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=Abstract=

Analysis of Correlation between DNA Ploidy and Proliferative Activity
with Previous Prognostic Parameter of Colorectal Carcinoma

Sang-Chol Kim, M.D., Dae-Sung Kim, M.D., Bryung-Sun Rhoe, M.D. and Kwang-Soo Yoon, M.D.
Department of Surgery, Wouniu-College of Medicine

This study was designed to determine the reliability of DNA analysis in predicting outcome
of patients with colorectal carcinoma and evaluated for the correlation of clinicopathologic pa-
rameters with DNA analysis as a prognostic factor of colorectal carcinoma.,

Eighty-five patients who underwent curative resection for colorectal carcinoma were exam-
ined for DNA ploidy, 5-phase fraction and proliferative index by flow cytometry.

20 cases(23.6%) were DNA diploid, 65 cases(76.4%) were DNA aneuploid. The frequency of
DNA aneuploid was noted higher as the poorer histologic grade, positive lymph node involve-
ment and grossly ulcercinfiltrative pattern of tumor(p<0.05) The frequency of high S-phase
fraction (5.P.F>20%), high proliferative index(P.I>30%) was noted higher as the poorer histo-
logic grade, increased Duke's stage and positive lymph node involvement(p< 0.05).

In patients with aneuplid with high S-phase fraction(S.P.F >20%) group, ratio of death, recur-
rence were significantly poor than those with aneuplid alone and diploid group(28.2% Vs 15.1%
Vs 15%, p<0.05).

As the result of this study, we conclude that flow cytometric analysis of DNA content, histo-
logic grade, Duke's stage, lymph node involvement and gross pattern of tumor were signifi-
cance prognostic factors in patients with colorectal carcinoma and provide more accurate as-
sessment of outcome.

Key Words: Colorectal carcinoma, Flow cytometry, Prognostic factor
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FAFL olde] g2 BuE Fa wbga, fuksk,
whaabt o3k, A Fkgh RS ghate]] gled s M3t )
o Felzlzl s ek x| gk F o]ol 4 (aneuploid)
o]jE 4 S P.F(S-phase fraction), P.I{Prolifera-
tive index )52 ¥4 HF 2 o FF 2aleponm
22 H7)7F =2 7|2 e dEAAE 7hal &
Aol 2l M E FFMEL] i, da} FAFe] HhEA
vlajdaie 2 vehbs AgkE ol o e AzbE
& #d FelHe BFHE s gle FAE S3Y
of 2|§ FekAEo] wi4T F45e] WA, 27
gabel gleld AHazigl «lFqlztz epebde] =7
£ 7129 4 F7rEHe] AdAEY w2 A0 A
gk ofof gloiMe] FEE Fl el E ofel
opz} Ao o|f4 F e 7|EL] dFdE
=48 ¥glch

ST oy 3 YUY
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19923 1958 19943 123077 152 abof &t &
et walel 4 i}, Ao s FEd AlEE 121
o2 FPaAF FHAE SHAYE g 85E e
2 #hgdct, of7lelle eb-gle] o4 Foke] Fuby #
A, A Asdagd Alda] ERAG FHeld oFlA
5, EA Ak Alded Ak, Asbe] obd Ass
A 2] =gl ch.

2) fFHE &3 3 d7Yd

#il®E 244 98 paraffin £olx34 50 pm
T2 e} o|F A Y] {3 5 ml xylene (Histo-
clear, National Diagnostics, Sonervill, NJ,
USA)E %o 3057 paraffin #HE 23« #H
el F, A2l 100%, 95%, 70%, 50% ethanol
of zhz} |02+« FelFE, DPBES(Dulbecco's phos-
phate buffered saline)ell 1083+ 23] 22|44 aj
& {rehydration)4|#EHck. & 25 ml2]  0.5%
pepsin(pH 1.5)22 37°Cel 4 3083 2=2rH 4=
At HipEaAg afa4]d #abs FE2U9F 4l pm
nylon mesh® o3} 2| F1F pepsin activitys §l i
7l ## 1ml 0.025% pepstatin® H71E 10524
b 27l o5 Y 4e] RNAS #Agshe 7& b=z

&7 #]3] 6 drops RNAseE #71F 37°Cel 4 305
2t #2242l &2 nylon mesh® «3#be propi-
dium iodide ®3 9eF& 7FghE 472 4°Cel
Al W& apghgh Abdl 2 w@bsbgdcl 2%l sample
FACScan(Becton & Kickinsion Immunocyto-
metry systems. san joe, CA, USA)E o|&a}e]
cellFit cell-cycle analysis. version 2.258 348}
et
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Fig. 1. Diploid DNA histogram.
X axis: DNA content
Y axis: Cell event
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Fig. 2, Aneuploid DNA histogram.
¥ axis: DNA content
¥ axis: Cell event
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—AEH & 390 R At tale] o) DNA Ploidy ® 24%5% 7|29 Al F-alzbehe] bbb ¥4 -

o diploid® Rz, 540 )42 GG, peak
7b qpabEe e edEle Go/M peak’t =9ET
Bl 4 2sl GG, peaks| ulde| HAd A2 1
% eldal HF-E olvls Al (aneuploid)® A2 stk
(Fig. 1, 2).

DNA index~} | o|&lgl 24 = G./G, peaks}
dipleid2] Gu/G, peak¥®c} H=o #z8 =%
hypoploid, G./G: peak?} $Fef s]z8 =%
DNA indexe oz} hyperdiploid(l.1=D.I< 1.9),
tetraploid(1.9=D.I1<2.2), hypertetraploid(D.I=
2.2)% #A2stea o5& 5 o|wl4#(aneuploid)
2 WFof Egha|#HLl,

S.P.F(S-phase fraction)®& “Z57)3 5/GG, +
S+GMx 100(%), & Sk ze] $H-8e wyg
EUehd A2 Eo Ry Foburs] Bala)sz
A 2l2)7t 23 proliferative index(PI)= #z=
7lell 4 S=G:M/GG, +S+G:Mx 100(%), = §.
phase2} G:/M phase® ¢4 Wiz A5y
@l+= DNA histogram we|#d|s=(coefficients of
variation, C.V)7} sampleZtell 42 4o|dtn o]S
& HE el HdE FEF dasisd Bo yaao)
WEelch, CVate 2zt E4olct 6~8% olz}al ns
T4 e dfdste] ol Egc}. Aneuploide] ¢4
S.PF % PI ##gs 7lzez S.P.F.=>20%, Pl
=30% 22 7zt el DNA ploidyst §4 7)&
o o F)2tEny SRS L),

FHEAbA 2fsf b, ALY < F aneuploid +S.
P.F>>20%, aneuploid, diploid z}=}2] &+ 3le] &
EE EAENS fo49E FFstgen] o)F Fa 7
Eof d|Falabpel o ApE slepsbgic),

3) 2 A

M 492 SPSS/PCT & o|adledan] g5%
ol FrelaPeld AR HAaEg s,
DNA ploidy S P.F>20% 212)lx PI>30%¢ <&
A Fal2b5342]) 4P E chi-square testd
o5, FA%AE f248 P29t 2} aneu-
ploid+5.P.F > 20%, aneuploid, diploidZ+| 3]s
outcome- & chi-square test® *)&a}aicl.

7 n

1) Patients profiles

e AYFEE 36414 8342 cloakaledo o
¥ 58.24dn walrl 464 aem of 27}
394lelde}t. F2H lideopy HH(CEA) 3=
o ng/ml =l8k7} 5590(64.7%), 5~20ng/ml =]s}=}
18°1(21.2%), 20 ng/ml o]4}a] 12+ (14.1% )5 S
=¥ ety 49(CEA) 3= 5ng/ml o]}
65+ (76.5%), 5~20 ng/ml7} 17=0(20.0%), 20 ng/
ml o]de] 3=(3.5%)2] Ex& weor),

Foke ) gLy ez g ware o
Seide] 16+1(18.8%), w393 4E 44 2o
el 1HA(12.9%), FFcate| 5+4(5.9%), Sa A7
o] 134(15.3%), =2e] 40 (45.9% )it B<kg] 3
li= Zem o]E7h 34(3.5%), 2~6ceme) 379(435
%), Tcm o)4ke] 4544(52,9% )aic),

Foke] HEes s 149(165%), 2S5
594 (69.4%), vl&57} 124)(14.1%) L£2§ wedw
Duke’s ®7|e] o2 wo] LHL w7 Arl 204(2.4
%) Blel 44(4.7%), B27} 3240(37.6%), Cle| 4+
(4.7%), C27} 40°4(47%)e) YA o]z} Pats =
7] D7} 3<(3.5% sdc),

DR ez 4590 (53% )4 okAde|edzm 40+ (47
o)l Sdelilen] Foke| faba 474 79 6)
4991(4.7%), k4 E2%e) 359(41.2%), A4 3
o] 4640(54.2%), wlgbde] 14(].2%) 5k Table
1),

2) J1Z9 ol ixte} v|mES U}

(1) HAHBXAM visH B2 U S4sne] Ap
Al "l 8541F aneuploids} 65 (76.4%), dip-
loid7} 20+0(23.6%)2 aneuploid”} W& 238§ u
%3, aneuploid¥d 4 F4%e (SPF & PI)
diploid2c} 97 10% A= ¥4 Jeht A%
2127} slzicHTable 2).

(2)-Hololl o2 sl 2Z 3 S4o=Ye Apa
AL owlEale] RS 404 o)Elell 4] Tl el (BE%),
40~504+ 4 1495 1344](93%), 50~60M4+ 3]
F 194(61.3%), 60~T704 |+ 19<4F 154 (78.9
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Table 1. Patients profile

Table 2. DNA analysis by flow cytometry

Parameter No.(%)
Age
~40 yr 7(8.3)
4150 yr 14(16.5)
51~60 yr 31(36.5)
61~70 yr 19(22.3)
T~ 14(16.6)
Pre-Op CEA
under 5ng/ml 55(64.7)
520 ng/ml 18(21.2)
above 20 ng/ml 12014.1)
Site
ascending 16(18.8)
transverse 11(12.9)
descending 5(5.9)
sigmoid 13(15.3)
rectum 40(45.9)
Size
<2cm 3(35)
2~6cm 3Ti43.5)
Tem < 45(52.9)
Histologic grade
well 14(16.5)
moderate 59(69.4)
poor 12(14.1)
Duke’s stage
A 2(2.4)
Bl 4(4.7)
B2 32(37.6)
Cl 4(4.7)
C2 40047)
D 3(3.8)
L.N involve
positive 45(52.9)
negative 40047.1)
(Gross pattern
polypoid 4{4.7)
ulcerofungating 35041.2)
ulceroinfiltrative 45(52.9)
diffuse 1(1.2)

%), TOA eldell A 14«3 124 (85.7%)= =} dedF
o sl={4 aneuploids] ¥ =« EFA & el ¢
g3, ¥ F4%E& Eole SPF.>20% ¥ PI>

DNA ploidy Noi%)

20(23.6)
65(76.4)

S.P.F(mean)* P.l(mean)**

1055 +7.26% 18.07T£11.12%
2059+ 12.50% 2654 +14.16%

Diploid
Aneuploid

*=).0062
** =(0.0067
“significance: p< 0.05

30%2) dex 2z dgdake] HEx2 Aol ge] e
oA £E 9 F4Eate AsAE g
(Table 3).

(3) +=F deiobd BN +o O sl &2
E 3 Sisnie| 4@ dede e LA
obd &Y 737} 5ng/ml °|8lel 55+41F 42+(76.4
%), 5~20ng/mlsl 18<% 13=4(72.2%), 20 ng/ml
ol kel |25 10+4(83.3% )0 4 aneuploid2] &
EE B 7 Fe] 9l wlFa T Fel7t dld
3, SPF>20% % PI>30%9 7HS% dte]d Mo
2 el A el ddln) s 22 g F
Aeahe| kA= glelcHTable 4).

(4) 2 790l g Wi £2X U S4sne|
AtEE A : #ateaiql B3el & aneuploid 9 S.
PF>20%, P.I>30%2 W=t 7} ¥4 w2} 6]
§ » T3 ¥49ct. aneuploid”} descending colon,
rectumol| & zkzk 5e|F 59(100%), 405 334
(82.5% )% w3 & g Hade FAEA 2
vl glel Foke] s|saty R o) 2E B S
A5 e] AAle glglcHTable 5).

(5) @42 3700 e sl £ U S4sDe
HBHA . 2] 27)E 2em ©|5, 2~6cm, Tem
ol4be & o] Ragh FH= 2om olFel AS 3H
4 2% aneuploidd ebllent FAE 2ol
wWeds, 2~6em % Tem <142 A4 aneuploidal
¥Eo ate|r} glglz, SPF. 20% % PI>30%2)
s zhFited vleq $XF 2o T2 =276l
wpe wid 2E R FAFae AR slelc
(T'able 6).

(6) EX|oty #ojco ol wisa 2X U F4=
ool MPEBA. aneuploidt FE5E ¥ ol
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Table 3. Correlation of DNA analysis with age

Age No.(%) Diploid(% ) Aneuploid(%) S.PF =20%(%) P.1=30%(%)
~40 yr Ti100) 1{14) GIBG) 4(57) 4(57)

4150 yr 14(100) LT} 13(93) 5(35.7) 6(42.9)

51~60 yr 31(100) 12(38.8) 19(61.3) Ti22.6) 7(22.6)

61~70 yr 19(100) 4(21.1) 15(78.9) 9(47.4) B{42.1)

T~ 14(100) 2(14.3) 12(85.7) T(50) 6(42.9)

Total 85 20 65 3z 31

p-value 0,1296 0.1844 0.2324

" significance: p<0.05

Table 4. Correlation of DNA analysis with pre-Op CEA
CEA No.(%) Diploid(%) Aneuploid (%) SPF=20%(%) P.I>=30%(%)

< 5 55(100) 13(23.6) 42(76.4) 17(30.9) 16(28.1)

5~20 18(100) 5(27.8) 13i72.2) Bl44.4) 9{50)

20 < 12(100) 2(16.7) 10083.7) 7(58.3) 6(50)
Total 85 20 65 32 3l
p-value 0.7908 0.1978 0.2785

significance: p<0.05

Table 5. Correlation of DNA analysis with site
Site No.(%) Diploidi%) Aneuploid(% ) SPF=20%(%) P.I>30%(%)

Ascending 16(100) 5(31.3) 11(68.T) 4(25) 5(31.3)

Transverse 11100} 4(36.4) 7(63.6) 5(45.5) 5(45.5)

Descending 5(100) 0 S(100) 1{20) 1(20)

Sigmoid 130100) 4(30.8) 9(59.2) Ti53.8) 6(46.2)

Rectum 400100) T(17.5) J3(B2.5) 15(37.5) 13(35)

Total 85 20 65 32 ]|

p-value 0.4884 0.3823 0.7275

“zignificance: p<0.05

ZHzb 5943 49+ (83.1%), 12+F 9«(75% )2 =&
el ot =4 vebt aneuploiddl 5 Foks] &
Bezt vfud Gepln, SPF>20% % PI>30%
8] i o|lfsle] s B 12eF B (66.7% )] o)
EF Mo FA 5o 2875 T4 BHEr uA|

c}{Table T)
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Table 6. Correlation of DNA analysis in size

Size No.(%) Diploid(%) Aneuploidi®%) SPF>20%(%) P.I>30%(%)
= 2ecm 30100) ] 3(100) 1(33.3) 1(33.3)
2~6cm AT(100) T(18.9) J0(81.1) 14(37.8) 11429.7)
Tem < 45(100) 13(28.9) 32071.1) 17(37.8) 19(42.2)
Total B5 20 65 az il
p-value 0.3573 0. 7944 0.7414
*significance: p<0.05
Table 7. Correlation of DNA analysis with histologic grade
Differentiation No.(%) Diploid (%) Aneuploid(%) SPF>20%(%) P.I=30%(%)
Well 14(100) T(50) T(50) 3021.4) 3(21.4)
Moderate 59(100) 10{16.9) 49(83.1) 21(35.6) 20(33.9)
Poor 12(100) 3(25) 8(75) BI66.T) B(66.7)
Total 85 20 65 41 32
p-value 0.0319* 0.0492* 0.0455*
* significance: p<0.05
Table 8. Correlation of DNA analysis with stage(Duke's stage)
Stage No.(%) Diploid(%) Aneuploid(¥) SPF=>20%(%) Pl=30%(%)
A 2(100) 1(50) 1(50) 0 0
Bl 4(100) 0 4(100) 1(25) 0
B2 320100 12(37.5) 20062.5) 7(21.9) 7(21.9)
Cl 4(100) 1(25) 3T5) 1(25) 0
C2 40(100) 6(15) 34(85) 20(50) 21(52.5)
D 30100} 0 3100) 3(100) 30100}
Total 85 20 65 32 al
p-value 0.0940 0.0467 0.0104*

" significance: p<0.05

100%2 $Ab8hA vheh} wolo] B $x9] apold
Ho|z] gle}l wWr|sl AFHSE aneuploids} T
Helutes AEHHE Bela) gietn, SPF>20%
PI>30%2] =% =7 C, Dal4 50~100%% =7]
A, B2 20~25%Rc} =4 veh} Wr|rl 2&4F
4% =4 et BA AR F28F ae|n
Roch, § 99 WrEe 24T FHgAHo &

o|gk Ab3kkHE ¥ Table 8).

(8) Ymtd Hololl ot wi=H 22X 3 S4saig|
A 2EA . aneuploids] ¥WE&= elubd Helzp ok 4
ol A 4541%F 394 (86.7% )2 =4 FHe|r} S Alal
4093 269 (65% )2t 2jojalA ghe] vepda, oa}
H Hel7} <kl At S4a AR 22 54
(S PF>20%, PI>30%)8 REdchk = 934 A
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Table 9. Correlation of DN A analysis with L.N involve

L.N involve No.(%) Diploid (%} Aneuploid(%) S.P.F>20%(%) PI>30%(%)
Positive 45(100) 6(13.3) A0(86.7) 23(51.1) 23(5L0.1)
Negative 40(100) 14(35) 26165) 9(22.5) 8(20)
Total 85 20 65 32 |
p-value 0.0186* 0.0028* 0.0114*

" significance: p<0.05

Table 10. Correlation of DNA analysis with gross pattern

Gross pattern No.(%) Diploid (%) Aneuploid(%) S.PF=20%(%) PI=30%(%)
Polypoid 4(100) 3(75) 1(25) 0 0
Ulcerofungating 35(100) T20) 28(80) 13(37.1) 10(28.6)
Ulcero 45(100) 10(22.2) 36(B0) 18(39.1) 20(43.5)
-infiltrative
Diffuse 1(100) 1c1on) 0 1100} 1100}
Total B5(100) 20(23.6) 65(76.4) 320100} 31{100)
p-value 0.0447* 0.2777 0.0869

*significance: p<_0.05
o|7} ok44al A% aneuploid®] W=7t @3, ¥& & Table 11. Follow up
A& Yo glad HeloR i e Fx ol F4 mean follow up time: 17 months
3 g A E Edck(Table 9).

Outcome No.(%)

(9) Y2 8015 Heo ¢ vy EX U S .

Als o] AEA: aneuploidt Hkd T2 844 i‘:’”“* Ef I‘:::;‘*I*f]
e urrence
3593 2849(80%), k49 FEYol4 45-4F 364 Dead* 10 pt(11.8)
(7T8.2% )2 whr&7|HEc}t £2 Ying veo {F2f Lost to follow up 5 pt(5.9)
AelE Bedw, $458 oo sle] vlagk 2EE
total 85 pt(100)

Yo GaaAE 32 5 g 5 $eks] Hqha]
Helle wiseAle] REel foigr AdAIAE w4
(Table 10)

3) Follow up

85<1F B0«lel4 FHzalrt 7hgeleled 7|7ke]
VA da Fdarl F Ay el dEdE T
edlE Fe7h o] FHZAF A, Ader Falo
3l DNA ploidy % S.P.F%, Pl%zts 225
EA4shgch. " $37HE 17709l en 63
el HE] A=, Tools AdEdm Apdg

* dead=l| 4 recurrencer} 5+ &=

A4+ 109 ¢l=HTable 11).

DNA aneuploid+S.P.F>20%a |4 37}
Seu 2940% 900(28.2%)7F Abe} Apubared LhEelE
E ey, aneuploidZel e 327159 3«
abub, afdbe] 54)(15.1%)31glch. Diploid Foll e &
Hrbe e 20415 A1, Arggr 2971 34(15%)2 o}
& oo uld F& AEF ebdls] Fog slelF 2
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Table 12, Patient outcome with DN A analysis

Outcome Aneuploid+5.P.F >20%(%) Aneuploid(%) Diploid(%)
in=232) n=33) (n=20)
Alive 20062.5) 26(78.8) 18(85)
Recur & dead 9(28.2) 5(15.1) 3(15)
recur 3 3 |
dead 6 2 2
Lost 3(9.4) 2(6.1) 1]
*p=0.0271
Table 13. 10 death related to the DNA analysis
Stage No. Diploid Aneuploid S.PF>20% P.I1>30%
B2 4 l 3 2 1
Cl 1 l ] 0 0
c2 3 1] 3 2 2
D 2 1] 2 2 2
Total 10 2 8 6 5]

Table 14. Significance of clinicopathological param-
eter by DNA analysis

Clinicopathologic factor DNA ploidy S5.PF Pl

Age No No No
Pre-Op CEA No No No
Site No No No
Size No MNo No
Histologic grade Yes Yes Yes
Stage(Duke's) No Yes Yes
L.N involve Yes ves Yes
Gross pattern Yes No No

e} (Table 12).

Ak 1048 A5 HagE7|hE ZIAYo|gla
aneuploid?} 8+, S.P.F>20%~} 64, PI>30%+=
542 ¥+ & ¥k (Table 13).

ol4be] 2 FHE 4o 2/t DNA ploidy
W SP.F%, Pl i3, 2t ghahe] o5& &8
+ APq «HFdz2 Qg 5 g, o Felalg
o] 4R 4 F& 712 AFQAF FUo

$&x, W7, glapbd He| o Faoke| Hqba w
+ DNA analysis 752} @] ulma] 4zl
| F3lalelx & 4 lck(Table 14).

i d

198291 Wolley5™'e| #+4E YL o8,
DNA ploidye| =& 5 4&8&¢] DNA diploidei
4 65%9ld W aneuploidell M 7.5%e| ¥}
cbar HERIF off g dyFel Y o, 3
aote] e fqlzt2 4] DNA ploidy ¥ 245
4 AzE ¥t glch, Philips2 aneuploided
4 5 dHEEo| 35%e]|3 diploidsl4 57%e|x, P.I
(proliferative index)gle] 25% >4 5 &4
ol 70%, 25%<ol4 40%=tx B &g Bar-
bara5 & Duke's #7] A, B #zlell4 P.Igte] 20
sol4 e i Bolw 20> Hgo] wjuy P
& dFF vy 23 shdoh. o|§A Wizt
fite RvEE FAE Sl 23 DNA 34
2] #Hapgeo] i3, A Falelld Fag oFA}
2l Wolley 52 2§ 53 sl gc}.
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—Z4A 2] 3a0:oia 9l At faled 4] DNA Ploidy % 2453 71=2 ol Falabs}e] alghpbs] 2aj_

# 74 854%F diploid#} aneuploids =tz
20+4(23.5%), 6540(76.5% )2 tebytc}, StefanS™
+ 252 A4 dipleide 38%, aneuploid=
b2%2t B sted o dAFsEh e o sl
aneuploid+= 55~67%2 ulehdels &t Bar-
barag"& #2AE9 o2} wls# diploid 25%
aneuploid 75% 2 £ 31§ ¥ #<¢ic)

Hrele did, Alakele] g dlgqlaE gHam g
<4l Jones”, Kenneth™52 704 =|3t«]+4 dip-
loid7} 16+, aneuploid7} 51<)2 v}o)7} Qe 42
aneuploid®] Hl=7} =4 vepdos Busea
Harry', Scott"' 52 tieli= DNA ploidye] 49}
ade] gk Mastych HalEe AHspofHE e
o a2 DNA ploidy 22§ 24§ =z} =} of e
|l 2l*] aneuploid®] ®l%e| #ojrde ggc}

WAHeld e FEAed dF gaeld 22y
HAEE g fajels apgs =70 Popyoe
M HEG 5§ FAded J4a 9oyt gon
@2 qlidl ScottF e ofAdeleld  aFfla=a)7)
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