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Virus-Specific Cytatoxic T Cell and HLA-Unrestricted Killer Cell Responses

JAMES P. STEWART' anND CLIONA M. ROONEY

Department of Virology and Molecular Biology, St Jude Children’s Research Hospital, 332, North Lauderdale, Memphis, Tennessee 38101-0318

Received June 10, 1992; accepted August 20, 1992

We determined what influence the Epstein—Barr virus (EBV)-encoded homologue of IL-10 {viral or viL-10) had on
immune responses important for the control of EBV infection. We produced recombinant vIL-10 in a B cell line. A
17-kDa recombinant protein was secreted and had the same molecular weight as vIL-10 secreted by EBV-infected B
cells. Functional activity of recombinant vIL-10 was shown by the inhibition of interferon-y production by activated
leukocytes. Cytotoxic T cells and HLA-unrestricted activated killer cells are both important arms of the immune re-
sponse to EBV. viL-10, either expressed by B cell stimulators or added exogenously, enhanced the in vitro reactivation
of allo- and EBV-specific cytotoxic T cells. vIL-10 also enhanced the activation of HLA-unrestricted killer cells by
EBV-transformed B cells. In contrast, the interleukin-2-mediated activation of these killers was unaffected. Since viL-10
is expressed during the lytic cycle of EBV, we conclude that the expression of viL-10 may enhance immune responses
to EBV-infected cells during periods of virus replication in vivo. In this way, the virus may limit its own replication and
maintain the apathogenic virus carrier state that is characteristic of EBV. © 1992 Academic Press, Inc.

INTRODUCTION

The Epstein—Barr virus (EBV) belongs to a group of
herpesviruses which infects humans. Primary infection
with EBV usually occurs at an early age and the virus
persists for life (Henle and Henle, 1979). The exact
mechanism or site of persistence is not clear, al-
though, like most herpesviruses, it involves a combina-
tion of both latency and virus replication (Sixbey et af.,
1984; Yao et al.,, 1985, 1989).

There is evidence to suggest that the immune re-
sponse of the host is important for maintaining the
virus—host balance. First, cytotoxic T lymphocytes
(CTL) which are specific for EBV-transformed B cells
(lymphoblastoid cell lines; LCL) can be reactivated
from the peripheral blood of seropositive individuals
(Moss et al., 1978; Wallace et al.,, 1982a,b). Second,
HLA-unrestricted activated killer (AK) cells have been
implicated in the control of EBV in vivo (Rooney et al.,
1986). These effectors, which are cytotoxic for EBV-
transformed B cells, can also be activated in vitro from
the peripheral blood (Rooney et al., 1984; Wallace et
al., 1982a). Third, individuals with certain types of im-
munosuppression (e.g., allogeneic organ transplant re-
cipients) can succumb to EBV-associated B lympho-
proliferative disease which often regresses once the
immunosuppression is relieved (Cleary et al., 1986).
Thus, it seems likely that a combination of CTL and AK
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cells may prevent the spread of EBV from the epithe-
lium and outgrowth of EBV-transformed B cells in vivo.

Recently, cDNAs which encode both mouse and hu-
man interleukin 10 {IL-10) were cloned (Moore et al.,
1990; Vieira et al., 1991). Analysis of these cDNAs re-
vealed that their coding portions had strong homology
not only with each other but also with that of an EBV
open reading frame termed BCRF1 (using the nomen-
clature of Baer et a/., 1984). Subsequent expression of
the BCRF1-encoded protein showed that the protein is
similar to human IL-10 in that it is secreted from cells
into the medium in a nonglycosylated form and that it
has an apparent molecular weight of 17 kDa on SDS-
PAGE gels (Hsu et al., 1990). Supernatants containing
BCRF1 protein have also been shown to have IL-10
activity in that they block the synthesis of other cyto-
kines, notably interleukin-2 (IL-2) and interferon-v, from
stimulated human peripheral blood mononuciear celis
(PBMC: Hsu et al., 1990; Vieira et a., 1991). As a con-
sequence, the BCRF1 protein has been termed viral or
vIL-10 (de Waal-Malefyt et al., 1991Db) and, in order to
avoid confusion, this nomenclature will be used hereaf-
ter. Both human and mouse IL-10 have pleiotropic ef-
fects, the majority of which are shared by viL-10. In
particular, viL-10, like human IL-10 downregulates
macrophage function by decreasing cytokine synthe-
sis and expression of class |l major histocompatibility
antigens (de Waal-Malefyt et a/., 1991a,b; Fiorentino et
al., 1991a,b).

Given that IL-10 has profound effects on cells in-
volved in the immune response, the aim of this work
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was to determine what effect vIL-10 had on types of
immunity which are relevant to EBV infection and
hence to assess its role in the persistence and patho-
genesis of EBV. We therefore expressed vIL-10, using
recombinant DNA techniques, in a B cell line and then
incorporated either these cells directly or supernatants
derived from these cells in reactivation assays /n vitro.
Using these methods, we were able to determine that
vIL-10 enhanced the generation of allo-specific CTL,
EBV-specific CTL, and HLA-unrestricted AK cells.

MATERIALS AND METHODS
Expression vector construction

The mammalian expression vector (pSNQC) is dia-
grammatically represented in Fig. 1. BCRF1 was ex-
cised as a 9356-bp Stul fragment (EBV coordinates
9659-10,5694) from cloned EBV DNA (Arrand et al.,
1981) and inserted in the appropriate orientation into
the Xbal site of pPSNOC using standard molecular bio-
logical techniques (Sambrook et a/., 1989). This plas-
mid construct was termed pSNOC/BCRF1.

BCRF1 was also cloned in the appropriate orienta-
tion and frame into the prokaryotic expression vector
pGEX-2T (Pharmacia). This vector is designed to drive
expression of the inserted sequence fused to glutathi-
one S-transferase.

Cells

All cells were maintained, unless specified, at expo-
nential growth in RPMI 1640 (Celigro, Mediatech) con-
taining 10% fetal calf serum (Cellect Gold; Flow Labora-
tories, Inc). Certain experiments were performed,
where indicated, in AIM-V lymphocyte serum-free me-
dium {GIBCO/BRL).

The B cell line BL41/CL16 was derived from the
EBV-negative Burkitt's lymphoma line IARC-BL41 by
infection with the defective (EBNA2-deleted) EBV strain
HH514.16 (Rooney et al., 1988). The EBV in this line is
maintained in a tightly latent form and so expresses
EBNA1 but does not produce products associated
with virus replication, even after chemical induction
with  12-O-tetradecanoyl-phorbol-13-acetate (TPA).
The B95-8 cell line is a marmoset LCL which is trans-
formed with the prototypic strain of EBV (Miller et al.,
1972). These cells harbor EBV in a latent state but can
be induced into productive EBV replication using 20
ng/ml TPA (Bauer, 1983).

The AK-sensitive T cell line HSB-2 was obtained from
the American Type Culture Collection (Rockville, MD).
The B-LCL, JS/B95, and SV/B95 were derived by infec-
tion of PBMC from normal donors with EBV (strain B95-
8). The KLOEK cell line (Leger et al., 1987) is an LCL

and was obtained from Dr. J. E. Reittie, Royal Free Hos-
pital, London, U.K. The line KW/LCL is an EBV-trans-
formed B cell line which grew spontaneously from the
PBMC of a bone marrow transplant recipient (C.M.R.,
unpublished).

HLA typing

The HLA type of BL41 is A11,32; B35,49 (Rooney et
al., 1985) and the HLA type of KLOEK is A2,29;
B17,45; DR7 (J. E. Reittie, personal communication).
The HLA types of the donor LCL SV/B95 (A2,23;
B7,44; DR7,w8), JS/B95 (A1,-; B8,14; DR1,3), and KW/
LCL (A2,30; B7,w42; DR11,8) were determined by Dr.
E. V. Turner, St. Jude Children's Research Hospital,
Memphis.

Transfection of BL41/CL16 cells

BL41/CL16 cells were transfected with either
pSNOC alone or pPSNOC/BCRF1 by using a Cell-Pora-
tor (GIBCO/BRL) as follows: cells were subcultured,
the day before transfection, to a density of 4 X 10%/mi.
The following day, 8 X 108 cells were resuspended in
250 ul of medium and placed in an electroporation cu-
vette. The appropriate plasmid vector (20 ug) was then
added and the cells were exposed to an electrical
current using the cell-porator apparatus (250 V at 800
uF). The electroporated cells were then immediately
placed in 5 ml medium and cultured for 3 days before
being subcultured at a density of 1 X 10*in 1 mlin a
2-ml well of a 24-well plate (Costar) in the presence of
700 ug/ml G418 (Geneticin; GIBCO/BRL). Cells were
fed twice per week by the addition of 1 ml of medium
containing G418. When growth of cells was detected
in the wells (1-2 weeks) cells from one well were taken
and subcultured as above. Finally, growth was de-
tected in 6 wells containing cells which had been
transfected with pSNOC/BCRF1 and cells expanded
from these were termed BC/BL/1 through 6. Likewise,
cells which were derived from transfection with
pSNOC were termed SN/BL/1. Both sets of cells were
routinely maintained in medium containing 700 ug/ml
(G418 at a density of between 4 X 10* and 4 X 10%ml.

Production of serum-free cell supernatants

Cells were first washed in phosphate-buffered sa-
line, resuspended at 2 X 105/ml in AIM-V serum-free
lymphocyte medium {GIBCO/BRL) and incubated for
18 hr, after which time the viability was always >95%
as determined by trypan blue staining. At this point the
medium was harvested and stored at —70°. Pools of
between 70 and 100 ml were concentrated and low
molecular weight metabolites removed using Centri-
prep-10 concentrators (Amicon). Supernatants were
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first concentrated 10-fold, then made up to their origi-
nal volume with RPMI 1640 before being reconcen-
trated 10-fold.

Production of rabbit monospecific antiserum
to viL-10

The vector pGEX-2T containing BCRF1 (see above)
was used to transform Escherichia coli BL21. A gluta-
thione S-transferase/vIL-10 fusion protein was then ex-
pressed in these bacteria according to the manufac-
turers instructions. Bacteria were lysed directly in
SDS-PAGE sample buffer and the lysate electropho-
resed through a 10% SDS-PAGE gel (Laemmli, 1970).
A band containing the fusion protein was first visual-
ized by adding 5 M potassium acetate to the surface of
the gel and then excised with a scalpel. The acrylamide
ge! slice was macerated in phosphate-buffered saline
and used to immunize a rabbit. IgG was purified from
sera by affinity chromatography using a protein G-seph-
arose column (MAbTrap G; Pharmacia). The IgG con-
centration was then quantitated using the optical den-
sity at 280 nm.

Radiocimmunoprecipitation of vIL-10 from cells

Cells were grown to a density of 5 X 10%ml. Before
radiolabeling, cells {1 X 107) were washed twice in me-
thionine-free RPM{ 1640 (ICN/Flow) and incubated for
30 mins in 5 ml of this medium. Cells were then pel-
leted and resuspended in 1 ml of methionine-free RPMI
containing 1 mCi of [*®*S]methionine (cell-labeling
grade: NEN). After incubation for 3 hr, the supernatant
was coliected by centrifugation and diluted 1:1 with
RIPA buffer (60 mM Tris—HCI, pH 8.0, 150 mM NaCl,
0.5% deoxycholate, 1% NP-40, 0.1% SDS, 5% apro-
tinin, 1 mM phenylmethylsulfonyl fluoride). Superna-
tants were cleared by adding affinity-purified, preim-
mune IgG (15 ug) to 500 ul of supernatant and incubat-
ing for 30 min at room temperature. A volume (50 ul) of
10% fixed Staphylococcus aureus Cowan | (Pansorbin;
Calbiochem) was then added and the tube incubated
for a further 30 min before being centrifuged. The su-
pernatant was collected and incubated again, as
above, with Pansorbin. After centrifugation, the super-
natant was collected and used for immunoprecipita-
tion. Either preimmune or anti-vIL-10 affinity-purified
antibody (15 ug 1gG) was added to cleared supernatant
(500 pl) and incubated for 2 hr at room temperature. A
volume (35 ul) of a 50% solution of protein A sepharose
{Pharmacia) contained in 50 mM Tris (pH 8.0, 150 mM
NaCl, 10% bovine serum albumin (fraction V;
Boehringer) was then added and the tube incubated for
an additional 30 min. Precipitates were collected by
centrifugation and washed five times with 1 ml of RIPA

buffer. Immunoprecipitated complexes were then solu-
bilized in 35 ul of SDS-PAGE sample buffer and elec-
trophoresed through a 15% SDS-PAGE gel which was
subsequently treated with En3hance (DuPont/NEN),
dried, and exposed to autoradiographic film. Molecular
weight determinations were made using *C-methyl-
ated molecular weight markers (Amersham).

Assay for IL-10 activity

The biological cytokine synthesis inhibitory factor ac-
tivity of supernatant derived from BC/BL cells were
tested in a human IL-10 assay as described previously
{(Vieira et al., 1991). Peripheral blood mononuclear cells
{(PBMC) were separated from heparinized blood on Fi-
coll-Hypaque as described (Boyum, 1968) and were
stimulated with phytohemaggtutinin (0.5 ug/ml) in AIM-
V medium in the presence of varying amounts of su-
pernatant. After 3 days, the medium was harvested
and assayed for interferon-y using a commercial ELISA
(GIBCO/BRL). One unit of IL-10 activity is defined as
50% of maximum inhibition of interferon-y synthesis.

Reactivation of CTL

PBMC (see above) were cocultured at a concentra-
tion of 2 X 10%/2 ml/well in 24-well plates with 5 X 10*
y-irradiated (4000 rad) stimulator cells (responder:stim-
ulator ratio of 40:1) as described previously (Wallace et
al, 1982a). The cells were fed by renewing half the
volume of medium after 5 days and after 14 days, the
cells were harvested and used as effectors in a chro-
mium release assay.

Induction of activated killer cells with IL-2

PBMC were cultured overnight in AIM-V serum-free
medium in the presence of 1000 U/ml recombinant IL-
2 (Boehringer) at a density of 2.5 X 10%/ml. Cells were
then harvested and incorporated as effectors in a chro-
mium release assay.

Induction of activated killer cells with
autologous LCL

PBMC were cocultured at a density of 2 X 10° per
2-ml well along with 5 X 10° y-irradiated autologous
LCL (4:1 responder:stimulator ratio) as described by
Wallace et al. (1982a). After culture for 7 days, the cells
were harvested and used as effectors in a cytotoxicity
assay.

Chromium release assays

Chromium release assays were performed as de-
scribed previously (Wallace et al., 1982b). Briefly, tar-
get cells (1 X 10°) were labeled with 5'Cr (100 uCi in
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Fic. 1. Diagrammatic representation of the mammalian expression vector pSNOC. The construction of this plasmid was performed by C.
Rooney and G. Allan (unpublished data). Bacterial plasmid sequences are represented by lines and regions of the vector relevant to expression in
mammalian cells are represented by open boxes. This vector is based upon the bacterial cloning vector pBR322. The neomycin gene (neo),
expression of which is driven by the SV40 promoter (PSV40), enables selection of cells containing the plasmid by the use of G418. The presence
of the EBV ori-P element enables the vector to be maintained as an episome in cells which express EBNAT (Yates et al., 1984). Expression of the
gene of interest is driven by the cytomegalovirus immediate—early promoter-enhancer element which is contained upstream of unique multiple
cloning sites (MCS) which in turn are upstream of the SV40 polyadenylation signal sequences (PA).

200 gl for 1 h) before being washed 5 times. Labeled
target cells (5 X 10% were mixed with effector cells at
appropriate ratios in a final volume of 200 ul in the wells
of a round-bottomed 96-welled plate. Where appro-
priate, the targets were incubated for 30 min with 6 pg
of monoclonal antibody before inclusion in the assay.
The reagents used were the anti-HLA class | monoclo-
nal antibody W6/32 (Dakopatts) or an isotype-matched
dengue virus-specific monoclonal antibody HB114 (a
kind gift of Dr. J. E. Allan). After incubation for & hr,
supernatants (100 ul) were harvested and counted us-
ing a gamma counter (Cobra autogamma). Specific cy-
totoxicity was worked out by using the formula: per-
centage specific cytotoxicity = experimental release —
spontaneous release/maximum release — spontane-
ous release X 100.

Lytic units

Differences between the activities of effector popula-
tions in a given experiment were quantitated by using
lytic units. Lytic units were calculated as described by
Kay (1980). The percentage specific cytotoxicity was
plotted versus the log of the various effector:target ra-
tios. Cytotoxicity curves were then generated from
which the number of effector lymphocytes required to
produce 30% specific cytotoxicity were calculated.
This number of lymphocytes represents one lytic unit
(LU)in that experiment. Results were expressed as lytic
units per 10° cells.

RESULTS
Stable expression of viL-10 in B cells

The EBV BCRF1 open-reading frame which encodes
viL-10 was inserted into the vector pSNOC (Fig. 1).

This plasmid was transfected into BL41/CL16 cells.
BL41/CL16 cells were chosen for several reasons.
First, they do not express detectable levels of either
human IL-10 or vIL-10 mRNA by Northern blotting
(J.P.S., manuscript in preparation). Second, by virtue of
being EBV-positive, they express EBNA1 and so are
able to maintain pSNOC as an episome. Finally, B cells
are a natural host for EBV and we wished to retain a
relatively authentic cellular background.

After transfection with pSNOC/BCRF1, six G418-re-
sistant lines were obtained. In an initial screen, all six
lines, termed BC/BL/1-6, were found to express equal
amounts of viL-10 mRNA, while control cells trans-
fected with pSNOC alone (SN/BL/1) expressed none.

To determine whether recombinant viL-10 of the ap-
propriate molecular weight was secreted into the me-
dium, supernatants derived from transfected cells and
EBV-transformed cells were radioimmunoprecipitated
using rabbit monospecific 1gG to vIL-10. Figure 2
shows the results of these experiments. Figure 2A
shows that a protein of apparent molecular weight 17
kDa was precipitated from BC/BL/5 cell supernatants
using anti-vIL-10 {lane 1). This protein was not precipi-
tated from BC/BL/5 supernatant using preimmune IgG
or from the control SN/BL/1 supernatant using either
anti-viL-10 or preimmune IgG (lanes 2—4). In additional
experiments, the lines BC/BL/1 and BC/BL/6 were also
shown to secrete recombinant vIL-10 of the same mo-
lecular weight. Thus, expression of viL-10 mRNA by
the transfected lines was paralleled by secretion of re-
combinant protein into the medium. The molecular
weight of our product was the same as had been previ-
ously reported for recombinant vIL-10 expressed in
COS cells (Hsu et al., 1990). The experiment shown in
panel B compares proteins immunoprecipitated from
supernatants of the EBV-transformed line B95-8 with
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FiG. 2. Radioimmunoprecipitation of viL-10 from transfected BL4 1/
CL16 cells and EBV-transformed (B95-8) cells. Radiolabeled pro-
teins in the supernatants of cells were immunoprecipitated with ei-
ther monospecific rabbit 1gG to viL-10 or preimmune IgG from the
same rabbit. Precipitated proteins were then analyzed by SDS-
PAGE and autoradiography. The positions of molecular weight stan-
dards (X107 Da) are shown at the right. (A) Expression of recombi-
nant viIL-10 by transfected BL41/CL16 cells. Lanes 1 and 3 show
precipitations with anti-vlL-10 IgG, whereas lanes 2 and 4 show pre-
cipitations with preimmune IgG. Precipitation was performed with
either BC/BL/5 supernatant (lanes 1 and 2) or SN/BL/1 supernatant
(lanes 3 and 4). (B) Comparison of the expression of recombinant
and authentic viL-10. Lanes 1, 3, and 5 show precipitations with
preimmune IgG, whereas lanes 2, 4, and 6 show precipitations with
anti-viL-10 IgG. Precipitation was performed with supernatants de-
rived from either BC/BL/5 cells (lanes 1 and 2), B95-8 cells induced
into productive replication with TPA {lanes 3 and 4), or untreated
B95-8 cells (lanes 5 and 86).

those from transfected cells. As in Fig. 2A, a 17-kDa
protein corresponding to viL-10 was precipitated from
BC/BL/5 cell supernatants using anti-vIL-10 I1gG (lane
2) but not preimmune IgG (lane 1). When supernatants
of B95-8 cells were used, a 17-kDa protein was precipi-
tated with anti-vIL-10 only when the EBV productive
cycle was induced in these cells using TPA (lane 4). No
protein of this molecular weight was precipitated from
the supernatants of induced B95-8 cells using preim-
mune 1gG (lane 3) or from the supernatants of un-
treated B95-8 cells using either anti-vIL-10 (lane 6) or
preimmune [gG (lane 5). Therefore, recombinant vIL-10
has the same molecular weight as the authentic pro-
tein produced by B95-8 cells. This data also adds to
mMRNA expression studies (Vieira et a/., 1991) by dem-
onstrating for the first time that vIL-10 protein is se-
creted by infected B cells during the lytic but not the
latent cycle of EBV.

To determine whether the supernatants derived
from BC/BL cells had functional IL-10 activity, we per-
formed a human cytokine synthesis inhibitory factor
assay as described by Vieira et a/. (1991). The amount
of human interferon-y produced by phytohemagglu-
tinin-stimulated peripheral blood mononuclear cells
(PBMC) was measured in the presence of superna-
tants derived from either BC/BL or SN/BL cells. As can
be seen in Fig. 3, supernatant from SN/BL/1 cells did

not decrease the synthesis of interferon-y. However,
BC/BL supernatant caused decreased interferon-y syn-
thesis. This effect was abrogated by the addition of
rabbit anti-vIL-10 IgG but was unaffected by the addi-
tion of preimmune IgG. Thus, the inhibition observed
was a direct effect of viL-10 and not due to the action of
other cytokines present in the supernatant. In titration
experiments, the level of IL-10 activity in 10-fold con-
centrated BC/BL supernatants was consistently found
to be around 100 U/ml, where one unit is the amount
required to cause 50% of the maximum decrease in
interferon-y synthesis.

The above sets of results show that we had gener-
ated B cells which secreted functional recombinant
vIL-10 as a source of the factor for use in cytotoxic cell
reactivation experiments.

Effect of vIL-10 on the generation of CTL responses

To ascertain the effect of viL-10 on the generation of
CTL responses we first used the in vitro reactivation of
allo-specific CTL as a model. This enabled us to use
the transfected BL41/CL16 cells as stimulators and
therefore compare the effect of viL-10 expression by
the antigen-presenting cell itself with the effects of ex-
ogenously added factor.

Fig. 3. Effect of vIL-10 on the production of interferon-y by acti-
vated PBMC. The amount of interferon-y produced by phytohem-
agglutin-stimulated PBMC are shown by bars. Each bar represents
the mean of three determinations. Interferon-y produced by unacti-
vated PBMC was added as a control (NO PHA). Activation was per-
formed either medium alone (MEDIUM), medium containing 10%
10-fold concentrated SN/BL/1 supernatant (SN), or medium contain-
ing an equivalent amount of BC/BL/6 supernatant (BC). In addition,
IgG (30 pg/ml), either preimmune (BC + PRE-IMM) or anti-viL-10 (BC
+ a-viL-10), was included in activations performed with BC/BL/5 su-
pernatant.
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FiG. 4. Effect of vIL-10 expression reactivation of an allo-specific
CTL response. BC/BL/5 cells expressing vIL-10 or control SN/BL/1
cells as stimulators were cocultured with allogeneic PBMC (donor
J.8.) at a responder:stimulator ratio of 40:1. Effector cells were
tested against either labeled BL41/CL16 or HLA-mismatched LCL in
a chromium release assay. The results are plotted as specific cyto-
toxicity observed at four effector:target (E:T) ratios. Results from ex-
periments where BC/BL/5 cells were used as stimulators (@) and
those where SN/BL/1 cells were used as stimulators (O) are plotted
on the same graph. The results from using BL41/CL16 as targets are
represented by solid lines and those from using HLA-mismatched
LCL {SV/B95) by broken lines. The standard deviation from the mean
of triplicates are shown by bars.

Allo-specific CTL were generated by coculturing ei-
ther BC/BL/5 (expressing vIL-10) or SN/BL/1 {vector
control) cells as the stimulators (antigen-presenting
cells) with allogeneic PBMC as the responders. Effec-
tor populations were tested for allo-specific cytotoxic
activity against either BL41/CL16 cells, which have the
same HLA type as the stimulator cells or an HLA-mis-
matched LCL target. Three separate experiments were
performed with PBMC from two donors with identical
results. The number of live cells harvested varied be-
tween individual experiments from 0.8-1.2 X 10%ml
but was the same in any given experiment irrespective
of the stimulator. The results of one representative cy-
totoxicity assay are shown in Fig. 4. Effectors derived
by coculture with BC/BL/5 cells showed a significantly
elevated lysis of BL41/CL16 targets as compared with
effectors which were generated by coculture with SN/
BL/1 cells. The lysis of BL41/CL16 cells by effectors in
both cases was blocked (30%) by the addition of the
anti-HLA class | monoclonal antibody W6/32 but was
completely unaffected by the addition of an isotype-
matched, negative control monoclonal antibody,
HB114. This, taken with the fact that HLA-mismatched
targets were not killed, demonstrates that the killing
observed was mediated by classical HLA class !-re-
stricted CTL. The elevated cytotoxic activity of effec-

tors generated using BC/BL/5 cells was quantitated by
calculating lytic units (LU) and was found to be approxi-
mately seven times greater than those generated using
SN/BL/1 cells (400 versus 60 LU/10° cells, respec-
tively). Both sets of effectors were also tested against
BC/BL/5 and SN/BL/1 cells in order to see whether
viL-10 expression altered the sensitivity of B cells to
fysis by CTL. However, the levels of killing, in both
cases, were almost identical to BL41/CL16 targets.

Additional reactivation experiments were performed
using SN/BL/1 cells as stimulators and 10-fold con-
centrated supernatant from BC/BL/5 as a source of
exogenous vIL-10. Like those derived using BC/BL/b
cell stimulators, effectors derived in this fashion dis-
played an elevated level of allo-specific cytotoxicity as
compared with reactivations performed using control
(SN/BL/1) supernatant (not shown). Thus, exogenous
vIL-10 was also able to elevate the reactivation of CTL
killing.

To determine the effect of viL-10 on the generation
of an EBV-specific CTL response, we cocultured EBV-
transformed B cells (LCL) derived from an EBV-sero-
positive donor (SV) along with autologous PBMC in the
presence of either BC/BL/5 or SN/BL/1 cell superna-
tant. The number of live cells harvested from the cocul-
tures were identical. The results of cytotoxicity assays
(Fig. 5) showed that an autologous LCL (Fig. 5A) was
lysed to a greater extent than an LCL which shared two
HLA class | haplotypes (Fig. 5B) and that HLA mis-
matched LCL (panel C) was not lysed at all. The
amount of cytotoxicity observed was significantly en-
hanced when the effector populations were reacti-
vated in the presence of viL-10-containing BC/BL/5 su-
pernatant. HLA class | restriction of the effectors was
confirmed by blocking lysis of autologous LCL with
W6/32 monoclonal antibody (shown by bars). The de-
gree of elevation of EBV-specific CTL activity by the
addition of vIL-10 as compared to the control was
quantitated by calculating LU and was found to be
threefold for the autologous target (110 versus 30 LU/
108 cells, respectively) and fourfold for the hemiallo-
geneic target (18 versus 4.5 LU/10° cells, respectively).
These results demonstrate that vIL-10, either ex-
pressed by the stimulator B cells or added exoge-
nously, enhanced the in vitro reactivation of both allo-
and EBV-specific, HLA class |-restricted CTL.

Effect of viL-10 on the generation of activated,
HLA-unrestricted killer cells

Previous studies have suggested that activated,
HLA-unrestricted killer (AK) cells are important for the
control of EBV infection in vivo (Rooney et al., 1986). To
determine what effect vIL-10 had on the generation of
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Fig. 5. Effect of viL-10 on the reactivation of EBV-specific CTL. LCL (SV/B95) were cocultured with autologous PBMC at a responder:stimula-
tor ratio of 40:1 with the addition of 10% concentrated supernatant from either BC/BL/5 or SN/BL/1 cells. Effector cells obtained were tested
against either labeled autologous LCL (SV/B95; A), HLA partially matched LCL (KW/LCL; B) or HLA-mismatched LCL (JS/B85; C} in a chromium
release assay. The HLA haplotypes which are shared with the effector population are indicated below the panels. The results are plotted as
specific cytotoxicity observed at three effector:target (E:T) ratios. The cytotoxicity observed from effectors reactivated in the presence of
BC/BL/5 supernatant containing viL-10 (@) and those reactivated in the presence of control SN/BL/1 supernatant (O) are plotted on the same
graph. The standard deviation from the mean of triplicates are shown by bars. The results of blocking HLA class I-mediated killing of autologous
LCL using the monoclonal antibody W6/32 at an effector:target (E:T) of 20:1 are represented as bars at the left of (A): values from effectors
reactivated in the presence of BC/BL/5 (m) and SN/BL/1 (0) are shown side by side.

such cells in vitro we activated HLA-unrestricted cells
from the PBMC of donors using either interleukin-2 (IL-
2) or an autologous LCL at a high stimulator:responder
ratio (Wallace et al., 1982). Effector cells were then
assayed for cytotoxicity against EBV-negative AK-sen-
sitive cells (HSB-2) and an HLA-mismatched LCL
(KLOEK).

AK cells were reactivated by IL-2 on three separate
occasions with identical results. The number of cells
harvested was identical to the input number in all cul-
tures. The results of one representative experiment are
shown in Fig. 6. HSB-2 cells (Fig. 8A) were insensitive
to lysis by unstimulated PBMC. After addition of IL-2,
the effector cells lysed HSB-2, but the cytotoxic activity
was not significantly different whether IL-2 plus SN/BL/
1 supernatant or IL-2 plus BC/BL/6 supernatant were
used in the activation. Figure 6B shows that the pattern
of lysis of KLOEK LCL, by all effector populations, was
similar to that seen with HSB-2.

Next, we assessed the effect of viL-10 on the genera-
tion of AK cells by an autologous LCL. Effectors were
reactivated in this fashion on three separate occasions
with identical results. The number of live cells har-
vested from the cocultures was the same in any given
experiment whether BC/BL/5 supernatant or SN/BL/1
supernatant was used. The results of one representa-
tive experiment are shown in Fig. 7. Stimulation with an

LCL-induced effector populations which lysed HSB-2
(Fig. 7A) and KLOEK LCL (Fig. 7B). However, in con-
trast to IL-2 activation, the level of killing of both targets
was significantly enhanced when the stimulation was
performed in the presence of vIL-10-containing BC/BL/
5 supernatant. The degree of etevation of cytotoxicity
by the addition of viL-10 as compared to the control
was quantitated by calculating LU and was found to be
four times greater with HSB-2 targets (285 versus 80
LU/108 cells, respectively) and five times greater with
KLOEK LCL targets (333 versus 60 LU/10° cells, re-
spectively). Thus, viL-10 enhanced the in vitro reacti-
vation of AK cells capable of lysing EBV-transformed B
cells but only when the induction was mediated by
virus-transformed B cells.

DISCUSSION

We have described the effects of recombinant vIL-10
on the in vitro reactivation of immune cytotoxic cells
which are thought to be important for the control of
EBV in vivo. Using recombinant vIL-10 expressed in a
transfected B cell line, we demonstrated that vIL-10,
either expressed by B cell stimulators or added exoge-
nously, enhanced the in vitro reactivation of allo- and
EBV-specific, HLA-restricted CTL. In a similar fashion,
vIL-10 increased the reactivation of HLA-unrestricted
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FiG. 6. Effect of vIL-10 on the IL-2-mediated induction of AK cells.
PBMC (donor J.S.) were stimulated with IL-2 in combination with
10% 10-fold concentrated supernatant derived from BC/BL/5 or SN/
BL/1 cells. Unstimulated PBMC were added as a control. Effector
cells were tested against labeled target cells in a chromium release
assay. The results are plotted as specific cytotoxicity at different
effector:target (E:T) ratios. Results obtained with unstimulated cells
(m), celis stimulated with IL-2 plus control SN/BL/1 supernatant (O},
and cells stimulated with |L-2 plus vIL-10-containing BC/BL/5 super-
natant (@) are shown on the same graph. The target cells used were
HSB-2 (A) and KLOEK LCL (B). The standard deviation from the mean
of triplicates are shown by bars.

AK cells when these were generated in vitro using au-
tologous LCL, although it had no effect on the IL-2-me-
diated generation of these effectors. In addition, we
showed that authentic (nonrecombinant) vIL-10 was
secreted from transformed B cells during the lytic but
not the latent cycle of EBV.

The effect of viL-10 on cytotoxicity is somewhat par-
adoxical. Previous effects of viL-10, like human IL-10,
have been inhibitory to immune responses. In particu-
lar, vIL-10 decreases the production of a range of
proinflammatory cytokines (e.g., IL-1¢, 1L-18, IL-6, IL-8,
tumor necrosis factor «, granulocyte-macrophage col-
ony-stimulating factor, and granulocyte colony-stimu-
lating factor) from activated macrophages (de Waal-
Malefyt et al., 1991a; Fiorentino et al., 1991a). Both
human and viral IL-10 have also been shown to de-
crease the expression of class |l major histocompatibil-
ity molecules on macrophages which in turn renders
them incapable of antigen-presenting cell-dependent
production of IL-2 and interferon-y by T helper type 1
cells (de Waal-Malefyt et a/.,, 1991b; Fiorentino ef al.,
1991b; Taga and Tosato, 1992).

vlL-10 may increase the lytic activity of the CTL and
AK cell effector populations by a number of mecha-
nisms. One possibility is that viL-10 upregulates anti-
gen presentation by B lymphocytes, although current

evidence suggests that this is not the case (de Waal-
Malefyt et al., 1991b). Alternatively, although total cell
numbers were not increased, viL-10 may acton T cells
in a similar manner to mouse IL-10 on murine T cells
(Chen and Zlotnik, 1991) and selectively expand cyto-
toxic cell subsets.

The two methods of AK cell generation used here
(IL-2 and autologous LCL) resulted in functionally simi-
lar effector populations. However, they differed in their
sensitivity to upregulation by vIL-10, suggesting that
the two methods represent either the stimulation of
different AK cell types or the use of two distinct activa-
tion pathways. It has been suggested that the genera-
tion of AK cells by virus infections in vivo depends on
cytokines other than IL-2 (Welsh et al,, 1991). This,
along with the fact that the induction of AK cells with an
LCL is an EBV-activated response, suggests that viL-
10 might enhance an AK response to EBV-infected
cells in vivo.

Infection with EBV is generally apathogenic: the
virus has evolved a relationship with the host where a
low level of chronic virus replication and latency with-
out disease are found. How does viL-10 contribute to
this pattern of behavior? A high level of EBV replication
with associated disease is only detected for a limited
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FiG. 7. Effect of vIL-10 on the stimulation of AK cells using autolo-
gous LCL. PBMC (donor J.S.) were stimulated with an autologous
LCL at a responder:stimulator ratio of 4:1 plus 10% 10-fold concen-
trated supernatant derived from either BC/BL/5 or SN/BU/1 cells.
Unstimulated PBMC were added as a control. Effector cells were
tested against labeled target cells in a chromium release assay. The
results are plotted as specific cytotoxicity observed at different effec-
tor:target (E:T) ratios. Results obtained with unstimulated cells (m)
cells stimulated in the presence of control SN/BL/1 supernatant (O),
and cells stimulated in the presence of vIL-10-containing BC/BL/b
supernatant (@) are shown on the same graph. The target cells used
were HSB-2 (A) and KLOEK LCL (B). The standard deviation from the
mean of triplicates are shown by bars.
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period after primary infection and appears to be con-
trolled by a vigorous immune response (Strang and
Rickinson, 1987). Unlike B cells transformed by EBV in
vitro, there is evidence to suggest that normally, in
vivo, latently-infected B cells have a more restricted
pattern of EBV gene expression and a less activated
cell phenotype which are similar to freshly explanted
Burkitt's lymphoma cells (Rowe et a/., 1992). Cells with
this phenotype, termed ‘‘group |,"" are also relatively
insensitive to lysis by cytotoxic cells (Rooney et al.,
1984, 1985). We have shown that vIL-10 protein, like
mRNA, is expressed during the productive, but not the
latent cycle of EBV infection. Since this protein may
upregulate CTL and AK cells which are the most im-
portant control mechanism for EBV in vivo, production
of viL-10 may be a mechanism which the virus has
evolved to enhance an immune response to itself,
causing the selection of latently infected cells with a
group | phenotype. These cells would not express viL-
10 and would also be poorly recognized by cytotoxic
cells. In this way, the virus may limit its own replication
and may maintain the apathogenic virus carrier state
that is characteristic of EBV.

vlL-10 may contribute in other ways to the life cycle
of the virus. Recently, it was shown thatviL-10is also a
B cell growth and differentiation factor (Defrance et al.,
1992; Rousset et af., 1992), hence it could enhance
the infection of B cells by EBV. This pleiotropic protein
might therefore play an number of important roles in
virus infection and its future study may provide valu-
able insight into the mechanisms of EBV persistence
and tumorigenesis.
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