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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, Wonkwang University College of Medicine, Iksan, 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 study, 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 expression 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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AA9] kA Mg A o7 JHA sy W
dx B3sla olA7Ale dFrt $X &L FU
¥ sgte) Wl w37 2EA s YHS
BEAYA] gkout, 11 Fete] HAE oI FHY B
Aol 3ol P43 2 4t vimd AHFe
o, B2} JES] WA 2l TP AEYH &
Ae] B el Aol sicth. #Hre Ehe HEy
o, Agh, 2AMEY, z2En fAEeR oA
o, 0|3 2A¥e] WE JFET 27] Foldol o
4 A dizHeg, SAEAGT HAAEGT
o2 PR,

AS7A dge] NaAY qFadde 234
g8 27, TNMY s|535+4 97|, performance
status scale(PS scale) 9] 2|3 W77l 2 A4
Eo} goih. g& ol AZole SPM x| JET
A EAQE dgahs o ARAEL AMgele) o F3F
o ol &3lele A=r} o] FoiA L Ut} 53] AE]
2ol g Pl H2 olgel el ue
FGA X HDF4 50l APHog ASHL Yot
FHAEY EE% ASdHdes AAREEASF (mi-
totic index), thymidine autoradiography, bro-

modeoxyuridine labelling index, Ki-67 labelling
index @ SANZEAH (flow cytometry)ol] 2j3k
S-F7] vl o] ol&H1 U}, o] WHE F,
LA AR FE  ABAo] 9Fslw, bromodeoxy-
uridine, Ki-67 labelling index, thymidine autor-
adiography= A¥XEIF71% S-F7] ¥|&E ¥
A A3 AZY F= Ao, FA AT Az
T} o] &-o] JP5dlH, FAAE EAHL paraffin B
# ZAE JMPEERA olf sHedhdt, O AR
o geg HANY + gl BHel ek,

36k Daltone] 44 i ael PCNA(prolife-
rating cell nuclear antigen)= DNA #4de] =8
Ao]n, DNA polymerase deltad] FAjglozA]
cyclinolgtn® EafthY. PCNAE AEEIEF7]
ZF S-F7loA F2 AAHE EFARAM, EgHE A
¥out Ay gny, Px7)e] HEd= FHEA Ferh
»  zg]1 PCNAE 9&&3H4 (monoclonal anti-
body) 24 €47 paraffin R#22 g o]43ld A
o} = 2] 3}5 (immunohistochemistry ) ¢ 24, %3
o} A2 FeE FAFEAM MEe £EFE 54
3 4= i, 1gjaz PCNA 2 23% A ERdse
Ki-67 59 t& wizn vimste], el 2pol7}

glgol AAHR Uk AETEIFVIF S-F7) vlg
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o] HtellA YFH AF2H A=A THee <
Zso] & Fojr*0. o] §-F7] H &3 PCNAE
v @A A& A 34 + Aok

ol AAEL HYZRHAAM WHxHZHYo 2
PCNA 9 ddAY=E AS3tz, PCNA HHYEE
S-F7] vl&2A I AL sl 9 vot F
P £E5E WFshs PCNA S 2dR=s] o
Ao AEE Y dlFd nAs F¢e Hdsn.

chah oW Uy
1. cA

e & oA Q8 HiaAE Hgos &3
3 XNaEFHe] B HAlzd o8 ANF= o] paraf-
find] Bg 5789 HY =FAFAEL A3
g d3e 60AFey, Bl 43: 149, &
A&A BHE Wg4He 383, Age] 16#, dA
o] 3¥gen, TNM H714, 1977 143,
1717} 218, W77 22819} (Table 1, 2).

2. 4y

4 7FEEL paraffinod] 23" ZZE 4 micro
m.2 AHF F, histoclear 890 2 paraffing A
A 2 100%, 95%, 715%, 50% ethanolel] €<
Hoz Agsle] A3l Azl F, vi5o|F peroxi-
dase ZH8-& 237 98 3% H.O.2 AZd ¥ 5
Fol 92 & PBS(phosphate buffer solution)
o2 AAF F, ulSold FA HEES 7] A4
non-immune goat serum(5%, pH 7.6) 0.2 20%
T HE® ¥, 93 YAE(PCNA, Dako, Car-
penteria, USA) 40°CollA whgAIATh o]F9] vhg
& wosist gage] FE3Q RAezA, Biotino
Z2%d 23 FAE FAEA7]n, Avidino] FHE
peroxidase reagent& ¥rg-Al7|W Biotin®} Avidin
o] 2§ =o] PCNAd] peroxidaser} #2tgt}. 7]
ol 3-amino-9-ethylcarbazole®} whg-3}ojZrAul-g-
& o714 § ¥ Hematoxylin-Eosin §4o.2 o
Z G447 & PCNA<9] gdg #lalyct. slide
& Fdv|F oz gdAqste] 5%wghe] o] FAH

Table 1. PCNA Expression of Lung Cancer by Cell Type

~ PCNA
- + ++ +++ ++++ Total
~Cell type
Squamous 1 16 8 38
Adeno 1 5 3 0 16
Large cell 0 1 0 3

Table 2. PCNA Expression of Lung Cancer by TNM stage

PCNA
— + ++ +++ + 4+ + Total
Stage
I 0 1 7 2 14
I 1 3 21
m 1 22
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AL A5 Ao m, 25% 7R +, S0%7)
A ++, 15%7AAS +++, 15% 14 ++
++ 2 Bsa(Fig 1, 2, 3). sld WHal=z 9
AE 2E77]9 34& A8 A9uEe oe 2
t}. paraffin 2% 2% AW} paraffin AA <}
A58 A1F 0.5% pepsin SYol] Helste] LA
X 2d9g et AFHE 9YAE 3592 phos-
phate buffer saline(pH 7.2)o2 MA3 F ¥
7} 10%/md =2 A 233 ¥ propidium iodide
(Sigma Co.) €4 o2 DNAE 943 ¥ RNAse
& olgsla] RNAE A|As9}. propidium iodide
Lol o3k o] Bt F DUME RFHL 40
micro m.2] nylon@o & A& ¥ AA NESF7} 104
Axold Ag 2 BAo] 7Hsalstth. AR f-2M)
X ®X7)= FACStar(Fluorescent Acti- vated
Cell Sorter, Immuno-
cytometry System, USA) 24} 488nmeo] 538 1t

Becton Dickinson

A8k= Argon LASERE #3311 itl. DNAYGS
Z3sl7] 98l AMg=El= DNA @GMEHQ pro-
pidium iodide= 488nm¢] oAl 610nme] =3
o2 ZAFHT FFEAAN, ¥Fo dsle A=
w2l DNAYE 538 5 drh A8e A= 9
8]A] CV(Coefficient of Variation)7} 8§°]8}Q1 4
S-ore fgstg o, FACStard] WAz o= BDIS
(Becton Dickinson Immunocytometry System)<j}
LS Consort 30 program& o}-8-3tc] AN EEAZ7]
9] histogram& 4& ¥ S-F7] ¥]&-& A4kl U
t} (Fig 4).

Hlte] WelzAY, TNM 7], Mxe] £3x ¢
S-F714]89] W& PCNA @@E9| vla:= Chi-
square2 3lgon, 2\d AEEN FPEI|TE
Kaplan-Meier 24 73l o, 2 231e] AZE§ v
W+ generalized-Wilcox 2 v|w3a}gict.
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3 =
1. ge2|=3|gofl o2 PCNAS| Wil

% 5731%F 558 o= Ugten, +++ o]
29 A% e dRTgel 38#F 2491(63
%), Aol 168% 38(19%), HAEge] 3335
181(33%) 24, w3 fejsiA Agd=iste] 3¢
A &do] &3ttt (Table 1).

2. TNM ool & =R N PCNA2| UHE

F%e] APAEE N FeF TNM 37l o
€ 23 BEE ¢ FWRENTE 187101437}
84%, 62714, 1972187} 65%, 43704, I
H7]1(2238)7F 39%, 21092, 2 Wrpde #9
3 2pelE RAFEUY (p<0.05, Kaplan-Meier,

R B 8 (™ o
th 2. Tumor cells show weak positive reaction to PCNA Ab. stain (HE counlerslam. 400X)

generalized Wilcox). =22l:2 2z H¥Wrld &
PCNA 28Ee] #o@ Hole L 5 gdY
(Table 2). & PCNA 2&@2 sigte] sijiata wy)
o= BANEE EA3U

3. HiZEsizol o PCNAZS| WA

AEFstxol] e FFY LHEEL AL (wel
differentiated)7} 1481% 34 (21%), % 3%
(moderately differentiated)”7} 23813 13#](57
%), M35 (poorly differentiated)”} 2081& 12
#A(60%)2A £37} tdF5E FIIL F2531
EAA foidedl olaxle £yt (Table 3).

4. PCNA 4W#¥zo| ot S-F7| v|ge| vim

PCNA #3& — 9 S-F7] ¥&2 17.9(£0.0)
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Fig, 3. Tumor cells show strong positjve reaction to PCNA Ab. stain (_HE coumerstain.'d(}()}{ }.

Gi-peok

Number of cells}

Ga/M-peok

]

Fluorescence Intensity(DNA Content)

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

%, +T& 18.3(£9.7)%, ++T& 18.6(t11.1
Y%, +++TL 19.7(£9.0)%, ++++&
24.7(+8.2)% 24 PCNA 9] wHo] Z71348, &

=

A Fo4dl olz2x= RBillont, S-F7] vjge
vlgisle] Zrlstgdut (Table 4).

5. PCNA @#3EE0| g Y=Ro| u(n

TNM #7|¥=2, PCNA ZdAxd g AESE9]
vy 242 g diAaelzl Aol EA4E feA
& 22 Zgon}, A diaedl el PCNA ¢
Pz e 2'd AEEL — 7] 50%, +T°] 75
%, ++3° 73%, +++T0] 67%, ++++
o] 25% 9ev, 94 PCNA9 LAz &
ZDAEIIZHE — o] 13.0749, +Fol 41.370Y,
++ o] 33.670Y, +++ o] 29.00Y, +++
+3o] 9/1g=A, PCNAS] 2de] 845 2
AEETY FUAE7IZI] EFR BAE FAFe=
felsiAl B3 e} (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
) — - + ++ +++ ++++ Total
Differentiatio »
Well 1 5 5 3 0 14
Moderately 0 1 9 10 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) (£11.1) (£9.0) (£8.2)

I E
FUe HEEH BA4L doRRteie VS J2 &
HAe g 7k ok olu] slEd nieh ol
bromodeoxyuridine labelling index®} thymidine
autoradiography 24 o2 AEE AFA)7
= 7R X e HEF AFQ S-F7] v&g
48 oo} Ki-679 GFEIAE o] &3y
HFENES] Ki-67 FU& HAZFs oz UH
AA xS 2L AF3A. o] Ki-67 A=
3PS ZFu|go| Fagivks Aol Jov,
A AZAT o]fo] 7Fsdithe @3ol Atk I
gol #AME Al js)4 DNA histogram
(Fig 4)°] H|1d ol3tAl Hazch FAMEEH
o] DNA histogramol] ¢}3} S-F7] ¥]&-& paraf-
fin B¢ 239] o]o| 7lgdte] uig- Helstzn 7H
B8R Yo, Wz e] 98] {XEs vk
o] Qi

A, old WiEe] e HEAE 4 e A2
& g 27381 F PCNA g4 o] 33380,
PCNA AH& =39 &4glol, AdzZE ohy
g}, paraffin B@2A% A7t Fedicke AHEE

Al

(mean+S8.D) p>0.05

o] lt}. PCNAE SLE9] AplgAaA A& A0
o0, ojo] Bravo ¢ 2&|*4] DNA poly-
merase delta®] Z@A9¢lo] FHHYL, AEEE F
71 & S-F714 AAdge] HEAT. PCNA & ¥4
A o] o) wel TN FAsEH, S-Folelut
Agd=lol duiell 2§ (granule)Fdoz Fd=HE
A7 S-F7] 9ol Gy, GoF7IolE dF- BA=o] ¥
Well wlgd(diffuse) 02 A= o)z Aol A,
PCNA7} S-Z7]0gt So|Hl7l, S-F719= 4B
s A7) sk EAlE 239 nAvhds g <]
Z79 wg dackn Garcia 528 A9sia it
PCNA¢9} &= 19A29 PCl0o] gi&dl, 19A2
v 93¢ a(zAY AL, PCloe 2wl
DAz AREITE 19A27 AERFe] vl
% S-F7] Boldo] wrhn siglort, Theu-
nissen £'9& ¥audoa nAAr nAPA|TLo]
4871 olzet® PCl10o2 gAslex S-F7] 5o
o] 532 mitotic index2A Astgdrt. 28]
3 PCNA¢ w777} 20R|7 o)z, 4wt A|E9] S-
F717F 12713 Axolng, w|ge] PCNAVE S-F
NFAE G, F7)o) E3L Fule wjvbdoz
ebd 4= ¢}V, Carey ¥'?3} Dierendonck &'¥
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Table 5. Survival Rate of Lung Cancer according to PCNA Expression

PCNA -~ + ++ +4++ +4+++
2 year survival (%) 50 75 73 67 25
Median survival time (month) 13 41.3 336 29.0 9

& PCNA S HHHEE FAME E4H3} bromo-
deoxyuridine ¥ Ki-67 labelling index84] A&
YAFE FFEAt. oA A7 ule} o
PCNA 2¥AE7} AEEDe] 2524 AFLA =
At

7oz PCNA HAA: JA| FUo 4FEL
vhg3lm 2 A o A2tz ] B S JFeAel diE A
Tt 7Fsdttt. Ag Lee & PCNAZE #HgollA
welnty 9 23 e Adlntge] X E2A H-835ht} 8
Q1'0, PCNA7} HI2AE Aol FdAEe] &
G5e W3, A YEF] &AM E
1A Rt 28y Kawai §'9& ¥I5{
H dFAR2A Fo48 sy, Fontanini'?
% PCNA ] o FA2 A9 o4& Hustict.
olo) AIB7IX| 9] B9} MALEe] AoHE vl K7
2 Jt} oA PCNAE ol- ZZdAE
ojeksiuinl HE L He Ao gEA ok, &
ol - 2A4e oot gl wde] F=rt 99 9l
t} &3t} Fontanini 5'9& AA] #dl4] PCNA
7} wEson dHEe HFS 37.7(£23.6)%
2 3ok ARSe s LHE 5% S eFA2
9L W 96%(55/57) oA A=At Hel=3
Pdg BAE] AEE v 519 & o, Carey 5'?
& A ete] MetHt dEEo] oA wUL,
Shackney $'9% HA] 2 W&o HuE 3ot
e} Kawai 5'9 2 Fontanini $'9-& #2]z3%
ol w}E HHEES 2ol fitk SHAT. FUdAM=
A T uRAHdelA HEFGRRT TEE
o] i RuEPT}. ARE] HAfolz +++
ol g whgol HHFuR(63% )4 AY(

p<0.05 Kaplan-Meier, generalized Wilcox

19%), A (33%) Bt foletA =drh(Table
1). &2zl nje} o] ZYgulz} Alzte] U gugto]
87ojH, 4dgte] 134YUQ] A& IS, WPy
go] MtETt PCNA 3 Eo] & Aoz i &
F Ao,

%9 JY & TNM grigte] #Aldl oig 2u
£ A¥ud, Fontanini £'¢ PCNA w@dgo]
NO7} 19.8%, NI, 27} 33.7% 24 {8 z}o]7}
A& H1dl1, Kawai 5'9% F9] g4 o]
7b APG5E i) FF22e PCNA HdE
o] ¥t} &k A o 2 TNM #7)7 2
HBErE o] Boka, NI(50%)9] B8] N2(67
%)= E=kou fo4de ik e AzEY
7%= TNM #rlo] W& PCNA W Ee] xjo]
= 2 Ag 4:91%0ch (Table 2). = PCNA 23
Hte] s Reta wWrish=s AASS skt

NEEwd & PCNA 23 g9 2ol Aun.

A Kawai 5'9& zolgicii ki1, AxEe A9
= nEIUAFE BHEL Fou} o4 o]2x]
= 23}t (Table 3).
AEBG 9lojr PCNA o 2dA=9} S-F7] v
&8 ¥ dXFri ofd] Hestgr Y. HA|
HLzZ|A Fontanini '9& A2 {234 4
doha skRom, Kawai $'9% froshd gxdch
2 sidck. 2eju, AxkEe] Al ostd PCNA
HEEo] E4E S-F7] HlER FUIst AERE
9 =g vy oy, sl FEA Rl
FAA FolAde Holxs 2319t (Table 4).

PCNA¢] dFlxt2 A 9] 9olg Zlolr7] 93 B
3B} 2J8A Kawai 5'9& PCNAZE a2
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A §egol (p=0.02)ou, THAZEA %
33 dqFArEMEe JAA REHAH(Cox pro-
portional hazard model). 221} Fontanini $'”
& g oJsiAE PCNA7ZE 54 o %<
A Basd (p=0.03). A 50 1d A4S
£uhe ulZEPe © PCNA #¥Ee] A= we
AEF ole gtk Ak ARES] Afde 2
d &g 37 QS0 vnEYe W A HL
2§93 PCNAS 2do] 2845 2d 4FEE
o] Zagion, 7t AE/T dAl AP E FUs}
9t} (Table 5).

8 <%

oAl
ZGAE AP d5std AL, F%o) 25
Aoz vdstng 2% oF ool YA o
ol7} qit}. PCNAE= DNA e #eddhk= 36KD
BETTEEREE DEXE RR-EESL R
oz, 1 WE FEE A2l FRINE FHA=Y
whgo 2A ol Utk. ol AREL A =
Hol A Bz sty Wyoz PCNAS) BB
g Azsn, Axe EA5e Vsks tE B
Boty Qx & S-FMIgTe] #BAE i,
PCNA S| 280 e dgixEe] 4S5 3
Asct.
TR
e dubg HAAE vgtes 83 v, o
A AAE 3 setwd unag 5749 AL 23L
AMgste] WeozAss gAMoz PCNAS Hde
SAEd, TNM #7], AE 285, S-F7) vles}
AZzgTe] BAE BAsAc
2 o

2 oA olna AAee ANY 57d% ¥y
vl 43: 1497, FFARE 604Ut PCNAS
W3 A= 25% 8 JlEeR s —, +, ++,
++4+, ++++ i-’r’-—f'r_—é‘]-ﬁﬂ}.

PCNA9| 3o #HgdugolA AR 73
=gl on], TNM #7jd o& PCN_A wde] 2}
ol {1t

AEe] Baixd metr vlEsid4E PCNAS B
d A ko, fo@ Aole i ,

S-Z7) ulge — 17.9%, + 18.3(£9.1)%, +
+ 18.6(+11.1)%, +++ 19.6(+9.0)%, ++
++ 24.7(£8.2)% ot A2t fAAU= A
ol gl

PCNA ¢} 28 Axd wg 23 WEEH 50 A
277k —50% 13.070€, + 75% 41.374Y, +
+ 73% 33.67/049, +++ 67% 29.071€, ++
++4+ 25% 9ME2A ANz {7t xlolE By
z3 9t} (P<0.05, Kaplan-Meierl}, genera-
lized Wilcox).

#2 B

B AME #HA PCNAS L@ APt
A ARt Ekn, TNM H7ist MEEstzd]
e xpol= ¢lglth. PCNA wEA=d) wat S-3
7] vl K% St felAde giith PCNA
Wio] HL&4E 29 AEEY T ATVILE {9
A Egsigtt. & 29302 PCNA gAY v
A EA LS dFQatzAe] ojfo] rFsdteizt A
ztgr}.
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