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ABSTRACT

Background and Objectives : Left ventricle burdened by longstanding volume-overload, undergoes various
structural and functional alterations. Accordingly, the expressions of multiple classes of genes are likely to be
altered. However, the profile of gene expressions, specifically in a volume-overloaded left ventricle in humans,
has not been explored. Subjects and Methods : The pattern of gene expression was studied, using a cDNA mi-
croarray, in myocardium from 4 normal subjects and 5 patients with chronic regurgitant valvular heart disease
whose end-diastolic left ventricular dimension measures 65 mm or more, but whose systolic function remained
preserved. Results : We identified 58 differentially expressed genes that were functionally classifiable in the volume-
overloaded myocardium. Those genes involved in cell cycle/growth (up/down-regulation: 9/1), signal trans-
duction (4/1) were mostly overexpressed in the volume-overloaded myocardium. The distributions of the gene
expressions were variable for those involved in transcription/translation (up/down-regulation: 6/7) and apoptosis
(2/2). The genes related to the myocyte structure (troponin T3, tropomyosin, etc) (up/down-regulation: 1/10),
as well as those related to metabolism (2/5), were underexpressed. The gene expression patterns from RT-PCR
and Western blot, with randomly selected genes, were similar to those from the cDNA microarray. Conclusion :
Altered expression was identified in multiple genes in the volume-overloaded human left ventricle prior to the
development of heart failure. The genes related to cell growth and signal transduction were mostly overexpressed,
while those related to cellular structure and metabolism appeared to be underexpressed. These results might help
in the elucidation of cellular mechanisms for the remodeling process associated with chronic volume-overloading.
(Korean Circulation J 2005;35:649—657)
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Patient Sex Age (years) Diagnosis LVIDd (mm) LVIDs (mm) EF (%) Operation
1 Male 78 AR+MR 65 53 48.1 AVR+MVP
2 Male 61 AR +aortic aneurysm 76 53 55 Bentall op.
3 Female 46 AR 66 38 54.9 AVR
4 Male 41 AR 66 41 67 AVR
5 Female 70 AR 65 44 52 AVR

LVIDd: left ventricular internal dimension at diastole, LVIDs: left ventricular internal dimension at systole, EF: ejection fraction, AR: aortic
regurgitation, MR mitral regurgitation, AVR: aortic valve replacement, MVP: mitral valvuloplasty, op.: operation
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Table 2. Genes with altered expression in volume-overloaded ventricle

Function Accesion no. Gene 2 log (C/P) Frequency

Cell cycle/cell growth
U90551 H2A histone family, member L -5.640 5
AF042378 Spindle pole body protein -4.233 3
U66616 SWI/SNF related, matrix associated, actin dependent regulator of -3.945 4

chromatin, subfamily C, member 2

NM-005162 Angiotensin receptor-like 2 -3.614 3
AF068007 Microspherule protein 1 -3.320 3
Y09858 Spindle-like -3.169 4
M87339 Replication factor C (activator 1) 4 (37 kd) -3.076 2
AB032252 Bromodomain adjacent to zinc finger domain, 1A -2.614 3
X05299 Centromere protein B (80 ka) -1.560 4
M11353 H3 histone, family 3A 9.861 5

Signal transduction
AF058921 Phospholipase A2, group IVC (cytosolic, calcium-independent) -4.779 3
NM-013412 RAB, member of RAS oncogene family-like 2A -2.431 4
L78440 Signal transducer and activator of transcription 4 -1.937 5
U88528 cAMP responsive element binding protein 3 (lumen) -1.752 4
AF263541 Dual-specificity tyrosine-(Y)-phosphorylation regulated kinase 4 17.447 5

Transcription/translation
NM-020347 Leucine zipper transcription factor-like 1 -3.7125 4
X85237 Splicing factor 3a, subunit 1, 120kd -3.485 3
D21851 Leucyl-trna synthetase, mitochondrial -3.258 3
D30612 Zinc finger protein 282 -2.290 4
u72355 Scaffold attachment factor B -1.782 4
U94832 KH-type splicing regulatory protein (KSRP) -1.446 4
X65233 Zinc finger protein 80 (pt17) 9.885 5
L41067 Nuclear factor of activated T-cells, cytoplasmic 3 16.331 5
AB037801 Thyroid hormone receptor interactor 8 16.396 5
M85289 Heparan sulfate proteoglycan 2 (perlecan) 16.825 5
AL050254 F-box only protein 7 17.340 5
AF116508 Ets transcription factor TEL-2a 17.508 5
X70944 Splicing factor proline/glutamine rich 22.508 5

(polypyrimidine tract-binding protein-associated)

Apoptosis/anti-growth
X86779 Fas-activated serine/threonine kinase -1.504 3
X60592 Tumor necrosis factor receptor superfamily, member 5 -1.310 3
NM-013258 PYD and CARD domain containing (PYCARD), transcript variant 1 13.783 5
AF016266 Tumor necrosis factor receptor superfamily, member 10b 17.403 5

Structure
AF062075 Leupaxin -3.354 3
M21984 Troponin T3, skeletal, fast 11.887 5
ABO014547 Myotubularin related protein 4 12.336 5
X06825 Tropomyosin 2 (beta) 12.394 5
U48734 Actinin, alpha 4 12.919 5
AL031228 Collagen, type XI, alpha 2 14.150 5
AL050318 Myosin regulatory light chain 2, smooth muscle isoform 14.289 5
u97105 Dihydropyrimidinase-like 2 14.516 5
NM-001154 Annexin A5 16.311 5
Y10129 Myosin-binding protein C, cardiac 18.100 5
u61234 Tubulin-specific chaperone C 22.299 5
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Function Accesion no. Gene 2 log (C/P) Frequency
Metabolism
U30255 Phosphogluconate dehydrogenase -3.134
U29607 Methionine aminopeptidase; eif-2-associated p67 -2.445 4
X63422 ATP synthase, H transporting, mitochondrial F1 complex, delta 12.184
subunit
M60922 Flotillin 2 14.296 5
M11560 Aldolase A, fructose-bisphosphate 14.572 5
M14328 Enolase 1, (alpha) 18.323 5
M98045 Folypolyglutamine synthase 18.521 5
Others
AF124250 Breast cancer anti-estrogen resistance 3 -6.009 4
AL117392 DKFZp566L083 -4.076 5
NM-020246 Cation-chloride cotransporter-interacting protein -3.029 3
NM-005780 Lipoma HMGIC fusion partner (LHFP) 15.333 5
AF206019 REV1 protein 15.717 5
NM-000954 Prostaglandin D2 synthase (21 kD, brain) 18.422 5
M22333 Human factor VIII gene L1 elementinsestion DNA 18.543 5
H2A: histone 2A, ATP: adlnosine triphosphate
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Fig. 1. Numbers of genes in each functional group whose expression was changed 2-fold or greater in the myocardial tissue of chronic regurgitant
valvular disease compared with control group.
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Patient 1 : ”

Genes: AT receptor-like 2 CAMP responsive Nuclear farctor of
element binding activated T-cells
Protein (CREB) (NFAT)

Class: Cell growth Signal transduction Metabolism Transcription

Microarray

Results: Up-regulation Up-regulation Down-regulation Down-regulation

Aldolase-A

Fig. 2. The results of semiquantitative RT-PCR for the tested genes in the myocardial tissues from 5 patients with chronic regurgitant valvular
heart disease and 4 normal controls. RT-PCR: reverse transcription-polymerase chain reaction, CRE: cAMP response element, NFAT: nuclear

factors of activated T cells.

Control Control Patient 1 Patient 2

“* s | AT) receptor

Fig. 3. The result of Western blot for angiotensin receptor, type 1,
in the myocardial tissues from 2 patients with chronic regurgitant
valvular heart disease and 2 normal control subjects, showing in-
creased expression of AT receptor in the patients’ tissues, compa-
tible with DNA microarray result. AT: angiotension, DNA! deoxyri-
bonucleic acid.
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