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Abstract— Large-scale gene expression analysis provides significance to the differentially expressed genes regulated in disease
processes such as Atherosclerosis. Many targeting the promise of medical informatics by developing individualized diagnostic and
therapeutic techniques for Atherosclerosis plaque will provide a detailed understanding about the genes and its variants that played an
imperative role to this disease vulnerable and progression. A computational approach that accounts for genetic network, incorporates non-
transcriptionally regulated genes, and accommodate foreseeing offers many advantages. We performed a comprehensive gene level
estimation of performed prediction analysis for early and advanced condition of atherosclerosis plaque among 29 Atherosclerosis patients.
Predictive signature profiles could be developed from normal tissues in humans and this is ambiguous and interchangeably sometimes it
predicts as Diagnostic signature and in this it, reveals from advanced atherosclerosis plaque condition compares with early one. And after
implicative analysis of microarrays to reveal gene ontology analyses and relative gene expression profiles. Our studies revealed that
immune responsive genes is more up regulated in advance atherosclerosis patients as compared to early atherosclerosis patients and
these gene expression is the elementary expression signature of disease progression in atherosclerosis plaque formation. Furthermore, we
provide vision to the mutual genes interaction network of many clusters of genes associated with Atherosclerosis, revealing an overflow of
immune and inflammatory signaling genes. We present a novel approach to future Pathway circuit designing based on connectivity
approach. In doing this, we identify 1151genes of total genes are differentially expressing rest of many genes shows no variation in
expression in early and advanced stages of Atherosclerosis that are preprocessing candidates for therapeutic targeting to future relevance.
This study also provide significant insights over for systems-based approach to analyzing complex disease and also to evaluate global
gene expression patterns in the common iliac arteries of monkeys with a diverse expansion of atherosclerosis vulnerabilities which is the
basis of new medical informatics approaches in terms of their further drug development.

Index Terms— Micoarray Data, Atherosclerosis, Compuatational Analysis, Gene expression, Signature Genes, Up-regulated Genes,Down

Regulated Genes, Gene Ontology, Pathway analysis.

1 INTRODUCTION

THEROSCLEROSIS is a manifold pathological process

that is affected by both environmental and genetic factors.

According to American Heart Association (2002), athero-
sclerosis is a disease of large and medium-sized arteries char-
acterized by thickening and hardening of the vascular wall. It
involves a substance called plaque in the inner lining of the
arteries. Over time, this buildup grows large enough to nar-
row the artery and significantly decrease the
Blood flow through it. When atherosclerosis affects the arteries
that supply blood to the heart, it ultimately restricts blood
flow to the heart muscle, causing heart pain (angina), irregular
heartbeat (arrhythmia) and other problems. The plaques may
also become fragile and rupture. Rupturing plaques form
blood clots (thrombus) that may block the blood flow through
an artery or break off and travel to another part of the body
(embolus).
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The most devastating consequences of atherosclerosis, such as
heart attack and stroke, are caused by superimposed throm-
bosis [4].
A very large number of total deaths are caused by cardiovas-
cular disease like atherosclerosis[1].Despite progression in
medical and surgical treatments, our knowledge that lead the
therapies that slow the formation of atherosclerotic plaques
are not totally successful [2].Therefore, it is necessary to con-
tinue investigating the fundamental mechanisms that cause
atherosclerosis to develop more effective forms of treatment
e.g. [3].Lots of studies have been conducted

Over the past few years to investigate the factors involved
in initiation and progression of atherosclerosis. Molecular
pathway analysis is one of the several tools used for investi-
gating the initiation and progression of atherosclerosis. The
aim of this study was to evaluate, by microarray analysis, gene
expression profiles tissue at early and advanced stage of ath-
erosclerosis for matter will need to create these components,
incorporating the applicable criteria that follow.
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2 MATERIAL AND METHODS

2.1 Data Collection

The dataset, consisting of the microarray samples of Atheroma
plaques at two development stages. The two sample groups
are of limited size (n=13(Early atherosclerosis patients and
n=16(Advanced atherosclerosis patients) with associated clini-
cal data was obtained from public one from the Gene Expres-
sion Omnibus (GEO database). Its accession number is
GSE28829. The downloaded data were already normalized by
RMA method. And to correctly annotate the probe sets, it's
necessary to download Affymetrix annotation files for
the Affymetrix Human Genome U133 plus 2.0 Array.

2.2 Data Analysis
Following are the steps for data analysis.

Stepl: Data download from GEO site: File downloaded
=GSE28829_family.soft.gz

Step2: load data in R software: Package used =GEOquery

We have used R software for microarray data analysis. The soft-
ware R consists of large number of packages according to analysis.
We have installed biocondoctor that consists of packages for mi-
croarray data analysis. Data loading requires GEOquery package

rma noermalized data (as downloaed from GEOQ)
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Fig. 1. Its represents the box plot of RMA normalized data as
downloaded from GEO and it can be a significant source to-
interpret information about a sample of size study. A box plot can
provide information about a sample's range, median, normality of
the distribution, and skew of the distribution. It can also identify and
plot utmost cases within the sample.

Step3. Gene filtering: Package used= limma

Gene filtering: was done in four steps:

i) All those probes that do not have Entrez ID were removed
from the analysis.

ii) All those probes without GO term annotation were also
removed

iif) Uninformative probes were filter out (probes having (In-
terquartile range) IQR <= 0.2)

iv) If a gene is represented by more than two probes than only
probe with highest IQR was selected for further analysis.
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Std vs IQR plot

Fig. 2. It Represent the comparison between the standard and IQR
plot and both were providing the similar results as we can see it from
the plot that a diagonal can be possible to drawn which determine
that it will provide same

Step4: Unsupervised clustering: Hierarchical Clustering and
Visualization
This step is done to identify groups of co-expressed genes rec-
ognizes coherent expression patterns. However, the interpre-
tation of co-expressed genes and coherent patterns strongly
depends on the domain knowledge, which makes it difficult to
fully automate and estimating the number of classes (groups
or clusters) and assigning an object to these classes. This anal-
sis is ideal for the discovery of novel classes among 29 Ath-

Hierarchical clustering after filtering step
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Fig. 3. It Represents the Hierarchical clustering that shows sample
relationships using microarray data as evidenced by clustering in
which two large dendogram shows that the atherosclerosis patients’
data is categorized into two sample conditions->one is for advanced
atherosclerosis stage and another is for early atherosclerosis stage.

Step 5: t-test: to differentially expressed genes: Package Used=
limma
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This approach in addition to ease of interpretation. Since the
number of gene cluster verified is usually much less than the
number of genes represented on the Microarray, the conse-
quence of the multiple analogy problem is diminished. Also,
expression patterns of genes in a gene cluster can emphasize
Each other and do not have to be individually significant at a
very inflexible level as required for the post annotation meth-
ods. Genes differentially expressed between 'Advanced' and
'Early' stage samples were identified by modified t-test as pro-
vided in R-package 'limma'. Using the criterion of adjusted P-
value < 0.01 for gene selection

Volcanoplot : differentialy expressed genes
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Fig4: It Represent volcano plot which displays fold changes versus a
measure of statistical importance of the change representing the
expressed genes. It also combines a statistical test with the magni-
tude of the change enabling quick visual identification of those data-
points (expressed genes) that display large-magnitude changes that
are also statistically significant in identification to their rate of ex-
pression.

Step 6: Gene Ontology analyses: Package used =GOstats

Each list of differentially expressed genes was analyzed in the
background of gene ontology (GO) to identify groups of genes
with similar functions or processes.Genes, differentially ex-
pressed between 'Advanced' and 'Early' stage samples were
identified by modified t-test as provided in R-package 'limma'
.The differentially expressed genes were analyzed using gene
ontology (GO) analysis using GOstat package.
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Fig5: It Represent microarray to biological interpretation of results.
Genes up Regulated, Genes down Regulated, and GO ranking
symbolize lists, which are essentially one- dimensional annotation of
the data, though GO ranking already contains groups of genes on
the basis of their P-value significance. The arrows indicate that there
are many ways to develop the more complex structures from the
initial data.

3 RESULTS

3.1 Patient Population

Microarray Gene Expression data from early and advanced atherosclerotic
plaque from humans carotid samples of Atherosclerosis patients at two
development stages. The two sample groups are of limited size and Histo-
logical grading according to GEO record GSE28829 Affymetrix U133 plus
2 arrays for histo pathological grading of atherosclerosis was obtained for
29 atherosclerosis’ patients’, samples size is (n=16) Advanced atheroscle-
rosis patients samples were restricted as advanced lesions and (n=13)
Early atherosclerosis patients as with Early lesions.

3.2 Differential Gene Expression According to
Atherosclerosis Disease

Place our first set of analyses focused on identifying differen-
tial gene expression among various disease harshness classes.
In this prediction, the two samples classified as disease early
sample, and advanced samples were excluded because the Up
regulated and down regulated genes access did not match up
with our quality parameters for prediction. The lack of alto-
gether normal arteries, such as might be obtained from young
individuals, plays as a constraint to our discovery of early
stage candidate genes.

We first analyzed gene expression with reference to histologi-
cal grading Early versus advanced, t-test analysis revealed
1151 differentially regulated genes criterion of adjusted P-
value < 0.01 Six hundred sixty Seven genes were up regulated
in advanced lesions. Specifically, fifty four genes in up regu-
lated and eight genes in down regulated genes a to be the
most significant biological processes over immune system
showed the P-value score (0.00) and eight genes showed the P-
value scores (0.00) in down regulated genes, as the most com-

IJSER © 2013
http://www.ijser.org


http://www.ijser.org/
http://en.wikipedia.org/wiki/Statistical_significance

International Journal of Scientific & Engineering Research, Volume 4, Issue 9, September-2013 1507

ISSN 2229-5518

pelling molecular function terms regulated by these genes and
three other immune responsive genes such as mast cell activa-
tion involved in immune response, supervision of T-helper 1
type immune response, and regulation of type 2 immune re-
sponse genes showed the P-value scores ( 0.01). We also found
cell cycle regulatory genes such as cellular component organi-
zation at cellular level, actin cytoskeleton organization, adhe-
sion the most significantly down regulated gene in advanced
grade lesions P-value scores (0.01)

In contrast, an analysis of early sample versus advanced sam-
ples generated significant differences in gene expression, with
maximum genes with high False Detection Rate (FDR). Our
findings announce that the microscopic progression of disease
severity in atherosclerosis is nearly related with the expression
profile; however, in advanced sample lesions are more in
compared with early sample lesions. This result is persistent
with the fact that the presence of lipid Pools (rather than cell
type changes) is the differentiating component of advanced
atherosclerosis disease.

IJSER © 2013

TABLE 1
GO-DISCOVERED EXTRACTED REPORT FOR DISEASE HARSHNESS
GRADE UP REGULATION OF GENES SHOWING SIGNIFICANCE
OVER IMMUNE RESPONSELEAD TO PLAQUE FORMATION

GOBPID Pvalue  Odds Ratio  FxpCount Count  Size Term
GO:0002376 0000 5661 58 204 1200 mmime pstem process
00006935 0000 6793 37 160 63 immnme Tesponse
GO:0050776 ooon 7373 18 93 381 regultion of MaOome Tecpozise
GrD:0002682 0000 5580 i 114 593 Tegulation of IONTe System process
GO:0002684 0000 6.125 13 24 w1 positire regulation of M system process
00050778 ooon Tneg 13 64 260 positire regulation of monme respozise
Gr0:0002253 0000 T415 10 55 24 activation of mmme Tecponse
C0:00435087 0000 5155 17 &7 48 Dmats TUOOTNE Tespabse
00002757 0000 ot 9 47 178 e Tespovse-actiTating sigral thmsduction
GO0002764 0000 7480 9 47 180 immome Tesponse Teguliting signaling pattmey
00002429 0000 9n74 5 31 105 ImmMe Tesponse-actirating cell surface recaptor signaling pathmey
00002768 0000 9599 5 Er] 103 Immme response-regulating cell nufuce receptor signaling patkmey
OO0 n0m 7366 3 b 1p At e “?memgwm&m Tenegtars ikt fom
00002520 0000 3581 17 50 43 fmmome system dewe lopment
00002263 0000 2460 3 pil 68 cellactimation wolred i immme respons:
00002366 0000 8460 3 20 68 Teakocyte actimation wolred i @ respanse
GrD:0006959 0000 712 4 1 a0 homoml e Tesponse
Gr0:004 5038 0000 4913 7 28 150 Tegnlation of rnate IImImMe responese
00002607 0000 3063 7 27 136 Tegulation of mmme effector process
GD:0016064 0000 8279 3 18 L] Tmmomglobnlivmedisted mmme response
00043089 0000 4962 5 n 112 positimeregulation of fmate mmme reponse
(0:0002623 0000 4078 4 18 91 ‘negative regulation of e system process
G0:0002758 ooon 4978 4 18 91 Dwate MOODw Tesporse-activtmg sigral trmeduction
00002218 0000 444 4 18 93 actimation of frrate e espone:
G0:0002600 0000 5018 3 15 66 positive regulation of mmme effector process
0002822 o0 867 2 13 51 m@mwmemmgmmmwmmm
GrD:0002455 0000 8811 2 1 36 Tomor] fmmme Tesponee medinted by cironditing mmomoglobuli
00002819 0000 6690 3 13 52 regulation of adaptive Imime recponse
00002703 0000 03 3 13 56 regulation of leukocyte medinted mmminy
Gr0:00022735 0000 10472 1 9 26 nepeloid cell activation furohred i mmome reponse
GrD:0002285 0000 G879 2 1 43 Tymphocyte actimation rolred i mmme response
00002440 0000 5003 3 12 60 production ofmo lecular medistor of mmme Tecponce
GO:0002448 0000 11926 1 g 16 mast cellmediated mmmdry
GrD:0002286 0000 877 1 7 b Toell actimation orobred i mmme response
00002700 0000 5084 2 9 38 regnlation of production ofmolemlar mediator of Immime Tesponse
BO0002824 0000 5930 1 8 31 P”‘”‘“Mxmmgmg‘ﬂmm“m
G0:0002702 opon 10841 1 § 17 positire regulation ofproduction ofmo leulr medistor of Moo Tesponse
GO:0002521 0000 6641 2 8 32 positire regulation of sdaptive mmime recponse
00002267 0000 7738 1 7 25 cytoki e production wolred i Immme respanse
G0:0042002 ooon 14177 1 5 12 type 2 IOOIe Tesprse
00042088 0000 9172 1 [ 19 Thelper 1 type mme recponee
G0:0002720 0000 12404 1 5 13 positire regulation of cytokine production Forolved o mmie Tesponse
(0:0002708 0000 4549 2 9 46 Tegulition of tymphocyte medisted mmminy
G0:0002704 0000 19819 0 4 8 ‘Twezntire regulation of leubiocyte medisted Mmminy
G0:0002707 ooon 19819 0 4 8 Tegative regulation of mpho oyt medisted mmmaty
GO:0002282 0000 58370 0 3 4 mimoglial cell actmation rmolred i mmime recponse
00002313 0000 38370 0 3 4 manme B cell diferereistion frolved i mmame espons:
00052552 0000 58370 0 3 4 modulation by organdem of Immme Tecponse of other orgamian rorolred M eymbiotic e
BOAMS2EES n0m 9370 0 3 4 DositimeTegltion by orgunian of s resporese of ther orgundem e ded i symho
00052556 %] 38370 0 3 4 ‘positime regulatiom by symhinrt ofhoet mme Tesponse
00002279 0001 9921 1 3 13 ‘mast cell actimation rorolred in immme response
Gr0:0002825 o1 13210 0 4 10 Tegulation of T-helper 1 type fmmime response
00002828 o1 13210 0 4 10 Tegulation of type 2 MmMmMe response
L i i H b

Fig. 6 Connectivity odd rankings were evaluated for all signifi-

cantly genes differentially up regulated across disease harsh-

ness classes. Genes showed are rated according to the average

p-value score. The aggregate score represents the sum of all the

significance values within a given genetic network, and the av-

erage score shows the aggregate score divided by the number

of connections
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3.3 Pathway recognition by Profusion

Looking for profusion of differentially regulated genes in cre-
ated pathways can be beneficial over genomic evidence. We
carried out profusion analysis according to the hyper geomet-
ric circulation for disease harshness and Atherosclerosis
groups of genes for pathways within KEGG Database. This
database providing insights to understand the metabolic
pathways. Within the disease severity group (differentially
regulated genes between early and advanced sample of Ath-
erosclerosis among 29 patients groups), the cell cycle pathway
was the most significantly over interpreted, persistent with an
strongly uncertain cell phenotype and providing further sup-
port for the concept that mast cell and smooth muscle dedif-
ferentiation is a basic process in disease progression.

4 CONCLUSION

We occupied a computational-based approach toward the
study of atherosclerosis Microarray Data by applying statisti-
cal tools to a large, manifold data set derived from human
carotid artery tissue (with atherosclerosis disease) the major
goal of expression data analysis is to provide the biologists
biologically consequential information about the cluster of
genes and related things related with the vulnerability of ath-
erosclerosis plaque formation. Through this intelligence, biol-
ogists are able to discover unknowns and disclose previous
Knowledge. Microarray analysis has the potential to reveal
atherosclerosis vulnerability and its prognosis, well beyond
the currently used clinical parameters to predict Disease re-
sults. Diagnostic assays developed on gene expression profil-
ing Studies will therefore assistance to areas of medicine.
Compelling genes were studied in the broader background of
ontology and by mapping onto known and innovative path-
ways. Output revealed insights into biology not obtained and
possible through basic gene lists alone; instead, highly associ-
ated cluster of genes were identified and placed in the unified
context of the disease whole.

TABLE 2
GO-DISCOVERED EXTRACTED REPORT FOR DISEASE HARSHNESS
GRADE DOWN REGULATION OF GENES SHOWING SIGNIFICANCE
OVER IMMUNE RESPONSELEAD TO PLAQUE FORMATION

1508

Disease specificity

Analysis of histopathology graded samples revealed that
many genes expressed at a relatively high level in early sam-
ple were important marker genes of smooth muscle cell differ-
entiation, regulation, or activation (15). Moreover, many of
these genes were classify under ontology terms such as muscle
development, and actin filament etc. Over account of cell cycle
pathway components also advised active cellular differentia-
tion processes were present, and our connectedness ranking
obtained cell cycle and immune networks most apparently
adequate. Immuno-histochemistry (IHC) of selected proteins
showed that the cell of origin of apparently down regulated
genes such as actin was certainly the smooth muscle cell.
There are still many processes are established to be involved
in the development of atherosclerosis. Our prediction reveals,
in which key smooth muscle genes and ontologies are out-
standing over and above those of other cells or accepted im-
mune signals, suggests that the key process in the progression
of atherosclerosis relates to smooth muscle cell dedifferentia-
tion. Expression analysis showed that 1151 genes of the total
genes showed differential expression. Out of that 667 genes
were up-regulated and 484 genes were down-regulated in ad-
vanced atherosclerotic Patients to early one. After performing
prediction analysis for early and advanced condition also re-
veal that immune response processes is more active in ad-
vance stage its is responsive upon the mutual genes interac-
tion network.

In arbitrary, insight into the true condition of a disease can
only be achieved by connecting multiple approaches to inves-
tigation. Conventional techniques to the molecular genetics of
atherosclerosis have focused on employ single genes with
transgenic technology. The main cause of atherosclerosis is yet
to be revealed, but is hypothesized that it is proposed by in-
cendiary processes in the vessel wall in response to main-
tained low-density lipoprotein (LDL) molecules. LDL mole-
cules become affected inside the wall and oxidized by free
radicals, and become lethal to the cells. The destruction caused
by the oxidized LDL molecules triggers a cascade of immune
responses which over time can produce an atherosclerosis. To
uncover this, we used transcription profiling, a technique that
allows concurrent assay of more than fifty six thousands of
genes, to inspect important pathways in atherosclerosis with-
out the need for an a priori target. We implement widely rec-
ognized computational approaches to reveal false discovery

(FD) and then identified outstanding signals in ontologies and
GOBFID Pl OdéRaio  Eplomt Comt Sz Tem known pathways, finally analyzing cluster of genes through
g0 b e L wullnemzn | the adoption of a connectivity analysis and visualization ap-
COLMEES vy e L mdsamaien | proach. Our access takes benefits of the unmatched high
0003012 1875 7 pli 5cle sy 0855 . 1 . . .
coEm e i e st | throughput of expression profiling while computing for its
030029 243 ( 3 3 actin filameni-based process Py
cosmaE 1 i S duflamdEioss | sionificant defect: many genes are regulated at the posttransla-
G0:0007160 0300 3665 4 12 g call-matrix adhesion .
ot - ;m 0 e — tional level. Because our access connects genes whose gene
ALLLES WK y bl 4 415 Qznalls orEmzatIn . . .
ot - s . o . expression is compelling changed, overall patterns of pathway
RULLY ) A 42 3 2l Jhesion . . . . .
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