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Introduction

The proto-oncogene c-fos encodes a phosphoprotein (c-Fos) that acts as a
transcriptional regulator in the form of a heterodimeric complex with c-jun gene product
(¢c-Jun) in the nucleus. This protein complex (AP-1) regulates expression of target
genes by binding to the AP-1 consensus sequense in their promoter region. Since an
immidiate and transient expression of c-fos RNA is induced in mitogen-stimulated lym-
phocytes, c-Fos,/AP- 1 may serve as a nuclear transmitter of the lymphocytes.
Supppression of c¢-Fos activity either by expression of antisense RNA or by
microinjection of anti-c-Fos antibody inhibited the induction of cell cycle procession of
fibroblasts by serum stimulation, suggesting that c-Fos expression is a primary event in
the transduction of mitogenic signals leading to cell proliferation. However,a function of
c-Fos in lymphocyte proliferarion is still unknown.

When we examined the effect of deregulated c¢-Fos on proliferative response of
splenic B lymphocytes stimulated with lipopolysaccharide (LPS) , the response was aug-
mented. - We further investigated mechanisms of the augmentation by the c-Fos. Here
we show that cell cycle progression of the B cells was accelerated. This acceleration cor-
related with the amount of c-Fos/AP-1 in those B cells. We discuss a functional role
of c-Fos,/AP-1 in proliferation of B cells activated with LPS.

Materials and Methods

Splenic B cell preparation and proliferation assay

Splenic B cells from Mx-c-fosD transgenic mice and control littermates were pre-

pared by the treatment of spleen cells with anti-Thy-1.2 antibody and rabbit
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complements. The cells were cultured with various concentrations of LPS in RPMI-1640
medium supplemented with 10% fetal calf serum. The culture was plused with (*H) -
Thymidine and the radioactivity was measured by liquid scintillation counter.

Limiting dilution assay

Spleen cells were cultured with 50 ug,/ml of LPS. The number of cells in each
well was examined under microscope on day 0 and day 4 after stimulation. The wells
showing no increase in total cells were scored as nonresponder. Frequencies of LPS re-
spbndihg spleen cells were determined by poison analyses of the plot between the per-
centage of nonresponder and the input cell number.

Cell cycle analysis.

The cultured celis were stained with propidium iodide solution.
Fluorescence greater than 570 nm emitted from the propidium iodide-DNA complex in
each nucleﬁs was measured by FACScan. Percentages of cells within G1,S and G2/
M phase of cell cycle were analyzed using the CellFit computer program.

Gel retardation assay and western blot analysis -

Nuclear proteins were extracted from cultured spleen cells by the midi-method.
The proteins were incubated with radioisotope-labelled oligonucleotide containing AP-1
binding site. The resulting DNA-protein complex was analyzed by electrophoresis on
polyacrylamide gel. The proteins were fractionated on polyacrylamide gel, transferred to
a nitrocellulose membrane and stained with anti-c-Fos and c¢c-Jun antibodies. The Ab-

detection reaction was performed using the ECL chemiluminescence detection system.

Results

When splenic B cells were cultured with LPS, proliferative response of Mx-c-fosD' B
cells was about 4 times higher than that of the control B cells. Kinetic analysis of
those B cell proliferations demonstrated that the peak responses of the Mx-c-fosD B cells
is about 1 day earlier than those of the control B cells. Cell cycle analysis also indi-
cated that cell cycle progression of the Mx-c-fosD B cells into the S phase was acceler-
ated.

By limiting dilution assay, the number of LPS responding cells in spleen -cells be-
tween Mx-c-fosD and control littermate mice were similar. The duplication time was
culculated from the cell proliferation curve by exponential equation. The time of the Mx-
c-fosD B cells was shorter than that of the control B cells. These results indicate that
the augmentation of cell proliferation in the Mx-c-fosD B cells is mainly due to their
shorter duplication time. v

Using gel retardation assay, the Mx-c-fosD B cells showed higher amount of AP-
1 binding protein than the control B cells did. The AP-1 protein in the Mx-c-fosD B
cells were induced faster and maintained in higher level than those in control B cells.
These expression patterns of AP-1 proteins correlated with the proliferation patterns of

the cells. The component of AP-1 protein was also analyzed in the Mx-c-fosD B cells by
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Western blot analysis. The AP-1 protein in the Mx-c-fos D B cells was mainly com-
posed of c¢-Fos protein (Fos/Jun heterodimer) whereas it was Jun protein (Jun/Jun

homodimer) in the control B cells.

Discussion

The augmentation of cell proliferation in the Mx-c-fosD B cells stimulated with LPS
is mainly due to their shorter duplication time. Since the level of- AP-1 in those B cells
correlated with the length of a cell cycle and the expression time inversely correlated
with the time to enter S phase of cell cycle, the AP-1 may accelerate cell cycle progres-
sion of those B cells. Therefore, AP-1 is a major regulatory factor for cell cycle pro-
gression of B cells stimulated with LPS.

Major part of AP-1 molecule induced in the Mx-c-fosD B cells was composed of a
c-Fos,/Jun heterodimer. That was difference from the control B cells which was mainly
Jun homodimer. The different composition of AP-1 protein in those B cells may also ef-
fect on the deregulation of cell cycle progression and contribute to the augmentation of

cell proliferation of the Mx-c-fosD B cells.

Summary

In the Mx-c-fosD splenic B cells stimulated with LPS, the level of DNA synthesis
was augmented in proportion to the amount of AP-1. The agumentation is explained
by acceleration of cell cycle progression leading to the shorter duplication time. These
results suggest that AP-1 is a major regulatory factor for cell cycle progression of B

cells activated with LPS.
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