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ABSTRACT

The cytokine interleukin-1 plays an important role in the induction of IL-2
secretion and IL-2 receptor expression. The events that follow binding of IL-1 to
its receptor are not known. We found that in a purified T cell population
(comprising the Lyt,” and L3T,” T cells) IL-1 in the absence of antigen or mitogen
induced strong proliferation and de novo expression of IL-2R light chain mRNA.
This was accompanied by high affinity IL-2 binding. Production of IL-2 or IL-2
mRNA was not detected under these conditions. As a model system for IL-1 action
two EL4 subclones were isolated. EL4 5D3 responded to IL-1 by augmentation of PMA
induced IL-2 secretion and IL-2R expression. EL4D6/76 bound IL-1 with the same
affinity but did not respond. We found that this line was unable to internalize
surface bound IL-1. The finding suggests that in T cells internalization of IL-1
is required for its activity.

INTRODUCTION

Interleukin-1 (IL-1) exerts two main effects on T cells. Together with mitogen or
antigen it induces the secretion of interleukin-2 (IL-2) (1) and the expression
of IL-2 receptors (IL-2R)(2). When mouse thymocytes were stimulated with IL-1 in
the absence of added mitogen or antigen expression of IL-2R was observed(3). This
effect was only seen in the presence of IL-2 and was determined by binding of a
monoclonal antibody against the IL-2R and by proliferation. We concluded from
these experiments that in the absence of mitogen or antigen IL-1 induces only
expression of IL-2R and no IL-2 secretion. To obtain insight into the mechanism
of these phenomena we attempted 1. to identify a purified target cell population
for this effect. and 2. to establish a model system to be able to study the
mechanism on a biochemical and molecular level.

A subpopulation of Lyt,” and L3T,~ thymocytes (DNT) strongly responded to the
combination of both cytokines in a synergistic fashion. We found that the main
effect of IL-1 was to stimulate de novo expression of high affinity IL-2R. Since
the murine thymoma EL4 can respond to IL-1 by augmentation of IL-2 secretion and
IL-2R expression (4) we subcloned EL4 and selected two subclones that differed in
responsiveness to IL-1 with respect to both properties. Using clones we show that
internalization of IL-1 correlates with IL-1 activity.
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MATERTALS AND METHODS.

Cell Cultures: Cells were cultured in RPMI 1640 containing 5 FCS and 50 ul/ml
gentamycin at 37°C in a humidified atmosphere of 5% CO, in air. Thymocytes had 102
FCS and 3x10™°M 2-mercaptoethanol in addition.

Preparation of DNT: DNT were prepared from thymuses of &4-week old C3H mice by
antibody and complement treatment (5).The mixture included antibodies against the
antigens L3T,, Lyt;, Ia*, and MAC-1. The yield was 12 of total thymic cells They
were 80-90Z Thy-1 positive and 45-507 IL-2R positive.

Proliferation Assays: Proliferation was assessed by using standard methods as
described (5).

Recombinant Cytokines: Human (hu) rIL-ls was kindly provided by Drs. A. Stern and
P. Lomedico, Hoffmann-LaRoche, Nutley, NJ , USA. The specific activity was
5x10°U/mg protein determined by the lymphocyte activating factor assay. Purified
human recombinant IL-2 from E. coli was kindly supplied by Cetus Corporation,
Emeryville, USA.

Assay for IL-2 Receptor Expression: Affinity purified mab 7D4 (6) was
radioiodinated using the chloramin T method. Cells were washed and resuspended in
90 pl binding medium (RPMI 1640, 0.006M Hepes, 1% BSA, 0.1Z Na-Azide). mab 7D4
was added in 10 ul binding medium to a final concentration of 4 pug/ml. Bound
readioactivity was determined as described (7).

RNA Extraction and Hybridization Procedures: Cytoplasmic RNA was prepared by the
method of Cheley and Anderson (8). RNA for Northern analysis was prepared by the
guanidine-isothiocyanate/cesiumchloride method. Hybridizations were done in the
presence of dextran sulphate and formamide at 42°C. The probe for the mouse IL-2
was generously provided by Dr. A. Schimpl (Wurzburg, FRG) and contains the
complete exon 4 of the IL-2 gene (9). The probe for the mouse IL-2R was
generously provided by Dr. T. Malek (Miami, FL, USA). It represents the EcoRI-
PstI fragment of the IL-2R cDNA (clone pmIL-2prl) (10).

Iodination of hu rIL-ls: Purified hu rIL-ls was labeled with !2°I by utilizing the
Enzymobead reagent according to the manufacturer’s instructions (BioRad Richmond,
CA). Biological activity of the iodinated material was 80 to 90Z of the original
material (data not shown).

Binding of Labeled Cytokines to Cells: Cells were washed and incubated with
labeled cytokines as described (5). T cells were incubated for 2h at 37°C in
fresh medium prior to binding. !25I-IL-2 was purchased from NEN (NEX 229,
Dreieich, FRG) or Amersham (IM 197, Frankfurt, FRG). The binding reaction was
terminated by centrifuging the cells through an oil mixture. Specific binding is
represented as the difference in cpm bound by cells with and without nonlabeled
cytokine.

Internalization of !2I-rIL-1la: 4x10° cells and 8 U of !2°I-rIL-l1s were preincubated
in 500 ul RPMI 1640 containing 52 FCS at 8°C for 1 h and then transferred to 37°C.
Samples were removed at the indicated times. Cells were pelleted by
centrifugation and resuspended in 500 ul pH 3 buffered medium. After incubation
on ice for 5 min to remove surface bound radioactivity cells were centrifuged
again and lysed in 200 pl_ lysis buffer (10 mM Tris HCl, pH 7.4; 150 mM NaCl; 12
Triton X-114; 2mM PMSF; 2% Isopropanol). After 10 min incubation on ice the
nuclear and cytoplasmic fractions were separated by centrifugation at 10000xg at
8°C for 10 min. Radioactivity was determined in a gamma counter.

RESULTS AND DISCUSSION

We were prompted to investigate DNT for a IL-1 response in the absence of mitogen
or antigen because it was published that DNT carry receptors for IL-1 and respond
to IL-1 in the presence of mitogens (11). We knew from our previous experiments
that there was a low percentage of IL-l-responder cells among thymocytes.
Therefore, DNT were prepared from thymuses of adult mice and tested for "a
synergistic response to the combination of IL-1 and IL-2. It was shown that the
synergistic effect in the presence of saturating concentrations of IL-2 was IL-1-
dose dependent (5). Neither IL-1 nor IL-2 alone had any effect on growth.

In other experiments (not shown) we showed that the proliferative response was
dependent on IL-2 (the response was inhibited to 902 by mab against the IL-2R)
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