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Supplementary Results

Supplementary Table 1. List of abbreviations

Abbreviation Name

570 (5z)-7—-oxozeaenol

6CK 6 cytokine set (comprising IL-6, IL-8, RANTES, IP-10, MCP-1, GRO)
AKT Also protein kinase B (PKB)

EGF Epidermal growth factor

ERK Extracellular—signal-regulated kinase

FGF Basic Fibroblast growth factor basic (also FGF-2)

G-CSF Granulocyte—colony stimulating factor

GROa Growth regulated oncogene a (also CXCL1)

IGF Insulin-like growth factor

IKK IxB kinase

IL-16 Interleukin 16

1L-17 Interleukin 17

IL-1a Interleukin 1o

IL-6 Interleukin 6

IL-8 Interleukin 8

iMLR MLR with interaction terms

1P-10 Interferon gamma—induced protein 10 (also CXCL10)

JAK Janus kinase

JNK Jun N—terminal kinase

MAP2K Mitogen activated protein kinase kinase (also MAPKK, MAPK kinase)
MAP3K Mitogen activated protein kinase kinase kinase (also MAPKKK, MAP2K kinase)
MAPK Mitogen activated protein kinase

MCP-1 Monocyte chemotactic protein 1 (also CCL2)

MCP-3 Monocyte chemotactic protein 3 (also CCL7)

MEK Mitogen activated protein kinase (MAPK) ERK kinase (also MAPK kinase, MAP2K)
MIG Monokine induced by gamma interferon (also CXCL9)

MKKG6 Mitogen activated protein kinase (MAPK) kinase 6 (also MAPKK 6, MAP2K6)
MLR Multiple linear regression

NF«zB Nuclear factor—» B

ns No stimulus

P38 P38 mitogen activated protein kinase

PI3K Phosphatidylinositol-3—kinase

Poly(I:C) Polyinosinic:polycytidylic acid

RA Rheumatoid arthritis

RANTES Regulated on activation, normal T cell expressed and secreted (also CCL5)
SF Synovial fibroblasts

STAT Signal transducer and activator of transcription

TAK1 TGF-f activated kinase 1 (also MAPK kinase kinase 7, MAP3K?7)

TNFa Tumor necrosis factor a
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Supplementary Table 2. Synovial fibroblast donor samples*

Sample Company Lot. No. Disease Type
N2586 2586 Normal
N2645 2645 Normal
N2759 2759 Normal
RA1869 1869 RA
RA1931 1931 RA
RA2159 2159 RA
RA2708 2708 RA

*Synovial fibroblasts were purchased from Cell Applications, Inc. “Disease type” normal are human fibroblast like
synoviocytes (HFLS) cat. no. 408-05a, and disease type RA are HFLS—RA (cat. no. 408RA-05a).

Supplementary Table 3. Information about stimuli

Type

Name

Relationship to RA or SF biology

Inflammatory cytokines

TNFa (tumor necrosis factor o)

IL-1a (interleukin 1a)

IL-6 (interleukin 6)

IL-17 (interleukin 17)

TNF neutralizing biologics etanercept
(Enbrel®), infliximab (Remicade ®), and
adalimumab (Humira®) are front-line therapy
following disease modifying anti—rheumatic
agents (DMARDs)'?

FDA approved biologic anakinra (Kineret®) is
a recombinant IL-1 receptor antagonist®

FDA approved biologic tocilizumab
(Actemra®) inhibits the interaction of IL-6
with the IL—6 receptor’

Induces IL-6 and IL-8 secretion in synovial
fibroblasts’

Adipokines

Adiponectin

Visfatin

Leptin

Adipose—derived cytokine with potential role
in inflammation and immunity*’

Adipose—derived cytokine with potential role
in inflammation and immunity*®

Adipose—derived cytokine with potential role
in inflammation and immunity*”

Growth factors

EGF (epidermal growth factor)
IGF (insulin-like growth factor)

Elevated levels in RA and active towards SF®

Elevated levels in RA and levels inversely
correlated with systemic inflammation’®

Toll-like receptor (TLR)
agonist
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Poly(I:C)
(polyinosinic:polycytidylic acid)

TLR3 agonist, mimics viral infection, which is
a cause of RA flare—ups’



Supplementary Table 4. Information about stimulatory factors and signature cytokine set

Abbreviation Name Alternative names Function
IL-6 Interleukin 6 n/a Neutrophil and T lymphocyte
chemoattractant, T and B cell
differentiation'®
IL-8 Interleukin 8 CXCLS ((c—x—c motif) Neutrophil chemoattractant''
ligand 8)
GRO« CXCL1 ((c—x—c motif) Neutrophil chemoattractant'*'?
ligand 1)
MCP-1 Monocyte chemotactic CCL2 (c—c motif) ligand Monocyte, T cell, and dendritic
protein 1 2 cell chemoattractant'*"
RANTES Regulated on activation, CCLS5 (c—c motif) ligand Natural killer cell mitogen'®,
normal T cell expressed and 5 leukocyte chemoattractant'’
secreted
IP-10 Interferony—induced protein CXCL10 (c—x—c motif) Monocyte and T lymphocyte

Supplementary Table 5. Synovial fluid samples*

10

ligand 10

chemoattractant'®

Sample Company Lot. No. Disease Type
Synovial fluid A 1112050075 RA
Synovial fluid B 118050105 RA
Synovial fluid C 111050045 RA
Synovial fluid D 113060040 RA

*Synovial fluids were purchased from Analytical Biological Services, Inc.
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Supplementary Table 6. Information small molecule inhibitors used in this study. All attempts were made to use
inhibitors with high specificity to its primary target.

Secondary target

Pathway Name Supplier Target (if known)
MEK/ERK  CI-1040 (PD184352) Selleck (cat. no. $1020) MEK1/2" Good specificity!*?
(allosteric)
PD0325901 Selleck (ca. no. S1036) MEK1/2% Good specificity
(allosteric)
PI3K/AKT  GDC-0941 Haoyuan Chemexpress PI3K* Good specificity®
(HY-10358)
MK?2206 Haoyuan Chemexpress AKT® Good specificity
(HY-50094) (allosteric)®
P38 SB202190 Selleck (cat. no. S1077) pP38" Good specificity'
PH-797804 Selleck (cat. no. $2726) p38* Good specificity*
JAK/STAT  Tofacitinib (Xeljanz®, Selleck (cat . no. S2789) JAK3% JAK1/2%
CP-690550)
Ruxolitinib (Jakavi ®, Selleck (cat. no. S1378) JAK1/2% TYK2%*
INCB018424)
Lestaurtinib (CEP— LC Labs (cat. no. L— JAK2Y FLT3%, TrkA%,
701) 6307) others®
JNK JNK-IN-8 Nathanael Gray (Dana INK1/2/3%* Good specificity®
Farber Cancer Institute)
IKK/NF«B IKK 16 Tocris (cat. no. 2539) IKK-1/2* INK, JAK
(Supplementary
Fig.5)
TAK1 (5z)-7—-oxo0zeaenol Tocris (cat. no. 3604) TAK1 MEK 1/2%
NG25 ChemScene CS-0875 TAKI MAP4K2%
Supplementary Table 7. MLR solution algorithms
Method Method Subset

Algorithm Type

No stepwise

Stepwise regression
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p—value tests

AIC

Corrected AIC (AICc)

BIC

p—value tests

controlled)

With multiple hypothesis correction (FDR-

Without multiple hypothesis correction

Forward addition (FDR—controlled)

Backward elimination (FDR—controlled)

Forward addition
Backward elimination

Forward addition
Backward elimination

Forward addition
Backward elimination



Supplemental Figure 1
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Supplementary Figure 1 Cytokine profiling of primary human SF from one normal (N2586)
and one RA (RA2159) donor following individual stimulation with 1 of 10 stimuli (from
Dataset 1, related to Fig. 1d). (a—b) Secretion response of SF samples N2586 (top plot of each
panel) or RA2159 (middle plot of each panel) the 10 stimuli (panel a: TNFa, IL-1a, IL—6, [L—
17, or Poly(I:C); panel b: EGF, IGF, adiponectin, visfatin, or leptin). The 10 stimuli were split
into two panels for easier visualization; TNFa, IL—1a, and Poly(I:C) are replotted from Fig. 1.
Assay background (£2 standard deviations (S.D.) from the mean) is shown in purple, upper and
lower boundaries for each cytokine (dynamic range; derived from the standard curve for each
measured cytokine) is shown in gray, and basal secretion levels (£2 S.D.) are shown in green.
Cross—reactive signal of the stimuli against luminex analytes is shown on the bottom plot of each
panel. For top and middle panels, conditions where the stimulus is the same as the measured
species have been filtered to not—a—number (NaN), e.g. measurement of TNFa supernatant levels
following stimulation of TNFa has been filtered to NaN, and are excluded from the analysis.
TNFa, IL-10a, and Poly(I:C) strongly induce secretion of the 6CK set (IL-6, RANTES, GROa,
MCP-1, and IL-8) in both the normal and RA SF samples, while stimulation with IL—6 and IL—

17, for example, largely tracks the basal secreted levels (green shaded region).
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Supplemental Figure 2
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Supplementary Figure 2 Secretion of 6CK set cytokines and filtered cytokine profiles of non—
6CK set cytokines (from Dataset 1). (a—f) Secretion of 6CK set cytokines (IL-6, IL-8, RANTES,
[P-10, GROa, and MCP-1) from one normal (N2586) and one RA (RA2159) SF samples
following stimulation with TNFa, IL-1a, or Poly(I:C). Each of these cytokines is induced to at
least 500 pg/mL in one or more of the conditions examined. (g—h) Filtered secretion response
measurements for SF samples N2586 (panel g) and RA2159 (panel h). MFI values were filtered
by subtracting basal secretion levels and cross—reactivity by stimulating—ligands against kit

components. Following this filtering several factors remain detectable above the assay baseline.
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Supplemental Figure 3
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Supplementary Figure 3 Correlational analysis of cytokine profiles from SF supernatants
and RA synovial fluid. (a) Pearson correlation of cytokine profiles from SF donor samples
N2586 and RA2159 reveals a weak positive correlation between basal secretion and RA synovial
fluid composition; this positive correlation is largely unchanged for many of the stimuli.
However, an apparent increase in correlation is observed for TNFa and Poly(I:C). (b) The partial
Pearson correlation between SF supernatants and RA synovial fluids, when controlling for the
variance explained by basal secretion identifies TNFa, IL—1a, and Poly(I:C) as inducing a
cytokine secretion response in SF that is significantly correlated to the profiles of RA synovial
fluids (panel b bottom). Binned values for the false discovery rate (FDR) corrected p—values
were assigned positive or negative values according to the sign of the partial correlation.
Euclidean distances between basal and induced supernatant cytokine profiles provide a
univariate metric for the magnitude of the secretion response induced by each stimulus (panel b
top); the factors inducing the strongest secretion response in the N2586 and RA2159 SF samples
(TNFa, IL-1a, and Poly(I:C), top) are doing so in a manner that is significantly correlated to the
composition of the three RA synovial fluids (bottom). False discovery rate (FDR) controlled by

Benjamini—-Hochberg method.™
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Supplementary Figure 4 Strong consistency between independent experimental replicates of
Dataset 3. (a) Experimental design (left) and results (right) for Dataset 3. Black shading denotes
the inclusion in an experiment of one of seven donor samples, one of three cytokines (TNFa, IL—
la, or Poly(I:C)) and one of five inhibitors. The measured levels of the 51 cytokines and
proteases in cell supernatants are shown as raw median fluorescent intensity scaled column-wise
to a maximum of 1 and displayed as a heat map; each row represents one sample. A full
experimental replicate was performed on a separate day (replicates 1 and 2). (b) The two
experimental replicates show a strong Pearson correlation (r > 0.95). Coefficient of variation
(CV) of biological replicates within the same experiment is low (median=14% CV) and follows a

Gaussian distribution (bottom right).
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Supplemental Figure 5
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Supplementary Figure S Activity and specificity of p38, JNK, IKK, and JAK inhibitors used in
Dataset 3. The inhibitors were evaluated based on their inhibition of the NFkB pathway (via
NF«B nuclear transclocation), p38 pathway (via Hsp27 phosphorylation), and JNK pathway (via
c—Jun phosphorylation) following 30 min stimulation with 100 ng/mL TNFa (panel a) or
inhibition of the JAK pathway (via STAT1 and STAT3 phosphorylation) following 30 min
stimulation with 100 ng/mL IL—-6 (panel b). The p38 inhibitor (PH—797804), INK inhibitor
(JNK-IN-8), and JAK inhibitor (tofactinib) each exhibited strong specificity, potently inhibiting
the respective on—target pathway, with minimal off—target effects. IKK 16 inhibited TNFo—
induced NF«B in a dose—dependent manner, but also displayed polypharmacology against
TNFoa—induced p—cJun and IL-6—induced p—STAT1 and p—STATS3, which are not believed to be
activated by the IKK/NF«B pathway. (¢) Two other inhibitors considered to be specific for IKK
displayed weak potency towards NF«B signaling and also displayed polypharmacology towards
JNK. The more specific of these two inhibitors (BMS—-345541) was toxic at 10 uM (see
Supplementary Fig. 16), even though it’s IC90 was ~50 uM. For these reasons IKK 16 was

selected for use in Dataset 3.
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Supplemental Figure 6

Number of cells Number of cells Number of cells

Number of cells

500

AKTi and PI3Ki

b
o

0.001
0.01

Inh. conc. M)

p38i

10

0.001

0.001
0.01
0.1

. conc. (M)

Page 16

10

= =)= = no stimulus, AKTi - MK2206
= =—&)= = no stimulus, PI3Ki - GCD-0941
— — — no stimulus mean, conc=0

A

no stimulus

= =)= = no stimulus, p38i - PH-797804
= =—&)= = no stimulus, p38i - SB202190
— — — no stimulus mean, conc=0

A

no stimulus

= =)= = no stimulus, IKKi - BMS-345541
= =)= = no stimulus, IKKi - IKK 16
— — — no stimulus mean, conc=0

A

no stimulus

= =)= = no stimulus, TAK1i - (5z)-7-oxozeaenol

= =)= = no stimulus, TAK1i - NG25
— — — no stimulus mean, conc=0

A

no stimulus

Number of cells Number of cells

Number of cells

1000 | | ¢

500

—

o
—

=
e o
o

.conc. (uM)

JNKi

-
o

0.01

.conc. (uM)

JAKi

- O
—

-
o

0.01

. conc. (uM)

= =)= = no stimulus, MEKi — CI-1040
= =)= = no stimulus, MEKi - PD0325901
— — — no stimulus mean, conc=0

A

no stimulus

= =)= = no stimulus, JNKi — JNK-IN-8
— — — no stimulus mean, conc=0

A

no stimulus

= =)= = no stimulus, JAKi — Tofacitinib
= =)= = no stimulus, JAKi — Ruxolitinib

no stimulus, JAKi - Lestaurtinib
— — — no stimulus mean, conc=0

A no stimulus



Supplementary Figure 6 Toxicity profiling of kinase inhibitors on SF. Cell counts (by high—
throughput microscopy) following 24 hr exposure of SF in serum free medium to serial dilutions
of kinase inhibitors confirms that inhibitors used in this study were used below toxic doses. For
inhibitors used in this study that show toxicity in the range of this assay we have indicated the

concentration used in cytokine secretion assays with an arrow.
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Supplemental Figure 7
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Supplementary Figure 7 Comparison of activated SF cytokine profiles and RA synovial fluid
profiles and multivariate analysis of inhibitor effects. (a—b) TNFa, IL-1a, and Poly(I:C) each
induce strong secretion response across the three normal and four RA SF samples (top; gray—
scale heat maps) in both experimental replicate 1 (panel a) and 2 (panel b) as quantified by the
Euclidean distance of the secretion response profile from basal secretion levels for each SF donor
sample. Secretion profiles of SF activated by TNFa, IL—1a, and Poly(I:C) each have a significant
partial Pearson correlation to cytokine profiles from three independent RA synovial fluids (when
controlling for variance explained by the basal secretion levels of each individual SF donor
sample; (bottom; red heat maps). False discovery rate controlled by Benjamini—Hochberg
method®. (¢—f) Evaluation of inhibitor effects on activated SF cytokine profiles using PCA for
experimental replicates 1 (panels ¢—d) and 2 (panels e—f). Principal component 1 (PC 1)
distinguishes secretion response landscapes of basal vs. stimulated cells, while PC 2
distinguishes stimulatory context (panels c,e). Donor—to—donor variability results in scatter along
PC2. A univariate metric for inhibitor effects on the multivariate secretion profile can be
computed by considering the location of the stimulus+inhibitor condition with respect to the
basal and uninhibited stimulus conditions in PC space as described for Fig. 2 (panels d,f). A
value of 0 indicates no effect of the inhibitor and a value of 1 complete normalization to basal

levels.
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Supplementary Figure 8 f coefficients for stimuli, inhibitor, and context—dependent inhibitor
effects for the 6CK set calculated from Dataset 3 (related to Fig. 3d). Coefficients were merged
across the two experimental replicates of Dataset 3 and scaled to a maximum of 1 for each

column. SF sample N2586 is reproduced from Fig. 3d for ease of comparison.

Supplementary Figure 9 Confidence weights of f coefficients for the 6CK set; representing the
fraction out of the 10 multimodeling approaches (outlined in Supplementary Table 7) that assign
a significant effect to the given B coefficient (related to Fig. 3d and Supplementary Fig. 8).
Confidence weights for B coefficients were merged across the two experimental replicates of

Dataset 3.
Supplementary Figure 10 f coefficients for stimuli, inhibitor, and context—dependent
inhibitor effects for all measured analytes (related to Supplementary Fig. 8, which includes only

the 6CK set).

Supplementary Figure 11 Confidence weights of f coefficients for all measured analytes
(related to Supplementary Fig. 9, which includes only the 6CK set).
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Supplementary Figure 12 f coefficients compiled across all SF samples and all stimulatory
contexts. (a) Trace plot showing relative magnitude of B coefficients averaged across all donor
samples for basal conditions (“nostim’) or TNFa, IL—1a, or Poly(I:C) stimulation for all
measured analytes. (b) Heatmap of B coefficients compiled across all SF samples and stimulatory
contexts (rows) for each of the measured cytokines and proteases (columns); coefficients have

been scaled according to the maximum absolute value for each column.
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Supplemental Figure 13
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Supplementary Figure 13 Spearman correlation of f§ coefficients across activating ligands,
drugs and donor samples (related to Figure 4b; panel ¢ is reproduced from Fig. 4c for
comparison). Correlation between [ coefficients across the full cytokine/protease profile for
context-independent (a) or context-dependent (b-d) effects. Heavy black gridlines distinguish 7
x 7 matrices for the seven SF donor samples shown in the figure key. The light blue boxes
designate the correlation of basal or stimulated secretion across the seven SF samples, and the

red boxes designate the correlation between drug effects.
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Supplemental Figure 14
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Supplementary Figure 14 Magnitude and direction of all inhibitor effects across donor
samples and activating ligands (related to Fig. 5a). (a) Distribution of B coefficients for
inhibitors in Dataset 3across the activated cytokines profiles with values scaled so that —1
represents complete normalization to basal conditions and 0 represents no drug effect for the
given context. Red dashes represents the median value of the distribution, boxes denote 25™ and
75 percentile and whiskers represent +£2.7 S.D. from the mean. In cases where boxes or
whiskers are not shown, these values are overlapped by the median. p38i: PH-797804; JNKi:
JNK-IN-8; IKKi: IKK 16; JAKi: tofacitinib; and TAK1i: 5ZO. (b) Raw data for selected 6CK
cytokines IL—6, IL-8, and GRO Ishowing complete inhibition by 5Z0.
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Supplemental Figure 15

5Z0 inhibits secretion induced by RA synovial fluids
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Supplementary Figure 15 5Z0 inhibits the SF secretion response induced by RA synovial
Sfluids (related to Fig. 5d). Eight—point serial dilutions showing secretion response of MCP-1 and
GROua for RA synovial fluid samples B and D. 5ZO inhibits secretion of MCP—-1 and GROa
induced by both donor samples. Red shaded regions corresponds amount of MCP—1 or GROa
attributable to secretion by SF.
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Supplemental Figure 16
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Supplementary Figure 16 iMLR identifies potential counter—therapeutic effects. (a-c)
Undesirable effects of PH-797804, INK—IN-8 and 5Z0O were identified by iMLR; data points
are colored to denote the directionality of kinase inhibitor effects as inferred by iMLR. A.U.:
arbitrary units (10> MFI units); weak cross—reactivity of TNFa to the FGF—2 detection antibody
is shown in green, no other cross—reactivity by TNFa or IL-1a against RANTES, MMP-1, or
FGF-2 was detected. (d-e) Effects of TAK11i inhibitor NG25 on the activated SF cytokine
profile. NG25 normalized activation of SF cytokine secretion induced by TNFa, IL—1a, and
Poly(I:C), panel d. NG25 displays lower potency than 5ZO, but it had to be used below it’s IC90
due to toxicity concerns at concentrations above 3 uM (see Supplementary Figure 18). 3 uM

NG25 does not potentiate TNFo—induced FGF basic (FGF-2) secretion, panel e.
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Supplemental Figure 17
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Supplementary Figure 17 Phosphorylation of TAK1 by TNFa and IL-1a (related to Fig. 6a).
SF were stimulated in biological duplicate with 100 ng/mL TNFa or IL-1a for 10 min in the
presence of 50 nM calyculin, a protein phosphatase 1a and 2 inhibitor (unstimulated condition
was performed in quadruplicate). Cells were then fixed and stained with two phosphospecific
TAKI1 antibodies at a range of dilutions. Antibodies are denoted according to their Cell Signaling
Technology cat. nos.: 4531 (p—TAKI1 Thr184/187) and 4536 (p—TAK1 Thr187). Experiment was
repeated on three separate days (total of 48 replicates for each stimulus and 96 replicates for no
stimulus). These antibody dilutions and experimental replicates were averaged to produce the bar

graph in Fig. 6a. fc-MFI: fold—change MFI relative to ‘no stimulus’.
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Supplemental Figure 18
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Supplementary Figure 18 Schematic of SF activation by TNFa, IL-1a, and Poly(1:C).
Activation of SF results in secretion of inflammatory cytokines that contribute to the
composition of synovial fluid and can also act in an autocrine manner. Other cell types, including
immune cells, generate additional cytokines shown in gray. Inhibitors used in this study are
associated with their primary targets, though the IKK inhibitor IKK 16 does display
polypharmacology.

Supplementary Data Legends

Supplementary Data 1-7 Raw data and iMLR X matrices for each SF sample. Raw primary
MFI data (spreadsheets: Ymat repl and Ymat rep2), Luminex bead counts (spreadsheets:
YmatLMXbeadcount repl and YmatLMXbeadcount rep2), and iMLR independent variables
(spreadsheets: Xmat repl and Xmat rep2) for the two experimental replicates (performed on
separate days) and seven SF donor samples. Rows are individual experimental conditions and
columns are Luminex data for individual cytokine analytes.

Supplementary Data 1: SF donor sample N2586

Supplementary Data 2: SF donor sample N2645

Supplementary Data 3: SF donor sample N2759

Supplementary Data 4: SF donor sample RA1869

Supplementary Data 5: SF donor sample RA1931

Supplementary Data 6: SF donor sample RA2159

Supplementary Data 7: SF donor sample RA2708

Supplementary Data 8-14 f coefficients and model stats. IMLR [ coefficients and model
statistics. Beta coefficients (averaged across individual multimodeling solution algorithms) for
individual experimental replicates (spreadsheets: Beta multimodAvg repl and
Beta_multimodAvg_rep2), confidence weights (spreadsheets: ConfWt repl and ConfWt rep2),
model statistics (spreadsheets: Stats repl and Stats_rep2), and B coefficients and confidence
weights merged across the two experimental replicates (spreadsheets: beta MergeReps and
ConfWt_MergeReps). For B coefficients and confidence weights spreadsheets, columns

comprise beta coefficients for models of individual cytokines and rows specify global stimulus
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(stimulus with no inhibitor), global inhibitor (inhibitor with no stimulus), and context-dependent

inhibitor effects (inhibitor on the background of a given stimulus). Coefficients for cross-

reactivity of stimuli against Luminex analytes are also included (rows for TNF-a L, IL1-a L,

and PolyIC L).

Supplementary Data 8: SF donor sample N2586
Supplementary Data 9: SF donor sample N2645
Supplementary Data 10: SF donor sample N2759
Supplementary Data 11: SF donor sample RA1869
Supplementary Data 12: SF donor sample RA1931
Supplementary Data 13: SF donor sample RA2159
Supplementary Data 14: SF donor sample RA2708
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