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Abstract.

OBJECTIVES: Significant progress has beeninade.in the treatment of patients with pulmonary adenocarcinoma (ADCA) based
on molecular profiling. However, no such molecular target exists for squamous cell carcinoma (SQCC). An exome sequence may|
provide new markers for personalized medicine for lung cancer patients of all subtypes. The current study aims to discover new
genetic markers that can be used as universal biomarkers for non-small cell lung cancer (NSCLC).

METHODS: WES of 19 advanced NSCLC patients (10 ADCA and 9 SQCC) was performed using Illumina HiSeq 2000. Variant
calling was performed using GATK, HaplotypeCaller and then the impacts of variants on protein structure or function were
predicted using SnpEff and . ANNOVAR. The clinical impact of somatic variants in cancer was assessed using cancer archives.
Somatic variants were further prioritized using a knowledge-driven variant interpretation approach. Sanger sequencing was used to
validate functionally important variants.

RESULTS: We identified 24 rare single-nucleotide variants (SNVs) including 17 non-synonymous SNVs, and 7 INDELSs in 18
genes possibly linked to lung carcinoma. Variants were classified as known somatic (n = 10), deleterious (n = 8), and variant of]
uncertain significance (n = 6). We found TBP and MPRIP genes exclusively associated with ADCA subtypes, FBOX6 with SQCC
subtypes and GPRIN2, KCNJ18 and TEKT4 genes mutated in all the patients. The Sanger sequencing of 10 high-confidence
somatic SNVs showed 100% concordance in 7 genes, and 80% concordance in the remaining 3 genes.

ICONCLUSIONS: Our bioinformatics analysis identified KCNJ18, GPRIN2, TEKT4, HRNR, FOLR3, ESSRA, CTBP2, MPRIP,
TBP, and FBXO6 may contribute to progression in NSCLC and could be used as new biomarkers for the treatment. The mechanism
by which GPRIN2, KCNJ12, and TEKT4 contribute to tumorigenesis is unclear, but our results suggest they may play an important
role in NSCLC and it is worth investigating in future.
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1. Introduction

Various studies have proven NSCLC to be a histolog-
ically and molecularly heterogeneous group of cancer.
The two main histological NSCLC subtypes are ade-
nocarcinoma (ADCA) and squamous cell carcinoma
(SQCC). Although the incidence of ADCA is on the
rise, SQCC is currently the second most frequent histo-
logic subtype. Distinct subtypes of NSCLC are driven
by a specific genetic alteration, the molecular mech-
anisms of which remains to be fully elucidated. The
Cancer Genome Atlas (TCGA) has conducted com-
prehensive genome studies of NSCLC, displaying a
great diversity of molecular variations. Some of the mu-
tated genes were common in both the histology sub-
types, and some were group specific. ADCA shows
more complex and heterogeneous molecular patterns
than SQCC, with a greater number of associated ge-
nomic aberrations [1,2]. Tumor genotype analysis has
identified driver alterations in 50-80% of NSCLC pa-
tients according to demographics, and particularly eth-
nicity. Asian people have unique clinical characteris-
tics, tumor histology and show different prevalence of
oncogenic mutations [3].

Significant advancement has been made in the treat-
ment of patients with pulmonary ADCA because of the
molecular profile. The discovery of EGFR mutations
and ALK rearrangement has opened a new era of\tar-
geted therapy in ADCA. However, no such.melecu-
lar target exists for squamous cell carcinema(SQCC).
'Whole exome sequencing (WES) has been inwide use
for the discovery of new genetic matkers,which may
offer more information for the deyelepment of person-
alized medicine for all subtypestof lung cancer [4].
'WES has been widely useddtrelinical research for the
discovery of new genetiematkers. This study aims to
identify novel genetic markers for NSCLC that can be
used as universal biomarkers for the treatment. Addi-
tionally, this study identifies and compares the genomic
alterations of ADCA subtypes and SQCC subtypes.

2. Materials and methods
2.1. Sample collection and diagnosis

A total of 19 NSCLC cases (EGFR, ALK and ROS1
negative) with available clinical follow-up were re-
trieved from the Department of Pathology, AIIMS, New
Delhi. The haematoxylin and eosin-stained slides were

nalysed and histological type of the tumour was deter-

mined according to World Health Organization (WHO)
2021 classification of thoracic tumours. Blocks showing
more than 80% tumour component in their respective
sections were used for WES. Treatment and follow up
details were retrieved from case record files from the
Department of Medical Oncology, AIIMS, New Delhi.

2.2. Formalin fixed paraffin embedded (FFPE) DNA
isolation and repair

DNA extraction was performed using FFPE DNA
tissue extraction kit (A2352, Promega, USA) accord-
ing to the manufacturer’s instructions. FFPE DNA was
repaired and purified using Gene JET FFPE DNA Pu-
rification Kit (KO881, Thermo*Scientific, USA) accord-
ing to the manufacturer’sinstructions. Quantity and pu-
rity of gDNA were assessed by Qubit® 2.0 Fluorom-
eter (Invitrogen, Carlsbad, CA, USA) and NanoDrop
ND-1000 (Thermo Seientific, USA).

2.3. Sample sequencing

Sequencing libraries were prepared using the SureS-
elect All Human Exon V5 Kit (USA) according to the
manufacturer’s instructions. The final enriched pooled
were sequenced on Illumina HiSeq 2000 platform (I1-
lumina Inc., USA) generating 2 x 150 bp paired-end
reads. Image analysis and base calling were carried
out by Illumina software (CASAVA) with default pa-
rameters. Demultiplexing and FASTQ file generation
from Illumina basecall (BCL) files was performed using
Bcl2fastq conversion software.

2.4. Variant calling and quality control

Quality of raw reads (FASTQ files) was examined
using FastQC [5]. Adaptor and low-quality sequences
were trimmed using Trimmomatic software [6]. Paired
clean reads with longer than 50 bases were aligned
against the Genome Reference Consortium Human|
Build 38 patch release 7 (GRCh38.p7) using BWA-
MEM algorithm of Burrows-Wheeler Aligner (BWA|
0.6.1) [7]. SAM/BAM post-processing steps includ-
ing SAM to BAM conversion, sorting, adding read
group information, mark duplicates, and base quality
score recalibration were performed using the Genome|
Analysis Toolkit (GATK 4.0.6.0) [8,9]. The quality of
the recalibrated BAM files was checked with Qual-
iMap v2.0.2 [10]. Finally, a genomic variation, in-
cluding single-nucleotide polymorphisms (SNPs) and
small INDELs (insertion and deletion) were detecte
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for each sample individually using GATK Haplotype-
Caller in GVCF mode (-ERC GVCF), and the results
were combined using GenotypeGVCFs. Raw variant
calls were soft filtered using GATK VariantFiltration
based on the following parameters: LowCoverage (DP
< 5), LowQual (Q < 50), StrandBias (FS P-value >
60), SNV cluster (three or more SNVs within 10 bp),
Poor Mapping Quality (> 10% of reads have nonunique
alignments).

2.5. Variant annotations

The impacts of variants on protein structure or func-
tion were predicted using SnpEff [11] and ANNO-
VAR [12]. It compiles prediction scores from multi-
ple algorithms including PhyloP, SIFT, LRT, SiPhy,
Polyphen-2, GERP++, MutationAssessor, Fathmm,
MutationTaster, CADD, and MetaSVM. In addition
to these tools, variants were re-annotated using the
germline/population databases (dAbSNP, 1000 Genomes
and ExAC) [13,14], and cancer/somatic databases
(COSMIC, TCGA and ICGC) [15,16]. ClinVar [17] and
My Cancer Genome (http://www.mycancergenome.org)
were used to determine the clinical significance of
each variant, while drug databases (PharmGKB, On-
coKB) [18,19] were utilized to gain information about
the treatment implications of specific cancer gene mu-
tations and how these mutations affect treatment, re-
sponse.

2.6. Additional filters to reduce false positives somatic
variants

A high-confidence somatic variant for tumor samples
without a matched normal ¢ontrol was selected based
on the following criteriay¥) mutations were considered
true positives if they have,a) QUAL > 20, b) genotype
quality (GQ) > 20, ¢) mapping quality (MQ) > 20, d)
coverage depth at candidate site (DP) > 20, e) QualBy-
Depth (QD) > 2.0, and g) frequency > 25% in tumor
samples [20], 2) all common variants with minor allele
frequency (MAF) of > 1% in the germline/population
databases (ExAC, and 1000 Genomes) were filtered out
since those variants are deemed polymorphic/benign
rather than pathogenic somatic driver mutations, 3)
known germline variants reported at dbSNP (version
151) were excluded, and alterations listed as known so-
matic variations in COSMIC, The International Cancer
Genome Consortium (ICGC) and The Cancer Genome
)Atlas (TCGA) were retain [21], 4) MAF threshold of
0.0001 was used in the gnomAD or TopMed database to

filter variants for the somatic mutation [22], 5) variants
were considered if the variant allele frequency (VAF;
also known as variant allele fraction) is deviating from|
germline polymorphisms (~0.5/1 for heterozygous
homozygous) [23,24], 6) variants were considered
if they are truncating variants (nonsense mutations,
frameshift deletions/insertions, mutations located af]
exon-flanking regions, and highly conserved intronic
splice sites), or apparent missense mutations predicted
to be pathogenic by in-silico prediction tools, 7) syn-
onymous variants that were not previously reported as
pathogenic and not predicted to alter splicing were fil-
tered out.

2.7. Enrichment analysis and candidate gene
prioritization

Known or predicted ‘variants to be involved in the
lung or in related(cancers were predicted using Dis-
GenNET [25]. The Himan Gene Damage Index server
(http://lab.rockefeller.edu/casanova/GDI) was used to
predict LoF-intolerant genes. The gene product physi-
cally interacts with a protein encoded by a known dis-
ease,gene was explored using NetworkAnalyst [26].
The DAVID tool was used to perform KEGG pathway|
and GO functional-enrichment analyses of DEGs. Gene|
product in a pathway associated with the disease and
gene expressed in the tissue or organ of interest was
retrieved from the literature.

2.8. Survival and expression analysis

A web-based tool, GEPIA (Gene Expression Pro-
filing Interactive Analysis; http://gepia.cancer-pku.cn),
was used in the study of lung cancer patients to as-
sess gene expression between tumor and normal data
from the Cancer Genome Atlas (TCGA) and Genotype-
Tissue Expression (GTEx). During the expression anal-
ysis, the threshold included an expression fold change
of 1.5 between cancer and normal tissues, as well as a
p value of 0.05. This relationship was then visualized
with a boxplot. A survival analysis as well as a correla-
tion analysis between two genes were also conducted
using GEPIA.

2.9. Sanger sequencing

PCR was carried out on ABI Palm thermal cycler
(Applied Biosystem, California), using both forward
and reverse primers for greater accuracy and the re-
sults were analysed using SeqMan II software (DNAS-
TAR 5.07). The mutations with both base counts more
than 10% and QV (quality value) more than 20 were
considered to be trusted mutations
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3. Results
3.1. Patient characteristics and sequencing statistics

A case study of 19 patients was included in this
study, where 10 were ADCA (EGFR, ALK and ROS1
wild type), and nine were SQCC histological subtypes
of NSCLC. Patients were early onset with the aver-
age diagnostic age of 56 years, where male: female
ratio was 5.6: 1. Among, three patients were the non-
smoker, whereas one case was with unknown smok-
ing history. Nearly 75% of patients were present with
co-morbidities, where all patients were either in stage
III or IV. A total of 13.48 GB raw data and 11.98 GB
processed data were generated per exome for the tumor
sample of ADCA, whereas on an average 13.76 GB raw
data and 12.24 GB processed data were obtained for
the tumor sample of SQCC using WES. A higher per-
centage of reads were aligned to the human reference
genome (GRCh38) in the tumors of ADCA patients
(98.87%; range 96.48-99.95%) compared to tumors of
SQCC patients (97.40%; range 85.03-99.51%), indi-
cating that the generated dataset was highly relevant
with the reference genome. The average GC content
(49.74%) in the tumors of ADCA patients ranged from
42.10 to 64.63%, whereas average GC content (48.50%)
in the tumors of SQCC patients ranged from 41.81 to
52.28%. Clinical characteristics and sequencing-Sum-
mary of lung cancer patient’s participants in this\study
are listed in Table S1 in Supplemental File, 1.

3.2. Detection and characterization.of SNVs

After initial variant filtering{(as\described in meth-
0ds), a total of 1,157,921 (sifigle=allelic 1,157,792 and
multi-allelic 129) variants'weresetained in the tumors of
ADCA patients (n = 10)'which was slightly higher than
total variants (1,076,209; single-allelic 1,076,069 and
multi-allelic 140) detected in SQCC patients (n = 9).
The number of variants per chromosome ranged from
6,227 (chrY) to 98,788 (chr4) in the tumors of ADCA
subtype, whereas ranged from 8,385 (chrY) to 104,645
(chr4) in the tumors of SQCC subtype. The variants
rate per chromosomes varied from 1,925 (chr4) to 9,190
(chrY) and revealed on average 1 variants after every
2,667 bases in ADCA subtype, whereas it was after ev-
ery 2,869 bases in SQCC subtype. We observed higher
known variants i.e., 616,999 (53.285%) in ADCA sub-
type as compared to 537,980 (49.988%) in SQCC sub-
type. The distribution of variants by their type disclosed
1,066,489 SNPs, 38,751 insertions and 52,681 dele-

tions in ADCA subtype. However, the different dis-
tributions of insertions/deletions (35,799/49,010) and
SNP (991,400) was observed in SQCC subtype. The|
identified SNPs from NSCLC were categorized into two
clusters based on nucleotide substitutions i.e., transi-
tions (A/G and C/T) and transversions (A/C, A/T, C/G,
and G/T). The transition-to-transversion (Ts/Tv) ratio
was slightly higher (1.698 for all SNPs and 2.214 for|
known SNPs) in ADCA subtype compared to Ts/Tv,
ratio of 1.4859 (all SNPs) and 2.137 (known SNPs) in|
SQCC subtype. Among detected SNPs, 23.05% were
heterozygous, and 76.93% were homozygous in ADCA|
subtype, whereas it was 21.35% and 78.64% in SQCC
subtype, respectively. The ratio of heterozygous SNVs
to homozygous SNVs (Het/Hom ratio) was 0.29 and
0.27 in ADCA and ADCAsrespectively where the lower
value was associatedsywith/true positive variants. The
ratio of nonsense foamissense mutations (0.007), and
missense to silefit mutations (0.829) in ADCA subtype
was nearly similar'to 0.007 and 0.863, respectively in
SQCC subtyperThe ratio of nonsense to missense and|
missense to silent mutations in the human genome may|
refleet a,role for natural selection, especially purifying
selection. The ‘GAT’ codons have been replaced maxi-
mum times by ‘GAC’ codons in both ADCA (588) and
SQCC (665) subtype. The characterization of SN'Vs in|
ADCA and SQCC subtype, revealed that ADCA was
more genetically unstable compared to SQCC. Vari-
ant’s summary identified by whole exome sequencing
is listed in Table S2 in Supplemental File 1.

3.3. Detection of somatic variants in tumor only
samples

To detect somatic SNV, the present study focused
on missense variants in the exonic regions or splice
sites. The downstream filtering by genomic location|
revealed a total of 6,712 and 8,000 exonic variants in|
ADCA and SQCC subtype, respectively. Among ex-
onic SNVs (ADCA subtype), 2,113 were synonymous,
1,985 were nonsynonymous, 28 were frame-shift in-
dels, 51 were nonframe-shift indels, 15 were stop-gain,
2 were stop-loss, and 2,518 were non-coding SNVs. In
SQCC-subtype, 3,249 were synonymous, 2,656 were
nonsynonymous, 52 were frame-shift indels, 59 were
nonframe-shift indels, 36 splicing-variant, 1 was gene
fusion, and 1,947 were non-coding SNVs. Exonic mis-
sense, nonsense, stop-loss, frameshift and splice site
variants all have potential to affect protein function.
Therefore, we excluded the synonymous variants that
have no functional impact and retained 4,599 and 4,751

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

261

262

263

264

265

266

267

268

269

270

271

272

273

275

276

277

278

279

280

281

282



File: cbm-1-cbm220211.tex; BOKCTP/yn p. 5

22/12/2023; 9:05

Galley Proof

D <IHID
VDODVIDOOLOIVOVOLVD
DOOVOOHVDHDOHVIIILID
VOVOLVODDIOVODVVVD
- - snowAuouksuow/ ANS YLI0S8YEL-:61UD  DVOIDDLOIOVIVOLVOODD J689CUIN
- A816D'd:vTGLTD 0:61U0XS:GESH00 AN-TY'T SNOWAUOUASUOU/ANS YC1952691-21UD L<D i1
- ALED'd:VQT 1D70:ZU0X8: /9820 NN X AN snowAuouksuow/ ANS €9SELY Y- XD V<D XAN
98C666LLST 28€D diLTT 190 UOXd:4,7Z000 AN ure3doys/ANS §8¢6Y6CS-TIUD L<D 8ILIM
TOSTILILST 19P99™69"d:[9P8E L7E 61 [UOXD Jiysawejuou/uonsq 60L80811-814D D <IVIDI1HD 11dad
- SJTET d-LIPPS6™: [UOXD:€/€000 NN Jlysaweljuou/uons[aq S9S0ELYCT-EIUD J2<1D SdAN
= XSuIPPSTX d:DVOVOSUlyLT L 91 [U0X:T0L06TTO0ZAN Jlysowelj/uonosuy €5180S01-TTH4D JDIOIOL <L  STCINILA
[T108CSS1st XE€9I M d: V687D 2:€U0x2:0LZ06ZT00T NN uresdois/ANS €06vLSYS-6 114D V<D 444181
C0TTy6est WIHTA VY 1TLD0:gu0X2:969% 10 AN SNOWAUOUASUOU/ANS 91005S9%-0114D L<D CNTIdO
PESTEO8LTIST SJ91A"d:[0pLy 90:cUOXe Ylysaweljuou/uonsq OLT6EICL TTUD D < VLD €47104
[LYE0T8ETS ATSIN'd:DTGTV 9:zuoXd SNOWAUOUASUOU/ANS 6088991 1-114D D<yVv 90X84dd
6CCYTTSLLS OOsSuIPPyLO d:DVOSUIETT CTTI:EUOXAHETE00 NN JTUSSWERIFUOU/ UONIASU] 86619S0L1-914D DVIV <V ddL
[78S0T6LLST [9PO8 1 6L1"d:[9P6ES™ LESD:QUOXAHLETSTO AN Jiysauweljuou/uonsaq LYCOEILL:LTIUD D'DVID < HVIHVID dIIdIN
81655 18LS1 N9LLS d:V LTETD™D:5U0X:Z08TTO AN rSr66¥C1-0114D L<D
61L0CE0S ST 069LTd:V90£T L 2:guoXe———7087¢0 NN €9Sv661C1-0114D 1<V
1SL99€LE6ST 088LH d:WH9€T.L 9:5u0X2:208720 AN SOSY66YCI:01UD L<V
9665C008st HY9L0'd:1T677D9:5u0%a:708270 AN snowkuouksuou/ ANS LLSY661C1-0114D V<D 41O
CEIYIV6SLST 19P8LE™LLE AIOPTE T OET1'9:LUOXD:0GT8TI00 AN Jiysawejuou/uons[a(q €C8SIEY9 1 1UD D <DHHHD
C9E1L610Ts! T9LEY A LLTT 1D72:LU0X2:06T8T100 AN SNOWAUOUASUOU/ANS 1'28S1Er9: 114D L<D VIdSsd
GLS98BI6TIST HI92Y d:v 78D 0:£u0%0:866761100 AN 89GC0LIT-LT1UD V<D
LEGISSOSYIS ST9TI'd:DG8L1 2:€U0X2:8G6161 100 AN [LSEOLTTATIUD 5<L
EIE9LLSEYTST 11T TALIE9D0:¢U0XAZSEH6T 100 NN SNOWAUOUASUOU/ANS LIPEOLTCLTID L<D 8TIND
6VLSY8YSI OF8YTA'd:D0SOSD - EUOXA: [€6600100 NN snowAuouksuow/ ANS 6LSOTTCS T LD 2<DH ANYH
[ LSOYV d:WE1T1D9:9u0Xa:60L Y1 AN SNOWAUOUASUOU/ANS YL99L8Y6 “THD V<D PIAAL
a1 ANSap UONBId)[E PIOE OUTY ad£y uoneiny uoned0] EYDYD UOTJBINTU 9PTIO3[ONN uan

sjuoned 100ued SUN] UT PAAIASQO S[APUT pUEB SANS OTBWOS 90Uapyuod-ySiy jo Arewrung

I 91qBL




283

284

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

Galley Proof 22/12/2023; 9:05

File: cbm-1-cbm220211.tex; BOKCTP/yn p. 6

AT LRERTnT

Tl
i

,o
'O,
55'4?4(,:3\
Wy

Wz,

&
RO%
P
(¥
T8p,.

SPRi;-.
MIR36g9F-—

&

Q2
L & S %
K W,,/m
e
& (7
< T

>

125

[S)
~

signifies that gene associated with more than one mutation.

variants from ADCA and SQCC$ubtype, respectively.
As rarity [27] is the key criterion to have a functional
effect on the encoded protein, the filtered variants were
used to eliminate the common“germline mutations (mi-
nor allele frequency below*5% in population/germline
databases) and as an outcome 1,642 and 2,141 variants
were retained in ADCA and SQCC subtype, respec-
tively. After excluding false positive mutations (based
on additional filter criteria’s la-given in methodology),
500 and 734 variants in ADCA and SQCC subtype, re-
spectively was observed. To exclude deemed polymor-
phic/benign variants, high-quality rare variants (MAF
< 1% and QUAL > 500) were excavated which re-
vealed 94 variants in ADCA subtype, whereas 87 vari-
ants in SQCC subtype. To identify candidates likely to
have deleterious effects, combination of multiple vari-
ant annotation tools was applied that revealed the im-
pact of amino acid changes on protein function based

on the combine scores. The variants were classified as

U
) B
T %
LT T 1 \ﬂ\\““\ g%
e B8

[Fig. 1. Nonsynonymous somatic SNVs and INDELSs identified in Tung cancer patients by whole-exome sequencing. The outer-coloured ring and|
number indicate chromosome number and partition; thesmiddle green ring and letters represent genes with non-synonymous SNVs and their|
corresponding chromosomes; the inner violet ring‘showsnon-synonymous INDELSs and their corresponding chromosomes. The star symbol

0

S

damaging (predict pathogenic by maximum number
of tools), probably damaging (predict pathogenic or]
benign by an equal number of tools), benign (predict
benign by maximum number of tools) and uncertain
significance (unknown) as per the variant assessment
guidelines by the American College of Medical Ge-
netics. The alterations listed in COSMIC, ICGC and
TCGA were considered as known somatic variations
in this study. The final outcome revealed a total of 24
somatic variants (ADCA = 14, SQCC = 10) associated
with 18 genes and were classified as known somatic
variant (n = 10), deleterious variant (n = 8), and vari-
ant of uncertain significance (VUS) (n = 6) (Table 1,
Fig. 1). The gene (n = 11) namely CTBP2, ESRRA,
FDFT1, FOLR3, GPRIN2, HRNR, KCNJ18, KRT18,
LILRA2, MTRNR2LS, and TEKT4 were observed to
be mutated in both ADCA and SQCC histologic sub-
type of lung cancer. In addition, mutated gene (n = 4)
namely LRP2, MPRIP, NYX, and TBP were observe
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Altered in 19 (100%) of 19 samples.
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[Fig. 2. Oncoplot for the somatic variants in non-small cell lung cancer (NSCLC): The graph depicting top 18 mutated genes ordered by decreasing
frequency. The right barplot shows overall frequency in ADCA and SQCC=subtype. The colour box represents the type of mutations including
ISNV/nonsynonymous (violate), SNV/ stop gain (light blue), deletion/nonframeshift (dark blue), insertion/frameshift (light green) and insertion|
nonframeshift (red). The top stacked barplot shows a number of somati¢c mutations per sample.

in histologic subtype of ADCA only, whereas.EBX06,
MIR3689F, and UMPS mutated genes werefoiind in
SQCC subtype only (Fig. 2). Out of 24 sematie variants,
19 (79.17%) variants had a previously known dbSNP
ID while the remaining 5 (20.83%) was unassigned,
new variants. The 17 variants had higher mutations fre-
quency (= 25%) in tumor samples, whereas 21 variants
were observed to be truesomatic mutation based on
variant allele frequency which is used to infer whether
a variant comes from somatic cells or inherited from
parents when a matched normal sample is not provided.

3.4. Knowledge-driven variant prioritization

Though, we followed the guidelines suggested for
experimental design and variant filtering, yet we ob-
tained more candidates with likely functional effects
than can be verified experimentally. In this study, high
priority candidates were selected based on the biologi-
cal hypothesis. The analysis of known or predicted vari-
ants to be involved in the lung or in a related cancer re-
vealed nine genes (CTBP2, ESRRA, FBXO6, FDFT1,

KRT18, MPRIP, TBP, LILRA2 and UMPS) associated

o
©
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with the lung carcinoma. In addition, four genes i.e.,
LRP2 (bone, breast, colorectal, pancreatic, prostate, and
renal cell carcinoma), HRNR (breast, liver and pan-
creatic carcinoma), FOLR3 (breast and ovarian carci-
noma) and TEKT4 (breast and thyroid carcinoma) were
involved in other’s cancer types. The genes namely|
MIR3689F, MTRNR2L8, NYX, GPRIN2 and KCNJ18§
were observed to be not associated with any type of]
cancer and considered as low priority genes for the vali-
dation. The encoded proteins of 16 genes, have loss-of-
function (LoF) variants that damage or eliminate them.
The LoF-intolerant genes (CTBP2, GPRIN2, HRNR
and TEKT4) were classified as extremely loss of func-
tion intolerant (pLI > 0.9), whereas gene (MTRNR2LS)
with low pLI scores (< 0.1) was considered as LoF-
tolerant (common loss-of-function variants) and was
not selected for the validation. We also prioritized genes
based on the interactome of known disease-associated
proteins. The analysis disclosed 13 seeds (out of 18
genes) associated with 584 nodes and 622 edges in the
network. The genes, FBXO6 (degree 153; between-
ness centrality 77253.04), TBP (degree 152; between-
ness centrality 78171.64), KRT18 (degree 89; between-
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Table 2
Characteristics of candidate variants from public resources and published literature

Lung Other Hub Protein . Pathway Ongoing drug LoF-intolerant

Gene . . overexpression associated .

carcinoma carcinoma genes . . trials genes

in lung cancer with lung cancer

CTBP2 + + + P16 + +++
ESRRA + + + + VEGF ++
FBXO06 + + + ERDA + ++
FDFT1 + + + + Mevalonate, WNT ++
FOLR3 + + ++
GPRIN2 Glutamate + 4+ +
HRNR + + + AKT +++
KCNJ18 + P53
LILRA2 + + ++
LRP2 + + MAPK, JNK, Headong ++
MIR3689F
MPRIP + + + + Fusion + ++
MTRNR2LS +
NYX ++
TBP + + + RAS ++
TEKT4 + P13K/AKT +++
UMPS + + + + Nucleotide metabolism +4+
KRT18 + + + + ++

*LoF: + + + (High), ++ (Medium), and + (Low).

Fig. 3. Hub genes in significant network modules. The hub genes with high degree and high betweenness were denoted with red colour.
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ness centrality 44603.52),"€TBP2 (degree 64; between-
ness centrality 33732.54), ESRRA (degree 44; between-
ness centrality 21895.15), LRP2 (degree 38; between-
ness centrality 20031.73), MPRIP (degree 24; between-
ness centrality 10184.34), FDFT1 (degree 17; between-
ness centrality 7452.33), UMPS (degree 15; between-
ness centrality 7266.93), and HRNR (degree 14; be-
tweenness centrality 6258.26) were observed to be the
most highly ranked hub genes in this study (Fig. 3).
Moreover, relevant information for the genes of inter-
est was retrieved from the literature. Ten gene/proteins
including HRNR, KCNJ18, ESRRA, MPRIP, FBXO6,
FOLR3, FDFT1, UMPS, KRT18, and LILRA were ob-
served to be overexpressed in lung cancer which might

ave a potential role in cancer development, prolifer-
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[Fig. 4. Scatter plot illustrating enriched KEGG pathways and gene ontology. Top 40 KEGG pathways are depicted in the Fig. 3A. The rich factor|
was determined by dividing the number of‘genes enriched in a pathway by the total number of genes annotated in that pathway. Figure 3B, C, and
ID show the top 10 Biological Processes’(BPR), Molecular Functions (MF), and Cellular Components (CC), respectively. The colour and size of the|
dots denote the range of the -log P-yalue'and the number of genes in the shown pathways, respectively. The scatter plot was made using R software

ation, and metastasis. Remarkably, most of the genes
were involved in important cancer-related pathways in-
cluding pathways in cancer, small cell lung cancer, and
non-small cell lung cancer. The PI3K-Akt signaling
pathway, ECM-receptor interactions, cell adhesion, fo-
cal adhesion and the cell cycle may also play important
roles in lung cancer pathogenesis (Fig. 4). Outcomes of]
GO enrichment analysis showed that 1) for biologicall
processes (BP), genes were significantly enriched in|
DNA dependent transcription, transcription from RNA|
polymerase II promoter, initiation and transcription ini-
tiation from RNA polymerase II promoter; 2) for cell
components (CC), genes were significantly enriched
in nucleoplasm, organelle lumen and membrane en-
closed lumen; 3) for molecular function (MF), genes
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were enriched in transcription from RNA polymerase
II promoter, transcription factor binding and positive
regulation of transcription, DNA dependent (P < 0.05,
Fig. 4). Close observation showed that the variant in
the gene MIR3689F (miRNA) and MTRNR2LS (it is
unclear if this is a transcribed protein-coding gene, or
if it is a nuclear pseudogene of the mitochondrial MT-
RNR2 gene) was incorrect for this study and hence
not selected for the validation. The characteristics of
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[Fig. 5. Prognostic roles of potential key genes in the NSCLC patients. Survival curves are plotted for NSCLC cancer patients. (A) Overall survival:
CTBP2, GPRIN2, KRT18, LILRA2, LRP2, UPMS; (B) Disease free survival: CTBP2, KRT18, LRP2.

candidate variants from public resources and published
literature are given in Table 2.

3.5. Expression analysis of potential biomarkers for

CTBP2, GPRIN2, KRT18, LILRA2, LRP2, and
UMPS mutations are associated with lower overall
survival (Fig. 5a), and CTBP2, KRT18, and I.RP2

404

405

406

407

408

409

410



411

412

413

414

Galley Proof 22/12/2023; 9:05 File: cbm-1-cbm220211.tex; BOKCTP/yn p. 11

GPRIN2| €

]
= ©

A . . _lrp2| B f*—‘

F &

LUAD
(num(T)=483; num(N)=347)

T T T

L _ B
| .
|

LUSC LUAD LUSC
(num(T)=486; num(N)=338) (num(T)=483; num(N)=347) (num(T)=486; num(N)=338)

‘—~ﬁMPRIP

(num(T)=483; num(N)=347) (num(T)=486; num(N)=338)

KRT18

A

LILRA2

— s o o

[E— . =

T T T T - -

LUAD LUSC LUAD LUSC LUAD Lusc
(num(T)=483; num(N)=347) (num(T)=486; num(N)=338) (num(T)=483; num(N)=347) (num(T)=486; num(N)=338) (num(T)=483; num(N)=347) (num(T)=486; num(N)=338)

[Fig. 6. Analysis of potential key genes expression level in NSCLC patients. The red and gray boxes represent cancer and normal tissues,
respectively. (A) LRP2; (B) GPRIN2; (C) FOLR3; (D) MPRIP; (E) KRT18andy(F) LILRA2; LUAD: Lung adenocarcinoma; LUSC: Lung

squamous cell carcinomas.
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[Fig. 7. Correlation analysis of potential key genes in NSLCL. TCGA and/or GTEx expression data show significant correlations between LRP2,

[FOLR3, LILRA2, and GPRIN2.

mutations are associated with lower disease-free sur-
vival (Fig. 5b). It is therefore possible to identify these
genes as potential biomarkers for NSCLC. Next, we

NSCLC tissues and in normal tissues. The expression
levels of the 5 genes (LRP2, GPRIN2, FOLR3, MPRIP,
LILRA2) decreased significantly, but the expression

pplied GEPIA to check gene expression levels in

level of one gene (KRT18) increased in compariso
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Table 3

Candidate variants identified through whole-exome sequencing which passed in the validation practice by Sanger sequencing

T.S. KCNIJ18 GPRIN2 TEKT4 HRNR

FOLR3

ESRRA CTBP2 MPRIP TBP FBXO6

ADCA subtype
ADCAO01
ADCA02
ADCAO03
ADCA04
ADCAO05
ADCA06
ADCAO07
ADCAO08
ADCA09
ADCAI0

SQCC subtype
SQCCI11
SQCCI12
SQCCI13
SQCCl14
SQCCI5
SQCCl16
SQCC17
SQCCI18
SQCCI19
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B: candidate variants confirmed by both WES and Sanger sequencing; W: candidate vatiants confirmed by WES only and missed by Sanger
sequencing possibly due to low sensitivity; —: candidate variants absent in both WES and Sanger sequencing methods; T.S: tumor sample IDs.

with normal tissues. It was observed that LRP2 and
IMPRIP gene expression was significantly decreased in
the LUSD, whereas KRT18 gene expression increased
in the LUAD (Fig. 6). These genes appear to be promis;
ing therapeutic targets. Additionally, we examined the
correlation between mRNA expression of LRP2vand
prognosis in patients with MPRIP (P-value =.1.1e-06)
and UMPS (P-value = 9.1e-10). Furthermorej there
is a significant positive correlation between,GPRIN2-
LILRA2 (P-value = 3.4e-10), GPRIN2-LRP2 (P-value
= 0), GPRIN2-MPRIP (P-value = 0); FOLR3-MPRIP
(P-value = 1.6e-09) and LILRA2-LRP2 (P-value =
0) and this may play an influential role in lung cancer
prognosis (Fig. 7).

3.6. Somatic variants validation by Sanger sequencing

To eliminate false-positive rates of the identified so-
matic mutations from WES data, we selected 10 genes
for Sanger sequencing validations. Interestingly we ob-
served that seven genes were mutated in more than
60% samples and three genes were mutated in either
one or two samples. Further, Sanger sequencing results
showed 100% concordance in seven genes and the re-
maining three genes concordances were found only in
80% cases. The mutations observed along with WES
and Sanger sequencing data have been depicted in the
Table 3 and Fig. S1 in Supplemental File 1.

The gene-wise results of Sanger sequencing are given
below:

~~[EKT1, GPRIN2 and KCNJ18 point mutation:

These three genes were found mutated in all
the samples by WES. On further validation by
Sanger sequencing, we also found TEKT1 (exon6:
c.G1213A:p.A405T) were positive in 18 cases,
GPRIN2 (exon3:c.G721A:p.V241M) in 16 cases
and KCNIJ18 (c.C631T:p.L211F) point mutations
in all samples.

Hornerin (HRNR) and FOLR3 mutation: These
two genes were found mutated in 18 samples
by WES. Validation by Sanger sequencing re-
vealed 100% concordance. The Hornerin gene
was present with the point mutation in exon 3
(c.C5050G:p.R1684G) and FOLR3 gene with
deletion in exon 3 (c.46_47del:p.Y 16fs).

ESSRA and CTBP2 mutation: WES revealed ES-
SRA gene was mutated in 16 cases and CTBP2
in 17 cases. Sanger sequencing revealed ESRRA
gene exon 7 point mutation (c.G1127T:p.R376L)
and deletion (c.1130_1132del:p.377_378del) in 12
and 5 cases whereas CTBP2 (exon5:¢c.G2292T:p.
Q764H) point mutations in 15 cases.

MPRIP, TBP and FBXO6 mutation: Exon 6 dele-
tion of MPRIP gene (c.537_539del:p.179_180del)
was found in 2 samples whereas TBP gene
(exon3:c.222_223insCAG:p.Q74delinsQQ) dele-
tion and FBXO6 gene (exon2:c.A151G:p.M51V)
point mutation were found in one case each by

WES and Sanger sequencing
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4. Discussion

This study used whole-exome sequencing to predict
genomic alterations in ADCA and SQCC histological
subtypes of NSCLC. Overall, we detected 24 somatic
variants (ADCA = 14, SQCC = 10) in 18 genes. Many
of the gene alterations were common in both subtypes
whereas few were group specific, these findings will
throw more light on personalized medicine. Of interest,
16 genes (= 50% mutation frequency) were observed
to be mutated in lung cancer, where gene GPRIN2,
KCNJ18 and TEKT4 was found mutated in all the pa-
tients (100% mutation frequency). The pathway enrich-
ment analysis confirmed that the majority is involved
in processes relevant for tumorigenesis such as cell dif-
ferentiation and proliferation. In the end, 10 novel so-
matic variants (affecting 10 genes, i.e., CTBP2, ES-
RRA, FBX06, FOLR3, GPRIN2, HRNR, KCNIJ18,
IMPRIP, TBP, and TEKT4) that were identified for the
first time were validated by Sanger sequencing. Our
data expands the mutation spectrum for NSCLC and
will be a useful resource for the NSCLC research com-
munity. Each biomarker has been discussed in details
in the following paragraphs.

4.1. Mutated genes present in all samples of ADCA
and SQCC subtype

Of interest, the three genes, KCNJ18, TEKT4,.and
GRIPN2 are mutated in all NSCLC samples’and can
serve as common diagnostic markers for'bothssubtypes.

4.1.1. Potassium inwardly rectifying channel
subfamily J member d8(KCNJ18)

Gene encodes a member.of the inwardly rectify-
ing potassium channel family and plays a role in rest-
ing membrane potential maintenance [28]. The potas-
sium channel involvement in tumour cell prolifera-
tion has been studied previously in colorectal carci-
noma cell line DLD-1 and human prostate cancer cell
line LNCaP by modulating calcium influx [29,30]. The
E139K (rs76265595), G145S (1s75029097) and A185V
(rs73979896) mutations in KCNJ12/KCNJ18 gene were
identified in esophageal SQCC [31]. Mutations were
found in KCNJ18 gene in all the NSCLC patients stud-
ied, but the amino acid variations (c.C631T, p.L211F)
were different from those reported earlier. So, it can
be postulated that KCNJ18 might be involved in p53
pathway, and it may be investigated in larger cohort of
patients

4.1.2. G protein-regulated inducer of neurite
outgrowth 2 (GPRIN2)

Gene is located on chromosome 16 and encodes glu-
tamate NMDA receptor [32]. Variations in this gene
have been found in malignant as well as non-malignant
diseases [31,33]. Rare damaging novel mutations in
GPRIN?2 genes has been found in 33% melanoma pa-
tients (somatic) [34], familial human esophageal SQCC
(germline/somatic) [31] as well as 501-Mel melanoma
cell line [34]. Mutated GPRIN2 might play a major
role in tumorigenesis via glutamate pathway where
excess release of glutamate showed more aggressive
growth [35,36]. In the present study we found p.V241M
(c.G721A) mutation in all the NSCLC cases, although|
mutation observed was différent from those reported
in the literature (p.A233S,ts11204659). The role of
this mutation in tumotigenesis is unclear; however, high
frequency observed’in ‘our study hints that it may be
explored in othet studies.

4.1.3: Tektin4 gene (TEKT4)

Ispresent on chromosome 2, encodes tektin4, a con-
stitutive “protein of microtubules in cilia, flagella, basal
bodies, and centrioles [37]. The biological function of
TEKT4 has not been well explained in cancer initiation
and development. Variations in the TEKT4 gene play
an important role in papillary thyroid cancer progres-
sion. TEKT4 knockdown in papillary thyroid cancer|
cell lines inhibits tumorigenesis by impairing cell pro-
liferation, colony formation, migration, and invasion|
via blocking the activity of PI3K/AKT pathway [38].
We found TEKT4 gene mutations in all 19 cases stud-
ied. However, mutations (c.G1213A, A405T) were dif-
ferent from those reported in papillary thyroid cancer
(c.1276_1279delinsACCC). Mutated TEKT4 is associ-
ated with increased paclitaxel resistance and poor prog-
nosis in breast cancer patients [39]. This mutation might
play a vital role in the pathogenesis of lung cancer how-
ever, the role of TEKT4 gene in PI3K/AKT pathway|
signalling and treatment resistance require further in-
vestigations.

4.2. Mutated genes present in 80% samples of ADCA
and SQCC subtype

In addition to the three aforementioned genes,
HRNR, FOLR3, CTBP2 and ESSRA are significantly|
mutated in more than 80% of the NSCLC samples. Al
these mutated genes are directly or indirectly play a role
in tumorigenesis and can additionally serve as common
pathogenetic link for subtypes of NSCIL.C
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4.2.1. C-terminal-binding protein 2 (CTBP2)

Is a member of the CTBP family protein located in
the human chromosome 10. CTBP2 is an evolution-
ary conserved transcriptional co-regulator that inter-
acts with DNA binding transcription factors and chro-
matin remodelers. CTBP2 represses a number of tu-
mour suppressor genes (E-cadherin, PTEN, and INK4),
induces the epithelial-to-mesenchymal transition and
functions as an apoptosis antagonist. Aberrant expres-
sion of CTBP2 has been found to be associated with
tumorigenesis, cancer progression, and poor progno-
sis [40,41]. Accumulating evidences indicated that
CTBP2 expression is elevated in several types of malig-
nancies which include gastric cancer, melanoma, breast
cancer, esophageal SQCC, prostate cancer, hepatocel-
lular carcinoma, and ovarian cancer. High expression
of CTBP2 results in progression of esophageal SQCC
through negatively regulating p16 (INK4A). CTBP2 is
considered as a co-factor of TGF-f-signalling pathway
in promoting cancer metastasis and also participates
in the regulation of WNT signalling. CTBP2 modu-
lated the androgen receptor to promote prostate cancer
cell proliferation through c-MYC signalling and also
promoted its progression. CTBP2 can be considered as
driver oncogene in solid tumours and also as an emerg-
ing target in cancer as it encodes a druggable dehydro-,
genase domain for which first and second-generation ifi+
hibitors have already been identified [42]. CTBP2-plays
a crucial role in NSCLC progression, and its depletion
can provide a new target for NSCLC treatmeént [43].
CTBP2 was mutated (c.G2292T, Q764H) in,17 cases
in the present analysis. We believe that €TBP2 has the
potential to become a high-efficacy,target however, it
warrants further research.

4.2.2. Estrogen related receptor alpha (ESRRA)

Is evolutionary relatedito’estrogen receptor and can
efficiently bind to estrogen receptor that are commonly
shared by many target genes. Over-expression of ES-
RRA has been found in carcinoma of the thyroid, ovary,
breast, prostate, colon and endometrium [44,45]. It is
correlated with the poor prognosis. ESRRA suggested
being a molecular target for treatment of endometrial
cancer. Other investigators reported ESRRA as one of
the negative prognostic factors in human prostate can-
cer. ESRRA is also over-expressed in lung cancer pa-
tients and cell line A549 while some studies report low
or undetectable [46], estrogen receptor expression in
INSCLC cells. ESRRA is up-regulated in NSCLC tis-
sues and promotes the progression, proliferation and in-

ESRRA knockdown xenografts sensitized cells to pa-
clitaxel and reduce tumour growth and angiogenesis.
Overall review of literature and our preliminary expe-
rience with ESRRA suggest that it can be studied in
detail in NSCLC patients.

4.2.3. Hornerin gene (HRNR)

Is clustered on the chromosome region 1921 and it is
a member of the S100 protein family. The function of|
HRNR is poorly clarified in the development of human
tumours. Altered expression of HRNR was reported to
be involved in cancer development, malignant transfor-
mation and invasion. Elevated HRNR has been found
in many tumours viz lung SQCC, hepatocellular carci-
noma, colorectal cancer, prostate cancer, glioblastoma
and cell lines, breast careinoma and cell linesand acute
myeloid leukemia [48]."HRNR has been found to con-
tribute to hepatocellular‘carcinoma progression via the
regulation of thé¢"AKT pathway [49]. In the lung SQCC
and colorectal/carcinoma, altered HRNR expression|
has been.associated with disease recurrence [50]. In the|
current study we have also found recurrence occurred in
nine-patients all of whom were mutated with the HRNR
gene,

4.2.4. Folate receptor gamma (FOLR3)

Gene is located on chromosome 11 and consists of
five exons. The FOLR3 receptor is a constitutively se-
creted form of the folate receptor. FOLR3 is one of]
the key genes involved in the pemetrexed pathway.
Variation in FOLR3 gene affects pemetrexed uptake,
metabolism, treatment tolerability, response and sur-
vival [51]. In NSCLC and mesothelioma patients, vari-
ation in the FOLR3 gene has been reported. FOLR3
germline mutation (rs61734430, ¢.292C > T variant)
has been associated with an increased rate of disease
progression [51]. Pemetrexed is a folate antimetabo-
lite [52] approved for the treatment of advanced NSCLC
in the first line, second line setting as well as for main-
tenance therapy. We found c.46_47del, Y 16fs muta-
tion which is different from reported mutation type. Fu-
ture studies are required to know the role of FOLR3 as
predictive marker for personalized pemetrexed therapy|
(which can improve both efficacy and tolerability).

4.3. Histological subtypes specific mutated genes

In the current study 3 histology specific genes were
emerged from WES analysis. TBP and MPRIP genes
were solely associated with the ADCA subtype whereas
FBOX6 was found in one case of SQCC

wvasion via NF-£B mediated up-regulation of 11.-6 [47]
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4.3.1. Myosin Phosphatase Rho Interacting Protein
(MPRIP)

Is involved in actin cytoskeleton regulation and has
been implicated in a gene fusion (NTRK gene) in lung
cancer. However, NTRK fusions are rare in lung cancer.
\Vaishnavi et al. [53], detected NTRKI-MPRIP gene
fusion in NSCLC ADCA subtype (3.3%) that did not
contain other common oncogenic alterations. Whereas
Peifer (2012) [54] detected mutated MPRIP gene and
MPRIP-TP53 gene fusion in small cell lung cancer.
They predicted loss-of-function of the mutated MPRIP
gene putatively caused early termination of TP53 [54].
'We found two patients, of ADCA histology, mutated
with MPRIP gene (in-frame deletion, ¢.537_539del,
p.-179_180del) which corroborates the fact that it is
more common in ADCA subtype of NSCLC. Clinical
trials targeting NTRK1-MPRIP fusion in lung cancer are
undergoing [55,56], hence, detecting MPRIP mutations
in the lung ADCA is clinically useful.

4.3.2. TATA-box binding protein (TBP)

Gene encodes the TATA-binding protein present on
chromosome 6. A distinctive feature of TBP is the pres-
ence of a long string of glutamines in the N-terminus.
This region modulates the DNA binding activity and
affects the rate of transcription complex formation and
initiation of transcription. It has been reported that al+
terations in cellular TBP concentrations play an impor-
tant role in cellular differentiation [57,58]. RAS ‘onco-
genic signalling pathways up-regulate TBP.expréssion.
The two key studies [59] have reported.enhanced TBP
expression induces VEGFA expressiomand enhances
cell migration and tumour vascularizdtion in human
colorectal cancers (ADCA subtype). It has been sug-
gested that dysregulation of/TBP'expression is an early
event in tumour development..Given the strong correla-
tion between VEGFA and\IBP expression in colon can-
cer, TBP expression represents a novel biomarker and
function as an oncogene. In our small sample size only
one ADCA patient was mutated (c.222_223insCAG,
p.Q74delinsQQ) with TBP gene.

4.3.3. F-box protein 6 (FBXO06)

A member of F-box proteins, component of the evo-
lutionarily conserved ubiquitin-protein ligase complex
SCF and known to interact with cancer hallmark path-
ways [60]. There was one case of SQCC mutated with
FBXO6 gene (c.A151G, p.M51V), the same mutation
has also been studied in Merkel cell carcinoma and rec-
tal carcinoma previously [61]. Impaired FBXO6 ex-
pression induces ubiquitin-mediated degradation of tar-

get molecules thereby promoting the therapeutic resis-
tance of human cancer cells [62,63]. FBXO6 promotes
growth and proliferation in gastric cancer [64,65]. On
the contrary, studies in NSCLC (cell lines and tumours)
found inhibitory effects of FBXO06 along with positive
correlation with early TNM stage and favourable sur-
vival [66]. Cisplatin is one of the most commonly used
platinum-based chemotherapy for the SQCC subtype of
NSCLC [67,68]. FBXO6 is known to inhibit the phos-
phorylation of checkpoint kinase 1 (Chkl1), an impor-
tant component of DNA repair pathway. This effect,
in turn, promotes the sensitivity of cisplatin. Studies
have proposed that any defect in FBXO6 gene leads
to early development of cisplatin resistance and treat-
ment failure [69]. FBXO6 may be a useful therapeutic
target to overcome chemeoresistance of cisplatin-based
chemotherapy agents,[60]./ Thus, FBXO6 can serve as
a potential biomarker in,SQCC of lung cancer for pre-
dicting anticancér drtugs responsiveness.

5. Conclusions

In this study, novel somatic mutations and subtype-
specific mutations were found with WES and subse-
quently confirmed by Sanger sequencing. Mutated TBP
and MPRIP genes were exclusively associated with
ADCA subtype, whereas FBOX6 was associated with
SQCC. In addition, mutations in the GPRIN2, KCNIJ18,
and TEKT4 genes were detected in all patients [70-74].
Although the mechanisms of GPRIN2, KCNJ12 and
TEKT#4 in tumorigenesis are unclear, our results suggest
that these genes may play important roles in NSCLC,
and they are worth investigating in the future. The target
genes identified in our study can be used as biomark-
ers for detection and diagnosis of NSCLC. This study|
shows that WES can be applied to samples from clin-
ical settings to find or validate biomarkers in cancer|
research.
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