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Correlation between Expression of CD44, Bcl-2,
PCNA, and Apoptosis in Neuroblastoma Ac-
cording to Shimada Histology

Soo Jin Na Choi, M.D.

Purpose: This study evaluated the correlation between
expression level of CD44, bcl-2 and PCNA and the extent
of apoptosis in a neuroblastoma according to the Shimada
histology.

Methods: Using the neuroblastoma tissue, which was kept
at the Chonnam National University Hospital, this study
investigated the effect of the CD44, bcl-2, proliferating cell
nuclear antigen(PCNA) expression levels and apoptosis
according to the Shimada histology.

Results: There was significant correlation between the
Shimada histology and the CD44 expression level (P=
0.004). There was also a correlation between the Shimada
histology and the PCNA expression level (P=0.004). The
correlations between the PCNA and CD44 expression levels
showed a negative correlation (P <0.01). There was also a
significant correlation between the occurrence of apoptosis
and the bcl-2 expression level.

Conclusion: The CD44 and PCNA expression level and the
Shimada histology were correlated. Therefore, the Shimada
histology, as well as the CD44, and PCNA expression levels
are prognostic factors in neuroblastoma. However, a further
multicenter study is recommended in order to demonstrate
the value of using the Shimada histology, along with the
CD44, and PCNA level as prognostic factors in neuro-
blastoma. (J Korean Surg Soc 2003;65:369-376)
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(1) Shimada Z=X[A7 27F: 5pm F7¢] A HS hemato-
xylin?} eosin® & @A ato] gk W o] e oJAfel| o
= HeATh

@) CDa4: Wiz A 338 AAE Slste] 10% 34 E=2
PELEEEEE SR ESLESE DR e

< XIS TS 240 S At qm FAZ A
o1 o]5& organosilicane®. & =¥ ¥ £2}o] =(Probe on
Plus, Fisher, USA)ol| ¥-23}31 xyleneol] € ul2t# s 3 70%
SIL7A FAR e v ¢IL Tt SHTFE
AHstact WMeS=2 35 BakstaAof 2087 225t
o YA HiretEAE A A3, phosphate buffered-
saline (PBS, 0.01 M, pH 7.4) 2.2 Al & Alsdct. 2
3 Ao FxoA Apd A ¢} 307 WHEAIA HI 50
4 FAs Adstar, 1110002 34e A+ FA<) CD44
£ 4°CY FxoA s FF §HEAIH T o]o] PBSE Al
2+ A& skaL, o]2} &A1 biotinylated antimouse IgG (Vector
Laboratories, USA)S A-29] $=Zof|A 3087F WA 7]t}
PBSZ Al & A& g % ABC reagent (Vector Laboratories,

Table 1. Shimada histology

Shimada histology Number (%)

USA)E 713t 5] A9 x4 4587 v-3-A]Z o). PBS
2 5 218 M)Al Tris buffer (0.05 M, pH 7.6)°14 HE S
22 5 005 M Tris buffer2 843 05 mgml 3°,3-
diaminobenzidine tetrahydrochloride (Sigma, USA) &< (pH 7.6)
o 0.03% HitslriE Eqete] 223 A Z T 38 W]
A 6% & 742 A #3t3L Harris hematoxylin® 2 20%
T dz A & FAskATh

(3) Bel-2: Bel-2 o] tlgk 223}sh4 gL vepa
X 24L 5yim FAZ AE F Llysineo 2 X219 &
oo &2l ¥ 61°C ol 147t k838t AL &
100% xylene©. 2 &3t} At ATE 100%, 95%, 80%, 70% &
I TAHOZE B ¥ 03% J4HEFAE AP 5
). 93 A= monoclonal mouse antihuman bcl-2 onco-
protein (Dako, Denmark)<- 1 : 502] 3] 28] &2 4°Col A
&g olA7A WEEAIZl & Tris buffer solution?l]
biontine] A3 o]x}&A| o] 308 WHSA|7|I Tris buffer
solution®)]| S=A| 3}l streptavidin@} peroxidase2] Z Aol 30
B HESA1 713 S/ 448 & diamicroheazidin 8-
o A WFAH A7) I hematoxylin©. 2 thE GA3F 3 B Qlete]
o GARES Fedn| st A 24 HHE AMEE &

Fstel Fyoz gAY Pl A BAAA 2 %7t 44
Table 2. Expression of CD44
CD44 Number (%)
Negative 10 (18.2)
Positive 45 (81.8)
Total 55 (100.0)

Negative = immunostained tumor cell/HPF <10%; Positive =
immunostained tumor cell/HPF >10%.

Stroma rich :  Well differentiating 7 (12.7)
Intermixed 5 (9.0 .
Nodular 4 (13) Table 3. Expression of bcl-2
Stroma poor : Differentiating Bel-2 Number (%)
Low MKI 17 (30.9)
Intermediate MKI 6 (10.7) Negative 10 (18.2)
High MKI 8 (14.5) Positive
Undifferentiating 1+ 4 (1.3)
Low MKI 2 (3.6 2+ 14 (25.4)
Intermediate MKI 0 (0.0 3+ 12 (21.8)
High MKI 6 (10.9) 4+ 15 (27.3)
Total 55 (100.0) Total 55 (100.0)
*MKI = mitosis-karyorrhexis index (number of mitosis and Negative = no immunostained tumor cell/HPF; Positive = immuno-

karyorrhexis per 5,000 cells); Low = <100; Intermediate = 100~
200; High = >200.

stained tumor celllHPF (1+ = ~25%; 2+ = 26~50%; 3+ =
51~75%, 4+ = 76~100%).
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HEAS B v M AEde] dages 3
sto] o= e WA WEgo] 10% o] gl B5E
FHLE 10% PN BEE SR WA o5

oS AlEste A5 wiA 08(10% P9, 13(10~25%), 2
H(@5~50%), 33 (51~75%), 43(76~100%) -2 3tk

(4) PCNA: W22 8H4 A2 Fgo] AT 4
18t PCNAS] A< Wolgsla oz Aasty
th. G212 avidin¥ biotin Ao 9] 3 A S o] &3}
PCNA G2 & A 13 A= AHEAT st T g
Spm T”ﬂf—— Ze} xyleneoll X & wetAF & 100%, 90%,
80% % 70% olg-ol MU 154 WA AT 4A
713 Z7F5 Rold & PBSE A Hatth 1:500.2 3
215+ PC10 (Dako. Denmark) & 13} 342 =¥ 3] 2204
2417 FQF WXAZ1 & PBSE A AEFAL avidin-biotin-
peroxi dase® T ¥ &to] 420X 3087+ WA ZH T} PBS
Z AFH3 & BaAE =

Mayer hematoxylin®l] 33&7F 24 3 B-9]3le] dn]7

Table 4. Expression of PCNA

PCNA grading Number (%)
I 45 (81.8)
I 355
111 6 (10.9)
v 1 (1.8)
Total 55 (100.0)

PCNA grading = immunostained tumor cell/HPF (I = 0~25%; II
=26~50%; Il = 51~75%; IV = 76~100%). Randomly selected
for cell counting, counting a minumun of 1,000 tumor cell.

Table 5. Association between shimada histology and Bcl-2, CD44,

PCNA
Shimada histology
Variables P value
Unfavorable Favorable
No (%) No (%)
Bcl-2
Negative 5 (50.0%) 5 (50.0%) 1.000
Positive 21 (46.7%) 24 (53.3%)
CD44
Negative 9 (90.0%) 1 (10.0%) 0.004*
Positive 17 (37.8%) 28 (62.6%)
PCNA
Grade 1 17 (37.8%) 28 (62.6%) 0.004**
Grade >1 9 (90.0%) 1 (10.0%)

o2 ARSAT. A% BAL GuE 2 2FEAL B
& Ar17 4008 Alopol A she] o] HZAle] Bol
91w PONA 28 AEZ BEaigon, veel 2Es}
1 e BN 7P B R 48 S
Aol 2t 29l FRAE +8 242 25074 #ol2] T o]
Fol wee] el BAgle] o ey %oowﬂz

FE doty ol&& FAtete F 1000719 FTEAE
PCNA %A AE £5 T35 t4-3 2o] PCNA Z1#(%)

OkX] © W ok E S
PCNA A4(%) = — °*i ﬂb‘ri‘r; ;]ij T %100
1l —6_ [e] —‘JAT

Table 6. Correlation between Bcl-2, CD44 and PCNA

Variables CD44 PCNA
Bcl-2 0214 0.142
CD-44 - -0.425%

*Significantly negative correlation (Spearrman’s correlation: 1, =
-0.425, P<0.01). CD44 Negative = Immunostained tumor cell
/HPE <10%; Positive = immunostained tumor cell/HPE >10%;
PCNA grading = immunostained tumor cell/ HPE (I = 0~25%; 1I
= 26~50%; IIl = 51~75%; IV = 76~100%).

Table 7. Occurrence of apoptosis

Apoptosis Number (%)
Negative 21 (41.2)
Positive 1+ 15 (29.4)
2+ 11 (21.6)
3+ 4 (7.8)
4+ 0 (0.0
Total 51 (100.0)

Negative = no apoptotic cell or body/HPF; Positive = percentage
of apoptotic cell or body/HPF (1+ = 0~25%; 2+ = 26~50%;
3+ = 51~75%; 4+ = 76~100%).

Table 8. Correlation between apoptosis, Bcl-2 and PCNA

Variables Apoptosis PCNA
Bcl-2 -0.482* 0.018
Apoptosis - 0.021

*Significant negative correlation (Spearman’s correlation: 1, = -
0.425, P<0.01).
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(5) M= 1Al TUNEL (modified TdT-mediated dUTP nick
end-labeling) methodS ©]83}] M EXIALS 7T
gZtd X E 3pm FAZ A2 ¥ phosphate-buffered sa-
lineoll 1587+ A4 259 A proteinase K (20pm/mL)<} &
7 vl k5 t). Endogenous peroxidaseE 53FA17]17] 913}
o, 001% HiFstraaE T3 PBSE o] &ttt 44
o] ARWE-L digoxinegin-d-UTP2] ZA)3lo] TdT enzyme}
A Hl = ATk PBSA A = AHI3E $o peroxidaseol 2%
H antidigoxigenin antibody<} &7 Hl %= ATt Di-amino-
benzidine-hydrogen peroxidaseZ ©]-8-3}<] peroxidased] &7
ARE dolf§lar, o719l light Mayer’s hematoxyling ©]
&t x2S A1kt 4008] Alokell A Ao E
FAE AZEY HAEE ALsIAT. 42te] &etol=
T doE 10~20709] fieldol A #H A3 1,000/ 9] A ES

ot F AEIAL AFE Tt P gs Fekth

Fig. 1. Most of the cells are CD44 (+) in stroma poor, undiffer-
entiated, high MKI (Mitosis-karyorrhexis index, *200).
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Fig. 2. The clusters of neuroblasts are CD44 (+) in stroma rich,
intermixed (x100).

(6) SAIXzZ|: Bcl-29} CD44, PCNAS} Shimada tumor his-
tology 22| 4 & # A chi-square of Fisher’s exact testol] <]
ato] BA £438tAh

2 ot

1) Shimada =247 EF

Shimada Z¥4A7A EF+ 19843 Shimada 5(3)°] #|t3t
o R Xd BA ¥, A FE, g Wy A
wg BE53H Tk o] F stroma nch°] 35 169 (29%) A 1L
stroma poor¢! A7} 39 (71%)° ATHTable 1).

2) CD442| E+s

=

maz;ﬂ HHS o]ﬁ_ CD44¢] g 7ﬂjr,]. x%;‘q] ZA =
o
=

83}
45 (81.8%) N A AFAWF3-S Wl om, 104 (18.2%)°l A

@7( m@ q%~,‘z¥~r

T PR T o,
DS X

Fig. 3. All of the neuroblasts are PCNA (+) and intermidiate MKI
(Mitosis-karyorrhexis index) in stroma poor, undifferen-
tiated type (x200).

e
Tt &
ot “é

o He 2
k d.n.-:
vif s
)

‘h
s %9 l’:n’

Fig. 4. Most of the neuroblasts are PCNA (+) and high MKI
(Mitosis-karyorrhexis index) in stroma poor, undifferenti-
ated type (x200).
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Fig. 5. Only a neuroblast (Dark arrow) is positive (+) for TUN-
NEL stain. Some of the differentiated cells(White arrows)
in the stroma are positive (+) of TUNNEL stain (Stroma
rich, intermixed type) (%200).

Ao 2 Yelytth Shimada histologyol ™2 CD449] &S
By, SASS 2 A% 109 F 997H90%) unfa-
vorable$t o] SloH, Y THSS Bl S 459 F 289
(62.6%) 7} favorablegt ] %1t} Shimada histology©ll w2
CD449] HHL A 240 ) ATHP=0.004). CD44
o} Ef QIAFote] #AE wlas] HQLS w] CD449F PCNAE
Spearman correlation®l| A 1,=-0.4252 &< JTTA7}T
Atk L2y bel-29k= A 719432 fI3Ath(Table 2,
5, 6).

3) Bcl-29| Hisd

ez AHE o] &3 bel-29] WHxZA 38t Ha 4
I AA 2F F 4591 (81.8%) 14 FNHES HA0H, 10
o (182%)N A /32 & YElSTE Shimada histologyol] ™
E bel-29] TS BE, FA4NHES B ﬂo% 109] F 59|
(50%)7} unfavorable$t 74-9-R 0™, YAAHES HQ HF 45
of| F 249 (53.2%)7} favorable3t #©] 1T}, Shimada histology
o M2 pel-29] HHL FA A Fojide] glAThP=1.000).
Bcl-2¢} E} QIARele] #BAE Hlws| BoES uf, CD44<}
PCNA 53 AT #9948 gldlth agln apOptOSlSs)’]'
o] BA8tH 24 @TBA oA Spearman correlationol A r,=-0.482,
P<00IZ <o ATA7} AATKTable 3, 5, 6).

4) PCNAS| &3

PCNA A5 HAIES 45502 FHEIAT 0~25%2
15922, 26~50%2 259202, 51~75%S 36 9°=,
76~100%2 45302 BEE390h 1530 A$ 459

(81.8%)E 714 ¥t} Shimada histology©l w& PCNA ¥

S Hlwdte] Bk W, 15FoA 458 3 289 (62.6%)
7} favorabledt 70|, 255 ©]A¢l A-$ 109 = 947}

Fig. 6. Some of the neuroblasts are positive (+) for TUNNEL
stain and intermediate MKI (Mitosis-karyorrhexis index) in
stroma poor, undifferentiated type (x200).

unfavorable$+ o 2 it}

Shimada histology 9} PCNAZ & o] 57184 J3#A = P
7o) 0.004% F2)/d<] 3Tk PCNASH B} 1#kete] A
£ 83 RS w CD449} PCNAE Spearman correlation

N r=-04252 &9 &AL stk 2t PCNA
94'1*‘:‘ %75"@‘]”7—(4 e B,\ME]—(Table 4,5, 6).

5) M=ZOAL 2HE

A EZALS} bel-22] 743 #A| S Spearman correlation . 2
BA3ld ouele 59 FFIAr=-0425 P<0.0DHE
B % tH(Table 8).

a

1]

AZbe AT ABEAZEY FAREA ALEH AR
Thal Bl # bel-29F CD4429] &I} PCNA B Al £ 3LALS}
Shimada 24271 7ot FAAAE Lot A 313
o AAEAEZ LS 53] stage V-S| ¢ ALH g3rt
LA ool RauHa gloh el = 19859 F-H
ZAHo| A VMA (Vanillymandelic acid)$} HVA (Homova-
nillic acid)E o]&3l] AF 6719 o] FJolEo A Het
AL 22O o] AARAEFS WA WErt ¢S
S7beta o, gEo] AEA HilH e AARAETE
ol WAL (9 H7IA LA Eshe} A ZaAL
W @7} ol ROl A A b2 f7e] B 8o
3l A7 ok AEIALE 2Hse FAAEE ¢
FHAHC-myc, C-fos),(14,15) & A A2 p53),(11) A E
#7] 239 A, b2 HAA Bl FeiA g, 59
bel-2 A 71ES] u'ﬁ'ﬁz}'7]' 3712 9] EAYstel Al
zo| FAE fiste Ade A2 JALE oAl
o AE £HE AFAA, b2 °L°7‘41}/] FEgE s F
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Hom, bel-22] ¥ 7} unfavorable histology /\]-014 3
A BAFATh EF AAZAZFNA bel-27} H‘ﬁd
AL o E7} 22 @ 2ATH BEo dFHE 9

A92 BHATh(17,18) Akira S(19)& TUNEL method
A2 ZAFE T WS A RS B pel2 HHES
/\}*8}01 14] ©]&te] gk}t favorable clinical stageo] 1
© A TaALY] C7} =30, N-mye SZ0] Fukd
bcl-Z &3 Shimada #5771 A& ASS WY =3 14
oA cellularity7} %Lii]ig w bel-2 o] FFAadHEA
AEDAZE HZHI, AEDALSY bel-2 FE F9f F
TAZE D22 93} Dole 5(20)2 bel-27} unfavorable hi-
stology ¢t N-myc fr8 2t S350 A sHA #do] Aok 3t
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EE FUIO
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EHN U oox & (E gt Jo rlo
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R, bel-2 FTAAE FEAAE WS 2HA dto] AR
AEZY] HHEE Fole o2 B3t
PCNA= A X F7] ¥ GO phasedll= EA3tA] o,

G1 phase &<kl S78t7] A& 4] S phasel] 71 Bo
34 5|31 G2 phasedl 7+HA4FE, 36 KD Al E W polyme-
rase delta accessory protein® 2, M EZ 2] DNA A3 M E 9]
Ao B4AQ Aoz 4efA girh(21) PCNA HdE 7t
AA ] FAGH, AB 0T, FAE o5 W, Ho vi
Alzgete] 24 Weldtd Su @4 dohal &8 A &
t}.(22) Miyagawa 5(21)& PCNA7} Al E9] 2458 S
Efa o, AAEAEZA PCNA L&} Shimada
734 MKI (Mitosis-karyorrhexis index)$} ¥l 2 3}e] MKI 5
7} & A% Z, unfavorabled 7-%-o] PCI (PCNA index)7}
AeEa, 49 AV E7Heel wetk P A ATS
Btta stglon, 42 WA stage 11, IVl 7%
Z7le e, =428 A4, A9 Ao, 7+ A o] 9}5 Ao

L

ol PCI7} S7}s = ﬁg A stglow, &3 pCI7}
30% ©]4d W 10% ©]atel ol =l *ﬁf%O] gojzl
Ao Hol, Rol® AXTME @FE FIE Hol=

PCNAY} EHE oZaxzA 9u 9ot rusgo
CD44= M AZ5He]| 9] 2] 8 transmembrane glycoprotein.© 2

N-terminal> M| X ] 9] hyaluronate®] =832 28319 A|

X 9] C-terminale ankyrin®} Z 3H3kc}.(23-25) =3 GTP-
binding WO 2 AT HGA AN #A3te AOoZ U
A ATt webA o] FH AE-MEZL, AEZ-AEEL] AA
A9 Ao JAT Bk ofyet AE O FA o
3 g %*1011 Tofatn, g o} A G| A ke 8ol

e AOZ F35 3 rh26) CD4e] LIE WIS 3
el T8 BRT, BY BET, BT, BAT, WAk
YT 5 GTAL o= 243 FAZsh WA E

g AxE, gAEY SFAEAY AAE ol *ZHUL
t}.(27,28) CD449] F2A A+ oF 20719 exon® 2 T4 ¥ o]
Rnow o5 F 107 717ko] 9 exond ©HeFELA splicing =
of oy 7kA 9 £AF S UEbd F e A 15F
F o]4+9] CD44 isoform (CD44v)o] HAE o] Qi) H= 2
Z9] oA FgolM HEYH CD44y isoforme] & o] F7}
Hoh= Hav) o, 3] CD44 v6o] Td o] ol

T SolA S7HE A= ot Utk (29) videl A7
EHNEZFAME Nomye SZ23 T4 AT ZARZ A}

B—EJOiQLE]— Ch44= EH _,] Lolo]L]. EHX}OI— r= o]
% Fol A Faae] o8] Ao} ehdmsE ol
AABBAEZFAME CD44] FAGA7F A BE o 59
Aelo] H ATk Favrot 5(12)2 stage I, 11, IV Soll A& CD44
7} 100% L& E 11, stage 10, IV A& 50%5+0] HHAES W
ojH, CD449] A HHT= Td A7} T4 &2 o9
ofm gle EAA7E B& HSA Cohen 5(29E N-myc &
7} CD44 HdAtolo] ARAE B4 Wor, CD44 ¥
Aol A7} e AELT FHE] BA} UdSS HEI
t}. Favrot 5(12)2 CD44+ favorable tumor histology, young
age, A N-mye copyoll A 3844 d3 5 om, CD4d 23
I} A4 N-myc2 favorable clinical outcome®] 7} 73Sk
FA AL FA8H
ol A A= CD442} PCNA, bel-2 18] 3L A| EILA}
¢} Shimada ZZ 473 ojw gt FHBAT}E A=7HE
& A3 CD449} PCNAZ} Shimada 22473} 578
Z Au e A#AAE BYth. 218y Shimada %
o]u} CD449} PCNAZ} A AR A EZF 9] o QA& 11
) AAAE I FEATI 98F Ao e

O

&&L P% _IE oo
o (oo

Ly

=
—

W) Z2 dHS o] 8319 CD44, bel-2, PCNA 2 A E 1L
Ab9} Shimada X247 7ke] JHAAE A A3, Shi-
mada X272 CD449] H83} PCNAY #HdH 42 F

A2 o] AATE PCNASH CD449] ' Afololl =
o] AABAA T} QL AEDLALS bel-2 B AloldE &9
AAA 7} ARtk 28, CD449F PCNA 23 E, Shimada
A azdo] ABEAEZY AFA2 g Eo]d 5 7]
AaA = 8% Ro= AZtHET
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