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Expression of functional interleukin 2 receptors on chronic
lymphocytic leukaemia B lymphocytes is modulated by

recombinant interleukin 2
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SUMMARY

In 16 of 18 chronic lymphocytic leukaemia (CLL) patients examined, a significant
proportion of B cells in the leukaemic clone bound monoclonal antibodies specific for the
interleukin 2 (IL-2) receptor site (CD25). B lymphocytes from patients tested showed a
direct response to recombinant interleukin (rIL-2) during culture in vitro as shown by: (a)
a ligand-mediated upregulation in the level of IL-2 receptor (IL-2R) expression (12 of 12
patients), (b) an increase in cell size (eight of nine patients), (c) an increase in 3H-thymidine
uptake (four of six patients). Taken together, this evidence suggests that the majority of
leukaemic B cells from all the CLL patients examined expressed functional IL-2 receptors
in vitro. Intriguingly, maximal receptor upregulation or increase in cell size was achieved
at a lower concentration (50 u/ml) of rIL-2 than was required to achieve maximal 3H-
thymidine incorporation.
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INTRODUCTION

Most cases of chronic lymphocytic leukaemia (CLL) are characterized by a monoclonal expansion
of B lymphocytes which, in the peripheral blood, appear frozen at a maturation stage intermediate
between the pre-B cell and mature B lymphocyte (Johnstone, 1982; Preud'homme & Seligman,
1972). In vitro, however, these cells may be induced to synthesize DNA (Lantz et al., 1985) and
differentiate into immunoglobulin-secreting cells by a variety of mitogens (Guglielmi et al., 1982;
Totterman, Nillssom & Sundstrom, 1980) or T cell derived factors (Fu et al., 1978; Yoshizaki et al.,
1982). Recently, interleukin 2 (IL-2) has been found to promote CLL B lymphocyte DNA synthesis
and differentiation in the majority ofCLL patients after pre-activation with anti-IgM antibody or
Staphylococcus aureus Cowan strain I (Lantz et al., 1985).

Armitage & Cawley (1986) reported finding IL-2 receptors on CLL cells and one ofnine patients
studied by Lantz and colleagues (1985) responded to IL-2 without preactivation. We have
confirmed and extended these observations, using monoclonal antibodies and continuous flow
microfluorimetry to quantify IL-2 receptor (IL-2R) site expression in CLL patients. Double
antibody two-colour fluorescence showed definitively that, in the majority of CLL patients, a
significant proportion of cells in the leukaemic clone expressed IL-2 receptors (CD25). Intriguingly,
exposure of these cells to recombinant interleukin 2 (rIL-2) in vitro not only increased IL-2 receptor
expression but also resulted in cell activation as shown by an increase in cell size and uptake of 3H-
thymidine.

Correspondence: John J. Murphy, Department of Immunology, St George's Hospital Medical School,
Cranmer Terrace, London SW17 ORE, UK.
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Table 1. Expression of IL-2 receptors on B lymphocytes from CLL patients

0% Tac positive lymphocytes
Rai Lymphocyte

Patient stage count (10-9/1) day 0 day 4

T.C. 0 7-8 8 ND
M.Ha. 0 14-8 2 ND
D.B. 0 18-4 4 ND
D.D. 0 20-3 15 ND
W.C. 0 21-0 0 ND
E.B. 0 26-0 19 ND
D.F. 0 314 9 52
W.N. 0 36-0 17 ND
D.Fd. 0 75-0 12 21
W.M. 0 98-9 0 22
A.B. I 414 5 37
L.D. II 52 0 20 30
M.S. II 60-0 5 23
W.G. II 78-0 9 ND
A.W. II 145-0 50 ND
D.H. III ND 34 ND
G.S. IV 49-0 12 ND
M.H. IV 747-0 25 ND

The proportion of Tac (CD25) positive cells was determined on freshly
isolated CLL B lymphocytes or after incubation in rIL-2 (500 u/ml) for 4 days
using continuous flow microfluorimetry. T3 (CD3) and Tl 1 (CD2) positive cells
were < 1% in these experiments.
ND not determined.

MATERIALS AND METHODS

Patients. Eighteen well-documented cases ofCLL were studied. Diagnosis was confirmed by cell
surface marker studies and clinical staging (Table 1) was according to the Rai scheme (Rai et al.,
1975). All of the patients were untreated.

Isolation and characterisation oflymphocytes. Mononuclear cells were isolated from heparinized
peripheral blood by centrifugation on a single step gradient of Ficoll-Hypaque (Lymphoprep,
Nyegaard, Holland). T lymphocytes were depleted to < 1-0% by two cycles of rosette cell formation
with 2-aminoethylisothiouronium bromide-treated sheep erythrocytes (Saxon, Feldhaus & Rob-
bins, 1976) followed by density gradient fractionation to recover the non-rosetting B lymphocytes.
Samples of purified B lymphocytes were cultured either in 16mm flat-bottomed 24-well plates (1 ml
of 106/ml) (Costar, Cambridge, Mass., USA), or in flat-bottomed 96-well microculture plates (200
p1 of 106/ml) (Nunc Gibco Europe Ltd, Uxbridge, Middlesex) either alone or with a range of rIL-2
concentrations (<500 u/ml). Cultures were incubated at 370C in a humidified atmosphere
containing 5% CO2 in air. Lymphocyte activation was assessed either by cell size analysis (see
below) or by the uptake of 3H-thymidine at the times shown in the text. In the latter case 1 YCi of
3H-thymidine (TRA 120, 185 Gbq/mmol Amersham International Ltd, Amersham, England) was
added 16 h before cell harvesting and sample processing for beta scintillation spectrometry.

The recombinant IL-2 used in these studies was a generous gift of Hoffman La Roche, Basel,
Switzerland and Biogen, Geneva, Switzerland.

Continuousflow microfluorimetry. The size distribution of mononuclear cells before and after
rIL-2 treatment was determined by forward angle light scatter (FALS) analysis using an EPICS V
cytofluorimeter (Coulter Electronics Ltd, Hialeah, Florida). Monoclonal antibodies against Tac



(CD25, IgG2a, a generous gift of Dr T. Waldmann, National Cancer Institute, Bethesday, MD), T3
(CD3, IgG2a, Ortho Diagnostics Ltd, High Wycombe, England) or Ti1 (CD2, IgG2a, Coulter
Electronics Ltd, Luton, England) were detected in indirect immunofluorescent studies by a
fluorescein isothiocyanate (FITC) conjugated goat anti-mouse immunoglobulin antibody (Coulter
Electronics, Luton, England). Direct, double antibody two-colour fluorescence was carried out
using a phycoerythrin (PE) conjugated monoclonal antibody against the IL-2 receptor site (CD25,
IgG1, Becton Dickenson, California) and an FITC conjugated anti-Bi antibody (CD20, IgG2a,
Coulter Electronics Ltd, Luton, England) or FITC conjugated goat anti-human immunoglobulin
serum (Miles Labs. Ltd, Slough, England). Anti-B1 defines an antigen on human B cells with an
approximate mol. wt of 35 kD (Stashenko et al., 1980) and binds to a wide range of developing and
mature B lymphocytes, as well as CLL B cells (Gordon et al., 1983). In each case conjugated and
unconjugated antibodies were used at their predetermined optimum dilution, and irrelevant mouse
monoclonal antibodies of IgGi and IgG2a isotypes were used as controls, to measure non-specific
binding.
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Fig. 1. Intensity profile of the binding of the anti-Tac monoclonal antibody to CLL B lymphocytes. (Patient
D.F.). Horizontal scale depicts the distribution of log integral relative fluorescence intensity over 255 channels of
indirect immunofluorescence with anti-Tac (continuous line) or an irrelevant antibody (broken line) on (a) CLL
B lymphocytes at initial isolation, (b) after culture for 4 days in medium alone or (c) after culture for 4 days in
rIL-2 (500 u/ml). Numbers show percent Tac positive cells above background.
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For immunofluorescent labelling, 106 cells were washed by centrifugation (150 g for 10 min at

4 C) using ice-cold RPMI 1640 tissue culture medium containing 10 mm sodium azide and 1% fetal
calf serum (staining solution). For both direct and indirect immunofluorescence, the cells were
incubated with the appropriate antibody for 30 min on ice, followed by two washes in staining
solution. Single antibody stained cells were resuspended in 0 5 ml of 0 5 mg/ml propidium iodide
(Sigma Chemicals, Poole, England) in phosphate-buffered saline. Double antibody stained cells
were resuspended in 0-5 ml of staining solution. All samples were analysed immediately.

The lymphocyte population in the suspensions was delimited by a combination of electronic
gates set on size (FALS) and granularity (900 light scatter) and the distribution of fluorescence
intensity in this 'gated-in' population determined on a logarithmic scale using an EPICS V. Owing
to the high numbers of lymphocytes in the patients' blood, contaminating monocytes, clearly
identifiable as a separate population using the FALS and 90° light scatter (Hoffman et al., 1980),
were <0-2% in these experiments. For single antibody stained lymphocytes, dead cells were
excluded from the antibody staining profiles by 'gating out' propidium iodide stained cells. During
double-antibody two colour analysis, cell suspensions stained with FITC or PE labelled antibodies
alone were used to correct the photodetector signals from the flow cytometer to ensure there was no
breakthrough between the green and red channels.

Profiles of fluorescent staining were normalized by analysing 104 lymphocytes for each of the
samples reported here.

RESULTS

In 16 of the 18 patients examined, a significant proportion of CLL B lymphocytes (15-4 + 12-7%;
day 0 Table 1 (mean + s.d.)) expressed Tac antigen (CD25) before cultivation in vitro in the absence
of detectable T3 (CD3) or Tl 1 (CD2) positive cells (Table 1). Although there was no direct
correlation between % Tac positive cells and Rai staging, B cells from stage 0 patients had the lowest
proportion of positive cells (10/10 stage 0 patients <20%, 4/8 patients stages I-IV >20%). A
typical distribution of the number of IL-2 receptors per cell in the B-CLL population (measured as
log relative fluorescence intensity ofTac binding in 255 channels) is shown for one patient (D.F.) in
Fig. 1. Upon initial isolation only 9% of cells were Tac positive with a low overall relative intensity
range of 14-50 and a peak at channel 33 (Fig. I a). Although incubation in medium alone for 4 days
resulted in a small increase in the proportion and relative intensity ofTac bearing cells ( 1% positive
cells, range 14-55 with peak at channel 38 (Fig. I b)), this was insignificant compared to the increase
in the level ofTac expression after incubation in rIL-2 (52% positive cells, 14-124 range with peak at
channel 80 (Fig. lc)). In each case the number of anti-Tac binding lymphocytes was determined by
reference to cells treated wtih an irrelevant mouse monoclonal antibody (IgG2a) and FITC
conjugated anti-mouse immunoglobulin. In addition, non-specific staining from dead cells was
excluded by 'gating out' propidium iodide stained cells. Very few dead cells were present: only 1 1%
in the freshly isolated cells (Fig. I a), 3-9% in cells incubated in medium alone (Fig. I b), and 2 0% in
cells incubated in rIL-2 (Fig. Ic). Following exposure to rIL-2 there was a significant increase in the
mean cell size of CLL B cells (n = 9, P < 0-05). The effect of rIL-2 concentration on Tac antigen
(CD25) expression and cell size using CLL B cells was examined as shown in Fig. 2. In the majority
of patients examined the maximum increase in IL-2 receptor density (Fig. 2a) or maximum increase
in cell size (Fig. 2b) was obtained with 50 u/ml rIL-2 during 4 days of culture. Figure 3 shows the
time course of the increase in Tac expression on cells from patient (W.M.). In this case, although no
anti-Tac binding lymphocytes were seen upon lymphocyte isolation, incubation in rIL-2 resulted in
a rapid increase both in the proportion ofTac positive cells (up to a maximum of35% at day 3) and
in the modal channel number for fluorescence intensity. Both parameters changed with virtually the
same kinetics (full data not shown). Again, incubation in medium alone resulted in a small increase
in the proportion of Tac positive cells (peak of 4 5% at day 3) but no change in the modal channel
number for fluorescence intensity.
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Fig. 2. Dose-dependent effects of rIL-2 on Tac (CD25) expression and cell size ofCLL B lymphocytes. CLL B
lymphocytes were incubated in different concentrations ofrIL-2 for 4 days: (a) dose-dependent effect ofrIL-2 on
Tac expression from cells of four patients: A.B. (v), D.F. (0), D.Fd. (0) and M.S. (0) (mean channel
number + s.d. for log fluorescence profile at maximum IL-2 receptor expression was 61 0 + 105 (n = 4)) and (b)
dose-dependent increase in cell size using cells from three of the above patients as measured by forward angle
light scatter (mean channel number + s.d. for forward angle light scatter profile at maximum increases in cell size
was 148 3+28 1 (n=3)).
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Fig. 3. Time course of increase in anti-Tac binding following incubation in rIL-2. B lymphocytes from a CLL
patient (W.M.) were incubated either in medium alone (open symbols) or with rIL-2 (500 u/ml), (closed
symbols) for up to 5 days at 370C. At each time point samples of cells were stained with anti-Tac by indirect
immunofluorescence, and binding quantified by continuous flow microfluorimetry. Data from one experiment;
two other experiments from different patients gave similar results.
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Fig. 4. Distribution of IL-2 receptors on CLL B lymphocytes determined by double immunofluorescence
(Patient W.N.). CLL B lymphocytes were either examined (a, c) immediately after isolation, (b) after incubation
for 4 days in medium alone or (d, e and f) after incubation in rIL-2. The B cells were identified by FITC
conjugated anti-Bl monoclonal (CD20) (a, b, d) or by FITC conjugated anti-human immunoglobulin (e), and
their IL-2 receptor expression quantified by phycoerythrin conjugated anti-IL-2R antibody (CD25). Non-
specific staining patterns with irrelevant isotype matched mouse antibodies on cells at initial isolation (c) and
after 4 days culture in rIL-2 (f) are also shown. Data shown as plan view of two parameter histograms of log
integral green fluorescence of FITC conjugated anti-B1 (LIGFL) versus log integral red fluorescence of PE
conjugated anti-IL 2R (LIRFL) sliced at 4, 40 and 400 events per channel (corresponding to increase in density
of stipling). The results of six experiments in which the proportion ofIL-2R and B 1 positive cells were monitored
before and after exposure to rIL-2 are shown below. All patients were Rai stage 0.

Percent lymphocytes carrying IL-2R and Bl marker

Patient Day 0 Day 4

D.B. 4 9
T.C. 8 37
D.D. 15 81
M.Ha. 8 39
W.M. 6 21
W.N. 2 69

The effect of incubation in rIL-2 on IL-2 receptor expression was determined for six patients
under optimum conditions (Table 1). In each case, incubation in rIL-2 for 4 days resulted in an

increase in the proportion of CLL B cells expressing IL-2 receptors.
Staining with T3 (CD3) or T1 1 (CD2) antibodies was used to determine the proportion ofT cells

in the B cell cultures at the start and end of the culture experiments. In each of the experiments
reported here, T cell contamination was never greater than 1% at any stage. Nevertheless, to
confirm that the increase in IL-2 receptor expression was associated with the leukaemic clone,
double antibody two colour fluorescence analysis was carried out. B cells were defined by an FITC
conjugated Bl (CD20) or anti-Ig antibody and IL-2 receptors detected by the PE conjugated anti-
IL-2R monoclonal (CD25) (Fig. 4). When CLL B cells were freshly isolated from patient W.N.,
only 2% of cells were IL-2R positive and B positive (Fig. 4a). The proportion of double positive
cells reached 10% after incubation for 4 days in medium alone (Fig. 4b). However, in both cases the

LIGFL

LIRFL

LIRFL



Table 2. Effect of rIL-2 on 3H-thymidine uptake of CLL B lymphocytes

3H-thymidine incorporation (ct/
min) after

incubation in
Rai

Patient Stage Medium alone rIL-2

D.F. 0 65 +0-20 5326+0 01
Df.D. 0 51+0-13 949+010
W.N. 0 166+014 5001 +0 04
A.B. I 50+0 20 1812+0-13
L.D. II 31+001 46+0 18
M.S. II 38 +0 01 43 +010

T depleted CLL B lymphocytes were incubated in
medium alone or in medium and rIL-2 (500 u/ml) for 4 days.
3H-thymidine uptake was measured over the last 16 h of the
experiment. Data shown as geometric mean+ log. s.d. for
three determinations.

fluorescence intensity profile was restricted to low channel numbers. When cells from the same pool
were incubated in rIL-2, 69% expressed both the IL-2R and Bl markers (Fig. 4d) and a similar
proportion (62%) of IL-2R bearing B cells was seen with the anti-Ig marker (Fig. 4e). Figures 4c
and 4fshow non-specific staining, using the isotype matched irrelevant mouse antibodies on freshly
isolated cells, and cells after 4 days incubation with rIL-2, respectively.

The effect of rIL-2 on 3H-thymidine uptake was tested for on CLL B cells from six patients and
the results are summarized in Table 2. B cells from four patients (A.B., D.F., D.Fd., W.N.) showed
significant increases in 3H-thymidine uptake upon exposure to rIL-2 (500 u/ml) while two failed to
respond (L.D., M.S.).

DISCUSSION

The expression of IL-2 receptors was originally considered to be an activation marker exclusive for
T lymphocytes (Uchiyama, Broder & Waldmann, 1981). However, recent studies have demon-
strated identical receptors on normal human B lymphocytes, but only after activation in vitro with
mitogens or T cell factors (Jung, Hara & Fu, 1984; Mingari et al., 1984; Muraguchi et al., 1985;
Suzuki & Cooper, 1985; Tsudo, Uchiyama & Uchino, 1984; Waldmann et al., 1984). Consequently,
the description of IL-2 receptors on freshly isolated large B lymphocytes (Suzuki & Cooper, 1985),
hairy cell leukaemia B cells (Korsmeyer et al., 1983), EBV transformed B lines from Burkitt
lymphoma patients (Waldmann et al., 1984) and CLL B cells (Armitage & Cawley, 1986) has been
taken as evidence that these normal or transformed cells express an activated phenotype in vivo.
This view is further reinforced for CLL B cells by the detection of other activation markers
including B-LAST 1 (Thorley-Lawson et al., 1982) and MHM 6 (J. Gordon, pers. comm.) on these
cells immediately after isolation.

In the present study we have quantified IL-2 receptors on CLL B cells using two different
monoclonal antibodies and flow cytometry. It seems likely from our data, and those already
published (Armitage & Cawley, 1986), that all CLL B cells express IL-2 receptors, albeit at low
levels. This would explain the uniform responsiveness ofCLL patients B cells to rIL-2 treatment in
vitro even though some of these cells failed to bind the anti-Tac monoclonal antibody on initial
isolation (for example, patient W.M., Fig. 3). Although it is not possible to exclude the effects of
mediators produced from contaminating T lymphocytes or monocytes stimulated by rIL-2, we
suspect that the IL-2 acted directly on CLL B cells themselves without the need for T cells or T cell
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products. This view is supported by our observation that rIL-2 receptor regulation, increases in cell
size and 3H-thymidine uptake occurred when much less than 1% T3 (CD3) cells were present in B
cell populations. Similarly, the double immunofluorescence studies using markers from leukaemic
cells and the anti-IL-2R antibody (Fig. 4) showed unequivocally that the IL 2 receptors were indeed
expressed on B cells.

It is probable that both of the monoclonal antibodies used to detect the IL-2 receptor bind
equally well to high and low affinity receptor sites (Smith & Cantrell, 1985). Recently a 75 kD IL-2
binding protein has been described that does not bind the Tac antibody (Teshigawara et al., 1987). It
has been proposed that expression of this protein and the 55 kD Tac binding protein together are
necessary for high affinity IL-2 receptor expression (Smith, 1987). We do not know whether direct
stimulation with rIL-2 in our system eventually leads to high affinity receptor expression. IL-2
receptor expression and cell size increases of CLL B cells may well be influenced by IL-2 at
physiological concentrations but higher concentrations (. 250/ml) were needed for maximum
increases in 3H-thymidine uptake (Malkovska et al., 1987). It may be that receptor upregulation and
increases in cell size can be mediated by interaction of IL-2 with low affinity receptors whereas
induction ofDNA synthesis requires interaction of IL-2 with high affinity receptors. It is, however,
recognized that CLL B cells show poor proliferative responses (Godal & Funderud, 1982) and IL-2
is probably only one ofa number ofgrowth factors which influence B cell growth and differentiation
(Romagnani et al., 1986a; Jelinek, Splanski & Lipsky, 1986). Consequently, it is perhaps not
surprising that very high concentrations of IL-2 were needed for the induction of relatively small
amounts of DNA synthesis.

The rate of increase in the number of IL-2 receptor positive cells after rIL-2 stimulation (Fig. 3)
is consistent with upregulation ofTac antigen expression rather than an outgrowth of a minor Tac
positive subpopulation. This explanation is reinforced by recent observations showing that CLL B
lymphocytes require at least 4 days exposure to rIL-2 before significant 3H-thymidine uptake can be
detected (Malkovska et al., 1987), whereas Tac antigen expression was maximum after only 3 days
ofculture (Fig. 3). It should be stressed that the effects observed on the CLL B cells are thought to be
IL-2 regulated and are not due to trace contaminants in the rIL-2 preparation, for example,
endotoxin lipopolysaccharide. The recombinant IL-2 used was purified to biochemical homo-
geneity by reverse phase chromatography and two independent sources gave identical results which
titrated according to the IL-2 units of activity. In addition, Romagnani and colleagues (1986b) have
shown that the effects of Biogen rIL-2 can be blocked by anti-IL-2 receptor antibody. Finally,
lipopolysaccharide was not detected in this preparation of rIL-2 by the rabbit pyrogen test or the
Limulus amoebocyte test (Liang et al., 1985).

The general phenomenon of receptor regulation by exposure to its specific ligand is well known.
For example, the insulin receptor on 3T3 cells shows increased expression after contact with insulin
(King, Rechler & Kahn, 1982). If IL-2 receptor expression is indeed an activation marker then it is
not clear whether its presence on CLL B cells is as a result of activation in vivo via a 'physiological
route' or as a consequence of a transformed cell phenotype. The low but significant increase in Tac
positivity following cultivation in vitro without deliberate stimulation might be consequential on
stimulation in vitro or an unrecognized effect of the culture conditions. Intriguingly, whatever the
significance of IL-2 receptor expression on CLL cells, the receptors are functional as evidenced by
the increase in cell size (Fig. 2b) and 3H-thymidine uptake (Table 2), as well as the regulation of
receptor expression (Table 1, Fig. 4) following exposure to rIL-2.

If, as was suggested earlier (Lantz et al., 1985) IL-2 might be responsible for the expansion of
cells in CLL, then the original target cells must be much more responsive to IL-2 in vivo than the
lymphocytes recovered from the peripheral blood in view of the unphysiological amounts of rIL-2
required to cause modest increases in 3H-thymidine uptake. Only cells from Rai stage 0 or I patients
responded to rIL-2 with increased 3H-thymidine uptake in the present study. It is not possible,
however, to assess the significance of this observation due to the limited numbers of patients tested.
Nevertheless, it has been shown that CLL B cell IL-2 receptor expression and cell size are modulated
by physiological amounts of IL-2 and this is further evidence for a possible role of IL-2 in this
disease.
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