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= Abstract=

Prognostic Significance of PCNA in Colorectal Cancer

Won Hoe Koo, M.D, Young Jin Kim, M.D). and Shin Kon Kim, M.IL.

Diepartment of Surgery, Chonmam Universil y Hospital, Kwangm, Korea

Proliferating cell nuclear antigen (PCNA) is an auxillary protein of DNA polymerase delta
and tightly associated with sites of DNA replication. We studied the expression of PCNA in
primary celorectal cancer to identify its significance as a prognostic factor.

The growth activity of 68 colorectal carcinomas was assessed by immunohistochemical stain-
ing for formalin-fixed, paraffin-embedded tissue with a monoclonal antibody against PCNA.
The PCNA index was calculated as the percentage of positive cells relative to the 1,000 tumor
cells. The correlation between the PCNA index and various clinicopathologic factors were as-
zessed, The results were as follows:

11 The mean PCNA index of 68 tumors (mean =3D) was 66.6 £27.4%.

21 There was no correlation between the PCNA index and sex, DNA ploidy pattern, state of
tissue CEA, expression of MDR and mutant p53, and tumor location.

1) The PCNA index of adenocarcinoma (67.2+27.0%) was slightly higher than that of muci-
nous carcinoma (67.2£29.2% ).

4) PCNA index was closely associated with c-myc, c-Ha-ras, lymphatic invasion and
advanced stage.

These results indicate that PCNA index may be an useful indicator for evaluating the malig-
nant potential of colorectal cancer and can be used as an independent prognostic factor.

Kev Words: Colorectal cancer, PCNA, Prognosis, Immunohistochemistry
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= 36kdel RS 2= DNA polymerase delta
2] auxillary proteine® A EzF7|s} Axg g
o] alel Gl17]=d F7lstz] 2|25l Sl Z oz
datalclzl, GZ/Mzlel Fashes sle® odeja qle
o, o] g §4H3EE: d2e] F4 9 DNA #4
F A H] @A o] s},

# 2l2}al &z} ] “l#—““l';h n.’lilé %a}g,l :4?|
TAAEAE, €24 AHelody, g 7 azza] 3
4+ 5%, DNA polidy pattern, C-myc st53a}
W™ z=agE 53 W Wr)Fe] A slegrE,
2o -"E?*'f#“ﬂ‘ﬁﬂ#l PCNA %8s & Sase £
Gk Ee] FAFE HohEle she] 59 o503
o] o)8-de oj# A7} I A= gl

ol MAEE HAUte HxF4sE PCNAH
gt Hezaldlaly uyle 2 YAt ofE dlfql
Apehe] Al PAE Salflegd, PCNA {H5x7]
ghte] 5518 ol Fdatr AHd 5 deAE T
WAl g oodE Al slshec)

Chat 3 ey

Azt e 2 Ackyby Abdata 3 2)eel o 5
=% AY3 68 s ddeR she] A o
o, dHEsE, 428 F#, C-mye, c-Ha-ras, mu-
tant p53 ¢33, MDR §d7ke] @, =4 #
oled -, Faletd 5B5F, Dukes ®H7|5E ZAMsa,
B =2l PCNASK oigh sl 2sbet s 3]4
& Alaaladet,

2E A= xae Astlerst Coller«| 28 4
A5l Dukes®?|& o]|&%d ¥Hétzler, Hema-
toxylin-eosin g9 HHE ol dsted WHORF
sle] w¥sl, TEE WS, A ddFah "oy
Foz ﬁ—#ﬂ}ﬂt}

A F452 S3E& 4% PCNAA dg ¢d-9=
22} 5 fﬁf‘!?_— 10% 34 <3 z==uld paF
Axgl  setgl 2olHE JumSFAR uhalsle
Probe-on <efe]|tef §3ba)3] F apfeledn, o4
2] a2 capillary gap action =& 283
Microprobe Immuno/DNA staineriFisher Co.)
& o] fdlgdc), =el ¥“ﬁﬂl% xyleneg o|& sha}
epfiEst FraAE AHIF FrYEFER Ao

511 AE 3 uE-

eyl ZAUAE 239 P22 s &l
#1# phosphate buffered saline(PBS)=Z 43
g o, Y3l PCNA(Dako)s whe-+|zic), 2
g E AFs7] 919 ¢l s = biotine] 4-3sl
antimouse IgG(Sigma)Z & 3082 *F--“If‘*]*.'!
F &3 e s ol ohf, streptavidin-alkaline
phosphatase & 30+57%F =2R84)31F,
2 fast red TR saltS o] 8a] @44 k4 abs
& Fasigct,

Aol fAe PP e g Pitsle EokAE
1,000 Y28 Fdse PCNA win s
Eig 14

PCNAS®] ofdub3-& dlle Shgbsle] lebyglar, o)
:r]-.-i.i _]I'_E_ ﬂi_;,uxnl.n] "ﬁ‘*”ﬂ'i 'ﬂﬂﬂrr.-l 3‘:.:::-_:} _:'-_r.-i..-.l
Ay Ao EolMs FEHo R ofgl akdubio)
ZEGod, e FFAEEc} valc), =3 37
gpat SHE g dH A EL] #He Y AlgE akAdubgoe)
TrarElgjen, =R g iy PEE Bl AS
PCNA ¥k&-%=71 3

dzahehe] 2z} o Falals}l PCNA #aidvs
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a4
##+= chi square analysis® o|8& 32w, p-
0.05F EAtt2o® feolg Ao v Fysqc)
| o}
ool o8& F 68%e }ALF whaki 394,

Hale 299 e 2 whule 134 leo)glan, Haddy
& 56.64 2t Foks FHAA7= 565 cmelslen,
Hqt PCNAW# 42 66.6+27.4% 3}

Foko] bR gl= =ate] 414(60.3% )8 73 ¥
gtow] sl 9e|(13.2%), S 84(11.8%),
stal 2 T4(10.3%), WA I4(4.4% =3l

At frede debEe] 57+4(83.8%)% ojy-i&
Alzlgt g e, Pl dadFe 116]{16.2% )donf, 4t
F5 AT 244d2.1%), FEENIHAALE
264 (45.6%), zelx AHEHdghFe] Tol(12.3%)4
th F 6843 42<0(61.8% )l o = #Ha|r} aly
2, 7e(10.3% )=l A= zh# ez} Fubslgic)

HY 5 Dukes® ] C27F 28<(41.2%)2 =13
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-F-al % 2 2al:da)agbed o PCNA Hile] 28

Yiof m}E PCNA W5 & W27l 71.3+£10.1%
& ofzje] 585+31.3% 8} Eeton} 5 Fikd A
a2 el =l== gk (Table 1)

Zalold CEA%FAE Bal 52adoll4] 64.1+27.6%
o] PCNA 358 ¥ex, CEAS4E ®el T4
i 72.1+£296% 8 2ok, DNA ploidyekie] o}
¢t ®¥™  Diploidy® Hgl #5% 67.9+25.5%,
aneuploidy+ 65.7 +28.6% = 7 ke] Eo| &+ g
2]+ ¢l%lck(Table 2).

HAF ghxaled ] C-myc sbf Al wbed 2al
A5 18l PCNA W55 7361 19.1% % 4
© Holw] ere A9 3)de) 588+31.3% B0k fojal
A w A obebeb 4 (p<0.05), c-Ha-ras sH5 3247
Hba E 2] gdie A g-ella] TT5+£23.6%2 PCNA vk
i Hed c-Ha-ras sha3zker 285 252 597
+283% 8k felalAl =A vlebsdckp<0.05)
(Tahble 3.

FobAlErt ghshol ofs) Wl = H54d Aa
A& viebed Fad H9iE ge des gl
MDR1 3=} 2] 4b5al p-glycoprotein2] zjalt

Table 1. PCNA index in colorectal cancer according

t!::iﬁ:i L
Sex Cases PCNa indexi(%) p value
Male 39 TL3=240 NSD*
Female 29 58.5=31.3
Mean PCNA index bb.6=27.4

*: no significant difference

Table 2. PCNA index in colorectal cancer according
to CEA & DNA ploidy pattern

- r eSS

8 wal Afefs 59.7+280%2] PCNA 422 &
¥9 o, p-glycoproteine] WHsA o= 7H5s
68.4 £27.0% %t watovt FATA fejdE g4l
. Mutant p53 sh3a}¥rl sl 27«4 2
PCNA #4842 71.7+£106%2 a2 o2 2§
2} 65.4+34.0% %} Eabevl 94 FAHH fo4
£ g3k (Table 4).

Fobe] whAd¥sle o2 PCNAWEE: Aeas
o] 79.5+12.6% % = i, S3HEAT48+20.5
%, =7 65.9+31.79%, A 57.11£29.5%, U
A4 38.1+15.2% e} A%el gk 792} Hald
gt 7gel ZHale] b 759 PCNA ¥lE=
= Zhzt 5.9+31.7%, 67.7£192% 8 Hgad, =7
7hol EA12 248 913 Table 5).

253 §3+ o PCNA #g=s Aghde]
67.2£27.0%, HdtFel 63.7£29.2% %) de+E
2] 7§ nEddebFe] 723+246% 2 FF=28H4
abE{66.8 £ 26.8% o} MEEdehE(51.3 £28.8% )5

Table 3. PCNA index in colorectal cancer according
expreszion of oncogenes(l)

Variables Cases PCNA index(%) p value
CEA
Paositive I8 73.6+£10.1 p<0.05
Negative 3l 58.5+31.3
c-Ha ras
Positive 35 99.7T=28.3 p<0.05
Negative 14 775236

Table 4, PCNA index in colorectal cancer according

expression of oncogenes(Il)
e ————————

Variables Cases PCNA index(%) p value Variables Cases PCNA indexi®%) pvalue
CEA 52 MDR
Positive 7 64.1+276 NSD* Positive 26 59.7£28.0 NSD*
Negative 721296 Negative 25 68.4+27.0
DMNA ploidy 23 P33 NED*
Diploidy 28 A7.09+255 NSD* Positive 27 TL7=19.6
Aneuploidy 65.7 £ 286 MNegative 12 65.4 + 34.0

* no significant difference

* no significant difference
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Table 5. PCNA index in colorectal cancer according

to location
Location Cases PCNA index(%) p value
Rectum 41 65.8+31.7 NSD®
Others* 27 67.7+£19.2

*. Ascending, transverse, descending, & sigmoid
colon
* no significant difference

Table 6. PCNA index in colorectal cancer according
to histologic type

PCNA p
Type Cases index (%) value
Adenocarcinoma
Well-diff. 24 T2.3+24.6
Moderately-difi. §] 6.8 +26.8 NSD*
Poorly-diff. 7 51.3+288
Mucinous carcinoma 11 67.2+29.2

*: no significant difference

Table 7. PCNA index in colorectal cancer according
to lymph node metastasis

Lymph node  Cases PCNA index{(%) p value
Positive 42 73.4+221 p<0.01
Negative 26 55.7+31.3

o E A pepgtem, mts) gl aial dopEea]
24 Hol|r} Fubyl 20¢o4 7414223% 52 =
Holz} ¢l 2142 62.94+292% ¥} £} =4 il
wck(Table 6).

HxAl Holol E PCNA ulSs: glzy s
b b AS 734+£2201% 2 Hxdy #Holr gl
4429 55.7+31.3% 8} 4230 ¥4 Jephdclip<
0.01)Table 7).

T74%  Dukes¥”]¢l =g PCNA d¥ings
Dukes'C7} 74.7+228%% Dukes'B2 55.7+31.3
Pl FrelalA E=A et es(p<0,01), Dukes'
A/B2t C/D& vHye] stsao 2zt 55.7+31.3
%, 73422 1% % 4y w75 =2 PCNA

Table 8, PCNA index in colorectal cancer according

to stage
Stage Cases PCNA index(%) p value
Dukes’ B 26 85.7+31.3 B-C
Dukes” C a5 7474228 rp=0l
Dukes" D 7 67.0+16.0
AB 26 55.7T+3L.3 p<0.01
C/D 42 73.4+22)

vhe w5 Heckp<0.01 Table 8).
il -8

FoF Ax7 e 5L 4% 57 wae, a4
Hawd W A7 FelFalFol gli=d] o]F 47
Fe § HEFATE FoFe HHEE BAE e 53
gl AEEH o] &E7 et
ol 2{ql Fokdlxe] FAEE Yrlele Wy s 4
Fid454, ‘H-thymidined |83k 2l7}ubas
', S-bromodeoxyuridine %3 5-iododeoxy-
uridine& o|-8%F Wb, FAMEFH)E o)i-§
DNA ploidy-t #4437 REMqESa458 o Lal}
W #HTele plos, Ki-67, DNA-directed DNA
polymerase-alpha§-2| st8 2435 o8¢ dezx
2|5t FjYe] o] gle}rm,

g 2lnt o|zlqt w52 22 3, shaE shAa gl
o, FAR-ETEAL v R g uhy o) A)gl, §-4}
+dE Webyr] YES, FFabbe] fEe] o E5
glow, e Rye] me} Faptadss) clzr] o)
ol gk Whe] £5r), *H-thymidine & <] &3l
Azpekab A& F 3 U7 2349 thymidines in
Vivo £ in vitroo] 4 N2bagl A fefr ol 7|7}
2] dljeke] gt whabpel] 2% #FAs) A
ite] &g xicks @& 7an g,

d-bromedeoxyuridine v} 5-iododeoxvuridine
= o]&dke= Y2 'H-thymidine® ¢]&st= =
B} Az 2 A Hejz|uh, A4d5HT2e] Hasar,
WA A 2ol 4] K2 Fel sl MabMe] elc)
Wb fA M EZS A o4 DNA ploidyol %14 7]
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qE Pile] AL g ALE 24T 7 U AR
7} Agha]e]x|uk, Au)r} mrje|n] EE R 2|3A A
za)e] L2} oD vk R o SAEHE
eb3 e spa]a o Ki-G7T58 of &8 We=as
g wiyje ® MER4ASE A= e 239
F x5 52477 g delols] FAdgked P
4 oolxul, MAQAFHRALE o|fslof = CGHE b
Z|5 gloh

#el 3tedsl PCNA+ Robbinss ™ol 2]sf =t
atdl AHeo| 4| Hedraaierr Fdo] rhgge] o
211, Garcia$ el 2|# 4714 EE 23 PCNA
hg e ale] ol Abgba} A L qlde] Barsl olF ofe]
g} edprh ks Aa=Es glv) eyelinelzh EelF
= PCNAY zd#qze #hfe] Eafsie], DNA
polymerase deltas] EFct¥os 36kd2 Labed
2 73l alghwalelopratt e ol zld MEFE GI
7| Fubi(late Gi phase)2t 43F71(S phase)=] 3t
e, whibr|e ek 204)1zke s &gl FAE ¥ e
o Eell ] R, Yol dE 4] i dEu
43 4 ¥ (Spermatogonia )zt e fdg #ialE
al o 7)ie A Eofl4] FHEFI), 2l A E 2
PCNAw&le a8 xayaler st =9 f
T2 A7 ol AT ¢ §lA =) shAESt 2& A
Fxodo| g =2t JE=A ek £3 Yu
sove ok Fof alFgh Had Ede PCNAHE
Hgo] Tom oz]e Fokoriy Fels YA
o] ofgkal wielaly warsrech AF PCNAE 4
E-7lell A % 48E st HUF shi2 phos-
phorylations 2|# c}2 whdd2] §4& = s
cde? kinased A #E8de] alagh Ar|el 5
73 =tag 7hx 3 gle] cell kinetics& d7-st=dl
wgel o], siebnl dfeld Fae] g, el
wel Fofo| o} of Fqlzbel gt o] F-3a EAhE
g 5 gle] Tk 48 E4g va PG
ik

Ha)zbe} T3l 4] PCNAS g o442 vjgha
wis #3ade . dof Fise] RIS, o] AL
PCNA-} dZ2F79 G17] 7)ol 458 S71 24
Wz alu)«) &=5tel DNA polymerase delta”} 4
2379 Gl7] Fr1MLE Solef A HEdufe
% z)3la] DNA polymerase delta®] ¥ =qlaj= =

a#= acghwAds|zls HallgF™el 2od siEis
Fx= adolgich w=d 54 A, AT # $EAE
o] wharrl  Aadzere]  sldl FUthe Al
Sheneber''52 ¥ s} sp3briz|2 34l auhel] 4 2
PCNAuHS =7} FofiEs 2] wbgenct o}, &
of M| Z 2] 2450 Aagube] wid grhe A& Eo
Fre Adeladd.

2 o} Fefla] PCNA 95 66.6£27.4% %2,
a]71.e Al-Sheneber5''2| 24%, Mayers'"% 175
o, 52| 434% 8 A JJebger, o)A o
2 panc ¥ Jebd A dez et oAy
o] 7ol 2jgk Ao FEHYcH

HAaate] o flahRe fhabe] odd, Faks] 270,
Fravde Az foloiy, ¥F ¥ AAZFHYE
5. DNA ploidy pattern, C-myc i3 2he]
s, =g §4 9 gr)Fe] ¢A A HHAE
o wedTo 4] o] Sotbe] A AHsE At
=R el Buby AL, AP w7, FAHGTE
= dapEofa] EAEtAe® o8jqls & PCNAW
L5 B HEFA5e] ¥FETH HE A&
v, olejit AgelH FL HolFHE 71H ¥ B
abgt Ao d F&FFgen, ol Bauverd"s Hust
#shedel, MayerS'"& PCNAg#e] A&7+
inverse relationshipg& 7hilcta #ex,  Al-
Sheneber5"& PCNAwWEe] H2ask §atef 4] 7
gy MEEES 58S de el S AEE
ol4-5 4 gty #9ew, Kubouchis"'# Wil-
lett 572 ZHEAststare] =34 DNA ploidy
pattern® PCNA 35§ FAgoz4 &3 u
Aoyl o ey § A5 & oty Bwdg
e},

AEH o2 PCNAs| oig w=dzalssts a4
o Aalgeel obdsE HrEk £ gl dAAe|x
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e AU 68He] wate] Hag Ealaiels
PCNA whax & mapsbar, 271 o4 oe- 3
g A7 Aldsldct, 682 Halakeh gabe] ajel
H FofFlef 4] PCNAS digh 2435 o831
Helzasety Wye s FToke FAES Trleby
b, PCNA ebix= Bkl 10000 oA H 25
2] vl2 4tAdgden], PCNA Hhexe} o} odal
Abste] AtpgHE vlaPdele] okt e s
il

1) 684=] #Hxlalstsizle] a4 PCNA dhest
66.6 £27.4% <c}.

2) PCNA w52} 44, DNA ploidy pattern,
=242l CEA 4, MDR ##2t2t mutant
p33 sh-Hale] she g Peke] g)F 53t shabalbA
7b sl gt

3) Halzl e g ddFoale] PCNA uh2-%(67.2+
27.0%)7F HAAdrF(67.2+29.2%) 58} =4 vjepgt
c},

4) PCNA ¥he=+ c-myc dirdaps}h e o
F, Hx2A Ae|F Bel7s 2 4y dedrE ¥
A vhepudc)

AEHe 2 PCNA vhexrl "Haglels] s g
st Shute] S¢% dFazlge] Aa Flpde
AlAba Feled, F% SFzabE B8 A W AdE
78] ARRAE Fslel T AR abs =)
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