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Introduction: pathway and its model

JAK–STAT pathway

Responsibilities

•Antiviral, innate and adaptive immunity con-
trol.

•Anti–tumour immune responses.

(STAT1/2 pathways)

•Cell growth and apoptosis processes regula-
tion.

• Embryonic stem cell self–renewal control.

(STAT3/5 pathways) Figure 1: Family of the JAK–STAT pathways [1].

Signal transduction

Figure 2: JAK–STAT pathway common components [2].

Signal flow

1. Ligand binding induces receptor activation.

2. Activated receptor phosphorylates STATs
which dimerize and are translocated to nu-
cleus.

3. STAT dimer induces transcription and trans-
lation of dozens of target genes.

Negative regulation

1. Protein Tyrosine Phosphatases (PTPs)

2. Inhibitors (SOCS, PIAS).

3. Proteolysis (via ubiquitination).

Computational model

ODEs with total of 34 species (variables) and 72
reactions (kinetic parameters).

Figure 3: Reactions network scheme [5]. Figure 4: Modules output species num. simulations.

Problem: receptor activation inconsistencies
[3] “However, evidence has shown that the receptor dimers exist constitutively on cell membrane in the absence of
IFNγ. Therefore, in this paper, we remove the receptor dimerization step and also assume that JAK is constitutively
associated with the receptor.”

Receptor activation mechanism variants

1. “Original” — model of Yamada et al. [5];
a reference point; fitting objective for param-
eters re–estimation.

2. “No JAK” — represents the fact that JAK pro-
tein is consecutively bound to the receptor.

3. “IFN to dimer” — textbooks version where
the one signalling ligand (IFN) binds to the
two, dimerized receptor chains.

4. “No dimerization” — model of Shudo et al.
[3]; dimerization step removed, based on the
receptors preassembly observation.

(a) “Original” model [5] and “No JAK” variant.

(b) “IFN to dimer” binding case and its
“No dimerization” variant [3].

Figure 5: Schemes of the receptor activation mechanism
variants in the JAK–STAT signalling pathway model.

Dilemmas

•Can you say that one model is better than the
other?
•How does the small changes in the “ODEs

network” influence the dynamics?

•All models perfectly fit to the “Original”.
•Arguably (artificial) data goodness of fit crite-

ria is not good for assessing biological models
due to inherent uncertainty/stochasticity.

In silico experiments: models comparison

Bayesian ranking

Marginal likelihood (ML)

Pr(D|M, θ) =

T∏
i=1

f
M,θ
xi (Di),

where fM,θ
xi is a pdf of Norm (φ (M, θ, xi) , σ).

Likelihood of reproducing data D of T iid
data points with model M .

Bayes Factor (BF)

B12 =
Pr(D|M1)

Pr(D|M2)

=

∫
Pr(D|M1, θ1) · Pr(θ1|M1)dθ1∫
Pr(D|M2, θ2) · Pr(θ2|M2)dθ2

Summary of the evidence provided by the
data D in favour of the hypothesis M1 as op-
posed to M2.

Tools

•Unbiased estimates of
marginal likelihood can
be obtained e.g. by An-
nealed Importance Sam-
pling (AIS).

• Software tool: BioBayes [4].

•Calculations feasible only
for few parameters, thus
we’ve assessed only re-
ceptor activation module
(4–10 params).

Setting

Figure 6: 2 manually selected
10 timepoints series of target
species STAT1n STAT1n star with
random noise (Norm(xi, 0.05))
• Priors of the parameters kj set to
Gamma(1, k0

j ).

Results

1. 2. 3.
2. 0.223 0.0185
3. 0.204
4. 0.333 0.110 0.129

Table 1: log10(BF)

but. . .
log10(BF)

None [0, 0.5]
Substantial (0.5, 1]
Strong (1, 2]
Decisive (2,∞]

Table 2: BF evidence support

. . . no evidence support

Global sensitivity analysis (GSA)

MPSA procedure

Step 1. Select parameters to
assess.

Step 2. Set parameters range.

Step 3. Uniformly generate
samples.

Step 4. Calculate samples er-
rors.

Step 5. Classify samples as
acceptable or unac-
ceptable.

Step 6. Statistically evaluate
sensitivity.

MPSA vs. Bayes Factor

Figure 7: MPSA ranking (higher is
better).

• only receptor module parame-
ters for comparison

• 2000 parameters set samples in
1
10–10 fold.

• For comparison: SOBOL method
(not shown).

• Software tool: SBML–SAT [6]

Figure 8: Inactive receptor com-
plex formation (bridge) integrated
response (MPSA coefficient) and
Bayes Factor rankings.

Confucius says: to perform really global GSA you have to do screening for important parameters.

Figure 9: Weighted Average of Local Sensitivities (WALS) of all kinetic parameters (“Original”). Selected top 20.

Figure 10: MPSA coefficients correlation.

(Shannon) entropy

H(X) = −
n∑
i=1

p(xi) log (p(xi))

where p(xi) = xi∑
i xi

. Scattering of the X .

Original 2.872931
No JAK 2.900137
IFN to dimer 2.875043
No dimerization 2.874591

Table 3: Shannon entropy of the MPSA coefficients.

Conclusions
Model selection
1. The Bayesian inference favoured “No dimer-

ization” model, though gave no evidence
support for that hypothesis.

2. “No dimerization” receptor module is the
most flexible in terms of noised data fit and
at the same time the least robust.

3. The “No dimerization” receptor activation
variant is recommended as the most parsimo-
nious.

4. “No JAK” model scattered robustness indi-

cates evolutionary preferable mechanism and
justification for the constitutive binding of
JAKs to the receptor chain.

Methodology
1. Limited scope of applicability of the well es-

tablished ML estimation methodology.
2. Global sensitivity analysis approach gives in-

sights into the modelled systems behaviour.
3. In both cases the differences between recep-

tor activation models are practically insignif-
icant.
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