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Abstract

Background

Breast cancer is the most prevalent cancer in women and the leading cause of cancer-related
mortality in females, according to the majority of cases that are diagnosed. The histological
type, grade, tumor size, lymph node status, estrogen and progesterone receptor status, and
epidermal growth factor receptor 2 (HER-2/neu) status all affect the prognosis and progress of
breast cancer. Because HER-2/neu is a proto-oncogene linked to a worse clinical result
whereas HER-2/positive is directly linked to a good prognosis, it is treated with hormone

therapy.

Obijectives
This study was designed to determine Nanog expression in different types of malignant breast

carcinomas. And to evaluate the immunohistochemical expression score of Nanog.

Material and Methods

It was a cross-sectional, descriptive study which was carried out in the department of pathology
LUMHS Jamshoro between September 2020 and august 2022. Patients of histopathological
diagnosed malignant breast neoplasms of which meet the inclusion criteria were taken into
consideration. Sample size of study was 329 and a non-probability convenient sampling
technique was used for sample selection. Histologic slides were inspected for confirmation of
diagnosis. Immunohistochemistry of Nanog was applied and its expressions were interrupted.
SPSS V.23 was used for data analysis The Chi-Square test was applied to associate the
significance ((P < 0.05).
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Results

In this study involving 329 breast cancer patients, the expression of the stemness gene Nanog
was investigated in relation to various clinicopathological factors. The findings revealed a
significant association between Nanog expression and age, tumor size, lymph node involvement,
estrogen receptor (ER) status, and progesterone receptor (PR) status (p < 0.05). Specifically,
the 20-40 age group exhibited higher Nanog expression, along with smaller tumor sizes (<2cm)
and absence of lymph node involvement. ER-positive and PR-positive cases also showed
elevated Nanog expression.

However, no significant correlation was observed between Nanog expression and histological
type of tumor, histological grade, HER2 status, molecular subtypes (Luminal A, Luminal B,
Her-2neu, Triple negative), or lymphovascular invasion (p > 0.05). These results suggest that
Nanog may serve as a potential biomarker for specific clinical characteristics in breast cancer
patients, contributing to our understanding of disease progression and treatment implications.
Conclusion

This study revealed a significant prevalence of Nanog expression in breast cancer cases,
indicating its common presence. The varying intensity and proportion of positive cells observed
across different grades suggest that Nanog staining may offer insights into tumor
aggressiveness. Although no significant correlations were found with specific variables,
Nanog's potential as a diagnostic, prognostic, and predictive marker in breast cancer warrants

further investigation.

Keywords: Nanog, Breast cancer ,Infiltrating ductal carcinoma, Immunohistochemical stain,
TNBC, ER, PR, HER2.
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Introduction

The most frequent cancer in women is breast cancer. There have been over 2.1 million new diagnoses recorded
globally. representing roughly one in four cancer cases in women [1,2]. In Pakistan, it occurs more often than
in Western and other Asian countries. According to recent research, the prevalence of breast cancer in women
varied from 20 to 50%, with a total prevalence of 31% and an unusually high level of heterogeneity with a
value of I 2 of 99.8% [3]. Higher prevalence of exogenous hormone intake, oral contraceptive use, hormone
replacement therapy, nutrition (alcohol intake), anthropometry (greater weight, weight gain during adulthood,
and body fat distribution), menstruation (early menarche, later menopause), reproduction (nulliparity, late age
at first birth, and fewer children), physical inactivity, low socioeconomic status, and lack of awareness

regarding the disease

The histologic type and grade, tumor size, lymph node status, estrogen receptor (ER), progesterone receptor
(PR), and epidermal growth factor receptor 2 (HER-2/neu) status all affect the prognosis and treatment of
breast cancer. While HER-2/neu is a proto-oncogene linked to a poorer clinical outcome and treated with
trastuzumab, positive hormone-responsive malignancies are more likely to have a better prognosis and respond
better to hormonal treatment. [21] The majority of patients still experience cancer recurrence and medication
resistance despite ongoing advancements in therapeutic setup. Recent research indicates that the development,
progression, metastasis, and recurrence of many kinds of tumors are all significantly influenced by cancer
stem cells (C-SCs). A cell inside a tumor that has the ability to self-renew and develop into malignant cells is
known as a C-SC. In order to overcome CSCs' resistance to chemo-radiation therapy in the future, it is

imperative to create innovative therapeutic techniques [4,5, 6, 7, 8, 18].

The similarities between CSCs and embryonic stem cells (ESC) suggest a shared mechanism for the
emergence of cancer [9, 10]. Early embryo self-renewal reactivation may be caused by a deregulated
proliferation molecular pathway [11]. For the maintenance of ESC pluripotency, Nanog is a crucial
multidomain homeobox transcription factor [13, 14]. The human Nanog gene, which can be found on
chromosomal region 12p13.31, produces a 305-amino acid protein that is localized to the nucleus and has a
conserved homeodomain motif. [15] It is well known that Nanog maintains pluripotent stem cells in their

undifferentiated form. [16] The essential protein Nanog controls the production of this pluripotent marker by
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binding to the Rex-1 promoter. Rex-1 expression is decreased in ESCs when Nanog is knocked down, but it

is increased when the protein is driven into expression. [17] Cancer stem cells' long-term self-renewal,

multipotency, and quiescence are supported by Nanog.

It has been suggested that Nanog overexpression is connected to breast cancer patients' resistance to hormone
or anticancer treatment. Transtuzumab also has an adverse association with the expression of ER/PR and Her2

receptors. Nanog has a function in carcinogenesis and influences tamoxifen resistance. [19]

Nanog-mediated reprogramming is hampered by Zmym2. Consistent outcomes across a variety of
reprogramming systems, including epiSCs, fibroblasts, and brain stem cells, employing gain and loss of
function experiments This supports findings from other research groups on RNAIi in human cell
reprogramming (22). Consequently, ZMY M2 may have a comparable function in the regulation of NANOG
in humans [20].

Reprogramming can induce somatic cells to revert to a pluripotent state, enabling self-renewal and
differentiation into adult organism germ layer cell types. NANOG's overexpression, triggered by factors such
as retinoic acid or removal of leukemia inhibitory factor, inhibits embryonic stem cell development, causing
rapid differentiation [24]. Its critical role in embryonic stem cells underscores its significance for self-
regeneration [25]. In a majority of cases, NANOG is exclusively expressed in early embryonic and germline
stem cells, contrasting with the predominant expression of OCT4 in pluripotent cells like epiblasts and
germline stem cells [26,27]. Abundant NANOG and OCT4 expression has been noted in various cancers,
including breast cancer [28], where their simultaneous suppression was found to reverse epithelial-
mesenchymal transition (EMT) and impede lung adenocarcinoma cell dissemination [21]. NANOG's role in
oncogenesis is evident through its involvement in the deregulation of factors like FoxJ1 and E-cadherin,
influencing cell migration and invasion, as observed in ovarian cancer [29]. Investigations into NANOG's
mechanism of action have unveiled its interactome and provided deeper insights into its function within the

pluripotency family [30]
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Material and Methods

This study was conducted over 2 years at the Department of Pathology, Liaquat University of Medical &
Health Science Jamshoro, and LUMHS Diagnostic & Research Lab Hyderabad. It followed a cross-sectional
descriptive design with a sample size of n=329 determined using open epi software calculator, considering a
reference prevalence of 31% for Invasive Ductal Carcinoma in Pakistan, a 95% confidence interval, and a 5%
margin of error. Purposive sampling, a non-probability conventional technique, was employed. Patients
diagnosed with invasive ductal carcinoma after breast surgery were included, excluding those who underwent
neoadjuvant treatment. Data collection involved obtaining demographic information with informed and
written consent from patients or next of kin, aligning with the established inclusion criteria. Exclusion criteria
ensured the integrity of the study's findings, excluding cases with certain biopsy specimen characteristics.

Ethical approval was obtained from the review committee.

Procedure

The process of histopathological examination involved meticulous steps. Patient details, including name, age,
and registration number, were cross-referenced with biopsy forms. Biopsy numbers and codes were matched
with specimen containers. The forms were carefully reviewed to gather medical history, clinical, radiological,

and intraoperative findings, along with the surgeon's provisional diagnosis.

Specimens, primarily total Breast Mastectomy cases, were grossly examined following established protocols.
Size, shape, color, consistency, and integrity were noted. Upon cutting, sections were taken for cassettes, and
the cut surface was described. Fixation involved 24 hours in formalin, with additional fixation for poorly fixed
or fragile surfaces.

Tissue processing achieved uniform consistency for cutting via clearing, dehydrating, and embedding. An
automated tissue processor was used for processing, followed by embedding in paraffin blocks. Subsequent
sectioning using a manual microtome yielded thin paraffin sections, which were floated on water, dried, and
placed on glass slides.

For morphological diagnosis, Hematoxylin and Eosin (H&E) staining was conducted. Steps included
dewaxing, hydration, staining with Hematoxylin and Eosin, bluing, eosin staining, dehydration, and clearing.

The process culminated in mounting with DPX, enabling comprehensive tissue evaluation.
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Diagnosis

H&E stained slides were viewed under microscope starting from low magnification as 4x or 10x and to get an
overview of the tissue sample and identify areas of interest. Then, move to higher magnification (e.g., 20X,
40x, or 100x) to assess cellular details as type of breast carcinoma as per WHO criteria. Histologic grading
and staging were done for more accurate diagnosis and representative areas were marked for

immunohistochemistry.

Immuno-Histochemistry

It is a specialized technique which selectively detect antigens present in tissue cells by manipulating the
principle that antibodies directly bind to antigens in biological tissues. In this study Anti Nanog Antibody
Rabbit monoclonal (EPR2027) has been used.

All of these cases were performed with a negative and positive control on the sample size of 329 cases with 5
cases per batch, these batches were formed for the stratification and simplification of the study. Positive control
kit for Nanog was human Seminoma tissue labeling Nanog with purified ab109250 at 1/100. Our negative
control was the tissue that the primary antibody did not shed. The nuclear staining was observed and scored.
The controls guaranteed that the procedure of IHC is optimized and results are effective on the test tissue. The
IHC procedure comprised several steps. Tissue positioning on DAKO IHC MICROSCOPIC slides, obtained
through microtome cutting. A secondary antibody, Ab97051, was applied (1/200). Tissue underwent
dewaxing, followed by antigen retrieval using a high pH Envision FLEX Target Retrieval Solution (pH 9.0).
After cooling, slides were washed using DAKO ENVISON FLEX washing buffer pH7.6 (20x). Subsequently,
peroxidase blocking with DAKO Envision FLEX solution, primary antibody application (Anti-Nanog
antibody), and secondary antibody (Envision FLEX horseradish peroxidase) were carried out. Chromogen
(DAB) application, counterstaining with hematoxylin, and mounting with DPX and a DAKO cover glass

concluded the process.

The expression of Nanog was interpreted by nuclear staining in neoplastic cells. This is further scored for
intensity and proportion. This interpretation was done by two pathologists at different times to ensure

uniformity in results and to remove any bias.

The Nanog expression status will be assessed using the Allred scoring method, which incorporates both the

proportion of positive cells and staining intensity. Staining intensity will be categorized as follows: 0 for
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Negative, 1 for Weak, 2 for Moderate, and 3 for Strong. Meanwhile, the proportion of positive cells will be

evaluated on a scale of 0 to 4, with 0 representing Negative staining, 1 indicating <25% Positivity in neoplastic
cells, 2 reflecting >25-<50% Positivity, 3 denoting >50-<75% Positivity, and 4 representing >75% Positivity
in neoplastic cells. This comprehensive approach will provide a nuanced understanding of the Nanog

expression levels in each instance.

Total Score:

Finally, score of both intensity and proportion will be combined These two scores were multiplied to calculate
the IRS, which ranged from 0-12 as follows: 0-3 as low expression or 4-12 as high expression. According to
this method of assessment, staining scores <4 and >6 were regards as tumors with low and high expression,

respectively.

Data Analysis

Statistical package for social sciences for windows (SPSS) V: 26.0 was used for data analysis. Qualitative
tests were carried out to determine the frequency of Histological group and type, specimen type, specimen
integrity, tumor grade, stage and positive or negative expressions of Nanog. They were expressed as number
and percentage (No & %). The mean and standard deviation (X £ SD) of quantitative data (age) were used.
The Chi square test was applied to determine the association of expression of Nanog with grade and stage. p

value equals 0.05 was considered significant.

Results
Table 1
Nanog Nanog
Positive Negative
Expression Expression P-value
Variable Category Frequency Percent N=224 N=105
<0.05
Age of the patient 20to 40 142 43.0 77 65
41 to 60 132 40.0 92 40
61 to 80 55 16.7 44 11
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>0.05
Histological type of 200 114
Tumor invasive ductal ca 314 95.2
invasive lobular ca 9 2.7 8 1
metaplastic ca 5 15 4 1
mucinous ca 1 0.3 1 0
Histological grade of the >0.05
Tumor grade 1 2 0.6 2 0
grade 2 163 49.4 102 61
grade 3 157 47.6 103 54
poorly differentiated
carcinoma 7 2.1 6 1
Size of tumor <2cm 140 42.4 82 58 <0.05
2to5cm 118 35.8 77 41
>5cm 71 215 54 17
N stage pNX, pNO 247 74.8 143 104 <0.05
pNla 51 15.5 42 9
pN2a 25 7.6 22 3
pN3a 6 1.8 6 0
ER positive 182 55.2 126 56 <0.05
negative 147 44.5 87 60
PR positive 147 44.5 103 44 <0.05
negative 182 55.2 110 72
Her2neu positive 205 62.1 132 73 >0.05
negative 124 37.6 81 43
>0.05
Molecular subtypes Luminal A 59 17.9 42 17
Luminal B 118 35.8 79 39
Her-2neu 90 27.3 58 32
Triple negative 62 18.8 34 28
Lymphovascular >0.05
invasion present 69 20.9 49 20
absent 260 78.8 164 96
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Figure 1

In this study we observed there is a statistically significant association between Nanog expression and
patients in the age group 20 to 40 (p < 0.05).Nanog expression does not show a statistically significant
association with patients in the age groups 41 to 60 and 61 to 80 (p > 0.05).Nanog expression is not
statistically significantly associated with different histological types of tumors, including invasive ductal
carcinoma, invasive lobular carcinoma, metaplastic carcinoma, and mucinous carcinoma (all p > 0.05).

Nanog expression does not exhibit a statistically significant association with various histological grades of
tumors, including grade 1, grade 2, grade 3, and poorly differentiated carcinoma (all p > 0.05).

There is a statistically significant association between Nanog expression and tumor size less than 2cm (p <
0.05). Nanog expression does not show a statistically significant association with tumor sizes of 2 to 5 cm
and greater than 5 cm (both p > 0.05).
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Nanog expression is statistically significantly associated with lymph node involvement in stages pNX and
pNO (p <0.05).No statistically significant association is observed between Nanog expression and lymph node

involvement in stages pN1a, pN2a, and pN3a (all p > 0.05).

There is a statistically significant association between Nanog expression and positive ER status (p <
0.05).Nanog expression does not exhibit a statistically significant association with negative ER status (p >
0.05).There is a statistically significant association between Nanog expression and positive PR status (p <
0.05).Nanog expression does not show a statistically significant association with negative PR status (p >
0.05).Nanog expression is not statistically significantly associated with positive or negative Her2neu status
(both p > 0.05).Nanog expression does not exhibit a statistically significant association with different
molecular subtypes, including Luminal A, Luminal B, Her-2neu, and Triple Negative (all p > 0.05).Nanog
expression does not show a statistically significant association with the presence or absence of

lymphovascular invasion (both p > 0.05).

Discussion

The study calculated the mean age of breast cancer patients to be around 42.45 years, with a notable
prevalence of cases in the 20-40 years age group (43.0%). This aligns with the findings of Al-Thoubaity et
al. [31] who reported a higher prevalence of cases in individuals under 50 (59%). However, other studies like
Rechsteiner et al. [32] indicated a higher mean age of diagnosis (61.3 years), while Han et al. [33] reported
a mean age of 60.99 years. Couture et al. [34] observed a higher prevalence of cases in individuals over 50
(70.4%). study identified Luminal B subtype as the most prevalent (36.1%). This finding contradicts Couture
et al. [34] where Luminal A was predominant (46.1%), while Han et al. [33] reported Luminal A as the most

prevalent (70.7%). Al-Thoubaity et al. [31] did not specify subtype prevalence.

Invasive ductal carcinoma was the most common histological tumor type (95.5%), followed by lobular
carcinoma (2.7%), metaplastic carcinoma (1.5%), and mucinous carcinoma (0.3%). Al-Thoubaity et al. [31]
reported a slightly lower prevalence of invasive ductal carcinoma (85%) and higher prevalence of invasive
lobular carcinoma (11.4%). Couture et al. [34] did not mention specific histological types. Histological grade

2 tumors were found to be more prevalent (49.4%), similar to Han et al. [33] with a prevalence of 42.2%. Al-
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Thoubaity et al. [31] reported grade 1 at 37.1%, grade 2 at 32.5%, and grade 3 at 29.4%. The discrepancy in

grade distribution across studies suggests potential regional or demographic variations. The protein
expression of NANOG was predominantly observed in the nucleus of breast cancer cells, with a lesser
presence in the cytoplasm. Notably, NANOG expression was higher in tumor tissues compared to matched
normal tissues. This elevated expression correlated strongly with advanced disease progression, lymph node
metastases, lack of differentiation, and shorter overall survival times [35] This study showed the prevalent
expression of Nanog in 224 cases of breast cancer while Nagata et al expressed only in a small percentage of
breast cancer 29 cases. Our study and Nagata et al. [35], indicate a significant correlation between age
categories and NANOG expression. our study and Nagata et al. [35], both show no significant correlation
between NANOG expression and histological type of tumor. While our study finds a significant correlation
between Size of Tumor and ER/PR Status, N stage and NANOG expression, and Nagata et al[35], does not
provide specific information about this relationship. Emadian et al. [37] observing it in 55.8% of tumor
samples, similar to our findings. Likewise, Finicelli et al. [39] reported Nanog expression in 44.5% of breast
cancer patients. In contrast, Ezeh et al. [36] found no expression, and Nagata et al. [35] noted minimal

expression (9.8%).

Our study and Emadian et al. [37], found significant correlation between age group "20 to 40" has a higher
frequency of positive Nanog expression, tumors with a size less than 2cm (" <2cm™), Both sources indicate
that cases with no lymph node involvement ("pNX, pNO0") have a higher frequency of positive Nanog

expression.

Our results display a distribution of Nanog expression across different molecular subtypes: Luminal A,
Luminal B, Her-2neu, and Triple Negative. The Emadian et al[37],study does not directly show molecular
subtype data for Nanog expression, making a direct comparison challenging. our results suggest no
significant association between lymphovascular invasion and Nanog expression. while Emadian et al. [37],

study also reports no significant difference in Nanog expression related to lymphovascular invasion.

Although Nanog expression was reported in 44.5% of breast cancer patients by Finicelli et al. [39], neither

they nor Jin et al. [40] discovered an age-related trend. However, a strong correlation between Nanog
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expression and higher tumor grades (grade 2 and grade 3) was noted by our study and echoed by Emadian et
al. [37], Finicelli et al. [39], and Wang et al. [38]. This suggests Nanogs potential linkage to aggressive

disease states and tumor differentiation status.

Importantly, the consensus among all studies, including ours, underlines the significant potential of Nanog
as a biomarker beyond traditional clinicopathological variables. Nanog's implications span disease
aggressiveness, prognosis, and even potential therapeutic applications. The need for further research to
validate Nanog's role and therapeutic potential is acknowledged by all, emphasizing the ongoing importance
of understanding Nanog's impact on breast cancer [35,36,37,38,39,40].

Collectively, these findings contribute to the mounting evidence that Nanog holds significance as a biomarker
for breast cancer aggressiveness, hormone resistance, and prognosis, extending beyond conventional clinical
parameters. However, further research is imperative to establish its precise role and therapeutic utility in
breast cancer [35,36,37,38,39,40].

Conclusion:

In this study, we delved into the expression of Nanog and its relationship with various clinicopathological
parameters in patients with cancer. Our analysis aimed to decipher the significance of Nanog expression

across different demographic and tumor-related factors.

Our findings revealed intriguing insights into the association between Nanog expression and several
clinicopathological parameters. Notably, Nanog expression demonstrated a statistically significant

correlation with certain parameters while maintaining its neutrality with others.

The age of the patient emerged as a discriminating factor, with a statistically significant link observed
between Nanog expression and patients aged 20 to 40. However, this significance diminished for patients in
the age groups of 41 to 60 and 61 to 80. This intriguing trend suggests that Nanog expression might have a

more pronounced impact on younger patients, warranting further investigation.

Intriguingly, the size of the tumor also emerged as a significant factor. Nanog expression exhibited a

substantial association with tumors smaller than 2cm, hinting at its potential role as an early indicator of
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tumor development. Conversely, Nanog expression did not display any significant ties with tumors ranging

from 2 to 5 cm or larger than 5 cm.

Lymph node involvement, a crucial aspect of cancer progression, demonstrated a clear relationship with
Nanog expression. A significant correlation was evident between Nanog and lymph node stages pNX and

pNO, suggesting its possible involvement in tumor metastasis.

The status of estrogen receptors (ER) and progesterone receptors (PR) exhibited separate dynamics in relation
to Nanog expression. Statistically significant associations were identified between Nanog expression and
positive ER and PR statuses. This observation suggests that Nanog might be entwined with hormonal
signaling pathways. Contrastingly, certain parameters such as histological type, histological grade, Her2neu
status, molecular subtypes, and lymphovascular invasion did not exhibit any statistically significant
correlation with Nanog expression. These findings prompt us to explore the intricate mechanisms behind
these relationships and decipher the underlying molecular interactions. our study offers valuable insights into
the intricate interplay between Nanog expression and clinicopathological parameters in cancer patients. This
research underscores the potential of Nanog as a prognostic and diagnostic biomarker, especially in relation
to patient age, tumor size, lymph node involvement, and hormone receptor status. However, the non-
significant associations emphasize the need for comprehensive investigations to unravel the complex role of
Nanog in cancer progression. This study forms a stepping stone for future research endeavors that delve

deeper into Nanog's molecular intricacies and its promising implications for cancer management.

Strenghts Of Study

Large Sample Size: Inclusion of a substantial number of patients enhances statistical power and

generalizability.
Robust Statistical Analysis: Utilization of appropriate tests like chi-square enhances reliability of findings.

Comprehensive Data Collection: Collection of diverse breast cancer-related factors provides a

comprehensive examination.

Representative Tumor Characteristics: Inclusion of varied histological types, grades, and sizes improves

external validity.

Multifactorial Assessment: Evaluation of Nanog expression across multiple factors contributes to a holistic
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understanding of its role in breast cancer.

Limitations Of Study

Despite assessing different clinicopathological features with the expression of Nanog, in this study, the
prognosis of these patients could not be determined. Due to limited time duration, the follow up of all the
patients with normal and aberrant Nanog expression could not be done. A longer follow-up period would
allow for a more comprehensive assessment of outcomes, including recurrence rates, survival rates, and

treatment responses.

Limited diversity as specific demographics or geographic regions, leading to limited diversity in the patient
population. This can impact the external validity of the study results and limit their applicability to a more

diverse population.

Future Recommendations

Conduct longitudinal studies to investigate Nanog expression's long-term impact on breast cancer outcomes,
recurrence, and overall survival through follow-up assessments. Collaborate with multiple centers to expand

sample size and enhance generalizability, assessing Nanog expression variations across diverse populations.

As well as conduct functional studies to uncover Nanog's molecular mechanisms impacting breast cancer

progression, metastasis, and treatment response.

Study the link between Nanog expression and treatment response, examining potential resistance to therapies

like hormonal treatment or targeted agents.

Lastly explore therapeutic strategies targeting Nanog, assessing effects of inhibition or silencing on tumor

growth, metastasis, and treatment response in vitro and in vivo.
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