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SYNOPSIS 

The expression of IL-2 gene in T cells stimulated with immobilized 

anti-CD3 antibody is controled by several transcription factors like as 

AP-1, IL-211::B and NFAT. We studied an effect of deregulated c-fos, a 

component of AP-1, in the expression of IL-2 gene in T cells by using 

splenic T cells from transgenic mice carrying the exogenous c-fos gene 

under the control of the H2-Kb promoter (H2-c-fos). The IL-2 production 

of H2-c-fos T cells stimulated with anti-CD3 antibody was enhanced and 

prolonged. Levels of AP-1 and IL-211::B transcription factors in the 

nuclear extract from the H2-c-fos T cells were also augmented. These 

results suggest that c-Fos is one of the major regulatory factors for the 

expression of IL-2 gene in T cells activated with anti-CD3 antibody. 
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INTRODUCTION 

The activation of T cells through the T cell receptor/CD3 complex 

induces the expression of IL-2 gene that is crucial for subsequent T cell 

proliferation and differentiation.4),14),22),23) The IL-2 promoter contains 

several highly conserved regions like as AP-I, IL-2KB and NFAT binding 

sequences. 4),8) Those factors regulate the level of IL-2 expression in the 

T cells.9),10) However, the role of each transcription factor in the IL-2 

production is not known. 

We have generated transgenic mice carrying the mouse c-fos gene 

under the control of the H2-Kb gene promoter (H2-c-fos).24) Splenic T 

cells from H2-c-fos mice constitutively produce a large amount of c-fos 

protein (c-Fos) that is a component of AP-1.5) In order to examine an 

effect of deregulated c-Fos on the expression of IL-2 gene, splenic T cells 

from H2-c-fos mice were stimulated with immobilized anti-CD3 

antibody. IL-2 production of the T cells was augmented and prolonged. 

Levels of AP-I and IL-2KB in nuclear extract from T cells were also 

enhanced. We discuss a role of c-Fos in the expression of IL-2 gene in T 

cells. 

MATERIALS AND METHODS 

Mice: 

C57BL/6CrSlc mice were purchased from Japan SLC Co. Ltd. 

(Hamamatsu, Japan). Transgenic mice carrying the mouse c-fos gene 

under the control of the H-2Kb gene promoter have been described 

elsewhere.24) 

Preparation of splenic T cells: 

Splenic T cells were isolated from spleen cells by a nylon wool 
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column.24) Briefly, 5.0x107 of spleen cells in 1ml of RPMI1640 medium 

(GIBCO) with 5% fetal calf serum (FCS) (FILTRON) were incubated in a 

nylon column at 37°C for 45 min. Then, the nylon wool column was 

washed with RPMI1640 medium plus 5% FCS and viable cells in the 

efferent were collected. The purity of CD3+ T cells was more than 95% in 

viable cells. The purified T cells were resuspended in RPMil 640 

supplemented with 5x10-5M 2-mercaptoethanol, IO0µg/ml kanamycin 

and 10% FCS. 

Anti-CD3 stimulation of splenic T cells: 

Monoclonal anti-CD3 (145-2Cl 1) antibody 15) (lOµg/ml) was coated on 

culture plates (Corning, 60 or 100 mm Tissue Culture Dish) at 37°C for 

60 min. The plates were washed 3 times with sterile PBS. Splenic T cells 

were cultured on the coated plate at 37°C for 4 days. 

IL-2 assay: 

Activity of IL-2 in supernatant from splenic T cell culture was 

measured by 3H-thymidine uptake with CTLL-2 indicator cells according 

to the method described by Gillis et al.7) Briefly, 5x105 of CTLL-2 cells 

were cultured with serial dilutioned culture supernatant for 24 hours. 

The cultures were pulsed with 18.5 KBq of 3H-thymidine (Amersham) 

for the final 4 hours. The cells were harvested onto glass filters. 3H -

thymidine uptake was measured by a liquid scintillation counter. IL-2 

units were calculated by using the Probiot analysis as described by Gillis 

et al.7) 

RNase protection assays: 

Levels of IL-2 and p2-microglobulin mRNA were determined by 

RNase protection assay, as described.16) Briefly, total RNA from splenic T 

cells was extracted by the acid-guanidine method, as described.3> Total 

RNA (IOµg) was hybridized overnight with the 32P(Amersham)-labeled 

RNA probes at 55°C in 80% formamide hybridization buffer, followed by 
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the presence of 0.5µg of poly dI-dC (Pharmacia). The resulting DNA­

protein complexes were analyzed by electrophoresis at room 

temperature on 6% polyacrylamide gels. 

The following oligonucleotides were used as probes in the 

electrophoretic mobility shift assays: the murine AP-1 binding site: 

5'gggTTCTCCTCTGACTCAGGGTAA; the murine IL-2KB binding site: 

5'gatcACCAAGAGGGATTTCACCTAAATCC; the murine NFAT binding site: 

5'gatcGCCCAAAGAGGAAAA TTTGTTTCATACAG 

RESULTS 

IL-2 production of H2-c-fos T cells stimulated with anti-CD3 antibody: 

In order to examine the effect of deregulated c-Fos on IL-2 

production of T cells, splenic T cells from H2-c-fos mice were stimulated 

with immobilized anti-CD3 antibody for 4 days. The activity of IL-2 in 

the culture supernatant was assayed by 3H-thymidine uptake of 

indicator line, CTLL-2. As shown in Fig.I, IL-2 activity from H2-c-fos T 

cells was 4 times higher than that from 

control T cells. The high IL-2 activity from the H2-c-fos T cells was 

maintained 3 days longer than that from the control T cells. 

To confirm the augmented IL-2 production by the H2-c-fos T cells, 

levels of IL-2 mRNA in total RNA from the T cells were analyzed by 

RNase protection assay. The level of IL-2 mRNA from the H2-c-fos T 

cells was 5 times more than that from the control T cells (Fig. 2). The 

high amount of IL-2 mRNA from the H2-c-fos T cells was also 

maintained 2 days longer than that from the control T cells. 

Levels of transcription factors in nuclear extracts from H2-c-fos T cells 

stimulated with anti-CD3 antibody: 

The expression of IL-2 gene in T cells is regulated by three different 
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digestion with RNaseA and RNaseTl (Sigma) at 37°C for 1 hour. The 

protected fragments were separated on the 6% polyaclylamide gel. The 

dried gel was exposed to Kodak X-Omat AR films for 3 days at -70°C 

using intensifying screens (Dupont). 

The following DNAs were used as templates to generate the anti­

sense RNA probe by T7 (for IL-2) or SP6 (for lh-microglobulin) RNA 

polymerase (Promega). IL-2: the 600bp Pstl fragment of the mouse IL-2 

c DNA 13) was cloned to the pGEMl (pGEM-IL-2). This plasmid was 

linearized with HindIII. ~2-microglobulin: the 950bp Hindlll-EcoRI 

fragment including the 238bp mouse ~2-microglobulin gene19) was 

cloned to the pGEM4Z (pGEM-~2-microglobulin). This plasmid was 

linearized with Hindlll. 

Preparation of nuclear extract: 

Cultured cells were resuspended with hypotonic buffer (I 0mM 

HEPES, 1.5mM MgCh, lOmM KCI, 0.5mM EDT A, 0.5mM dithiothreitol, 

0.5mM PMSF, lµM leupeptin, and lµM aprotinin ; pH 7.9 ) and sheared 

with 24 Gauge needle to disrupt cell membrane. After centifugation, 

nuclei were resuspended with extraction buffer (20mM HEPES, 10% 

glycerol, 420mM NaCl, 1.5mM MgCh, 0.2mM EDTA, 0.5mM dithiothreitol, 

0.5mM PMSF, lµM leupeptin, and lµM aprotinin ; pH 7.9 ) and incubated 

on ice for 60 min to lyse nuclear membrane. Following centrifugation, 

the supernatant was rapidly frozen and stored at -70°C. Protein amount 

was estimated by the Micro BCA protein assay (Pierce Chemical). 

Electrophoretic mobility shift assays: 

Double-strnaded radiolabeled oligonucleotide probes were prepared 

in the presence of [cx32p]dCTP (Amersham) using the Kienow fragment of 

DNA polymerase I (Takara) and purified with ethanol precipitation. For 

each binding reaction, 50,000 cpm of labeled oligonucleotide was 

incubated for 20 min at room temperature with 5µg of nuclear extract in 
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Fig. 1. Levels of IL-2 in culture supematants from T cells stimulated with 

immobilized anti-CD3 antibody. Splenic T cells from control and H2-c-fos mice 

were cultured in the presence of immobilized anti-CD3 antibody. Activities of IL-2 

in culture supernatants from control T cells (open circle) and H2-c-fos T cells 

(closed circle) were assayed by 3H-thymidine uptake of indicator line, CTLL-2. 

transcription factors, AP-1, IL-2KB and NFAT.4),8),10),22) Since the 

production of IL-2 from the H2-c-fos T cells was enhanced and 

prolonged, levels of these three DNA binding factors in nuclear extracts 

from the T cells were analyzed by electrophoretic mobility assay. 

The level of AP-I in nuclear extract from the H2-c-fos T cells was 

detectable even at pre-stage, increased to maximal level at 4 hours after 

the stimulation (Fig. 3). The high level was maintained until 24 hours 

after the stimulation. That from the control T cells became detectable at 
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Fig. 2. The expression of IL-2 mRNA from T cells stimulated with anti-CD3 

antibody. Splenic T cells from control and H2-c-fos mice were cultured in the 

presence of immobilized anti-CD3 antibody . Levels of IL-2 mRNA in total RNA from 

the T cell s were measured by the RNase protection assay. Levels of ~ 2 -

microglobulin mRNA were the amount control of total RNA examined. 

4 hours, slightly increased to the maximal level at 12 hours after the 

stimulation. The maximal level from the H2-c-fos T cells was 4 times 

higher than that from the control T cells. 

Electrophoretic mobility assay for IL-2KB has demonstrated two 

specific bands.9), I 7) The upper band composed of heterodimer of p65 

and p50 proteins, authentic NF-KB . 2),6) The lower band contained the 

p50 homodimer proteins, 2),6) and the transcriptional activity for the 
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Fig. 3. Electrophoretic mobility assay for the AP-1 binding protein . Splenic T 

cells from contro l and H2-c-fos mice were cu ltured in the presence of immobilized 

anti -CD3 antibody. Nuclear extracts from the T cell s were incubated with 32p . 

labeled oligonucleotide which contains the AP- I consensus sequence and analyzed 

by electro-phoresi s on 6% polyacrylamide gels. 

expression of IL-2 gene was unknown. As shown in Fig. 4, two bands 

were detected in the IL-2KB binding assay. The upper band from the 

H2-c-fos T cells but not from the control T cells was detectable even at 

pre-stage. The amount of the upper band from the H2-c -fos T cells 

increased to the highest level at 12 hours after the stimulation, although 

that from the control T cells increased until 24 hours after the 

stimulation . The peak level from the H2-c-fos T cells was 10 times 
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Fig. 4. Electrophoretic mobility assay for the IL-2KB binding protein. Splenic T 

cells from control and H2-c-fos mice were cultured in the presence of immobilized 

anti-CD3 antibody . Nuclear extracts from the T ce ll s were incubated with 32p _ 

labeled oligonucleotide which contains the IL -2 KB consensus seq uence and 

analyzed by electrophoresis on 6% polyacrylamide gels. 

higher than that from the control T cells. 

The level of NFAT in nuclear extract from the H2-c-fos T cells was 

undetectable at pre-stage (Fig. 5). The level was detectable at 4 hours 

and was maintained until 24 hours after the stimulation . That from the 

control T cells gradually increased until 24 hours after the stimulation . 

The peak level from the H2-c-fos T cells was 2 times higher than that 

from the control T cells. 
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Fig. 5. Electrophoretic mobility assay for the NFAT binding protein. Splenic T 

cells from control and H2-c-fos mice were cultured in the presence of immobili zed 

anti -CD3 antibody. Nuclear extracts from the T cell s were incubated with 3 2 P -

labeled oligonucleotide which contains the NFAT consensus sequence and analyzed 

by electro-phoresi s on 6% pol yacrylamide gel s. 

DISCUSSION 

The expression of c-fos gene is transiently induced in T cells after the 

stimulation of anti -CD3 antibody.IO) When the exogenous c-fos gene is 

constitutively expressed in T cell s from H2-c-fos mice, 24) the expression 

of IL-2 gene was augmented in the T cell s activated with anti-CD3 

antibody (Fig . 2). Since c-fos protein (c-Fos) expresses its transcriptional 

activity after the composition of AP- I with jun gene products (Jun), the 

expression of jun gene was examined in T cells from H2-c-fos and 

control mice. The jun gene is a gene family and all of the jun family gene 
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products (c-Jun, JunB and JunD) can dimerize with c-Fos to compose AP-

1 ,5) JunB and junD but not c-jun mRNAs were detected in total RNA from 

T cells even at resting state (data not shown). Thus, the activity of AP-1 

was detected in nuclear extracts from H2-c-fos T cells but not control T 

cells at resting state (Fig. 3). These results indicate that the activity of 

AP-1 is controled by the expression of c-fos gene in T cells. However, the 

presence of AP-I is not enough to induce the expression of IL-2 gene in 

T cells (Fig. 2). This suggests that different transcription factors besides 

the AP-I is required for the expression of IL-2 gene in T cells. 

IL-21eB is one of the transcription factors to regulate the expression 

of IL-2 gene in T cells. 1>,4),8),9) The activity of IL-21eB (the upper band in 

Fig.4) was also detected in nuclear extract from H2-c-fos T cells at 

resting state (Fig. 4). Since the activity of IL-21eB was not detected in 

nuclear extract from control T cells at resting state, the results shown in 

Fig. 4 indicate that c-Fos affects the level of IL-21eB in T cells. This 

augmenting effect of c-Fos in resting H2-c-fos T cells was also 

demonstrated on the level of IL-21eB from H2-c-fos T cells stimulated 

with anti-CD3 antibody. However, the relation between the level of c-Fos 

and the activity of IL-21eB has not been reported. Since IL-21eB is 

consisted of heterodimer or homodimer of proteins such as p50 and 

p65, 2> the expression of genes encoded those proteins may be regulated 

by the AP-I. Further investigations are necessary to clarify this 

mechanism. 

The expression of IL-2 gene was not induced in the H2-c-fos T cells 

in the presence of AP-1 and IL-21e B at their resting state (Fig. 2), 

indicating that a third factor is also required for the expression of IL-2 

gene in T cells. NFA T is one of the transcription factors to control the 

expression of IL-2 gene in T cells.4 ),8) The activity of NFAT binding 

protein was not detected in nuclear extract from the resting H2-c-fos T 
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cells (Fig. 5), suggesting that the NFAT is an essential factor for the 

expression of IL-2 gene in T cells. The activity of NFAT was slightly 

enhanced in the H2-c-fos T cells after the anti-CD3 stimulation (Fig. 5). 

These results partly support the notion that AP-1 is a component of 

NFAT.11) 

The kinetics of the activity of AP-1 but not IL-2kB and NFAT was 

consistent with the kinetics of the expression of IL-2 gene in the T cells 

stimulated with anti-CD3 antibody. These results suggest that AP-1 is 

the major transcription factor to regulate the expression of IL-2 gene in 

T cells. Promoter analysis of IL-2 gene with reporter genes has also 

demonstrated the major role of AP-1 among those transcription 

factors.9) Indeed, no expression of IL-2 gene in anergic T cells 

stimulated with antigen is due to no induction of AP-1. 21> Since the 

activity of AP-1 is controled by the expression of c-fos gene in T cells, c­

Fos may be the major regulatory factor for the expression of IL-2 gene 

in T cells. 

In summary, the constitutive expression of c-fos gene in T cells 

augments the activities of AP-1 and IL-21CB followed by the 

enhancement of the expression of IL-2 gene in the T cells stimulated 

with anti-CD3 antibody. These results suggest that c-Fos is the major 

regulatory factor of the expression of IL-2 gene in T cells activated with 

anti-CD3 antibody. 
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