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1 Introduction

Cytokines regulate important cellular responses through signal transduction pathways. The computer
modeling is a useful method to understand dynamic characteristics or regulatory mechanisms of signal
transduction pathways. The ultrasensitivity of the mitogen-activated protein kinase cascade was
shown by the simulation study [2]. Many cytokine receptors transduce signals by receptor bound
JAK kinase. JAK/STAT pathway is one of main signal transduction pathways initiated by cytokines.
SOCS1, which is induced by JAK/STAT pathway, binds JAK and inhibits its kinase activity [4]. To
understand the regulatory mechanisms by induced SOCS1, we developed the model of JAK/STAT
pathway and investigated its dynamics by the computer simulation.

2 Method and Results

The model of JAK/STAT pathway initiated by interferon-vy is shown in Figure 1(1). The binding,
phosphorylation, dephosphorylation, synthesis of mRNA and protein, and degradation of them were
described in differential equations, and solved mathematically by using Runge-Kutta-Gill method. The
synthesis of mRNA and proteins were included in the model. A cell was divided into two compartments,
cytoplasm and nucleus. The phosphorylated STAT1 dimer was reported to be transported to nucleus
and work as transcription factors [3], and dephosphorylated STAT1 monomer was transported from
nucleus to cytoplasm. Other transports through the nuclear membrane except mRNA’s transport
to cytoplasm were ignored. An unidentified phosphatase for STAT1 in nucleus (PPN) was assumed
to explain STAT1’s dephosphorylation in nucleus, and that in cytoplasm (PPX) was also assumed.
The dissociation constants for protein bindings, kinetic constants for the phosphorylation and the
dephosphorylation, and initial concentrations of proteins were estimated based on the experimental
data.

Figure 1(2) shows the time course of signal transduction and protein synthesis. Phosphorylated
STAT1 dimer (active transcription factor) was accumulated in nucleus, and then decreased gradually
by SOCS1’s inhibition (left). Without SOCS1 production, almost all STAT1 were kept in nucleus
as active transcription factors (right). These results were qualitatively agreed with the experimental
time course (Figure 1(5)). Since without SOCS1 production high concentration of active transcrip-
tion factor was sustained (Figure 1(3)), anti-virus protein was produced much more than that with
SOCS1 (Figure 1(4)). This overproduction of anti-virus protein is considered to be a cause of the
hyperresponsiveness of SOCS1-/- mice [1].
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Figure 1: The model of JAK/STAT pathway initiated by interferon-y and simulation result. (1)
The model of JAK/STAT pathway, (2) the time course of phosphorylated STAT1 dimer in nucleus,
induced SOCS1, and induced anti-virus protein, with SOCS1 production (left) and without SOCS1
production (right), (3) [IFN-v] dependence of phosphorylated STAT1 dimer in nucleus at the steady
state (after 16 hr.) with SOCS1 production () and without SOCS1 production([]), (4) [IFN-4]
dependence of an anti-virus protein with SOCS1 production (O)) and without SOCS1 production( D),
(5) experimental time course induced by interferon-y of STAT1 phosphorylation (upper) and STAT1
(lower) of SOCS1 +/+ (left) and SOCS1 -/- (right) mouse embryonic fibroblasts.
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