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Summary

Transcriptomic response of peripheral blood cells to coronary artery diseases (CAD) is
a long recognized phenomenon. Currently, accumulating evidence indicates that such
response having significant clinical utility in CAD-associated events determination. In
this review, we summarized the existing data of transcriptomic biomarkers at mRNA,
microRNA, long non-coding RNA, and circular RNA for the diagnosis, progression and
outcome prediction and treatment response of CAD. Furthermore, we also discussed the
functional significance on the gene expression patterns caused by CAD, and emphasized the
importance of inflammatory pathways in CAD tissues-blood cells interaction. Based on the
current knowledge, we proposed a perspective on the future strategies to further improve
the robustness and reproducibility of transcriptomic biomarkers in the personalized
medicine of CAD patients.
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1. Introduction
Coronary artery disease (CAD) represents a major
public health problem and remains the main cause of
morbidity and mortality globally. Despite remarkable
advances in the management, the success of prognostic
and therapeutic options remains modest (1). Therefore,
more personalized strategies are still needed for this
condition, in particular risk-assessment strategies
to detect or predict a substantial number of clinical
outcome events such as recurrence and heart failure.
In the last decade, many efforts have been devoted
to identify novel diagnostic or prognostic biomarkers
among the entire transcriptome of peripheral blood
cells of the CAD patients (2). These discovery studies
are based on the assumption that gene expression
profiling of circulating blood using microarrays and
deep RNA sequencing technologies might reflect
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physiological and pathological events occurring in
different tissues of the body including CAD-related
tissues. Currently, many CAD-associated RNAs
confined in blood cell have been identified at mRNA,
microRNA (miRNA), long non-coding RNA (lncRNA),
and circular RNA (circRNA) levels. Noteworthy,
based on these biomarkers, several diagnostic and
predictive gene models with good performance have
been developed. For example, a prospective multicenter study validated that a peripheral blood-based
23-gene expression model can provide modest but
statistically significant improvement in determining
the likelihood of obstructive CAD in non-diabetic
patients as compared to clinical factors and other noninvasive imaging methods (3). Furthermore, another
independent prospective multi-center trial demonstrated
that integrating this gene signature with age and sex to
calculate a diagnostic score can significantly predict
near-term revascularization procedures (4). Therefore,
as a new, quick, reproducible and robust method, the
gene expression-based classifiers show promising
clinical utility potentials in the diagnosis and prognosis
prediction in CAD.
Although advances in screening, before these
blood RNA biomarkers can revolutionize the clinical
laboratory medicine and patient management of
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CAD, some basic concept must be addressed first,
such as whether and what extent of whole blood
gene expression patterns can reflect the presence,
severity and prognosis of infarcted tissues? Whether
transcriptomic responses of peripheral blood cells to
CAD have important functional significance?
Here, we reviewed the current state of knowledge
regarding CAD transcriptomic characteristics from the
growing literature, and discussed the promising results
in their clinical utility in CAD events prediction. In
addition, we also discussed the functional significance
of "bloodomics" response to CAD, and challenges and
future perspective in this field.
2. Peripheral blood cells biomarkers for CAD at
mRNA level
Dysregulation of a subset of genes including
arachidonate 15-lipoxygenase (ALOX15), amphiregulin
(AREG), BCL2 related protein A1 (BCL2A1), BCL2
like 1 (BCL2L1), carbonic anhydrase 1 (CA1),
cytochrome c oxidase subunit 7B (COX7B), enoylCoA hydratase domain containing 3 (ECHDC3),
interleukin 18 receptor 1 (IL18R1), immune response
2 (IR2), potassium voltage-gated channel subfamily E
regulatory subunit 1 (KCNE1), matrix metallopeptidase
9 (MMP9), myosin light chain 4 (MYL4) and triggering
receptor expressed on myeloid cells like 4 (TREML4)
in peripheral blood cells showed a close correlation
with the presence of acute coronary syndrome (ACS)
at the very early stages (5). Gene annotation analysis
reveals that these genes are significantly enriched
in interleukins signaling, one of the key regulatory
mechanisms accounting for the development of
atherosclerosis. For discriminating progressive and
stable CAD, an 8-gene risk prediction signature
(X inactive specific transcript (XIST), glutathione
S-transferase theta 1 (GSTT1), natriuretic peptide
A (NPPA), kinesin family member 20B (KIF20B),
CR625615, ankyrin 2 (ANK2), FLYWCH-type zinc
finger 1 (FLYWCH1), A_24_P473972) combined
with classic protein biomarkers and clinical indicators
were suggested (6). Among this signature, two genes
ANK2 and GSTT1 were independently validated using
quantitative real-time PCR (6). It has been proposed
that GSTT, as a detoxification enzyme, is responsible
for the production of oxidative stress, and may
contribute to the development of CAD (7).
Kiliszek et al. (8) revealed that dozens of genes
involved in lipid/glucose metabolism, platelet function
and atherosclerotic plaque stability significantly altered
among gene expression pattern in peripheral blood
mononuclear cells (PBMC) in the acute phase of STsegment elevation myocardial infarction (STEMI).
In particular, suppressor of cytokine signaling 3
(SOCS3) and golgi associated secretory pathway
pseudokinase (FAM20) expression in PBMC were up-

regulated in the first days of myocardial infarction in
the vast majority of patients (8). Another study also
linked gene expression patterns in peripheral blood of
peripheral blood cells with the severity of CAD (9).
This study identified 160 genes significantly correlated
with CAD index, a validated angiographical measure
of the extent of CAD that correlates with outcome.
Most interestingly, this expression pattern could also
accurately separate the aorta samples according to the
severity of atherosclerosis in another independent gene
expression dataset (9). This finding further support
the notion that gene expression changed derived from
peripheral blood can reflect similar pathophysiological
changes in remote disease sites such as atherosclerotic
arteries.
Classic protein biomarkers are less useful in
predicting the long term events of CAD. A study by
Suresh et al. (10) identified two subsets of genes
belonging to epithelial mesenchymal transition (EMT)
pathway, and cholesterol transport modulation associated
with long-term (18 months) recurrent events following
first-time myocardial infarction. Heart failure is another
occurred consequence of CAD. Maciejak et al. (11)
revealed that the up-regulation of ribonuclease A family
member 1 (RNASE1), formin 1 (FMN1), and Jun
dimerization protein 2 (JDP2) genes on the first day of
STEMI can serve as potential prognostic biomarkers for
the progression of heart failure after AMI. These findings
support that the transcriptomic data of the circulating
blood cells may provide new clues in the prognosis
prediction of CAD.
3. Peripheral blood cells biomarkers for CAD at
miRNA level
As mRNA levels, miRNA profiles of whole blood
cells have shown potential utility in CAD diagnosis,
prediction, and monitoring. From an unbiased screen
of blood cells of CAD, miR-135a expression was
significantly increased compared with unaffected
controls, while miR-147 decreased (12). Dong et al. (13)
identified miR-24, miR-33, miR-103a, and miR-122
correlated with blood lipids and their combination can
provide a high diagnostic accuracy of CAD. Hoekstra
et al. (14) indicated a cluster of 3 miRNAs, miR-134,
miR-198 and miR-370, which can discriminate unstable
CAD cases.
Downregulation of miRNA-8059, a miRNA with
unknown function, can serve as a peripheral blood
biomarker for the presence and extent of coronary
artery calcification (15). Except for reflecting the
severity of CAD, peripheral blood cells also have
prognostic significance. A miRNA regulating
development of myeloid vs lymphoid, miR-23a acts as
a strong predictor for clinical outcomes in CAD patients
after adjustment for baseline characteristics (16).
More meaningfully, miRNA profiling is also used
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Table 1. Validated transcriptomic biomarkers for coronary artery diseases
Clinical factors-associated
biomarkers

Items

Acute coronary
syndrome Biomarkers

Progression
biomarkers

mRNA

ALOX15
AREG
BCL2A1
BCL2L1
CA1
COX7B
ECHDC3
IL18R1
IR2
KCNE1
MMP9
MYL4
TREML4
SOCS3
FAM20

XIST
GSTT1
NPPA
KIF20B
CR625615
ANK2
FLYWCH1
A_24_P473972

microRNA

miR-135
miR-147
miR-24
miR-33
miR-103a
miR-122

miR-134
miR-198
miR-370

LncRNA

LncPPARδ
CoroMarker

circRNA

circRNA11783-2

Extent of coronary
artery calcification:
miRNA-8059

Outcome predictor
Heart failure:
RNASE1
FMN1
JDP2

Renin-angiotensin system
blockade and statins treatment:
IRAK1
TRAF6
TLR4

Clinical outcome:
miR-23a

Resveratrol supplementation:
miR-21
miR-181b
miR-663
miR-30c-2
miR-155
miR-34a

lipid levels:
miR-24
miR-33
miR-103a
miR-122

to create biomarkers associated with treatments in
CAD. Tomé-Carneiro et al. (17) found that after oneyear supplementation with a grape extract containing
resveratrol in CAD patients, the expression of proinflammatory cytokines C-C motif chemokine ligand 3
(CCL3), interleukin 1 beta (IL-1β) and tumor necrosis
factor alpha (TNF-α) was significantly reduced in
peripheral mononuclear blood cells (PMBCs), while a
subset of inflammatory-related miRNAs including miR21, miR-181b, miR-663, miR-30c2, miR-155 and miR34a was also altered. In another clinical observation,
after treated with renin-angiotensin system blockade
and statins, the expression of miR-146a/b, interleukin
1 receptor associated kinase 1 (IRAK1), TNF receptor
associated factor 6 (TRAF6) and toll like receptor
4 (TLR4) genes in PMBCs of CAD were markedly
decreased (18). Therefore, these findings support a
possibility of transcriptomic response to CAD may also
be used as potential therapeutic biomarkers.
4. Transcriptomic biomarkers for CAD at lncRNAs
and circular RNAs (circRNAs) levels
Compared with mRNA and miRNA, the studies
investigating in the context of lncRNA expression
pattern in CAD are limited. Cai et al. (19,20) examined

Treatment response
biomarkers

Renin-angiotensin system
blockade and statins treatment:
miR-146a/b

the lncRNA profiles in PBMCs, and discovered two
lncRNA (LncPPARδ, CoroMarker) as novel biomarkers
for CAD, which can enhance the diagnostic specificity
and sensitivity when combined with other risk factors.
They further identified monocyte CoroMarker levels
independent of known CAD risk factors and other
cardiovascular diseases.
As a 'miRNA sponge', circRNAs have been validated
to be functionally linked with CAD progression.
However, the clinical significance of circulating circRNA
for CAD has seldom been evaluated. Currently, only one
study investigated the circRNA profiles of whole blood
cells on CAD, and they found hsa-circRNA11783-2, a
functionally unknown circRNA is closely related to CAD
and diabetes (21).
5. The functional significance of transcriptomic
response of peripheral blood cells to CAD
Although thousands of blood cell genes dysregulated
in CAD, only a minority of them were validated as
diagnostic and prognostic biomarkers (Table 1). The
expression patterns of peripheral blood cells indirectly
reflect the remote diseases status, and are induced
by cytokines cascades from CAD. Several secretory
factors are indicated to be independently associated
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Figure 1. Functional analysis on the transcriptomic response of peripheral blood cells to coronary artery diseases.

with the severity of CAD. Among them, interleukin 6
(IL-6), interleukin 18 (IL-18), MMP-9, soluble CD40ligand (sCD40L) and TNFα can theoretically induce the
expression profiles of peripheral blood cells at all the
transcriptomic levels (22). However, if these peripheral
blood cells response can attribute or protect the damage
of CAD has not been fully clarified.
GSTT1 is an enzyme regulating oxidative stress;
its polymorphisms are associated with plasma
malondialdehyde-conjugated low-density lipoprotein
(MDA-LDL) levels and CAD risk (23). The
overexpression of GSTT1 in PBMCs indicates that it
may participate in the development of CAD through
PBMCs. Significantly most of current validated
peripheral blood cells mRNA and miRNA biomarkers
are mediated by several important inflammatory
transcription factors including signal transducer and
activator of transcription-3 (STAT3), nuclear factor
κB (NF-κB) (Figure 1). There is also strong coherence
between mRNA and miRNA profiles. For example,
EMT genes were enriched in CAD heart failure-related
mRNA transcriptome; meanwhile some validated
miRNA biomarkers also belong to EMT regulators

such as miR-23a, miR-147, and miR-122. According to
the current data, transcriptomic response of peripheral
blood cells significantly focuses four biological process,
immune response, defense response, cholesterol
transport modulation, and EMT (Figure 1). Moreover, it
can be also deduced that as a result of gene expression
pattern variation, some peripheral blood cells-derived
cytokines and secretory proteins such as MMP-9 would
also participate in the development of CAD in a positive
feedback manner.
6. Future perspective
Although widely used, the current classic protein
biomarkers and invasive coronary angiography to
diagnose and prognostic CAD still have limitations.
Current evidence has demonstrated the clinical validity
and utility of "bloodomics" data to reflect CAD status.
In particular, a whole blood gene expression score
has been developed and validated its robustness in
discriminating CAD patients from other non-cardiac
conditions in two prospective multi-center trials
(24). Compared with the traditional assays, blood
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transcriptome-based test might be very powerful in
prognosis prediction, disease and treatment monitoring.
Although the current results of the evaluation are
very promising, more cautions should be paid when
explain the gene expression pattern of CAD peripheral
blood cells, which can be affected by many complicated
abnormal conditions. Currently transcriptomic
biomarkers research differs tremendously among all
reported studies. Therefore, biomarkers selection and
algorithm developing from blood transcriptome of CAD
must be based on strict validation test in multi-center,
large cohorts of trails prospectively.
Now, the present "bloodomics" studies of CAD only
focus on individual levels. Considering the inherent
correlation between mRNA, miRNA, lncRNA and
circRNA expression pattern, discovery and evaluation
of more generalized biomarkers at multiple levels
of transcriptomic data would further increase the
robustness of current strategies.
In the emerging field of peripheral blood cells
transcriptome of CAD, increased biomarkers and
models show clinical potential utility in diagnosis,
outcome prediction and treatment monitoring, and with
functional significance in the disease development.
Before the further clinical use of transcriptomic
biomarkers in personalized healthcare of CAD patients,
more elaborate studies are required to improve their
powers through well-designed large multicenter trial
cohort studies.
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