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Correlation of Proliferating Cell Nuclear Antigen (PCNA) Expression and
S-phase Fraction, Survival Rate in Primary Non-Small Cell Lung Cancer

Sei Hoon Yang, M.D., Hak Ryul Kim, M.D,, Ki Seon Gu, M.D,,
Byung Hak Jung, M.D. and Eun Taik Jeong, M.D.,

Department of Internal Medicine, W onkwang University College of Medicine, Tksan, Korea

Background : To study the prognosis of patients with lung cancer, many investigators have reported the meth-
ods to detect cell proliferation in tissues including PCNA, thymidine autoradiography, flow cytometry and Ki-
67. PCNA, also known as cyclin, is a cell related nuclear protein with 36KD intranuclear polypeptide that is
maximally elevated in S phase of proliferating cells. In this siudy, PCNA was identified by paraffin-embedding
tissue using immunohistochemistry which has an advantage of simplicity and maintenance of tissue architec-
ture. The variation of PCNA expression is known to be related with proliferating fraction, histologic type, ana-
tomic('TNM) stage, degree of cell differentiation, S-phase fraction and survival rate. We analyzed the correla-
tion between PCNA exprassion and S-phase fraction, survival.
Method : To investigate expression of PCNA in primary lung cancer, we used immunohistochemical stain to
paraffin-embedded sections of 57 resected primary non-small cell lung cancer specimen and the results were
analyzed according to the cell type, cell differentiation, TNM stage, S-phase fraction and survival,
Results :

PCNA expression was divided into five group according to degree of staging(—, +, -+, +++, ++-++).

Squamous cell type showed high positivity than in adenocarcinoma.

Nonsignificant difference related to TNM stage was noticed.

Nonsignificant difference related to degree of cell differentiation was noticed.
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S-phase fraction was increased with advance of PCNA positivity, but it could not reach the statistic signifi-

cance.

The 2 year survival rate and median survival time were —50% 13 months, +75% 41.3 months, +-+73%
33.6 months, +++67% 29.0 months, ++ +-+25% 9 months with statistic significance (P<0.05, Kaplan-

Meier, genéralized Wilcox).

Conclusion : From this study, PCNA expression was high positive in squamous cell cancer. And, there was no
relationship between PCNA positivity and TNM stage, cellular differentiation or S-phase fraction. But, the pa-
tients with high positive PCNA staining showed poor survival rate than the patients with lower positive PCNA

staining (p<0.05).

It was concluded that PCNA immunostaining is a simple and useful method for survival prediction in paraf-

fin embedded tissue of non-small cell lung cancer.
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TESAYA] ok, 1 gt 49 o A B
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AF7A wge] AsAgY dEadedes =AW
284 47, TNMY sj%-53 W), performance
status scale(PS scale) 9] 42]d] W77t 52 A
o] g, BS Yoprt Aole SRH R HET
2 BA4& Brddke o8 AAES AMEle d53y
A olgsteie Aot olFolAm ek el e
EQ5 @ 29Ee] A2 Q2o g ne
FHNLY] 2EFA 50l AR ASEn vk
FWLY €% AFPHAs FAHEEASF (mi-
totic index), thymidine autoradiography, bro-

modeoxyuridine labelling index, Ki-67 labelling
index B A XA (flow cytometry)ol] o]&t
S-F7] H]& ol o]&H1 U}?. o]d WHUE F,
SAlREASE  AjEAdol okslal, bromodeoxy-
uridine, Ki-67 labelling index, thymidine autor-
adiography¥ MEREFVF S-F7] vlgd vl
# R&s] AZY F o}, FA] AT ARz
gt ojgo] rhgEh, FAME FAHL paraffin K
# 2AE NPERA olf JbEdhy, 2HON AX
o FelE FAAE S gl Dol A,

36k Daltong] AbA el PCNA(prolife-
rating cell nuclear antigen)¥ DNA 49 8
Aold, DNA polymerase delta®] FAgozA
cyclinojglnx Eelgth?. PCNAE MEEEF7|
Z S-FrldN 22 YAHEE EF2A, EdEHe A
ok =, FA7]e) Axos HHEHA geth
9, 2zl PCNAYE 9EE34 (monoclonal anti-
body) 24 £417 paraffin X#22& o]&3dle] A
&3z A 318 (immunochistochemistry ) S 24, &3
o} Alxe] HelE AASHEA AXe] 2E5E 34
g 4 9ck®, 28]a PCNA 2 233 AERds
Ki-67 %S¢ th& Wizt vinste], &4 2ol7t
glgo] SIAE s k. MEEDFVE S-F71 4]

rlo

&
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o] AN AFH JFFH AREAM] THsL
Ao} & Aot . o] §-F7] vlg3 PCNAE
vl gAel ge-2 44 4 5 Aok

ol AL FHUYEAA ‘i‘i@.iaﬂﬂm?—i
PCNA 9] wEAYZE AZ23slm, PCNA 2¥4%
S-F7] ulgEA 1 A8 g, o ‘40}7} 3
FA xS BE%5E dHdshs PCNA 9] 2EAR} 5
@] HEE 2 o5 mXe G AT

o R

EH%L—P: 2 F YoM Ay vadE #Hgoeg g1
/@

Bag 57d9 HAY 2L ARSI
HE A9 60Mgen, dUunle 43: 4R3, =
st FRe VLY 389, Hedel 163, Al

Eghol 3¥glem, TNM Hrld, 1%77} 143,

I W77 218, WE77h 2289} (Table 1, 2).

2} o}z Al oJ8f AH o] paraf-

2.4y

A AAEES paraffind] B8E Z¥E 4 micro
m.2 A3 &, histoclear 2902 paraffing A
Ak the 100%, 95%, 75%, 50% ethanolol] ¥
Hog Agstd A& A2l F, ¥]5old peroxi-
dase A4-& A7 g 3% HO.2 A2t & F
49 g th2 PBS(phosphate buffer solution)
oz A¥G £, uSold A e =l A
non-immune goat serum(5%, pH 7.6)2.2 20&
7+ HEg &, 92 A& (PCNA, Dako, Car-
penteria, USA) 40CA WgAZATE o]F9f ¥
& Agstst dae] FEAd o224, Biotino]
Agg 22 IHE FeA7IR, Avidino] ZHEE
peroxidase reagentE ¥H-2A]719¥ Biotind} Avidin
o] Agtx|o] PCNAO| peroxidaser} F2Hgtt, 7]
o] 3-amino-9-ethylcarbazole®} ¥hg-8poqaurg
& doy|A 8 & Hematoxylin-Eosin g8o2 f '
Z GMA & PCNA9 @S ERISIAT. slide
& Fetgn o AMste] 5%tk o] GAE

Table 1. PCNA Expression of Lung Cancer by Cell Type

- PCNA
- + ++ +++ ++++ Total
~Cell type
Squamous 1 1 16 8 38
Adeno 0 16
Large cell 0 2 1 ) 3

Table 2. PCNA Expression of Lung Cancer by TNM stage

PCNA
- + ++ + 4+ o+ Total
Stage
1 0 1 2 14
I 1 3 21
i 1 4 22
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Fig. 1. Tumor cells show negative reaction to PCNA Ab. stain (HE counterstain, 400X)

e AE Ao g, 25% 7= +, 50% 7
Ae ++, 5% 7AAE +++, 15% o3 ++
++ 2 WEsgck(Fig 1, 2, 3). #i9 Helzze)
AT 97719 3¢ 98 dEge e 2
t}. paraffin B8 228 HHs}lo paraffin A9}
A58t AIZF 0.5% pepsin N Helste] G
¥ 598 weEth AFHE GYAE 2L phos-
phate buffer saline(pH 7.2)02 A3 & ¥
7} 10/nd =2 A 3% & propidium iodide
(Sigma Co.) $¥o® DNAE ¢4% ¥ RNAse
& olg3la] RNAE AAsNC}. propidium iodide
o og o] B ¥ dUME FRAL 40
micro m. 2] nylon@o & A& & HAA MEF7E 10
Awold AlgzA ¥-40] 7hgslgnh AR 214
¥ BAM7]e FACStar(Fluorescent Acti~ vated
Cell  Sorter, Dickinson Immuno-
cytometry System, USA)2A] 488nm=2] 342

Becton

A¥sl Argon LASERE #3311 itd. DNASHS
FA87] ¢8 AMgslE DNA @4EZHL pro-
pidium iodidet> 488nme] wFolA 610nme| w4
o8 HAEHE FEARA, Fe] Wake HFwd
gt DNAYGE 538 & ok Alge] A3=s 4
A CV{(Coefficient of Variation)7} 8¢}&}Q1 #
Sole sl o, FACStars] WAsold BDIS
(Becton Dickinson Immunocytometry System) <]
SJ% Consort 30 program& o] §-3te} 4| ¥ A7)
9] histogram-& ¥& F S-F7] Bl&-& At Wl
t} (Fig 4).

Hgrel HelzAs, TNM H7), Mxe] i ¢
S-Fyulgef w& PCNA w8E9 wlwye Chi-
square® 3tgow, 2@ AEEY FHAEIINES
Kaplan-Meiler 24 3l oW, 7t 7o) AEE 1)

I generalized-Wilcox 2 Hj3}tgiT).
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2 1
1. E2|=5Yol mE PCNAS| WHE

F 574%F 55H0M FEer uUgten, +++ o]
o) A W BRude] 38AIF 243(63
%), Aol 1631F 38(19%), HAER] 35
181(33%) 2, 23 fofaiA] dgdaigrel 2%
A &do] &3t} (Table 1).

2. TNM 7|ofl mE YEE 3 PCNA2| WHE

Z%9 FAPAEE g F&F TNM ¥7)q o
£ 2¢d AEE 2 FHREVTE 182101438 7)
84%, 6271¢Y, TH7](21d)7} 65%, 437hY, N
W71(224)7F 39%, 217092A, 24 871E= /9
3 zpolE HAFEAUTE (p<0.05, Kaplan-Meier,

- L

*ig. 2. Tumor cells show weak positive reaction to PCNA Ab. stain (HE counterstain, 400X)

generalized Wilcox). Z8]l3 Z+ HWrld o&
PCNA 2@ge #o8 Aol e 4 9g
(Table 2). Z PCNA 2ae dgkel j3shy 1)
o FANSE et

3. MZEslzol uE PCNAS| UHE

xR g ZAFd dEES Iz (well
differentiated)7} 14815 38 (21%), BE 3=
(moderately differentiated)7} 23#% 133(57
%), O]E-3L% (poorly differentiated)”} 2083 12
A (60%) 22X B3} dEFE FIE S F&53h
EAH foAdd oj2A)le Z3tsirt (Table 3).

4. PCNA W&Ezof| mg S-F7| vige| ulm

PCNA 2¥E —F9 S-F7] ¥&2 17.9(£0.0)
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Fig. 3. Tumor cells show strong positive reaction to PCNA Ab. stain (HE counterstain, 400X)

Gi-peok

Nurnber of cells|

Go/M-peok
S

Fluorescence Intensity(DNA Content}

Fig. 4. Histogram of cell proliferation cycle by
flow cytometer

%, +T& 18.3(£9.7)%, ++& 18.6(x11.1
Y%, +++TL& 19.7(+£9.0)%, ++++T&
24.7(£8.2)% 24 PCNA 9] Zdo] Z7184E, &

AR F949 olzxs Edgout, S-F7] vjge
vl#|sled Z7Esldck (Table 4).

5. PCNA WaEro| W MEE2| v

TNM H#7dg, PCNA 48z ug q&EEge
HiaE 7247} s ez oM BAE fo4
& 34 Fgloy, A diagd deid PCNA 23
ool Wi 23 AEEL — T 50%, +Tol 75
%, ++70] 73%, +++3°] 67%, ++++
o] 25% om, HA PCNAS] LT w&
ZUREIIE —F0) 13.0709, ++o] 41.374¢,
++ o] 33.670¢Y, +++ o] 29.0/0Y, +++
+ o] 97§18 =], PCNA9 B3o] 2842 2d
AEET FHAETIN0] BFF HAE BAFCR
fosiA BaFa Qg (p<0.05, Kaplan-Meier,
gen.ralized-Wilcox) (Table 5).
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Table 3. PCNA Expression of Lung Cancer by Cell Differentiation

PCNA
. ~ - + o + -+ o+ + 4+ + Total
Differentiatio
Well 1 5 5 3 0 14
Moderately 0 1 9 10 3 23
Poorly 1 2 5 7 5 20
Table 4. S-phase Fraction according PCNA Expression
PCNA
- + ++ +++ ++++
. 17.9 18.3 18.6 19.6 24.7
S-phase fraction (%)
(£0.0) (+£9.7) (£1L.1) (+£9.0) (£8.2)

U

%] AEHH A4S getateis ZlEe A2 59
EAE da sk Aok olul s)&d uish o
bromodeoxyuridine labelling index¢} thymidine
autoradiography 24 Z2uj¢ko & HZ & A7)
7R AE B 444 NEl S-F7] vlg-g
24319}, o]0 Ki-679] SEZEgHE o]&sly
2EHE9 Ki-67 F9& dazssyos ¥y
AA Axe FE5E AU o] Ki-67 WA=
3L A o] dagichs o] glont, 4
AEEZAIT o] g-o] Fhedithe @o) stk A2
g0 FAAHE E43d <sli DNA histogram
(Fig 4)ol viad golahi Wazch fAMEEY
He] DNA histogramo]] ¢J3F S-Z7] 8] 82 paraf-
fin B8 229 ojo] 7ba3le] vj$- Hajsia 7+

Be o, Welzde] 4¥o] fA84 flrhe

o] gt

A, ojd HEEY] 9He ET + ' A2
& PEE 278 F PCNA o] B331%0h,
PCNA g4 229 &glo], AMZAR op
2}, paraffin R#2AE A7} 7psslvls AHE

{mean+S.D) p>0.05

o] olr}. PCNAE SLES| apighdza Hg &7
5%len?, oo} Bravo Y ¢Jsjx DNA poly-
merase delta®] g8 49o] FHHYL, MERE F
71 % S-F7) 4Age] WAk PCNA & ¥4
de] gapol me} TN PR, S-FTlelw
AAdEe] Fulol #AY(granule)FFoz FAHE
A §-F7] 9o Gy, GFVINE 4F- A 8§
el vjgkak(diffuse) 0.2 QA= ojzlE Aol U?.
PCNA7} S-F7195t BojQlsl, S-F7]9jd= 4
AEE A} ke BAlE 239 nAWEs A4
F5ol okt vtk Garcia 522 4wsla gk
PCNA29 A= 19A2¢ PCl0o] =], 19A2
q7L nAZRAY AMgsln, PCloe x=23d
FzAo) AHE-EITE 19A27}F AEELS WEEc)
& & S-F7] Hol4el wuha dtglor}, Theu-
nissen 508 y=odoz AR LAAT]
48717k ojsteld PCl0og fHsldE S-F7] 8o
o) k&38tS mitotic index A Adwsldc). 18
2 PCNAY w2717} 20A17k0]x, Quk Al¥9] S-
F7\7} 12417t Rxolmz, wgke] PCNA7ZL S-F
NFAE G, F7)o ek} Fule] vubdoz o
eld & 9JthD, Carey £'23# Dierendonck 5'¥

I Rorlr

=

H
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Table 5. Survival Rate of Lung Cancer according to PCNA Expression

PCNA -

+ ++ +4++
2 year survival (%) 50 75 73 67 25
Median survival time (month) 13 41.3 33.6 29.0 9

& PCNASQ BEATE $ANE EA497 bromo-
deoxyuridine ¥ Ki-67 labelling index2A] A&
YRS TSI ool g ule} Zo)
PCNA TdA=s} A xEE9 2524 QA 5
Act.

ZA#A oz PCNA LdAT i) Fgo 42ES
Hrgsto g A oAz B4 JFsAd tiE o
T7} 7Fs8tth. A& Lee & PCNA7ZF #¢olA
ety gl Z2 o] galEgel g 83t st
Ax'®, PCNA7ZL vIAAE #Holl Fxe] &
d5E vrgdsi, HNtAQ AEE] qEFQREHE
Q3] R3rqrk?. ey Kawai 598 ¥5Y
A dFARZA Fo4E ¥y, Fontanini'”
= PCNA 9] o Fatz2 el f-o4e Bt
ol AF7tA| 2] Hiel AzEe] ARE vlwa] Ky
2 gt #HdelA o] PCNAE o= ZYAEGME
vjekshvbnl HHEL H= Aoz duiA o, F
Hel -S4 Qort gln wdHel AHxr) o9 ¢l
o} 33t Fontanini 5'92 A4 HYolA PCNA
7} L@ ow WHEEY FFE 37.7(£23.6)%
2 3Ht. AzEe A WHEE 5% g2
e W 96%(55/57)4 AT}, Halz3
yyg dHEo T E vlw 3l¥e u, Carey 52
& BRG] AR} BdEo] Fo5HA B}
Shackney 5'%%= 9A] e Y& ¥ E o}“‘i}
a8 Kawal %"” 2 Fontanini $'9& ¥a|z34
ol 2 LHES Aol Qlu} stk FUME
A T HHYE LA vEgdrgdE SRE
ol E3tthal Ruslgch. ArtEY] A9olE +++
ol AR whgol 3443’2}—4“(63%)"“"1 A9

p<0.05 Kaplan-Meier, generalized Wilcox

19%), HAIEH(33%) Bt fo)3hA #3krh(Table
1). €27 bk} o] Fokz} A7ko] HgAkw|elo]
87°‘°lf4, o] 13494Q1 A& AAshE, HHA) T

ol MYgrT; PCNA W Eo] & Fo= o &
? AT,

FTFe] 3 5 TNM H7|eke] fAlo g B
£ A¥HEY, Fontanini $'9& PCNA Wggo]
NO7} 19.8%, N1, 27} 33.7% 24 $2lgF zjol7}
mlggjﬂﬁﬂJ@wm%ﬁmrnﬂangﬂq
7} A= A9 2z o] PCNA HdE
o] &t} o}iic}. 7& %Z%ﬂ oJshd TNM #7)71 =
Y52 WEo] =gk, NI1(50% )9l Bls] N2(67
%)%= TSRO Folde gidith Y AR
A4le TNM w7l @2 PCNA HEE9] Ao
= 93 g1}t (Table 2). & PCNA @&
#ere] S RehA Wrloh= BASS FUsHict.

A E B35 W2 PCNA 2EE 9 xlo]& AR
W Kawai 5'92 zjolgittm at91, Aol 2A¢
A% nEsldGE BHES Fout foj4d o2
= 53t9cl (Table 3).

AEEG] Yolx PCNA o 2@AE} S-F7) H)
&2 H|wA GAF o]d HgstHetY. Al
#otz oA Fontanini £9& A& §931 ¥
stk Etgon, Kawai 5'9% Solshd gxgt}

T shgink. aehd, AASe] dad o PCNA
FHEo| 584 S-F7] vlEE Zrlel HEEd
5ol ARg welsion, qaklt 284 Ea)o

AE o3¢ Holxl= E51ITh (Table 4).
PCNA¢| &tz Ae] elelg Fotny] 93 B
259 <3 Kawai $19& PCNA7L o FQlaa
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Al ool (p=0.02)%1oy}, thAZEAe) 2%
58 dFAA=AE QA ZSHATHCox pro-
portional hazard model}. 28]t} Fontanini 57
L o Mof olalAx PCNAZE 5§ 3¢] o %9l
At Rastgth (p=0.03). 4 F0& 1d A&
E9He v)wslgle W) PCNA 2889 x| uja
AEF Aol Qi s AAEY HedE 2
G AEEY 30 AE0E vasE s o d4de
2 foJsiA PCNA<] #do] 2245 2\d Y&E
o] ZayoH, Ft AEVT G4 #AEE FUs

[t} (Table 5).
2 <%

AN
FHAE 4o dgsty 44e, FY9 BEse
APEos wedstng %o o5 Ao UtE o
o7} 9lt}. PCNAE DNA 3§ o= 36KD
o g Az, FF 2] AdzAslery WY
o2, 0 3 EE AZsld FUINE 2
dtdo g olgata gitt. ol AxEL Hge =
oA Hedzslety wyoz PCNA9 2HAE
& AZstm, A¥e] BE%e wddhs a8 2
B8y QA4 & S-Fruigwle] #AE gelsly,
PCNA ¢ AT W& HYyxise] YEES 7
st
oo
TS QA vANE Hgos 3 wa, 9ut
3 FAle ¥ gk mag 574 Hg 238
AMgste] HoxAget dade s PCNAS wde
SHEY, TNM ¥7), ME B35, S-37] ulg
&g BAE B89,
Z 3}:

£ oA duts dAee AR 57d% U
vl 43: 1491, HEEHe 60449k, PCNA9]
UE A5E 25%F 71Ees sl —, +, ++,
+++, ++++ 2 FES9).

PCNA<] @ae Higgaigel AYET 43
FEglon, TNM 7] utg PCNA 2de] 2
ol §iieh

A Ee] E3lxol webA vjEsid4E PCNAS &
d AxE Ehou, feold zole it )

§-F7] vj&& — 17.9%, + 18.3(£9.7)%, +
+ 18.6(£11.1)%, +-+-+ 19.6(+9.0)%, ++
++ 24.7(+£8.2)% Aot ME7te] FofAodE 2}
ol et

PCNA9| 24 Axd we 2d HEEH S0 4
2717 —50% 13.070€, + 75% 41.3/0Y, +
+ 73% 33.6784, +++ 67% 29.078Y, ++
++ 25% 9REEA Ma7d f98 Aol By
Fi ok (P<0.05, Kaplan-Meier®], genera-
lized Wilcox).

4 B!
Bl AT #Htol PCNAS g¥A v Agitaiel
oA At H%al, TNM ¥riel Axisizo)

2 o= glgdch. PCNA HdA %] g S-z
7] Bl&E 318 Sshv oL gldth. PCNA
HHol B&4E 29 ASEH U AT §9
s Bt & oz PCNA |4 v)
2N EAGe] oFUxtzAe] o]fo] rhgdlelet A
Zhgch.
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