Nef cells, consistently with 7.
their higher caspase activity. This apparent discrepancy with the
agarose gel data could be explained if a high molecular weight
DNA degradation, detectable by the TUNEL technique, was not 8.
followed in CEM/Nef cells by oligonucleosomal DNA
fragmentation.

In AIDS patients, the number of dying T cells exceeds the num- 9-
ber of HIV-infected cells, and the apoptotic loss of T lymphocytes

during HIV-1 infection can be due to multiple mechanisms (45). 10.

Here, we demonstrate for the first time that, when expressed in
different cell types, Nef increases the sensitivity to death-receptor-

independent apoptosis. The detailed molecular mechanism bis.

which the viral protein controls this phenomenon remains to be
established, even though the down-modulation of Bcl-2 and
Bcl-X, suggests an involvement of Nef in the early phases of the

apoptotic cascade. Other groups have shown that Nef up-regulatég'

Fas ligand expression, potentially triggering Fas signaling in by-

stander cells (47), and that it induces cytolysis in its soluble form!4-

(48). By these means, Nef would be able to kill noninfected cells
during the course of the disease.
Therefore, Nef could play a central role in HIV-dependent T cell

depletion through its many effects on various apoptotic cascadesgg.

both on infected and bystander cells.

17.
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