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Abstract

Suppression and/or cytotoxicity are believed to play an important
role in the defense against Epstein-Barr virus (EBV) infection.
To analyze the role of suppressor T cells in relation to EBV, we
sought to clone and study these T cells. Analysis of 152 T cell
clones derived from the peripheral blood of two patients with
acute EBV-in4uced infectious mononucleosis (IM) yielded 11
highly suppressive clones that had no cytotoxic activity for the
natural killer sensitive K562 cell line, an autologous EBV-in-
fected cell line, or an allogeneic EBV-infected B cell line. Four
of six suppressor T cell clones also profoundly inhibited EBV-
induced immunoglobulin production, and five of five clones de-
layed the outgrowth of immortalized cells. These results indicate
that during acute IM, suppressor T cells capable of inhibiting
B cell activation in the absence of cytotoxicity can be identified,
and may play a key role in the control of EBV infection.

Introduction

Epstein-Barr virus (EBV)1 is an ubiquitous herpes virus that has
a unique relationship with the immune system. In vitro EBV
infects B cells in preference to all other blood cells (1), and as a
consequence of infection these cells proliferate, differentiate into
Ig-secreting cells, and eventually become immortalized (2-4).
In vivo primary infection by EBV is the most common cause
of infectious mononucleosis (IM) (5). Patients with IM have
been shown to have a high number of EBV-infected B cells in
their peripheral blood that are capable of continuous growth in
vitro (6, 7). Yet patients with this illness very rarely develop
monoclonal or polyclonal neoplasms composed of EBV-infected
cells. This has been attributed to the vigorous host immune re-
sponse, consisting of activated suppressor (8-1 1) and/or cytotoxic
T cells (12-17), that develops during the course of the disease.
Patients with a congenital disorder of this immune response,
referred to as the X-linked lymphoproliferative syndrome, ex-
perience fatal episodes of infectious mononucleosis (18, 19).
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After primary infection with EI3V, normal individuals have
a small but detectable number of circulating B cells latently in-
fected with EBVthat are capable of immortal growth when cul-
tured in vitro (6, 7, 20). Control of these latently infected B cells
is also attributed to cytotoxic and/or suppressor T cells that have
been described in normal EBV-seropositive individuals (21-24).
The importance of these immune T cells is demonstrated by the
appearance of EBV-induced B cell neoplasms in patients with
acquired immunodeficiency syndrome (25) and in those treated
with immunosuppressive drugs, such as cyclosporin A (26), or
with an anti-T cell monoclonal antibody (27).

Much information has been accumulated to demonstrate a
role for regulatory T cells in the defense against EBV infection
(28, 29). However, unlike T cell responses to a variety of antigens
that have been analyzed in great detail and are relatively well
understood (30), very little is known at present about T cell
recognition and regulation of EBV-infected B cells. A preliminary
question to be addressed is the relationship among the T cell
regulatory mechanisms reported to contribute to the control of
EBV-infected B cells, including suppression and specific and
nonspecific killing. In this study we have asked whether suppres-
sion is an independent mechanism of immune defense to EBV,
or whether the apparent suppression is really due to cytotoxic
cells killing the B cells and thus preventing Ig production. To
address this question, we attempted to isolate and expand sup-
pressor T cell clones from individuals with EBV infection. Al-
though we could not obtain suppressor T cell clones from normal
EBV-seropositive individuals, we readily obtained suppressor T
cell clones from patients with acute EBV-induced infectious
mononucleosis. These results demonstrate that suppression is a
distinct defense mechanism against EBV-infected B cells.

Methods

Patients. Patients with EBV-induced IM fulfilling the diagnostic criteria
previously reported (9) were referred to the National Institutes of Health
from Georgetown University Health Center. Blood was obtained in pre-
servative-free heparin from these IM patients and from normal EBV-
seropositive donors. Antibody titers to EBV-related antigens were de-
termined by Dr. W. Henle, as previously described (31). Separation of
mononuclear cells and enrichment of T and B cell subsets by rosetting
with 2-aminoethylisothiouronium bromide-treated sheep red blood cells
were performed as previously described (9). The nonrosetting populations
containing <2% sheep erythrocyte rosette-forming cells are referred to
as "B cells." The rosetting population containing <1%non-sheep eryth-
rocyte rosette-forming cells are referred to as "T cells."

T cell cloning. Fresh T cells from normals and IM patients were
cultured in 96-well roundbottom microtiter plates (Costar, Cambridge,
MA) at serial twofold reductions in cell densities (400/well, 200/well,
etc.) with a feeder layer of 20,000 normal autologous or allogeneic ir-
radiated (4,000 rad) mononuclear cells. The culture medium, referred
to as 20% Interleukin-2 (IL-2)-conditioned medium, consisted of RPMI
1640 medium (Gibco Laboratories, Grand Island, NY) supplemented
with 2 mMglutamine (Gibco Laboratories), 5 .g/ml gentamycin (Sigma
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Chemical Co., St. Louis, MO), 10% heat-inactivated fetal calf serum
(Gibco Laboratories), and 20% delectinated human IL-2 (Cellular Prod-
ucts, Inc., Buffalo, NY). Positive wells were scored for the presence of
large clumps of growing cells at 28 d by visual examination with phase-
contrast microscopy. The precursor frequency of T cells capable of long-
term growth was calculated by Poisson statistics using the minimum chi
square analysis method previously described by Taswell in a program
written for a Wangcomputer by Robert Yarchoan (32). Positive wells,
established at a calculated precursor frequency of <0.7 precursors/well,
were expanded in Linbro flat-bottom 24-well plates (surface area per
well, 2.0 cm2) (Flow Laboratories, Inc., McLean, VA) with 20% IL-2-
conditioned medium. Subsequently, the clones were maintained in cul-
ture by feeding with IL-2-conditioned medium and expanded when nec-

essary. Initial functional testing was performed as soon as sufficient
numbers of cells were available for each clone, 4-6 wk after the limiting
dilution cloning was set up. The selected clones were retested repetitively
thereafter for 12-16 wk, when most clones died. No feeder cells or other
stimulants were added after the initial seeding.

Establishment ofB cell lines. EBV-infected B cell lines were established
from patients and normals by incubating B cells at a concentration of
500,000 cells/ml in 10-ml RPMI 1640 medium supplemented with 2
mMglutamine, 5 jig/ml gentamycin, and 10%heat-inactivated fetal calf
serum (FCS) with 10% vol/vol EBV (filtered supernatant of the B95-8
line with at least 106 transforming U/ml) in 25-cm2 flasks (Coming Glass
Works, Coming, NY).

Lymphocyte cultures and assay for suppression of Ig production. T
cell suppression of pokeweed mitogen (PWM)-induced Ig production
was determined by comparing the number of Ig-secreting cells produced
by PWM-activated mononuclear cells cultured either alone or mixed in
coculture with allogeneic T cells. Normal indicator mononuclear cells
were cultured for 5-7 d in 96-well roundbottom microtiter plates (Costar)
at the cell density of 100-125 X 103 cells/well without or with PWM
(Gibco Laboratories) at the final dilution of 1:80. The indicator cells
were either cultured alone or mixed in coculture with cloned T cells at
the indicated cell densities. These T cells were extensively washed with
Hank's balanced salt solution (HBSS) (Scott Laboratories, Fiskeville, RI)
before coculture experiments to remove exogenous IL-2.

T cell suppression of EBV-induced Ig production was evaluated by
comparing the number of Ig-secreting cells produced by EBV-infected
B cells either cultured alone or mixed in coculture with autologous T
cells. B cells were cultured for 8-14 d in the presence of EBV (B95-8
strain) at the cell density of 50,000 B cells/well in 96-well roundbottom
plates as the indicator response. Effector T cells were added in coculture
as above.

At the end of culture the number of Ig-secreting cells was assayed
with a modified reverse-hemolytic plaque assay, as described (33). Plaques
were read using a semiautomated plaque counter (Optomax, Inc., Hollis,
NH). Results are expressed as total number of plaque-forming cells (PFC)
per culture. All assays were done at least in triplicate. The percent
suppression was calculated as:

%suppression=

100 X _ PFC/culture of indicator cells + effector T cells\
- PFC/culture of indicator cells alone. /

Cytotoxicity assay. Cytotoxicity was measured using a 4.5-h chro-
mium release assay. Target cells for cytotoxicity included EBV-infected
B cell lines and the natural killer-sensitive K562 cell line obtained from
the American Type Culture Collection, Rockville, MD. These targets
were split 2 d before the cytotoxicity assay. On the day of the assay, 2
X 106 targets resuspended in 100 M1 of balanced salt solution (BSS) sup-
plemented with 10% FCSwere incubated at 37°C with 500 MCi of sodium
chromate (ICN Pharmaceuticals, Inc., Irvine, CA) for 45 min. Target
cells were then washed five times in BSSand resuspended at a cell density
of 5 X 104 cells/ml in 10% FCSmedium. Effector T cells from the T cell
lines and clones were washed three times in HBSSand resuspended in
10% FCS medium. Cytotoxicity assays were performed in 96-well
roundbottom microtiter plates and consisted of triplicate cultures con-

taining 100 Al of control or effector T cells and 100 jul of labeled target
cells. These cultures were incubated at 370C for 4.5 h, centrifuged at

550 g for 5 min, and the supernatants were harvested with SCSharvesting
frames and transfer tubes (Skatron, Inc., Sterling, VA) and counted.
Each assay contained targets incubated with medium alone in the absence
of effectors (spontaneous release), and targets incubated in 10% Triton
X-100 (maximum release). Percent target lysis was calculated as:

experimental release - spontaneous release
%target lysis = 100 X

maximum release - spontaneous release

Experimental release equals the counts per minute in the supernatant
of effectors and targets. In all the experiments the spontaneous release
was <30% of the maximum release.

Assay for outgrowth of EBV-infected B cells. Purified B cells (5,000/
well) were cultured with EBV (50 ;d of the filtered supernatant of the
B95-8 cell line) in 96-well roundbottom microtiter plates with or without
the addition of autologous T cells (I( lX I cells/well) in 10%FCSmedium.
These included T cells from T cell clones established at the time of the
acute disease, as well as fresh T cells obtained after recovery. Control
cultures included wells with infected B cells alone and wells with T cells
alone. Plates were visually examined weekly with phase-contrast mi-
croscopy for evidence of outgrowth, and each well was scored at 3 and
4 wk of culture. Wells were considered positive for B cell outgrowth if
clumps of large progressively growing cells were recognized, as de-
scribed (34).

Assayfor interferon. Interferon activity was quantified by a cytopathic
effect inhibition assay, as previously described (35). Briefly, serial dilutions
of test culture supernatants along with the National Institutes of Health
standard gamma-interferon preparation (Gg23-901-530) were added to
flatbottom microtiter plates (Costar) containing confluent monolayers
of Madin-Darby bovine kidney cells (MDBK) and the epithelial human
amnion cell line (WISH, ATTC CCL25). After 18 h incubation and
culture washing, vesicular stomatitis virus was added at a concentration
of 0.5 plaque-forming units/well. After reincubation for 18 h plates were
read for cytopathic effect. 1 U of interferon is defined as the reciprocal
of the dilution that inhibits viral replication by 50%.

Cell surface phenotyping. Cell surface phenotyping was determined
by fluorescence-activated cell sorter using OKT3, OKT4, OKT8, and
OKT I1 monoclonal antibodies (Ortho Diagnostics Systems, Inc., Raritan,
NJ) and a fluoresceinated goat anti-mouse antibody (Becton-Dickinson
and Co., Mountain View, CA).

Results

Three normal EBV-seropositive individuals were selected for
this study because their peripheral blood T cells consistently
demonstrated high levels of characteristic "late acting" sup-
pressor activity for autologous EBV-infected B cells in vitro (24).
T cell cloning of peripheral blood T cells from these individuals
was performed in IL-2-containing medium by limiting dilution
techniques with a feeder layer of 20,000 irradiated (4,000 rad)
autologous or allogeneic mononuclear cells. In these three nor-
mals, the frequency of T cell precursors capable of long-term
growth in IL-2-containing medium ranged between 1:9 (Fig. 1)
and 1:60. Expansion of positive wells seeded with a calculated
number of T cell precursors lower than 0.5 precursors/well
yielded 167 cell clones. Each of these 167 clones, 47 clones from

normal 1, 84 clones from normal 2, and 36 clones from normal
3, was tested in parallel in vitro assays for both suppression of
Ig production and cytotoxic activity. Suppression of Ig produc-
tion was evaluated both in cultures of PWM-activated normal
allogeneic mononuclear cells and cultures of EBV-infected au-
tologous B cells. Cytotoxic activity was tested using three distinct
cell targets, the autologous EBV-infected cell line, an allogeneic
EBV-infected B cell line, and the natural killer sensitive K562
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Figure 1. Precursor frequency analysis of peripheral blood T cells ca-
pable of longterm growth. The precursor frequency for normal T cells
is I in 9, with 95% confidence limits shown in shaded area. Precursor
frequency for IM patient C.S. is 1 in 29.

cell line. Of these 167 clones, 156 suppressed by <30% Ig pro-
duction by allogeneic PWM-activated mononuclear cells (ratio,
1:1) or by autologous EBV-activated B cells (ratio, 2:1). In ad-
dition, each of these 156 clones had no significant cytotoxic
activity (<20% at 80:1 effector-target ratio) when assayed on
the autologous and an allogeneic EBV-infected B cell line. This
failure to observe cytotoxic activity was not due to the target B
cell line's inability to be lysed, because in each experiment it
could be lysed by an alloreactive T cell line. 11 of the 167 clones
did manifest some inhibitory activity of B cell function (Table
T). As can be seen, each of these 11 clones suppressed normal
PWM-induced Ig production and killed the K562 cell line by
>30%. Thus, T cell suppression of Ig production was in each

case associated with "natural killer" activity. Only 1 of the 11
clones suppressed EBV-induced Ig production by autologous B
cells by >30%, and this inhibitory activity was associated with
>30% cytotoxic activity for the autologous and an allogeneic
EBV-induced B cell line. Thus, by this technique we were unable
to isolate T cell clones from normal peripheral blood that would
suppress EBV-induced Ig production in the absence of cytotoxic
function.

In contrast to EBV-seropositive normals, patients with acute
EBV-induced IM have high levels of functionally activated sup-
pressor T cells circulating in their peripheral blood that are ca-
pable of profoundly suppressing both PWMand EBV-activated
cultures in vitro (8-11). Wetherefore turned to these patients
in an attempt to obtain suppressor T cell clones.

Peripheral blood T cells were purified from two patients with
serologically confirmed EBV-induced acute IM. Cloning was
performed in limiting dilution cultures of purified peripheral
blood T cells in 20% IL-2-conditioned medium with a feeder
layer of irradiated allogeneic mononuclear cells (20,000/well),
the identical technique illustrated above with two of the normal
individuals. The precursor frequency of T cells capable of long-
term growth from these IM patients was found to be 1 in 29 for
patient C.S. (Fig. 1) and 1 in 30 for patient H.C. (data not shown).
Thus, similar to normal individuals, a high proportion of the
peripheral blood T cells from patients with acute IM are capable
of clonal expansion in vitro in the presence of IL-2.

72 T cell clones were obtained from patient C.S. and 80
from patient H.C. by expansion of the positive wells that had
been seeded with a calculated number of T cells corresponding
to <0.7 precursors/well. All of these 152 T cell clones were tested
for their ability to suppress PWM-induced Ig production by co-
cultured normal allogeneic mononuclear cells 4-6 wk after cell
cloning, as soon as sufficient numbers of cells were available.
Five clones from patient C.S. and six clones from patient H.C.
suppressed PWM-induced Ig production by .70% (Table II) on
three separate testings during a 2-wk period, and were selected
for further investigation. A dose response analysis of the activity

Table I. Assays of Suppressor and Cytotoxic Activity of Selected T Cell Clones from Three Normal Individuals

Percent suppression of normal Cytotoxicity: percent lysist
immunoglobulin production* Targets

Normal* T cell clone PWM-induced EBV-induced Autologous EBVB line Allogeneic EBVB line K562

1 4B26-6 68.4 (1.4) -6.2 (0.4) 0.6 (2.8) 32.1 (3.3) 42.1 (0.6)
4B26-10 49.2 (2.8) -2.8 (0.5) 3.4 (1.9) 0.4 (0.6) 38.5 (0.9)
4B26-11 71.4 (0.8) 2.4 (2.1) -1.8 (0.3) 51.3 (0.9) 61.6 (2.2)
4B26-32 54.3 (2.1) 4.6 (0.9) -1.6 (0.8) -1.8 (3.1) 48.3 (1.6)
4B26-35 38.6 (0.7) 8.2 (1.3) -5.6 (1.2) 3.6 (2.8) 49.6 (2.4)
4B26-61 62.4 (1.2) -1.6 (0.7) 8.4 (2.1) -2.4 (2.1) 36.8 (2.9)

2 39B27-26 76.4 (1.7) -6.4 (2.2) 12.6 (1.6) 20.1 (1.8) 62.1 (0.9)
39B27-32 34.6 (1.8) 8.3 (3.3) 23.1 (1.6) 27.6 (2.1) 30.0 (2.3)
39B27-36 88.7 (2.4) -8.2 (2.1) 27.3 (1.1) 22.1 (2.3) 57.4 (1.6)

3 72B27-84 42.9 (1.9) 36.8 (1.6) 42.1 (2.3) 38.6 (1.2) 52.1 (1.6)
72B27-91 61.7 (1.3) 12.6 (1.8) 18.7 (1.9) 12.7 (1.6) 41.2 (2.1)

* Values are the arithmetic mean±SEMof percent suppression. PWM-induced cultures consisted of 100,000 T cells from the indicated clones and
100,000 normal mononuclear cells. Testing was performed on the 6th d of culture. EBV-induced cultures contained 50,000 B cells and 100,000
cloned autologous T cells, and were tested on the 14th d of culture. * Arithmetic mean±SEMof triplicate determinations performed at an effec-
tor-target ratio of 80: 1. I T cell cloning for normals I and 2 was performed using allogeneic irradiated mononuclear cells as feeder cells. Autolo-
gous irradiated mononuclear cells were used as feeder cells for normal 3.
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Table II. Phenotype and Assays of Suppressor and Cytotoxic Activity of Selected T Cell Clones from Patients with Acute IM

Percent suppression of normal Cytotoxicity: percent lysist
immunoglobulin production* Targets

Autologous Allogeneic
Patient T cell clone Phenotype PWM-induced EBV-induced EBVB line EBVB line K562

1 (C.S.) 65.05 T3+,Tl +,T8-,T4+ 74.3 (1.2) ND 6.7 (0.7) -1.3 (0.9) 3.0 (0.9)
65.11 T3+,Tl l+,T8-,T4+ 98.0 (0.6) ND 1.4 (1.9)0 4.1 (3.6) 6.8 (2.8)
65.55 T3+,T lI+,T8+,T4- 78.0 (3.2) ND 0.0 (l.1)I -2.5 (1.0) -0.5 (0.8)
65.58 T3+,Tl I+,T8+,T4- 92.7 (0.3) ND 6.8 (2.3) -2.4 (0.6) 1.8 (1.6)
65.66 T3+,T lI+,T8+,T4- 89.3 (2.7) ND 0.3 (0.7)§ 0.3 (0.9) 0.2 (1.2)

2 (H.C.) 92.06 T3+,TII+,T8-,T4+ 76.7 (3.5) 65.3 (4.1) 0.2 (0.8) 4.4 (2.8) 1.0 (1.6)
92.18 T3+,TI I+,T8-,T4+ 85.7 (0.7) 9.0 (28.2) 1.2 (3.4) -2.3 (1.8) 2.7 (1.9)
92.24 T3+,Tl l+,T8-,T4+ 94.7 (0.3) -11.3 (14.8) -1.3 (2.3)§ -7.0 (2.8) -0.5 (2.6)
92.50 T3+,Tl +,T8-,T4+ 68.7 (3.2) 63.7 (5.5) -1.6 (0.4) 2.3 (2.3) -1.0 (1.9)
92.56 T3+,T l+,T8+,T4- 79.0 (2.0) 90.3 (1.8) -0.8 (1.9)§ -9.3 (1.9) -3.2 (1.0)
92.68 T3+,T1l+,T8-,T4+ 74.7 (1.2) 72.3 (12.2) 0.0 (1.6) -6.6 (1.7) -1.2 (1.6)

* Values are the arithmetic mean±SEMof percent suppression as described in Methods. PWM-induced cultures were set up with 100,000 cloned
T cells and 125,000 normal mononuclear cells. They were tested on days 5-7 of culture. EBV-induced cultures were performed with 25,000
cloned T cells and 50,000 autologous B cells and were tested on day 8 of culture. * Arithmetic mean±SEMof triplicate values at an effector-
target ratio of 50: 1. I Experiments for these clones were done at an effector-target ratio of 40: 1.

of one of these suppressor clones is shown in Table III. As few
as 12,500 T cells of this clone suppressed the plaque-forming
response of 125,000 normal mononuclear cells to PWMby
>70%. The coculture of a control T cell clone with no apparent
function yields no suppression, showing that suppression in these
assays is not due to a nonspecific effect.

After establishing the suppressor nature of these 11 clones,
we examined each for its ability to kill the K562 cell line, an
autologous EBV-infected B cell line, and an allogeneic EBV-
infected B cell line (Table II). Testing for cytotoxicity was initially
performed 7-9 wk after cloning. In sharp contrast to the clones
from normal EBV-immune individuals, none of these 11 sup-
pressor T cell clones from the IM patients was capable of killing
any of the targets tested. This lack of cytotoxicity was a consistent

Table III. Suppression of Normal PWM-induced
Ig Production by Clone 92.24*

Number
of added Mean Percent

Type of added T cells T cells PFC/culture suppression

None None 1,338
Control T cell clone 100,000 1,681 -17% (2.31)
Clone 92.24 100,000 <1 100%

50,000 3 100% (0.33)
25,000 21 98% (0.67)
12,500 379 74% (1.76)
6,250 712 50%o (1.76)
3,125 623 68% (10.33)
1,063 1,302 6% (18.41)

532 1,375 4% (8.42)

* Indicator cultures consisted of 125,000 normal mononuclear cells
stimulated with PWMon day 0. These normal cells were cultured
alone or in coculture with various numbers of the suppressor T cell
clone 92.24 or a nonfunctional T cell clone.

finding in repeated testing over an 8-wk period. It should be
noted that each clone demonstrated persistent suppressor activity
in suppressor assays done either simultaneously or after the cy-
totoxicity assays. A representative experiment illustrating these
cytotoxic studies is shown in Fig. 2. Normal mononuclear cells
used as the positive control demonstrated good killing of the
K562 targets, whereas the three suppressor clones examined in
this experiment had no cytotoxic activity at effector-target ratios
up to 80:1 or 100:1 (Fig. 2 A). Similarly, the three clones shown
did not kill the autologous EBV-infected targets, while the pos-
itive control alloreactive cytotoxic T cell line killed the EBV-
infected targets well (Fig. 2 B). This failure to kill could reflect
the absence of specific antigenic stimulation during a prolonged
(7-9 wk) culture period. Since it is believed that the cytotoxic
T cell response during acute IM is induced by EBV-infected B
cells (36), we have exposed four suppressor T cell clones (92.06,
92.18, 92.24, and 92.50) to the autologous EBV-infected and
irradiated (10,000 rad) B cells (T cell-B cell ratios, 1:1 and
1:0.1) in the presence or absence of IL-2. At the end of a 5-d
culture period none of the clones had acquired an ability to kill
K562 and/or autologous EBV-infected B cell targets at an ef-
fector-target ratio of 50:1; maximum killing was 6%. In parallel
testing each clone suppressed Ig production by normal PWM-
activated mononuclear cells by >80% (data not shown). These
findings demonstrate that T cell clones derived from IM patients
can suppress Ig production in vitro in the absence of detectable
cytotoxic activity.

EBV-induced Ig production cannot be reliably investigated
in allogeneic coculture due to major histocompatibility complex
(MHC) restrictions in this system (37). Wetherefore obtained
blood from one of the IM patients (H.C.) after recovery, - 15
wk after the initial bleed, allowing us to examine whether the
autologous T cell clones could regulate the activation of B cells
by EBV. In these experiments 50,000 EBV-infected B cells from
patient H.C. were cultured either alone or mixed with 25,000
T cells from each of the six autologous T cell clones that had
>70% suppressor activity for normal PWM-induced Ig produc-
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Table IV. Effect of Suppressor T Cells
on EBV-induced B Cell Outgrowth*

Number Positive Positive
of added wells at wells at

Type of added T cells T cells 3 wkt 4 wk

None None 10/10 10/10
Autologous

convalescent T cells 100,000 0/10 0/10
50,000 5/10 5/10
25,000 6/10 7/10

Clone 92.06 100,000 3/10 10/10
Clone 92.18 100,000 0/5 5/5
Clone 92.24 100,000 3/10 10/10
Clone 92.50 100,000 0/10 5/10
Clone 92.68 100,000 4/10 10/10
Control clone 92.75 100,000 10/10 10/10

* 5,000 B cells plus EBVwere cultured alone or with the autologous T
cells from peripheral blood or clones and were evaluated for out-
growth weekly for 4 wk.
* Wells were visually scored for growth as described in Methods. Re-
sults are expressed as positive wells per number of wells cultured.

(A
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Target -Autologous EBV B call Una

Figure 2. Representative
experiments testing se-

lected HCsuppressor T
cell clones (92.24, 92.68,
92.56) for cytotoxicity
against the (A) NK tar-
get K562 and (B) the
autologous EBV-in-
duced B cell target. (A)
Normal mononuclear
cells represent the posi-
tive control for cytolytic
activity against K562.
(B) An alloreactive T
cell line with cytolytic
activity is included as a

positive control.

tion. At the time of this testing the T cell clones had been in
culture for - 15 wk. Four of these six T cell clones suppressed
the plaque-forming cell response of autologous EBV-activated
B cells by >60% (Table II). The other two clones that also mark-
edly suppressed PWM-induced Ig failed to suppress EBV-in-
duced Ig production at this cell ratio.

Wenext asked if these T cell clones from patient H.C. that
were capable of suppressing without killing could regulate an-

other assay of EBVactivation, immortalization or outgrowth of
autologous B cells freshly infected with EBV. In these experi-
ments, 5,000 H.C. B cells were infected with EBVand cultured
alone or with 100,000 H.C. T cells, whose activity was to be
tested. The T cells used included H.C. T cells obtained after
recovery from IM, one H.C. T cell clone that had no apparent
function, and five of the H.C. T cell clones demonstrating >70%
suppressor activity. One of these clones (92.56) stopped growing
after 16 wk and could not be tested; the remaining clones were

tested 17 wk after cloning. By 3 wk after initiation of culture,
all wells containing EBV-infected B cells alone showed evidence
of outgrowth (Table IV). Outgrowth from wells containing EBV-

activated B cells and 100,000 T cells from each of the five sup-
pressor clones was clearly inhibited at 3 wk. This outgrowth
inhibition was not due to nonspecific cell crowding effects since
no inhibition of B cell outgrowth was seen in the presence of
the nonfunctional H.C. clone 92.75. After 4 wk in culture, how-
ever, most wells containing the suppressor clones did show ev-

idence of outgrowth. Thus, the suppressor clones significantly
delayed, but did not prevent, the outgrowth of freshly EBV-
infected B cells. As expected, the control wells containing T cells
from the patient during convalescence completely inhibited the
outgrowth of autologous EBV-infected B cells (38).

To explore the mechanism of suppression by IM T cell clones,
we tested cell-free supernatants for their ability to inhibit Ig pro-
duction. Five suppressor T cell clones and a control nonsup-
pressor T cell clone that had been in continuous culture for 8-
12 wk were incubated in 10% FCS medium at a cell density of
1 X 106 cells/ml for 1, 3, and 5 d, when supernatants were re-

moved for testing. Unlike the T cells from the inhibitory clones,
which markedly suppressed Ig production by normal cocultured
mononuclear cells, their supernatants had little or no suppressive
effect (Table V). When tested for the presence of interferon ac-
tivity on WISHcells, each of the 5-d culture supernatants of the
suppressor T cell clones contained small amounts of interferon
(16-40 U/ml). This was identified as gammainterferon, since
these supernatants had no protective effect (<5 U/ml) when
tested on MDBKcells. In contrast, the supernatant of a control
nonsuppressor clone was negative for interferon. In further
analysis of the mechanism for T cell suppression, we tested for
the possibility that a relative deficiency of IL-2, removed by the
IL-2-dependent suppressor T cell clones, could account for in-
hibition of Ig production by normal cocultured cells. To this
end, recombinant human IL-2 (gift of Cetus Corp., Berkeley,
CA) was added to normal mononuclear cells cultured in the
presence of PWMeither alone or with T cells from two sup-
pressor T cell clones (92.06 and 92.50). In data not shown, re-
combinant IL-2 at final concentrations ranging between 10 and
1,000 U/ml failed to reverse inhibition by the suppressor clones.
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Table V. Production of Interferon by Suppressor
T Cell Clones from Patients with Acute IM

Percent suppression of normal Ig production by:

Supernatants*
Interferon

Clone Cells* Day I Day 3 Day 5 production$

U/mi

65.05 81 16 9 8 40
65.11 87 22 27 20 25
92.06 89 -15 -8 5 25
92.24 84 -34 14 8 25
92.50 94 28 1 7 16
Control 4 12 18 -10 0

* Values are the arithmetic mean of suppression in triplicate determi-
nations. Normal mononuclear cells (100,000) were cultured in the
presence of PWMwith T cells (100,000) from the indicated clones or
their cell-free supernatants at a final concentration of 50%. These su-
pernatants were obtained by incubating the indicated T cell clones at a
cell density of 1 X 106/ml in 10% FCS medium for 1, 3, or 5 d, and
were stored at -20'C before testing for suppression and interferon ac-
tivity.
* Testing for interferon production was performed on the supernatants
of T cell clones cultured for 5 d in 10% FCS medium at a cell density
of 1 X 106/ml. The results shown derive from testing on WISH cells.

Separate testing showed that the recombinant IL-2 allowed
maximal T cell proliferation at a final concentration of
50 U/ml.

Cell surface antigen phenotypes of the 11 suppressor T cell
clones from IM patients are shown in Table IT. All clones were
T3 and TI 1 positive. Three T cell clones from patient C.S. were
T8 positive, and two were T4 positive. Five of the T cell clones
from patient H.C. were T4 positive, and one was T8 positive.

Discussion

One of the clearest examples of balance between the immune
system and disease is represented by EBV infection. EBV is an
ubiquitous virus that infects most of the world's adult population
(39). Primary infection with this virus is either asymptomatic
or results in the usually benign disease of acute infectious mono-
nucleosis (5). Recovery is followed by a long-lasting and generally
asymptomatic latent state of infection (7, 39, 40). Suppression
of the normal immune response by agents such as cyclosporin
A (26) or an anti-T cell monoclonal antibody (27) and suppres-
sion in association with congenital or acquired immunodefi-
ciencies (18, 19, 25) have, however, resulted in the emergence
of EBV-induced malignancies.

This balance between the immune response and EBV infec-
tion is closely paralleled by in vitro studies that offer a unique
opportunity for investigation. In vitro studies have shown that
EBV is capable of activating B cells to proliferate, differentiate
into Ig-producing cells, and eventually transform into immortal
B cell lines (2-4). EBV-related regulatory T cells can prevent
these effects of EBVactivation in vitro (26, 27). T cell suppression
and cytotoxicity have been identified as the mechanisms re-
sponsible for the regulation of EBV-infected B cells (8-17,
21-24). However, there has been controversy over whether these

two functions are distinct, and over their relative contribution
to the control of EBVinfection. Previous studies describing these
functions have used purified but polyclonal populations of pe-
ripheral blood T cells, so what was measured as suppression
could have been merely the consequence of cytotoxic activity
against the indicator cells in assays of suppression.

Our approach for studying the relationship between
suppression and cytotoxicity in the immunoregulation of EBV
infection was to clone and expand T cells from the peripheral
blood of either EBV-immune normals or patients with acute
EBV-induced IM. Regulatory cells for EBVinfection have been
described, although with distinct characteristics, in each of these
groups. T cells from EBV-seropositive individuals profoundly
inhibit the proliferation, differentiation, and in vitro outgrowth
of autologous EBV-infected B cells in coculture (21, 24, 41).
These regulatory cells appear to be specific since they have gen-
erally been identified only in EBV-immune individuals and ap-
pear to inhibit only EBV-activated autologous or MHC-com-
patible B cells (21, 22, 24, 42). In contrast, T cells obtained from
the peripheral blood of patients with acute IM markedly inhibit
the activation of autologous as well as allogeneic B and T cells
that have been activated by any of a variety of antigens or mi-
togens (8-11, 14-17). Thus, IM T cell inhibition appears to be
unrestricted, EBVnonspecific, and without a preference for cell
target.

Wewere successful in isolating clonal populations of T cells
from the peripheral blood of a patient with acute IM that could
markedly inhibit EBV-activated B cells but did not manifest
detectable cytotoxic activity. Our approach involved cloning of
the peripheral blood T cells and their subsequent expansion in
the presence of IL-2. Selection was based exclusively on the ability
of the T cell clones to markedly suppress PWM-induced Ig pro-
duction by normal allogeneic mononuclear cells. On further
testing none of these clones selected in this manner demonstrated
significant cytotoxicity for three targets that included an autol-
ogous EBV-induced B cell line, an allogeneic EBV-induced B
cell line, and the natural killer-sensitive K562 cell line. Suppres-
sion of EBV-induced Ig production was not used as an initial
screening procedure because MHCrestrictions prevent the study
of EBV regulation in allogeneic cell combinations (37). It is
therefore possible that inhibitory clones exist in the blood of
patients with acute IM that regulate EBV-infected B cells, but
not B cells activated by other means. Since blood was available
from one of the IM patients after recovery, we could study the
effects of the previously selected T cell clones from this patient
on fresh autologous B cells stimulated with EBV. Four of the
six T cell clones that profoundly suppressed normal PWM-in-
duced Ig production also markedly inhibited EBV-induced Ig
production. Furthermore, five of five clones tested significantly
delayed the outgrowth of EBV-transformed cells in vitro. It is
unclear why two clones (92.18 and 92.24) failed to suppress
EBV-induced Ig production and yet did delay the outgrowth of
EBV-infected B cells. One possible explanation is that much
higher T-to-B cell ratios were used in the outgrowth assays than
in the assays for suppression, and this may have contributed to
the difference in response.

To explore the mechanism of inhibition by IM suppressor
and noncytotoxic T cell clones we examined the possibility that
a relative deficiency of IL-2 removed by the IL-2-dependent T
cell clones could account for the suppression. In addition, we
tested the supernatants of suppressor T cell clones for the pres-
ence of inhibitory mediators. While the addition of IL-2 at high
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concentrations failed to reverse T cell suppression, gammain-
terferon was present in the supernatants of all suppressor T cell
clones examined, though at low levels ranging between 16 and
40 U/ml. A control clone produced no interferon. It is possible
that gammainterferon secretion is the mechanism of inhibition
by IM suppressor T cells, because recombinant gammainterferon
at comparable concentrations (10-50 U/ml) has been shown to
profoundly suppress EBV-induced Ig production (43). This pos-
sibility, however, needs further analysis, since cell-free super-
natants of the suppressor T cell clones containing the gamma
interferon failed to show significant suppression.

The growth of functional suppressor T cell clones from IM
patients is unlikely to result solely from allostimulation from
the feeder cells used during the initial days of culture, because
we were unable to obtain similar clones from normal individuals
using identical methods. In addition, it is known that IM T cells
respond poorly to allostimulation when compared with normal
T cells (44, 45), and that the frequency of alloreactive T cell
clones in normal individuals is only from 1:200 to 1:600 (46).

The cell surface phenotyping of these T cell clones was also
somewhat surprising. Acute IM is characterized by a T cell lym-
phocytosis, and a major component of this elevated lymphocyte
number is composed of T cells bearing the T8 (suppressor/cy-
totoxic) surface antigen (47). It was therefore surprising that 7
of the 11 T cell clones from the IM patients were T4 positive/
T8 negative. Since these were T4-positive cells, we must consider
whether they were inducers of suppression rather than suppres-
sor-effector cells. These clones were, however, able to suppress
EBV-induced Ig production by T cell-depleted population of B
cells, strongly suggesting that the cells do indeed have suppressor
effector activity.

Thus suppressor T cell clones that are capable of blocking
both PWM-and EBV-induced Ig production as well as delaying
the outgrowth of EBV-infected B cells without detectable cy-
totoxicity can be grown from the peripheral blood of IM patients.
Using identical culture techniques, similar clones could not be
identified in the blood of any three normal EBV-seropositive
individuals. In these cases all the inhibitory T cell clones were
nonspecifically cytotoxic for at least some of the target cell lines
used, and may thus represent natural or lymphokine-activated
killer cells (48). This failure is likely due to a relatively low fre-
quency of EBV-related regulatory cells in normal EBV-immune
blood, and it is possible that different approaches of isolating
these cells will be successful.

These studies establish a distinction between suppression and
cytotoxicity in T cells derived from patients with acute EBV-
induced IM. These regulatory cells may play an important role
in the control of primary EBV infection by inhibiting without
killing EBV-infected B cells. Suppression, therefore, provides a
distinct mechanism for the control of EBV infection.
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