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The Role of Cell Proliferation and Apoptosis in the Cardiac Development

Eo-Jin Kim, Hyo-Soo Kim', and Jeong-Wook Seo

Departments of Pathology and IIni.vl,:nml Medicme, Seoul National Umniversity
College of Medicine; Heart Reseach Institute, Medical Research Center,
Seoul MNational University, Seoul 110-799, Korea

The functional and morphologic cardiac developments are determined by the morphogenesis, growth and remodeling of the
heart resulted from the cell proliferation and apoptosis. We studied the distribution of the proliferation and apoptotic activity
of myocardial cells according to the developmental stages in embryos of C5Tblf6 mice. Serial histologic sections were stained
with PCNA and TUNEL method and were analyzed with image analyzer (BMI, Seoul). The ventricular myocardium of an
embryonic heart could be divided into trabecular, inner compact and outer compact layers. Proliferation indices at layers of
the left ventricular myocardium on embryonal days (ED) 13, 14, 16, 17 and 18 were 19.9%/47.4%/60.4%, 16.1%/45 8% /60.3%,
24 6% 45.6%38.1%, 233%/17.7%/18.3% and 312%28.0%/194% (trabecular/ inner compact/ outer compact) and the right
ventricle, 11.0%/34.4%/60.5%, 23.0%/44.0%/69.0%, 29.2%/42.9%/35.1%, 30.4%/30.5%/22.3% and 32.4%/28.4%/163%. The
apoptotic indices of the left ventricle/VIF were 0.23%/3.66% on ED 13— 14, 042%/1.31% on ED 16 and 0.05%/0.60% on
ED} 17— 18. The results show that the proliferation of the myocyles was maximal at the outer compact layer on ED 13 and
14 but lowest on ED 17 and 18, This decrease was more pronounced at the left ventricle. The innermost trabecular layer
showed a constant proliferation activity of 11.0-32.4%. The presence of spatiotemporal differences i the cell proliferation
reveals regional regulation in the developmental timing of cardiac development. Functional maturation is considered to be
responsible for the change of proliferation activity. The apoptosis was most frequent and intense in the VIF and crux throughout
the periods of each embryonal day where as rarely seen in the ventricular myocardium, especially in the trabecular layer of
myocardium, These findings suggest that the apoptosis plays the role in the development of atrioventricular, ventriculoarterial
septation and valve formation. Our results also reveal that the participation of apoptosis in formation of the trabeculation can
be denied. (Korean J Pathol 1998; 32: 1049 — 1057)
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1) Proliferating cell nuclear antigen (PCNA)SIAHE:
o E&AEHE Sele]l=E xylene (3%)3} aleohol (233
Ax Firrl & A7 3% H0E 687 X 28l

2 o] a4 #HEA el S oA A7l U} gl
o)} a9 v Ke|H AgS 477 FH =27 &
tlo| Eof 4bek @S 1A 7bEcl 7}l 3 PCNAe o
t da sAE £ aled 4°CollA] 184 7hEc)l ulL 4
Ark. vhol xSt o2 GAE LI sho] 087 yhE
Al F 2EFEol|d g 30E7F vb3-A] e} gk
o] diaminobenzidine (DAB)S 2571 w247 o do}E
Azl dlz o4

2) HFEH YAEME 0|28 MESAEs £F:

(1) HFE YAEY 7|7); vl == o ohed A3l =3
=ile] =& #AE8EH | (Olympus BH2)E o] £alo] 400
wl = #ol3k F CCD7bellel (Toshiba TK-4002 of 45
E2hsbgleh R34k 200 MHz flElg]Z 2 72l
2 e S i BEF o] Bule] BMI plus o454
Frafer H4slgdct 42 TIF (Tagged Image
File) 4o g Azl e wWislglch

(2) Yar ME; A dlale] Habcbd 5 #pd4n £
A2 gSHEf o4 Hn|HE o] dsle] UAH w7
el A 4006 dd-5 4 F A EFE ] =3
A5 dele d dellFt a3t PCNA 4] H 27}
4 =2 Rl edglc

(3) HARAM mz= Tl T2 yels yE g =)
PCNA EA2]F 345 8 Aoz 34 s + 9ok

M MEZ £ & Z238: X 7+ #npS54z1e
2 45 AENE o4 SH69d 4424 E
ol AEYE o7 faldes =2 948 H9
gdes WAl X HAG FuF9 275 714
© A Wl o AlE Algdch e g2 W o
ol A e Wy givte g oibs ool Fo g BMI
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LEhl = M EMekE AAsta g2 4 EZA- e} =3
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1 HE] el Felrbe Fink Ad9skglc
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n&@.zawﬂﬁww PCNA oFA% AT & 4%
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S Al Aol ulehd deEl =2 o4& A4 R
o] a5 o]fale] 24 WS uw= FRe] ofFAl L}
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mis=ar DA o] gy (12005 visl Falck 9 o
Ao g g & oo WAxe] B3-S LA
aak w7 LA 8 715 AdEgdch =g 2AE o
A (o] A E@e] @A FHA LA 27| B} HA
2717 M S wohs AE wAs] S A4G= o
o] stMg B5 #FHe] opd HSelle A4S 25
3 BES Balste] AR Jye] F4ic vpRlge g
7}7}e] Zg oS AEltl £ Fo g ohA] el 2
Z ANA" AL 7rasksich

@ HEZH MEl G E ¢ F4 Aol HuiHAS
x| e} A Es) 9] 7] PS5, DABYH Y]] o] 3 vy 23
sheted ) okdd AEH = &4 Al 74 A TH
g} AEMe] =75 =AAL2] dejel anfep W FH 4
dale] 2R F AL d4S HY For Bi FF
&F A3} 2 v 2eled 7l A 278 Adseict.

3) MES 2} PCNA 2k HZE# £ £H: 5o
A ode ypak A FRE o FEAMYeR 7t B
W2 A AES 49} PCNA o4 AEY 75 543
of M EFAZFEF =Awlgoh

FAA% - (PCNA o4 ALE /212 A 49100

3, MIEDA} (Apoptosis) 5 EA}

1) Terminal deoxynucleotidyl transferase (TdT)-medi-
ated dUTP nick end labelling (TUNEL) EX|Y: w44
Hak ual Sele] =& xylene (33))2} aleohol (23])& 7
W =l g A7) A proteinase K& 20 pgmle] 5
£2 AgolA 1587 A APl 2 &

AolA 2] 29 @ A zHAgof|A] AEFAT 4 1051

glo| col] EFalo] AFLoflA] 1057} vh-2-A]7] 2 TdTS}

digoxigenin-11-dUTP, dATP7} 4ol wbZHE Zh49) =
dlo] =l EEste] 37°Cel| 3087F WA F HEEF
7 ghEolo]] Yol 30570 924 F1c)h anii-digoxigenin-
peroxidase- & £ Eale] 4hZell4 3057 H A4 3+ DAB
Mlal ] Eolg 2R AT whEA gl delEAlgles of
Zz A%k & Ag 5t

2) A s Lejo|m i Hehelo) A Aulg Alokel] 4]
A dlshe] Aabe] £3E] B9 E Heldm 2 3434 Q
el s A sted 7 3g]a) Aake] o] = 53l g
sl E @eldlgly ojE g AFAE FHE HEX
A7t vl AEe] x5 shdaigich

3) HFE YMEME 0|EF MEDAR FF: A4
B od 4875 o] fate] HLFAG FF ufe} op
A7) e] wby o2 7k e A HE b TUNEL o
A HE $5 23] MEDAATFTE AlAelgc

A|EDAAS = (TUNEL 94 ML FHH AE )
= 100

= i
1. HZZ54] =8| g (Table 1)

Ad 13%ell= o)A AP E Aoz} o
A hE A 7 T MLFTAT Ael7t Tl
b AL 9| E 2UAlETol 604% gl WS =y
AEEo] 474%, FFUTFo] 199%%th FUALL 9
Z 24T 30] 605501 NE =UAYTEL 3445,
FFATFel 110%50e. F 545 v =204
TEe] AESA ] Y5 wda =UATIHAME
o} zgldzge] AEZHel el vldl] xA 54
s9dch (Fig. 1). A2 AA| AEFA 5= Wi
& e #HA4el 37.0%, $440] 317% 2 5 44
el Ztel7} glgivk Afwi 149l AAAE 215 =

Table 1. Proliferating cell nuclear antigen (PCNA) positive cells in each layer of both ventricles on embryonal day 13, 14, 16, 17

and 18
EDI13 ED 14 ED16A El17 EDI18
CN PCNA % CN PCHNA % CN PCNA % CHs PCNA % CH PCNA %
OCL 618 373 60.4 B63 520 603 1331 507 38.1 323 59 183 402 78 19.4
LY ICL 397 188 474 592 271 458 1106 5M 45.6 3 5 197 339 95 230
TL 1087 216 199 1339 216 161 1264 311 246 32279 245 474 148 31.2
OCL 423 256 60.5 455 314 690 To6 279 351 282 63 2213 113 51 16.3
RV ICL 05 105 344 332 146 440 659 283 430 236 TR 305 264 75 28.4
TL 620 G0 11.0 582 134 230 1069 312 202 171 52 304 401 130 324

ED, embryonal day; CN, total cell number; PCNA, PCNA positive cell number; %, percentage of PCNA positive cells among total
cells; LV, left ventricle; RV, Right ventricle; OCL, outer compact layer, ICL, inner compact layer, TL, trabecular layer
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Fig, 1. Light jpicroscopic Dodmg [or PCNA  swining  of
venlncular wall on LD 13 Mote dense and numerous PCNA
postiive cells in compact myocardium espectally n ourer laver,

3
ventricnlar wall on El3 1o The puter layer of compact myo-
cardivm shows a decrease of number of PCNA posilive cells.
As o result of thar, the whole layer of venimcular wall reveals

even distmbutien of PCHNA positive cells,

Fig. 5 Light microscopic finding tor TUNEL stanmg of
outflow mact on ED 13 Numerous TUNEL positive apoptotic
bodies e visihle.

Fip. 2. Light microscopic finding for PONA stainiog  of
veninicular well ou ED 14, The distiribotion of PCRNA positive
cells are similar to that on ED 13

Fig. 4. Light microscopic finding for PONA  sting of
ventricular wall on B 18 The cuter and mner layer of compact
myocerdium  shows  markedly  decreased  number of  PONA
positive cells, The trabecular laver exhibits relativelv  high
distribution of PCNA positive cells,

5
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Fig. 6. Light microscopic finding for TUMNEL staming of crux
on ED 14, Many scattered TUNEL positive apoptotic bodies are
visihle.



gl 603% % WS =TSl 458%, &5
Aol 16.1%ch 442 95 =4 43350] 69.0%
Al WS =l =2 g4 0%, &54T=0] 23.0%%
vh Al 139l wjsl] 448 HEFAFe] Folel,
o} oA FF4THe vl 2ddTFe] HETE
Ho] HEFs =z =2LAITSWAHE & =q4
T2 AFEZHe] W&l vlall =4 A=} (Fig 2).
AAY Aae] MEFA S Bl s ol A4
o] 36.0%, F-44lo] 434% 8 440 ZAFo] Z7)s
= AAE gk

el 162 el = 2PEAL 2 F 2yt 381%Y
o lE zZultEe] 456%, 54 TEe] 246% 9]
FHEE & 2U4dIHe] 35.1%910 HE =4S
L 429%, FFATE0] 202%9 ) S =S
of MEZAFo Fidee] WF z2ddTEne] Aol
7b glelglean §RH4I59e] Aol Frisled 4 =
7he) A EZFA ] BE} vls=allFHl o} (Fig. 3). A4 A
Aol AESHES sl g e #H4d4de] 357%,
SFAl4de] 3% R okS AAzke] Aol IHEE|FA gk
areh A 178 el el 16Ul vlste] FE4T5
MESAE & ddv) glelon) z2Ud3E9] 42
A2 Hals] Fatlel HFFATEL] AEZA S A
F e sA ARt F AL4AL 93 =T
Zo] 183%953 W& =didse] 11.7%, 55435
o] 23.3%% ek 442 2F 2UYITHe] 223%% L
W =g A 305%, §F4HFe] 304%ic) A

0 =

FoeiZl 2] 290 © bAoA Al EF4 I 24 1053

A A HEFATE vasdd die 3ol
19.8%, $44o] 272%2 $A44 2] Z450] 5] 3
gl Al 1892 Ae) 17U} visd AE 8| F
zul A t2o] ALFAe] HAd Frasle] FF4TF
o] MEZA ol A FH=HUL (Fig 4). F 3L L
gl& =gl AdEo] 194553 WF 2Ll 28.0%,
FFAT=0] 312%%0ck $ALL 25 =HUATFel
163% NS =UHTSE 284%, FF4L50
24% gk AAE A2 AESATE ulZBglS o
= 2}AAle] 264%, $A40] 262% % o AA7e] F
A5 abels IR A ekl

2. MIEZIARS] ZHE (Table 2)

Al 1300z A4 Wt A4 HelA AlEDA
FAAE7L 22t 6709 sAN7E 3 o] 0.24%2F 0.20%
o] MEnAAFE Wik Ao FPAEE B
ME7} 2EA EolA A Fdeldla U4 HellA
£ 570 (020%)7F A AN =UATTlA B3
Hoem 7] 004%)7F FFATTAA THEE A
FAA el 42 (016%)7F YA 5o =R4
TEelA BElen 17 004%)7F 5Tl
saEgck AAFHdAE 677t BdEe] 029%2)
AERAATE Belch 3 45 83} E el
T FAAET A 2HA gkeh ol EdRelAE
FAME7L s A kRn sl g el A= 1747} 3
Aslo] 026% MEnAAFE 2ok 919 B35

Table 2. TdT-mediated d-UTP nick end labelling (TUNEL) positive cells in each area on embryonal day 13, 14, 16 and 17

EDI13 ED14 ED16 EDI17

N TUNEL % CN  TUNEL CN TUNEL % CN TUNEL %
LY 2457 & 0.24 2198 5 0.23 1428 6 0.42 210 | 0.05
RV 2448 5 0.20 1388 2 0.14 0 0
V3 2070 G 0.29 1562 5 0.32 2208 G 0.27 4
LA 0 0 0 0 0 (1] 0 0
HA 0 0 0 0 0 0 ] 1]
IAS 0 0 0 0 0 (1] ] 0
MV B35 40 6.61 347 6 1.73 0 0 235 | 0.42
™ 365 f 1.63 0 0 229 2 0.87
AV 0 0 0 (1] 0 0
PV 3584 0.26 212 1 0,47 0 0
OFS 032 128 13.73
VIF 246 9 3.66 HR9 9 1.31 168 1 (60
Crux al4 65 T.99
AMC Q06 23 2.54 626 76 0 0 0 1]

12.14

ED, embryonal day; CN, total cell number; TUNEL, TUNEL positive cell number; %, percentage of TUNEL positive cells among
total cells; LV, left ventricle; RV, right ventricle; IVS, intervemtricular septum; LA, left atrium; RA, right atrium; [AS, interatrial
septum; MV, mitral valve; TV, tricuspid valve; PV, pulmonary valve; AV, aortic valve, OFS, outflow septum; AMC, aortic-mitral

fibrous continuity; VIF, veniriculoinfundibular fold
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ol = wAafor F 9v MEaH "%Aﬁiﬂ t‘—’r
T Dakxle] 7hz} 407, l!E:—'Hi 6.6%2} 13.7%2] 4%
‘H}il T Helch (Fig 5). SRAESFdAAE <
- Eg H3A ':ﬂéir— olojd Foz odsye A
A-slellA 3970 (g9 79%, A2 64%)7} iy
elar Fed 5-slell A 17 (312 0.98%, #a)2] 0.2%)7}
sHEE|olch Al 14l #404 Wb $44 W)y
AEA FHAEA 227 23708 0-277 Baks)
o] 0.19~026%2} 0~028%2 HELnAz]4E Helw
AAF el A = A E4 “J‘*HIE?} 2-3707F 23
o] 027-036%2 AEDAASE Hold 7 o2 A
e Ak oA o ok A 1::} e e =] okek
ch ol el 1393 548 Ao g M E e z}
of7} glalct 2 -5 A4z HAulel] vlsle] 4AAF
5 5 (ventriculoinfundibular fold; VIF)5-2] %} ‘ﬂ’ﬂi‘}
- (erux cordis) -2l ell A = oFA M| E£7) 22k 978} 31~
34771 2hak]o] 3.7%%) ?5 R6%E HEs] o gF
AR Kl (Fig 6). 53kt 4ARgahlg]ef A
o M| EALA ok 4 2} iHl‘ 2~4?H54 3N} ] of
|l=14%2} 1.7% 2] AEDAZTE Ho] AH|EnA7}

o FHlda SRIbdEdg fi-i-n-*ia! o 2 2 9] ol] A]
= HEIA} skA Al E7L 34 —427]7) A2sle] 105~
l3-5%‘—“-l MEESLA RS K] 7ha) 52 Al EZERAA] g
& e gich

Al 16hell= 24 HEl AAdEAHA A FEaA
SHAAEZE 72 674 FHEE]e] 042%8) 027%9] Al
TaAATE BEAY 404 1 F 5 Az} At
FTAA T FAHEI} A DA ghoke. A4
Hlell 4] ek ML 57 (0.35%)71 AN Ao =
WAETA A R e 1A 0% FF48E
of| 4 MAbE|elw AAZA A= 67l BF A2
ol4] AX|o] FFA4LZoHe] Fogk EEHe|

Alvl. VIFE-Sloll A= ok HE7F 3~6707F 25| o]
L1~15%2 o #3] £ HEnAa4E ¥elq 5
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Ax|glon o] ¥3e oW AF4 AAE
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A, B C
T0 4 —— (uter compact 70 A —+— Cuter compact 70 —e— |V
—a— |nner compact —e— |Inner compact —h— [y
GO 4 —a— Trabec &0 —a&— Trahec &0
E-D-. 50 1 a0
40 1 40 4'.']-.
30 4 30 1 30
R 20 / 20 4
10 10 4 10 1
'::I T T T 1 Ij T 1 T 1 I:I I 1 T L
E13 EM4 ED6  ED1T ED18 EM3 EDM4  EDI6  EMT  EDE EM3 EDM4  EDM6  EMT  ED8

Fig. 7. PCNA labeling index of cardiomyocytes in each layer according to embryonal day. A, left ventricle. B, right ventricle.

C, both ventricles.
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flagolt shebdl Eof ol HEslA Q4% 5 9
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AT AE SA 9] Aok Ao pat 2] oA
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