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Clinical Significance of Argyrophilic Nucleolar Organizer Regions(AgNORs) in
Squamous Cell Carcinoma of the Lung
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Departments of Internal Medicine, and Pathology,* and Institute of Medical Science,
Keimyung University School of Medicine, Taegu, Korea

Background: Nucleolar organizer regions(NORs) are chromosomal segments encoding for
ribosomal RNA and associated with argyrophilic nonhistone protein. Ribosomal RNA genes
ultimately direct ribosome and protein synthesis, and it has been suggested the numbers of NORs
detected in the cell may reflect nuclear and cellular activity. This study was performed to evaluate
the applicability of AgNORs to the diagnosis of squamous cell carcinoma of the lung.

Method: The one step silver methods(AgNORs) was used to stain NORs in the routinely
processed, formalin fixed, paraffin embedded sections of 36 cases of squamous cell carcinoma of
the lung obtained by surgical resection of primary tumor. In each specimen, 100 tumor cells and
100 normal cells adjacent to the tumor chosen at random were examined under an oil immersion
lens at a magnification of X1000. The mean number of AgNORs per nucleus was calculated for
each specimen.

Results: The mean number of AgNORs per nucleus(mAgNORs) of normal bronchial epithelium
and squamous cell carcinoma of the lung was 1.741+0.25 and 4.05+0.80, respectively. The
difference of mAgNOR between normal and tumor tissue was statistically significant(p<0.001).
There was no statistical difference among tumors of different stages. The difference of mAgNOR
between normal and tumor tissue was statistically significant in each TNM stage(p <0.05).

Conclusion: Mean AgNOR count may be used as a useful marker for the differential diagnosis
of benignancy and malignancy, and proliferative activity of the cell in squamous cell carcinoma of

the lung. But there was no statistical difference in mean AgNOR count among tumors of different
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surgical stages. Further studies for the application of mAgNORs to the diagnosis of other histologic

types and cytologic specimens of the lung cancer are needed.
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Fig. 1. Normal ciliated bronchial epithelium showing 1 or 2 AgNOk dots per nucleus, right(silver
stain, X1,000). Squamous cell cancinoma of the lung showing multiple AgNOR dots per
nucleus and large pleomorphic polyhedral cells, left(silver stain, X 1,000).
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Fig. 2. Distribution of mean AgNORs per nucleus in

normal

bronchial epithelium of different TNM stages.
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Fig. 3. Distribution of mean AgNORs per nucleus in squamous
carcinoma of the lung of different TNM stages.
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Fig. 4. Mean AgNORs per nucleus in normal bron-
chial epithelium and squamous carcinoma of
the lung.
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Table 1. Numbers of Mean AgNOR £SD per Nucleus and its Relationship between Normal Bronchial
Epithelium & Squamous Carcinoma of the Lung of Different TNM Stages

Stage(no.) (1 (4 M(16) 11:16)) Total(36)
Normal 1.81+0.29 1.9840.50 1.77+0.20 1.69+0.18 1.7440.25
Tumor 4.0610.82* 3.73+0.40% 4.03+0.53* 4.16+128%" 4.05+0.80*

*p<0.001, *p<001, *tp<0.05

— 517 —



ol2f3t AP E NORse] B3t AulrE vehix]
T Reha kel ek, AgNORsHE H7bels
HoZ FF AgNORsS: 9Jol|E #lc} AgNORs%7} 5
N o]l AMEe] wiE-ES oJujsl= pAgNORsEE
EHE 4~ 903 Mourad 'Y pAgNORse] 8% o)A}
ol oJrAlE AlAsIN o) Fake] S(grade)T} &
Al o2 QinAol gleka FRARE B ol
Ae ¥ AgNORs 7} 571 o] 419) AlIEE= =Fol4]
o] WHE A& 4 glgirk

FA17] AFNA AgNORsT7} Flsh= ofoll 2
so] 2R AL gAML © A 2 71 9
@ FAHREE Aol Foll AEY & gl= AgNORsF
o 7k @ Az ¥3% 9 @ A5l uiet
AgNORs<7} wistAY, ® alldAe] 714353 A
& 599 7H4do] glon} v gke Skt Pesle
2} Azkglet,

AL F415-8 vehlle o2 A X EF AgNORs
79 A/AL vlE=TIN YELF| 9 Ki-67 3|
W 9 S-phase AE -7} AgNORsT Aololl=
F2 WA HolA AgNORsTE AEZA5g
U ks A weo] gl e o 4= gk

A=A 22 Avko 2= oelii7iHe] of
#HE 75 Z3AIES(borderline)?} A4l (premalign-
ant)®H 5l Fokyw Aolol] AgNORsF2] Xjo]7} 9l
thd o Algt By tzAE doas YT
S Bed 788 Roln 77gust 7igke] 7’
melanocytic dysplasia®} eFd3a0Ee] 72 2}Z7A
o) A Wi, HAIE s Uk 7l
+=t] AgNORse|] f-&3jch= Hart gick.

FrdstollAl= o4 54 (benign ductal prolife-
ration)#} |t (intraductal carcinomas) & 7PHs}
ol FEslvhe Haret f-83kA icke A= ksl
Ear) Qa T Aaeh AP, oidehy
7, A4S TS Hrlsledle Yudes
Ego] HA ke Ao F geiA Qlck APRAEES)
7% AgNORs ¢} e A4aAE Hola™ &
WeelA e gL A AR WA 53y
QA% JAE A et

FHAs A= HhA F5]E A (reactive mesothe-

lial proliferation)} A1}, o}4 F3|%e] 7b4'® o o}
A3} o}A St 7bPo)) AgNORso] -§3bche &
37} ghek sigkel 79 WHALAY, kel 27|
87 Rajeblol Wlell W AgNORs & foI%
Hol7l 9l Aoz gl glovl™™ AEE WY
of] w2 AgNORse] Ajol& wzdshAl xalsich

wsl BFAEAG, Aol Fde] wiZpAI
AgNORssE A4aAP} geka et Qo™
ulehd] sgkz==ollk] AgNORsS AIEZFA52 A%
2 o]8% = 9182 AR HBPAZARLE] odlFet
AgNORs%: Aololle goldt AaaAl} ghe Aoz
By 5o} gb®. Abe 702 AwUgkE (carcinoma
in situyo] o1& A] s} W(atypical squamous meta-
plasia) B} AgNORsF7} §olsiA| Bolal S-44Q)
2R uh o 2= Pely| olel e AW W
ohawlg 7hHshedl F8eithkn BEa sl Aol
U 7134738 2 FAAEA AAAE kg wd
3} Qb Apolol] §-2l3k AgNORs2] Zjol7} glehad
glgke] z=7MbA WA =gkl TS skl
A AAEA S8 Welelar AZksn] Sfell=
HAAANFEALES ER e 2AF9] AlKE
AgNORs$| Z15ky i goll telo] F71el77} Last
ele} Azsick

(=] of

THY: AE) S5 wedtickn R
NORsE 7Hi3t 29do g A AA AgNORs
7t Az Zokze) vazhdst F3e) S0
Hulglol| F-831A15 L19isio] shelal Eeill B9
AMEAL 24 L o) B3le] B ATE Alegeigleh

uHY: $s AR sel Zojg HPAEAYG
27 3602 Mourad §'99] Wog 29kt
1,000 vl sigsloll Fokz2|n A gzl s
100 744 AEZ AR 9 HF AgNORsTE +
sk

A ZzAld TNMH7ll wE g 37
AgNORsFE froJ3t xol7} giglovt Ad=Ast &
okzA g HlZsle] AA=AAE 1741025, FF
ZZoE 405408008 Zopzalel #gt HF

— 218 —



AgNORs57} A4zAol| BlallA] -2JslA] Ekehp <
0.001).

2E: TNMEFoll uh 7 w7|4 Fokzas) o1y
Atz o] s} 3F AgNORsSFE ] 323
710l Fokz=le] HF AgNORsT7} A=A u
sto] frefetA] =9ekp <0.005).

%74

2 2
HHAEARLNA 7 AgNORsTE= A4k=zA] 7}
F=Ag sl 83 A% e A7sh) TNM
710l whE AgNORsT9] folet xoli= giglet A
BAEARME E3 o2 2439 wAlkly) A|EEH
HAREAA AgNORs ] Ak A gol] i3t F7} A
7} Aastelet Az

ofN

g2 12 3

1) Barlogie B, Raber MN,
cytometry in clinical cancer research. Cancer Res
43:3982, 1983

2) Van Dekken H, Pizzlo JG, Kelsen DP, Melamed

Schuman J: Flow

MR: Targeted cytogenetic analysis of gastric

tumor by in situ hybridization with a set of

chromosome DNA probes.
66:491, 1990

3) Weiss LM, Strickler JG, Medeiros LJ, Gerdes ],
Stein H, Warnke RA: Proliferative rates of
non-Hodgkin’s lymphoma as assessed by Ki-67
antibody. Hum Pathol 18:1155, 1987

4) Sugihara H, Hattori T, Fukuda M: Immunohisto-

specific Cancer

chemical detection of bromodeoxyuridine in for-
malin fixed tissues. Histochemistry 85:193, 1986
5) Koller PC: The nucleus of cancer cell - a histori-
cal review. Exp cell Res 9(s):3, 1963
6) Derenzini M, Hernardez-Verdun D, Pession A,
Novello F: Structural organisation of chromatin
in nucleolar organiser regions of nucleoli with a

nucleolonema-like and compact ribonucleoprotein

7

8

9

10

11

12

13

14

15

16

— 519 —

~

)

)

~—

~

~

~—

~

Rty

distribution. J Ultrastruct Res 84:161, 1983
Ploton D, Menager M, Jeannesson P, Himber G,
Pigeon F, Adnet JJ: Improvement in the staining
and in the visualization of the argyrophilic
proteins of the nucleolar organizer region at the
optical level. Histochem J 18:5, 1986

Williams MA, Kleinschmidt JA, Krohne G,
Franker WW: Argyrophilic nuclear and nucleolar
protein of xenopus laevis oocytes identified by
gel electrophoresis. Exp Cell Res 137:341, 1982
Ochs RL, Busch H: Further evidence that phos-
phoprotein C3 (110KD/PI 5.1) is the nucleolar
sliver staining protein. Exp Cell Res 152:260,
1984

Crocker J, Nar P: Nucleolar organizer regions in
lymphomas. J Pathol 151:111, 1987

Crocker J, Macartney JC, Smith PJ: Correlation
between DNA flow cytometric and nucleolar
organizer region data in non-Hodgkin’s lympho-
ma. J Pathol 154:151, 1986

Leong ASY, Peter Giehom HT: Silver staining of
nucleolar organizer regions in malignant melano-
ma and melanotic nevi. Hum Pathol 20:257,
1989

Smith R, Crocker J: Evaluation of nucleolar
organizer region associated proteins in breast
malignancy. Histopathology 12:113, 1988
Mourad WA, Balis BE, Livingston S, Shoukri
MS, Cox CE, Nicosia SV, Rowlands DT: Argy-
rophilic nucleolar organizer regions in breast
carcinoma. Cancer 69:1740, 1992

Raymond WA, Leong ASY: Nucleolar organizer
regions related to growth fraction in human
breast cancinoma. Hum Pathol 20:741, 1989
Ayres J, Crocker J, Skilbeck N: Differentiation
of malignant from normal and reactive mesothe-
liol cells by the argyrophil technique for nucleo-
lar organiser region associated protein. Thorax
41:366, 1989



17y

18)

19)

20)

21

22)

23)

24)

25)

Crocker J, Ayres J, McGovern J: Nucleolar
organizer regions in small cell carcinoma of the
bronchus. Thorax 42:972, 1987

Boldy DAR, Ayres JG, Crocker J, Waterhouse
JAH, Gilthorpe: Interphase nucleolar organizer
regions and survival in squamons cell carcinoma
of the bronchus: A 10 year follow up study of
138 cases. Thorax 46:871, 1991

Ogura S, Abe S, Sukoh N, Kunikane H,
Nakajima I, Noue K, Kawakami Y: Correlation
between nucleolar organizer regions visualized
by silver staining and the growth rate in lung
adenocarcinoma. Cancer 70:63, 1992

Abe S, Ogura S, Kunikane H, Suko N, Watanabe
N, Nakajima I, Kawakami Y, Inoue K: Nucleolar
organizer regions in precancerous and cancerous
lesions of the bronchus. Cancer 67:472, 1991
Abe S, Sukoh N, Ogura S, Kunikane H, Watan-
abe N, Nakajima I, Takekawa H, Kawakami Y:
Nucleolar organizer regions as a marker of
growth rate in squamous cell carcinoma of the
lung. Thorax 47:778, 1992

Egan MI, Crocker J: Evaluation of nucleolar
organizer regions
Thorax 45:225, 1990
Robbins BA, Vega D, Ogata K, Tan EM, Naka-

mura RM: Immunchistochemical detection of

in pulmonary pathology.

proliferation cell nuclear antigen in solid human
malignancies. Arch Pathol Lab Med 111:841,
1987

Mirre C, Knibiehler B: Reevaluation of the
relationships between the fibrillar centres and the
nucleolus organizing regions in reticulated
nucleoli: Ultrastructural organization, number and
distribution of fibrillar centres in the nucleolus of
the mouse Sertoli cell. J Cell Sci §5:267, 1982
Smith P, Skilbeck N, A Harrison A, Crocker J:
Effect of a series of fixatives on the AgNOR

technique. J Pathol 155:109, 1988

26)

27)

28)

29)

30)

31)

32

~—

33)

34)

35)

36)

37)

- 520 -

Howell WM, denton TE, Diamond JR: Differen-
tial staining of the satellite regions of acrocentric
chromosomes. Experimentia 31:260, 1975
Goodpasture C, Bloom SE: Visualisation of nuc-
leolar organizer regions in mammalian chromo-
somes using silver staining. Chromosoma 53:37,
1975

Howell WM, Black DA: Controlled silver stain-
ing of nucleofus organizer regions with a protec-
tive colloidal developer a one-step method. Expe-
rimentia 36:1014, 2980

Cromie CJ, Benbow EW, Stoddart RW, Mcma-
hon RFT: Preincubation with a glycine solution
aids the demonstration of nucleolar organizer
region associated protein. Histochem J 20:722,
1988

Crocker J, Boldy D, Egan M: How should we
count AgNORs proposals for a standardised app-
roach. J Pathol 158:185, 19890

Crocker J, McGovern I: Nucleolar organizer
region in normal, cirthotic and carcinomatous
liver. J Clin Pathol 41:1044, 1988

Rowlands DC: Nucleolar Organizing regions in
cervical intraepithelial neoplasia. J Clin Pathol
41:1200, 1988

Kinsey N, Randall B, Brown JR: AgNOR counts
in mucinous tumors(Abstract). J Pathol 155:3457,
1988

Rairn EP, Crocker J, McGovern J: Limited value
of AgNOR enumeration in the assesment of
thyroid neoplasms. J Clin Pathol 41:1136, 1988
Arends JW, Kate J: AgNORs in colonic mucosal
lesions. Histopathology 13:707, 1988

Suarez V, Newman J, Hiley C, Crocker I,
Collins M: The value of NOR numbers in neopl-
astic and non neoplastic epithelium of the sto-
mach. Histopathology 14:61, 1989

Derenzini M, Pession A, Farabegoli F, Trere D,
Baldiali M, Dehan P: Relationship between inter-



phasic nucleolar organizer regions and growth Comparison of nucleolar organizer regions and
rate in two neuroblastoma cell lines. Am J Pathol DNA flow cytometry in the evaluation of pleural

134:925, 1989 effusion. Thorax 49:1152, 1994
38) Huang MS, Tsai MS, Hwang FF, Wang TH:



