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ABSTRACT

Somberg, R.L., Robinson, J.P. and Felsburg, P.J., 1992. Detection of canine interleukin-2 receptors
by flow cytometry. Vet. Immunol. Immunopathol., 33: 17-24.

“This study describes a method for detecting canine interleukin-2 receptors (IL-2R) by flow cyto-
metry, using human recombinant [L-2 labeled with phycoerythrin (IL-2-PE), Peripheral blood mono-
nuclear cells from four normal dogs were washed, incubated with IL-2-PE, and then washed to remove
any unbound [L-2-PE. Flow cytometric analysis of the cells was performed with a 488 nm argon laser
while gating on lymphocytes. Cells expressing the [L-2R were identified by their fluorescence as com-
pared to cells stained with an anti-mouse immunoglobulin-G conjugated to phycoerythrin, The aver-
age percentage of resting cells expressing the IL-2R was found to be 21%. The addition of unlabeled
human recombinant 1L-2 to Day 3 phytohemagglutinin (PHA }-stimulated cells reduced the fluores-
cence intensity four-fold, thereby demonstrating the specificity of 1L-2-PE for canine IL-2R. Follow-
ing stimulation with optimal concentrations of PHA, the percentage of cells expressing the 1L-2R
increased daily and reached a maximum on Day 3 (76.4%). IL-2R density, as measured by mean
fluorescence intensity, also increased and reached maximal levels on Days 2-3 (twenty-fold greater
than resting cells}. The binding, inhibition, and kinetic experiments provide evidence that human
recombinant [L-2-PE is a useful tool for studving canine 11-2R expression. Thus, a one-step direct
method for the flow cytometric detection and quantification of the canine IL-2R is now available,

ABBREVIATIONS

HBSS, Hank’s balanced salt solution; 1L-2, interleukin-2; [L-2R, interleukin-2 receptors; 1L~
2-PE, interleukin-2 labeled with phycoerythrin; MFI, mean fluorescence intensity; PBL, periph-
eral blood lymphocytes; PBMC, peripheral blood mononuclear cells; PBS-BSA, phosphate-buff-
ered saline-bovine serum albumin; PHA, phytohemagglutinin; XSCID, X-linked severe com-

bined immunodeficiency.
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INTRODUCTION

In man, interleukin-2 (IL-2) functions as a growth, differentiation and ac-
tivation stimulus for cells of the T-cell lineage (Smith, 1988). The effects of
[L-2 are mediated by the high-affinity or the intermediate-affinity interleu-
kin-2 receptors (IL-2R), but not by the low-affinity [L-2R (Wang and Smith,
1987). The high-affinity IL-2R is a complex of at least two different subunits,
the alpha-chain (p5S5 or Tac antigen/CD25) and the beta-chain (p735); the
intermediate-affinity IL-2R is composed of the p75 subunit, and the low-af-
finity IL-2R is composed of only the p35 subunit (Waldmann, 1989). Al-
though both subunits have IL-2 binding capacity, only the p75 subunit is able
to mediate signal transduction (Robb and Greene, 1987). Monoclonal anti-
bodies to the human and murine alpha-chain (Uchiyama et al., 1981; Malek
etal., 1983) and more recently to the human beta-chain (Tsudo et al., 1989)
have provided much information concerning the expression of these IL-2R
subunits on resting and activated T-cells in both normal and disease states.
However, the lack of monoclonal antibodies to the canine IL-2R has ham-
pered similar studies in the dog. For example, the ability to detect canine [L-
2R would be beneficial in further defining the T-cell proliferative defect in
canine X-linked severe combined immunodeficiency (XSCID), a unique an-
imal model of human XSCID (Jezyk et al., 1989).

Prior to the availability of monoclonal antibodies to the IL-2R, recombi-
nant IL-2 labeled with '*°1 was used to detect IL-2R (Robb et al,. 1981). Re-
cently, IL-2 conjugated with biotin (Foxwell et al., 1988) and fluorescein-
isothiocyanate (Harel-Bellan et al., 1989), have proven successful in the de-
tection of IL-2R. Since canine T-cells proliferate in response to human IL-2
(Hogenesch and Felsburg, 1989), the canine IL-2R must be interacting with
the human IL-2. In order to determine if this interaction would permit the
flow cytometric detection of canine IL-2R, the binding and specificity of 1L~
2-PE for both resting and PHA-stimulated canine peripheral blood lympho-
cytes (PBL) were examined. This paper describes the results of these experi-
ments and documents the utility of this technique for the flow cytometric
detection of canine [L-2R.

MATERIALS AND METHODS
Reagents

Human recombinant IL-2 conjugated with PE at 2.5 ug ml~' (IL-2-PE)
was purchased from R&D Systems (Minneapolis, MN ). Anti-mouse immu-
noglobulin G conjugated with PE (anti-IgG-PE) was purchased from Fisher
Scientific (Pittsburgh, PA). Unlabeled human recombinant I1-2 at 10 000 U
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ml—! was purchased from Bioproducts for Science (Indianapolis, IN), Phy-
tohemagglutinin-P (PHA), Histopaque 1.119, CPSR-2, and Histopaque 1.077
were purchased from Sigma Chemicals (St. Louis, MO).

Cells

Canine peripheral blood mononuclear cells (PBMC) were obtained from
four normal dogs by a discontinuous Hypaque-Ficoll density gradient cen-
trifugation technique developed for use in the dog (Wunderli and Felsburg,
1989). Briefly, heparinized blood was diluted 1:1 with Hank’s balanced salt
solution (HBSS), carefully layered onto the discontinuous density gradients
in a ratio of 10 ml diluted blood: 2.0 ml of Hypaque-Ficoll 1.066: 2.0 ml of
Histopaque 1.119, and centrifuged at 400X g for 20 min at room tempera-
ture. The buoyant cells were collected and washed twice with HBSS. PHA
cultures (5 ug ml—") were established at 1.0x 10° cells m1~' in RPMI-1640,
10% CPSR-2, antibiotics (100 U ml~" penicillin G, 0.1 mg ml~' streptomy-
cin, 0.25 ug ml~! amphotericin B), and incubated at 37°C in a humidified
5.0% CO, atmosphere. Every 24 h 3.0 10° cultured cells were washed and
centrifuged over 3.0 ml of Histopaque 1.077 to remove dead cells, and then
washed twice with phosphate-buffered saline (PBS) pH 7.4, containing 0.5%
bovine serum albumin (BSA) and 0.1% NaN; (PBS-BSA).

Flow cytometry

Washed cells (25 1) at 4.0 10° cells ml~! in PBS-BSA were incubated
with 10 gl of IL-2-PE or 2.0 zl of anti-IgG-PE for 1 h on ice and then washed
twice with PBS-BSA. The final cell pellet was resuspended in 200 ul of PBS
and kept on ice until analysis on a Coulter ELITE flow cytometer (Coulter
Electronics, Hialeah, FL). PE was excited using 15 mW of 488 nm argon laser
light and measurement was made through a 550 long pass dichroic followed
by a 625 long pass dichroic and a 575 band pass filter. As an internal control
PE-conjugated beads were run each day and the mean fluorescence intensity
(MFI1) was set at a fixed value. Competitive inhibition of IL-2-PE staining
was performed by pre-incubation of the cells with 100 ul of unlabeled human
recombinant IL-2 for 30 min on ice, followed by incubation with IL-2-PE as
before. Fluorescence intensity measurements were obtained by gating on the
lymphoeytes: Percent inhibition-of MFI=100— (MFI+unlabeled IL-2 di-
vided by MFI+IL-2-PE) x 100 (Taki et al., 1989).
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RESULTS
Binding of human recombinant I1L-2-PE to canine PBL

To examine the binding of human recombinant IL-2-PE to both resting and
activated canine PBL, PBMC from four normal dogs were stimulated with
optimal concentrations of PHA (5 ug ml~'). The cells were stained with 10
l of IL~2-PE prior to the addition of PHA (day 0) and every 24 h following
the addition of PHA (days 1-4). Staining with 20 ul or 30 ul of IL-2-PE did
not result in any significant increase in fluorescence (data not shown). The
same cells were also stained with 2,0 ul of anti-IgG-PE to measure non-spe-
cific binding. As shown in Fig. 1, the fluorescence due to the binding of TL-2-
PE was easily distinguished from the non-specific binding of anti-IgG-PE on
both resting and PHA-stimulated PBL.

Specificity of human recombinant IL-2-PE for canine PBL

To examine the specificity of human recombinant IL-2-PE staining, a com-
petitive inhibition assay was performed using unlabeled human recombinant
IL-2. As shown in Fig. 2, pre-incubation of day 3 PBL with 100 zl of unlabeled
human recombinant IL-2 significantly inhibited the binding of IL-2-PE. The
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Fig. 1. Fluorescence intensity distribution of both resting and PHA-stimulated canine PBL stained
with human recombinant [L-2-PE (black line) and anti-1gG-PE (gray line).
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Fig. 2. Competitive inhibition of human recombinant IL-2-PE binding. Day 3 PHAstimulated

PBL were stained with [L-2-PE alone (black line) and in the presence of unlabeled human
recombinant {L-2 (gray line}.
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Fig, 3, Expression of 1L-2R on both resting and PHA-stimulated canine PBL (n=4).
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Fig. 4. Mean fluorescence intensity of [L-2R-positive cells following PHA stimulation (n=4).

average percent inhibition of IL-2-PE binding to PHA-stimulated canine PBL
was 78.5% using the formula previously mentioned.

Kinetics of canine IL-2R expression

In order to facilitate future studies of the canine [L-2R, the kinetics of can-
ine IL-2R expression following PHA stimulation were examined. As shown
in Fig. 3, 21% of resting PBL were IL-2R positive and the percentage of 1L-
2R positive lymphocytes increased following PHA stimulation reaching a
maximum of 76.4% by Day 3. IL-2R density, as measured by MFI, also in-
creased following PHA stimulation and reached a maximum by Days 2-3
(Fig. 4).

DISCUSSION

Human recombinant [L-2-PE binds to both resting and PHA-stimulated
canine PBL. The detection of IL-2R on 21.0% of resting canine PBL was a
concern at first since few resting human PBL express the Tac antigen/CD25
(Waldmann, 1989). However, more recent studies have shown that resting
human PBL do express the beta-chain (p75) of the IL-2R {Ohashi et al.,
1989; Zola et al., 1990). Thus, binding of IL-2-PE to resting canine PBL may
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be due to expression of a p75-like peptide. The competitive inhibition studies
with unlabeled human recombinant [L-2 provide good evidence that the
binding of IL-2-PE is specific for the canine IL-2R. The relatively low concen-
tration of unlabeled IL-2 (4 ng ml~"), as compared to IL-2-PE (0.2 ngml~"),
perhaps was the reason that complete inhibition was not found. Studies of the
kinetics of IL-2R expression following PHA stimulation revealed a dramatic
increase in the percentage of IL-2R-positive cells. Furthermore, these IL-2R-
positive PBL also had much higher levels of IL-2R on their cell surface as
compared to resting PBL. These changes in IL-2R expression are consistent
with studies performed on human PBL (Waldmann, 1989).

The inability to distinguish low- and high-affinity IL-2R and to quantify
the expression of potential IL-2R subunits are disadvantages of this tech-
nique. However, Harel-Bellan et al. (1989) have shown that it is possible to
distinguish low- and high-affinity IL-2R with fluorochrome-labeled IL-2 by
dose-dependent binding experiments. The feasibility of this approach in the
dog remains to be determined. .

Until subunit-specific monoclonal antibodies or canine recombinant IL-2
become available, this technique provides the only flow cytometric method
for evaluating the expression of canine IL-2R. Furthermore, this technique
may be applicable to other species whose T-cells respond to human IL-2. An
advantage of this technique as compared to non-flow cytometric methods is
the ability to stain cells with both IL-2-PE and monoclonal antibodies for
other cell surface antigens at the same time. Thus, the expression of [L-2R
could be correlated with the expression, or lack of expression, of other cell
surface antigens.

In summary, a one-step direct method for the detection and quantification
of canine IL-2R is now available. This technique will provide a valuable tool
in veterinary clinical immunology to evaluate the expression of IL-2R in im-
munodeficiency disease, autoimmune disease, and lymphoproliferative
disease.
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