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Abstract 

 

Small cell lung cancer (SCLC) is characterized by early metastasis, intrinsic chemoradiation 

resistance and tumor recurrence. Besides the lack of potentially targetable oncogenic drivers, 

therapeutic advancements are also hindered by the scarcity of surgically resected tissue 

specimens ideal for profiling studies. We used patient-derived xenografts (PDXs) to model 

SCLC chemoradiation resistance and identified chemoradiation resistance candidate genes using 

RNA sequencing. Additionally, we used human SCLC cell lines to confirm our in vivo results 

and delineate the underlying mechanism. Transcriptome profiling showed that the Traf2- and 

Nck-interacting kinase (TNIK) gene was consistently upregulated in an array of SCLC PDXs 

exposed to chemoradiation compared to monotherapy, which is consistent with previous 

observation of TNIK amplification in human samples. Genetic depletion (p<0.01) or 

pharmacological inhibition (p<0.0001) of TNIK reduced in vitro clonogenic survival of TNIK
high 

SCLC cells and promoted sensitivity to chemoradiation. In vivo, pharmacological inhibition of 

TNIK enhanced chemoradiation sensitivity (p<0.0001) of H446 cell line-derived xenograft 

(CDX) in NOD-SCID mice. Furthermore, pharmacological inhibition of TNIK in vivo 

demonstrated sensitivity (p<0.0001) to chemoradiotherapy in LX33 PDX. These results indicate 

that TNIK plays a role in conferring resistance to chemoradiation in SCLC cell lines and in vivo 

in SCLC CDX and PDX models. Delineating the mechanism behind radiosensitization, 

suggested that TNIK inhibition may impair the DNA damage response in irradiated cells. 

Collectively, these findings suggest that TNIK may be a promising therapeutic target in limited-

stage (LS) SCLC and support further investigation of TNIK inhibition in combination with 

standard chemoradiotherapy.  
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Introduction 

Small cell lung cancer (SCLC) represents 15% of all lung cancers. Globally, roughly 250,000 

patients are diagnosed with SCLC each year, of which nearly 200,000 die from the disease (1–3). 

Due to its early propensity for metastasis, all patients—including those with limited-stage (LS) 

disease, receive systemic chemotherapy (4). In patients with LS-SCLC, etoposide plus a 

platinum agent (EP) combined with thoracic radiotherapy (TRT), confers a 30-35% 5-year 

overall survival (OS) and a median survival of 25-30 months (5). More recently, the ADRIATIC 

trial demonstrated that consolidation with the anti–PD-L1 antibody durvalumab, following 

completion of chemoradiation, significantly improved 3-year survival (56.5% vs. 47.6% in the 

durvalumab vs. placebo arms, respectively) and established consolidation durvalumab as a new 

standard of care (SOC) for patients with LS-SCLC (6). In exploratory analyses, treatment with 

durvalumab was associated with a reduction in extrathoracic relapse, while the rate of 

intrathoracic progression remained unchanged (7). This pattern suggests that while 

immunotherapy may enhance systemic immune surveillance, it does not adequately address 

residual tumor cells within the radiation field—cells that have evaded both chemotherapy and 

radiation. A strategy for improving long-terms outcomes for patients with LS-SCLC requires 

successful targeting of tumor cells destined to survive through standard therapy to inevitably 

give rise to recurrent disease (8). A better understanding of the mechanisms underlying 

chemoradiation (CRT) resistance is essential for the development of more effective and 

potentially curative strategies (9). 

The molecular mechanisms responsible for rapidly emergent chemoresistant disease in SCLC 

have not been completely defined. One limitation for therapeutic development in SCLC has been 

the paucity of patient samples available at diagnosis and recurrence. Biopsies may only provide 

information on highly abundant molecules; processes critical to therapy-resistance and disease 

recurrence may be underrepresented prior to debulking. Patient-derived xenografts (PDXs) 

preserve most key genes, pathway activation, histology, and chemotherapy responsiveness of 

primary tumors (10–15). This in vivo platform has been useful for integrating drug screening 

with biomarker discovery in multiple tumor types (16–19). A key insight from studies of 

chemotherapy resistance in SCLC is that treatment resistance is most commonly associated with 

gene expression and epigenetic alterations, rather than acquired mutations (11). This finding has 

been consistently observed across independent PDX models and primary human tumor samples, 

suggesting that non-genomic mechanisms may play a major role in mediating therapeutic 

resistance in SCLC (11). 

In this study, we modeled CRT resistance using SCLC PDXs and identified candidate resistance 

genes through transcriptomic profiling. Among these, Traf2- and Nck-interacting kinase (TNIK) 

was consistently upregulated in resistant tumors. TNIK has been implicated as a driver of 

tumorigenesis and therapy resistance in several cancers (20–31). TNIK inhibition with the small 

molecule inhibitor, NCB-0846, was shown to abrogate tumor growth in these studies (20,21,23–

29). However, the role of TNIK in CRT resistance in SCLC has not been investigated yet. In this 

study, we utilized both in vitro and in vivo preclinical models to test whether TNIK inhibition 

can enhance the responsiveness of SCLC to CRT treatment. Our findings highlight that TNIK 

inhibition sensitizes SCLC xenograft tumors when combined with CRT and therefore, TNIK can 

be a potentially targetable oncogenic driver in LS-SCLC.    

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/doi/10.1158/1535-7163.M
C

T-25-0529/3748337/m
ct-25-0529.pdf by M

D
 Anderson C

ancer C
enter user on 19 M

arch 2026



 5 

Materials and Methods 

 

Cell Line and Reagents  

Small cell lung cancer cell line H446 (RRID: CVCL_1562), H196 (RRID: CVCL_1509), H2196 

(RRID: CVCL_1539), DMS114 (RRID: CVCL_1174) and H2286 (RRID: CVCL_1545) cells 

were purchased from the ATCC on 09.15.2024. H446, H196 and DMS114 are cultured in RPMI-

1640 medium (Gibco; #11875119) supplemented with 10% fetal bovine serum (Gemini; #100-

106) and 1% of penicillin/streptomycin (Gibco; #15140122). H2196 is cultured in HITES 

medium. HITES medium is DMEM:F12 medium (Gibco; #11320033) supplemented with 0.005 

mg/ml Insulin (Sigma-Aldrich; #I9278), 0.01 mg/ml Transferrin (Sigma-Aldrich; #T8158), 

30nM Sodium selenite (Sigma-Aldrich; #S5261), 10 nM Hydrocortisone (Sigma-Aldrich; 

#H0888), 10 nM beta-estradiol (Sigma-Aldrich; #E2758), extra 2mM L-glutamine (for final 

conc. of 4.5 mM) (Gibco; #25030081), 5% fetal bovine serum and 1% of 

penicillin/streptomycin. H2286 is cultured in RPMI-1640 medium supplemented with 5% fetal 

bovine serum and 1% of penicillin/streptomycin. All cell lines were cultured at 37℃ and 5% 

CO2 humidified incubator. Total cell counts were obtained using the T10 Automated cell counter 

system (Bio-Rad; #1450010). All cells were tested for Mycoplasma contamination and 

authenticated with short tandem repeat profiling by Translational Laboratory Shared Resources 

(TLSR) at UMB on 10.25.2024. 

      For in vitro uses, Cisplatin (MedChemExpress; HY 17394/CS-1122) was reconstituted daily 

in saline at 1 mM. Etoposide (MedChemExpress; HY-13629/CS-1774) was reconstituted in 

DMSO at 1 mM. TNIKi (NCB-0846; Selleck Chemicals; #S8392) was reconstituted in 100% 

ethanol at 5mM. For in vivo use, Cisplatin (Accord; #NDC 16729-288-11) and Etoposide 

(Accord; #NDC 16729-114-31) were purchased from the Johns Hopkins Hospital pharmacy. 

Cisplatin was diluted in saline and Etoposide was diluted in saline or PBS. TNIKi was prepared 

daily in 10% DMSO with 90% pharmaceutical grade corn oil (MedChemExpress; HY-

Y1888/CS-004037).  

 

SCLC xenograft models and treatment dosing  

All in vivo experiments were performed in accordance with protocols approved by the Animal 

Care and Use Committee of the Johns Hopkins University (Baltimore, MD). The LX33 PDXs 

were isolated and passaged as previously described (12,32,33). LX47 PDXs were passaged as 

tumor tissue sections (~3 mm) coated in Matrigel and implanted via subcutaneous flap incisions. 

LU73, LU86, and LU148 PDXs were provided to us from Stemcentrx (now AbbVie, RRID: 

SCR_010484). LX33, LX47, LU73, LU86, and LU148 PDXs were derived from chemotherapy-

naïve patients with SCLC. Resistance modeling in SCLC PDXs was previously demonstrated 

through treating SCLC PDX tumors and analyzing tissue at the point of maximal response (10). 

Transcriptional profiling elucidated an enrichment of discrete genes at maximal response time 

points. Gardner et al. (10) demonstrated mechanisms of chemotherapy resistance in 

chemotherapy-treated PDXs following 6-8 months of treatment. Based on our observation of 

differential gene expression as early as one week into therapy, we hypothesized that increasing 

the frequency of non-curative treatment would accelerate the development of a 

chemoradiotherapy-resistant PDX model. All in vivo experiments were performed in female 

NOD-SCID immunodeficient mice, 4 to 6 weeks old at the time of PDX/CDX implantation 

(JHU; NOD.Cg-Prkdc
scid

/J). Once tumor volumes reached approximately 150-250 mm
3
, mice 
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were randomly assigned into weekly treatment arms. For the initial CRT studies, mouse cohorts 

received: 1) vehicle control (PBS/Saline); 2) Cisplatin 5 mg/kg on day 1 (D1) plus Etoposide 8 

mg/kg on days 1-3 (D1-3) (CT); 3) Radiotherapy (RT) 3 Gy x 1 weekly; or 4) CT plus RT 

(CRT). For the TNIK inhibitor studies, the mouse cohorts received 1) vehicle control 

(PBS/Saline); 2) CRT; 3) NCB-0846 only on days 1, 3 and 5 (D1, D3 and D5) by oral gavage or 

4) CRT plus NCB-0846 100 mg/kg 3x/week by oral gavage weekly. Chemotherapy treatment 

consisted of pre-hydration (saline) of at least 1 hour before receiving Cisplatin (5 mg/kg) on d1, 

q1w and Etoposide (8mg/kg) d1-3, q1w, via oral gavage. Radiotherapy was facilitated with the 

use of the Johns Hopkins University Small Animal Radiation Research Platform (Xstrahl) 

(34,35). To validate our in vitro results with TNIK
high

 SCLC cells, H446 (1x10
6
 cells) were 

subcutaneously implanted into the flank of NOD-SCID mice in a 1:1 PBS:Matrigel mixture. For 

PDX tumors, treatment lasted for four weeks while for CDX tumors treatment lasted for about 2 

weeks. Changes in tumor volumes were assessed 3-4 times a week through digital caliper 

measurements. Tumor volume was calculated using the formula: tumor volume = (length x 

width
2
)/2. For statistical analysis, tumor volume was normalized to the baseline volume.  

 

RNA isolation and genome-wide transcriptional profiling  

Total RNA was isolated using the RNeasy mini kit (Qiagen, Hilden, Germany). Following RNA 

isolation, total RNA integrity was checked by the 2100 Bioanalyzer (Agilent Technologies, 

Santa Clara, CA). RNA concentrations were measured using the NanoDrop system (Thermo 

Fisher Scientific, Inc., Waltham, MA). Preparation of RNA sample library and sequencing were 

performed by the Genomics Core Laboratory at Weill Cornell Medicine. Using Illumina 

Stranded Total RNA Sample Library Preparation kit (Illumina, San Diego, CA), rRNAs and 

abundant globin mRNAs were depleted, and cDNA synthesis was completed, adapters were 

ligated, and unique dual indexes were added by PCR amplification according to the 

manufacturer’s instructions. The final libraries were quantified and normalized prior to 

sequencing. The pooled cDNA libraries were sequenced on Illumina NovaSeq 6000 sequencer 

with pair-end 100 cycles. The raw sequencing reads in BCL format were processed through 

bcl2fastq 2.19 (Illumina) for FASTQ conversion and demultiplexing. Raw gene expression data 

have been deposited in Zenodo and are permanently available at the following URL: 

https://doi.org/10.5281/zenodo.18260211. 
 

Preprocessing and quantification  

Quality checks and preprocessing were performed to ensure the quality of the libraries. 

Transcript expression quantification was performed using salmon (v1.3.0) (36) and Ensembl 104 

transcript models. Tximport R/Bioconductor package (37) was used to summarize transcript 

counts to gene level and to perform length-scaled transcript per million normalizations.  

   

Differential gene expression analysis  

Differential gene expression analysis was performed with trimmed mean of M-values (TMM) 

normalized expression values (38) and fitting a generalized linear model (GLM) approach 

coupled with empirical Bayes moderation of standard errors and voom precision weights (39,40). 

The p-values were adjusted to control for multiple hypothesis testing using the Benjamini-

Hochberg method and genes with false discovery rate (FDR) equal or less than 0.05 were 

reported. Each treatment arm was compared to its respective control group within each PDX. For 

the meta-analysis of all PDXs the standardized mean differences were estimated by Hedge’s g 
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method (41) and the between study variance was estimated by restricted maximum likelihood 

using the meta R package. 

   

Gene set enrichment analysis 

For the gene set enrichment analysis we applied a non-competitive rotation approach (42) 

implemented in the limma package (RRID: SCR_010943) (39). Briefly, the gene expression and 

design matrices used in the differential gene expression analysis were used as input to the fry 

function. The gene set statistic was set to ‘mean’. Wikipathways gene sets were obtained from 

the Broad Institute MSigDB database. Gene sets with a FDR equal or less than 0.1 on directional 

tests were considered significant.  

  

Cell viability assay 

Cisplatin (MedChemExpress; HY 17394/CS-1122) and Etoposide (MedChemExpress; HY-

13629/CS-1774) solutions were prepared in 0.9% saline and DMSO, respectively. NCB-0846 

solutions (Selleck Chemicals; #S8392) were prepared in 100% ethanol. Cells were seeded in 

triplicates at 2,000-5,000 cells/well in 96-well white microplates (Corning; #3603). 24h later, 

working solutions of drugs or vehicle controls were added at a 1:100 dilution. Cells were 

cultured for another 48h or 72h. The CellTiter-Glo 2.0 assay (Promega; #G9242) was used to 

assess cell viability according to the manufacturer’s protocol. 

 

Assessment of drug synergy 

Cells were seeded in duplicates in 96-well white microplates. 24h later, cells were treated with 

vehicles, single-agent drugs, or various combinations of NCB-0846 with cisplatin/etoposide. 

Drug concentrations were selected as recommended by the Chou-Talalay method (43). Drug 

synergy data were obtained using the CellTiter-Glo 2.0 assay and analyzed with the Zero 

Interaction Potency (ZIP), Bliss, Loewe, and Highest Single Agent (HSA) models using the 

SynergyFinder 2.0 web tool (RRID: SCR_019318) (44–46). A synergy score higher than 10 

indicates synergism, a score lower than -10 antagonism, and a score in between additivity. 

 

Cell irradiation and clonogenic assays 

Cells were seeded onto 6-well plates at 1x10
5
-2x10

5
 cells per well. After treatment with vehicle, 

single-agent NCB-0846, cisplatin, etoposide or drug combinations for 24 or 48h, old culture 

media was replaced with fresh media. In case of TNIK siRNA conditions, cells were transfected 

with siTNIK or scramble control at day 1, followed by media change on day 2. Cells were then 

given 2, 4, or 6 Gy of ionizing radiation with the X-Rad 320 Biological Irradiator (Precision X-

Ray Inc.) or the CIXD X-Ray Irradiator (X-Strahl). 24h after irradiation, cells were trypsinized 

and counted for plating onto 60-mm dishes. Cells irradiated with 0, 2, 4, and 6 Gy were seeded in 

duplicates at 8000, 16000, 64000 and 128000 cells per dish, respectively. Cells were incubated 

until the emergence of colonies with over 50 cells, which took 7-21 days. Culture media was 

replenished weekly. Colonies were fixed with 20% methanol and stained with 0.5% crystal violet 

and counted for survival fraction analysis as previously described (47,48).  

 

Immunoblotting 

Protein from cultured cells and xenograft tumors was harvested, resolved with gel 

electrophoresis, and transferred to PVDF membranes as previously described (48). After a 

blocking step for 1h at room temperature, membranes were incubated with primary antibodies 
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 8 

overnight at 4°C. Blots were then washed with tris-buffered saline (TBS) with 0.1% Tween-20 

before incubation with horseradish peroxidase (HRP)-conjugated secondary antibodies for 1h at 

room temperature. Protein expression was visualized using enhanced chemiluminescence 

detection with the Amersham ECL kit (Cytiva; #RPN2106) and using the Chemidoc Imaging 

system (Biorad). Primary antibodies include Chk1 (Cell Signaling Technology Cat# 2360S, 

RRID: AB_2080320), p-Chk1 (S345) (Cell Signaling Technology Cat# 2348S, RRID: 

AB_331212), Chk2 (Cell Signaling Technology Cat# 2662S, RRID: AB_2080793), p-Chk2 

(T68) (Cell Signaling Technology Cat# 2661S, RRID: AB_331479), ATM (Cell Signaling 

Technology Cat# 2873S, RRID: AB_2062659), p-ATM (S1981) (Cell Signaling Technology 

Cat# 5883S, RRID: AB_10835213), ATR (Cell Signaling Technology Cat# 13934S, RRID: 

AB_2798347), p-ATR (S428) (Cell Signaling Technology Cat# 2853S, RRID: AB_2290281), p-

histone H2AX (S139) (Cell Signaling Technology Cat# 9718, RRID: AB_2118009), p-histone 

H3 (S10) (Cell Signaling Technology Cat# 9701S, RRID: AB_331535), histone H3 (Cell 

Signaling Technology Cat# 4499S, RRID: AB_10544537), cGAS (Cell Signaling Technology 
Cat# 15102S, RRID: AB_2732795), p-STING (S366) (Cell Signaling Technology Cat# 50907S, 

RRID: AB_2827656), STING (Cell Signaling Technology Cat# 13647S, RRID: AB_2732796), 

𝛽-actin (Cell Signaling Technology Cat# 4970S, RRID: AB_2223172), vinculin (Cell Signaling 

Technology Cat# 13901S, RRID: AB_2728768). Secondary antibodies include anti-mouse IgG 

HRP-linked (Cell Signaling Technology Cat# 7076, RRID: AB_330924) and anti-rabbit IgG 

HRP-linked (Cell Signaling Technology Cat# 7074, RRID: AB_2099233).  

 

Immunohistochemistry 

Immunostaining was performed at the Oncology Tissue Services Core of Johns Hopkins 

University School of Medicine. Immunolabeling for ASCL1/MASH1 and NeuroD1 was 

performed on formalin‐fixed, paraffin-embedded sections on a Ventana Discovery Ultra 

autostainer (Roche Diagnostics). Briefly, following dewaxing and rehydration on board, epitope 

retrieval was performed using Ventana Ultra CC1 buffer (catalog# 6414575001, Roche 

Diagnostics) at 96
o
C for 64 minutes. Primary antibodies anti‐MASH1(Abcam Cat# ab211327, 

RRID: AB_2924270) and anti-NeuD1 (Abcam Cat# ab205300, RRID: AB_3083561) was 

applied at 36
o
C for 60 minutes. Primary antibodies were detected using an anti-rabbit HQ 

detection system (catalog# 7017936001 and 7017812001, Roche Diagnostics) or anti-mouse HQ 

detection system (catalog# 7017936001 and 7017782001, Roche Diagnostics) as applicable 

followed by Chromomap DAB immunohistochemistry (IHC) detection kit (catalog # 

5266645001, Roche Diagnostics), counterstaining with Mayer’s hematoxylin, dehydration and 

mounting. 

 

Cell cycle profiling assay 

Cells were seeded onto 6-well plates with 2x10
5
 to 3x10

5 
per well and treated with either vehicle 

or 300 nmol/L of NCB-0846. Cells were then incubated for another 48 hours, followed by 6Gy 

of IR. 24 hours after IR, cells were collected and fixed with 66% ice-cold ethanol and processed 

according to the manufacturer’s protocol for Propidium Iodine Flow cytometry kit (Abcam; 

#ab139418). To finish, samples were analyzed with the BC Canto II (BD Biosciences) flow 

cytometer. 

 

Evaluation of mitotic catastrophe by fluorescence microscopy 
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Cells were counted and seeded (1.5x10
4
 per well) on sterilized, coverslips in 12-well plates on 

day 1. For H446 cells, Matrigel-coated coverslips were used. On day 1, coverslips in 12-well 

plates were incubated with 1mL coating media for 1 hour at room temperature, washed with PBS 

once and then with media before seeding cells. On day 2, cells were treated with vehicle or 300 

nM NCB-0846, followed by media change and irradiation at 6 Gy on day 4. On day 5, cells were 

treated with 0.1 µg/mL colcemid (Gibco; #15212012) for 3 hours to enrich for mitotic cells. 

After 3 hours, cells were fixed with 4% PFA, washed with PBS, and stained with DAPI. Image 

acquisition was conducted with the Echo Revolution microscope at 40X magnification. Cells 

with multi-nucleated morphologies were determined to have undergone mitotic catastrophe 

(49)(50). Cells with micronuclei were assessed as previously described (48). A minimum of 25 

fields of view and 500 cells were captured per sample for analysis.  

 

siRNA transfection 

The siRNA (TNIK siRNAs: Horizon Discovery, ON-TARGETplus SMART pool Human TNIK, 

Cat #L-004542-00-0010; Non-Targeting control siRNA: Horizon Discovery, ON-TARGETplus 

Control Pool Non-Targeting pool, #D-001810-10-05). Experiments were performed as described 

previously using Lipofectamine
TM

3000 (Invitrogen, ThermoFisher Scientific) protocol (51). 

Briefly, cells were seeded on day 1, transfected on day 2 when they were 70% confluent, 

followed by media change and radiation (0, 2, 4, 6 Gy) on day 3.  

 

Lentiviral transduction 

To generate stable TNIK-overexpressing and mCherry-overexpressing cell lines, we purchased 

the following lentiviral particles from VectorBuilder (Chicago, Illinois): pLV[Exp]-

EGFP:T2A:Puro-CMV>hTNIK[NM_015028.4] (VB220427-1219aqr) and pLV[Exp]-

EGFP:T2A:Puro-EF1A>mCherry (VB010000-9298rtf). DMS114 cells were plated at 3x10
5
 cells 

per well in a 6-well plate. 24h later, cells were exposed to lentiviral particles prepared in culture 

media supplemented with 5 µg/mL polybrene (EMD Millipore; #TR-1003-G) for 16h. After a 

recovery period, puromycin selection (1 µg/mL) (Sigma-Aldrich; #P8833) and fluorescence-

activated cell sorting were conducted to select for successfully transduced cells.  

 

Alkaline comet assay 

Human SCLC cells were treated with vehicle or 300 nM NCB-0846 for 48h, followed by media 

change and irradiation at 6 Gy or 10 Gy. 24h following IR treatment, cells were harvested and 

processed with the Alkaline CometAssay Single Cell Gel Electrophoresis Assay kit (BioTechne; 

#4250-050-K). Briefly, cells suspended in ice-cold 1X PBS at 5x105
 cells/mL were combined with 

molten LMAgarose at a 1:10 volume/volume ratio and spread onto CometSlides. Cells were lysed for 

4 hours at 4°C and incubated with the Alkaline Unwinding Solution for 20 minutes at room 

temperature. Electrophoresis was conducted at 21 V for 30 minutes at 4°C. Slides were then washed 

with deionized water, 70% ethanol, and stained with 1X SYBR Gold (prepared in DMSO; 

Invitrogen; #S11494) for 30 minutes at room temperature. Images were captured at 100X 

magnification using the Revolution microscope (Echo). A minimum of 25 fields of view and 50 cells 

were imaged per replicate. Comet tail moment was calculated using the OpenComet 3.0 software.  

 

Study Approval 

All in vivo experiments were realized in accordance with the JHU IACUC approved protocols 

MO16M274, MO19M354 and MO22M320. Mice were housed in a pathogen-free environment 
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(animal facility of JHU Sidney Kimmel Comprehensive Cancer Center, Cancer Research 

Building).  

 

Statistical analysis 

All in vitro experiments were done with at least three independent biological replicates. For in 

vivo studies, tumor growth delay was determined using Kaplan-Meier estimate. Data were 

analyzed using either one-way Anova or two-way Anova with Tukey’s post hoc HSD. All 

statistical analyses and graphs were carried out by using GraphPad Prism 10.0 (GraphPad Prism, 

RRID: SCR_002798). 

 

Data Availability statement:  

The data generated in this study are available upon request from the corresponding author. 

 

Results  

 

PDXs can be used to model and identify targets to combat rapid CRT resistance for LS- 

SCLC 

To find candidate genes associated with CRT resistance, we evaluated transcriptional changes in 

a therapy-naïve SCLC PDX (LX33) in response to chemotherapy only (CT) and radiotherapy 

only, (RT) and combination treatment (chemoradiation, CRT). We treated LX33 PDX tumor-

bearing mice with: 1) vehicle (control); 2) Cisplatin 5 mg/kg on D1 plus Etoposide 8 mg/kg on 

D1-3 (CT); 3) Radiotherapy 3 Gy x 1 on D1 (RT); and 4) CRT (Fig 1A). We observed the 

greatest reduction in tumor size with the combination arm as compared to vehicle or single 

therapy arms (Fig 1B and Supplementary Table 1). Next, we performed whole transcriptome 

profiling between three biological replicates from all analyzed groups, collecting vehicle samples 

at D6, and treatment arms samples at D12 (Fig 1B). After pre-processing and normalization, we 

applied a generalized linear model approach coupled with empirical Bayes moderation of 

standard errors, identifying genes significantly associated with each treatment compared to 

control, as well as those changing differently upon CRT compared to single treatment modalities 

and represented as the UpSet plot (Fig 1C). Our results indicate that the CRT treatment arm has 

the most number of differentially expressed genes compared to the single therapy arms (Fig 1C). 

This made us hypothesize that the genes modulated by CRT in LX33 PDX could be responsible 

for treatment resistance, and we compared our gene results to two previous genomic landscape 

studies (52,53). We found that TNIK and HTR3C were each upregulated in LX33 PDX exposed 

to CRT compared to single modality treatments, which also show CN gains in Rudin and George 

datasets (Fig 1D). HTR3C, which encodes for a serotonin receptor, is also interesting in light of 

previous work showing that inhibition of neuroactive ligand-receptor interactions with tricyclic 

antidepressants (TCAs) induces apoptosis in both chemonaïve and chemoresistant SCLC cells in 

culture, in mice and human SCLC tumors (54,55). However, inhibition of HTR3C (using 

citalopram) in the LX33 PDX model showed no anti-tumor benefits in vivo compared to CRT 

alone (Supplementary Fig S1). Therefore, for the remainder of this study, we pursued TNIK as 

our primary target CRT resistance candidate.  

  

TNIK is a chemoradiation resistance candidate gene in multiple SCLC PDX models 

To recapitulate the tumor heterogeneity found in SCLC patients, we characterized the treatment 

response of a panel of 4 additional therapy-naïve PDXs (LU86, LU148, LX47, and LU73) to 
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single therapy (RT or CT only) and combination (CRT) as shown in the schematic workflow 

(Fig 2A). Our panel of PDXs encompasses both classic (SCLC-A) and variant (SCLC-N) 

subtypes as shown by IHC (Fig 2B). We found that neither SCLC-A nor SCLC-N PDXs was 

associated with better RT or CT responses. All the PDXs (LU86, LU148, LX47, and LU73), 

however, were highly sensitive to CRT treatment as shown by final tumor volumes that were 

smaller by > 50% at the end of the treatment regimens (Fig 2C and Supplementary Tables 2-

6). LX33 displayed the least pronounced response to CRT. Despite significant reduction in tumor 

volume by combination treatment in LX33 PDX compared to the single therapy arms, the tumor 

continued to grow (Fig 2C and Supplementary Table 2). All the PDXs analyzed exhibited a 

diverse profile of response to each of the treatment arms, supporting that the PDXs used in this 

study reflect the heterogeneity expected across SCLC patients. Furthermore, none of the 

treatments were able to cause complete tumor regression. Since CRT treatment is the backbone 

of SOC  for LS-SCLC, we focused on this treatment tumor response as a model to profile the 

molecular features of the remaining resistant tumor cells that survived throughout the treatment. 

 We performed RNA-sequencing of the 5 PDXs across two different timepoints: i) the 

second week after the first treatment round (also labeled “early”); and ii) at the end of the 

treatment regimen (labeled “late”) for each arm. Principal component analysis (PCA) (Fig 2D) 

could easily discriminate each PDX model in our study confirming that these models represent a 

heterogenous group. Moreover, we observed that the expression profiles for each treatment arm 

for individual PDXs were remarkably similar to each other. This suggests that the transcriptional 

differences between naïve and resistant cells were more subtle at the transcriptional level.  

At the end of the CRT treatment, none of the PDXs demonstrated complete remission of 

the tumors, suggesting the remaining tumor cells after CRT treatment were resistant. We 

performed a meta-analysis of all PDXs to identify genes associated with CRT resistance. To this 

end, we compared CRT at final treatment to their respective control arms. We found 57 genes 

differently expressed in the CRT-resistant sub-population of tumor cells (|Hedge’s g| >= 0.5 and 

p-value <= 0.01). Among the top up-regulated genes were COLCA1, ABCG1, GPR155, ATP2A1, 

and TNIK, while top down-regulated genes included H2AC6, UBR7, SNORD3A, CDH2, and 

SEPTIN3 (Fig 2E). When compared to our original list derived from LX33 alone (Fig 1D), we 

found that only TNIK remained at the intersection. Interestingly, we found that higher TNIK 

expression correlated with smaller tumor volume across all the PDXs suggesting that TNIK is 

enriched in surviving resistant cells (Supplementary Fig S2). Moreover, of the top differentially 

expressed genes, only TNIK was found recurrently amplified in human SCLC tumor samples 

(52,53).  

When each PDX was analyzed individually, we found that only one gene, TNIK, was 

consistently differentially expressed (adjusted P-value ≤ 0.1) across all PDXs at the end of the 

CRT treatment. TNIK expression was elevated at the conclusion of the treatment cycles for 

every PDX (Fig. 2F and Supplementary Fig. S3A). This pattern suggests that TNIK 

upregulation is not merely a direct consequence of the CRT response, but rather an inherent 

feature of resistant cells. We also observed that Wnt signaling—a pathway linked to TNIK—was 

upregulated in 4 of the 5 PDXs treated with CRT (Supplementary Fig. S3B). These findings 

suggest that TNIK expression may be associated with a tumor subpopulation that is resistant to 

CRT. 

 

TNIK inhibition sensitizes TNIK
high 

SCLC cells to CRT 
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We explored whether TNIK inhibition could enhance CRT sensitivity of SCLC cells. To inhibit 

TNIK, we used NCB-0846 (TNIKi), which traps TNIK in an inactive conformation (21). We 

employed a panel of human SCLC cell lines with low (DMS114 and H2286) or high (H446, 

H196 and H2196) TNIK expression (Fig 3A). While short-term cell viability showed that 

TNIK
low

 SCLC cells had similar sensitivity to TNIKi as TNIK
high

 SCLC cells, long-term cell 

viability showed that TNIK
high

 H446 cells are more sensitive to TNIKi compared to TNIK
low

 

DMS114 cells (Fig 3B and Supplementary Fig S4). After determining the response of these 

cell lines to pharmacologic TNIKi and chemotherapy drugs (cisplatin and etoposide), drug 

synergy assays were conducted to assess the interaction between TNIKi and chemotherapy 

(Supplementary Fig S5A). We mostly observed additive interactions between TNIKi and 

chemotherapy at 48-72hrs post treatment for all SCLC cell lines tested (Supplementary Fig 

S5B). 

            We then investigated whether TNIK inhibition could sensitize to ionizing radiation (IR) 

by comparing the long-term survival of SCLC cells treated with TNIKi vs. vehicle before 

exposure to IR. Pre-treatment with TNIKi over a 24h or 48hrs period reduced the survival of 

TNIK
high

 H446 cells at all tested IR doses (0-6 Gy) , suggesting that TNIKi may radiosensitize 

TNIK
high

 SCLC cells (Fig 3C). In contrast, TNIKi failed to sensitize TNIK
low

 DMS114 cells to 

radiation, suggesting that the radiosensitization effect of TNIK inhibitor depends on TNIK 

expression and cellular context (Fig 3C).  

We then used TNIK siRNA or scramble control to knockdown TNIK in TNIK
high 

H446 

cells, followed by their exposure to IR (0-6 Gy). Similar to pharmacological TNIKi, genetic 

knockdown of TNIK sensitized TNIK
high

 SCLC cells to radiation (Fig 3D).  These results 

suggest that TNIK is required for favorable radiation resistance in vitro for TNIK
high

 SCLC cells. 

Furthermore, we stably overexpressed TNIK or mCherry (control) in TNIK
low 

DMS114 cells, 

followed by exposing these cells to IR (Fig 3E). TNIK overexpression dramatically enhanced 

survival in response to IR in DMS114 cells (Fig 3E), highlighting that TNIK is also sufficient 

for radiation resistance in SCLC cells in vitro.  

Finally, to assess the interactions between TNIKi and CRT, we evaluated the post-IR 

survival of cells treated with single-agent TNIKi, cisplatin, or both. We found that TNIKi in 

combination with cisplatin is the most effective in sensitizing TNIK
high 

SCLC cells to radiation at 

all the tested doses.  However, this effect is not observed in TNIK
low 

SCLC cells 

(Supplementary Fig S6).  Collectively, these results suggest that TNIKi can sensitize TNIK
high 

SCLC cells to CRT.  

 

TNIK inhibition impairs the DNA damage response in TNIK
high 

 SCLC cells exposed to 

radiation 

To elucidate the mechanisms whereby TNIK inhibition may increase radiosensitivity, we 

explored the impact of TNIKi on the DNA damage response (DDR) signaling. To evaluate how 

TNIKi impacted the DDR in response to IR, we treated TNIK
high

 cells with TNIKi or vehicle 

with and without radiation. We probed the activation status of DDR proteins over time in 

TNIK
high

 cells pretreated with TNIKi or vehicle before IR. H2AX is a DNA breaks marker, and 

combining TNIKi treatment with radiation in TNIK
high 

H446 cells led to a higher level of H2AX 

than radiation alone at both 1hr and 24 hr (Fig 4A). Next, we looked at the DDR pathway that 

may be impaired by TNIKi. When examining ATM-CHK2 and ATR-CHK1 DDR signaling we 

observed a prolonged activation of phospho-CHK2 (p-CHK2) in TNIK
high

 cells treated with 

TNIKi plus radiation compared to only radiation at both timepoints (Fig 4A). We did not observe 
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any difference in CHK1 levels between TNIKi plus radiation versus radiation alone (Fig 4A). 

This is consistent with previous findings that TNIKi does not disrupt the ATR-CHK1 DDR 

pathway (20). Importantly, the TNIKi did not affect the post-IR DDR in TNIK
low

 cells, 

supporting that TNIKi-mediated radiosensitization is dependent on TNIK  (Fig 4A). Direct 

evaluation of DNA damage with the alkaline comet assay, which detects both single-strand breaks 

(SSBs) and double-strand breaks (DSBs), confirmed that TNIKi treatment with radiation in 

TNIK
high 

H446 cells led to a higher level of DNA damage than radiation alone (Fig 4B). 

Interestingly, TNIK overexpression increased the DNA damage repair in TNIK
low 

DMS114 cells 

post radiation at both 1hr and 24 hr (Supplementary Fig S7). TNIK-overexpressing DMS114 

cells had a lower level of H2AX at both timepoints compared to control mCherry-

overexpressing cells, post radiation (Supplementary Fig S7). These results suggest that TNIK is 

sufficient for radioresistance in SCLC cells. 

 

TNIK inhibition disrupts radiation-induced cell cycle arrest and promotes mitotic 

catastrophe 

Radiation-induced DNA damage normally results in cell cycle arrest, so we next explored the 

impact of TNIKi on the cell cycle of both TNIK
high 

and TNIK
low 

SCLC cells following treatment 

with IR (Fig 4C and Supplementary Fig S8). Following IR, most SCLC cells are arrested at 

G2. TNIKi pretreatment decreased the relative G2 population, indicating bypass of the G2/M 

checkpoint and allowing cells to resume cell division (Fig 4C and Supplementary Table 7). 

Notably, TNIKi treatment along with radiation increased the percentage of cells in the sub-G1 

fraction, indicating more apoptotic cells (Fig 4C and Supplementary Table 7). However, we 

observed a similar phenotype in TNIK
low 

cells, (Fig 4C and Supplementary Table 7) and this 

could be due to the off-target effects of the inhibitor (21). Analysis of phospho-histone H3 (pH3) 

revealed that, following radiation, TNIK inhibition increases cell cycle progression and mitosis 

in TNIK
high 

H446 cells (Supplementary Fig S8A), while TNIK overexpression has the opposite 

effect in TNIK
low 

DMS114 cells (Supplementary Fig S8B). These results suggest that TNIK 

modulates cell cycle response in SCLC cells post radiation.  

       The consequences of cell cycle progression with DNA damage may lead to mitotic 

catastrophe and apoptosis. We visualized mitotic catastrophe in the irradiated cells with and 

without TNIKi treatment by observing the nuclear morphology of cells post-IR (Fig 4D). Cells 

undergoing mitotic catastrophe had a fragmented nucleolus and micronuclei formation. We 

observed that TNIK inhibition combined with radiation induced more mitotic catastrophe in 

TNIK
high 

H446 cells compared to radiation alone (Fig 4D and Supplementary Fig S9A). We 

did not observe this effect in TNIK
low 

cells (Fig 4D). Interestingly, TNIK overexpression in 

TNIK
low 

DMS114 cells reduced mitotic catastrophe post radiation, confirming that TNIK is 

involved in regulating mitotic catastrophe in SCLC cells with DNA damage (Supplementary 

Fig S9B).  

  

Inhibition of TNIK promotes CRT sensitivity in SCLC xenograft tumors 

We validated TNIK as a druggable CRT resistance target in vivo using a therapy naïve PDX 

(LX33) and TNIK
high

 SCLC cells H446. Tumor moribund mice were randomized to the 

following weekly treatment arms: 1) vehicle control (n=6); 2) Cisplatin 5 mg/kg on D1 plus 

Etoposide 8 mg/kg on D1-3 plus Radiotherapy 3 Gy x 1 (CRT) weekly (n=8); 3) NCB-0846 

(TNIKi) only (n=7) and 4) CRT plus TNIKi 100 mg/kg 3x/week (n=8) by oral gavage weekly 

(Fig 5A). Differential TNIK overexpression was preserved in the xenograft tumors (Fig 5B). We 
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observed a major reduction in tumor volume in the CRT treatment group vs control or TNIKi 

alone treatment groups. Remarkably, the inclusion of the TNIKi with CRT further delayed tumor 

growth in both LX33 PDX and H446 CDX tumors (Fig 5C). These results demonstrate that 

TNIK plays a role in conferring resistance to CRT therapy in a therapy-naïve SCLC PDX and 

CDX, and TNIKi in combination with CRT is most effective in delaying tumor growth of SCLC 

tumors. Additionally, the treatment regimens were well tolerated as determined by the weight of 

the mice over the treatment regimens (Fig 5D). 
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Discussion 

 

Concurrent CRT followed by consolidation with the anti-PDL-1 antibody, durvalumab, is the 

standard first line treatment for LS-SCLC and affords > 30% 5-year OS. However, the majority 

of LS-SCLC patients who receive SOC therapy still develop recurrent disease which is often 

treatment refractory. While consolidation with durvalumab reduces the risk of extrathoracic 

relapse, it does not decrease the incidence of local (in-field) recurrence. The mechanisms driving 

resistance to chemoradiation remain poorly understood but are critical to improving outcomes in 

LS-SCLC. To identify molecular targets to improve CRT outcomes in LS-SCLC, we used the 

LX33 PDX to study acute gene expression changes that may be associated with emerging 

resistance. When treated with CRT, we observed a major response in the LX33 PDX compared 

to vehicle or single treatment arms. This was further confirmed by whole transcriptome RNA-

profiling, which identified genes significantly upregulated and downregulated in the CRT arm 

compared to control or single therapy, indicating that these genes could be involved in SCLC 

treatment resistance in patients. When we compared our results to previous studies, we found the 

TNIK gene to be consistently upregulated and also showed copy number gains in human genomic 

studies.  

            Our study in total included 5 therapy-naïve PDXs, and we consistently found the 

population of CRT-resistant SCLC cells exhibited increased TNIK expression. Furthermore, none 

of the PDXs displayed complete tumor remission at the end of the CRT treatment, raising the 

possibility of TNIK playing a role in treatment resistance. TNIK was also frequently amplified in 

SCLC patient samples. We confirmed TNIK as a candidate in vivo, treating with CRT plus the 

small molecule inhibitor of TNIK (NCB-0846) and observed a tumor response (reduction in 

tumor size in the case of H446 CDX tumors) in the combination arm compared to control and 

CRT only arms. 

Previous studies suggest that TNIK regulates multiple signaling pathways that might 

promote CRT resistance (22–31). From our lab, we have shown that TNIK plays a role in CRT 

resistance in lung squamous cell carcinoma (LSCC) (20), which shows frequent TNIK 

amplification (25), and demonstrated that TNIK inhibition sensitized TNIK
high

 LSCC to radiation 

therapy (20). Given these data in LSCC, we explored whether TNIK inhibition could enhance the 

vulnerability of SCLC cell lines to CRT and found that the inhibitor NCB-0846 also sensitized 

TNIK
high 

H446 cells to radiotherapy, possibly via impairing the DNA damage response in those 

cells, while it failed to radiosensitize TNIK
high

 H2196 cells, suggesting that TNIK inhibitor-

mediated radiosensitization in SCLC is cell-line dependent. The compound NCB-0846 is a well-

characterized small molecule inhibitor of TNIK (21,26–28), which traps the protein in an 

inactive conformation and impedes the kinase activity of TNIK (21). We also validated TNIK as 

a radiation resistance target genetically by siRNA knockdown in TNIK
high 

SCLC cells
 
and found 

that, similar to pharmacological inhibition, genetic inhibition also sensitized SCLC cells to 

radiation, suggesting that TNIK is a requirement for radioresistance in TNIK
high 

SCLC cells
 
in 

vitro. Furthermore, when we overexpressed TNIK in TNIK
low 

SCLC cells, followed by exposure 

to radiation, the cells became more resistant to radiotherapy, highlighting that TNIK expression 

is sufficient to cause radiation resistance in vitro in SCLC cells. To validate our in vitro results, 

we treated a TNIK
high

 (H446) xenograft tumor with the inhibitor NCB-0846 plus CRT, and the 

combination treatment was the most effective at inhibiting xenograft tumor growth. These 

collective findings support our hypothesis that TNIK plays a direct role in SCLC treatment 

resistance and that TNIK inhibition can sensitize SCLC tumors to CRT.  
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Limitations of our study encompass those that pertain to xenograft and PDX models, 

which include the lack of an immune microenvironment which plays a role in shaping tumor 

responses to CRT treatment. Furthermore, even though we included 5 different PDX models, the 

lack of genetic heterogeneity in our models limits the assessment of the combination treatment 

on heterogeneous tumors that represent SCLC patients. Therefore, it will be important to validate 

TNIKi as a radiosensitizing strategy in models that better capture SCLC biology, such as 

genetically engineered mouse models. Another limitation is the specificity of the inhibitor NCB-

0846 targeting other kinases besides TNIK, such as FLT3, JAK3, PDGFR, TRKA, 

CDK2/CycA2 and HGK (21). Surprisingly, we observed some effects of the inhibitor on cell 

cycle in TNIK
low 

cells, and therefore, our data suggests that NCB-0846 disrupts the G2/M cell 

cycle checkpoint in SCLC cells independent of their TNIK expression.  

Phospho-histone H3 analysis confirmed that TNIK regulates the cell cycle responses in 

SCLC cells following radiation. Our study also confirmed that TNIK is involved in regulating 

mitotic catastrophe in SCLC cells with DNA damage. Mechanistically, TNIK inhibition 

compromises DNA damage repair, thereby sensitizing SCLC cells to radiotherapy by promoting 

mitotic catastrophe.  

In conclusion, our findings highlight the potential of TNIK as a promising therapeutic 

target in LS-SCLC to combat CRT resistance. We have shown that by coupling TNIKi with CRT 

in vivo, we are not only able to eradicate SCLC tumors but also increase their sensitivity to CRT 

treatment. Since PDXs preserve the treatment responsiveness of primary tumors and the TNIKi 

is well tolerated in our in vivo studies, investigating TNIKi strategies in the clinic as a treatment 

option is warranted for LS-SCLC.  
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Figure Legends 

 

Figure 1: PDXs can be used to model and identify targets to combat rapid chemoradiation 

resistance in LS-SCLC. LX33 PDXs were treated, tumors collected at maximal tumor response, 

and gene expression profiles obtained across groups. (A) Schematic representation of 

experimental design for RNA profiling starting from PDX injection, followed by randomizing 

PDX tumor-bearing mice into 4 treatment arms, and finally collecting samples for RNA 

profiling. (B) Tumor volumes in LX33 PDX in response to vehicle (n=4), CT (n=5), RT (n=4), 

and CRT (n=4) treatments. One-way Anova with Tukey’s multiple comparison’s test, ns: 

nonsignificant; *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. (C) UpSet plot for 

differentially expressed genes (FDR < 10%) between treatment groups and control. The dots at 

the bottom of the plot represent the intersection between the groups, the bars on top are the 

number of genes in each intersection, and the bars on the right panel next to the dots are the total 

number of differentially expressed (DE) genes in each treatment arm. Data obtained from RNA 

profiling of the control (collected at day 6) and treatment (collected at day 12) samples. (D) 

Chemoradiation resistance candidate genes as identified from the LX33 SCLC PDX and human 

studies combined.  

 

Figure 2: TNIK is identified as a chemoradiation resistance candidate gene in multiple 

SCLC PDXs with increased TNIK expression in the chemoradiation-resistant population of 

cells. (A) Schematic representation of experimental design for RNA-seq starting from PDX 

injection, followed by randomizing PDX tumor-bearing mice into 4 treatment arms, and finally 

collecting samples for RNA-seq (B) IHC showing the different molecular subtypes of SCLC 

PDX. (C) Tumor volumes in multiple SCLC PDX models in response to vehicle, CT, RT, and 

CRT treatments. Green dotted lines indicate the timepoints when the samples were collected: day 

14 (early) and day 43 (late). Data are shown for 5–8 mice per treatment group per PDX model at 

the late timepoint. One-way ANOVA with Tukey HSD correction, ns, nonsignificant; *P < 0.05, 

**P < 0.01, ***P < 0.001, ****P < 0.0001. (D) PCA clustering of RNA-seq data of 5 PDXs 

(LU86, LU148, LX47, LU73 and LX33) exposed to vehicle, CT, RT, and combination (CRT) 

treatments. (E) Volcano plot showing the differentially expressed genes in all PDXs in the 

chemoradiation (CRT) resistant subpopulation of cancer cells. (F) TNIK expression in the 

different SCLC PDX models in response to vehicle, CT, RT, and CRT treatments. One-way 

ANOVA with Tukey HSD correction, ns, nonsignificant; *P < 0.05, **P < 0.01, ***P < 0.001, 

****P < 0.0001.  

 

Figure 3: TNIK inhibition sensitizes TNIK
high 

SCLC cells to chemoradiation but not 

TNIK
low 

cells. (A) TNIK expression in different SCLC cell lines (H446, H196, DMS114, 

H2286) as obtained from CCLE (https://depmap.org/portal/gene/TNIK?tab=characterization) 

and analyzed by Western blot. LK2 is a positive control and KNS62 is a negative control for 

TNIK expression. (B) Short-term cell viability of SCLC cell lines (H446, DMS114) in response 

to NCB-0846, determined with CellTiter-Glo 2.0 assay. EC50 was calculated on GraphPad 

Prism 10.0 using non-linear regression log(inhibitor) vs response variable slope (four 

parameters) (C) Clonogenic survival of TNIK
high

 (H446) and TNIK
low

 (DMS114) cells pre-

treated with ethanol vs. NCB-0846 (300 nM, 48h) in response to IR at indicated doses. The 

image is representative of three independent experiments. Two-way Anova with Tukey’s 

multiple comparison’s test, ns: nonsignificant; *P < 0.05, **P < 0.01, ***P < 0.001, 
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****P < 0.0001. (D) Clonogenic survival of TNIK
high 

(H446) cells exposed to IR (at all indicated 

doses) post-transfection with TNIK siRNA or scramble control. Data is representative of three 

independent experiments. Two-way Anova with Tukey’s multiple comparison’s test, ns: 

nonsignificant; *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. (E) Clonogenic survival of 

TNIK-overexpressing vs. mCherry-overexpressing DMS114 cells in response to IR at all 

indicated doses. Stable cell lines were generated via lentiviral transduction. TNIK 

overexpression was verified with a Western blot. Data is representative of three independent 

experiments. Two-way Anova with Tukey’s multiple comparison’s test, ns: nonsignificant; 

*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.  

 

Figure 4: TNIK inhibition impairs the DNA damage response in TNIK
high 

 SCLC cells 

exposed to radiation. (A) Activation status of DDR proteins (H2AX, ATM/p-ATM, ATR/p-

ATR, Chk1/p-Chk1, Chk2/p-Chk2) in TNIK
high 

H446 cells and TNIK
low 

DMS114 cells pre-

treated with ethanol vs. NCB-0846 (300 nM, 1h and 24h) post-IR (6 Gy) as determined by 

immunoblotting. Cell lysates were collected at 1h and 24h post-IR. (B) Comet assay 

fluorescence imaging of H446 nucleoids at 24 hrs post-treatment with ethanol vs NCB-0846 

(300 nM) with or without IR (6 Gy). Evaluation of the tail moment of nucleoids from H446 cells 

at 24 hrs following treatment with either ethanol or NCB-0846 (300 nM) with and without IR (6 

Gy and 10 Gy). One-way Anova with Tukey’s multiple comparison’s test, ns: nonsignificant; 

*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. (C) Cell cycle distribution of TNIK
high 

H446 cells and TNIK
low 

DMS114 cells pretreated with ethanol vs NCB-0846 (300 nM, 24h) 

post-IR. Two-way Anova with Tukey’s multiple comparison’s test, ns: nonsignificant; *P < 0.05, 

**P < 0.01, ***P < 0.001, ****P < 0.0001. (D) Nuclear morphology of H446 cells treated with 

either vehicle or NCB-0846 (300 nM) with and without IR. Frequency of mitotic catastrophe in 

TNIK
high

 H446 and TNIK
low

 DMS114 cells treated with ethanol vs. NCB-0846 (300 nM, 24h) 

post-IR (6 Gy). Multi-nucleated cells were assessed as having undergone mitotic catastrophe. 

One-way Anova with Tukey’s multiple comparison’s test, ns: nonsignificant; *P < 0.05, 

**P < 0.01, ***P < 0.001, ****P < 0.0001. Data is representative of three independent 

experiments. Immunoblot band intensity was quantified with ImageJ.  

 

Figure 5: TNIK inhibition promotes chemoradiotherapy sensitivity in vivo in SCLC 

xenograft tumors. (A) Schematic of in vivo studies showing the chemoradiation sensitizing 

potential of TNIKi. (B) TNIK expression in LX33 and H446 tumors (3 different mice, 

respectively) as determined by Western blot. (C) Tumor volumes in the LX33 PDX and H446 

CDX models in response to vehicle (control), NCB-0846 (TNIKi), chemoradiation (CRT) and 

chemoradiation plus NCB-0846 (CRT+ TNIKi) treatments. Two-way Anova with Tukey’s 

multiple comparison’s test, ns: nonsignificant; *P < 0.05, **P < 0.01, ***P < 0.001, 

****P < 0.0001. (D) Mouse body weight from all treatment groups over time in both LX33 PDX 

and H446 CDX.  
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