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Abstract Recently, it was stated that the proliferative ac-
tivity (P) of acell population could be indirectly calculat-
ed by multiplying the MIB-1 immunopositivity and sil-
ver-stainable nucleolar organizer region (AgNOR) fea
tures extracted exclusively in MIB-1 positive (pos.) nu-
clei: P=MIB-1xAgNORyg.150s- TO Study the prognostic
significance of this hypothesis, MIB-1 immunohisto-
chemistry and AgNOR staining were applied on a series
of 89 cases of breast cancer with an 8-year follow-up pe-
riod. The mean MIB-1 immunopositivity (MIB-1)
was evaluated immunohistometrically on paraffin sec-
tions using a TV image analysis system CM-2 (Hund,
Wetzlar, Germany). Later, a combined MIB-1/AgNOR
staining was applied and evaluated using a TV image
analysis system AMBA (IBSB, Berlin, Germany). The
AgNOR features of 150 randomly chosen tumor nuclei
were investigated, irrespective of their MIB-1 status (Ag-
NOR count, AgNOR areq). Later, a second measurement
was performed on 100 MIB-1 positive tumor nuclei ex-
clusively (AgNOR county g 1pes; AGNOR' arédyg.1pes)-
AgNOR count and AgNOR countyg.1,,s Showed a dif-
ferent data distribution [2.7£0.7 (mean+SD) vs 3.9+1.1;
r=0.315, P=0.014]. Similar results were obtained for Ag-
NOR area and AgNOR areayg.ipos (5.1+2.1 pm? vs
7.5£2.4 um?; r=0.501, P<0.001). Kaplan—Meier survival
curves revealed significant differences for MIB-1, e,
(P=0.0018) and AgNOR areayg.1p0s (P=0.0340). In Cox
models, both parameters provided independent prognostic
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information. Using their combination, the P, three groups
of patients with statistically different survival could be
separated (P=0.0014). Thus, the combination of MIB-1-
immunopositivity and AgQNOR measurements in MIB-1
positive nuclei appears to be more useful in breast cancer
prognosis than the exclusive application of one of the two
methods. By this combined application, probably effects
of tumor biology are represented more precisely.

Keywords AgNOR - MIB-1 - Image cytometry - Breast
cancer - Survival analysis

Introduction

The analysis of cell cycle components has become a
well-established method in clinical pathology, mostly fo-
cusing on its prognostic value in invasive carcinoma.
The immunohistochemical analysis of the MIB-1 or pro-
liferating cell nuclear antigen (PCNA) expression re-
vealed prognostic validity in different tumor entities [10,
11, 12, 20, 24, 26, 29, 41, 42], including carcinoma of
the breast [1, 4, 38]. As recently reviewed, also the anal-
ysis of the silver-stainable nucleolar organizer regions
(AgNORs) has been frequently found to be prognostical-
ly useful [35]. The standardization of the conventional
staining procedure [37] by the introduction of wet auto-
claving in 1994 [32, 31] has especially improved the
meaning of AgNOR analysis, and different studies on the
prognostic significance of this new staining protocol
have been reported since then on carcinoma of the breast
[34], oral cavity [36], lung [48], stomach [17, 39], pros-
tate [9], and colorectum [16, 33]. However, the analysis
of either the MIB-1 immunoreactivity or the amounts of
AgNOR describes a static situation only. While the num-
ber of cellsin G;, S or G,/M phase of the cell cycle may
be estimated, the duration of the cell cycle phases and
the generation time of the cell population are not accessi-
ble under in vitro conditions. Thus, also, the proliferative
activity cannot be calculated sufficiently.



A recent recommendation to overcome this problem
emphasized that a combined analysis of MIB-1 expres-
sion and AgNOR staining could provide more realistic ki-
netic information about tumor proliferation [6, 7]. This
hypothesis, formulated by Brugal, was based on the idea
that MIB-1, an indicator of the growth fraction (G), a-
most exclusively labels cycling cells and, that the amount
of AgNORSs as a result of amplification and activation of
ribosomal genes, is inversely proportional to the cell cy-
cle duration, thus representing an indicator of the genera-
tion time (T). The faster the cycle, the higher the amount
of AgNORs [13, 14, 19, 30, 40, 44, 49]. Thus, the prolif-
erative activity (P) of a cell population might be estimat-
ed more precisely if AgQNOR analysis was restricted on
MIB-1 positive cells (“AgNORy; 5-1-00s.)- This means to
interpret the traditional equation for the proliferative
activity P=G/T as P=MIB-L(J/AgNORyg.1p0s) OF &S
P=MIB-1xAgNORyg.1p0s- This proposal was accepted
at the recent meeting of the European Committee on Ag-
NOR Quantitation within the European Society of Pathol-
ogy in Innsbruck, Austria (1-3 October 1999). However,
clinical investigations are still mostly lacking. In this
study, we present our experience from a series of 89 clini-
cally well-defined breast cancer cases with an 8-year fol-
low-up period. The AgNOR quantification of the MIB-1
positive tumor cell compartment revealed a higher prog-
nostic significance than MIB-1 or single AgQNOR param-
eters.

Materials and methods

Clinica data

Formalin-fixed and paraffin-embedded tumor material from 89 fe-
male breast cancer patients aged 59.8+14.1(SD) years was investi-
gated. Nineteen patients with stage-I tumors received a breast-con-
serving surgical therapy with later local irradiation (52 gy). The
remaining 70 were treated by simple mastectomy. In all cases, ax-
illary lymphadenectomy was performed. Postmenopausal patients
with positive estrogen receptor (ER) status received tamoxifen
(30 mg daily) for at least 2 years. Node-positive premenopausal
patients and postmenopausal ER-negative patients received six cy-
cles of chemotherapy [cyclophosphamide, methotrexate, 5-fluoro-
uracil (CMF-scheme)]. At the end of the follow-up period, 49 pa-
tients were alive (mean observation period 6.3+0.7 years), and 40
had died after 3.1+2.0 years. For all of the patients, the TNM stag-
ing, the histomorphological grading, and the biochemical estrogen
and progesterone receptor status (ER, PR) were available.

MIB-1 analysis

Immunohistochemical staining was performed on 2-pm paraffin
sections from the longest tumor diameter, using a standard proto-
col with a 1:10 diluted primary MIB-1 antibody (Dianova 505)
and a 1:100 diluted peroxidase-labeled goat-anti-mouse secondary
antibody. Diaminobenzidine (DAB) was used as a chromogen. For
immunohistometry, a TV image analysis system, CM-2 (Hund,
Wetzlar, Germany), which has been explained in detail previously
[4], was used. Measurements were performed using a 20x objec-
tive magnification (numerical aperture 0.40), investigating the tu-
mor representatively in a meandering way and sampling both pe-
ripheral and central tumor areas. A total area of 1.94 mm? from 40
viewing fields was analyzed per dlide. On average, 6338 tumor

Fig. 1 Combined MIB-1/AgNOR (silver-stainable nucleolar orga-
nizer region) staining of a case of breast carcinoma. MIB-1 posi-
tivity is indicated by a red nuclear signal. MIB-1 negative nuclei
are sightly brown. AQNORs are characterized by small black dots
within the nucleus. 25x objective magnification

nuclei were investigated per case. The MIB-1 immunoreactivity
was expressed as the mean immunopositivity of all 40 viewing
fields (MIB-1,,cn)-

Combined MIB-1/AgNOR staining and AQNOR analysis

The combined MIB-1/AgNOR staining was performed on 2-um
paraffin sections from the same block that had been taken for
MIB-1 immunohistometry. The slides were incubated with a 1:50
diluted primary MIB-1 antibody (Dianova 505; working dilution
1:50), followed by a 1:500 diluted biotin-labeled goat-anti-mouse
secondary antibody. Alkaline phosphatase-linked streptavidin was
used as a chromogen. After counterstaining with an aqueous fast-
red solution, AgNOR silver staining was performed using a stan-
dard protocol [23]. For AQNOR analysis, a modular TV image
analysis system AMBA (IBSB, Berlin) was available. This system
has previously been described in detail [5]. Each slide was ana-
lyzed twice using a 40x objective magnification (numerical aper-
ture 0.75). First, the AgQNOR parameters of 150 randomly chosen
tumor nuclei were investigated irrespective of their MIB-1 status.
In a second measurement, the AQNORs of 100 MIB-1 positive tu-
mor nuclei (Fig. 1) were analyzed exclusively. The second series
of AgNOR measurements included 67 cases only, because 21
slides revealed such a low MIB-1 immunoreactivity that fewer
than 100 MIB-1 positive nuclei were available. Per slide, the mean
number of AgNORs and the mean sum area of the AgQNORs were
calculated (AgNOR count, AGNOR area, AGNOR countyp._1pos.
and AgNOR ar€ay g.1ps). The MIB-1,,,, values from MIB-1 im-
munohistometry were multiplied with the values of the second se-
ries of AQNOR measurements, resulting in the parameters Py,
(MIB-11ean*AgNOR county; g.1p0s) @Nd Pyeq (MIB-111,6,*AGNOR
areay p-1pos)-

Statistics

For statistical purposes, the BMDP package (Statistical Software
Inc., Los Angeles, Calif.) was used. To analyze interrelationships
between different parameters, coefficients of correlation were cal-
culated. Multi-field tables were analyzed using the Pearson x?2
test. Univariate survival analysis was performed according to Ka-
plan and Meier and evaluated using the Wilcoxon—-Breslow test.
For multivariate survival analysis, Cox models were calculated.
Statistical significance was accepted for P<0.05 (Cox models
P<0.10).
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Table 1 Mean values, ranges,

and median values for MIB-1 Mean values Range Median 95% Confidence

immunohistometry and silver- (+SD) value limits

stainable nucleolar organizer

Feqion (AGNOR) analysis MIB-1,,, (%) 10.8+9.7 0.4-40.8 8.1 85-13.2

n=67. pos. positive ' AgNOR count (n) 2.7£0.7 1.4-49 2.6 2529
AgNOR area (um2) 5.1+2.1 2.8-10.8 4.3 4.6-5.6
AGNOR €OUNtyg 305 (M) 3.9+1.1 1.7-6.6 36 36-4.1
AgNOR areayg.1pos, (MM?) 7.5+2.4 3.1-14.1 7.1 7.0-8.1
Poount 45.4+45.6 0.8-227.4 314 33.2-54.6

89.9+93.6 1.6-422.6 67.8 65.1-109.2

area

Table 2 Statistical analysis of MIB-1,,,, ad silver-stainable nucleolar organizer region (AgNOR) parameters. Right/top: coefficients

of correlation, left/bottom: P values, n=67. pos. positive

MIB-1 AgNOR AgNOR AgNOR AgNOR Poount Parea
(mean) (counts) (area) (counts) (area)
MIB-1pos. MIB-1pos.
MIB-1,an - 0.530 0.535 0.192 0.243 0.938 0.924
AgNOR count <0.001 - 0.625 0.315 0.234 0.600 0.515
AgNOR area <0.001 <0.001 - 0.072 0.501 0.527 0.665
AgNOR countyg 1p0s >0.05 0.014 >0.05 - 0.428 0.446 0.254
AgNOR areayg.1pos 0.047 >0.05 <0.001 <0.001 - 0.280 0.502
Peount <0.001 <0.001 <0.001 <0.001 0.029 - 0.885
vea <0.001 <0.001 <0.001 0.048 <0.001 <0.001 -

Results tus (P=0.0267) and the biochemical ER status (P=0.0098)

MIB-1 and AgNOR data distribution

The data distribution and the correlation matrix of the
variables are presented in Table 1 and Table 2. AQNOR
count and AgNOR countyg.1,,s revealed different mean
values and standard deviations but still significantly cor-
related (r=0.315, P=0.014). AgNOR area and AgNOR
aredyg.ipos  Were related more closely (r=0.501,
P<0.001), athough the mean values and standard devia-
tions were different. The upper limits of the 95% confi-
dence intervals of the AQNOR count and the AGQNOR ar-
ea were significantly lower than the lower limits of the
95% confidence intervals of AGNOR countygs.pes and
AgNOR areayg.1pos» r€spectively.

The AgNOR variables revealed higher values if ana-
lyzed in MIB-1 positive nuclei exclusively (P<0.01,
Fig. 2). The MIB-1,,.,, values highly and significantly
correlated with the AgNOR count (r=0.530, P<0.001)
and AgNOR area (r=0.535, P<0.001) but only weakly
with  AgNOR  countyg.1p0s  (r=0.192, P>0.05) and
AgNOR areayg.1pos, (r=0.243, P=0.047).

Univariate survival analysis

Significant differences between two groups of patients
(1:1 distribution; threshold: median value) were found for
MIB-1 s, (P=0.0018, Fig. 3) and AgNOR areay;g.1pos
(P=0.0340, Fig. 4). No significant differences in survival
were observed for AgQNOR count, AQNOR area (Fig. 5),
and AgNOR countyyg.1p0s (P>0.05). The lymph node sta-

reveaded statistical significance, while the tumor size, the
histomorphological grading and the PR-status reveaed
only a remarkable, but non-significant trend of a better
survival probability for lower sized, higher differentiated,
or PR-positive patients (P>0.05).

Multivariate survival analysis

MIB-1,e (P=0.0025) and AQNOR areay g ipos
(P=0.0775) provided statistically independent prognostic

Fig. 2 Significantly different distribution (P<0.001) of the single
values of silver-stainable nucleolar organizer region (AgNOR)
counts (n) and AgNOR area (um?) in all tumor cells (first mea-
surement) or in M1B-1 positive tumor cells only (second measure-
ment)

Fig. 3 Kaplan—Meier surviva curves for 67 breast cancer pa-
tients, stratified in two groups according to the median value of
MIB-1e, (P=0.0018)

Fig. 4 Kaplan-Meier survival curves for 67 breast cancer pa-
tients, stratified in two groups according to the median value of
silver-stainable nucleolar organizer region (AgNOR) area
(P>0.05)

Fig. 5 Kaplan-Meier survival curves for 67 breast cancer pa-
tients, stratified in two groups according to the median value of
silver-stainable nucleolar organizer region (AGNOR) areayg-iposiive
(P=0.0340)

Fig. 6 Kaplan—-Meier survival curves for 67 breast cancer pa-
tients, stratified in three groups according to P, after 1:2:1 qua-
ntilization (P=0.0014)

Fig. 7 Kaplan-Meier survival curves for 67 breast cancer pa-
tients, stratified in four groups according to P, after 1:1:1:1 qua-
ntilization (P=0.0034)
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information. AGNOR county;g_1p05, AGNOR count, and
AgNOR area revealed no multivariate significance. The
low concordance of MIB-1,,, and AGNOR areay;g_1pos
(36/67=53.7%; P>0.05) underlined the independence of
the two variables. P, enabled the separation of three or
four groups of patients with statistically different surviv-
al probabilities (P=0.0014 and P=0.0034; Fig. 6 and
Fig. 7).

In a Cox model, P, was entered exclusively
(P=0.0001), while MIB-1 or AgNOR features, staging
parameters, grading, or the ER or PR status were not
considered (P>0.10). As the number of cases is restrict-
ed, the results of the multivariate survival analysis have
to be interpreted carefully, especially concerning the
clinical variables.

Discussion

Since 1994, when Ofner proposed to use wet autoclaving
of the specimens [32, 31], AgNOR staining has been
looked upon as a standardized method within the spec-
trum of quantitative morphology. However, conventional
AgNOR analysis, investigating a tumor cell population
as a whole, means a phenomenologic description only.
To establish AgQNOR analysis based on tumor biology,
three important findings were pioneering.

First, in the early 1990s, the strongly inverse correla-
tion between the amount of AgGNORs and the cell cycle
duration in cell culture experiments could be well docu-
mented by various groups [13, 14, 19, 30, 40, 44, 49].
Later, in concordance with our recent results, clinical
studies on the correlation between AgNOR features and
the immunoreactivity of tumor tissue for Ki-67, MIB-1,
or PCNA showed a not strongly linear but still remark-
ably correlated distribution of the single values and sta-
tisticaly significant coefficients of correlation for acute
leukemia[43], non-Hodgkin's lymphoma [18], oral squa-
mous cell carcinoma [36, 50], renal cell carcinoma [46],
or breast carcinoma[2, 3, 15, 22, 27]. Furthermore, after
multilabeling techniques for the demonstration of Ag-
NORs and immunohistochemical proliferation markers
had been established, the amounts of AgNORs were
compared between the immunopositive and the immuno-
negative compartment of the cell population. For Ki-67
[21], MIB-1 [2, 8, 28, 47], and PCNA [8, 45], the Ag-
NOR amounts were markedly higher in the immunoposi-
tive cells.

These landmarks were the basis for Brugal’s hypothe-
sis in 1994 [7]. Unfortunately, however, only a theory
was derived but no convincing clinical data presented.
Since then, to the best of our knowledge, there have been
only two studies that evaluated its clinical value. Investi-
gating 50 cases of pTa- or pT1-staged urothelial carcino-
ma of the bladder with a recurrence rate of 30% (15/50),
the AgNOR pattern of the MIB-1 positive tumor cell
compartment was the best multivariate predictor for re-
currence, compared with grading, MIB-1 immunoreac-

tivity, and the analysis of AgNOR features in the whole
tumor cell population [47]. In asmall breast cancer study
(n=39) with a 5-year follow-up period, higher metasta-
sis-free or recurrence-free survival rates were obtained
for lower P, values [25]. However, the results of this
study are difficult to interpret. Comparing the mean val-
ues of patients with a bad prognosis (patients with vis-
ceral metastasis or dead from disease) and a good prog-
nosis (all other patients), the mean AgNOR areain al tu-
mor cells or in MIB-1 negative tumor cells surprisingly
differed more clearly than the mean AgNOR area of
MIB-1 positive tumor cells. Furthermore, the MIB-1 val-
ues revealed no univariate prognostic significance, and
survival differences between the mean AgNOR area in
all tumor cells and the mean AgNOR area of MIB-1 pos-
itive tumor cells could not be documented for a low or a
high MIB-1 expression.

In our study, for the first time, the amount of Ag-
NORs was compared between the whole tumor cell pop-
ulation and its MIB-1 positive compartment. This com-
parison appeared to be more appropriate for clinical pur-
poses than to compare the M1B-1 positive and the MIB-1
negative compartment as it had been proposed previous-
ly. It could be demonstrated that AQNOR analysis should
be restricted to MIB-1 positive tumor nuclei due to its
higher prognostic significance (Fig. 4 and Fig. 5). Addi-
tionally, the prognostic significance of the combined
MIB-1-/AgNOR parameter, P, Was higher than its sin-
gle components, MIB-1.;, ahd AgNOR areayg-1pos.
(Fig. 3, Fig. 4, Fig. 6, and Fig. 7). Therefore, in the fu-
ture, combined MIB-1/AgNOR evaluation should be ap-
plied on well-documented clinical studies to support our
findings. Some further, yet unpublished oral presenta-
tions at the Innsbruck workshop gave encouraging data
that should motivate clinical pathologists to combine
AgNOR analysis and MIB-1 immunohistochemistry
more frequently.

Additionally, in order to achieve an even better quality
of image analysis, a new development of MIB-1/AgNOR
double staining procedures should be further evaluated.
Taking into account segmentation drawbacks that some-
times could arise if both components of the double stain-
ing are evaluated within the spectrum of visible light, an
approach was made to combine AgNOR staining with a
fluorescein isothiocyanate (FITC)-labeled MIB-1 stain-
ing. The authors reported about a stable staining product
over years and presented convincing microphotographs
[23]. However, this method requires more expensive
equipment, including a fluorescence microscope.

Finally, a methodological restriction concerning stud-
ies with a combined MIB-1-/AgNOR analysis should be
mentioned in order to give a correct view to the reader.
This application cannot be performed on every case with-
inaclinical series, which means arisk of selection. Pref-
erably, cases with low MIB-1 vaues, indicating a good
clinical course normally [4], will have to be excluded. If,
for example, the MIB-1 immunoreactivity is 0.5% (or
1%) only, the identification of at least 100 MIB-1 positive
nuclei for the AgQNOR analysis means the need to screen



20,000 (or 10,000) tumor nuclei at all. Thus, from our se-
ries, only 67 cases (75%) could be analyzed; the remain-
ing ones revealed too small a number of MIB-1 positive
nuclel only, due to a low immunoreactivity or to a re-
stricted number of tumor nuclei on the section, for exam-
ple, in cases with a scirrhous-like or lobular growth pat-
tern. Due to the restricted number of cases, the results of
our study, especially those of multivariate survival analy-
sis, have to be interpreted carefully. The survival curve of
the 22 patients whose tumors could not be analyzed was
almost identical to that of the patients with low MIB-1
expression documented in Fig. 3.

References

1

10.

11

12.

13.

Adtomaa S, Lipponen P, Syrjénen K (1993) Proliferating cell
nuclear antigen (PCNA) immunolabeling as a prognostic fac-
tor in axillary lymph node negative breast cancer. Anticancer
Res 13:533-538

. Bankfalvi A, Schmitz K, Mock T, Kemper M, Cubick C,

Bocker W (1998) Relationship between AgNOR proteins,
Ki-67 antigen, p53 immunophenotype and differentiation mark-
ersin archival breast carcinomas. Anal Cell Pathol 17:231-242

. Bellotti M, Elsner B, Kahn A, Bezodnick L, Pisilli L, Greco P

(1997) Morphometric determination of AQNORs in breast car-
cinoma. Correlation with flow cytometry and proliferating cell
nuclear antigen. Anal Quant Cytol Histol 19:139-144

. Biesterfeld S, Klippel D, Koch R, Schneider S, Steinhagen G,

Mihalcea AM, Schroder W (1998) Rapid and prognostically
valid quantification of immunohistochemical reactions by im-
munohistometry of the most positive tumour focus. A prospec-
tive follow-up study on breast cancer using antibodies against
MIB-1, PCNA, ER, and PR. J Pathol 185:25-31

. Biesterfeld S, Ruol? E, Hufnagl P, Martin H (1994) Influence

of fixation and preparation on the AgNOR distribution in rou-
tinely processed breast cancer specimens. Zentralbl Pathol
140:41-48

. Bigras G, Marcelpoil R, Brambilla E, Brugal G (1996) Interest

of targeting AgNORs measurement in cycling cells: in vivo
cell kinetic evaluation of non-small cell lung cancer. Anal Cell
Pathol 11:183-198

. Brugal G (1994) Interpretation of proliferation markers. In:

Wied GL, Bartels PH, Rosenthal DL, Schenk U (eds) Com-
pendium of the computerized cytology and histology |aborato-
ry. Tutorials of Cytology, Chicago, pp 234-240

. Costa ALL, Araljo NS, Pinto DS, Arajjo VC (1999)

PCNA/AgNOR and Ki-67/AgNOR double staining in oral
squamous cell carcinoma. J Oral Pathol Med 28:438—-441

. Cubick G, Seminow G, Hertle U, Schmid KW, Ofner D (1998)

Standardized AgNOR analysis in radically resected prostate
cancer — correlation with PSA values and survival. Cell Anal
Pathol 16:113-114

Delahunt B, Bethwaite PB, Nacey JN, Ribas JL (1993) Prolif-
erating cell nuclear antigen (PCNA) expression as a prognos-
tic indicator for renal cell carcinoma: comparison with tumour
grade, mitotic index, and silver staining nucleolar organizer
region numbers. J Pathol 170:471-477

Delahunt B, Bethwaite PB, Thornton A, Ribas JL (1995) Pro-
liferation of renal cell carcinoma assessed by fixation resistant
polyclonal Ki 67 antibody labeling. Correlation with clinical
outcome. Cancer 75:2714-2719

de Melo N, Matutes E, Cordone I, Morilla R, Catovksy D
(1992) Expression of Ki-67 nuclear antigen in B and T cell
lymphoproliferative disorders. J Clin Pathol 45:660-663
Derenzini M, Pession A, Trere D (1990) The quantity of nu-
cleolar silver stained proteinsis related to proliferating activity
in cancer cells. Lab Invest 63:137-140

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

483

Derenzini M, Pession A, Farabegoli F, Trere D, Badiai M,
Dehan P (1991) Relationship between interphase nucleolar or-
ganizer regions and growth rate in two neuroblastoma cell
lines. Am J Pathol 134:925-932

di Stefano D, Mingazzini L, Scucchi L, Doetti M, Marinozzi V
(1991) A comparative study on histopathology, hormone re-
ceptors, peanut lectin binding, Ki67 immunostaining and nu-
cleolar organizer region-associated proteins in human breast
cancer. Cancer 67:463-471

Giuffré G, Barresi G, Speciale G, Gioffre Sarnelli R, Florio
MA, Tuccari G (1997) Differences in AgQNOR quantity be-
tween colorectal cancer and corresponding metastases. are
they useful for prognostic purposes? Eur J Histochem
41:111-118

Giuffre G, Caruso RA, Barresi G, Tuccari G (1998) Prognostic
significance of standardized AgNOR analysisin early and ad-
vanced gastric carcinomas. Virchows Arch 433:261-266
Hendricks JB, Rainer R, Munakata S (1995) Computer assist-
ed and visual methods of assessing cellular proliferation in tis-
sue sections from non-Hodgkin's lymphoma a comparison.
Anal Quant Cytol Histol 17:383-388

Hittmair A, Ofner D, Offner F, Feichtinger H, Ensinger C,
Rogatsch H, Mikuz G (1994) In vitro investigations of inter-
phase and metaphase argyrophilic nucleolar organizer regions
and cellular proliferation in the human urothelial cancer cell
line HOK-1. Virchows Arch 424:149-154

Jain S, Filipe MI, Hall PA, Waseem N, Lane DP, Levison DA
(1991) Prognostic value of proliferating cell nuclear antigen in
gastric carcinoma. J Clin Pathol 44:655-659

Janmohamed RM, Murray PG, Crocker J, Leyland MJ (1990)
Sequential demonstration of nucleolar organizer regions and
Ki-67 immunolabeling in non-Hodgkin's lymphoma. Clin Lab
Haematol 12:395-399

Kesari AL, Chellam VG, Nair PP, Madhavan J, Nair P, Nair
MK, Pillai MR (1997) Tumor proliferative fraction in infiltrat-
ing duct carcinoma. Gen Diagn Pathol 143:219-224

Korek G, Martin H, Wenzelides K (1991) A modified method
for the detection of nuleolar organizer regions (AgNORS).
Acta Histochem 90:155-157

Korkolopoulou P, Angelopoulou MK, Kontopidou F, Tsengas
A, Patsouris E, Kittas C, Pangalis GA (1998) Prognostic im-
plications of proliferating cell nuclear antigen (PCNA), Ag-
NORs and p53 in non-Hodgkin's lymphomas. Leuk Lympho-
ma 30:625-636

Lorenzato M, Abboud B, Lechki C, Browarnyi F, O'Donohue
MF, Ploton D, Adnet JJ (2000) Proliferation assessment in
breast cancer: a double-staining technique for AQNOR quanti-
fication in MIB-1 positive cells especially adapted for image
cytometry. Micron 31:151-159

Maeda K, Chung Y'S, Onoda N, Kato Y, Nitta A, Arimoto Y,
Yamada N, Kondo Y, Sowa M (1994) Proliferating cell nucle-
ar antigen labeling index of preoperative biopsy specimens in
gastric carcinoma with special reference to prognosis. Cancer
73:528-533

Mourad WA, Sneige N, Katz RL, Ordonez NG (1994) Correla-
tions of two AgNOR counts with Ki-67 labelling index: a
study in fine-needle aspirates of lymphoproliferative disorders
and breast carcinoma. Diagn Cytopathol 10:113-119
Munakata S, Hendricks JB (1994) A muiltilabeling technique
for simultaneous demonstration and quantitation of Ki 67 and
nucleolar organizer regions (AgNORYS) in paraffin embedded
tissue. J Histochem Cytochem 42:789-793

Nakae S, Nakamura T, Ikegawa R, Yoshioka H, Shirono J,
Tabuchi Y (1998) Evaluation of argyrophilic nucleolar orga-
nizer region and proliferating cell nuclear antigen in colorectal
cancer. J Surg Oncol 69:28-35 )

Ofner D, Hittmair A, Marth C, Ofner C, Toétsch M,
Daxenbichler G, Mikuz G, Margreiter R, Schmid KW (1992)
Relationship between quantity of silver-stained nucleolar orga-
nizer regions associated proteins (AgNORs) and population
doubling time in ten breast cancer cell lines. Pathol Res Pract
188:742-746



484
31

32.

33.

34.

35.
36.

37.

38.

39.

Ofner D, Bankfalvi A, Riehemann K, Bocker W, Schmid KW
(1994) Wet autoclave pretreatment improves the visualisation
of silver stained nucleolar organizer regions associated pro-
teins (AgNORS) in routinely formalin-fixed and paraffin-em-
bedded tissues. Mod Pathol 7:946-950

Ofner D, Aubele M, Biesterfeld S, Derenzini M, Giminez-Mas
JA, Hufnagl P, Ploton D, Treré D, Rischoff J (1995) Guide-
lines of AQNOR quantification — first update. Virchows Arch
427:341-342

Ofner D, Riedmann B, Maier H, Hittmair A, Rumer A, Totsch
M, Spechtenhauser B, Bocker W, Schmid KW (1995) Stan-
dardized staining and analysis of argyrophilic nucleolar orga-
nizer region associated proteins (AgNORS) in radically resect-
ed colorectal adenocarcinoma. Correlation with tumour stage
and long term survival. J Pathol 175:441-448

Ofner D, Bier B, Heinrichs S, Berghorn M, Dunser M,
Hagemann HA, Langer D, Bocker W, Schmid KW (1996)
Demonstration of silver stained nucleolar organizer region as-
sociated proteins (AgNORs) after wet autoclave pretreatment
in breast carcinoma: correlation to tumor stage and long term
survival. Breast Cancer Res Treat 39:165-176

Pich A, Chiusa L, Margaria E (2000) Prognostic relevance of
AgNORsin tumor pathology. Micron 31:133-141

Piffko J, Bankfalvi A, Ofner D, Rasch D, Joos U, Schmid KW
(1997) Standardized AgNOR analysis of the invasive tumour
front in oral squamous cell carcinomas. J Pathol 182:450-456
Ploton D, Menager M, Jeannesson P, Himber G, Pigeon F,
Adnet JJ (1986) Improvement in the staining and in the visual-
ization of the argyrophilic proteins of the nucleolar organizer
region at the optical level. Histochem J 18:5-14

Ralo M, Nordling S, von Boguslawsky K, Leivonen M,
Kyllonen L, von Smitten K (1993) Prognostic value of Ki-67
immunolabelling in primary operable breast cancer. Br J Can-
cer 68:579-583

Riedmann B, Maier H, Weiss H, Schwab G, Labeck B, Tétsch
M, Schmid K, Ofner D (1998) Silver stained nucleolar orga-
nizer regions associated protein (AgNOR) analysis: a major
prognostic factor in gastric carcinoma. Tumordiagn Ther
19:35-41

. Rischoff J, Fauser G, Kniichel R, Hofstadter F (1994) Ag-

NOR quantification with special reference to staining patterns.
Zentralbl Pathol 140:23-30

41.

42.

46.

47.

49.

50.

Sahin AA, Ro J, Ro JY, Blick MB, e Naggar AK, Ordonez
NG, Fritsche HA, Smith TL, Hortobagyi GN, Ayala AG
(1991) Ki-67 immunostaining in node-negative stage /11
breast carcinoma. Significant correlation with prognosis. Can-
cer 68:549-557

Salinen PK, Haapasalo HK, Visakorpi T, Helen PT, Rantala
IS, Isola JJ, Helin HJ (1994) Prognostication of astrocytoma
patient survival by Ki-67 (MIB-1), PCNA, and S-phase frac-
tion using archival paraffin-embedded samples. J Pathol 174
275-282

. Shome DK, Khurana N (1999) Distinctive AGNOR patterns of

myeloid and lymphoid blasts in acute leukemia. Am J Hematol
61:149-152

. Sirri V, Perssion A, Trere D, Montanaro L, Derenzini M

(1995) Proportionally constant quantitative transmission of
nucleolin and protein B23 in cycling cancer cells. J Clin Pa-
thol 48:M264-M 268

. Smith FG, Murray PG, Crocker J (1993) Correlation between

PCNA and AgNOR scores in non Hodgkin's lymphomas using
sequential staining technique. J Clin Pathol 46:28-31
Tannapfel A, Hahn HA, Katalinic A, Fietkau RJ, Kuhn R,
Wittekind CW (1996) Prognostic value of ploidy and prolifer-
ation markersin renal cell carcinoma. Cancer 77:164-171
Tomobe M, Shimazui T, Uchida K, Hinotsu S, Akaza H
(1999) Argyrophilic nucleolar organizer region in proliferating
cell has a predictive value for local recurrence in superficial
bladder tumor. J Urol 162:63-68

. Tétsch M, Ofner D, Maier H, Watzka SBC, Salzer M, Schmid

KW (1995) Argyrophilic nucleolar organizer region associated
proteins (AgNORS) in adenocarcinoma and squamous cell car-
cinoma of the lung — correlation with tumour stage and long-
term survival. Pathol Res Pract 191:800

Trere D, Pession A, Derenzini M (1989) The silver-stained
proteins of interphasic nucleolar organizer regions as a param-
eter of cell duplication rate. Exp Cell Res 184:131-137

Yuel, Iwai M, Furutal (1999) Evaluation of argyrophilic nu-
cleolar organizer regions in tongue squamous cell carcinomas.
Oral Oncol 35:70-76



