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Abstract 

Introduction: Adenomyosis, a prevalent gynecologic condition involving invasion of endometrial 

tissue into the myometrium, remains poorly understood in terms of its molecular pathogenesis. 

Numb, an important regulator of cellular destiny and stem cell maintenance, has been implicated 

in numerous proliferative diseases; however, no role for Numb in adenomyosis has been explored 

to date. This research examines the degree to which Numb protein may play a role in adenomyosis 

pathogenesis by regulating the regulation of endometrial and myometrial cells. Design: This study 

analyzed Numb protein expression in tissues from 21 adenomyosis patients and 14 controls using 

immunohistochemistry. Numb levels were evaluated in eutopic endometrium, ectopic lesions, and 

myometrium. Results: Compared to controls (p <0.001), adenomyosis patients’ eutopic 

endometrium and myometrium showed considerably higher levels of numb expression. It was 

predominantly observed in single cells rather than clusters. No significant variation was noted 

across menstrual cycle phases. Elevated Numb levels in the myometrium suggest a potential role in 

tissue invasion. Conclusion: This study presents new evidence of elevated Numb expression in 

adenomyosis, suggesting that it may play a part in the pathophysiology of the disease and that it is 

a useful marker for dysregulation of endometrial stem cells. 

Keywords: Adenomyosis; Numb Protein; Endometrial Stem Cells; Myometrium; 

Immunohistochemistry; Pathogenesis 

 

1. Introduction 

Adenomyosis is a benign gynecological condition characterized by the presence of ectopic 

endometrial glands and stroma within the myometrium, often associated with uterine enlargement, 

dysmenorrhea, menorrhagia, and chronic pelvic pain [1,2]. The condition affects approximately 20-

35% of women of reproductive age, with a higher prevalence in women aged 40-50 years [3,4]. 

Despite its significant impact on quality of life, including physical, emotional, and social well-being, 

adenomyosis remains underdiagnosed and poorly understood. The exact etiology and pathogenesis 

of adenomyosis are still unclear, although several theories have been proposed, including 
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invagination of the basalis endometrium into the myometrium, metaplasia of displaced embryonic 

cells, and dysregulation of endometrial stem cells [5–8]. 

The most consensual population of cells thought to be endometrial stem cells is called the 

endometrial side population (ESP), which generates all tissues needed in the normal endometrium 

throughout its menstrual life cycle [9,10]. These cells are believed to play a critical role in endometrial 

regeneration and repair, and their dysregulation has been implicated in the pathogenesis of various 

gynecological disorders, including adenomyosis, endometriosis, and endometrial cancer [9,11–13]. 

The Gargett group stated that “the study of ESP cells may provide a breakthrough in understanding 

not only the physiology of the endometrium but also the pathophysiology of endometrial neoplastic 

disorders such as endometriosis and endometrial cancer” [9]. Endometrial stem cells may be 

identified by several markers, including Numb [13,14]. 

Numb is a membrane-associated protein with a primary function in cell differentiation as an 

inhibitor of Notch signaling, which is essential for maintaining self-renewal potential in stem and 

progenitor cells [15,16]. Notch is a transmembrane signaling receptor activated by 

Delta/Serrate/LAG-2 (DSL) family ligands [17,18]. Beyond its role in cell differentiation, Numb has 

been implicated in tumor suppression through its ability to regulate Notch and tumor protein p53 

(TP53) [19]. Specifically, Numb binds and inhibits the E3-ligase Mdm2 (E3 ubiquitin-protein ligase 

Mouse double minute 2 homolog), which is responsible for TP53 ubiquitination and degradation 

[20,21]. Additionally, Numb plays a role in cell adhesion through its involvement in endosomal 

trafficking of transmembrane receptor proteins [22–24]. It has been reported to localize in Rab11+ 

recycling endosomes containing cadherin and to physically interact with the cadherin/catenin 

complex via its phosphotyrosine-binding domain (PTB) and C-terminal domains [25,26] Notably, 

Numb may also have a functional relationship with Syndecan-1, a heparan sulfate proteoglycan 

involved in cell adhesion and signaling [27,28]. In our previous study, the downregulation of 

Syndecan-1 in adenomyotic patients suggested a potential role in promoting the invasiveness of 

endometriotic clusters within the myometrium [29]. However, further studies are needed to elucidate 

the mechanistic contribution of Syndecan-1 to the pathogenesis of adenomyosis. 

Despite these insights into the multifaceted roles of Numb, its expression status and cellular 

functions in adenomyosis remain largely unexplored. Given the emerging role of endometrial stem 

cells in the pathogenesis of adenomyosis and their potential relevance as a future therapeutic target, 

this study aims to demonstrate, for the first time, the expression of Numb in human adenomyosis 

tissue. By elucidating the role of Numb in adenomyosis, this research may contribute to a better 

understanding of the disease’s molecular mechanisms and pave the way for novel therapeutic 

strategies. 

2. Materials and Methods 

2.1. Ethical Approval 

This study was conducted in accordance with the principles of the Helsinki Declaration and 

received approval from the Institutional Review Board (IRB). Ethical clearance was granted by the 

local ethics committee (registration no. 1IX Greb, initially approved on September 19, 2001, and 

renewed on December 6, 2012; Ethikkommission der Ä rztekammer Westfalen-Lippe und der 

Medizinischen Fakultät der WWU). Written informed consent was obtained from all participants 

prior to their inclusion in the study. All relevant clinical data were collected from patient records and 

documented systematically to ensure accuracy and confidentiality. 

2.2. Sample Collection 

Adenomyosis lesions (ectopic endometrium) and corresponding eutopic endometrium were 

collected between 2016 and 2017 at the Department of Gynecology and Obstetrics, Münster 

University Hospital. Samples were obtained from 21 premenopausal women aged 30–53 years (mean 

age: 42 years) who underwent hysterectomy for benign gynecological conditions (Table 1). 
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All participants were carefully screened for coexisting uterine pathology. Patients with 

coexisting uterine fibroids were excluded from the adenomyosis group but included in control group 

to eliminate potential confounding effects on endometrial function and Numb expression. This 

exclusion criterion was implemented because uterine fibroids, while not considered an endometrial 

disorder per se, can significantly impact normal endometrial functioning through altered uterine 

blood flow, mechanical compression, and hormonal influences that could potentially affect stem cell 

marker expression patterns. The presence of fibroids could therefore confound the interpretation of 

Numb expression differences between adenomyosis and control groups. 

Table 1. Clinical Characteristics and Symptomatology of Adenomyosis and Control Groups. 

Variable Adenomyosis Group (n=21) Control Group (n=14) 

Age (years) 42.1 ± 6.2 43.4 ± 9.1 

Gravidity (G) 1.9 ± 2.1 1.8 ± 1.6 

Parity (P) 1.3 ± 1.5 1.2 ± 1.3 

Cycle Phase 

Proliferative 17 (81.0%) 11 (78.6%) 

Secretory 3 (14.3%) 3 (21.4%) 

Atrophic 1 (4.8%) 0 (0%) 

Symptoms 

Dysmenorrhea 12 (57.1%) 6 (42.9%) 

Hypermenorrhea 8 (38.1%) 5 (35.7%) 

Dyspareunia 7 (33.3%) 4 (28.6%) 

Dysuria 6 (28.6%) 3 (21.4%) 

Dyschezia 4 (19.0%) 3 (21.4%) 

Chronic abdominal pain 7 (33.3%) 2 (14.3%) 

Menometrorrhagia 3 (14.3%) 4 (28.6%) 

Anemia 2 (9.5%) 0 (0%) 

Premenstrual syndrome 1 (4.8%) 0 (0%) 

CIN III 0 (0%) 1 (7.1%) 

Hysterectomy specimens were meticulously examined through multi-slicing across various 

regions to macroscopically identify adenomyosis lesions in cases with clinical suspicion of the 

condition. Only patients with histopathologically confirmed adenomyosis were included in the 

study. Adenomyosis was defined histopathologically by the presence of endometrial glandular and 

stromal cells located at least 2.5 mm beneath the endometrial-myometrial junction, accompanied by 

surrounding myometrial hyperplasia and hypertrophy [30]. Patients with coexisting pathological 

conditions, such as genital tumors or other endometrial disorders, were excluded. Additionally, 

participants were not undergoing hormone therapy at the time of or prior to sample collection. For 

the control group, endometrial specimens were collected from 14 reproductive-aged women who 

underwent hysterectomy for benign gynecological conditions unrelated to endometrial disease. 

For this study, endometrial tissue analysis encompassed the entire endometrial thickness 

available in the hysterectomy specimens without separate analysis of functional and basal layer 

compartments. This methodological approach was selected based on several considerations. The 

primary objective was to establish the overall expression pattern of Numb in adenomyosis versus 

control endometrium as an initial investigation. Given the technical challenges of consistently 

identifying and separating functional and basal layers in hysterectomy specimens, particularly in 

adenomyosis cases where tissue architecture is often disrupted, a whole-endometrium analysis 

approach was deemed more reproducible and less prone to sampling bias. While endometrial 

stem/progenitor cells are known to reside primarily in the basalis layer and luminal epithelium, and 

differential Numb expression between these compartments would be of interest, such layer-specific 

analysis would require larger sample sizes and specialized tissue processing protocols including laser 

capture microdissection or carefully oriented tissue sectioning to ensure accurate anatomical 
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localization. The current study design prioritized establishing baseline Numb expression patterns 

across the entire endometrial compartment, with layer-specific analysis recommended for future 

investigations. 

To ensure hormone-free tissue samples and eliminate potential hormonal influences on Numb 

expression, participants with any history of hormonal therapy were excluded from the study. 

Specifically, patients who had received GnRH agonist therapy, oral contraceptive pills, other 

hormonal contraceptives, or depot medroxyprogesterone acetate injections were excluded regardless 

of the time since discontinuation. This exclusion criterion was implemented to eliminate any potential 

confounding effects of exogenous hormonal influences on endometrial tissue and Numb expression 

patterns. All participants confirmed they had never received hormonal therapy or were not 

undergoing any form of hormone therapy at the time of sample collection, ensuring that the study 

population consisted entirely of hormone-naive individuals. 

Endometrial tissues from both groups were classified into proliferative and secretory phases 

based on histopathologic criteria established by Noyes et al., 1975. In the adenomyosis group, 17 cases 

were classified as proliferative phase, three as secretory phase, and one as atrophic endometrium. In 

the control group, 11 cases were in the proliferative phase, and three were in the secretory phase 

(Table 1). 

2.3. Immunohistochemistry 

Tissue specimens were fixed in 10% neutral-buffered formalin and embedded in paraffin 

according to standard protocols established by the Institute of Pathology at Münster University 

Hospital. Consecutive 3 μm sections were cut from the paraffin blocks and mounted onto poly-L-

lysine-coated glass slides. The sections were dried overnight, deparaffinized in xylene, and 

rehydrated through a graded ethanol series. 

Antigen retrieval was performed using a target retrieval solution (pH 6.0, DAKO, Glostrup, 

Denmark) in a steamer for 35 minutes, followed by three washes in phosphate-buffered saline (PBS). 

Endogenous peroxidase activity was blocked by incubating the sections with a peroxidase-blocking 

solution (DAKO, Glostrup, Denmark) for 10 minutes. To reduce nonspecific binding, sections were 

further blocked with 10% bovine serum albumin (BSA, Aurion, DAKO) for 30 minutes at room 

temperature. 

After blocking, sections were incubated with primary antibody. For Numb protein detection, a 

rabbit polyclonal anti-Numb antibody (1:70 dilution, Santa Cruz Biotechnology) diluted in DAKO 

Real Antibody Diluent was applied. Negative controls were prepared by omitting the primary 

antibody. Incubation was carried out for 1 hour at room temperature. 

Following primary antibody incubation, sections were washed three times in PBS (5 minutes 

each). Secondary antibody detection was performed using the EnVision system (anti-rabbit, DAKO) 

for 30 minutes at room temperature. After another series of PBS washes (three times for 5 minutes 

each), the immunohistochemical signal was developed using AEC substrate chromogen (3-amino-9-

ethylcarbazole, DAKO) for 6 minutes at room temperature, according to the manufacturer’s 

instructions. 

Sections were briefly rinsed in PBS, counterstained with Mayer’s hematoxylin (Merck, 

Darmstadt, Germany) for nuclear staining, and mounted in GelTol Aqueous Mounting Medium 

(Immunotech). 

2.4. Microscopic Evaluation 

Light microscopic evaluation was independently conducted by two blinded observers (WS and 

MGI) to ensure objectivity and minimize bias. Microscopic analysis was performed using a Zeiss 

Axiophot 100 microscope equipped with a CCD camera and Axiovision software (Zeiss, Göttingen, 

Germany). Staining intensity and distribution were assessed at 200× magnification for each stained 

section. Positive controls (monkey brain tissue [32], kindly provided by Prof. S. Schlatt, CeRA 

Münster) and negative controls (sections incubated without primary antibody) were included in each 
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run to validate the staining protocol and ensure specificity. Only samples with unambiguous staining 

results were included in the final analysis [14]. 

2.5. Evaluation System and Scoring for Numb Expression 

Numb expression was evaluated using a standardized scoring system based on the following 

criteria [14]: 

• Staining Localization: Diffuse cytoplasmic staining was assessed separately for glandular 

epithelial cells, stromal cells, and smooth muscle cells. 

• Staining Intensity: A two-point scoring scale was used: 0: Negative staining (no detectable 

signal), and 1: Positive staining (detectable signal). 

• Quantification of Positively Stained Cells: Positively stained cells were counted per high-

power field (HPF) at 200× magnification. Positively stained cells were further categorized into: 

Single cells: Individual positively stained cells, and Cell nests: with Foci of ≥ 3 positively stained 

cells per HPF. 

• Inclusion Criteria: Only samples with clear and unambiguous staining patterns were included 

in the final analysis to ensure reliability and reproducibility. 

2.6. Statistical analyses 

The data analysis was performed using SPSS Statistics, version 20.0 software, (Armonk, NY: IBM 

Corp). Qualitative variables were described by numbers and percentages. The normality of the 

distribution of variables was tested using the Kolmogorov-Smirnov test. Quantitative data were 

presented as range (minimum-maximum), mean ± standard deviation (SD), and median. For Numb 

differences in expression among groups, non-parametric tests were applied as its data did not satisfy 

normal distribution. The Kruskal–Wallis test was used for comparisons involving more than two 

groups, and the Mann–Whitney U test was used for pairwise comparisons. A p-value < 0.05 was 

considered statistically significant. 

3. Results 

The age distribution in both premenopausal groups (range: 30–53 years) showed no significant 

difference, with a mean age of 42.1 ± 6.2 years in the adenomyosis group and 43.4 ± 9.1 years in the 

control group (p = 0.56). Similarly, no significant differences were observed in gravidity (1.9 ± 2.1 vs. 

1.8 ± 1.6, p = 0.87) or parity (1.3 ± 1.5 vs. 1.2 ± 1.3, p = 0.92) between the adenomyosis and control 

groups. Specifically, the proportion of nulliparous and multiparous patients did not differ 

significantly between the two groups. 

3.1. Expression and localization of Numb protein 

The specificity of the Numb antibody was confirmed by the diffuse cytoplasmic staining pattern 

observed in positive control samples derived from monkey brain tissue (Figure 1A). In the study 

samples, Numb protein expression was evaluated across different tissue compartments, including 

the endometrial glands, stromal cells, and myometrium. In the eutopic endometrium, Numb 

exhibited a diffuse cytoplasmic staining pattern in both the luminal epithelium and stromal cells, as 

illustrated in Figure 1A. This suggests that Numb is constitutively expressed in the normal 

endometrial tissue, potentially playing a role in maintaining cellular homeostasis. In contrast, within 

the myometrium of adenomyosis patients, Numb expression was also observed, with distinct 

staining patterns in both single cells and cell nests (Figure 1B-D). This indicates that Numb may be 

involved in the pathological processes associated with adenomyosis, particularly in the ectopic 

endometrial tissue. 
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Figure 1. Immunohistochemical staining of Numb in endometrial and myometrial tissues. (A) Representative 

image showing positive control staining of Numb in the eutopic endometrium, with diffuse staining observed 

in the luminal epithelium and stroma. (B–D) Representative images showing Numb expression in the 

myometrial tissue of three different adenomyosis patients, highlighting its distribution within the affected 

regions. These three images are included to demonstrate the consistency of Numb expression patterns across 

different patient samples and to illustrate the reproducibility of our findings. In Figure panels 1C/D, the white 

balance/background setting was adjusted to match the remaining figure panels. No non-linear adjustments were 

performed. 

Further analysis revealed Numb expression in the ectopic endometrium, with single cell staining 

observed in the glandular epithelium (Figure 2A) and cell nest staining in the stroma (Figure 2B). 

The presence of cell nests, defined as foci of ≥ 3 positively stained cells per high-power field, suggests 

a potential role for Numb in cell clustering or proliferation within ectopic lesions. Additionally, in 

the myometrium of adenomyosis patients, Numb expression was detected in both single cells and 

cell nests (Figure 2C), further supporting its involvement in the disease pathology. 
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Figure 2. Immunohistochemical staining of Numb in ectopic and myometrial tissues of adenomyosis 

patients. (A) Numb expression observed as a single positive cell in the ectopic endometrium (arrow) (B) Numb 

expression detected as a cluster of positive cells (cell nest) within the stromal compartment of ectopic 

endometrial tissue. (C) Numb expression in the myometrium, appearing both as individual positive cells and as 

clustered cell nests. In Figure Panel 2A, the white balance/background setting was adjusted to match the 

remaining figure panels. No non-linear adjustments were performed. 

3.2. Numb Expression in Human Endometrium and Myometrium 

Following the analysis of Numb localization, we evaluated its expression using a standardized 

scoring system [14]. In the glandular epithelium, Numb protein expression as single cells/HPF was 

significantly increased in both the ectopic (p = 0.015) and eutopic (p < 0.001) endometrium of 

adenomyosis patients compared to the control group (Figure 3A). Numb expression was also higher 

in the eutopic endometrium than in the ectopic endometrium, although this difference did not reach 

statistical significance (p = 0.072). In the stromal compartment, Numb expression showed a 

statistically significant increase in the eutopic endometrium compared to both the ectopic 

endometrium (p = 0.042) and the control group (p < 0.001). These findings suggest that Numb is more 

prominently expressed in the eutopic endometrium, particularly in the stromal cells, which may 

reflect its role in maintaining endometrial homeostasis or contributing to disease pathology. 

Evaluation of Numb expression in cell nests revealed distinct patterns across the groups (Figure 

3B). No Numb-positive cell nests were detected in the glandular epithelium of the control group. In 

contrast, Numb expression in the glandular epithelium of the eutopic endometrium was significantly 

higher than in the ectopic endometrium (p = 0.038). In the stroma, the number of Numb-positive cell 

nests was significantly higher in the eutopic endometrium compared to the control group (p = 0.009), 

but no significant difference was observed between the eutopic and ectopic endometrium (p = 0.259). 

Although Numb expression in the ectopic endometrium was increased compared to the control 

group, this difference did not reach statistical significance (p = 0.112). 

Numb-positive cells were significantly increased in the myometrium of adenomyosis patients 

compared to the control group, both as single cells/HPF (p < 0.001) and as cell nests/HPF (p = 0.002) 

(Figure 3C). This suggests that Numb may play a role in the pathological remodeling of the 

myometrium in adenomyosis. 
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When comparing Numb expression between the endometrium and myometrium, several key 

findings emerged (Figure 3D). The number of Numb-positive single cells was significantly higher 

than cell nests/HPF in both the ectopic and eutopic endometrium of adenomyosis patients (p = 0.001). 

Similarly, Numb-positive single stromal cells were significantly more abundant than stromal cell 

nests in adenomyosis patients (p < 0.001), but this difference was not observed in the control group 

(p = 0.061). In the myometrium, Numb-positive single cells were significantly more prevalent than 

cell nests in adenomyosis patients (p < 0.001), while no significant difference was observed in the 

control group (p = 0.062). Overall, Numb expression in the myometrium was significantly higher than 

in the endometrium, with a two-fold increase compared to the stroma and a three-fold increase 

compared to the glandular epithelium in adenomyosis patients. These results collectively 

demonstrate that Numb is differentially expressed across tissue compartments in adenomyosis, with 

higher expression in the myometrium and eutopic endometrium compared to the ectopic 

endometrium and control group. The predominance of single cell staining over cell nests suggests 

that Numb may play a role in individual cell regulation rather than in clustered cell behavior. 

 

Figure 3. Quantification of Numb expression in endometrial and myometrial tissues. (A) Numb expression 

presented as individual positive cells per high-power field (HPF) within the endometrial glands and stroma. (B) 

Numb expression observed as clustered cell nests per HPF in the endometrial glands and stroma. (C) Numb 

expression detected in the myometrium. (D) Comparative analysis of Numb expression between the 

endometrium and myometrium. Data are presented as bar plots and means with standard deviation (SD) are 

represented. Bars with asterisks represent comparisons with statistically significant differences (# p <0.08, * p < 

0.05, ** p < 0.01, *** p < 0.001). 

3.3. Expression of Numb protein in the endometrium of the proliferative and secretory phase 

Analysis of Numb expression in the proliferative and secretory phases of the endometrium in 

adenomyosis patients revealed that Numb expression does not correlate with the menstrual cycle 

phase. Specifically, no significant differences were observed in the staining index of Numb in the 

glandular epithelium, either as single cells or cell nests, between the proliferative and secretory 

phases (Figure 4A). The mean Numb expression in single cells/HPF was 3.10 ± 2.39 in the proliferative 

phase and 3.67 ± 3.33 in the secretory phase (p = 0.591). Similarly, for cell nests/HPF, the mean 

expression was 0.43 ± 0.56 in the proliferative phase and 0.25 ± 0.43 in the secretory phase (p = 0.643). 
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These findings suggest that Numb expression in the eutopic endometrium of adenomyosis patients 

is independent of the menstrual cycle phase. 

In the control group, Numb expression in the proliferative and secretory phases of the 

endometrium also showed no correlation with the menstrual cycle phase. Similar to the adenomyosis 

group, the immunostaining of Numb in the glandular epithelium did not differ significantly between 

the proliferative and secretory phases (Figure 4B). The mean Numb expression in single cells/HPF 

was 0.23 ± 0.52 in the proliferative phase and 0.33 ± 0.58 in the secretory phase (p = 0.664). This further 

supports the conclusion that Numb expression is not influenced by the menstrual cycle phase in 

either adenomyosis patients or controls. 

For the analysis of menstrual cycle variation in Numb protein expression, evaluation 

encompassed the entire endometrial thickness available in the hysterectomy specimens, including 

both functional and basal layer components where identifiable. The analysis approach focused on 

overall endometrial Numb expression patterns rather than layer-specific evaluation. This whole-

endometrium methodology was selected considering that the functional layer undergoes more 

dramatic cyclical changes compared to the relatively stable basal layer, and a combined analysis 

approach would provide an integrated assessment of Numb expression across the complete 

endometrial compartment. The methodological design recognizes that stable expression patterns in 

the basal layer may influence the detection of cyclical variations that could be more pronounced in 

the functional layer alone. This approach was chosen to establish baseline cycle-phase relationships 

in the context of overall endometrial Numb expression, with the understanding that future layer-

specific analyses would provide additional insights into the cyclical regulation of Numb expression 

in different endometrial compartments. 

Interestingly, a significant positive correlation was observed between the number of Numb-

positive single cells and cell nests in the myometrium of adenomyosis patients (Spearman coefficient 

rs = 0.521, p = 0.015) (Figure 4C). This suggests that as the number of Numb-positive single cells 

increases, so does the number of cell nests, indicating a potential relationship between individual cell 

expression and clustered cell behavior in the myometrium. However, no significant correlations were 

observed in the glandular epithelium or stroma of either the ectopic or eutopic endometrium. 
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Figure 4. Correlation of Numb Expression with Cycle Phase and Cell Density in Adenomyosis and Control 

Groups. (A) Expression of Numb in correlation with the cycle phase in the adenomyosis group. (B) Expression 

of Numb-positive single cells in correlation with the cycle phase in the control group. (C) Spearman correlation 

between single cells/HPF and cell nests/HPF in the myometrium of adenomyosis patients according to Numb 

expression. Data are presented as bar plots and means with standard deviation (SD) are represented. 

4. Discussion 

Gynecological diseases such as endometriosis, endometrial cancers, and adenomyosis have been 

suggested to potentially develop from abnormalities in endometrial cell proliferation [33]. Our study 

highlights the significant role of Numb, a key regulator of cell fate and stem cell maintenance, in 

human adenomyosis uterine tissues. These findings provide novel insights into the potential role of 

Numb as a marker for endometrial stem cells in the pathogenesis of adenomyosis. 

Our study demonstrates a significant association of Numb expression in human adenomyosis 

tissues, suggesting its potential role as a stem cell marker in the etiology of this disorder. For the first 

time, we have shown the expression of Numb in adenomyosis tissues from 21 patients compared to 

14 controls. Notably, we observed differential expression of Numb in the eutopic endometrium of 

adenomyosis patients compared to healthy controls, indicating a possible dysregulation of stem cell-

related pathways in adenomyosis. 

In our pilot study, we found that Numb protein is significantly upregulated in the myometrium 

of adenomyosis uteri. Furthermore, Numb-positive endometrial cells were highly expressed in both 

eutopic endometrial tissues and adenomyotic foci within the myometrium, compared to the 

endometrium of the control group. Importantly, our results did not reveal significant cyclical 

variation in Numb expression, suggesting that its role in adenomyosis may be independent of 

hormonal fluctuations. 

These findings align with previous studies reporting increased expression of stemness-related 

markers in adenomyosis. For instance, Chen et al. (2014) demonstrated elevated expression of 

Musashi-1, another stem cell marker, in both eutopic and ectopic endometrium of women with 

adenomyosis [34]. Musashi-1, an epithelial progenitor cell marker, regulates self-renewal pathways 

and has been shown to repress the translation of Numb mRNA in malignant hematopoietic cells [35]. 

In endometriosis, downregulation of Musashi-1 and -2 resulted in decreased cell viability and 

increased apoptosis of endometriotic cells, which were linked to the dysregulation of stem cell factors 

and p21 [36]. These findings suggest a complex interplay between stem cell markers and Numb, 

which may also be relevant for the pathogenesis of adenomyosis. 

Numb and Notch are evolutionarily conserved proteins that play critical roles in cell fate 

determination and stem cell maintenance. Numb acts as a functional antagonist of Notch by 

promoting its proteolytic degradation via endocytosis, thereby regulating Notch-mediated signaling 

[37]. In addition to its role in physiological cell development, Numb has been implicated in 

proliferative diseases, including neoplasms [38]. The multifunctional role of Numb extends to the 

regulation of cell adhesion and migration, processes that are crucial in tumorigenesis and may also 

contribute to the development of adenomyosis [15]. Our findings suggest that Numb may play a non-

stem cell-related role in adenomyosis by modulating these cellular processes, thereby facilitating the 

invasion of endometrial tissue into the myometrium. 

The upregulation of adult stem cell markers in adenomyosis may alter the proliferation and 

apoptosis of endometrial cells, promoting the invasion of endometrial tissue into the myometrium. 

This hypothesis is supported by previous studies that reported higher expression of stem cell markers 

OCT4 and SOX2 in the myometrium of bovine adenomyosis tissues compared to the endometrial 

layer [39]. Similarly, our results indicate that the overexpression of Numb in the myometrial layer of 

adenomyosis tissues may enhance the infiltration of endometrial tissue into the myometrium, 

contributing to the development of adenomyosis. 

The clinical significance of our findings lies in the potential for targeting Numb as a therapeutic 

approach for adenomyosis. Currently, there is no definitive treatment for adenomyosis, and 
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hormonal therapies often yield limited results due to the hormone-refractory nature of ectopic 

endometrial tissue. Rennstam et al. (2010) proposed that targeting Numb degradation could be an 

effective treatment strategy for triple-negative tumors, which lack targets for antihormonal and 

HER2-targeted therapies [40]. This approach may also hold promise for adenomyosis, particularly in 

cases resistant to conventional treatments. 

The correlation between stem cell markers and the menstrual cycle remains controversial. Our 

study found no significant differences in Numb expression between the proliferative and secretory 

phases, consistent with previous studies that reported no cyclical variation in the expression of 

pluripotency factors such as SOX2 and Musashi-1 [14,41,42]. However, some studies have reported 

increased expression of stem cell markers like SOX2 and Musashi-1 in the proliferative phase of 

endometriosis patients [43,44]. This discrepancy highlights the need for further research into the 

hormonal regulation of stem cell markers in adenomyosis. 

A potential limitation of our study is the relatively small sample size, particularly for secretory 

phase endometrium, which constituted only 15% of the adenomyosis samples. This may have limited 

the statistical power of some analyses. Future studies with larger sample sizes are needed to validate 

our findings and explore the role of stem cell-related factors in adenomyosis more comprehensively. 

Additionally, further research is required to elucidate the mechanisms by which Numb and other 

stem cell markers contribute to the pathogenesis of adenomyosis. 

Our study provides valuable insights into the role of Numb as a potential stem cell marker in 

adenomyosis. The upregulation of Numb in adenomyosis tissues suggests its involvement in the 

dysregulation of endometrial cell proliferation and myometrial invasion. While our findings 

highlight Numb as a potential molecular target for adenomyosis, the precise mechanisms underlying 

its role in this disease remain to be fully elucidated. Future research should focus on exploring the 

therapeutic potential of targeting Numb and other stem cell-related markers in the treatment of 

adenomyosis. 

Study Limitations 

Several methodological limitations should be considered when interpreting the findings of this 

study. First, the sample size, particularly for secretory phase analysis (n=3), limits statistical power 

and the generalizability of findings to broader populations. Second, inherent technical variability in 

tissue processing, immunohistochemical staining intensity, and image capture procedures may affect 

the reproducibility of results across different experimental runs. Additionally, the cross-sectional 

study design prevents assessment of temporal changes in Numb expression during disease 

progression, and the focus on protein expression analysis does not address the functional 

consequences of elevated Numb levels or the underlying molecular mechanisms responsible for its 

upregulation in adenomyosis. Future investigations should incorporate larger sample sizes, 

validated quantification methodologies, automated image analysis systems, and functional studies 

to provide more comprehensive evidence for the role of Numb in adenomyosis pathogenesis. 

5. Conclusion 

This study provides the first evidence of significantly elevated Numb protein expression in both 

eutopic endometrium and myometrium of adenomyosis patients compared to controls, establishing 

a novel molecular signature associated with this prevalent gynecological condition. The consistent 

upregulation of Numb across different tissue compartments, independent of menstrual cycle phase, 

suggests a fundamental role for this stem cell regulatory protein in adenomyosis pathogenesis. These 

findings support the emerging paradigm that dysregulation of endometrial stem cell markers 

contributes to the development and progression of adenomyosis, potentially through altered Notch 

signaling pathways and disrupted cellular differentiation processes. The predominant single-cell 

expression pattern observed indicates that Numb upregulation may reflect individual stem or 

progenitor cell dysfunction rather than coordinated tissue-level changes. While the current study 

establishes Numb as a potential biomarker for adenomyosis and provides insights into the molecular 
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mechanisms underlying this condition, future investigations incorporating larger sample sizes, layer-

specific analysis, functional studies, and mechanistic exploration are essential to fully elucidate the 

therapeutic potential of targeting Numb-related pathways. These findings represent an important 

step toward understanding the stem cell biology of adenomyosis and may ultimately contribute to 

the development of novel diagnostic and therapeutic approaches for this challenging gynecological 

disorder. 
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