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ABSTRACT
Background: Breast cancer is recognized as a significant health issue in developed countries.
Methods: This study aimed to correlate the presence of Ag-NOR (argentophilic nucleolar organizer
region) dots with immunohistochemical markers across various grades of breast ductal carcinoma.
A total of 100 samples were divided into a test group and a control group, with the former com-
prising blocks of breast adenocarcinoma and the latter involving blocks of breast fibroadenoma.
Each sample was sectioned twice; the first section was stained with Hematoxylin and Eosin (H&E),
and the second utilized the Ag-NOR staining technique. The mean Ag-NOR (mAg-NOR) count and
the proliferative Ag-NOR (pAg-NOR) count were calculated. Subsequent to microscopic examina-
tion of the sections, the laboratory findings and patient demographic data were analyzed. Results:
Themajority of ductal carcinoma cases were classified as grade 2. The number of Ag-NOR dots was
significantly greater in ductal carcinoma cases than in benign lesions. Furthermore, an increase in
the number of Ag-NOR dots was observed with advancing tumor grade. Conclusions: A strong
correlation was identified between the count of Ag-NOR dots and the expression of immunohisto-
chemical markers within different grades of breast ductal carcinoma.
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INTRODUCTION
Breast cancer poses a significant health challenge in
Sudan due to its high incidence rate1. The coun-
try’s lack of comprehensive screening programs and
diagnostic methodologies contributes to the ongoing
prevalence of this disease among its population. Ad-
ditionally, the high cost of diagnostic tests in Sudan
places a financial strain on patients, making it difficult
for many to afford the necessary care2. Consequently,
there is a pressing need for the development of a sim-
ple, affordable, and accurate laboratory method for
cancer diagnosis.
The protein Ag-NOR, associated with various bi-
ological traits of neoplastic cells—including their
metabolic activity—is a potential marker for such di-
agnostic advancements. Ag-NOR proteins can often
be identified using the silver nitrate staining method,
a straightforward and rapid histochemical technique.
This study aims to explore the utility of Ag-NOR
staining in cancer diagnosis, particularly focusing on
its effectiveness in determining cancer grades and
thereby influencing treatment decisions and poten-
tially enhancing survival rates through a cost-effective
diagnostic approach.
Moreover, the study evaluates the long-term predic-
tive value of the Ag-NOR staining technique in mon-
itoring disease progression. There remains a gap in

research concerning the integration of Ag-NOR stain-
ing into existing healthcare frameworks, specifically
regarding personnel training, quality control mainte-
nance, and handling the anticipated increase in diag-
nostic demand.
This research specifically targets Sudanese women
and is conducted within a singular hospital environ-
ment, thus reflecting factors exclusive to the Sudanese
healthcare system, patient demographics, and tumor
characteristics inherent in this population. Given
Sudan’s unique healthcare infrastructure, economic
landscape, and potential genetic variations among its
population, the study addresses a critical void.
The primary goal of this research is to establish a
correlation between Ag-NOR dots and immunohis-
tochemical markers across different grades of breast
ductal carcinoma, aiming to illuminate the prognos-
tic and diagnostic potentials of Ag-NOR expression in
a context-specific manner to Sudan.

METHODS
This retrospective case-control study aimed to eval-
uate the efficacy of Ag-NOR staining in diagnosing
breast adenocarcinoma among Sudanese women. The
study utilized samples acquired from the histopathol-
ogy laboratory of Omdurman Teaching Hospital. It
included archived paraffin-embedded breast tissue
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from 100 women, divided equally into case and con-
trol groups. Cases comprised tissue blocks diagnosed
with breast adenocarcinoma, whereas controls con-
tained blocks of breast fibroadenoma. The inclusion
criteria were strictly limited to female breast tissues
diagnosed with either breast adenocarcinoma or fi-
broadenoma. Any other breast lesions were excluded.
A robust simple random sampling technique was em-
ployed to ensure the study’s population was appropri-
ately represented. This technique facilitated the divi-
sion of samples into case and control groups for test-
ing with Ag-NOR (silver nitrate) staining on paraffin-
embedded, formalin-fixed tissues.
The staining protocol involved cutting sections to a
thickness of 3 microns, which were then deparaf-
finized and rehydrated through a graded alcohol se-
ries before staining. Slides were stained in a dimmed
light setting for 45 minutes and subsequently dehy-
drated, cleared, and mounted. Ag-NOR dots were
quantified using an Olympus CHT microscope (Op-
tical.Co.Ltd, Japan)3,4.
Two experienced cytopathologists independently
evaluated the proliferation index based on the
stained slides5. The study spanned the entire period
during which patients attended the histopathology
laboratory at Omdurman Teaching Hospital.
Statistical analyses were conducted using SPSS (Ver-
sion 20), focusing on frequencies, means, and chi-
square test values to explore the association between
Ag-NOR dots and immunohistochemical markers
across different grades of breast ductal carcinoma. A
p-value of <0.05 was considered statistically signifi-
cant. Mean Ag-NOR (mAg-NOR) and (pAg-NOR)
were calculated. After examination of the section un-
dermicroscope, the results of laboratory investigation
as well as the demographic data from the patients was
analyzed.1–6

Ethical approval was secured from the Al Neelain
University Ethical Research Committee, in line with
the Declaration of Helsinki Principles. Consent for
sample and data collection was obtained from hospi-
tal administration, recognizing the challenges asso-
ciated with retrospective consent for archived sam-
ples. Patient confidentiality was rigorously main-
tained, with patient information used solely for sci-
entific purposes. Participants provided written in-
formed consent, endorsed by the ethical committee
of the Faculty of Medical Laboratory Research Board,
Al Neelain University, Sudan. Ethical clearance code:
AL-RES/03-022-06, dated 2/4/2022.

RESULTS
The study involved one hundred participants, evenly
divided into case (n = 50) and control (n = 50) groups.
The mean age for the case group was 53.74 years, in
contrast to the control group’smean age of 22.88 years,
withmembers of the control group ranging from 10 to
40 years old.
Geographically, participants from both the case and
control groups originated from various cities across
Sudan. A detailed analysis of their provinces of res-
idence indicated that, within the case group, 43.1%
hailed from Western provinces, followed by 27.5%
from Central provinces, 13.7% from Northern states,
7.8% from Southern provinces, and 5.9% from East-
ern provinces (Table 1). For the control group, 41.2%
came from Central Sudan, with subsequent distribu-
tions being 25.5% from Northern andWestern Sudan
each, and 5.9% from Eastern Sudan.
Additionally, the study categorized participants by
tribal associations. The highest representation in the
case groupwas observed from theNuba tribe (11.8%),
while the lowest (2%) included members from the
Fur, Bargo, Hassnaia, and Jamoia tribes. Conversely,
the control group displayed the highest representa-
tion from the Bargo tribe (23.7%) and the lowest from
the Danagla tribe (2%). All participants were diag-
nosed with varying grades of adenocarcinoma of the
breast, specifically, 16% with grade 1, 52% with grade
2, and 32% with grade 3 cancers.
The analysis extended to the activity of Ag-NORs on
the slides of both the case and control groups, based
on the count of dots per slide. In the case group, the
counts ranged from 50–700 dots: 16% had 50–100
dots, 16% had 101–200 dots, 32% had 201–300 dots,
10% had 301–400 dots, 14% had 401–500 dots, 10%
had 501–600 dots, and 2% had 601–700 dots. In the
control group, dot counts ranged from 10–50, with
distributions of 20 samples with 10–20 dots, 20 sam-
ples with 21–30 dots, 5 samples with 31–40 dots, and
5 samples with 41–50 dots.
Further analysis correlated the number of Ag-NOR
dots with the grade of carcinoma. Among the grade
1 carcinomas, dot counts ranged between 50–100,
whereas grade 2 carcinomas had 150–350 Ag-NOR
dots, and grade 3 carcinomas had 400–600 dots.
Moreover, the study found significant differences
in Ag-NORs counts in relation to other prognostic
markers, such as nuclear loops, ER, and PR expres-
sion. Specifically, 50–100 Ag-NOR dots were associ-
ated with ER+/PR+ in 6 cases, 150–350 dots with ER-
/PR- in 14 cases, and 400–600 dots with ER-/PR- in 8
cases (Tables 2 and 3).
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Figure 1: The age of the case group (A), age range of the controls group (B).

Table 1: Location origin of the case group
of women

Location Frequency Percentage (%)

Centre 14 27.5

East 3 5.9

North 7 13.7

South 4 7.8

West 22 43.1

Total 51 100.0

Table 2: Location origin of the control
group of women

Location Frequency Percentage (%)

Centre 21 41.2

East 3 5.9

North 13 25.5

West 13 25.5

Total 51 100.0

Table 3: Adenocarcinoma grades

Grades Frequency Percentage (%)

Grade 1 8 16.0

Grade 2 26 52.0

Grade 3 16 32.0

Total 50 100.0
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Table 4: The findings of Ag -NOR count in
malignant group

Range Number of cases Percentage (%)

50-100 8 16

101-200 8 16

2001-
300

16 32

301-400 5 10

401-500 7 14

501-600 5 10

601-700 1 2

Table 5: The findings of AgNOR
count in control group

Dots range Number of cases

10—20 20

21-30 20

31-40 5

41-50 5

Table 6: The Grades and number of Ag -NOR in
malignant group

Grade Ag-NOR number of dots Cases number

Grade 1 50-100 8

Grade 2 150-350 26

Grade 3 400-600 16

Table 7: Association between number of dots Ag-NOR and immunohistochemical markers in adenocarcinoma

Number of dots
Ag-NOR

ER+/ PR+ ER+/ PR− ER−/ PR+ ER−/ PR−

50-100 6 1 1 0

150-350 7 2 3 14

400-600 5 2 1 8

Total 21 5 5 22

Table 8: The correlation of immunohistochemical markers with grade of adenocarcinoma

Grade/Marker Grade 1 Grade 2 Grade 3 Total

ER+/PR+ 6 7 5 18

ER+/PR- 1 2 2 5

ER-/PR+ 1 3 1 5

ER-/PR- 0 14 8 22

Cases number 8 26 16 50
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Figure 2: Residence origin of the case group (A), and the control group of women (B).

DISCUSSION
The participant ages ranged from 30 to 80 years, with
a mean of 53.74 years, aligning with findings reported
by Adebamowo and Ajayi & Smith7,8. A notable dis-
parity was observed between the case group (mean
age 53.74 years) and the control group (mean age
22.88 years), suggesting that age could significantly
influence the study outcomes. Age-related variations
in breast tissue characteristics may affect the expres-
sion of Ag-NOR dots and other immunohistochem-

ical markers, potentially impacting result interpreta-
tion.
The study’s inclusion of participants from diverse ge-
ographic and tribal backgrounds within Sudan could
influence its findings. The representation from spe-
cific regions and tribes might introduce biases or
limit the findings’ generalizability to those areas only.
Additionally, this diversity contributes to variations
in genetic, lifestyle, and environmental factors that
could affect the study outcomes. The case group pri-
marily comprised individuals from the western states
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Figure 3: Tribal origin of the case group (A), and the control group of women (B).

(43.1%), followed by the central (27.5%), northern
(13.7%), southern (7.8%), and eastern states (5.9%).
The control group showed the highest representation
from the Bargo tribe (23.7%) and the lowest from the
Danagla tribe, corroborating the findings of Khairy et
al.9.
The distribution of cancer grades among participants
(16% grade 1, 52% grade 2, and 32% grade 3) allows
for a comprehensive analysis, with the predominance
of grade 2 breast cancer reflecting specific diagnostic
or disease patterns in the study population. Such a
distribution might indicate an advanced disease pre-
sentation stage, common in areas with limited access

to early detection and screening programs. This pat-
tern aligns with various reports2,10–13, indicating a
consistency with previous findings.
The variability in Ag-NOR dot counts between case
(50-700 dots) and control (10-50 dots) groups high-
lights considerable variance in the biological behavior
of breast adenocarcinoma and fibroadenoma, aiding
in the differentiation between benign and malignant
cases. The study emphasizes the cost-effectiveness of
Ag-NOR staining in Sudan, proposing it as a viable di-
agnostic tool despite limitations such as staining vari-
ability and interpretation challenges that might affect
reproducibility and reliability across settings.
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An important observation is the association between
Ag-NOR counts and immunohistochemical markers
(ER/PR status), providing valuable insights into the
hormonal receptor status of tumors. However, the
study falls short of establishing causality and does not
contemplate the integration of multiple diagnostic
markers, which could enhance diagnostic and prog-
nostic evaluations.
While the findings offer significant insights within
the Sudanese context and suggest the potential of Ag-
NOR staining as a cost-effective diagnostic method,
the generalizability of these results to other settings
necessitates further validation. The study points to ar-
eas requiring more research, particularly concerning
the role of Ag-NOR dots in the progression of breast
ductal carcinoma and the impact of cultural and so-
cial factors on adopting new diagnostic technologies
in Sudan.
The study acknowledges limitations in exploring
complex relationships due to its design and sample
size, recommending these as focal points for future
research. To validate the clinical utility of Ag-NOR
staining more broadly, subsequent studies should aim
for larger and more diverse populations, employ lon-
gitudinal designs, and integrate additional diagnostic
markers.

STUDY LIMITATIONS
The generalizability of our findings may be con-
strained, primarily due to the study’s focus on a spe-
cific population within Sudan, necessitating further
validation to ensure applicability to other popula-
tions. The scope of this study does not encompass
women diagnosed with breast cancer in preceding
years, which may limit the comprehensiveness of our
findings. The relatively small sample size, coupled
with a lack of diversity in demographic and genetic
backgrounds, suggests that our results may not be
extendable to all populations affected by breast duc-
tal carcinoma. Furthermore, the selection and range
of immunohistochemical markers analyzed could po-
tentially narrow the findings. Additionally, by ex-
cluding other breast lesions, the study’s relevance to a
broader array of differential diagnoses is diminished.
The sensitivity, specificity, and overall diagnostic ac-
curacy of the Ag-NOR staining technique, along with
its reproducibility compared to other methodologies,
may impact the reliability of our findings. The vari-
ability in Ag-NOR dot counts observed across case
and control groups could possibly reflect themethod’s
sensitivity or specificity limitations.
Our study might not adequately reflect the dynamic
nature of Ag-NOR dot numbers or the expression of

immunohistochemical markers across different dis-
ease stages or in response to treatment modalities.
Consequently, the ability of this study to provide
broader insights into the prognostic significance of
Ag-NOR counts and the correlation of immunohisto-
chemical markers, such as ER/PR status, may be hin-
dered by the limited sample size and study design.
Moreover, despite the involvement of two cytopathol-
ogists in interpreting Ag-NOR dots to reduce subjec-
tivity, the reliance on human judgment cannot elimi-
nate the potential for inter-observer variability, intro-
ducing another layer of limitation to our study.

CONCLUSIONS
The primary finding of this study indicates that Ag-
NOR counts progressively increase from normal to
benign, and subsequently to malignant lesions, high-
lighting the potential utility of this technique in dis-
tinguishing between these different tissue types. Ag-
NOR scores are significant as they serve as an index
to assess cell proliferation, which is pivotal in gauging
tumor aggressiveness and predicting treatment out-
comes. Furthermore, Ag-NOR scores enhance con-
ventional histopathological analyses. They are uti-
lized to discriminate between various grades ofmalig-
nancy and can be integrated with routine histopathol-
ogy as a diagnostic tool. The implementation of Ag-
NOR staining has the potential to improve diagnostic
accuracy or efficiency in histopathological laborato-
ries, particularly in settings where resources are lim-
ited.
It was observed that the highest percentage of cases
belonged to the Nuba tribe, with the majority of sam-
ples being diagnosed with grade 2 ductal carcinoma.
However, the tribal or geographical prevalence pre-
sented in this study does not have clinical, social, or
epidemiological implications. We advocate for addi-
tional research to investigate the utility of Ag-NOR
staining in various types of cancer, its value as a prog-
nostic marker, and its incorporation into standard di-
agnostic workflows. There is an evident need for fu-
ture studies aimed at refining the application of Ag-
NOR scores in clinical practice.

ABBREVIATIONS
Ag-NOR - Argentophilic Nucleolar Organizer Re-
gion, ER - Estrogen Receptor, H&E - Hematoxylin
and Eosin, mAg-NOR - Mean Ag-NOR count, pAg-
NOR - Proliferative Ag-NOR count, PR - Proges-
terone Receptor, SPSS - Statistical Package for the So-
cial Sciences
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