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Abstract

Molecular mechanism underlying the patho-physiology of coronary artery disease (CAD) is complex. We used global expres-
sion profiling combined with analysis of biological network to dissect out potential genes and pathways associated with CAD
in a representative case—control Asian Indian cohort. We initially performed blood transcriptomics profiling in 20 subjects,
including 10 CAD patients and 10 healthy controls on the Agilent microarray platform. Data was analysed with Gene Spring
Gx12.5, followed by network analysis using David v 6.7 and Reactome databases. The most significant differentially expressed
genes from microarray were independently validated by real time PCR in 97 cases and 97 controls. A total of 190 gene tran-
scripts showed significant differential expression (fold change >2, P<0.05) between the cases and the controls of which 142
genes were upregulated and 48 genes were downregulated. Genes associated with inflammation, immune response, cell regula-
tion, proliferation and apoptotic pathways were enriched, while inflammatory and immune response genes were displayed as
hubs in the network, having greater number of interactions with the neighbouring genes. Expression of EGR1/2/3,IL8, CXCLI,
PTGS2, CD69, IFNG, FASLG, CCL4, CDC42, DDX58, NFKBID and NR4A2 genes were independently validated; EGR1/2/3
and /L8 showed >8-fold higher expression in cases relative to the controls implying their important role in CAD. In conclu-
sion, global gene expression profiling combined with network analysis can help in identifying key genes and pathways for CAD.

[Arvind P., Jayashree S., Jambunathan S., Nair J. and Kakkar V. V. 2015 Understanding gene expression in coronary artery disease through

global profiling, network analysis and independent validation of key candidate genes. J. Genet. 94, 601-610]

Introduction

Coronary artery disease (CAD) is a leading cause of morbidity
and mortality (Koerselman et al. 2003) and can be attributed
to the complex interactions between genetic susceptibility
factors and environmental risk factors (Vinukonda ez al. 2009).
Individual genetic markers are unlikely to fully explain the
complex actiopathology of CAD whereas profiling of tran-
script abundance in blood can provide a snap shot of the com-
plex genetic interactions underlying disease pathogenesis and
promote a better understanding of the genetic basis of CAD
(Holdt et al. 2010). There is evidence to show that the gene
expression pattern in peripheral blood samples do mirror the
gene expression changes that occur in the atherosclerotic
vascular wall (Sinnaeve ez al. 2009).

Global gene expression profiling of blood and tissue
samples from patients with atherosclerosis constitutes an
important landmark for discovering novel atherothrombotic
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genes and prognostic indicators for CAD (Ma and Liew
2003; Sinnaeve et al. 2009). In this regard, Dahl et al. (2007)
identified visfatin, an important hormone secreted by the
adipose tissue, to be highly expressed in the carotid plaque
microarray and verified its role as an inflammatory medi-
ator of plaque destabilization. Through an integrated approach
that combined microarray and protein network analysis, trans-
forming growth factor beta receptor 1 (TGFBRI) gene was
identified as a new prognostic biomarker for predicting left
ventricle remodelling following acute myocardial infarction
(Devaux ef al. 2011). As such, identification of differentially
expressed CAD genes can lead to putative biomarkers for
early disease detection and provide deeper insights into its
pathophysiology.

Asian Indians have a higher predisposition to CAD as
compared to any other global population. The disease is char-
acterized by premature onset, multivessel involvement and
higher mortality rates (Begom and Singh 1995; Tillin ef al.
2008), compounded by distinct genetic architecture (Indian
Genome Consortium 2005). While there are published reports
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on a number of CAD genes in Asian Indians (Maitra et al.
2008), to our knowledge there are no studies on microarray-
based transcriptomics analysis in this population. We per-
formed whole-genome expression profiling of peripheral blood
samples in CAD patients, age and gender matched controls,
followed by network analysis of differentially expressed genes
and finally, validation of candidate genes, with an aim to iden-
tify novel atherothrombotic genes that may be of particular
relevance to this ‘high risk’ population.

Material and methods

Study population

The test cohort of 20 subjects included 10 CAD patients
(cases) and 10 matched controls, while the validation cohort
included 97 cases and 97 age and gender matched controls.
All subjects were selected from the Indian Atherosclerosis
Research Study (IARS), which is an epidemiological study
on Asian Indians established with the objective of under-
standing the contribution of traditional and emerging risk
factors of premature CAD in this population. An overview
of the IARS design has been previously published (Shanker
et al. 2010). The study has been approved by the ethics com-
mittee of the Thrombosis Research Institute (Study Number
TARS-TRI 101). All participants gave their informed written
consent. The IARS has been designed according to the guide-
lines of the Indian Council of Medical Research for undertak-
ing research on human subjects (Kumar 2006) and the study
has been carried out according to the principles expressed in
the Declaration of Helsinki.

CAD patients were selected from among those who were
admitted for coronary artery bypass surgery, between May
2010 and May 2011 at Narayana Institute of Cardiac Sci-
ences, Bengaluru, India. Inclusion criteria for the cases were
angiographic evidence for presence of CAD, with >70%
stenosis in any one major epicardial artery or >50% in two
or more epicardial arteries and treatment by either percu-
taneous transluminal coronary angioplasty or bypass graft.
Age at CAD onset was <60 years for men and <65 years
for women. All cases had a strong family history of cardio-
vascular disease. Relevant medical information was obtained
from laboratory test report, electrocardiogram and echocar-
diography available in the hospital record. We matched 10
cases and 10 controls for presence/absence of hypertension
and diabetes mellitus for the microarray study. Control sub-
jects were clinically asymptomatic for CAD, showed normal
electrocardiogram, did not have family history of cardiovas-
cular disease and were enrolled from the same geographical
area as the probands.

Laboratory assays

Overnight fasting blood samples were collected from study
participants. Aliquots of serum and plasma were stored at
—80°C and used for biochemical analysis. Fresh whole blood
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EDTA samples were collected in ice and processed immedi-
ately for extraction of total RNA. Serum triglycerides (TG)
and total cholesterol (TC) (Randox Laboratories, Antrim, UK)
were estimated by standard enzymatic analysis on Cobas-
Fara II Clinical Chemistry Auto analyzer (F. Hoffman La
Roche Ltd, Switzerland). High density lipoprotein-cholesterol
(HDL-c) concentrations were estimated after precipitating
the nonHDL fractions with a mixture of 2.4-mmol/L
phosphotungstic acid and 39 mmol/L magnesium chloride
(Bayer Diagnostics, Baroda, India). Precipitating reagent was
obtained from Bayer Diagnostics (India). Plasma low density
lipoprotein-cholesterol (LDL-c) values were calculated using
Friedwald’s formula (Friedewald et al. 1972).

Isolation of total RNA

Total RNA was extracted using QIAamp RNA Blood mini kit
(Qiagen, Valencia, USA) following manufacturer recom-
mended protocol. RNA integrity number was calculated
using Agilent 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, USA) and RNA was quantified on NanoDrop
ND-1000 Spectrophotometer (NanoDrop, Wilmington, USA).

Microarray experimental protocol

RNA samples were hybridized to G4851A, human genome G3
Hmn GE 8X60K microarray slides (Agilent Technologies)
for one colour gene expression profiling using manufacturer
recommended protocol. Briefly, cDNA was synthesized from
200 ng of total RNA, transcribed to cRNA with incorporation
of Cy3-dUTP during the transcription process. Labelled
probes were purified using RNAeasy mini kit (Qiagen) and
concentrated to desired volume. cRNA was fragmented and
hybridized to the microarray slide, placed in sureHyb cham-
ber and incubated overnight at 65°C for 17 h in the hybrid-
ization oven. Following day, the slides were rinsed with wash
buffer 1 and 2 to remove unhybridized fragments, air dried
and scanned using Agilent microarray scanner. Data was
extracted with Feature extraction software ver. 10.7.3.1. The
dataset included for the study has been deposited in NCBI’s
Gene Expression Omnibus (Edgar et al.2002) and is accessible
through GEO series accession number GSE 42148 (http:/
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE42148).

Microarray data analysis

Data processing and statistical analysis: The raw data was fur-
ther analysed with Gene Spring Gx 12.5 software (Agilent
Technologies). All samples were normalized at 75th percen-
tile, base line was set to median and the probes were filtered
based on their intensities. Significant difference in gene expres-
sion levels between cases and controls was estimated using
moderated #-test. A correction for multiple testing was per-
formed using Benjamin Hochberg false discovery rate (FDR)
function. Hierarchical clustering was performed with the probe
list across the cases and controls using Euclidian distance
similarities in Ward’s method linkage.
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Functional analysis: Pathway analysis was performed using
bioinformatics tools like Reactome (Matthews er al. 2009)
(http://www.reactome.org) and DAVID ver. 6.7 (database for
annotation, visualization and integrated discovery) (Huang
da et al. 2009a, b) (http://david.abcc.nciferf.gov/). These bio-
informatics resources provide functional interpretation of
the large list of genes derived from microarray experiment.
Gene relationship and interaction was extracted using Natu-
ral language processing (NLP) algorithms in Pathway Archi-
tect software available in Gene Spring ver. 12.5 (Agilent
technologies). This tool extracts interactions for a given list
of genes from Pubmed abstracts with text mining tools as
well as incorporates new significant molecules into the net-
work. A network with direct interactions in terms of binding,
expression, metabolism, promoter binding, protein modifi-
cation, regulation and transport was constructed using the
significant differentially expressed genes.

Independent validation of candidate genes

Twenty-five putative candidate genes showing high differen-
tial expression between cases and controls in the microarray
data were selected for validation (table 1 in electronic supple-
mentary material at http://www.ias.ac.in/jgenet/). Of the 25

Table 1. Clinical characteristics of study participants.

genes, expression analysis for 10 genes was undertaken in 97
cases and 97 age and gender matched controls. Gene expres-
sion levels were measured using Tagman assay on ABI 7900
real-time PCR (Applied Biosystems, USA). For the remaining
15 genes, the expression analysis was carried out in 50 cases
and 50 controls (subset of the validation dataset) using KAPA
SYBR FAST qPCR kit (KAPA Biosystems, USA) including
cDNA specific real-time PCR assays. All assays were set up
in duplicates and performed as per the manufacturer’s rec-
ommended protocol. Real-time data was analysed using
Sequence Detection Software (SDS) ver. 2.3 (Applied
Biosystems). Relative changes in mRNA expression levels
between cases and controls were calculated using RQ man-
ager (Applied Biosystems) for TagMan gene expression data,
while comparative Ct method was used for SYBR Green
expression data (Livak and Schmittgen 2001).

Estimation of plasma protein levels using fluorescence-activated
cell sorter (FACS)

Two key genes that were significantly differentially express-
ed in the cases as compared to the controls were selected for
measuring the corresponding plasma protein levels. CBA Flex
Set, a multiplex Cytometric bead array kit was purchased

Test cohort Validation cohort
Case Control P value Case Control P value

Clinical factor (n=10) (n =10) (n=97) (n=97)
Age (years) 48.70+0.761 50.90+0.900 0.779 50.13+0.651 49.88+0.651 0.780
Age at onset (years) 46.70£1.430 -48.56£0.740
Male N (%) 10 10 -82(84.5) 89(91.7)
BMI (kg/m?) 24.26+0.87 23.98+1.603 0.878 24.82+0.394 24.434+0.392 0.491
Waist circumference (cm) 87.90+1.99 87.104+4.100 0.863 89.514+0.899 91.13+0.904 0.205
Hip circumference (cm) 88.20+1.610 88.99+3.620 0.863 89.651+0.761 92.16+0.765 0.021
Waist/hip ratio (cm) 0.9940.016 0.97+0.029 0.709 0.99+0.006 0.98+0.006 0.287
Laboratory studies

TC (mg/dL) 129.11£8.200 154.30+7.949 0.052 129+3.89 179+£3.87 1.86*10-16

TG (mg/dL) 149.89+£17.70 190.60£27.06 0.227 154.75£9.11 194.71£9.06 0.002

HDL-c (mg/dL) 37.22+1.498 33.70+1.814 0.072 31.02+1.028 37.84+1.023 5.02%10°°

LDL-c (mg/dL) 61.91+6.17 83.480+9.857 0.084 68.304+3.29 103.87+£3.35 1.79%10~12
Medical history

Smoking N (%) 5(50.0) 5(50.0) 0.672 59(62.1) 25 (26.3) 5.50%10~7

Hypertension N (%) 4 (40.0) 2 (20.0) 314 38(39.6) 11 (11.5) 5.76*10

Diabetes mellitus N (%) 4 (40.0) 4 (40.0) 0.675 49(51) 17 (17.7) 8.87%10~7

FBS mg/L 104.00£19.67 115+21.310 0.705 120.974+4.39 102.314+4.23 0.003
Medications

Statin N (%) 9(90.0) 53(56.7)

Beta blocker N (%) 7(70) 51(52.6) 1(1) 1.89%1010

Calcium channel

Blocker N (%) 1(10) 1(10) 0.901 6(6.2)

ACE inhibitor N (%) 3(30) 1(10) 0.053 24(24.7)

Antiplatelet N (%) 5(50) 48(49.5)

Hypoglycemic agents N (%) 2(20) 4(40) 0.239 8(8.2)

Nitrate N (%) 8(80) 41(42.13)

Continuous variables are expressed as mean = standard error.
BMI, body mass index; FBS, fasting blood sugar; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol;

TC, total cholesterol; TG, triglycerides. Significant P value are in bold.

Journal of Genetics, Vol. 94, No. 4, December 2015

603



Prathima Arvind et al.

from BD Bioscience (BD Bioscience, San Diego, USA).
The experiment was performed on BD FACSCanto II flow
Cytometer (BD Bioscience). Standard curves were generated
for each cytokine using the reference cytokine concentrations
supplied by the manufacturer. Raw data (mean fluorescent
intensity) was analysed with FCAP Array ver. 3 software to
obtain protein concentrations in the individual samples.

Statistical analysis

Routine statistical analysis was performed with SPSS ver.
17.0 software (SPSS, Chicago, USA). Values are expressed
as mean=+SE for all continuous variables. Student z-test, uni-
variate and multivariate analyses were used to calculate the
mean differences in quantitative traits between the cases and
controls. A P value of <0.05 was considered statistically sig-
nificant. Correlation in gene expression levels was estimated
using Pearson’s correlation test. Age, gender and statins were
treated as covariates and appropriately adjusted during anal-
ysis. The ‘power of the study’ was calculated using a web-
based tool (Lee and Whitmore 2002) (http://sph.umd.edu/
epib/faculty/mltlee/web-front-r.html) designed for microar-
ray study. Estimation of ‘power of the study’ will determine
the minimum sample size required to detect a significant
effect on the outcome.

Results

Clinical characteristics of study participants

The clinical profile of study participants included in the micro-
array and validation study is provided in table 1. All partici-
pants were males with mean age of 48.7040.76 years in cases
and 50.9040.90 years in controls. Frequency of diabetes, hyper-
tension, smoking and anthropometric measurements were

comparable between both the groups. In the validation cohort,
there were around 85% male and 15% female in cases, and
92% male and 8% female in the controls. The mean age was
50.1340.65 years in cases and 49.8840.65 years in controls.
Classical risk factors were more frequent among the cases.
Anthropometric measurements were comparable between
the two groups. Lipid levels were lower in the cases than in
the controls, which might be attributed to the usage of statins.
The average age at CAD onset was around 48 years both in
the test and the validation cohort.

Differential gene expression in cases compared to controls

The global gene expression profile was available for 10 cases
and 10 controls. After initial filtering of data, 190 annotated
probe sets (genes) were differentially expressed with >2 fold,
P <0.05, of which 142 were upregulated and 48 were
downregulated in cases than in the controls (table 2 in elec-
tronic supplementary material). Hierarchical clustering was
performed to identify genes showing significant coexpres-
sion which segregated into two main clusters (figure 1). The
larger cluster comprised of 142 upregulated genes that was
sub divided into highly upregulated genes (in red colour)
(>2.5 fold change) having fold change ranging from >2.6
up to 50 fold (EGR genes, IL8, CDC42 etc.), and mod-
estly upregulated genes showed between 2.0 and 2.5 fold
differential expression; the smaller cluster contained 48
genes that were downregulated in the cases. The upreg-
ulated gene cluster included those associated with early
growth response (e.g. EGR3, AREG), inflammation and im-
mune response (e.g. GOS2, ILS, CXCLI, TAGAP, PTPRJ),
cell regulation (e.g. ID1, RGS1, NUDCD3), transcription fac-
tor (e.g. FOSB, NR4A2), metabolic process (e.g. SLC2A43,
SLCI11A1, C2CD3) and diabetes pathways (e.g. IRS2, SFN,

Table 2. Pathway enrichment analysis using GeneSpring ver. 12.5, DAVID ver. 6.7 and Reactome.

Pathway name P value
Upregulated pathways

Receptor CXCR?2 binds ligand CXCLI to 7 (CXCL1, IL8, CXCLG6) 0.0001
TGF beta signalling pathway (CDC42, FOSB, JUND, NEDDY) 0.0006
Receptor CXCR1 binds CXCL6 and CXCLS ligands (IL8, CXCL6) 0.0002
Activation of WASP/N-WASP by WIP family and SH3 domain proteins (WIPF1, CDC42) 0.001
MAPKinase pathway (4BL1, CDC42, JUND, MAP3K13) 0.005
EGF- EGFR signalling pathway (4BL1, CDC42, JUND, FOSB) 0.006
Chemokine receptors bind chemokines (CXCLI, IL8, CXCL6) 0.007
TCR signalling pathway (CDC42, MAP3K13, CD83) 0.010
Corticotropin-releasing hormone (NR4A42, JUND, FOSB) 0.011
TSLP signalling pathway (/L8, RPS6) 0.016
CDO in myogenesis (ABL1, CDC42) 0.019
IL-3 signalling pathway (IL8, CD69) 0.022
Leptin signalling pathway (RPS6, CDC42) 0.038
Insulin signalling (SGK, IRS2, MAP3K13) 0.047
Downregulated pathway

Generic transcription pathway (e.g. ZNF436, ZNF100) 0.002
Gene expression (e.g. ZNF436, ZNF100, ZNF614) 0.002
Nucleotide GPCRs (P2RY6) 0.019
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Figure 1. Heat map depicting differentially expressed genes analysed by hierarchical
clustering method. The genes were classified into three major clusters based on the
following parameters: Wald’s linking and Euclidean distance. Samples are displayed in
columns and genes in rows. Normalized gene expression is represented across each row,
with red indicating higher values and blue indicating lower values.

EXOC?7), while the downregulated gene cluster were asso-
ciated with cell regulation (e.g. FGFS5, P2RY6), metabolic
process (LCMT?) etc.

Pathway analysis and gene network analysis

In pathway analysis, classical pathway databases like Kyoto
Encyclopedia of Genes and Genomes (KEGQG) in DAVID ver.
6.7 and other pathway analysis tools such as Reactome and
GeneSpring GX ver. 12 showed maximum number of signifi-
cant pathways. Table 2 lists the significant pathways identified
for the upregulated and downregulated genes. Immune and
inflammatory response, cell signalling and cell proliferation
related genes comprised the most significant pathways. The
cell division cycle 42 (CDC42), FBJ murine osteosarcoma
viral oncogene homolog B (FOSB), jun D proto-oncogene
(JUND) and interleukin 8 (/L8) genes were involved in multi-
ple pathways. On the other hand, genes encoding for the zinc
finger proteins (ZNF436, ZNF100) were downregulated in the
cases. Among the differentially expressed genes, /LS, FOSB,
JUND and CDC42 appeared to be the node genes, displaying
maximum interactions with other genes in the network (figure
2). Interestingly, FOSB appeared to regulate the transcription
and promoter binding activity of /L8, while JUND regulated
IL8 and /L8 in turn regulated CDC42). FOSB and JUND were
connected by E74-like factor 3 (ELF'3) connectivity proteins.

The downregulated genes did not show any distinct interac-
tion pattern.

Validation of microarray data

Gene expression by TagMan assay: The chemokine (C-X-C
motif) ligand 1 (CXCLI), early growth response 3 (EGR3), ILS,
prostaglandin-endoperoxide synthase 2 (P7GS2), pentraxin 3
(PTX3), and CD 69 molecule (CD69) showed significant
higher expression while interferon gamma (/FNG) and fas
ligand (FASLG) showed relatively lower expression in the
cases than in the controls (P < 0.05). After adjusting for age,
gender and statin usage, all genes except CD69 retained
statistical significance (figure 3).

IL8 and CXCL 1 that mediate inflammatory response showed
strong correlation with each other (r = 0.845, P < 0.0001) and
also with PTGS2 and PTX3 genes, that are known regulators
of inflammation and mitogenesis (» = 0.40-64, P = 0.0001).
Interestingly, CD69 that induces activation of T-lymphocytes
and EGR3, which is responsible for early growth and devel-
opment of muscle, lymphocyte, endothelial cell growth and
migration showed strong correlation with inflammatory genes,
CXCL1,IL8, PTGS2 and PTX3, (r = 0.32-0.62, P =0.0001).
Further, CD69 expression correlated with matrix metallo-
proteinase 8 (MMP8) and oxidized low density lipoprotein
receptor 1 (OLRI) (r = 0.36-0.38, P = 0.0001). Both IFNG
(an antiinflammatory cytokine) and FASLG (apoptotic trigger
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Figure 2. NLP analysis of upregulated genes in CAD. Network displayed the interac-
tion between seed gene (yellow) and its interacting partners (white). IL8 appears to be
a nodal gene showing strong interactions with most other seed genes and other genes

pulled down in the network.

of lymphocytes) gene transcripts showed strong correlation
with each other (r = —0.56, P =0.0001). FASLG showed
negative correlation with CXCLI, IL8, EGR3, PTGS2 and
PTX3 (r = —0.19t0 0.37, P < 0.01). MMPS8 showed strong
correlation only with OLR! (r = 0.68, P = 0.0001).

Mean mRNA expression level

Gene expression by SYBR Green method: The chemokine (C—C
motif) ligand 4 (CCL4), CDC42, DEAD (Asp-Glu-Ala-Asp)
box polypeptide 58 (DDX58), early growth response genes
(EGR1/2), nuclear factor of kappa light polypeptide gene
enhancer in B-cells inhibitor, delta (VFKBID) and nuclear

3 Controls
Il Cases

CXCL1  EGR3 L8 CD69  MMP8  OLR1  PTGS2  PTX3 FASLG  IFNG
*p=0.05-0.01 )

Candidate genes
“p<0.01

Figure 3. Mean expression levels of 10 candidate genes in cases and controls, adjusted for age,
gender and statins. Data presented as standard error mean (SEM).
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Figure 4. Mean expression levels of 15 candidate genes in cases and controls, mean expression levels
adjusted for age, gender and statins. Data presented as standard error mean (SEM).

receptor subfamily 4, group A, member 2 (NR4A42) were sig-
nificantly upregulated (P < 0.05) in cases as compared to
controls after adjusting for age, gender and statin usage. The
remaining genes did not show any significant difference in
expression between the cases and controls (figure 4). The
significant differentially expressed genes in the validation
dataset and their functional impact on CAD is summarized in
table 3 in electronic supplementary material.

In correlation analysis after adjusting for age and gender,
CDC(C42 showed positive correlation with many genes such
as CCL4, DDX58, EGRI, EGR2, regulator of G-protein
signalling 1 (RGSI) (r = 0.381-0.690, P = < 0.05)
and negative correlation with A disintegrin and metal-
loproteinase with thrombospondin motifs (ADAMTS),
myomesin 2 (MYOM?2) and sorting nexin 31 (SNX31)
(r = —0.414 to —0.274, P = < 0.05). CCL4 showed
correlation with most of the genes, EGRI, EGR2, NR42A2,
RGS1 and T-cell activation RhoGTPase activating protein
(TAGAP)(r = 0.201-0.519, P = < 0.05). EGRI and EGR2

[ Controls

- Il Cases
T p=0.027
2 20
©
>
9 154
i3
£
2 104
[-%
£ 5
2
<
o O

IL8 FASLG

Figure 5. Mean plasma level of IL8 and FASLG proteins in cases
and controls. Data presented as standard error mean (SEM).

Journal of Genetics, Vol. 94, No. 4, December 2015

showed high correlation with each other (r=0.695, P=2.00 x
10’9). EGR]1 alone correlated with DDXA58, TAGAP and
RGSI (r =0.299-0.300, P = < 0.05) and showed negative
correlation with SNX37 (r = —0.260, P = 0.05) while EGR2
expression correlated with NR4A42 and RGS! (r=0.338-0.519,
< 0.01). Expression SFN and SNX31 genes showed correla-
tion with each other (» = 0.285, P = 0.031) and both correla-
ted with ADAMTS (r = 0.423-0.674. P = < 0.01). Only SFN
showed correlation with NR442 and PPARG (r = 0.380—
0.393, P = < 0.005) while SNX31 expression correlated with
MYOM?2 and NFKBID (r = 0.318-0.376, P = < 0.05).
SERPINE showed correlation with DDX58 and TAGAP.

Estimation of plasma protein levels

Plasma levels of protein products of two key genes, /L8 and
FASLG, were measured by CBA kit method in 50 cases and
50 controls. FASLG showed significantly lower levels in cases
relative to the controls while the difference in /L8 protein
levels between the cases and controls was not statistically
significant (figure 5).

Discussion

We analysed the whole-genome expression profile in periph-
eral blood sample with the primary aim of determining
putative candidate genes and pathways important for CAD
development in Asian Indians. Further, gene enrichment anal-
ysis and pathway analysis using curated database like Reac-
tome and analytical tools like DAVID and Gene Spring helped
in identifying a number of canonical pathways for CAD. The
most significantly enriched pathways were inflammation and
immune response, 7GFB signalling pathway, /L-3 signalling,
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T-cell signalling and chemokine signalling and cell prolifer-
ation. This is not surprising considering that altered cellular
signalling and increased proliferative activity are a hall mark
of the atherosclerotic disease process (Dwivedi et al. 2009).
Further, CAD is considered as a chronic inflammatory dis-
ease where immune functions govern every stage of disease
development from onset to progression (Zhou et al. 2005). Some
of the immune-related genes have been shown to influence
plaque destabilization (Breland ez al. 2008). This could proba-
bly explain the preponderance of expression of inflammatory
and immune-related genes in the present study. Similar obser-
vation has been reported in other microarray studies in CAD
(Yin et al. 2009). Some of the differentially expressed genes
identified in the current study have been previously reported
in CAD such as /L8 and CXCR! (Leonard et al. 2011), RGS1
(Sivapalaratnam et al. 2012) and PTGS2 (Cipollone and
Fazia 20006).

Systems biology studies can delineate complex and
dynamic molecular interactions. We generated a number of
biological networks using Gene Spring software. Analysis of
upregulated genes showed /L8 to occupy a central position
in the network as depicted in figure 2. A Chinese study had
earlier shown the predominant involvement of inflammatory
and immune-related genes through global expression profil-
ing on peripheral lymphocytes, with marked increase in /LS
expression (Yin et al. 2009). /L8 gene has been considered
as a strong chemo-attractant factor for neutrophil and T-
lymphocytes (Baggiolini and Clark-Lewis 1992) and a potent
promoter of angiogenesis (Li et al. 2003). There was strong
interaction of /L8 with CDC42, which is positively involved
in post-infarct cardiac remodelling of mouse models (Gu et al.
2012), with FOSB, an oncogene, responsible for regulating
cell proliferation, differentiation, and transformation and with
JUND, also an oncogene which protects the cell from p53
dependent senescence and apoptosis (Weitzman et al. 2000).

For the purpose of independent validation by RT-PCR,
we shortlisted 25 candidate genes, identified either through
microarray experiment, network analysis or functional enrich-
ment analysis. We were able to show significant differential
expression of 13 out of 25 candidate genes. High differential
expression was noted particularly for /L8 and early growth
response gene family (EGRI/EGR2/EGR3). The involve-
ment of /L & in the induction and maintenance of the inflam-
matory microenvironment on the vascular vessel wall is
fairly well studied (Apostolakis et al. 2009). With regard to
the early growth response gene family, the EGR/ has been
implicated in the complex modulation of vascular structure
and function leading to vascular occlusive lesions (Brand ez al.
2000). Insulin and oxidative stress has been shown to stim-
ulate EGR! in vascular smooth muscle cells (Brand et al.
2000). On the other hand, EGR2 plays an essential role in
peripheral nerve myelination, adipogenesis and immune tol-
erance (Fang ef al. 2011). Mice studies have shown the
induction of EGR3 in cardiac injury (Lyn et al. 2000). Also,
we noted a strong correlation between EGR3 and inflamma-
tory genes such as /L8, CXCLI, PTGS2 and PTX3, which
imply that these genes may be under the influence of a com-
mon set of transcription factors and may act along shared
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atherothrombotic pathways. All three early growth response
genes showed over 8-fold higher expression in microarray
and validation studies, which underscores the importance
of these genes/pathway in atherosclerosis. Further, CDC42
also showed significant upregulation in cases in both the test
datasets and validation datasets. In the present study, the piv-
otal role of CDC42 was verified by network analysis where
it showed complex interactions with many atherothrombotic
genes. Interestingly CCL4, DDX58 and CDC42 genes showed
strong correlation with each other and with other genes such
as EGRI, that is known to regulate cell mitogenesis and dif-
ferentiation (Min et al. 2008) and RGS!, which is involved
in B-cell regulation and proliferation (Han ef al. 2005).
Together, these findings imply that the inflammatory genes
and cell regulatory genes may actively interact and together
contribute to CAD development.

A predominant portion of the differentially expressed genes
in CAD as seen in our study is involved in inflammation,
immune modulation, early growth response, cell signalling
and proliferation. Along similar lines, Sinnaeve ef al. (2009)
reported around 160 genes to be involved in inflammation,
cell growth, apoptosis from an analysis of peripheral blood
gene expression in 120 cases and 121 controls. Although, the
actual reported genes across both the studies are not the same,
both studies demonstrate that inflammation is an important
and fundamental process in CAD and therefore inflammatory
genes can be a major target for treating the disease. Interest-
ingly, Kapoor et al. (2014) have shown that the conventional
therapies in CAD patients do not affect the expression of
genes involved in inflammation and immune processes and
therefore fail to provide adequate protection in CAD patients
who undergo such standard therapy. Those multiple genes
governing inflammatory response act in tandem to create
a strong proinflammatory milieu to drive the atheroscle-
rotic disease process was evident from the fact that inflam-
matory genes were upregulated in the validation sam-
ples and showed strong correlation with each other. In
the present study, /FNG and FASLG genes which were
downregulated in the cases also showed significant nega-
tive correlation with the inflammatory markers. While the
role of IFNG has been associated with both proathero-
genic and antiatherogenic actions (McLaren and Ramji
2009), endothelial FASLG has been shown to posses anti-
inflammatory properties with inhibition of atherosclerosis
under hypercholesterolaemic conditions in a study con-
ducted on mice model, which was a cross hybridiza-
tion between a FASLG overexpressing transgenic model
and ApoE double knock out model (Yang et al. 2004). We also
observed a positive correlation between reduced mRNA
expression of FASLG gene and low levels of FASLG protein
in plasma.

Strength and limitations of the study

One of the main shortcomings of the study has been the small
sample size used for the microarray experiment. The rather
high cost of consumables used in a microarray experiment
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is the primary reason that precludes the use of large sample
size. Therefore, the study samples were selected carefully
such that the cases and controls were matched for common
risk factors such as age, gender, diabetes, and hypertension,
while the BMI was comparable. Age and sex are nonmodifi-
able risk factors for CAD. With advancing age, the chances
of developing CAD increases and also is more common in
men than in women. Among the modifiable risk factors,
hypertension, diabetes and smoking account for 92% of the
population attributable risk in the Indian population (Yusuf
etal.2004). In the present study, we used various permutation—
combination algorithms to match these five major risk factors

between cases and controls.
Another limitation is the use of blood rather than vascular

tissues for gene expression analysis. Collection of vascular
tissue remains a challenge whereas whole blood sample is
relatively easy to obtain. Further, with increasing feasibility
and reliability of high throughput genomic technologies, the
need for reliable blood-based biomarkers that can report on
disease states is gaining popularity. Blood contains a number
of cell types such as platelets, neutrophils, lymphocytes and
circulating stem cells, which directly or indirectly contribute
to disease development and progression. Further, there is
ample evidence to show that gene expression in peripheral
blood do capture and reflect the underlying disease pathol-
ogy in the vascular plaque tissue to some extent and hence
can be used as surrogate tissue for gene expression studies in
CAD (Smih et al. 2011).

Yet another limitation is the possible confounding effect
of prescription drugs on gene expressions. Of all the med-
ications routinely prescribed for CAD, statins have been
known to influence gene expression, particularly lipids and
inflammation (Morikawa et al. 2002). However, the effect of
statin on inflammatory genes remains controversial (Mira and
Manes 2009). Nonetheless, use of powerful bioinformatics
network tools and pathway analysis of microarray findings
using curated databases followed by independent validation
of representative candidate genes lends strength to our study
findings. Also, even with the limited sized cohort, the power
of the microarray study was estimated to be around 0.9465.

In general, gene expression studies have the potential to
unearth transcriptomic signatures in peripheral blood that are
related to the presence and severity of CAD in the different
cohorts (Kim et al. 2014). As a pilot study, we have looked
at the differential expression between CAD cases and con-
trols in a representative cohort of Asian Indians. Based on our
early findings, we intend to undertake more focussed studies
on the development of gene expression pattern in different
disease states as well as relate to underlying DNA mutations
that may eventually help in developing a risk prediction score
(gene expression signature) for CAD.

In conclusion, in a preliminary exploration on the pattern
of global gene expression, several potential candidate genes
for CAD have been identified, particularly those associated
with inflammation, immune modulation and early growth
response. Of interest was the elevated expression of /L8 and
early growth response genes, which was identified from the
microarray dataset, validated in an independent cohort and
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even by network analysis. Also we have reported genes like
early growth response genes and CDC42 which have not
been previously reported with respect to CAD in humans.
Further analysis of other candidate genes with unknown
function will help unearth novel biological pathways/drug
targets and provide fresh insights on molecular mechanisms
governing the development and progression of CAD.
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