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Two color flow cytometry % w2 DNA B X Uf
PCNA BEE®EIZ & % KGO B O FHi

TRIEAE RS 2 4R
& R % B

BREOCHECERRFED 1 DEEZ >N,

KEBIE100BZ 2T two color flow cytometry % BV T8 DNA # & PCNA labeling rate
(PCNALR) ZHIEL, HRBEFWET & OBEEBIT L7, DNA diploid (DD) 13361, DNA
aneuploid (DA) 3678ITH 72, BE—HRET 1 XFEZE T b D % negative control & LT cut
off HDFAE #1Tv>» PCNA LR Z#l%E L7-. PCNA LR O¥{E1£60.25+14.31% TH -7z, PCNA
LR i&, DD i~ T DA THEEZR U7 (p<0.05), PCNA LR #3&fE ¢ DA O#Eld, PCNALR #8
{EfE T DD Ozt~ Y > SHi#ERE, INF, Dukes 53487T stage DET LR %2 E B (p<
0.01, p<0.01, p<0.05). F#it, DD OE & DA DE L ORI EEEZ »FBD o 7253, PCNA LR
PEMET DA DX, PCNA LR MEMET DD OBILAFEICARTH 572 (p<0.05). 2D L3
W Rl 2 D Z BB B 4L 2 flow cytometry 2 & 54% DNA & & PCNA LR O#EtiZ, KEBED

Key words: flow cytometry, DNA, PCNA, colorectal cancer

FCoHIC

MEELZ OE /7 a—F VREREES L, Zhs
D flow cytometry (FCM) DGR IZ IS 0 EEy
DB THELEREIN TS, PCNA (7T
&, proliferating cell nuclear antigen) %, DNA ®
R HETH 5 DNA polymerase & OFEIEE T
by, WM~ —» - L TEHE2B T TN
%9, §i PCNA ® / 7 o — F VIR S
WA FIAS N TE TS, EROBEESREOER
WIZE D GHERRP RO RLZ 205, ZORE
BEAND 2 EHEINTVBEY, —7%, FCM Tk
PCNA Z o THEEMROMBEE 2 MR T 2HE
D, ZOEEREIRD SN THnEY,

ABFFE it DNA ploidy pattern (DPP) —#giy
WFHBBPRWE &1 Tvs 3 DNA diploid (DD) T% F
BARARPINELEL, B FETRE Wb 5 DNA
aneuploid (DA) TFRMNRIFLEMNEFEET 270,
FLPCNA €/ 7 u—FAHiEEANTE D X D iofiE
BIOERI DS AIEEL £ 5 0% HAZ, %7z FACScan %
£ A U two-color § 2 3k T DPP & PCNA LR

<1996 5 H 8 HZm>FIRIEKIE | SR B9

T814-80 fEMTIREXERT7 45— 1 WRA¥E

FEE 2 46

(PCNA B, PCNA labeling rate) OBH:H# %t
L, KD ERRKGEEREED R FIA-Y—T52
LERBTOTHRE T S,
X 8

19904E 6 A4 519934E 1 H & Tlofhi K558 2 448
BECFM SN/ BREREFEES D S b, FEATEARH,
5 FCM T DNA ploidy & PCNA LR 28E L 272
10081 25 & U7z, NERIZFHES56, asfiT, Fii
63.8+10.9&TH -7z,

R

YIBRTFATEE, H 5 IS KB CESEHRBO Vo
EE RO FRO—E R L T, compound TEHE
%, BMIAREHRT (—196°C) CEBEHEEF L.

(1) IE%#% DNA 23 L U PCNA 2

1) FriEBEEA O N

FEEFH#%SMm?® % phosphate buffered saline (PBS)
T-H i Eek, PBS #MIZ BB O EEA v ¥ 2 (212
pum) ECREAAY S 2HWTHEYIL ., 1 %par-
aformaldehyde (PFA) & TE#E - 2 SRiEER, M
AY /=) T—20°C « 1053HEE L, 0.1%Triton X-
100& PBS 2z ko4 0 A v a (dbuym) T
VB U R A TR L 7o, MBI & o T single
cell suspension ZHEFRER, Z DHIEERY 5L,



B -

DNA B £ U PCNA &g s

24(1954)

Fig. 1 Procedure of double staining with FITC
labeled anti-PCNA monoclonal antibody and PI

Mincing a fresh tissue (hmm?) on the stainless steel mesh (212)
Wash cells in cold phosphate {mﬂ ered saline (PBS). pH 7.4
Incubate cells in 1% parL‘if()rmalck‘]l} de for 2 min

Wash Cel[s in PBS.
Incubate cells in absolute m:-thanol at —20°C for 10 min
Wash cells in PBS, pH 7 4, \vhi‘ch contains Triton X-100, 0.1%
Filter throogh Il_\'l:?l‘l meshes (45pm)
Wash (teIIs in PBS

Divide into two tubes

egative control 2>
PBS (1001 PBS (1001
t 4
FITC-Conjugated monoclonal mouse Mouse IgG (50u])
anti-PCRA (1081 Incubate at 4'C for 30 min
Incubate at 4°C for 60 min

Wash and I‘L’su:;p't‘nd cells in PBS.
Add Propidium lodide (10ug/ml)
———

— IR R (1x10°%ells) & FITC (fluorescein
isothiocyanate) 3§t PCNA € / 7 o —F Lk
PCNA (DAKO, PC-10; 10ul 9 % 4°C » 1 KEREIRIG
# propidium iodide (PI) (10xg/ml) T DNA % —
H L, A PLEE O A D negative control &

& B KR O EEE OFT

it eeh 298 10%

Fig. 2 DNA and PCNA expression in colonic
cancer cells as identified by immunofluorescence

(X200)

L7 (Fig. 1, 2).

2) DNAEZ N7 F2.EDNA/PCNAYA 7 F
I

PACScan (Becton Dickinson, USA) #{HHL 1
~ 2 X10MEOHIFLORE DNA & & PCNA 7% [HHF I
Bl U7z, BEANOERHE O DNA 7 % control

Fig. 3 DNA histogram of colorectal cancer
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Fig. 6 Colorectal cancer cells which are reactive immunohistologically with

Fig. 4 PI-FITC two parameter analysis of colorectal cancer
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Fig. 5 PI-FITC two parameter analysis of colorectal cancer
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&L, DPPi%, GO/Gl peak 2Bi—DfEH] % DNA

PCNA ¥4 M/ Z 40, X8I DNA E% Y iz
PCNA &% F5R L7z, PCNA LR I%, negative control
BT 5 FITC OREHLHME® cut off f & L, HIFE

diploid (DD), 2 2LIEG0/Gl peak D2 dbD%
DNA aneuploid (DA) :4#EU7- (Fig. 3). DNA/
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Table 1 Classification into I~IV group by DNA
ploidy pattern and PCNA labeling rate

group I : PCNA LR <56 and DNA diploid
II : PCNA LR=56 and DNA diploid
I : PCNA LR<63 and DNA aneuploid 13
IV : PCNA LR=63 and DNA aneuploid %]

Total 100

Mlagh o RaBERRKOES £ Uiz (Fig. 4, 5).

(2) PCNA 0% FrIRET

1) SRBEERE & Rk

20802 DL T ERBIEAR D 5 cryostat TE X5
um OFEFEVIR 2 ERIL, PFA/MA 8 / — NV THEER
ABC #12 T PCNA SRS 2L /2.

2) PCNA BHEEDHE

g RS T, £ b 5 HE THEME500~1,000
b7 b OEPHREERT PCNA BiEHIlEE*&EH
L7z (Fig. 6). HEizhlzoTixIh % 3HED KL,
Z OFHE% PCNA Bz E L.

(3) HEPRREF RIS

E ARSI H I KB REIR B & o7z,
Dukes 4343 Turnbull %2 & % Dukes S} EZE %k %
v, BRFEEENARF & OBEFRIE >V T,
PCNA LR & DPP » & TE D 4 B0 J THET %
177> (Table 1),

I PCNA LR (56%#i%) T DD

II# : PCNA LR (56%LAE) TDD

II#EE : PCNA LR (63%K#) T DA

IVE : PCNA LR (63%LA1) TDA

BEOERIZ OV TII9FE HEHETH S5 b L,
BRI & LTHko Tz,

(4) TRETFRIRENT

WMETERIRRE I I x2-test, generalized Wilcoxon
test 3 & UF Kruskal-Wallis test %\, £77iERIZ
Kaplan-Meier # i2 T K ¥, generalized Wilcoxon
test 38 L U log-rank test iZ THEEXE DM %175 7z,

M &

1, B DNA & &Rk

KEE#100810 DPP iZ, DD 3361 (33%), DA 6741
67%) ThHotz. IEREOHBE L X 52CVE
(coefficient of variation) I, peak channel number
FEADEFDBEL VB TEENS D, ZOFHIZ
4.6411.08% (2.3~7.0%) TH->7:. %7z, DAKSB

DNA B & U PCNA 8JE 512 L % K 0 FE IR O FHE

Hisbzst 29% 105

Table 2 Relationship between DNA ploidy pattern
and PCNA labrling rate

n| CV(%) DI

PCNA LR(%)
Diploid 33 1 4.77+1.09 1.0 55_57¢14A76]*
Aneuploid | 67 |4.58+1.08  1.52+0.24 | 62.56+13.60
p<0.05

W HEEHBNOIER 2 BEOME & RiED 2 550
fMBEOHEL Y EH S 2 DNA index (DD 1%, 1.24
5300w AL, FHEL.52+0.24TH o 7o,
1.1<DI<1.5532961, DI=1.553384C&% - 7= (Table
2).

2. PCNA LR

PCNA LR ®F iz, 60.25+14.31%
(13.5~90.3%) TH - 72, ABC#iz & 5 PCNA %%
M aEtE T, EERROBENCHRAIEEI N
2YERBD L LNTE S (Fig. 6). % 2 THliZHs
B HIE X 7220802 2T, PCNA LR & PCNA
BtiaIfaR Y 2T 5 & Y=16.22+0.6868+X, r=
0.6864 (p<0.001) :BEELMHEMEAFZEHD: (Fig.
7.

3. DI £ PCNA LR

DI & PCNA LR L OfIcEEZEOHBE2ED kb -
7.

4, DPP ¥ PCNA LR

DD #3% X " DA B2 817 5 PCNA LR O F¥{E
%N Zh55.57+14.76%, 62.56+13.60% T, DPP
ko TDDELE DAB L OBIC PCNA LRICEE
EZFADT: (p<0.05) (Table 2).

5. BRREENRT & OBf%

DPP tIERREFNRTF & ORI, MR, B
¥R, SR, INF, Vo 38ER o JHF), BEE
#sEtEE (PEF), HFEE HETF), HARENE
1T, Dukes 3O W & bEEE2E D Loz
(Table 3).

PCNA LR CERBHEEWEF 2RI T2 &, HR
BT, PCNA LR i3 {bBBRE I LA TR LR AR
BETHEEERL, MEENTEEE2HD I (p<0.05).
BEpER T3, PCNALR i3 ss (al) U< i si (ai)
TRRMEF LD, m, smEEE mp U EEETHET 2
L, mp LB CEEOEMERR L (p<0.05). IRE
BETE, BHEOBENEEIZZ %o TPCNA
LRIZEMEETRL, lyo & v s BEL P ve & vas & DR
WHEBZERRD (p<0.05), INF L TEBRH
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Table 3 Relationship between DNA ploidy pat-
terns and clinicopathological findings in the
colonic cancer

Factor [ n . Diploid Aneuploid
Sex M 55| 19(57.6) | 36(53.7)
F 45| 14(42.4) 31(46.3)
Histological type well 45 | 14(42.5) 31(46.3)
mode | 45| 17(51.5) 28(41.7)

poor 7 1(3.0) 6( 9.0)
others | 3| 1(3.0) 2( 3.0

Depth of invasion m 2| 1(3.0) 1( 1.5)
sm 4 206.1) 2( 3.0)
mp 12 2(6.1) 10(14.9)
ss{al) | 19 6(18.2) 13(19.4)
s(a2) |60 21(63.6) 39(58.2)

si(ai) | 3 1(3.0) 2(3.0)

Lymphatic vessel invasion |ly 0 9 1(12.1) 5(7.5)
1 |54| 153(45.5) | 39(58.2)

2 26 11(33.3) 15(22.4)

3 |11 (9.1 8(11.9)

Venous invasion v 0 |11 1(12.1) 7(10.4)
1 | 61| 17(51.5) | 44(65.7)

2 |17 8(24.2) 9(13.4)

3 |11 402.1 7(10.5)

INF a 35 16(48.5) 19(28.4)
B 54 | 15(45.5) | 40(59.7)

y 11| 2(6.1) | 811.9

Lymph node metasyasis n0 60 | 18(54.5) 42(62.7)
n(+) |40| 15(45.5) | 25(37.3)

Liver metastasis (=) |8 26(78.9) 59(88.1)
(+) |15 7(21.1) 8(11.9)

Peritoneal dissemination (=) |95 31(93.9) 64(95.5)
(+) 5 (6.1 3( 4.5

Histological stage 0 17| 1(50.0) 1(50.0)
1 37 4(73.3) 11(26.7)

1I 14| 12(69.2) 27(30.8)

Ma 13| 5(64.3) | 9(35.7)
Wb (19| 4(63.6) | 7(36.4)

v 7(63.2) 12(36.8)

Dukes classification A 21| 6(18.2) 15(22.4)
B 36 | 12(36.4) 24(35.8)
G 29 9(27.2) 20(29.9)
D

14 6(18.2) 8(11.9)
)1 9%

Wik %13 EPCNA LRIBEEDSEE R LTz (p<
0.01), U > AR & OB 2 o 88, E
BB () w7, &8E% (o (+)) TPCNA
LR i3 EfE%2 xR U cEEE 20z (p<0.01).
e R s K R nw Tk, BB P
(+)-H(+) £ PCNALR DI BEBEEZ 2T Do
72, MERRSEHIEATRE T3, stage IV SEFI 2 & { & stage
TS 2122 C PCNA LR & fE%RL, stage
0, I & stage IT LA E, stage 0, I, I & stage IIla LA
F, stage0, I, II, Ila & stage IIIb YL LDz BE
ERREDT (p<0.05, p<0.01, p<0.05). Dukes 4>

27(1957)

HETIX, Dukes' D 2% & stage B3T3 122N T
PCNA LR i3EfE%2 7L, Dukes A & Dukes’ B L
T, Dukes’ A, B & Duens’C, D OfIC 3 EEE#F
BTz (p<0.01) (Table 4).

Subclass 1Lic 81 2R TIE, 1 ~IVEER THER
B, EE, RERE PHETF, HEF, HBFHNK
stage CBWITEBEZEDRMr-7, —7H, INF, n
KF, Dukes SETIEZFh I ~IVERcBEEE®
T (p<0.01, p<0.01, p<0.05) (Table 5),

6., BRERFE

KRIBFE1006112 81 2 BIEAEE, IWRUVRS T S
NI T9B D BHEELE £ 7 D& stage AlOREAFE
DV T DR 2T 72,

1) DNA ploidy pattern & 73R

DD Bic AT DA O FENEWER R L2
DO, THEMICBWTHREE2R® 5 h o7z (Fig. 8).
BHI K stage IO RBEGFETHLVARERZ 2RO R
Mot RIZDABOHMTH DNAEDEEI LS4
EEROFEPRET 57- 01 DA#%1.1<DI<1.5,
DI=1.50 2 B2 5313223, DIZ1. 5808 PR RO
MERLELDORBHCEREEZZR D Lhok
(Fig. 9).

2) PCNA LR kL 4:1f#%

PCNA LR #360% A L DBEME 2 R LU -fER % H
B, 60%KRBOESE LB L Tl O 2B FE
DB EToIcE 25, LEICHRT HESTETR
DR % T LR I B EZE 2R 72 (p<0.05) (Fig.
10). L» L, & stage Bl H B, L BERIRREEGET
BEEMECERRD P 0T,

3) Subclass 1t & £FE

[ ~IVEE O RFEFEE, 11, IV, 1, 1#OE
WFERD BIFOMERAERL, REFITIR THIICEERT
IVEERFHRAROMEM 2R, WHERCAREZLAD
72 (p<0.05) (Fig. 11). %5 stage 3l RZEEFE T
BREEERTED o,

7. BHE L OBR#EIZDWT

Pos Hoy 1o, M (=) OXBEEIZH L CHEVIRT
HIHSHEIT S NIz STERIDJRFT - EREFE I DV TEY
BT 7z, EEFEFEI5, BT - BEREREIET 46
(BRF 2@, BF16, Vo588 140 Th-7> (Table
6).

1) DNA ploidy pattern & B

DD 2= DA BOWEMIc BV T, BRBCEERE
BEDIp0 T,
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Fig. 7 The relationship between PCNA labeling
rate and positive staining of PCNA

Y: positive staining of PCNA

DNA 5 X U PCNA BE R & 5 KGR OB O

X PONA Inbaring rate

Fig. 8 Relationship between DNA ploidy pattern
and survival rates
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2) PCNA LR X H%

BRBZLBECHAAHBETERERLS L, BEHOD
PCNA LR, HEX#ID LEECEERZRLE
(p<0.05).

3) Subclass ik & B

EEFEEE O34 & RAT - ERERE (46) o
M T & IR, MEIVERcEEZ2ED
(p<0.01).

H¥stEEE 29% 105

Table 4 Relationship between PCNA labeling rate
and clinicopathological findings in the colonic

cancer
Factor ] PCNALR
Sex | M |55 60.74+13.80
F |45 59.65+15.04

Histological type well 45 | 55.82+14.55
mode |45 | 63.16£13.27
poor 7170.7 £13.71
others | 3 |58.75% 4.63

Depth of invasion m 2| 46.7+ 5.51
sm 4(50.83+11.14
mp 12 | 58.13+15.27
ss(al) | 19 | 55.37+13.04
s(a2) | 60 | 63.24+13.66
si(ai) 3|61.5 +27 03

Lymphatic vessel invasion |ly 0 9 | 53. 8 +11.28
54 | 58.76+£14.94
26 1 61.90£13.82
11 | 68.7 +11.28
55.35+12.62
61 | 59.21+14.08
17 | 61.16+15.03
11 | 69.5 +13.66
INF a 35| 53.93+15.83
B 54 1 62.05+11. SSEI
v 11 | 72.44+11.03
ll

Venous invasion v

W O W N
—
jan

Lymph node metasyasis nf 60 | 56.25+15.05
n(+) |40 66.40+10.59

Liver metastasis (—) |85 59.38+14.64
(+) |15 |65.18+11.43

Peritoneal dissemination (=) |95 59.98+ 4.37
(+) 5165.3 £13.27

Histological stage 0 17 | 46.7+ 5.51

I 37 1 55.41+14.41
i 14 | 57.35+15.59
fla |13 | 62.99+13.49
b |19 67.72£12.01
v 65.1+10.73

A 21 | 54.44%13.40

B 36 | 57.08+16.46 E::]*
C 29 | 66.62+ 9.99

D

| 14 | 63.92+12.27

Dukes classification

* 1 p<0.01, **:p<0.05

z B

FCM ¥ 0BF I & b Bl » O FE Wi DNA #iE
DSERE L 72 D BEIER I B 28 DNA BOERE I
WTFEICREN S D L Do TE 7%, FCM k8%
DNA BRHIETE 3100 T <, HlEOEL O
FEErvolfiD/7 A—y—LEKRCHET 2 Z &
BT&E&%, Two color flow cytometry i, 1 D>0O#H
Rz 2 EoFik e AW T B E LER 2 DOl
PE%EET 3 FET, MiE RSB cs
200 THY, & 51213 multi-parameter analy-
sisb ATRE T H 3%, E£K, FCM iZ & % multipar-
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Table 5 Clinicopathological findings in view of DNA ploidy pattern and

PCNA labeling rate

Factor group | 11 1 v
Sex M | 9(56.2) 10(58.8) 17(51.5) 19(55.9)
F 7(43.8) 7(41.2) 16(48.5) 15(44.1)
Histological type well 10(62.5) 4(23.5) 17(51.5) 14(41.2)
mode 6(37.5) 11(64.7) 13(39.4) 15(44.1)
poor 0 1(5.9) 1( 3.0 5(14.7)
others 0 1(5.9 2(6.1) 0
Depth of invasion m 1(6.25) 0 1( 3.0) 0
sm | 2012.5) 0 2( 6.0) 0
mp | 2(12.5) 0 6(18.2) 4(11.8)
ss(al) 4(25.0) 2(11.8) 9(27.3) 4(11.8)
s(a2) 6(37.5) 15(88.2) 15(45.5) 24(70.6)
si(ai) 1(6.25) 0 0 2(5.8)
Lymphatic vessel invasion ly 0 4(25.0) 0 3(9.1) 2( 5.9
1 9(56.3) 6(35.3) 20(60.6) 19(55.9)
2 2(12.5) 9(52.9) 8(24.2) 7(20.6)
3 1(6.2) 2(11.8) 2(6.1) 6(17.6)
Venous invasion v 0 3(18.8) 1( 5.9) 4(12.1) 3(8.9
1 8(50.0) 9(52.9) 24(72.7) 20(58.8)
| 2 3(18.8) 5(29.4) 412.1) 5(14.7)
| 3 2(12.4) 2(11.8) 1( 3.1 6(17.6)
INF a 10(62.5) 6(35.3) 14(42.4) 5(14.7)
B 5(31.3) 10(58.8) 19(57.6) 21(61.8)
¥ 1(6.2) 1( 5.9 0 8(23.5)
Lymph node metasyasis n0 13(81.3) 5(29.4) 24(72.7) 18(52.9)
n(+) 3(18.7) 12(70.6) 9(27.3) 16(47.1)
Liver metastasis (=) 13(81.3) 13(76.5) 31(93.9) 28(82.4)
(+) 3(18.7) 4(23.5) 2(6.1) 6(17.6)
Peritoneal dissemination (=) 15(93.8) 16(94.1) 32(97.0) 32(94.1)
(+) 1( 6.2) 1(5.9 1( 3.0) 2(5.9
Histological stage 0 1( 6.3) 0 1( 3.0} ]
I 4(25.0) 0 7(24.2) 3(8.8)
I 7(43.7) 5(29.5) 13(39.4) 14(41.2)
llia 1( 6.3) 4(23.5) 5(15.2) 4(11.8)
b 0 4(23.5) 4(9.1) 8(11.8)
v 3(18.7) 4(23.5) 3(9.D 9(26.4)
Dukes classification** A 5(31.3) 1( 5.9 11(33.3) 4(11.8)
B 8(50.0) 4(23.5) 11(33.3) 13(38.2)
C 0 9(52.9) 8(24.2) 12(35.3)
D 3(18.7) 3(17.7) 3(9.2) 5(14.7)

( ):%, *:p<0.01, **:p<0.05

ameter 7T % A WZEBRICHE L U ¢, mARKER T
Dsmear " AW EREZDODRA 7 V—=Vv 78 dH
%0 gl MR EHE L B EE L RN
ZHEDMER S h, BEOREFWTFIHRC L - THlE
OREFERe A CH B Z L BRI R 7208, T
DOHHE~ — A — DIV~ TOERNEITIZ X, &
WD H 2 FCM OF|AMEFIT, HES S iillE
WETIREDS 200 bBARHEEZONS,

HfasZ DNA 20 ICOWTIX, Atkin'2iz & D
Mla DNA ENEOERS FHRERM T 2 EE R
FThbEHESNTLER, Mg, REmE, g
ZBWLTHPTEIED b, BRFREZHR &3k
MLEWRTDPP R FHEFBRCBEKRLTVLSL LW

29(1959)

SENH SN T WD, KIBETIE, % DNA & LK
WHEZMET L OBEIC DT, Bx DGO 19 %
A5, bhbhOERS»S3, DPP & HEA, B
EE, IRERE, INF, n A7, PEF, HEF, 8%
22 stage, Dukes 2 & ORI I EEREEEFR 2
Fod, DI ThoRFLIEELEEER
Hizhrolz,

%70, W, Mc OFEMEEIC B W OEERECEE
BEETIE ORI, ZOEUBELBERTLITHESLS Z
EPMEINTETL S, RO E LT,
S¥2*H-thymidine (*H-TdR) %°5-bromodeoxyuridine
(BrdU) 2 & % S HIMIRI®D in vivo EHMIThh T %
7= 5%, in vivo 3% 133H-TdR = X 2 HUo g
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DNA 8 & Uf PCNA B8 & 2 KEEBOEME O Hilstesk 29% 105

Fig. 9 Relationship between DNA index and sur-
vival rate
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Fig. 10 Relationship between PCNA labeling rate
and survival rates
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Table 6 Recurrence in view of DNA ploidy pattern, PCNA labeling rate
or I~IV groups by DNA ploidy pattern and PCNA labeling rate

Recurrence
(+) (=)
DNA ploidy pattern | Diploid 18(31.6) 2(11.1) 16(88.9)
Aneuploid | 39(68.4) 2(5.1) 37(94.9)
PCNA LR** mean 71.55+12.36 54.83+14 .90
L 34(59.6) 0 34(100)
H 23(40.4) 4(17.4) 19(82.6)
group* 1 13(22.8) 0 13(100)
11 5( 8.8) 2(40.0) 3(60.0)
m 22(38.6) 0 22(100)
IV 17(29.8) 2(11.8) 15(88.2)

N ) A4S BB S il b O R REEDET
ERLEVEINATVREY, REFSF3LY /) —L )
L REFERL~<) VEERIT->TEY, FHETIE
Tt E g% PFA/ A%/ — VEE L BIFOER 15
Tw3, %7, Garcia 5@ 7 Vv a—VREFE/ S
74 YR ERWT, SUERBLER L PCNA B
Aa7 &, E—EFIOFEME % H iz FCM T8 5
NIEREEME L T T 3 T L BR L. RS
T, PCNA B - et 0ER % FCM TR »E
ET BEBO—KIE 5 TH % negative control 128
5 FITCHERERE S L L2, ZoBRic kg
F &N/ PCNALR I, Stz cllE L 72
PCNA MR L IZZ—HLTwE I s, 4 v
SALETDIOBREGERLEEEL OGNS,

ZDFEE, PCNA LR iREBEEMSFFR L X <M
BL, EobiuE, Vo HimBmt, REESEENE
PEEL L THERECHEMEERL, INF, HE%N
stage, Dukes 7O HEA TS H DT, BRICEHER
RUT7z, FIL 530 BrdU % B /- EEREEE ORET»
5, MBS (tumor doubling time) 13 DNA &
B (S B MINEARER R L OBk R R T LS L
T80, DNA &GRSR EHE OB, B
FEHLL, MEEELHOWIREESHEEZ o0
7z. Waldman &3V 3Bt < BrdU #Zi%3€ & PCNA
BEREEHEL T VR bR L 2 mEL TB
D, XBIROFKERTn (+) B, INFOHEATVE D
DT PCNALR BMEEICEERT L Z &3, #hEH
EREL, BEOELWE, ZEWEBEEROE
& PCNA LR2MEBET 2 2 L2 FRB LT W3 & H2
ohb,

DPP & PCNA LR L OBfF 5T % &, DA ##28
DD Bz HARTEW PCNALR 2R LIz 2 & X b, ¥
FEEED R WIER DA 22T 5 L WIHIHED EFF LY
W, 2 ZTDPPEPCNA IR» S F % 1 B
—PCNA LR (56%*#%) TDD, II##—PCNA LR
(56%L4 L) T DD, HIEE—PCNALR (63%Ki#) T
DA, IVEf—PCNALR (63%LL ) T DA ® 4 #ic5
HLRN 2T 2%, [TEEIFEN, IVEIR
M#EL Y n (+) BLWINF, Dukes 3HIcB W TH
TLICERIBERCE B o, KBEOEMED
H[5E 1 DPP & PCNA LR OHfISE®RDH 2D L&
oz,

Fi2id, KB TIz—i%ic DA B3 DD BlicthRF
BRRTCTFRHBOEEZRFO1I DL FZHNT
V319030 HERBIDIRET T b, MR ICEES IR » -
723 DA BED /743 DD B HE R PSS B WA &R
U, %7481 stage 2 FE L T b REROMER % R
iz, 72, Petersen 53¥% DI 231 .58 DO EEHSF
BRBEHLBELWEREL TS, 22T, bhvbhd DA
BHODNABOZHIL L 2ETFLEOEKDLTHKRETL
7z. DA %#1.1<DI<1.5, DIZ1.50 2 B3 #h
NOEGEE@BN LIz 25, DIZLSBTERED
fERZR LIz DD 2 HEICEEERED 2oz,
DNA ERSOEBOFENEL 2 28F L LT,
FOWEHER R, ERE(EES Y 2 B8ETONBORK
SR CPHEIhIBRIZICHDIZENRTHR Y,
EIERf T3, DI ¥ PCNA LR & ooz HHEBIE % 58
Oimolz,

KB 815 PCNA LR & PR IZET 2851
% 3, BB VLT, hEF5293 PCNA LR



32(1962)

FEIE44% T 2 BT 72 £ 2%, PCNA LR #344%
22 581, ZTRUTOREELD b FHRAROMER %
AL L#REL T b, R OHER Tk, PCNALR
DEHETH 560%U LOBHEERLEM % H
B, 60%RMDER % L &L U Tl O BRERFE
DI EIT-72 L 25, LEICHAT HENFEHERR
DA ER LTz,

INEFCTEREEOTREREL, BEAHORES
HivE L7z DNA BHEDGR B E {FERIN T
%, Tibb, EPEERIC heterogenous TH 2iEHEH
BOBODOFEYE, BOBETTHT 2 Z &, BK
B LELOTEETHS, BEDLEIATHE, 20
¥ DNABOERT%bE DPPDATEREDOTFHE
BMECHE T2 L 3ARTRETHD, DItz
proliferative fraction OERENEH SN TWHEH D
DO, DNA BOBEIEDAH TEZEOFEEHAT S,
BTERLE DO TS, 857, DPP %%
258G, % OBMEBI BT DA RESVWEET
HHN, DA DAHE LD HIFT-OTIR, YREBoTR+
SFEBbnd, Likcho TFREER, thoRTb%
BLTREWITI ZETIVERERZ EELZ SN
%, Z I THIRD [ ~IVERTFRORE 21To70 &
25, MEEDS 1E, IVEL DI CPFRRFOME
MHT I, DPP & PCNA LR 2B 325 - L b &t
W FHREENTE 2 AR RIB S N,

—7%, BHEREOBBYRMGROBERITREYESR
THLEELEFTHD, I-EKERGAETFHL, &
B Y B ER L R 21T T L 3R EEE R
ZEThBH, AHEOHKE T, DD B L DA BRI
MicB W THEBRICE2AD B H 57225, PCNA LR-
HERHAFINE L, 8512, 1~IVEICE) 2 EH
R L ERFIOBRN T, [TEELDIET, NEELD
IVETHRICERIS{EDIZ XD, PCNA LR
2, BOERBREERFOEOEN O—EEicke v, DD B
EDABOFTH E > KHBEREIT S EEEDOR Y
BERDUBIENTELEEZONT,

b, BOEMFHNEEELME VD EDOOFELNY
& L¢, FCM i« & % [EEHMiEs DNA & O HIE 23
KEBURBEOTFHUBCLLCHSAS LS K
o7, DA OHBHFENERICEERHRTER
{, 7, DA OHIfED 05 % 2 BUEE Y Ve { it
Wwicdh, % DNABODAHEREDOEBEEOZE Iz AV
ZIERARHY, ZOBEME LRI I THLHE
B OGRS 2 PCNA LR Tl 2 Z & ic kD Fi&

DNA 5 & U PCNA &E&8IC & 3 KGO BHE OF i HEASE 29% 105

HEHZIDERIZTEL EEZ 6. Two color
flow cytometry iz & 2 KIBEDOEME OWE XD
%<, dETHrOFHNFHEcEN S FCM % Av iz
DPP & PCNA LR O#lEid, KB#OEMEDHE
WERLZFEE 1 DR 2R S iz,

x @

1) Bravo R, Frank R, Blundell P et al: Cyclin/
PCNA is the auxiliary protein of DNA
polymerase-6. Nature 326 : 515—517, 1987

2) Hall PA, Levision DA, Woods AL et al:
Proliferating cell nuclear antigen (PCNA) im-
munolocalization in paraffin sections ; An index
of cell proliferation with evidence of deregulat-
ed expression in some neoplasms. J Pathol
162 : 285—294, 1990

3) SARER, BERER, REE—EH | BT
JF (PCNA) OEREIRRET, Bk 36 : 8184, 1992

4) Goran L, Eng MT, Goran R: Flow cytometric
multiparameter analysis of proliferating cell
nuclear antigen/cyclin and Ki-67 antigen, a new
view of the cell cycle. Exp Cell Res 187 © 111—
118, 1990

5) Goran L, Goran R: Flow cytometric analysis
of proliferation associated nuclear antigens
using washless staining of unfixed cells.
Cytometry 13 : 230—240, 1992

6) 5¥ 5, MAEH :Flow cytometryiZ & %
PCNA (proliferating cell nuclear antigen)% <
— A=t LI EEAAROER A HOR
&f. Human Cell 6 : 66—70, 1993

7 KEBEHREE | KSR B, WETE 5 R
SRR, i, 1994

8) Turnbull RB, Kyle K, Watson FR et al: Can-
cer of the rectum : The influence of the no-touch
isolation technic on survival rates. Ann Surg
166 . 420—427, 1967

9) AT % : Two-color flow-cytometry O BUR &
ZORIEA, BHE 39 :302—307, 1984

10) Habbersett MC, Shapiro M, Bunnag B et al:
Quantitative analysis of flow microfluorometric
data for screening gynecologic cutology speci-
mens. J Histochem Cytochem 59 . 766—771,
1973

1) A &% HERE, W XS IE 2 Flow
cytometry-computer #E 12 & 2 FEEMBE O
multiparameter ST, ¥ &b 9 1 11641178,
1982

12) Atkin NB, Kay R: Prognostic significance of
modal DNA and other factors in malignant
tumors, based on 1465 cases. Br J Cancer 40 :
210—221, 1979

13) Drings VM, Mattern P, Sonka ] et al:
Prognistic significance predictive test in non-
small cell lung carcinoma. Cancer 56 : 1396—
1403, 1985

14) BRANIES S8R0 BERE Y sME—7 o
—H A P A MY —EHWB DNA BEOHIE—.
H4b&8E 91 © 191—200, 1990

15) BEII¥:R], BB, FEEHCIE | BEOMABRE
L¥ DNA B3 2 BN AMRE. HFNS
3£ 221 2784—2788, 1989



19964E10H

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

Reprint requests:

GBIE, | #, P8 Eigs L KiEEE DNA
BOFRATFL L COFRAYE. HRKBILFRS
& 41:927—933, 1988

THER B ZE B EIE D Flow
cytometry 2 & 58 DNA &5 & &7 KIEBEO 4
VI REE OB, HAtsEE 91 15711575,
1989

A aE B, MEFERXRIE > Flow
cytometory iZ & 21 DNA &5 5 & 12 KIEED
EE BT 23T —DNA ploidy pattern & fiT
EROMEM I W, BAasE 921 127—132,
1991

KA O#, W B, BAERE, HRCBITS
FEREPIUEAHRN & T HEN=EE 20
2299—2304, 1987

Gerdes J, Lemke H, Baisch H et al: Cell cycle
analysis of a cell proliferation-associated
human nuclear antigen defined by the mono-
clonal antibody Ki-67. J Immunol 133 : 1710—
1715, 1983

Tsutsuni Y, Hori S, Onoda N :  An immunobhis-
tochemical marker for proliferating cells in
normal and neoplastic human tissues. Am J Clin
Pathol 93 : 643—650, 1990

Mathews MB, Berstein RM, Franza BR et al:
Identity of the proliferating cell nuclear antigen
and cyclin. Nature 303 : 374—376, 1984
Robbins BA, Vega D, Ogata K et al: Immuno-
histochemical detection of proliferating cell
nuclear antigen in solid human malignancies.
Arch Pathol Lab Med 111 : 841—845, 1987
VERTFOEE, MY, BEARHKARIZ> { PCNA f
B EMBILEC L B P RIBEBEOER IS M
MG - WO L ORI OME. HEFSE
90 : 647—654, 1993

MBFER, M 7 SEMREEYUR (PCNA). &
FRLEE 9:879—883, 1991

hEF ¥, EEHAX, PEEXIED [ Proliferat-
ing Cell Nuclear Antigen (PCNA)FIHEFIZ X %
B BB T O REAME — 2 O EBEAIRRET & BRAKIC
WowT—, BA=EE 94:580—592, 1993

27

28)

29)

30)

32)

33)

34)

35)

36)

33(1963)

Garcia RL, Coltrera MD, Gown AM : Analysis
of proliferative grade using anti-PCNA/cyclin
monoclonal antibodies in fixed, embedded tis-
sue. Am J Pathol 4 : 733—739, 1989

EHEEE - Flow cytometry % B iz 86+
J7u—F Vi RaBEHEOBE F k. &
BE 40 :45—48, 1985

Kimura H, Yonemura Y, Alan LE: Flow
cytometric quantitation of the proliferation-
associated nuclear antigen pl05 and DNA con-
tent in advanced gastric cancers. Cancer 68 :
2175—2180, 1991

118 : Bromodeoxyuridine # & U § &0
LERFEE AV b NSO ElY, &
REypFZE. A4esE 90 355—363, 1989
Waldman FM, Carroll PR, Kerschmann R et al :
Centromeric copy number of chromosome 7 is
strongly correlated with tumor grade and labe-
ling index in human bladder cancer. Cancer Res
14 : 3807—3813, 1991

Scott NA, Rainwater LM, Wieand HS et al:
The relative prognostic value of flow
cytometric DNA analysis and coventional
clinicopathological criteria in patient with
operable rectal cancer. Dis Colon Rectum 30 :
513—520, 1987

Petersen SE, Bichel P, Lorentzen M: Flow
cytometric demonstration of tumor cell
subpopulations with different DNA content in
human colorectal carcinoma. Eur J Cancer 15 :
383—386, 1979

Astrid M, Masafumi T, Eleke F: The prog-
nostic significance of proliferating cell nuclear
antigen, epidermal growth factor receptor, and
mdr gene expression in colorectal cancer. Can-
cer 71 : 2454—2460, 1993

Hedley DW: Flow cytometry using paraffin
embedded tissue4; five-years on. Cytometry 15 :
229—241, 1989

Hex Koh#, #f &2 FEEBOMN DNA &
12 & BHRET, BERR 34 1 692—697, 1990

Evaluation of DNA and PCNA by Two Color Flow Cytometric
Analysis in Colorectal Cancers

Hiroaki Yoshitake
Second Department of Surgery, School of Medicine, Fukuoka University

Two color flow cytometric analysis of DNA and a labeling rate of proliferating cell nuclear antigen
(PCNA LR) was performed on cancer cells of 100 cases with colorectal carcinoma in relation to
clinicopathological factors. DNA analysis demonstrated a diploid pattern in 33 cases and aneuploid in 67
cases. The mean of PCNA LR was significantly higher in cases with aneuploid pattern than in those with
diploid pattern. Regarding as lymph node metastasis, [FNy and advanced Dukes classification were more
frequent in cases with high PCNA LR and aneuploid pattern than in those with low PCNA LR and diploid
DNA (p<0.01, p<0.01, p<0.05), respectively. The survival rate was significantly lower in cases with
high PCNA LR and aneuploid pattern than in those with low PCNA LR and diploid pattern. These results
suggest that DNA-PCNA dual fluorescence analysis by flow cytometry might give effective parameter on
evaluation of malignant potency of the colorectal carcinoma.
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