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CD4 T lymphocytes are primed to express Fas ligand by CD4 cross-linking
and to contribute to CD8 T-cell apoptosis via Fas/FasL death signaling pathway

Masaki Tateyama, Naoki Oyaizu, Thomas W. McCloskey, Soe Than, and Savita Pahwa

CD4 molecules serve as coreceptors for
the T-cell receptor (TCR)/CD3 complex
that are engaged coordinately with TCR
and facilitate antigen-specific T-cell
activation leading to interleukin 2 (IL-2)
production and proliferation. However,
cross-ligation of CD4 molecules prior to
TCR stimulation has been shown to prime
CD4 T cells to undergo apoptosis. Al-
though in vivo and in vitro experiments
have implicated the involvement of
Fas/FasL interaction in this CD4 cross-
linking (CD4XL)-induced apoptosis, de-
tailed mechanisms to account for cell
death induction have not been eluci-

dated. In the present study, we demon-
strate that CD4XL in purified T cells not
only led to Fas up-regulation but also
primed CD4 T cells to express FasL upon
CD3 stimulation and rendered the T cells
susceptible to Fas-mediated apoptosis.
Notably, in addition to CD4 *+ T cells,
CD4XL-induced sensitization for apopto-
sis was observed in CD8 * T cells as well
and was associated with Bcl-x down-
modulation. Both CD4 and CD8 T-cell
subsets underwent apoptosis following
cell-cell contact with FasL * CD4 T cells.
CD28 costimulation abrogated CD4XL/
CD3-induced apoptosis with restoration

of IL-2 production and prevented Bcl-x
down-modulation. As CD4 molecules are
the primary receptors for human immuno-
deficiency virus 1 (HIV-1), we conclude
that HIV-1 envelope mediated CD4XL can
lead to the generation of FasL-expressing
CD4+ T cells that can lead to apoptosis of
CD4 as well as CD8 T cells. These
findings implicate a novel mechanism for
CD8 T-cell depletion in HIV disease.
(Blood. 2000;96:195-202)
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Introduction

The current consensus of human immunodeficiency virus (HIVlating lines of evidence support the view that potential receptor/
related cytopathicity in vivo is that CD4 T cells are depleted by twhigand interactions involved in the delivery of the death signal to
ways, one way is by direct cytopathicity and the other is by indirechinfected cells could include Fas/FasL or others, such as tumor
killing of uninfected cells via mechanisms involving immunenecrosis factor receptor (TNFR)/tumor necrosis factqiFNFa),
reactivity. The target cell population for the latter mechanism is nand DR4, DR5/TRAILS11We as well as othets°have postulated
confined to the CD4 T cells, as CD8 T cells are also affected. that CD4 signaling as a result of HIV gp120 interaction with CD4
Although the total number of circulating CD8 T cells are notontributes to CD4 T-cell apoptosis via induction of these death-
significantly decreased, changes from CO®28" to CD8*CD28 mediating molecules. It has been demonstrated that CD4 cross-
phenotypé, accelerated apoptosi§,and increased turnover with linking (CD4XL) in murine? or human® CD4 T cells followed by
shorted telomere lengthave been reported for CD8 T cells duringT-cell receptor (TCR) stimulation results in apoptotic cell death.
the course of HIV infection because of persistent viral burdelVe have previously shown that CD4XL, if performed in the
Repeated antigenic stimulation resulting in activation-induced c@ltesence of monocytes/macrophages, is sufficient to induce” CD4
death via apoptosis may account for the changes detected in Theell apoptosis without TCR stimulatidi. Subsequent studies
CD8 T-cell population. The expansion of particular viral antigerhave revealed the involvement of Fas/FasL interaction in this
specific cytotoxic T-lymphocyte (CTL) clones followed by depleCD4XL-induced T-cell apoptosis. In the former system, both in
tion has been demonstrated in CD8 T cells from HIV-infectedivo and in vitro studies have revealed that CD4XL-mediated
patients> Moreover, it has recently been shown that the adoptivEcell apoptosis does not occur in Fas-defective T défléand in
transfer of ex vivo expanded HIV-specific CD8 CTLs resulted ithe latter system, CD4XL in peripheral blood mononuclear cells
rapid cell death in situ despite successful homing to the site (#BMCs)resulted in Fas expression inc€llsl” and FasL expression
infection® It is thus likely that as yet unidentified mechanisms thah monocytes, resulting in monocyte-mediated Fas/FasL interaction-
lead to CD8 T-cell death may be operative at the site of HIdependent CD4 T-cell apoptosisin support of this observation,
infection, especially in the peripheral lymphoid organs. HIV-infected monocytes have been shown to express FasL and to
Contrary to the direct cytopathicity of HIV that was shown teengage in Fas-mediated CD4 T-cell killifgHowever, the fate of
result in cell death in HIV-infected Fas-defective T célezccumu- CD8 T cells in purified T cells that are activated by TCR/CD3
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stimulation after CD4XL has not been examined. In the presebetermination of lymphocyte surface and cytoplasmic
study, we have addressed this point and report here that CD4Xttigen expression

pr.|mes ,bOth subsets _Of T cells for apopt03|s following CDﬁymphocyte surface markers were identified by triple-color immunofluores-
stimulation by generating FasL-expressing CDRlymphocytes cence with the use of various combinations of mAbs. The mAbs were

that, in turn, induce accelerated apoptosis of CD4 and CD8 T celisnjugated with fluorescein isothiocyanate (FITC), phycoerythrin (PE), or

upon cell—cell contact. peridinin chlorophyll A (PerCP) as indicated: PE-CD4 (IgG1), PerCP- or
PE-CD8 (IgG2a), FITC-CD14 (IgG2b), FITC- or PE-CD19 (IgG1), and
PerCP-CD45 (IgG1); all mAbs and relevant isotype-matched control mAbs

Materials and methods were purchased from Becton Dickinson (San Jose, CA). FITC-Fas (clone
UB2, IgG1) was obtained from Immunotech (Westbrook, ME). Surface
Cells and culture conditions labeling was performed at room temperature for 15 minutes in cells

) ) ~ suspended in staining buffer (HBSS containing 1% FCS and 0.1% sodium
PBMCs from HIV-seronegative healthy persons were isolated by Ficolljje) For intracytoplasmic measurement of Bcl-2, Bcl-x, and cytokines
Hypaque density gradient centrifugation (Accurate Chemicals, Westbufin.y TNFa, or interleukin 2 (IL-2)], cells were fixed and permeabilized
NY). T cells were separated from PBMCs by Human T Cell Enrichmen 40 minutes with ORTHO PermeaFIX (Johnson & Johnson, Raritan, NJ)
Columns (R&D Systems, Minneapolis, MN), using high affinity negativgy|iowing surface labeling. After permeabilization, cells were incubated for
selection. Resulting cells were 95% CD3 and contained< 1% of > minutes on ice with FITC-labeled antihuman Bcl-2 (IgG1, DAKO,
CD19" or CD14" cells by immunofluorescence. In some experimentgsarpinteria, CA) diluted 1:50 in HBSS, which was predetermined to be the
CD8" and CD8 T cells were purified by incubation of peripheral blood Toima) concentration. Intracytoplasmic labeling of Bcl-x was performed
cells (PBTs) with magnetic beads (Dynal, Oslo, Norway). The CD8ells itk the use of polyclonal rabbit anti-Bcl-x S/L antibody (1:5 dilution in
were designated as CD4 T cells in these studies. RPMI 1640 (Lifgsss 20 minutes on ice; Santa Cruz Biotechnology, Santa Cruz, CA).
Technologies, Grand Island, NY) supplemented with 10% heat-inactivatgg e, washing twice with HBSS, cells were incubated with cyanine
fetal calf serum (FCS) (Life Technologies), 2 mmol/tglutamine, 100 5-conjugated antirabbit F(42 antibody (1:50 dilution in HBSS, 20
U/mL penicillin G, and 100 ug/mL streptomycin was used for all cultures. yinytes on ice; Jackson ImmunoResearch). For intracytoplasmic cytokine
detection, cells were incubated with 10 pg/mL Brefeldin A (Sigma
Chemical, St. Louis, MO), and harvested cells were treated for 20 minutes
Reagents and sources were as follows: monoclonal antibody (mAb) to C834°C with PE-IFN (IgG1), PE-TNR (IgG1), or PE-IL-2 (IgG2a); all
(clone HIT3a, Pharmingen, San Diego, CA), to CD4 (clone RPA-T4NAbs and relevant isotype-matched control mAbs were purchased from
Pharmingen), to CD28 (clone CD28.2, Pharmingen); goat antimouB®armingen. For selected experiments, we assessed surface binding of
immunoglobulin (GAM; Jackson ImmunoResearch Laboratory, West Grov@néxin V- and anti-CD8 mAb  simultaneously with intracytoplasmic
PA); and mouse immunoglobulin from nonimmune animals (mlg; Jacksé¥tokine detection. Cells were washed twice with HBSS, resuspended in
ImmunoResearch Laboratory). The soluble Fas-immunoglobulin G (Ig&}¢ paraformaldehyde HBSS, and analyzed by flow cytometry with the use
chimeric protein (sFas) was prepared as descibedilizing plasmids ~©f the Epics Elite instrument (Coulter, Hialeah, FL).
containing a fusion gene of human Fas extracellular domain (nucIeotid@B%L messenger RNA determination by reverse
165-713) with human IgG1 fragment (hFas-hlgG-pcDNA |, a gift from DEranscriptase PCR
J. D. Mountz, University of Alabama at Birmingham, Birmingham, AL).
The mAb to human FasL, 4H9 IgG1, was kindly provided by MBL Ltd,For the quantitation of CD95L messenger RNA (mRNA), PCR-assisted
Nagoya, Japan; mAbs to human interferp(iFNvy) and TNF were a git  mRNA amplification (RT-PCR) was performed as described in detail

Reagents and monoclonal antibodies

from Dr'Y. Ohmoto (Otsuka Pharmaceutical, Tokushima, Japan). elsewheré4 In brief, total cellular RNA was extracted from>2 1P cells
o ) ) ) with Ultraspec RNAzol (Biotecx Laboratories, Houston, TX) according to
Priming and induction of apoptosis the manufacturer’s protocol. Reverse transcription of RNA to complemen-

T cells were isolated and CD4XL was performed as described previbUsI)}ary D'L\'A ((er?\ll\,i\Al)D (\:NF? sk_tpe;forlip e(él acch:rdLng tﬁ the ”E r(g(;colcgfggle
In brief, cells were treated with anti-CD4 mAb at concentrations of 18;ene- mp it (Perkin Elmer Cetus, Norwalk, )- A

) o - ific primer pairs anfl-actin were purchased from Research Genetics
/1% 106 cells for 40 minutes at 4°C. Cells were then cultured ifPeoc. ; )
H9 (Huntsville, AL). Primer sequences for CD95L 8Sense and '3antisense

round-bottom 12< 75 mm polystyrene tubes (Falcon 2054, Becton Dickin=*
son Lab Ware, Bedford, MA) coated with GAM immunoglobulin for 40vere CTGGTGGCT.CTGGTTG.QAAT and GTTTAGGGGCTGGTTGT_

minutes, after which time cells were transferred to noncoated tubgsgc’ respectlvgly [size of amplified fragments, 506 bas_e pairs (bp)]. PCR
Nonimmune mlg-treated cells were used as controls for anti-CD4 m as performed in a GeneAmp PCR system 9600 (Perkin Elmer Cetus) for
treatment. Anti-CD3 mAb (0.1 pg/mL) with or without anti-CD28 mAb 0 cycles of 1 minute of denaturation at 94°C, 1.5 minutes of annealing at
(1.0 pg/mL) was added at 40 minutes or at 24 hours after CD4XL, and ceﬁg Ct’ anfd I:ILS nyrltﬁte:s%s)f exltens:)r:_ at72°C. Adflnal ext_e?smnl pen?d Io.f 10
were incubated for an additional 18 hours. In some experiments, the CD utes tollowed the S cyc eg-Actin was used as an internai controt in

cells were separated from the CD4XL-treated CD4 T cells by a polycarboﬁl— reactions. The reaction products were visualized by subjecting them to

I, ) -
ate transwell culture membrane insert of 6.5-mm diameter and 3.0-um pgg (I:érophgre&fsdln 1% agarose In<ITBE buffer containing 0.5 pg/mL
size (Costar, Cambridge, MA); CD4 T cells were placed in the bottoff "Ic1um bromide.
chamber and CD8 T cells were placed in the upper chamber. We confirm@gtistical analysis

that these inserts did not affect the viability of either subset. o o )
Statistical significance was assessed by Studetgst and considered

Measurement of apoptosis significant aP < .05.

To analyze cell surface phenotype in conjunction with apoptosis, we used
the annexin V binding method, which detects phosphatidylserine thatﬁ It
preferentially expressed on the surface of apoptotic éligjlizing a esults

commercially available kit (Apoptosis Detection Kit, R&D Systems)-pax( in purified T cells followed by anti-CD3 stimulation

according to the manufacturers protocol. Sgrface Iab(_allng fqr the CDI§duces not only CD4 but also CD8 T-cell apoptosis
molecule was performed simultaneously with annexin V binding. In ) o _
selected experiments, the presence of fragmented nuclei was also confirhed examine whether CD4XL affects apoptosis induction

by a propidium iodide staining technique as descritsed. in response to CD3 stimulation and to exclude the role of
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Table 1. Percentage and phenotype of cells undergoing apoptosis on CD4XL in PBT annexin V labeling

Pretreatment

Medium mlgG/GAM Leu3a/GAM
Addition CD4" T cells CD8* T cells CD4* T cells CD8" T cells CD4" T cells CD8* T cells

Added after 40 minutes

None 8.1x14 89+21 102 2.2 109 £ 25 14.4 = 3.2 11.1*27

Anti-CD3 mAb 8.6 +23 9.5+ 20 11.2+13 10.7 19 134 +3.1 13.0+19

Anti-CD3/CD28 mAbs 8.9+18 102+ 1.4 9.8+18 10.0 + 1.7 127 24 95+ 13
Added after 24 hours

None 9.2 +32 88+ 19 10.7 + 3.9 11.2 = 4.0 12.1 +33 74+19

Anti-CD3 mAb 9.6 = 4.0 10.2 = 3.6 104 = 2.8 9.8 22 32.7 £ 5.9* 39.5 £ 5.8*

Anti-CD3/CD28 mAbs 88 +23 9.7 3.7 113+ 34 11.9 = 3.7 183+ 21 103 +2.3

PBT were analyzed for annexin V positive cells to determine percentage of cells undergoing apoptosis. Phenotypes were determined by surface labeling with anti-CD8
mAb as described. Data represent mean + SD of 3 experiments.

Abbreviations: CD4XL, CD4 cross-linking; PBT, peripheral blood T cells; mlgG, mouse immunoglobulin G1; GAM, goat anti-mouse; mAb, monoclonal antibody.

*P < .05 as determined by paired test compared with medium treatment instead of CD4XL.

monocytes/macrophages, we prepared purified T cells and thgp4XL alone is sufficient to up-regulate CD95 expression
performed cellular stimulation in this population. Followingin both CD4 T cells and CD8 T cells
CD4XL, timing of the addition of anti-CD3 mAb was examined NS shown in Figure 2, basal levels of CD95 expression were

preliminary experiments and the effects of CD28 costimulatiog, -nanged in medium-treated controls during the culture period

were also evaluated. To assess apoptosis induction in eaCh(Jﬁshaded histograms), whereas CD4XL treatment resulted in

lymphocyte subset separately, we employed 2-color immunofluy, .y eq Fas up-regulation in both subsets. We examined whether

rescence analysis with PerCP-labeled anti-CD8 mAb subsequent fuitional cD3 stimulation influenced Fas expression and observed
FITC-annexin V staining and evaluated annexin V-bound apoptofjc.

- ) . at Fas expression was increased in both subsets by CD3
cells Ith_thln CD4 T cells (CD8 population) as well as in CD8 stimulation, regardless of the timing of addition (panels 2, 5, 8, and
population.

7). CD28 costimulation did not further affect the levels of Fas

~ As summarized in Table 1, we could successfully demonstrglg o< jon induced by CD4XL plus CD3 stimulation. Collectively,
S|gp|f|cant T-cell apoptosis induction only under conditions thgtp,v| \was sufficient to up-regulate Fas expression, and the
anti-CD3 was added 24 hours after CD4XL (hereafter referred H?)ility of CD28 stimulation to block apoptosis could not be

simply as [CD4XL/CD3]): Notably, We.observed for the first timeascribed to regulation of levels of Fas expression.

that CD8 T-cell apoptosis was also induced. We confirmed our

p_re\{ious finding that CD4XL alone conducted in purified T ceII%D3 stimulation induces CD95L MRNA in CD4 T cells

(ie, in the absence of monocytes/macrophages) by treatment wjf, priming with CD4XL

Leu3a/GAM was not sufficient to induce apoptosis. Anti-CD3 o ] ]
stimulation alone also did not induce T-cell apoptosis. HowevelC explore CDISL expression in response to CD3 stimulation, we
addition of anti-CD3 mAb 24 hours after CD4XL was found tg#x@mined CD95L mRNA expression in purified CD4 T cells and
induce significant T-cell apoptosis in both subsets. In addition foP8 T cells by RT-PCR. As shown in Figure 3, Cl38mulation
annexin V-binding analysis, we confirmed the apoptosis by
determining the emergence of sul/G, fragmented nuclei by 50
propidium iodide staining (data not shown). Timing of CD3 CD4XL/CDB plus
stimulation appeared to be critical because we did not observe sFas @
significant T-cell apoptosis if it was added 40 minutes after 40 -

CD4XL. Further, we found that additional CD28 stimulation in }ccmxucos
conjunction with CD3 stimulation reversed the [CD4XL/CD3J-induced

T-cell apoptosis.

1]
@]
1

% apoptosis
*

[CD4XL/CD3]J-induced lymphocyte apoptosis is blocked
by soluble Fas or by anti-FasL mAb }CD4XL+CD3/CD28

To examine the involvement of Fas/FasL in [CD4XL/CD3]-
induced T-cell apoptosis, we evaluated the effect of adding soluble
Fas (sFas) or anti-FasL mAb 4H9 in interfering with Fas/FasL
interaction. As shown in Figure 1, addition of sFas resulted in a
dose-dependent inhibition of the [CD4XL/CD3]-induced apopto-
sis. Addition of anti-FasL mAb 4H9, which has previously been _ o
shown to block activation-induced apoptosis in T cllaas also Figure 1. [CD4XL/CD3]-induced lymphocyte apoptosis is blocked by soluble

. ’ Fas or by anti-FasL mAb. Soluble Fas (sFas: closed circles) or 4H9 (closed
found to block apoptosis in a dose-dependent manner. These resilises) was added at the indicated concentrations (ug/mL) to the cultures of CD4
indicate that CD95/CD95L interaction is required for the inductiopross-linked T cells plus anti-CD3 mAb ([CD4XL/CD3]: open square), and apoptosis

of [CD4XL/CD3]-induced T-cell apoptosis. However, neither sFa%as evaluated by annexin V binding. Apoptotic populations of CD4XL alone (open
’ ifcle) and/or anti-CD3/CD28 mAbs (open triangle) are also indicated. Data represent

. . . . . ci
nor 4H9 blocked apoptosis completely, implicating the operation %tan + SD of 3 experiments. *Significantly (P < .001) different from CD4XL/CD3
other apoptosis-inducing molecules in addition to Fas/FasL. samples.
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CD4+ T cells CD8+ T cells
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CD95 expression (log fluorescence intensity)

Figure 2. CD4XL alone is sufficient to up-regulate CD95 expression in both CD4
Tcellsand CD8 T cells. PBTs were pretreated with CD4XL at 37°C for 40 minutes or
for 24 hours. Thereafter, anti-CD3 mAb was added with or without anti-CD28 mAb
and cells were cultured for 18 hours. CD95 expression was analyzed by flow
cytometry. Histograms obtained from the indicated conditions are shaded, and
histograms from time-matched medium control (unshaded) are also indicated in
panels 1 through 12. Data represent 1 of 3 experiments.
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CD3 stimulation 24 hours after CD4XL down-modulates Bcl-x,
but not Bcl-2, in both CD4 T cells and CD8 T cells, and
CD28-costimulation prevents Bcl-x down-modulation

Contrary to T-cell lines, such as Jurkat T cells, PBTs are fairly
resistant to apoptosis by agonistic anti-Fas antibody even though a
substantial number of cells express Fas antigen. In general, a cell's
fate of death versus survival can be determined by the balance
between pro-apoptotic and anti-apoptotic signals. The Bcl-2 family
comprises a number of proteins that play critical roles in the
regulation of apoptotic cell death. In particular, both Bcl-2 and
Bcl-xL have been shown to prevent apoptosis in response to a wide
variety of stimuli?6 We thus examined intracytoplasmic Bcl-x or
Bcl-2 protein expression in conjunction with cell-surface staining
by flow cytometry. As shown in Figures 4A and 4B, we found that
addition of anti-CD3 mAb 24 hours after CD4XL resulted in
reduced Bcl-x expression in both CD4 T cells and CD8 T cells
(panels 13 in Figure 4A, 4B). Of note, this reduction of Bcl-x
expression was not observed if anti-CD3 mAb was added 40
minutes after CD4XL (panels 12 in Figure 4A, 4B), implicating
that a certain period is required following CD4XL for the cells to
become susceptible to CD3-induced Bcl-x down-modulation. Fur-
ther, this [CD4XL/CD3]-induced Bcl-x down-modulation was
prevented by CD28 costimulation in both subpopulations (panels
15, Figure 4A, 4B). Contrary to Bcl-x expression, the levels of

40 minutes after CD4XL did not induce mRNA for CD95L in eitherBcl-2 expression (Figure 5) were not significantly affected in all
CD4 or CD8 T cells in the culture period examined. Howeveronditions except for a slight reduction in mean fluorescence
addition of anti-CD3 mAb 24 hours after CD4XL resulted inintensity (MFI) that was observed in CD8 T cells in which
expression of CD95L mRNA only in CD4 T cells but notin CD8 T

cells. These results indicate that CD4XL primes CD4 T cells to

- : : : CD4* T cells B CD8* T cells
express FasL in response to anti-CD3 mAb stimulation. Becaus Aclded ater 40 min Added atte 26 hours Added ater 40 min Added sher 24 hours
the functional interference of CD95/CD95L interaction by addition , z
of sFas or by anti-FasL mAb abrogated [CD4XL-CD3]-induced g /N\ /\ i /&\ /14\ /\
T-cell apoptosis (Figure 1), this finding also supports the notion that B
CD4-cross-linked/CD3-stimulated CD4 T cells might gain cyto- E K - e

toxic function by expressing FasL and engage CD95 to induce

apoptosis in CD4 and CD8 T cells in this culture system.

CD4+ T cells
0 3 60°180° 0O 3 60’ 180° 0 3’ 60’ 180°
FasL
p-actin
CD8+ T cells
0 3 60°180° 0’ 3’ 60’ 180 0 3’ 60’180

Medium CD4XL (40min)

+anti-CD3mAb

CD4XL (24h)
+anti-CD3mAb

Figure 3. CD3 stimulation induces CD95L mRNA in CD4 T cells after priming

with CD4XL. Purified CD4 T cells (top) or CD8 T cells (bottom) were either untreated
(medium: left panels) or CD4 cross-linked for 40 minutes (middle panel) or for 24
hours (right panel) and then stimulated with anti-CD3 mAb. Cells were harvested at
the indicated times (in minutes) after addition of anti-CD3 mAb and examined for
CD95L mRNA by RT-PCR. Figures show agarose gel electrophoresis stained with
ethidium bromide for amplified fragments for CD95L and B-actin. Data represent 1 of
2 experiments.

N.
P
g 8
5
K
P
]
]
z b
5
2 g

[
19/GAM

Vi

Bel-x

Bel-x

Figure 4. CD3 stimulation of PBTs 24 hours after CD4XL down-modulates Bcl-x

in both CD4 T cells and CD8 T cells, and CD28 costimulation prevents Bcl-x
down-modulation. [CD4XL/CD3] PBT cell cultures are showing Bcl-x expression in
CDA4 T cells (A) and in CD8 T cells (B). Cell-culture conditions are indicated in each
panel, and isotype controls are indicated in top panels. Cells were analyzed by flow
cytometry for intracytoplasmic Bcl-x expression in conjunction with surface labeling
with FITC-anti-CD8 mAb. Broken lines represent the lowermost boundary of cells
cultured in medium alone and labeled with anti—Bcl-x Ab. Cells that emerged to the
left of this line represent Bcl-x down-modulated cells, and their percentages are
indicated in the figure.
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A CD4* T cells B CcD8* T cells A CD4+ T celis B CD8+ T cells
Added atter 40 min Added after 24 hours Added after 40 min Added after 24 hours a4 o1 o4 “1 02
Medium ‘ Medium ‘} A
g g PN ) |f :‘ )
g % I T E T s
B coaxL CcoAXL :
M;dium Madium I Me‘dium. Mgdium Mgdium. é 2 3 g g
weos | A +CD3 +CD3 j\ 3§ &Z" 3 g
f H z K fid 1.4] 16] &
46% 48% / 22% j z,st 32% y fgg;L fgé;'— | .
5 4 5 - 2
e oy I TR
1cD28 028 ;é:IJ[Jz:B CD4XL cgé;(L
6% ) 30% 62% Py 1CD28 g it
B s
5 8 6 Annexin V. Annexin V
IgGAM Ig/GAM I?IGAM IgIGAM, Ig/GAM, 1G/GAM
| o | co3 : +co3 +eos Figure 6. [CD4XL/CD3] treatment of PBTs results in induction of TNF aand IFNy
s9% | a7 7.2% 33 26% lw,, in T cells undergoing apoptosis; anti-CD28 stimulation results in IL-2 expres-
e sion and rescues T cells from apoptosis. PBTs (1 X 108/mL) were cultured in
AM oM I9/GAM, oA, complete medium, or treated with CD4XL, and were stimulated after 24 hours with
coos o | o oo | anti-CD3 mAb with or without CD28-stimulation in the presence of Brefeldin A.
5.3% 46% 43% 2.9% Following a culture period of 18 hours, cells were harvested and labeled with annexin
‘ - V and anticytokine antibodies for simultaneous assessment of intracytoplasmic
i, chix. chix i, o coaxt cytokine production and apoptosis in CD4 T cells (A) and in CD8 T cells (B).
] +o0s oo i “c03 ‘CD’[\ Percentages of positive cells are indicated.
4T% 5.8% 73% 29% 3.6% 42%
i 4
1 18 P [CD4XL/CD3]-induced apoptosis in CD8 T cells requires
(EDAXL : (38;;(\. CO4aXL, CDdXL: . . .
Py /\ e oo woos physical contact with CD4 cross-linked T cells
386% f 59% . . T
- = s Finally we conducted the effector-target cell analysis, utilizing a
> L Transwell cell culture system. As depicted in Figure 8, purified
Bel-2 Bel-2

_ o CD8 T cells were placed in the upper chamber that was separated

s et zge 10T the bottom chamber in which purified CDA T cels were

of cells with Bel-2 down-modulation. placed by membrane inserts. Addition of anti-CD3 mAb alone
induced IFNy expression in a substantial fraction of cells in both

anti-CD3 mAb was added 24 hours after CD4XL (Figure 5B, panslbsets but did not lead to apoptosis induction (Figure 8, left

13), but this expression was not reversed by CD28 costimulatipanels). However, if CD3 mAb was added after CD4XL, although

(panel 15). the percentage of IFNexpressing cells was unaffected, CD4 T
o ‘ ‘ cells in the bottom chamber underwent apoptosis, whereas CD8 T
Role of cytokines in [CD4XL/CD3]-induced T-cell apoptosis cells in the upper chamber were prevented from apoptosis. These

We have previously shown that CD4XL performed in paMcEesults clearly indicate that [CD4XL/CD3]-treatment drives CD4 T
could lead to IFN and TNFe secretion without induction of IL-2 cells to become apoptosis-inducing effector cells and that physical
and that these secreted cytokines affected T-cell apoptosf@ntactis required for apoptosis induction in this system.

induction by up-regulating Fas and by increasing the susceptibility
to apoptosid/ We conducted intracytoplasmic cytokine (IffN )
TNFo and IL-2) staining in conjunction with annexin V binding toDiscussion

analyze cytokine expression and apoptosis simultaneously at the, . . )
single-cell level. As shown in Figure 6, CD4XL of purified T cellsctivation of T cells derived from transformed cell lines or
did not induce significant cytokine secretion or annexin V bindind!lyPridomas resuilts in induction of FasL expression and rapid
however, addition of anti-CD3 mAb after CD4XL resulted in

significant IFNy and TNFe expression in both subsets but IL-2was = %7 . . 0 pes Teols
barely induced. Most of the IFN or TNFa-expressing cells were

found to bind annexin V, indicating that these cytokine-expressing “
cells undergo apoptosis, although the majority of apoptotic cells:
did not secrete IFN or TNFa. CD28 costimulation resulted in IL-2
expression without affecting the levels of IFNor TNFa but
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significantly reduced the emergence of annexin V-positive cells. " .

The protection from apoptosis by CD28 costimulation thus appears 1o AT A+ AniFy & 10 e

to be associated with a mechanism involving IL-2 secretion and Anli-TNFa Ab+Anti4FNy Ab

not as a result of inhibition of the levels of IKNor TNFx 0 om 01 10 30 o 003 01 10 30

expression AntENy Ab (ugiml) o0 Ati-IFNy Ab (kgimL) ot
To further examine the role of induced IfNand TNFe in AiTNEa AL o100 O re 100

apc_)ptos_ls induction, we examlned the effects of neu':rallzn]ggure 7. Neutralizing antibodies to TNF « and IFN+y block [CD4XL/CD3]-
antibodies to IFN and TNFx in the [CD4XL/CD3]-cell culture inguced T-cell apoptosis.  CD4XL/CD3 treatment was performed in PBTs in the
system. Addition of anti-IFN and TNFx antibodies was found to absence or presence of various concentrations of anti-IFNy antibody (open circles) or
block [CD4XL/CD3]-induced apoptosis ina dose-dependent ma?.p_ti-TNFa antibody (closed circles). Data obtained from the simultaneous addition of

. . . . nti-IFN+y antibody (1.0 pg/mL) and anti-TNFa antibody (3.0 pg/mL) are indicated as
ner; both antibodies blocked CD8 T-cell apoptosis more effectlveig Y (1.0 Hg/ml) Y (30 namt)

’ . en squares. Apoptosis was determined by annexin V labeling. Data represent 2
than CD4 T-cell apoptosis (Figure 7). independent experiments.
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molecular basis to explain the mechanism of [CD4XL/CD3]-
CDB8+ T cells CD8+ T cells induced T-cell apoptosis. Further, these findings have implications
for HIV pathogenesis as HIV gpl120 utilizes CD4 as its main
CD4+ T cells sv?tﬁzgd‘f(':_s receptor and suggest a possible novel role for HIV gp120, that of
generating CD#4 cytotoxic T cells.
v Apoptosis in CD8 T cells was found to depend on contact with
24 hours * Ani-CD3 mAb FasL-expressing CD4 T cells. The detection of FasL on CD4 T cells
nt- m was made by RT-PCR; repeated attempts to demonstrate FasL
CD8+ T cells CD8+ T cells expression on T cells by flow cytometry using anti-FasL antibodies
were unsuccessful, even when cells were treated with matrix
v CD4+ T cells metalloproteinase inhibitor KB 8301 (data not shown). This
CD4+ T cells with CD4XL difficulty in demonstrating surface FasL expression on lympho-
cytes has been previously documented bif and by othersd’
18 hours v v Possibly, the limit of sensitivity of flow cytometry does not permit

detection of FasL on lymphocytes. Cell separation experiments
CD8+ T cells CD8+ T cells revealed that soluble factors, including lyMind TNFx induced
‘ from CD4 T cells by CD4XL, were by themselves insufficient to
induce apoptosis of CD8 T cells even in combination with CD3
activation in the absence of physical contact between CD4 and
CD8 T cells. In this regard, effective CD95 receptor/ligand
signaling has been shown to require physical contact between
receptor and ligand-bearing cetfs32Our previous studies as well
have shown that TNdeand IFNy can make cells more susceptible
CD4+ T celis to apoptosis but are insufficient to induce apopté$iaith respect
‘ to CD8 T cells, we never observed apoptosis in this subset in our
previous studies of CD4XL in PBMCs, in which abundant amounts
of TNFa and IFNy were present in the presenceRasL-expressing
monocytes#17.18\e thus believe that the effects of these cytokines
combined with CD3 stimulation are required for down-regulation
of Bcl-x in CD8 T cells, hence making them susceptible to undergo
apoptosis.
. . . o Apoptosis-blocking abilities of neutralizing antibodies to H/N
e oy TNFot indicate hat factors that predispose CDé—cross-linked cell
CD4XL were placed below the insert (bottom chamber), and CD8 T cells were placed to undergo apoptosis could also be ascribed to polarized cytokine
in the upper chamber. After 24-hour culture, anti-CD3 mAb was added and cells were  secretion (ie, IFN/TNFa production) without IL-2 secretion in
incubatgd for an additional lS_hours. Cells were harveste@_, Iabeleq with annexin V, response to CD3 stimulation. It has been shown thatdl Ngt only
and stained for intracytoplasmic IFNy. Percentages of positive cells in each quadrant . . .
are indicated. Data represent 1 of 2 experiments. mediates a death Slgnal but also promOteS apopt05|s by up-
regulating Fad’ Accelerated CD3-mediated T-cell apoptosis has

susceptibility to Fas-mediated apoptosis; in primary T lymphéen associated with IFNproduction in the absence of IL%2.
cytes, however, the process of activation-induced cell dealfiS combination of cytokines has also been shown to promote
requires a more prolonged period of tif&? Our present study Préferential induction of CD4 CTL¥! Additionally, CD28 co-
shows that CD3 activation of modified CD4 T cells in which cDtimulation may also block apoptosis via IL-2 secretion, because
molecules are pre-cross-linked induces FasL expression in CD4eftoration of IL-2 secretion without affecting the levels of
lymphocytes and sensitizes both subsets of T cells for acceleratElf¥/TNFa was observed by CD28 costimulation. Exogenously
Fas-mediated apoptosis. One of the major observations in tRi®vided IL-2 has previously been shown to rescue T cells from
study is that in addition to influencing CD4 T cells, CD4XL in[CD4XL/CD3]-induced apoptosi¥. IL-2 has also been proposed
PBTs could alter the susceptibility of CD8 T cells for anti-CD310 function as a modifier of T-cell apoptosis in HIV disease and to
activation-induced apoptosis. Although the evidence was circug@ntribute to the sustained increases in CD4 counts resulting from
stantial, sensitization of T cells for apoptosis appears to [§éministering IL-2°to patients. Rescue of ex vivo culture-induced
mediated by down-modulation of Bcl-x. This notion is supporte@poptosis of lymphocytes from HiV-infected patients by exog-
by the finding that CD3 stimulation provided immediately aftefnous IL-2 has been reported as wéll.

CDA4XL did not result in apoptosis or in down-modulation of Bcl-x. ~ With respect to the in vivo relevance of our findings in the
This finding also indicates that following CD4XL, a certain periogontext of HIV pathogenesis, our data implicate the following
of time (approximately 24 hours) is required for the T cells técenario that may be operative in vivo and may serve as a
become susceptible to activation-induceell death. Further, co- mechanism for death of uninfected T cells in HIV infection.
stimulation by CD28-blocked apoptosis as well as Bcl-x dowrPeripheral lymphoid organs, especially the germinal center of the
modulation without affecting the levels of Fas expressioagreement lymph node, are the major anatomical sites where heavy virus
with this finding, CD28 costimulation has been shown to transnfiurden exists and where the interaction between HIV and host
an apoptosis-blocking signal by enhancing the expression iofmune system occurs. The HIV envelope protein gpl120-CD4
Bcl-x.3% These results extend previous observations and providéngeraction constitutes the primary interface between the viruses

IFN-gamma

Annexin V
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and the T cells. Thus, it is quite likely that CD4 T cells areghere is a significant increase of FasL-expressing cells with the
continuously undergoing CD4XL via an interaction with virions omorphology of macrophages as well as lymphocytes, and the
via envelope proteins expressed on the surface of infected cetlegree of FasL in vivo has been shown to correlate with the degree
When these CD4 cross-linked T cells encounter antigen-presentafg@poptosis. Control of aberrant CD4 signaling as a consequence
cells in local environments, they receive stimulatory signalsf reduction of virus burden by antiretroviral treatment may be one
through the TCR, thereby giving rise to CD4 CTLs by themechanism for the marked reduction in apoptosis of CD4 and CD8
mechanism demonstrated here, which, in turn, would kill neighbar-cells following highly active antiretroviral therapy (HAART) in
ing T cells. The progressive loss of CD28 by T cells and defectilV diseaset445

expression of the B7 family of costimulatory molecules in antigen-

presenting cells, both of which have been demonstrated in HIV

disease, may further impair the in vivo rescue systems for apoptogigknowledgments

and may accentuate the procé8%3® In support of this view,

features that are characteristically associated with HIV infectidfve thank Dr J. D. Mountz (University of Alabama at Birmingham,
(as demonstrated by in situ analysis of lymph nodes) include tB&rmingham, AL) for hFas-hlgG-pcDNA, MBL Ltd. (Nagoya,
increased apoptosis of uninfected cells, predominantly localizedJapan) for antihuman FasL mAb, and Dr Y. Ohmoto (Otsuka
secondary follicles of the lymph nod&?!and polarized cytokine Pharmaceutical Co, Ltd okushima, Japan) for anti-IRNanti-TNF
expression with elevated IFNand decreased IL-243Moreover, antibodies.
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