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Direct Immunosuppressive Effects of EBV-Encoded Latent
Membrane Protein 1

Danny F. Dukers;* Pauline Meij, Marcel B. H. J. Vervoort, Wim Vos, Rik J. Scheper,
Chris J. L. M. Meijer, Elisabeth Bloemena, and Jaap M. Middeldorp

In neoplastic cells of EBV-positive lymphoid malignancies latent membrane protein (LMP1) is expressed. Because no adequate
cellular immune response can be detected against LMP1, we investigated whether LMP1 had a direct effect on T lymphocyte
activation. In this study we show that nanogram amounts of purified recombinant LMP1 (rLMP1) strongly suppresses activation

of T cells. By sequence alignment two sequences (LALLFWL and LLLLAL) in the first transmembrane domain of LMP1 were
identified showing strong homology to the immunosuppressive domain (LDLLFL) of the retrovirus-encoded transmembrane
protein p15E. The effects of (LMP1 and LMP1-derived peptides were tested in T cell proliferation and NK cytotoxicity assays and
an Ag-induced IFN-y release enzyme-linked immunospot assay. LMP1 derived LALLFWL peptides showed strong inhibition of

T cell proliferation and NK cytotoxicity, while acetylated LALLFWL peptides had an even stronger effect. In addition, Ag-specific
IFN-y release was severely inhibited. To exert immunosuppressive effects in vivo, LMP1 has to be excreted from the cells. Indeed,
LMP1 was detected in supernatant of EBV-positive B cell lines (LCL), and differential centrifugation in combination with Western
blot analysis of the pellets indicated that LMP1 is probably secreted by LCL in the form of exosomes. The amount of secreted
LMP1 in B cell cultures is well below the immunosuppressive level observed with rLMP1. Our results demonstrate direct im-
munosuppressive properties of LMP1 (fragments) and suggest that EBV-positive tumor cells may actively secrete LMP1 and thus
mediate immunosuppressive effects on tumor-infiltrating lymphocytes. Moreover, we demonstrate, for the first time, that trans-
membrane protein-mediated immunosuppression is not solely restricted to RNA tumor viruses, but can also be found in DNA
tumor viruses. The Journal of Immunology,2000, 165: 663—-670.

is associated with various lymphoproliferative and epithe-LMP1, which is suggestive of immune escape.

lial malignancies, such as Hodgkin’s disease (HBr- Because eradication of tumor cells is largely dependent on NK
kitt's lymphoma, B and T cell non-Hodgkin lymphoma, and na- cell- and activated CTL-mediated killing, their presence in the re-
sopharyngeal carcinoma (1-5). In EBV-positive lymphomas inactive infiltrate is considered to be of major importance. Indeed,
immune-competent patients, a restricted set of latent viral genes ige previously found that the tumor-infiltrating lymphocytes in
expressed, i.e., latent membrane proteins 1, 2A, and 2B (LMP1gEBV-positive cases of HD contained significantly higher numbers
-2A, and -2B), Epstein-Barr nuclear Ag (EBNAL) and the non- of activated CTLs and NK cells compared with EBV-negative
translated RNAs EBER1 and EBER2 (6, 7). A key protein in EBV- cases (13-15). Although in the neoplastic cells of EBV-positive
mediated oncogenesis of lymphoproliferative disorders is LMP1, 84D cases potentially immunogenic viral proteins are expressed (1,
protein with transforming capacities (8). The neoplastic cells in3) MHC class | molecules and TAP are present on the neoplastic
EBV-positive HD, called Hodgkin Reed-Sternberg (H-RS) cells, cejis (13), which have been shown susceptible to T cell-mediated
express exceptionally high levels of LMP1. Although LMP1 is a |ysis in vitro, and they are inadequately eliminated in vivo, possi-
target for CTL recognition in the context of different MHC class | bly due to local immune suppression.
restriction elements in vitro, it seems to be subdominant (9-11). | 3 recent study we demonstrated the presence of human IL-10
Surprisingly, only few EBV-positive HD patients have a weak, but gy pression in H-RS cells in EBV-positive cases of HD (15). This,
detectable, Ab response against LMP1 despite high Ab levelg,yever, did not influence T cell phenotypical markers in infil-
against other EBV-encoded proteins (12). This underlines the 'nfrating lymphocytes compared with EBV-negative cases. Further-
more, van den Berg et al. showed that TARC, a T lymphocyte-
attracting chemokine, is preferentially expressed in neoplastic cells
of HD, but despite the influx of activated cells (granzyme B pos-

E pstein-Barr virus, a member of theherpes virus family,  ability of the host to mount appropriate immune responses against

Department of Pathology, Academic Hospital, Vrije Universiteit, Amsterdam, The

Netherlands itive), the EBV-positive H-RS cells are inadequately eliminated
Received for publication December 27, 1999. Accepted for publication April (16). In support of this, Frisan et al. described a lack of functional
24, 2000. CTL activity in HD-derived tumor-infiltrating lymphocytes (17).

The costs of publication of this article were defrayed in part by the payment of pageln line with this finding we described that high numbers of phe-
charges. This article must therefore be hereby masddertisemenin accordance . . . . .

with 18 U.S.C. Section 1734 solely to indicate this fact, nqtyplcally activated CTLs in HD were associated with an adyerse
1 Address correspondence and reprint requests to Dr. Danny F. Dukers, Departmeﬁ!mlcal c_)Utcome (14)' Therefore’ _Current data S!Jggesl[ that in HD
of Pathology, Academisch Ziekenhuis der Vrije Universiteit, De Boelelaan 1117, mechanisms are operational to circumvent the immune system.
1081 HV Amsterdam, The Netherlands. E-mail address: d.dukers@azvu.nl The presence of high levels of LMP1 in neoplastic cells of EBV-
2 Abbreviations used in this paper: HD, Hodgkin's disease; LMP, latent membranepositive cases of HD suggest a direct role for LMP1 in local im-
protein; EBNA, Epstein-Barr nuclear Ag; H-RS cells, Hodgkin Reed-Sternberg cells; . — .

PKC, protein kinase C; GSL domain, glycosphingolipid-rich domain; EBER, EBV- mune suppression, _Slm”ar to that of retrov_lrally transformed cells.
encoded small RNA. In the early 1960s it was shown that murine retroviruses (Gross,

Copyright © 2000 by The American Association of Immunologists 0022-1767/00/$02.00
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Friend, Rauscher, and Moloney) exerted various immunosuppredfkecombinant LMP1

sive influences during infections in \_”VO (18_2:_1')' Th.ese St%‘d'eSng cells expressing the full-length LMP1 in baculovirus under the control
showed, among others, a decrease in cell-mediated immunity, reyt a polyhedrin promotor and baculo wild type were cultured to the log
duced levels of circulating cytotoxic Abs, and the inability of cells phase (1x 10° cells/ml) and infected with one of the baculovirus con-

to produce IFNy (15-17). Snyderman et al. showed that the trans-structs at a multiplicity of infection of 0.1. After 72 h cells were harvested
membrane protein p15E was responsible for the immunosuppre&nd washed with PBS.

. . . Recombinant LMP1 was extracted from the cells by a 1-h incubation in
sive properties of these retroviruses (22). Subsequently, a 17-aggiym acetate (pH 6.0) containing 0.22 M octyl glucoside and 3 M ureum

region named CKS 17 within the p15E protein was identified thatat 4°C. Recombinant LMP1 was purified using mAb-based immunoafinity
was highly conserved among murine, feline, and human retrovichromatography as described previously (see Footnote 3), finally reaching
ruses (23). In vitro, CKS 17 was able to inhibit both the prolifer- & concentration of 0.4kg/ml purified protein.

ation of T cells and NK cell-mediated cytotoxicity (20, 24, 25). sequence alignment

F_urthermore, Oostendorp et al, showed that the immunosupprei-mino acid sequence homology search and alignment were performed us-
sive effects of thg 17-a_a-long CK_Sl7 C(_)l’"d be narrowed to a CONig FASTA and PALIGN, which were included in the PC/Gene sequence
served hexapeptide with an amino acid sequence LDLLFL (24goftware package (IntelliGenetics, Mountain View, CA).

25). The mechanism by which these retrovirally encoded peptides . .

employ their effects is not completely clarified. It is suggested thaf ePtide synthesis

these peptides directly inhibit intracellular signaling pathways in TPeptides representing different domains of the LMP1 protein and various
cells by interfering with protein kinase C (PKC) and adenylatecontrol peptides were synthesized using a 433 A peptide synthesizer (Ap-

; ; lied Biosystems, Foster City, CA). The F-moc amino acids used were
::Iyi(r:]lgzs e(gg)e.n'[hus, this effect is both MHC class | and MHC classgurchased from Bachem (Bubendorf, Switzerland). For some peptides the

- . . N-terminus was blocked by acetylation to neutralize the N-terminal charge.
In this paper we demonstrate that low concentrations of immu-The peptides were purified using reverse-phase HPLC chromatography
noaffinity-purified recombinant LMP1 (rLMP1) have strong im- (System Gold, Beckman, Mijdrecht, The Netherlands). Peptides were dis-
mune suppressive properties on T cells activated by mitogen, Agsolved in DMSO at a stock concentration ranging from 10—-40 mM. An
or CD3/CD28 stimulation: NK cytotoxicity; and Ag-induced overview of the peptides used in this study is given in Table I.
IFN-v release. By sequence alignment we found that the first trans-ymphocyte proliferation assay
membrane domam of LMP1 contained two se.quences, I‘ALLFWLPBMCS were cultured in a 96-well round-bottom culture plate (Nunc,
and LLLLAL, highly homologous to the retrovirally encoded pep- copenhagen, Denmark) at2 10° cellsiwell for Ag-induced proliferation
tide LDLLFL, part of the retroviral transmembrane protein p15E. and 5 x 10* cells/well for mitogen-induced proliferation suspended in
Only LALLFWL and several derivatives containing this sequencecomplete medium containing 10% human pooled serum (CLB, Amster-
have strong inhibitory effects on T cell proliferation and NK cy- dam, The Netherlands) instead of FCS. Soluble Ag (tetanus toxoid, RIVM,

LT . . L Bilthoven, The Netherlands) was used in a final concentration ranging from
totoxicity in vitro. To exert the immunosuppressive effect in vivo, 25-6.25ug/ml, whereas the mitogen PHA was used atggml, and anti-

LMP1 or LMP1-derived peptides have to be excreted from thecpa/anti-CD28 were both used at 21§/ml. Peptides were added at a final
cells. Using a quantitative LMP1 ELISALMP1 can be detected concentration of 1uM or lower. As a control, the cells were cultured in
at low concentrations in the supernatants of EBV-positive lym-the presence of 0.1% DMSO. All cultures were performed in triplicate.

; ; : ; Cells were cultured for 3 days at 37°C in a humidified atmosphere of 5%
phoblastoid cell lines, suggesting that LMP1 is actually secreted b O, in air for mitogen-induced proliferation and 6 days for Ag-induced

these cells. Therefore, we next investigated the mechanism bygjiteration. During the last 4 h 14.8 10° Bq [*H]thymidine was added
which LMP1 is excreted, either passively by means of cell deathper well, and the cells were harvested onto fiberglass filt8kThymi-

and subsequent cell lysis or actively by secretion of LMP1 alone ogline incorporation was determined by liquid scintillation counting, and
in the form of LMP1-containing membrane vesicles. subsequently the stimulation index was determined according to the fol-

- lowing formula: S.I.= [(CPMintogenag — CPMbackground (CPMuntreated —
Our results suggest that LMP1 may be actively secreted fro PMbackgroundl- Peptide—inducelcnj ci’?ﬂibﬁion of prac(J:Ii?g)rU;tion wag régleculated

EBV-positive tumor cells to mediate immunosuppressive effectsas the percent inhibition in relation to the proliferation in the presence of
on tumor-infiltrating lymphocytes surrounding the neoplastic cellsSDMSO without peptide.

in vivo.

2202 ‘8 1snbny uo 1sanB Aq /B0’ jounwiwi:mmm//:dny wouy papeojumoq

NK cytotoxicity assay

. The leukemia cell line K562 was used as target at a concentration of 5000
Matenals and Methods cells/well. PBMCs were washed twice, resuspended in complete medium,
Cell lines and seeded in 96-well round-bottom plates at different concentrations (E:C

EBV-positive (JY, RAJI) and -negative (BJAB, RAMOS) cell lines were cell ratios ranging from 80:1 to 2.5:1). K562 cells were labeled witr

X . ; ) . X (sodium chromate, 0.5 10° cells/14.8% 10° Bq of ®'Cr; Malinckrodit,
cultured in RPMI 1640 (BioWhittaker, Verviers, Belgium) medium sup- : o
plemented with 25 mM HEPES, 2 mdglutamine, 10% FCS (Integro, Petten, The Netherlands) for 90 min at 37°C. Thereafter, the target cells

; were washed three times and resuspended in complete medium. To each

iﬁﬁ:d(?:?ér-::g t’:l)e;r;e(rzlglr:dT(Z,}elcr)rﬁ)el(jLiJu?;)Sgtegt?"n(]:yﬁ:né;;ngggfinpsinc-t well 50 ul of peptide soluti_on (10QM) or mediurr_l contgining DMSQ was
cells. derived from the faﬁ army worrBnodontera frugiverda. infected adde(_i_to correct for possible effects of DMSO in W_hlch the peptides were
with ’either wild-type or rLMP1 gaculovifus (provided %p Dr F Grasser SO-IUbIIIZEd' MaximurPCr relea_se was measgred in the presence of 1%
Universitats KIini}Ign des Saarlandes HameL)Jr Germgn ). Wére cultur’e«%L”ton X-100. Pl_ates were centrifuged for _2_m|n at 180y an_d incubated
in Sf900-I1 synthetic serum-free medidm (Life Tg’chnolo ie); ’Grand Island r4h at 37°C in 5% CQ NK cell cytotoxicity was determined by mea-

Sy f ) a1 f ‘g‘”_ ’ 27 5°C 'suring the®*Cr release in the supernatant using a gamma counter (Wallac,
NY) containing 100 1U of streptomycin and 1¢@ of peniciliin at 27. Turku, Finland). All determinations were performed in triplicate. For
at normal air atmosphere.

Preparation of B cell lymphoblastoid cell lines was performed as de_each sample the percentage of specific killing was calculated as follows:

) - h i % specific killing = [(CPMyample = CPMyack Y(cpm, " -
scribed previously (27). PBMCs were isolated from heparinized blood of ample ackgroun 2 e ease
healthy \F/)olunteer)é (by )density centrifugation using FicoFI)I-Hypaque (Phar-Cpm’ac"-gr-"“”M x 100. Subseq_uently, the peptide-induced |_nh|b|t|on Of-NK

h cytotoxicity was calculated with respect to control wells without peptides.
macia, Uppsala, Sweden).

Enzyme-linked immunospot assay for single cell f-Mlease

3p. Meij, M. B. H. J. Vervoort, C. J. L. M. Meijer, E. Bloemena, J. M. Middeldorp. This assay was performed as previously described to detect Ag-specific T
Production monitoring and purification of EBV-encoded latent membrane proteinCellS in fresh PBMCs (28). Ninety-six-well, ponvmylldene_ difluoride-

| expressed and secreted by recombinant baculovirus-infected Salsnitted for backed plates (Millipore, Bedford, MA) were precoated with 1§/ml
publication. anti-IFN-y mAb 1-DIK (MABTECH, Stockholm, Sweden). PBMCs were
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Table I. Inhibition of NK cytotoxicity and T cell proliferation by LMP1-derived peptides and appropriate controls

% Inhibition of

Peptide Sequente Amino Acid Sequence LMP NK cytotoxicity T cell proliferatior?
LMP1 purified protein 1-386 ND >98%
LMP1-derived LALLFWL peptides
H-LALLFWL-OH 34-40 76 47
Ac-LALLFWL-NH2 34-40 85 92
H-LGLALLLLLLALLFWL-OH (LMP1 short) 25-40 35 40
AC-LGLALLLLLLALLFWL-NH , (LMP1 short) 25-40 57 63
H-LLLALLFWLYIVMSDWTGGA-OH 32-51 77 62
AcC-LLLALLFWLYIVMSDWTGGA-NH , 32-51 55 67
H-LALLFWLYIVMSDWTGGALLVLY-OH (LMP1 long) 34-56 31 29
Ac-LALLFWLYIVMSDWTGGALLVLY-NH , (LMP1 long) 34-56 43 37
H-RPPRGPPLSSSLGLALLLLLLALLFWLYIVMSDWTGGA-OH 14-51 28 80
Retroviral peptidées
H-LDLLFL-OH 57 44
Ac-LDLLFL-NH , 52 51
H-LONRRGLDLLFLKEGGL-OH 36 29
Control peptides
H-LLLLAL-OH 31-36 9 15
Ac-LLLLAL-NH , 31-36 11 16
H-LALLLL-OH Inversion 31-36 8 3
Ac-LALLLL-NH , Inversion 31-36 12 5
H-LLWTLVVLL-OH LMP2 329-337 7 12
H-CVAHKLMSFED-OH PgP 328-337 7 9

@ Peptides used in this study as described by the standard one-letter abbreviations for amino acids. Ac, acetylated peptide; PgP, P-glycoprotein.
® PHA-induced proliferation.
¢ Peptides according to Oostendorp et al. (24, 25).

added in duplicate wells at 5.8 10° cells/well in the presence of 2M terminal domains of LMP1 (OT22C and OT 22CN, respectively (Organon
peptide (GLCTLVAML (29), A2-resticted epitope of BMLF1, one of the Teknika, Boxtel, The Netherlands)) in optimal dilution (0.1xd/ml) were

lytic cycle Ags of EBV, and two HLA-A2 restricted LMP1-derived added and incubated for 1 h at room temperature. In addition, mAbs against

epitopes, YLLEMLWRL and YLQQNWWTL (10). PHA (1Qg/ml) was CD86 (B7.2, Ancell, Bayport, MN) and HLA-DR (Dako, Carpenteria, CA)

10" jounLl [ MA//:d1Y WO papeo [umoQg

used as a positive control. The plates were incubated overnight at 37°C iwere applied to confirm the presence of membrane-associated vesicles, an&2

5% CQ.. The following day, cells were discarded, and the plates wereEBNA1 (OT1X, Organon Teknika) was used as a control for the presence
incubated with the second biotinylated anti-IRN-mAb 7-B6-1 of the remaining nuclear fragments. After washing three times with 0.05%
(MABTECH) at a concentration of Lg/ml for 3 h at room temperature. Tween in PBS, specifically bound 1gG was detected with a HRP-conju-
This was followed by incubation with streptavidin-conjugated alkaline gated second Ab, diluted in blocking buffer. After two washes in 0.05%
phosphatase (MABTECH) for an additional 2 h. Individual cytokine-pro- Tween in PBS and two washes in PBS, HRP activity was visualized by
ducing cells were detected as dark spots after a 30-min reaction with 5-braelectrochemiluminescence (Roche, Mannheim, Germany).
mo-4-chloro-3-indolyl phosphate and nitro blue tetrazolium using an phos-_ .

phatase-conjugate substrate kit (Bio-Rad, Richmond, CA). The spots werstatistical analysis

counted under a dissection microscope, and the number of specific T ceﬂ

- . or statistical analysis of the data, a two-sided Mann-Whitdegst was
responders was calculated after subtracting negative control values.

conducted. Ap value <0.05 was considered statistically significant.
Isolation of LMP1 from supernatants of EBV-positive

B cell lines Results

Effects of purified rLMP1 on T cell proliferation in vitro
All cell lines were cultured in fresh medium for 2 days ax110%/ml, and L . . .
subsequently the supernatant was fractionated by differential centrifugatioRr€liminary T cell proliferation experiments suggested that LMP1-
as described recently (30). Briefly, supernatant was centrifuged for 10 micontaining cell extracts might affect T lymphocyte function di-
at 300x g to remove cells. After a second centrifugation at 30@ for  rectly. Therefore, we were interested in whether highly purified
10 min, the supernatant was centrifuged twice at 1,209 (10 min each 1 \py was able to directly influence polyclonal T cell prolifera-

time), then at 10,00 g (30 min), 70,000X g (60 min), and 100,00 o . . . .
g (60 min), respectively, using a Beckman ultracentrifuge with a Ti4o fion induced by PHA-mitogen or anti-CD3/anti-CD28 mAb stim-

rotor. Following each centrifugation step, the pellet was collected for fur-ulation of PBMC in vitro. For this purpose rLMP1 was purified to
ther analysis, and the supernatant was used for subsequent centrifugatiarear homogeneity (>95%) from Sf9 cells infected with LMP1-
expressing baculovirus using an mAb-based immunoaffinity
purification.

The pellets obtained after differential centrifugation were solubilized and Recombinant LMP1 was added during activation of PBMC at
sonicated in sample buffer (0.2 M Tris-HCI (pH 6.8), 4% SDS, 18% glyc- : : ;

erol, 2% 2-ME, and 0.004% bromophenol blue) and boiled for 5 min.Varlous concentrations ranging frlom 0.'2 t0 20.5 ng/m| .(4'9_490
Samples were separated by SDS-PAGE, using a stacking gel of 3% acryfmol/ml). As a control, the bgffer n ‘_Nh'Ch rLMP1 was d'539|VEd
amide and a linear separation gel of 10% acrylamide (MiniProtean Il elecwas added. After 3 days of incubation, both PHA and anti-CD3/
trophoresis system, Bio-Rad, Hercules, CA). Polypeptides were transferrednti-CD28-induced proliferation was measured Bif]fhymidine
onto 0.22um pore size nitrocellulose filters (Schleicher & Schuell, Her- incorporation. In the presence of the highest concentration of

togenbosch, The Netherlands) by Western blotting (Mini Trans-blot cell, . L
Bio-Rad) using standard techniques. Nonspecific binding sites on the ni[LMPl (20.5 ng/ml) the maximal inhibition was98%, whereas

trocellulose were saturated with blocking buffer (5% nonfatty milk powder addition of buffer had no effect. Inhibition of proliferation gradu-
and 5% FCS in PBS). Subsequently, mAbs directed against the C- and Nally decreased when lower amounts of rLMP1 were added (Fig. 1).

Gel electrophoresis and immunoblotting

(=}
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100,0 (BMLF1-derived epitope) and two HLA-A2-restricted LMP1-de-
,§ 80.0 é: rived epitopes (YLLEMLWRL and YLQQNWWTL) was investi-
% // gated using an enzyme-linked immunospot assay. In all experi-
5 60,0 T ments rLMP1 was added overnight at a final concentration of 20.5
2 00 ng/ml.
8 ] " 1 / The frequencies of T cells reactive with the GLCTLVAML
g 200 { epitope derived from the lytic BMLF1 decreased by 70% (from
00 : . . . . 121 + 20 spots/1B PBMC to 31+ 17 spots/1B PBMC; n = 3).
0,041 0,123 041 128 a1 Furthermore, IFNy production in T cell precursors reactive with
concentration of LMP1 (ng) LMP1-derived epitopes YLLEMLWRL and YLQQNWWTL, was

FIGURE 1. Inhibition of PHA-induced (®) and anti-CD3/antiCD28-in- inhibited under the influence of rLMP1 by 59% (68 spotS/10

duced (M) proliferation by rLMP1. Proliferation was measuredijthy- PBMC to 28 spots/10PBMC) and 62% (52 spots/2PBMC to

midine incorporation after 3-day culture of PBMCs withu§/ml PHA or 20 spots/18 PBMC), respectively. IFNy production in PHA-iR

2.5 pg/ml of both anti-CD3/antiCD28 in the presence or the absence ofduced PBMC was used as a positive control and was also sup-

rLMP1. The data are the medianSD of five different donors. The median  hressed at least 81% (>600 spotS/EBMC to 114+ 60 spots/

counts per minut_e in contrgls in the absenge of LMP1 were 7900 and 970505 PBMC) when rLMP1 was added (a 3). These data clearly

for PHA and anti-CD3/anti-CD28, respectively. show that besides inhibition of the Ag-, mitogen-, and mAb-in-
duced T cell proliferation, r(LMP1 is also able to suppress both Ag-

Even in the presence of the highest concentration of rLMp1and mitogen-induced IFN-production in vitro.
PBMC remained viable, as evaluated visually by trypan blue ex-
clusion. Visual evaluation of this phenomenon revealed that th
increase in the number of activated cell clumps in the wells an
proliferation as measured by*H]thymidine incorporation in  In an attempt to find a rationale for the observed T cell effects of
versely correlated with the amount of rLMP1 present in the wellsLMP1, we explored possible homologies with other viral proteins
(Fig. 2). Thus, LMP1 exerts a direct inhibitory effect on T cell possessing immunosuppressive activity, such as retroviral trans-
proliferation by interfering with the cell-cell contact required dur- membrane glycoprotein p15E. To reveal possible homologies with
ing the activation stage. the pl5E-derived immunosuppressive domain we used the 2
» o CKS-17 sequence for alignment analysis. Surprisingly, within the
Effects of rLMP1 on Ag-specific T lymphocyte activation first transmembrane domain of LMP1 two small domains with
Tetanus toxoid-induced proliferation was analyzed showing simi-strong homology to the CKS-17 minimal functional domain were
lar suppression as described above. Subsequently, we analyzéslind (LALLFWL and LLLLAL, respectively). No homology was
whether rLMP1 was able to inhibit Ag-specific cytokine produc- found with other transmembrane proteins or with LMP2 or other
tion of T cells. The effect of rLMP1 on IFN+production of T cells  EBV-encoded proteins. To further test whether LMP1-derived 9
reactive with an immunodominant EBV-peptide GLCTLVAML peptides exhibited immunosuppressive properties, we investigatedg

jdentification of potentially immunosuppressive domain in LMP1

O
s
o
2
e
o
3
=
§.
3
c
>
o

Control PHA stimulation oCD3/aCD28 stimulation

220z '8 snbny uo 1senb Aq

FIGURE 2. Visual evaluation of rLMP1-in-
duced inhibition of proliferation. A-C, Negative
control (no stimulation), PHA-induced prolifera-
tion, and anti-CD3/anti-CD28-induced prolifera-
tion, respectivelyD—G, PHA-induced proliferation;
H—K, anti-CD3/anti-CD28-induced proliferatiob.
andH, Proliferation in the presence of mitogen and
the buffer in which rLMP1 was dissolved. The ef-
fects of (LMP1 are depicted i&, F, andG andl, J,
andK with PHA and anti-CD3/anti-CD28, respec-
tively. Pronounced effects were seen when highand =
intermediate amounts of r(LMP1 were added.
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A

5 - mNK

o 2 MLDLLFL

g g LMP1 short
' é DLALLFWL
o z BDMSO

® * BLMP2

]

E

L7

E:T ratio

Q?’ <~ ’<\ vy & & %O < FIGURE 4. Effects of various peptides on NK cell cytotoxicity. The
< \,00/ c;‘«g, \)/Q$ \‘8\\0 Q\é\ y\y 0\‘\ S first transmembrane domain of LIE)/IPpl (LALLFWL) clearI))// shows Zstrong
Jo \9 inhibition of NK cytotoxicity. An LMP2-derived peptide and DMSO
peptides (10 uM) were used as negative controls. The final concentration of the peptides was
100 uM.
B
16 LMP1-derived peptides were tested the latter showed a strongerg
14 T inhibition of T cell proliferation (47%) compared with the longer %
% 12 peptides (29%; Fig. 3A). These peptides were also able to signif- §
b 10 - icantly inhibit tetanus toxoid-induced proliferation up to 70% (data %
= not shown). When acetylated peptides were used to neutralize theg
8 8 N-terminal charge of the peptides to mimic, more closely, their i
g 6 hydrophobic character in the membrane, inhibition was even stron- g
E ger, being>90% for acetylated LALLFWL (Table | and FigB)J. =
w4 Again, the shorter domain of LMP1, LALLFWL, gave the stron- g
2 A gest inhibition of proliferation compared with the longer peptides =.
0 - (Table I). Although both LALLFWL and LLLLAL showed strong g
RS o~ o~ o Q@' & & homology with the immunosuppressive retroviral pept@es CKS 17 g
< & \@ X Q\é‘ Q\fo“ and LDLLFL, the latter did not show immunosuppressive proper- &
hd & > 0,\5” N o,& ties in proliferation assays (Table | and Figd)3 g
® z Furthermore, retrovirally encoded peptides were used as a pos-5
peptides (10 uM) itive control for inhibition of T cell proliferation. These peptides Z

) ) ) . also showed a significant inhibition of Ag- and mitogen-induced é
FIGURE 3. A, Effects of various synthetic peptides derived from LMP1

and p15E on PHA-induced T cell proliferation. T cell proliferation in the pro!lferatlon !n up to 51% (Table. ). In all experlmgﬂt; .L.MPl-
presence and the absence of peptides is represented as the stimulation in&jeg{'ved_ pe_pudes showed a considerable stronger inhibition of T
(S.1.). The data are the median SD of three representative experiments. Cell activation.
LMP2 and DMSO were used as a negative control. The final concentratio . . .
of peptide was 1QuM. B, Effects of agetylation of peptides on inhibition ?:_ﬁeCtS of LMP1-derived peptides on NK cytotoxicity
of PHA-induced T cell proliferation. Acetylated peptides clearly showed Next we were interested in the effect of LMP1-derived peptides on
greater inhibition than nonacetylated peptides. This inhibitory effect isNK cytotoxicity (21, 22). In all experiments, peptides were con-
probably due to the neutralization of the N-terminal charge of the peptidestinuously present during the effector phase of the NK cytotoxicity
assays. No direct effect of any of the peptides on the viability of the
their effects on Ag- and mitogen-induced T cell proliferation and PBMCs or K562 was observed. The results, depicted in Table |
NK cytotoxicity. and Fig. 4, show that all LMP1-derived peptides containing the
) ) ) S LALLFWL sequence were able to inhibit NK cytotoxicity up to
Effects of LMP1-derived peptides on T cell proliferation in vitro 7704 at 3 concentration 6f100 M. In contrast, the second do-
To explore the effects of LMP1 on T cell function in more detail, main (LLLLAL), with homology to the retroviral immunosuppres-
we first investigated whether LMP1-derived peptides were able tgive domain LDLLFL, showed no inhibition of NK cytotoxicity.
inhibit T cell proliferation. To examine potential immunosuppres-  None of the control peptides (see Table I) showed inhibition of
sive effects we evaluated the Ag-, mitogen-, and anti-CD3/anti-Cytotoxicity. The retrovirus-derived peptides (LDLLFL and
CD28-induced proliferation of PBMCs in the presence and theCKS17) clearly showed inhibition of cytotoxicity up to 57% com-
absence of putative immunosuppressive peptides of LMP1 withparable to the results obtained by Oostendorp et al. (22) (Table I).
homology to retrovirus-derived peptides. Retroviral peptides ) ) . )
(CKS17 and LDLLFL), previously shown to inhibit mitogen- and Dete_ctlon of LMP1 in supernatant of EBV-positive and -negative
Ag-induced T cell proliferation, were used as a positive controlCell ines
(21, 23, 24). Various irrelevant peptides, either LMP1 derived orAn LMP1 capture ELISA recently developed by Meij et al. (see
obtained from unrelated proteins, were used as a control for T celFootnote 3) was used to analyze whether LMP1 could be detected
proliferation assays (see Table I). in the supernatant of EBV-positive cell lines. Using this assay
PHA-induced proliferation could be inhibited up to 80% by ad- soluble LMP1 was detected in the supernatant of EBV-positive
dition of 10 uM LMP1-derived peptide. When long and short lymphoblastoid cell lines (JY, RAJI, B95-8), whereas no LMP1

=}

220z ‘g snbny uo


http://www.jimmunol.org/

668 LMP1-INDUCED IMMUNOSUPPRESSION

imSGBB%&;Eﬁ

excreted LMP1 (pg/ml)

0 24 48 72 % 120

hours

FIGURE 5. Kinetics of LMP1 excretion in EBV-positive cell line JY
(W) and EBV-negative cell line Ramos (@) as detected by quantitative
capture ELISA. On day 5 the highest LMP1 concentrations were found,

reaching 25 pg/ml. 21—

B 1
was detecteq in EBV-negative cell lines. Expressiqn of LMP1 in- LMP1 —p = coss —» M
creased during culture, and after 4-5 days the highest levels of '

LMP1, reaching up to 25 pg/ml (0.6 fmol), were observed, while
cell viability remained>95% (see Fig. 5). Although LMP1 is de-

tectable in supernatant of EBV-positive cell lines, the concentra- HLADR —» ‘
tion seems to be insufficient to induce local T cell suppression in i
vitro.

To confirm the presence of intact LMP1, supernatants were an-
alyzed by Western blotting, and LMP1 was visualized with both
N- and C-terminal-specific mAbs. This indeed confirmed the ap-FIGURE 6. A, Distribution of LMP1 in the various fractions of EBV-
propriate molecular mass of intact LMP1 (63 kDa; data notpositive and -negative cell lines after differential centrifugatibane 1,

shown). 300 X g fraction (first time);lane 2, 300X g fraction (second time)ane
3, 1200x g fraction (first time);lane 4, 1200X g fraction (second time);
Detection of LMP1 in exosomes lane 5, 10,000« g fraction;lane 6, 70,000« g fraction;lane 7, 100,000<

To assess whether LMPL1 is secreted as single protein or in a merff-Supernatant. Itanes 2,5, ands, clear bands are visible at63 kDa,
confining the presence of LMP1 in the exosome-enriched fractiBps.

brane-associated form, the supernatant was fractionated by diffe . . )
ial if . inlv d din th estern blot analysis of the pellet of the exosome-enriched fraction for the
ential centrifugation. LMP1 was mainly detected in the 30Q presence of LMP1, CD86, and HLA-DR. LMP1 was detected using N-

(whole cgl_ls), 10'0(_)()( g, and 70,000 g pellet fractions of the  terminal-specific (OT22CN) and C-terminal-specific (OT22C) Abmites
EBV-positive cell lines JY and B95-8 (Fig.A§. Moreover, the 1 and2, respectively.

presence of both MHC class Il molecules and CD86, previously
shown to be present in exosomes, was detected in the same fraé:é Bcl-2, and down-regulation of MHC class | molecules on the
tions of EBV-positive cell lines, confirming the data reported by surface (’)f tumor cells of EBV-negative cases (13, 15, 31). Inter-
Raposo et al. (Fig. 6B) (26). In addition, the EBV-encoded nUCIeaIEestingly evidence of local dysfunction of T cellsy haé beén de-
Ag EBNA1 was tested to exclude the possibility of nuclear frag-s ribed ,by Frisan et al., showing that tumor-infiltrating lympho-
ments during the exosome preparation and was found to be absenf;tes from EBV-positive’HD were not able to kill in an autologous
(data not shown). LMP1 was detected in none of the fractions Ofashion (17)

the EBV-negative cell line BJAB, whereas in these c_ells_ MHC In a recent study by Meij et al. (12), it was further substantiated
class Il molecules were present. Together these data indicate thf}}

LMP1 colocalizes with MHC class 11 molecules and is possibl at LMP1 is a subdominant component in the humoral immune
1zes with W . u IS possi yresponse. In patients with EBV-associated malignancies, only a
secreted from EBV-positive B cells in the form of small vesicular

SHrUCtUres KNown as ex0Somes small percentage showed LMP1-directed Abs at a very low I_evel
’ (33% HD of cases and 8% of nasopharyngeal carcinoma patients)
. . despite the fact that LMP1 is expressed at high levels in most of
Discussion these cases. In addition, the cell-mediated immune response
Despite the fact that in EBV-positive cases of HD H-RS cellsagainst LMP1 is subdominant compared with the readily detect-
express high levels of potentially immunogenic viral proteins, suchable response against epitopes such as the EBNA3 family, since it
as LMP1, LMP2, EBNA1, and (RK) BARFO, in addition to the has proven to be difficult to obtain CTL clones directed against
nontranslated EBER1/2, these cells are not eradicated by the in-MP1 (27).

mune system despite intact Ag presentation function. Moreover, In this study we demonstrate, for the first time, that intact LMP1
the presence of infiltrating activated CD8-positive lymphocytes isas well as peptides derived from the first transmembrane region
seen in all cases of HD. In contrast to what might be expected, higdirectly inhibit T cell activation and NK cytotoxicity in vitro. This
numbers of activated granzyme B-positive cells (>15%) in theprovides a novel mechanism, namely direct immunosuppression
reactive infiltrate are associated with an adverse prognosis (14jnediated through (fragments of) LMP1, by which EBV-positive
Therefore, the neoplastic cells must possess mechanisms to escageses of Hodgkin lymphomas may circumvent the immune system.
immune destruction. Various mechanisms to elude the immunélot only is LMP1 capable of suppressing the strong mitogen and
system have been described for HD, e.g., IL-10 expression by thanti-CD3/anti-CD28-induced T cell activation, but it also sup-
tumor cells, high expression of apoptosis-inhibiting proteins suctpresses functionally relevant Ag-specific memory T cell responses,
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as indicated in this study. LMP1 contains a domain in its firstderived peptides are very hydrophobic and, moreover, the inhibi-
transmembrane region closely homologous to retrovirally encodetbry effects are more pronounced when charged groups on the pep-
immunosuppressive peptides that are known to inhibit lymphocytdides are neutralized by acetylation, thereby facilitating entry into
functions (inhibition of T cell proliferation and NK cytotoxicity) the membrane. Recently, Busson et al. showed that in lymphoid
and modulation of cytokine expression in favor of immunosup-and epithelial cells LMP1 is associated with glycosphingolipid-
pressive cytokines (induction of IL-10 and inhibition of IL-2 and rich domains (GSL domains) in the plasma membrane (35, 36).
IL-12) (26). Moreover, the fact that LMP1 can be secreted fromThese domains are clustering sites for heterodimeric G proteins,
EBV-positive cell lines in vitro suggests that this mechanismPKC, and adenylate cyclases. It is suggested that these GSL do-
might be of relevance for immune escape of EBV-positive neo-mains are important for trafficking and probably are also required
plastic cells in vivo. It may be speculated that H-RS cells, whichfor the inhibitory function of LMP1 (35, 36). LMP1 itself contains
are considered to be of B cell origin and display high LMP1 ex-six hydrophobic membrane-spanning domains with which it is
pression levels, are able to secrete vesicles (exosomes) containiligely to penetrate the membrane at the GSL domains and subse-
LMP1 in vivo. quently can bind to and induce adenylate cyclase and inhibit PKC.

EBV-transformed B cell lymphoblastoid cell lines are extremely In conclusion, we have presented evidence that EBV, a human
potent stimulators of T cell proliferation and powerful inducers of DNA tumor virus, is capable of inducing T cell anergy via a novel
CTL responses in vitro, despite the expression and secretion dafirect route involving LMP1, possibly mediated by secretion of
LMP1. This phenomenon can be explained by the fact that LMPIEBV-encoded (fragments of) LMP1. These peptide fragments are
secretion in supernatants is only found at extremely low concenpossibly involved in circumvention of the local immune system in
trations (<0.6 fmol), well below the immunosuppressive limit. In EBV-positive cases of HD by virtue of the induction of immuno-
vivo, however, LMP1 might still exhibit its local immunosuppres- suppressive cytokines. This is the first time that direct immuno-
sive effect caused by the inability to diffuse and thereby reachsuppression, previously thought to be restricted to RNA viruses,
much higher concentrations in close vicinity of the neoplastic cellshas been described in a DNA virus.

Our findings indicated that at the peptide level, the amino acid We recently developed a novel mAb with specificity for the
sequence LALLFWL might be responsible for the observed im-N-terminal region of LMP1 (amino acid sequence 1-13) (12). Us-
munosuppressive effects. The amount of peptide used to indudeg this reagent and cloned subfragments of LMP1, in particular
these effects is much greater compared with the amount of rLMP1he first transmembrane region, the hypothesized localization and =
protein used. This phenomenon is possibly due to the hydrophobisecretion as well as the role of this region in immune suppression -é"
nature of these peptides, whereby aggregation of these peptidesay be further delineated.
might induce masking of the effective immunosuppressive
domains. Acknowledgments

T_h(? mec_hanlsm bY which p1SE, LMP1, or their related p_eptldequ thank Annet Petersen for peptide synthesis and characterization, Jan
exhibit their actions is noF fully undgrstood, bgt Haraguchi et a!. Hendrik Hooijberg for the help in preparing the exosomes, and Dr. Tanja
(18) proposed a mechanism by which these immunosuppressivg Gruijl for valuable suggestions and critical review of the manuscript.
peptides directly modulate important molecules in the signal trans-
duction pathway leading to a imbalance of cytokine production. ItReferences
has been ShO\{Vﬂ that upon retroviral |nfect|on, transcrlptlgn. of 1. Pallesen, G., S. J. Hamilton-Dutoit, M. Rowe, and L. S. Young. 1991. Expression
IL-12 and IL-2 is strongly decreased, whereas IL-10 transcription  of Epstein-Barr virus latent gene products in tumour cells of Hodgkin's disease.
is augmented under the influence of CKS17 (18). The proposed Lancet 337:320. ) o

del of dulation of transcription of cvtokines miaht occur via 2. Epstein, M. A., B. G. Achong, and Y. M. Barr. 1964. Virus particles in cultured
mo e. Or moau ’ p 8 Yy . 9 . lymphoblasts from Burkitt's lymphomd.ancet 1:702.
two different pathways: 1) induction of high concentrations of 3. Hamilton-Dutoit, S. J., D. Rea, M. Raphael, K. Sandvej, H. J. Delecluse,
cAMP via activation of adenylate cyclase, and 2) either direct in- C. G|s_selbrecht, L. Marelle, H.lJ. van Krieken, and G. Pallesgn. 199_3. Epsteln—
[ . L T . . Barr virus latent gene expression and tumor cell phenotype in acquired immu-
hibition of PKC activity or indirect inhibition via suppression of nodeficiency syndrome-related non-Hodgkin’s lymphoma: correlation of lym-

phospholipase C1 (18, 23). Both proposed mechanisms lead to phoma phenotype with three distinct patterns of viral laterfay. J. Pathol.

LUoJ} papeo|uMo(

[-mamny/

w1

220z ‘g Isnbny uo 1senb Aq /6o’ joun

f : : 143:1072.
enhanced_ expresspn of Th2 assouqted cytokines, _”‘ 10 and4. De Bruin, P. C., N. M. Jiwa, J. J. Oudejans, P. van Heerde, J. C. Sabourin,
TGF-8, with concomitant down-regulation of the Thl-like cyto- G. Csanaky, Ph. Gaulard, L. A. Noorduyn, R. Willemze, and C. J. L. M. Meijer.
kines, IL-2, IL-12, and |FN’y. 1993. Presence of Epstein-Barr virus in extranodal T-cell lymphomas: differences

. . " in relation to site Blood 23:509.
We and others have preV'OUS|y shown that in EBV-posmve 5. Klein, G. 1979.The Epstein-Barr Virus. Springer Verlag, Berlin.

cases of HD, high numbers of cells (either neoplastic or reactives. weiss, L. M., J. G. Strickler, R. A. Warnke, D. T. Purtilo, and J. Sklar. 1987.

Il XDr IL-10. wher low numbers of cells show |L-2 Epstein-Barr viral DNA in tissues of Hodgkin's diseagen. J. Pathol. 129:86.
ce S) e .p ess 0, € eas 0 umbers O C.e s showed . 7. Libetta, C. M., J. H. Pringle, C. A. Angel, A. W. Craft, A. J. Malcolm, and
expression (14: 32, 33)- This is Supported by in vitro data showmg I. Lauder. 1990. Demonstration of Epstein-Barr viral DNA in formalin fixed,

that LMP1 is able to up-regulate the expression of IL-10 upon paraffin embedded samples of Hodgkin's disedséathol. 161:255.

: . _ . ey . 8. Wang, D., D. Liebowitz, and E. Kieff. 1985. An EBV membrane protein ex-
transfection into LMP1 negative Burkitt's Iymphoma cell lines pressed in immortalized lymphocytes transforms established rodent Cells.

(34). Furthermore, EBV-positive cases of post-transplant lympho-  43:831.

pro”ferative disorders, expressing h|gh levels of LMP1, are asso-9- Th0r|ey-Li’:IlWSOI;|, Df. A., and Ef. i Israelsohn. 1987. Generztitc)jn of zpecific cyto-
. . - toxic T cells with a fragment of the Epstein-Barr virus-encoded p63/latent mem-
ciated with elevated levels of serum IL-10 which further substan- -~ proteinProc. Natl. Acad. Sci. USA 84:5384.

tiates the hypothesis that LMP1 or LMP-derived peptides may1i0. Khanna, R., S. R. Burrows, J. Nicholls, and L. M. Poulsen. 1998. Identification

induce local immunosuppression by induction of certain cytokines. of cytotoxic T cell epitopes within Epstein-Barr virus (EBV) oncogene latent
L ", . membrane protein 1 (LMP1): evidence for HLA A2 supertype-restricted immune
Moreover, preliminary data show that addition of LMP1-derived  recognition of EBV-infected cells by LMP1-specific cytotoxic T lymphocytes.

peptides to activated PBMC and subsequent intracellular detection Eur. J. Immunol. 28:451.

: : : : 11. Rickinson, A. B., D. J. Moss, D. J. Allen, L. E. Wallace, M. Rowe, and
of CytOkl_nes by FACS analySIS resulted in down-regwatlon of IL-2 M. A. Epstein. 1981. Reactivation of Epstein-Barr virus specific cytotoxic T cells
expression (data not shown). by in vitro stimulation with the autologous lymphoblastoid cell lift. J. Can-

We hypothesize that LMP1 and hydrophobic transmembrane cer 27:593. _ _ )
d in-derived pentides can insert directly into the membranelz' Meij, P., M. B. H. J. Vervoort, J. Aarbiou, P. van Dissel, A. Brink, E. Bloemena,
omain pep y * C.J. L. M. Meijer, and J. M. Middeldorp. 1999. Restricted low-level human

This hypothesis is supported by the fact that the effective LMP1-  antibody responses against Epstein-Barr virus (EBV)-encoded latent membrane


http://www.jimmunol.org/

670

13.

14.

15.

16.

17.

18.

19.

20.
. Haraguchi, S., R. A. Good, G. J. Cianciolo, R. W. Engelman, and N. K. Day.

22.

23.

24,

protein 1 in a subgroup of patients with EBV-associated disedsésfect. Dis. 25
179:1108.

Oudejans, J. J., N. M. Jiwa, J. A. Kummer, A. Horstman, W. Vos, J. P. A. Baak,

Ph. M. Kluin, P. van der Valk P, J. M. M. Walboomers, and C. J. L. M. Meijer. 26.

1996. Analysis of major histocompatibility complex class | expression on Reed-

Sternberg cells in relation to the cytotoxic T-cell response in Epstein-Barr virus27.

positive and negative Hodgkin's diseas#ood 87:3844.
QOudejans, J. J., N. M. Jiwa, J. A. Kummer, G. J. Ossenkoppele, P. van Heerde,

J. W. Baars, Ph. M. Kluin, J. C. Kluin-Nelemans, P. J. van Diest, 28.

J. M. Middeldorp, et al. 1997. Activated cytotoxic T cells as prognostic marker
in Hodgkin’s diseaseBlood 89:1376.

Dukers, D. F., E. H. Jaspars, W. Vos, J. J. Oudejans, D. Hayes, S. Cillesse29.

J. M. Middeldorp, and C. J. L. M. Meijer. Quantitative immunohistochemical
analysis of cytokine profiles in Epstein-Barr virus positive and negative cases of
Hodgkin's diseasel. Pathol. 190:143.

Van den Berg, A., L. Visser, and S. Poppema. 1999. High expression of the C@G0.

chemokine TARC in Reed-Sternberg cells: a possible explanation for the char-
acteristic T-cell infiltrate in Hodgkin’s lymphom#m. J. Pathol. 154:1685.

Frisan, T., J. Sjoberg, R. Dolcetti, M. Boiocchi, V. Dere, A. Carbone, 31.

C. Brautbar, S. Battat, P. Biberfeld, M. Eckman, et al. 1995. Local suppression
of Epstein-Barr virus (EBV)-specific cytotoxicity in biopsies of EBV-positive
Hodgkin’s DiseaseBlood 86:1493.

Old, L., and D. A. Clarke. 1959. Reticulo-endothelial function in mice infected
with Friend leukemia virusFed. Proc. 18:589.

Dent, P. B., R. D. A. Peterson, and R.A. Good. 1965. A defect in cellular im-
munity during the incubation period of passage A leukemia in C3H nftcec.
Soc. Exp. Biol. Med. 119:869.

Dent, P. B. 1972. Inmunodepression by oncogenic virizes. Med. 14:1.

1997. Immunosuppressive retroviral peptides: immunopathological implications
for immunosuppressive influences of retroviral infectiohd.eukocyte Biol. 61:
654,

Snyderman, R., and G. J. Cianciolo. 1984. Immunosuppressive activity of the
retroviral envelop protein p15E and its possible relationship to neoplasiau-
nol. Today 5:240.

Cianciolo, G. J., T. D. Copeland, S. Oroszlan, and R. Snyderman. 1985. Inhibi-
tion of lymphocyte proliferation by a synthetic peptide homologous to retroviral
envelope proteinsScience 230:453.

Oostendorp, R. A. J., W. M. M. Schaaper, J. Post, M. E. von Blomberg,36.

R. H. Meloen, and R. J. Scheper. 1992. Suppression of lymphocyte proliferation
by a retroviral p15E-derived hexapeptideur. J. Immunol. 22:1505.

32.

33.

34.

35.

LMP1-INDUCED IMMUNOSUPPRESSION

. Oostendorp, R. A. J., J. Post, M. E. von Blomberg, and R. J. Scheper. 1992.
Immunosuppression by Retrovirus-Derived Peptides. Vrije Universiteit, Amster-
dam, The Netherlands.

Haraguchi, S., R. A. Good, and N. K. Day. 1995. Immunosuppressive retroviral
peptides: cAMP and cytokine patternsimunol. Today 16:595.

Steven, N. M., A. M. Leese, N. Annals, S. Lee, and A. B. Rickinson. 1996.
Epitope focussing in the primary cytotoxic T-cell response to Epstein-Barr virus
and its relationship to T cell memory. Exp. Med. 184:1801.

Lalvani, A., R. Brookes, S. Hambleton, W. J. Britton, A. V. Hill, and
A. J. McMichael. 1997. Rapid effector function in CD81emory T cellsJ. Exp.

Med. 186:859.

Scotet, E., J. David-Ameline, M. A. Peyrat, A. Moreau-Aubry, D. Pinczon,
A. Lim, J. Even, G. Semana, J. M. Berthelot, R. Breathnach, et al. 1996. T cell
response to Epstein-Barr virus transactivators in chronic rheumatoid arthritis.
J. Exp. Med. 184:1791.

Raposo, G., H. W. Nijman, W. Stoorvogel, R. Lijendekker, C. V. Harding,
C.J. M. Melief, and H. J. Geuze. 1996. B lymphocytes secrete antigen-presenting
vesicles.J. Exp. Med. 183:1161.

Brink, A. A. T. P,, J. J. Oudejans, A. J. C. van den Brule, Ph. M. Kluin,
A. Horstman, G. J. Ossenkoppele, P. van Heerde, N. M. Jiwa, and
C. J. L. M. Meijer. 1998. Low p53 and high bcl-2 expression in Reed-Sternberg
cells predicts poor clinical outcome for Hodgkin’s disease: involvement of apo-
ptosis resistance? Mod. Pathol. 11:376.

Ohshima, K., J. Suzumiya, M. Akamatu, M. Takeshita, and M. Kikuchi. 1995.
Human and viral interleukin-10 in Hodgkin's disease, and its influence on"CD4
and CD8 T lymphocytesint. J. Cancer 62:5.

Herbst, H.,, H. D. Foss, J. Samol, I. Araujo, H. Klotzbach, H. Krause,
A. Agathanggelou, G. Niedobitek, and H. Stein. 1996. Frequent expression of
interleukin-10 by Epstein-Barr virus-harboring tumor cells of Hodgkin’s disease.
Blood 87:2918.

Nakagomi, H., R. Dolcetti, M. T. Bejarano, P. Pisa, R. Kiessling, and
M. G. Masucci. 1994. The Epstein-Barr virus latent membrane protein (LMP1)
induces interleukin-10 production in Burkitt lymphoma linés. J. Cancer 57:

240.

Clausse, B., K. Fizazi, V. Walczak, C. Tetaud, J. Wiels, T. Tursz, and P. Busson.
1997. High concentrations of the EBV latent membrane protein 1 in glycosphin-
golipid-rich complexes from both epithelial and lymphoid ceWrology 228:

285.

Ardila-Osorio, H., B. Clausse, Z. Mishal, J. Wiels, T. Tursz, and P. Busson. 1999.
Evidence of LMP1-TRAF3 interactions in glycosphingolipid-rich complexes of
lymphoblastoid and nasopharyngeal carcinoma chits.J. Cancer 81:645.

2202 ‘8 1snbny uo 1sanB Aq /B0’ jounwiwi:mmm//:dny wouy papeojumoq


http://www.jimmunol.org/

