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Figure S1. Examples of representative immunofluorescence images showing the staining of 13 intracellular
signals in H460 cell lines treated with O or 25 min of TNFa. For each signal, the intensities of the images shown

are scaled to the same display ranges (scale bars = 40 um).
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Figure S2. Examples of representative immunofluorescence images showing the automatically detected nuclear
(red lines) and whole-cell (white lines) boundaries (scale bar = 40 um). The whole-cell and nuclear regions were
detected based on the COX-IV (green) and Hoechst (blue) staining, respectively. To avoid bias, the phospho-

protein staining (yellow) was not used for segmentation.
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Figure S3. The areas of the automatically detected cytoplasmic, nuclear, and whole-cell regions of A) A549 cells
stained with p-RelAS536 or B) H460 cells stained with p-RSK™573 gcross different time points (or wells) in our
assays. The coefficient of variation (CV) of each time series is shown next to the series, rep = replicate. C)
Probability distribution functions of the CV values for all the time series of A549 (blue) or H460 (red) cells. (Vertical

black lines = percentiles of the CV values across all the time series).
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Figure S4. The raw fluorescence intensity levels of A) p-RelAS336 staining in A549 cells, or B) p-RSK™573 staining
in H460 cells treated with 0.1% BSA or 300 ng/mL of TNFa across different time points (or wells) in our assays.
The coefficient of variation (CV) of each time series is shown next to the series, rep = replicate. C) Probability
distribution functions of the CV values for all the time series of BSA-treated A549 (blue) or H460 (red) cells. (Vertical
black lines = percentiles of the CV values across all the time series.)
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Figure S5. The normalized total intensity levels of p-AKTS473 and p-GSK3bS° in H460 cells treated with 0.1% BSA
(black), 300 ng/mL TNFa (red), or 300 ng/mL IGF1 (blue).
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Figure S6. Examples of immunofluorescence images showing the different automatically detected subcellular
regions (red boundaries) and whole-cell regions (white boundaries) overlaid with A) p-JNKTh183/Ty185 (yellow) or B)
Hoechst (white) staining. The whole-cell and nuclear regions were detected based on the COX-IV and Hoechst

staining, respectively.
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Figure S7. Heatmaps showing changes in the phosphorylation levels of two additional pairs of kinase-substrate
signals at different subcellular regions in H460 and A549 cells treated with 300 ng/mL of TNFa. The values for all
phosphorylation events are logz ratios of their corresponding values at time 0 (without TNFa treatment). For
visualization only, the logz ratios for each signal are divided by their maximum absolute value across both cell lines

in all regions (diamonds = subcellular regions or time points in which the maximum phosphorylation levels were
detected).
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Figure S8. Mean balanced accuracy in classifying H460 and A549 cells using support vector machines based on
the phosphorylation events of individual signals (red = signals selected for the second stage; ** = P<0.01, *** =
P<0.001, two-sided t-test, n = 9; error bars = standard deviations). The values were estimated using A) a radial-

basis-function kernel for the SVM and 10-fold cross validation, and B) a linear kernel for the SVM and 3-fold cross
validation.
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Figure S9. Examples of signaling responses curves obtained from H460 cells in the stages 1 and 2 experiments.
Each experiment had two replicates, and each response curve was normalized by dividing all its values with the

maximum value across all the time points.

Total p-RSK™"? |evel at Total p-RSK™"? |evel at
the outer-cytoplasmic region the outer-nuclear region

TNFa sensitivity
T
)
w

0 25 101520253045 0|25 10 1520 25 30 45 55

Time (min) F, Time (min)
-100 -50 0 50 100

Total phosphorylation level/cell
(% of max |log2-ratio| across all cell lines)

Figure S10. Heatmaps showing changes in the total phosphorylation levels of p-RSK™373 at two different
subcellular regions in all eight cell lines treated with 300 ng/mL of TNFa. The values for all phosphorylation events
are log: ratios of their corresponding values at time 0 (without TNFa treatment). For visualization only, the log:

ratios are divided by the maximum absolute value across all cell lines.
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Figure S11. Distributions of the number of cross-validation (CV) models that commonly select a feature for models

based on the A) p-RSK™573 features, or B) mMRNA expression levels of the NSCLC cell lines.
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Figure S12. Dose response curves showing the percentages of viable A549 and H460 cells treated with different
concentrations of TNFa for 8 or 24 hours (n=3, error bars=standard errors of the means). The values were obtained

using the resazurin-based cell viability assay.
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Figure S13. Immunofluorescence images showing the p-RSK™373 staining of H460 cells pre-treated with either
DMSO, TPCA-1, or SB202190, and then co-treated with TNFa (red lines = automatically determined nuclear

boundaries, scale bar = 50 um). All images have the same exposure times and display intensity ranges.
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Figure S14. Scatter plot showing measured versus predicted ATNFa sensitivity indices of H460 cells treated with
four different kinase inhibitors. The predictions were made using a regression model based on whole-cell p-
RSKT573 |evels at 2 and 55 mins. (Dashed line = diagonal line, red = new test data that was not used to train the
model, Rest = Pearson’s correlation coefficient, test = Kendalls’ correlation coefficient, P-values shown were

obtained from significance tests that the correlations are larger than zero).
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Table S1. List of the thirteen candidate intracellular signals in our study.

Protein (Symbol)

Phospho site

Relevance/ References

p65 subunit of nuclear
factor-kB
(p-RelA)

Serine 536

TNFa and other inflammatory cytokines activate RelA, a subunit of
NF-kB [1]. NF-kB attenuates TNFa-induced cell death [2] and
upregulates the expression of many pro-survival genes [3].

c-Jun N terminal
kinase
(p-INK)

Threonine 183/
Tyrosine 185

JNK is phosphorylated and activated in response to stress and
TNFa treatment [4]. TNFa-induced JNK activation is associated
with the initiation of apoptosis [5,6].

Extracellular signal-
regulated kinase
(p-ERK)

Threonine 202/
Tyrosine 204

ERK is phosphorylated in response to numerous external stimuli,
including TNFa [7]. TNFa may inhibit ERK activation triggered by
receptor tyrosine kinase signals [8].

Tank binding kinase 1
(p-TBK1)

Serine 172

TBK1 interacts with TNF receptor-associated factor 2 (TRAF2) and
TRAF binding protein (TANK) to promote TNFa-induced NF-kB
activation [9].

p38 mitogen activated
kinase (p-38)

Threonine 180/
Tyrosine 182

p38 is activated by dual phosphorylation at threonine 180 and
tyrosine 182 in response to TNFa and other stress signals [10].

p90 ribosomal S6
kinase (p-RSK)

Threonine 573

RSK is phosphorylated at threonine 573 by ERK in response to
mitogenic stimulation [11]. CREB is a RSK substrate [12].

CAMP response Serine 133 CREB is rapidly phosphorylated in response to TNFa treatment
element- binding [13]. Serine 133 is a critical regulatory site that can be
protein (p-CREB) phosphorylated through p38 and ERK pathways [14].

Jun subunit of Serine 73 c-Jun can be phosphorylated at serine 63 and 73 by JNK [15].

activating protein-1
transcription factor
(p-cJun)

TNFa-induced serine 73 phosphorylation increases c¢-Jun

transcriptional activity and expression level [16].

MAP kinase activated
protein kinase 2

Threonine 334

MK2 is activated by phosphorylations at threonine 334 and other
residues after chemical stress [17].

(p-MK2)
Protein kinase B Serine 473 AKT can be activated by TNFa [18], and may be required for TNFa-
(p-AKT) induced activation of NF-kB [18,19].

Glycogen synthase Serine 9 GSK-3pB is involved in both cell survival and death through the
kinase 33 regulations of nhumerous factors, including NF-kB, Cat and CREB
(p-GSK3pB) [20]. Inhibition of GSK-3[3 sensitizes hepatocytes to TNFa-induced

apoptosis [21].
Beta catenin Serine 675 Phosphorylation of BCat at serine 675 by protein kinase A induces
(p-BCat) its nuclear accumulation and transcriptional activity [22]. fCat is
negatively regulated by GSK-38 [23].
Heat shock protein 27 Serine 82 TNFa and interleukin-1 treatments can stimulate HSP27

(p-HSP27)

phosphorylation [24].
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Table S2. TNFa sensitivity values of the eight cell lines.

Cell line

EKVX

HOP92

A549

H226

H23

H522

HOP62

H460

TNFa sensitivity

0.0314

0.1480

0.1600

0.1720

0.3720

0.4510

0.5320

1.000

Table S3. Mutation status of the eight cell lines (from lkediobi et. al., 2006).

Cell lines TP53 PTEN EGFR

EKVX . 609'\jgt1a(;[écé5>TT Wild type Wild type
HOP92 Mutated ¢.524G>T Wild type Wild type
A549 Wild type Wild type Wild type
H226 Inconclusive status Wild type Wild type
H23 Mutated c.738G>C Wild type Wild type
H522 Mutated c.572delC Wild type Wild type
HOP62 M“tatggf'GGmS' Wild type Wild type
H460 Wild type Wild type Wild type
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