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The Immunohistochemical Expression of E2F-1
Protein and DNA Topoisomerase Il-o. E2F-1 Pro-
tein in Colorectal Cancer and Their Relationship
with Clinicopathologic Factors

Sang Il Hwang, M.D., Tae Jin Lee, M.D.", Yong Gum Park,
M.D., Gyung Cheon Ji, M.D., Jung Hyo Lee, M.D. In Taik
Chang, M.D. and Sung Il Park, M.D.

Purpose: E2F-1 is a transcriptor that converts G1 to S in
the cell cycle, and Topoisomerase Il-a. is a key enzyme in
the metabolism of DNA, and an indicator of cell replication.
The purpose of this study was to evaluate the clinical validity
of E2F-1 and Topoisomerase ll-a. as prognostic factors in
colorectal cancer.

Methods: The expressions of E2F-1 and Topoisomerase |I-
0. were studied immunohistochemically using tumor speci-
men sections fixed with formalin and paraffin-embedded for
84 cases of colorectal cancer. The correlation between
E2F-1 and Topoisomerase Il-o. expressions, and their rela-
tionship with the clinicopathological factors, such as tumor
differentiation, tumor invasion, lymph node metastasis and
tumor stage were investigated.

Results: Of the 84 specimens, 43 (51.2%) were immuno-
histochemically negative for E2F-1, and 41 (48.8%) were
positive. The expression of E2F-1 correlated with poor tumor
differentiation, increased lymph node metastasis and high
tumor stage. The expression of Topoisomerase - also
correlated with poor tumor differentiation, increased lymph
node metastasis and high tumor stage. The E2F-1 and
Topoisomerase Il-a. expressions indices were significantly
correlated.

Conclusion: These results suggest that the expressions of
E2F-1 and DNA Topoisomerase Il-a. may play a role as

AU AT NS AT BU V) o
@ 140-757, uﬁﬁm o) Fr L g A9
BEEER

Tel: 02-748-9559, Fax: 02-793-1042
E-mail: kcchiOcau.ac.kr
120024 129 119, AASAY

A5 120034 19 214

35

gy

% Y oAy

ol
=

a prognostic factor for colorectal cancer, but further studies
will be required for its comfirmation. (J Korean Surg Soc
2003;65:35-41)
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AE2] 3 Yol A Cyclino]gl= YA Fr|Ho g &
7be} s sk glew Cycling —57}01] oJ&}e] cyclin-
dependent kinase (CDK)+& retinoblastoma tumor suppressor
prot-ein (pRb)<] serine B threonines QN AS}A| 7|2, 1L 73}
pRb7} Al ¢ E2Fo|L} c-Abl, Elf-13F 72+-& A A1z}
So| BA43lEm A AZE= GlollA S7IZ Eol7F SASH
b E2F 2l 2 DNA el fd W2 A=
AAE 2Ase AA 240 E EHA el 7]
pRb7F ZAetslH AARIZLZ A 2] 75| A4 E ) Cyclin
D1/CDK4 5'—51; A= pRbell FAH ZAgrslo] mid-Gl17]el A
late-G17] &<t o] & Q14t3el=d] o] { A Rb chiA o] 2}
4t} of E2F9‘r AgretA FstAl =W A+ E2F
= /1% Sletel R S04 B 2AA71E o]
el slo] AEZIE G614 $712 Agelrl 5
Aoz telAl slek ol % E2R-18 Fobel alEe)
A Aol o] E wW7|¢} ddBA o] gt I AT}I} ukFE

2 slek DR10] QU FAY 9F LAY B5AE S
APl F23 e 24ul,6) E2F-19] E ol
dlgstel sigols} qigkalol 1ol eld ek

S92, SPAIES] 2L PAES] B4 Folq Wl A
PS ARAE F o3} oAEA] X 5ol WE A o=
& o+ Q. FH E(disease free survival rate) 3 BEE
(overall survival rate)Z = B JA7} k= A+ A3
Sol go] them 93 YA 1 SJulrt Az o)
=l o]Hg AlE SAE & FH s AEES MI (mitotic
index), TLI (Thymidine Labeling Index), BrdUrd (Bromodeoxy-
Uridine) labeling index, frAl3E H-41-8 &3+ S7] 74, PCNA
(Proliferating Cell Nuclear Antigen), Ki-67 5-°| 13, o] &2]
oAl FAQAEA A7 GEA etk

HZ Axe S5 FAske MEF TAAE DNA
Topoisomerase I-a7} L&A Al =9 t}.(5) DNA Topoiso-
merase [-a= Al Z5Aoll Qo] A #3l7} vIzhslo] whE F
A ol B SES dehilel 21l 242 @ s

1 U8 S AR o), 50 571l 31

ARE BE AT AEH T W24 Aol
E] A gevka gl (6) o]2]dt DNA Topoiso-
merase H-a-g o] &3t Alx FA5 AHzol HAA L9
Sk} o AT} Soll A HasGor(57) AL Z
Aso el ol¥d Hrlshe ol slolA Kieriel
DNA Topoisomerase I-a7} ¥ &u]7} Qivh= A7 3Eo]
HhE s S Qlek(8)

olell ¥ A7t thaA ARl A AEF7]9] G17]ollA §
71 &2 APA 7= AARIZL B2F-13F A|22] A 7] ellnt W
dgo 2y AE F45S YeElE Topoisomerase II-0.
ol thah WHelzz st s AAlste, o] 52| A4}
718l FHA Ue A4E ARSI AR S Lok
o 24 A2 Aol A E2F-13}F Topoisomerase 1-0.2] of] &
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1) A7 He

1997 4956 20004 49744 Fekeleta o) 89 9l
Aol ARG R S B B 1200 Fo
A 2H B3 At FEd 840l S g F2wwlo
249 sebdl Fol 24 o] §uigivh. A9 B4 <)
7153 WA S Aaksiel 49 ol 44, %

<

Fo AEE 8l H=ZA Aol o R 5 Uik
2) AT YUY
() Halsts 28 Ao 2434 H3lv= WHO 7|&
o ofef #ie] vpekdd, e 284 %+°ﬂ we} SLEst
1=

S (well differentiated), S5 = H-3} % (moderate differ-entiated),
A E2} E(poorly differentiated) 2 F-+3lAch 9k A&
S+ AJCCY T stageoll whe} Z-2F Arbsl3(T1), L%{L%
(T2), Aatalsolvt A 791 Ak(T3), AF A71(T4)2 3
& Aol whe} Rl Iz Aol 1 ol FAlIgle]
Ao| oJRg Bislglom w7 AICCY E5roll whakch.

() BAAZE S A AuE o] shebn Folzz
< 4~5mm AR sl e Addle 2 sE7k 339 & I}
2Hl s AR & F dFE 0%, 75% Y 50% ol
off Zt7b 234 Azlslo] A A 2 3 WHiRIA T4k}

49 FAS dAIB7] 23] 03% hydrogen peroxide-
methanolol] 105-7F A8 & ZFS2 A3 t}2 50 mM
Tris $H2=-80(TBS, pH 7.5 2.8 A 3 v S04 uhs-S
AAs7] A3l 3027 ALEAHoZ Alsla, o F9] &
Ne AAG by YAFAJ] E2F-1(1: 10, Zymed)Zh
Topoisomerase II-0(1 : 50, Zymed)E A -2ol|4] 247+ 24
ARt AApEHA vk & TBSE 5E7F 33] FAIg ok
biotino] H-ZHE o] X}gkA|(1 : 300, Zymed)oll 2087+ 2§
% =449l avidin-biotin complex (ABC)H o2 Fs}9
t}, WA= AECE AH831913L Mayer’s hematoxylin . 2
=z °§ Aslgict.

() HAXZSIStHM HOt TH: E2F-1 TUA3
10%N14 #lel] A0 7 <
93 2 ™ (Fig. 1), Topoisomerase I-0= A E 1,00070 %—Oﬂ
A gt 2o g ol do] ¥ AE] 5 Alo] T&
(Topoisomerase II-0. index)Z 3%7]%}9] o} (Fig. 2).

@) SAHAE: kAo vpo], =A A B3tE, T4 A
5, FZA Ho| of 1 7], E2F-1 W87} Topoisomerase
index2}2] FHAS SPSS (version 8.0) T4 ZTEZ WS o]
$-3}0] Pearson Chi-Square test?} ANOVAE A A3} 3, P
gre] 0.05 o3t uff FAH g ool gl AR
J4ssiet.
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Fig. 1. Immunohistochemical staining for E2F-1 in colorectal adenocarcinoma. (A) negative staining in moderately differentiated
adenocarcinoma, (B) positive nuclear staining in moderately differentiated adenocarcinoma (ABC stain, x400).

Fig. 2. Immunohistochemical staining for DNA topoisomerase II- in colorectal adenoca-rcinoma. (A) sparse positive cells in well
differentiated adenocarcinoma, (B) frequent positive cells in moderately differentiated adenocarcinoma (ABC stain, %200).
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$hate] AL 36A 5 T3AIE HF 545491 394
o8} o] 16ll(1.1%), 4040114 494 o] 30¢1](35.7%), 50
Aol A 594 o] 42¢1](50.0%), 60401141 694 o] 104
(11.9%), 704 o]&Fo] 1](1.1%)o] A e}, FHApe] AL Uzp
7} 4178, oJ27} 4375 o] it
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1ok

Foke] B3le s 1E3ET} 184(214%), T8 EIE
7} 534)](63.1%), AEI} T+ 134](15.5%)0] 9 o, Fako
HAHLZ(Me Tio] 2¢1(2.4%), T2 841(9.5%), T3+ 69¢]]
(82.1%), T4 5¢(6.0%)Qth. HZA HAo| o] = Aol7}

UE Tol 42¢0(50.0%) 3L, Aol 7k gl ol 42¢(50.0%)
2 2kt AlCCel] 93t ghAke] W)= WY 10] 794(8.3%),
7] 17} 3590(41.7%), ¥ 7] N7} 3891(45.2%), ¥ 7] Iv7}
4¢|(4.8%)°] At}

3) E2F-12] &S U Topoisomerase II-0 index2} Gf| 0!
X2t ARZHZEA|

% 84¢]] 5 E2F-10 545 YUeRd o7} 434d(51.2%), &
S Uehd 2971 4191(48.8%) % T
Zoke] E3teol whgbA E3LE FollA] E2F-10] 54
ol &ll7} 1304](72.2%), XA S oll7} 54127.8%) 3L, 5=
3L Foll A 2691(49.1%)7F 24, 2791(50.9%)7}F Aol
on] AEIE Foll A= 4901(30.8%)7F =4, 9911(69.2%)7F
Fog W3tErt vmATss SASHCRE e
E2F-19] vt&o] =719 th(P=0.021). EE3F Topoisomerase
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Table 1. Association between E2F-1 & Topoisomerase II-1 index and differentiation

E2F-1 Topoisomerase
Differentiation n=84 II-x index
© ) (mean+SD)
Well 18 13 (72.2%) 5 (27.8%) 48.06+19.50
Moderate 53 26 (49.1%) 27 (50.9%) 62.89120.04
Poor 13 4 (30.8%) 9 (69.2%) 67.31£14.67
P-value 0.021 0.009

Table 2. Association between E2F-1 & Topoisomerase II- index and T-stage

E2F-1 Topoisomerase
T-stage n=84 II4x index
©) ) (mean+SD)
1 2 2 (100%) 0 (0%) 44.50+30.41
2 8 5 (62.5%) 3 (37.5%) 28.00+£10.39
3 69 33 (47.8%) 36 (52.2%) 62.65£16.73
4 5 3 (60.0%) 2 (40.0%) 87.40+0.55
P-value NS* NS

NS* = not significant.

Table 3. Association between E2F-1 & Topoisomerase II1: index and LN* metastasis

E2F-1 Topoisomerase
LN metastasis n=84 II- index
-) +) (mean*SD)
) 42 27 (64.3%) 15 (35.7%) 50.93£10.85
+) 42 16 (38.1%) 26 (61.9%) 69.86£16.77
P-value 0.014 0.0001

LN* = lymph node.

-0, index = F3H=7h Vb5 ol shAl 1 ghe] F7tsh
91 th(P=0.009)(Table 1).

Zoko] Ag%ol webAlE TiollA A4S 240(100%), %
AL 00l1(0%), T20ll A& A9 o7} 500(62.5%), %A 2 ol
7} 31(37.5%)9.3L T3NA = 330(47.8%)7F o4, 369
(522%)7} ¥4, T4oll A = 3411(60.0%)7} 24, 2¢11(40.0%)7}F
okA © & T stageoll w2 E2F-19] WH3lS EA1A §o]A o]
$19) 2. H(P>0.05), Topoisomerase II-0, index T3+ -f-2] Al o]
N HP > 0.05)(Table 2).

2]z Aol of ol upelA= Hol7}t gl T 54l
27¢0(64.3%), ¥4 o] 1541(35.7%) AL, A o7}
Aol 169(38.1%), %A o] 26411(61.9%)F A ol7} 9l
A E2F-10] 5= o7} BAITH o2 §-2elA F719]

o ff

-

9 31(P=0.014), Topoisomerase II-0. index® T ZA Ho|7} 9}
© TollA FAFCE oA F7Fsl3AehP=0.0001)
(Table 3).

7)ol whE E2F-1 Wl W7]7F EokRlel whel E2F-1
9] Hhglo] ZUlghe Mo FAHY fFedel UARx
(P=0.037), Topoisomerase II-0. index = ¥ 7|7} =0} ol ulz}
SAA R FoA  Frkske e Eid
(P=0.0001)(Table 4).

E2F-10] 24191 434]¢] ¥ Topoisomerase II-0. index+
56.40+21.3291 29 FAQl 4169 HFS 65.46+17.48F
E2F-10] A TollA SAIH o2 {234 Topoiso-
mer-rase II-0 index”} 3= 9ktH(P=0.040)(Table 5).
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Table 4. Association between E2F-1 & Topoisomerase II-0t index and tumor stage

Tumor stage n=84
G
I 7 5 (71.4%)
I 35 22 (62.9%)
I 38 16 (42.1%)
v 4 0 (0%)
P-value

Table 5. Association between E2F-1 and Topoisomerase II- index

Topoisomerase
E2F-1 Number (84) II-a index (mean*SD)
) 43 (51.2%) 56.40+21.32
+) 41 (48.8%) 65.46+17.48
P-value 0.040
il &

Selvtetell A A A Aol vlsl A Ee 3
o1}, SVl & whARI =7} A xp Frksle] 1990\ Tl
= &7 10 ¢F F Y EFelA 491 E AA e &
2k bl HAdvh() WAAAANS L37A] & FellAE
THA A F 22 AEES Hola Jo, EXH F&
F 173 o] o] Apalar, Ao 2/3 o]4de] 21 ofiljof] hAY
slo] Aol AHZ Q| AgslA =k A7t
28] A FE F A UAE ZsAY d¥E
of|Z3sl Wl Dukes W77} 7H FQ3lARE, o] #lof=

_?_

A e A ghot, }ZA Hol7}t 9li= Dukes CF
o] el & 7ML B FollA = 13 7heko] A7
A7t ohid, A2 Aol7t fd vt 7ke] 20~
30%7F 514 ool Afksto] Aprkell o] 2A] 5= 5 A
8ol 54 AZRAL o] Woktho) HTelle
2L ol FAAE ZaA} ohs g o] SietA XE
3 glom, FAAEe] el slo] FAANET} Al
T2 YA A3E she o] DAl o ool fofzt= RS

sl Ao glom, qhel AR A4, AEA Al Holzt

E2F-1 Topoisomerase
II-x index
(+) (mean*SD)
2 (28.6%) 31.00£16.00
13 (37.1%) 54.91+£16.88
22 (57.9%) 69.39+17.46
4 (100%) 74.25+7.37
0.037 0.0001

DNA ¢l fag FAAES 243k Aoz derl
E2F A A2 E2F 1014 674417} 714 5]o] 9al E2F
132 I A] §7]19] A5 A7) A9t E2F 4-6 1%
Al gkch. o] F E2F-1 46 kDafl opu]ito g -4 ¥ o]
9lom Cyclin A binding domaing 7FAZ QUL plé6-
cyclinD-Rb pathway$] downstream regulatore] 3L A|E5-7]7}
Aot Yo 2 dolch BR-19) AL FPAT
o Bakg 24975 sk AR s Aoz o
HA ek skl AE F7)ellA ok F71 2 o]t
ol = cyclins, CDK, CDK inhibitors, Rb, E2F % ©&] 7}4]
247} 2-g3e), pRo7E AL $7129] ol W AAZA
o A4 02 F% 98 s B} Aetel ATE
Gloll W27 sk Azt CDKell Sl3te] pRbi AEF
Zlell wet Fr1He g Q4srt Hue Aol uH A
th(1]) ol Eo] D-type cyclinst CDK4/CDK69} 2 gHs}o]
L3 7]aL o] 52 Rb genex F4HEQ] pRbE QI4HSHA]
7)3L o] pRbe] Q14+3}e] A7} pRb-E2F Z 3ol A E2F
7} fr2l €t o] f2] ¥ E2F= DNA Aol B ek §37
o] AAE FAAZIA GI7lelIA S712 friesl= vl et
24o|t}h. Rabbani 5(12)2 W34k ShabellAlA 18 34
AAE AWRAE o) B2F Edo] B Bkl o 2
ol F& vhEbllehar Barsllan, Zhang 5(13)2 £ E2F]
Felo] 239l Qb ko] 9T fek BRI L
o| &5 Yeblltka B sbdch B8k E2F-1 gened transfer
7F Q7] TR FkellA A2 FTHITI =T
o HEFAFE BRI Falo] B Fobrlvka wus
Aeh3)

4 A2 FAZAAE QA= 9E DNA Topo-
isomeraset™= DNAS] 34, AAL o384 Belof 4% 5o
DNA thAtell 523k 347 59k DNAS] 21 Sfol] 3Hofs}
= Z4o0|t}.(14) o|E]8t DNA Topoisomeraser 7] 53 2 &
AZ g 13 19 7 7FA F3e] 9tk DNA Topoiso-
merase > DNAQ| 3t 7198 212 o8-8 A4t DNA
Topoisomerase II= Aol F 7}eh& A2 o1 7|58 4
a7 913l ATPE o2 dhepa 4 A 9lem, Topois-
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omerase I+ 7ol A Z+2 1707} 180 kDas 7HA+& ot
[ isoformo] FHEY A o] F2 77 F A 17q21~229}
30l SATE(5) o) B A S HEHE A=
pen Az BYdon 2490 dE 443 A5
73 &4ed#] ek Topoisomerase o= A|E A4 of] 1l
e slelol 3454 347 Sl $E £
W A E7} AA-S W3 YolR A" Topoisomerase I1-fi
o WIS AEFA A fAHER Ao
™ (15) Lynch 5(5)< Topoisomerase II-a7} S, G2, M7] 1| A]
Wk Haskgivk 3k, tiEk 160 kDad] EAES 7
ARA 244 AEA & wle] 5 Kisloleh B
= GA7F FHAA H AL 16) o] A el A 52l
A2 7AA7E e AR dHFoen 17) HT ol
Ki-S1°| Topoisom- erase I-a9} FLg Zdo] #elxz|ql
t}.(18) Topoisomerase -0 A FAZES} ZH AL A EZ
Ao ZAARE FHA 9o (19 A4F FgollAe] A4
I7F Kool Qo). Staley 5(20)2 WAL el A4 Topoiso-
merase T-ool] gl w o z21313F o & A4 +}oj] A
A% 3601k HEY.Cr, A Dukes 37
A, B, ColAl ZH7F 559, 63.8, 67622 7ol a2 o
ok skl X, Willmant Holden(21) A #4119 oA
I} A =l oFA) Wi o] A Topoisomerase T-aol] Tk
ATE AAste] LEIE FEllA = AMATE 152009,
TR E3EolAE 31424, AR E SFolAE 6755
2 gslm A ARA oA MAGTE FH 1 4.00]
7 shgl o zqom Wuol mEZe A Auy =
FollA= 23, A ARA SAFlAE 054300k B
3tk Nakopoulou 5(22)2 whge] @& Au]gtolA]
Topoisomerase T-ool thgt W == 3}st o AS AA|slo]
Topoisomerase II-o. 34 A9} 2= 3814 ] 5 © 2/
Sor9 HgolFe Aol e}, Ki-677e AnA
2 flol A AEZF Aol ol A AR kg AR} 7l5E 7
A= eAlela AwlslH A, Topoisomerase II-o= A|3H4 Q)
A 5, AN ol oA X 5] WiAle ZAA s
e T 7 3% Aozt skl

H oA tiAAAe 7 o gAS Agelga
wloj 22 A] AL AHE e AR B2F-Lo]
HAS el 2571 1A 84 ] SAelAA 417do)d
2 E2F1E k9] B3 i YA Holst gev]
w717k Qoo kel SARA 0 2 GelebA] M of
7} 7181913, Topoisomerase T-o= £9F2] H3l%, = A
o] of B, 7|8t SAMH e f{ro]io] HE o] o F
ARz A 8] 74X 7} Qhekar ghekel, B3 E2F-10] A<
oA Topoisomerase II-a. index2] ¥ o] EATgH o F
Sfebol Eskewd, wlel glojAl AEkel B
I3 qlebo] BRsol, AR E2F-17 FAEA
Z}el Topoisomerase I-a7} A1 2 AA] QA == Ao

_rg

(]

e =

1997\ 4L 5E] 20004 42704 FdoiEta 984 99
ol AAAGe R ¢Ee T 840l E o
E2F-19] &% 3 Topoisomerase II-a indexE& ZAFs}$ L
Nze) ARAAE el vhol, Fokel RIE, Fore
)'<L‘.?,-T: E]J-Z“ X{o] o:“j’ %O]:_J H37] __-J/]—/] /11—_;/]—/(-1 (o} ]j]

I BAst] o 22 AE A

Z 840l F E2F-101] 54 & WERH oll7} 4390(51.2%), %
A0l 77} 4100(48.8%)9 o1, Foke] H3FEs} jmsr
2z AHo|7} 9gJom W77} A= Aol o] A E2F-1
o] B x o7} Z7}8}9 2, Topoisomerase II-a index+t
FoFe B3Ert v, g1 Adolr} glow, W77t 2
H AS FATAH R FotA Stk th(P <0.05). =
Sk E2F-13} Topoisomerase I-a= A2 A#A A x|
ol ko] HHE9t E2F-19] W&, Topoisomerase II-0.
index= FAITA R4 ol aAdth®>0.05).

o| Ao A7 thAZ Aol 4 9] E2F-13} Topoisomerase
o ohE o3 ABB/AZE UL A& A4 9
Al AEEo] Fa3t o FQxLE g shsAe] vty T
AL S ool W3k A& Q] AL D esjria A
7+ o},

ok

_4
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