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Abstract 

 

The course of renal involvement and hearing loss is much milder in most of 

female X-linked Alport syndrome than in male patients. We examined the molecular 

mechanism of development of the disease in a female patient with severe Alport 

syndrome. The patient showed heavy proteinuria, hematuria, nuerosensory hearing 

loss and primary amenorrhea. Renal biopsy findings of electron microscopy and 5 

chain of type IV collagen immunostaining indicated a female X-linled Alport syndrome. 

G-banding chromosomal analysis showed a t(X;1)(q22.3;p36.32) balanced translocation. 

COL4A5 gene analysis by genomic DNA sequencing, cDNA sequencing and multiplex 

ligation-dependent probe amplification assay showed no mutations and 

deletions/duplications of the gene. However, fluorescence in situ hybridization using the 

probes for exon 1 and exon 51 of COL4A5 gene showed disruption of one copy of the 

gene. Replication R-banding chromosomal analysis indicated preferential inactivation 

of the normal X chromosome. This is the first report of severe Alport syndrome in a 

female carrying a balanced translocation between the chromosome X and 1 producing 

the disruption of one copy of COL4A5 gene and silencing of the other copy because of 

preferential inactivation of the normal X chromosome. Chromosomal abnormalities 

should be considered in female patients with severe form of Alport syndrome. 
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Introduction 

Alport syndrome is characterized by progressive hematuric nephritis with 

ultrastructural and immunohistochemical changes of the glomerular basement 

membrane (GBM), frequently associated with neurosensory hearing loss [1–8]. 

Mutations in the COL4A5 gene are responsible for the more common X-linked 

dominant form of the disease (OMIM 301050). Although progression to renal failure 

and hearing loss is considerably frequent in male X-linked Alport syndrome, the course 

of renal involvement and hearing loss is much more variable in female patients, 

remaining mild in the majority of them. 

We examined the molecular mechanism of development of the disease in a female 

patient with severe Alport syndrome. And, we found, for the first time, a balanced 

translocation between the chromosome X and 1 producing the disruption of one copy of 

COL4A5 gene and silencing of the other copy because of preferential inactivation of the 

normal X chromosome. 



Methods 

All procedures were reviewed and approved by the Institutional Review Board of 

Kobe University School of Medicine. 

 

Patient 

     A female patient suffered from proteinuria and hematuria when she was 2 years 

old. She underwent renal biopsies at the age of 6 and 8 years, and was diagnosed as 

minor glomerular abnormalities, respectively. She was diagnosed having neurosensory 

hearing loss at the age of 14 years.  

She was referred to our hospital at 19 years of age. Her body height was 150.3 cm 

(-1.5 SD) and body weight 35.7 kg. Her blood pressure was 120/60 mmHg under the 

treatment with an angiotensin-converting enzyme inhibitor and an angiotensin receptor 

antagonist. Laboratory investigation showed microscopic hematuria and heavy 

proteinuria (1.63 g/day) and mild hypoalbuminemia (3.6 g/dl) with normal renal 

function (Creatinine clearance: 95.4 ml/min/1.73m2). She also showed primary 

amenorrhea, hypoplastic uterus with no ovaries, and hypergonadotrophic hypogonadism. 

Thus, she was diagnosed having premature ovarian failure and was treated with 

estrogen and progesterone. 

 

Immunohistochemical analysis of kidney biopsy specimens 

The immunofluorescence methods used for immunohistochemical analysis have 

been described previously [9]. Rat monoclonal antibodies that recognize the 2 and 5 

chains (H22 and H52; Shigei Medical Research Institute, Okayama, Japan) were used 

[10]. The type IV collagen 5 chain in glomerular basement membrane (GBM 5(IV)) 

expression ratio was analyzed using ImageJ 1.42q (National Institutes of Health, 

Bethesda, MD) on a Machintosh computer (Apple Japan, Tokyo Japan). The whole 

glomerular tufts and 5(IV) positive parts of glomerular tufts were identified using 

threshold levels, and the both area were measured. The GBM 5(IV) expression ratio 

was calculated by dividing the latter by the former. 



 

Genomic DNA analysis 

Genomic DNA was isolated from peripheral blood leukocytes of the patient with 

the Qiagen kit (Qiagen Inc., Chatsworth, CA, USA), according to the manufacturer’s 

instructions. Specific exons of COL4A5 and exon-intron boundaries were amplified by 

the polymerase chain reaction (PCR), and the PCR-amplified products were purified 

and directly subjected to sequencing using an automatic DNA sequencer (model ABI 

Prism 310; Perkin Elmer Applied Biosystems, Foster City, CA, USA). 

 

RNA expression analysis 

Total RNA was extracted from blood leukocytes. RNA was isolated with the aid 

of Isogen Kit (Nippon Gene Co., Toyama, Japan), and was then reverse-transcribed 

onto cDNA by using random hexamers and the Superscript III kit (Invitrogen, Carlsbad, 

CA, USA). cDNA was amplified by means of nested PCR using primer pairs for 

COL4A5 described elsewhere [9, 11]. PCR-amplified products were purified and 

directly subjected to sequencing. 

 

Multiplex ligation-dependent probe amplification analysis 

     To reveal the heterozygous large deletion of COL4A5 gene, we utilized multiplex 

ligation-dependent probe amplification (MLPA) analysis using the SALSA P191/192 

Alport MLPA assay (MRC-Holland, Amsterdam, The Netherlands). 

 

Fluorescence in situ hybridization (FISH) analysis 

     FISH was performed according to standard procedures using specific DNA 

probes for exon 1 and exon 51 of the COL4A5 gene. The probes were synthesized by 

amplification of human genomic DNA using PCR (Takara LA PCR Kit Ver. 2.1, Takara 

Bio Inc, Tokyo, Japan). The primers for exon1 of COL4A5 gene were 

5’-CTGCCAGCTTAAGTAGCTAGTGAAACTG-3’ (forword) and 

5’-TATCCCACTGACAGTGAATCAGTACAGG-3’ (reverse), and those for exon 51 of 



the COL4A5 gene were 5’-ACCCCAGGAATTGAAGTTACAGTCTGTC-3’ (forward) 

and 5’-GTGTTGGGTATGCAGTCCACTAACAGAG-3’ (reverse).  

 

Replicating R-banding chromosomal analysis 

     Peripheral blood lymphocytes were cultured with PHA (EY Laboratories, San 

Mateo, CA, USA), and thymidine (Sigma, St.Louis, MO ,USA) was added to 

synchronize cells at the S/G2 stage. The cells were then rinsed, treated with BrdU 

(Sigma), and incubated in fresh medium for an additional 6 hours. Colcemid (Gibco, 

Grand Island, NY ,USA) was added before the final incubation. Chromosome slides 

were heated, stained with Hoechst 33258 (Sigma), and rinsed in distilled water. The 

slides were dipped in 2 x SSC, heated, exposed to UV light, and stained with 2% 

Giemsa stain solution (Muto Pure Chemicals, CO.,LTD., Tokyo, Japan). 



Results 

She underwent renal biopsy again at 19 years of age, and was diagnosed as minor 

glomerular abnormalities by light microscopy (not shown). However, electron 

microscopy revealed a widespread basket-weave pattern of GBM (Fig. 1B). 

Immunohistochemical staining for α5(IV) collagen revealed mosaic patterns in the 

GBM (Fig. 1C & 1D). We examined 10 glomeruli, and the GBM 5(IV) expression 

ratio was 10-20% in all glomeruli. Therefore, she was diagnosed as female X-linked 

Alport syndrome. And, the normal X chromosome may have been preferentially 

inactivated in kidney tissues. 

     G-banding chromosomal analysis showed a balanced translocation, 46, X, 

t(X;1)(q22.3;p36.32) (Fig. 2). Her parents had no chromosomal abnormalities, 

indicating her chromosomal abnormality was de novo. COL4A5 gene analysis by 

genomic DNA sequencing, cDNA sequencing (RNA expression analysis) and multiplex 

ligation-dependent probe amplification assay showed no mutations and 

deletions/duplications of the gene. However, fluorescence in situ hybridization using the 

probes for exon 1 and exon 51 of COL4A5 gene showed disruption of one copy of the 

gene (Fig 3A & 3B).  

To examine the skewed X inactivation, the polymorphic regions of the AR gene, 

the PGK gene and the FMR1 gene were analyzed as previously described [12-14]. 

However, they were not informative because the patient showed homozygous status at 

the three loci. However, replicating R-banding chromosomal analysis revealed that the 

normal X chromosome was late replicating in all the 10 examined cells, indicating that 

the normal X chromosome was preferentially inactivated, whereas the der(X)t(X;1), 

bearing the disrupted COL4A5 gene, was active in lymphocytes. (Fig. 3C).



Discussion 

This is the first report of severe Alport syndrome in a female carrying a balanced 

translocation between the chromosome X and autosome. In female Alport syndrome, 

there was not the genotype-phenotype correlation but the large intrafamilial phenotypic 

heterogeneity, and risk factors for developing renal failure have been identified: the 

occurrence and progressive increase in proteinuria, and the development of a hearing 

defect [15]. Our patient showed heavy proteinuria and neurosensory hearing loss. In 

addition, her renal biopsy findings revealed a widespread basket-weave pattern of GBM 

and the low expression rate of the GBM 5(IV). These findings suggest that she was 

suffering from severe Alport syndrome with high risk for the development of renal 

failure in the future. 

In the case of balanced X-autosome translocations arising in females, selective 

inactivation of the entire X chromosome often occurs. This phenomenon can be the 

consequence of cell death of the clones inactivating the derivative X-autosome 

chromosome. In fact, cells carrying derivative X-autosome chromosome would have 

partial monosomy of the autosome involved and partial disomy of the chromosome X, 

with gene unbalance. The efficacy of this process depends on the position of the X 

breakpoint and the size of the noninactivated region and of the autosome genomic 

segment [16]. In the case of breakage of a gene located on the chromosome X, due to 

translocation of the X-autosome, the predominance of the clones carrying the normal 

inactive X does not allow the expression of the normal allele of the gene, producing the 

severe disease phenotype in a female in X-linked diseases [17]. 

Although the detailed breakpoint of the COL4A5 gene was not examined in the 

present study, the disruption of one copy of the gene due to the balanced translocation 

between the chromosome X and 1 may cause the large structural abnormalities on the 

encoded protein, 5(IV). In addition, a skewed X-inactivation pattern has been shown 

to be responsible for the severe phenotypic expression of disease in woman carriers of 

X-linked disease genes [18, 19]. In the present study, we could not show a skewed 

expression status of the genes (AR, PGK and FMR1) on X chromosome, because the 



polymorphic regions of three loci were homozygous in our patient. However, replicating 

R-banding chromosomal analysis revealed that the normal X chromosome was late 

replicating in all the cells examined, indicating that the normal X chromosome was 

preferentially inactivated, whereas the der(X)t(X;1), bearing the disrupted COL4A5 

gene, was active. Collectively, the large structural abnormalities of 5(IV) protein and 

the preferential inactivation of the normal X chromosome might have a pivotal role for 

the severe phenotype seen in our patient. 

Although the replicating R banding chromosomal analysis showed the normal X 

chromosome was inactivated in the lymphocyte examined, 10-20% of glomerular 

capillaries expressed 5(IV) protein. It is known that not all genes on the X 

chromosome undergo inactivation. Therefore, it is possible that the results of the 

replicating R banding chromosomal analysis did not necessarily reflect the degree of 

inactivation of the normal COL4A5 gene. Alternatively, the degree of X inactivation 

and/or the mRNA splicing of COL4A5 in lymphocytes and glomeruli may have been 

different in our patient. 

Our patient showed primary amenorrhea, which was probably due to X-autosome 

translocations. The close association between gonadal dysfunction and breakpoints on 

Xq13-26 (the critical region) has been reported [20]. Recently, it was reported that the 

critical region was interrupted in Xq21, and was divided into the proximal part (critical 

region I) and the distal part (critical region II) [21] Gonadal dysgenesis in female sex 

chromosome aberrations would primarily be attributable to chromosome pairing failure 

during meiotic prophase. It is hypothesized that severe pairing failure causes 

degeneration of nearly all oocytes before puberty, leading to primary amenorrhea [22]. 

The COL4A5 gene (Xq22.3) is within the critical region II. Therefore, the disruption of 

the COL4A5 gene due to X-autosome translocations in female patients may cause 

gonadal dysgenesis (primary amenorrhea) by the above mentioned mechanism, as well 

as severe Alport syndrome. In another words, we should consider the possibility of 

X-autosome translocations when female Alport syndrome patients showed gonadal 

dysfunction. 



     In conclusion, chromosomal abnormalities should be considered in female 

patients with severe form of Alport syndrome, especially for cases with gonadal 

dysfunction including primary amenorrhea. 

     Besides Alport syndrome, there are several X-linked diseases affecting the kidney, 

including Dent disease (CLCN5, OCRL), Fabry disease (GLA), hypophsphatemic rickets 

dominant (PHEX), Lesh-Nyhan syndrome (HPRT), nephrogenic diabetes insipidus 

(AVPR2), and oral facial digital syndrome 1 (OFD1) [23]. Therefore, we should 

examine chromosomal abnormalities including X-autosome translocations when female 

patients with the above mentioned X-linked diseases show severe phenotype and other 

abnormalities including gonadal dysgenesis. 



Acknowledgment 

The authors are grateful to Ms. Yoshimi Nozu, Department of Pediatrics, Kobe 

University Graduate School of Medicine, Kobe, Japan, and Ms. Kumiko Hayashi and 

Mr. Makoto Tamagaki, Mitsubishi Chemical Medience Corporation, Tokyo, Japan for 

their technical assistance. 

 

(1,824 words without abstract) 

 



References 

1. Alport AC (1927) Hereditary familial congenital haemorrhagic nephritis. Brit Med J 

(Clin Res) 1: 504–506 

2. Atkin CL, Gregory MC, Border WA (1988) Alport syndrome. In: Diseases of the 

Kidney, 4th Ed., edited by Schrier RW, Gottschalk CW, Little, Brown, Boston, pp 

617–641  

3. Gubler MC, Antignac C, Deschênes G, Knebelmann B, Hors-Cayla MC, Grünfeld JP, 

Broyer M, Habib R (1993) Genetic, clinical and morphologic heterogeneity in Alport’s 

syndrome. Adv Nephrol Necker Hosp 22: 15–35  

4. Flinter FA, Cameron JS, Chantler C, Houston I, Bobrow M (1988) Genetic of classic 

Alport’s syndrome. Lancet 332: 1005–1007 

5. Hinglais N, Grünfeld JP, Bois E (1972) Characteristic ultrastructural lesion of the 

glomerular lesion of the glomerular basement membrane in progressive hereditary 

nephritis (Alport’s syndrome). Lab Invest 27: 473–487 

6. Spear GS, Slusser RJ (1972) Alport’s syndrome: Emphasizing electron microscopic 

studies of the glomerulus. Am J Pathol 69: 213–224  

7. Churg J, Sherman RL (1973) Pathologic characteristics of hereditary nephritis. Arch 

Pathol 95: 374–379 

8. Kashtan CE, Kleppel MM, Gubler MC (1996) Immunohistochemical findings in 

Alport syndrome. In: Molecular Pathology and Genetics of Alport Syndrome,edited by 

Tryggvason K, Karger, Basel, pp 142–153 

9. Nakanishi K, Iijima K, Kuroda N, Inoue Y, Sado Y, Nakamura H, Yoshikawa N 

(1998) Comparison of alpha5(IV) collagen chain expression in skin with disease 

severity in women with X-linked Alport syndrome. J Am Soc Nephrol 9: 1433-1440 

10. Kagawa M, Kishiro Y, Naito I, Nemoto T, Nakanishi H, Ninomiya Y, Sado Y (1997) 

Epitope-defined monoclonal antibodies against type-IV collagen for diagnosis of 

Alport's syndrome. Nephrol Dial Transplant 12: 1238–1241 

11. Inoue Y, Nishio H, Shirakawa T, Nakanishi K, Nakamura H, Sumino K, Nishiyama 

K, Iijima K, Yoshikawa N (1999) Detection of mutations in the COL4A5 gene in over 



90% of male patients with X-linked Alport's syndrome by RT-PCR and direct 

sequencing. Am J Kidney Dis 34: 854-862 

12. Allen RC, Zoghbi HY, Moseley AB, Rosenblatt HM, Belmont JW (1992) 

Methylation of HpaII and HhaI sites near the polymorphic CAG repeat in the human 

androgen-receptor gene correlates with X chromosome inactivation. Am J Hum Genet 

51: 1229-1239 

13. Gilliland DG, Blanchard KL, Levy J, Perrin S, Bunn HF (1991) Clonality in 

myeloproliferative disorders: analysis by means of the polymerase chain reaction. Proc 

Natl Acad Sci U S A 88: 6848-6852 

14. Carrel L, Willard HF (1996) An assay for X inactivation based on differential 

methylation at the fragile X locus, FMR1. Am J Med Genet 64:27-30 

15. Jais JP, Knebelmann B, Giatras I, De Marchi M, Rizzoni G, Renieri A, Weber M, 

Gross O, Netzer KO, Flinter F, Pirson Y, Dahan K, Wieslander J, Persson U, 

Tryggvason K, Martin P, Hertz JM, Schröder C, Sanak M, Carvalho MF, Saus J, 

Antignac C, Smeets H, Gubler MC (2003) X-linked Alport syndrome: natural history 

and genotype-phenotype correlations in girls and women belonging to 195 families: a 

"European Community Alport Syndrome Concerted Action" study. J Am Soc Nephrol 

14: 2603-2610 

16. Schmidt M, Du Sart D (1992) Functional disomies of the X chromosome influence 

the cell selection and hence the X inactivation pattern in females with balanced 

X-autosome translocations: a review of 122 cases. Am J Med Genet 42:161-169 

17. Migeon BR (1994) X-chromosome inactivation: molecular mechanisms and genetic 

consequences. Trends Genet 10: 230-235 

18. Brown RM, Brown GK (1993) X chromosome inactivation and the diagnosis of X 

linked disease in females.J Med Genet 30: 177-184 

19. Jørgensen AL, Philip J, Raskind WH, Matsushita M, Christensen B, Dreyer V, 

Motulsky AG (1992) Different patterns of X inactivation in MZ twins discordant for 

red-green color-vision deficiency. Am J Hum Genet 51: 291-298 

20. Therman E, Laxova R, Susman B (1990) The critical region on the human Xq. Hum 



Genet 85: 455-461 

21. Rizzolio F, Bione S, Sala C, Goegan M, Gentile M, Gregato G, Rossi E, Pramparo T, 

Zuffardi O, Toniolo D (2006) Chromosomal rearrangements in Xq and premature 

ovarian failure: mapping of 25 new cases and review of the literature. Hum Reprod 

21:1477-1483 

22. Ogata T, Matsuo N (1995) Turner syndrome and female sex chromosome 

aberrations: deduction of the principal factors involved in the development of clinical 

features. Hum Genet 95: 607-629 

23. Migeon BR (2008) X Inactivation, Female Mosaicism, and Sex Differences in Renal 

Diseases. J Am Soc Nephrol 19: 2052-2059 



Figure legends 

 

Fig. 1. Renal biopsy findings. 

A. A patient with frequent-relapsing nephrotic syndrome in remission (Control). B.-D. 

The patient in the present study. A. Electron microscopy revealed normal appearance of 

glomerular basement membrane (GBM). B. Electron microscopy revealed a widespread 

basket-weave pattern of GBM. C. Normal pattern of the type IV collagen 2 chain in 

GBM. D. mosaic pattern of type IV collagen 5 chain in GBM (the GBM 5(IV) 

expression ratio: 13.7%). 

 

Fig. 2. G-banding chromosomal analysis. 

A. G-banding chromosomal analysis showed 46, X, t(X;1)(q22.3;p36.32) balanced 

translocation. B. Ideograms of chromosomes X and 1 and their derivatives der(X) and 

der(1) with inidications of breakpoints (arrows). 

 

Fig. 3. Fluorescence in situ hybridization (FISH) analysis and R-banded 

chromosomal analysis.  

A. FISH analysis of the patient’s chromosomes with the probe for exon 1 of COL4A5 

demonstrated signals (Rhodamine) on the normal X chromosome and the der(X) 

(arrows). Cohybridization with the probe for X chromosome-specific alpha satellite 

DNA (DXZ1: Spectrum green) was used to indicate the normal and derivative X 

chromosome (arrowheads). B. FISH analysis with the probe for exon 51 of COL4A5 

showed signals (Rhodamine) on the normal X chromosome and the derivative 

chromosome 1, indicating the disruption of one copy of the gene. C. R-banding 

chromosomal analysis demonstrated that the normal chromosome X (black arrow) was 

stained less intense than the derivative chromosome X (white arrow), indicating that the 

normal X chromosome was preferentially inactivated. 
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