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            Abstract

            
               
Introduction:  Androgen receptors (ARs) have been localized to the penile skin, inner prepuce and urethra. Androgens play an important
                  and vital role in the development of male urethra. Androgen signalling through the AR is critical for normal penile development.
                  The objective of our study was to prospectively assess the AR staining score in children with hypospadias in comparison with
                  children with normal genitalia.
               

               Materials and Methods: All children with hypospadias presenting to the Paediatric urological services for repair formed the study group. Children
                  with normal genitalia and undergoing circumcision either for phimosis or for religious indications formed the controls. A
                  piece of the foreskin was collected during surgery and were stained for immunohistochemistry. AR staining was expressed as
                  an m-quick score. 
               

               Results: A total of 32 children (group I) underwent primary hypospadias repair and 24 children (group II) underwent circumcision during
                  the study period. The mean m-quick score in patients with hypospadias was 219.96 
                     
                        ±
                        1
                        .
                        66
                      and that of children undergoing circumcision was 90.04 
                     
                        ±
                        3
                        .
                        71
                      (p <0.050).
               

               Conclusions: AR is overexpressed in patients with hypospadias when compared with patients with normal genitalia. Similarly, AR is significantly
                  overexpressed in patients with proximal hypospadias when compared with distal hypospadias.
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               Introduction

            Hypospadias is a most common congenital anomaly seen in boys, occurring in 1 in 150 to 300 live births.1, 2 Recent evidence suggests that the urethra is entirely of endodermal origin,3 and that, the urethral plate formation is a contiguous process extending from the penile urethra into the glans and undergoes
               differentiation to form the stratified squamous layer. 3 This hypothesis was further refined by experts describing the two-zipper hypothesis of urethral development.4, 5 The “closing zipper” step is androgen dependent and is unique to the development of the male urethra. As opposed to a simple
               fusion of the urethral folds, the fusion process occurs in an interlacing fashion at varying rates and levels, forming the
               contiguous urethra.4, 5 Disruption of this process results in the large spectrum of variants of hypospadias. 
            

            Androgen receptors (ARs) have been localized to the penile skin, inner prepuce, urethra, and stromal cells of the corpus spongiosum
               during the early gestation period, suggesting a vital role for androgens in the development of the urethra.6 In patients with a lack of androgen receptor stimulation, there is a lack of fusion of the scrotal and/or urethral folds
               in the midline similar to that in the females.  Androgen signalling through the AR is critical for normal penile development.
               AR plays a crucial role in male sex differentiation by mediating the biological effects of androgens. The AR gene resides
               on chromosome Xq11‐12.7, 8, 9 
            

            Originally Alfred Jost, put forth the theory that the female genitalia phenotype is the “default” pathway that occurs in the
               absence of androgen signalling. However recent studies have refined the Jost hypothesis and suggested that penile development
               occurs as a result of a balance of androgenic and estrogenic activity. 10 Qiao et al11 examined the interaction between ZEB1 (zinc finger E-box gene) and the androgen receptor in vitro and the expression of AR
               in boys with hypospadias. They reported that the AR expression was higher in subjects with severe hypospadias than those with
               mild hypospadias and control subjects (P < 0.05). ZEB1 physically interacted with AR in human foreskin cells. The authors
               concluded that it was oestrogen that upregulated AR in vitro and that AR was overexpressed in patients with severe hypospadias.
               This suggested that oestrogen-induced abnormal AR expression was mediated by ZEB1 and this may be the mechanism through which
               oestrogen contributed to the development of hypospadias. 
            

            Balaji et al12 analyzed AR expression in 16 hypospadias. This prospective study included 27 children with normal genitalia (who underwent
               circumcision for phimosis Group 1), and 16 hypospadias patients, with bilateral descended testis, and who had not received
               any preoperative testosterone (Group 2). Preoperative hormonal assay included luteinizing hormone (LH), follicle‐stimulating
               hormone (FSH), and free testosterone (fTST) levels in all the patients. The foreskin collected during surgery was analysed
               for AR expression using immunohistochemistry. AR staining was expressed as H score. The mean H score was significantly higher
               (P = 0.001) in hypospadias patients (189.5) compared to controls (97.5). There was no significant difference in the hormone
               levels between the groups. In this study of ours we have prospectively assessed the AR staining score in children with hypospadias
               in comparison with children with normal genitalia.
            

         

         
               Materials and Methods

            This prospective study was initiated following permission obtained from the Institutional/University ethics committee. Informed
               consent was obtained from the children and their guardians, and complete confidentiality was maintained with regard to the
               clinical details. All children with hypospadias (with bilateral fully descended testis and who had not received any preoperative
               testosterone) presenting to the Paediatric urological services formed the study group. Children with normal genitalia and
               undergoing circumcision either for phimosis or for religious indications formed the controls. Preoperative hormonal assay
               including luteinizing hormone (LH), follicle‐stimulating hormone (FSH), and free testosterone (fTST) levels were assessed
               in all patients with hypospadias. 
            

            
                  Immunohistochemistry

               A piece of the foreskin was collected during surgery (either during hypospadias repair or circumcision) was fixed in formalin,
                  paraffin embedded, and sectioned. The specimens were stained for immunohistochemistry assessment (anti‐AR antibody PathnSitu,
                  clone R441, 1/100 dilution). AR staining was expressed as H score 12 which was calculated by multiplying the intensity of staining and the percentage of stained cells showing cytoplasmic positivity
                  at high power (×40). A total of 100 cells were counted at high power, and the intensity of AR expression was scored 0, 1,
                  2, and 3 based on the intensity of staining (brown) (Figure  1a-d). The total H score was calculated by multiplying the cell score and the number of cells, with a maximum score 300 if
                  all 100 cells scored 3. 
               

            

            
                  Statistical analysis

               The mean H score was compared between both the groups using Student’s t‐test. A similar comparison was made between patients
                  with distal and proximal hypospadias patients. The difference was considered statistically significant if P < 0.05. 
               

            

         

         
               Results

            During the study period Jan 2017 till Dec 2021, a total of 32 children (Group I) with a mean age of 34.03 
                  
                     ±
                     1
                     .
                     35
                      
                   months underwent primary hypospadias repair at our center. During the same period 24 children (Group II) with a mean age
               of 27.08 
                  
                     ±
                     4
                     .
                     33
                   months underwent circumcision for reasons of phimosis, recurrent balanoposthitis or religious practices (Table  1). 
            

            The mean H score in patients with hypospadias was 219.96 
                  
                     ±
                     1
                     .
                     66
                   and that of children under going circumcision was 90.04 
                  
                     ±
                     3
                     .
                     71
                   (p <0.050). Similarly, the H score was significantly higher (P = 0.01) in proximal (230.12 
                  
                     ±
                     2
                     .
                     1
                     )
                   compared to distal (190 
                  
                     ±
                     1
                     .
                     90
                     )
                      
                  hypospadias. 
            

            
                  
                  Table 1

                  H score in children with hypospadias.  

               

               
                     
                        
                           	
                              
                           
                           
                               S.No.
                              
                           

                           
                        
                        	
                              
                           
                            Parameters

                           
                        
                        	
                              
                           
                           
                              n
                              
                           

                           
                        
                        	
                              
                           
                           
                              Age
                              
                           

                           
                        
                        	
                              
                           
                            H score p value

                           
                        
                     

                     
                           	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            Circumcision

                           
                        
                        	
                              
                           
                           24

                           
                        
                        	
                              
                           
                           27.08 
                                 
                                    ±
                                    4
                                    .
                                    33
                                 

                           
                        
                        	
                              
                           
                            90.04 
                                 
                                    ±
                                    3
                                    .
                                    71
                                  <0.001
                           

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            Hypospadias Repair

                           
                        
                        	
                              
                           
                           32

                           
                        
                        	
                              
                           
                           34.03 
                                 
                                    ±
                                    1
                                    .
                                    35
                                 

                           
                        
                        	
                              
                           
                            219.96 
                                 
                                    ±
                                    1
                                    .
                                    66
                                 

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            Proximal hypospadias repair

                           
                        
                        	
                              
                           
                           09

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            230.12 
                                 
                                    ±
                                    2
                                    .
                                    1
                                  <0.001
                           

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            Distal Hypospadias repair

                           
                        
                        	
                              
                           
                            23

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            190 
                                 
                                    ±
                                    1
                                    .
                                    90
                                 

                           
                        
                     

                  
               

            

            
                  
                  Figure 1

                  a. Absent staining; b: Mild staining pattern; c: Moderate staining pattern; d: Strong staining pattern.
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               Discussion

            Androgen signalling is critical for the normal development of the penis. Decrease in androgen signalling could result in a
               spectrum of incompletely virilized external genitalia. Complete androgen insensitivity usually results in external genitalia
               with a female phenotype and partial insensitivity could result in ambiguous genitalia of varying degrees.11 Normal penile urethral development is regulated by testosterone (T) which is produced by the foetal testis and peripherally
               transformed into dihydrotestosterone (DHT). This DHT binds to the AR for further action.13 Any event leading to an insufficient androgen action in the male foetus may result in under-virilization in the newborn.14 The exact cause of hypospadias is unknown in most cases. The disruption of normal androgen signalling is thought to have
               a significant role in its occurrence. Epidemiologic studies have shown that oestrogen is a potential disruptor of androgen
               signalling as evidenced in boys who were exposed to elevated levels of oestrogen in utero have increased risk of hypospadias.
               9

            Our study has clearly shown that AR is overexpressed in patients with hypospadias when compared to controls and similarly
               significantly more in patients with proximal compared to distal hypospadias. Similarly, Qiao et al11 concluded that AR was overexpressed in patients with severe hypospadias. They also stated that in their study, AR expression
               levels increased in Hs68 cells as oestrogen concentration increased and AR expression was higher in preputial skin of boys
               with severe hypospadias compared to control subjects and those with mild hypospadias. Balaji et al12 too concluded that AR expression was significantly elevated in hypospadias patients. It was higher in proximal compared to
               distal hypospadias. 
            

            The AR gene has eight exons and exon 1 is known to encode the transactivation domain. Hemizygous mutations (as AR is X-linked)
               have been reported in patients with hypospadias in several studies, 15 predominantly in proximal hypospadias and often associated
               with other features of under-masculinisation, such as micropenis or bifid scrotum.15, 16 The contribution of several polymorphisms in AR are yet to be confirmed. However, some authors have reported that an expanded
               CAG repeat could be relevant in isolated hypospadias.17, 18 These polymorphisms may change the ability of AR to bind testosterone rather than the levels of AR, as mouse studies have
               reported no direct association between changes in AR mRNA expression and the presence or absence of hypospadias.19 Additional genes that work in conjunction with AR or downstream of it have also been implicated in the aetiology of hypospadias.
               
            

            Pichler et al20 reported their study on quantification and comparison of the androgen receptor (AR) levels in prepuces of 40 boys with and
               without hypospadias. AR mRNA was significantly elevated in the prepuces of boys with hypospadias compared with boys without
               hypospadias, at a mean (SD) of 28.33 (5.39) vs 15.31 (1.85) (P = 0.013). Furthermore, the amount of AR protein was higher
               in boys with, compared with boys without hypospadias, at a mean (SD) of 133.25 (6.17) vs 100 (4.45) (P = 0.014). 
            

         

         
               Conclusion

            In conclusion AR is overexpressed in patients with hypospadias when compared with patients with normal genitalia. Similarly,
               AR is significantly overexpressed in patients with proximal hypospadias when compared with distal hypospadias. 
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