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1. Introduction
Breast cancer (BC) is still the most common cause of 
cancer death in women worldwide, despite the newly 
developed treatment methods and the knowledge of 
tumor characteristics in many respects [1]. Histological 
grade established by evaluating tubule formation, 
mitosis, and nuclear pleomorphism, is one of the most 
robust parameters, together with hormone receptors 
and axillary lymph node involvement, in directing the 
clinicopathological treatment of these tumors [2]. Among 
these three parameters, nuclear pleomorphism has a 
minor interobserver agreement [3,4].

In many tumors, especially the change in nucleolus 
size and number is considered an indicator of malignancy 
[5,6]. The first detailed study evaluating the relationship 

between the nucleolus and cancer was done by Pianese 
in 1896 [7]. Pianese performed a cytological analysis of 
many malignant tumors and observed that a particularly 
large nucleolus was present in the cancer cell nucleus. 
In the early 20th century, several studies in cancer cells 
confirmed the presence of very large nucleoli with broad 
morphological changes [8]. MacCarty also made an 
essential contribution to this issue by observing that “in 
all malignant cells, regardless of the type or origin of the 
neoplasm, the nucleolus is much larger than the size of the 
nucleus” [9]. The leading role of the nucleolus, which is 
closely related to cancer growth, is the synthesis of rRNA 
and the assembly of ribosomal subunits [10–12]. The 
increase in nucleolus size and number indicate a high 
rate of ribosome biogenesis required for cell growth and 

Background/aim: The nucleolus has the potential to provide insight into how many types of cancer will progress. In this study, we 
examined the evaluation of the nucleolus with a microscope in widespread breast cancer tumors and whether this value contributes to 
tumor grading as an objective clinicopathological parameter.

Materials and methods: In our study, the nucleolus was evaluated retrospectively in resections with a diagnosis of invasive breast 
carcinoma of the cases between January 2010 and April 2021. In total, the tumor nucleolus of 377 cases of invasive breast carcinoma was 
evaluated. Nucleolus evaluation was performed with light microscopy using four different modes (modified Helpap method, in 1, 5, and 
10 high power fields at 40x magnification). The relationship between nucleolar scores and clinicopathological parameters was examined 
separately. Regrading was performed by replacing nuclear pleomorphism with the nucleolar score in the classically used histological 
grading system and utilizing the nucleolus score as the fourth parameter in this grading system. 

Results: There was no significant correlation between the prognosis of the patients and the nucleolar score. When nuclear pleomor-
phism and nucleolar score were replaced in the classical grading system, disease-free and overall survival were correlated with the new 
grading system. In addition, a relationship was found between high nucleolus score and other clinicopathological parameters (such as 
estrogen receptor negativity, progesterone receptor negativity, high Ki-67, triple negative, and human epidermal growth factor recep-
tor-2 status).

Conclusion: The presence of nucleolus is associated with disease-free survival and overall survival of patients, and it can be evaluated 
with a light microscope at no extra cost and time. Therefore, in the classical grading, using it instead of nuclear pleomorphism with low 
reproducibility among pathologists may provide more objective results in predicting patient prognosis.
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proliferation [13,14]. Changes in the nucleolus are related 
to epidermal growth factor, c-myc protein, and oncogene 
proteins, which induce cell proliferation [15,16]. In 
standard tissue samples, nucleoli are prominent stained by 
eosin in hematoxylin & eosin stained preparations due to 
their very high protein content [11]. Nucleolar evaluation 
has been performed with silver staining of argyrophilic 
nucleolar regulatory regions in many studies [8,17].

Nucleolus prominence in various tumors, including BC, 
is accepted as an indicator of poor prognosis [5,18]. Today, 
besides the putative clinicopathological parameters in BCs, 
evaluation of the nucleolus is advocated as a parameter 
that will provide prognostic benefit to the patients [5]. 
Elsharawy et al. have done the most extensive study on 
this subject in the literature [5]. Nuclear pleomorphism 
assessment, which is a parameter of the currently used 
grading system, differs among the observers. Therefore, in 
order to determine a new and more objective criterion in 
tumor grading, in the current study, we evaluated nucleolar 
prominence in invasive BCs diagnosed in our clinic. 
In addition, we reviewed the relationship of nucleolar 
prominence with prognostic and other clinicopathological 
parameters. Ultimately, we examined whether taking the 
nucleolar score as a parameter in the histological grading 
system would contribute to predicting the prognosis.

2. Materials and methods
2.1. Patients and tissues
We selected patients with invasive BC who were operated 
on in our general surgery department between January 
2010 and April 2021 from our hospital database. In our 
study, the nucleolus was evaluated retrospectively. In total, 
tumor nucleolus of 377 cases of invasive breast carcinoma 
were evaluated. Three hundred and fifty-five of the patients 
were diagnosed with invasive carcinoma (invasive ductal 
carcinoma, invasive lobular carcinoma), and 32 of them 
were diagnosed with other specified histological types 
(tubular, medullary, papillary, etc.). Patients whose clinical 
data could not be accessed, who died immediately after 
surgery due to operative complications, were excluded 
from follow-up for any reason, did not have hematoxylin 

& eosin slides, and formalin-fixed paraffin blocks in our 
archive were excluded from the study.

Clinical information, including gender, age, 
histological tumor type, grade, tumor size, lymph node 
status, surgery type, and patient follow-up information, 
was obtained through the hospital automation system. 
All cases were divided into molecular subtypes according 
to estrogen receptor (ER), progesterone receptor (PR), 
human epidermal growth factor receptor-2 (HER2), 
and Ki-67 immunohistochemical staining patterns and 
histological types according to World Health Organization 
(WHO) BC classification [19].

As a result, 377 patients were included in the study. 
The nucleolus in tumor cells was evaluated with different 
methods, and their relationship with clinicopathological 
parameters, disease-free survival (DFS), and overall 
survival (OS) were reviewed.

Please provide concise but complete information about 
the materials and the analytical and statistical procedures 
used. This part should be as clear as possible to enable 
other scientists to repeat the research presented. Brand 
names and company locations should be supplied for all 
mentioned equipment, instruments, chemicals, etc.
2.2. Histopathological evaluation
In this study, hematoxylin& eosin stained preparations 
of formaldehyde-fixed paraffin-embedded blocks (N = 
377) were evaluated. Nucleolar prominence was assessed 
with a conventional light microscope (Olympus, BX-
51, Olympus Corporation Tokyo, Japan, ocular 22mm) 
using four different methods as in the study of Elsharawy 
[5], with the modified Helpap method [20], we divided 
the nucleolus count into three points according to their 
prominence. A score of 1 was assigned to nucleolus that 
was not prominent in any way (i.e. inconspicuous) or 
nucleolus that was difficult to see at 20x magnification. 
Nucleolus was scored three if prominent nucleolus or 
dysmorphic/multiple nucleoli were present, easily seen 
at 10x magnification, and identified in at least 20% of the 
tumor. A score of 2 was assigned to nucleolus that was not 
evaluated as a score of 1 or 3 (Figure 1; a: score 1, b: score 
2, c: score 3).

Figure 1. Examples of nucleolus scores 1, 2, and 3 in one high power fields. Hematoxylin & eosin x400. (a: score 1, b: 
score 2, c: score 3).
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To increase objectivity, nucleolus was also scored at 
40x magnification. Nucleolus in areas of one, five, and ten 
high power fields (HPFs) was scored as 1, 2, 3 according to 
the cut-off values determined (Table 1). 

All evaluations were made together by two pathologists 
(SDÖ, ÇÖ) under a double-headed microscope. In cases 
where no consensus could be reached, a third pathologist’s 
opinion was obtained (OO). 

The significance of the new histological grading 
(NHG1), which was formed by replacing the nuclear 
grade, a parameter of the histological grading used as a 
standard, with the nucleolus score, was examined (NHG2) 
(Table 2) [5].
2.3. Statistical analysis
Statistical analyses were performed by using IBM SPSS 
Statistics, Version 21.0 (IBM SPSS Statistics; IBM Corp., 
Armonk, NY). Descriptive statistics of the groups were 
given as frequencies and percentages (n, %). Before 
analyzing numerical variables between NHG1 and 
NHG2, normality analyses were performed (Kolmogorov-
Smirnov and Shapiro-Wilk tests). Then, variables were 
reported as mean ± standard deviation or median (min-
max) accordingly. The association between nucleolus 
score and clinicopathological variables was evaluated 
with the chi-square (Pearson chi-square, linear-by-linear 
association) and Fisher’s exact test, considering the 
number of patients in the categories. Prognostic factors 
affecting overall survival and disease-free survival were 
determined by univariate and multivariate Cox regression 

analysis. Variables with p < 0.2, which were determined by 
univariate analyses selected as covariates and were analyzed 
using the backward method. The effects of variables on 
survival were evaluated with the Kaplan Meier survival 
analysis and log-rank test. For statistical significance, the 
p-value was accepted as <0.05.

3. Results
3.1. Nucleolus prominence and clinicopathological 
parameters
Tumor nucleolus prominence was evaluated 
histopathologically in 377 women patients. The median age 
of the patients was 56 (25–100) years, and the mean follow-
up period was 48 (2–136) months. Three hundred and fifty-
five of the patients were diagnosed with invasive carcinoma 
(invasive ductal carcinoma, invasive lobular carcinoma), and 
32 of them were diagnosed with other specified histological 
types (tubular, medullary, papillary, etc.).

According to molecular subtypes, 151 patients were 
evaluated as luminal A, 177 patients as luminal B, 28 
patients as Her2, and 31 as triple-negative.

Evaluated with a light microscope at 20x magnification, 
the number of patients with nucleolus score 1 was 177, the 
number of patients with score 2 was 109, and the number 
of patients with score 3 was 101 (Table 3). There were 
significant differences among nucleolus scores for ER 
negativity, PR negativity, and high Ki-67 (p = 0.006, p = 
0.042, p < 0.001, respectively). These parameters are also 
detailed in Table 3.

Table 1. Cut-off points of nucleolus count suggested by Elsharawy et al [5].

Parameters
Definitions of nucleolus count
Score 1 Score 2 Score 3

Nucleolus count in 10 HPFs* (at 40x) 0–4 5–101 >101
Nucleolus count in 5 HPFs (at 40x) 0–2 3–50 >50
Nucleolus count in 1 HPFs (at 40x) 0 1–9 >9

* High power field

Table 2. Incorporation of nucleolar scores into the histological grading system.

Groups Total Scores Equivalent grade

NHG1*: Grade after replacing nuclear 
pleomorphism score with nucleolus 
score

Total score 3, 4 Grade 1
Total score 5, 6 Grade 2
Total score 7, 8, 9 Grade 3

NHG2*: Grade after adding nucleolus 
score to the other three components 
of the grade

Total score 4, 5, 6 Grade 1
Total score 7, 8, 9 Grade 2
Total score 10, 11, 12 Grade 3

*NHG: New histological grade.
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Table 3. The relationship between the nucleolus score (by Modified Helpap’s method) and other clinicopathological parameters.

Nucleolus score

1 2 3

n (%) n (%) n (%) p

Diagnosis
Invasive Carcinoma (IC) 159 (89.8) 101 (92.7) 95 (94.1) 0.43

Others 18 (10.2) 8 (7.3) 6 (5.9)

Estrogen receptor
Negative 21 (11.9) 17 (15.6) 27 (26.7) 0.006

Positive 156 (88.1) 92 (84.4) 74 (73.3)

Progesterone receptor
Negative 42 (23.7) 29 (26.6) 38 (37.6) 0.042

Positive 135 (76.3) 80 (73.4) 63 (62.4)

Her 2

0 95 (53.7) 53 (48.6) 44 (43.6) 0.311

1 23 (13) 19 (17.4) 16 (15.8)

2 28 (15.8) 13 (11.9) 12 (11.9)

3 31 (17.5) 24 (22) 29 (28.7)

Ki-67
Low 89 (50.3) 52 (47.7) 28 (27.7) 0.001

High 88 (49.7) 57 (52.3) 73 (72.3)

Molecular subtypes

Luminal A 77 (43.5) 46 (42.2) 28 (27.7) 0.021

Luminal B 81 (45.8) 48 (44) 48 (47.5)

HER2 9 (5.1) 9 (8.3) 10 (9.9)

Triple Negative 10 (5.6) 6 (5.5) 15 (14.9)

Nuclear grade

1 47 (26.6) 21 (19.3) 1 (1) <0.001

2 118 (66.7) 71 (65.1) 73 (72.3)

3 12 (6.8) 17 (15.6) 27 (26.7)

Histologic grade

1 17 (9.6) 10 (9.2) 6 (5.9) 0.014

2 141 (79.7) 82 (75.2) 68 (67.3)

3 19 (10.7) 17 (15.6) 27 (26.7)

Multicentricity
Negative 152 (85.9) 90 (82.6) 91 (90.1) 0.289

Positive 25 (14.1) 19 (17.4) 10 (9.9)

Tumor size

T1 76 (42.9) 44 (40.4) 38 (37.6) 0.276

T2 95 (53.7) 58 (53.2) 53 (52.5)

T3 6 (3.4) 7 (6.4) 10 (9.9)

Perineural Invasion 
Negative 122 (68.9) 82 (75.2) 79 (78.2) 0.205

Positive 55 (31.1) 27 (24.8) 22 (21.8)

Angiolymphatic Invasion 
Negative 92 (52) 53 (48.6) 54 (53.5) 0.766

Positive 85 (48) 56 (51.4) 47 (46.5)

Lymph node 
Negative 94 (53.1) 59 (54.1) 59 (58.4) 0.685

Positive 83 (46.9) 50 (45.9) 42 (41.6)

Metastasis
Negative 152 (85.9) 95 (87.2) 86 (85.1) 0.912

Positive 25 (14.1) 14 (12.8) 15 (14.9)

Death
Negative 149 (84.2) 99 (90.8) 86 (85.1) 0.263

Positive 28 (15.8) 10 (9.2) 15 (14.9)
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In nuclear grade evaluation simultaneously in the same 
patient group; there were 124 patients with grade 1, 213 
patients with grade 2, and 50 patients with grade 3. The 
nuclear grade of the cases was primarily clustered in grade 
2. When the nucleolus scoring and nuclear grade were 
compared, nucleolus scores were significantly concordant 
with nuclear grades (p < 0.001).
3.2. Relation of nucleolus evaluation with prognosis
By Kaplan Meier analysis, it was found that NHG1, in 
which the nucleolus score and nuclear grade were replaced, 
was associated with overall survival (Log-rank p = 0.039) 
(Figure 2) and disease-free survival (Log-rank p = 0.001) 
(Figure 3). According to this, the mean life expectancy of 
grade 3 cases was found to be shorter than grade 1 and 2 
cases (grade 3 mean survival 101.6 months). In terms of 
disease-free survival, similarly, high-grade patients had a 
worse DFS than low-grade patients (grade 3 mean disease-
free survival 98.4 months).

DFS was found to be associated with NHG2, in which 
the nucleolus score was added as the fourth parameter 

(grade 3 mean disease-free survival 104.3 months). 
Although the mean life expectancy of grade 3 cases was 
shorter, it was not statistically significant (Log-rank p = 
0.064).

When the relationship of the variables with OS was 
evaluated, in univariate analysis, metastasis, age, PR, Ki-
67, molecular subtype, tumor diameter, angiolymphatic 
invasion, lymph node metastasis were associated with 
OS. In contrast, nucleolus score and nuclear grade were 
not associated with OS (Table 4). In multivariate analysis, 
molecular subtype, metastasis, age, and lymph node 
metastasis were determined as independent predictive 
variables for OS (Table 5).

When the relationship of the variables with DFS was 
evaluated, in the univariate analysis, molecular subtype, 
age, PR, Ki-67, tumor diameter, angiolymphatic invasion, 
lymph node metastasis, nucleolus score (10 HPFs) were 
associated with DFS. In multivariate analysis, Ki-67, tumor 
diameter, and lymph node metastasis were determined as 
independent predictive variables for DFS. 

Table 4. Risk factors associated with OS in cox regression model.

Univariate analysis Multivariate analysis

p p HR (95% Cl)

Molecular subtypes (triple negative vs. luminal A) <0.001 0.002 3.904 (1.682–9.06)
Nuclear grade (3 vs. 1) 0.581
Nucleolus score (3 vs. 1) 0.952
Nucleolus score 1 HPF*(3 vs. 1) 0.498
Nucleolus score 5 HPFs (3 vs. 1) 0.360
Nucleolus score 10 HPFs (2 vs. 1) 0.009
Age <0.001 0.001 1.058 (1.036–1.079)
Histopathologic type 0.709
Estrogen receptor 0.013
Progesterone receptor 0.080
Her 2 (3 vs. 1) 0.564
Ki-67 0.005
HG** (3 vs. 1) 0.175
NHG1*** (3 vs. 1) 0.389
Multicentricity 0.531
Tumor size (3 vs. 1) <0.001
Perineural invasion 0.309
Angiolymphatic invasion <0.001
Lymph node <0.001 0.017 2.355 (1.163–4.77)
Metastasis <0.001 <0.001 4.468 (2.466–8.095)

*HPF: High power field. **HG: Histological grade. ***NHG: New histological grade.
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4. Discussion
Breast cancer is one of the most common malignancies 
among women worldwide and is the leading cause of 
most cancer-related deaths [21]. Despite increased early 
diagnosis methods and knowledge about breast cancer 
biology, recurrence is still seen in breast cancer cases. The 

histological grading system, which is formed by evaluating 
tubule formation, mitosis, and nuclear pleomorphism 
used in the routine, leads to different results among the 
observers, which causes different treatment methods to be 
applied to the patients. Helpap in 1989-1990 in renal cell 
carcinomas; made nucleolus grading by determining the 

Table 5. Risk factors associated with DFS in cox regression model.

Univariate Multivariate

p p HR (95% CI)

Nuclear grade (3 vs. 1) 0.407
Nucleolus score (3 vs 1) 0.824
Nucleolus score 1 HPF* (3 vs. 1) 0.624
Nucleolus score 5 HPFs (3 vs. 1) 0.645
Nucleolus score 10 HPFs (3 vs 1) 0.688
Age 0.061 0.068 1.018 (0.999–1.037)
Histopathologic type 0.243
Estrogen receptor 0.138
Progesterone receptor 0.006
Her 2 (3 vs. 0) 0.682
Ki-67 0.001 0.001 3.038 (1.552–5.945)
Molecular subtypes (triple negative vs. luminal A) 0.001
HG** (3 vs. 1) 0.046
NHG1*** (3 vs. 1) 0.279
Multicentricity 0.095
Tumor size (3 vs. 1) 0.004 0.028 3.059 (1.13–8.281)
Perineural invasion 0.287
Angiolymphatic invasion 0.001
Lymph node 0.001 0.001 3.059 (1.644–5.69)

*HPF: High power field. **HG: Histological grade.***NHG: New histological grade.

Figure 2. By Kaplan Meier analysis, it was found that NHG1, in 
which the nucleolus score and nuclear grade were replaced, was 
associated with overall survival.

Figure 3. By Kaplan Meier analysis, it was found that NHG1, in 
which the nucleolus score and nuclear grade were replaced, was 
associated with disease free survival.
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frequency and localization of nucleolus [20]. He later used 
the nucleolus grading for prostate cancers as well [22].

The nucleolus, a parameter that can be evaluated by the 
Helpap method, is a crucial cell component that reflects 
the growth and increases. The increase in nucleolus 
prominence can be related to how much protein the cell 
needs. Changes in the nucleolus of cancer cells, which are 
very important for human life (nucleolus growth, shape 
differences), are indicators of poor prognosis [5,11,23,24]. 
Despite being so valuable, there is no consensus on the 
histopathological evaluation of the nucleolus in BCs. The 
most optimal study evaluating the nucleolus in breast 
carcinomas belongs to Elsharawy, K.A., and his friends 
[5].

In Elsharawy et al.’s study in 2020, 1200 validation, 
400 training sets, and nucleolus evaluation on slides 
completely digitized were evaluated with four different 
methods: modified Helpap method, 1, 5, and 10 HPFs. 
The most objective method was determined as the 
nucleolus counted in 5 HPFs, and they showed that it 
was significantly associated with breast cancer-specific 
survival (BCSS) (p < 0.001). The high nucleolus score was 
associated with younger age, larger tumor size, and higher 
grade. They found that the inclusion of the nucleolus 
score in the Nottingham grading system showed a higher 
significant association with survival than the classical 
grading. This study gave rise to hope in terms of being a 
new parameter in grading.

Since some tumors have a heterogeneous morphology, 
it is necessary to evaluate different areas. For this reason, 
although it is more reliable to assess the entire tumor area 
with digitalized methods, it is not easy to reach these 
methods in the routine pathology practice. For this reason, 
while determining the nucleolus in our study, different 
numbers of field views were examined from the areas 
defined as hot spots, as in the study of Elsharawy.

In our study, nucleolus score was found to be associated 
with clinicopathological parameters such as ER, PR, Ki-
67, molecular subtypes. Based on this, the correlation of 
nucleolus score with clinicopathological parameters such 
as ER and PR negativity, which are associated with some 
other poor prognosis, may be a sign of poor prognosis. 
However, it was not found to be related to the survival of 
patients alone.

Nucleolus prominence, assessed using the modified 
Helpap method, was reevaluated in 1, 5, and 10 HPFs. 
When we substituted the nuclear pleomorphism in the 
histological grade calculated by determining tubule 
formation, nuclear pleomorphism and mitosis number 
used in classical grading, and nucleolus scoring, a 
statistically significant correlation was found for OS and 
DFS. Survival of those with NHG 1 high grades was 
significantly shorter. 

Nuclear pleomorphism reflects the shape, chromatin 
distribution, and size of the nucleolus [5]. There are 
no established grading criteria to evaluate nuclear 
pleomorphism. Therefore, this parameter, which is a 
very subjective criterion, leads to different results among 
pathologists. The minor agreement was observed for 
histological grade parameters among pathologists in 
several studies [25–28].

The lack of clear definitions and reproducibility of this 
grading criterion is a powerful reason to replace it with 
more objective components. Compared to this, nucleolus 
evaluation with the Modified Helpap method can be 
considered as a more accurate and even-handed parameter. 
At the same time, besides this method, nucleolus evaluation 
can be calculated with a light microscope with cut-off 
values determined with 1, 5, and 10 HPFs, while this is not 
the case for nuclear pleomorphism. In this sense, accepted 
evaluation methods for the nucleolus are relatively more 
objective.

OS and DFS were found to be significant with the new 
histological grade formed when nuclear pleomorphism 
and nucleolus score were displaced. Accordingly, as the 
new histological grade increased, OS and DFS shortened. 
Therefore, the nucleolus score is promising as an objective 
parameter of grading rather than as a stand-alone criterion.

Today, digital pathology is becoming more and more 
common, and we know that it has become a more objective 
option for pathological preparation evaluation. Elsharawy 
et al. also worked digitally, but this system was neither 
cost-effective nor practical. In our study, evaluation was 
made with light microscopy, and the results were found 
to be associated with prognosis. It is both functional and 
low-cost work.

There were some limitations in our article, our cases 
did not have a homogeneous distribution according to 
menopausal status, histological type, molecular subtype 
and age data. Some of the cases had a short follow-up 
period.

In conclusion, due to the low agreement among 
pathologists in the classical grading system, there is a 
need for a more objective parameter in grading. For this 
reason, nucleolar prominence, which can be easily and 
quickly evaluated with light microscopy without extra cost 
and time, and whose relationship with prognosis has also 
been proven in our study, can be used instead of nuclear 
pleomorphism in grading.

Acknowledgement/disclaimers/conflict of interest
The authors do not have any commercial or other 
association that might pose a conflict of interest.

Funding 
No sources of support /funding were obtained for this 
study.



DUMAN ÖZTÜRK et al. / Turk J Med Sci

982

Ethical approval 
This study was conducted at Recep Tayyip Erdoğan 
University Research and Training Hospital, Rize, Turkey, 
and operated in accordance with the Declaration of 

Helsinki. The Ethics Committee approved the study 
protocol of Recep Tayyip Erdoğan University (E-40465587-
050.01.04-262).

References

1.	 Winters S, Martin C, Murphy D, Shokar NK. Breast Cancer 
Epidemiology, Prevention, and Screening.  Progress in 
Molecular Biology and Translational Science 2017; 151: 1-32. 
doi: 10.1016/bs.pmbts.2017.07.002 

2.	 Elston CW, Ellis IO. Pathological prognostic factors in breast 
cancer. I. The value of histological grade in breast cancer: 
experience from a large study with long-term follow-up. 
Histopathology 1991; 19 (5): 403-410. doi: 10.1111/j.1365-
2559.1991.tb00229.x

3.	 Rakha EA, Ahmed MA, Aleskandarany MA, Hodi Z, Lee AH 
et al. Diagnostic concordance of breast pathologists: lessons 
from the National Health Service Breast Screening Programme 
Pathology External Quality Assurance Scheme. Histopathology 
2017; 70 (4): 632-642. doi: 10.1111/his.13117

4.	 Huang J, Bay BH, Tan PH. Nuclear morphology in breast 
cancer: is pleomorphism an illusion? Medical Hypotheses 2000; 
55 (1): 26-28. doi: 10.1054/mehy.1999.0980 

5.	 Elsharawy KA, Toss MS, Raafat S, Ball G, Green AR et al. 
Prognostic significance of nucleolar assessment in invasive 
breast cancer. Histopathology 2020; 76 (5): 671-684. doi: 
10.1111/his.14036

6.	 Zink D, Fischer AH, Nickerson JA. Nuclear structure in cancer 
cells. Nature Reviews. Cancer 2004; 4 (9): 677-687. doi: 10.1038/
nrc1430

7.	 Pianese G. Beitraege zur Histologie und Aetiologie der 
Carconoms.[Contributions to the histology and etiology of 
carcinomas]. Beitr Pathol Anat Allgem Pathology 1896; 142:  
1-193.

8.	 Derenzini M, Montanaro L, Treré D. What the nucleolus says 
to a tumour pathologist. Histopathology 2009; 54 (6): 753-762. 
doi: 10.1111/j.1365-2559.2008.03168.x

9.	 Maccarty, William Carpenter. The value of the macronucleolus 
in the cancer problem. The American Journal of Cancer 1936; 
26 (3): 529-532.

10.	 Lam YW, Trinkle-Mulcahy L, Lamond AI. The nucleolus. 
Journal of cell science 2005; 118 (7): 1335-1337. doi: 10.1242/
jcs.01736

11.	 Montanaro L, Treré D, Derenzini M. Nucleolus, ribosomes, and 
cancer. The American Journal of Pathology 2008; 173 (2): 301-
310. doi: 0.2353/ajpath.2008.070752

12.	 Bywater MJ, Poortinga G, Sanij E, Hein N, Peck A et al. 
Inhibition of RNA polymerase I as a therapeutic strategy to 
promote cancer-specific activation of p53. Cancer Cell 2012; 22 
(1): 51-65. doi: 10.1016/j.ccr.2012.05.019

13.	 Fischer AH, Bardarov S Jr, Jiang Z. Molecular aspects of 
diagnostic nucleolar and nuclear envelope changes in prostate 
cancer. Journal of Cellular Biochemistry 2004; 91 (1): 170-184. 
doi: 10.1002/jcb.10735

14.	 Hernandez-Verdun D. The nucleolus: a model for the 
organization of nuclear functions. Histochemical Cell Biology 
2006; 126 (2): 135-148. doi: 10.1007/s00418-006-0212-3

15.	 Zhong S, Zhang C, Johnson DL. Epidermal growth factor 
enhances cellular TATA binding protein levels and induces 
RNA polymerase I- and III-dependent gene activity. Molecular 
and Cellular Biology 2004; 24 (12): 5119-5129. doi: 10.1128/
MCB.24.12.5119-5129.2004

16.	 Grandori C, Gomez-Roman N, Felton-Edkins ZA, Ngouenet C, 
Galloway DA et al. c-Myc binds to human ribosomal DNA and 
stimulates transcription of rRNA genes by RNA polymerase I. 
Nature Cell Biology 2005; 7 (3): 311-318. doi: 10.1038/ncb1224

17.	 Derenzini M, Treré D, O’Donohue MF, & Ploton, D. Interphase 
nucleolar organiser regions in tumour pathology. Molecular 
Biology in Cellular Pathology 2003: 137.

18.	 Lorenzato M, Abboud P, Lechki C, Browarnyj F, O’Donohue 
MF et al. Proliferation assessment in breast cancer: a double-
staining technique for AgNOR quantification in MIB-1 positive 
cells especially adapted for image cytometry. Micron 2000; 31 
(2): 151-159. doi: 10.1016/s0968-4328(99)00072-4

19.	 Rakha EA, Allison KH, Ellis IO, Horii R, Masuda S et al. 
Invasive breast carcinoma: General overview. Breast tumours 
WHO classification of tumours. 5th Ed. Lyon: World Health 
Organization, 5 ed. Lyon IARC; 2019. p. 82-101

20.	 Helpap B, Knüpffer J, Essmann S. Nucleolar grading of renal 
cancer. Correlation of frequency and localization of nucleoli 
to histologic and cytologic grading and stage of renal cell 
carcinomas. Modern Pathology 1990; 3 (6): 671-678.

21.	 Liang Y, Zhang H, Song X, Yang Q. Metastatic heterogeneity of 
breast cancer: Molecular mechanism and potential therapeutic 
targets. Seminars in Cancer Biology 2020; 60: 14-27. doi: 
10.1016/j.semcancer.2019.08.012

22.	 Helpap B. Grading and prognostic significance of urologic 
carcinomas. Urologia Internationalis 1992; 48 (3): 245-257. doi: 
10.1159/000282345

23.	 Montanaro L, Treré D, Derenzini M. Changes in ribosome 
biogenesis may induce cancer by down-regulating the cell 
tumor suppressor potential. Biochimica et biophysica acta 
2012; 1825 (1): 101-110. doi: 10.1016/j.bbcan.2011.10.006



DUMAN ÖZTÜRK et al. / Turk J Med Sci

983

24.	 Bacalini MG, Pacilli A, Giuliani C, Penzo M, Treré D et 
al.The nucleolar size is associated to the methylation status of 
ribosomal DNA in breast carcinomas. BMC Cancer 2014; 22 
(14): 361. doi: 10.1186/1471-2407-14-361

25.	 Sloane JP, Amendoeira I, Apostolikas N, Bellocq JP, Bianchi S et 
al. Consistency achieved by 23 European pathologists from 12 
countries in diagnosing breast disease and reporting prognostic 
features of carcinomas. European Commission Working Group 
on Breast Screening Pathology. Virchows Arch. 1999; 434 (1): 
3-10. doi: 10.1007/s004280050297

26.	 Meyer JS, Alvarez C, Milikowski C, Olson N, Russo I et al. Breast 
carcinoma malignancy grading by Bloom-Richardson system 
vs proliferation index: reproducibility of grade and advantages 
of proliferation index. Modern Pathology: an official journal 
of the United States and Canadian Academy of Pathology, Inc,  
2005; 18 (8):1067-1078. doi: 10.1038/modpathol.3800388 

27.	 Rakha EA, Bennett RL, Coleman D, Pinder SE, Ellis IO et al. 
Review of the national external quality assessment (EQA) scheme 
for breast pathology in the UK. Journal of Clinical Pathology 
2017; 70 (1): 51-57. doi: 10.1136/jclinpath-2016-203800

28.	 Frierson HF Jr, Wolber RA, Berean KW, Franquemont DW, 
Gaffey MJ et al. Interobserver reproducibility of the Nottingham 
modification of the Bloom and Richardson histologic grading 
scheme for infiltrating ductal carcinoma. American Journal 
of Clinical Pathology 1995; 103 (2): 195-198. doi: 10.1093/
ajcp/103.2.195


	Nucleolus assessment in invasive breast carcinoma, an objective parameter for histological grading
	Recommended Citation

	tmp.1660308843.pdf.9w1pT

