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1 Data Analysis

The Fluidigm data set was analyzed using LEMming, a multivariable statistics ap-
proach [1|. Briefly, a linear error model was used to estimate (1) the probe pipetting
error per assay (PPEpA), (2) the treatment effect per mouse (TEpM), (3) the sample
pipetting error (SPE) and (4) the treatment effect per gene (TEpG).

A single measurement Y is given by
Y = PPEpA+TEpM + SPE +TEpG + ¢ (1)

with the remaining error € comprising non-systematic technical errors and biological
variance. The estimated technical errores Y = PPEpA + SPE are discarded and the

estimated variable is given by
Y = TEpM + TEpG + ¢ (2)

Expression values of genes that are regulated by the respective treatment are expressed

as fold of untreated control cells

}A// = — <Y/ — Mean(f/untreated)> (3)

The Fluidigm data set comprises four assays a 48 genes as well as 48, 38, 43, and
22 samples. Deducting the genes interleukin 17A (I117a), interleukin 28B (1128b), and
interferon y (Ifng) that were close to our beyond the detection limit in most of the
measurements, this results in a total number of 6075 measurement points of 45 genes
including the two control genes beta-actin (Actb) and glyceraldehyde-3-phosphate de-

hydrogenase (Gapdh).



1.1 Outlier Detection

Measurement points that lay outside the box plot with 1.5 IQR (Interquartile range)

whiskers are classified as outliers (Fig. S5) and were discarded.
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Figure S5: Box-whisker plot. The box, indicated by a blue rectangle, contains 50 % of the data,
the median is indicated by a red line within the box. The lower and upper border of the box represents
the lower (first, 25 %) and upper (third, 75 %) quartile, respectively. The length of the box is termed
interquartile range (IQR). The whiskers display the data points outside the box but do not exceed
1.5 times the IQR. All data points that lay outside the whiskers are classified as outliers.

Outlower < Q95 — 1.5- IQR (4)

Outuppﬂ > Q75 + 1.5- IQR (5)

From the complete Fluidigm data set, 249 outliers were deleted resulting in 5826 mea-

surement points.

1.2 Kernel Density Estimation

Kernel density estimation is conducted based on the Fluidigm data set to select genes
that are clearly up- or downregulated. Gaussian kernel is assumed and the probability
density function of each stimulation, gene, and time point is calculated if at least three
independent measurements per time point exist. Then, for each time point (0.5, 1, 2, 6,
10 h) the area of intersection with the probability density function of untreated cells (0 h)

is calculated and genes are ranked in ascending order by the smallest area of intersection



for each stimulation. For genes that are classified as clearly regulated and non-regulated

a representative example is shown in Fig. S6.
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Figure S6: Kernel density estimates for two representative genes. Examples of kernel
density estimates of genes that were classified as (A) clearly regulated upon LPS stimulation
such as Ccl-3 and (B) non-regulated like EgfR.

Since Gapdh is measured as control gene that is supposed to be constantly expressed
during the treatment, all genes that have a larger area of intersection than Gapdh are
discarded. The ranking of the other genes is shown in Fig. S7. All genes whose minimal
intersection area is smaller than those of Gapdh and which are at east 4-fold and 1.5-
fold regulated upon LPS and I1.-4/13 stimulation, respectively, are selected for model
integration and marked red in Fig. S7. Genes marked blue are signature genes for M1
and M2 macrophages that are not inlcuded in the ODE model but are checked to ensure
accurate activation of macrophages. Upon LPS stimulation, the genes Cd14, Cd69 and
Cd86 are upregulated as expected (Fig. S7 A). The M2 marker genes Argl and Mrcl are
not regulated and downregulated, respectively. After stimulation with IL-4 and TL-13,
Argl and Mrcl are upregulated as awaited (Fig. S7 B). The M1 signature genes Cd14
and Cd69 are downregulated and Cd86 is almost not regulated with a maximal mean of

0.93 over all measuerd time points confirming correct activation of macrophages.



By this approach, 16 and 7 genes were selected for model integration for M1 and M2

macrophages, respectively.

A Gene Min Area Time Point Mean B Gene Min Area Time Point Mean
Cxcl2 -7.03E-12 1h 8.34 Mrel 5.44E-02 2h 2.10
Tnf -3.71E-12 1h 7.58 Cd14 1.34E-01 6h -1.66
Ccld 3.06E-15 2h 8.75 Cer5 1.88E-01 2h -1.24
Ccl3 2.20E-13 1h 7.31 Cel7 2.00E-01 1h 3.58
I11rn 1.08E-10 10 h 8.87 Tnf 2.15E-01 1h -1.65
111k 5.30E-10 1h 7.58 Socs1 2.45E-01 10 h 5.19
Tnfrsflb 1.52E-08 10 h 3.53 165t 2.60E-01 6h 1.15
Cxcll 8.98E-07 1h 9.58 Cd69 2.66E-01 10h -2.43
Ccl5 2.22E-06 2h 7.61 Tefbl 2.75E-01 6h 0.63
1110 3.96E-06 1h 6.04 Cel2 2.77E-01 1h 3.29
Cd69 7.32E-05 1h 7.30 Cd86 2.99E-01 6h 0.93
Cd14 1.17E-04 1h 3.51 Cel3 3.10E-01 2h 1.55
Cxcl3 1.15E-03 2h 6.98 Cer2 3.22E-01 10h -1.13
Ccl2 3.35E-03 2h 7.53 1110 3.91E-01 6h 1.20
116 4.00E-03 1h 9.38 111b 3.95E-01 6h -1.98
Ccl7 4.21E-03 6h 6.37 Argl 3.97E-01 1h 6.29
Met 7.41E-03 10 h 3.22 Socs3 4.00E-01 0.5 1.23
Mrcl 1.41E-02 10 h 4.97 Cxcl3 4.39E-01 10h -1.87
Cd86 1.54E-02 6h 2.70 Ifnar2 4.40E-01 10h 0.25
Socs3 4.35E-02 10 h 6.92 Ccld 4.46E-01 0.5 1.03
Osm 5.95E-02 0.5h 2.37 Hgf 4.61E-01 6h -1.35
Ifnbl 6.01E-02 2h 9.68 Cxcl2 4.62E-01 6h -0.73
Tnfrsfla 6.06E-02 10 h 1.32 Osm 4.73E-01 6h 0.28
Cer3 6.10E-02 1h 3.16 1110ra 4.83E-01 1h -0.68
Ifnar2 6.30E-02 10 h 1.19 Egf 4.89E-01 6h -0.67
Socsl 9.26E-02 10 h 6.51 1110rb 4.96E-01 6h 0.28
Ifnarl 9.36E-02 0.5h 1.19 Tnfrsfla 5.04E-01 1h 0.07
Cer5 1.15E-01 10 h 1.42 Gapdh 5.40E-01 6h 0.41
Gapdh 1.16E-01 10h 2.12

Figure S7: Ranking of genes for model integration. Genes are ranked in ascending order
by the smalles area of intersection of the pdf (probability density function) of treated vs. pdf
of untreated cells for (A) LPS stimulation and (B) IL-4/13 stimulation. Genes marked red are
selected for model integration. Genes marked blue are marker genes, i.e. Cdl14, Cd69, Cd86
for M1 macrophages and Argl, Mrcl for M2 macrophages. For each gene, the minimal area of
intersection with untreated controls is displayed in the second column. The corresponding time
point is shown in the third column. The maximal or minimal mean for up- and downregulated
genes, respectively, is displayed in the forth column.



2 Dynamic Modeling

2.1 Model Setup

The model is based on ordinary differential equations (ODEs) and implemented using
the MATLAB® Toolbox PottersWheel [2|. Model setup is explained in [3|. Briefly, to
reduce complexity of the system, the signaling path upstream of transcription factor
(TF) activation is neglected and grouped together into an approximated rectangular

function u(t) representing the input of the model (illustrated in Fig. S8)

u(t) = %(tanh(s (t— t1)> - tanh(s (t— t2)>>, ty > 0,ty >t (6)

with slope coefficient s that is set to 1000 to approximate a rectangular function and time
constants t; and t, determining the beginning and end of transcription factor activity

and are inferred from experimental data.
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Figure S8: Implementation of mRNA expression in dependence of the input function.
The input function u (blue) represents transcription factor activity and is implemented by
an approximated rectangular function having values between 0 and 1 for non-activated and
activated TF, respectively. The TF regulates mRNA expression (red), i.e. induced mRNA
synthesis is active only while the TF is activated (u = 1).



The relative mRNA expression levels x,rna are given by

TmrNA = Ky + ks % u(t) — kg * Tmrna,  Tamrna(0) =1 (7)

with rate constant for basal synthesis k;, induced synthesis following transcription factor
activation k, and degradation k,;. Initial values for mRNA levels equal one due to

normalization of experimental data on untreated control cells.

At t = 0 the system is at steady state and it is

ks,basal

ka

= Tmrya(0) = (8)

reducing the number of parameters by one per gene.



2.2 Model Equations

M1 macrophages

e Genes regulated by NF-kB

Toae = /fdpcu - kd,Cle * Toel2 + ks,Ccl?_lps * U1(t)
Toas = /fdpcls - kd,CclS * Toelz + ks,Cc13_1ps * U1(t)
Toed = kd,Ccl4 - kd,Ccl4 * Toeld + ks,Ccl4_1ps * U1(t)
Toar = kd,Ccl? - kd,Ccl? * Toelr + ks,Ccl?_lps * U1(t)
Toxell = kd,Cxcll - kd,(}xcn * Toxell + ks,Cxcll_lps * Uy (75)
Toxel2 = kd,Cxch - k?d,cxclz * TCxel2 T+ ks,Cxleflps * Uy (75)
Toxas = Ka,cxels — Fa,cxas * Toxas + Fs,oxas ips * U (t)
TInin = kd,mb - kd,mb * Tip + ks,Illbilps * Uy (t)
T = kane — Kane * Tne + Ksuie 1ps * 1 (t)
Tifb1 = kd,lfnm - kd,lfnbl * Tifp1 + ks,Ifnblilps * U1(t)

Tt = Kanf — Ka ot * Tof + Kstaf 1ps * w1 (%)
bl bl b} . p

e Genes regulated by NF-kB and Stat3

TCels = k’d,Cc15 - kd,CclS * Tels T ks7CC15_1ps * Uz(t)
lrn — RdIl1irn — ~dIl1rn 1rn s,[1lrn_ lps 2
I kan kanim * ZTnim + ks _lps ¥ U (t)

Tnio = kd,mo - kd,mo * Ty10 + ks,HlO_lps * U2(t)

TSocs3 = kd,Socs?) - kd7Socs3 * TSocs3 1 ks,Socs?)_lps * uQ(t)

(20)
(21)
(22)

(23)



e Genes regulated by Stat3

TSocsl = kd,Socsl - kd7Socs1 * TSocs1 1 ks,Socsl_lps * UB(t)

M2 macrophages

e Genes upregulated in response to IL-4/13 stimulation by Stat6

Toe = k?d,ccu - /fd,ccm * Tel2 + k?s,ccmfil * U4(t)
Toar = kacar — Kacar * Toar + kscar i * ua(t)

jjSocsl = kd,Socsl - kd,Socsl * T§ocs1 T ks,Socsliﬂ * U4(t)

e Genes downregulated in response to IL-4/13 stimulation

T, = k?d,mb - k?d,mb * T + ks,ﬂlbiil * U5(t)
Tnt = Ka, Tt — Ka,Tnf * Tt + Ksmns i1 % Us(2)
.c3: ,Ccl3 — hd,Ccl3 cl3 5,Ccl3 i 5
Toas = Kacas — Ka,cas * Teas + kscas_i * us(t)

TCxel3 = kd,Cxcli’) - k‘d,Cxcls * Toxeld + ks,Cxcl?)_il * Us(t)



Input Functions

Ui (t) =

U (t) =

U4<t) =

Time Constants for Beginning and End of Transcription Factor Activity

1

3 (tanh <s (t — t11ps ) tanh (8 .

1

§<tanh<s (t — t1aps ) h<8'
—|—t(mh(s (t — t31ps ) h<5'

1

3 tanh <s (t — t31ps ) tanh (s .

1

3 tanh <s

1

5 tanh (s (t— t3711)> — tanh (5 (t— t4,ﬂ))

tLlps = Qps

t271ps = Qps + blps

t371ps = Qlps + blps + Clps
t4,lps = Qlps + blps + Clps + dlps
lin = aq

toq = ap + by

3,1 = cil

Loy = cit + di

(t— tm)) — tanh (3 (t— tz,ﬂ))>



2.3 Parameter Values

e Synthesis rate constants

Parameter Value [h™!] Lower CI (PL) Upper CI (PL)
ks, ce12_1ps 223.03 115.90 432.44
ks.ces 1ps 336.22 177.61 654.52
ks,cela_1ps 694.68 371.09 1375.1
Ks,ccl51ps 44.48 22.76 87.10
Ks,cc17 1ps 111.72 58.46 216.64
ks, Cxell_1ps 2280.56 1134.8 4597.6
ks, Cxcl2_1ps 1350.01 632.23 3077.1
ks Cxcl3_1ps 200.66 99.47 424.63
ksnib_1ps 383.02 201.18 749.11
Fsnim 1ps 46.53 23.53 90.37
ks 1i6_1ps 1023.04 532.13 1986.5
Ks 1110 _1ps 550.39 263.13 1170.1
Ks Ttab1_1ps 1944.70 969.31 3990.8
Ks Tt 1ps 937.75 486.80 1893.9
Ks,50051_Ips 32.86 10.33 98.79
Ks SocsaIps 457.17 176.37 1126.6
ks caz_il 10.27 4.45 20.00
ks.cas i 0.81 0 1.23
kscar i 12.61 9.53 23.97
ks .cxe1s it 0.06 0 1.06
Fsmb 1 0.84 0.29 1.22
ks Tt i 1.17 0.12 1.66
ks Socs1_il 66.26 22.25 162.11
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e Degradation rate constants

Parameter Value [h™!]  Lower CI (PL) Upper CI (PL)
ka,cer2 1.00E-04 0 0.09
kd,CclS 9.77E-02 0 0.25
K cela 9.46E-02 0 0.26
ka.cos 0.21 0 0.75
ka.car 9.68E-03 0 0.09
Ka,cxc 0.57 0.39 0.78
Ka,cxcr 0.33 0.16 0.51
K cxels 0.32 0.15 0.57
Kanb 7.41E-04 0 0.15
Kanim 1.15E-04 0 0.39
Kane 0.18 0.02 0.34
ka0 11.67 5.4 21.26
K 1ab1 0.47 0.26 0.74
K Tt 0.35 0.18 0.50
K socs1 0.21 0 0.49
K socss 5.42 1.89 14.99

e Time points for beginning and end of transcription factor activity

Parameter Value [h™!]  Lower CI (PL) Upper CI (PL)
1ps 0.3915 0.3421 0.4261

bips 0.3721 0.3059 0.4605

Clps 0.0212 0 0.1968
dips 9.0883 8.9319 Inf

ai 0.0760 0 0.3836

by 0.7131 0.4173 1.2178

ci 0.5041 0 1.0391

diy 0.8108 0.4325 0.9934
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