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      Background

      
				Trinucleotide repeat expansion (TRE) diseases are genetic diseases
				caused by an increase in the number of CAG, CGG, and CTG codons. CAG repeat
				expansion in exon 1 of the androgen receptor (AR) gene is known to be associated
				with disorders of sex development (DSD) and spinal and bulbar muscular atrophy
				(SBMA). Because the traditional Southern blot for CAG repeat expansion is laborious
				and time-consuming, this study was aimed to use high-resolution melting (HRM)
				analysis to screen the CAG repeat length of the AR gene in Indonesian patients with
				DSD.			


      


      Methods

      
				In total, 30 male patients with DSD (46, XY), one male patient with SBMA,
				and 30 healthy males (control) were included in the study. The CAG repeat length was
				determined using HRM analysis, and Sanger sequencing was used to confirm the CAG
				repeat length.			


      


      Results

      
				For the DSD cases and controls, the melting temperature (Tm) was within
				the normal range of 89–91.05°C; however, Tm was 92.65°C for the SBMA case. Sanger
				sequencing confirmed that DSD cases had 13–27 CAG repeats, and the SBMA case had
				54 CAG repeats.			


      


      Conclusion

      
				HRM analysis using polymerase chain reaction is a sensitive, effective,
				and rapid technique for screening CAG repeat expansion in exon 1 of the AR gene.
				This is the first technique for AR gene screening that may be applicable to other TRE
				diseases.			
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				Trinucleotide repeat expansion (TRE) diseases are
				genetic disorders caused by codon repetitions that
				exceed the normal size in the coding or noncoding
				region of the genes.1 The codon repeat expansion of
				polyglutamine (CAG) in the androgen receptor (AR)
				gene is associated with the the X-linked androgen
				insensitivity syndrome, and that of non-polyglutamine
				(e.g., CGG) in the FMR1 gene is associated with
				Fragile X syndrome.2 Androgens are responsible for
				sexual development in males before birth and during
				puberty. They function through the AR gene, which
				has 8 exons and is located on X chromosome at q11–12.
				Exon 1 of the AR gene located at the N-terminal domain
				associated with gene regulation contains a CAG
				repeat sequence, and trinucleotide repeat expansion
				is a common mutation that occurs in this region.3
				Mutations in the AR gene are known to be associated
				with various clinical presentations, from ambiguous
				genitalia, hypospadias, and micropenis in newborns
				to azoospermia or oligozoospermia in adults
				contributing to 2–3% of male infertility.4 In healthy
				males, the number of CAG repeats varies between
				11 and 31; however, the number of CAG repeats is
				increased in under-masculinized males.5 Furthermore,
				the pathogenic effect of CAG repeat expansion is
				associated with a neurodegenerative disorder, spinal
				and bulbar muscular atrophy (SBMA) or Kennedy’s
				disease, and a risk of hypospadias in Caucasians.6,7						


			
				Rapid and simple techniques for mutation
				screening must be developed, particularly for
				population studies examining hypospadias and
				infertility of unknown etiology. Traditionally, gene
				mutations were detected using Southern blot
				analysis, which is more laborious, time-consuming,
				and requires large quantities of DNA.			


			
				High resolution melting (HRM) analysis is a simple
				method for mutation screening of codon repeats
				and is performed with double-stranded DNA using
				real-time polymerase chain reaction (PCR) without
				requiring a post-PCR procedure.8 A fluorescence
				dye binds specifically to the DNA as a marker, and
				melting curves are directly produced by monitoring
				the fluorescence level.9 The HRM machine plots the
				data as a graph of the fluorescence level against the
				temperature known as the melting curve. The melting
				curve for each sample enables the identification of an
				aberrant graph to detect codon repeat expansion.10
				This study was aimed to develop a rapid and simple
				technique to screen CAG repeat expansion in the AR
				gene using HRM analysis, which can be applied for
				screening other TRE diseases.			


			

      
        METHODS

      



			

			
				Patients
			

			
				This study included 30 male patients with 46,
				XY disorders of sex development (DSD) with clinical
				phenotypes such as external genitalia abnormality,
				severe hypospadias, and under-masculinized
				ambiguous genitalia (Table 1). The control group
				consisted of 30 healthy males with proven fertility.
				In addition, one case with clinically diagnosed
				SBMA was included because SBMA and DSD share
				the AR mutation. The patient with SBMA showed
				weakness in the lower limbs, tremor in both hands,
				and gynecomastia. Chromosome analysis revealed
				a karyotype of 46, XY in all the patients with DSD
				and SBMA. The genetic analysis was performed
				at the Center for Biomedical Research, Faculty of
				Medicine, Universitas Diponegoro. Ethical approval
				for this study was obtained from the Institute
				Research Board, Faculty of Medicine, Universitas
				Diponegoro and Kariadi Hospital Semarang No. 627/
				EC/FK-RSDK/2016. All patients (or parent or guardian)
				provided written informed consent prior to their
				participation in this study.						


				
				

				
					
						
							Table 1.
						
						
							Characteristics of DSD patients
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				CAG repeat length analysis
			

			
				Blood samples were collected in
				ethylenediaminetetraacetic acid-containing tubes
				and were used for molecular genetic analysis.
				Genomic DNA was extracted using the saltingout
				method as described elsewhere.11 The CAG
				repeat sequence of exon 1 of the AR gene was
				amplified using the following primers: forward
				5'-AGGCACCCAGAGGCCGCGAG-3' and reverse
				5'-TAGCCTGTGGGGCCTCTACGAT-3'.12 The PCR
				reaction mixture comprised 4 μl of the DNA
				template, 10 μl of Type-it® HRM PCR Kit (Qiagen,
				Hilden, Germany), 2 μl of forward and reverse
				primers (5 pmol/μl), and 4 μl of purified water to a
				final volume of 20 μl. PCR amplification was
				performed using quantitative PCR (qPCR)-HRM
				Rotor GeneQ 5Plex HRM 72-well rotor (California,
				USA) resulting in a 203-bp product. The PCR
				procedure was as follows: 95°C initial denaturation
				for 10 min; 40 cycles of 94°C denaturation for 30 sec,
				71°C annealing for 45 sec, and 72°C extension for 45
				sec; and 80–95°C HRM with a temperature increase
				of 0.1°C with each step. Melting curve analysis (MCA)
				from the post-HRM step was analyzed to estimate
				the CAG repeat length. Confirmation of the
				CAG repeat length was performed using Sanger
				sequencing. The statistical significance of the
				median was analyzed using the Mann–Whitney
				U-test. Spearman’s rank-order correlation was used
				to determine the association between the CAG
				repeat length and HRM melting temperature (Tm).						



      

      
        RESULTS

      


			

			
				The CAG repeat length in exon 1 of the AR
				gene varied from 13 to 27 repeats in all patient
				samples. The highest repeat frequency of 22 versus
				23 repeats was observed in the DSD and control
				groups, respectively (Figure 1). A Mann–Whitney
				U-test showed no significant differences (p = 0.381)
				between the control (Median [SD] = 23 [2.62]) and
				DSD groups (Median [SD] = 23 [2.7]). MCA in DSD and
				control groups revealed that the minimum Tm value
				was 88.87°C (13 CAG repeats) and the maximum
				value was 89.95°C (27 CAG repeats). The SBMA case
				showed 54 CAG repeats with Tm at 92.65°C (Figure
				2). Sanger sequencing was performed to confirm
				the CAG repeat length. Figure 3 shows the highest
				and lowest range of CAG repeats, along with the
				expanded CAG repeat. Furthermore, Spearman’s
				rank-order correlation revealed a moderate, positive
				correlation between the CAG repeat length and Tm
				with a correlation coefficient of 0.512 (p < 0.01 with
				r2 = 67.8%; Figure 4).									
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							Figure 1.
						
						
							Distribution of the CAG repeat lengths at exon 1 of the AR gene in the DSD cases, SBMA case, and controls. AR=androgen
							receptor; DSD=disorder of sex development; SBMA=spinal and bulbar muscular atrophy						
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							Figure 2.
						
						
							HRM analysis of exon 1 of the AR gene revealed melting curves of DNA sequences from seven samples. Different colors
							represent different sequences from each sample. The highest melting temperature (92.65°C) is shown in the SBMA sample with 54
							CAG repeats (no 7). The details of the melting curve in the graph are as follows: the DSD sample with 13 CAG repeats (no 1) and the
							control sample with 17 (no 2), 19 (no 3), 21 (no 4), 24 (no 5), and 27 (no 6) CAG repeats. HRM=high resolution melting; AR=androgen
							receptor; SBMA=spinal and bulbar muscular atrophy; DSD=disorder of sex development						
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							Figure 3.
						
						
							Sequence analysis of samples (forward direction). CAG repeats were identified from exon 1 of the AR gene. (a) The lowest
							length (13 repeats) was found in the DSD sample and; (b) The highest length (27 repeats) was found in the control sample; (c) The
							expanded 54 CAG repeat was found in the SBMA sample. AR=androgen receptor; DSD=disorder of sex development; SBMA=spinal
							and bulbar muscular atrophy						
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							Figure 4.
						
						
							Spearman’s
							correlation analysis of CAG
							repeat length (n = 61 samples)
							and melting point. The line
							shows linear regression
							(r2 = 0.678) with a moderate,
							positive correlation between
							CAG repeat length and melting
							point, which was statistically
							significant (rs = 0.512, p < 0.01)						
					

				

				

				

			

      
        DISCUSSION

      


			

			
				AR gene mutations can cause various phenotypic
				abnormalities, and they are the leading cause of
				DSD and are associated with androgen insensitivity
				syndrome, male infertility, prostate cancer, and SBMA.
				Patients born with 46, XY DSD have a higher risk of
				infertility because of androgen receptor disruption.13
				Numerous studies have attempted to establish the
				association between CAG repeat length variation and
				male infertility.5 Adamovic and Nordenskjöld7 have
				reported that CAG repeat polymorphism in the AR
				gene is associated with the risk of hypospadias in the
				Caucasian population. Therefore, AR gene screening
				using a simple and rapid technique is required to
				detect whether the AR gene polymorphism is
				associated with male reproductive disorders.			


			
				In this study, the CAG repeat lengths were
				similar and within the normal range in the DSD and
				control groups. These results are in accordance with
				a previous report by Muroya et al14 because the CAG
				repeat length of the AR gene was not a major factor in
				the development of hypospadias. CAG repeat lengths
				appear to negatively affect the atypical phenotype
				in the DSD group. However, the CAG repeat length
				within the normal range does not eliminate the
				possibility of infertility and histological abnormality of
				the testis in our DSD cases. Fietz et al15 demonstrated
				no correlation between CAG repeat length and the
				histology of the testis.			


			
				Diagnosis of DSD in Indonesia involves a
				multistep approach including clinical examination,
				chromosomal analysis, internal genitalia ultrasound,
				and mutation analysis. In Indonesia, a high prevalence
				of 46, XY DSD (65.9%) has been reported.16 However,
				there are obstacles to accurate DSD diagnoses in
				Indonesia because of a lack of awareness regarding
				genetic diseases, advanced laboratory facilities, and
				health insurance coverage.			


			
				Sanger sequencing has been considered to be
				the gold standard for CAG repeat length analysis;
				however, it is more a laborious, time-consuming, and
				expensive procedure. While HRM analysis is a costeffective,
				less laborious, and rapid technique and
				requires only one-step real-time PCR compared with
				Sanger sequencing17,18  and restriction fragment length
				polymorphism-Southern blot analysis.19  In developing
				countries with limited molecular diagnostic facilities,
				HRM analysis can be more useful, particularly for
				research and population screening.			


			
				HRM analysis is a cost-effective, less laborious,
				and rapid technique and requires only one-step realtime
				PCR compared with Sanger sequencing17,18 and
				restriction fragment length polymorphism-Southern
				blot analysis.19 In developing countries with limited
				molecular diagnostic facilities, HRM analysis can be
				more useful, particularly for research and population
				screening.						


			
				In this study, the patient with SBMA showed
				CAG repeat expansion in exon 1, and the amplicon
				contained more CAG repeats that shifted the
				melting curve to the right. The polyglutamine
				sequence of AR containing GC-rich codons increases
				Tm when CAG repeat expansion occurs.9 An increase
				in Tm was moderately associated with an increase
				in CAG repeat length, indicating that a higher Tm
				during HRM analysis corresponds to CAG repeat
				expansion (p < 0.01). The degree of correlation may
				be influenced by the normal range and small interval
				of CAG repeats among all samples of the DSD and
				control groups, excluding the SBMA sample. This
				finding can be utilized for rapid screening of CAG
				repeat expansion in SBMA and other TRE diseases.
				Nevertheless, the identification of CAG repeat for
				androgen insensitivity syndrome (partial or complete
				type) must not be suggested because of its various
				mutations in almost all eight exons.20			


			
				The expansion of the polyglutamine sequence
				has been reported to be associated with
				neurodegenerative genetic diseases such as SBMA,
				Huntington’s disease, and spinocerebellar ataxia.
				The expansion alters the N-terminal region that
				causes AR dysfunction resulting in partial loss of AR
				function.21 The length of CAG repeat in the range of
				38−62 can cause SBMA and develop signs of androgen
				insensitivity such as gynecomastia and infertility, in
				addition to neurodegenerative symptoms.22 In this
				study, CAG repeat expansion were not detected, and
				no correlation was observed between the atypical
				phenotype in 46, XY DSD cases and normal repeat
				length of CAG in the AR gene, probably because of
				small sample size, various types of hypospadias or
				genital anomaly, ethnic background, and several other
				genes that caused DSD with a similar phenotype.			


			
				A similar technique was performed in CGG repeats
				of FMR1 gene for screening Fragile X syndrome
				with a considerably high sensitivity and specificity.10
				This study is the first study in Indonesia using HRM
				analysis for screening CAG repeats in the AR gene. In
				addition, screening using triplet repeat primed PCR
				and HRM for other TRE diseases can be considered.
				For neurodegenerative diseases with similar clinical
				symptoms, HRM analysis can be used for determining
				molecular pathology and rapid diagnosis. However,
				this technique can only detect expanded alleles and
				cannot identify the number of CAG repeats.						


			

			
				Limitations of the study
			

			
				The limitations of the study are as follows.
				First, HRM analysis could only identify CAG repeat
				expansion in both alleles of the AR gene; however,
				it could not identify the number of CAG repeats.
				Second, although HRM analysis is rapid and costeffective,
				Sanger sequencing may be required
				to confirm the number of CAG repeats required.
				Third, the sample size used in this study was small
				for genetic studies. For future studies, a larger
				sample size of patients with DSD and SBMA must
				be considered to elucidate the prevalence of CAG
				repeats expansion in exon 1 of the AR gene.			


			

			
				Conclusions
			

			
				In conclusion, PCR-HRM is a rapid and cost-effective
				technique for screening CAG repeat expansion in
				the AR gene and can be used as a diagnostic tool for
				detecting other TRE diseases. This study revealed that
				CAG repeat expansion in the AR gene in DSD cases is
				scarce in the Indonesian population; nevertheless, the
				CAG repeat expansion could not be identified in one
				SBMA case. This is a rapid and inexpensive technique
				for AR gene screening that may be applicable to other
				TRE diseases.			
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