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The modelled network
The mathematical model (Fig.4C) represents the core reactions of the crucial interplay between caspase-8, caspase-3 and Bid, where activated caspase-8 can activate caspase-3 and both caspases can activate Bid. XIAP was implemented as the primary cellular inhibitor of caspase-3. Since the model here was used in the context of co-treatments with IAP antagonist TL32711, the latter was implemented to antagonise the function of XIAP. Activated caspase-8 serves to trigger the network, whereas the amounts of truncated Bid (Bid cleaved by caspases-8 or -3) serve as an output that was measured against the threshold required to induce mitochondrial outer membrane permeabilisation (MOMP) and apoptosis execution. Protein degradation was implemented for all processed/activated protein species and  complexes forming as a consequence of triggering the network. All reactions were based on mass action kinetics. Detailed overviews for all reactions and their parameterisation is provided in Tables 1-4 in this document.

Mathematical implementation
For model implementation and simulation the IQM toolbox [http://www.intiquan.com/iqm-tools] was used with MATLAB (The MathWorks, Inc., Natick), release 2017a. A set of ordinary differential equations describes the network structure. The modeled reactions are listed in Table 3. Within isogenic cell populations, protein expression amounts were assumed to be log-normally distributed, using mean expression amounts determined experimentally (Table 2) and assuming an s.d. of 20 nM. 200 independent samples were drawn for each cell line from the underlying protein distributions, representing a population of different cells. Profiles of tBid over time (Fig.2D) were simulated for the sampled initial protein amounts and with reaction parameter values as shown in Table 4. For responder cell lines, which experimentally were shown to efficiently activate caspase-8, inputs of least 40% activated capsase-8 were tested. For non-responder cell lines, which poorly activate caspase-8, inputs of 5% active caspase-8 were modeled. Amounts of active caspase-8 inputs were modified as part of simulations to test sensitization strategies. Thresholds required for efficient MOMP induction were determined from the range between tBid amounts reached between responder and non-responder cell lines. 10% cell-to-cell heterogeneity in MOMP thresholds were assumed based on prior studies of TRAIL-induced MOMP induction 1.
Table 1: Abbreviations of proteins and complexes in the mathematical model.
	Nr.
	
	Symbol
	Explanation

	1
	
	C8
	procaspase-8

	2
	
	C8a
	active caspase-8

	3
	
	C3
	procaspase-3

	4
	
	C3a
	active caspase-3

	5
	
	Bid
	BH3 interacting-domain death agonist

	6
	
	tBid
	truncated Bid

	7
	
	XIAP
	X-linked inhibitor of apoptosis protein

	8
	
	XIAP_C3a
	complex of active caspase-3 and XIAP

	9
	
	TL
	TL32711

	10
	
	XIAP_TL
	complex of TL32711 and XIAP


Table 2: Initial mean protein concentrations.
	 Protein 
	Initial concentration [µM]
	Comment
	

	
	A172 
	MZ18 
	U251
	MZ304
	U343 
	U373
	
	

	C8
	0.491
	0.377
	0.341
	0.05 
	0.057
	0.041
	Own data, compared and normalized to previously published data of Hela cells in 2

	C3
	0.203
	0.295
	0.128
	0.19
	0.01
	0.103
	Own data, compared and normalized to previously published data of Hela cells in 3

	Bid
	0.155
	0.27
	0.142
	0.033
	0.029
	0.059
	Own data, compared and normalized to previously published data in 4

	XIAP
	0.024
	0.061
	0.04
	0.113
	0.057
	0.054
	Data previously published in published data in 4

	TL
	1000
	Maximum treatment concentration


Table 3: Model reaction network. 

	#
	
	Reaction velocity
	

	
	
	
	

	1
	C3 →
	C3a
	v(1) =k1*C8a*C3a

	2
	Bid →
	tBid
	v(2) = k2*Bid*C8a 

	3
	Bid →
	tBid
	v(3) = k3*Bid*C3a 

	4
	C3a + XIAP →
	XIAP_C3a
	v(4) = k4*C3*XIAP

	5
	XIAP_C3a →
	C3a + XIAP
	v(5) = k5*XIAP_C3a

	6
	XIAP + TL →
	XIAP_TL
	v(6) = k6*XIAP*TL

	7
	XIAP_TL →
	XIAP + TL
	v(7) = k7*XIAP_TL

	8
	C8a →
	
	v(8) = d1*C8a

	9
	tBid →
	
	v(9) = d2*tBid

	10
	C3a →
	
	v(10) = d3*C3a

	12
	XIAP_C3a →
	
	v(12) = d4*XIAP_C3a


Table 4: Kinetic constants and degradation rates in the model.
	
	Parameter
	ka)
	kb)
	References

	k1
	activation of procaspase-3 by caspase-8
	52.2
	
	5

	k2
	truncation of Bid by active caspase-8
	104.4
	
	6 indicates that Bid is cleaved faster by C8a than C3 is cleaved by C8a.

	k3
	truncation of Bid by active caspase-3
	52.2
	
	6 indicates that cleavage of Bid is better by C8a than by C3a.

	k4
	complex formation of C3a and XIAP
	156
	
	7

	k5
	binding of cFlip to the DISC
	
	0.144


	7

	k6
	binding of TL to XIAP 
	0.0045
	
	adapted to match, together with k7, the reported KD (45 nM) 8 

	k7
	dissociation of TL_XIAP complex
	
	0.1
	adapted to match, together with k6, the reported KD (45 nM) 8

	d1
	degradation of C8a
	
	8.8e-3
	estimated from results shown in 9

	d2
	degradation of tBid
	
	6.9e-2
	half life assumed as approx. 10 min (educated guess)

	d3
	degradation of C3a
	
	5.8e-3
	10

	d4
	degradation of XIAP_C3a
	
	3.47e-2
	11


Units: a) µM-1 min-1 b) min-1
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