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SUMMARY

The addition of 20% interleukin-2 (IL-2) significantly reduced the percentage of T
lymphocytes dying in vitro after being isolated from the peripheral blood of acute
infectious mononucleosis (IM) patients. Moreover, the immediate addition of20% IL-2 to
freshly isolated blood allowed IM T cell lines to be readily established from the peripheral
blood ofacute IM patients. Characterization ofseven ofthese IM T cell lines showed them
to be T3 +, T 1 +, T4-, T9 - and generally T I0 -. Over half of the lines characterized were
T8+. It will now be possible to re-evaluate IM T cell effector functions as previous assays
ofIM T cell functions may have been influenced by the presence of rapid and extensive T
cell death in vitro.
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INTRODUCTION

Infectious mononucleosis (IM), induced by Epstein-Barr (EB) virus, is characterized by the
presence of atypical mononuclear cells (Sheldon et al., 1973), the detection of EB virus associated
nuclear antigen (EBNA) positive B lymphocytes (Klein et al., 1976) and a marked T cell
lymphocytosis (Papamichael, Sheldon & Holborow, 1974). Following infection, EB virus persists
for life as an apparently non-productive infection of the host B lymphocytes (Nilsson et al., 1971).
Such EB virus infected B cells can be readily established from cultured mononuclear cells of acute
IM patients (Pope, 1967).

T lymphocytes isolated from acute IM patients have been ascribed a cytotoxic (Svedmyr &
Jondal, 1975; Lipinski et al., 1979) or suppressor function (Haynes et al., 1979; Reinherz et al.,
1980a) against EBNA positive B lymphocytes and are thought to be of major importance in the
self-limiting aspect of the disease. However, in a previous report (Moss et al., 1985) we have shown
that a large proportion of acute IM T cells rapidly die, by apoptosis, when cultured in vitro. In view
of the death ofIM T cells in vitro we suggested that the effector functions ofIM T cells may need to
be re-evaluated, since IM T cell effector functions have generally been defined using in vitro assays
conducted over periods ranging from 15 h to 7 days, by which time many (if not all) of the T cells
have died.

Before a re-evaluation ofthe effector function ofIM T cells could be carried out, it was necessary
to minimize the degree of cell death occurring in IM T cell cultures. In the present study we describe
the effect of interleukin-2 (IL-2) on the survival ofT cells isolated from acute IM patients and report
on the establishment of T cell lines from such patients.
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MATERIALS AND METHODS

Culture media. Cells were cultured in RPMI 1640 (Commonwealth Serum Laboratories, Victoria)
supplemented with 10% heat-inactivated human serum (HS), penicillin (100 iu/ml) and streptomy-
cin (100 pg/ml). Where indicated, the basic medium was modified by the addition of20% crude IL-2
(supernatant from MLA 144 T cell cultures, kindly provided by Dr A. Hapel, John Curtin School of
Medical Research, Canberra).

Lymphocyte donors. Mononuclear cells were isolated from the peripheral blood of acute IM
patients. The clinical diagnosis ofIM was confirmed by the presence of atypical mononuclear cells
(> 15% of the total lymphocyte population), the demonstration of a positive differential
Paul-Bunnel test, the presence of a marked T cell lymphocytosis (isolation of > 2-5 x 106
lymphocytes/ml of blood) and the detection of IgM antibody to EB virus (titre > 1/20).

Lymphocyte separation. Unfractionated peripheral blood mononuclear (UM) cells were isolated
from heparinized blood by isopycnic centrifugation on Ficoll/Paque (Pharmacia) as described
previously (B6yum, 1968). UM cells were mixed with 2-aminoethylisothiouronium bromide (AET)
treated sheep erythrocytes and the E rosetting (T) cell population isolated essentially as previously
described (Kaplan & Clark, 1974). In some cases, the heparinized blood was added immediately on
collection to an equal volume of culture medium containing 40% IL-2, and all solutions used in the
subsequent lymphocyte separation contained 20% IL-2.

Characterization of T cell markers. T cell markers were assayed by means of T monoclonal
antibodies (MoAb) (Ortho-mune, Ortho Diagnositic Systems, Raritan, New Jersey, USA) and
fluorescein labelled goat anti-mouse IgG antibody (Kirkegaard and Perry Laboratories, Gaithers-
burgh, Maryland, USA) in conjunction with a Becton-Dickinson FACS IV cell sorter, according to
manufacturer's instructions (Ortho-mune). The assay was carried out on the cultured UM cell
population immediately on isolation from an acute IM patient (time = 0) and then carried out again
on T cells separated from the UM cultured population at various times (1, 2, 5, 8 days). The
percentage ofT MoAb positive cells in the UM population (time = 0) was adjusted according to the
number of E rosetting cells (T cells) in thisUM population. The assays were carried out on some of
the established IM T cell lines and on a number of previously characterized cell lines with known T
markers (Misko et al., 1984).

Markers of cell death. Certain histological changes associated with cell death, classically
designated as nuclear pyknosis and karyorrhexis, occur in both necrosis and apoptosis (Wyllie,
Kerr & Currie, 1980; Searle, Kerr & Bishop, 1982). Necrotic cells also show karyolysis and swelling
of the cytoplasm which eventually loses its basophilia, and cell boundaries become indistinct
(Trump & Arstila, 1975; Wyllie et al., 1980; Searle et al., 1982). Apoptotic cells appear to be
condensed, typically with intensely eosinophilic cytoplasm which frequently shows surface
protrusion. These protuberances separate to form roughly spherical bodies sometimes containing
basophilic nuclear fragments (Wyllie et al., 1980; Searle et al., 1982).

One commonly employed marker ofcell death, dye exclusion, is a poor indicator ofcell death by
apoptosis. Apoptotic cells exclude dye until they undergo secondary disintegration (Sheridan,
Bishop & Simmons, 1981).

Apoptosis Smears were air dried, fixed with methanol and stained with haematoxylin & eosin.
The percentage ofcell death by apoptosis was estimated from counts of 500 cells in each smear using
an oil immersion objective. Where it was impossible to delineate apoptotic bodies in a compact
cluster, the cluster was scored as one: the counts were thus only approximate.

Dye excluding cells A twenty microlitre suspension was diluted with 20 Pl 0-5% aqueous trypan
blue and the stained and non-stained cells were counted in a haemocytometer.

Studies on the response to IL-2. UM cells and T cells from acute IM patients were isolated either
in the presence or absence of20% IL-2 and subsequently maintained in culture media supplemented
with 20% IL-2 or in unsupplemented media, respectively. T cell markers were assayed as above. At
various times after seeding, the percentage of dye excluding cells and of apoptotic cells were
determined in each culture and T cell markers were assayed as above.

Establishment ofIM T cell lines. IM T cells were isolated in the presence of20% IL-2 and seeded
into Linbro (2 ml) wells at 2-5 x 105 cells/ml in culture medium supplemented with 20% IL-2.
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cultures were incubated at 360C in a humidified atmosphere of 5% CO2 in air. Culture medium was
replaced approximately every 7 days until proliferation was evident at which time the cultures were
split 1: 2 with new culture medium supplemented with 20% IL-2 and with 104 irradiated (8,000 rad)
autologous LCL/ml (Moss & Pope, 1972). Subsequent splits were made approximately every 7 days
with culture media supplemented with 20% IL-2 and irradiated autologous LCL.

Studies on establishedIM Tcell lines. Some IM T cell lines, that had been proliferating for at least
4 weeks, were assayed as above. In some cases, growth kinetics were also studied over a further
period of 3 weeks. In other studies, proliferating IM T cells from an established T cell line were
washed in unsupplemented medium and seeded into Linbro wells (2 ml) at 2 5 x 105 cells/ml either in
culture medium supplemented with 20% IL-2 or in unsupplemented medium. At various times after
seeding the percentage ofdye excluding cells and of apoptotic cells were determined in each culture.

RESULTS

Response ofIM T cells to IL-2 The percentage of cell death by apoptosis in individual cultures ofIM
T cells isolated from four acute IM patients and incubated either in medium supplemented with 20%
IL-2 or in unsupplemented medium is shown in Fig. 1. Twenty-four hours after isolation the mean
percentage apoptosis was 65% in cultures incubated in the absence of IL-2, while it was 37% in
cultures containing 20% IL-2.

The number of dye excluding cells/ml in cultures ofT cells, from one acute IM patient, isolated
and incubated either in medium supplemented with 20% IL-2 or in unsupplemented medium is
shown in Fig. 2. Eight days after isolation there had been a greater than 40-fold decrease in the
number ofdye excluding cells/ml in cultures ofT cells isolated and incubated in the absence of IL-2,
while the number of dye excluding cells/ml in cultures containing IL-2 approached that in the
freshly isolated T cell cultures. The number of dye excluding cells in the IL-2 free cultures is likely to
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Fig. 1. The percentage of cell death by apoptosis in cultures of T cells, from acute IM patients, isolated and
incubated either in medium supplemented with 20% IL-2 (0) or in unsupplemented medium (0). Results are

expressed as mean + s.d. of cultures from four patients.
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Fig. 2. The number of dye excluding cells/ml in cultures of T cells, from an acute IM patient, isolated and
incubated either in medium supplemented with 20% IL-2 (0) or in unsupplemented medium (0).

be an overestimation of the number of viable cells, as apoptotic cells continue to exclude dye until
they undergo secondary disintegration. For example, in the IL-2 free cultures 24 h after isolation
32% of the cells did not exclude dye but approximately 70% of the cells were undergoing apoptosis.
However, it was not possible to accurately determine the number of apoptotic cells in cultures
incubated longer than 24 h as the extensive secondary degeneration ofthe apoptotic cells made them
difficult to recognise.

Sequential changes in the profile of T cell populations isolated from an acute IM patient is
shown Fig. 3. Where the T cells were isolated and maintained in the presence of20% IL-2, there was
an initial decrease in the percentage of T cells that were positive to all the MoAb following their
separation from theUM cell population. Subsequently there was a further decrease, over 8 days, in
the percentage that were T3 + and T8 +. However, there was a steady increase in the percentage that
were T 11 +. Where the T cells were isolated and maintained in the absence ofIL-2 there was a greater
initial decrease in the percentage of T cells that were T3+, T8 + and T II+, but there was no
subsequent decrease in the percentage that were T3 + or T8 +. There was a subsequent increase in the
percentage that were TI 1 + but this ceased within 5 days.

The significance of T MoAb profiles of IL-2 free cultures was unclear as the percentage of cell
death in such cultures was high. The percentage of dye excluding cells in the IL-2 free cultures,
characterized in Fig. 3, was 45% after 2 days, 25% after 5 days and 15% after 8 days ofculture. This
was likely to be an overestimation of the number of viable cells as 70% of the cells were undergoing
apoptosis within 24 h in such cultures. In contrast, the percentage ofdye excluding cells in cultures
of the same T cell population containing IL-2 was 85% after 8 days of culture. The IM T cells
characterized in Fig. 3 are from the same cultures described in Fig. 2 and gave rise, in the presence of
20% IL-2 to the established IM T cell line described in Table 1 as patient 7 which was T3 +, T8 + and
T1I+.

Studies on established IM T cell lines
From 32 acute IM patients, 20 T cell lines have been established which have grown, to date, for up to
5 months. When IL-2 was present during the isolation of the T cells, seven lines were established
from eight patients. If IL-2 was not added until after T cell isolation, 13 lines were established from
24 patients, but when IL-2 was not added at any stage no T cell lines were established. It was not
possible to establish T cell lines from controls even with the addition of IL-2.

The characterization by MoAb ofsome of the established IM T cell lines is given in Table 1. The
percentage ofT cells that was T3 + and TI 1 + was high, while the percentage that was T4+ or T9+
was very low, in all the cell lines. The percentage T cells that was T8+ or TI0+ varied considerably
among the lines.
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Fig. 3. Sequential changes in the percentage of cells reacting with T MoAb in T cell cultures, from an acute IM
patient, isolated and incubated either in medium supplemented (a) with 20% IL 2 or (b) in unsupplemented
medium. MoAb. T3 (A), T4 (0), T8 (A), T9 (U), TIO (0) and TII (0).

Table 1. Cell surface characterization of established IM T cell lines

Time in
culture
(weeks) % cell reacting with MoAb

Patient Total* At assay T3 T4 T8 T9 T1O Tl1 Control

1 24 7 540 52 512 t 10
2 22 7 808 54 25 1 2-1
3 18 5 84-9 11 68 28 1*8 953 12
4 17 4 817 69 10-1 1 3 1-6 94 1 08
5 15 7 879 46 886 87 262 909 1.9
6 10 10 857 1 3 80 69 38 865 08
7 7 7 710 4-6 602 117 68 820 24

* At time of preparation of table.
t Not tested.

Fig. 4 shows the growth kinetics of two of the established IM T cell lines. The lines generally
grew slowly under these culture conditions and often showed 'cyclic' patterns of growth and cell
death. With the two lines shown there was an eight-fold increase within 3 weeks.

Following the removal of IL-2 from cultures of an established T cell line and subsequent
incubation in unsupplemented medium, the percentage ofcell death in these cultures, determined by
counting apoptotic or dye excluding cells, increased rapidly with time, whereas it remained low in
cultures containing 20% IL-2 (Fig. 5). By 2 days, a large number of apoptotic cells in IL-2 deprived
cultures were undergoing secondary disintegration and it was not possible to make further counts.
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Fig. 4. Growth kinetics oftwo established IM T cell lines. Results are expressed as mean + s.d. of triplicate wells.
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Fig. 5. The percentage of cell death, determined by counting apoptotic (-, 0) or dye excluding (0, 0) cells, in
cultures of an established IM T cell line following the removal of medium containing IL-2 and subsequent
incubation either in unsupplemented medium (0, 0) or in medium supplemented with 20% IL-2 (0, *).



76 C. J. Bishop et al.

20rr0F
I0-
8

o 6

4 -\

0-6

04 0

0-21 ll2 4 7

Time (days)
Fig. 6. The number ofdye excluding cells/ml in cultures of an established IM T cell line following the removal of
medium containing IL-2 and subsequent incubation either in unsupplemented medium (0) or in medium
supplemented with 20% IL-2 (0).

However, it again appeared that the number of dye excluding cells was an overestimation of the
number of viable cells. Greater than 75% of the cells in IL-2 deprived cultures did not exclude dye
within 4 days of the removal of IL-2. Moreover the number of dye excluding cells in IL-2 deprived
cultures had decreased 30-fold within 7 days of the removal of IL-2, whereas the number of dye
excluding cells in IL-2 supplemented cultures had increased by 50% within this time (Fig. 6).

DISCUSSION

The rapid death in vitro of T lymphocytes isolated from the peripheral blood of acute IM patients
was significantly reduced by the addition of IL-2. For IL-2 to achieve its maximal effect it had to be
added to IM peripheral blood immediately on collection, to all solutions used in the isolation of
mononuclear cells and in the separation ofT cells and to subsequent culture medium. For example,
the percentage ofcell death in cultures ofIM T cells isolated and maintained in the presence of20%
IL-2 was approximately 37%, 24 h after isolation, whereas it was approximately 65% in cultures of
IM T cells from the same patient isolated and maintained for the same period in the absence ofIL-2.

Moreover, the immediate addition of IL-2 allowed IM T cell lines to be readily established from
the peripheral blood of acute IM patients. When 20% IL-2 was immediately added to acute IM
peripheral blood and maintained during subsequent T cell isolation and culture, long-term T cell
lines were established from greater than 85% of the patients. If IL-2 was not added until after T cell
isolation, IM T cell lines were established from approximately 50% of acute IM patients, but when
IL-2 was absent at all stages no IM T cell lines were established. It was not possible to establishT cell
lines from controls even with the addition of IL-2. Where the T MoAb profile of a freshly isolated
IM T cell population was compared with the IM T cell line established from this population, the
percentage of cells reacting with various T MoAb was similar except for a consistant increase in the
percentage T 11 +.

As expected, all of the established IM T cell lines that we have characterized with T MoAb were
T3+ (all ofseven) and, where tested, T11 + (all of five). All the lines appeared to be T4- (all ofseven),
suggesting that they do not contain significant numbers of inducer/helper T cells. Over half of the
lines (four of seven) were T8 +, indicating that they contained suppressor/cytotoxic T cells. Of these
lines only one was T10+ suggesting that it was derived from early haematopoietic stem cells
(Reinherz et al., 1980; Terhorst et al., 1981).

IL-2 support ofthe growth ofT cells isolated from acute IM patients was not unexpected as IL-2
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has been shown to support the growth of activated T lymphocytes (Smith, 1980). The observation
that the lines that were characterized were all T9- and generally T10- indicated that these lines were
derived from a mature T cell population (Reinherz et al., 1980; Terhorst et al., 1981).

That the withdrawl ofIL-2 from these IM T cell lines enhanced cell death (by apoptosis) was also
not unexpected. The normal involution and pathological atrophy of adult tissue, including
lymphoid tissue, has been shown to involve the enhancement of apoptosis (see Wyllie et al., 1980;
Searle et al., 1982); for example, in the normal involution of endocrine-dependent tissues following
changes in blood levels of trophic hormones.

Now that we can increase the survival in culture of T cells from acute IM patients and have
established T cell lines from such patients it will be possible to re-evaluate IM T cell effector
functions as previous assays of IM T cell functions may have been influenced by the presence of
rapid and extensive T cell death.

We wish to thank Dr J. Irwin and Sr M. Briggs, Student Health Service, University ofQueensland, for collecting
blood from patients. This work was supported by grants from the National Health and Medical Research
Council of Australia and the Queensland Cancer Fund.
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