
Complement system (CS) is integral to innate immunity and can be 
activated via three different pathways. Of these, the alternative pathway 
(AP) is central to routing and amplifying signals from all three pathways1

(Fig 1). A few potential AP targets are highly abundant or show high 
turnover. However, such information is not available for the remaining 
targets. We use QSP approach to rank targets for their suitability against 
small and large molecule drugs.

Background

Dysregulation of AP is implicated in several autoimmune as well as 
inflammatory diseases. The central role of AP in CS activation makes it an 
attractive therapeutic target2.

Figure 1: Schematic representation of CS showing the central role of AP.

Methods

We used previously validated models of AP activation (minimal model) and 
steady state (steady state model) (Figure 2)3.

Figure 2: Schematics of the minimal model of AP activation (a) and steady 
state model (b).
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Conclusions 

• C3 and FB are most suitable small molecule targets

• C3bB (closed, open) and C3bBb are most suitable large molecule targets 

• SA shows that C3 and FB are most sensitive targets

• Full systems pharmacology modelling is necessary to understand target 
suitability.
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Systems pharmacology modelling of the 
alternative pathway to study target suitability

QSP

Testing target suitability:

Minimal model: For a given target, include reactions: D + T  DT
Delay in C3bBb activation response is the PD marker.

Determine affinity needed to produce a desired activation delay.

Steady state model: Include the reactions:

Attenuation of C3bBb output is the PD marker.

Typical PK for a small molecule and an affinity of 1nM.

Typical PK for a large molecule and an affinity of 0.01nM.

Sensitivity analysis (SA): Run simulations with physiological initial 
conditions (IC(1)) and ICs changed by 1%. Calculate sensitivity index S as

where C3bBb(t,IC(1)) and C3bBb(t,IC(2)) denote the time-profiles of C3bBb 
at two different ICs. S(t) is normalized with original IC (IC(1)) and original 
output and then summed over all time to obtain fully normalized SI.

Targets SI
(minimal)

SI
(steady state)

C3 164 9872

C3b 2.3 183

Closed C3bB 6.1 200

Open C3bB 46.9 191

C3bBb 53.3 196

FB 404 9955

Table 1: SA results for minimal and steady 
state models show that C3 & FB are most 
sensitive.
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Figure 3: 
Challenging 
minimal model 
with a 
hypothetical 
drug at 
different 
affinities and 
concentrations.
Colorbar: 
activation delay 
in hours.

Figure 4: 
Challenging 
steady state 
model with 
small 
molecule drug 
shows C3 and 
FB as most 
responsive 
targets.

• FB and C3b show maximum 
impact

• C3 and FB respond only at 
high C

• Results are applicable in in 
vitro settings

Steady state model:
More realistic model  results 
are physiologically relevant.

Figure 5: 
Challenging 
steady state 
model with 
large molecule 
drug shows 
closed, open 
C3bB and 
C3bBb as most 
responsive 
targets.




