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Figure S1. Setup of a HT-screening for novel immune modulators in pancreatic cancer.

(A) Chromium release assay for detection of T cell mediated cytotoxicity in the presence of
the indicated concentrations of anti-MHC-I antibody (white symbols) or IgG2a isotype control
(black symbols). PANC-TIL and PANC-1 cells were co-cultured for 6h at E:T ratio = 50:1. (B)
TIL#1 and PANC-1 cells were co-cultured for 24h at the indicated E:T ratios. IFN-y secretion
was measured by ELISA: As negative control, T cells were cultured in the absence of tumor
cells (Unst.). (C) Quantitative PCR (qPCR) analysis of PD-L1 mRNA expression in PANC-1
cells after siRNA transfection. Results are presented in terms of fold change after normalizing
to B-actin. (D) Western blot analysis for the detection of PD-L1 protein in PANC-1 cells 72h
after siRNA transfection. Graph shows representative data of at least two independent
experiments. Graph shows mean +/- SEM. P-values were calculated using two-tailed student’s
t-test. * p <0.05, **p<0.01.
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Figure S2. Assessment of SIK3-specific siRNAs’ efficiency and cell viability.

(A) PANC-1-luc cells were transfected either with single (s#) or pooled (pool) siRNA
sequences targeting SIK3. Scramble siRNA was used as control (siCtrl). After 72h, mRNA
expression was evaluated using qPCR. Data were normalized to GAPDH. (B) Western blot
analysis for knockdown efficiency of SIK3 using SIK3-targeting siRNAs. siRNA transfection
in PANC-1-luc cells was performed as in (A). (C) Relative to Figure 2A. SIK3 knockdown
induces stronger T cell mediated killing than PD-L1 knockdown. Unpaired t-test was
conducted comparing each individual siRNA targeting SIK3 against PD-L1 knockdown, for
each treatment. (D) Effect of SIK3-specific siRNA sequences on tumor cell viability assessed
by WST-1 assay. PANC-1 cells were transfected with indicated siRNAs for 72h. Data were
normalized to siCtrl. (A and C) Cumulative data of three independent experiments. Bars show
mean +/- SEM values. p-values were calculated using two-tailed student’s t-test. * p < 0.05, **
p <0.01.
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Figure S3. SIK3 regulates tumor cell sensitivity to TNF.

(A) IFN-y ELISA. PANC-1 cells were transfected with the indicated SIK3-specific siRNAs
(s1, s3, pool) or scrambled siRNA (siCtrl) for 72h. Afterwards, survivin-specific TCs were
added (E:T = 5:1) and after 20h INF- y secretion was measured in co-culture supernatants.
Representative data of two independent experiments. (B) Perforin ELISA. M579 cells were
transfected as in (A) and co-cultured with TIL209 (E:T = 5:1). Perforin secretion was
determined in supernatants 20h after co-culture. Phorbol 12-myristate 13-acetate
(PMA)/Ionomycin stimulation served as positive control (C+). Representative data of two
independent experiments. (C) Granzyme B ELISA. PANC-1 cells were transfected as in (A)
and PANC-TIL were added at E:T = 50:1. Granzyme B secretion was measured after 20h in
co-culture supernatants. Representative data of two independent experiments. (D) Supernatant
from CD3/CD28 bead-stimulated T cells was pre-incubated with 100 (+), 300 (++) or 900
(+++) ng/ml of anti-TNF neutralizing antibody for 30 min. Isotype control (Ctrl Ab) was used
at concentration of 900 ng/ml. siCtrl transfected PANC-1-luc cells were subjected to the pre-
treated supernatant or control medium for 24h and cytotoxicity was measured using luciferase-
based killing assay. Data are presented as fold change to unstimulated control. Cumulative data
of 3 independent experiments are shown. (E). Effect of 100 ng/ml rHuTNF treatment on the
viability of MCF-7 cells that were transfected either with siCtrl or with siSIK3 s1. The graph
indicates apoptotic tumor cells as determined by the area of YOYO-1+ cells (um?/well). (F) A
panel of 94 human cell lines was plated for 48 h before addition of 2 ng/ml rHuTNF and 6
different concentrations of HG-9-91-01 (1 uM- 1 nM) and incubated for 120 h. Afterwards, the
optical density was analyzed using the SRB method as a measure of growth. Dose-response
curves were fitted to the data (non-linear regression) and the highest single agent (HSA) model
was used to calculate synergy effects. Synergy and resistance to the combination of rHu TNF
and HG-9-91-01 are shown in the waterfall plot. Representative data of two independent
experiments. (G) TNFR-2 (left panel) and TNFR-1 (right panel) expression on PANC-1 cells.
TIL412 were used as positive control for TNFR-2 expression. Histograms show live, single
cells after staining with primary anti-TNFR-1 or anti-TNFR-2 antibodies and PE-labelled
secondary antibody. White histogram: isotype control, grey histogram: anti-TNFR-1 or anti-
TNFR-2 as indicated. (H) Effect of TNFR-1 blockade on siCtrl transfected PANC-1-luc cells
after treatment with 100 ng/mL of rHuTNF as determined by luciferase intensity. Cumulative
data of three independent experiments. (A-C, F) Representative data of two independent
experiments. (A-D, H) Columns show mean +/- SEM. P-values were calculated using two-
tailed student’s t-test. * p < 0.05, ** p < 0.01.
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Figure S4. Effect of SIK3 knockdown on tumor cell transcription.

(A) NF-«B reporter assay. PANC-1 cells, carrying the luciferase gene under the control of NF-
kB promoter, were transfected with the indicated siRNAs for 72h. Afterwards, tumor cells were
co-cultured with FIuT cells at the indicated E:T ratio for 12h. Tumor cells were lysed and
luciferase activity was measured. (B) PANC-1 cells were treated with siCtrl or siSIK3 for 72h.
Afterwards, TNF stimulation was applied for 30min and 4h and gene expression levels were
measured using RNAseq. The multidimensional scaling (MDS) plot for replicate RNAseq data
sets shows that siRNA and TNF treatment separate samples by at least 1 dimension. (C)
Volcano Plot highlighting differentially expressed genes after SIK3 knockdown alone (fold
change > 2, normalized counts per million > 2, FDR <.05). Red dots = genes with significant
differential expression. (D) Two-dimensional hierarchical clustering of 2185 differentially
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expressed genes (Z-score transformed, normalized counts per million; Manhattan distance,
Ward method). The right panel shows representative gene enrichment analysis results for genes
downregulated after SIK3 knockdown. (E) Related to Figure 5SA: Results from the RNAseq
experiment were plotted for individual genes of interest. (F) qPCR for the detection of
overexpression level in PANC 1 cells transfected with ORF for NF-«kB target genes. Data were
normalized to GAPDH. (G) Representative WB for the assessment of protein expression in
PANC-1 cells upon stable transfection with ORF for NF-kB target genes. GAPDH was used
as loading control. (F-G) Representative data of at least two independent experiments.
Columns show mean +/- SEM P-values were calculated using two-tailed student’s t-test. * p <
0.05, ** p <0.01.
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Figure S5. Role of LKB1 in regulating SIK3-mediated effects.

(A) gPCR for the detection of LKB1 mRNA levels in PANC-1 cells upon transfection of
LKB1-specific siRNA. (B) Luciferase-based cytotoxicity assay. PANC-1 cells were
transfected with the indicated siRNA, afterwards TNF stimulation (100ng/mL) was applied for
24h. Luciferase readout was performed as described in materials and methods. (C) NF-xB
reported assay. PANC-1 cells, carrying the luciferase gene under the control of NF-«kB
promoter, were transfected with the indicated siRNAs for 72h. Afterwards, cells were
stimulated with 100ng/mL of rHuTNF for 24h. Tumor cells were lysed and luciferase activity
was measured. Representative data of at least two independent experiments. Columns show
mean +/- SEM P-values were calculated using two-tailed student’s t-test. * p < 0.05, ** p <
0.01
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Supplementary Tables
Table S2
Cell line Normalized Raw Normalized Synergy
IC50 no IC50 + TNF | IC50 no IC50 + TNF | GI50 no GI50 + Average
TNF TNF TNF TNF HSA
22RV1 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | -0,0080
5637 No IC50 No IC50 No IC50 No IC50 No GI50 No GI5S0 | -0,0304
7860 8,67E-07 1,28E-06 7,78E-07 1,01E-06 8,67E-07 1,14E-06 | -0,0267
A204 2,09E-07 TNF- 2,18E-07 TNF- 2,09E-07 No GI50 | 0,0365
induced induced
apoptosis apoptosis
A2780 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | 0,0248
A375 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | -0,1146
A431 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | 0,0575
A549 No IC50 No IC50* No IC50 7,55E-07 No GI50 No GI50 | -0,0540
A673 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | 0,0253
ACHN 2,92E-07 8,74E-07 2,97E-07 2,87E-07 2,92E-07 5,75E-07 | -0,0701
ASPCl1 2,55E-05 No IC50 4,80E-05 No IC50 2,55E-05 No GI5S0 | -0,0653
BT20 No IC50 TNF- No IC50 TNF- No GI50 No GI50 | 0,0000
induced induced
apoptosis apoptosis
BXPC3 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | -0,0499
C33A 5,87E-07 2,61E-06 1,22E-06 2,37E-05 5,87E-07 8,53E-07 | -0,0125
CACO2 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | -0,0557
CAKI1 5,17E-08 6,40E-08 5,24E-08 1,29E-07 5,17E-08 1,02E-07 | 0,1038
CALU6 No IC50 TNF- No IC50 TNF- No GI50 No GI50 | -0,1286
induced induced
apoptosis apoptosis
CASKI No IC50 No IC50 No IC50 No IC50 No GI50 No GI5S0 | -0,1375
CLS439 1,05E-06 5,66E-07 8,97E-07 5,71E-07 1,05E-06 4,86E-07 | 0,0060
COLO205 No IC50 TNF- 5,12E-05 TNF- No GI50 No GI5S0 | -0,0165
induced induced
apoptosis apoptosis
COLO678 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | -0,0080
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DLD1 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,0377
DU145 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,1037
EFO21 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,0376
EJ28 1,23E-06 7,15E-06 1,22E-06 4,72E-06 1,23E-06 2,83E-06 | -0,0104
GRANTA- No IC50 No IC50 No IC50 1,36E-04 No GI50 No GI50 -0,0632
?—IIC?TI 16 No IC50 No IC50 No IC50 8,52E-07 No GI50 No GI50 -0,1168
HCT15 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,0879
HEK?2913 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 0,0172
HELA 2,62E-06 No IC50 2,95E-06 No IC50 2,62E-06 No GI50 0,1014
HEPG2 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,1041
HL-60 No IC50 2,52E-07 1,19E-06 1,31E-07 No GI50 2,62E-07 | -0,3095
HS578T 2,51E-07 6,83E-07 2,34E-07 6,15E-07 2,51E-07 3,03E-07 | 0,0039
HS729 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,0529
HT1080 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,0099
HT29 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,0146
IGROV1 3,71E-07 4,97E-07 3,60E-07 5,37E-07 3,71E-07 4,90E-07 | 0,0802
IMR90 3,73E-08 1,62E-07 1,03E-07 3,66E-07 3,73E-08 2,06E-07 | 0,0998
J82 No IC50 1,11E-06 No IC50 7,32E-07 No GI50 9,61E-07 |-0,1284
JAR No IC50 4,73E-07 No IC50 3,29E-07 No GI50 4,49E-07 | -0,0407
JEG3 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,1376
JIMT1 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,0202
K-562 2,60E-07 2,68E-07 2,58E-07 1,92E-07 2,60E-07 2,60E-07 | -0,0487
KASUMI-1 | No IC50 TNF- 5,41E-08 TNF- 5,67E-08 5,67E-08 | -0,0443

induced induced

apoptosis apoptosis
L-363 2,49E-07 2,62E-07 2,41E-07 2,43E-07 2,49E-07 2,49E-07 | -0,0847
LOVO No IC50 3,87E-07 No IC50 8,61E-07 No GI50 5,29E-07 | 0,1035
MCF7 No IC50 No IC50 No IC50 No IC50 No GI50 2,78E-05 | 0,0099
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MDAMB231 | No IC50 No IC50 3,10E-07 2,80E-06 No GI50 7,20E-06 | -0,0884

MDAMBA435 | No IC50 No IC50 No IC50 1,02E-07 No GI50 No GI50 -0,0728

MDAMBA436 | No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | -0,0657
MDAMB468 | No IC50 No IC50 1,00E-09 No IC50 No GI50 No GI50 | -0,2239
MG63 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | -0,0393
MHHES1 1,33E-05 No IC50 1,71E-05 No IC50 1,33E-05 No GI5S0 | -0,0155

MIAPACA2 | 7,76E-07 4,21E-07 7,89E-07 1,22E-07 7,716E-07 3,36E-07 | -0,0537

MINO 3,93E-07 3,93E-07 3,89E-07 3,04E-07 3,93E-07 3,33E-07 | -0,1240
MT3 No IC50 No IC50 MT3 No IC50 No GI50 No GI50 -0,0102
MV4-11 No IC50 TNF- 5,96E-08 TNF- 6,57E-08 No GI50 -0,0802
induced induced
apoptosis apoptosis
NCIH292 6,64E-07 No IC50 6,66E-07 No IC50 6,64E-07 No GI50 -0,0609
NCIH358M | No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,1628
NCIH460 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,0301
NCIHS82 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,0130

OVCAR3 4,18E-07 3,86E-07 4,03E-07 1,49E-07 4,18E-07 2,20E-07 | -0,1490

OVCAR4 3,00E-06 No IC50 3,80E-06 No IC50 3,00E-06 No GIS0 | -0,0792

PANCI1 3,52E-06 7,13E-07 4,34E-06 3,80E-08 3,52E-06 5,24E-07 | -0,1456
PANCI1005 | NoIC50 No IC50 No IC50 No IC50 No GI50 No GISO | 0,0305
PBMC No IC50 No IC50 No IC50 No IC50 No GI50 No GISO | 0,2263
PC3 6,84E-07 2,20E-06 7,29E-07 1,13E-06 6,84E-07 1,18E-06 | -0,0673
PLCPRF5 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | 0,0148
RAMOS No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | 0,0659
RD 1,16E-06 1,33E-06 1,29E-06 1,25E-06 1,16E-06 9,60E-07 | -0,0329
RDES No IC50 No IC50 No IC50 No IC50 No GI50 No GI5S0 | 0,0300
SAOS2 5,51E-07 No IC50 3,68E-07 2,52E-07 5,51E-07 1,89E-07 | -0,2555
SF268 1,38E-06 No IC50 1,52E-06 No IC50 1,38E-06 No GI5S0 | 0,0385
SF295 3,60E-04 No IC50 8,65E-05 1,88E-07 3,60E-04 No GISO | -0,1101
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SKBR3 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 0,1990

SKHEP1 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 -0,0499

SKLMS1 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | -0,0160
SKMEL28 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | -0,0489
SKMELS5 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | -0,1276
SKNAS 2,43E-07 No IC50 2,20E-07 5,40E-08 2,43E-07 No GI5S0 | -0,1765
SKNSH No IC50 No IC50 No IC50 No IC50 No GI50 No GI5S0 | 0,0582

SKOV3 7,54E-07 No IC50 6,60E-07 6,45E-07 7,54E-07 7,54E-07 | -0,0523
SNB75 4,03E-07 No IC50 3,36E-07 No IC50 4,03E-07 No GI50 | 0,0430

SU-DHL-10 | No IC50 No IC50 No IC50 No IC50 No GI50 No GISO | -0,0295

SU-DHL-6 | 2,81E-07 No IC50 2,56E-07 4,09E-07 2,81E-07 4,50E-07 | -0,0705

SW620 No IC50 No IC50 No IC50 No IC50 No GI50 No GI50 | 0,0020
T24 7,58E-07 5,05E-07 7,69E-07 6,56E-08 7,58E-07 7,58E-07 | -0,1429
TE671 No IC50 No IC50 No IC50 No IC50 No GI50 No GI5S0 | 0,0050
THP-1 9,26E-08 8,97E-08 8,70E-08 2,84E-08 9,26E-08 7,52E-08 | -0,1536
U20S 7,91E-07 3,75E-07 7,98E-07 4,31E-07 7,91E-07 7,91E-07 | -0,0364
USTMG No IC50 No IC50 1,21E-105 | No IC50 No GI50 No GIS0 | 0,3508
UMUC3 4,73E-07 5,41E-07 4,58E-07 1,83E-07 4,73E-07 4,52E-07 | -0,1205
U031 1,82E-07 5,50E-07 1,76E-07 1,76E-07 1,82E-07 1,82E-07 | -0,0037

WSU-NHL | 2,67E-07 3,73E-07 2,49E-07 3,45E-07 2,67E-07 3,21E-07 | -0,0029

Table S2. Raw values derived from individual tumor cell lines related to figure S3F.
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Table S3
Gene rank | regulation by reported role in reference
SIK3 tumorigenesis
STS 1 induced suppressor 1
ELOVL7 2 induced promotor
ALCAM 3 induced promotor 3
CD8&3 4 induced n.a.
CD40 5 induced promotor 4
MATN?2 6 induced promotor 5
PTP4A3 7 induced promotor 6
IFIH1 8 induced n.a.
CNKSR3 9 induced suppressor 7
NFATC1 10 induced promotor 8
ANKRD33B 11 induced n.a.
CFAP46 12 induced n.a.
FMNL3 13 induced promotor 9
MX1 14 induced promotor 10
CCL5 15 induced promotor 11
STATSA 16 induced promotor 12
GFPT2 17 induced promotor 13
AP1S3 18 induced promotor 14
RIPK2 19 induced promotor 15
SLENS5 20 induced dual 16, 17
CD69 21 induced n.a.
TRAF1 22 induced promotor 18
CLIP2 23 induced promotor 19
CSGALNACTI 24 induced promotor 20
CRISPLD2 25 induced n.a.
DRAMI 26 induced suppressor 21
SNN 27 induced n.a.
GATA6 28 induced suppressor 22
TMCC2 29 induced n.a.
MARCKS 30 induced promotor 23
GLRX 31 induced promotor 24
CCL20 32 induced promotor 25
BTN2A2 33 induced n.a.
RASSF5 34 induced suppressor 26
SEMA4C 35 induced promotor 27
NKX3-1 36 induced suppressor 28
RNF144A 37 induced promotor 29
STAP2 38 induced promotor 30
GCNT4 39 induced n.a.
TMEMI120A 40 induced n.a.
DOCKI10 41 induced promotor 31
FSCNI1 42 induced promotor 32
ICAM1 43 induced promotor 33
ALS2CL 44 induced suppressor 34
CGN 45 induced n.a.
RASGEF1A 46 induced promotor 35
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BCL2L11 47 induced n.a.

TIAM1 48 induced promotor 36
GABBRI1 49 induced n.a.

SP6 50 induced n.a.

RFX2 51 induced suppressor 37
XAF1 52 induced suppressor 38
EBI3 53 induced promotor 39
SOD2 54 induced promotor 40
AMERI 55 induced n.a.

CD74 56 induced promotor 41
DHX58 57 induced promotor 42
RPS6KA2 58 induced promotor 43
SPNS2 59 induced promotor 44
RAP1GAP 60 induced suppressor 45
BARX?2 61 induced suppressor 46
SLC15A3 62 induced n.a.

LRRC32 63 induced promotor 47
TMEM?231 64 induced n.a.

GAL 65 induced promotor 48
CITED4 66 induced promotor 49
CD82 67 induced suppressor 50
SAAI1 68 induced promotor

LADI 69 induced n.a.

TTC39A 70 induced n.a.

CTSS 71 induced promotor 51
CYP7BI 72 induced n.a.

L3MBTL4 73 induced suppressor 52
FZD9 74 induced dual 53
SELE 75 induced n.a.

TNFRSF9 76 induced dual role 54
0AS2 77 induced n.a.

EGR3 78 induced n.a.

PDLIM4 79 induced suppressor 55
SERPINE2 80 induced promotor 56
MYB 81 induced promotor 57
MGLL 82 induced promotor 58
RFTN1 83 induced n.a.

KCNQ4 84 induced promotor 59
RGS3 85 induced n.a.

CBFA2T3 86 induced n.a.

IL12A 87 induced n.a.

CSF2 88 induced n.a.

RHOV 89 induced promotor 60
WNT4 90 induced promotor 61
HSPAI2A 91 induced n.a.

Table S3. Induced genes related to Fig. 5B. Genes induced by SIK3 upon TNF stimulation.
Rank relates to position in Fig. 5B. Role of indicated genes in tumor promotion or suppression
as reported by reference. N.a; no clear role in tumor cell intrinsic biology found.
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Gene rank | regulation by reported role Reference

SIK3 in

tumorigenesis

ANGPTL4 1 repressed suppressor 1
1D2 2 repressed promotor 2
INTS6 3 repressed suppressor 3
SPRY1 4 repressed suppressor 4
TOBI1 5 repressed suppressor 5
EID3 6 repressed suppressor 6
KCNQIOTI1 7 repressed suppressor 7
GNAIl 8 repressed suppressor 8
HES1 9 repressed suppressor 9
HIST4H4 10 repressed n.a.
HTRI1B 11 repressed suppressor 10
MEG3 12 repressed suppressor 11
FOXQ1 13 repressed promotor 12
DMRTAI 14 repressed n.a.
SNAI 15 repressed promotor 13
SNORD17 16 repressed n.a.
GRIPI 17 repressed n.a.
CALCRL 18 repressed n.a.

Table S4. Repressed genes; related to Fig. 5B. Genes repressed by SIK3 upon TNF
stimulation. Rank relates to position in Fig. 5B. Role of indicated genes in tumor
promotion or suppression as reported by reference. N.a; no clear role in tumor cell

intrinsic biology found.
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Supplementary Material and Methods

SIChromium-release assay

Tumor cells were detached and labelled with 100 pLL 51Cr/106 target cells in CLM for 1 h at
37 °C. Afterwards, cells were washed with CLM and incubated with PBS-EDTA (1:20
dilution; Merck Millipore) at 37°C for 10 minutes. Tumor cells were counted and 3000 target

cells per well were co-cultured with T cells in 96 well u-bottom plates at the indicated E:T
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ratios for 6 h at 37°C. Plates were centrifuged and 100 pL of supernatants were collected in
96-well Luma plates (Perkin Elmer, Waltham USA). Plates were dried overnight, and
radioactivity counted in the Gamma counter (Cobra counter Packard, Perkin Elmer).
Spontaneous release was measured from the target cells that are incubated with medium alone,
whereas maximum release was determined from the target cells incubated with 10% Triton X-
100 (Merck Millipore) instead of T cells. The percent of specific lysis was calculated by using
the formula given below: % Specific lysis = (experimental release-spontaneous release) /
(maximum release-spontaneous release) x 100.

Influenza-specific CD8+ T cells

For the generation of influenza (Flu)-specific CD8+ T (FluT) cells, PBMCs from HLA-A*02+
healthy donors were isolated. Total CD8+ T cells were sorted from PBMCs by magnetic
separation and expanded in the presence of A2-matched Flu peptide (GILGFVFTL,
Prolmmune, Oxford, UK) for 14 days. The autologous CD8- fraction was irradiated and used
for 1 week as feeder cells, which were then substituted with irradiated T2 cells. On day 1 and
day 8, 100 U/ml IL2 and 5 ng/uL IL15 were added. Cells were expanded in expansion medium
composed of 50% CLM and 50% AIM-V medium. After 14 days of antigen-specific expansion,
pentamer-labelled Flu-antigen specific T cells were sorted by FACS and expanded further for

14 days according to the rapid expansion protocol from Rosenberg et al. !.

Western blot

Tumor cells were centrifuged and cell pellets resuspended in lysis buffer (MILLIPLEX MAP
Lysis Buffer from Merck Millipore, protease inhibitor cocktail (Merck Millipore) and
phosphatase inhibitor cocktail (Sigma-Aldrich)) and kept on ice for 15 min. After mixture,
whole cell lysate was cleared by centrifugation (10 min, 10000g, 4 °C). For cytosolic and
nuclear extraction cell pellets were resuspended in 5 cell pellet volumes ice cold Buffer A

(10 mM HEPES (pH 7.9), 1.5 mM MgCl2, 10 mM KCI, 1 mM DTT, 0.1% Triton X-100 and
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Protease and Phosphatase Inhibitor Cocktail). After 10 min incubation cell suspension was
centrifuged (300 g, 5 min, 4°C), supernatant discarded and pellet thoroughly resuspended in
two volumes of Buffer A. After a centrifugation step (8000 g, 20 min, 4°C) the supernatant
was collected containing cytoplasmic proteins. The remaining pellet was lysed with 2/3 of the
original pellet volume ice cold Buffer B (20 mM HEPES (pH 7.9), 1.5 mM MgCl2, 0.42 M
NaCl, 0.2 mM EDTA, 1 mM DTT, 1.0% NP-40, 25% (v/v) glycerol, Protease and Phosphatase
Inhibitor Cocktail). Nuclear extract was collected after 45 min incubation at 4°C using a rotator
and centrifugation (16000g, 5 min, 4°C). The protein content in the lysate was measured by
using Pierce BCA Protein Assay Kit (Thermo Scientific) according to manufacturer’s protocol.
For immunoblot analysis, 30-50 pg of total protein were denatured in NuPAGE LDS Sample
Buffer (Thermo Scientific) at 70°C for 10 min and separated on the NuPAGE 4-12% Bis-Tris
Gels (Thermo Scientific). Separated protein bands were transferred onto PVYDF membrane
(Merck Millipore) using 1X wet-transfer buffer at 400 mA for 1 h at 4°C. Membranes were
blocked with 5% milk powder in TBS at room temperature (RT) for 1-2 h. For the detection of
phosphorylated proteins, membranes were blocked with 5% BSA in TBS-T. Membranes were
incubated overnight at 4°C with the indicated primary antibodies. The following antibodies
were purchased from Cell Signaling and used at 1:1000 dilution: rabbit monoclonal anti-
A20/TNFAIP3 (D13H3, Cat.#5630), rabbit monoclonal anti-c-IPA2/BIRC3
(58C7,Cat.#3130), rabbit monoclonal anti-XIAP (3B6, Cat.#2045), rabbit monoclonal anti-
Bcel-xL/BCL2L1 (54H6, Cat.#2764), rabbit monoclonal anti-Mcl-1 (D2WOIE, Cat.#94296),
rabbit monoclonal anti-CFLAR/FLIP (D5J1E, Cat.#56343), rabbit polyclonal anti-IKK(
(L570, Cat.#2678), rabbit polyclonal anti-IKKa (Cat.#2682), rabbit monoclonal anti-phospho-
IKKo/B (Ser176/180) (16A6, Cat.#2697), rabbit monoclonal anti-IkBa (44D4, Cat.#4812),
rabbit monoclonal anti-phospho-IkBa (Ser32) (14D4, Cat.#2859), rabbit monoclonal anti-

LKB1 (27D10, Cat.#3050), rabbit monoclonal anti-phospho-LKB1 (Ser428) (C67A3,
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Cat.#3482), anti-HDAC4, anti-pHDAC4 (Ser246), anti-NF-«B and polyclonal anti-acNF-xB
(Lys310) and anti-Histone H3. As housekeeper gene, mouse monoclonal anti-GAPDH (0411,
Cat.#sc-47724) was purchased from Santa Cruz and used 1:200. Rabbit polyclonal anti-SIK3
was purchased from Abcam, Cat.#88495 and used 1:1000. Membranes were washed 3 times
with TBS-T for 10 min and incubated 1 h at room temperature with HRP-conjugated secondary
antibodies (anti-mouse and anti-rabbit, Santa Cruz, Dallas, USA) prepared in 1% milk in TBS-
T or in 5% BSA in TBS-T for the detection of phosphorylated proteins. Protein bands were
detected using ECL developing solution from GE Healthcare and the chemiluminescent signal

was detected using the My ECL Imager (Thermo Scientific).

PCR and qPCR

Synthesized cDNA was amplified using conventional PCR. PCR samples were set up in a
25 uL volume using 2x MyTaq HS Red Mix (Bioline, Luckenwalde, Germany), 500 nM of
gene-specific primer mix (Qiagen, Hilden, Germany) and 100 ng of template cDNA. The PCR
program was set as follows: 95°C for 3 min, 35 cycles of a 3 repetitive steps of denaturation
(95°C for 15 s), annealing (60°C for 20 s) and extension (72°C for 15 s), and a final step at
72°C for 7 min. PCR products were run on a 2% agarose gel and visualized using a UV
documentation system (Konrad Benda, Wiesloch, Germany). For qPCR, 10 ng of template
c¢DNA, 2x QuantiFast SYBR Green PCR mix (Qiagen) and 300 nM of gene-specific primer
mix was used per 20 pL reaction. Reactions were run using the 7300 Real-Time PCR System
(Thermo Scientific, Waltham, Massachusetts, USA). The following primers were used for
cDNA detection: RT2 qPCR Primer Assay for Human MCL1 (QIAGEN PPHO00397E-200);
RT2 gqPCR Primer Assay for Human XIAP (QIAGEN PPH00323A-200); RT? qPCR Primer
Assay for Human SIK3 (QIAGEN PPH21242A-200); RT2 qPCR Primer Assay for Human
BIRC3 (cIAP2) (QIAGEN PPH00326B-200); RT2 qPCR Primer Assay for Human CFLAR

(QIAGEN PPHO00333B-200); RT2 gPCR Primer Assay for Human TNFAIP3 (A20) (QIAGEN
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PPHO0063A-200). Expression of analyzed genes was normalized to the expression of -actin
(Fwd: AGAAAATCTGGCACCACACC; Rvs: GGGGTGTTGAAGGTCTCAAA) or
GAPDH (QIAGEN PPHO0150F-200) genes and the analysis was performed using comparative

Ct method.

Gene overexpression

For SIK3 overexpression 3 x 10° M579 cells or 2 x 105 PANC-1 cells were seeded in a 6-well
plate overnight at 37°C, 5% CO2. 3 pg of SIK3-overexpression plasmid (GenScript,
Piscataway USA) or the empty vector (EV) control (pCDNA3.1; GenScript) were diluted in
150 uL of Opti-MEM (Thermo Scientific) in the presence of 3 pL of the plus reagent. 15 pL.
of Lipofectamine LTX (Thermo Scientific) was suspended in 150 uL of Opti-MEM. The DNA-
containing solution was added to the liposome-containing suspension and incubated for 30 min
at RT. The tumor cell medium was replaced with 1 ml of Opti-MEM and the DNA-liposome
mixture was added dropwise to the tumor cells. After 24 h the tumor cell medium was replaced
with normal cell culture medium. PANC-1- luc cells overexpressing the anti-apoptotic genes
(A20 (NM_001270508.2), cIAP2 (NM_001165.5), cFLIP (NM_003879.7), XIAP
(NM_001167.3) and MCL-1 (NM_021960.5)) were generated by stable transfection. PANC-
1-luc cell line was transfected with the ORF for each gene, cloned in pcDNA3.1/Hygro(+)
vectors, obtained from GenScript (Clone IDs: OHu14590, OHu18994,0Hu23686, OHu20683,
OHu21277 respectively ), using jetOptimus (PolyPlus, cat.#. 101000051), according to
manufacturer’s instructions. The transfected cells were selected with 500 ug/ml Hygromycin

B (Carl-Roth, cat.# 1287.2).

ELISA
siRNA-transfected PANC-1 or M579 cells were co-cultured with different T cell sources at the
indicated E:T ratio for 20 h and 100 puL of supernatants were harvested for the detection of IFN

v (Human IFN-y ELISA Set; BD OptEIA™; Heidelberg, Germany), perforin (Human Perforin
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ELISA PRO kit, Mabtech, Nacka Strand, Sweden) and granzyme B (Human Granzyme B
ELISA development kit; Mabtech). Experiments were performed according to the
manufacturer’s instructions. PMA/Ionomycin (Merck Millipore; 50 ng/ml and 1 pg/ml final
concentration respectively) stimulation was used as a positive control. Absorbance was

measured at A = 450 nm, taking A = 570 nm as reference wavelength using a microplate reader
(TECAN, Minnedorf, Switzerland).

Flow cytometry

For flow cytometry experiments, live cells were distinguished by using Live/Dead Fixable
Yellow dead Cell Stain (Life Technologies) followed by blocking with kiovig (human plasma-
derived immunoglobulin, Baxter, Deerfield, Illinois, USA) at a concentration of 100 pg/ml in
FACS buffer (PBS, 2% FCS) for 15 min at 4°C. Samples were washed in FACS buffer and
incubated with either fluorophore-conjugated primary antibody or isotype control (anti-PD1;
Biolegend, San Diego, USA 1:20, anti-TIM-3 and anti-LAG3; both R&D Systems, Miniapolis,
USA 1:20). Cells were acquired with the FACS Canto II cell analyzer machine (BD). For
indirect flow cytometry (TNFR-I (Hycult biotech) or TNFR-II (Acris antibodies) stainings)
samples were incubated with the primary antibody and subsequently stained with
phycoerythrin (PE)-conjugated secondary antibody 1:4000 (Jackson Immuno) for 20 min on
ice in the dark. For assessing tumor cell proliferation, 50000 M579 tumor cells or PANC-1
tumor cells labeled with 0.5uM CFSE (eBioscience) were plated in 6 well plates and left to
adhere. After 3-4 h, TIL209 or TIL412 (in CLM medium) were added to M579 cells at varying
E:T ratios. Similarly, TILs or FIuT cells (in CLM medium) were added to PANC-1 tumor cells.
PANC-1 cells were previously pulsed with Flu peptide for 2h in the wells where FluT cells
were to be added. 24 h later, cells were disrupted using trypsin EDTA (Lonza) and live cells
were distinguished by using the Live/Dead Fixable Yellow dead Cell Stain followed by

blocking with kiovig and stained for EpCAM or the corresponding isotype control antibody
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(Biolegend) for 20 min at 4°C. Cells were then fixed and permeabilized using fixation and
permeabilization concentrate and diluent from eBioscience for 20 min at 4 °C followed by
intracellular staining for Ki67 (BD Biosciences) in 1x permeabilization solution (eBioscience)
for 20 min at 4 °C. Acquisition of cells were performed using the BD LSRII, and data analysis
was done with FlowJo V10 software. EpCAM positive PANC-1 cells were analyzed for Ki67

expression. CFSE-stained M579 cells were analysed for Ki67 expression.

TNF-a catch assay

1 x 1076 TILs cells were co-cultured with 1 x 106 PANC-1 WT cells (E:T =1:1) in a 12-well
plate. Alternatively, TILs were polyclonally stimulated with PHA (5 pg/ml final concentration;
Merck Millipore). Unstimulated T cells served as negative control. After 12h incubation, T
cells were collected and stained with the TNF secretion assay (catch assay) kit (Miltenyi
biotech, Bergisch Gladbach, Germany) according to manufacturer’s instructions. Briefly, TILs
were collected and incubated with the cytokine catch reagent for 5 min on ice. Afterwards,
warm medium was added and cells were incubated for 1 h at 37°C, 5% CO2. Catch reagent
was washed out and the cytokine detection antibody (PE-conjugated) was added together with
anti-CD3, anti-CD4 and anti-CD8 antibodies in the presence of Live/Dead Fixable Yellow dead
Cell Stain (1:1000). After 20 min incubation on ice in the dark TILs were washed twice and

measured via FACS.

NF-kB reporter assay

TNF-induced NF-kB activity in PANC-1 cells was measured using NF-xB-dependent
luciferase activity. NF-kB reporter PANC-1 cells (carrying the luciferase gene under the
control of NF-kB promoter) were seeded in 96 or 384-well plates for 24 h (experiment with
inhibitors) or 72h (experiment with siRNAs) Afterwards, cells were treated with different

concentrations of the SIK3 inhibitor HG-9-91-01 for one hour before addition of 10 ng/ml rHu
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TNF for 7h at 37°C and 5% CO.. For siRNA-based assays, 100 ng/mL of rHuTNF was used

for 24h. Afterwards, cells were lysed, and luciferase activity was measured.

pHDAC4 MSD assay

HDAC4 phosphorylation levels in PANC-1 cells were measured using a Meso Scale Discovery
assay. PANC-1 cells (6 x 101074) were seeded in a 96-well plate overnight and subsequently
treated with 10 ng/mL rHu TNF and different concentrations of the SIK3 inhibitor HG-9-91-
01 for 3 h at 37°C and 5% CO». Whole cell lysates were generated using RIPA lysis buffer
(Thermo Scientific) and incubated on GAM plates coated with anti-total HDAC4 antibody
(Abcam ab12171) overnight at 4 °C. Afterwards, phosphorylated HDAC4 was detected using
the pHDAC4 antibody (CST#3443). ECL signal was measured using an MSD reader.
Luminex assays

TNF was quantified using BioPlex ProHuman Chemokine TNFa Set (Bio-Rad) according to
the manufacturer’s instructions. Samples were measured using the MAGPIX luminex
instrument (Merck Millipore). For detection of intracellular analytes involved in apoptosis
PANC-1 cells were stimulated with rHuTNF (100 ng/ml) for 2h or 4 h, lysed and 20 pug of
protein lysates were used for detection of phosphorylated Akt (Ser473), JINK (Thr183/Tyr185),
Bad (Ser112), Bcl-2 (Ser70), pS3 (Ser46) or cleaved Caspase-8 (Asp384) and Caspase-9
(Asp315) by MILLIPLEX MAP Early Phase Apoptosis 7-plex-kit (Millipore) according to the
manufacturer’s instructions. Samples were measured using the MAGPIX luminex instrument
(Merck Millipore).

Real-time live cell imaging

Transfected tumor cells were challenged either with T cells or with 100 ng/ml of rHuTNF.
Alternatively, 1 x 1075 M579 were seeded in a 96-well plate flat overnight and subsequently
challenged with TIL209 (5:1). In some experiments, TILs were labelled with Cell Trace Far

Red (Cell Trace Proliferation Kit from Thermo Scientific) prior to co-culture. All reactions
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were conducted in the presence of the YOYO-1 dye (Thermo Scientific), (1:1000). Plates were
incubated in the Incucyte ZOOM live-cell imager (Essen Bioscience, Welwyn Garden City,
UK) at 37°C and 5% CO:> and images were acquired at the indicated time points. Data were
analyzed with the Incucyte ZOOM 2016A software (Essen Bioscience) by creating a top-hat

filter-based mask for the calculation the area of YOYO-1 incorporating cells (dead cells).

WST-1 assay

The WST-1 Cell Proliferation Assay (Roche, Basel, Switzerland) was used to measure viability
of PANC-1. In short, PANC-1 cells were reverse transfected and 10 uL of the WST-1 reagent
was added to each well and incubated for 1h at 37°C, 5% CO». The absorbance was measured
at A =450 nm versus A = 650 nm reference by using the Spark microplate reader (TECAN). In
some cases, reverse transfected cells were stimulated with the supernatant of polyclonally

stimulated T cells for 24h before the addition of the WST-1 reagent.

TNF sensitization assay

TNF sensitization was measured in a screening of 94 different solid cancer cell lines (Oncolead,
Munich, Germany). In short, cell lines were seeded (varying media, seeding density btw. 500
— 7000 cells/well) in a 96-well plate for 48 h at 37°C and 5% CO,. Afterwards, cells were
treated with different concentrations of HG-9-91-01 (1, 4, 16, 64, 250 and 1000 nM) and 2
ng/ml rHu TNF for 120 h at 37°C and 5% COa. Cytotoxicity was measured using
sulforhodamine B as described before. Plate normalization was performed on all values by
subtracting the background value (average optical density of wells with medium but without
cells). Dose response curves were calculated using non-linear curve fitting. ICso and growth
inhibition of 50 % (Glso) were calculated and log10-transformed. Synergy between HG-9-91-

01 and TNF treatment was calculated by the highest single agent model.
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ELISA

The NF-kB p50/p65 EZ-TFA Transcription Factor assay kit (Merck Millipore) was used to
measure the nuclear translocation of the p65 subunit of the NF-kB complex. Briefly, PANC-1
WT or Hela cells were reverse transfected with desired siRNAs. Tumor cells were then
stimulated either with 100 ng/ml of rHuTNF or with CLM for 15 or 30 min. Alternatively,
PANC-1 WT cells were transfected with SIK3 overexpressing plasmid or EV (GenScript). The
cytosolic protein fraction was separated from the nuclear protein fraction according to the
manufacturer’s protocol. The protein concentration of nuclear fractions was determined using
the BCA kit (Thermo Scientific) according to the manufacturer’s protocol. 4.5 ug of nuclear
lysate were added in each well of the pre-coated NF-«B (p65 subunit) ELISA 96-well plate.
The assay was performed according to the manufacturer’s instructions and absorbance was
measured at A = 450 nm, taking A = 570 nm as reference wavelength using the Spark microplate

reader (TECAN).

Pre-processing and analysis of ATAC-seq data

ATAC-seq reads were trimmed using Skewer 2 and aligned to the hg38 assembly of the human
genome using Bowtie2 3 with the *-very-sensitive’ parameter and a maximum fragment length
of 2,000. Duplicate and unpaired reads were removed using the sambamba® ‘markdup’
command, and reads with mapping quality >30 and alignment to the nuclear genome were kept.
All downstream analyses were performed on these filtered reads. For visualization purposes
only, coverage files from filtered bam files were produced using bedtools genomeCoverageBed
command °. Each position was normalized by dividing to the total library size and multiplying
by 105, followed by conversion to a bigwig using the bedGraphToBigWig command from the

UCSC genome browser tools.
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Bioinformatics analysis of chromatin accessibility data

Peak calling was performed using HOMER © with the following approach: Two different peak
sets were called, once we used the options “-style factor -fragmentLength 150 -size 350 -
minDist 350 -L 4 -fdr 0.001 -tbp 17 parameters, to identify highly robust small regions of open
chromatin, and in a second approach we used the parameters “-region -fragmentLength 150 -
size 150 -minDist 350 -L 4 -fdr 0.001 -tbp 1” to identify larger regions of open chromatin. The
two peak sets were then intersected using the bedtools intersect command with the “-u” option
to create the peak set that was used for downstream analysis. For the analysis of sample sets
we always created a consensus region set by merging the called peaks from all involved
samples using bedtools, and we quantified the accessibility of each region in each sample by
counting the number of reads from the filtered BAM file that overlapped each region. Peaks
overlapping blacklisted features as defined by the ENCODE project ’ were discarded.

To normalize the chromatin accessibility signal across samples, we performed quantile
normalization followed by GC content normalization by regression using the cqn R package 8.
Principal component analysis was performed with the scikit-learn library
(sklearn.decomposition.PCA) applied to the chromatin accessibility values for the merged
peaks across all samples in the respective sample sets. DESeq2 ° was used on the raw count
values for each sample and regulatory element to identify differential chromatin accessibility
between samples. Significant regions were defined as having an FDR-corrected p-value below
0.05, an absolute logofold change above 1, and a mean accessibility equal or greater than 10.
Motif enrichment analysis was done using HOMER ¢ with the function findMotifsGenome
using “-size 500 -len 8,10,12 -h” parameters. Motifs from analyses were combined to a merged
motif file and filtered for redundant motifs using HOMER’s compareMotifs function with the
parameters “-reduceThresh 0.6 -matchThresh 10 -info 0.6 -pvalue 1e-25” and were compared

to the vertebrate known motifs from the HOMER database. The enrichment of this reduced
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motif set was then calculated in the peaks of the respective comparisons using the
annotatePeaks function. Histograms of reads around transcription factor binding motifs were
generated using HOMER by centering the peaks of interest on the investigated motifs using
the annotatePeaks function, followed by counting reads from individual experiments at single
base pair resolution in a radius of 1000 bp (or 150 bp) around the peak centers using the
annotatePeaks function with the parameters “-hist -fragl.ength 1". For these histograms, all
reads aligning to the + strand were offset by +4 bp, and all reads aligning to the — strand were
offset —5 bp to represent the center of the transposon binding event as described previously!°.
Shifted reads were then converted in tag directories using HOMER, merged for replicate
samples, and used as input for the annotatePeaks function.

Peaks were assigned to their nearest TSS using the HOMER promoter annotation. Enrichment
of genes associated with regulatory elements (annotated with the nearest transcription start site)

was performed thorough the Enrichr API '! for the KEGG 2016 dataset.
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