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Background : Nucleolar organizer regions (NORs) have recently attracted much attention
because of claims that their frequency within nuclei is significantly higher in malignant
cells than in normal, reactive, or benign neoplastic cells.

Objective : The purpose of this paper is to analyze a method allowing selection of the best
morphometric criterion for quantifying AgNOR proteins under conventional observation

conditions by light microscopy.

Method : We tried to investigate the various parameters including NORs counting in cu-
taneous tumors using image analysis system.

Results : There were significant differences in mean nucleus area per a AgNOR, nucleus
area between the benign and potentially malignant group. But the conventional counting of
AgNORs is not able to differentiate between the two groups. We could discriminate squa-
mous cell carcinoma from Bowen’s disease using parameters of mean ratio of AgNORs area
per nucleus area, mean ratio of greatest AgNORs area per nucleus area, coefficient of varia-
tion (C V) of nucleus area, and mean area of largest AgNORs. In squamous cell carcinoma
and keratoacanthoma, C V of nucleus area has shown a significant difference. .

Conclusion : Study of AgNORs using image analysis system is a useful tool for the diag-
nosis of cutaneous tumors. (Ann Dermatol 6:(2) 140-145, 1994)
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Nucleolar organizer regions (NORs) are loops of
DNA that transcribe to ribosomal RNA; they can be
easily identified in paraffin section using the silver
method'”. Staining of nucleolar organizer regions
(NORs) with a silver colloidal method was re-
cently reported to give useful information on the be-
nign or malignant potential of a given tumor*’.
However many authors indicated a significant
overlapping of NORs counts between benign and
malignant proliferation'®". Therefore we tried to
investigate the various parameters including
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NORs counting in cutaneous tumors using image
analysis system (AIC., Rosewell, GA)'*".

MATERIAL AND METHOD

Forty-six cutaneous tumors were studied. They
comprised : 16 squamous cell carcinoma, 16 sebor-
theic keratosis, 10 Bowen’s disease; 4 keratoacan-
thoma. These were taken from routine files at
Anam Hospital of Korea University. 4um sections of
routinely processed, formalin-fixed, paraffin-em-
bedded blocks were cut, dewaxed in xylene, and
then hydrated through graded ethanol. The silver
colloid solution for staining of NORs was pre-
pared by dissolving gelatin in 1 percent aqueous
formic acid at a concentration of 2 percent; this
solution was mixed, 1:2 volumes, with 50 percent
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Fig. 1. Same sized-AgNORs are seen in silver staining
of seborrheic keratosis(1,000).
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Fig. 3. Many large AgNORs are seen in silver staining
of keratoacanthoma(x 1,000).

T digital (3 .
video b video camera
—
printer
-
[~ | comosite ]
-
——

key board

IBM PC video
S H e
e [

Fig. 5. Schematic diagram of the computerized digital
image analysis system.

microscope

Fig. 2. One or two AgNOREs are seen in silver staining
of Bowen’s disease{1,000).

Fig. 4. Silver staining of squamous cell carcinoma(x
1,000).
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Fig. 6. Diagram of basic parameter.
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Table 1. Comparison of the calculated 10 parameters in cutaneous tumors

Parameters Type Results Group
Mean numbers of AgNORs K A 2.7¢1.3 A
per nucleus S C 2.7¢1.0 A
S K 2.9+1.3 A
Bowen 2.5¢£1.0 A
Mean ratio of AgNORs area K A 0.11+£0.02 A
per nucleus area S C 0.11£0.02 A
S K 0.08+£0.02 B
Bowen 0.07+0.01 B
C V of mean ratio of AgNORs K A 0.34£0.04 A
area per nucleus area S C 0.35+0.07 A
S K 0.34+0.05 A
Bowen 0.350.05 A
Mean ratio of greatest K A 0.10+0.02 A
AgNORs are per nucleus S C 0.09+0.02 A
area S K 0.08+0.02 B
Bowen 0.06 0.01 B
Mean nucleus area per K A 20.1622.82 A
a AgNOR S C 17.82+4.14 A
S K 11.822.74 B
Bowen 17.83 5.34 A

* p<0.01 except mean numbers of AgNORS per nucleus and C V of mean

ratio of AgNORs area per nucleus area

* compared by ANOVA and Duncan’s multiple range test

* means with the same letter are not significantly diferent
* K A: keratoacanthoma S C: squamous cell carcinoma

S K: seborrheic keratosis Bowen: Bowen’s disease

aqueous silver nitrate to obtain the final working so-
lution. This was dropped onto the sections and
left for 45 minutes under safelight conditions at
room temperature, after which the sections were
washed with deionized water. The sections were
taken to xylene for dehydration and mounted in a
synthetic medium®.

The AgNORs were seen as dots within the nuclei
of the cells (Fig. 1.-4), and in each case 100 cells
were examined using an x 100 oil immersion lens.
Each slide was analyzed with image analysis sys-
tem (Fig. 5, AIC Inc., Roswell, GA). The five basic
parameters automatically analyzed and stored in a
data file for each AgNOR and nucleus were
length, breadth, shape factor, perimeter, and area
(Fig. 6). On the basis of these measured values, 10
morphologic parameters such as mean numbers of
AgNORs per nucleus, mean ratio and CV of Ag-

NORs area per nucleus area, mean ratio of greatest
AgNORs area per nucleus area, AgNORs area,
CV of AgNORs area, nucleus area, CV of nucleus
area, mean area of largest AgNORs, mean nucleus
area per a AgNOR were computed. Statistical e-
valuation was performed with ANOVA.

RESULTS

There were significant differences in mean nu-
cleus area per a AgNOR, nucleus area between
benign(seborrheic keratosis) and potentially ma-
ligriant group(squamous cell carcinoma, keratoa-
canthoma, Bowen’s disease). But the conventional
counting of AgNORs(mean numbers of AgNORs
per nucleus) is not able to differentiate between
the two groups(Table 1,2). We could discriminate
squamous cell carcinoma from Bowen’s disease using
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Table 2. Comparison of the calculated 10 parameters in cutaneous tumors

Parameters Type Results Group
AgNORs area K A 4.61+£0.99 A
S C 4.26+1.48 A
S K 2.6210.92 B
Bowen 2.55£0.98 B
CV of AgNORs area K A 0.51£0.15 A
S C 0.48%0.13 A
S K 0.41£0.09 A
Bowen 0.45+0.04 A
Nucleus area K A 54.19 7.25 A
‘ S C 48.1211.18 A
S K 34.29 7.96 B
Bowen 44.56 13.34 A
CV of nucleus area K A 0.299 0.06 A
S C 0.238 0.06 B
S K 0.2290.05 B
Bowen 0.252 0.05 A
Mean area of largest AgNORs K A 5.351.45 A
S C 471 1.61 A
S K 2.76 1.08 B
Bowen 2.770.96 B

* p<0.01 except CV of AgNORs area

* compared by ANOVA and Duncan’s multiple range test
* means with the same letter are not significantly different

* K A: keratoacanthoma S C: squamous cell carcinoma
S K: seborrheic keratosis Bowen: Bowen’s disease

parameters of mean ratio of AgNORs area per nu-
cleus area, ‘mean ratio of greatest AgNORs area
per nucleus area, coefficient of variation(C V) of nu-
cleus area, and mean area of largest AgNORs
(Table 1, 2). In squamous cell carcinoma and kera-
toacanthoma C V of nucleus area has shown a sig-
nificant difference(Table 2).

DISCUSSION

Nucleolar organizer regions(NORs) have re-
cently attracted much attention because of claims
that their frequency within nuclei is significantly
higher in malignant cells than in normal, reac-
tive, or benign neoplastic cells 4-9. Because
NORs can now be demonstrated relatively easily in
routinely processed histological sections, the tech-
nuque is obviously of potential value in diagnostic
histopathology 6. NORs are chromosomal seg-

ments in which ribosomal RNA(rRNA) is encoded
and located on each of the short arms of the acro-
centric chromosomes 13, 14, 15, 21, and 22%.

The silver-staining technique identifies neither
tDNA nor rRNA but the acidic proteins associated
with these sites of IRNA transcription; these pro-
teins are designated B23, C23, AgNOR protein
and RNA polymerase 1. The structures thus
demonstrated are termed AgNORs""".

The abundance and intensity of AgNORs are
an indication not only of their absolute number
and dispersion but also their transcriptional activi-
ty'®. A quantifiable apparent increase in the mean
AgNOR count of a cell population in tissue sections
could result if either: (a) cell proliferation is so active
that nucleolar dissociation is present in many cells
and the AgNORs are therefore dispersed through
the nucleus; (b) there is a defect of nucleolar asso-
ciation resulting in AgNOR dispersion; (c) cell
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ploidy increase, resulting in a real increase of Ag-
NOR-bearing chromosomes; or (d) transcriptional
activity increase resulting in prominence of other-
wise inconspicuous AgNORs *.

AgNOR counts are reported to assist in the dis-
tinction between high- and low- grade lymphoma 5,
benign melanocytic lesions from malignant
melanoma®, and reactive mesothelial prolifera-
tion from mesothelioma'®. But there is in many in-
stances a variable degree of overlap between be-
nign and malignant or high- and low- grade le-
sions, prohibiting use of the AgNOR technique as
an absolute sole criterion.

Therefore we tried to investigate the (same
paragraph) various parameters including NORs
counting in cutaneous tumors using image analysis
system™. Until now, very few studies have been
performed with image analyzers because they are
costly and not devoted specifically to AgNOR dot
counting. Quantification of AgNOR dots is still
in its early stages. Several authors use their “own” pa-
rameter a representative of NOR content, but
very few comparative results based on different
parameters have been reported. Our aim is to
avoid any a prior parameter and to try to define as
objectively as possible which parameter is important
or useful in a given situation. For this reason, we
computed several parameters for the same cell.
Our work demonstrated that reproducible quan-
tification of AgNOR dots may be performed rou-
tinely by using image analysis system. Numerous
parameters may be used, and we focused our at-
tention on methods allowing the standardization
of quantification and rapid and efficient statistical
analysis of the results. The potential usefulness of the
image analysis system was demonstrated for cuta-
neous tumors in which AgNOR dot counting was
not useful as a discriminate parameter. In conclusion,
the study of AgNORs using image analysis system is
a useful tool for the diagnosis of cutaneous tumors.
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