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Human herpesvirus 7 induces the functional up-regulation of tumor
necrosis factor—related apoptosis-inducing ligand (TRAIL) coupled to
TRAIL-R1 down-modulation in CD4 T cells

Paola Secchiero, Prisco Mirandola, Davide Zella, Claudio Celeghini, Arianna Gonelli, Marco Vitale, Silvano Capitani, and Giorgio Zauli

Human herpesvirus 7 (HHV-7) is endemic
in the adult human population. Although
HHV-7 preferentially infects activated
CDA4* T lymphocytes, the consequence of
T-cell infection for viral pathogenesis and
immunity are still largely unknown. HHV-7
infection induces apoptosis mostly in un-
infected bystander cells but not in produc-
tively infected CD4 + T cells. To dissect
the underlying molecular events, the role
of death-inducing ligands belonging to
the tumor necrosis factor (TNF) cytokine
superfamily was investigated. HHV-7 se-

lectively up-regulated the expression of
TNF-related apoptosis-inducing ligand
(TRAIL), but not that of CD95 ligand or
TNF-a in lymphoblastoid (SupT1) or pri-
mary activated CD4 * T cells. Moreover, in
a cell-to-cell-contact assay, HHV-7-in-
fected CD4 * T lymphocytes were cyto-
toxic for bystander uninfected CD4 + T
cells through the TRAIL pathway. By con-
trast, HHV-7 infection caused a marked
decrease of surface TRAIL-R1, but not of
TRAIL-R2, CD95, TNF-R1, or TNF-R2. Of
note, the down-regulation of TRAIL-R1

selectively occurred in cells coexpress-

ing HHV-7 antigens that became resistant
to TRAIL-mediated cytotoxicity. These
findings suggest that the TRAIL-medi-
ated induction of T-cell death may repre-
sent an important immune evasion
mechanism of HHV-7, helping the virus to
persist in the host organism throughout

its lifetime. (Blood. 2001;98:2474-2481)

© 2001 by The American Society of Hematology

Introduction

Human herpesvirus 7 (HHV-7) is a CDZ lymphotropic herpesvi- nall617 liver,’® and bone marro¥#-2° transplantation, and it has
rus isolated for the first time in 1990; it belongs to the Betaherpelseen shown that HHV-7 seroconversion represents a risk factor for
virinae subfamilyt The overall structure of the HHV-7 genome iscytomegalovirus disease in transplant recipients independently of
identical to that of HHV-6, with a long, unique component oflonor-recipient cytomegalovirus serostdfti$At the cellular level, it is
approximately 133-kb pairs flanked by a single direct repeat (DRpnceivable that once reactivated, HHV-7 worsens the state of immuno-
unit at each en&* HHV-7 is a prevalent virus toward which mostdeficiency because of its selective tropism for CDR lympho-
(more than 90%) of the population is seropositive by adulttfdod.cytes?*13whose infection results in cytotoxicity?!-22and immunomodu-
Although the portal of entry of HHV-7 into the human host, thdatory activities?24-26
sites of primary infection, and the sites of latency have yet to be Tumor necrosis factor (TNF)-related apoptosis-inducing ligand
fully elucidated, it has been demonstrated that the human salivdlRAIL/Apo2 ligand) is a recently described death-inducing ligand
system is a source for persistent production of infectious HHV-7DIL) belonging to the TNF superfamily that shows structural and
Moreover, it has been previously shown that the CD4 antigefunctional similarities with CD95 (Apol/Fas) ligand (L), including
expressed at high levels on the surfaces of a subset of maturéh& use of Fas-associated death domain as an adaptor méleule.
cells, is the high-affinity receptor for HHV-£7 Like other members of the TNF family, TRAIL is a type 2
Primary HHV-7 infection has been associated with rasimembrane protein with an intracellular amino-terminal portion, an
exanthema subitum, chronic fatigue syndrome, chronic Epsteinternal trans-membrane domain, and a carboxyl terminus external
Barr—like syndrome, liver dysfunction, and central nervous systetm the cell. In addition, a soluble form of TRAIL has been
manifestation$®-12More important, because HHV-7 is widespreadiescribed? as also previously shown for TN&-and CD95L30 At
in the adult populatiofi? it represents a potential opportunisticvariance with CD95L, with its long intracellular region of 81 amino
agent in immunocompromised hosts such as patients undergoaogds, TRAIL has a short intracellular tail of 17 amino acids and
bone marrow or organ transplantatisr8 In this respect, HHV-7 appears regulated at the cell surfaces of different cell types by
DNA has been found in up to 50% of bone marrow samplgzoteolysis?® TRAIL binds with similar affinity to at least 5
obtained from healthy donotéand we have recently shown that itreceptors: TRAIL-R1/DR4, TRAIL-R2/DR5/TRICK2/killer,
can infect CD34 hematopoietic progenitot8.Moreover, it has TRAIL-R3/TRID/DcR1/LIT, TRAIL-R4/TRUNDD/DcR2, and os-
been demonstrated that reactivation of HHV-7 occurs after reoprotegerirfl32 TRAIL-R1 and TRAIL-R2 contain a death
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domain homologous to that in CD95 and TNF-RI. OligomerizatioRlow cytometric analysis
of the death domain in TRAIL_Rl and TRA”‘_RZ recruits (,:aSpaSEquuots of 1 10° cells/experimental point were subjected to single- or
8 through the Fas-associated death domain _and_ aCt'Vates_mﬁiple—label staining to examine the presence of surface antigens, as
subsequent cascade of caspase proteases resulting in ap&tosigescribed previousR/Surface TRAIL expression was analyzed by indirect
On the other hand, TRAIL-R3 (DcR1) and TRAIL-R4 (DcR?2) arestaining using jug RIK-2 anti-TRAIL mA (a generous gift from Dr Hideo
homologous to TRAIL-R1 and TRAIL-R2 in their cysteine-richyagita, Juntendo University School of Medicine, Tokyo, Japan), followed
extracellular domains, but they lack an intracellular death domay phycoerythrin (PE)-labeled goat anti-mouse IgG (Sigma). Expression
and apoptosis_inducing Capab”ﬁy of TRAIL-receptor (R)1, TRAIL-R2, TRAIL-R3, and TRAIL-R4 was
The aim of this study was to investigate the functionadnalyzed by indirect staining using go_at anti-human TRAIL-R1, TRAIL-
expression of DIL and DIL receptors and, in particular, of TRAILR2: TRAIL-R3, and TRAIL-R4 antibodies (all from R&D System, Oxon,
and its receptors during HHV-7 infection. For this purpose, we ha\y@'ted Kingdom) followed by PE-conjugated rabbit anti-goat IgG (Sigma).

. . pecific fluorescence was assessed by using either normal mouse 1gG (for
used, as targets for HHV-7 infection, the SupT1 lymphoblasto AlL) or normal goat IgG (for TRAIL receptors) followed by a second

CD4" T-cell line and primary CD4 T lymphocytes, purified ffom  5yer a5 above. CD4 expression was analyzed by using the Cy5-PE—conjugated

the peripheral blood of healthy subjects. mAb (Becton Dickinson, San Jose, CA). Analysis was performed by using a
FACScan flow cytometer (Becton Dickinson) and the Lysis Il software (Becton
Dickinson). Data collected from 10 000 cells are reported as either percentage

Materials and methods positive cells or mean fluorescence intensity (MFI) values.

Cells JAM test

The CD4 human T-cell line SupTl (AIDS Research and Referencéhe JAM assa$f was performed to measure the degree of cell death
Reagent Program) was routinely cultured in RPMI 1640 (Gibco BRIlinduced by HHV-7. For this purpose, target cells were labeled Vil [
Gaithersburg, MD) containing 10% fetal calf serum (Gibco BRL). Primarthymidine (TdR). When cell death occurred in the labeled cell population,
enriched CD4 and CD8 T cells were derived from the peripheral blood ofDNA fragments were washed through glass fiber filters during cell
14 healthy blood donors by negative immunomagnetic selection, barvesting. In contrast, DNAfrom surviving target cells remained intact and
previously described223 Primary cells were cultured in RPMI 1640 was captured by the filters. Percentage cell death was calculated by
containing 10% fetal calf serum and were activated wighgdmL purified comparing the amount offfi]TdR bound to filters in the presence and
phytohemagglutinin (Sigma Chemical, St Louis, MO) plus 20 U/mL humaabsence of the apoptosis-inducing events. Briefly, proliferating uninfected
recombinant interleukin-2 (riL-2) (Genzyme, Boston, MA). After 3 days oSupT1 or primary CD4 or CD8" T cells (target) were pulsed overnight
culture, cells were washed twice and seeded again in complete medium piih .37 MBg/mL (10wCi/mL) [*H]TdR (New England Nuclear, Boston,

5 U/mL human rIL-2 alone, which was re-added every 4 days, as previoudA), washed with complete medium 3 times, and plated into wells that

described:?1-23 contained graded numbers of HHV-7-infected (effector) cells or equivalent
numbers of uninfected cells as control. After incubation at 37°C, cells were
Viral infections harvested onto glass fiber filters by using vacuum aspiration, and radioactiv-

) ) ) ity was counted. All measurements given represent the mean of 6 wells.
The HHV-7 isolate and the preparation procedures of viral stocks have b&gfien required, blocking antibodies were added to HHV-7-infected effector
) o o
previously described:?? Briefly, HHV-7 infections of both SupT1 and ceis 1 hour before incubation with uninfected (target) cells. Anti-TRAIL

preactivated CD4 T cells were carried out by incubation with 0'45'neutralizing polyclonal Ab (R&D Systems) was used atuy/mL;
pmfiltered infectious supernatants obtained from HHV-7—-infected SUupT}i TNFa neutralizing polyclonal Ab (R&D Systems) was used at 1
cells. Supernatants from uninfected SupT1 cells were used for moﬁb/mL' anti-CD95 Fab mAb (kindly provided by Dr Peter Krammer.
infections. The occurrence of a productive HHV-7 infection was monitoredyersity of Heidelberg, Germany), which specifically blocks the ability
by scoring the appearance of balloonlike cells at light microscopy and BY cpgs( to interact with CD95, was used at Quiy/mL. In preliminary
indirect immunofluorescence staining on acetone-fixed cells by using;@ation experiments, the neutralizing activity of 0.01 to 1@/mL
specific HHV-7 monoclonal antibody (SE1 mAb, generously provided byt TNF and anti-CD95 FabmAb was tested, and we have used those
Prof Campadelli-Fiume, University of Bologna, Ita}f)as previously concentrations of antibodies, which were able to completely inhibit the cell

describectt death induced by 10 ng recombinant TNFand of anti-CD95 IgM
) agonistic antibody, respectively. Results are expressed as percentage DNA
Western blot analysis fragmentation or DNA loss.

For the analysis of TRAIL protein expression, Western blot analysis was )
performed on approximately 5 to 20 10° cells/experimental point. Cells Récombinant TRAIL

were harvested in lysis buffer contair_1ing 1% TI.’itOI'? X-100, sonicated, arghy, rHis6-tagged TRAIL and rHis6-tag control peptides were produced in
processed for We;tern blqt. Protein determination was performed BYcteria and were purified by affinity chromatography oA*Naffinity
Bradford assay (Bio-Rad, Richmond, CA). Equal amounts of proteins fpLein a5 previously describ&d.in preliminary dose- and time-course
each sample were migrated in 12% polyacrylamide gel electrophoresis %eriments performed in SupT1 cells, TRAIL-induced apoptosis was
blotted onto nitrocellulose filters. Blotted filters were blocked for 6Q:omplete by 20 hours and reached a plateau at the concentration of 1
minutes in a 3% suspension of dried skim m|||°< n phosphat.e-buffgreq saling/mL. In contrast, equimolar concentrations of rHis6-tag control peptide
(PBS) and were incubated overnight at 4°C with a 1:200 dilution qfjy not show any significant toxicity. Therefore, a 20-hour incubation

anti-TRAIL mADb (clone B35-1; Pharmingen, San Diego, CA). Filters wergariqg and a concentration of.dg/mL TRAIL were chosen for experiments
washed and further incubated for 1 hour at room temperature with a 1:108Q, hinfected and HHV-7—infected SupT1 cells.

dilution of peroxidase-conjugated anti-mouse immunoglobulin G (Sigma).

Specific react_ions were_ revealed with the enhance_d chemilu_minesce@g;?iluation of apoptosis

Western blotting detection reagent (Amersham, Arlington Heights, IL).

Densitometric analysis of immunoreactive bands was performed with @he presence of apoptosis was examined by flow cytometry after propidium
imaging densitometer (model GS 670; Bio-Rad Italia, Milan, Italy), usingpdide (PI) staining and by fluorescence microscopy aft@&-diamidine-2-

the Molecular Analyst software. Results were reported as arbitrary units goigenylindole dihydrochloride (DAPI) staining. For flow cytometry studies,
as percentage expression in HHV-7—infected samples compared wdtils were harvested by centrifugation at §@06r 10 minutes at 4°C, fixed
uninfected ones. with cold 70% ethanol for at least 1 hour at 4°C, and treated as previously
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describe**® Samples were then pelleted, treated with 0% RNAse constitutive intra-cytoplasmic protein in lymphoid CD% cells 3940
(type I-A; Sigma), and resuspended in PBS containingp®dmL Pl Although small, the difference in TRAIL surface expression
Analysis was performed by FACScan with the FL2 detector in logarithmigatyween HHV-7—infected (MFI, 7.8 1.6) and uninfected (MFI,
mode using Lysis Il software (Becton Dickinson). Data were expressed ?fi 1.3, corresponding to the background level) cells was reproduc-
phases. It should be emphasized that the percentage of apoptosis %31%'” various experiments (meaIISD of 5 separate experlme_nts;
calculated using very strict criteria, which have been previously d& < -05). Moreover, the up-regulation of surface TRAIL mediated
scribed3® to score only apoptotic cells and excluding all cell debris. by HHV-7 was specific; the surface expression of other DIL, such
For DAPI staining of nuclei, cells were washed with PBS, fixed iss CD95L and TNFe, was undetectable in uninfected and
paraformaldehyde 4% for 10 minutes, permeabilized in Triton X100 0.14HV-7—infected SupT1 cultures (Figure 2B).
for 10 minutes, washed again with PBS, and incubated with 500 ng/mL
DAPI (Sigma) in PBS for 15 minutes at 37°C in a dark, humidified RAIL is a mediator of HHV-7-induced cytotoxicity

chamber. After several washes in PBS, the coverslips were mounted_on .
PBS-glycerin, and the intercalation of DAPI was visualized by means of &P €valuate whether the up-regulation of TRAIL by HHV-7 was

Axiophot Zeiss fluorescence microscope (Carl Zeiss, Thorwood, NY). functional, a JAM cytotoxicity assay was performéd?H]TdR-
labeled SupTl (target) cells were incubated with increasing

Statistics amounts of HHV-7—infected or mock-infected cells (effector cells)
for 16 hours. HHV-7—infected cells induced marked and specific
target cell lysis, as determined by calculating DNA Iésthat was
dose dependent (Figure 3A). On the other hand, mock-infected
cells and the supernatant of the HHV-7—infected cultures did not
induce any significant target cell lysis (Figure 3A). This first group
HHV-7 infection up-regulates TRAIL protein expression of experiments indicated that HHV-7—induced cell death in SupT1
. . . cells required cell-to-cell contact. Then, to determine whether
CD4" Tlymphoblastoid SupT1 cells, which show a high Suseept'—|HV—7—induced cell death was mediated by TRAIL, uninfected labeled

ili 7 i ion 8.21-23 i _ S
?;létt):aotlc\)/vi':hHX H7V-Igf§fgor2[ﬂ ti Iic\i,:eg?‘ iﬁ:‘?cetironmg:g tlre%:eed g;k'r;fSupTl cells were incubated with HHV-7—infected cétsget-effector
plcity . P rattio, 1:4) for 16 hours in the absence or presencardf-TRAIL

infection was usually observed at day 8 after infection, when mos

cells were infected with HHV-7, as evaluated by the progressi\?ee utralizing polyclonal Ab. Theresence of anti-TRAIL Ab signifi-

increase of balloonlike polyploid cells and by specific indirec?antlye< 01) inhibited cell lysis |nduceq by HHV—7—|nfecf[ed SupT1
immunofluorescence for HHV-7 antigens (52.690% positive cells (Figure 3B). Conversely, both anti-CD95 Falad anti-TNFe
cells; meant SD of 5 separate experiments) (Figure 1A) Sem;@eutralizing antibodies had modest effects on the cytotoxic activity

quantitative evaluation of total TRAIL protein expression wal'duced by contactwith HHV-7—infected cultures (Figure 3B).
performed by Western blot analysis of the protein cell lysates after Parallél experiments were carried out using primary C¥4
blotting with a specific anti-TRAIL mAb, and with an anfi-actin YMPhocytes, preactivated with phytohemagglutinin plus IL-2 for 3
mAb as a control for protein loading (Figure 1B). A 33- to 35-kdlays, and then were infected with HI_—l_V—7 and cultured in the
protein corresponding to the full-length monomeric TRAIL wa@resence of 5 U/mL IL-2 for an additional 13 days (peak of
already expressed in uninfected SupT1 cells and was up-reguldfdfgction). As expected on the basis of previous stutii#és;the
after HHV-7 infection (Figure 1B). The amount of TRAIL protein,kinetics of infection in CD4 T cells was slower with respect to that
as evaluated by densitometric analysis of the bands, was sigrff@served in SupT1 lymphoblastoid T cells. However, at day 13
cantly P < .01) increased in HHV-7—infected versus uninfected cufter infection, several cells were infected by HHV-7 (3494.1%;
tures (percentage increase was 390%5% of 5 separate experiments)mean= SD of 5 separate experiments), as evaluated by indirect
Because TRAIL is a type 2 membrane prot&irthe surface immunofluorescence analysis of HHV-7 antigens (Figure 4A). The
expression of TRAIL was next investigated by flow cytometry@mount of TRAIL was significantlyR < .01) higher in HHV-7—
SupT1 cells were either mock-treated or were infected with HHV-ipfected CD4 T lymphocytes than in uninfected control cells
and cultured for 8 days, when the cells were labeled with gfigure 4B), starting from day 10 after infection (256265% of
anti-TRAIL mAb. Although surface TRAIL was not detectable inincrease at day 13 after infection; mearSD of 5 separate
SupT1 control cells, a dim but clearly detectable expression ekperiments). Remarkably, when using primary cells, HHV-7—
surface TRAIL was observed in HHV-7—-infected SupT1 cellinfected cultures induced specific target cell lysis after incubation
(Figure 2A). These findings are consistent with the data of othesith labeled uninfected primary CD4T cells that was signifi
authors, who demonstrated that TRAIL protein is expressed agantly (P < .01) and selectively inhibited by the presence of

Statistical analysis was performed using the 2-tailed Studest.

Results

Figure 1. Expression of TRAIL in uninfected and HHV-7—

Uninf HHV_? infected SupT1 cells, evaluated by immunoblotting analy-
sis of cell lysates. (A) Virus growth was detected by indirect
g 302010 5 3020 10 5 -148 immunofluorescence using the HHV-7—specific 5E mAb. Rep-
resentative photographs taken 8 days after infection are
=8 shown. (left panels) HHV-7—specific immunofluorescence.
<az (right panels) DAPI staining of the nuclei of the same field.
TRAIL =—- i — Original magnification is X 250. (B) Equivalent amounts of
-3 protein lysates obtained from HHV-7—infected (inf) and unin-
-22 fected (uninf) SupT1 cells were analyzed by Western blot with
anti-TRAIL mAb. Equal loading of protein in each lane was
AU 34 1815 - 160 76 10 10 confirmed by staining with the antibody to B-actin. Molecular
size markers are indicated on the right in kilodaltons. Relative
ﬁ-Actin -_—ww - - e - intensities of the bands were densitometrically quantified and
AU 365 311 169 64 315 27017345 expressed in arbitrary units (AU). Results are representative of

5 independent experiments performed.

Uninfected J>

HHV-7-inf
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A Uninfected HHV-7-inf TRAIL-R4 were not detectable. In HHV-7—infected SupT1 cul-
tures, the expression of surface TRAIL-R1, but not TRAIL-R2,
showed a progressive and significat{ .01) decrease in compari-

'_g“ ’; son to uninfected controls (Figure 5A). On the other hand,

E | TRAIL-R3 and TRAIL-R4 surface antigens were unaffected by

= | HHV-7 infection (Figure 5A). The specificity of HHV-7—mediated

8 [ TRAIL-R1 down-regulation was further confirmed by the analysis

.g f of other receptors of the TNF receptor superfamily (CD95,

= / TNF-R1, and TNF-R2), whose expression was unchanged on

= g e ene . HHV-7 infection (Figure 5B).
In consideration of the promiscuity of infected and uninfected
TRAIL Expression cells in HHV-7—infected cultures, we next sought to elucidate
. . whether TRAIL-R1 down-regulation occurred in infected or unin-
Uninfected HHV7-7-inf . .

B F ninee ' fected cells. In this respect, we have previously shown that HHV-7
infection of CD4 T lymphocytes induces a progressive down-
regulation of surface CD4, which represents the high-affinity
receptor for HHV-7, and that the expression of HHV-7 antigens
correlates with the loss of surface CD4 receffbnerefore, double
staining was next performed with anti—-TRAIL-R1 plus anti-CD4
mAbs (Figure 6A). At flow cytometry analysis of control unin-

s fected SupT1 cells, as expected, all the cells coexpressed TRAIL-R1

-E and CD4, whereas in the HHV-7—infected cultures, 2 distinct cell

2 L & e B g W populations (TRAIL-RLI/CD4* and TRAIL-RI/CD4~) were

§ CD95-L Expression observed (Figure 6A). This suggested that the 2 surface molecules

o were simultaneously down-regulated in the same cell population,

B represented by those cells expressing HHV-7 antigens. On the other

2

A
Supern
2
" 1:20
o
o 1o e i3 T 13 o T T u
o
TNF-alpha Expression ; "
Figure 2. Surface expression of DIL analyzed in uninfected and HHV-7—infected E )
SupT1l cells by immunofluorescence staining revealed by flow cytometry. re
Representative analysis of surface TRAIL (A), CD95L, and TNF-a (B) performed 8 o o
days after infection is shown. Control (unshadowed) histograms represent the ;? :
background fluorescence obtained from the staining of the same cultures with an = ! T T r T -
isotype-matched control mAb. On the left side of panel A and in all of panel B, the O 107 5207 900 40, 550; BB A0 BO: N0
unshadowed histograms are not visible because they are completely overlapped by
the shadowed histograms. In panel A, a shift of the shadowed histogram along the Percentage of DNA loss
x-axis illustrates the increased level of TRAIL expression in HHV-7—infected cultures.
Data shown are from a single experiment representative of 5 independent experi- B
ments with similar results. s
w anti-l
£
anti-TRAIL neutralizing Ab (Figure 4C). In some experiments, § TR
primary HHV-7—infected CD#4 T cells were cocultured with b
labeled uninfected CD8T cells purified from the same donor. ] [——
HHV-7—infected CD4 T cells efficiently killed uninfected CD8T z
cells, but apparently in a DIL-independent manner, as indicated by + il
the failure of anti-TRAIL, anti-CD95 Fdband anti—TNFe neutraliz-

ing antibodies to block the kiling of CD8T cells (Figure 4D).
Together, these results demonstrate that HHivi@ction induces the
expression of functional TRAIL on the surfaces of human CD4
cells. By using both SupT1 and primary CDZ% cells as targets, we

control

0 5 10 15 20 25 30 35 40 45

Percentage DNA loss

could also demonstrate that HHV-7—induced cytotoxic activity cﬁigure 3. Role of TRAIL in the cytotoxic activity of HHV-7—infected cells.

lymphoid CD4" T cells is mediated by TRAIL.

HHV-7 infection selectively down-modulates

TRAIL-R1 expression

SupTl
cells were either mock-treated (control) or HHV-7—infected (effector cells) and, at 8
days after infection, cultured with [3H] TdR-labeled SupT1l (target) cells at the
indicated ratios. (A) After 16 hours, cells were harvested and [3*H] TdR was counted.
The x-axis gives the degree of fragmentation of labeled target cell DNA (expressed as
percentage DNA loss) in response to the cytotoxic attack, represented either by
HHV-7-infected cells or by the supernatant (Supern) of the HHV-7—infected cultures.

The surface expression of TRAIL receptors was next evaluated(@tSupT1 cells were either mock-treated (control) or HHV-7 infected and, at 8 days
various time points after infection by flow cytometry (Figure 5A) after infection, cultured with [3H] TdR-labeled SupT1 cells at the E/T ratio of 4:1 either

Uninfected SupT1 cells showed high levels of surface expressi

in the absence (nil) or in the presence of neutralizing anti-TRAIL (1 pg/mL),
M-TNF- (1 pg/mL), or anti-CD95 Fab’ (0.1 w/mL) antibodies. Data are expressed

of both TRAIL-R1 and TRAIL-R2, whereas TRAIL-R3 and asmean = SD of 6 separate experiments performed in duplicate.
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A B »pi +
primary CD4™ T cells
3 & A
i} ae N
L
g o W
u— days after 10 13 10 13
c . e =148
— infection
o
) - 60
=42
TRAIL = e
—— - 30
E .
N
2= AU 50 80 120 204
I
I
AU 60 70 75 68
C D
8 2
S anti-CD95 2 anti-CD95 —
= —
L i
o «
S | anti-TNFalpha S | anti-TNFalpha —]
[ =
] @
g g
E anti-TRAIL £ anti-TRAIL —
L e
= nil = nil —
+ +
coitral control
o 3 & 12 s 2 3% 35 © 5 10 15 20 25 30 35
Percentage DNA loss in autologous CD4* T cells Percentage DNA loss in autologous CD8+* T cells
Figure 4. Expression of TRAIL in uninfected and HHV-7—infected activated primary CD4 + T cells. (A) Virus growth was detected by indirect immunofluorescence assay

with the HHV-7—specific 5E mAbs. Representative photographs taken 13 days after infection are shown. (left) HHV-7—specific immunofluorescence. (right) DAPI staining of the
nuclei of the same field. Original magnification is X 250. (B) Equivalent amounts of protein lysates obtained from HHV-7—infected and uninfected CD4* T cells were analyzed
by Western blot with an anti-TRAIL mAb. Equal loading of protein in each lane was confirmed by staining with the antibody to B-actin. Molecular size markers are indicated on
the right in kilodaltons. Relative intensities of the bands were densitometrically quantified and expressed in arbitrary units. (C, D) CD4* T cells were either mock-treated
(control) or HHV-7 infected and, at 10 to 12 days after infection, cultured with [*H]TdR-labeled CD4* (C) or CD8" (D) T cells at the E/T ratio of 4:1, either in the absence (nil) or
the presence of neutralizing anti-TRAIL (1 pg/mL), anti-TNF-a (1 pg/mL), or anti-CD95 Fab’ (0.1 wg/mL) Ab. These results are representative of 5 independent experiments
performed.

hand, the surface expression of TRAIL-R2 was unchanged in batiduced a markedX < .01) increase in the percentage of apoptosis in
the CD4" and the CD4 subsets of the HHV-7—infected cultures. uninfected cells (29% 7%; meant+ SD of 4 separate experiments)

In additional experiments, we investigated whether the HHV-7and a much lower increase in HHV-7—-infected cells (22%%;
mediated down-modulation of TRAIL-R1 protects the HHV-7-mean= SD of 4 separate experiments) (Figure 7A). Pl staining and
infected/CD4 cell population from TRAIL-induced cytotoxicity. flow cytometry analysis do not allow discrimination between
Indeed, when HHV-7-infected SupT1 cultures were challengétHV-7—infected and uninfected cells, which coexist in HHV-7—
with soluble rTRAIL for 16 hours, specific depletion of the CD4 infected cultures. Therefore, the occurrence of TRAIL-induced
(TRAIL-R1*) SupT1 cell subpopulation was observed (Figurapoptosis was next analyzed in combination with the expression of
6B). On the other hand, the addition of an agonistic anti-CD95 IgMral antigens by using dual-label staining for cell nuclei (DAPI)
mADb induced cytotoxic effects equally manifest on both the €D4and HHV-7 antigens (Figure 7B; Table 1). After 20 hours of TRAIL
and the CD4 subpopulations of the HHV-7—infected cultures (datahallenge, the presence of apoptotic nuclei, evaluated by DAPI
not shown). staining, was clearly detected in uninfected SupT1 cell cultures at

The occurrence of apoptosis was next investigated by Pl staining dlibrescence microscopy analysis (Table 1). In HHV-7—infected
flow cytometry analysis (Figure 7A). As expected on the basis of ooultures, on TRAIL challenge, few cells staining positively for the
previous studie%'26 HHV-7—infected cultures showed a significantexpression of viral antigens exhibited an apoptotic morphology,
(P < .01) percentage of apoptotic cells (1294%; meant+ SD of 4 resulting in a significantly® < .01) lower number compared with
separate experiments) with respect to uninfected SupT1 cultures, whagoptotic cells among the HHV-7 antigen—negative cells (Table 1).
only displayed background levels of apoptosis (2%.5%, mean- SD  These findings clearly suggest that the cells expressing HHV-7
of 4 separate experiments). On the other hand, the addition of rTRAdhtigens are protected from TRAIL-induced apoptosis.

20z aunr G0 uo jsenb Aq jpd'v22010028U/E68.L9 L/ L ¥2/8/86/)Ppd-0[o1e/pO0|qAeU SUOKED!IgNdYSE//:d)Y WOl papeojumoq



BLOOD, 15 OCTOBER 2001 - VOLUME 98, NUMBER 8 HHV-7-MEDIATED UP-REGULATION OF TRAIL 2479

A TRAIL-R1 TRAILR1 B Irr Ab CD95
(4 days after (6 days after
- infection) infection)
(]
-g .
1™
S a H
= E
-_— 106 TR i i1 =1 i
) =
O % e T ( (13 e (L 13 (g T
g (&)
=  TRAIL-R2 TRAIL-R3 TRALR4 2 | | TNF-R1 |} TNF-R2
i) 1 = i !
[«H] i | ! r:!l
@ - € | 4 A
| | A
/
4 (L. 189 18t i3 113 T 180 The The fr3 (]
Mean Fluorescence Intensity I s e e e

Mean Fluorescence Intensity

Figure 5. Surface expression of DIL receptors analyzed in uninfected and HHV-7—infected SupT1 cells by immunofluorescence staining revealed by flow
cytometry. Representative analyses of surface TRAIL receptors (A) and of CD95, TNF-R1, and TNF-R2 (B) performed at 8 days after infection are shown. Uninfected cultures,
unshadowed histograms. HHV-7—infected cultures, shadowed histograms. In panel A, the shift of the shadowed histograms along the x-axis illustrates the progressive
decrease in the number of TRAIL-R1—expressing cells in HHV-7—infected cultures. In panels A and B, the negative control is represented by uninfected (unshadowed
histograms) and HHV-7-infected (shadowed histograms) cultures stained with an irrelevant (Irr) isotype control Ab (Irr Ab). Data shown are from a single experiment
representative of 6 independent experiments with similar results.

infected cells is higher than that detected by using an antibody
Discussion directed against a protein of the HHV-7 teguniérir by the
down-regulation of surface CD¥Alternatively, indirect mecha

The presence of at least 5 TRAIL receptors indicates that TRAIL igsms, such as the release of cytokines (eg, interferon), which have
involved in multiple processes, but the precise roles of TRAIL iheen shown to up-regulate TRAIL expressf@may account for
health and disease are still largely unknown. Although TRAIL anaur results. Concerning the ability of HHV-7—infected CD#
TRAIL receptors are expressed in various tisstiég22 TRAIL  cells to specifically kill uninfected CD4T cells in a TRAIL-
does not induce apoptosis of most nontransformed #etfdt has dependent manner, it should be emphasized that membrane-
been shown that TRAIL is up-regulated on T-cell activafi®f?4® associated TRAIL is more efficient than soluble TRAIL in inducing
and one of the functions of TRAIL in vivo is to maintain immunecell death, probably because its trimeric structure is more stéble.
homeostasis by inhibiting the cell cycle progression of We have also shown that HHV-7—infected CDZ cells Kill
lymphocytes'3 autologous uninfected CD8T cells, but anti-TRAIL neutraliz

We have here demonstrated for the first time that HHV-ihg Ab fails to revert this cytotoxic effect, suggesting that, in
infection induces the simultaneous up-regulation of TRAIL andddition to TRAIL, other factors are involved in HHV-7-
down-regulation of TRAIL-R1 on the surfaces of CDZ cells. mediated cytotoxicity.
Among the different DIL (TRAIL, CD95L, TNFa) and DIL Many viruses have their own antiapoptotic genes or are able to
receptors (TRAIL-R1, TRAIL-R2, CD95, TNF-R1, and TNF-R2)up-regulate antiapoptotic cellular genes, which can block prema-
investigated, significant changes in HHV-7-infected cells seletire death of infected celfS.As do other large DNA-containing
tively involved TRAIL and TRAIL-R1. Moreover, HHV-7 infec- herpesviruses, HHV-7 probably uses multiple viral defense mecha-
tion was able to induce the modulation of TRAIL in both SupThisms that cooperate to prevent premature death of the host infected
and primary CD4 T cells. More important, these HHV-7—inducedcell. Our findings strongly suggest that one of these mechanisms is
modifications of TRAIL expression were functional, as demorthe up-regulation of surface TRAIL, which efficiently kills unin-
strated by the ability of HHV-7—infected SupT1 and primary CD4 fected T lymphocytes, coupled to the down-regulation of TRAIL-R1
T cells to efficiently kill uninfected SupT1 and autologous CD#4 in the productively HHV-7—infected cells. Because HHV-7 is
cells, respectively, in a TRAIL-dependent manner. Although waependent on CD4T cells for the production of mature virions,
cannot rule out the possibility that soluble cytokines released Byese biologic effects may represent part of a strategy to facilitate a
infected cells may contribute to the induction of HHV-7—mediategersistent infection or to prolong the survival of the infected cells to
cell death in bystander uninfected cells, our findings indicate thataximize the production of viral progeny. Of note, this represents a
cell-to-cell contact is required for TRAIL-mediated cytotoxicity.unique feature of HHV-7 with respect to other herpesviruses. In
Conversely, HHV-7—infected cells were almost completely resifact, it has been shown that cytomegalovirus induces the up-
tant to TRAIL-mediated apoptosis, likely as a consequence of thegulation of TRAIL-R1 and TRAIL-R2 in infected fibroblasts,
down-regulation of surface TRAIL-R1, which represents a majavhich are therefore more susceptible to TRAIL-mediated cytotox-
determinant of TRAIL sensitivity* An apparent discrepancy wasicity,*® whereas HSV-1 selectively up-regulates CD95L but not
noticed between the number of HHV-7-infected SupT1 cellBRAIL in infected lymphocyted?
(approximately 50%-60% at day 8 after infection, as evaluated by Although the pathogenicity of HHV-7 remains largely to be
indirect immunofluorescence), and the modulation of surfacketermined mainly because of the relatively recent discovery of
TRAIL and TRAIL-R1, which involved most cells. A possiblethis herpesvirus, compelling evidence indicates that latent HHV-7
explanation for these findings is that the proportion of HHV-74nfection is reactivated in immunocompromised patients, such as
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Figure 6. Surface TRAIL-R1 and TRAIL-R2 expression analyzed in combination
with surface CD4 in SupT1 either uninfected or infected with HHV-7. (A) At 8

days after infection, relative surface CD4 expression was detected by PE-Cy5
fluorescence intensity (x-axis), whereas TRAIL-R1 and TRAIL-R2 expression was
detected by PE fluorescence intensity (y-axis). Representative negative controls,
composed of cells stained with irrelevant isotype-matched Ab (Irr Abs) are shown in
the top panels. (B) Evaluation of surface CD4 expression in HHV-7—infected cultures
after 20 hours of treatment with rTRAIL or rHis6-tag control (cont) peptide. X-axis,
relative surface CD4 expression detected by PE-Cy5 fluorescence intensity. Y-axis,
relative cell number. Data shown are from a single experiment representative of 5
independent experiments with similar results.

transplant recipients.13-16.18-20Moreover, it has been shown that
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Figure 7. Evaluation of apoptosis in uninfected and HHV-7-infected SupT1
cells treated with rTRAIL or rHis6-tag control peptide. (A) Flow cytometric
evaluation of apoptosis and cell cycle profile in uninfected and HHV-7—infected
SupT1cells after 20 hours of treatment with rHis6-tag control peptide (left panels) or
rTRAIL (1 wg/mL) (right panels). The x-axis shows the DNA content, determined
based on fluorescence resulting from PI staining, and the y-axis reflects the relative
number of cells. Cells in apoptosis (Apo) or in the gapl (G1), synthesis (S), gap2
(G2), and mitosis (M) phases of the cell cycle are indicated. These results are
representative of 4 experiments performed in duplicate. (B) Combined immunofluo-
rescence analysis of HHV-7 antigen expression and apoptotic nuclei after TRAIL-
challenge in HHV-7—infected SupT1 cells. Cells are scored by fluorescence micros-
copy. Note that enlarged cells, characteristic of HHV-7-infected cultures, are
positively stained for viral antigens, whereas apoptotic nuclei (arrows) are more
frequent among small, uninfected cells. Original magnification is X 400. Representa-
tive fields of 5 separate experiments are shown.

the expression of HHV-7 is significantly increased in peripheral
lymphoid tissues of patients with acquired immune deficiency
syndrome’® strongly indicating that HHV-7 acts as an opportunis

tic agent in these patients. In this respect, other authors have sh
that the TRAIL system is up-regulated during human immunodet
ciency virus-1 infection and likely contributes to the pathogenesis

of human immunodeficiency virus-1 dise#8é!

1. TRAIL-induced apoptosis in uninfected and HHV-7—infected
upT1 cultures

Cells scored  Apoptosis, no.  Apoptosis, %

Uninfected SupT1 cultures 475 151 317

Our data demonstrate that the TRAIL-mediated induction ¢HV-7-infected SupT1 cultures

T-cell death may represent an important immune evasion mech
nism of HHV-7, helping the virus to persist in the host organism
throughout its lifetime. The functional up-regulation of TRAIL

d—_lHV»? antigen—positive cells 518 23 4.4
HHV-7 antigen—negative cells 507 149 29.3

After treatment with recombinant TRAIL, cells were scored by fluorescence

may also contribute to the role of HHV-7 as an opportunistic agemcroscopy to detect apoptotic nuclei and HHV-7 antigen expression (in HHV-7—

in transplantation patients and in patients with acquired immu

deficiency syndrom#s-20.51

infected cultures) by using dual-label staining for cell nuclei (DAPI) and HHV-7

I’Aﬁtigens, as described in “Materials and methods” (see also legend to Figure 7B).

Data represent the results of cells scored from 4 independent experiments.

20z aunr G0 uo jsenb Aq jpd'v22010028U/E68.L9 L/ L ¥2/8/86/)Ppd-0[o1e/pO0|qAeU SUOKED!IgNdYSE//:d)Y WOl papeojumoq



BLOOD, 15 OCTOBER 2001 - VOLUME 98, NUMBER 8

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

HHV-7-MEDIATED UP-REGULATION OF TRAIL 2481

Frenkel N, Schimer EC, Wyatt LS, et al. Isolation
of a new herpesvirus from CD4* T cells. Proc
Natl Acad Sci U S A. 1990;87:748-752.

Berneman ZN, Ablashi DV, Li G, et al. Human
herpesvirus 7 is a T-lymphotropic virus and is re-
lated to, but significantly different from, human
herpesvirus 6 and human cytomegalovirus. Proc
Natl Acad Sci U SA. 1992;89:10552-10556.

Secchiero P, Nicholas J, Deng H, et al. Identifica-
tion of human telomeric repeat motifs at the ge-
nome termini of human herpesvirus 7: structural
analysis and heterogeneity. J Virol. 1995;68:
8041-8045.

Nicholas J. Determination and analysis of the
complete nucleotide sequence of human herpes-
virus 7. J Virol. 1996;70:5975-5989.

Yoshikawa T, Asano Y, Kobayashi I, et al. Sero-

epidemiology of human herpesvirus 7 in healthy
children and adults in Japan. J Med Virol. 1993;

41:319-323.

Clark DA, Freeland ML, Mackie LK, Jarrett RF,
Onions DE. Prevalence of antibody to human
herpesvirus 7 by age. J Infect Dis. 1993;168:251-
252.

Wyatt LS, Frenkel Z. Human herpesvirus 7 is a
constitutive inhabitant of adult human saliva. J Vi-
rol. 1992;66:3206-3209.

Lusso P, Secchiero P, Crowley RW, Garzino-
Demo A, Berneman ZN, Gallo RC. CD4 is a
critical component of the receptor of human her-
pesvirus 7: interference with human immunodefi-
ciency virus. Proc Natl Acad Sci U S A. 1994;91:
3872-3876.

Secchiero P, Gibellini D, Flamand L, et al. Human
herpesvirus 7 (HHV-7) induces the down-regula-
tion of CD4 Ag in lymphoid T cells without affect-
ing p56lick levels. J Immunol. 1997;159:3412-
3423.

Leach CT. Human herpesvirus-6 and -7 infections
in children: agents of roseola and other syn-
dromes. Curr Opin Pediatr. 2000;12:269-274.

Bruns R, Muller CE, Wiersbitzky SK, Neipel F,
Jager G. Clinical presentations of infection by the
human herpesvirus-7 (HHV-7). Pediatr Hematol
Oncol. 2000;17:247-252.

Torigoe S, Koide W, Yamada M, Miyashiro E,
Tanaka-Taya K, Yamanishi K. Human herpesvirus
7 infection associated with central nervous sys-
tem manifestations. J Pediatr. 1996;129:301-305.

Black JB, Pellett PE. Human herpesvirus 7. Rev
Med Virol. 1999;9:245-262.

Gautheret-Dejean A, Dejean O, Vastel L, et al.
Human herpesvirus-6 and human herpesvirus-7
in the bone marrow from healthy subjects. Trans-
plantation. 2000;69:1722-1733.

Peiris M. Human herpesvirus-7 (HHV-7) in trans-
plant patients. Crit Rev Oncol Hematol. 2000;32:
187-196.

Brennan DC, Storch GA, Singer GG, Lee L,
Rueda J, Schnitzler MA. The prevalence of hu-
man herpesvirus-7 in renal transplant recipients
is unaffected by oral or intravenous ganciclovir.
J Infect Dis. 2000;181:1557-1561.

Kidd IM, Clark DA, Sabin CA, et al. Prospective
study of human beta herpesviruses after renal
transplantation: association of human herpesvi-
rus 7 and cytomegalovirus co-infection with cyto-
megalovirus disease and increased rejection.
Transplantation. 2000;69:2400-2404.

Mendez JC, Dockrell DH, Espy MJ, et al. Human
beta-herpesvirus interactions in solid organ trans-
plant recipients. J Infect Dis. 2001;183:179-184.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Mirandola P, Secchiero P, Pierpaoli S, et al. Infec-
tion of CD34* hematopoietic progenitor cells by
human herpesvirus 7 (HHV-7). Blood. 2000;96:
126-131.

Chan PK, Peiris JS, Yuen KY, et al. Human her-
pesvirus 6 and human herpesvirus 7 infections in
bone marrow transplant recipients. J Med Virol.
1997;53:295-305.

Secchiero P, Flamand L, Gibellini D, et al. Human
herpesvirus 7 induces CD4(+) T-cell death by
two distinct mechanisms: necrotic lysis in produc-
tively infected cells and apoptosis in uninfected or
nonproductively infected cells. Blood. 1997;90:
4502-4512.

Secchiero P, Bertolaso L, Casareto L, et al. Hu-
man herpesvirus 7 infection induces profound cell
cycle perturbations coupled to dysregulation of
cdc2 and cyclin B and polyploidization of CD4* T
cells. Blood. 1998;92:1685-1698.

Secchiero P, Zella D, Barabitskaja O, et al. Pro-
gressive and persistent down-regulation of sur-
face CXCR4 in CD4* T cells infected with human
herpesvirus 7. Blood. 1998;92:4521-4528.

Furukawa M, Yasukawa M, Yakushijin Y, Fujita S.
Distinct effects of human herpesvirus 6 and hu-
man herpesvirus 7 on surface molecule expres-
sion and function of CD4* T cells. J Immunol.
1994;152:5768-5775.

Atedzoe BN, Menezes J, D’Addario M, Xu J, On-
gradi J, Ahmad A. Modulatory effects on herpes
virus-7 on cytokine synthesis and cell proliferation
in human peripheral blood mononuclear cell cul-
tures. J Leukoc Biol. 1999;66:822-828.

Secchiero P, Bertolaso L, Gibellini D, et al. En-
forced expression of human bcl-2 in CD4* T cells
enhances human herpesvirus 7 replication and
induction of cytopathic effects. Eur J Immunol.
1998;28:1587-1596.

Wiley SR, Schooley K, Smolak PJ, et al. Identifi-
cation and characterization of a new member of

the TNF family that induces apoptosis. Immunity.
1995;3:673-682.

Baker SJ, Reddy EP. Transducers of life and
death: TNF receptor superfamily and associated
proteins. Oncogene. 1996;12:1-9.

Mariani SM, Krammer PH. Differential regulation
of TRAIL and CD95 ligand in transformed cells of
the T and B lymphocyte lineage. Eur J Immunol.

1998;28:973-982.

Gruss HJ, Dower SK. Tumor necrosis factor li-
gand superfamily: involvement in the pathology of
malignant lymphomas. Blood. 1995;85:3378-
3404.

Ashkenazi A, Dixit VM. Apoptosis control by
death and decoy receptors. Curr Opin Cell Biol.
1999;11:255-260.

Griffith TS, Rauch CT, Smolak PJ, et al. Func-
tional analysis of TRAIL receptors using monoclo-
nal antibodies. J Immunol. 1999;162:2597-2605.

Sprick MR, Weigand MA, Rieser E, et al. FADD/
MRT1 and caspase 8 are recruited to TRAIL re-
ceptors 1 and 2 and are essential for apoptosis

mediated by TRAIL receptor 2. Immunity. 2000;

12:599-609.

Kischkel FC, Lawrence DA, Chuntharapai A,
Schow P, Kim J, Ashkenazi A. Apo2L/TRAIL-
dependent recruitment of endogenous FADD and
caspase 8 to death receptors 4 and 5. Immunity.
2000;12:611-620.

Foa'-Tommasi L, Avitabile E, Ke L, Campadelli-
Fiume G. Polyvalent and monoclonal antibodies
identify major immunogenic proteins specific for
human herpesvirus 7-infected cells and have

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

weak cross-reactivity with human herpesvirus 6.
J Gen Virol. 1994;75:2719-2727.

Matzinger P. The JAM test: a simple assay for
DNA fragmentation and cell death. J Immunol
Methods. 1991;145:185-192.

Zamai L, Secchiero P, Pierpaoli S, et al. TNF-
related apoptosis-inducing ligand (TRAIL) as a
negative regulator of normal human erythropoi-
esis. Blood. 2000;95:3716-3724.

Zauli G, Vitale M, Re MC, et al. In vitro exposure
to human immunodeficiency virus type 1 induces
apoptotic cell death of the factor-dependent TF-1
hematopoietic cell line. Blood. 1994;83:167-175.

Martinez-Lorenzo MJ, Anel A, Gamen S, et al.
Activated human T cells release bioactive Fas
ligand and APO2 ligand in microvesicles. J Immu-
nol. 1999;163:1274-1281.

Kayagaki N, Yamaguchi N, Nakayama M, Eto H,
Okumura K, Yagita H. Type | interferons (IFNs)
regulate tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) expression on human T
cells: a novel mechanism for the antitumor effects
of type | IFNs. J. Exp. Med. 1999;189:1451-1460.

Pan G, O'Rourke K, Chinnaiyan AM, et al. The
receptor for the cytotoxic ligand TRAIL. Science.
1997;276:111-113.

Sheridan JP, Marsters SA, Pitti RM, et al. Control
of TRAIL-induced apoptosis by a family of signal-
ing and decoy receptors. Science. 1997;277:818-
821.

Song K, Chen'Y, Goke R, et al. Tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL)
is an inhibitor of autoimmune inflammation and
cell cycle progression. J Exp Med. 2000;191:
1095-1103.

Kimn K, Fisher MJ, Xu SQ, el-Deiry WS. Molecu-
lar determinants of response to TRAIL in killing of
normal and cancer cells. Clin Cancer Res. 2000;

6:335-346.

Ward PL, Roizman B. Evasion and obstruction:
the central strategy of the interaction of human
herpesviruses with host defense. In: Medveczky
PG, Friedman H, Bendinelli M, eds. Herpesvi-
ruses and Immunity. New York, NY: Plenum
Press; 1998;1-32.

Sedger LM, Shows DM, Blanton RA, et al. IFN-y
mediates a novel antiviral activity through dy-
namic modulation of TRAIL and TRAIL receptor
expression. J Immunol. 1999;163:920-926.

Raftery MJ, Behrens CK, Muller A, Krammer
PK, Walczak PH, Schonrich G. Herpes simplex
virus 1 infection of activated cytotoxic T cells:
induction of fratricide as a mechanism of viral
immune evasion. J Exp Med. 1999;190:1103-
1113.

Kempf W, Muller B, Maurer R, Adams V, Cam-
padelli Fiume G. Increased expression of human
herpesvirus 7 in lymphoid organs of AIDS pa-
tients. J Clin Virol. 2000;16:193-201.

Katsikis PD, Garcia-Ojeda ME, Torres-Roca JF,
et al. Interleukin-1 beta converting enzyme-like
protease involvement in Fas-induced and activa-
tion-induced peripheral blood T cell apoptosis in
HIV infection: TNF-related apoptosis-inducing
ligand can mediate activation-induced T cell
death in HIV infection. J Exp Med. 1997;186:
1365-1372.

Jeremias |, Herr I, Boehler T, Debatin KM. TRAIL/
Apo-2-ligand-induced apoptosis in human T
cells. Eur J Immunol. 1998;28:143-152.

Badley AD, Pilon AA, Landay A, Lynch DH.
Mechanisms of HIV-associated lymphocyte apo-
ptosis. Blood. 2000;96:2951-2964.

20z aunr G0 uo jsenb Aq jpd'v22010028U/E68.L9 L/ L ¥2/8/86/)Ppd-0[o1e/pO0|qAeU SUOKED!IgNdYSE//:d)Y WOl papeojumoq



