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Nucleolar Organizer Regions (NORs)
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Silver-binding nucleolar organizer regions (Ag - NORs) g4 & o] &3] in
vivo L in vitrodl A (AN AbY MEFZANFTES HESACY. A/Jul$20 benzo
(a) pyrened ol §urg #HAHE, #HAYg 2 Sprague-Dawley@R Eof dimethylbenz
(adanthracenefojol] ofsf FAH {FHo JEA ¥ Ag - NORso] ¥4 efs A4
233 Wil £ A2 AFEAEA NIH3T30jA 9] Ag—NORs9] = ¥ DNA
F2 AAEHA caffeinedl] oJg WHaE HFatth &ztd NORTH dwige o
W oz wrdow uveyton A4 #AzxHe] M¥W Ag-NORs F3& 0.87+0.019
o FAFTYA HALMTANE L dHAFTSY AdGA TN A= 77 2334002, 2,56+ 0.45
A Az AEY Ag—NORs# A& 1.21+0.16 01 ot Z Y MA¥E 3.9
011248 F34 BHdA Fofd F71E BAH (P<0.005). A E9f%d NIHIT3AH ¥
o] Ag—NORs Fxl&= v 244 7to)] 6.81+1.38, 484 7ko]] 7.13+1.56, 72A] 3tel] 8.50+2.
04 0.8 caffeinedelo] wet ztzbel WzFol uishel FA3 PAstgon] (P<0.005)
[*H Jthymidine incorporation®] ¢]3%} radiocactivitye] W3t} M=% ZA3& e
o9} o] HAMES oFME, AAMEY DNAZNAAMEA FosFo4 Ag—-NOR
o] {3 ztolzt vetgtom wetA B e B4 AE W gAE e FHAEZE
o] &3t ZtF A Hol N FEsHA HFEAMe F Ry o]&Y £ UL FHow A
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Nucleolar organizer region-associated protein (NORs) ¥F2-& @ #fEQt A X G238 Hof
ATo) AMEEol got RAYE Tl HEH AL H2o doln Hap o Ho] 7Y
A 5] o] one-step 0.8 7FH 8] & o} (Crocker and Paramijit, 1987 ; Howell and Black, 1980 ;
Fallowfield et al., 1988 ; Derenzini et al., 1988). NORst A ¥ 3 &~ Ao Z4)3} 1 ribosomal
RNA geneg 7}1#+= DNAS9 iig]olm o]Z& RNA polymerase 19 ¢ste] ZHAE 1 vl
A Aol EA7F At (Crocker and Paramjit, 1987). wtglA] NORseol & 2 gL Ankz
o=z Axeo H4EE e (Crocker and Paramjit, 1987 : Ploton et al., 1986) NORs¢]
= A FRAH FEol vdta] ZA A LA @Wo] 1}El} 1 (Bolognari and Contini, 1981)
P 2ok, B3 ot EY A XA o WaREth (Derenzini et al, 1986). Ag-NORYIH
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We A4 NOR-associated proteinEo] ML} o] S el d3s LA AA &
t}h Jdol s E s Ag-NOR 4y ﬂii*ﬂ«l 77 2 gAx ¥l A2 A ALEH
I U (Howell, 1982).

za e A HroAE dold £ gl 4o zH FHo uy AW Ad
% o FHy 52 £ AEAIYHE Fetste Anst E Aok AGAA
Aol 2NN 2As=dE GARES A 29 52 Al AU (Graem and Helweg-Larsen, 1979)
# it autoradiograph(Bolognesi et al., 1986), flow cytometry & o] 8- DNA¢] %7 (Barlogie
ef al, 1983), bromodeoxyuridine& 43 % %4 (Napalkov et al, 1989) T & & o &3t
W g s A4 (Gerdes el al, 1983) Fo] ol &5t} ol Eo] HEE AhA BAA Edo] W
@ao] glokh olo] H]3te] Ag-NORs g We] hedatar §abcl sepd ) 220
LT ¢ du d Sl B ol VA ATk

A3714 Ag-NORs@Hol teh @7t Wy cAgte] Aus 458y 7hsye s
= A%l #AEel A w AYH Yoo Age 8 = q meps B AT HE 4

#Ql in vivo ¥ in vitroo| A 9] Ag-NORYe #H& 7lsAS AESILA EHEA Fojo 9
o wmE FYEBA ANE, YL AYY P F49) HAMENA Ag-NORse] &4
AHE Az vjweln Ed FAgube2 AR RAEQ NIH3T3H A o] Ag-NORso} + ¥
DNAZ2 &4 caffeine (Kagunaga, 1975 ; Trosko et al., 1973)¢] 2]3} W 3l& # 25}
At

WS- 5=

ot 2 gEAA:AMEZFS A/ AAvES2o] 2t EHQ benzo(a)pyrene(0.5mg/g B.W,
Sigma Chem. Co.)& 1% gelatino)) RS AA 951345 & AF 9Fo ARE A, A
Agre % Eo] 10573 ut$ 2o benzo(a)pyrene (0.5mg/head)& charcoal powderd] F&AIA 15
o 184 88 Bz AY BHAFAS F AY 1370 ARE AAstHov fdol dete we
222 4 dimethylbenz(a)anthracene (50mg/ml olive oil, Sigma Chem. Co.)& ¥ 65 Sprague
DawleydEo] 0.05ml¥ 27U #4A48 ¥ 277408 Iml¥ 38 A% 9y wmasdon Fol
F50dA FFTHAMARTE /‘“ HE AFsdon FAHA Wl wtep deld xof FHsgch
NIH 3T3 vl %A AMGRAXFE DMEM vz (GIBCO) 10% fetal calf serumE H7}sted wi <
3t F A w8 petri dlSh°“ cover slip (Wheaton)$& utetol]l ¥L& 5 w] YA EE 5x10%ells/
mlE B Fslgdom caffeined 200ug/ml §F o2 Hrpdted zh2} 24, 48, 72417 widstd oy )
ok % ethanol ¥ acetic acid (3:1)& A 3ld cover slipE ¥2l3F ¥ permount slide glass
| wasa @A e dAlske o

Scintillation count : NIH3T34 £ & 24 well culture plate (Flow Lab)d] welld 5x 10704 &
=3 & %o caffeine® 7183 [*Hlthymidine [3.0TBq/mmol(81.9 Ci;mmol) NEN]E well
3 20uCi¥ 713t 2rz} 24, 48, 72417 vl %FE F trypsin-EDTA (GIBCO)E A st A EE
BoAAth AE EgAd A Iml¥ & # 8lo] 10mle] scintillation cocktail (Lumagel, Lumac, Nether
land)& &3 & radioactivityZ liquid scintillation counter (Packard Co.)& &A% ch
Ag-NORs® 4 . One-step silver colloid method for Ag-NOR staining (modified procedure)

1. Cut 3um paraffin section

2. Deparaffinize in xylene and hydrate through graded ethanols.

3. Rinse in distilled water.
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4. Place in staining solution* for 20 minutes at room temperature in the dark.
*Staining sélution :
(A) 2% gelatin in 1% pure formic acid solution
(B) 50% silver nitrate solution
The working solution : mixing (A) & (B) in a proportion of 1:2 just before use.
5. Wash in running deionized water.
6. Dehydrate in ascending ethanol concentrations.
7. Clear in xylene and mount.
Ag-NORs+9] A& immersionQ & ALE3to] A= 100u] Hefolr BAsigen ztzte
ZAFEAA Ag-NORse] AABAEFE H 2, 40M 9 23 TE AHe EAE Student’s t-
test2 4 Al 3l ).
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BE HEA Ag-NORse thst m7]9 E44do g ety

HHAE L MY (2 DA e 22 2334002, 256104524 FAH 22 (228 1)(0.87+0.01)
o) mista 2ol el =& YEtHY (& 1, 2)(PC0.005). e Hdhzx3 (249 4(391+0.11)
NME HAAFHAE (28 3)(1.21+016)e ¥ st %2 27} SR UAT (F 1, 2)(P<L0.005).

NIH3T3AM X (29 5)9 B9 Ml FAIzhe] 7 sto] et A o] v tha 7189 29 caffeine
Al (19 6)el wet zhzbe) izl wiste 43 748 Jeld I (P<0.005) [*H Jthymidene
incorporationdl] 2|3} radioacitivitye] ®atel vl =8 AH S Vet (£ 3, HPC001).

dAgrxog Ag-NORs 4 %ol w£xtet a7 dAle ANEY 47 BE&4E arle= &
S FFgg BYch

Table 1. Mean number of Ag-NORs per nucleus

Tissue Ag-NORs count*
Lung

Normal 0.87£0.01

Adenoma 2.33% 0.02%*

Adenocarcinoma 2.56% 0.45%**

Mammary gland

Normal 1.21+0.16
Adenocarcinoma 3.9120.11**
* Mean * SD.

** P < 0.005, compared with each normal tissue.



Table 2. Distribution of Ag-NORs

Number of Ag-NORs

Type of cells
0 1 2 3 4 5 6 7 8 9 Mean

Lung
Normal (50)* 17 25 6 2 0.86
(50) 16 25 8 1 0.88
(50) 13 30 7 0.88
Adenoma (50) 23 13 6 2.34
(50) 1 21 15 5 2.30
(50) 1 22 12 6 1 2.34
Adenocarcinoma (50) 1 13 18 17 1 2.08
(50) 1 16 19 4 2 1 2.62
(50) 1 2 15 16 12 3 1 2.98
Mammary gland
Normal (30) 5 14 8 2 1 1.33
(30) 9 13 6 2 1.03
(30) 8 12 4 6 1.27
Adenocarcinoma (50) 1 3 4 13 11 11 2 2 3 3.98
(50) 2 7 10 18 9 2 2 3.78
(50) 5 6 9 12 11 1 4 1 1 3.96

* Numbers of counted cells.
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Table 3. Number of Ag-NORs per nucleus and disintegration per minute of [3 H] thymidine

incorporation in NIH3T3 after caffeine treatment

Untreated Caffeine
Incubation control (200 ug/m] of medium)
time (hrs) —-
Ag-NORs DPM** Ag-NORs DPM
24 6.94 $0.35* 38178.4% 1143.3 3.26% 0.22%**  28208.3%f 789.3%**
48 7.33 +0.18 83260.4% 1634.7 3.87£0.23*%*%*  56665.4%806.9%**
72 8.26%0.25 137185.8% 12606.0 4.42% 0,04***  79674.91 8945 7***

*  Mean t SD.
** Mean * SD of the disintegration per minute of {>H]thymidine incorporation.
*#% P < 0.01, compared with each untreated control.

Table 4. Distribution of Ag-NORs in NIH3T3 cells

Experimental Number of Ag-NORs

groups 0 1 2 3 4 5 6 7 8 9 10 11 12 13 Mean

Untreated Control

24 hrs* (15)** 1 7 3 6 3 6.8
(15) 3 1 3 4 1 1 2 6.67
(15) 1 2 1 4 2 4 1 7.33
48 hrs (15) 4 5 6 7.13
(15) 1 1 2 4 4 1 1 1 7.4
(15) 1 2 6 2 3 1 7.47
72 hrs (15) 3 3 1 2 4 1 1 8.53
(15) 1 5 3 3 2 1 8.27
(15) 1 2 4 2 4 1 1 8.0

caffeine (200 pg/ml of medium)

24 hrs (15) 6 2 2 5 3.4
(15) 3 6 3 3 3.4
(15) 2 5 3 2 2 1 3.0
48 hrs (15) 1 5 4 3 2 4.0
(15) 3 4 4 4 3.6
(15) 3 2 4 4 2 4.0
72 hrs (15) 1 4 2 5 2 1 4.4
(15) 2 3 3 2 3 2 4.47
(15) 2 3 3 3 2 2 44

* Incubation time.
** Numbers of counted cells,



One-step Ag-NORs® 82 Howell® Black (1980)e] oJaiA 23 E ole) A= zHHa
8} Bofoll A MxeaAdE g9 FgAde AEA w2 AR E o gkt (Crocker and Paramiit, 1987 ;
Derenzini et al, 1988 ; Leong and Gilham, 1989). 3} A A= A X 31} ribosomal geneso]
A 2o A ez 9o interphase NORse] i ZAA X Lx Eopal Lo A Ao H
Ql FAME P HAAHFE H3le @o] Jeldet (Bolognari and Contini, 1981). o] &3k A}
A HuRl A whtol A FatE o &M Tl M % interphase NORsel 42 4 =7)o) #3
oA F-Ze] B4 o2 v FHuh (Derenzini et al., 1986).

NORswi 9] ribosomal DNAE 2ol of#hAd deldoz N H4ddwdol 957 #4
7} e (Hernandez-Verdun, 1986 ; Howell and Black, 1980) o]&]3dt wwl®2 Ag-NOR
g dojety Holy etk NORse| ##& o]e]3t Ag-NORGEWAG Aol oaf FAHA 7t
gy Ao sl o (Ploton er al, 1986)0]F &M & 5442 22 g ¥ ofo
2 & 593 (Crocker and Paramiit, 1987 ; Kim et al, 1989 ; Fallowfield et al., 1988)& g4
THE F NORsbel Aolg delel YU oLd, LAARIRIA HIIAS
(Crocker and Paramijit, 1987 ; Crocker and Skilbech, 1987), Z A ¢t2 3 Z & 7to] Ha A
et o) (Derenzini et al, 1988) HIT Wz ag Ao o] ZgNe T3 @411'?35
2 2 9tk (Murry et al., 1989).

AE7A Baug =g d2E AdAZTde] B8 2 FFHMEF| i Ag-NORse #H 8

Astg o, B A7 e HPAHA mdoAe] Ag-NORHE H&3tnx wdZae o)
g_ oot}\ Q_}-k)io&: u_1 @A]-Z:é“.“r:o] NIH3T3 x-]]:z,a_ q])\}o_r;l_ g}gin} Ag—NORsQ] :;:

HAge B ddoA F7 tha S oy AN FoH e dlen, F
: *JZZMOH* fole Aol nalth (p<0005). WA olelF Asi A

A Tol A= Ag-NORsg Mol H&715A4& A st 38 A4S 429 NIH3T39
Ag-NORs?9l +7} DNAZ 4 A E2<Q] caffeines] oo o3 fogidA Bastnzs 3
A, 53 H4FAME NIHST3 Al¥e) DNARA Rl 98 4% F94 7183 oy
Mo AUt d Aoz AtzHc.

oj9} #o] Ag-NORs gMye #s@n 43 #a5Fods dgel 5 27 @ A4S
(eccentricity) & Xeistt® Bx5Fo 2430 st Fedtz Ao spssly (1983
Derenzini et al, 1983 ; Derenzini et al, 1987) L3 £A 2 082 A1 85+ metyl xw] Z3Z o
HEY = de UHS WHolgls #HolAM o} &I wdan & Aerh
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Nucleolar Organizer Regions (NORs) in Normal Tissue and
Neoplastic Lesions of Mouse and Rat

Sung Ho Kim, Tae Hwan Kim and Ja June Jang*

Laboratory of Radiation Medicine,
*Department of Anatomical Pathology,
Korea Cancer Center Hospital, Seoul 139-240, Korea

Using a modified one-step silver staining technique, nucleolar organizer region-associated
proteins (Ag-NORs) have been studied in cultured NIH3T3 cells with or without caffeine
and paraffin-embedded sections from benzo(a)pyrene-induced lung adenoma, adenocarci-
noma of A/] mice and dimethylbenz(a)anthracene-induced mammary adenocarcino-
ma of Sprague-Dawley rat. The technique shows argyrophilic NOR associated proteins,
which are seen in nuclei as black dots. The nuclei of normal lung cells contained 0.87%0.01
Ag-NORs, while in adenoma and adenocarcinoma cells, the number of Ag-NORs were
2.33%0.02 and 2.5610.45 (P<(0.005). In mammary adenocarcinomas, 3.91£0.11 Ag-NORs
per nucleus was found. The Ag-NORs were more numerous in the cells of mammary adeno-
carcinomas than normal tissue of mammary gland (1.21%0.16) (P<<0.005). The Ag-NORs
numbers of NIH3T$ cells were 6.9410.35 at 24 hrs, 7.33£0.18 at 48 hrs, 8.26%£0.25 at 72
hrs after incubation and significantly decreased in caffeine treated group (P<0.01). The
counts of [?H]thymidine incorporation were similar with the result of using Ag-NORs
staining technique. A significant difference of Ag-NORs number was found between the
nuclei of tumor cells, the cells treated with antiproliferative agent and normal cells. The
result suggested that the Ag-NOR method could be used quantitatively or semiquantitatively
to assist histopathological evaluation of experimental carcinogenesis.
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Figure Legends

Fig. 1.

Fig. 2.

Each nuclei of normal mouse lung possesses only one Ag-NOR. Silver staining of
Ag-NOR proteins. x 500.

The cells of pulmonary adenocarcinoma contain multiple black nuclear dots.
Silver staining of Ag-NOR proteins. x 500.

Each nuc]ei‘ of normal rat mammary gland possesses only one or two dots. Silver
staining of Ag-NOR proteins. x 500.

The darkly stained dots in nuclei of mammary adenocarcinoma are smaller and
more numerous than those of Fig. 3. Silver staining of Ag-NOR proteins. x 500.

Cultured NIH3T3 mouse fibroblast cell for 72 hours. The darkly stained dots
are very numerous and scattered. Silver staining of Ag-NOR proteins. x 500.

Cultured NIH3T3 mouse fibroblast cells for 72 hours with 200 ug/ml of caffeine.
The cells contain significantly less and larger Ag-NORs than those of Fig. 5. Silver
staining of Ag-NOR proteins. x 500,
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