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ABSTRACT

Background and Objectives : From the view point of the molecular aspects, the fate of long standing pressure and
volume overloaded atrium in severe MR has not been evaluated. This study was performed to elucidate whether
apoptosis of right atrial myocytes is related to atrial changes. Subjects and Methods : The medical records of 16
patients (M : F=8 : 8, mean age=52+12), with severe MR having undergone valve replacement surgery, were
retrospectively reviewed. The subjects were divided into 2 groups according to the duration of their symptoms
(group I, symptom duration less than 12 months, n=10 and group II, more than 12 months, n=6). Using the atrial
myocardium specimens obtained during surgery, TUNEL assays and immunohistochemical staining were performed
for the expressions of Fas, Bax and the Bcl family. Results : Apoptotic indices of TUNEL assay were 31.1+£12.6
and 4.914.3% in groups I and II, respectively (p<0.01). The Fas expressions were 42.1+14.4 and 27.8410.5% in
groups I and I, respectively (p<0.05), but in group I, with atrial fibrillation (AF), was 49.3+6.9%, which was
higher than the 29.2+12.5% in group I without AF and group IT (p<0.001). The Bax expression in group I patients
with a left atrial size less than 4 cm was 19.2+10.7%, which was higher than the 7.24+6.2% in group I with a left
atrial size more than 4 ¢cm and group II (p<0.05). Conclusion : Programmed cell death of the atrial myocardium,
in severe MR, might be an early molecular pathological change rather than the late sequelae. The causality between
programmed cell death and electrical and structural changes of the atrium should be further investigated. (Korean
Circulation J 2003;33(10):901-908)
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Fig. 1. Immunohistochemical analysis of right atrium for Fas (A and B, Magnification ; X200 and x 400, respectively),

Bax (C), Bcl (D) and TUNEL stain (E) (< 400).
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AEAL HAL Fas Bax, Bcl "/‘r‘iu«l AT U HHE 171818 para-

o] B BE Sl adl AmAl HARE Al ffindl] FEH e AR HATIE o]8319] 7 um
IS Seldinger WO Q82 WS punc- TR ZEHA L-lycin® & A2)¥ &= 1%
turedt ¥ 6 F Cournand® TAFE o83l 95 A ¥ xylen®H o2 sfis AA £ 3% JAitskriS

ElL- Qolo g A3t = -
Table 1. Compared conditions to investigate the factors vk g A%t | phosphate buffered sa

associated with the apoptosis line (PBS) &4 o= thA] A|F&I3IH). Fas A7} &)
. Age <60 years (n=12) (mouse IgG1, BD Transduction Laboratories, San
=60years (n=4) Diego, California) £} Bax A7} & (mouse monoclo-
2. Rhythm RSR((nZS?) nal 1gG2h, Santa Cruz Biotechnology), Bcl A7} &4
AF (n=
" (mouse monoclonal IgG2h, Santa Cruz Biotechnology)
) <40cm (n=12) N ) . = ]
3.LAsize ~40cm (n=4) = 7217+ 1 :100, 1:100, 1 : 20082 31X slo] 2=
) <12 months (n=10) 9] T} AT & opulel-vlo] ¥l ARSI (avi-
4. Symptom duration >12 months (n=6) din—biotin enzyme complex) HEHOZT Wl ZAA
5.PCWP (v) <30 mmHg (n=7) /}l']—% Z(_Sgs]—M——]l J/]Jﬂ:ﬂ '{[:—/JK—‘{I: ‘g_oui]' DAB(S 3 _dla'
. \
=30 mmHg (n=9) minobenzidine) &3} 2918 2] $}¢]] 718t § hemato-
6. TR grade <Grade 2 (n=12) xylin 2GS 33k ol 242 Olympus BH-
>Grade 2 (n=4) P
2% BT Fig. 1A, B, C, D).
<50 mmHg (n=10)
7.PASP

>50 mmHg (n=6)
RSR : regular sinus rhythm, AF : afrial fiorilation, LA - left ~ TUNEL assay

atfrium, PCWP : pulmonary capillary wedge pressure, TR : A 0] APz AL HA|E o]
tricuspid regurgitation, PASP : pulmonary artery systolic Paraffin®] 335 oIgl= A4S 4715 ©18
pressure alo] 7 pm AR Zebd Eufolte] 1T ¥ xylen
Table 2. Comparison of general characteristics, echocardiographic parameters and catheterization data
Group | (n=10) Group Il (n=6)
Age (years) 49+10 56+15
Age<60 years (%) 9 (90) 3 (50)
General characteristics Male (%) 5 (50) 3 (50)
AF (%) 6 (60) 2 (33.4)
DM (%) 1(0) 107)
EF (%) 53.5+9.6 57.2+13.7
. ) FS (%) 30.6+£9.5 304+ 6.4
Echocardiographic parameters .
LA size (cm) 3.6+0.9 35+ 0.7
LVDd/s (cm) 5.6+0.6/3.1+0.5 58+0.4/3.2+0.5
o PASP (mmHg) 372+17.6 50.7 £22.4
Catheterization data
PCWP v (mmHg) 31.3+18.1 46.7+21.9

p=NS, AF : afrialfibrillation, DM : diabetes mellitus, EF : ejection fraction, FS : fractional shortening, LA : left afrium,
LvVDd/s : left ventricular end-diastolic and end-systolic dimension, RVITD : right ventricle inflow tract diameter PASP :
pulmonary artery systolic pressure, PCWP v : pulmonary capillary wedge pressure v wave
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Table 3. Results of TUNEL and immunohistochemical stain
and its correlation according to symptom duration

Correlation according

GFSUD : Gro_up . to the symptom
(n=10) (n=6) ;
duration (r)
TUNEL (%) 31.1£12.6% 4.9+ 43 -0.796
Fas (%)  42.1+14.4t 27.8+10.5 -0.357
Bax (%) 119115 194+ 92 0.257
Bcl (%) 63+ 32 75+ 62 —0.108

# 1 p<0.01 vs =12months, T : p<0.05vs =12 months

HuAgE #7|¢h Hew 5719 A
S5 A S Ed e Ao wef vlwsl] Boktt
(Table 1).

BE AN e H = XFAAE BABISIE Apop-
tag Kitoll Q1 Mo 9] Zfol= Wilcoxon
Rank sum testE o]-&3te] At 7F w3t 74|
9] 2= =98 Statistical Package for Social Science
9.0(SPSS 9.0) BAZRIHS o] g3lo] FHEE T—
A= o] mlwsiaL ofu) AT 95%, p<0.05
£ sk xlo|= spgick

2 4

p

[ 09| 8t 74 A&717 742 6.1 +5.370
A3} 23546571901 1 9 Pg Bl &
2to)7F ATk (Table 2).

ri

NI HAL AH(Table 2)

ANESIEA] FEAEWH S (parasternal long

Table 4. Results of TUNEL and immunohistochemical stain according to various conditions

TUNEL (%) Fas (%) Bax (%) Bcl (%)
Age <60 years (n=12) 23.1+:16.0 37.7+£15.1 14.6+11.5 60t5.7
=60 years (n=4) 19.8+15.3 31.0+£12.7 148+11.2 9.4+8.0
RSR (n=8) 19.0+17.6 31.2+12.5 14.4+123 81+7.9
Rhythm
AF (n=8) 23.5+£15.1 51.1+41.3 149+ 9.4 53+4.6
LA size <40cm (n=10) 19.7+£16.0 34.1+£14.5 14.6+12.2 71169
>40cm (n=6) 26.1+19.8 448+13.2 149+ 80 53149
PCWP (v) <30 mmHg (n=7) 21.0t14.4 420+ 8.7 14.4+10.0 3.6+3.2
>30 mmHg (n=9) 21.4£18.9 32.6+17.3 149+12.4 89+7.7
TR grade <Grade 2 (n=12) 243%17.3 39.2+12.8 127+ 9.6 4.6+3.9
>Grade 2 (n=4) 12.1+£10.9 29.5+19.1 20.7+t14.5 12.5+9.8
PASP <50 mmHg (n=10) 25.1£16.5 416+ 7.9 21.1+ 9.3 3.7+2.6
>50 mmHg (n=6) 160148 28.6+19.9 19.0+13.3 11.4+8.4
Myxomatouse (n=7) 168+15.4 30.8+17.4 17.4+11.6 9.7+8.0
Valve pathology
Others (n=9) 258+15.7 41.3+10.7 12.5+10.8 42+3.1

P=NS, RSR : regular sinus rhythm, AF : atrial fibrillation, LA : left afrium, PCWP : pulmonary capillary wedge pressure, TR :
fricuspid regurgitation, a. : artery, PASP : pulmona ry artery systolic pressure
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axis view)d B A7) 4.2+£0.7 cmo] ALk
& (I, O3l #4719 784, FA W
73 BBl 2Je3le Ael7t fIlar 44 A1l 2+
o7} fisick

NEA A (Table 2)
AR A} A3 ARAER 8719k A 5
Fto] Mol e A%E ngov EAHoR o

= =l |
oPdskAbs ofg] QRlo® tpro] AEApdA|se) %

B oz 3888 Hud 2 Ay o A SRS
717r0] 1270 mlEkel (14, 10%) 3 1270 o4
ol (I, 69) 07 gl v AlEAEA5S et

W= TUNEL assay d¥H31.1+12.6% vs 4.9+4.3%,

p<0.01) ¢ Fas ©h¥ ZHE(42.1114.4 vs 27.8%
10.5%, p<0.05)¢] 2J2I9l= 2o]lE B3 Baxy Bel
Tl BEEL 9990 AolE HolA| eekcH(Table 3).
S A&7kt HiAlE o Q4] o8 Urrell A
& ZrolAs o FHE Ajo|E HolA| A9ktH(Table
4). Il &8t 82 5 A3 5ol AdAlEeldd
F2H6™) & wh sl dsiAdEss 7A
U Tl 53 $2H10) S BlaslE 23} TUNEL
assay A¥olA BAHORE SeglE ApolE B
(30.3+9.7% vs 17.8+15.8%, p<0.05) £3| Fas &
W 3230l pgho] 0.001v]Rke 2 B A F xjo)

£ BY(49.3£6.9% vs 29.2+12.5%, p<0.001)
(Table 5). B3t Il &3t 3xbs Follx] 53] 4
W] 97174 4.0 cm vl9ro® 94 ¢k SkxH(69) =
g Bajsle] A 3771 4.0 cm ool AV TH
of gk $x4(107) 9} wlwal & A¥} A TUNEL
assay°llA] MEREA|Ge] 2Jo]& ¥ 31(33.0+10.9%
vs 15.6+14.2%, p<0.01), 53] Bax & 2¥-&e| &
AX o oJeIQlAl A VeRSrh19.2110.7% vs 7.2+
6.2%, p<0.05) (Table 6). 1&} [toldA] AH =
7] 4.0 cm ol3sto]aL AAlse] AN FAH4E) = 1
PRk 21 (12%) 7 Bl PS w Fas @ T8
o] A2 (49.0+17.3% vs 33.5-15.3%, p<
0.05) MEAPEAFE Y= TUNEL assay A¥}ol|
210l 7} §IS17] wiitoll AEARE Aol Zo]7} ATk
I E = St Table 7).

1oz
S e e s walE Bans

Table 5. Results of TUNEL and immunohistochemical stain
according to symptom duration and rhythm

Group | with AF Group | with RSR or

(n=6) Group Il (n=10)
TUNEL (%) 30.3+£9.7* 17.8+15.8
Fas (%) 493+6.91 292+12.5
Bax (%) 11.6£7.6 16.6+12.7
Bcl (%) 54+44 6.7+ 6.0

# 1 p<0.05, T 1 p<0.001 vs <12 months with RSR or =12
months, RSR : regular sinus rhythm, AF : aftrial fibrillation

Table 6. Results of TUNEL and immunohistochemical stain according to symptom duration and left atrial size

Group | with LA size <4.0 cm (n=6)

Group | with LA size >4.0 cm or Group Il (n=10)

TUNEL (%) 33.0+£10.9*
Fas (%) 438+ 8.2
Bax (%) 19.2£10.7t
Bcl (%) 43+ 28

15.6+t14.2
3251162
72+ 62
80+t 7.8

% 1 p<0.01, T : p<0.05 vs<12 months with LA size=4.0 cm or =12 months, LA : left afrium

Table 7. Results of TUNEL and immunohistochemical stain according to symptom duration and rhythm and left atrial size

Group | with AF and LA size <4.0 cm (n=4)

Group | with LA size >4.0 cm or RSR or Group Il (n=12)

TUNEL (%) 260+ 6.2
Fas (%) 49.0+17.3*
Bax (%) 10.6+ 9.0
Bcl (%) 53+ 3.6

21.2+18.5
33.5+153
14.7+11.6
6.0t 5.7

# 1 p<0.05 vs <12 months with LA size=4.0 cm or RSR or =12 months, RSR : regular sinus rhythm, AF : afrial fibrillation, LA :

left atrium
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