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A B S T R A C T   

The effect of epigenetics in coronary artery disease and Non-small cell lung cancer (NSCLC) is presently 
developing as a significant vital participant at various levels from pathophysiology to therapeutics. We would 
like to find out the conjunction of some regular epigenetic regulations which decides the example of either 
acetylation/deacetylation or methylation/demethylation on various gene promoters associated with their 
pathogenesis. Expressions of some of the genes (e.g., VEGFA, AIMP1, etc.) are either up regulated or down 
regulated in a similar pattern where several DNA damage (e.g. H2A.X) and repair factors (e.g. BRCA1, RAD51, 
ERCC1, XPF), Transcription coupled DNA repair factor, Replication proteins are involved. Additionally, epige-
netic changes, for example, histone methylation was found unusual in BRCA1 complex in CAD and in the NSCLC 
patients. Epigenetic therapies such as CRISPR/Cas9 mediated knockout/overexpression of specific gene (BRCA1) 
showed promising changes in diseased conditions, whereas it affected the R-loop formation which is vulnerable 
to DNA damage. Involvement of the common epigenetic mechanisms, their interactions and alterations observed 
in our study will contribute significantly in understanding the development of novel epigenetic therapies soon.   

Introduction 

Cardiovascular diseases contain plenty of diverse pathological con-
ditions, among which a remarkable feature relates to coronary artery 
disease (CAD) and its significant hazardous inconvenience [1]. Lung 
cancer is also a serious health issue and cause of mortality preoccupying 
worldwide prevailing in men as well as women [2]. The most prevalent 
type is non-small cell lung cancer (NSCLC) consisting of 85% [3]. Cor-
onary artery disease and non-small cell lung cancer often coexists and 
cause substantial public health and economic burden worldwide. There 
is an intrinsic interplay between NSCLC and CAD, in the form of shared 
etiology and pathophysiological mechanisms. It considered diseases that 
emerge from different variables in their development and shared several 
risk factors such as inflammation, oxidative stress, uncontrolled prolif-
eration [4], may be connected including; nutritional, psychosocial, and 
environmental conditions to start the change of cells in the coronary 
artery wall and the cycle of atherogenesis, stresses numerous similitudes 
with the movement of the neoplastic process towards cancer. It has been 

hypothesized that lung cancer is associated with increased cardiovas-
cular risk, especially the risk for coronary heart disease and stroke [5–6]. 
Patients with suspected or known CAD often have a higher lung cancer 
risk as well [7]. Among patients going through coronary revasculari-
zation, more prominent than half of the passings are expected for 
non-cardiac causes, of which 20% are identified with neoplasia [8]. 
CD4+ T helper cells contribute to regulate immune responses to tumors, 
cardiovascular illness, and are significant in organizing overall immune 
responses. Thus revealing their mechanism in several life-threatening 
diseases might lead us to understand the cause of the diseases and 
development of therapies. 

The nonstop inability to fix DNA damage can bring about the 
collection of lethal DNA damage, prompting prolonged p53 activation 
and p53-mediated activity, leading to cardiomyocyte apoptosis, and 
resulting in cardiac dysfunction [9]. Along with this, dysregulation of 
R-loop digestion hinders genomic stability, replicative senescence, and 
epigenetic balance. Alternately, unresolved R-loops cause damage to the 
genome by ultimately disrupting transcription which invokes activation 
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of transcription-coupled nucleotide excision repair factors that cleave 
R-loops through the induction of DNA single strand breaks and double 
strand breaks [10]. 

The effect of epigenetics in CAD and NSCLC is presently developing 
as a significant vital participant at various levels from pathophysiology 
to therapeutics, suggesting the possibility of complex interplay between 
genes through epigenetic modifications which may account for their 
frequent coexistence. The way that epigenetic deviations, in contrast to 
hereditary transformations, are possibly reversible and can be re- 
established to their ordinary state by epigenetic treatment make such 
activities favourable and restoratively significant. 

However, there has been limited success in correlating NSCLC with 
CAD in terms of epigenetic changes and epigenetic commitment in 
clinical practice or therapeutics up to now. Therefore, to support a hy-
pothesis of an intrinsic interplay between NSCLC and CAD, we evaluated 
some common epigenetic regulators of NSCLC and CAD which act on 
different genes leading to various molecular mechanisms, to better un-
derstand the association of these two disorders. 

Materials and methods 

Cells 

With the approval of our Institutional Ethics Committee of SRM 
Medical college Hospital, obtained written informed consent, we pro-
spectively included patients of each diseased condition (CAD and 
NSCLC) from two centres aged from 35 to 65 years from July 2018 to 
January 2020. Patients underwent coronary computed tomography 
angiography (CCTA) for detection of coronary artery disease and chest 
X-ray followed by pathology proven for NSCLC. Age-matched non- 
smokers were taken for all the groups (control subjects, CAD and NSCLC 
patients) in this study. All blood samples were handled as per protocol 
accredited by the Institutional Ethics Committee. Age, gender, patho-
logical and medication details were recorded for analysis in molecular 
studies involved in this project. Peripheral blood mononuclear cells 
(PBMCs) isolation was done by density gradient centrifugation using 
Ficoll-paque (GE healthcare); followed by CD4+ T cell isolation using 
CD4+ isolation Kit human (Miltenyi Biotec) through Magnetic-activated 
cell sorting [11]. As we are studying the epigenetic regulations associ-
ated with the diseases our work is mainly concentrated on CD4+ T 
helper cells isolated from blood. We have not studied tissue biopsies and 
tissue infiltrating T cells. 

Quantitative real-time PCR 

This assay was performed on total RNA isolated from CD4+ T helper 
cells of control subjects, CAD and NSCLC patients as described. The 
primers for mRNAs utilized in this study are shown in supplementary 
Table 1 and GAPDH was used for normalization. Derived Ct values were 

used to calculate fold changes of gene expression as previously described 
[10]. 

RT2 profiler PCR array 

Quick-RNATM Miniprep (Zymo Research) kit was used to isolate 
mature RNA as per manufacturer’s protocol and we used spectropho-
tometer to determine its quality as pure RNA. It is then converted into 
cDNA by the reverse transcription process using High Capacity cDNA 
Reverse Transcription Kit (Applied Biosystems) followed by RT2 Profiler 
PCR Array (QIAGEN). RT2 SYBR® Green qPCR Mastermix (QIAGEN) has 
been used for this experiment according to manufacturer’s instruction. 
Samples were marked properly as control group, test group 1 as CAD and 
test group 2 as Cancer. CT values were produced and normalization of 
CT values were done based on a/an automatic selection from HKG panel 
of reference genes and used delta delta CT method to calculate fold 
change. Delta delta CT method is the calculation between gene of in-
terest (GOI) and an average of reference genes (HKG), followed by delta- 
delta CT calculations (delta CT (Test Group)-delta CT (Control Group)). 
Scatter plots and heat map were generated after calculating fold change 
using 2^ (-delta delta CT) formula which was acquired from the QIAGEN 
web portal at GeneGlobe. 

Gene-gene interaction and network analysis 

A list of up and down regulated genes from CAD (Group 1) and 
NSCLC (Group 2) was analysed further using a bioinformatics approach. 
To understand the impact of dysregulation on the disease pathogenesis, 
gene-gene association was evaluated first using GeneMANIA server for 
both the disease groups [12]. The interaction table for both the groups 
were then downloaded and formatted, followed by cluster analysis using 
MCODE [13] in the Cytoscape software. To test the functional attributes 
of the differential gene expression patterns, we integrated Gene 
Ontology (GO) terms with metabolic pathway information using the 
Cytoscape plug-in ClueGO [14]. The procedure has been detailed in 
Supplementary Fig. 1. 

Chromatin immunoprecipitation-quantitative polymerase chain reaction 
(ChIP-qPCR) 

Chromatin was isolated from fixed peripheral blood mononuclear 
cells from CAD, NSCLC patients and control subjects followed by 
digestion with micrococcal nuclease (MNase). It was then immunopre-
cipitated using specific antibodies/ reagents. After that it was incubated 
overnight and washed using RIPA buffer. DNA was isolated by phenol- 
chloroform-isoamylalcohol and stored at -20◦C as per µChIP assay pro-
tocol. These samples were then used for q-PCR on the target genes to 
acquire Ct values where control IgG-ChIP nonspecific signals were sub-
tracted from which percent enrichment was calculated using specific 

Fig. 1. mRNA expression profile of the DNA repair and damage factors. (A,B): RT-qPCR mRNA expression profile of the indicated candidate genes (BRCA1, 
RAD51, ATM, ATR, H2AFX, P53) in control subjects, CAD and NSCLC patients’ CD4 + T helper cell. Data were generated from 3 biological replicates with bars 
indicating SEM. ***p <0.001, one-way ANOVA statistical analysis that compares values in control subjects with those in CAD and NSCLC patients. 
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formula and represented on a graph [11]. 

Co-Immunoprecipitation (co-IP) and immunoblotting (IB) 

These assays were executed using the commercial reagents (supple-
mental data) as mentioned. [11] 

Histone methylation assay 

This assay was performed to test the in vitro H3 lysine methyl-
transferase activity of immunoprecipitated (IP) BRCA1 as described 
[11]. Hela core histones and anti-RbBP5 Ab served as the positive con-
trol, whereas IgG-IP served as the negative control. 

CRISPR/Cas9-mediated knock-out (KO) and Overexpression (OE) assay 

CRISPR/Cas9 mediated knockout was done to suppress the expres-
sion of endogenous BRCA1 in primary human CD4+T helper cells iso-
lated from control subjects, NSCLC and CAD patients. Transfection was 
performed using CRISPR/Cas9 knock-out (KO) plasmids (Santa Cruz) 
and their control plasmid (Santa Cruz) utilizing all the supplied reagents 
as per the manufacturer’s protocol. Transfection was done successfully 
which was verified by flow cytometry and transfection efficiency was 
checked by GFP staining. BRCA1 primary antibody (Santa Cruz) and 
secondary antibody, Goat anti-Rabbit IgG (H+L) APC (Santa Cruz) was 
used for this purpose. Human tagged ORF clone of BRCA1 gene (Ori-
gene) was used to overexpress the BRCA1 gene using AmaxaTM Cell Line 
NucleofectorTM Kit V (Lonza) and Amaxa nucleofector 2b. After that 
flow cytometry was done using BRCA1 primary antibody (Santa Cruz) 
and a secondary antibody, Goat anti-Rabbit IgG (H+L) Alexa Fluor 594 
(Invitrogen) to verify successful overexpression of the particular gene 
[15]. 

DNA-RNA immunoprecipitation and RT-PCR 

DNA-RNA immunoprecipitation (DRIP) was performed as mentioned 
[16]. 

Statistical analysis 

All results represent the average of 3–5 separate in vitro experiments. 
In all assay a value represents the mean of three individual observations 
and presented as standard error mean (SEM). Statistical significance was 
established by Tukey: Compared all pairs of columns test based one-way 
ANOVA using INSTAT3 Software. 

Table 1 
RT2 Profiler PCR Array analysis report showing gene with fold regulation be-
tween coronary artery disease (CAD) and non-small cell lung cancer (NSCLC) 
CD4+ T helper cells compared to control.  

Genes CAD (compared to control) NSCLC (compared to control) 

AIMP1/EMAP2 ↓↓ ↓↓ 
BMP2 ↑↑ ↑↑ 
C5 ↑ ↑ 
CCL1 ↑ ↑ 
CCL11 ↑ ↑ 
CCL13 No change ↑ 
CCL15 ↑ ↑ 
CCL16 ↑ ↑ 
CCL17 ↑ ↑ 
CCL2 ↑ ↑ 
CCL20 ↑ ↑ 
CCL22 ↑ ↑ 
CCL23 ↑ ↑ 
CCL24 ↑ ↑↑ 
CCL26 ↑ ↑ 
CCL3 ↑ ↑ 
CCL4 ↑ ↑ 
CCL5 ↑ ↑ 
CCL7 ↑ ↑ 
CCL8 ↑ ↑ 
CCR1 ↑ ↑ 
CCR2 ↑ ↑ 
CCR3 ↑ ↑ 
CCR4 ↑ ↑ 
CCR5 ↑ ↑ 
CCR6 ↑ ↑ 
CCR8 ↑ ↑ 
CD40LG ↑ ↓↓ 
CSF1 ↑↑ ↑↑ 
CSF2 ↑ ↑ 
CSF3 ↑ ↑ 
CX3CL1 ↑ ↑ 
CX3CR1 ↑↑ ↑↑ 
CXCL1 ↑↑ ↑ 
CXCL10 ↑ ↑↑ 
CXCL11 No change ↑ 
CXCL12 No change ↑ 
CXCL13 ↑ ↑ 
CXCL2 ↑↑ ↑ 
CXCL3 ↑ ↑ 
CXCL5 ↑ ↑ 
CXCL6 ↑ ↑ 
CXCL9 No change No change 
CXCR1 ↑↑ ↑ 
CXCR2 ↑↑ ↑ 
FASLG No change ↓↓ 
IFNA2 No change ↓↓ 
IFNG No change ↓↓ 
IL10RA ↑↑ ↑ 
IL10RB ↑↑ ↑ 
IL13 ↑ ↑ 
IL15 ↑ No change 
IL16 ↑↑ No change 
IL17A ↑ ↑↑ 
IL17C ↑ ↑↑ 
IL17F No change ↑ 
IL1A ↑ ↑↑ 
IL1B ↑↑ ↑ 
IL1R1 ↑ ↑ 
IL1RN ↑↑ ↑ 
IL21 ↑ ↑↑ 
IL27 ↑ ↑↑ 
IL3 ↑ ↑↑ 
IL33 ↑ ↑↑ 
IL5 ↑ ↑↑ 
IL5RA ↑ ↑↑ 
IL7 No change ↓↓ 
CXCL8 ↑↑ ↑↑ 
IL9 ↓ ↓ 
IL9R ↓ ↓ 
LTA ↓ ↓ 
LTB ↓↓ ↓↓  

Table 1 (continued ) 

Genes CAD (compared to control) NSCLC (compared to control) 

MIF ↑ ↑ 
NAMPT ↑ ↑↑ 
OSM ↑↑ ↑↑ 
SPP1 No change ↓↓ 
TNF No change ↓↓ 
TNFRSF11B No change ↓ 
TNFSF10 ↑↑ ↓ 
TNFSF11 ↑ ↓ 
TNFSF13 No change ↓↓ 
TNFSF13B ↑ ↓↓ 
TNFSF4 ↑ ↓ 
VEGFA ↑↑ ↑↑ 
ACTB No change No change 
B2M ↑ No change 
GAPDH ↑ No change 
HPRT1 ↓ No change 
RPLP0 ↑ No change  
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Results 

Expression of several DNA damage repair pathway genes involved in CAD 
and NSCLC 

Mis-repaired DSBs can result in loss of genetic information, poten-
tially harmful mutations or chromosomal rearrangements, which leads 
to cancer development [17]. DNA damage repair factor BRCA1, a 
caretaker of genomic stability and also responsible for cardiomyocyte 
survival [18], associated with RAD51 and DSBs repair factors ATM, ATR 
are found to be (Fig. 1A, 1B) expressed less in CAD and NSCLC patients 
Th cells when compared to control subjects as they are the key players in 
repairing DNA damage, whereas, the expression of DNA damage factor, 
H2AFX and tumor suppressor gene P53 is more in the person suffering 
from NSCLC and CAD when tallied to control subjects. Deregulation of 
DDR pathways can also contribute to the development of genomic 
instability, which can accelerate the epigenetic alterations to drive 
tumor development as well as CAD. 

RT2 Profiler PCR Array revealed common up-regulated and down- 
regulated genes involved in CAD and NSCLC patients CD4+ T cells 

Since both diseases are characterized by a chronic inflammatory 
process [4], our RT2 Profiler PCR array reveals the expression of several 
inflammatory genes which are commonly involved in both CAD and 
NSCLC. The abnormal fold regulation of all the genes involved were 
listed (Table 1). 

Scatter plots (Fig. 2A, 2C) and heat maps (Fig. 2B, 2D) showed that 
expressions of some of the genes are either up regulated/down regulated 
in a similar pattern in both CAD and NSCLC patients Th cells. Among 

these, VEGFA, AIMP1, BMP2, CSF1, OSM and several interleukins found 
to be commonly dysregulated. 

Vascular endothelial growth factor A (VEGFA), is the lead player of 
angiogenesis in cancer and also in hypoxia [19]. According to our 
findings VEGFA was highly expressed in both CAD and NSCLC patients 
Th cells as compared with the control subjects. AIMP1 prompts both 
endothelial cell death and immunity-promoting cytokine production, it 
is relied upon to control tumor development through a dual mechanism. 
Consistent with this, AIMP1 was found to be downregulated in CAD and 
NSCLC patients Th cells than the control subjects. 

Correlation between CAD and NSCLC diseased state 

At a p-value of 0.05, 80 genes from CAD and 85 genes from NSCLC 
were observed to be differentially regulated. Based on fold change, the 
majority of these genes were up-regulated, amongst which 59 were 
common in both the disease groups. In CAD, 384 and NSCLC a total of 
468 interactions were observed with a high overall interaction score of 
>0.9. Cluster analysis for the dysregulated genes in CAD and NSCLC 
showed the highest clustered network (score=40.02 and 41.54) had 46, 
49 genes with over 900, 997 interaction amongst them (Supplementary 
Figs. 2, 3). Separately, the downregulated genes showed similar level of 
interaction too (Supplementary Figs. 4, 5). 

Inflammatory pathway association 
There is a total of 213 genes that were reported to be involved in the 

positive regulation of inflammatory response. Association studies with 
the NSCLC up-regulated genes generated a highly clustered network of 
82 nodes, each with an average of 36 interactions. With the CAD disease 
state, the total nodes in the entire network were 90. Compared to 

Fig. 2. Identification of common upregu-
lated/downregulated genes. (A): The 
normalized expression of genes between control 
group and test group 1 (CAD group) was plotted 
in a scatter plot to compare and visualize gene 
expression changes of every gene on the array 
where unchanged gene expression was indi-
cated by the central line and fold regulation 
threshold by the dotted lines. There are several 
data points beyond the dotted lines which meet 
the selected fold regulation threshold in the 
upper left and lower right sections. (B): Gene 
expression changes between the control group 
and test group 1 (CAD group) is represented by 
a heat map where fold-change values greater 
than one indicates a positive- or an up- 
regulation and fold-change values less than 
one indicate a negative or down-regulation. 
(C): The normalized expression of genes be-
tween control group and test group 2 (Lung CA 
group) was plotted in a scatter plot to compare 
and visualize gene expression changes of every 
gene on the array where unchanged gene 
expression was indicated by the central line and 
fold regulation threshold by the dotted lines. 
There are several data points beyond the dotted 
lines which meet the selected fold regulation 
threshold in the upper left and lower right 
sections. (D): Gene expression changes between 
the control group and test group 2 (Lung CA 
group) is represented by a heat map where fold- 
change values greater than one indicates a 
positive- or an up-regulation and fold-change 
values less than one indicate a negative or 
down-regulation.   
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NSCLC, CAD displayed a higher average number of interactions (38) per 
node. 838 interacting nodes were seen to be co-expressed between CAD 
and inflammatory pathway genes compared to 690 in NSCLC. Inflam-
matory pathway was involved with the largest number of upregulated 
genes. The combined cluster of inflammatory pathway and up-regulated 
genes in NSCLC and CAD revealed VEGFA to be forming an integral part 
of the merged cluster. This consensus network was generated from 
MCODE analysis. Similarly, AIMP1 was a common node for co-expressed 
gene network of inflammatory pathway, including NSCLC and CAD 
down-regulated genes (Fig. 3A, 3B), hence we have focused our study on 
these particular two genes i.e. VEGFA and AIMP1. Crucial immuno-
modulators such as IFNG, IFNA2 responsible for anti-proliferative and 
induction of innate immune system were found to be downregulated. 
The underlying connection remains unclear in spite of a wide range of 
common cellular processes reported here. 

Aberrant expressions of DNA damage and repair factors at VEGFA and 
AIMP1 loci 

Once a DNA damage event is detected, it can be repaired by one or 
several of the DNA repair pathways and involves several DNA damage 
(e.g. H2A.X), and repair factors (e.g. BRCA1, RAD51, ERCC1, XPF), 
Transcription coupled DNA repair factors (e.g. CSA, CSB) and Replica-
tion proteins (e.g. TOP1, RPA70). ChIP-qPCR data showed the percent 
enrichment of the proteins in AIMP1 and VEGFA gene loci where DNA 
repair factors, BRCA1 and RAD51 are recruited to DNA more at VEGFA 
and AIMP1 loci, however, in contrast, DNA damage factor, gH2A.X is 
recruited less (Fig. 4A, 4B) in control subjects Th cells than the CAD and 
NSCLC patients Th cells. ERCC1, XPF, CSA, CSB, TOP1 and RPA70 are 

recruited to DNA more at VEGFA and AIMP1 loci (Fig. 4C, 4D) in control 
subjects Th cells than the CAD and NSCLC patients Th cells. BRCA1 was 
discovered to be related with enormous protein complexes that contain 
DSB fix and mismatch-repair enzymes as well as ATM [20]. Reports 
indicated that during DNA damage BRCA1 co-localizes with phosphor-
ylated H2AFX [21]. Decreased expression of CSB has already been 
demonstrated to increase the risk of lung cancer [22]. Through 
Co-Immunoprecipitation the protein-protein interaction of the different 
proteins involved were seen. Hence it can be inferred that the amount of 
protein interaction in CAD and NSCLC is relatively more similar. The 
involvement of BRCA1 was found to be comparatively higher in controls 
than CAD and NSCLC, whereas gH2A.X showed less involvement 
(Fig. 4E) in control as compared to CAD and NSCLC. RAD51 showed a 
moderate expression in all, slightly varying in CAD and NSCLC. As DNA 
repair pathways are very crucial to prevent the accumulation of DNA 
lesions, abnormal expressions of these factors may promote CAD along 
with NSCLC. 

Histone H3K4 trimethylation is not catalyzed by BRCA1 in CAD and 
NSCLC patients Th cells 

In the quickly advancing field of cancer epigenetics, histone modi-
fications and alterations in histone methylation patterns have been 
indicated as an important part of the epigenetic regulations in cancer 
[23] and also in cardiovascular diseases. Our HMTase assay revealed 
that BRCA1 complex catalyzes histone H3K4 trimethylation in control 
subjects Th cells (Fig. 5) but not in CAD patients Th cells like NSCLC 
patients Th cells. According to several studies, the level of methylation 
of histone 3lysine 4 (H3K4me3) was elevated in lung cancers and played 

Fig. 2. (continued). 
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a role in aberrant transcriptional regulation. Furthermore, their 
ChIP-seq research revealed that H3K4me3 levels near transcriptional 
start sites in lung cancer cell lines were elevated. In individuals with 
CHD, mutations in multiple genes that generate and read methylation 
H3K4 have been discovered. [24–26] 

CRISPR-Cas9 knockout and Overexpression of BRCA1 gene and its 
expression on VEGFA and AIMP1 loci 

The histogram plots (Fig. 6A), showing successful knock-out of 
BRCA1 gene and Fig. 6B shows the overexpression of BRCA1 in CD4+ T 
helper cells isolated from CAD, NSCLC as well as control. 

We observed a depletion of BRCA1 leads to the suppression of 
expression of BRCA1 gene in VEGFA and AIMP1 loci (Fig. 7A, 7B), and 
are recruited to DNA more after overexpression of BRCA1 as evidenced 
from our µChIP assays. After successful depletion of BRCA1, it has shown 
less enrichment in VEGFA and AIMP1 gene loci which confirm that 
BRCAness not only in NSCLC but also in coronary artery disease. Studies 
have shown that the recently developing gene editing technology 
CRISPR/Cas9 has held a number of points of interest over different 
procedures, including its straightforward plan, simple activity, great 
explicitness, and high proficiency. Therefore, repairing/silencing the 
expression of tumor genomes or specific proteins is important for [27] 
tumor therapy, modifications [28,29], exploring the mechanisms un-
derlying tumor occurrence, development, and metastasis. 

Increased fold change of P53 gene after overexpression of BRCA1 and 
decreased fold change was observed post suppression of endogenous 
BRCA1 

TP53 has multiple faucets to its role in the maintenance of genomic 
stability, including responding directly to DNA damage to promote 

repair and cell cycle arrest, the transcriptional regulation of DNA repair 
genes and the induction of apoptosis. In the absence of TP53 cells 
accumulate DNA damage and resist cell death. TP53 has been shown to 
be mutated in around 50% of all NSCLCs [28]. Our mRNA expression 
profile of P53 gene represents the fold change where we can observe that 
post depletion of BRCA1, it is expressed less in CAD (Fig. 7C) and in 
NSCLC (Fig. 7D) patients when compared to controls, whereas BRCA1 
overexpression causes increased fold change for P53 in CAD and NSCLC 
patients, which shows the link between BRCA1 and P53 that work as a 
DNA damage repair cascade. 

P53 is mainly associated with tumor suppressor activity. Because 
BRCA1 is also a gatekeeper of cardiac function and survival, one study 
found that cardiomyocyte BRCA1 deletion causes defective DNA double- 
strand break repair and activated p53-mediated proapoptotic signalling, 
resulting in increased cardiomyocyte apoptosis. Deletion of the p53 
gene, on the other hand, recovers BRCA1-deficient mice from heart 
failure, demonstrating yet again the relationship between these two 
genes. [18] 

BRCA1 depletion provokes R-loop accumulation in Human CD4+ Th cells 

Emerging evidence suggests that the crosstalk exists between R-loops 
and epigenetic modifications of chromatin. Certain chromatin modifi-
cation features limit R-loop development on the one hand, while their 
establishment can increase chromatin dynamics by modifying epige-
netic changes on the other [30]. 

In DRIP-qPCR, we showed that R-loops formed at a high level on the 
VEGFA and AIMP1 locus after successful depletion of endogenous 
BRCA1, whereas the R-loop percent enrichment is at low level after 
overexpression of BRCA1 (Fig. 8A, 8B). 

As R-loops are co-transcriptional items, these discoveries, recom-
mend that in diseased condition nascent transcription is occurring at this 

Fig. 2. (continued). 
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BRCA1 gene locus to fuel R-loop production. Since unrepaired R-loops 
cause DSBs, we explored the impact of increased R-loops on genomic 
stability in knockout condition. We conclude that BRCA1 deficiency or 
abnormality results in DNA damage through accumulation of RNA/DNA 
hybrids, but when introduced through overexpression, R-loop formation 
has been decreased. 

R-loop-induced epigenetic changes are likely context-dependent and 
determined by complex regulatory mechanisms, such as where they 
form (e.g. promoters, enhancers, or termination regions), what causes 
them to form (e.g. mRNP biogenesis, DNA topoisomerase, trinucleotide- 
repeat, or antisense transcription), and what characteristics they have 
(e.g. length, additional structures of single-stranded DNA within R-loop 
and so on) [30]. 

Discussion 

The results showed a significant correlation among CAD and NSCLC, 
suggesting the possibility of shared pathophysiology of the diseases. 
NSCLC and CAD are both associated with the hallmarks of inflammation. 
All immune cells in our body play important role in each aspects. For 
inflammatory diseases, T cells are the key cell types involved among 
which CD4+ T cells primarily mediate anti-tumor immunity by 
providing help for other cell types. The CD4+T cells carry out multiple 

functions, ranging from activation of cells of the innate immune system, 
B-lymphocytes, cytotoxic T cells, macrophages, monocytes as well as 
nonimmune cells via secretion of effector cytokines such as interferon-γ 
(IFNγ) and tumor necrosis factor-α (TNFα) [31], and also play critical 
role in the suppression of immune reaction. Other immune cells such as 
dendritic cell and NK cells help in priming T cell responses and also 
provide signals for the differentiation of CD4+ T cells into effector T cell 
populations, improve maturation and cross-presentation of DCs and are 
thereby able to promote T cell responses. PMN cells work as accessory 
cells for T-cell activation and thus making CD4+T cells as the central 
player of inflammatory response, so we have taken particularly CD4+T 
cell type (excluding other cell types) in this study. We have identified the 
common up-regulated/down-regulated genes and the correlation be-
tween NSCLC and CAD, was most significant in the CD4+ T helper cells 
gene expression profiles. This work is highly impacted to study the 
CD4+ T cell mediated inflammatory regulation as we have tested mainly 
CD4+ T helper cells but not the other subsets of T helper cells. We have 
taken whole CD4+ T helper cell population which is associated with 
diseased state. Previous studies have reported cases of CAD progressing 
to various cancer pathogenesis [32]. To explore a possible disease pro-
gression to NSCLC, understanding both up and down-regulated gene sets 
become crucial. Initially, it was observed that all the up-regulated CAD 
disease state genes were identical to those found in NSCLC. The present 

Fig. 2. (continued). 
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study showed that up-regulated genes in CAD and inflammatory genes 
presented a high degree of cluster in the gene-gene interaction. Inter-
estingly, we were able to observe up-regulated genes from NSCLC to also 
contribute to this network. Analysis of GO terms later revealed a positive 
correlation of these genes mainly involved in pathways of angiogenesis, 
inflammatory response and receptor signalling, cytokine mediated sig-
nalling and aging amongst other processes suggesting their important 
role in the pathogenesis of CAD and NSCLC [4]. Inflammatory response 
genes PI3K, AKT, IGF1R amongst others were found to be linked with 
NSCLC up-regulated genes [33]. In the downregulated state, both dis-
ease state genes were highly connected with the inflammatory pathway 

genes. Since VEGF is the key arbiter of angiogenesis, anomalies of its 
expression can possibly be significant in disease progression. Moreover, 
biopsies speaking to an enormous human tumor types have been 
appeared to show increased expression of VEGF, and has been perceived 
to be crucial to tumorigenesis and disease development in a wide scope 
of human diseases [19] and its overexpression is related with poor 
prognosis and demise from metastasis [34–36]. AIMPs contribute in 
several biological processes [37–40] and could distinctively cooperate 
to ten different cancers, while there has been advancement in under-
standing the function of AIMP1 in cancer [37,41,42]. AIMP1 is also 
found to be abundant in tissues going through apoptosis in the mouse 

Fig. 3. (A) Merged co-expressed gene network of inflammatory pathway including NSCLC and CAD up-regulated genes showing VEGFA gene as a common node. (B) 
Merged co-expressed gene network of inflammatory pathway including NSCLC and CAD down-regulated genes showing AIMP1 gene as a common node. 
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embryo and atherosclerotic injuries of the human aorta [34]. Toward 
this end, we compared the gene expression profiles of NSCLC and CAD to 
show the association in-between them, and tried to explain the shared 
pathophysiology. To find out the possible molecular mechanisms behind 
this dysregulation, we have analysed several DDR genes involved. DSBs 
are found to be significantly higher in patients with CAD [43] and de-
ficiencies in DDR mechanisms have been shown to be contributing 
factors in many stages of tumor development. The correct functioning of 
DDR plays an important role in many aspects and is linked to the 

induction of replication stress and DNA damage, caused by abnormal 
replication due to aberrant oncogene activation [44,45]. Hence the 
involvement of aberrant expressions of several DNA damage/repair 
factors has been identified on AIMP1 and VEGFA gene locus provides 
clear evidence of the abnormalities involved which clarifies the simi-
larities in both the diseases and revealed the mechanism lying behind it 
involving several molecular pathways. Proof suggests that the disruption 
of tumor suppressor genes, for example, p53 is related to expanded 
VEGF expression [46]. So, again our mRNA expression data of several 

Fig. 4. Expression of several DNA damage and repair factors on the identified gene locus. (A, B): ChIP-qPCR was performed on primary Th cells from normal 
donor and CAD and NSCLC patients with indicated antibodies (BRCA1, RAD51, gH2A.x) at the indicated gene loci (VEGFA and AIMP1). (C,D): ChIP assays were 
performed on primary Th cells from normal donor and CAD and NSCLC patients with indicated antibodies (CSA, CSB, XPF, TOP1, ERCC1 and RPA70) at the indicated 
gene loci (VEGFA and AIMP1). Data were generated from 3 biological replicates with bars indicating SEM. ***p <0.001, one-way ANOVA statistical analysis that 
compares values in control subjects with those in CAD and NSCLC patients. (E): Co-IP was done using antibodies to BRCA1, RAD51 and gH2A.X and immunoblotted 
(IB) with the Rad51 and gH2A.X antibody performed on the nuclear extracts isolated from the primary Th cells of control subjects, CAD patients and NSCLC patients. 

Fig. 5. Analysis of histone H3K4 trimethylation activity by histone H3 HMTase assay: Histone H3 methyltransferase activity of BRCA1 IP with anti-BRCA1 Ab 
from the nuclear fractions of CD4+Th cells isolated from CAD and NSCLC patients. Material IP with anti-RBBP5 Ab served as positive control. Immunoblotting was 
done with the indicated series of Abs. The data represents at least five independent assays from five separate CAD and NSCLC patients and five separate con-
trol subjects. 
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repair factors involved proved their loss of normal function in both the 
diseases along with the abnormality in histone modification. Histone 
methylation is an emerging epigenetic mechanism for regulating gene 
transcription. Interplay among cardiac transcription factors and histone 
lysine modifiers plays important role in heart development. Aberrant 
expression and mutation of the histone lysine modifiers during devel-
opment and in adult life influence the response of adult hearts to 
pathological stresses. Dysregulation of histone methylation are closely 
linked to clinical outcomes in lung cancer patients through a variety of 
cellular pathways relating proliferation, invasion, (Epi-
thelial-mesenchymal transition) EMT etc. [24]. Although the loss of the 
normal DNA repair machinery and accumulation of epigenetic aberra-
tion can drive the tumor progression, it also provides a targetable defect 
for therapeutic intervention. Regulators of the DDR have therefore 
become attractive targets for cancer therapy. Therefore, it is significant 
to rectify and edit the genome or by introducing overexpression using 
CRISPR/Cas9 technology for tumor epigenetic disorders at gene level 
approaches for treating BRCA-proficient malignancies like NSCLC [47]. 
Several proteins involved in the DNA damage response have been 
identified as emerging targets for cancer treatment, including; PARP1, 
ATR, and Chk1. While PARP inhibitors use in BRCA1/2 mutated tumors 
remains the best characterized treatment based on other mutations 
found in lung cancer, including mKRAS and EGFR mutations [48]. Thus 

it is obvious why many cancer patients have active heart disease and 
many heart patients have active cancers. Patterns of epigenetic modifi-
cation vary among individuals, in different tissues within an individual, 
and even in different cells within a tissue. So aberrantly functioning 
CD4+ cells are associated with the development of multiple diseases but 
it is also important to study other cell types as well which may influence 
to understand disease epigenetics. Revealing the epigenetic systems 
along with their communications, and changes utilizing translational 
approaches vows to make a significant contribution to our comprehen-
sion of CADs and NSCLC which may prompt the advancement of novel 
epigenetic treatments soon. 
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CRISPR construct in CD4+T helper cells isolated from control subjects, CAD and NSCLC patients. (B) Histograms show BRCA1 expression in BRCA1 knock-out (KO) 
and control KO CD4+T helper cells isolated from control subjects, CAD and NSCLC patients. (C): Flow cytometry. Histograms show over-expression of BRCA1 in 
CD4+T helper cells isolated from NSCLC and CAD patients. 
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Fig. 6. (continued). 

Fig. 7. Analyzing expression of P53 gene after knockout. (A, B): ChIP-qPCR was performed on primary Th cells from control subjects and CAD and NSCLC 
patients with BRCA1 antibody at the indicated gene loci (VEGFA and AIMP1). (C, D): P53 gene expression changes through RT-qPCR based mRNA expression in 
NSCLC and CAD patients’ CD4+ T helper cells in comparison to control subjects. Data were generated from 3 biological replicates with bars indicating SEM. ***p 
<0.001, **p <0.01, *p <0.05, one-way ANOVA statistical analysis that compares values in control subjects with those in CAD and NSCLC patients. 
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