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Introduction: Heterogeneity of non-small cell lung carcinoma (NSCLC) among patients is 
currently not well studied. Pathologic markers and staging systems have not been a precise 
predictor of the prognosis of an individual patient. Hence, we hypothesize to develop 
a transcript-based signature to categorize stage IIIA-NSCLC in lung adenocarcinoma 
(LUAD) and lung squamous cell carcinoma (LUSC), plus identify markers that could 
indicate the prognosis of the disease.
Methods: Human Transcriptome Array 2.0 (HTA) and NanoString nCounter® platform 
were used for high-throughput gene-expression profiling. Initially, we profiled stage IIIA- 
NSCLC through HTA and validated through NanoString. Additionally, two metastatic 
markers SPP1 and CDH2 were validated in 47 NSCLC stage IIIA samples through real- 
time PCR.
Results: We observed distinct gene clusters in LUAD and LUSC with down-regulation of 
six genes and up-regulation of 57 genes through HTA. Ninety-six transcripts were randomly 
selected after analyzing HTA data and validated on the NanoString platform. We found 40 
differentially expressed transcripts that categorized NSCLC into LUAD and LUSC. SPP1 is 
significantly overexpressed (4.311±1.27 fold in LUAD and 13.41±3.82 fold in LUSC 
compared to control), and the CDH2 transcript was significantly overexpressed (11.53 ± 
4.027-fold compared to control) only in LUSC.
Discussion: These markers enable us to categorize stage IIIA NSCLC into LUAD and 
LUSC plus these markers may be helpful to understand the pathophysiology of NSCLC. 
However, more data required to make these findings useful in general clinical practice.
Keywords: non-small cell lung cancer, lung adenocarcinoma, lung squamous cell 
carcinoma, human transcriptome array, NanoString

Introduction
Lung cancer is one of the leading cause of cancer-related death worldwide and 
Non-small cell lung cancer (NSCLC), a subtype of lung cancer accounts for nearly 
80–85% of all cases of lung cancer.1 Surgical removal of the tumor is the current 
standard treatment strategy for stage IIIA NSCLC and observed that 30–75% of 
cases will be developed recurrence thus have poor prognosis.2 Additionally, 
75–85% of non-small cell lung cancer (NSCLC) show primary lung malignancy, 
and 25% show the brain as one of the major sites of relapse.3

Although the pathologic staging system has been the standard for determining 
NSCLC prognosis. However, the current classification system is still not a precise 
predictor of the prognosis of an individual patient. Because patients with a similar 
pathological feature of NSCLC have differed in response to treatment, cancer 
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recurrence, metastasis, or death after surgical resection. 
So, it is a need to identify the patients who are unlikely 
to respond to specific chemotherapy or at high risk of 
recurrence, etc., are the rationale for measuring specific 
molecular markers.

Thus, various studies have been done recently that 
focused on identifying molecular markers that influence 
the response to treatment, recurrence, and factors that can 
predict a benefit from adjuvant chemotherapy in poor 
prognosis. Recently, NSCLC has been molecularly divided 
into various subtypes and identifying marker genes for 
each subtype, which may help in the accurate classification 
that can help in the optimal treatment of NSCLC.4,5 Rosell 
et al provided a gene-expression-based signature that pre-
dicts metastasis at Stage IIIA NSCLC.6 More specifically, 
Grinberg-Rashi et al in 2009 reported three genes, which 
had a significant positive-predictive value for brain metas-
tasis (CDH2, KIFC1, and FALZ).7

Now, if these markers show up early at Stage IIIA- 
NSCLC which does not invade other adjacent organs will 
be more informative for the clinician and can help in better 
management of the patient. So, the lack of consistent prog-
nostic molecular markers for Stage IIIA-NSCLC led to 
attempts to identify gene-expression signatures through 
high-throughput gene-expression platforms that might be 
stronger than individual genes. Hence, we hypothesized to 
explore the differential expression of transcripts in Stage 
IIIA NSCLC Lung adenocarcinoma (LUAD) and Lung 
squamous cell carcinoma (LUSC), which may help to 
delineate phenotypic complexity and identify signature tran-
scripts for LUAD and LUSC as well as markers which could 
assess the level of tumorigenesis/predict the tumor-cell inva-
sion to different sites. Further, we correlate the identified 
signature transcript with the mutational status. Additionally, 
the identified differential-signature transcripts were also 
validated in the blood of the same patient to predict whether 
these signature transcripts express at the level of blood.

Materials and Methods
Patients Details and Sample Collection
Sequential patients seen at the Department of Thoracic and 
General Surgery, King George’s Medical University, 
Lucknow, India were evaluated for this study. The study 
has been approved by the Institutional Ethics Committee 
of King George’s Medical University, Lucknow, India, and 
patients informed written consent was collected before 
enrolment. Tumors were histopathologically categorized 

and only confirmed stage-IIIA NSCLC patient was 
included in this study. A total of 47 Stage IIIA-NSCLC 
patients and 30 benign/fibrotic cases were enrolled in this 
study (Supplementary Table 1). The staging was done by 
thorax CT scans of patients and categorized by histo-
pathology for stage-IIIA NSCLC. As patients other than 
malignant disease undergo surgical therapy for a wide 
range of pathologies. Among them, the most common 
are post tubercular fibrocavitory lesions and congenital 
anomalies were considered for control of this study. The 
post-surgical tissue samples were collected in RNA later 
(Invitrogen, Massachusetts, USA) for RNA, and in an 
empty vial for DNA isolation. Peripheral blood was also 
collected from the same patients in sodium citrate vial 
immediately after resection and stored at −80 °C until 
extraction.

Total RNA Extraction
Total RNA was isolated from both tissue and blood using 
Trizol method as reported earlier8 and then RNA were 
treated with DNase (NEB, Ipswich, MA) for the removal 
of DNA contamination. RNA samples showing the clear 
separation of the 28S and 18S bands in a 1% denaturing 
gel and A260/A280 absorption ratios greater than 1.8 were 
further analyzed. The concentration of RNA was measured 
using the Qubit® RNA HS Assay Kit according to the 
manufacturer’s protocol (Invitrogen).9

Genomic DNA Extraction
Genomic DNA will be isolated from collected tissue sam-
ples using the Qiagen mini-DNA isolation Kit and stored 
at −20°C until further analysis. Quality and quantity of 
isolated genomic DNA will be performed through the 
Quawell spectrophotometer (Quawell Technology Inc., 
San Jose), agarose gel electrophoresis, and Qubit® DNA 
Assay Kit according to the manufacturer’s protocol 
(Invitrogen).

Human Transcriptome Array 2.0 
Hybridization
We performed microarray assay on 10 NSCLC stage IIIA 
and 5 control samples to establish gene-expression profiles 
using GeneChip® Human Transcriptome Array 2.0 (HTA 
2.0, Affymetrix, Santa Clara).10 We measured the RNA 
concentrations with the Qubit 3.0 Fluorometer (Invitrogen, 
USA). We processed 500ng RNA samples with the WT 
PLUS Reagent kit, followed by hybridization on the HTA 
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2.0 microarray chips. Finally, an array chips scan by 
GeneChip Scanner-7G (Affymetrix, CA, USA) and CEL 
files were generated. As per the Affymetrix instruction 
manual, we subjected the HTA 2.0 chip’s raw data to the 
quality control examination. Subsequently, quality checked 
CEL files were converted into.rma-gene-ful.chp and.rma-alt 
-splice-dabg.chp files through Affymetrix Expression 
Console™ Software (version 1.3). The data were further 
analyzed using the Transcriptome Analysis Console v3.0. 
After running ANOVA, a multi-testing correction was per-
formed using the Benjamini-Hochberg step-up false discov-
ery rate (FDR)-controlling procedure for all expressed genes 
and expressed probe selection regions (PSRs) and junctions 
(ie, expressed in at least one condition). By default, the 
alpha level was set as 0·05 in the FDR field.11 Expression 
Analysis Settings (Gene-Level Fold Change < −2 or > 2; 
Gene-Level P-value < 0·05; Splicing Index < −2 or > 2; 
Exon-Level P-value < 0·05; Anova Method: eBayes; 
A Probeset (Gene/Exon) is considered expressed if ≥50% 
samples have DABG values below DABG Threshold- 
DABG < 0·05; Event Algorithm Method: Both; Event 
Pointer P-value < 0·1; Event Score > 0·2)). All microarray 
data were submitted to NCBI GEO. The GEO submission 
number is GSE138682.

nCounter-Based Gene-Expression 
Validation
Probes were designed for 96 randomly selected tran-
scripts from mRNA of Homo sapiens identified through 
differential transcripts of HTA Array2.0 and five house-
keeping genes (ACTB, GAPDH, RPL19, TBP, TUBB) 
(Supplementary Table 2). A total of 26 stage IIIA- 
NSCLC tissue, blood, and four control RNA samples 
were used for NanoString analysis. NanoString gene- 
expression analysis was performed as previously 
done.10 In brief, hybridization of 100 ng of total RNA 
with customized reporter code set (for gene-transcript 
expression or gene fusion-transcript) and capture probe 
set was performed in a NanoString Prep Station 
(NanoString Technologies), and the mRNA molecules 
counted with the NanoString nCounter (NanoString 
Technologies). The nSolver™ Analysis Software 3.0 
(NanoString Technologies) was used to perform data 
handling, including automated background subtraction, 
spike-in-control normalization, and reference gene nor-
malization. Raw data were uploaded to nSolver- 
NanoString software and processed with default quality 

control settings, and ratios for the comparison of tumor 
samples and associated p-values were generated by the 
nSolver software. A heat map and scatterplot were gen-
erated in nSolver using normalized gene-expression 
values for 96 genes that were significantly different (p 
> 0·05).

Gene Expression Through Quantitative 
Real-Time PCR
For real-time PCR, 47 Stage IIIA-NSCLC (20 LUAD/27 
LUSC) and 30 control RNA samples were analyzed. RNA 
isolation was done as reported earlier.12 The Ct value of 
investigated gene transcripts (SPP1, CDH2, and RIMS2) 
was measured on 7500 fast Dx Real-Time PCR instru-
ments (Applied Bioscience inc.). Every gene was tested 
in triplicate for all RNA samples in a single run. β-actin 
was used as a reference to normalize the Ct value of the 
target.13 After normalization, the relative expression of 
each transcript was calculated using the Ct values of con-
trol tissue through the REST 2009 software (Qiagen).

Mutation Genotyping by Mass Array 
System
Mutation detection was performed in 18 LUAD and 20 
LUSC stage IIIA NSCLC samples using the 
OncoFOCUS panel V1.0 (Includes various known hot-
spot mutations of EGFR, KRAS, NRAS, and BRAF) on 
the MassARRAY® System and Typer 4 software (Agena 
Bioscience, San Diego, CA, USA), which employs 
matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry for amplicon detection. Briefly, PCR 
reactions for 45 cycles were set-up containing Taq DNA 
polymerase (Agena Bioscience), genomic DNA (20 ng), 
PCR primers, and dNTP. Following the PCR reaction, 
SAP addition, and iPLEX Pro extension reaction, the 
samples were desalted by resin treatment for 15 min, 
spotted onto SpectroCHIP® Arrays (Agena Bioscience, 
San Diego, CA), analyzed by MassARRAY® System, 
and ultimately interpreted on SpectroTYPER v4.0 soft-
ware (Agena Bioscience, San Diego, CA).

Results
Sample Classification
Out of 47 stage IIIA NSCLC patients (15 smoker and 32 
non-smoker), 33 were male with mean age 51.15±7.1 (mean 
±SEM) and 14 were female with mean age 50.5±10.62 
(mean±SEM). All the samples were analyzed for 
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Histopathology and Immunohistochemistry. Those samples 
that were positive for Thyroid transcription factor-1 (TTF-1 
nuclear) napsin-A (Naps cytoplasmic) were considered as 
lung adenocarcinoma (LUAD) whereas negative for TTF-1, 
Naps, and positive for P-40 (nuclear) as squamous cell car-
cinoma (LUSC) (Supplementary Figure 1A–I). Out of 47 
stage IIIA NSCLC, we found 20 LUAD and 27 LUSC that 
were selected for further analysis (Supplementary Table 1).

Gene-Expression Profiling Based on 
Human Transcriptome Array Platform
For gene-expression profiling, six LUAD, four LUSC, and 
five control samples have been selected for Affymetrix 
GeneChip® Human Transcriptome Array 2.0 (HTA). 
HTA covers the entire transcriptome and accurately detects 
all known transcript isoforms produced by a gene. Sample- 
wise distinct clusters of control, LUAD, and LUSC were 
identified as represented in Figure 1A and B.

Differential Expression of Transcripts in 
LUAD, LUSC Compared to Control
While comparing LUAD and LUSC with control, differen-
tial expression of transcripts at a fold change of 10; 

P-val=<0·001 and FDR P-val=<0·001. Differential expres-
sion of transcript in LUAD showed the up-regulation of two 
coding transcripts (SPP1, CCNA2), and down-regulation of 
73 coding transcripts (Supplementary Table 3). The differ-
entially expressed transcripts between LUAD vs control 
were involved in 30 different pathways as depicted in 
(Table 1). Whereas, in LUSC, 12 coding transcripts 
(SYT14; KCNB2; SCG3; RIMS2; STXBP5L; ATAD2; 
CCNA2; PCLO; EPHA7; KIF11; TTK; GDAP1) were upre-
gulated and 263 coding transcripts were downregulated 
(Supplementary Table 4). The differentially expressed tran-
scripts between LUSC vs Control were involved in 35 
different significant pathways (Table 2).

Differential Expression of Transcripts in 
LUAD Compared to LUSC
In the comparative analysis of LUAD with LUSC tran-
scripts, we identified the up-regulation of 57 coding tran-
scripts and down-regulation of 6 coding transcripts in 
LUAD (Supplementary Table 5). Most of the upregulated 
transcripts were involved in five pathways p=<0.001 
(Table 3). We also analyzed the transcripts at the exonic 
level and observed that most of the upregulated transcripts 
belong to the Immune System pathways and the 

Figure 1 Gene-expression profiling of 10 NSCLC and five control samples on HTA 2.0 platform (A). Heat map created based on the expression patterns of each gene 
across tumor and control samples captured by HTA array and data were further analyzed using the Transcriptome Analysis Console v3.0. The samples were clustered into 
three subgroups from the normal counterparts by hierarchical clustering with the following expression analysis setting (log2 fold; Condition F-test p=<0.001; and condition 
FDR p=<0.001). (B) PCA plot between Cluster III (LC), Cluster II (LUAD), and Cluster I (LUSC).
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downregulated transcripts (RIMS2; ST18; KCNB2; INA; 
ICA1; SCG3) belongs to voltage-gated potassium channels 
in LUAD compare to LUSC (Supplementary Figure 2). 
We further analyzed the HTA data at fold change more 
than 2; P-val=<0.05 and FDR P-val=<0.05 (data not 
shown) and randomly picked 96 transcripts and validated 
on the NanoString nCounter platform.

Development of nCounter Platform for 
Validation of Significant Genes
The 96 transcripts were validated both in blood and tissue 
sample from the same patients to predict whether these 
signature transcripts can be identified in peripheral blood 
as a prognostic marker. Twenty-six NSCLC tissue and 
blood from the same patients have been analyzed on the 
NanoString platform. After analyzing the above data, we 
identified 40 transcripts were significantly validated from 
96 transcripts (Figure 2A and B). Hence, a 40 gene panel 
could be considered for distinguishing LUAD and LUSC. 
Although, no significant cluster was observed in the blood 
of the same patients compared to lung control 
(Supplementary Figure 3). Out of 26, 13 histopathologi-
cally confirmed LUADs and 10 histopathologically 
approved LUSC samples were clustered transcriptionally 
in LUAD and LUSC group, respectively, while LT49 and 
LT15 histopathologically reported as LUSC transcription-
ally clustered in LUAD. LT53 showed both adenosqua-
mous profile. Specifically, six genes (NLGN1; ICA1; 
ZMAT4; ELOVL7; ST18; ADAM22) were downregulated, 
and 34 genes were upregulated in LUAD compared to 
LUSC tissue samples in 40 gene panel (Figure 2A and 
B). However, out of forty 10 transcripts A2M (24·7 fold up 
in LUAD); CCDC80 (15·6 fold up in LUAD); LCP1 (11·0 
fold up in LUAD); SAMD9L (13·8 fold up in LUAD); 
HLA-DRB1 (28·5 fold up in LUAD); HLA-C (10·3 fold up 
in LUAD); CD44 (33·3 fold up in LUAD); LRP1 (10·7 
fold up in LUAD) and ST18 (−10·9 fold down in LUAD), 
ICA1 (−10·75 fold down in LUAD) were validated at an 
exonic level including splicing index through HTA 
array2.0 data (Table 4).

Real-Time PCR-Based Validation of SPP1, 
CDH2, and RIMS2
Three significantly upregulated genes SPP1 in LUAD and 
CDH2 and RIMS2 in LUSC were observed in HTA data 
analysis. These genes may become potential markers for 
the understanding of disease progression. So, we were Ta
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further validated in 20 LUAD/27 LUSC versus 30 control 
samples through Real-Time PCR using SYBR green. 
SPP1 is significantly overexpressed with 4.311±1.27 fold 
in LUAD and 13.41±3.82 fold in LUSC compared to 
control. CDH2 (11.53 ± 4.03 fold) and RIMS2 (24.79 
±9.043 fold) were significantly overexpressed only in 
LUSC (Figure 3).

Mutational Profile of NSCLC
Mutation genotyping has been done in 18 LUAD and 20 
LUSC tissue samples using the Agena oncofous panel. Hot 
spot mutations of EGFR, KRAS, NRAS, and BRAF have 
been screened. KRAS is one of the most mutated genes in 
the RAS subfamily genes. Mutation in KRAS is responsible 
for various cancers such as colorectal cancer, pancreatic 
carcinoma, and lung carcinoma.14–16 We found pathogenic 
mutation A59T of KRAS in 61.11% of LUAD and 40% of 
LUSC and G12D & G12C of KRAS only in 5% of LUSC. 
Each non-pathogenic in-frame insertion of EGFR exon 20 
H773>NPY, H773_V774insNPH, D770_N771insAPW, 
D770_N771insGL, D770_N771insGF, N771>GF and in- 
frame deletion of exon 19 E746_A750delELREA were 
observed in 5.55% LUAD. Whereas pathogenic mutation 
such as NRAS G13V was found in 5.55% of LUAD and 
BRAF L597V were found in 5% of LUSC (Table 5).

Discussion
The current scenario of mortality and incidence of lung 
cancer has been increasing globally.1 Lung squamous cell 
carcinoma (LUSC) and Lung adenocarcinoma (LUAD) are 
the two subtypes of lung cancer and the incidence of 
LUSC was reported to be associated with smoking, 
whereas LUAD is a heterogeneous disease characterized 
by high rates of genetic mutation.17 The underlying patho-
logical mechanisms of NSCLCs at the molecular level are 
still at the exploration stage. Various studies have been 
done to explore the association with the occurrence, pro-
gression, and prognosis of NSCLCs although the mortality 
rate of NSCLC is in part due to the lack of early detection 
of biomarkers. Hence, the identification of molecular mar-
kers at an early stage of NSCLC is required in urgency to 
improve the clinical efficacy. Now it is well established 
that the expression levels of particular genes may causa-
tive of cancers.18 Microarray (Human Transcriptome 
Array) and NanoString are high-throughput technology in 
obtaining quantitative changes in mRNA levels.

In the present study, we identified the up-regulation of 
CXCL10, PLAU, and down-regulation of FOLR1, DMBT1, H
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SFTPC, and absence of DUSP4, FLG1, TDG, and GOS2 
and classifying all our six LUAD samples (for HTA ana-
lysis) were of the squamoid subtype of adenocarcinoma.5 

In four LUSC samples (for HTA analysis), upregulation of 
MCM10, TYMS, POLA1, and E2F3 and down-regulation 
of S100A genes and absence of specific S100A2-basal 
layer marker negated basal subtype of LUSC and down- 
regulation of ARHGDIB, MUC1, and absence of 
TNFRSF14, NF-kappaB, pulmonary surfactant proteins – 
SFTPC, SFTPB, SFTPD made null and void for the secre-
tory subtype.4 Further absence of TP63 and xenobiotics 
metabolism genes ruled out the classical subtype. Hence, 
we concluded that all our LUSC samples were of primitive 
subtype of LUSC. Specifically, the upregulation of TTF1 
in primitive-subtype LUSC, like the secretory property of 
LUAD as well as down-regulation of the immune 
response, suggests all four LUSC possess both primitive 
and secretory sub-type of LUSC.

Hence, as suggested by Wilkerson et al in our early 
stage, we can predict that all LUSC showing primitive and 
secretory subtype may have poor survival and maybe 
Pemetrexed resistance due to the up-regulation of 
TYMS.4 While, the Squamoid subtype of LUAD, 

suggestive of a high-grade tumor, ie, poorly differentiated, 
with maximum solid content, and the minimum papillary 
content, possessing both adeno and squamous type of 
property and may have a poor response to chemotherapy 
as suggested by Wilkerson et al.5

Further, 34 upregulated transcripts after validation 
through NanoString in LUAD compared to LUSC in tissue 
associated with the immune system regulatory pathways, 
suggested higher Immune destruction in LUSC 
(Supplementary Figure 2). Reports also indicate the pre-
sence of high inactivating mutations in the HLA gene has 
been observed in LUSC, which leads to Immune destruc-
tion (Mutation signature of LUSC with a high overall 
mutation rate (8.1 mutations/megabase)). The higher 
Immune destruction observed in our LUSC samples 
further supports this hypothesis.19 Up-regulation of some 
of the important genes ADAM22, ELOVL7, ICA1, NLGN1, 
ST18, ZMAT4, RIMS2, KCNB2, SCG3, and CDH2 tran-
scripts at the gene and exonic level in LUSC showed 
involvement of neurotransmitter release and synaptic inter-
actions (Wikipathways and Gene Cards). ADAM22 recep-
tor binds to LGI-4 ligands, which helps in the enhanced 
proliferation of glia in the peripheral nervous system.20 

Table 3 Pathways Involved Due to Differentially Regulated Transcripts Between LUAD versus LUSC at a Significance Value of 
P=<0.001

Pathways No. of Up- 
Regulated 
Genes in LUAD

Name of Up-Regulated Genes 
in LUAD

No. of Down- 
Regulated 
Genes in LUAD

Name of Down- 
Regulated 
Genes in LUAD

Significance p-value

Allograft 
Rejection

9 C3, HLA-B, HLA-C, HLA-E, HLA- 
DRB3, HLA-DRA, HLA-DRB1, HLA- 
DPA1, HLA-DRB4

0 12.84 0

Macrophage 

markers

4 CD68, CD163, CD74, LYZ 0 8.8 0

Interferon 

alpha/beta 
signaling

4 GBP2, IFITM2, IFITM3, SAMHD1 0 3.8 0.000158

Type II 
interferon 

signaling 

(IFNG)

3 HLA-B, GBP1, CYBB 0 4.16 0.00007

TYROBP 

Causal 
Network

3 SPP1, PLEK, C3 0 3.66 0.000218

Proteasome 
Degradation

3 HLA-B, HLA-C, HLA-E 0 3.56 0.000276
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During Transmission across Chemical Synapses, voltage- 
gated potassium channels (K+) channels involving KCNB2 
for enhanced neurotransmitter release and neuronal excit-
ability (Gene Card). Presynaptic protein-RIMS2 interacts 
with RAB3 for normal neurotransmitter release (Gene 
Card). Neuroendocrine secretory proteins- 
SCG3enhances neurotransmitter release. ICA1 May play 
a role in neurotransmitter secretion (Gene Card). 
Neuroligin family of neuronal cell surface proteins- 
NLGN1 enhances protein interaction at synapses.21 

Further CDH2 (also known as Neuronal-cadherin 
(N-cadherin)) mediates pre- and post-synaptic adhesions 
and supports the above neurotransmitter release and 
synaptic interactions (“Entrez Gene: CDH2 cadherin 2, 
type 1, N-cadherin (neuronal)”).

Besides neurotransmitter release and synaptic inter-
action, the lipogenic gene (ELOVL7) was also up- 
regulated in LUSC. ELOVL7, involved in the elongation 
of saturated very-long-chain fatty acid (SVLFA) in the 

phospholipids and neutral lipids like cholesterol ester 
which is involved in de novo steroid synthesis (Gene 
Card). Hence, the overexpression of ELOVL7 in LUSC 
suggests more de novo steroid synthesis.22 Enhanced 
expression of ELOVL7 and its association with SVLFA 
has also been reported in prostate cancer cells.22 

Another important marker, ST18 (suppression of tumor-
igenicity 18, breast carcinoma, zinc-finger protein), was 
over-expressed in LUSC, as suggested by Rava et al 
2017.23 They suggested that ST18 expression is 
increased in epithelial cells due to tumor-associated 
macrophages and leads to liver tumorigenesis.23 Hence, 
overexpression in LUSC suggests enhanced tumorigeni-
city. Overexpression of ZMAT4 in LUSC is supported 
by other reports in which amplification (CNVs) of 
ZMAT4 has been observed in AML and ALL while 
deletion was observed in CML and CLL.24

Some of the genes were validated individually through 
Real-time PCR and observed that highly up-regulated 

Figure 2 Gene-expression pattern by nCounter (NanoString) (A). Hierarchical clustering of 96 genes in total 26 Stage IIIA-NSCLC tissue and 4 benign/fibrotic (control) 
samples. Data normalization was performed using five housekeeping genes in 26 tumor samples. (B) Hierarchical clustering of 40 genes (Customized panel) in total 26 Stage 
IIIA-NSCLC tissue and 4 benign/fibrotic (control) samples. Data normalization was performed using five housekeeping genes in 26 tumor samples.
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transcripts showed the importance of understanding the 
disease. Most importantly LUAD showed significant 
expression of SPP1 and CD44. SPP1 is a secreted argi-
nine, glycine, aspartic acid-containing phosphorylated sia-
loprotein secreted by macrophages, osteoclasts, epithelial 
cells, and endothelial cells in both tissue and blood.25 It 
binds to multiple integrins and the receptor CD44.26 The 
interaction between SPP1–CD44 interaction has also 
shown the importance of the progression of other cancers 
like colorectal cancer.27,28 The up-regulation of both SPP1 
and CD44 was not observed in LUSC, suggesting the 
progression of LUAD Involves Activation of the 
Phosphatidylinositol 3-Kinase/Akt Signalling Pathway.29 

Although, increased expression of SPP1 has also been 
associated with metastasis as it modulates VEGF expres-
sion and extracellular matrix in the lung.30 Reports have 
supported that the expression of SPP1 is high in other 
tumors like lung, colon, breast, and prostate cancer.26 

Pang et al in 2019 have summarized multidimensional 

roles that OPN plays in the bone microenvironment, 
bone metastasis, and drug resistance, with prominence on 
breast and prostate cancers, via binding to αvβ3 integrin 
and CD44 receptor and inducing signaling cascades31 

Hence, overexpression of SPP1 at Stage IIIA in 60% 
cases with an average value of 8·6 fold, LUAD may 
suggest bone metastasis. Importantly inhibitors like 
Agelastatin A, which is 1·5 to 16 times more potent than 
cisplatin and consisting of oroidin alkaloid as well as 
arresting cells in the G2 phase have been proposed for 
better management of LUAD patients.32

Enhanced expression of CDH2, a mesenchymal 
N-cadherin in 57·2% stage IIIA LUSC with 4·6-fold and 
42·9% stage IIIA LUSC with 25·4-fold compared to 
LUAD average 2.6 fold up-regulation of CDH2 in 15% 
LUAD cases. CDH2 facilitates epithelial to mesenchymal 
transition to access the vasculature.33 Increased expression 
of CDH2 is highly predictive of brain metastasis in early 
and advanced lung cancer.7 Hence, enhanced expression of 

Table 4 Differential Splicing Index (SI>10) Based Fold Change (FC>10) of Transcripts Which Showed Differential Expression at Gene 
Level Both Through HTA 2.0 Array and NanoString-Based Approach in LUAD versus LUSC at Exonic at p and FDR p=0.001

Fold 
Change

Gene 
Symbol

Description Exon 
Splicing 
Index

Exon 
Event 
Name

Exon 
Event 
Score

Exon Expressed in 
at Least One 
Condition

13.8 SAMD9L Sterile alpha motif domain containing 9-like −13.92 T

24.69 A2M Alpha-2-macroglobulin −28.64 Alternative 

3ʹ Acceptor 
Site

0.23 T

15.54 CCDC80 Coiled-coil domain containing 80 −11.59 Alternative 

3ʹ Acceptor 

Site

0.33 T

10.95 LCP1 Lymphocyte cytosolic protein 1 (L-plastin) −14.79 Cassette 

Exon

0.31 T

28.45 HLA- 
DRB1; 
HLA- 
DRB3

Major histocompatibility complex, class II, DR beta 1; 

major histocompatibility complex, class II, DR beta 3

−112.41 Alternative 

3ʹ Acceptor 
Site

0.23 T

−10.79 ST18 Suppression of tumorigenicity 18, zinc finger −39.41 Cassette 

Exon

0.23 T

−10.75 ICA1 Islet cell autoantigen 1 12.33 T

10.25 HLA-C; 
HLA-B

Major histocompatibility complex, class I, C; major 
histocompatibility complex, class I, B

−12.4 T

33.28 CD44 CD44 molecule (Indian blood group) −32.5 T

10.66 LRP1 LDL receptor related protein 1 −14.73 T
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CDH2 in Stage IIIa LUSC compared to LUAD may show 
more transition into mesenchymal transition and higher 
inclination towards brain metastasis through transendothe-
lial migration as supported by Grinberg-Rashi et al 2009.7 

Hence, such LUSC cases can be subjected to early brain 
metastasis treatments like prophylactic CNS irradiation 
(PCI) which is effective in NSCLC with brain metastasis. 
The reduction of metastasis has been observed from 
34·7% to 7·8%.34 Another pre-synaptic transcript, RIMS2 
involved in synaptic membrane exocytosis (Gene Card), 

was upregulated in LUSC has not been reported as 
a metastatic marker. Overexpression of RIMS2 in Stage 
IIIA LUSC suggests more neurovascular involvement, 
while low expression of RIMS2 in LUAD suggests it less 
neurovascular involvement compared to LUSC showing 
intermediate involvement.35 It has also been reported that 
the nervous system modulates angiogenesis and microen-
vironments in tumors and affects metastasis.36

Additionally, genotyping has been done in DNA of the 
same stage IIIA NSCLC tissue samples using Agena 
MassArray Oncofocus panel. This panel includes EGFR, 
KRAS, NRAF, and BRAF hotspot mutations. KRAS is one of 
the most mutated genes in the RAS subfamily genes and 
responsible for various cancers such as colorectal cancer, 
pancreatic carcinoma, and lung carcinoma.14–16 Although 
the Catalogue of KRAS A59T mutations in the Cancer data-
base (COSMIC db) gives them a FATHMM prediction score 
of 1.0, thus classifying them as both deleterious and 
pathogenic.37 The propensity of KRAS A59T was identified 
in both LUAD & LUSC samples. To the best of my knowl-
edge, this is the first report to identify the prevalence of KRAS 
A59T mutation in NSCLC stage IIIA tumor. Although, this 
mutation has only been reported in colorectal 
adenocarcinoma.38 Additionally, two clinical trials for 
KRAS A59T are under process which can also be proposed 
for colorectal carcinoma.39–41 Further, the study required to 
identify the functional role of KRAS A59T in NSCLC. We 
identified EGFR T790M mutation in one sample, non- 
pathogenic exon 20 insertions in three LUAD samples sug-
gesting resistance to TKIs in these samples.42 Our study 
reported the occurrence of all EGFR, KRAS, and NRAF 
mutation in two samples. Non-pathogenic mutation of 
KRAS (G12C and G12D) responsible for TKIs resistance 
has been observed in one sample. Pathogenic mutation of 
BRAF (L597V) and NRAS (G13V) that may be responsible 
for the development of tumors has also been observed.

In conclusion, we were able to molecularly categorize 
LUAD and LUSC-tissue, more precisely, identified mar-
kers that we are able to support aggressiveness and 
neuronal involvement in LUSC compared to LUAD. 
Additionally, a 40-gene transcript panel can aid in the 
specific histopathological diagnosis of NSCLC in the 
absence of IHC data. Importantly, an assessment of 
SPP1-tumorigenic/tumor-cell invasion to bone marker, 
CDH2-mesenchymal transition/brain metastasis marker, 
and pre-synaptic-neuro-vascular marker may show the 
level of tumorigenesis/predict the tumor-cell invasion to 
different sites (bone or brain) and neurovascular- 

Figure 3 The expression of transcripts of SPP1, CDH2, and RIMS2 in NSCLC stage 
IIIA samples. β-Actin gene was used as the internal control. Data shown are the 
mean ± SEM of three independent experiments for each sample.
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involvement of the tumor. These markers enable us to 
categorize NSCLC stage IIIA into LUAD and LUSC 
plus these markers may be helpful to understand the 
pathophysiology of NSCLC. However, further data are 
required that are reproducible in most cases, so that they 
can be useful in general clinical practice.
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