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ABSTRACT
[bookmark: _Hlk223378043]In humans, at about week 6, sex cords develop within the forming testes. Testes normally descend to the scrotum; cryptorchidism occurs when one or two testes do not descend to scrotum and in some case are accompanied by the appendix testis. The appendix testis is a small sessile or polypoid structure located at the antero superior pole of the testis, adjacent to the head of the epididymis. Mucins 1, 2, 5AC and galectin-3 can be involved in development of testis appendix and cryptorchidism. In this work with use histochemistry and immunofluorescence to evaluate mucins 1, 2, 5AC and galectin-3 expression in testis appendix in children with cryptorchidism. Mucins 1, 2, and 5AC, as well as galectin-3, were expressed in the epithelium and stroma, while colocalization was observed between mucins 1, 2, and 5AC and galectin-3. Our results suggest that O-glycans linked in mucins 1, 2, and 5AC and galectin-3 represent important elements in testis appendix development in children with cryptorchidism.
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1. INTRODUCTION
In mammals, the reproductive system is initially indistinguishable between the two sexes but is predetermined to develop along the female pathway. To become a male requires modification of this process, involving a chain of events initiated by activation of the Sry gene, resulting in testis formation (Koopman P et al., 1991; Lovell-Badge R et al., 1990; Capel B. 2000). This is the first step along the male pathway but does not itself result in a male phenotype. Rather, body-wide masculinization is driven by hormones produced by the fetal testis, primarily testosterone (Jost A. 1972; Pomajzl A.J, et al 2024). Impaired fetal androgen action interferes with masculinization and can result in disorders of sexual differentiation (Hughes I. A et al 2006; Sarafoglou, K et al 2000).  Mild disorders of human male reproductive development, cryptorchidism (Virtanen H.E.et al 2007) [and hypospadias (Baskin L.S et al 2001; Boisen K.A 2005; Boisen K.A 2004), are among the most common congenital disorders and are risk factors for: low sperm counts and testicular cancer (Skakkebaek N.E et al 2001). In some cases, cryptorchidism is accompanied by appendix testis. The appendix of the testis is described as a small sessile globular structure located at the upper pole of the testis just below the head of the epididymis and is considered to be a remnant of the cephalic end of the paramesonephric duct (Sahni D. et al 1996). Glycosylation plays an important role in biological activity of glycoproteins involved in control of cell differentiation (Bulmer J.C 1996; Tanda N et al 1996). Alterations in O-glycosylation of cell membrane glycoconjugates in neoplastic lesions from a variety of organs including lung, stomach, ovary, skin and endometrium has been reported (Eckart L et al 2002; Kamura V et al 1992) Abnormal O-glycosylation, especially in mucin and mucin type glyproteins, results in exposure of peptide core, as well as in the exposure of the normally cryptic core Tn (GalNAcα1-O-ser/Thr), sialyl-Tn(NeuAα2-6GalNAcα1-O-Ser/Thr)  T (Galβ1-3GalNAcα1-O-Ser/Thr) antigens (Yamashita Y et al 1995; Cruz L. M. G. et al 2022). which are distributed discontinuously along the peptide backbone. Tn antigen is the precursor of T antigen by action of galactosyltranserase which be deficient in cells and premature sialylation can occur leading to formation of antigens relationated with cancer progression (Shuman, J et al 2000; Castellanos M. S. L et al 2025). 

2. MATERIALS AND METHODS
2.1 Reagents
Anti-MUC1, MUC2 and MUC 5AC antibodies acquired from primary mouse INVITROGEN, Mouse monoclonal anti-galectin-3 Abcam antibody, Streptavidin peroxidase P8125 Sigma Chemical Co. USA. 3-Amino-9-Ethyl-carbazole (AEC) kit as substrate for peroxidase was obtained from Vector Laboratories
2.2 Tissues 
The material for the present study was donated by Dr. Gerardo Lopez Cruz, consisted in 10 testis appendices obtained by surgery procedure in children. After surgery the testis appendix were embedded in paraffin in tissue processor (MICROM Germany)
2.3 Histochemistry
Paraffin-embedded blocks from testis appendix were cut in 6 µm-thick sections. Select sections were labeled with Anti-MUC1, MUC2, and MUC.5AC anti Galectin-3 dilution 1:100, overnight at 4ºC. Unbound conjugate was removed by washing six times with PBS. The binding of lectins or antibody was revealed by incubating with 3-amino-9-ethyl-carbazole (AEC), following instructions of manufacturer (Invitrogen), during 15 min at 37°C. The reaction was stopped by washing with water. Slides were observed with an AXIOSCOP 40 microscope (Zeiss, Germany) equipped with a digital camera AXIOCAM MRC (Zeiss) and micrographs were analyzed with the ZEN 2011 Software (Zeiss).
2.4 Immunofluorescence
Double labeling of slides was performed as follows: Tissue samples were labeled with Anti-MUC1, MUC2, MUC, 5AC dilution 1:1000 overnight at 4°C Unbound antibodies were removed by washing six times with PBS, the slides were subsequently incubated with monoclonal anti-galectin-3 antibody used at 1:100 overnight at 4°C, following the same procedure as previously described, except that MUC1, MUC2, MUC 5AC   binding was indirectly recognized with extravidin-FITC conjugated (Sigma Chemical Co.) and visualized using a green filter. Anti-galectin antibodies were revealed with extravidin red-X conjugates (Invitrogen) and visualized using a red filter. Slides were observed with an AXIOSCOP 40 microscope (Zeiss), equipped with a digital camera AXIOCAM MRC (Zeiss) and micrographs were analyzed with the ZEN 2011 Software (Zeiss).
3. RESULTS

3.1 Histochemistry
Table 1 shows the results of antibody recognition in ten samples of appendix testis.
Table 1 Antibody recognition in samples of appendix testis.
	ANTIBODIES

	                      MUC1	           MUC2		MUCIN5AC	       GALECTIN-3

	                      +       -                     +       -            +         -                     +           -

	Stroma          9       1                    10     0            9         1                    10        0

	Epithelium     9       1                    10     0            9         1                    10        0


+ Number of positive samples.
- Number of negative samples

For Mucin 1, recognition in stroma and epithelium was observed in nine samples (Fig. 1A), one sample was negative. For Mucin 2, recognition in epithelium and stroma was observed in ten samples (Fig. 1B). For mucin 5AC in nine samples recognition was observed in stroma and epithelium (Fig. 1C), one sample was negative. Finally, for galectin three, recognition in epithelium and stroma was observed in ten samples (Fig. 1D).
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 Figure 1.Mucins and galectin-3 histochemistry in samples of appendix testis. In A) Mucin 1 recognition in epithelium and stroma. B) Mucin 2 recognition in epithelium and stroma. C) Mucin 5AC recognition in epithelium and stroma. D) Galectin 3 recognition in epithelium and stroma. The blue arrows indicate recognition in epithelium. The green arrows indicate recognition in stroma. Micrographs 10X


3.2 Immunofluorescence.
Double labeling histochemistry shows colocalization in stroma and epithelium for Mucin 1 and Galectin-3 (Fig. 2A), Double labeling histochemistry shows colocalization in stroma for Mucin 2 and Galectin-3 (Fig. 2B), Double labeling histochemistry shows colocalization in stroma for Mucin 5AC and Galectin-3 (Fig. 2C),
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Figure 2. A) Double labeling histochemistry shows colocalization in stroma and epithelium for Mucin 1 and Galectin-3. B) Double labeling histochemistry shows colocalization in stroma for Mucin 2 and Galectin-3. C)  Double labeling histochemistry shows colocalization in stroma for Mucin 5AC and Galectin-3. The blue arrows indicate colocalization in stroma. The green arrows indicate colocalization in epithelium. Micrographs 10X

4. DISCUSSION.
The appendix of the testis is a small sessile or polypoid structure located at the anterosuperior pole of the testis, adjacent to the head of the epididymis. The shape is variable, being globular, pyriform, flat and leaf-like, forked, or lobed. Grossly, it is most often sessile and varies from 1 to 7 mm in greatest dimension in autopsy specimens (Val-Bernal J. F et al 2006). Histologically, it contains a loose connective tissue core, composed of fibroblasts and smooth muscle cells, large number of blood vessels, a few dilated lymphatic vessels, and occasional lymphocytes. This structure is covered by a single layer of low columnar or cuboidal Müllerian-type epithelium, continuous with the mesothelium of the tunica vaginalis at its base. Invaginations of the surface may result in appearance of glandular structures in the core. Some alterations have been associated with testis appendix like cryptorchidism or testicular dysgenesis syndrome (Ivell R et al 2003). 
[bookmark: _Hlk222128316][bookmark: _Hlk222128373]Glycan expression can be involved in development of testis appendix and cryptorchidism (Lopez G et al 2011). Mucins are high molecular weight glycoproteins produced by many epithelial tissues. These include the membrane-associated mucins and the secreted mucins. Membrane-associated mucins are expressed in various epithelial cells to form the glycocalyx at mucosal surfaces acting as a protective barrier against infection. Secreted mucins serve as an anti-adhesion molecule and contribute to signal transduction (Li Z. et al 2021). 
In this study, we evaluated the expression of mucin-1, mucin-2, and mucin-5AC in samples of testicular appendages from children with cryptorchidism. Our results demonstrate that all mucins and galectin-3 are expressed in the stroma and epithelium. 
[bookmark: _Hlk223460955]Mucin-1 has been identified in mature germ cells and in non-epithelial germ cells of the human testis (Li Z. et al 2021). The presence of mucin-1 mRNA has been reported in testes with normal spermatogenesis together with mucin-9 and mucin-13, but is absent in testes with impaired spermatogenesis, suggesting a relationship between mucin-1 expression and germ cell maturation (Zolini et al 2019). The expression of mucin-1 has been reported in the apical membrane in normal mucosa, while diffuse distribution in the cytoplasm is associated with cellular stress, inflammation, and tumorigenesis (Khemiri M. et al 2019). There is insufficient literature describing mucin-1 expression of in testis appendix in children with cryptorchidism.
Mucin-2 expression is typically restricted to specific epithelial tissues, predominantly the intestinal tract, where it is produced by goblet cells. It has also been documented in respiratory epithelium, certain glandular tissues, and in pathological conditions involving mucinous differentiation. Aberrant expression of mucin-2 in non-intestinal tissues, including reproductive organs, often reflects metaplastic changes or neoplastic transformation (Yuan Z et al 2026; Russo et al 2006). In human testis, mucin-2 mRNA has not been reported (Seo J.T et al 2005). Expression has, however, been observed in primary mucinous cystadenocarcinoma of the testis (Shahini E et al. 2023). Literature on mucin- 2 expression in testis appendix in children with cryptorchidism remains limited.
Mucin 5AC belongs to the subset of five secreted gel-forming mucins (mucin-2, mucin-5B, mucin-5AC, mucin-6, and mucin-19) encoded by a gene cluster on chromosome 11p15. Mucin-5AC is a glycoprotein with multiple cysteine-rich domains in both N- and C-terminal regions that are responsible for the formation of polymers, a critical feature for gel forming (Thornton, D.J et al 2008). 
Mucin-5AC mRNA has been reported in the urethra, foreskin, vas deferens, bladder, prostate, and testicles; however, protein expression has only been confirmed by immunohistochemistry in the urethra. (Russo et al 2006). In testicular mucinous borderline tumors, mucin-5AC expression has been observed, together with CDX2, CK20, and mucin-2, supporting classification as intestinal-type tumors (Shirota, T et al 2026). Evidence for mucin-5AC expression in testis appendix of children with cryptorchidism is insufficient.
Galectins are a family of beta-galactoside-binding lectins involved in diverse extracellular and intracellular processes, including homeostasis, cell adhesion, cellular turnover, and immunity. Galectin‑3 mRNA and protein are significantly elevated in non‑seminomatous testicular germ cell tumors compared with both normal testes and seminomas, suggesting an association of LGALS3 with non‑seminomatous differentiation (Devouassoux-Shisheboran et al 2006). Changes in galectin-3 expression has also been reported in seminomas compared to normal tissue, while galectin-3 expression is strong in tumour cells (Kayser K et al 2003). In adult human testes galectin‑3 was reported to be specifically expressed in mature Sertoli cells and in Leydig cells, but absent in fetal and prepubertal testes,suggesting hormone-dependence regulation (Devouassoux-Shisheboran et al 2006). Literature on galetin-3 expression in testis appendix in children with cryptorchidism is currently insufficient.
Our results demonstrated colocalization between mucin-1, mucin-2 and mucin-5AC with galectin-3, suggesting a functional interaction based on O-glycans. The colocalization between mucin-1 and galectin-3 suggests a possible modulation of membrane signaling and epithelial protection, while the colocalization between mucin-2 and galectin-3 suggests a structural organization of mucus or extracellular matrix in connective tissue. The colocalization between mucin-5AC and galectin-3 could be related to the elastic properties of the stroma in the Müllerian remnant; however, further studies are needed to describe the mechanisms by which mucins-1, mucin-2 and mucin-5AC, as well as galectin-3, participate in the development of the testicular appendages and their relationship with cryptorchidism.
5.CONCLUSION
Our results suggest that O-glycans linked in mucins-1, mucin-2, and mucin-5AC and galectin-3 represent important elements in testis appendix development in children with cryptorchidism.
 Limitation of this study
[bookmark: _GoBack]The present study was conducted using samples of testicular appendages from children with cryptorchidism. Samples of testicular appendages from patients without cryptorchidism were excluded from the study, so it was not possible to compare the expression of mucin 1, mucin 2, mucin 5AC, and galectin-3 in both groups. This is because testicular appendages cause testicular pain until adolescence, resulting in a scarcity of literature related to the study of the expression of mucin 1, mucin 2, mucin 5AC, and galectin-3 in the testicular appendages of patients without cryptorchidism.
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