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Supplemental Figure Legends 

Supplementary Figure 1. Cytokine levels in WT or Tbk-/- MEFs. 

A, Plot of mean pixel intensity from cytokine arrays shown in Figure 1C, quantifying differences 

between WT or Tbk-/- MEF CM. Mean and SD of duplicate points shown. 

B, Media obtained from MEFs cultured in the clonogenic assay for 10 d was analyzed using the 

mouse cytokine antibody array. Highlighted are CXCL10 and CCL5, as well as M-CSF, which 

was also reduced in Tbk-/- MEFs in this setting. Shown are mean and SD of pixel intensity and 

cytokine arrays. 

C, mRNA expression levels of CXCL1 in WT or Tbk1-/- MEFs. Relative expression in Tbk1-/- 

MEFs was normalized levels in WT MEFs, mean and SEM of triplicate samples shown, p<0.001 

for the comparison by t-test. 

D, Summary of chemokine/cytokine changes in Tbk-/- MEFs from conditioned media or during 

clonogenic proliferation. 

E, Crystal violet stain of Tbk1-/- MEFs cultured in the clonogenic assay using CM or media 

supplemented with 10 ng/ml CCL5, CXCL10, IL-6 alone or in combination. 

 

Supplementary Figure 2. Characterization of JAK and TBK1/IKKε inhibitory activities of 

CYT387. 

A, In vitro biochemical kinase assay utilizing recombinant His-TBK1 (4 nM) or GST-IKKε (2 

nM), 100 μM IKKε-tide, and 100 μM ATP, with or without serial dilutions of Ruxolitinib (upper 
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panels) or MRT67307 (lower panels). Assays were performed in duplicate, ADP generated was 

normalized to control DMSO wells, mean ± SD shown. 

B, Immunoblot of Y701 pSTAT1, STAT1, and β-Actin levels in macrophages stimulated with 

IFN-γ (100 U/ml) for 4 h ± DMSO or inhibitor pretreatment at the indicated concentrations for 1 

h. 

C, mRNA levels of the STAT1 target gene GBP1 in RAW-γ-NO mouse macrophages stimulated 

with IFN-γ for 4 h ± pretreatment with inhibitors for 1h. Values normalized to unstimulated cells, 

mean ± SEM of triplicate samples shown. 

D, Levels of CXCL10 in the same IFN-γ stimulated assay, mean ± SEM of triplicate samples 

shown.  

E, RAW-γ-NO mouse macrophages were stimulated with LPS for 2 h and levels of CXCL10 

were measured using quantitative RT-PCR. Cells were pretreated with indicated inhibitors for 1 

h, values normalized to unstimulated cells, mean ± SEM of triplicate samples shown. 

F, Summary of IC-50 values for TBK1/IKKε inhibition by MRT67307, CYT387, and 

Ruxolitinib in the indicated assays. 

 

Supplementary Figure 3. Stimulus-dependent activation of TBK1 signaling in KRAS-

driven NSCLC.  

A, Cell viability of NSCLC cell lines 6 d following shRNA-mediated suppression of KRAS or 

TBK1 with 2 different shRNAs, compared with 2 different control shRNAs. Cell Titer-Glo 
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values were normalized to control shGFP. KRAS WT H1819 cells were dependent on KRAS but 

not TBK1. Mean and SEM of triplicate samples shown. 

B, Immunoblot of baseline S172 pTBK1, TBK1, Y705 pSTAT3, STAT3, and β-Actin levels in 

NSCLC cell lines quantified in Fig. 3A. Blue = KRAS mutant/dependent, Red = KRAS 

WT/independent. Cells were harvested at 24 h. 

C, Immunoblot of total S172 pTBK1, TBK1, and β-Actin in IL-1β stimulated (20 ng/ml) A549 

cells (upper panel). Immunoblot for total S172 pTBK1, TBK1, and β-Actin in serum-starved 

A549 cells stimulated with 100 ng/ml EGF for the indicated times (lower panel). 

D, ELISA of CCL5 and IL-6 levels in the media of IL-1β stimulated A549 cells performed in 

duplicate. Mean ± SD shown. 

E, Histone 2B (H2B)-mCherry labeled A549 cells were cultured as spheroids in the microfluidic 

device and stimulated with EGF (20 ng/ml) for the indicated times. 

F, Relative cell viability measured by Cell Titer Glo after 5 d of A549 2D culture with or without 

CCL5/IL6 (100 ng/ml) neutralizing antibodies in the media. Mean ± SEM of 48 replicate 

samples shown. 

 

Supplementary Figure 4. Sensitivity of NSCLC cell lines to CYT387 relative to other 

targeted inhibitors. 

A, Phase contrast images (10x) of A549 cells treated with MRT67307 or CYT387 at 5 μM for 72 

h, compared with control DMSO or 5 μM Ruxolitinib treatment. 
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B, Sensitivity of A549, HCC44, H1437, and H1568 cells to Ruxolitinib treatment. Cell viability 

was measured in quadruplicate 72 h following inhibitor addition and normalized to DMSO 

treatment as a control. Blue = KRAS mutant/dependent cell lines, Red = KRAS WT/independent 

cell lines, Mean and SEM shown. 

C, Summary of IC-50 values for growth inhibition by MRT67307, CYT387, and Ruxolitinib in 

the indicated cell lines. 

D, Fold proliferation of H1819 cells over time following expression of 2 different IKKε specific 

shRNAs compared with a control LACZ shRNA. Cell number was normalized to day 0, 

experiment was performed in duplicate, mean and SD shown. 

E, Normalized relative AZD6244 sensitivity in the panel of NSCLC lines compared with 17 

other different targeted inhibitors at 5 μM. Nearest neighbor analysis was performed using 

Pearson correlation, * p < 0.05. 

F, Normalized relative GDC0941 sensitivity, nearest neighbor analysis by Pearson correlation, * 

p < 0.05. 

G, EGF-induced A549 spheroid dispersal over time in the presence of MRT67307 (1 μM), 

Ruxolitinib (1 μM), or the combination of MRT67307 together with Ruxolitinib (1 μM each). 

Phase contrast images (20x) and mean number and SD of dispersed cells per spheroid from 

triplicate devices shown. 

 

Supplementary Figure 5. Effects of inhibitors on IL-6 and IKKε expression. 
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A, CCL5 and IL-6 levels in the media measured by ELISA 24 h following transfection of the 

indicated TBK1 or IKKε constructs into 293T cells. Values were measured in duplicate. Mean 

and SD shown. 

B, CCL5 and IL-6 mRNA levels in WT or Tbk1-/- MEFs over time cell culture. Levels 

normalized to WT MEFs at 24 h, mean ± SEM of triplicate samples shown. 

C, Immunoblot of IKKε and β-actin levels during culture of Tbk1-/- MEFs. 

D, IL-6 mRNA levels in WT or Tbk1-/- MEFs during culture in DMSO or 5 μM Ruxolitinib 

(Ruxo). Levels normalized to WT MEFs at 24 h, mean and SEM of triplicate samples shown. 

E, Immunoblot of Y705 pSTAT3, STAT3, S172 pTBK1, TBK1, and β-actin levels in IL-1β (20 

ng/ml) or IL-6 (20 ng/ml) stimulated A549 cells following control DMSO, MRT67307, CYT387, 

or Ruxolitinib (5 μM) pretreatment for 1 h. 

F, IL-1β induced IKKε mRNA levels in A549 cells following 1h pretreatment with inhibitors (5 

μM). 

G, IL-1β induced IL-6 mRNA levels in A549 cells following 1h pretreatment with inhibitors (5 

μM). 

 

Supplementary Figure 6. Characterization of CYT387 resistance in A549 cells. 

A, Parental A549 cells or CYT387-resistant A549 cell clones (A549-C1 and A549-C2) were 

treated with 5 μM CYT387 or Ruxolitinib for the indicated times. Levels of Y705 pSTAT3 and 

total STAT3 were measured by immunoblot, and β-actin was used as a loading control. 
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B, CCL5 and IL-6 levels in the media measured by ELISA 24 h following transfection of the 

indicated constructs into 293T cells. Cells were treated for 12 h prior to analysis with DMSO as a 

control or 5 μM CYT387. Values were measured in duplicate. Mean and SD shown. 

C, Phase contrast microscopy images (10x) of resistant A549 cells that emerged following 2 

weeks of treatment with 5 μM CYT387. 

D, Sequencing of IKKε cDNA obtained from A549-IKKε-Y88C cells confirming that cells 

stably acquired the resistance allele. 

 

Supplementary Figure 7. CYT387 treatment synergizes with MEK inhibition. 

A, Mean weight change over time in mice treated with CYT387 alone or in combination with 

docetaxel. 

B, Phospho-MAPK array results from A549 cells treated with DMSO as a control compared with 

CYT387 (5μM), Ruxolitinib (5μM), or AZD6244 (1μM) for 30 min. Highlighted are pERK1/2. 

C, Immunoblot of pERK1/2, ERK1/2, and β-actin levels in A549 cells following treatment with 

5 μM MRT67307 or CYT387 for the indicated timepoints. 

D, ELISA of IL-6 levels in A549 cells after 24 h treatment with 5 μM MRT67307 or CYT387 ± 

1μM AZD6244, mean and SD of duplicate samples shown. 

E, A549 or NCI-H23 cells were treated with CYT387 (5μM) or AZD6244 (1μM) alone or in 

combination for the indicated timepoints. Immunoblot shows Y705 pSTAT3, STAT3, pERK1/2 

and ERK1/2 levels compared with β-actin as a loading control. 
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F, KRAS-dependent NSCLC cell panel including A549 and H23 cells treated with AZD6244 

(1μM), CYT387 (3μM) or the combination. Cell titer glo values obtained after 5 d were 

normalized to cells treated with DMSO alone. Mean and SEM of 6 replicates shown. 

Cooperativity assessed by one-way ANOVA test, * p<0.05, ** p<0.0001. 

G, Spider plot of % change in tumor burden quantified by MRI over time in KrasLSL-G12D/WT; 

p53Flox/Flox mice treated with long term AZD6244, CYT387, or AZD6244/CYT387.  

 

Table S1. shTBK1-1 ORF rescue screen results (Attached Excel File) 

Table S2. Target sequences of shRNAs used in this study 

shRNA name Target sequence (5’-3’) 

shLacZ CGCTAAATACTGGCAGGCGTT 

shGFP ACAACAGCCACAACGTCTATA 

shIKKε-1 TGGGCAGGAGCTAATGTTTCG 

shIKKε-2 GTCCTTAGTCACACACGGCAA 

shTBK1-1 GCAGAACGTAGATTAGCTTAT  

shTBK1-2 GCGGCAGAGTTAGGTGAAATT  

shKRAS-1 GACGAATATGATCCAACAATA 

shKRAS-2 GAGGGCTTTCTTTGTGTATTT 

 

Table S3. Target sequences of primers used in this study 

Primer name Forward Sequence (5'-3') Reverse Sequence (5'-3') 
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Supplementary Methods 

Cell Culture. WT and Tbk1-/- MEFs, A549, and 293T cells were cultured in DMEM (Invitrogen), 

all other NSCLC lines were cultured in RPMI (Invitrogen) containing 10% FBS (Sigma) and 1X 

pen-strep (Gibco). Murine RAW 264.7 gamma NO(-) cells were cultured in RPMI with 10% 

FBS, L-glutamine (2mM), and HEPES (10 mM). HUVECs were maintained in EGM-2MV 

(Lonza) with SingleQuots, 5% FBS and pen-strep. Clonogenic assays were performed in 6-well 

plates (BD) at 300 cells/well and stained with crystal violet after 10 d. Conditioned media was 

from 1x106 WT or Tbk1-/- MEFs cultured in 10cm plates for 72 h. 

Human IL-6 TCAATGAGGAGACTTGCCTG TCATCTGCACAGCTCTGGCT 

Human IKKε ATTACAACACTGCCAAGGGC AGCACCTCCATGACCCAGTG 

Human 36B4 GCAATGTTGCCAGTGTCTGT GCCTTGACCTTTTCAGCAAG 

Mouse IL-6 GTTGTGCAATGGCAATTCTG GCAAATTTCCTGATTATATC 

Mouse CXCL1 AATGAGCTGCGCTGTCAGTG CATTCTTGAGTGTGGCTATG 

Mouse CXCL10 CTCAAGGGATCCCTCTCGCA TATGGCCCTCATTCTCACTG 

Mouse CCL5 CATATGGCTCGGACACCACT CAAACACGACTGCAAGATTG 

Mouse GBP1 GCAGAAGGGTGACAACCAGA TTCTGTCACATAGTGCAGCT 

Mouse IFNB1 AACTCCACCAGCAGACAGTG TGAGGACATCTCCCACGTCA 

Mouse IKKε ACTCTCTCAGAGATCCTGTC GGATACTTTTGTTATCCTCA 

Mouse 36B4 AGATTCGGGATATGCTGTTG CGGGTCCTAGACCAGTGTTC 
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Three-Dimensional Culture. Microfluidic spheroid culture was performed as described (1). In 

brief, A549 cells were trypsinized, resuspended as individual cells at 2–4 x 103 cells/ml in 

DMEM, seeded onto a 100 mm ultra-low attachment dish (Corning Inc, NY, USA), and 

collected as spheroids after 10–14 d. Individual spheroids 40–70 μm in diameter were obtained 

by passing them through 100 μm and 40 μm cell strainers, followed by centrifugation. The 

microfluidic tissue culture devices were designed with a central region containing the spheroids 

within an extracellular gel matrix, surrounded by 2 media channels located on either side formed 

by bonding a coverslip to a patterned polydimethylsiloxane (PDMS) substrate. PDMS (Dow 

Corning® Sylgard 184) was used a ratio of 10:1 polymer to cross-linker using standard soft 

lithography techniques, followed by autoclave and baking of devices overnight at 80 °C to dry. 

After further ethanol pretreatment and drying, glass cover slips (#1.5 Cell Path, UK) were 

plasma bonded to the PDMS substrate. Poly-D-lysine (PDL) (1 mg/ml) (Sigma) treatment of 

device channels for 4 h was used enhance cell and collagen matrix binding to PDMS, followed 

by another round of drying at 80 °C for 24–48 h. The collagen cell solution was prepared as 

described (1), mixed with cell suspension medium with 30–50 tumor spheroids, and pipetted into 

the central gel region. Devices were then incubated at 37 °C for 40 min to allow gel 

polymerization via thermal cross-linking.  

 Infusion of EGF (20 ng/ml) into the media port or co-culture with HUVECs was used to 

stimulate cell proliferation/migration, which was monitored through the glass coverslip by phase-

contrast imaging. For neutralization experiments, recombinant human anti-IL-6, human anti-

CCL5 antibodies, or the combination (100 ng/ml each) were diffused into the collagen for 6 h 

prior to EGF stimulation. Quantification of dispersal was performed after 15 min fixation with 
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4% paraformaldehyde in PBS and Hoechst staining to mark nuclei. Ten different spheroids per 

condition from triplicate devices were analyzed for the number of nuclei that migrated away 

from the original cluster.  

 

Growth factors, Cytokines and Neutralizing Antibodies. EGF (#E4127) and LPS (#L2654) were 

from Sigma. IFNγ was from Millipore (#IF005). Mouse CCL5 (#478-MR), CXCL10 (#466-

CR/CF), and IL-6 (406-ML), human IL-1β (#201-LB) and IL-6 (#206-IL), anti-human CCL5 

(#MAB678) and IL-6 (#MAB206) were from R&D. 10 ng/ml CCL5, CXCL10, or IL-6 was used 

for Tbk1-/- MEF rescue experiments. Cell starvation was performed in serum-free Optimem 

(Gibco) overnight followed by stimulation with serum or 100 ng/ml EGF. Macrophages were 

stimulated with IFN-γ (100 units/ml) for 4 h or LPS (100 ng/ml) for 2 h, ± 1 h pretreatment with 

DMSO, MRT67307, CYT387, or Ruxolitinib. CCL5 and IL-6 neutralization in 2D culture was 

carried out by seeding A549 in 96 well plates at 1000 cells per well with or without anti-human 

CCL5 and IL-6 antibodies in the media at a concentration of 100 ng/ml, and cell viability was 

measured 5 d later using Cell Titer Glo. A549 cell stimulation experiments utilized 100 ng/ml 

EGF or 20 ng/ml IL-1β or IL-6.  

 

Immunoblotting, Antibodies, and ELISA. Immunoblotting was performed as described (2). Anti-

TBK1 (#3013), S172 pTBK1 (#5483), STAT3 (#9132), Y705 pSTAT3 (#9145), S418 pCYLD 

(#4500), CYLD (#8462), pERK1/2 (#4370), ERK1/2 (#9107), S473 pAKT (#4060), AKT 

(#9272), S396 pIRF3 (#4947), IRF3 (#4302), Y701 pSTAT1 (#9171), STAT1 (#9172), β-Actin 

(#4970) antibodies were from Cell Signaling Technologies. IKKε antibody was from Sigma 
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(#I4907). Secondary antibodies were from LICOR Biosciences: IRDye 800CW Goat anti-Mouse 

IgG (H + L) (#926-32210), IRDye 800CW Goat anti-Rabbit IgG (H + L) (#926-32211). LICOR 

blocking buffer (#927-40000) was used to dilute primary and secondary antibodies, with the 

exception of phosho-specific antibodies, which were diluted in HIKARI Signal Enhancer 

Solutions 1 and Solution 2 (Nacalai USA, Inc. # NU00101). Imaging of blots and quantitation of 

bands was performed using the LICOR Odyssey system.  

 Mouse cytokine and human phospho-MAPK arrays were from R&D (#ARY002B) using 

ECL-based chemiluminescent detection. CCL5 and IL-6 ELISAs (R&D) were performed 

according to manufacturere’s instructions. Media from 293T transfection experiments was 

analyzed at 24 h, ±12 h treatment with DMSO or 5 μM CYT387. CCL5 and IL-6 levels in 

unstimulated A549 cells or A549-IKKε-Y88C cells were measured after 24 h in DMSO or 2.5 

μM CYT387. 

  

In vitro Kinase Assay and Inhibitors. Kinase assays were performed in duplicate using the ADP-

glo assay (Promega). Recombinant His-TBK1 (4 nM) or GST-IKKε (2 nM) were incubated 

together with 100 μM IKKε-tide as a peptide substrate. Reactions were initiated using 100 μM 

ATP and activity was measured by quantifying the amount of ADP production after 1 h using 

ADP-Glo. Total reaction volume was 14 μl. DMSO or serial dilutions of MRT67307, CYT387, 

or Ruxolitinib were added by 25 nl pin transfer just prior to ATP addition. 

 MRT67307, CYT387, and Ruxolitinib were synthesized and purchased from Shanghai 

Haoyuan Chemexpress Co. Ltd. BX-795 was from Selleck Chemicals. BAY-11-7082, TPCA-1, 

and JNK inhibitor I were from Calbiochem. Nifuroxazide and AG490 were kindly provided by D. 
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Frank (DFCI). AZD6244, CI-1040, PLX-4720, GDC0879, GDC0941, MK-2206, and LY294002 

were kindly provided by C. Johannessen (DFCI/Broad Institute). Imatinib and flavopiridol were 

kindly provided by C. Yu (DFCI/Broad Institute). 

 For inhibitor growth curves NSCLC cell lines were seeded in 96-well plates and treated 

with serial dilutions of MRT67307, CYT387, or Ruxolitinib starting at 10 μM. Cell Titer Glo 

(Promega) values after 72 h were normalized to DMSO treated cells and analysis was performed 

using PRISM software. For the inhibitor screen, NSCLC cell lines were seeded into 384-well 

plates, serial dilutions of each compound were added in duplicate by pin transfer, and CTG 

values were normalized to DMSO control after 72 h. Matrix visualization of results obtained at 5 

μM was performed using Gene-E (Broad Institute). Values were row normalized and Pearson 

correlation was used to assess nearest neighbors. For CYT387 and AZD6244 combination 

studies cells were seeded in 96-well plates and treated with AZD6244 (1 μM) and/or CYT387 (3 

μM), CTG values were normalized to DMSO control after 5 d.  

 

Transfection and Lentiviral Infection. 293T cells were transfected using X-tremeGENE HP DNA 

Transfection Reagent (Roche) with pLX304 TBK1 or IKKε constructs described previously (3). 

For pCYLD analysis, 293T cells were co-transfected with pEBB-3xMyc-CYLD (4). For 

expression in Tbk1-/- MEFs, pLX304 KRASG12V, TBK1-WT, or TBK1-KD (K38M) constructs 

were Gateway cloned into the pMAX vector and introduced by Amaxa nucleofection. Lentiviral 

infection of shRNAs or ORFs was performed as described (2, 5). For selection of virally infected 

cells, 1-2 μg/ml of Puromycin (pLKO.1) or 5-10 μg/ml of Blasticidin (pLX304) was used 24 h 

post infection. For the arrayed ORF kinase screen, A549 cells were infected with ORFs 
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concurrently with cell seeding, and then infected with shTBK1-1 on d 1, followed by CTG 

readout 6 d later. For validation of IKKε rescue, A549 cells were infected with pLX304-IKKε-

WT, IKKε-KD (K38A), or LACZ as a control and selected first in blasticidin for 4 d, followed 

by shTBK1-1 expression and CTG readout 6 d later. The ORF kinase library (5) is listed in Table 

S1. shRNA target sequences are listed in Table S2. 

 

Real-Time PCR and ssGSEA. RNA extraction was performed using PerfectPure RNA Kit (5 

PRIME). RNA samples (1 μg) were reverse-transcribed using SuperScript® III First-Strand 

Synthesis SuperMix (Invitrogen). Quantitative real-time PCR was performed using 

LightCycler® 480 SYBR Green I Master  (Roche) and the Light Cycler 480 II real-time PCR 

system (Roche). The sequences of the primers used for RT-PCR are listed in Table S3. 

 ssGSEA was performed as described using an IL-1 signature derived from macrophage 

stimulation applied to a set of gene expression data from lung adenocarcinoma samples (2, 6). In 

brief, this method provides for each individual tumor sample an enrichment score (ES) with 

respect to a defined gene expression signature. Genes for each individual sample are ranked by 

expression intensity using the RankNormalize method (7). ES is calculated as a running sum 

statistic by walking down across the ranked list of genes, while the significance of the ES is 

estimated based on a permutation p-value and adjusted for multiple hypotheses testing through 

FDR. A positive ES signifies overlap of within the sample of signature genes at the top of the 

ranked list, while a negative ES denotes overlap with genes at the bottom of the ranked list. 

The IL-1 signature was derived from the published transcriptome profile of cultured 

human macrophages stimulated for 4 h with interleukin 1 (IL-1) (6). Data of are publicly 
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available from the NCBI/ Genbank GEO database (series entry GSE8515). The signature of 

genes up-regulated by IL-1 (IL-1 signature) was defined based on the collection of 127 probe 

sets strongly activated by IL-1 only along with the collection of 43 probe sets activated by both 

IL-1 and IL-6 (6). The mutual information between two profiles, I(x, y), was estimated using a 

kernel density estimator with biased cross-validation bandwidth estimates, with an empirical 

permutation test (100,000 permutations) as measure of significance, as described in (8).  

 

Animal Studies. All mouse experiments were conducted in accord with a Dana-Farber Cancer 

Institute Institutional Animal Care and Use Committee (IACUC) approved protocol. Lung 

tumors were induced in KrasLSL-G12D/WT or KrasLSL-G12D/WT; p53Flox/Flox mice by intra-nasal 

adenoviral Cre and measured by serial MRI as described (9). CYT387 was dissolved in N-

Methyl-2-pyrrolidone (Sigma-Aldrich) at 100 mg/mL and mixed with a methylcellulose/tween 

vehicle (0.5% methylcellulose (Sigma-Aldrich) and 0.4% polysorbate-80 (Tween-80) (Sigma-

Aldrich) in sterile water for daily oral gavage dose of 100 mg/kg. Docetaxel dose was 16 mg/kg 

every other day by intraperitoneal injection and AZD6244 dose was 25 mg/kg twice daily by oral 

gavage (9).   

 

Tumor mRNA and Protein Analysis. Tumor mRNA was prepared from snap frozen tumor tissue 

after 2 days of vehicle or drug treatment and QRT-PCR was performed as above. Immunoblots 

were performed from protein lysates from the same tumor samples also using the same protocol 

as above. IHC staining was performed on FFPE tissue sectioned at 5μm thickness. Slides were 

deparaffinized, rehydrated and treated with 3% H2O2 in PBS. Antigen retrieval was achieved by 

microwaving in a pressure cooker for 15 min in Antigen Retrieval Citra Solution (BioGenex, 
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HK086-9K). Sections were incubated with Peroxidase Blocking Reagent (Dako, S2001) for 15 

min, and Protein Block (Dako, X0909) for 15 min. Anti-pSTAT3 (Cell Signaling Technology, 

9131; 1:70 dilution) was applied for 16 h at 4°C, followed by EnVision™+/HRP, Rabbit (Dako, 

K4003), diaminobenzidine (Dako, K3468), and hematoxylin counterstain. pSTAT3 expression 

was evaluated by two blinded pathologists (Y.I. and Z.R.Q.). 
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