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A Comparative Study of PCNA Immunostaining, AgNOR Scores
Hormone Receptors and Histology in Human Breast Cancer

Eun Sook Chang, M D. and Kwan Kyu Park, M L.
Department of Pathology, Keim wn g University School of Medicine

This study was performed on 50 casesz of primary breast cancer removed surgically during the
period 1990~199]1 and compared the results of four morphologic methods developed for the de-
tection of estrogen receptors, progesterone receptors, monoclonal antibody PCN A immunoreac-
tivity, and the mean number of argyrophilic nucleolar organizer regionsim AghN ORs) to ascertain
the prognostic significance and also to detect highly malignant heterogenous cancer. To deter-
mine the validity of these measurements, a variance analysis was done with Kruskal-Wallis 1-
way ANOWVA. The results showed that the significant correlation between histologic grade and
ER/PR status{P=0.005/P=0.015), the borderline significant correlation between mAgNORs and
ER/PR status(P=008), and between AgNORs and stage(P=0.07), PCN A has no correlation with
ER/PR status(P=0.25), clinical stage and histologic grade.

In follow up, four cases of invasive ductal carcinoma with ER/PR, developed early and rapid
metastasis within 2 yvears, three of them were classified as histologic grade 3 and another case
was grade 2, whereas two of Them were classified as stage [II(+) and the rest were in stage 1IB
(+) and stage I[A(—). The mAgNOR count of these four cases were ranged from 3.32 to 4.29
which were in the aneuploid category most likely. One of them had rather stormy rapid course
with multiple organ metastases resulting death within one vear.

These results indicated that ductal carcinomal>Zcm size) with ER—/PE— and high
mAgNOR level or high PCN A grade, and high histologic grade had a highly malignant course,
marked by rapidly developing metastases. Thus we concluded that the status of ER/PR alone in
tumor tissue is an important information for selecting hormone treatment but, for the ultimate
prognosis, is a weak indicator, Therefore for early detection of such heterogenous tumeor, besides
ER/PR, AgNORs or PCN A, histologic grade and tumor size are very useful as biological indica-
tors of prognosis.

The status ER/PRE in combination with these indicators are more accurate and provide better
basis on which to base a decision for early implementation of chemotherapy from which to give
probably benefit by inhibition of rapid progress. (Korean J Pathol 1993; 27: 605~617)
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M e

b AEEE fde] o cfokdln gh=jel At
e wel w4 HajaA o fusk gals Fo
A ofwl #alE FFEAe) A 2 glnl e @4 3
e FAsled labAdFst =ela 7l yhe olslbe w=
HokR S #As e o] dade] =3 #Holz)t
wha] Aol AHEHgl AL{ ARE Hae A4t
Pt A Faa] Baog ob gale) ol £E oA
g U4 o weldly A FEL o &sld g
h b wWrle dAd)as) Bk we] Aads]of
dicks] Halerp ol od wea|thy wipls} o)z
o Faehd of7lels Foke] 22|, A= o] 4
B Fe| Fasich = zawy gede o #Ho o
2t 2 dAUEE A, F 9 n5For Jrid o
el Ao Eatzs} & meks] riml 88T,
Az o g ofdre] Sgo| et fualgt
F Aol A 4715 viel o] YaFaa wWel o)
HaAE ebd Fokg] o)aAl4de] gle] o] fHale F9 8
aab of g 7ha] ool A2 5 o] gho}

diEZA 4EMH4(ER) W FRA2HE 484
(PR)2 5§ &4abs de] £ sjolel fubole] &
AE AFEe 71F M ey oo offaly ol £=2
< A B dfe] friEeA A2 e Fag Aol
o~ ol A g ala FeAAHEL o2 A2 s
FEEEA Fel AEH Foiztd A7)y B4 48
M oehd s A o Aa g4y disgd 4
24 il o2zt FHake] s A)zs]e
regulatory DN A regions# dd=ln o 7|4 edo|o}
= el shellAe] dae DNA sl 4zdals =
Ao HefFe oiE 22 23 A& (second
messengers) o 24 A dalalE g B ok 2435
Skt FEsanEe dze] Eibe] 2edgic)
Fra=d i 48 oarendle alFe & iy
FRAHE AL T34 2ol g ol asEa 7
=8 F 2R A4E4E + gl 2ol HHyAE5
a3 ZAAHICA) wele] Az ER= PRe] =+t 41
FToddlel o okdut Sde] FEIH Fok o] o] o
ll Fhed o},

FobdEe FAYe v ghule] iy S4og
Hoele = o £713 o F 3kl e Qi 4
Uk Aot Fuleke] F4lale ofzfrla| wiy e
2 F4% Ax#od¥ct Thymidine labeling
index"', F4E FAq{flow cytometry)* ™,
image DN A analysis system™'&¢| gz 3ol 4
Hedzz4s wwe® moneclonal antibody?l
proliferating cell nuclear antigen{PCN A)S =t
Aths HEZF P 24 24 2aozx sh5d
aETALE o g ghebr| s abebdld M F24 o gk

=g 4utlelcl. el nuclenlar organizer region
(NOR)ol izl ghelldel 27345 o sl 29
Mg Fed el AgNOR(argyrophilic NOR)#}
Az FFAE oFAgE S8 Aol F ofy
Fkel o] el AgNORS 47 Z748ln, 2
Bafe] EarAdl=|a = o a7z FopghesEem

PCN A= walzt ApNQOR2 2 2ok aela =
717F drubeks] FAEE Asbgebn Qe o] E&
o] 4dled ER3} PR, =883 S5 o 48 ¢
aoqlabdz] S5 Akl Al AAE v o i
ool zlEake] 45 F9bd A E ddelnn = 5y
3 sE2] b4 drubel el o n o falalr) F4
k2] wlm ghfdle] F4b &5t ste] Age g
ME Hibe nxs o4 fshd zole] @Eaisd
Fld &z} o] A5 Al #Iec

A VL

1. 78

1950 12958 1991 12497k 13407 A=
e dhat Fabud defateld el 2laa w4
A st Felld 50«F AdelEe] ez sl
ct,

2. oAUy

1) Q7% HEE: ¢l gabzel bz 25
Helalghal & A7 Edted Aw edgl slalal s
WorEde de AR (Helod ), B (5
gla] #hekslatad 9 dlajd zae] of¥) ul 4z
717he 5 z=abslbgdc

2) e EEEE HY: FAy Fa HAyE: 54 A
A ywlez HPasln E§ Foks] 27| e o)
R 5 ol el fgddteln 10% 22t
23 ¥ T4 HEEY Y3ln ghad dagl =32 Hef4
Hxz d8E F4] —T0°Cel FUE vaEle 13
o|d«l ER = PR#4E staich =a2as Sge
Bloom#® Richardson™ 7|5l £8le 15l

L Mzdde Hoad 2 rlgde o &3 dediffer-
entiation)s] A=

B #e 27 zof g gddade) o

@ P AR Farde dleE A, F, o2 A
2o FHE7 36l O] AREES da
3, 4, 5+ 155(H<4), 6, T+ 25F(Z7144), 8,
9= 3eelnddd)e s FEadc}

Fokshd iy FFeld <ol skt
et i WG shal ekt o Fokd 2o AE
#Ha grade] Anbe]o] o fof o),

3) HYMESEE Y (Immunocytochemical
Asgsay, ICA) & WE42 gl =22 4~6pum
TA 2 FREHNS ER& ICA kit{Abbott Labo-
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ratories) & +HE32ln PR(BioGenex Laborato-
ries}= ABC kit(Lipshaw)s M8alo] A)dldls),

(1) Estrogen receptor(ER) &%; 5 ==4%
4| 10-#%4} formaldehyde-phosphate buffered
Aol nA 431 § phosphate buffered saline
(PBS)ell c}4] 4lg 5 of ollelEa} ) ofs] Fof zpz}
S 3% Fob nAAZich PBSel #a# de %
kit blocking agent2} 4 158 %9 moist cham-
berel incubation®% <} Primary antibody2& 30
- F9k 9bEAF) AL oF4] secondary antibodvE 30
i 4hE, incubation4| 7] ¥ PAP complex(perox-
idase antiperoxidase)®<i4] 30+ incubation~]#
o *F7he] antibodyell HF-E-4]171 § PBSel 4gich
6+ &5t 42 2kel chromogen substrate solu-
tion%el H#H-E incubation #ez 4 qh2-2 HFa
Aec, o g FHFF 42 & alum haemo-
toxyline® Zhshs] el=od del F w47 cover
glass® mount ¥ #v|H oz s}

(2) Progesterone receptor{PR) &3; ER =
A7 wldsh} mAdo g 10% neutral buffered
formalin& +k83k3, blocking reagent® protein
blocking agent& +l¥¢8l secondary antibody5
b4t & peroxidase reagent® “H4bii chromogen
substrate® AECE A& 4+,

B gude|doz 4009 w-gof 4 ebdE #Ho)
TMo g fdasis ER 5 PR ooz #talsedn
P Ert ol fw|dled £ W Rolw |+ zhaled 2
+2 FA%n das oEHel Helsd s
20079 HZE Mol ok ze] WEES o] Fa4
sl 1+ Eg odg5] M Lo 20%e] Abe] o]
ddeg s

(3) Proliferating cell nuelear antigen
(PCNA); PCN A= weulg-g wd 277 5& 7}
F HEa =slele HES Fel4 avidin/biotin im-
munoperoxidase staining systemS 2}£3le] 4
Paleoh Fuled =23 EE5S dpm FAZ 38 5o
Febe| sl 2t 60°Cell 1417} incubation4]zl
* H8E xylenest ¢ 2g 8l elzlzlal g
PF 472 00M PBSe 108 5 %o 3% H.O.
& 7t £ PBSel| 43 protein brocking agent=
7t & primary antibody(PCN A; Dakopatts)S
tehed 143} incubation#l3icl. #Al%dled PESE
42 5 secondary antibody& -léls of4 PRSZ
451 peroxidase reagent® -}4F F PRSE 41
chromogen solution(AEC)S 7}dle] dbala)a] &
Mayer hematoxyline & dlzdd8 3o Zai
o 48 & ¥ylsbe e}

B gatge]s 1004 ER old4e] gl A
& Hatsled Yoz cfE el Ba)okE T4 400
e R 100He] 4 ek EE dlof 152 ol

FHo R duy HE2E ckydoz e o 4=
=4 100888 Aatalla Ha)ghgdch Tkl £9) 50
% olade]l skdez wddsld 2 PCNAS3 high
PCN A grade), 50% =|#le]d 2 PCNAS#(low
PCN A grade)z */3&haicp,

(4) 2g9M4Y; HEE gt Salo| g Zof4 7}
F A AE o o ety 452 484 col-
loidal silver-stain®™#}9lch gbebs 422 34m 5
AEZ A3 xyleneo® & el 47 F ok
7} FHTE da4gch Selolse 2 fas
=X 3 4E dcksla SF9e do] 45587 9h-24
A F FH4L ead LAg AAd] Ml 5
% sodium thiosulfate £<82 2 5871 sl2-47]

TR T M Ea ool A HiglgE weadt
% canada balsam.= & 5% &t}

oY dude|derz olFE:Ael Aelel]a] 1000
wl ol 2 1007] o] abe] s £2) 2ol Hode g
45 AgNOR2 +&F 4o #dn a1y AgNORs
(mAgNORs)2| 2 B4)d%c), aezn 7p Sokw
= AgNOR2| =<k & 27 9l EF348 vzdd
e},

(5) BAIEE BM(Statistical analysis); <+ =
#  oejzdl  4HEE  KruskalWallis 1-way

Table 1. Relationship of age to harmone receptors

and PCN A
ER FE PCN A
Agelyr)  Nol(%) e P i
20~29 2 (40 1/1 1/1 2/0
30~39  10020.0) 3/7 2/8 9/1
40~49 13(26.0) 9/4 7/6 9/3
al~55 13(26.0) 10/3 0/8 10/4
G0~69 S(18.0) 1/8 1/8 7/2
T0~75 3(6.0) 1/2 0/3 3/0
(n=50} 25/25 16/34 40/10
+50% +32%

Table 2, Classification according to tumor size and

lymph node status
e ———

Stage Sizelcm)  Node status N oi%)
[ 2 negative 2 (4)
[TA 2~5 negative 12(24)

<2 positive 3 (6

[1B =h negative 7i14)
2=5 positive 1 958)

[I1 =h positive Ry,
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ANOVA® R F48n 3 AgNORA = PCNA
st ER, PRAH sk 34|, 2ela =488 53
o 7| ebe] A 55 sk

4 o}

1. a4

de B2 284eda] 724124 HF 49549
40~50H 7} 52% 24 Fub4E A=Eelcl(Table 1).
A5 50« HMKel iz EE 19939 SR A
AL #HEo elle] Y= oe|n Y4 |ZH v
A7) Aol Ale} of BE 23 malslgid S22 4§
A wl=go AHe|rp b A9t 2o, = bR 2ol of 4]
+ ata st Hel aeln slo] 2zt Aoz 1~24
Alele] wAdn 58 o2 F 4 ARd syl gale
67 b Zlal we] aeln o] #He|xE 24
gt Axe Asded Aol Apatabaict, ol4bel 44
Ho| 9 Alebdl def2] Fulele v R ER—/PR—e¢|
Hii mAgNORAY 4.328~420% =abcl. 7] [
28k ofofl 4 = Anbo] glgic

2, 'Hels s Y

1) |obx 4 Fubabe] fabd fi7e F4o 2
Pl )sk sl @lmAe] He| i 7|EoR
2 HatgdelTable 2). 242 27& #7%4e¢ 1.0cm
~135em® =tedatglm ofsh el Aol 324
Zo] 21787 Aol® ol Hio|gich sl Pma A
o] & Zubgh Fokar]st 2~5cmal ¥ 7|(stage) IIB
(+)50] # 2] 38%(19«)F ka|ebe] =} gkslc),

Table 3, Classification according to histologic grade® and ER status

2) ZEYE £

EH%y; dTofat fubat 5005 300(78%)7F A
4 =agds|an vslale S4del g

FYSHE: sk 2wy FHel deb £
B4l Folld sYue HF FF 3o FRszied
o| &= Babel] F 2} w]méle] o 2fFHo|glcHTable 3).

3. ER% PR W# z

ER % PR& wWd#lz oieisle] A 500 13|
Z ER+10«(76.92%), &l PR+ + 40 1305
Toll(53.84%)2 <kd&e 7l =3kx 4 ER—/
PR~ 60t Qo EolA 8o(88%)2 &4-&e 73
=9tk Table 1), 344 =49 39« F 19=1{48%)
s} ER—/PR—oldxn 13:(33%)7} ER+/PR+0l
g}, Yoz Tol7} ER+/PR—<|3icdl. =2ald &
& lal &3 Fils7F $2 =29 104 3 ER+/
PR+ 6, ER+/PR— 2¢2 ER+e| 8(80%)%
2 a8 E4¥q FF4st 1ozl £zt ]
dl= 25 ER+/PR—e¢l3l3a =43y lde
ER—/PR—=lglc} 155l &8 13« Fe| 10«
(76.92%)7F ER+e|gict. 2oy F5 2¢ H3 F
S58 R3E Ho|l: EIE ER+/PR+ 74,
ER+/PR— 5o ze]lx ER—/PR— 7«24 ER
+o] 126)(523%)8 2 29 Sl sk los=
ER—/PR—, &% 3«|% 2¢d& ER+/PR+°|4l
i lell:= ER—/PR+4ck 255l 43 23« &
145(60.86%)7F ER+olgich =xgd 5 3o £
F dalz s i z kel 10e] 2 ok 4= BF
EE=/PR—r|%ck{Table 3), 8332 ER+ 24

Grade Histologic type ER status + /= ER positive(%)
1 Ductal carcinoma (n=10} 8/2 80
Intraductal carcinoma  (n= 1) /1
Papillary carcinoma (n= 1} L/
Mixed lobular and
ductal carcinoma (n= 1} 1/0
Total (n=13) 10/3 76.92
11 Ductal carcinoma {n=10) 12/7 63.15
Mucinous carcinoma (n= 1) 0/1
Lobular carcinoma (n= 3) 271
Taotal (n=23) 14/9 60.86
111 Ductal carcinoma {n=10} 0/10 0
Medullary carcinoma (n= 4) 0/ 4
Total (n=14) 14 ]

*graded with modified criteria by Bloom and Richardson
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Table 4, Relationship between histologic type and hormone receptors

ER -+ /TR + ER—/PH - EE—/FE- ER- /'R

Duetal Ca fn—349) 13 7 d i
Medullary Ca (n=4) - . . 4
Labuler Cafn—23) s . 1 .
M 1xed lobular and duceal Cain—1) v ] - .
Mucinous Ca (n=1) . . . 1
Fapillary Ca (n=1}) . L " .
Intraductal Ca{n 1) - . - ]

) | i

Tutal {n="50 15

Fig. 1. [nfiltrating ductal carcinema in 38-year-old patient, stage [1A without I¥ymph node metasiasis, KR —/
FE—, histologic grade 3. (a) POV A immunostaining shows strong postiive reaction(85% positive) ABC
with hematoxvlin counter stainl (b Corresponding H&E section shows sheews of tumor colis with
rmarked nuclear variations; coarse chromatin, prominent nucleoli and frequent miteric figares.

o ER— 26dd], PR+ |6a], PR~ 34" cHTatble
4l,

4, EY 49 & (Tumor proliferative
fraction)

1) PCN A= 3 500 1000 7F 4210 40s]
b kol of T APCNATHE 3dol5.4] b4l

w2 B%~43%(4F PCNA{mPCN A 24 4%)5] of
FPCNASTL o2 S50%—85% 47 54.4%)c|z
of 3 4ol =5 ER-/PR-22 3efl2) 344 =
ek 1y Sakgdez FHEYE o|SL 55 o=
Hety 54 324 5 Hach WA Zele ER4
PR+9 #&4 =il 1«8 ER+/PR—al £%
Al bebe] gleivh, L akdE B5%He ol 4
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Fig. % Infiltrarin ductal carcinome in 34-year-old paticnt, stage I with lvmph nade metastasis. ER- TR nu-
meroas nuclear blaclk dots. Mawricy of nuclel have more than twa AgOBEs mucleus ap o tenlarow
head), and large AgNORGarrow). (h) Corresponding 118F section shows fumor cells wilh prominent nu-
cleoli, vacealizazion of cvroplasm of tumeoer cells and mitotic figpures.

Table 5. Relationzaip of ER and PR, AgNORs and PON A 1o stape

M ol e ApNORE PCR A%

Stage Srarus ER4 ) PR +{—] mE S I“_E'D.
1 =1 1 (1) 101} 29l =00 J2hxH B
A f—1 H (4} 4 1) 2.47 +0.84 220=-2%38K
{+3} 2 (0 2101 1.9+ 011 JLF+1258
[IE Lo 304} 2 (0 278 17053 2.9 C20YT
[+ gl Rild) 265 .95 0512011
[1I [+ 3 4} 2 44l SR E SR 20h0 L TEER

* mean=standard deviation [ ) negative
L) positive

HA(—)e HE4 L ety 532 3o 2 APCNALeel®ed) @ 1dE PONA 56%ab4
o

gt LI el TefE Aek400x )y &2+ ER+/PR+31 154 5 #4¥4 2PCNAF
1~E42 dsl —?41-3-? g rhFig 1) Sd=]z sl S

o e w T2%4 o= 87l [IB{ )= ooz 23 Argyrophilic nucleslar organizer regions
|4 2ol 25 ER—/PR-clsich 4713 wief 2 (ANORs)$3 AAA R0 b Tobat vlustol 4
o] #8257 57 ER - /PR+ 4l =l(Fig 2)=l4 aflal =3 37152 mAgNORs7H L1B~48025 47

Gl
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6.00+

mAGNOR

2,004 .

[ 1A

(§=] 1]
slage

Fig. 4. Box and whisker plots for mAgNOR in tumor stages.

Table 6 Mean and standard deviation of AgNORs
and PCN A by ER and PR status

mAgNOR' PN A(%)
m+5D m+5D
ER+/FE+ 231 =085 200042073
ER+/PR— 254=0.75 17.89+1804
ER-/PR— 2495+091 28,96+ 22 81

1. P=008 by Kruskal-Wallis Statistic (P=0.02 by
linearity test)

2. P=025 by Kruskal-Wallis Statistic (P=0.13 by
linearity test)

e} akol7} glglch AEA A£igt 20 22 1187
15724 o} Fekgdc fdF Sudh = 54
et s HE7 Fi PCNAZE S49 o=
mAgNORs?} 1695 wateu & Fgyolels
#ahest e Foke AgNORse 277t 25 o=
2713t cHmAgN ORs 3.87)(Fig. 3). 9742 2+
Wz IIIe] mAgNORs 3.29%2 &9 F9HTable
5). =4 5F3 vlx FAMEHY mAgNORs
L =2 1e] 233(+£054 5D), 5 27 287(+£0.74
SD) zela 5§ 3¢ 3.46(+1.01 SD)E F3=~t
e B 32 REsrt 32 5F 12 FoHEE A
o] EAlats f-2l4de]l alaicHP<0.05)

5. BH&E EA(Statistical analysis)
fulels] ER, PR 4eH8l mAgNORs W PCNA

gho] FAH e WA ApNORsbE A A4 Fa)40)
22 (P=0.08 Kruskal-Wallis 1-Way ANOV A«
2l8) el PCNASH:s felde glov Agka g
cHP=0.13 linearity testel 2#): 24 slgic
(Table 6). AgNOR#} = 7ste] Al 75 fP=
Ao Hol 75 A B3 B8 c g 87E 45
vhre]a] ke w7 [ AlslEa 2] 11A, 1B,
[l 4= F7bele Adke] 2l2iclFig 4). PCN A%
W2 ale] Al Fo4ge] glaich A =Adm &
4 2 ER, PR 4ulslg A FA4a f24e)
g (P=0.005 P=0.015(Chi Square testoll =z}))
= AgNORS2e] fA= 55 13 55 3& v|ae
of S-A fFelde| gickr H43bec. PCN A%
S48 A+ Fe4o sl

! -

atd Foks] FAE FAL FTokdAs YEUY X
Azl 2 o4 gl Tale] Al EAAFs]e) gPAgs
PCN A9 iz off &8 Z4ae} o] 4
fglr)o] olzgck PCNA+ dlo] DNAFTHEAL
(polymerase 8)8] szchalglz s HA4Hez s £8
A szl et akal g e ofek dEScln g}
o] PCN A7} @] DNAf4el vzglalz s 3
A4 75 2ol s|AHZ4d DNAFTYH-AE H4] Pd5
7] wlFolcp® M EA AT Fol F PCNARE 2
~3w A=xe g wHFe] A7} Hd¥ 57/(DNA
41 7))ell LAl el (replication site)E=l ¢ldld =
He| ¥ Fo] A7l 4H DNAYAHel 275 %
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so "l o g oks] POCN A7 =24 E(cycling
cell}2] #=l ebgbel Frierson™-& DNA dhsks
49y zAda FF34 7hg Wealde] gl: DNA
diploid carcinoma® S3Hez 57 F3e
aneuploid carcinoma®ch W3 %= S7] Lile] =3
e F3 deF Al 4edae] gdn vad
e, & ER+ #42 DN A diploidal 7 &ke] gla 4t
" ER— 42 of £4 DNA aneuploide]sts &
e}, ¥ dFolHz 2PCNASF &9 6o & 4al
+ ER—/PR—24 25 =243 55 3d S8+
d el 3 3ol AEA =3 lele gokote|glcl
Wb za g 4 lel S8a APCNA F33
#4 =3t Ge| F 5« ER+/PR+¢|i 2eli=
ER+/PR—% Q| Z T7ed(77.77%)7} ER+o] 2
ol = ER—/PR—4c}. Ballare5''& @O w442
4 dz5e ERE $#46la #eov o d3 PRE
LA 3 PR aghabie] E3bEg4e|2 e}
A =, @ FF5FE 235 ER+/PR- Z9kof|4
FokrbHl E(tumor stem cell)52 AghA| Fajqt @
T PRE#H Aoz o & 445 Jelid. @

—/PR— F<k2& ERWE #cd2t 2 a2 PR
WY g g} oY FokghdEEL FdabE

11 ehaba) ki Fokd e olaslx] gticim @
g 7] [e] ek 5F 19 M54 =319 ]

“l]w.:- ER+/PR+sldl= 3 PCNA 5F% el =
S5 Held ol FokdEE F ER— 29k 250
FA% Hea 4sc) Ballare$%'s] ER+ 2
ofl 4] #hak g4 =el FokgbAl RS e ERS wdelA
Hn E FrH4 25 o £(601%)e] ER—elale
TR B #el F ER+ fiolels DNA 34
— ER— FebdFEols Hdejmoz o|fejalcle= A
45 thymidine labeling index® 3o = =
4 Fbzaed s ER2| oo Alzdad 1~257 &
of #lEEdE AaahA sl An o] Fulokel|HE
ER2| wi#e] g =88 ¢ 71548 a2l + 9l
2 #lict, wely ER+ F9k¢] ER— Fkuc} o
¥ o oadie] glev BHEs FLoo]fo A
ok Melm e

Nucleolar organizer region(N OR)2 ribosomal
ENAE 448+ DNAxElEH Hd9ZF7|l(meta-
phase)s] 5+42] el 2k ddy F 13 14 15,
21, 22 H4a9 gl zgln A £ 24977 (in-
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