
Introduction

The last 10 years in biological sciences can be de-
scribed as an era of functional genomics. Unsur-
prisingly, it has resulted in many publications
concerning gene expression profiling in the heart
affected by various pathological processes
(Kittelson et al. 2005; Grzeskowiak et al. 2003;
Barrans et al. 2002; Tan et al. 2002; Ellinghaus
et al. 2005; Rajan et al. 2006). An increasing num-
ber of such papers, as well as free access to the re-
sults of hybridization of many microarrays, also
provide the opportunity to perform meta-analyses

of the results of several studies. Such
meta-analyses are valuable since they provide val-
idation of microarray experiments and indicate the
potential marker genes across different forms of
heart diseases (Kuner et al. 2008; Asakura and
Kitakaze 2009).

The appearance of HF symptoms may be asso-
ciated with ischaemia, arrhythmias, valvular dis-
orders, increased filling pressure, and systemic
resistance (increase in blood pressure). Chronic
obstructive pulmonary disease, renal failure, dia-
betes, anaemia or obesity may induce or intensify
the symptoms of HF. In other cases, progression of
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HF is not related to identifiable causes. It is possi-
ble, however, that there are disorders at a molecu-
lar level that are responsible for such an
unexplained progression of HF. HF seems to be an
ideal candidate disorder for genomic experiments
aimed at elucidating the complex causes of disease
progression, which might answer the question as
to why some patients develop refractory end-stage
HF and others do not. However, the most impor-
tant limitation of the wider use of microarrays for
investigation of the aetiology and patho-
physiology of HF is the necessity for heart tissue
sampling in order to obtain material for genomic
analyses. It is not always possible to perform a bi-
opsy in a patient with myocardial dysfunction or
damage. For this reason, we sought to establish
whether any correlation exists between end-stage
HF and gene expression in peripheral blood nu-
clear cells, which represent easily obtainable ma-
terial for further analysis.

Materials and methods

Patients

The study comprised 2 groups of patients after
acute coronary syndrome (ACS) treated by pri-
mary percutaneous transluminal coronary

angioplasty (PTCA) of the descending left artery
with stent implantation:

Group 1: six male patients with cardiac struc-
tural abnormalities or remodelling who had not
developed HF symptoms during 2 years of fol-

low-up after ACS. These patients had a good
quality of life and good exercise tolerance.

Group 2: six male patients with refractory
end-stage HF and symptoms of HF that appeared
during 2 years of follow-up after ACS. These pa-
tients had a significant exercise intolerance and
were candidates for heart transplant.

None of the patients had had additional indica-
tions for coronary intervention during 2 years of
follow-up after ACS. On ECG, all of the patients
had sinus rhythm without arrhythmia. None of the
patients had pulmonary disease, pulmonary vascu-
lar disease, or any other significant internal dis-
ease: diabetes, renal insufficiency, anaemia,
depression, obesity or cachexia. There was no dif-
ference between the 2 groups in levels of inflam-
mation markers (white blood count and C-reactive
protein). The patients in both groups received opti-
mal pharmacological treatment, had good blood
pressure control and satisfactory cholesterol and
glucose levels. The individual clinical characteris-
tics of the 12 patients included in the study are de-
scribed in Table 1.

Ethics statement

The study was approved by the local Ethics Com-
mittee of the Medical University of Warsaw, and
all participants gave written informed consent.

RNA isolation, validation, labelling, and

hybridization

Blood samples were obtained from the cephalic
vein of the forearm into PAXGene tubes
(QIAGEN, USA). Duplicate samples were ob-
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Table 1. Individual clinical characteristics of heart failure (HF) in all 12 patients involved in the study

Characteristics Patients of group 1 (asymptomatic cardiac struc-
tural abnormalities, AHA/ACC stage B)

Patients of group 2 (refractory end-stage heart
failure, AHA/ACC stage D)

VO2 peak (mL kg–1min–1) 33.2 31.2 30.8 32.2 32.6 31.8 11.5 12.0 9.9 9.7 11.7 12.0

VE-VCO2 slope 26 25 23 21 25 25 35 42 40 34 35 38

Ejection fraction (%) 64 50 55 50 55 60 30 18 28 25 30 20

Natriuretic peptide type B
(pmol/mL) 59 61 37 46 50 88 1487 560 1400 750 634 1200

Peak plasma TnI levels
during ACS (ng/mL) 78 37 80 51 36 53 59 70 48 63 42 36

Body mass index (kg/m2) 28.4 24.8 26.4 25.6 28.1 25.3 25.6 28 30.9 25.1 27.1 28.6

White blood count
(103/µL)

8.52 6.55 4.12 8.18 7.0 6.81 5.10 8.91 4.54 9.80 6.23 5.49

C-reactive protein (mg/dL) all < 0.3 all < 0.3

Age (years) all 50–55 all 50–55

Pharmacological treatment
(identical within group)

ACEIs, beta-blockers, antiplatelet therapy, statin ACEIs, beta-blockers, antiplatelet therapy,
statin, diuretics (aldosterone antagonists,
furosemide)

ACS = acute coronary syndrome; ACEIs = angiotensin-converting enzyme inhibitors; AHA/ACC = American Heart Association / American
College of Cardiology; Tnl = troponin subunit I; VO2 = oxygen consumption at peak exercise; VE-VCO2 slope= slope ratio of regression be-
tween ventilation and carbon dioxide



tained from each patient. Total RNA from periph-
eral blood nuclear cells was isolated using a
PAXgene Blood RNA kit (QIAGEN, USA). Iso-
lated RNA samples were dissolved in RNase-free
water, and RNA quantity was measured with the
use of NanoDrop (NanoDrop Technologies,
USA). Samples with an adequate amount of RNA
were treated with DNase I to eliminate DNA con-
tamination, and then purified using RNeasy
MiniElute Cleanup Kit (QIAGEN, Germany).
Analysis of final RNA quality and integrity was
performed with a BioAnalyzer (Agilent, USA).
After validation, equal amounts of total RNA from
all patients within each group were pooled. Pooled
total RNA (10 µg) was reverse-transcribed by us-
ing a SuperScript Plus Indirect cDNA Labelling
kit (Invitrogen, USA) according to the manufac-
turer’s protocol. Single-strand cDNA was labelled
with Alexa 555 or Alexa 647 dyes (Invitrogen,
USA) in order to obtain a dye-swap approach. The
efficiency of dye incorporation was measured by
using NanoDrop. We ran 4 dye-swap microarrays.
For experimental purposes, we used Human
V4.0.3 microarrays, containing 35 035
oligonucleotide probes representing 25 100
unique genes and 39 600 transcripts (Operon, Ger-
many). Before hybridization, Operon microarray
oligonucleotide slides were pre-hybridized ac-
cording to the manufacturer’s protocol. Hybrid-
ization was performed using an automatic
hybridization station, HybArray12 (PerkinElmer,
USA). Slides were fixed in hybridization cham-
bers, and after o-ring conditioning, probes were
added. Hybridization of slides was performed ac-
cording to the 18-h hybridization protocol pro-
vided by the manufacturer. After hybridization,
slides were washed automatically.

Hybridization, signal detection, quantification,

and analysis

Acquisition and analysis of hybridization intensi-
ties were performed using a microarray scanner,
ScanArray Express HT, and ScanArray Express
software (PerkinElmer, USA). Mean spot inten-
sity values were automatically normalised
(LOWESS method) by ScanArray Express soft-
ware and used for further analyses. For data visu-
alisation, Panther (Thomas et al. 2003) and
Pathway Architect (Stratagene, USA) software
were used.

Selection of the most differentially expressed

genes

In this study, we decided to select the most differ-
entially expressed genes in the 2 patient groups,

based on some group comparison measures. For
this purpose, samples from patients with end-stage
HF were denoted as S11-S14, and samples from
patients with asymptomatic cardiac dysfunction
were denoted as S21-S24 (Figure 1). Prior to gene
ranking, expression values were logged and each
sample S11-S24 was median-centered. In order to
obtain reliable results, we ranked the genes using
3 statistical tests: Wilcoxon rank test, t-test, and
fold-change ratio. Standard gene ranking methods de-
fine a gene as differentially expressed when the follow-
ing conditions are met for the gene: (1) Wilcoxon
P < 0.05; (2) t-test P < 0.05; and (3) fold change > 1.7,
where:
fold change= exp(abs(log(abs(µ1))-log(abs(µ2)))),

and µ1 and µ2 are mean values of expression of
the gene in groups 1 and 2, respectively.

Real-time PCR (Q-PCR)

Expression of PTAFR and RBPSUH genes was
checked by Q-PCR, using the following primers:
PTAFR-F: 5’-TAC TGC TCT GTG GCC TTC
CT-3’; PTAFR-R: 5’-CTG CCC TTC TCG TAA
TGC TC-3’; RBPSUH-F: 5’-CGC ATT ATT
GGA TGC AGA TG-3’; RBPSUH-R: 5’-CAG
GAA GCG CCA TCA TTT AT-3’; Actin-F:
5’-GGA CTT CGA GCA AGA GAT GG-3’; and
Actin-R: 5’-AGC ACT GTG TTG GCG TAC
AG-3’.

All analyses were performed on samples of
pooled total RNA, using a LightCycler FastStart
DNA Master SYBR Green I kit (Roche Diagnos-
tics GmBH, Germany) according to the following
procedure: Mg2+ was added to a final concentra-
tion of 2 mM (RBPSUH, PTAFR) or 3 mM
(Actin); pre-incubation at 95°C for 10 min; ampli-
fication (40 cycles) including denaturation at 95°C
for 10 s, annealing at 58°C for 10 s, extension at
72°C for 12 s; melting curve including denatur-
ation at 95°C for 0s, annealing at 58°C for 15 s,
continuous melting at 95°C for 0s (slope =
0.1°C/s); and cooling at 40°C for 30 s. Results
were calculated using the 2–ÄÄCT method (Livak
and Schmittgen 2001).

Results

Among the 35 035 oligonucleotide probes, scatter
plots of logged genes expressions values of
4 microarrays were repeatable and identified 2
groups (areas) of genes differing significantly
from the average (Figure 1). Based on the statisti-
cal approach accepted for the purpose of this pre-
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liminary study, these 2 groups consisted of, in
total, 145 ‘so-called’ regulated probes (genes), of
which 130 were down-regulated (Table 2) and 15
were up-regulated (Table 3) in patients with
end-stage HF. Of particular interest is the observa-
tion that the majority of identified genes were
down-regulated and the degree of down-regula-
tion was much greater than the degree of
up-regulation: many genes were down-regulated
5-6-fold, whereas the highest increase in expres-
sion was 2.31-fold that in the non-HF group.

In the group of down-regulated genes,
FAM63A (family with sequence similarity 63,
member A) and CAPS (calcyphosine), were iden-
tified 3 times, while SPAST (spastin), MDM4

(p53-binding protein Mdm4; Mdm2-like
p53-binding protein), SLC27A1 (long-chain fatty
acid transport protein 1), and UBE1

(ubiquitin-activating enzyme E1) were identified
twice. This means that 2–3 different probes of the
above-mentioned genes were identified as
down-regulated. We were also able to identify
genes involved in the pathways and processes im-
portant for the patients with cardiac failure from a
clinical point of view, namely in angiogenesis

(down-regulated genes WNT5B, RBPSUH), dopa-
mine receptor-mediated signalling (up-regulated
FRMD7, PRKAR2A), inflammation mediated by
chemokine and cytokine signalling (DCAMLK1,

PTAFR), and in PDGF-signalling (ELK4,

MKNK2, RASA4) pathways. We identified
up-regulation of 2 important genes involved in
haemoglobin metabolism, namely haemoglobin
subunit beta (HBB) and haemoglobin subunit
gamma-2 (HBG1) (Table 3). Pathway analysis of
the identified genes revealed that regulated genes
represented 26 different pathways (Figure 2), 27
different biological processes, and 24 molecular
functions (Figure 3). We also observed
down-regulation of genes involved in differentia-
tion of vascular smooth muscle cells (vSMCs). We
found a 4.5-fold decrease of recombining binding
protein suppressor of hairless (RBPSUH) when
measured using microarray and 3.0-fold when
measured using real-time PCR (Figure 4). The
second down-regulated gene (5.8-fold) involved
in vascular smooth muscle cell development is
MKL2 (MKL/myocardin-like protein 2, also re-
ferred to as myocardin-related transcription factor
B [MRTF-B]]. Pathway analysis performed using
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Figure 1. Scatter plots of logged expressions observed in four microarrays. S11-S14 denote expression in patients with

end-stage heart failure and S21-24 in patients with asymptomatic heart failure. Genes declared as differentially expressed

are marked red.
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Table 2. Genes up-regulated in peripheral blood mononuclear cells in patients with asymptomatic myocardial
dysfunction

Gene symbol Gene name RefSeq P-value Fold change

Wilcoxon t-test

1 2 3 4 5 6

ELP3 elongation protein 3 homolog NM_018091.3 0.020921 0.002245 6.4

PNMA2 paraneoplastic antigen Ma2 (onconeuronal antigen
MA2) (paraneoplastic neuronal antigen MM2) (40
kDa neuronal protein)

NM_007257.4 0.020921 0.006025 6.2

Q6ZV82_HU
MAN

CDNA FLJ42897 fis, clone BRHIP3009099 – 0.020921 0.009628 6.0

Q9BYA7_HU
MAN

proline oxidase mitochondrial precursor – 0.020921 0.003184 5.9

ANGEL2 angel homolog 2 (Drosophila) (ANGEL2), mRNA NM_144567.3 0.020921 0.004163 5.9

ZNF96 zinc finger protein 96 (zinc finger protein 305) (zinc
finger and SCAN domain-containing protein 12)

NM_001039643.1 0.020921 0.001662 5.8

MKL2 MKL/myocardin-like protein 2 (myocardin-related
transcription factor B) (MRTF-B) (megakaryoblastic
leukemia 2)

NM_014048.3 0.020921 0.002995 5.8

FAM63A family with sequence similarity 63, member A
(FAM63A), transcript variant 2, mRNA

NM_018379.3 0.020921 0.047075 5.7

VKORC1 vitamin K epoxide reductase complex subunit 1 (EC
1.1.4.1) (vitamin K1 2,3-epoxide reductase subunit 1)

NM_024006.4 0.020921 0.001229 5.7

C4orf26 CDNA FLJ23657 fis, clone COLF1189 (CDNA
FLJ23937 fis, clone COLF6762)

NM_178497.2 0.020921 0.000621 5.7

NP_542768.1 HOM-TES-103 protein NM_080731.2 0.020921 0.001792 5.7

SVOP SV2 related protein NM_018711.2 0.043308 0.074298 5.7

Q5T2Z8_HU
MAN

novel protein XM_498446 0.020921 0.004396 5.6

USP33 ubiquitin carboxyl-terminal hydrolase 33 (EC
3.1.2.15) (ubiquitin thioesterase 33)
(ubiquitin-specific-processing protease 33)
(deubiquitinating enzyme 33) (VHL-interacting
deubiquitinating enzyme 1)

NM_201624.1 0.020921 0.009908 5.6

GFOD1 glucose-fructose oxidoreductase domain containing 1 NM_018988.1 0.020921 0.002211 5.6

ELK4 ETS domain-containing protein Elk-4 (Serum re-
sponse factor accessory protein 1) (SAP-1)

NM_001973.2 0.020921 0.006019 5.6

MDM4 Mdm4 protein (p53-binding protein Mdm4)
(Mdm2-like p53-binding protein) (Mdmx protein)
(double minute 4 protein)

NM_002393.2 0.020921 0.006542 5.6

MMP13 collagenase 3 precursor (EC 3.4.24.-) (matrix
metalloproteinase-13) (MMP-13)

NM_002427.2 0.020921 0.001495 5.5

S100PBP S100P binding protein isoform a NM_022753.2 0.043308 0.041335 5.4

JOSD1 Josephin-1 (Josephin domain-containing 1) NM_014876.3 0.020921 0.013633 5.4

Q86XG0_HU
MAN

CIDEC protein – 0.020921 0.008552 5.4

C1orf55 C1orf55 protein (novel protein) (FLJ35382). NM_152608.2 0.020921 0.008085 5.3

RAB22A Ras-related protein Rab-22A (Rab-22) NM_020673.2 0.020921 0.001439 5.3

FCHO2 FCH domain only protein 2 NM_138782.1 0.020921 0.001974 5.3

TRPV1 transient receptor potential cation channel subfamily
V member 1 (TrpV1) (osm-9-like TRP channel 1)
(OTRPC1) (vanilloid receptor 1) (capsaicin receptor)

NM_018727.5 0.020921 0.004827 5.3

ACBD7 acyl-CoA-binding domain-containing protein 7 NM_001039844.2 0.043308 0.07922 5.2

SERF1A small EDRK-rich factor 1 (4F5) (h4F5) (SMA modi-
fier 1)

XM_001130874.1 0.020921 0.004542 5.2

LRRIQ2 leucine-rich repeat and IQ domain-containing protein
2

NM_024548.2 0.020921 0.012481 5.2

SPAST spastin NM_014946.3 0.020921 0.007855 5.2

ASPA aspartoacylase (EC 3.5.1.15) (aminoacylase-2)
(ACY-2).

NM_000049.2 0.020921 0.003849 5.2

SYNPO2 synaptopodin-2 (myopodin) (genethonin 2) NM_133477.1 0.020921 0.001424 5.2
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Table 2. cont.

1 2 3 4 5 6

Q6ZQV5_HUMAN CDNA FLJ46419 fis, clone
THYMU3012983, moderately similar to
Homo sapiens zinc finger protein 14 (KOX
6) (ZNF14).

– 0.020921 0.000926 5.1

CAPS calcyphosin (calcyphosine) NM_004058.2 0.020921 0.02583 5.1

Q86XG0_HUMAN CIDEC protein – 0.020921 0.03337 5.1

SARDH sarcosine dehydrogenase, mitochondrial
precursor (EC 1.5.99.1) (SarDH) (BPR-2)

NM_007101.2 0.043308 0.070485 5.1

KIAA0841 K0841_HUMAN isoform 2 of O94927,
Homo sapiens (human)

XM_932194.2 0.020921 0.016544 5.1

FAM63A family with sequence similarity 63, mem-
ber A (FAM63A), transcript variant 2,
mRNA

NM_018379.3 0.020921 0.008905 5.1

GRIK2 glutamate receptor, ionotropic kainate 2
precursor (glutamate receptor 6) (GluR-6)
(GluR6) (excitatory amino acid receptor 4)
(EAA4)

NM_175768.1 0.020921 0.004913 4.9

ARNT aryl hydrocarbon receptor nuclear
translocator (ARNT protein) (dioxin recep-
tor, nuclear translocator)
(hypoxia-inducible factor 1 beta) (HIF-1
beta)

NM_178426.1 0.020921 0.004746 4.9

SLC27A1 long-chain fatty acid transport protein 1
(EC 6.2.1.-) (fatty acid transport protein 1)
(FATP-1) (solute carrier family 27 member
1)

NM_198580.1 0.020921 0.040843 4.8

SLC27A1 long-chain fatty acid transport protein 1
(EC 6.2.1.-) (fatty acid transport protein 1)
(FATP-1) (solute carrier family 27 member
1)

NM_198580.1 0.020921 0.010714 4.8

FAM114A1 family with sequence similarity 114, mem-
ber A1 (FAM114A1), mRNA

NM_138389.1 0.020921 0.055345 4.8

C1orf187 uncharacterized protein C1orf187 precur-
sor

NM_198545.3 0.020921 0.038187 4.8

PARC_HUMAN p53-associated parkin-like cytoplasmic
protein (UbcH7-associated protein 1).

NM_015089.2 0.020921 0.013997 4.7

NANOG homeobox protein NANOG (homeobox
transcription factor Nanog) (hNanog)

NM_024865.1 0.020921 0.02434 4.7

Q6VEP3_HUMAN F379 retina specific protein – 0.020921 0.009705 4.6

RBPSUH recombining binding protein suppressor of
hairless (J kappa recombination sig-
nal-binding protein) (RBP-J kappa)
(RBP-J) (RBP-JK) (CBF-1) (renal carci-
noma antigen NY-REN-30)

NM_203283.1 0.020921 0.000959 4.5

MAK serine/threonine-protein kinase MAK (EC
2.7.11.22) (male germ cell- associated
kinase)

NM_005906.3 0.020921 0.011384 4.5

MDM4 Mdm4 protein (p53-binding protein
Mdm4) (Mdm2-like p53-binding protein)
(Mdmx protein) (double minute 4 protein)

NM_002393.2 0.020921 0.007596 4.5

SPAST spastin NM_014946.3 0.043308 0.076985 4.4

IL12RB1 interleukin-12 receptor beta-1 chain precur-
sor (IL-12R-beta1) (interleukin-12 receptor
beta) (IL-12 receptor beta component) (IL-
12RB1) (CD212 antigen)

NM_005535.1 0.043308 0.04433 4.3

UBE1 ubiquitin-activating enzyme E1 (A1S9 pro-
tein)

NM_153280.1 0.020921 0.00187 4.2

CYP2B cytochrome P450, family 2, subfamily B,
polypeptide 7 pseudogene 1 (CYP2B7P1)
on chromosome 19

NR_001278.1 0.020921 0.039292 4.2

ZFP64 zinc finger protein 64, isoforms 3 and 4
(Zinc finger protein 338) NM_199427.1 0.020921 0.022669 4.1

MPP7 palmitoylated membrane protein 7 NM_173496.3 0.020921 0.003318 4.1

UBE1 ubiquitin-activating enzyme E1 (A1S9 pro-
tein)

NM_153280.1 0.020921 0.050071 4.0

WNT5B protein Wnt-5b precursor NM_030775.2 0.020921 0.0024 3.9
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Table 2. cont.

1 2 3 4 5 6

NP_001009954.1 cDNA FLJ90238 fis, clone NT2RM2000632,
weakly similar to excision repair protein
ERCC-6

NM_017669.2 0.020921 0.012323 3.9

RBM34 RNA-binding protein 34 (RNA-binding motif
protein 34)

NM_015014.1 0.043308 0.063367 3.9

CAPS calcyphosin (calcyphosine) NM_004058.2 0.020921 0.030746 3.9

ZCCHC4 zinc finger CCHC domain-containing protein
4

XM_940889.2 0.020921 0.027836 3.8

NP_640332.1 T-cell activation NFKB-like protein NM_139239.1 0.020921 0.016172 3.7

SPRYD4 SPRY domain-containing protein 4 NM_207344.1 0.020921 0.026884 3.7

PARP14 poly [ADP-ribose] polymerase 14 (EC
2.4.2.30) (PARP-14) (B aggressive lymphoma
protein 2)

NM_017554.1 0.020921 0.008807 3.7

LIN7C Lin-7 homolog C (Lin-7C) (mammalian
LIN-7 protein 3) (MALS-3) (vertebrate LIN-7
homolog 3) (Veli-3 protein)

NM_018362.2 0.020921 0.002094 3.7

CDC14C dual-specificity protein phosphatase CDC14B
(EC 3.1.3.48) (EC 3.1.3.16) (CDC14 cell di-
vision cycle 14 homolog B)

NM_001077181.1 0.020921 0.02119 3.6

HFE hereditary haemochromatosis protein precur-
sor (HLA-H)

NM_139009.2 0.020921 0.040716 3.6

Q8NI68_HUMAN OK/SW-CL.87 – 0.020921 0.006361 3.6

OR51E2 olfactory receptor 51E2 (prostate-specific
G-protein coupled receptor) (HPRAJ)

NM_030774.2 0.020921 0.007911 3.5

FAM129C B-cell novel protein 1 NM_173544.2 0.020921 0.027026 3.5

NT5DC3 5'-nucleotidase domain containing 3 isoform
2

NM_001031701.1 0.020921 0.014165 3.5

PSMA7 proteasome subunit alpha type 7 (EC
3.4.25.1) (proteasome subunit RC6- 1)
(proteasome subunit XAPC7)

NM_002792.2 0.020921 0.012762 3.5

WDR62 WD repeat domain 62 NM_173636.3 0.020921 0.044672 3.5

C10orf39 CDNA FLJ45017 fis, clone BRAWH3015175 NM_194303.1 0.020921 0.019755 3.5

KLRC3 NKG2-E type II integral membrane protein
(NKG2-E-activating NK receptor) (NK cell
receptor E)

NM_002261.2 0.020921 0.003608 3.4

Q8N203_HUMAN CDNA FLJ36480 fis, clone THYMU2017449 – 0.020921 0.016429 3.4

NP_060219.2 CDNA FLJ13135 fis, clone NT2RP3003078,
highly similar to Rattus norvegicus ischemia
related factor NYW-1

NM_017749.2 0.020921 0.004359 3.3

ING5 inhibitor of growth protein 5 (p28ING5) XM_001126273.1 0.020921 0.041567 3.3

PEX7 peroxisomal targeting signal 2 receptor (PTS2
receptor) (Peroxin-7)

NM_000288.1 0.020921 0.015199 3.3

CAPS calcyphosin (calcyphosine) NM_004058.2 0.020921 0.043775 3.2

PTPLA protein tyrosine phosphatase-like, member A NM_014241.3 0.020921 0.013827 3.2

Q8N2D2_HUMAN CDNA FLJ33447 fis, clone BRAMY1000098 – 0.020921 0.005582 3.2

ZNF492 zinc finger protein 492 (Fragment) XM_001132465.1 0.020921 0.012159 3.2

ZNF599 zinc finger protein 599 NM_001007248.1 0.020921 0.020456 3.2

DYNLT1 dynein light chain Tctex-type 1 (T-complex
testis-specific protein 1 homolog) (Protein
CW-1)

NM_006519.1 0.020921 0.025499 3.1

EEF1D elongation factor 1-delta (EF-1-delta) (antigen
NY-CO-4)

NM_032378.2 0.020921 0.005268 3.1

RASA4 Ras GTPase-activating protein 4
(RasGAP-activating-like protein 2) (cal-
cium-promoted Ras inactivator)

XM_379820.3 0.020921 0.01333 3.1

C22orf13 uncharacterized protein C22orf13 (Protein
LLN4).

NM_031444.2 0.020921 0.007256 3.1

ZNF69 zinc finger protein 69 (Cos5) NM_021915.1 0.020921 0.012185 3.0
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CXCL16 small inducible cytokine B16 precursor
(transmembrane chemokine CXCL16)
(SR-PSOX) (scavenger receptor for
phosphatidylserine and oxidized low density
lipoprotein)

NM_022059.1 0.020921 0.041044 3.0

FAM63A family with sequence similarity 63, member
A (FAM63A), transcript variant 2, mRNA

NM_018379.3 0.020921 0.029408 3.0

Q8IZM0_HUMAN putative anti-CNG alpha 1 cation channel
translation product

– 0.020921 0.00646 3.0

ZMYM6 zinc finger MYM-type protein 6 (Zinc finger
protein 258)

NM_007167.3 0.020921 0.026179 3.0

Q6ZT33_HUMAN CDNA FLJ45009 fis, clone
BRAWH3012779

– 0.020921 0.00649 2.9

RIMS2 regulating synaptic membrane exocytosis
protein 2 (Rab3-interacting molecule 2)
(RIM 2)

NM_014677.2 0.020921 0.033085 2.9

ZNF493 zinc finger protein 493 NM_001076678.1 0.020921 0.013465 2.8

FAM3A protein FAM3A precursor (2-19 protein) NM_021806.1 0.020921 0.012114 2.8

Q9UN38_HUMAN leucine zipper-like protein – 0.020921 0.013523 2.7

MDS2 myelodysplastic syndrome 2 translocation
associated protein

– 0.020921 0.002936 2.6

ATP8B1 probable phospholipid-transporting ATPase
IC (EC 3.6.3.1) (familial intrahepatic
cholestasis type 1) (ATPase class I type 8B
member 1)

NM_005603.3 0.020921 0.011573 2.6

KIAA0841 K0841_HUMAN isoform 2 of O94927,
Homo sapiens (human)

XM_932194.2 0.020921 0.01302 2.5

C17orf25 My027 protein (chromosome 17 open read-
ing frame 25)

NM_016080.2 0.020921 0.04301 2.5

PAPSS2 bifunctional 3'-phosphoadenosine
5'-phosphosulfate synthetase 2 (PAPS
synthetase 2) (PAPSS 2) (sulfurylase kinase
2) (SK2) (SK 2) [includes: sulfate
adenylyltransferase (EC 2.7.7.4) (sulfate
adenylate transferase) (SAT)
(ATP-sulfurylase); adenylyl-sulfate

NM_004670.3 0.020921 0.021359 2.5

C14orf147 uncharacterized protein C14orf147. NM_138288.3 0.020921 0.008079 2.5

UTY ubiquitously transcribed Y chromosome
tetratricopeptide repeat protein (ubiquitously
transcribed TPR protein on Y chromosome)

NM_007125.3 0.020921 0.011041 2.4

CPM carboxypeptidase M precursor (EC
3.4.17.12) (CPM).

NM_001005502.1 0.020921 0.014931 2.4

FAM124B family with sequence similarity 124B
(FAM124B), mRNA

NM_024785.2 0.020921 0.03863 2.4

SRP9 signal recognition particle 9 kDa protein
(SRP9)

XM_927451.2 0.043308 0.037602 2.4

PTPN2 tyrosine-protein phosphatase non-receptor
type 2 (EC 3.1.3.48) (T-cell protein-tyrosine
phosphatase) (TCPTP)

XR_019438.1 0.020921 0.024245 2.4

CDT1 DNA replication factor Cdt1 (double parked
homolog) (DUP)

NM_030928.2 0.020921 0.043272 2.4

ZNF93 zinc finger protein 93 (zinc finger protein
505) (zinc finger protein HTF34)

NM_021047.2 0.020921 0.021599 2.3

ALS2CR13 amyotrophic lateral sclerosis 2 (juvenile)
chromosome region, candidate 13

NM_173511.2 0.020921 0.030126 2.2

NDUFB5 NADH dehydrogenase [ubiquinone] 1 beta
subcomplex subunit 5, mitochondrial precur-
sor (EC 1.6.5.3) (EC 1.6.99.3)
(NADH-ubiquinone oxidoreductase SGDH
subunit) (complex I-SGDH) (CI-SGDH)

NM_002492.2 0.020921 0.010355 2.2

C1orf125 novel protein NM_144696.3 0.020921 0.017444 2.2

ABCD3 ATP-binding cassette sub-family D member
3 (70 kDa peroxisomal membrane protein)
(PMP70)

NM_002858.2 0.020921 0.004097 2.2

HIG2_HUMAN hypoxia-inducible gene 2 protein NM_013332.1 0.020921 0.031492 2.1
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MCC colorectal mutant cancer protein (Protein MCC) NM_002387.1 0.020921 0.045926 2.1

PARP16 poly [ADP-ribose] polymerase 16 (EC 2.4.2.30)
(PARP-16)

NM_017851.4 0.020921 0.021514 2.0

ZNF33A zinc finger protein 33A (Zinc finger protein
KOX31) (zinc finger and ZAK-associated pro-
tein with KRAB domain) (ZZaPK)
[Source:Uniprot/SWISSPROT;Acc:Q06730]

NM_006954.1 0.020921 0.00423 2.0

SLC2A10 solute carrier family 2, facilitated glucose trans-
porter member 10 (glucose transporter type 10)

NM_030777.3 0.020921 0.019361 2.0

SULT1A1 sulfotransferase 1A1 (EC 2.8.2.1) (aryl
sulfotransferase 1) (phenol sulfotransferase 1)
(phenol-sulfating phenol sulfotransferase 1)
(P-PST 1) (thermostable phenol
sulfotransferase) (Ts-PST) (HAST1/HAST2)
(ST1A3)

NM_177536.1 0.020921 0.026867 1.9

KLHL24 Kelch-like protein 24 (protein DRE1). NM_017644.3 0.043308 0.048089 1.9

KLRD1 natural killer cells antigen CD94 (NK cell re-
ceptor) (killer cell lectin-like receptor subfamily
D member 1) (KP43)

NM_002262.2 0.020921 0.038044 1.9

XKR8 XK-related protein 8 NM_018053.2 0.020921 0.006808 1.9

C4orf26 cDNA FLJ23657 fis, clone COLF1189 (cDNA
FLJ23937 fis, clone COLF6762)

NM_178497.2 0.020921 0.026041 1.8

ACSL6 long-chain-fatty-acid--CoA ligase 6 (EC
6.2.1.3) (long-chain acyl-CoA synthetase 6)
(LACS 6)

NM_001009185.1 0.020921 0.019329 1.8

Q96PS6_HUMAN FGF2-associated protein GAFA1 – 0.020921 0.025705 1.8

NP_653219.1 GA repeat binding protein, beta 2 NM_144618.1 0.043308 0.048392 1.7

KIAA0317 K0317_HUMAN Isoform 2 of O15033, Homo
sapiens (human)

NM_001039479.1 0.020921 0.040325 1.7

PTAFR platelet-activating factor receptor (PAF-R) NM_000952.3 0.020921 0.042987 1.7

Table 3. Genes up-regulated in peripheral blood mononuclear cells in patients with refractory ischaemic end-stage
heart failure

Gene symbol Gene name RefSeq P-value Fold change
Wilcoxon t-test

1 2 3 4 5 6

Q6ZU35_HUMAN cDNA FLJ44026 fis, clone TESTI4026762 XM_044178 0.020921 0.016339 1.7

OC90 otoconin 90 precursor (Oc90) (phospholipase
A2 homolog)

NM_001080399.1 0.020921 0.037059 1.7

ATP1A4 sodium/potassium-transporting ATPase al-
pha-4 chain (EC 3.6.3.9) (sodium pump 4)
(Na(+)/K(+) ATPase 4)

NM_001001734.1 0.020921 0.02514 1.7

G6PC3 glucose-6-phosphatase catalytic subunit 3 NM_138387.2 0.020921 0.027184 1.8

TF2H4_HUMAN TFIIH basal transcription factor complex
p52 subunit (basic transcription factor
52-kDa subunit) (BTF2-p52) (general tran-
scription factor IIH polypeptide 4)

NM_001517 0.020921 0.00447 1.8

UBQLN2 ubiquitin-2 (Protein linking IAP with
cytoskeleton 2) (PLIC-2) (hPLIC- 2)
(ubiquitin-like product Chap1/Dsk2) (DSK2
homolog) (Chap1)

NM_013444.2 0.020921 0.034546 1.8

C20orf142 uncharacterized protein C20orf142 precursor NM_001080472.1 0.020921 0.045192 1.8

PPP1R13L RelA-associated inhibitor (Inhibitor of ASPP
protein) (Protein iASPP) (PPP1R13B-like
protein) (NFkB-interacting protein 1)

NM_006663.2 0.020921 0.03393 1.9

PITPNM3 membrane-associated phosphatidylinositol
transfer protein 3 (phosphatidylinositol trans-
fer protein, membrane-associated 3) (Pyk2
N-terminal domain-interacting receptor 1)
(NIR-1)

NM_031220.1 0.020921 0.034349 2.0



Pathway Architect software revealed that the
down-regulation of platelet-activating factor re-
ceptor (PTAFR) (1.8-fold in microarray and by
2.2-fold in Q-PCR) (Figure 4) can be a result of
RBPSUH down-regulation (Figure 5).

Discussion

Grading of HF in the latest classification of HF de-
pends on morphological changes and clinical
signs (Hunt et al. 2005). Asymptomatic disorders

of heart anatomy and function are connected with
high mortality (McDonagh et al. 1997; Wang et al.
2003) and are considered as grade B. Patients with
intensive clinical signs requiring specialised treat-
ment are considered as grade D. Prognosis in the
last group is worse than in many neoplastic dis-
eases (Stewart et al. 2001). Coronary arterial dis-
ease (CAD) is still the most frequent cause of HF,
estimated to occur in around 70% of patients (Fox
et al.2001). With recent progress in disease treat-
ment in some countries, the average mortality rate
due to HF in some age groups is decreasing (Mac-
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CALCOCO1 coiled-coil transcriptional coactivator NM_020898.1 NM_020898.1 0.043883 2.0

NP_940910.1 CDNA FLJ44186 fis, clone THYMU2038797,
weakly similar to B locus C type lectin
(FLJ44186 protein)

NM_198508.2 0.020921 0.048644 2.0

SLC16A11 solute carrier family 16, member 11 NM_153357.1 0.020921 0.013528 2.0

HBB haemoglobin subunit beta (haemoglobin beta
chain) (beta-globin)

NM_000518.4 0.020921 0.040493 2.1

TAF6 transcription initiation factor TFIID subunit 6
(transcription initiation factor TFIID 70-kDa
subunit) (TAF(II)70) (TAFII-70) (TAFII- 80)
(TAFII80)

NM_139122.1 0.020921 0.037258 2.1

HBG1 haemoglobin subunit gamma-2 (haemoglobin
gamma-2 chain) (gamma-2-globin) (haemoglo-
bin gamma-G chain) (Hb gamma)

NM_000559.2 0.020921 0.035498 2.1

Figure 2. Involvement of genes regulated in patients with end-stage heart failure in signaling pathways



Intyre et al. 2000; Schaufelberger et al. 2004). Ef-
fective surgical treatment of patients with
coronary events results in prolonged survival and
increased occurrence of asymptomatic heart dys-
function.

The prognosis of patients after ACS largely de-
pends on the extent of myocardial damage during
the acute phase, but there were no significant dif-
ferences in peak troponin level between our
2 groups (Table 1). To the best of our knowledge,
the present study is the first attempt to identify
genes regulated in peripheral blood nuclear cells
in patients with end-stage HF and in patients with
asymptomatic post-infarction heart remodelling.

Publications describing gene expression profiling
in patients with different forms of HF or
cardiomyopathy and its complications have con-
cerned tissue samples taken from hearts (Ruppert
et al. 2008; Tan et al. 2002; Kittleson et al. 2004;
Sanoudou et al. 2005; Colak et al. 2009). We are
aware that peripheral blood nuclear cells are not an
ideal source of diagnostic material in patients with
HF, but the ease with which such cells can be ob-
tained makes them a very useful source of potential
disease markers. Furthermore, the invasiveness of
biopsy or aspiration techniques in post-infarct pa-
tients makes them unsuitable as methods of tissue
sampling for gene expression profiling.

Blood cell gene expression in heart failure 363

Figure 3. Molecular function of genes regulated in patients with end-stage heart failure

Figure 4. Expression of RBPSUH and PTAFR genes in patients with asymptomactic and end-stage heart failure
measured using Real-time PCR and calculated using 2–��CT method



Three concurrently performed statistical analy-
ses of microarray experiments allowed us to iden-
tify 130 down-regulated genes and 15 up-
regulated genes in patients with end-stage HF.
Pathway analyses revealed that these regulated
genes belonged to 26 different pathways, amongst
which we identified pathways important for car-
diac patients, namely FGF signalling, PDGF sig-
nalling, angiogenesis, hypoxia response by HIF
activation or Notch signalling.

The lack of published reports of studies using
peripheral blood nuclear cells makes it difficult to
compare our results with previous findings. Colak
et al. (2009) reported transcriptional profiling in
human end-stage dilated cardiomyopathy per-
formed on tissue samples obtained from the left
ventricle in 5 patients. The study found 1261
genes that showed significant differential regula-
tion (626 up-regulated genes and 636
down-regulated genes). Those authors noted 100
genes (50 up-regulated and 50 down-regulated)
that were highly regulated. In comparison, we
found only 4 genes which are similar (i.e. belong-
ing to the same gene family or coding for a differ-
ent subunit of a common protein) to the 100 genes
identified by Colak et al. (2009). Although our re-
sults appear to contrast with their results, pathway
analysis results are consistent to a large extent.
Out of the 8 down-regulated pathways identified
by Colak et al. (2009) in end-stage
cardiomyopathy, we identified 5 pathways: p53
pathway feedback loops 2, EGF receptor signal-
ling pathway, interleukin signalling pathway,
angiogenesis, and the Alzheimer dis-
ease-presenilin pathway. This suggests that the
transcriptomic response in peripheral blood nu-
clear cells might be a universal response, inde-
pendent of the origin of HF.

Kuner et al. (2008) performed
multi-experimental analysis of microarray data
obtained from different studies to find commonly
identified genes and create a classifier characteris-
tic for ischaemic heart disease. They concluded
that genomic analysis reveals poor separation of
human cardiomyopathies of ischaemic and non-
ischaemic origin. However, pathway analysis
based on classifier characteristics created a net-
work of gene-gene interactions with over- repre-
sentation of known classifier genes in ischaemic
cardiomyopathy. The network included 6 genes
(MMP, FGF, Ets, Stat, IL1, and PDGF) not identi-
fied in microarray experiments but thought to be
necessary to join the postulated network together.
Our study, however, revealed regulation of
MMP13, FGF2-associated protein GAFA1, ETS
domain containing protein Elk-4, interleukin-12
receptor beta-1 chain, and platelet-activating fac-
tor receptor in peripheral blood nuclear cells of pa-
tients with end-stage HF (Table 4). While these
genes are not the same as those suggested by
Kuner et al. (2008), they have similar functions or
a role in the same processes. It is possible that the
location of “lacking”, i.e. under-expressed, genes
postulated by Kuner et al. (2008) as important in
ischaemic patients, is not solely in heart tissue but
also in blood cells, and our results are not contrary
but complementary to the results of gene expres-
sion profiling obtained in heart tissue samples.

A recently published meta-analysis of the re-
sults of transcriptomic studies in a failing heart re-
vealed 107 genes that were identified more than
once in 7 gene sets (Asakura and Kitakaze 2009).
Fourteen of these genes are involved in synthesis
of 6 different proteins: NADH dehydrogenase,
acyl-CoA synthetase, chemokine (C-X-C motif)
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Figure 5. Interaction between PTAFR - Platelet-activating factor receptor (–1.7); PSMA7 - Proteasome subunit alpha
type 7 (–3.5); MCC - Colorectal mutant cancer protein (–2.1); PAFAH1B2 - platelet-activating factor acetylhydrolase,
isoform Ib, beta subunit 30kDa; RBPSUH - recombination signal-binding protein - J kappa (–4.5); NFKB2 - Nuclear
factor NF-kappa-B p100 subunit. Genes in yellow were regulated in our study, genes in blue were indicated by Pathway

Architect software.



ligand, cytochrome P450, ATP-ase, and
TAF6-like RNA polymerase II. We also identified
genes involved in the synthesis of these proteins
with one exception: instead of chemokine (C-X-C
motif) ligand 12, we identified the gene of
chemokine (C-X-C motif) ligand 16 (Table 5).
Notably, Dahl et al. (2009) recently reported ef-
fects of the chemokine (C-X-C motif) ligand 16,
consistent with an important role in the develop-

ment of HF. Those authors noted that the expres-
sion of CXCL16 was strictly related with
metalloproteinase activity and extracellular matrix
remodelling. One such metalloproteinase, namely
MMP13, was also up-regulated in our study, but in
patients with asymptomatic myocardial dysfunc-
tion in comparison to patients with end-stage heart
failure (Table 2). This might indicate that in-
creased expression of the chemokine CXCL16
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Table 4. Similarities between genes postulated by Kuner et al. (2008), as potential interaction partners necessary
for creating the network of genes regulated in ischemic cardiomyopathy, and genes regulated in our study.

Genes suggested by Kuner et al. (2008) Genes identified in our study

symbol symbol name

MMP MMP13 collagenase 3 precursor (EC 3.4.24.-) (matrix
metalloproteinase-13) (MMP-13)

FGF Q96PS6_HUMAN FGF2-associated protein GAFA1

IL1 IL12RB1 interleukin-12 receptor beta-1 chain precursor (IL-12R-beta1)
(interleukin-12 receptor beta) (IL-12 receptor beta component)
(IL- 12RB1) (CD212 antigen)

ETS ELK4 ELK4, ETS-domain protein (SRF accessory protein 1)

PDGF PTARF platelet-activating factor receptor

Stat – –

Table 5. Genes identified in at least 2 of 7 gene sets from previous microarray analyses performed on samples from
hearts with cardiomyopathy (by Asakura and Kitakaze 2009) and genes playing a similar role identified in our
study.

Genes identified by Asakura and Kitakaze (2009) Genes identified in our study

symbol name symbol name

NDUFB5 NADH dehydrogenase [ubiquinone] 1 beta
subcomplex subunit 5, mitochondrial precursor
(EC 1.6.5.3)

NDUFB5 NADH dehydrogenase [ubiquinone] 1 beta
subcomplex subunit 5, mitochondrial precursor
(EC 1.6.5.3)

NDUFA10 NADH dehydrogenase (ubiquinone) 1 alpha
subcomplex, 10, 42 kDa

NDUFAB1 NADH dehydrogenase (ubiquinone) 1, alpha/beta
subcomplex, 1, 8 kDa

NDUFB2 NADH dehydrogenase (ubiquinone) 1 beta
subcomplex, 2, 8 kDa

ACSL3 acyl-CoA synthetase long-chain family member 3 ACSL6 acyl-CoA synthetase long-chain family member 6

CXCL12 chemokine (C-X-C motif) ligand 12 (stromal
cell-derived factor 1)

CXCL16 chemokine (C-X-C motif) ligand 16* (the role of
CXCL16 in clinical heart failure recently proven
by Dhal et al. 2009)

CYP2J2 cytochrome P450, family 2, subfamily J,
polypeptide 2

CYP2B cytochrome P450, family 2, subfamily B

ATP2A2 ATPase, Ca++ transporting, cardiac muscle, slow
twitch 2

ATP1A4 ATPase, Na+/K+ transporting, alpha 4
polypeptide

ATP5A1 ATP synthase, H+ transporting, mitochondrial F1
complex, alpha subunit 1, cardiac muscle

ATP5B ATP synthase, H+ transporting, mitochondrial F1
complex, beta polypeptide

ATP5H ATP synthase, H+ transporting, mitochondrial F0
complex, subunit d

ATP8B1 ATPase, class I, type 8B, member 1

ATP5O ATP synthase, H+ transporting, mitochondrial F1
complex, O subunit

ATP6V1B ATPase, H+ transporting, lysosomal 34 kDa, V1
subunit D

TAF6L TAF6-like RNA polymerase II,
p300/CBP-associated factor (PCAF)-associated
factor, 65 kDa

TAF6 TAF6 RNA polymerase II, TATA box binding
protein (TBP)-associated factor, 80 kDa



gene in a failing heart is accompanied by its de-
creased expression in peripheral blood nuclear
cells.

Pathway analysis enables identification of
groups of disease-associated genes but does not
provide information on the specific function of
particular genes, particularly if they are not part of
a pathway. Analysis of individual gene expression
allowed us to identify up-regulation of 2 genes in-
volved in haemoglobin metabolism, namely hae-
moglobin subunit beta (HBB) and haemoglobin
subunit gamma-2 (HBG1). Kittleson et al. (2005)
reported increases in HBB, HBA1, and HBA2 in
hearts of patients with ischaemic or non-ischaemic
cardiomyopathy, compared with a non-failing
heart. Thus it appears that a several-fold increase
in expression of haemoglobin subunits in patients
with cardiomyopathy is a sign of systemic re-
sponse of an organism to progressive ischaemia.
The question as to whether these genes can be used
as a marker of any form of heart disease is still un-
answered.

Homeostasis of blood vessels depends on inter-
action between endothelial cells and platelets
(Nachman and Rafii 2008). During vessel dam-
age, cytokines and growth factors secreted by
platelets and the endothelium induce processes re-
sponsible for stabilisation and preservation of vas-
cular integrity. Important mediators of
angiogenesis include VEGF, FGF, EGF, PAF,
PDGF, and metalloproteinases (Anteby et al.
2004). The clinical relevance of these
platelet-derived mediators is reflected in the im-
portance of administering anti-platelet drugs to
patients after invasive treatment of a coronary epi-
sode, with or without signs of HF (Massie 2005).
In our study we observed down-regulation of
platelet-activating factor receptor (PTAFR),
which can be a cause of anti-platelet treatment
failure. Platelet reactivity (Campo et al. 2006) and
volume (Huczek et al. 2005) allow prediction of
clinical outcome in patients undergoing primary
coronary intervention. Pathway analysis per-
formed using Pathway Architect software allowed
us to formulate another hypothesis, namely that
down-regulation of PTAFR may be a result of
down-regulation of RBPSUH (Figures 4 and 5). It
is noteworthy that RBPSUH is also referred to as
J kappa-recombination signal-binding protein (ab-
breviated as RBP-J kappa or RBP-J or RBP-JK) or
C-promoter-binding factor-1 (CBF-1).

RBPSUH within cells may play a similar role to
nuclear factor NF-kappa-B p100 subunit
(NFKB2), a transcription factor involved in many

biological processes, including inflammation,
differentiation, cell growth, and apoptosis. More-
over, RBPSUH seems to be an important gene,
since its protein, CBF-1, plays a significant role in
the vascular smooth muscle cell differentiation,
and is involved in the Notch signalling pathway
that regulates smooth muscle cell phenotype and is
critical for vascular development (Tang et al.
2008). A significant role of Notch1 in human
end-stage dilated cardiomyopathy was also re-
cently postulated by Colak et al. (2009). The regu-
lation of PTAFR expression by RBPSUH involves
7 different genes in 5 steps. Our study revealed
down-regulation of 4 out of 7 genes (PTAFR,

RBPSUH, MCC, and PSMA7). Involvement of
MCC in this regulation seems to be of special in-
terest, since it is a gene encoding a colorectal mu-
tant cancer protein and is a candidate colorectal
tumour suppressor gene that is thought to regulate
negatively cell cycle progression (Fukuyama et al.
2008). Our study is the first one to show its in-
volvement in cardiovascular disease pathogenesis.
Moreover, the involvement of RBPSUH in the reg-
ulation of PTAFR expression, in addition to its in-
volvement in vascular smooth muscle cell
differentiation, strengthens the importance of
RBPSUH as a transcription factor implicated in
the pathogenesis of end-stage HF.

This 4-microarray study was conducted as a
preliminary part of a larger prospective study.
That is why we used pooled samples of RNA,
bearing in mind that although pooled sample ap-
proach may be applicable for preliminary screen-
ing for differentially expressed genes, it does not
provide a valid basis for many statistical analyses,
especially for all the correlations of gene expres-
sion with clinical data (Simon et Dobbin 2003).
That is why all further analyses (both microarrays
and Q-PCRs) elucidating present results will be
performed on individual RNA samples. On the
other hand, we are also aware that the patient
groups were small, and that the genetic diversity of
the individual patients can complicate statistical
analyses of microarray results. The physiological
effect of HF could change the gene expression of
peripheral blood cells. However, the physiological
consequences of increased or decreased gene ex-
pression is difficult to evaluate. Thus further anal-
yses are needed to determine whether the observed
differences in gene expression were a cause or a
result of HF, with the objective of identifying only
those genes whose altered expression is a conse-
quence of cardiomyopathy. While the results of
the present study do not answer these questions,
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they do support other new hypotheses of molecu-
lar mechanisms in the development of HF. We
consider the 2 most important hypotheses to be the
role of RBPSUH in vascular smooth muscle cell
differentiation and in the regulation of PTARF.
We accept that our results may provoke contrast-
ing viewpoints and that the regulation of other
genes, e.g. chemokine (C-X-C motif) ligand 16,
may be considered as more important based on
currently available information.

In summary, to the best of our knowledge, this
is the first attempt to use whole-genome
microarrays in the evaluation of gene expression
in peripheral blood nuclear cells of patients with
end-stage HF and asymptomatic myocardial dys-
function. Clearly, our results need further verifica-
tion, but we conclude that this diagnostic approach
may be useful in searching for the molecular pre-
disposition for development of severe refractory
HF in patients with post-infarction asymptomatic
abnormalities and remodelling of the left ventri-
cle. The proposed diagnostic approach would be
easier and less invasive than genetic evaluation of
cells obtained from myocardial biopsy.
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