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ARTICLE INFO ABSTRACT

Keywords: Lung adenocarcinoma (LUAD) is the most predominant subtype of lung cancers and is one of the leading causes of
Bioinformatics cancer related mortality worldwide. Despite the advancements in the field of cancer diagnostics and therapeutics,
Cancir research detection at an early stage using reliable biomarkers is an unmet clinical need for a plethora of cancers, including
Oncology

LUAD, thus attributing to poor prognosis. In view of this, to identify potential biomarkers and therapeutic
candidate genes, the expression of all known human genes was screened in the publicly available ‘The Cancer
Genome Atlas’ (TCGA) samples of LUAD patients which resulted in the identification of overexpressed genes.

Lung adenocarcinoma
The cancer Genome Atlas

Biomarkers
Gene expression Further analysis of these genes across various patient sample datasets revealed that ZNF687, ODR4, PBXIP1,
cBioPortal PYGO2, METTL3, PIGM and RAD1 are consistently more highly expressed in LUAD. Higher expression of these

genes either alone or in combination is correlated with poor survival of LUAD patients. Hence, in this study we
propose that these identified genes could serve as potential candidates as gene signatures or biomarkers for LUAD

that require further investigation in large cohorts of LUAD samples.

1. Introduction

Lung adenocarcinoma (LUAD) is the most common sub-type of non-
small cell lung cancer (NSCLC), which is usually detected in the pe-
riphery and upper lobes of the lungs, especially in the glandular cells of
bronchial mucosa. Amongst the sub-types of NSCLC, LUAD accounts for
nearly 40% of all lung cancers and its prevalence is increasing especially
among non-smokers (males being at a higher risk than females) and in
Asians [1]. Although the initial growth of the cancer occurs at a very
early stage, the progression rate is much slower when compared to the
other subtypes. However, due to poor prognosis, the overall survival rate
is comparatively less than other subtypes [2]. Some studies suggest that a
combined exposure to asbestos, cigarette smoke and also certain ele-
ments like chromium, nickel and arsenic increases the probability of
LUAD development [3, 4]. Secreted Phospho- Protein 1 (SPP1), Ficolin 3
(FCN3), Cyclin-dependent kinase-1 (CDK1) and Mitotic Arrest Deficient
2 Like 1 (MAD2L1) have been shown to be overexpressed in LUAD and
are considered as biomarkers due to their consistent expression in the
patient samples analyzed from different databases [5]. Recent research
suggests that the occurrence of Tumor Infiltrating Leukocytes (TILs)

* Corresponding author.
E-mail address: divijendranathr.bt@bmsce.ac.in (D.N. Reddy S).

https://doi.org/10.1016/j.heliyon.2020.e05452

correlates with the prognosis of lung adenocarcinoma [6]. Given the poor
prognosis of LUAD, a large number of studies are warranted towards
discovering biomarkers which are highly expressed in patient samples (at
various stages from very early to late) across various population de-
mographics and occupations. The aim of this work is to determine bio-
markers for LUAD, which may help in early diagnosis and thereby
prolonging overall survival of patients. The RNA sequencing data from
The Cancer Genome Atlas (TCGA-2014) has been used to identify highly
expressed genes in LUAD [7].

2. Materials and methods
2.1. Patient datasets and gene expression analysis

For the analysis of the genes involved in LUAD, the list of 19755
human genes was downloaded from the Hugo Gene Nomenclature
Committee (HGNC) (https://www.genenames.org/cgi-bin/download)
and its abbreviations were retained for conducting the study [8]. To
download, visualize and analyze large datasets, “cBioPortal” (http://
www.cbioportal.org/) was used [9, 10]. The TCGA-2014 data set,
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consisting of 230 LUAD patient samples including the normal adjacent
samples as reference was considered for the analysis [10]. Samples with
RNA sequencing data were used to study mRNA expression, mutations
and copy number variations in human genes [7]. To identify the differ-
ential mRNA expression among the samples, a minimum of two-fold
higher was considered as differentially expressed. cBioPortal arrives at
mRNA expression data by computing the expression of an individual
gene relative to the gene's expression distribution in a reference popu-
lation. The reference population includes all samples that are diploid for
the gene in question (by default for mRNA), or normal samples (when
specified), or all profiled samples. The returned value indicates the
number of individuals deviating from the mean of expression (standard
deviation) in the reference population (Z-score). This measure is useful to
determine whether a gene is up- or down-regulated relative to the normal
samples or all other tumor samples, and the output is provided as an
oncoprint. Oncoprint is a pictorial representation of up or down regu-
lated genes, displaying either red bars (higher expression) or blue (lower
expression) in affected individuals. Each bar represents one sample. Gene
Expression Profiling Interactive Analysis (GEPIA) (http://gepia.cance
r-pku.cn/) an interactive web tool, was used for analyzing RNA
sequencing expression data of 9,736 tumors and 8,587 normal samples
from the TCGA and the GTEx projects employing standard statistical
methods or tools [11]. Four-way analysis of variance (ANOVA), using
sex, age, ethnicity and disease state (Tumor or Normal) as variables, is
used for calculating the differential expression of the corresponding
genes. The expression data are first Logy (TPM+1) transformed, and the
logoFC is defined as the difference between median (Tumor) and median
(Normal). The Benjamini and Hochberg false discovery rate (FDR)
method was used to adjust the p-value across each factor to obtain the
multiple testing adjusted g-value. UALCAN (http://ualcan.path.uab.edu
/index.html) is a user-friendly online web tool useful for analyzing the
TCGA data for gene expression, survival and protein expression [12]. It
uses Transcripts Per Million (TPM) as a measure of gene expression and
provides box plots by comparing gene expression levels with corre-
sponding normal samples in that data set. It also provides gene expres-
sion in different disease stages of LUAD. It utilizes all regular statistical
methods of R and uses t-test for estimating p-value.

A mRNA overexpression
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2.2. Patient survival plots

Kaplan-Meier curves and estimates of survival were determined using
SurvExpress (http://bioinformatica.mty.itesm.mx:8080/Biomatec/Survi
vaX.jsp), and the significance was calculated by log-rank test [13]. The
correlation was performed between either an individual gene or a group
of genes and the survival of the patients. The TCGA-2016 LUAD data
consisting of 475 patients was used with death as the stratification
parameter. PROGgene V2 (http://genomics.jefferson.edu/proggene/)
was used to correlate the over-expression gene cluster with the survival
of the patient samples across various data [14].

2.3. Protein expression and gene functional analysis

String database (https://string-db.org) [15] or cBioPortal was used for
constructing the network diagram for shortlisted genes. Human Protein
Atlas (HPA) (https://www.proteinatlas.org/) was used to obtain
antibody-stained images for LUAD tissue samples for various proteins
[16]. Protein expression was also obtained for the different stages of LUAD
from quantitative proteomics studies of CPTAC samples using the UAL-
CANweb tool (http://ualcan.path.uab.edu/index.html). To determine the
gene expression in various stages of the disease, GEPIA or CANCERTOOL
(http://web.bioinformatics.cicbiogune.es/CANCERTOOL/) was used
[17]. The expression of the genes was studied in various databases [18, 19,
20, 21]. For process and functional analysis, FunRich software (version
3.1.3; 64-bit) was used [22].

3. Result and discussion

3.1. Identification of differentially-expressed genes in LUAD patient
samples

In order to determine differentially-expressed genes in LUAD patient
samples without any bias, a list of all known human genes (obtained from
HGNC) was screened for expression in the patient data sets of LUAD
available in TCGA database. To shortlist the genes we chose a minimum
of two-fold higher expression in the disease condition. We also
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Figure 1. Co-relation between mRNA expression profile and copy number alteration (CNA) of the various genes in LUAD. (A) mRNA upregulation for genes in LUAD
patient samples from TCGA 2014 (N = 230). (B) CNA status of same set of genes in the sample dataset. Blue bars indicate lower mRNA levels in A or deletion in B as
compared to the normal whereas red bars indicate over expression or amplification. Each bar indicates a patient sample.
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Figure 2. Comparative expression of the genes in LUAD (T = 483, N = 347) and LUSC (T = 486, N = 338). Red and grey boxes indicate the tumor and the normal
samples respectively (T = Tumor samples, N=Normal patients). The box plots were obtained from GEPIA.

implemented higher expression in at least 30% of the samples to obtain a
manageable number of genes for further analysis. Since multiple studies
have suggested that the overexpression of certain genes even in a narrow
range patient data set could be considered as a biomarker, we hypothe-
sized that overexpression of the gene in at least 30% of the patient data
set could have an immense effect on diagnostic value of LUAD [23, 24,
25]. This resulted in identification of several genes that were expressed
two-fold or more in LUAD (Figure 1A). Higher copy number or gene
amplification is correlated to the higher expression of genes in many
cancers to meet the demands of the tumor physiology and function [26,
27, 28, 29]. Our data also reveals that some of these genes show
increased copy number across several patient samples in addition to
higher gene expression (Figure 1B). We further validated the higher
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expression of these genes in large numbers of LUAD and Lung Squamosal
Carcinoma (LUSC) samples. Data show that genes such as znf687, odr4,
pbxip1, pygo2, mettl3, and pigm show the over-expression of mRNA in
LUAD samples (Figure 2). Except odr4 and pbxip1, the afore mentioned
genes also show high mRNA expression in LUSC (Figure 2). Furthermore,
these genes have a higher mRNA expression in LUAD samples in different
stages of the disease (Figure 3). As shown in Figure 3, higher expression
of these genes is statistically significant in stage 1 LUAD with respect to
normal samples, indicating that these could be valuable potential can-
didates for early stage detection of the disease. These genes also express
higher protein levels in LUAD samples in different stages (Figure 4).
We further examined whether these genes are over-expressed in other
cancers. Results indicate that znf687 showed statistically-significant
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Figure 3. Expression of various genes at different stages of LUAD at mRNA level in TCGA samples. N indicates Normal sample, S1 — S4 indicates different stages of
LUAD, having 59, 277, 85 and 28 samples respectively. P < 0.01 is with respect to normal versus stagel LUAD. The box plots were obtained from UALCAN.
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Figure 4. Protein expression level of various genes at different stages of LUAD in CPTAC samples. N indicates Normal sample, S1 — S4 indicates different stages of
LUAD having 11, 55, 30, 21, and 1 sample respectively. P-value is with respect to normal versus stage 1 LUAD for all the proteins expression. Z-values represent
standard deviations from the median across samples for the given cancer type. The box plots were obtained from UALCAN.

higher expression in esophageal, low grade glioma, liver and thyroid
cancers (Figure S1). Similarly, some of the genes, such as odr4, pbxip1,
pygo2, mettl3, and pigm and rad1 also show statistically-significant higher
expression in many other cancers (Figures S2-S7). To further confirm the
expression of these genes at the protein level in LUAD, immunostaining
data from Human Protein Atlas (HPA) was analyzed. Some of these genes
show higher protein expression status in LUAD in comparison to the
normal lung tissue sample (Figure 5) while others show no differential
expression between normal and LUAD samples (Figures S8 and 9).
Higher protein expression of these genes was further confirmed by

LUAD

analyzing the CPTAC samples pertaining to LUAD at different stages of
the disease (Figure 6). To understand the biological relevance or func-
tions of these genes, FunRich web tool was used. As shown in Figure 7,
genes were categorized based on their expression locations, the biolog-
ical process they operate, and the functional and biological pathways in
which they participate. It was observed that most of them are expressed
in the cytoplasm or the nucleolus (Figure 7A). Many of these genes are
involved in the regulation of cell cycle, metabolism and energy pathways
(Figure 7B) which are shown to have significant importance in the
context of cancer [30, 31]. When it comes to the functions of these genes,

NORMAL

copa zbtb41

mettl] 3

sde2

Figure 5. Immunohistochemical staining representing the protein higher expression of the genes in various LUAD tissues. Images were obtained from human pro-

tein atlas.
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Figure 6. Protein expression in CPTAC (Clinical Proteomic Tumor Analysis Consortium) samples of LUAD. Z-values represent standard deviations from the median
across samples for the given cancer type. Log2 Spectral count ratio values from CPTAC were first normalized within each sample profile, then normalized across
samples. The stated p values are with respect to normal versus stage 1 and less than 0.05 unless stated otherwise. The box plots were obtained from UALCAN.

many have DNA binding or exonuclease activity (Figure 7C). Many of
these genes also operate in the p73 network and cell cycle checkpoints
(Figure 7D).

3.2. Patient survival and clinical significance of higher gene expression

To assess the clinical significance of higher expression of these genes
on patient survival, SurvExpress containing TCGA data set pertaining to
LUAD was used. Results show that higher expression of znf687, odr4 and
pbxip1 significantly correlate with poor survival (Figure 8A) whereas
mettl3, pigm and rad1 did not show a statistically-significant outcome on
patient survival. Further analysis showed that higher expression of some
of these genes in combination has a statistically-significant effect on
patient survival outcome (Figure 8B, C and D). It is interesting to note
that genes such as dedd, scamp3, setdbl, ubqin4, ndufs2, gnpat, radl,
zc3hl11a, and klhl12 are common in data sets where patient survival is
significantly compromised by their higher expression as shown in

A
Cellular component

I COPI vesicle coat (7.1%)
Nucleolus (28.6%)

B Proteasome complex (7.1%)
Mitochondrial respiratory

- chain complex | (7.1%)

Cytoplasm (64.3%)

I Golgi aparatus (21.4%)

Biological process

Regulation of cell growth
(5.3%)
Regulation of cell cycle
(5.3%)
Regulation of gene expression,
epigenetic (5.3%)
I Apoptosis (5.3%)

Energy pathways (15.8%)
I Metabolism (15.8%)

Figures 8B, C and D. We also analyzed whether any of these genes show a
stage-wise expression pattern in LUAD and thereby serve the utility of
being stage- specific diagnostic markers. Violin plots for pbxip1 and mettl3
from various LUAD data sets show that these two genes are expressed
more during stages 1 and 1A of LUAD (Figure 9A and B). Higher
expression of znf687 is correlated with poor survival of patients in stage
3B of LUAD (Figure S10).

Since, pbxip1 and znf687 showed common results across several da-
tabases, we wanted to identify their interacting partners and verify
whether they could be used as signatures for LUAD (Figure S11). Also,
gene expression profile from TCGA LUAD 2014 data revealed that some
of the genes that are networked to pbxip1 and 2nf687 show higher mRNA
expression in the LUAD (Figure S12). Furthermore, higher expression of
pbxip1 and 2znf687 network genes also have statistically-significant poor
survival among the affected patients (Figures S13-S14). It has been re-
ported that overexpression of znf687 enhances tumorigenicity in hepa-
tocellular carcinoma [32].

Molecular function

Mannosyltransferase activity
(5.3%)
Exonuclease activity (5.3%)
I DNA binding (15.8%)
Ubiquitin-specific protease
= activity (10.5%)
Acyltransferase activity
(5.3%)
I Oxidoreductase activity (5.3%)

Biological pathways

p73 transcription factor

network (22.2%)

Plasmalogen biosynthesis
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I Cell Cycle Checkpoints (22.2%)

I COPI Mediated Transport (11.1%)
Golgi to ER Retrograde Transport
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= Synthesis of glycosylphosphatidylinositol
(GPI) (11.1%)

Figure 7. Gene set enrichment analysis. A, B, C, D LUAD higher expressed genes were analyzed with Funrich software for their cellular component, biological process,

molecular function and biological pathways.
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Figure 8. Clinical significance of the higher expressed gene on the patient survival in LUAD (N = 475). (A) Genes that are significantly expressed in LUAD. (B)
Prognostic and Predictive Gene Signature for Adjuvant Chemotherapy in Resected Non-Small Cell Lung Cancer for genes dedd, scamp3, setdb1, ubqln4, ndufs2, usp21,
gnpat, puf60, radl, zc3h11a, mettll13, papd7, yylapl, ccdc25, klhl1 (C) Effect on the survival of the diseased individuals by the overexpressed genes in Expression Profile-
Defined Classification of Lung Adenocarcinoma data set. for genes pogk, dedd, pigm, scamp3, setdb1, ndufs2, usp21, gnpat, pygo2, radl, klhl12, psmd4, wdr26, copa (D)
Effect on the survival of individuals by the overexpressed genes such as scamp3 setdb1, ubqln, ndufs2, usp21, gnpat, pygo2, radl, zc3hlla, yylapl, znf687, ccdc127,
ccdc25, klhl12 in Relapse-related molecular signature in lung adenocarcinomas identifies patients with dismal prognosis dataset. Green line and red line indicates
survival status of the patient samples in which genes are under expressed and over expressed respectively compared to the normal sample. The survival plots were

obtained from PROGgeneV2.
4. Discussion

In our study, we identified several over-expressed genes in LUAD and
validated them with various bioinformatic tools in LUAD patient sam-
ples. It would be interesting to know how many of these genes are already
known or identified as potential candidate biomarkers. From the short-
listed genes as indicated in Figure 1, genes such as odr4, pbxip1, mettl3,
pigm and rad1 are identified as being upregulated in LUAD in this study
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and have not been reported as markers for LUAD. Interestingly, all these
genes show higher expression at the level of mRNA and protein. Genes
such as setdb1 and ndufs2 are shown to be upregulated in lung cancer [33,
34], whereas other genes are known to be up/downregulated or are
employed as biomarkers for many other cancer types as indicated in the
supplementary tables. Nevertheless, all of these genes show higher
expression in LUAD patient samples either at the level of mRNA/or
protein or both. Early detection and diagnosis of cancers is of tremendous

TCGA P=0.003387
IA 1B 1I oA 1B MA MB IV
TCGA P=0.0365
IA 1B 11 A 1B 1A 1B IV

Figure 9. mRNA expression level of a) pbxipl and b) mettl13 in the different stages of LUAD in different datasets - OKAYAMA (N = 246) and TCGA (N = 514). A p-
value of 0.05 or less is considered as significant. Violin plots were obtained from CANCERTOOL.
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importance in making appropriate decisions for treatment and for better
prognosis. Unfortunately, it is still an unmet clinical need that has to be
addressed. In this study, genes have been identified which have a sta-
tistically significant higher expression pattern in LUAD (stagewise) with
respect to normal samples.

There are several approaches/mathematical models that are being
employed for determining biomarkers for several diseases. One among
them is the Dynamical Network Biomarkers (DNB) and as per this
approach, each individual may not have exactly the same DNB even for
the same disease, i.e. the markers could vary from person to person [35].
Recent studies have reported potential biomarkers using, single cell RNA
sequencing studies in samples either derived from xenografts or patient
samples for many cancers and reported potential biomarkers [36].
However, there is no correlation or common overlapping genes as bio-
markers between our study and DNB studies pertaining to lung cancer
due to the difference in approaches. Identification of reliable biomarkers
with high sensitivity and specificity is highly desirable for better man-
agement of many cancers [37]. Although there are several research re-
ports on biomarkers for LUAD available, these reports have limited
application potential. It would be interesting to test if any of the genes
that show higher expression in our study are potential candidates to be
used as reliable biomarkers either alone or in combinations and as gene
signatures for LUAD. Since a significant proportion of the patient's
samples shows higher expression of these genes, we believe that further
validation of these genes in a large cohort of patient samples is warranted
for developing a suitable and dependable biomarker for LUAD.
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