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Summary. The mechanisms underlying aortic valve degeneration are

largely unknown. Cardiac tissue responds to a variety of stimuli by hyper-

trophic growth. Molecular mechanisms resulting in the hypertrophic

response indicate similarity and overlap with those involved in both cell

growth and death. We hypothesized cell cycle control to be the key event

in progression regulation of heart valve degeneration followed by tissue

mineralization. Human post-operative tissue samples of native non-rheu-

matic stenosed aortic valves were categorized according to absence (group

1) or presence of calcification (group 2). The samples were ex vivo

examined for cell density and presence of macrophage (CD68), as well

as expression of two checkpoint genes, p21WAF1=CIP1 and 14-3-3 s, arrest-

ing the G1 and G2 cell cycle phases, respectively. Expression rates were

measured by ‘‘Real-Time’’-PCR on transcriptional level. Target protein

expression was measured and their co-localization in different kinds of

valvular cells was tested using immunohistochemical analysis. Whereas

macrophages were localized predominantly in sub-endothelial layer of

valvular fibrosis, p21WAF1=CIP1 and 14-3-3 s expression was observed

also in the valvular spongiosa co-localized with alpha-actin positive cells.

Significantly higher cell density and inflammation grade were observed in

group 2 versus group 1. Accordingly, p21WAF1=CIP1 and 14-3-3 s expres-

sion was several fold higher in group 1 versus group 2 on both transcrip-

tion and translation levels. The present findings on degenerated aortic

valves show that increased cell density accompanied with consequent

calcification might be attributed to the down-regulation of both G1 and

G2 checkpoint genes.
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Introduction

Pathomechanisms leading to the calcification of heart

valves are still unclear. Cuspal calcific deposits in the

heart are non-physiologic and normally not found in

healthy cardiovascular tissues, but their deposition is usual

for the physiological formation of bones (Bostrom et al.,

1993; Kim, 1995; Srivatsa et al., 1997; Cipollone et al.,

2001; Jian et al., 2001). Numerous clinical-pathological

studies of calcified valves have demonstrated cuspal cal-

cific deposits to be associated with mineralization of devi-

talized cells in native valves (Srivatsa et al., 1997) indi-

cating the programmed molecular events in myocardial

cells associated with their degeneration. Although cardiac

cells undergo terminal differentiation soon after birth, ir-

reversibly withdrawing from the cell cycle, growth stimu-

lation induces cell hypertrophy, the first visible step of a

developing imbalance in the maintenance of the cardiac

cell population. This hypertrophic growth has been shown

to be associated with the re-activation of the fetal gene

program in cardiac cells (Liu and Olson, 2002; B€aar et al.,

2003), the clue of which is the positive regulation of the

cell cycle progression. This switch in program might be

crucial for the myocardial cell regulation. Such growth

stimulation is responsible for up-regulated activity of

cyclin-dependent kinases (CDKs) that consist of a kinase

core and an associated cyclin subunit acting as the posi-

tive regulator (Sherr, 1994). Thereby different CDK inhi-

bitors keep the negative control over CDKs activities.

CDK inhibitors are classified on the basis of their se-

quence homology and substrate specificity. Recently a

novel cardiac helicase CHAMP that inhibits cell prolif-

eration and cardiac hypertrophy was described (Liu and

Olson, 2002). The CHAMP-dependent inhibition of car-

diac hypertrophy is accompanied by an obligatory up-

regulation of the cyclin-dependent protein-kinase inhibitor

p21WAF1=CIP1, a 21-kDa protein, which is a member of the

CIP=KIP family (Sherr, 1994). Furthermore, a targeted



over-expression of p21WAF1=CIP1 prevents cell enlargement

and suppresses a specific gene expression of the cardiac hy-

pertrophy markers in the cell population in vitro (Tamamori

et al., 1998) indicating the key role of p21WAF1=CIP1 in the

regulation of the hypertrophic response.

Checkpoint function in the G2 phase of the cell cycle

before initiation of mitosis has 14-3-3 s gene (Samuel et al.,

2001). The important role of both p21WAF1=CIP1 and 14-3-3

s in the regulation of cardiac cell population under stress

conditions has been demonstrated using the rat model of

taurine depletion associated with oxidative stress, signifi-

cant DNA-damage in cardiac cells, and the development of

cardiomyopathy (Golubnitschaja et al., 2003). Since both

p21WAF1=CIP1 and 14-3-3 s genes control the transition

between proliferation and degradation of cardiac cells,

we hypothesized here that a possible reduction in the

expression rate of both genes might be associated with an

increased density of damaged cell population followed by

devitalization of cardiac tissue with a consequent remodel-

ing of heart valves. Therefore, this ex vivo study examined

relative cell density, inflammation grade, and expression

levels of both checkpoint factors in non-calcified (group 1)

versus calcified (group 2) human degenerated aortic valves

in order to estimate the impact of these factors in molecular

mechanisms of developing calcification.

Methods

Characterization of patients and collection of aortic valve samples

The diagnosis of non-rheumatic aortic valve stenosis was based on

detailed history, physical examination of the patients, corresponding echo-

cardiographic and other routine findings. Immediately after the tissue

collection, an aliquot of each extracted aortic valve tissue has been shock

frozen in liquid nitrogen and stored at�80 �C for further RNA and protein

analysis, as well as cell density determination, and macrophage detection.

The investigation conforms with the principles outlined in the Declaration

of Helsinki and was performed with permission from the Ethics Commit-

tee of Medical Faculty, University of Bonn.

Assessment of cell density

Morphometric assessment of cell density in intimal regions was performed

by counting hematoxylin-stained cell nuclei on a high-resolution video

monitor (Endovision 534, Storz Inc., Germany). The microscopic image

(Optiphot-2, Nikon, Germany) was relayed by a miniaturized video cam-

era (Endovision 534) to a downstream monitor (final magnification,

�500). Ten randomly selected tissue areas, each encompassing 0.4 mm2,

were assessed per each sample, and the corresponding number of cells was

counted. Morphometric examination of cell density was performed by two

independent investigators in a double-blind fashion.

Assessment of macrophages tissue detection

Monoclonal antibodies specific for macrophages (CD68) were obtained

from Boehringer Inc. (Germany). The color reaction was done with

APAAP marking (Dako, Denmark) according to a standard protocol.

Positive immunohistochemical reaction was marked by distinct, red to

lilac signals. Nuclear counter-staining was performed by standard hema-

toxylin staining. Histological sections were photographed by a Nikon

Optiphot-2-photomicroscope (Nikon, Germany) using Kodak Ektachrome

100 ISO color films.

Isolation of total RNA and mRNA

Total RNA was extracted using the commercial RNAzol-B isolation kit

(WAK-Chemie Medical GmbH, Germany), and an isolation of mRNA

from the individual total RNA-pools was performed using the Oligotex+

mRNA Mini Kit (Qiagen, Germany) according to protocols supplied by

the manufactures.

Reverse transcriptase PCR (RT-PCR) and ‘‘real-time’’-quantitative

PCR (RT-QPCR)

In order to detect the expression of target genes qualitatively and to

optimize individual reaction conditions for concomitant ‘‘real-time’’-

quantitative PCR, reverse-transcriptase PCR has been performed using

specific primer-sets designed to b-actin (accession number BC014861,

positions 203–221 and 411–394 bp in cDNA), p21WAF1=CIP1 (accession

number Z85996, positions 8605–8622 bp in exon 2 and 10271–10254 bp

in exon 3 of chromosomal DNA), and 14-3-3 s (accession number

AF029082, positions 56–75 and 334–315 bp in cDNA). Synthesized oli-

gonucleotides had following sequences: for b-actin – 50GATGGTGGGCA

TGGGTCAG30 and 50TGGGGTTCAGGGGGGCCT30, for p21WAF1=CIP1 –

50CAGAACCGGCTGGGGAT30 and 50CGGCGTTTGGAGTGGTAG30,
and for 14-3-3 s – 50GTGTGTCCCCAGAGCCATGG30 and 50ACCTTC

TCCCGGTACTCACG30 used as forward and reverse primers respectively.

cDNA synthesis was performed using the ‘‘First-Strand cDNA Synthesis

Kit’’ (GE Healthcare, UK). For each cDNA synthesis, 1mg mRNA was

reverse transcribed using the oligo(dT)18 primer in a final volume of 33ml

each, according to the protocol supplied by the manufacturer. After heat

inactivation of reverse transcriptase 2ml of the cDNA were used for each

PCR amplification. The PCR mixture contained 1�PCR buffer (16.6 mM

ammonium sulfate, 67 mM Tris, pH 8.8, 6.7 mM MgCl2, 10 mM 2-mer-

captoethanol), dNTPs (each at 1.25 mM), primer pairs (100 pM each per

reaction), and cDNA-template in a final volume of 50ml. Reactions were

started at 95 �C for 5 min before adding 1.5 units of Taq Polymerase (Red-

Hot+, ABgene, UK) at the annealing temperature of 56 �C followed by the

polymerization at 72 �C for 1 min. Amplification was carried out in a

Perkin Elmer ‘‘DNA Thermal Cycler TC480’’ for 45 cycles (denaturation

for 45 sec at 95 �C, annealing for 45 sec at 56 �C, and polymerization at

72 �C for 30 sec), followed by a final 7 min extension at 72 �C. Negative

controls without DNA as well as positive controls with a sequenced

template were performed for each set of PCR experiments. PCR products

(50ml) were directly loaded onto 3% agarose gels (‘‘Wide Range’’-Agar-

ose for analysis of DNA fragments longer than 50 bp, Sigma-Aldrich,

UK), stained with ethidium bromide after electrophoresis, and directly vi-

sualized under UV illumination. The specificity of the amplification was

controlled for each PCR product using site specific restriction analysis.

For the quantitative profiling of the target gene expression RT-QPCR

has been used. SYBR+ Green I was utilized as the intercalation dye and

fluorescent reporter molecule detecting the accumulation of the amplified

double-stranded product in the iCycler iQIM Detection System (Bio-Rad,

USA) according to the protocol supplied by manufacturer. An aliquot of

2ml of the synthesized cDNAs has been used for each RT-QPCR analysis.

The reaction mixtures had the same contents as for RT-PCR with an

exception of Red-Hot+ polymerase (ABgene, UK) which has been sub-

stituted for ‘‘Thermoprime Plus DNA Polymerase’’ from ABgene (UK) in

order to avoid color signal disturbances. The same optimized amplification

program described above has been also for quantitative real-time PCR

analysis. The algorithm of the iCycler iQIM Detection System normalizes

the reporter signal (non-intercalated SYBR+ Green I) to a passive refer-
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ence and multiplies the SD of the background signal in the first few cycles

by a default factor of 10, to determine a threshold (Heid et al., 1996). By

subtracting the difference of the Ct values of the gene of interest from

those of the housekeeping gene (b-actin), the data have been normalized.

Relative levels were calculated for gene expression in group 2 versus

group 1 based on the differences in Ct values.

The specificity of PCR amplification was controlled using the site

specific restriction analysis of target PCR products. The amplification

products underwent an extraction from the agarose gel using DNA isola-

tion kit (Hybaid-AGS GmbH, Germany) before digestion. They were

digested in a final volume of 50ml with 20 units of each restriction

endonuclease for 2 h, according to conditions specified by the manufac-

turer (Fermentas, Lithuania).

Localization of p21WAF1=CIP1 and 14-3-3 � protein expression

in valvular tissue

Polyclonal antibodies specific for p21WAF1=CIP1 and 14-3-3 s were ob-

tained from Santa Cruz (USA). Monoclonal antibodies specific for alpha-

actin were obtained from Boehringer Inc. (Germany). Each immunohis-

tochemical reaction was done with APAAP marking (Dako, Denmark)

according to a standard protocol. A localization and co-localization of all

three proteins in the tissue was monitored. Histological sections were

photographed by a Nikon Optiphot-2-photomicroscope (Nikon, Germany)

using Kodak Ektachrome 100 ISO color films.

Results

Patients data

Demographic data of all patients are provided in Table 1.

Some of the patients underwent surgery because of isolated

valve stenosis, while others with milder valvular degenera-

tion underwent a combined procedure, usually including

coronary bypass grafting. This enabled us to obtain a rela-

tively comprehensive range of disease conditions. Accord-

ing to their calcification severity grade, the extracted tissue

samples were classified as non-calcified (opaque leaflet

with focal areas of thickening and stiffness, group 1 with

7 samples) or calcified (definite areas of calcification, pro-

minent cusp thickening, group 2 with 5 samples). In 3

cases, valvular tissue was divided between groups 1 and

2 due to different local calcification grades (numbers 1 and

6, 3 and 8, as well as 4 and 10 as demonstrated in Table 1).

Macrophage content and cellular density

Macrophages detected by CD68 immunostaining were

observed in serial sections of each degenerated aortic

valve and was predominantly confined to valvular fibrosa.

Representative examples of degenerated aortic valves that

demonstrate clusters of macrophages are illustrated for

both non-calcified and calcified tissue in Fig. 1Aa and

Ab, respectively. Morphometric immunohistochemical

evaluations demonstrated a considerably varying cellular

density (between 500 and 4000 cells=mm2) and degree of

macrophage signaling (0 to 14% of total cell number)

among the valvular tissue samples tested. When aortic

valve specimens were macroscopically categorized into

groups 1 and 2, significantly higher cellular density and

more frequent appearance of macrophages were found in

the latter compared to the first group. The results are

shown in Fig. 1B and C respectively. Although the num-

ber of detected macrophages varied considerably in each

group, however, no correlation between tissue cell density

and frequency of macrophage appearance could be found.

Moreover, whereas no correlation between inflammatory

and calcification grade was found, an increased cell

density over 1700 cells=mm2, in contrast, was found to

be characteristic for the calcification (Table 1).

Table 1. Characteristics of patients (n¼ 9) and lesions (n¼ 12)

Valve

no.

Group Age=

gender

CHD

y=n

Risk

factors

Medication CD68

expression, %

Cellular density,

cells=mm2

1 2 76=F y H, A, L ace, diu 7.2 1775

2 2 52=F n H beta, diu 4.5 4041

3 2 70=F n H, A, L ace, diu, dig, cou 5.9 2696

4 2 82=M y H, A, L diu, asa, sta, ace 14.3 2537

5 2 52=F n H beta, diu 3.6 2288

6 1 76=F y H, A, L ace, diu, cou 1.6 876

7 1 71=F n N, L asa 1.0 794

8 1 70=F n H, A, L ace, dig, diu, cou 0.8 569

9 1 75=M y H dig, asa, ace, sta,

diu, beta, cou

9.6 600

10 1 82=M y H, A, L asa, diu, sta, ace 10.2 1669

11 1 74=F y L, H asa, ace, dig 0 535

12 1 54=M y H sta, cou 4.1 1121

H Hypertension, L hyperlipidemia, A adipositas, N nicotine, asa acetyl salicylic acid, cou coumadine, sta statin, ace ace inhibitor, diu diuretics,

dig digoxin=digitoxin, beta beta-blocker
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Detection of target transcripts

RT-PCR revealed the house-keeping b-actin, p21WAF1=CIP1

and 14-3-3 s genes expressed in both calcified and non-

calcified regions of aortic valves (Fig. 2A, B, and C,

respectively). The amplification of each target PCR product

was performed specifically as confirmed by restriction anal-

ysis based on the site-specific nuclease cleavage of target

DNA fragments (Fig. 3A, B, and C, respectively).

Quantification of target transcripts

The precise RT-QPCR quantitative analysis showed

tissue specific expression patterns, which positively

Fig. 1. Comparative immunohistochemical detection of macrophages and analysis of cell density in groups 1 and 2: A Detection of CD68 positive

cells (macrophages) in a degenerated non-calcified (a) and calcified (b) aortic valves; note that macrophages are predominantly present in sub-

endothelial lesions and are sparsely distributed in valvular spongiosa and ventricularis. B Bar graphs comparing cellular density in group 2 (&) versus

group 1 (&) in degenerated aortic valves. Data are given in counted cells=mm2 � SEM. C Bar graphs comparing frequency of macrophages in group

2 (&) versus group 1 (&) in degenerated aortic valves. Data are given in CD68 positive cells in % � SEM
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correlated with the calcification appearance in all sam-

ples examined: expression of p21WAF1=CIP1 was about

10,000 fold higher in group 1 compared to group 2.

Likewise, the expression rates of 14-3-3 s were about

13,000 fold higher in group 1 compared to group 2

(Table 2).

Localization and quantification of p21WAF1=CIP1

and 14-3-3 � protein expression

The results of immunohistochemical analysis of

p21WAF1=CIP1 and 14-3-3 s protein expression rates cor-

related well with those measured on the level of tran-

scription using RT-QPCR (Tables 2 and 3). Thereby,

no target protein expression could be detected in tis-

sue samples of group 2. In contrast, the expression of

14-3-3 s and p21WAF1=CIP1 was observed in both sub-

endothelial layer and valvular interstitium of tissue

samples in group 1. Moreover, being overall distributed

in the valvular tissue, this protein expression, however,

was mainly co-localized with alpha-actin in the valvu-

lar spongiosa.

Correlation coefficients calculated for the relative pro-

tein expression in relationship to the cell density (Table 4)

clearly demonstrated a significant down-regulation of

both genes with increasing cell density in group 2 com-

pared to group 1.

Fig. 2. Results of semi-qualitative RT-PCR analysis of gene expression

in group 1 (1) and group 2 (2) valvular tissue; amplification products: A

b-actin fragment (used as an internal standard) with an expected length

of 209 bp. B p21WAF1=CIP1 with an expected length of 460 bp. C 14-3-3 s
with an expected length of 279 bp; M 50 bp DNA ladder (GeneRulerTM,

Fermentas, Lithuania)

Fig. 3. Results of restriction analysis: A AluI to get 57 and 152 bp

fragments, HaeIII to get 14, 45 and 150 bp fragments, RsaI to get 78

and 131 bp fragments from the 209 bp of b-actin amplification pro-

duct, B AluI to get 84, 138 and 241 bp fragments, HhaI to get 105

and 358 bp fragments, PstI to get 158 and 305 bp fragments, PvuII to

get 84 and 379 bp fragments from the 463 bp of p21WAF1=CIP1 ampli-

fication product; C AluI to get 50, 72 and 157 bp fragments, ApaI to

get 26 and 253 bp fragments, AvaI to get 27 and 252 bp fragments,

HaeIII to get 18, 28, 45, 73 and 115 bp fragments, HhaI to get 102

and 177 bp fragments from the 279 bp of 14-3-3 s amplification

product

Table 2. Relative gene transcription of p21WAF1=CIP1 and 14-3-3 s cal-

culated based on Ct values given as a mean from 2 parallel measurement

by RT-QPCR; SD ¼ standard deviation

Valve no. p21WAF1=CIP1

transcription relative

to b-actin

14-3-3 s transcription

relative to b-actin

1 0.00074 0.00082

2 0.00006 0.00003

3 0.00023 0.00026

4 0.00035 0.00039

5 0.00048 0.00050

Mean value � SD

in group 2:

0.00037 � 0.00019

Mean value � SD

in group 2:

0.00040 � 0.00023

6 3.0 2.5

7 3.8 3.4

8 4.3 3.3

9 4.1 4.1

10 1.8 1.2

11 4.9 4.3

12 2.6 1.0

Mean value � SD

in group 1: 3.5 � 0.9

Mean value � SD

in group 1: 2.7 � 1.1
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Discussion

In contrast to the genetically programmed and physio-

logically well regulated mineralization of skeletal and

dental tissue, non-physiologic calcification occurs in nu-

merous pathologic cardiovascular conditions including

atherosclerosis, valvular stenosis, and reperfused ischemic

myocardium. This is proposed to be an undesired but

common feature of degenerative or=and inflammatory

tissue changes throughout the body. Both degenerative

and inflammatory tissue remodeling modulates the tissue

homeostasis, which depends on the balance of cell growth

and death. Thereby, a proper regulation of cell cycle seems

to be crucial for the maintenance of a physiological cell

population. Molecular mechanisms underlying a cardiac

tissue resistance towards degenerative tissue remodeling

followed by aortic valve calcification are largely unknown.

Here we report our very recent experimental data, which

indicate a clear correlation among

– the well coordinated regulation of checkpoint genes

arresting cell cycle in G1 and G2 phases,

– modulation of the density of valvular cell population, and

– progressive calcification of native aortic valve tissue.

Cell cycle control obviously plays a key role in the

maintenance of cardiac cell population: high rates of

cell death have been shown to be physiological in

normal adult human hearts and those of mice and rats

(Nadal-Ginard, 2001). The physiological expression of

p21WAF1=CIP1 shows a gradual increase during develop-

ment in both rat and man, becoming maximal in adult-

hood (Burton et al., 1999). A direct link between the Bcl-2

dependent down-regulation of p21WAF1=CIP1 and an in-

creased myocyte density in the left ventricle has been

shown recently in experimental work with transgenic mice

(Limana et al., 2002). These findings are in agreement with

our results which clearly demonstrate that down-regulation

of both checkpoint genes correlates with increasing cardiac

cell density and calcification appearance in aortic valve

tissue. This work is the first report about the co-ordinate

regulation of both G1 and G2 checkpoints in degenerative

valves. The validation of target gene products was done on

both transcriptional and translational levels. The measure-

ment at the transcriptional level was performed using the

most sensitive quantification method of ‘‘real-time’’-

quantitative PCR. Expressional levels measured in calci-

fied tissue samples (group 2) were extremely low compared

Table 3. Evaluation of protein expression levels as well as co-localization of 14-3-3 s, P21WAF1=CIP1, and alpha-actin in tissue

samples as shown by immunohistochemical analysis

Valve

no.

Group Cellular density,

cells=mm2

CD68, % 14-3-3 s,

relative units

P21WAF1=CIP1,

relative units

Alpha-actin,

relative units

1 2 1775 7.2 0.0 0.0 23.9

2 2 4041 4.5 0.0 0.0 11.3

3 2 2696 5.9 0.0 0.0 34.9

4 2 2537 14.3 0.0 0.0 32.8

5 2 2288 3.6 0.0 0.0 72.2

6 1 876 1.6 18.9 13.9 62.8

7 1 794 1.0 7.9 18.6 34.3

8 1 569 0.8 7.7 14.9 58.4

9 1 600 9.6 14.7 24.8 43.6

10 1 1669 10.2 21.2 14.3 33.8

11 1 535 0.0 12.5 11.9 15.3

12 1 1121 4.1 20.9 16.2 35.4

Table 4. Correlation coefficients for the target expression rates on the level of transcription and translation to both cell density and macrophage content

calculated as a ratio of mean values in groups 1 and 2

Group Relative transcription rates=

cell density for

Relative protein rates=cell

density for

Relative transcription rates=

macrophage content for

Relative protein rates=

macrophage content for

p21WAF1=CIP1 14-3-3 s p21WAF1=CIP1 14-3-3 s p21WAF1=CIP1 14-3-3 s p21WAF1=CIP1 14-3-3 s

1 4.0� 10�3 3.1� 10�3 1.9� 10�2 1.7� 10�2 9.0� 10�1 6.9� 10�1 4.2 3.8

2 1.0� 10�7 1.0� 10�7 0.0 2.0� 10�4 5.2� 10�5 5.6� 10�5 0.0 7.6� 10�2
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to those in non-calcified tissue (group 1). The correspond-

ing normalized Ct values in group 2 were almost identical

for both p21WAF1=CIP1 and 14-3-3 s genes, and showed,

therefore, the coordinated suppression of both checkpoints

in at calcification. Additionally, immunohistochemical anal-

ysis of the target protein expression shows a clear correla-

tion between transcription and translation levels of the tar-

get gene products: whereas no specific signals were mon-

itored in the calcified tissue, the target proteins appeared in

both the sub-endothelial layer of the valvular fibrosa and

valvular interstitium of non-calcified tissue. Whereas CD68

positive signals, i.e. macrophages were localized predomi-

nantly in the sub-endothelial layer of the valvular fibrosa,

14-3-3 s and p21WAF1=CIP1 were observed in both sub-

endothelial layer and valvular interstitium but mainly co-

localized with alpha-actin in the valvular spongiosa, point-

ing the target expression predominantly in myofibroblasts.

There is a growing body of evidence, however, that in

response to stimulus=injury the heart valves undergo tissue

remodeling including phenotypic modulation and trans-

formation of fibroblast-like into myofibroblast-like cells

(Schoen, 2005). Therefore, the target protein expression

we observed in degenerated valvular tissue, can originate

predominantly from myofibroblasts.

Correlation coefficients calculated for the mean values of

the target protein expression indicate the clear functional

link between the down-regulation of both checkpoint genes

and growing cell density. Interestingly, the number of mac-

rophages does not correlate with the cell density, whereas

both the increased cell density and well coordinated down-

regulation of p21WAF1=CIP1 and 14-3-3 s gene expression

were found to be characteristic for calcification. Therefore,

the coordinated double control over DNA quality=synthesis

and cell proliferation in valvular cells might be efficient

only in non-calcified tissue, whereas in the calcified one

this control becomes coordinately suppressed in both G1

and G2 dependent checkpoints. These findings give further

evidence that the efficiency of cell cycle control in human

non-calcified valvular tissue depends not only on the posi-

tive=negative CDKs regulation in the G1 phase but also on

the coordinated regulation of both G1 and G2 dependent

checkpoints, that has not been considered from the view

point of molecular mechanisms until now. Recent in vitro

experiments on rat cardiac fibroblasts showed, that a target

up-regulation of inhibitors for G1 dependent CDKs effec-

tively suppresses the DNA synthesis and may decrease a po-

tential risk of cardiovascular diseases (Mercier et al., 2002).

The dissociation of p21WAF1=CIP1 from the CDK com-

plexes correlates well with the activation of CDK2,

CDK4, CDK6, and the release from cell cycle arrest,

whereby the number of cardiac cells in S phase rises

considerably (von Harsdorf et al., 1999). Further, in con-

trast to P16 (a specific inhibitor of CDK4=6), the ‘‘uni-

versal’’ CDKs inhibitor p21WAF1=CIP1 was shown to be

able to block completely an E2F-1-induced G1 exit (Akli

et al., 1999). However, E1A binding activity to target

protein complexes has effects on the cell cycle pro-

gression beyond those produced by E2F-1 alone and can

drive S-phase entry that is resistant to p21WAF1=CIP1 (von

Harsdorf et al., 1999). These facts explain the necessity of

the coordinated regulation of both G1 and G2 dependent

checkpoints, found in our work, in order to keep the con-

trol over the cell population maintenance in cardiac tissue.

Noteworthy, from both relatively high expressed check-

point genes in the non-calcified tissue, the expression of

p21WAF1=CIP1 was slightly higher than that of 14-3-3 s.

This asymmetric up-regulation in contrast to the well-

balanced down-regulation of both genes in the calcified

tissue indicates a differential necessity in the expression

of these genes depending on the physiologic status of the

valvular cell population.

Concluding remarks

Pronounced up-regulation of both genes in non-calcified

in contrast to their down-regulation in calcified degener-

ated valvular tissue indicates the important role of check-

point proteins in mechanisms keeping valvular cells alive

and functional. Blockade of cell cycle progression results

in a prolonged resistance to macrophage invasion and foam

cell deposition (Mann et al., 1997). Therefore, it is likely

that reduced cell cycle control in valvular tissue leads to

the increased macrophage invasion that, in turn, can con-

tribute to non-physiological calcification by both triggered

unspecific inflammation and NO-toxicity (Schmidt and

Walter, 1994; Zhuang and Wogan, 1997; Lutgens et al.,

1999; Sanders et al., 2001; Frangogiannis et al., 2002).

Taken together, our results demonstrate that the coordi-

nated activation of both G1 and G2 dependent checkpoint

genes may be an attribute of the valvular tissue resistance

against the calcification processes. These data should be

further taken into consideration, when designing thera-

peutic prevention towards pro-calcification molecular

mechanisms in human hearts.
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