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Although various management methods have been developed for heart failure, it is necessary to investi-
gate the diagnostic or therapeutic targets of heart faifure. Accordingly, we have developed different
approaches for managing heart failure by using conventional microarray analyses. We analyzed gene
expression profiles of myocardial samples from 12 patients with heart failure and constructed datasets

Keywt;rds:

X of heart failure-associated genes using clinical parameters such as pulmonary artery pressure (PAP)
C;::ex:;ressmn ang ejection fraction (EF). From these 12 genes, we selected four genes with high expression levels in
:l“ o ;:“‘urf:my the heart, and examined their novelty by performing a literature-based search. In addition, we inciuded

four G-protein-coupled receptor (GPCR}-encoding genes, three enzyme-encoding genes, and one
ion-channel protein-encoding gene to identify a drug target for heart failure using in sifico microarray
database. After the in vitro functional screening using adenovirus transfections of 12 genes into rat
cardiomyocytes, we generated gene-targeting mice of five candidate genes, namely, MYLK3, GPR37L1,
GPR35, MMP23, and NBC1. The results revealed that systolic blood pressure difTered significantly between
GPR35-KO and GPR35-WT mice as well as between GPR37L1-Tg and GPR37L1-KO mice, Further, the heart
weight/body weight ratio between MYLK3-Tg and MYLK3-WT mice and between GPR37LI-Tg and
GPR37L1-KO mice differed significantly. Hence, microarray analysis combined with clinical parameters
can be an effective method to identify novel therapeutic targets for the prevention or management of
heart failure.

Clinical parameter

© 2010 Elsevier Inc. All rights reserved.

Introduction

Heart failure is a multi-factorial condition with increasing prev-
alence worldwide; further, a significant increase has been observed
in the mortality rate and economiic impact associated with this
condition, In the last 20 years, substantial development of treat-
ment for heart failure, including angiotensin-converting-enzyme
inhibitors [1] and beta-blockers [2,3), has greatly improved the
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565-8565, Japan,
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prognosis of the patients with heart failure. However, despite these
rapid advancements in the management of heart failure, effective
treatment of end-stage heart failure without providing ventricular
assistance or heart transplantation is still difficult. [nvestigation of
new and unexplored targets for the prevention or treatment of
heart failure is warranted. Global gene expression analysis using
microarray technique has been used in the last decade to identify
biomarkers or drug targets for heart failure [4-10]. Several gene
expression signatures of heart failure have been identified by
analyzing independent microarray datasets [11,12]. However,
most of these analyses did not consider the severity of heart
failure. Because the severity of heart failure may quantitatively
reflect the expression levels of genes such as the natriuretic
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peptide-encoding gene, expression analysis combined with the
severity of heart failure could be an appropriate method to identify
heart failure-related genes, However, microarray analysis of genes
expressed in failing myocardium while considering the severity of
heart failure has not yet been reported.

Hence, we investigated the genes whose expression level corre-
lated with clinical parameters such as pulmonary artery pressure
(PAP), left ventricular ejection fraction (EF), and brain natriuretic
peptide (BNP) mRNA level. Using this approach, we identified car-
diac myosin light chain kinase as a novel heart failure-related gene
[13]). Here, we describe newly identified several genes whose
expression correlated with clinical parameters and additional
genes encoding G-protein-coupled receptor genes (GPCRs), other
enzymes and ion-channel proteins, and performed the functional
analysis of these heart failure-related genes. This novel strategy
involving the use of clinical parameters might find potential appli-
cations for the identification of disease-associated genes that could
not be detected using conventional microarray techniques.

Mat'erlals and methods

Patient characteristics. We recruited 12 patients (11 males and 1
female) with heart failure and obtained written informed consent
from them. The patients were diagnosed with severe chronic heart
failure due to various cardiac diseases such as dilated cardiomyop-
athy and myocardial infarction [13]. The average age of patients
was 55 % 13 years, The plasma level of BNP, which is the best mar-
ker for the severity of heart failure, ranged from 80 to 2710 pg/ml.
The mean PAP measured using a Swan-Ganz catheter 1-4 weeks
before the operation varied between 16 and 59 mmHg. The average
of EF determined by echocardiography on the day before the oper-
ation was 32.5% £ 12.4%.

Microarray analysis and subsequent in silico functional analysis.
RNA was extracted from myocardium samples of 12 heart failure
patients who had undergone either Batista or Dor surgeries, RNA
samples of non-failing hearts were purchased from Biochain, Inc.
Complementary RNA (cRNA) was prepared from RNA samples
and hybridized to HG-U95 Affymetrix GeneChip (Affymetrix, US).
The expression data were analyzed using Microarray Analysis Suite
version 5.0 software. Among all the genes detected on the micro-
array, we selected the genes whose expression was significantly
different in the failing and non-failing myocardial samples
(p <0.005). From these genes, we selected genes whose expression
was correlated with PAP, EF, and BNP mRNA level, with 0.7 being
the cutoff value of the correlation coefficient. The values of PAP,
EF, and BNP mRNA level used for the correlation analysis were nor-
malized to their median during the measurements. Subsequently,
the functional analysis of datasets was performed using Ingenuity
Pathway Analysis (Ingenuity® Systems; www.ingenuity.com), and
the biological functions most significant to the dataset were
identified. '

Cef! culture, Cardiomyocytes were harvested before the experi-
ments from 2- to 3-day-0ld neonatal rats and cultured as described
in previous studies [14). Briefly, primary cardiomyocytes isolated
from neonatal rats were grown in Dulbecco’s modified Eagle med-
ium/F12 (Gibco) supplemented with 10% feta!l calf serum for 72 b,
and then cultured in a serum-free condition for 24 h.

Adenovirus generation and transfection. Adenovirus constructs
encoding the genes of interest were generated using the ViraPower
Adenoviral Expression System (Invitrogen, US) according to the
manufacturer's method. Adenovirus vectors were transfected to
cultured cardiomyocytes for 12h according to the published
protocol,

In vitro functional analysis of genes, Cultured rat cardiomyocytes
were infected by adenovirus vectors, After 24 h, hypertrophic

reaction, cell viability, and cellular morphology were assessed.
Hypertrophic reaction was determined by estimating the incorpo-
ration of [*H]phenylalanine. In brief, [*H]phenylalanine was added
to the culture medium at the final concentration of 0.1 pCi/ml, and
the cells were incubated for an additional 24 h, Then, the incorpo-
ration of [*H]phenylalanine was determined by counting the
radioactivity of each sample with a liquid scintillation counter.
The viability of cardiomyocytes was evaluated by the Alamar blue
assay according to the manufacturer's method. The morphology of
cardiomyocytes was evaluated 24 h after adenovirus transfections.

Generation of transgenic and knockout mice, To generate trans- -
genic mice, open reading frame of each gene, namely, Mylk3,
Gpr3711, or Nbcl was amplified from mouse cDNA by PCR, with
Sal I site linker on each end, and cloned into Sal I site of alpha-
MHC clone 26 vector. Then the DNAs used in the microinjections
were released from the vector by digestion with Notl and were
microinjected into fertilized eggs of mouse. Founder mice were
identified by PCR analysis with appropriate primers. To develop
Gpr3711 knockout mice, the targeting vector was assembled to re-
place the exon 1 and 2 by neomycin selection cassete resulting in
the absence of Gpr37!I1 protein. W9.5 ES cells were electroporated
with linearized targeting vector. ES cell clones with successful
homologous recombination was determined by the PCR and subse-
quent direct sequence. From these targeted ES cells, the chimera
mice were bred to C57 BL/6 females to generated F1 and F2 off-
springs were obtained. The Gpr37!1 null mice were determined
by PCR genotyping of F2 offsprings. The knockout mice of Gpr3s
and Mmp23 (the mouse ortholog of MMP23B) were purchased from
Deltagen, Inc. (California, US).

Invasive blood pressure measurement. The phenotype of the
gene-targeted mice was examined. Before sacrificing the mice,
their hemodynamic parameters were evaluated. The mice were
anesthetized and ventilated, and a Millar catheter was inserted
via right carotid artery. The left-ventricular systolic and end-dia-
stolic pressures were measured. Then, the mice were sacrificed
and the weight of the whole body and heart was determined.

Statistical analysis. Unpaired Student’s t-test was used for com-
paring the two groups. Results are expressed as means + SEM, and
p value less than 0.05 was considered statistically significant.

Resuits

Identification of heart failure-related genes by expression analysis
using clinical parameters

We performed microarray analysis of the genes expressed in
failing myocardium obtained from 12 patients with heart failure
and the genes expressed in non-failing myocardium from two nor-
mal objects whose characteristics were reported in the previous
study [13]. Although all patients were diagnosed with chronic
heart failure, the plasma BNP level, which is an index of the sever-
ity of heart failure, ranged from 80 to 2710 pg/fml, suggesting that
the severity of heart failure varied extensively among the patients,
This marked difference in the severity of heart failure reflects the
fact that the gene expression patterns in the 12 patients were
not uniform, as shown in Fig. 1A. Thus, we analyzed gene expres-
sion profiles of failing myocardium using clinical parameters rep-
resenting the severity of heart failure. We identified 166 and 194
genes whose expressions were correlated with PAP and BNP mRNA
level, respectively (Fig. 1B and Supplementary Tables $1, S2).
Among these, 49 genes correlated with both PAP and BNP mRNA
level (Fig. 1C). The expression of only two genes, namely, FMO2
and LMANT1L, correlated with the EF. We investigated the functional
categories of these genes by performing Ingenuity Pathway Analy-
sis. The number of genes in each group, functional categories, and



