




ination in these samples, additional isopropanol or ammonium
precipitation steps were included. In addition, we used an miRNA kit
provided by Qiagen (miRNeasy), which combines phenol/guanidine-
based lysis of samples and silica membrane–based purification of
total RNA (�18 nucleotides) in combination with the blood deri-
vate–specific TRIzol BD from Sigma. These methods were tested in
serum and plasma samples from healthy controls. The optimized
protocol using the Qiagen miRNA kit was then used for all
subsequent studies with 250 �L of EDTA-plasma or serum. To date,
no housekeeping miRNA has been established and validated to
normalize for the miRNA content. Therefore, we supplemented the
samples (after addition of TRIzol) with 5 nmol/L Caenorhabditis
elegans miR-39 (cel-miR-39) as described previously.15 We demon-
strate that the cel-miR-39 can be used for normalization of the RNA
preparation (Online Figure I, available at http://circres.ahajournals.org).

miRNA Profile
MiRNA profiles were obtained by hybridizing RNA from healthy
volunteers and patients to a Geniom Biochip MPEA homo sapiens by
Febit biomed GmbH (Heidelberg, Germany). The RNA concentra-
tion (optical density, 260/280) was similar between the patients and
healthy volunteers. Data were corrected for background and were
normalized by the mean intensity.

Detection and Quantification of miRNAs by
Quantitative PCR
RNA was obtained as outlined above and diluted 1:10 (for all
miRNAs except miR-208, which was added without dilution).
Diluted RNA (5 �L) was reverse transcribed using the TaqMan
microRNA Reverse Transcription kit (ABI) according to the instruc-
tions of the manufacturer. Subsequently, 3 �L of the product was
used for detecting miRNA expression by quantitative (q)PCR using
TaqMan microRNA Assay kits (ABI) for the corresponding mi-

croRNA. For the derivation cohort, values were normalized to
cel-miR-39 and are expressed as 2�(CT[microRNA]�CT[cel-miR-39]). For
the validation cohort, we additionally used recombinant miRNAs to
allow quantification of the circulating miRNAs (Online Figure II).
Values are given in picomolar concentrations of the miRNA and
were normalized to cel-miR-39.

Statistics
All results for continuous variables are expressed as means�SEM, if
not stated otherwise. For group-wise comparisons, Mann–Whitney
test (2 groups), ANOVA, Kruskal–Wallis test (n groups), or Stu-
dent’s t test (2 groups) were used as appropriate. For categorical
variables, Fischer’s exact test or the �2 test were used. Spearman rank
correlation or Pearson correlation were used to compare levels of
microRNAs with classic clinical risk factors. All tests were performed
2-sided and a significance level of P�0.05 was considered to indicate
statistical significance.

For all statistical analyses, the statistical software SPSS 15.0
(Statistical Package for the Social Sciences, Chicago, Ill) for Win-
dows was used.

Results
Detection of Circulating miRNAs
To measure circulating miRNAs, we tested several miRNA
isolation methods in serum and plasma samples from healthy
controls. As shown in Online Figure III, the miRNA isolation
kit (miRNeasy kit, Qiagen) revealed the best results to isolate
miRNAs from EDTA-plasma or serum. These results were
also confirmed for other miRNAs (miR-126) (data not
shown). EDTA-plasma or serum also was superior to citrate
plasma (data not shown). Although miRNAs were reliably

Table. Circulating miRNAs in Healthy Controls and Patients With CAD

Healthy Controls CAD

Fold t TestMean SEM Median 95% CI Mean SEM Median 95% CI

Endothelial-expressed miRNAs

hsa-miR-126 10.94 0.46 11.04 9.86–12.02 7.62 0.60 7.18 6.21–9.03 0.70 0.00

hsa-miR-17 10.02 0.40 9.97 9.06–10.97 6.85 0.61 6.46 5.42–8.29 0.68 0.00

hsa-miR-20a 9.11 0.39 8.72 8.19–10.01 7.19 0.52 6.81 5.95–8.42 0.79 0.01

hsa-miR-92a 10.39 0.39 10.60 9.48–11.30 8.41 0.57 8.41 7.07–9.75 0.81 0.01

hsa-miR-221 6.8 0.8 6.70 4.94–8.71 3.6 0.6 3.04 2.19–4.94 0.52 0.01

hsa-miR-199a-5p 6.7 0.6 6.56 5.41–8.04 3.4 0.6 3.19 1.99–4.77 0.50 0.00

hsa-miR-27a 8.1 0.5 8.01 7.06–9.21 5.8 0.3 5.90 4.94–6.55 0.71 0.00

hsa-miR-130a 9.51 0.35 9.48 8.68–10.34 7.17 0.42 6.81 6.19–8.15 0.75 0.00

hsa-let-7d 8.57 0.67 8.24 6.99–10.15 4.97 0.84 4.30 2.99–6.95 0.58 0.00

hsa-miR-21 8.36 0.41 8.04 7.39–9.33 6.34 0.37 6.46 5.47–7.22 0.76 0.00

Cardiac- and skeletal muscle–expressed miRNAs

hsa-miR-1 3.38 0.15 3.37 3.02–3.75 3.46 0.39 3.83 2.53–4.39 1.02 0.86

hsa-miR-133a 5.02 0.46 4.97 3.94–6.10 5.79 0.24 5.60 5.22–6.35 1.15 0.16

hsa-miR-133b 3.64 0.20 3.54 3.18–4.11 3.83 0.37 4.16 2.95–4.71 1.05 0.66

hsa-miR-208b 3.85 0.25 3.90 3.25–4.44 5.62 0.14 5.62 5.27–5.96 1.46 0.00

hsa-miR-208a 5.76 0.36 5.94 4.91–6.61 6.23 0.22 6.37 5.72–6.74 1.08 0.29

hsa-miR-499–3p 5.19 0.41 5.08 4.21–6.16 5.61 0.35 5.72 4.78–6.44 1.08 0.45

hsa-miR-499–5p 3.97 0.30 3.89 3.26–4.67 4.02 0.26 4.09 3.41–4.63 1.01 0.89

Smooth muscle miRNAs

hsa-miR-143 6.65 0.52 7.16 5.42–7.88 6.08 0.24 6.17 5.52–6.64 0.91 0.34

hsa-miR-145 4.72 0.36 4.54 3.87–5.57 5.36 0.23 5.45 4.81–5.90 1.13 0.16

Circulating miRNAs were detected by Geniom Biochips in RNA isolated from EDTA-plasma obtained from healthy volunteers (n�8) or patients with CAD (n�8).

Fichtlscherer et al Circulating MicroRNAs in Coronary Artery Disease 679

 by guest on July 25, 2017
http://circres.ahajournals.org/

D
ow

nloaded from
 



measurable, the absolute concentration of circulating miR-
NAs was �0.5% of the concentrations measured in heart
tissue (Online Table I).

Study Population of the Derivation Cohort
A total of 53 subjects were studied. Thirty-six patients had
angiographically documented CAD. Seventeen individuals
without evidence for CAD were selected as the control
cohort. The clinical characteristics of the 2 study populations
are summarized in Online Table II.

miRNA Profiles in Patients Versus
Healthy Volunteers
To determine the influence of CAD on the levels of circulat-
ing miRNAs, we performed an miRNA profile using RNA
isolated from n�8 patients with CAD and n�8 healthy
controls. The clinical characteristics of the subgroups are
shown in Online Table III. The levels of circulating miRNAs
profoundly differed between patients and healthy controls, as
illustrated in the heat map diagram shown in Figure 1.
Quantification revealed that multiple miRNAs were signifi-
cantly downregulated in patients compared with healthy
controls (Online Table IV). Although the absolute number of
significantly downregulated miRNAs prevailed, some circu-

lating miRNAs were identified demonstrating increased lev-
els in patients (Online Table V). Interestingly, most if not all
of the highly expressed and significantly downregulated
miRNAs in patients with CAD are known to be expressed in
the vascular wall, particularly in endothelial cells. These
endothelial miRNAs include miR-126, members of the miR-
17�92 cluster (miR-17, miR-20a, miR-92a), miR-130a, miR-
221, members of the let-7 family (let-7d), and miR-21
(Table). In contrast to the high levels and profound regulation
of endothelial and vascular miRNAs, cardiac miRNAs were
detected at lower levels and were not downregulated. Inter-
estingly, miR-208b was significantly upregulated in patients
compared with healthy volunteers (Table). The established
smooth muscle–enriched miRNAs miR-143 and miR-145 did
not differ between healthy controls and CAD patients in the
profile (Table).

To confirm the findings obtained by analyzing the miRNA
profile, we measured the expression of selected miRNAs in
the entire cohort of n�53 subjects by using TaqMan qPCR.
As shown in Figure 2, the predominantly endothelial ex-
pressed miRNAs miR-126, miR-17, and miR-92a, as well as
the smooth muscle–enriched miR-145, were significantly
reduced in patients with CAD, whereas cardiac muscle–
enriched miRNAs, such as miR-133 and miR-208a, were

Figure 2. Circulating miRNAs in
patients with CAD vs healthy volun-
teers. Expression of selected miRNAs in
EDTA-plasma obtained from patients with
CAD (n�36) and healthy volunteers (HC;
n�17), as determined by TaqMan PCR.
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increased (Figure 2). In summary, these data demonstrate that
CAD is associated with a significant decrease of circulating
miRNAs that are preferentially expressed in endothelial cells
or the vasculature, whereas prototypic muscle–enriched miR-
NAs were increased. In addition, we measured the expression
of miR-155, which is processed from BIC, a noncoding
transcript highly expressed in both activated B and T cells
and in monocytes/macrophages but only weakly expressed in
endothelial cells.31 Circulating levels of miR-155 were sig-
nificantly downregulated in patients with CAD, indicating
that the downregulation of circulating miRNAs is not re-
stricted to endothelial or vascular miRNAs.

Factors Influencing Circulating Levels of
Endothelial miRNAs in Patients With CAD
To determine factors that influence the levels of circulating
miRNAs, we analyzed the association with specific risk
factors for CAD. Age was inversely correlated with the levels
of circulating miR-155, and miR-155 was higher in females
(Online Table VI). None of the other circulating miRNAs was
significantly associated with age or gender. MiR-155, miR-
17, and miR-199 were significantly lower in diabetic patients
(Online Table VI). However, when only patients were in-
cluded in the analysis, these miRNAs were not significantly
different in patients with or without diabetes (data not
shown). None of the miRNAs was associated with leukocyte
counts. Interestingly, vascular and inflammation-linked

miRNA (but not the cardiac-specific miR-208a) were highly
influenced by vasculoprotective therapy with inhibitors of the
renin–angiotensin system, aspirin and statins (Online Table
VI). When the group of patients was selectively analyzed, statin
therapy remained a significant factor (Online Table VII), and a
trend toward lower levels of miR-17, miR-92a, and miR-126
was detected in patients with statin therapy compared with
patients without statin therapy (data not shown).

Validation Study
To verify the reduction of vascular and inflammation associ-
ated miRNAs in patients with CAD and to confirm the factors
influencing the levels of circulating miRNAs, we prospec-
tively measured circulating miRNAs in a validation cohort of
control subjects without CAD (n�14) and patients with
documented stable CAD (N�31) (Online Table VIII). As
shown in Figure 3, vascular and leukocyte-derived miRNA
were significantly reduced in patients with CAD compared
with controls, whereas cardiac miRNAs were slightly in-
creased. Consistent with the influence of age and gender on
miR-155 detected in the derivation cohort, females showed a
significantly higher level of circulating miR-155 compared
with males in the validation cohort (Figure 4A), and age was
negatively associated with circulating miR-155 levels
(P�0.001). Diabetes, again, was associated with significantly
reduced levels of some vascular miRNAs in the entire
validation cohort (miR-17 and miR-145: P�0.05). However,

Figure 3. Circulating miRNAs in the vali-
dation cohort. Expression of selected
miRNAs in serum obtained from patients
with CAD (n�31) and control subjects
(CON) (n�14), as determined by TaqMan
PCR. Values were quantified by using
recombinant miRNAs to generate a standard
curve (see Online Figure II), and values were
normalized to cel-miR-39. Probability values
were calculated by Mann–Whitney test com-
pared with controls.
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when directly comparing the patients with or without diabe-
tes, a trend can only be seen in miR-145 levels, which were
further reduced in diabetic patients compared with patients
with CAD but without diabetes (Figure 4B). Finally, confirm-
ing the results of our original cohort, statin treatment was
associated with reduced levels of vascular miRNAs (miR-17:
P�0.001; miR-145: P�0.05) and miR-155 (P�0.05). How-
ever, only miR-17 was significantly different, when exclu-
sively CAD patients with statin therapy were compared with
CAD patients without statin therapy (36�14% percent reduc-
tion; P�0.024).

Discussion
The present study demonstrates that circulating vessel wall–
and inflammatory cell–derived miRNAs can be detected in
the blood and are regulated in patients with CAD. Interest-
ingly, cardiac muscle– or skeletal muscle–derived miRNA
were differentially regulated and tend to increase in stable
patients with CAD.

The data of the present study confirm previous reports
showing that circulating miRNAs can be reliably isolated and
measured in humans.15,20 The levels of miRNAs detected in
plasma were slightly higher compared with serum, whereas
others reported that similar concentrations of miRNAs can be
isolated from plasma and serum.15 However, the levels were
correlating with each other and the dysregulation of miRNAs
in CAD patients was detected when using both either plasma
or serum to isolate miRNAs (see Figures 2 and 3, respec-
tively). Among the different plasma preparations studied,
EDTA-plasma yielded the best results compared with citrate-
and heparin-plasma (data not shown). By supplementing the
EDTA-plasma or serum samples with recombinant C elegans
miRNAs, which can be specifically detected by TaqMan

qPCR, differences in the efficiency of RNA isolation can be
normalized. However, because of the profound regulation of
multiple miRNAs and the unknown impact of factors that
modulate circulating miRNA levels, we were unable to
normalize the levels of circulating miRNAs by a “house-
keeping” miRNA. Because “vascular” miRNAs were differ-
entially regulated compared with cardiac miRNAs, unequal
RNA concentration in the plasma appears unlikely to underlie
the changes in expression levels detected between the groups
in the present study.

Consistent with the exposure of the vasculature and inflam-
matory cells to the circulating blood, vascular wall–derived
and leukocyte-derived miRNAs were detected in higher
concentrations compared with skeletal or cardiac muscle–
derived miRNAs in healthy volunteers, as well as in patients
with CAD. Vascular miRNAs, including endothelial-enriched
miRNAs (such as miR-126) or miRNAs that are highly
expressed in endothelial cells (such as the miR-17�92
cluster), were downregulated in patients with CAD, as shown
in the miRNA profile, as well as in the derivation and
validation study cohorts. Smooth muscle miRNAs were not
significantly regulated in the profile, but we could detect a
significant downregulation in the larger cohorts of patients.
This discrepancy is likely attributable to the small sample size
used to profile the miRNA levels. In contrast to the down-
regulation of most vascular-derived miRNAs in patients with
CAD, circulating levels of skeletal muscle– or cardiac–
derived miRNAs showed a trend toward increased levels in
patients with CAD. Although recent experimental studies
showed that cardiac miRNAs are released after acute myo-
cardial infarction, the increased levels are unlikely attribut-
able to cardiac events, because the patients included in the
present study had stable CAD and none of them showed

Figure 4. Effect of gender and diabetes on selected miRNAs. miRNAs were detected in the derivation and validation cohort by PCR
and were normalized to cel-miR-39. A, miR-155 levels were detected in the derivation cohort (n�22 females, n�31 males) and the vali-
dation cohort (n�19 females, n�26 males). B, Influence of diabetes on circulating miRNA levels in the derivation cohort in healthy con-
trols (HC) (N�17), CAD (N�27), and CAD with diabetes (N�9) and in the validation cohort in healthy controls (N�12), CAD (N�23) and
CAD patients with diabetes (N�8). Note that the 2 individuals with diabetics but without CAD in the control group were excluded.
Probability values are calculated by Mann–Whitney test in A and ANOVA in B.

682 Circulation Research September 3, 2010

 by guest on July 25, 2017
http://circres.ahajournals.org/

D
ow

nloaded from
 

http://circres.ahajournals.org/


elevated troponin T levels. However, we cannot exclude that
the slight increase might be caused by a low grade of cardiac
myocyte injury.

The reduced concentration of circulating vascular miRNAs
detected in patients with CAD was surprising, because one
would expect that endothelial activation, as it occurs in
patients with CAD, induces the release of microparticles and
remnants of apoptotic cells, thereby elevating the levels of
miRNAs. However, recent experimental studies demonstrate
that miRNA can be delivered by apoptotic bodies to athero-
sclerotic lesion.26 Therefore, one may speculate that the
reduction of circulating miRNAs detected in patients with
CAD might be caused by an uptake of circulating miRNAs
into atherosclerotic lesions.

One limitation of the present study is that we cannot provide
molecular insights into the cause of the dysregulation. The levels
of circulating miRNAs may be affected by multiple parame-
ters such as the change in expression in the tissue, the release
of the miRNAs by the cells into the circulation and the
stability of miRNAs in the plasma. The simultaneous regu-
lation of many vascular miRNAs may also reflect a modula-
tion of miRNA processing, as it is known that cellular
stressors can affect the expression of the enzyme Dicer that is
essential for the biogenesis of mature miRNAs.32 Further
experimental studies are necessary to explore the mecha-
nism(s), by which CAD and therapies affect tissue versus
circulating miRNA levels.

In summary, the present study provides first insights into
the levels of circulating miRNAs in patients with CAD.
Besides confirming studies demonstrating the reliable mea-
surement of circulating miRNAs, our study specifically
addressed the levels and regulation of vascular and muscle-
derived miRNAs and shows that, in particular, miRNAs that
are highly expressed by endothelial cells can be detected in
high concentrations in the circulation. Moreover, altered
levels of miRNAs in CAD patients were detected in 2 patient
cohorts. However, these data surely need to be confirmed in
larger clinical populations, particularly because the analysis
of single risk factors (such as diabetes) or therapeutic inter-
ventions is hampered by small numbers of patients available
in these subcohorts. Furthermore, the mechanisms underlying
the dysregulation, as well as the putative impact of the
changes in circulating miRNAs levels in the physiology or
pathophysiology, remains to be determined. Prospective
large-scale studies are required to determine the potential use
of circulating endothelial or vascular miRNAs as biomarkers
for the development of CAD.
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Novelty and Significance

What Is Known?

● MicroRNAs (miRNAs) are short, noncoding RNAs that control gene
expression on a posttranslational level.

● Recent studies show that miRNA can be detected in circulating blood and
that these circulating microRNAs might be useful disease biomarkers,
eg, for certain forms of cancer or cardiovascular diseases.

● Circulating levels of cardiac or muscle-derived miRNAs were elevated
in the blood after acute myocardial infarction.

What New Information Does This Article Contribute?

● We demonstrate that circulating levels of miRNAs are dysregulated in
patients with stable coronary artery disease.

● In patients with stable coronary artery disease, vascular-derived
miRNAs were significantly downregulated, whereas muscle-
derived miRNAs tended to be higher.

Here, we demonstrate that in 2 patient cohorts with stable
coronary artery disease, circulating levels of miRNAs are differ-
entially regulated compared with individuals without coronary
artery disease. Thereby, miRNAs that are highly expressed in the
vascular wall (eg, miR-17, miR-92a or miR-126) were signifi-
cantly downregulated in the circulating blood, suggesting that
these miRNAs are reduced in expression, are degraded, or are
taken up in diseased vessels. In contrast, miRNAs that are highly
expressed in muscle tissue tend to be higher in the circulation
of patients with coronary artery disease. These data are the first
to report a differential regulation of vascular- versus muscle-
derived miRNAs in patients with coronary artery disease. Further
studies must elucidate the underlying mechanism(s) and the
potential use of selected miRNAs as biomarkers for risk
stratification.
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Supplement Material 

Online figure I 
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Online figure I: Recombinant C.elegans miRNA cel‐miR‐39 was 
added to EDTA‐plasma  (after trizol) and RNA was isolated with 
the miRNeasy kit. Cel‐miR‐39 was detected by Taqman PCR.



Online figure II 
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Online figure II: Recombinant miRNA was detected by TaqMan PCR
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Online figure III
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Online figure III: Detection of miR-92a in plasma versus
serum. EDTA plasma or serum was obtained from healthy
volunteers (n=3) and RNA was isolated with different
protocols. miR-92a was detected by TaqMan PCR



Online Table I 

 

  pM (in plasma or tissue)
    Mean SEM
miR-92a Plasma 3,92229863 0,41583282
  Heart 1395,83841 74,8045852
miR-126 Plasma 1,16092477 0,25368308
  Heart 9648,63215 271,568527
miR-208 Plasma 0,00302676 0,00057167
  Heart 5197,73941 219,915659
 

 

Online table I: RNA was isolated of 250 µl EDTA plasma with the Qiagen miRNA kit or of 50 
mg mouse hearts with the miRNeasy kit (Qiagen) using Qiazol instead of Trizol BD. miRNA 
were quantified using Taqman PCR and recombinant miRNAs were used for calibration. Data 
are mean + SEM from n=3 samples 

 

 



Online Table II: Characteristics of study cohort 

 Healthy 
volunteers 

(n=17) 

Patients with 
CAD 

(n=36) 

P-value 

Gender Male 6 (35.3%) 25 (69.4%) 0.020 

Age (years) 32.18 ± 8.78 67.69 ± 11.07  0.000 

Stable CAD for at least 4 months 0 100% 0.000 

Number of vessels  

(CAD) 
0 

  I:   7 (19.4%)  

 II: 11 (30.6%) 

III: 18 (50.0%) 

0.000 

0.000 

0.000 

Hypertension 0 32 (91.4%) 0.000 

Active smoker 3 (30.0%) 8 (30.8%) 0.647 

Adipositas (BMI > 25) 4 (23.5%) 12 (38.7%) 0.230 

Diabetes mellitus 0 9 (25.0%) 0.021 

History of  

AMI/PCI/ACVB/PTA/Stroke 
0 100% 0.000 

Concurrent medication:  

Beta - blocker 

Aspirin / Clopidogrel 

ACE-Inhibitor / ATRB 

Diuretics 

Statin therapy 

 

0 

0 

0 

0 

0 

 

31 (88.6%) 

100% 

30 (83.3%) 

12 (33.3%) 

31 (86.1%) 

 

0.000 

0.000 

0.000 

0.005 

0.000 

Total cholesterol (mg/dl) 192.63 ± 38.61 176.14 ± 37.82 0.156 

LDL cholesterol (mg/dl) 103.00 ± 38.87 93.00 ± 31.31 0.335 

Triglycerides (mg/dl) 92.38 ± 59.27 172.64 ±117.67 0.013 

HDL cholesterol (mg/dl) 65.12 ± 19.20 49.21 ± 12.68 0.001 

 

 

 



 

Online Table III: Characteristic of the subcohort used for miRNA profiling 

 

 Healthy 
volunteers 

(n=8) 

Patients with 
CAD 
(n=8) 

P-value 

Gender Male 4 (50%) 4 (50%) 0.690 

Age (years) 35.0 ± 5.99 66.5 ± 3.95 0.001 

Stable CAD for at least 4 months 0 8 (100%) 0.000 

Number of vessels  

(CAD) 

0 

0 

0 

  I: 1 (12.5%) 

 II: 5 (62.5%) 

III: 2 (25.0%) 

0.190 

0.180 

0.110 

Hypertension 0 6 (75.0%) 0.003 

Active smoker 2 (25.0%) 5 (62.5%) 0.157 

Adipositas (BMI > 25) 2 (25.0%) 3 (37.5%) 0.500 

Diabetes mellitus 0 2 (25.0%) 0.230 

History of  

AMI/PCI/ACVB/PTA/Stroke 

 

0 

 

100% 

 

0.000 

Concurrent medication:  

Beta - blocker 

Aspirin / Clopidogrel 

ACE-Inhibitor/ATRB 

Diuretics 

Statin therapy 

 

0 

0 

0 

0 

0 

 

6 (75.0%) 

100% 

100% 

4 (50.0%) 

5 (62.5%) 

 

0.003 

0.000 

0.000 

0.038 

0.013 

Total cholesterol (mg/dl) 180.57 ± 38.15 181.38 ± 35.89 0.967 

LDL cholesterol (mg/dl) 103.57 ± 38.94 103.63 ± 37.20 0.998 

Triglycerides (mg/dl) 77.57 ± 77.27 125.63 ± 48.66 0.167 

HDL cholesterol (mg/dl) 61.67 ± 22.47 52.84 ± 14.91 0.380 

 

 



Online table IV: Down‐regulated miRNAs in patients with CAD 

 
Healthy 
controls CAD   

microRNA MW SEM MW SEM fold t-test 
hsa-miR-199a-5p 6,7 0,6 3,4 0,6 0,50 0,00 
hsa-miR-221 6,8 0,8 3,6 0,6 0,52 0,01 
hsa-let-7d 8,6 0,7 5,0 0,8 0,58 0,00 
hsa-miR-23a 11,2 0,5 6,8 0,9 0,61 0,00 
hsa-miR-548b-3p 5,1 0,4 3,3 0,4 0,64 0,01 
hsa-miR-23b 10,9 0,4 7,0 0,7 0,64 0,00 
hsa-miR-26a 11,4 0,5 7,4 0,7 0,65 0,00 
hsa-miR-106b 8,2 0,4 5,5 0,4 0,67 0,00 
hsa-miR-106a 10,0 0,4 6,7 0,7 0,67 0,00 
hsa-miR-320a 10,1 0,4 6,9 0,6 0,68 0,00 
hsa-miR-17 10,0 0,4 6,9 0,6 0,68 0,00 
hsa-miR-616Star 5,3 0,3 3,6 0,4 0,69 0,01 
hsa-miR-126 10,9 0,5 7,6 0,6 0,70 0,00 
hsa-miR-361-5p 7,6 0,5 5,3 0,5 0,70 0,01 
hsa-miR-181a 8,2 0,3 5,8 0,3 0,70 0,00 
hsa-miR-27a 8,1 0,5 5,7 0,3 0,71 0,00 
hsa-miR-199b-3p 8,3 0,3 5,9 0,2 0,71 0,00 
hsa-miR-151-5p 9,3 0,4 6,7 0,5 0,72 0,00 
hsa-miR-191 10,7 0,5 7,7 0,6 0,72 0,00 
hsa-miR-320b 7,2 0,4 5,3 0,5 0,74 0,01 
hsa-miR-603 7,7 0,1 5,8 0,3 0,75 0,00 
hsa-miR-130a 9,5 0,4 7,2 0,4 0,75 0,00 
hsa-miR-25 8,4 0,3 6,4 0,5 0,75 0,00 
hsa-miR-30d 8,4 0,3 6,4 0,4 0,76 0,00 
hsa-miR-21 8,4 0,4 6,3 0,4 0,76 0,00 
hsa-miR-1469 8,1 0,2 6,1 0,5 0,76 0,01 
hsa-miR-93 8,5 0,5 6,5 0,2 0,77 0,00 
hsa-miR-484 7,8 0,4 6,0 0,2 0,77 0,00 
hsa-miR-1305 7,8 0,1 6,1 0,2 0,78 0,00 
hsa-miR-20a 9,1 0,4 7,2 0,5 0,79 0,01 
hsa-miR-150 7,8 0,3 6,2 0,2 0,79 0,00 
hsa-miR-1254 7,7 0,2 6,1 0,2 0,80 0,00 
hsa-miR-29c 6,7 0,2 5,4 0,3 0,80 0,00 
hsa-miR-142-5p 7,8 0,3 6,3 0,2 0,80 0,00 
hsa-miR-301a 8,0 0,2 6,5 0,3 0,80 0,00 
hsa-miR-1249 10,2 0,4 8,2 0,5 0,80 0,01 
hsa-miR-29a 7,3 0,4 5,9 0,2 0,81 0,01 
hsa-miR-92a 10,4 0,4 8,4 0,6 0,81 0,01 
hsa-miR-15b 10,6 0,4 8,6 0,5 0,81 0,01 
hsa-miR-335 8,6 0,2 7,0 0,2 0,81 0,00 
hsa-miR-29b 7,6 0,1 6,2 0,2 0,82 0,00 
hsa-miR-32 8,2 0,1 6,7 0,2 0,82 0,00 
hsa-miR-139-5p 8,2 0,1 6,7 0,1 0,82 0,00 
hsa-miR-199a-3p 8,0 0,4 6,6 0,1 0,82 0,01 
hsa-miR-296-5p 8,0 0,2 6,5 0,1 0,82 0,00 
hsa-miR-424 7,5 0,3 6,2 0,3 0,82 0,01 
 
miRNAs were detected by GeniomeR Biochips in healthy controls (n=8) or patients with CAD (n=8). 
miRNAs shown in the table were selected by basal expression level in healthy controls (cut off  >5) 
and statistical difference between groups ( p<0.01 ; t‐test).  



Online Table V: Up‐regulated miRNAs  

 Healthy controls CAD   
microRNA MW SEM MW SEM fold t-test 
hsa-miR-185Star 4,4 0,3 6,7 0,5 1,52 0,00
hsa-miR-208b 3,8 0,3 5,6 0,1 1,46 0,00
hsa-miR-571 4,1 0,2 5,8 0,2 1,43 0,00
hsa-miR-1303 3,9 0,3 5,4 0,3 1,41 0,00
hsa-miR-541 4,5 0,4 6,2 0,2 1,38 0,01
hsa-miR-573 4,1 0,3 5,6 0,2 1,37 0,00
hsa-miR-224 3,7 0,3 5,0 0,2 1,36 0,00
hsa-miR-615-5p 3,8 0,2 5,1 0,2 1,35 0,00
hsa-miR-1252 3,3 0,1 4,4 0,2 1,35 0,00
hsa-miR-300 3,8 0,3 5,1 0,3 1,34 0,01
hsa-miR-548g 3,9 0,3 5,0 0,1 1,30 0,01
hsa-miR-659 4,6 0,4 5,9 0,2 1,30 0,01
hsa-miR-487a 4,6 0,3 5,9 0,2 1,29 0,00
hsa-miR-1323 4,2 0,3 5,3 0,3 1,28 0,01
hsa-miR-920 3,8 0,2 4,9 0,3 1,28 0,01
hsa-miR-1292 4,3 0,3 5,5 0,2 1,27 0,00
hsa-miR-1296 4,3 0,1 5,5 0,2 1,26 0,00
hsa-miR-34bStar 4,8 0,3 6,0 0,2 1,25 0,01
hsa-miR-668 4,2 0,2 5,3 0,2 1,24 0,01
hsa-miR-592 4,9 0,2 5,9 0,3 1,21 0,01
 

miRNAs were detected by GeniomeR Biochips in healthy controls (n=8) or patients with CAD (n=8). 
miRNAs shown in the table were selected for >1.2‐fold increased expression in patients with CAD 
compared to healthy controls and p<0.01 (t‐test).  
 

 

 

 

 



Online Table VI:  

Correlation of circulating miRNAs with baseline characteristics (analysis includes patients and 
health volunteers) 

  miR‐ 
126 

miR‐ 
17 

miR‐
92a 

miR‐
199a 

miR‐
155 

miR‐
145 

miR‐
133a 

miR‐
208a 

Age 
(Pearson) 

R=‐.109 
P=.435 
N=53 

R=‐.119 
P=.396 
N=53 

R=‐.110
P=431 
N=53 

R=‐.181
P=.194 
N=53 

R=‐.395
P=0.003 
N=53 

R=‐.205 
P=.154 
N=50 

R=.036 
P=.800 
N=53 

R=.157
P=.261 
N=53 

Gender 
(Spearman) 

R=225
P=.105 
N=53 

R=.173 
P=.216 
N=53 

R=.045
P=.749 
N=53 

R=.148
P=.291 
N=53 

R=.401
P=0.003 
N=53 

R=.240 
P=.093 
N=50 

R=.208 
P=.135 
N=53 

R=‐.252
P=.069 
N=53 

Cholesterol 
(Pearson) 

R=.156
P=.269 
N=52 

R=.124 
P=.379 
N=52 

R=.237
P=.091 
N=52 

R=.076
P=.591 
N=52 

R=. 363
P=0.008 
N=52 

R=.053 
P=.718 
N=49 

R=.012 
P=.932 
N=52 

R=‐.108
P=.444 
N=52 

HDL 
(Pearson) 

R=.071
P=.617 
N=52 

R=.124 
P=.381 
N=52 

R=.254
P=0.07 
N=52 

R=.085
P=.548 
N=52 

R=.376
P=0.006 
N=52 

R=.094 
P=.522 
N=49 

R=‐.058 
P=.684 
N=53 

R=‐.316
P=0.023 
N=53 

LDL 
(Pearson) 

R=.184
P=.202 
N=50 

R=.122 
P=.399 
N=50 

R=.201
P=.161 
N=50 

R=.032
P=.824 
N=50 

R=.325
P=.021 
N=50 

R=.061 
P=.684 
N=47 

R=.088 
P=.544 
N=50 

R=‐.062
P=.670 
N=50 

Triglyceride 
(Pearson) 

R=‐.107 
P=.451 
N=52 

R=‐.113 
P=.424 
N=52 

R=‐.069
P=.629 
N=52 

R=‐.090
P=.524 
N=52 

R=‐.169
P=.232 
N=52 

R=‐.157 
P=.280 
N=49 

R=‐.055 
P=.701 
N=52 

R=.121
P=.391 
N=52 

Creatinin 
(Pearson) 

R=‐.321 
P=.056 
N=36 

R=‐.260 
P=.126 
N=36 

R=‐.211
P=.217 
N=36 

R=.005
P=.979 
N=36 

R=‐.390
P=.019 
N=36 

R=‐.278 
P=.117 
N=33 

R=‐.354 
P=.034 
N=36 

R=.018
P=.919 
N=36 

Urea 
(Pearson) 

R=‐.150 
P=.381 
N=36 

R=‐.247 
P=.147 
N=36 

R=‐.163
P=.343 
N=36 

R=‐.106
P=.540 
N=36 

R=‐.393
P=.018 
N=36 

R=‐.346 
P=0.049 
N=33 

R=‐.226 
P=.185 
N=36 

R=.016
P=.926 
N=36 

Diabetes 
(Spearman) 

R=‐.243 
P=.079 
N=53 

R=‐.312 
P=.023 
N=53 

R=‐.263
P=.057 
N=53 

R=‐.279
P=.043 
N=53 

R=‐.315
P=.021 
N=53 

R=‐.265 
P=.063 
N=50 

R=‐.174 
P=.212 
N=53 

R=‐.007
P=.959 
N=53 

Leukocytes 
(Pearson) 

R=.064
P=.713 
N=36 

R=.086 
P=.616 
N=36 

R=‐.123
P=.474 
N=36 

R=.149
P=.385 
N=36 

R=.194
P=.257 
N=36 

R=.245 
P=.170 
N=33 

R=.041 
P=.810 
N=36 

R=.194
P=.258 
N=36 

Statins 
(Spearman) 

R=‐.551 
P=.000 
N=53 

R=‐.503 
P=.000 
N=53 

R=‐.393
P=.004 
N=53 

R=‐.538
P=.000 
N=53 

R=‐.528
P=.000 
N=53 

R=‐.475 
P=.000 
N=50 

R=‐.333 
P=.015 
N=53 

R=‐.260
P=.06 
N=53 

ACE/AR‐
Blockers 
(Spearman) 

R=‐.381 
P=.005 
N=53 

R=‐.331 
P=.015 
N=53 

R=‐.164
P=.240 
N=53 

R=‐.453
P=.001 
N=53 

R=‐.331
P=.015 
N=53 

R=‐.335 
P=.017 
N=53 

R=‐.219 
P=.115 
N=53 

R=.052
P=.713 
N=53 

Aspirin 
(Spearman) 

R=‐.469 
P=.000 
N=53 

R=‐.403 
P=.003 
N=53 

R=‐.318
P=.020 
N=53 

R=‐.522
P=.000 
N=53 

R=‐.494
P=.000 
N=53 

R=‐.473 
P=.001 
N=50 

R=‐.328 
P=.017 
N=53 

R=.185
P=.185 
N=53 

Red indicates significant correlations, gray background indicates no significant correlation. All 
patients classified as on statin therapy received statins for > 3 months. 

 

 



Online Table VII:  
Correlation of circulating miRNAs with baseline characteristics (analysis includes only patients) 

   mir126 mir17 mir92a mir199a mir155 mir145 mir133a mir208a 
Statins r= -,336(*) -0,321 -0,313 -0,205 -0,197 -0,186 -0,135 0,208

p= 0,045 0,056 0,063 0,231 0,249 0,299 0,431 0,223
N= 36 36 36 36 36 33 36 36

ACE/AR 
Blockers 

r= -0,022 0,014 0,222 -0,072 -0,237 -0,008 0 -0,083
p= 0,901 0,934 0,192 0,678 0,164 0,964 1 0,629
N= 36 36 36 36 36 33 36 36

Asprin r= -0,196 -0,136 -0,153 -0,238 -0,111 -0,185 -0,102 0,036
  p= 0,253 0,429 0,373 0,162 0,521 0,302 0,553 0,835
  N= 36 36 36 36 36 33 36 36
 



Online Table VIII: Characteristics of validation study cohort  

 Controls 
 

(n=14) 

Patients with 
CAD 

(n=31) 

P-value 

Gender Male 5 (36%) 21 (68%) 0.057 

Age (years) 39.28 ± 17.52 68.06 ± 9.66 0.000 

Stable CAD for at least 4 months 0 31 (100%) 0.000 

Number of vessels  

(CAD) 
0 

  I:   4 (13.8%)  

 II: 10 (34.5%) 

III: 15 (51.7%) 

0.000 

0.000 

0.000 

Hypertension 3 (21.4%) 30 (96.8%) 0.000 

Active smoker 7 (53.8%) 8 (25.8%) 0.076 

Diabetes mellitus 2 (14.3%) 8 (25.8%) 0.469 

History of  

AMI/PCI/ACVB/PTA/Stroke 
0 31 (100%) 0.000 

Concurrent medication:  

Beta - blocker 

Aspirin / Clopidogrel 

ACE-Inhibitor / ATRB 

Statin therapy 

 

2 (14.3%) 

4 (28.6%) 

3 (21.4%) 

1 (7.1%) 

 

20 (64.5%) 

31 (100%) 

24 (77.4%) 

15 (48.4%) 

 

0.003 

0.000 

0.001 

0.007 

Total cholesterol (mg/dl) 207.36 ± 32.21 201.68 ± 48.86 0.694 

LDL cholesterol (mg/dl) 114.29 ± 40.22 112.93 ± 38.79 0.915 

Triglycerides (mg/dl) 108.71 ± 42.05 181.19 ± 91.14 0.007 

HDL cholesterol (mg/dl) 65.19 ± 18.52 51.48 ± 16.23 0.016 

 

 



Extended method section 

RNA isolation 

RNA was isolated by using a trizol-based miRNA isolation protocol (Trizol BD from Sigma). 

Due to high phenol contamination in these samples, additional isopropanol or ammonium 

precipitation steps were included. In addition, we used a miRNA kit provided by Qiagen 

(miRNeasy), which combines phenol/guanidine-based lysis of samples and silicamembrane-

based purification of total RNA (>18 nt) in combination with the blood derivate-specific Trizol 

BD from Sigma. In detail, 250 µl plasma or serum were mixed with 700 µl Trizol BD, 

incubated for 5 min at room temperature and subsequently mixed with 140 µl chloroform. 

The organic and aqueous phase was separated by centrifugation. The aqueous phase 

containing the RNA was carefully removed and RNA was precipitated by addition of 100% 

ethanol. The mixture was applied to a RNeasy Mini spin column, washed several times and 

RNA was eluted by addition of 25 µl RNase-free water. All methods were tested in serum 

and plasma samples from healthy controls. The optimized protocol using the Qiagen miRNA 

kit was then used for all subsequent studies with 250 µl EDTA plasma or serum.  

 


