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Transparent Methods

Summary of Model Formulation, Simulation, Calibration and Analysis

Our mechanistic systems-level model was constructed based on ODEs with a total number of
166 model nodes (from the 67 “unique species”) and 258 reactions (details regarding all reaction
descriptions, equations, parameter values and initial conditions are summarized in Tables S1-S2).
The general ideas and methodologies employed during model formulation (e.g. implementation
of pathway structures, mechanisms of regulation, external and internal perturbations) follow a
similar logic as reported in a previous modeling study from us (Zhao et al., 2019) and are
described in more detail in the modular sections below. We used the same unit conversion
method as described in (Zhao et al., 2019) to compute the corresponding molecular initial
conditions for the model to simulate the different stimulus concentrations used in in vitro
experiments. All model reactions and data (e.g. reaction rules of modeled species and nodes,
parameter values, initial conditions) were compiled in MATLAB SimBiology Toolbox
(MathWorks, Natick, MA) and the ode15s solver in MATLAB was used for model simulations.
Model calibration was done at two levels: dynamic model behavior and model initial conditions.
The rules we used for the initial condition calibration, in order to capture the quantitative states
of unpolarized macrophages before any external driving stimuli or internal perturbations were
applied, were designed based on the experimental measurements (compiled from literature, in
terms of absolute concentrations or copy numbers) of the quantitative levels of the unique
species modeled (all rules are summarized in Table S2). Calibration of dynamic model behaviors
was implemented using global optimization (patternsearch function) in MATLAB. Full details
of model calibration (for both dynamic behavior and initial conditions) are described in the
“Model Calibration and Validation” section below. ImageJ software (NIH) was used for the blot
densitometry analysis and other image measurements during quantification of experimental data.
All quantitative data used in model calibration and validation were summarized in Table S3 (in
addition to mean values, SEM or SD values are also included in figure displays if available).
Model SBML code (in .xml format) and sample MATLAB scripts (.m files) for model
simulation and analyses are also provided in Supplemental Information (Data S1 file) to ensure

reproducibility



Sensitivity analyses were performed using the PRCC algorithm as described in (Marino et al.,
2008) and in the “Model Sensitivity and Uncertainty Analyses” section below. For the primary
outputs of interest in sensitivity analysis and in the analyses described in Figs.5-7 (and Figs.S7-8,
S11-13), we introduced numerical metrics (M1-, M2- and M1/M2 scores) that consider major
M1-M2 markers modeled to quantitatively characterize the relative dominance of M1 or M2
(pro-inflammatory or anti-inflammatory) phenotypes for stimulated macrophages. M1-score is
the multiplication of the levels (e.g. protein/fmRNA copy numbers) of 7 modeled pro-
inflammatory markers iNOS, IL-12, IFNy, TNFa, IL-1B, CXCL9 and CXCL10, while M2-score
is the multiplication of 4 modeled anti-inflammatory markers ARG1, IL-10, IL-1Ra and VEGF
(only the pro-angiogenic isoform VEGF165a is considered for M2-score). The overall M1/M2
score is the division of M1-score by M2-score and in the analyses they were further divided by
the M1/M2 score under the baseline (control) condition to reflect directional regulation (for
better display, the results were then log10 transformed, and more positive/negative would
indicate more M1-/M2-like respectively). For the analyses in Figs.5B-C, simulated protein
production rates instead of absolute levels of IL-1B, TNFa, IFNy, IL-10 and VEGF (pro-
angiogenic isoform) were used to calculate M1/M2 scores as these markers themselves were also
stimuli (whose initial conditions would be manually modified to reflect in vitro and in vivo
stimulation). For the categorization presented in Fig.7F, based on the number of markers we
considered for M1 (7) versus M2 (4), we then assumed that log10 transformed relative M1/M2
scores greater than 2 and less than -1 would correspond to M1-like and M2-like respectively,

while values in the remaining range (from -1 to 2) correspond to MO*,

Summary of In-house Experimental Data

Our experimental time-course expression data of pPSTAT1/STAT1 and pSTAT3/STAT3 were
used for model calibration; our experimental data of the response of iINOS, ARG1, CXCLYJ9,
TNFa, IL-1B, IL-10, TGFB, SOCS3, FIZZ1 and CD80 under HSS were summarized in a
qualitative manner and then compared with model simulations in Fig.6. The processed (and raw)
experimental data for each individual gene/protein measured are shown in Figs.S9, S10, S14 and

S15. Detailed experimental protocols are described in the sections below.



Cell Culture

Raw 264.7 murine macrophages were purchased (Millipore Sigma, Sigma-Aldrich, St Louis,
MO, Cat # 91062702) and grown in standard Dulbecco’s Modified Eagle Medium (DMEM) with
10% FBS (Thermo-Fisher Scientific, Cat # 11965092). Cells were exposed to hypoxia (2%
oxygen, BioSpherix, Lacona, NY) with serum starvation (Cell Applications Inc, Cat # 209-250)
to simulate ischemia in vitro or treated with 50 ng/mL of recombinant IFNy (Shenandoah
Biotechnology Inc., Cat # 200-16) or 10 ng/mL of recombinant IL-4 (Shenandoah Biotechnology
Inc., Cat # 200-18) to induce M1 and M2 phenotypes.

RNA Isolation & Quantitative PCR

Total RNA was extracted using PureLink RNA Mini Kit (Ambion by Life Technologies, Cat #
12183025) according to manufacturer’s protocol. cDNA was synthesized from 311.2 ng of RNA
using SuperScript 1 first strand synthesis super mix (Thermo Fisher, Cat # 11752-250)
according to the manufacturer’s protocol. gPCR was performed using the Tagman Gene
Expression Mastermix (Applied Biosystems), cDNA, and Tagman assay (Applied Biosystems)
probes with FAM labels for murine TNF-a, TGF-p, IL-10, IL-1B, and CXCL9, and VIC labels
for murine GAPDH and Rplp0 from Thermo-Fisher Scientific (Cat # MmM00443258 ml1,
MmO00237725_cn, Mm00039670_cn, Mm00434228 m1, Mm00434946_m1, Mm00186822_cn,
MmO00725448 s1). Data were collected and analyzed using the Biorad CFX96 Real Time
System with C1000 Touch Thermal Cycler instrument with GAPDH and Rplp0 as internal

expression controls.

Western Blotting

Levels of target protein were analyzed by western blotting using antibodies to iNOS (BD
Biosciences, Woburn, MA, Cat # 610432) and Argl, pSTAT1, STATL, pSTAT3 and STAT3
(Cell Signaling Technology, Danvers, MA, Cat # 93668s, 9167s, 14994s, 9145L, 12640s).
Western blots were analyzed by Odyssey Infrared Imaging System (LI-COR Biosciences, NE).



Flow Cytometry

For flow cytometry staining, macrophages were dissociated from T75 flasks using cold PBS and
ice for 0.5-1h. Then, about 10° cells were placed in individual 5mL round-bottom tubes (Falcon,
Cat # 352058), stained with appropriate membrane antibody mixtures (CD80 FITC Biolegend
Cat # 104705, F4/80 APC Fire 750 Biolegend Cat # 123151) or permeabilized with BD
Cytofix/Cytoperm Fixation and Permeabilization Solution (BD Biosciences, Cat # 554722) and
stained for intracellular markers with anti-SOCS3 (Biolegend, Cat # 626602) or anti-FIZZ1
(Novus Biologicals, Cat # NBP229355), washed with BD Perm/Wash buffer (BD Biosciences,
Cat # 51-2091KZ) and finally stained with secondary antibodies (Invitrogen, Alexa-Fluor 488
Cat # A11001 and Alexa-Fluor 647 Cat # A21244). Percentages of parent events presenting
target proteins were sorted by flow cytometry using BD FACSCanto Flow Cytometer (BD

Biosciences, MA).

Statistical Analysis

Statistical analysis was performed with GraphPad Prism software. An unpaired t test was used for
comparison between 2 groups, and comparisons in experiments with >3 groups were performed

with one-way ANOVA. Statistical significance was set at p<0.05.

Additional Details of Model Formulation and Analysis

The 7-pathway model (including 6 receptor-mediated pathways and oxygen-sensing pathway)
presented in this paper is a continuation of a 3-pathway model previously developed by our
group (Zhao et al., 2019). Therefore, in a similar manner, the major mechanistic regulations and
biochemical reactions in the current model were formulated based on findings in the literature (as
shown in Figs.1-4 and S2-S6) and also certain assumptions we made. In the below sections, we
describe additional details in the formulation and implementation of several model components
that were not explicitly discussed in the calibration and validation sections (a complete list of all
species and reactions can be found in Tables S1-S2). We also elaborate further on the

mathematical methodologies used in the analyses of our simulation results.



Activation/Deactivation Cycle of STATSs

The STATs (STAT1, STAT3, STAT6) in our model follow a canonical activation and
deactivation process: monomer phosphorylation, dimerization of phosphorylated monomers
(reversible), dimer translocation to nucleus, dimer deactivation (e.g. dephosphorylation) in
nucleus, dissociation of deactivated dimers into monomers in nucleus, monomer export from
nucleus to cytoplasm (in addition, phosphorylated monomers can also be deactivated in
cytoplasm) (Mitchell and John, 2005). We also modeled the mutual sequestration between
STAT1 and STATS3 that phosphorylated STAT1 and STAT3 monomers can form a heterodimer
(reversible), which can then translocate to the nucleus but is nonfunctional (according to our
assumption) so the heterodimers would later be deactivated and broken down to STAT1 and
STAT3 monomers. Such a mutual sequestration phenomenon has been reported as a potential
mechanism to limit the signaling of STAT1 by STAT3 (and vice versa) (Delgoffe and Vignali,
2013; Ho and Ivashkiv, 2006). For the interactions between STAT1 and IRF9, we assumed that
activated STAT1/IRF9 complexes in nucleus can be formed in two ways: by the association
(reversible) between IRF9 and activated STAT1 dimers in nucleus, and by the same reactions
happening in cytoplasm followed by nuclear translocation (Suprunenko and Hofer, 2016). The
activated STAT1/IRF9 complexes can also be deactivated and dissociate in the nucleus (assumed

to be a one-step process that gives IRF9 proteins and deactivated STAT1 dimers).

Receptor/Ligand Kinetics

All receptors in the model were regulated by constitutive production and degradation, in addition
to ligand-mediated internalization and degradation. Bound ligand-receptor complexes that were
internalized can enter pre-degradation states (along with the dissociation of other accessory
proteins, e.g. JAK, SOCS) and then undergo either degradation of both ligands and receptors, or
degradation of ligands only and recycling of the receptors (Casaletto and McClatchey, 2012).
Among the 6 receptor-mediated pathways in the model, only IL-4 signaling was shown to
require receptor internalization (Kurgonaite et al., 2015; Cendrowski et al., 2016; Wei et al.,
2006; Hansen et al., 2013; Blouin and Lamaze, 2013; Green et al., 2017).



JAK proteins (e.g. JAK1, JAK2, JAK3) were shown to be associated with different cytokine
receptors in a partially redundant manner, so we made a simplification and merged them together
into one JAK species that binds all IL-4/IL-10/IFNy receptors (O'Shea et al., 2015). In our
model, the majority of IL-4, IL-10 and IFNy receptors were pre-associated with JAK proteins
before binding their respective ligands (Marchetti et al., 2006). JAK can also be targeted by
SOCS proteins (e.g. SOCS1, SOCS3) for direct degradation (Croker et al., 2008).

In our model, the quantitative copy numbers of ligands in different stimulation conditions were
calculated using their respective doses (e.g. in ng/ml) found in literature studies and molecular
weights (e.g. in kilodalton) together with the assumption that every 10° cells share 1 mL of
culture media in vitro (Zhao et al., 2019). Hypoxia was simulated as variations in the O initial
conditions by assuming that an O concentration of 200 UM (then converted to absolute copy
numbers) reflects normoxia (21% O2) (Tuckerman et al., 2004). Apart from the 6 activating
ligands (IL-1pB, IL-4, IL-10, IFNy, TNFa, VEGF1esa) in the model, the autocrine effect of 1L-12
(modeled as one single species instead of a heterodimer) was implicitly captured in terms of its
ability to upregulate IFNy production (Munder et al., 1998). In addition, there were two ligands
that potentially act as signal inhibitors in the model. IL-1Ra can bind to IL-1 receptors but cannot
induce any downstream signaling or receptor internalization (Dripps et al., 1991). For VEGFesb,
it was assumed that it binds VEGFR1 and induces receptor internalization, degradation and
recycling (similar to VEGFig¢sa) (Boucher et al., 2017); however, binding of VEGFiesb would not
induce any signaling events. We also assumed that only VEGF1esa (but not VEGF16sb)
production is directly upregulated by hypoxia through HIFs (Varey et al., 2008). When ‘VEGF’
is mentioned in the manuscript as a stimulus, it refers to pro-angiogenic isoforms only unless
otherwise noted; when ‘VEGF’ is mentioned in the manuscript as a product, it refers to the sum

of both pro-angiogenic and anti-angiogenic isoforms.

AKT Isoforms

In our model, we included two isoforms of AKT, AKT1 and AKT2. Both isoforms can be
activated by PI3K and were assumed to regulate downstream targets in a similar manner, except
for miR-155 as AKT1 inhibits miR-155 production and AKT2 has the opposite effect (Arranz et



al., 2012). To compare with literature results where only a single AKT species was considered,
the sum of activated (e.g. phosphorylated) AKT1 and AKT2 was used.

IRFs

IRF1, a master regulator downstream of the IFNy/STAT1 axis, was assumed to be the essential
effector (instead of STATL, as suggested by optimization results) for two IFNy-regulated effects:
inhibition of miR-3473b and IL1R production (Wu et al., 2014; Hu et al., 2005). In our model,
the expression levels of IRF1, IRF4 and IRF9 can be up- and down-regulated by external stimuli
to reflect activation and repression, while the level of IRF5 was assumed to be constant so IRF5
was dynamically regulated between inactive and active states (Ren et al., 2014). The inhibitory
effect of IRF4 on IRF5 was modeled as an IRF-4-mediated decrease in the rate of IRF5
activation (Negishi et al., 2005). Another well-studied IRF member, IRF3, was not included here
as it is not significantly regulated by any of the model pathways (Endo et al., 2014; Wang et al.,
2016).

MAPKs

In our model, the life cycles of three MAPKSs (p38, ERK, JNK) followed a simple canonical
cascade: activation (e.g. by phosphorylation) in cytoplasm, translocation of activated MAPKSs to
nucleus, deactivation (e.g. by dephosphorylation) of activated MAPKSs in nucleus and export to
cytoplasm (merged into a one-step reaction). In addition, activated MAPKSs can also be
deactivated directly in cytoplasm. We also assumed that their regulatory functions are only
determined by the levels of activated MAPKSs in nucleus (Plotnikov et al., 2011). One of their
major downstream targets in the model, transcription factor AP-1, was simplified as one single
species (instead of protein dimers) whose production was jointly regulated by the three MAPKs
(Lopez-Bergami et al., 2010). For the activation of ERK in response to IL-4 and IL-10, we semi-
mechanistically introduced two species (named INT1/2, refer to Table S1 for more details) to
represent the coarse-grained signal transduction processes between respective receptor ligation

and downstream ERK activation, and this has significantly improved the model calibration.



Protein Production, Secretion and Degradation

For most species (e.g. those whose mRNAs were not explicitly modeled), protein production
(and subsequent secretion, if applicable) is simplified as a one-step process. All species (e.g.
MRNA, protein) whose expression can be induced in the model have a corresponding
degradation reaction (mostly intracellular). Among all the secreted M1-M2 markers modeled, we
assumed that CXCL9, IL-12 and IL-1Ra only undergo extracellular degradation; the other
secreted M1-M2 markers only undergo ligand-mediated internalization and subsequent

degradation.

Hypoxia Serum Starvation (HSS)

HSS was simplified as hypoxia only (2% O>) in our primary model analyses in Fig.6. Additional
analyses were also performed for an alternative simplified representation which is hypoxia plus
25% reduction in all RNA/protein synthesis rates (denoted as HSS* in Fig.S11) based on
findings from (Zetterberg and Skold, 1969).

Model Calibration and Validation

Model calibration was done in a combination of manual tuning and computer optimization. We
first searched the literature and were able to derive values (from both experimental data and
published models) for a subset of the model parameters; for the remaining ones without literature
reference, we put in tentative values to start with. Then we manually tuned the model parameter
space until the model simulations achieved good visual agreements with all the corresponding
calibration datasets simultaneously (the data are summarized in Figs.2-3 and S2-S5). In the
meantime, we ensured that the initial conditions of all “unique” species in the model stayed in
quantitative predefined ranges as estimated from literature (Table S2); we also ensured that the
time-course levels of all model nodes with initial conditions greater than 20 did not display
significant fluctuations (within +15% from the initial condition) over a span of 10000 minutes
(~7 days) under the resting (no-treatment) condition, which were meant to indicate that these

unpolarized, untreated macrophages in culture have achieved a relative equilibrium.
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We then performed preliminary sensitivity analysis using the PRCC algorithm under seven
stimulation conditions (e.g. by the 7 stimuli one at a time) and selected the top-ranked free
parameters (e.g. those with absolute PRCC indices larger than 0.1) from each run. This gave a
total of 80 parameters, which were then input as parameters to be optimized into a global
optimization procedure in MATLAB (using patternsearch function, with 0.5x-2x as the allowed
ranges for parameter value variations) with respect to all the calibration datasets presented in this
paper. The objective function to be minimized in optimization is the weighted sum of squared
errors (computed from the differences between simulated and experimental values, and
normalized by the respective SD/SEM when applicable). For the weighting of the experimental
data, individual time-course (and dose response) data series from macrophages was given a
weight of 2 (1 for data series from non-macrophages); individual single-timepoint data from
macrophages was given a weight of 1 (0.5 for single-timepoint data from non-macrophages). The
computer optimization process also checked the initial condition bounds (using a similar method
as described in (Zhao et al., 2019) but this time initial conditions were evaluated at 10000, 50000
and 100000 minutes of simulation under no-treatment condition to find any set of values that can
satisfy the bounds) and fluctuation bounds at every iteration. The final parameter values

generated by MATLAB were then rounded to 5 significant digits.

Overall, there are two main reasons that we chose this two-step approach (manual tuning then
computer optimization) over the patternsearch only approach for model calibration and
optimization. First reason is that the compilation of all calibration data from many disparate
sources is a continuous process done over many months, given the large scope of model and the
large number of data potentially available in the literature from different sources (instead of in
one or two curated databases which there were none). Thus, if we were to do a new round of
patternsearch every time we found new data, the overall process would be infeasible and would
cost significantly more time. Second reason is that our model has a unique feature which is its
background nonzero initial condition to represent unpolarized macrophages with autocrine
signaling (plus the “fluctuation” constraint as mentioned above), and patternsearch only with
unselected large starting ranges seems to perform very poorly on this, which may be due to many
reasons, e.g. too many long-range autocrine feedbacks in the model that influence the initial

conditions, poorly defined starting ranges.
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The dataset used in model validation (Fig.4) was compiled in the following ways. If at least two
cases (e.g. different stimulation doses) of “A regulates B”” have been included in calibration, then
a third case of “A regulates B” (e.g. stimulated at higher dose, or dose response curve) will be
included in the validation set (single literature sources that contain multiple pieces of qualified
data were also preferentially selected). In addition, three scenarios of combination treatment
were included in the validation set. All data in the validation set were obtained from macrophage
cell lines, while a small portion of data in the calibration set were derived from non-macrophage

cell lines.

Generation of in silico Macrophages

We generated 100 digital alternative versions of our model (“in silico macrophages™) to
represent the diversity in the macrophage phenotype response at the single-cell level. This is
under the assumption that each individual macrophage can be educated only by the secreted
signals produced by itself (e.g. autocrine effect only, no paracrine effect). For these 100 in silico
macrophages, we used the parameters obtained from model calibration (e.g. the reference model)
as the basis and further varied the production/degradation (or activation/deactivation) of 5
selected pathway regulators (RIP1, IRF1, IRF4, TRAF6, SOCS1) and 5 autocrine cytokines
(TNFa, IL-1pB, IFNy, IL-10, VEGF1esa). To do that, we varied the Hill constants or normalization
factors (randomly within the range of 0.1x-10x) used in the production/degradation (or
activation/deactivation) of these molecules and then computed the new rates so that their overall
resting state reaction fluxes are the same as in the reference model. Then these 100 in silico
macrophages were simulated using the same initial conditions under various stimulation

conditions as described in the manuscript main text.

Model Sensitivity and Uncertainty Analyses

Model sensitivity analyses were performed based on the algorithm and code as published in
(Marino et al., 2008). For the algorithm settings, we used Latin Hypercube Sampling (LHS),
p=0.05 as the cutoff for statistical significance, 5000 iterations for each run, evaluation time

integral of t=0 to 24 h, and 0.5x-2x as the allowed ranges for parameter value variations (0.2x-5x
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yielded similar results). The M1/M2 score, which is the multiplication (in terms of time integrals
of relative fold changes) of 7 M1 markers
([INOST*[IL12]*[TNFo]*[IFNy]*[CXCL9]*[mCXCL10]*[IL1p], M1 score) divided by the
multiplication of 4 M2 markers ([ARG1]*[IL10]*[V165a]*[IL1RA], M2 score), was chosen as
the output of interest for all PRCC calculations (and also other analyses in this study). During the
preliminary sensitivity analysis (as described in the Calibration/Validation section), when the
stimulus itself is a marker, then in that particular run of sensitivity analysis this stimulus was
removed from the calculation of M1/M2 score. For the results displayed in Fig.6 in main text, we
performed sensitivity analysis first (as described above) and then removed the parameters that
directly control the production/degradation of single markers that has no autocrine mechanisms
in the model, since targeting these processes are less meaningful as they can only regulate one
out of the many macrophages response markers; parameters that are Hill constants were also

removed for similar reasons.

For uncertainty analysis, we selected the top-ranked free parameters from seven runs (10
parameters were selected from each run) of sensitivity analyses (under the 7 stimuli, one at a
time) and this collective set contained 25 distinct parameters after removing the duplicates. The
complete calibration datasets were resampled 100 times. For each datapoint in the calibration
datasets, we assumed that its value during resampling would randomly fall within a normal
distribution with the mean and standard deviation (or standard error, if applicable) values that we
directly obtained from the corresponding literature study. And for datapoints with only mean
values available, we assumed that their standard deviations equal to 10% of the mean values.
Finally, the 100 resampled datasets were fed into the optimization algorithm (as described above)
to obtain 100 sets of new parameter estimates; during bootstrapping, parameter values were
allowed to vary from 0.1x to 10x (of their reference values). The final readout of the uncertainty

analysis is the relative value distribution of these 25 parameters.
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Figure S1
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Figure S1. Model specifics compared to previous mathematical multi-pathway models of
macrophage polarization; related to Figure 1. Compared to previous modeling studies on macrophage
polarization (Rex et al., 2016; Maiti et al., 2015; Liu et al., 2019; Zhao et al., 2019), the current model
was able to incorporate a significantly larger amount of quantitative experimental data (blue bars) for its
calibration and validation, while it enables users to dynamically simulate a very high degree of

mechanistic complexity in terms of pathway details, marker regulation and diverse application scenarios.
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Figure S2
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Figure S2. Additional quantitative model calibration of pathway signal transduction (part 2);
related to Figure 2. Model simulations and corresponding experimental data are shown together
(references are listed in the order of the data mentioned). (A) Cell surface receptor-bound IL-1
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undergoes internalization (Kilian et al., 1991). (B) IL-1p induces activation of IRAK4 (Vollmer et al.,
2017), (C) TRAF6 (Shembade et al., 2010), (D) TAK1 (Cheung et al., 2003), (E) IKK (Funakoshi-Tago
et al., 2009), (F) transient downregulation of IkB (Shembade et al., 2007) and subsequent NFxB
activation (Funakoshi-Tago et al., 2009; Suzuki et al., 2002; Shembade et al., 2008), and (G) AKT
activation (Neumann et al., 2002; Gulen et al., 2012). (H) IL-1p also induces activation of p38 (5 ng/ml
(Vollmer et al., 2017) and 10 ng/ml (Suzuki et al., 2002; Funakoshi-Tago et al., 2009)), (1) ERK (10
ng/ml (Funakoshi-Tago et al., 2009) and 100 ng/ml (Hu et al., 2005)), (J) INK (10 ng/ml (Suzuki et al.,
2002; Shembade et al., 2008) and 20 ng/ml (Shembade et al., 2007)), and (K) upregulates SOCS1 (Choi
et al., 2013); IL-1B can downregulate miR-93 expression (Xue et al., 2019). (M) Cell surface receptor-
bound TNFa undergoes internalization (Imamura et al., 1987). (N) TNFa induces internalization (left)
and degradation (right) of TNFR (Fischer et al., 2011). (O) TNFa induces activation of RIP1 (Shembade
et al., 2010), (Q) TAKL (Cheung et al., 2003), (R) IKK (Waterfield et al., 2004; Geng et al., 2017), (S)
transient downregulation of IxB (Ermolaeva et al., 2008; Lo et al., 2011) and (T) dose-dependent
activation of NFkB (simulated range of EC50 is within the experimental range EC50) (Trask, 2004). (P)
Cellular expression of RIP1 is downregulated by A20 overexpression (simulated as 100x A20 initial
condition) with cycloheximide treatment (simulated as 0x protein production rates) (Shembade et al.,
2009). (U) TNFa also induces activation of p38 (40 ng/ml (Winston et al., 1997) and 100 ng/ml (Dzamko
etal., 2012)), (V) ERK (Etemadi et al., 2015), and (W) JNK (20 ng/ml (Etemadi et al., 2015) and 100
ng/ml (Dzamko et al., 2012)). (A-W) All values are for protein levels unless noted otherwise and are
normalized (y-axes are relative expression, except in T as described below). For normalization and
display of results (simulation and data in A-W): A, IxB in F, L-N, P, S normalized to the respective t=0
values; G normalized to the maximum pAKT levels in response to IL-1B; y-axis in T is the log10
transformed TNFa concentrations in ng/ml; all others normalized to their respective maximum values. S—

simulation, D—experimental data, Ctr—control/untreated condition.
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Figure S3
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Figure S3. Additional quantitative model calibration of pathway signal transduction (part 3);
related to Figure 2. Model simulations and corresponding experimental data are shown together
(references are listed in the order of the data mentioned). (A-B) TNFa induces time-course (Koga et al.,

17



2016) and dose-dependent activation (Ono et al., 2006) of CREB. (C) TNFa induces expression of
C/EBPp (Yin et al., 1996), (D) A20 (Tran et al., 2009), (E) SOCSL1 (simulated SOCSL1 protein level is
compared to SOCS1 mRNA data) (Ueki et al., 2004), (F-G) time-course (10 ng/ml (O'Connell et al.,
2007) and 50 ng/ml (Migita et al., 2017)) and (H) dose-dependent expression of miR-155 (Migita et al.,
2017). (1-J) Inhibition of GSK3p (simulated using the IC50 value from (Zhang et al., 2003)) results in
activation of CREB and AP-1 (simulated AP-1 protein level is compared to c-Jun mRNA data) (Gotschel
et al., 2008). (K) TNFa. plus IFNy treatments can downregulate miR-93 expression (Yee et al., 2017). (L)
Overexpression (‘mimic’) of miR-93 inhibits IRAK4 and inhibition of miR-93 (‘inhibitor’) promotes
IRAK4 expression (Tian et al., 2017). (M-N) IL-10 induces time-course (in whole-cell (Yasukawa et al.,
2003) and nucleus (Niemand et al., 2003)) and (O) dose-dependent activation of STAT3 (Niemand et al.,
2003). (P) I1L-10 downregulates miR-155 (McCoy et al., 2010) and (Q) induces miR-146b (Curtale et al.,
2013), and (R) miR-146b overexpression (‘mimic’) can inhibit STAT1 protein expression (He et al.,
2016). (S) 1L-10 also induces expression of IL4R (simulated IL4R protein production rate is compared to
ILAR mRNA data) (Lang et al., 2002). (T) VEGF induces ligand-mediated VEGFR1 degradation
(Kobayashi et al., 2004), (U) VEGFR1 phosphorylation and (V) ERK activation (Feliers et al., 2005). (W)
Cell surface receptor-bound IL-4 undergoes internalization (Kawakami et al., 2002). (X) IL-4 (at 10
ng/ml (Covarrubias et al., 2016; Dickensheets et al., 2007; Yao et al., 2016), 20 ng/ml (Li et al., 2017)
and 50 ng/ml (Rex et al., 2016; Kimura et al., 2016)) induces STAT®6 activation. (A-X) All values are for
protein levels unless noted otherwise and are normalized (y-axes are relative expression). For
normalization and display of results (simulation and data in A-X): E, I, K, L, P, R, T, W normalized to the
respective t=0 values; C, F, Q normalized to the respective values at the last experimental timepoints; all
others normalized to their respective maximum values. S—simulation, D—experimental data, Ctr—

control/untreated condition.
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Figure S4
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Figure S4. Additional quantitative model calibration of pathway signal transduction (part 4);
related to Figure 2. Model simulations and corresponding experimental data are shown together
(references are listed in the order of the data mentioned). (A) IL-4 induces IRF4 expression (Hsu et al.,
2018), (B) AKT activation (Kimura et al., 2016), (C) expression of PPARy (Kim et al., 2018; Date et al.,
2014), (D) SOCS1 (simulated SOCS1 protein level is compared to SOCS1 mRNA data) (Dickensheets et
al., 2007), and (E) miR-146b (Malik, 2016). (F) C/EBPp is downregulated by EGR2 siRNA
(implemented as 0.1x EGR2 production rate, simulated C/EBPJ protein level is compared to C/EBP
MRNA data) (Veremeyko et al., 2018). (G) IL-4 and IFNy selectively regulate HIF1a and HIF20 under
hypoxia (Takeda et al., 2010). (H) Cell surface receptor-bound IFNy undergoes internalization (Celada
and Schreiber, 1987). (I) IFNy induces HIF 1o stabilization under normoxia (Takeda et al., 2010). (J) I[FNy
(at 10 ng/ml (Kim et al., 2015), 20 ng/ml (Li et al., 2017), 50 ng/ml — original data as shown in Fig.S9A,
125 ng/ml (Wormald et al., 2006)) potently induces STAT1 activation. (K) IFNy also induces STAT3
activation (Kim et al., 2015). (L) TFNy represses production of IL1R (simulated IL1R protein production
rate is compared to ILIR mRNA data) (Hu et al., 2005). (M-N) IFNy (at 2.5 ng/ml (Vila-del Sol et al.,
2008), 100 U/ml (Carta et al., 2001), 10 ng/ml (Liu et al., 2003)) induces IRF1 expression. (O) IFNy
upregulates SOCS1 and SOCS3 expression (simulated SOCS1/3 protein levels are compared to SOCS1/3
MRNA data) (Dickensheets et al., 2007). (P) IFNy downregulates miR-3473b; (Q) overexpression
(‘mimic’) of miR-3473b inhibits PTEN abundance (Wu et al., 2014). (R) Hypoxia stabilizes cellular

HIF 1o and HIF2a (Imtiyaz et al., 2010); (S) hypoxia promotes HIF 1 o activation in nucleus (Ramanathan
et al., 2007) and (T) in dose-dependent manners (Cummins et al., 2006). (U) Hypoxia induces PHD2
expression (Berra et al., 2003), (V) IRF1 expression (Carta et al., 2001), and (W) IKKf expression
(Cummins et al., 2006). (X) Hypoxia downregulates miR-93; (YY) overexpression of miR-93 (‘mimic”)
decreases IRF9 mRNA expression and IRG1 (simulated IRG1 protein level is compared to IRG1 mRNA
data) (Ganta et al., 2017). (A-Y) All values are for protein levels unless noted otherwise and are
normalized (y-axes are relative expression). For normalization and display of results (simulation and data
inA-Y): C,E,F, H L, P, Q,W, X, mIRF9 and IRG1 in Y normalized to the respective t=0 (Ctr
condition) values; U-V normalized to the respective values at the last experimental timepoints; G
normalized to the values at the Ctr (hypoxia-treated) condition; I normalized to the values at 48 h of IFNy
treatment; N normalized to the values at 16 h of IFNy treatment; R normalized to the values at 24 h of
hypoxia; S normalized to the values at 12 h of hypoxia; T normalized to the values at 21% O;; miR-93 in
Y normalized to the values at 24 h of mimic transfection; all others normalized to their respective
maximum values. S—simulation, D—experimental data, Hyp—hypoxia; Ctr—control/untreated condition

unless otherwise noted.
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Figure S5

A #IL-17 production S, Dg
1 1 =m£” g 1 5 O|L-14 production D
= TNFa S “ § E
05 O TNFa D 3
-|L-13S * = |L-1Ra S
OIL-14D ? 1 O IL-1Ra D
0
0 . . 500 0 . - 500 Ctr Ctr 13113 (')b ~ o o 2 0 -2000 4000
Time (min) Time (min) IL-1B (ng/ml) Time (min)
E F
2 |
1 * @ #IiNOS S § o
« O OiNOS D minoss| =::::Eﬂ g
| 1 l iINOS D ) «
0§ # VEGF S ..} * % o5 = iNOS S
o O VEGFD m QO INOS D
0 & S .553 0 & ~ 9 '559 Ctr Ctr IFN5 IFN4 0 1_32?3 (riﬁ:? 3000 Ctr cu IFN~y IFN-y
TNFa (ng/ml) TNFa (ng/ml)
J .
1
. mCXCL10 S . Itaconate S B ARG1S
=g§gt: g I mCXCL10 D l Itaconate D| . ARG1D
5 ' O ™ ARG1 S
|0 ARG1D &
P—— O — — —
cr ctr IFN~ IFN~y cr o IFN~ IFN-y Ctr Ctr IFNy IFNy %Un{:e r:'ﬁ:? 1500 0 Ctr Ctr IL-4 IL-4
N (0] P
#ARG1S§E 2 M VEGF S|
O ARG1D . VEGF D B TNFa S
A TE B TNFa D
oo g 1 . IL-10D = L-1Ra S
$ O|L-1RaD
08~ s g 0 600 1200
TS o ~ tr Ctr IL-4 IL-4 cn— Clr IL-4 IL-4 Ctr Ctr IL 4 IL-4 . .
© Time (min)
IL-4 (ng/ml) R
Q
2 1@ | 1 .VEGFS 1 33&22 I
#* INOS S l||_ 1Ra s B VEGF D
O iNOSD IIL 1Ra D
- 05
o000 .
A
0 200 400 FTCeRS Ctr Ctr IL-101L-10 tr Ctr Hyp Hyp & o
" - =
Time (min) IL-10 (ng/ml) ‘3\
v M Ratio S| X 15 B TNFo S
B Ratio D 20 fmmiL-10S B TNFa D
4 i O miIL-10 D 1
10 0.5
2 l
0 |
0 S & & &
VEGF:Vb VEGF:Vb 0 500 1000 1500 OO
Time (min)
Y =— ] 2
1 M miR-93 S B VEGF S 1 B miR-93S| © WVEGFs
B miR-93 D I B VEGF D B miR-93D , Wvecro
| § "ANiN N U
N 9 : $ & S $ $ &
@) @) @6\\ @“‘S} \& \ é\\@ [ e @ ‘(@ (@) (l\\‘o'\& §
M W x\(‘ )2\0 Q\Q x\(\

21



Figure S5. Additional quantitative model calibration of M1-M2 marker regulation (part 2); related
to Figure 3. Model simulations and corresponding experimental data are shown together (references are
listed in the order of the data mentioned). (A) IL-1p induces production of TNFa and IL-1p (simulated
protein production rates are compared to the respective mRNA data) (Hu et al., 2005). (B) IL-1p induces
TNFa secretion (Jayaraman et al., 2013), (C) IL-1p production in a dose-dependent manner (simulated
IL-1p protein production rates are compared to data of IL-1p promoter activities) (Toda et al., 2002), and
(D) secretion of IL-1Ra (Gabay et al., 1997; Kovalovsky et al., 1998). (E-F) TNFa dose-dependently
induces VEGF secretion (Lu et al., 2012) and iNOS activity (simulated iNOS protein levels are compared
to data of NO concentration) (Peiheng He, 2016). (G-H) IFNy induces iNOS expression (Ohata et al.,
1998; Vila-del Sol et al., 2007), (I) TNFa secretion (Davis et al., 2013), (J) CXCL9 secretion and
CXCL10 mRNA expression (Mundra et al., 2016), and (K) itaconate production (Naujoks et al., 2016).
(L-M) IL-4 induces ARG expression (Sheldon et al., 2013; Zanin et al., 2012) and (N) its dose-response
relationship (Tachdjian et al., 2010); results in M and N compare simulated ARG1 protein levels to data
of urea levels. (O) IL-4 induces VEGF secretion (Lim et al., 2017), IL-10 secretion, and downregulation
of TNFa secretion (Zhang et al., 2011); combined IL-4 plus IL-13 treatments in data is simplified as 1L-4
treatment only in simulations. (P) IL-4 induces IL-1Ra secretion over time (Liu et al., 1998; O'Connor et
al., 2007). (Q) IL-10 induces IL-10 mRNA production (Staples et al., 2007), (R) inhibits iNOS production
(Villalta et al., 2011), and (S) increases IL-1Ra secretion (Liu et al., 1998). (T-U) Hypoxia increases
VEGF secretion (Mei et al., 2014) and its dose response (Eubank et al., 2011); (W) hypoxia increases IL-
10 mRNA production (Meng et al., 2018). (V) Ratio of total VEGF to VEGF165b at control condition
(Nowak et al., 2008). (X) Overexpression of miR-93 (‘mimic’) decreases hypoxia-induced TNFa
secretion (Ganta et al., 2017). (YY) Overexpression of miR-93 decreases VEGF protein levels and
inhibition of miR-93 (‘inhibitor’) increases VEGF protein levels (Lv et al., 2015). (A-Y) All values are
for protein levels unless noted otherwise and are normalized (y-axes are relative expression, except for V
as described above). For normalization and display of results (simulation and data in A-Y): D, I, O, P, R,
W normalized to the respective t=0 (Ctr condition) values; C, E, F, N, U normalized to the values at the
highest treatment concentration; L, Q normalized to the respective values at the last experimental
timepoints; X normalized to the values at the Ctr (hypoxia-treated) condition; B normalized to the values
at 24 h of IL-1p treatment; J normalized to the values at 24 h (for CXCL10) and 72 h (for CXCL9) of
IFNy treatment; K normalized to the values at 18 h of IFNy treatment; M normalized to the values at 24 h
of IL-4 treatment; S normalized to the values at 24 h of IL-10 treatment; T normalized to the values at 16
h of hypoxia; X normalized to the values at Ctr (hypoxia-treated) condition; miR-93 (mimic panel) in Y
normalized to the values at 48 h of mimic transfection, the other 3 panels in Y normalized to the
respective t=0 values; all others normalized to their respective maximum values. S—simulation, D—
experimental data, Hyp—hypoxia; Ctr—control/untreated condition unless otherwise noted.
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Figure S6

B , C D
oo [ TS | 1 ot
100 ! 50
! 0 12 24 0 12 24 ! 0 12 24 (h)

F G 2
m—L-12 by TNFa+IFN~y m=|L-10 by IL-18+IFN~y
I —
o5 0= 1 20 |
= ARG1 by IFNy == |L-1Ra by IFN~
0 12 24
L

===CXCL9 by TNFax

0 12 24 0 12 24
J K

s pAKT by IFN~y 1 10
m—mCXCL10 by IL-10

= GSK34 by IFNy

1
0 12 24 0 12 24 (h)

M
‘ 100 || ==IL-12 by IL-18+IFN+IL-10

1

w— L-12 by IL-18+IFNy
[===IL-12 by IL-18+IFN~r+anti-IL-10 |

e TNFx by IL-173
m—TNFex by IL-16+IL-10

0.5 0.5 5 50
- -t 1
0 12 24 0 12 24 0 12 24 0 24 48 (h)
N o P Q
0 = |FN-~ by IL-12 2 — 12 by IL-4| | 60} ==IL-12 by IFN+IL-13 ==—=mCXCL10 by IFN~y 1
e |FN-y by IL-12+1L-4 —(L-173 by IL4 |==IL-12 by \FN')"*IL*H}-I-IL:“_ m—mCXCL10 by IFN~+IL-4
» = [FN+ by IL-12+IL-10 [
15 1 — 30| [ 1200 0.5 |[mmm mCXCL 10 by VEGF
/— 600 | m—|-12 by VEGF
1 ~ 1 - J 1 S —
0 12 24 0 12 24 0 12 24 0 12 24 0 12 24 (h)
S U v
m==miR-155 by TNF
8|[==mCXCL10 by Hyp| 1 4 | 12| mmmmiR-155 by TNFar+MG132
m—miR-155 by TNFa+BAY
41 0.5
___CIEBPj3 by M| —crEBPay ||
1 miR-155 mimic anti-miR-155
0 12 24 0 24 43 0 24 48 0 6 12 (h)

Figure S6. Constraining the model with additional qualitative experimental data; related to Figure
3. In addition to the quantitative datasets used in calibration, a number of qualitative macrophage data
from literature was also incorporated into our model formulation and calibration. (A) IL-1p induces
VEGF production (Lu et al., 2012). (B) IL-1 enhances IL-4-induced ARGL1 expression (Sato et al.,
2012). (C) TNFa does not significantly upregulate IL-1f secretion (Jayaraman et al., 2013; Lawlor et al.,
2015). (D) TNFa inhibits IL-4-induced ARG1 expression. (Schleicher et al., 2016). (E) TNFa does not
significantly upregulate CXCL9 secretion (Mundra et al., 2016). (F) TNFa can negatively regulate IL-12
secretion (Hodge-Dufour et al., 1998). (G) IFNy inhibits ARG1 expression (Piccolo et al., 2017). (H)
IFNy does not significantly upregulate IL-1Ra (Liu et al., 1998). (I) IFNy can negatively regulate IL-10
secretion (Hu et al., 2006). (J) IFNy negatively regulates AKT activation and inhibitory phosphorylation
of GSK3p (Hu et al., 2006). (K) IL-10 can downregulate CXCL10 expression (Cheeran et al., 2003). (L)
IL-10 can negatively regulate TNFa secretion (Denys et al., 2002). (M) IL-10 can negatively regulate 1L-
12 secretion while inhibition of IL-10 signaling can promote IL-12 secretion (Rahim et al., 2005). (N) IL-
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4 and IL-10 can decrease IFNy secretion (Schindler et al., 2001). (O) IL-4 does not significantly
upregulate secretion of IL-1p or IL-12 (Zhang et al., 2011). (P) IL-4 can inhibit IL-12 secretion (Bonder
et al., 1999) and (Q) CXCL10 expression (Piccolo et al., 2017). (R) VEGF can reduce IL-12 secretion and
CXCL10 expression (Wheeler et al., 2018). (S) Hypoxia increases CXCL10 expression (Danielsson et al.,
2008). (T-U) Overexpression (mimic) of miR-155 reduces C/EBPp expression and inhibition of miR-155
promotes C/EBPJ expression (Arranz et al., 2012). (V) Inhibition of NF«B signaling (through two types
of inhibitors) can reduce miR-155 expression (Bala et al., 2011). (A-V) All results are normalized (y-

axes, relative expression) to respective values at the t=0/control/untreated condition.
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Figure S7
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Regulation of M1-M2 Markers

Figure S7. Macrophage polarization map under simulated in vivo stimulation conditions; related
to Figure 5. A model-generated map of M1-M2 marker regulation (at 4, 24 and 48 h of stimulation) by
macrophages under different stimulation conditions in vivo (7 cases of single stimulus, 21 cases of
pairwise combined stimuli). For the 6 cytokines, their in vivo stimulation concentrations are assumed to
be at 100 pg/ml; in vivo hypoxia is assumed to be 0.5% 02 (McKeown, 2014). Among the M1-M2
markers described, iNOS, ARG, IL-12, IL-1Ra, CXCL9 are protein levels, CXCL10 is mRNA level, and
the remaining ones are the respective protein production rates calculated by the model. All results are

normalized to the untreated/t=0 values and then log2 transformed. Hyp—hypoxia.
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Figure S8
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Regulation of Intracellular Signaling Mediators

Figure S8. Macrophage transcriptional regulation map under simulated (A) in vitro and (B) in vivo
stimulation conditions; related to Figure 5. A model-generated map of macrophage transcriptional
regulation (at 1, 12 and 48 h of stimulation) under different stimulation conditions in vitro and in vivo (7
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cases of single stimulus, 21 cases of pairwise combined stimuli, all conditions are the same as in Figs.5A
and S7). For all the transcriptional mediators described, STAT1/3/6 refer to the respective activated
dimers in nucleus, HIF1/2a refer to the respective HIFo/HIF 1B heterodimers in nucleus, NFkB refer to
free NFxkB molecules in nucleus, CREB and AKT refer to respective phosphorylated forms, all others
refer to respective protein expression levels in cell. All results are normalized to the untreated/t=0 values
and then log2 transformed. Hyp—hypoxia.
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Figure S9
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Figure S9. Experimental analysis of STAT signaling and HSS-induced M1-M2 marker regulation;
related to Figures 2 and 6. Data shown here were used in model calibration (in Figs.2, S4) and analysis
(in Fig.6). (A-B) Western Blotting analysis of pSTAT1 and pSTAT3 expression normalized to STAT1
and STAT3 respectively in macrophages treated with interferon gamma (IFN) for the times indicated. (C)
Western Blotting analysis of iNOS expression normalized to actin in macrophages exposed to hypoxia
serum starvation (HSS) for the times indicated. (D, F, G) qPCR analysis of CXCL9, IL-1p and IL-10
expression normalized to Rplp0 in macrophages under normoxia or HSS for the times indicated. (E and
H) qPCR analysis of TNFa and TGFB1 normalized to GAPDH in macrophages under normoxia or HSS
for the times indicated. (A-H) Mean values, standard deviations and individual datapoints are displayed
(A-C: n=3; D-H: n=4; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001).
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Figure S10
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Figure S10. Flow cytometry analysis of macrophage markers; related to Figure 6. Data shown here
were used in model analysis (in Fig.6). (A-C) Percentages of parent events sorting SOCS3, FIZZ1 or
CD80 as M1-M2 markers in macrophages under normoxia, treated with 10 ng/ml of IL-4, treated with 50
ng/ml of IFNy, and under hypoxia serum starvation (HSS) for 6 hours.
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Figure S11
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Figure S11. Macrophage response under HSS and in silico targeted interventions to promote M2-
like phenotypes; related to Figure 6. (A) Sensitivity indices (red — positive, blue — negative) of the most
influential model parameters (e.g. absolute PRCC values greater than 0.1) that control M1 and M2 marker

expression in terms of the 24h time-course integral of M1/M2 score in simulated HSS* (represented in
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model as 2% O, plus global reduction in protein production rates). The identified parameters are
categorized into 7 modules and their functions are briefly described. (B) Model-derived profile of
macrophage M1-M2 marker expression at 24 h under HSS (simulated as hypoxia only). (C) Model-
derived profile of macrophage M1-M2 marker expression at 24 h under simulated HSS*. (B-C)
Expression levels are normalized to the t=0 (control condition) values and then log2 transformed. (D-H)
Simulated M1 (orange), M2 (blue) profiles (e.g. M1 and M2 scores) and overall M1/M2 scores (red) over
time under hypoxia (2% O;) with various targeted interventions (label as ‘species*’) proposed by the
sensitivity analysis. Results are normalized to the respective values at t=0 and then log10 transformed (y-
axes). Implementation of targeted interventions: (D) inhibition of STAT1 dimerization — 0.01x kf5; (E)
increased AKT activation — 10x k138; (F) Inhibition of TFNy production — 0.1x k73; (G) Increased VEGF
(pro-angiogenic form) production — 10x k72; (H) Increased 1L-10 production — 10x k44. (A) More details
about the listed parameters are described in Table S1 (parameter labels from top to bottom are k104,
kf102, kf24, k26; kf125, k44, kf144, kf146, kf145, kr145, k127, k148; kf5, k85, k12, k117, k134, kr2,
kr3, k52, kf131, k73, kf2, k4, kf3; kf58, k54, kf60, kr58, kr60; k72, k201; k138, k136, k140; krl1, k101,
k135, kf11).
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Figure S12
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Figure S12. Parameter estimate distributions after bootstrapping; related to Figure 6. Parameter
estimate distributions (represented by violin plots) of the top 25 most influential parameters. All
parameter values were allowed to vary from 0.1x to 10x during bootstrapping and are here normalized to
their respective reference values for display (y-axis in log scale). The parameters labeled #1-25 are kf3,
kr2, k4, kr3, kf2, kf146, k117, kf11, k148, k12, k134, kf131, k52, k201, kf207, k209, k202, k203, k127,
k135, k150, k82, kf145, k73, kf73 (see Table S1 for more details of these parameters).
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Figure S13
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Figure S13. In silico analysis of hypoxia-driven transcriptional and marker regulation at the
single-cell level; related to Figure 7. Simulated time-course responses (under hypoxia, 2% O_) of 100
model-generated virtual macrophages in terms of their transcriptional activities of (A) HIF1a, (B) HIF2aq,
(C) IRF1, (D) STATS, (E) STATS, (F) NF«B, and M1-M2 marker regulation of (G-H) cellular iNOS and
ARG1 expression, and (I-J) IL-1p and IL-10 secretion. (A-J) Results are normalized to the respective
values at t=0 for A-B and then log10 transformed for C-J (y-axes). Black bolded lines are the trajectories
of the reference model.
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Figure S14
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Figure S14. Raw data for the qPCR analysis presented in Fig.S9; related to Figure 6. (A, C, D)
gPCR CT values under normoxia and hypoxia serum starvation (HSS), for the times indicated, for
CXCLY, IL-1p, IL-10 and RplpO0. (B, E) gPCR CT values under normoxia and HSS, for the times
indicated, for TNFa, TGFB1 and GAPDH. (A-E) Mean levels, standard deviations and individual
datapoints are displayed (n=4).
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Figure S15. Raw data for the Western Blot analysis presented in Fig.S9; related to Figures 2 and 6.
(A-B) Western Blots (n=3) of pPSTAT1/pSTAT3 and total STAT1/STAT3 expression in macrophages

treated with interferon gamma (IFN) for the times indicated. (C-D) Western Blots (n=3) of iNOS, ARG1
(below detection limit) and Actin expression in macrophages exposed to hypoxia serum starvation (HSS)

for the times indicated.
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Figure S16
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Figure S16. Detailed model diagram; related to Figure 1. A more detailed model diagram with all
model species and reaction fluxes (labeled). Note that not all regulatory mechanisms were depicted here
due to the size limit of the figure (e.g. transcriptional regulations were not explicitly drawn here); please

refer to Table S1 for a full mechanistic description of the model.
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