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Supplemental 

In silico, agent behavior was governed by literature-based rule-sets obtained from peer-reviewed independent literature (Tables S1-S4). Derivation of rule-sets in any ABM is inherently subjective, although in their entirety should accurately reflect the current understanding in the field. This section outlines the criteria and methods employed to generate the rule-set, as well as how they were instituted within the Netlogo [1] software program. Also included are tables of rules that governed interactions in silico (Tables S1-S4), which should be consulted for explanation of the ABM, and a simplified logic diagram of hASC agent decisions (Figure 13). Of helpful reference may be a prior model [2] that served as the basis for the development of this model (available for download on the Peirce-Cottler laboratory website;  www.bme.virginia.edu/peirce).
hASC adhesion molecule expression (Table S1)

For experimental data to fit inclusion criteria for rule formulation:

1) Cells must be of human origin obtained either through liposuction or lipectomy procedures and be early to mid-passage (p=0-4) at point of assay. 

2) Data obtained by testing fluorescence using flow cytometry.

3) Data obtained from independently published peer-reviewed scientific articles with a single exception: PSGL-1. This rule (0% probability of expression) was confirmed in-house (data unpublished). 

Monocyte adhesion molecule expression (Table S1)
Monocyte-endothelium interactions during the adhesion cascade have been intensely studied and reported in the literature. In most instances, there were too many high-quality studies to cite individually for each adhesion molecule expression rule. Here, the reader was referred to a relevant review or text. Regardless of whether data indicated constitutive expression (100% probability of expression), the instituted rule within the simulation space was set at a 95% probability of positive expression, at baseline. This maintained a level of randomness in the system.

For experimental data to fit inclusion criteria for rule formulation:

1) Cells must be monocytes of human origin, isolated from whole blood.

2) Data obtained by testing fluorescence using flow cytometry.

3) Ideally, cells obtained from healthy patients.

There were exceptions. The rule for CD65 expression (25% probability of expression) was derived from data obtained examining peripheral blood monocytes isolated from healthy patients. In this study, only mean fluorescence intensity was reported making it necessary to normalize to CD11a expression (assumed to be constitutively expressed). Similar techniques were utilized for the generation of other adhesion molecule expression rules, when necessary.

Endothelial cellular adhesion molecule expression (Table S1)
For experimental data to fit inclusion criteria for rule formulation:

1) CAM expression determined using fluorescence and/or confocal microscopy.

2) Tissue source in order of preference: human endothelium obtained from healthy skeletal muscle microvasculature, human endothelium obtained from healthy coronary microvasculature, murine skeletal muscle microvasculature, murine coronary microvasculature.

3) CAM expression normalized to PECAM-1 (CD31) or other constitutively expressed endothelial cell marker, when necessary.

For rule formulation, it was not ideal to use data from in vitro studies if cell lines were immortalized or of umbilical vein origin because they are phenotypically different from skeletal muscle endothelium. In vitro data was also problematic if it was obtained from statically cultured endothelial cells. Judging endothelial cell CAM expression independent of fluid flow forces does not reproduce in vivo conditions that have been shown to be critical in CAM regulation/expression. 

However, it was necessary to consult in vitro data or less-than-ideal in vivo data when other data was not available. For example, during rule formulation for PSGL-1 expression, a study was referenced where human umbilical vein endothelial cells (HUVECs), foreskin microvascular ECs, and atherosclerotic arteries were assayed using immunofluorescence. For previously stated reasons, this was a weaker rule and should be flagged for future parameterization or in vivo investigation. Similarly, the rule for P-selectin (CD62p) expression was formulated from data obtained from rat heart microvasculature and mouse skeletal muscle microvasculature. 

In most instances, endothelial cell adhesion molecule expression was verified in other systems including retinal microvasculature, brain endothelium, or in vitro (protein or mRNA expression). These studies add additional validation to the formulation of the rule-set, but were not cited for reasons stated previously.

Tissue macrophage and smooth muscle cell adhesion molecule expression
There were no rules governing CAM expression of either tissue macrophages or smooth muscle cells. In the simulation space, tissue macrophages did not migrate or travel through the circulation; hence these rules were not necessary. Likewise, smooth muscle cells did not migrate or travel through the circulation. Instead, they served only to visually distinguish between vascular phenotypes. Future models should consider inclusion of additional rules to account for these cell types.

Chemokine secretion (Table S2)
Upon creation within the simulation space, each agent was assigned a percent probability of secreting each accounted-for chemokine (0-95% probability of secretion). Rules were accessed by every agent, at every time-step, and if probability was met (random number generator) then secretion was assigned as “positive” (conversely “negative” if probability was not met). If positive, secretion occurred instantaneously at that time-step (must be re-calculated at every time-step; instantaneously off).

For formulation of rules for baseline chemokine secretion, simplifications were necessary. We considered predominately cell phenotype. For example, during ABM construction the question was asked: “Have microvascular endothelial cells been shown to secrete IL-1independent of external stimuli?” Answers to these questions were sought for every chemokine and every cell phenotype present within the model, except for hASCs and smooth muscle cells (no programmed chemokine secretion ability). 

Basis for answers to these questions as being “positive” or “negative” were found in relevant literature and were cited in the rule-set. Data from literature was then synthesized to assign relative percent probabilities of secretion on a per cell basis. For example, parameters such chemokine concentration, length of secretion, etc. were used to group secretion rules according to a low to high probability of action (10% to 75%). These were not detailed rules; in most instances a general review of chemokine activity during ischemia could be referenced for verification.  

Chemokine-induced chemokine secretion (Table S2)
In the simulation space, if an agent was exposed to a chemokine, it might have induced secretion of additional chemokines (assuming there is a rule and basis in the literature for this connection). During rule formulation, connections between exposure to specific chemokines and subsequent chemokine secretion were emphasized. This means that rules stated a chemokines’ ability to promote or inhibit behavior of specific cell types only.

Key criteria for rule formulation:

1) Evidence was found in relevant literature for connections between a specific chemokine and its ability to induce secretion of additional chemokines. 

2) The effect of exposure to a specific chemokine was simplified to consider only whether it promoted, inhibited, or had no effect on additional chemokine secretion.

3) The ABM accounted for synergistic effects. For example, certain chemokines only worked in the presence of other chemokines.

4) Only data that quantified changes in protein expression or secretion were considered. In vivo, a change in mRNA expression does not necessarily translate to a change in protein secretion.

5) A rule for inhibition reflected experimental data that indicated blocking secretion, blocking a receptor, down-regulating a receptor, etc. Likewise a rule for promotion indicated changing affinities, upregulation of receptors, additional secretion, etc.

6) We developed a computational tool to investigate acute skeletal muscle ischemia. As such, data from literature were only used if effects were seen at less than eight hours, though preferably four hours, after initial stimulus. 

Key criteria governing implementation in the simulation space:

1) An agent must “see”, or be exposed, to a stimulus prior to any induced secretion. These were parameterized rules dependent on cell phenotype and location. For example, an endothelial cell would “see” a stimulus if either a) surrounding EC in the same vessel segment was secreting the chemokine, b) a circulating monocyte that was secreting a chemokine has rolled or firmly adhered to that EC, or c) a tissue macrophage in the interstitium local to the vessel was secreting a chemokine. If these conditions were met, then a probability of 25% was assigned to whether that EC would “see” the stimulus. This was calculated for every cell within the simulation, at every time-step. 

2) Once an agent had “seen” a stimulus, there was a probability of action associated with that cell’s response (i.e., promote or inhibit further secretion). This was set at 50% for all cell phenotypes (assuming there was a rule governing action). 

3) Chemokine secretion occurred instantaneously if conditions were met, and after every time-step, chemokine secretion and chemokine exposure (“see” a stimulus) was turned off instantaneously (binary). In this way, the continued presence of activating stimuli was necessary for secretion to continue.

4) At every-time step, if additional activating stimuli were not “seen” or if secretion was not induced, cells would return to baseline secretion levels.

Rule-set: WSS-induced chemokine secretion (Table S2)
Wall shear stress-induced chemokine secretion was instituted within the simulation space in a manner similar to chemokine-induced chemokine secretion. Rules were simplified to consider only connections between changes in WSS and the resulting secretion. Unfortunately, the majority of available data in the literature was collected from statically cultured cells that experienced sudden changes in WSS. Ideally, data from cells that had experienced long-term culture under flow conditions before experiencing changes in WSS would have been assayed instead. Similarly, there were many studies that examined changes in CAM expression following induction of flow in vitro, but again, this was not sufficient in that it fails to distinguish between observed changes due to the onset of flow and those due to changes in the magnitude of flow. 

Key criteria for understanding implementation in the simulation space:

1) Only endothelial cell agents undergo WSS-induced chemokine secretion. No other agent phenotype (cell type) was capable of sensing changes in WSS in silico. 

2) Secretion was instantaneously “on” if correct stimuli were present (probability of action was met), as well as instantaneously “off” if fluid flow forces were removed.

3) The probability of secretion if changes in WSS were sensed was assigned to a relative scale between 10% and 80%, depending on the magnitude of change. This subjective handling considered magnitude of WSS, previous levels of WSS, length of secretion, and amount of chemokine secreted, as reported in the literature (assessed as: low, medium, high, and very high). 

4) WSS-induced secretion occurred only during periods of changing WSS (e.g., at the onset of acute ischemic injury). This accounted for the phenomena of de-sensitization. Nitric oxide  (NO) secretion was the exception (NO was secreted under baseline conditions in healthy skeletal muscle microvasculature, in silico).

5) When EC agents experienced changes in WSS, however, NO secretion changed well, similarly to other chemokines. 
Transmigration-induced chemokine secretion (Table S2)


In silico, a transmigrating monocyte or hASC induced secretion of chemokines from local EC agents. During each event, the probability of secretion occurring was set between 10% and 40% for each surrounding EC (chemokine-specific). Rules were based on in vitro assays where monocytes and ECs were co-cultured together and secretion of chemokines into the media was quantified. Reported are synergistic effects; neither cell was able to secrete similar levels without cell-cell interactions. The probability of action was set on a relative scale, considering cell number, degree of interaction, concentration of secreted chemokine, and time-span of secretion reported in the literature. For these rules, hASCs were assumed to behave as monocytes.

WSS-induced change in adhesion molecule expression (Table S3)

Rules were similar to those that governed WSS-induced chemokine secretion. Again, only changes in WSS were considered relevant. In silico, expression of CD54 and CD106 by EC agents were affected, and only occurred at the onset of ischemic injury and times after (coinciding with abrupt change in experienced WSS). It was instituted by changing the baseline expression level of these CAMs to 75% probability of expression for CD54 and 30% probability of expression for CD106. It is these new baseline-expression levels that each EC agent defaulted to, at every time-step, if other additional activating stimuli were not seen. There was discrepancy in the literature on whether an increase in WSS induced changes CD106 expression. A high-confidence rule was difficult to formulate because of reasons stated earlier (statically cultured ECs are inherently different than ECs cultured under flow). Nonetheless, in this model an increase in WSS increased the probability of positive CD106 expression. However, changes in WSS also induced increased secretion of NO, which mitigated this response (NO inhibited CD106 expression in silico). Future in vivo experimentation should be done to formulate higher confidence rules, and the effects of NO on other CAM should be included in future models.

Integrin activation (Table S4)


Prior to transmigration in silico, a circulating cell generally had to proceed through a several events first. A circulating cell would first survey its local environment to assess whether binding ligands were present. Second, the combined influences of chemokine and hemodynamics would force interactions and facilitate further survey behavior. At this point, for firm adhesion and transmigration to proceed, integrin activation must occur (firm adhesion without integrin activation was possible, although rare). Physiologically, integrin activation in silico represented the conformational change of integrins present on circulating cells into a high affinity state (LFA-1, MAC-1, and VLA-4). Once this occurred, firm adhesion was more likely to occur. Once firmly adhered, a cell had to remain firmly adhered for 10 + 2 seconds before initiating transmigration (during that time, continued CAM and chemokine presence was necessary to maintain adhesion, at every time step). There was a probability of action assigned to integrin activation and transmigration, derived from independent experiments published in relevant, peer-reviewed literature. Conversely, the rule for the elapsed time necessary for transmigration to occur was scaled relative to the time required for other events, and this relative scaling was based on accepted dogma in the field. In that sense, it was arbitrary and not explicitly based on relevant literature.

Key for understanding rule-creation and in silico execution:

1) Integrin activation and transmigration occurred instantaneously.

2) Before a cell could proceed from firm adhesion to transmigration, it had to survey its environment and ensure that appropriate adhesion molecules and chemokines were still present. Most circulating cells remained firmly adhered for ten time steps, which was enough time for local environment conditions to change (hence necessity to re-survey).  

3) There was a probability of action associated with integrin activation, firm adhesion, and transmigration as a function of chemokine presence, cell phenotype, cell history, hemodynamic forces, adhesion molecule expression, binding molecules present, and time.

4) A cell that was firmly adhered but failed to transmigrate was either released back into the free-stream (33%), initiated rolling along endothelium (33%), or remained firmly adhered for at least one additional time-step (33%). Continued firm adhesion and rolling was contingent upon appropriate external chemokines and adhesion molecules being present.

5) Integrin activation on hASCs was modeled after integrin activation on monocytes. This simplification was necessary because data was not available.

6) Rules were formulated from data taken from parallel plate flow chamber assays where adhesion molecule expression on substrates, WSS, and chemokine presence was tightly controlled. Data reporting percent of cells that firmly adhered under prescribed conditions was used to formulate in silico rules. For example, if in vitro experiment reported that when monocytes were flowed over the protein VCAM-1 under specific conditions, 45% of the cell population would firmly adhere, a rule was instituted where, if similar conditions were present, a single monocyte had a 45% probability of adhesion. In this way, each individual cell behaved according to its local environment and individual characteristics.

7) When experimental literature reported an increased ability of a circulating cell to firmly adhere following chemokine activation, this was instituted in silico as a promotion of integrin activation. However, data in vitro may have been the result of changes in the receptor, ligand, or other undetermined mechanism. This should not influence the outputs of the model, but should be considered before interpreting results. For example, if simulations reported the importance of SDF-1 activation during trafficking, it should be remembered that the ABM does not differentiate between effects on the receptor or effects on the ligand.

8) Occasionally, it was necessary to formulate rules for integrin activation from data on neutrophil activation. However, it is likely that integrin behavior is conserved across leukocyte sub-populations. These rules, however, should be updated as additional experimental data becomes available.

hASC incorporation into ischemic tissue in silico (Table S5)
The inability of the model to reproduce hASC incorporation efficiencies of 3-10% into ischemic tissue (and 3-5x that of levels quantified in healthy tissue) led to a re-examination of the model’s underlying literature-based rules and, ultimately, the generation of a new hypothesis. As such, it is important to examine and justify: 1) why these incorporation levels were anticipated within the simulation space (i.e., do these data accurately reflect the current understanding in the literature?); 2) why hASC ability to undergo selectin-mediated rolling was investigated further, instead of other steps in the adhesion cascade; and 3) whether the parameterization and subsequent adjustment of other literature-based rules could have restored appropriate levels of incorporation, as well. 

First, a survey of all known relevant literature reporting the use of hASCs in the treatment of ischemic injuries was performed (Table S5). In most instances, incorporation efficiencies were not reported or were not applicable to the simulations. For example, incorporation was not assayed at early time-points (incorporation may decrease as time increases), tissues were not perfused prior to harvesting to eliminate circulating cell contamination (cell counts may be artificially high), or it was difficult to confidently extrapolate tissue-level incorporation from cell counts in relatively few tissue sections (counts may be artificially low). For these reasons, much of the data surveyed was not suitable for comparison to in silico simulations. To complement the hASC data, studies reporting the use of other similar cell types were referenced. However, no consensus existed here, other than an agreement that incorporation following therapeutic delivery was variable and low. Bone marrow mononuclear cell and endothelial progenitor cell incorporation in models of hindlimb ischemia varied from 7-20% 


[7-9] ADDIN EN.CITE , and incorporation in a mouse model of myocardial infarction varied from 2.6-4.7% (dependent on delivery method; 


[10] ADDIN EN.CITE ). Similarly, incorporation efficiencies into injured tissue following myocardial infarction in human patients varied from 1.3-39% (dependent on cell phenotype and patient characteristics; 


[11] ADDIN EN.CITE ). These wide data ranges were all considered when formulating model expectations; it was believed that hASC incorporation efficiencies should be significantly greater than that seen in healthy limbs (3-5x greater) and represent approximately 10% of the total delivered cells. This was based on the following:

1) The most reliable hASC data was comparing cell counts in the ischemic limb to cell counts in the ischemic limb (Table S5; “specificity”). Tissue was assayed at 48 hours, which we anticipate would trend lower than tissues being assayed at less than 1 hour.

2) There may be overlapping ranges of incorporation efficiencies between hASCs and other related therapeutic cell types, in a variety of types of ischemic injury.

3) A “yes/no” binary response, with an order of magnitude difference between negative incorporation and positive incorporation was reasonable.

4) The simulation space in our ABM included only one microvascular network and not an entire tissue.

The authors recognize that these assumptions may have to be re-visited in future models; it was difficult to compare in silico incorporation levels to in vivo incorporation levels with absolute certainty (i.e., which independent data-set to verify simulation results with?). However, it is important to note that the inclusion of SBM-X in simulations significantly enhanced incorporation efficiencies over control runs where SBM-X did not exist. Thus, it was the relative increase in incorporation efficiency that prompted the formation of a new hypothesis concerning the rolling ability of hASCs. 
Rolling during the adhesion cascade was investigated further because it was known that this was shown to be a bottleneck and rate-limiting step for the homing of neutrophils, and it was thought this could be the case for hASCs as well. Furthermore, it was interesting that hASCs do not express PSGL-1 (critical for leukocyte homing) and still traffic to ischemic tissues and confer a therapeutic benefit following i.v. delivery (Table S5). It was conceivable that inadequacies in the rules that govern firm adhesion and/or chemokine and cytokine secretion could have contributed to the low incorporation efficiencies, but this was believed to be a low likelihood. This was for the following reasons: 1) these rules were formulated with a higher confidence, based on a greater number of relevant published studies; and 2) the rules governing chemokine and cytokine behavior were simplified to consider only connections between cell-types (ignored potency, concentration, timing, etc.) and thus were high-confidence rules, as well. Nonetheless, systematic chemokine knockout experiments were performed in silico [12]. The possibility that more that one inadequacy within the rule-set could have theoretically restored expected incorporation efficiencies further emphasizes the importance of pairing all computational simulations with in vitro and/or in vivo experimentation [13].

Supplemental Tables

	Adhesion molecule
	Cell 
	Positive Population 


	Citation

	LFA-1 (CD11a)
	hASC
	1%
	


[3,4] ADDIN EN.CITE 

	
	Monocyte
	95%
	established; 


[5-7] ADDIN EN.CITE 

	
	EC
	0%
	assumed

	MAC-1 (CD11b/CD18)
	hASC
	27%
	


[3,8] ADDIN EN.CITE 

	
	Monocyte
	95%
	established; 


[5-7] ADDIN EN.CITE 

	
	EC
	0%
	assumed

	CD15
	hASC
	3%
	[9]

	
	Monocyte
	90%
	


[7] ADDIN EN.CITE 

	
	EC
	0%
	assumed

	VLA-4 (CD29/CD49d)
	hASC
	55%
	


[3,10-12] ADDIN EN.CITE 

	
	Monocyte
	95%
	established; 


[6,7,13] ADDIN EN.CITE 

	
	EC
	0%
	assumed; [14]

	CD34
	hASC
	52%
	


[3,9,12,15] ADDIN EN.CITE 

	
	Monocyte
	0%
	assumed

	
	EC 
	77%
	


[16,17] ADDIN EN.CITE 

	CD54 (ICAM-1)
	hASC
	27%
	


[3,8] ADDIN EN.CITE 

	
	Monocyte
	25% 
	


[6,18,19] ADDIN EN.CITE 

	
	EC
	66%
	


[16] ADDIN EN.CITE 

	CD62E (E-selectin)
	hASC
	2%
	


[3,20] ADDIN EN.CITE 

	
	Monocyte
	0%
	assumed; [5]

	
	EC
	6.5%
	


[16] ADDIN EN.CITE 

	CD62L (L-selectin)
	hASC
	0%
	


[4,20] ADDIN EN.CITE 

	
	Monocyte
	90%
	


[21,22] ADDIN EN.CITE 

	
	EC
	0%
	assumed

	CD62P (P-selectin)
	hASC
	0%
	[4]

	
	Monocyte
	0%
	assumed; 


[5,23] ADDIN EN.CITE 

	
	EC
	5%
	


[16,24,25] ADDIN EN.CITE 

	CD65
	hASC
	29%
	[9]

	
	Monocyte
	25%
	[26]

	
	EC
	0%
	assumed

	CD106 (VCAM-1) 
	hASC
	15%
	


[4,11] ADDIN EN.CITE 

	
	Monocyte
	0%
	assumed; [5]

	
	EC
	3.5%
	


[16] ADDIN EN.CITE 

	CD162 (PSGL-1)
	hASC
	0%
	Verified experimentally

	
	Monocyte
	95%
	[27]

	
	EC
	10%
	


[28] ADDIN EN.CITE 

	SBM-X
	hASC
	75%
	Theorized


Table S1. Baseline CAM expression for monocytes, endothelial cells, and hASCs as implemented within the ABM. 
	Chemokine

Secreted
	Activator
	Responder
	Stimulus: Probability
	Citation

	IL-1
	Baseline
	Monocyte / M
	40%
	


[29-33] ADDIN EN.CITE 

	
	Chemokine-induced
	EC

EC

Monocyte

Monocyte

M
	IL-1: promote

TNF-: promote

IL-1: promote

MCP-1: promote

TGF-: inhibit
	


[30,34-36] ADDIN EN.CITE 

	
	  in WSS-induced
	EC
	Increase: promote
	[37]

	IL-8
	Baseline
	EC

Monocyte
	20%

60%
	


[32,38-40] ADDIN EN.CITE 

	
	Chemokine-induced
	EC

EC

Monocyte

Monocyte
	IL-1: promote

TGF-: inhibit

IL-1: promote

TNF-: promote
	


[40-42] ADDIN EN.CITE 

	
	 in WSS-induced
	EC
	Increase: promote
	


[43,44] ADDIN EN.CITE 

	
	Transmigration
	EC
	40%
	


[38] ADDIN EN.CITE 

	IL-10
	Baseline
	Monocyte
	20%
	


[32,45] ADDIN EN.CITE 

	
	Chemokine-induced
	Monocyte

Monocyte

M
	TNF-: promote

IL-10: inhibit

TGF-: promote
	


[45-47] ADDIN EN.CITE 

	TNF-
	Baseline
	M
Monocyte
	30%

60%
	


[30-32] ADDIN EN.CITE 

	
	Chemokine-induced
	Monocyte/M
M
Monocyte
	IL-10: inhibit

TGF-: inhibit

TGF-: promote
	


[30,34,48] ADDIN EN.CITE 

	MCP-1
	Baseline
	EC
	60%
	


[32,38] ADDIN EN.CITE 

	
	Chemokine-induced
	EC

EC

EC

M
	TNF-: promote

IL-1: promote

TGF-: inhibit

TGF-: promote
	 


[49,50] ADDIN EN.CITE 

	
	 in WSS-induced
	EC
	Increase: promote
	[51]

	
	Transmigration
	EC
	10%

with IL-1: 25%
	


[38,52] ADDIN EN.CITE 

	SDF-1
	Baseline during ischemia
	EC
	75%
	


[32,53,54] ADDIN EN.CITE 

	Nitric Oxide
	WSS-induced
	EC
	WSS < 1 : 10%

1 < WSS < 2 : 20%

2 < WSS < 4 : 30%

WSS > 4 : 80%
	


[55,56] ADDIN EN.CITE 

	TGF-
	Baseline
	EC

Monocyte / M
	20%

20%
	


[32,57] ADDIN EN.CITE 

	
	Chemokine-induced
	EC

Monocyte / M
	TGF-: promote

TGF-: promote
	


[58,59] ADDIN EN.CITE 


Table S2. Chemokine activity as implemented within the ABM. 

	Adhesion Molecule
	Activator
	Responder
	Stimulus: Probability
	Citation

	LFA-1
	Chemokine-induced
	Monocyte
	MCP-1: 100%
	


[30,60] ADDIN EN.CITE 

	
	
	hASC
	MCP-1: 2%
	Based on monocyte

	Mac-1
	Chemokine-induced
	Monocyte
	MCP-1: 100%
	


[30,60] ADDIN EN.CITE 

	
	
	hASC
	MCP-1: 43%
	Based on monocyte

	CD54
	 in WSS-induced
	EC
	Increase: promote (75%)
	


[61,62] ADDIN EN.CITE 

	
	Chemokine-induced
	EC
	IL-1: 95%
	


[17,39,61-64] ADDIN EN.CITE 

	
	
	EC
	TNF: 90%
	


[17,63,65,66] ADDIN EN.CITE 

	
	
	EC
	TNF- + high WSS: 100%
	


[65] ADDIN EN.CITE 

	
	
	Monocyte
	TNF-: 50%
	


[67] ADDIN EN.CITE 

	
	
	hASC
	TNF-: 50%
	Based on monocyte

	CD62E
	Chemokine-induced
	EC
	IL-1: 95%
	


[17,61,62] ADDIN EN.CITE 

	
	
	EC
	TNF-: 30%
	


[17,65,68,69] ADDIN EN.CITE 

	
	
	EC
	TNF- + high WSS: 20%
	


[65] ADDIN EN.CITE 

	
	
	EC
	TGF-: inhibit TNF effects
	


[70] ADDIN EN.CITE 

	CD62P
	Chemokine-induced
	EC
	IL-1: 30%
	


[71] ADDIN EN.CITE 

	CD106
	 in WSS-induced
	EC
	Increase: promote (30%) 
	


[55,62,65,72-74] ADDIN EN.CITE 

	
	Chemokine-induced
	EC
	IL-1: 15%
	


[17,62,64,71] ADDIN EN.CITE 

	
	
	EC
	TNF-: 60%
	


[17,39,69,71,73,74] ADDIN EN.CITE 

	
	
	EC
	NO + IL-1: 5%
	


[39] ADDIN EN.CITE 

	
	
	EC
	NO + TNF-: 30%
	


[39] ADDIN EN.CITE 


Table S3. Chemokine- and WSS-induced changes in CAM as implemented in the ABM. 

	Adhesion Molecule(s)
	Stimulus
	Probability of Behavior


	Citation

	LFA-1
	WSS > 2 
	A: 3% 
	


[75] ADDIN EN.CITE 

	
	MAC-1 + WSS > 2
	A: 8%
	


[75] ADDIN EN.CITE 

	
	Ligated CD62L + 

MAC-1
	A: 40% 
	[76]

	
	IL-8
	A: 40% 
	


[77,78] ADDIN EN.CITE 

	
	SDF-1
	A: 90% 

M: 12% 
	


[79] ADDIN EN.CITE 

	VLA-4
	WSS < 2 
	A: 30% 
	


[80,81] ADDIN EN.CITE 

	
	2 < WSS < 4 
	A: 22% 
	


[80,81] ADDIN EN.CITE 

	
	WSS > 4 
	A: 10% 
	


[80,81] ADDIN EN.CITE 

	
	Ligated CD62P
	A: 90% 
	[82]

	
	SDF-1
	A: 45% 

M: 22% 
	


[79,83] ADDIN EN.CITE 

	MAC-1
	WSS > 2 
	A: 5% 
	


[75] ADDIN EN.CITE 

	
	WSS > 2 + LFA-1
	A: 8% 
	


[75] ADDIN EN.CITE 

	
	Ligated CD62L + 

LFA-1
	A: 50% 
	[76]

	
	IL-8
	A: 20% 
	


[77,78] ADDIN EN.CITE 

	Selectins (CD62E,P,L)
	WSS < 1 

1 < WSS < 2.5 

2.5 < WSS < 4 

WSS > 4 
	R: 25(50%

R: 50(90%

R: 5(50%

R: 0(5%
	


[25,39,73,84-89] ADDIN EN.CITE 

	CD62P
	TNF
	R: 2x (modifier)
	


[90] ADDIN EN.CITE 

	Integrins
	Activated 
	M: 3.5% 
	


[79,91] ADDIN EN.CITE 

	
	Activated + MCP-1
	M: 8.3% 
	


[91] ADDIN EN.CITE 

	
	Activated + MCP-1 

+ TNF-
	M: 3.5%
	


[91] ADDIN EN.CITE 

	
	Activated + SDF-1
	M: 27% 
	


[79] ADDIN EN.CITE 

	
	All: WSS > 7

Monocytes: WSS < 7 

hASCs: WSS > 5

hASCs: WSS > 3
	100% detach

5% detach

50% detach

30% detach
	


[89,92-94] ADDIN EN.CITE 

	
	IL-1
	A: 30% 
	[95]


Table S4. Integrin activation as implemented in the ABM. Abbreviations are as follows: A = activation of integrins; M = probability of transmigration; R = probability of interaction (necessary for rolling to occur)

	Group
	Design
	Metric

	
	Model
	Cells
	Time-points
	Whole-body perfusion
	Tracking
	Incorporation
	Limb health
	Specificity

	Cao et al 


[96] ADDIN EN.CITE 
	Nude mouse (8-10 weeks);

UHI
	1M (p=5);

i.v. at 2 hours
	14 days
	Negative
	RT-PCR for human EC markers; hindlimb sections
	“incorporated into the new vessels”
	Restoration of  function; increased tissue perfusion (LDPI)
	NA

	Cai et al 


[97] ADDIN EN.CITE 
	Nude mouse (8 weeks); UHI
	1M (p=4);

i.v. at 24 hours
	48 hours
	Negative
	GFP-labeled hASC; gastrocnemius sections
	< 1%*
	Increased angiogenesis; increased tissue perfusion (LDPI)
	3.5x

	Rehman et al 


[98] ADDIN EN.CITE 
	Nude mouse (8 weeks); UHI
	500k (p=1);

i.v. at 24 hours
	NA
	NA
	NA
	NA
	Restoration of function
	NA

	Miranville et al [15]
	Nude mouse (8-10 weeks);

UHI
	500k (p=0);

i.v. at 24 hours
	14 days
	Negative
	HLA antibody; hindlimb sections
	~5% of vessels contained hASC
	Increased capillary densitiy; increased tissue perfusion (LDPI)
	NA


Table S5. Literature review of select studies examining the therapeutic use of hASCs in the treatment of ischemic injury. In all, incorporation was either not assayed, subjective, or relied on tissue-sectioning. Time-points indicate when ischemic tissue was harvested and assessed for hASC incorporation, specifically, and does not include all assays or time-points used within each study. Whole-body perfusion was not performed prior to tissue harvesting in any of the studies, which is important for the identification of extra-vascular cells and assessment of hASC incorporation. Specificity was defined as the ratio of the number of incorporated cells in ischemic tissue versus the number in the contralateral control (healthy) tissue. Abbreviations are as follows: EC (endothelial cell); i.v. (intravenous delivery); LDPI (Laser Doppler perfusion imaging); NA (not applicable); UHI (unilateral hindlimb ischemia). *Calculations based on assumptions of mouse gastrocnemius weight (0.14-0.266 g; 


[99] ADDIN EN.CITE ) and volume (90 + 10 mm3; 


[100] ADDIN EN.CITE ).
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