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Abstract

:

The transcription factor encoded by the PAX2 gene plays a significant role in the development of the urogenital tract, eyes, ears, and central nervous system. Heterozygous mutations in the PAX2 gene cause renal coloboma syndrome, a rare autosomal dominant disorder characterized by optic nerve coloboma and renal anomalies. In this study, two siblings with chronic kidney disease (CKD) receiving regular dialysis therapy were investigated. DNA sequencing was performed on blood samples from both patients, which revealed four novel heterozygous variations in the PAX2 gene in both patients. Sequencing analysis showed a C to G transversion at position c.352 of the PAX2 gene in a heterozygous state.
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1. Introduction


Papillorenal syndrome, also known as renal coloboma syndrome (RCS), is a rare autosomal dominant condition with variable clinical phenotypic expression, including optic nerve dysplasia or coloboma, renal hypoplasia, and a reduced number of nephrons [1,2,3,4]. The condition may lead to end-stage kidney failure in both children and adults. Mutations in the PAX2 gene located on chromosome 10q24.3–10q25 are responsible for RCS. In 50% of RCS cases, mutations can be found in the PAX2 transcription factor gene [1]. This gene encodes a protein that plays a crucial role in the development of the urogenital tract, eyes, ears, and central nervous system [5]. Therefore, any alterations in the PAX2 gene can have a significant impact on the function and development of these organ systems.



Optic nerve dysplasia, also known as coloboma, is a common feature of papillorenal syndrome, and it results from the abnormal development of the optic fissure during embryogenesis [2]. This abnormality affects the optic nerve, and it can lead to visual impairments, including blindness [6]. Renal hypoplasia, another characteristic feature of RCS, refers to the small size of the kidneys, which is caused by a reduction in the number of nephrons [3]. The reduced number of nephrons can lead to chronic kidney disease and end-stage renal disease [7].



Studies have shown that mutations in the PAX2 gene can cause a wide range of clinical phenotypes, including isolated coloboma, isolated renal hypoplasia, and optic nerve dysplasia with renal hypoplasia [2]. The severity of the symptoms varies among individuals, even among those with the same mutation. This variation is attributed to the interaction between the PAX2 gene and other genetic and environmental factors [8].



Papillorenal syndrome is a rare genetic condition that can lead to optic nerve dysplasia, renal hypoplasia, and end-stage kidney failure. The condition is caused by mutations in the PAX2 gene, which plays a critical role in the development of the urogenital tract, eyes, ears, and central nervous system. Early diagnosis and management of the symptoms are essential for improving the quality of life of affected individuals.



Despite the highly variable clinical presentation and progression of papillorenal syndrome (PRS), genotype–phenotype correlations have yet to be identified [9]. Research suggests that identical mutations in the PAX2 gene may result in highly variable clinical features due to a combination of epigenetic factors, environmental factors, and modifier genes [10]. The first case of PRS was reported by Weaver et al. in 1988, describing two siblings with end-stage renal disease, optic nerve colobomas, and interstitial nephritis [11]. In 1995, a two-generation family with PRS featuring optic nerve colobomas, vesicoureteral reflux, and renal dysplasia was diagnosed with autosomal dominant mutations in the PAX2 transcriptional regulator gene [9]. The same year, Weaver et al. confirmed the association between PAX2 and PRS [12].



Recent studies have sought to update and expand upon our understanding of PRS genetics. Bower et al. (2012) established a locus-specific database and provided updates on PAX2 mutations in PRS, with a particular focus on expanding the understanding of the wide range of mutations in the PAX2 gene [2]. Meanwhile, Favor et al. (1996) used the molecular characterization of PAX2 mutants to suggest the contribution of neural crest cells to the development of the urogenital system, further advancing our understanding of the pathogenesis of PRS [8].



In the present report, we delineate a fourth Indian lineage manifesting the signs of renal coloboma syndrome (RCS), where a heterozygous mutation in exon 3 (c.352 C > G, Leu118Val) of the PAX2 gene was confirmed. The kinfolk members exhibit bilateral renal hypoplasia that accompanies a gradual loss of renal function, strabismus, and decreased visual acuity. This instance supplements the current knowledge of RCS and offers innovative observations regarding the phenotypic spectrum and PAX2 mutation analysis in this Indian kindred. Prior to our research, two instances of PAX2 mutations were recorded in Indian families [13,14], and a contemporary survey by Ammayappan et al. (2023) similarly identified a case of RCS in an Indian clan with a PAX2 gene mutation [15].




2. Case Report/Case Presentation


In this investigation, we examined a duo of siblings who had a background of bilateral hypoplastic kidneys. Both patients endured recurring dialysis therapy and exhibited a decline in renal function (22 mg/dL and 11 mg/dL, correspondingly). The older sibling (II:2) underwent a renal transplant and subsequently experienced chronic allograft nephropathy (CAN). The younger sibling has suffered from strabismus in the left eye from an early age and a reduction in vision. A qualified ophthalmologist scrutinized both siblings, and the younger brother was diagnosed with an optic disc coloboma in the left eye and the presence of conductive hearing loss in the right ear and sensorineural hearing loss in the left ear.




3. Materials and Methods


DNA Sequencing


In order to determine the genetic sequence of the PAX2 gene, PCR amplification and DNA sequencing were performed. The primers used for sequencing PAX2 exon and intron–exon boundaries, along with the specified genetic analyzer used, are detailed in Table 1. The resulting sequences were compared to the reference sequence for PAX2 in the NCBI GenBank database using BLAST analysis to identify any genetic variants or mutations.



Genomic DNA was extracted from the blood samples collected from both patients using the QIAamp DNA mini kit (Qiagen, Hilden, Germany). The coding regions and intron–exon junctions of the PAX2 gene (NM_000278) were screened for mutations using PCR amplification with a dye-terminator cycle-sequencing kit (BD Ready Reaction kit, Perkin Elmer, Branchburg, NJ, USA). The PCR products were purified using the QIAquick PCR purification kit (Qiagen, Hilden, Germany) and subjected to direct fluorescent sequencing. The cycle-sequencing product was then outsourced for further genetic or automated sequencing (Thermo Fisher Scientific, Gurgaon, India). The resulting sequence data were analyzed using the CHROMAS software and compared to reference sequences and NM_000278.



Sequence variants were analyzed in reference to the American College of Medical Genetics and Genomics and Association for Molecular Pathology guidelines [16] to determine their potential pathogenicity in the PAX2 gene. The results showed four novel heterozygous variations in PAX2 in both patients, including a C to G transversion at position c.352 in the PAX2 gene in a heterozygous state.





4. Results and Discussion


Family History


In this study, we evaluated two siblings (patients II:2 and II:5) with a family history of chronic kidney disease (CKD). A thorough ophthalmologic examination revealed that the younger sibling had amblyopia with a left eye optical disc coloboma, while the other sibling had a very mild, asymptomatic coloboma. Information on the family pedigree was gathered and is presented in Figure 1 (genetic tree).



The proband’s father (I:2), who is 57 years old and has no comorbidities, was found to have a normal creatinine level (0.58 mg/dL) and no history of ocular or auditory problems in his family on the paternal side. He is currently being evaluated as a potential kidney donor for his son. The genetic variations (c.617-19 T > A, c.617-70 C > A, and c.617-41 T > A) detected in the affected individual may not have been inherited from the father as he has not been diagnosed with any renal, ocular, or auditory problems.



The mother (I:1) had a history of squint and vision loss due to a left optic nerve coloboma and was diagnosed with kidney disease at the age of 39. She was on maintenance hemodialysis and passed away at the age of 47. The elder sister (II:1) had squint and CKD, was on maintenance hemodialysis, and died at the age of 18. The younger sister (II:4), 30 years old, has no renal, visual, or auditory complaints and her serum creatinine level is 0.58 mg/dL.



Patient 1 (II:2) is a 32-year-old man who was diagnosed with CKD in 2010 with a serum creatinine level of 8.8 mg/dL and an estimated glomerular filtration rate (eGFR) of 7 mL/min. A urine analysis revealed 2+ proteinuria with no signs of hematuria, and an ultrasound indicated contracted kidneys on both sides. He received a renal transplant from his paternal grandmother and was put on a triple-drug-immunosuppression regimen. However, in April 2013, after getting married, he discontinued all medications and experienced a gradual increase in his serum creatinine level. As a result, he has been on maintenance hemodialysis since then.



Patient 2 (II:5) is a 23-year-old man who was found to have raised creatinine levels (1.69 mg/dL, eGFR: 57.68 mL/min) during a routine evaluation. An ultrasound showed bilateral contracted kidneys. His progressive worsening of renal function within 3 years led to him being put on maintenance hemodialysis. He has had a squint in his left eye since childhood with decreased vision, and he underwent surgery at the age of 16 but saw no improvement in his vision. An ophthalmic evaluation showed amblyopia with an optic disc coloboma in his left eye (as depicted in Figure 2).



Additionally, we obtained an audiogram report which indicated conductive hearing loss in the right ear and sensorineural hearing loss in the left ear (as depicted in Figure 3). Conductive hearing loss occurs when sound waves cannot pass through the outer or middle ear, while sensorineural hearing loss is caused by damage to the inner ear or the auditory nerve.





5. Genetic Analysis and Discussion


The genetic study conducted on both patients (II:2 and II:5) revealed the presence of four novel heterozygous variations in the PAX2 gene. Notably, both patients shared the same heterozygous PAX2 mutation, c.352 C > G, as depicted in Figure 4.



This nucleotide change was localized in exon 3 of the PAX2 gene and resulted in the substitution of Leucine amino acid with Valine at position 118 of the protein (p.Leu118Val).



PAX2 gene mutations have been linked to various developmental abnormalities in the kidney and optic nerve, including papillorenal syndrome, renal coloboma syndrome, and optic nerve coloboma. The mutation identified in both patients (II:2 and II:5) has been previously reported in patients with papillorenal syndrome, characterized by optic nerve coloboma and renal abnormalities.



The p.Leu118Val mutation has been shown to have a dominant negative effect on the PAX2 protein function, impairing its binding to DNA and leading to a reduction in transcriptional activity. This, in turn, may contribute to the development of renal and ocular abnormalities observed in the patients.



Further genetic testing and counseling may be necessary to determine the potential risk of passing the PAX2 mutation to offspring, as well as to identify any other genetic factors that may contribute to the development of the patients’ clinical features [17].



The sequencing analysis manifested a C to G transversion at position c.352 in the PAX2 gene, which was discovered to be in a heterozygous state. This nucleotide change was localized in exon 3, resulting in the replacement of the highly conserved Leucine amino acid with Valine at position 118 of the protein (p.Leu118Val).



A computer-based comparison of this missense variation was conducted using three distinct bioinformatics tools: Mutation Taster, Provean, and SIFT. All three tools projected a pathological impact for this alteration. It is worth noting that the PAX2 genes are comprised of 12 exons, with most mutations transpiring in exons 2-4 (paired domain); however, there are also recorded cases of mutations described in other domains [9].



The novel heterozygous variations in intron 5 of the PAX2 gene found in both patients (II:2 and II:5) are depicted in the sequence chromatograms (Figure 5), with the location of the variations marked by arrows (c.617-70 C > A, c.617-41 T > A, c.617-19 T > A). Patient 2 (II:2) is represented in chromatogram J and Patient 5 (II:5) is represented in chromatogram M.



The occurrence of the three newly identified heterozygous variations in intron 5 of the PAX2 gene in both patients indicates that these variations may have a role in the development of CKD and ocular abnormalities. Nonetheless, additional investigation and validation are needed to determine the precise function of these variations. These discoveries augment the current understanding of the genetic mechanism underlying CKD and ocular and hearing abnormalities and lay the groundwork for future genetic counseling of this family.



Using computer-based bioinformatics tools, we analyzed the changes in intron 5 by comparing it with the wild-type sequence. The variants 617-70 C > A and c.617-41 T > A were deemed polymorphisms, with all bioinformatics programs predicting a benign effect. However, only one of the tools used suggested a pathogenic effect for 617-19 T > A.



Therefore, it can be concluded that 617-19 T > A is most likely a variant of uncertain significance, which does not provide any informative insight into the cause of the patients’ clinical features.



In brief, we have reported the identification of the fourth Indian family to exhibit genetic confirmation of RCS. All affected individuals for whom DNA samples were available had the identical heterozygous mutation in exon 3 (c. 352 C > G, Leu118Val) of the PAX2 gene, supporting an autosomal dominant mode of inheritance. We deduced that the mother (I:1) and the probands’ sister (II:1) had the identical genetic change in PAX2, which was consistent with the transmission of this change to her elder son (II:2). Clinical manifestations varied within the family, as is often seen in RCS cases. Interestingly, all previously reported patients with PAX2 mutations had marked ophthalmic dysplasia [18,19,20]. Patient 2 (II:5) underwent a thorough ophthalmologic examination which revealed the presence of optic disc coloboma, renal hypoplasia, and optic nerve coloboma. The patient was also diagnosed with conductive hearing loss in the right ear and sensorineural hearing loss in the left ear, as indicated in the audiogram report. It is worth noting that the patient and other family members also had a history of renal hypoplasia and optic nerve coloboma. These findings highlight the need for a comprehensive evaluation of patients with similar symptoms and a thorough examination of their family history.



Furthermore, we identified a new mutation and three novel variations in the PAX2 gene that had not been previously described in the scientific literature. The PAX2 gene is responsible for coding a protein that plays a critical role in the development of the kidney and the eye. Mutations in this gene have been associated with a rare genetic disorder called renal coloboma syndrome (RCS), which is characterized by kidney abnormalities and eye defects.



The identification of these new mutations and variations has expanded the current understanding of the spectrum of PAX2 mutations and variations known in the literature. Unfortunately, RCS remains a rare condition and may be underdiagnosed due to its variable phenotype, which means that the symptoms can vary greatly from person to person. This makes it challenging to recognize and diagnose the condition, particularly in individuals with milder subclinical phenotypes.



We highlighted the importance of recognizing this rare condition and the need for collaboration between nephrologic and ophthalmologic services for the proper diagnosis and management of patients. They recommend that individuals at risk of RCS undergo genetic testing, which can facilitate appropriate management and follow-up for patients with milder subclinical phenotypes.



In conclusion, the identification of new mutations and variations in the PAX2 gene has expanded the current understanding of RCS. However, the rarity and variability in the condition make it challenging to recognize and diagnose. Therefore, collaboration between medical specialties and genetic testing can be invaluable in providing proper diagnosis and management for patients with RCS.
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Figure 1. The family pedigree, where males are represented by squares and females by circles. Family members who underwent genetic testing are marked with an arrow. 
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Figure 2. The results of the ophthalmic evaluation of Patient 2 (II:5). The evaluation revealed myopic changes and amblyopia with an optic disc coloboma in the left eye. The arrows in the figure indicate an enlarged optic disc with blood vessels emerging from the side of the disc, rather than from the middle. 






Figure 2. The results of the ophthalmic evaluation of Patient 2 (II:5). The evaluation revealed myopic changes and amblyopia with an optic disc coloboma in the left eye. The arrows in the figure indicate an enlarged optic disc with blood vessels emerging from the side of the disc, rather than from the middle.



[image: Kidneydial 03 00023 g002]







[image: Kidneydial 03 00023 g003 550] 





Figure 3. The findings of the audiogram report, which show that the patient had different types of hearing loss in each ear. Specifically, the report indicated conductive hearing loss in the right ear and sensorineural hearing loss in the left ear. 
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Figure 4. The sequence chromatograms of the affected patients, with chromatogram (A) belonging to Patient II:2 and chromatogram (B) belonging to Patient II:5. The arrows in the figure highlight the heterozygous variation c.352 C > G (Leu 118 Val) present in both patients. 
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Figure 5. Both patients showed new heterozygous changes in intron 5 of the PAX2 gene, specifically, c.617-70 C > A, c.617-41 T > A, and c.617-19 T > A. The affected patients’ sequence chromatograms demonstrated these variations, with Patient 2 (II:2) represented by chromatogram J and Patient 5 (II:5) represented by chromatogram M. The heterozygous variation c.617-19 T > A was visible in both patients, as indicated by the arrows in the figure. The variations were presented as follows: (a,d) demonstrate c.617-19 T > A, (b,e) demonstrate c.617-41 T > A, and (c,f) demonstrate c.617-70 C > A. 
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Table 1. The primers used to sequence PAX2 exon and intron–exon boundaries and the genetic analyzer used.
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	Primer Name
	Primer Sequence (5′ to 3′)
	Exon/Intron Boundary
	Genetic Analyzer Used





	PaxF1
	CCCTCCCTTTTCTCCTCAAG
	Intron 1/Exon 2
	3500xl



	PaxR1
	GGTGACAGAAGGCAGGAGAG
	Intron 1/Exon 2
	3500xl



	PaxF2
	CTTCTCAAGCTCGGGAACAT
	Intron 2/Exon 3
	3500xl



	PaxR2
	GCTGGACTTTTAGCCACGTC
	Intron 2/Exon 3
	3500xl



	PaxF3
	CACCCTCAGGAAGTCAGCTC
	Intron 3/Exon 4
	3500xl



	PaxR3
	CTCTCTGCCTCACAGGTTCC
	Intron 3/Exon 4
	3500xl



	PaxF4
	GACACAGGGAGCAGATGGAT
	Exon 4/Intron 4
	3500xl



	PaxR4
	GCTCAGGTGAGAGGAGTTGG
	Exon 4/Intron 4
	3500xl



	PaxF5
	GGCTCCTCATCCCTCCTTAT
	Intron 4/Exon 5
	3500xl



	PaxR5
	GGACCTGGGCTTTGCTACTA
	Intron 4/Exon 5
	3500xl



	PaxF6
	GGCCCAAGACTAGGGAGACT
	Exon 5/Intron 5
	3500xl



	PaxR6
	GAGCCAACTCCTCCTTTTCC
	Exon 5/Intron 5
	3500xl



	PaxF7
	CTCTTTGCCCTGCACTGTTC
	Intron 5/Exon 6
	3500xl



	PaxR7
	TGGCTATGCATGTGGTGTTT
	Intron 5/Exon 6
	3500xl



	PaxF8
	ACTACCCGCACAAAACTTGC
	Exon 6/Intron 6
	3500xl



	PaxR8
	CAGGAAGCACCCTGGTTTTA
	Exon 6/Intron 6
	3500xl



	PaxF9
	TTTCCTCTCCGTGCAGTACC
	Intron 6/Exon 7
	3500xl



	PaxR9
	GAGGGGCCATGACATACAGT
	Intron 6/Exon 7
	3500xl



	PaxF10
	ATGCCTCCTAGAACCGGAGT
	Exon 7/Intron 7
	3500xl



	PaxR10
	CTGCACTAACAAGCCTGTCC
	Exon 7/Intron 7
	3500xl



	PaxF11
	CAGGGGAGGTCTTTTCTGTG
	Intron 7/Exon 8
	3500xl



	PaxR11
	GGGGTGATGTGAAGGGTTG
	Intron 7/Exon 8
	3500xl
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png





nav.xhtml


  kidneydial-03-00023


  
    		
      kidneydial-03-00023
    


  




  





media/file2.png





media/file5.jpg
Left ear

Right ear






media/file3.jpg





media/file1.jpg





media/file7.jpg
.....................






media/file10.png
mmmmn lu L.e!&.h Imt M@M@M

e =

b (et i






media/file9.jpg





media/file0.png





media/file8.png
250 260
[ T

J...‘.‘Qu

Plera

) \/)
P e al:d-u-g_-__;qmiksziiligss_____ég!'h,‘_

250 260
T C G A G A c C G G G T C c T G G c c G A






media/file6.png
-
= 2 8R9883p2gg8 2R
© |
: g
)] o
L k-l
o
o
| _ -
' - i L -
| i
il _ -
! 2 ——
- r* O | Jij.w..m r
| _ s
A : W
[ —— Ilﬁnll...- " _ __ _ Kl
Y T .
L[Il-.-lr ..._'.f-.wa-.pllr-.' ..|1.||‘_, _ ;
] ] |
| | | | |
o e
B |
| bl
| . ! | ” _ _
s £ e i e
-of-oo [TIFFIFR 3TIA B
$sgll2t HH
A smmnwm_m 3 ;
RD‘ c 00 zlaf|o] e |w]l2]= el >
o
= — - ja0 D
o
u
-
-
™
ke ™
' L [
@
H
S |
0
il
- [
- >
m 0
5 & e
¥ —Jo []
&6 o e g 8 8 2 R






