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Abstract 

Patients with co-occurrence of two independent pathologies pose a challenge for clinicians as 

the phenotype often presents as an unclear syndrome. In these cases, exome sequencing serves 

as a powerful instrument to determine the underlying genetic causes.  

Here, we present the case of a 4-year old boy with proteinuria, microhematuria, 

hypercalciuria, nephrocalcinosis, livedo-like rash, recurrent abdominal pain, anemia and 

continuously elevated CRP. Single exome sequencing revealed the pathogenic nonsense 

mutation p.(Arg98*) in the CLCN5 gene causing the X-linked inherited, renal tubular disorder 

Dent’s Disease. Furthermore, the two pathogenic and compound heterozygous missense 

variants p.(Gly47Ala) and p.(Pro251Leu) in the CECR1 gene could be identified. Mutations 

in the CECR1 gene are associated with a hereditary form of polyarteritis nodosa, called 

ADA2-deficiency. Both parents were carriers of a single heterozygous variant in CECR1 and 

the mother was carrier of the CLCN5 variant. 

This case evidently demonstrates the advantage of whole exome sequencing compared to 

single gene testing as the pathology in the CECR1 gene might have only been diagnosed after 

the occurrence of signs of systemic vasculitis like strokes or hemorrhages. Therefore, 

treatment and prevention can now start early to improve the outcome of these patients. 
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1. Introduction 

In the last couple of years exome sequencing (ES) evolved from an exclusively research-

related method to a diagnostic tool used in every-day clinical practice. Especially in 

pediatrics, it is often useful when trying to unravel a genetic cause for an unclear syndrome. 

Additionally, it can save patients from a vast number of invasive diagnostic procedures and 

therapy can be initiated early.  

While ES has become an important instrument in diagnosing neurologic and metabolic 

diseases, the applications for the diagnosis of rheumatological diseases are still in early stages 

(Wiley et al., 2014). CECR1 is one example of a gene that is thought to be associated with a 

hereditary form of polyarteritis nodosa (PAN) (Navon Elkan et al., 2014). It encodes the 

enzyme adenosine deaminase 2 (ADA2) and patients usually present in childhood with livedo 

reticularis which is a typical cutaneous manifestation of vasculitis and vasculopathies. Other 

clinical and laboratory features described with ADA2-deficiency are visceral involvement 

most commonly with gastrointestinal symptoms, followed by renal hypertension, renal 

proteinuria and hematuria. Neurologic symptoms affect the peripheral nervous system more 

often than the central nervous system. Cerebrovascular events like haemorrhages and 

ischemic strokes have been described. Fever, myalgia or arthralgia, elevated CRP and 

elevated transaminases are typical signs of this necrotizing, predominantly medium-sized 

arteries targeting vasculitis (Nanthapisal et al., 2016), (Zhou et al., 2014). Therapeutic options 

include immunosuppressive drugs like corticosteroids combined with intravenous 

cyclophosphamide or mycophenolate mofetil for childhood PAN, azathioprine, rituximab, and 

TNFα-antagonists. So far, there are about 20 families with a CECR1-associated ADA2-

deficiency described in the literature (Navon Elkan et al., 2014), (Nanthapisal et al., 2016), 

(Zhou et al., 2014).  

Dent’s Disease is a X-linked recessive inherited, renal tubular disorder that is caused by 

mutations in CLCN5 or OCRL1 (Hoopes et al., 2005), (Lloyd et al., 1996). Patients usually 

present during childhood and findings mainly include asymptomatic low molecular weight 

proteinuria, hypercalciuria, hematuria, and nephrocalcinosis (Devuyst and Thakker, 2010). In 

60% of the cases the molecular cause for the disease is the absence or alteration of a chloride 

channel that is encoded by CLCN5. Medullary nephrocalcinosis is a prominent feature in 

Dent’s disease and plays a critical role in renal failure. Progression to end-stage renal disease 

occurs in 30-60% of patients, mostly in the fourth decade of life. Hypercalciuria can be 

treated with thiazides. Angiotensin-converting enzyme (ACE) inhibitors or angiotensin 

receptor blockers may delay the development of end-stage renal disease. However, patients 
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with Dent disease are underdiagnosed due to the wide spectrum of clinical presentation 

(Copelovitch et al., 2007; Devuyst and Thakker, 2010).  

 

 

2. Case report 

A four ½ year old boy of German origin was referred for further follow-up after a screening 

test had revealed microscopic hematuria and proteinuria. The parents reported recurrent 

episodes of abdominal pain and the presence of a bilateral rash at both lower legs, which were 

first noticed nine months prior to admission.  

Clinical examination revealed a height at the third percentile, a body weight at the tenth 

percentile, and a head circumference at the twenty-fifth percentile. The neurologic 

development was unremarkable. At both shins, mild livedo-like rash was observed (Fig. 1a). 

Laboratory examinations showed a mixed proteinuria (glomerular and tubular origin; 

727mg/m²/d), microscopic hematuria, hypercalciuria, elevated CRP (max. 16 mg/dl), and 

microcytic hypochromic anemia due to iron deficiency (ferritin 36 µg/l). The search for a 

focus of infection (low-dose PET/CT) did not reveal signs of a neoplastic condition or focal 

inflammation. A kidney biopsy suggested thin basement membrane nephropathy. One arteria 

arcuata was visible in the renal biopsy and did not show specific changes. Endoscopy of the 

esophagus, stomach and intestines was unremarkable. Biopsy samples of the gastrointestinal 

tract and the skin did not show signs of vasculitis. As the thorough clinical examination did 

not lead to a definite diagnosis, whole-exome sequencing was performed.  

Both parents were tested negative for hematuria and proteinuria. The family history was 

unremarkable. 

 

3. Material and methods 

Blood samples from the patient and his parents were collected after written informed consent. 

Exome sequencing was only performed in the patient. DNA fragments were enriched using 

the SureSelect Human All Exon Kit (Agilent, 50Mb V5). The prepared libraries were 

subsequently sequenced as 100 bp paired end reads on a HiSeq2500 (Illumina) to an average 

182-fold coverage with >98% of target sequences being covered >20-fold. Rare variants and 

their allele frequency were detected using an in-house database containing almost 9,000 

exomes, 1000Genomes, dbSNP, and the Exome Aggregation Consortium (ExAc)-Browser. 

Pathogenicity of the variants was determined by searching the databases ‘Online Mendelian 

Inheritance in Man’ (OMIM), ‘Human Gene Mutation Database’ (HGMD), MutationTaster, 
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HomoloGene, and ClinVar. Furthermore, the exome sequencing also included analysis of 

copy number variations (CNVs) and mtDNA. CNV analysis was performed with 

ExomeDepth and custom pearl scripts. CNVs with a size larger than 100kb were considered 

for further evaluation which were not identified in the present case. mtDNA variants were 

filtered for nonsynonymous variants with a heteroplasmy >50% and MITOMAP frequency of 

less than 0.1%. No variants passed these filtering steps. 

After identification of variants in CLCN5 and CECR1 in the index patient we performed 

confirmation and segregation analysis in the parents by using Sanger sequencing. Primer 

sequences are available upon request.  

 

 

4. Results 

Exome sequencing was performed and a search for homozygous, compound heterozygous and 

hemizygous variants with a minor allele frequency (MAF) of less than 0.1% identified 

variants in 13 genes. Of these genes only variants in CLCN5, CACNA1F, and CECR1 were 

associated with mendelian disorders. Hemizygous mutations in CACNA1F cause X-linked 

cone-rod dystrophy. As the variant is predicted to be tolerated in silico and there were no 

clinical signs of visual deficits we did not consider this variant as disease causing. The 

variants in CLCN5 (NM_001127899.3) and CECR1 (NM_017424.2), however were reported 

as pathogenic in the literature. 

In CLCN5, the previously described hemizygous nonsense mutation c.292C>T, p.(Arg98*) 

was identified (Fig. 1b) (Lek et al., 2016). This mutation has already been associated with the 

X-chromosomal inherited Dent’s disease (OMIM: #300009) (Hoopes et al., 1998). 

Additionally, in the CECR1 gene the compound heterozygous missense mutations c.140G>C, 

p.(Gly47Ala) and c.752C>T p.(Pro251Leu) have been identified (Fig. 1c/d). Mutations in this 

gene have previously been reported causing autosomal recessive inherited childhood onset 

polyarteritis nodosa (OMIM #615688) (Zhou et al., 2014), (Nanthapisal et al., 2016). Both 

mutations could only be found in heterozygous state in our in-house- and the ExAC database.  

Sanger sequencing confirmed all identified mutations. Segregation analysis showed 

compound heterozygosity for the mutation in CECR1 (Fig. 1c/d) and the patient’s mother as 

heterozygous carrier for the mutation in CLCN5 (Fig. 1b). According to the guidelines of the 

ACMG the variants detected in both genes were classified as pathogenic (Richards et al., 

2015). 
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5. Discussion 

Our case highlights the valuable diagnostic benefit of early ES for patients with complex 

unclear diseases. 

The 4-year-old patient presented with glomerular and tubular proteinuria, hematuria and 

hypercalciuria, recurrent abdominal pain, anemia due to iron deficiency and livedo reticularis. 

Comprehensive clinical investigations were unable to identify a singular specific diagnosis 

explaining all symptoms. As the kidney biopsy suggested the presence of thin basement 

membrane nephropathy, genetic testing was initiated. Mutations in two genes could be 

identified that explained almost all symptoms of the patient. The tubular proteinuria, 

hematuria as well as the hypercalciuria are caused by the deleterious hemizygous CLCN5 

variant that is responsible for Dent’s disease (Hoopes et al., 1998). The glomerular 

proteinuria, cutaneous rash, abdominal pain and the elevated CRP are a result of the ADA2- 

deficiency due to CECR1 mutations causing polyarteritis nodosa in childhood (Zhou et al., 

2014; Nanthapisal et al., 2016). Anemia due to iron deficiency has not yet been described in 

either of the two diseases, although pancytopenia was previously reported in patients with 

ADA2-deficiency (Zhou et al., 2014). Since Dent's disease is X-chromosomal inherited and 

ADA2-deficiency follows an autosomal-recessive inheritance, re-occurrence rates are 50 % 

for Dent's disease in male descendants and 25 % for ADA2-deficiency sex-independent. 

At this point, we additionally want to emphasize the advantages of exome sequencing 

compared to a single gene approach. If the latter had been chosen, genetic diagnostics would 

likely have been stopped after the diagnosis of Dent’s disease. The patient would then have 

been subjected to intensive – presumably also invasive – examinations if experiencing severe 

disease associated symptoms like ischemia and necrosis of the fingers and toes, coronary or 

mesenteric artery aneurysms and stenosis, strokes, intracranial hemorrhages or hepatopathy 

(Zhou et al., 2014). Our experience is that there are a significant number of patients with 

genetic co-pathologies in whom and only recently, a comprehensive study showed a co-

occurrence of two pathologies in 5% of patients referred to exome sequencing (Posey et al., 

2016).  

Reviewing the literature describing patients with mutations in CECR1 revealed genotype-

phenotype correlation: Patients with the mutation p.(Gly47Ala) developed significant cerebral 

vasculopathy, resulting in ischemic or hemorrhagic strokes as well as hepatopathy with 

elevated transaminases (Zhou et al., 2014). However, patients with the substitution 

p.(Pro251Leu) did barely develop any described cerebrovascular pathologies (Nanthapisal et 

al., 2016). If the absence of the enzyme activity would be the only pathomechanism one 
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would expect a similar phenotypical presentation in all patients. As all studies have 

demonstrated a lack of ADA2 activity, this – and the fact that no patients with biallelic loss-

of-function variants have been described yet – might imply that there is an additional function 

of the Adenosine Deaminase 2 protein.  

Unfortunately, there is only a small number of families with a CECR1 related vasculopathy 

and there are no reports concerning the successfulness of therapeutic attempts. Most of the 

patients were treated with immunosuppressive agents such as corticosteroids, 

cyclophosphamide, azathioprine or mycophenolate mofetil. TNF-α blockade, adalimumab and 

rituximab are additional therapeutical options possibly combined with acetylsalicylic acid 

(Nanthapisal et al., 2016)(Eleftheriou and Brogan, 2016). As most patients so far have only 

been diagnosed after the first irreversible cerebral defects, the early identification of the 

disease causing mutations in this patient might hopefully influence the progression of the 

condition by early administration of disease modifying agents.  

The presented patient was treated with pulsed methylprednisolone, followed by prednisolone 

weaning over 6 months plus mycophenolate mofetil (1200 mg/m2/d). The inflammatory signs 

(elevated CRP) normalized within days and the gastrointestinal symptoms disappeared 

completely. 

 

 

6. Conflict of interest 

The authors declare no conflict of interest. 

 

7. Acknowledgements 

We thank the patient and his parents for participation in this study. JH received financial 

support by the German Society of Pediatric Nephrology. 

 

 

  

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

8 
 

8. References 

 

Copelovitch, L., Nash, M.A. and Kaplan, B.S., 2007. Hypothesis: Dent disease is an underrecognized 

cause of focal glomerulosclerosis. Clin J Am Soc Nephrol 2, 914-8. 

Devuyst, O. and Thakker, R.V., 2010. Dent's disease. Orphanet J Rare Dis 5, 28. 

Eleftheriou, D. and Brogan, P.A., 2016. Therapeutic advances in the treatment of vasculitis. Pediatr 

Rheumatol Online J 14, 26. 

Hoopes, R.R., Hueber, P.A., Reid, R.J., Braden, G.L., Goodyer, P.R., Melnyk, A.R., Midgley, J.P., 

Moel, D.I., Neu, A.M., VanWhy, S.K. and Scheinman, S.J., 1998. CLCN5 chloride-channel 

mutations in six new North American families with X-linked nephrolithiasis. Kidney 

International 54, 698-705. 

Hoopes, R.R., Jr., Shrimpton, A.E., Knohl, S.J., Hueber, P., Hoppe, B., Matyus, J., Simckes, A., Tasic, 

V., Toenshoff, B., Suchy, S.F., Nussbaum, R.L. and Scheinman, S.J., 2005. Dent Disease with 

mutations in OCRL1. Am J Hum Genet 76, 260-7. 

Lek, M., Karczewski, K.J., Minikel, E.V., Samocha, K.E., Banks, E., Fennell, T., O'Donnell-Luria, 

A.H., Ware, J.S., Hill, A.J., Cummings, B.B., Tukiainen, T., Birnbaum, D.P., Kosmicki, J.A., 

Duncan, L.E., Estrada, K., Zhao, F., Zou, J., Pierce-Hoffman, E., Berghout, J., Cooper, D.N., 

Deflaux, N., DePristo, M., Do, R., Flannick, J., Fromer, M., Gauthier, L., Goldstein, J., Gupta, 

N., Howrigan, D., Kiezun, A., Kurki, M.I., Moonshine, A.L., Natarajan, P., Orozco, L., 

Peloso, G.M., Poplin, R., Rivas, M.A., Ruano-Rubio, V., Rose, S.A., Ruderfer, D.M., Shakir, 

K., Stenson, P.D., Stevens, C., Thomas, B.P., Tiao, G., Tusie-Luna, M.T., Weisburd, B., Won, 

H.H., Yu, D., Altshuler, D.M., Ardissino, D., Boehnke, M., Danesh, J., Donnelly, S., Elosua, 

R., Florez, J.C., Gabriel, S.B., Getz, G., Glatt, S.J., Hultman, C.M., Kathiresan, S., Laakso, 

M., McCarroll, S., McCarthy, M.I., McGovern, D., McPherson, R., Neale, B.M., Palotie, A., 

Purcell, S.M., Saleheen, D., Scharf, J.M., Sklar, P., Sullivan, P.F., Tuomilehto, J., Tsuang, 

M.T., Watkins, H.C., Wilson, J.G., Daly, M.J., MacArthur, D.G. and Exome Aggregation, C., 

2016. Analysis of protein-coding genetic variation in 60,706 humans. Nature 536, 285-91. 

Lloyd, S.E., Pearce, S.H., Fisher, S.E., Steinmeyer, K., Schwappach, B., Scheinman, S.J., Harding, B., 

Bolino, A., Devoto, M., Goodyer, P., Rigden, S.P., Wrong, O., Jentsch, T.J., Craig, I.W. and 

Thakker, R.V., 1996. A common molecular basis for three inherited kidney stone diseases. 

Nature 379, 445-9. 

Nanthapisal, S., Murphy, C., Omoyinmi, E., Hong, Y., Standing, A., Berg, S., Ekelund, M., Jolles, S., 

Harper, L., Youngstein, T., Gilmour, K., Klein, N.J., Eleftheriou, D. and Brogan, P.A., 2016. 

Deficiency of Adenosine Deaminase Type 2: A Description of Phenotype and Genotype in 

Fifteen Cases. Arthritis Rheumatol 68, 2314-22. 

Navon Elkan, P., Pierce, S.B., Segel, R., Walsh, T., Barash, J., Padeh, S., Zlotogorski, A., Berkun, Y., 

Press, J.J., Mukamel, M., Voth, I., Hashkes, P.J., Harel, L., Hoffer, V., Ling, E., Yalcinkaya, 

F., Kasapcopur, O., Lee, M.K., Klevit, R.E., Renbaum, P., Weinberg-Shukron, A., Sener, E.F., 

Schormair, B., Zeligson, S., Marek-Yagel, D., Strom, T.M., Shohat, M., Singer, A., Rubinow, 

A., Pras, E., Winkelmann, J., Tekin, M., Anikster, Y., King, M.C. and Levy-Lahad, E., 2014. 

Mutant adenosine deaminase 2 in a polyarteritis nodosa vasculopathy. N Engl J Med 370, 921-

31. 

Posey, J.E., Harel, T., Liu, P., Rosenfeld, J.A., James, R.A., Coban Akdemir, Z.H., Walkiewicz, M., 

Bi, W., Xiao, R., Ding, Y., Xia, F., Beaudet, A.L., Muzny, D.M., Gibbs, R.A., Boerwinkle, E., 

Eng, C.M., Sutton, V.R., Shaw, C.A., Plon, S.E., Yang, Y. and Lupski, J.R., 2016. Resolution 

of Disease Phenotypes Resulting from Multilocus Genomic Variation. N Engl J Med. 

Richards, S., Aziz, N., Bale, S., Bick, D., Das, S., Gastier-Foster, J., Grody, W.W., Hegde, M., Lyon, 

E., Spector, E., Voelkerding, K. and Rehm, H.L., 2015. Standards and guidelines for the 

interpretation of sequence variants: a joint consensus recommendation of the American 

College of Medical Genetics and Genomics and the Association for Molecular Pathology. 

Genet Med 17, 405-24. 

Wiley, G.B., Kelly, J.A. and Gaffney, P.M., 2014. Use of next-generation DNA sequencing to analyze 

genetic variants in rheumatic disease. Arthritis Res Ther 16, 490. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

9 
 

Zhou, Q., Yang, D., Ombrello, A.K., Zavialov, A.V., Toro, C., Zavialov, A.V., Stone, D.L., Chae, J.J., 

Rosenzweig, S.D., Bishop, K., Barron, K.S., Kuehn, H.S., Hoffmann, P., Negro, A., Tsai, 

W.L., Cowen, E.W., Pei, W., Milner, J.D., Silvin, C., Heller, T., Chin, D.T., Patronas, N.J., 

Barber, J.S., Lee, C.C., Wood, G.M., Ling, A., Kelly, S.J., Kleiner, D.E., Mullikin, J.C., 

Ganson, N.J., Kong, H.H., Hambleton, S., Candotti, F., Quezado, M.M., Calvo, K.R., Alao, 

H., Barham, B.K., Jones, A., Meschia, J.F., Worrall, B.B., Kasner, S.E., Rich, S.S., Goldbach-

Mansky, R., Abinun, M., Chalom, E., Gotte, A.C., Punaro, M., Pascual, V., Verbsky, J.W., 

Torgerson, T.R., Singer, N.G., Gershon, T.R., Ozen, S., Karadag, O., Fleisher, T.A., 

Remmers, E.F., Burgess, S.M., Moir, S.L., Gadina, M., Sood, R., Hershfield, M.S., Boehm, 

M., Kastner, D.L. and Aksentijevich, I., 2014. Early-onset stroke and vasculopathy associated 

with mutations in ADA2. N Engl J Med 370, 911-20. 

 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

10 
 

 

Legend to the figures 

Fig. 1. a) Livedo reticularis rash of the 4-year old patient. b) Partial nucleotide sequence of 

exon 5 of the CLCN5 gene from the patient showing the hemizygous mutation c.292C>T, 

p.(Arg98*). c) and d) Partial nucleotide sequence of exon 2 of the CECR1 gene from the 

patient showing the heterozygous mutation c.140G>C, p.(Gly47Ala) and of exon 4 showing 

the heterozygous mutation c.752C>T p.(Pro251Leu). Note, that the mother is also a 

heterozygous carrier of the common polymorphism rs7289141. 
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Abbreviations list: 

 

ACE Angiotensin-converting enzyme 

ADA2 Adenosine deaminase 2 

CECR1 Cat Eye Syndrome Chromosome Region, Candidate 1 

CLCN5 Chloride Voltage-Gated Channel 5 

CRP C-reactive Protein 

ES Exome sequencing 

OCRL1 Oculocerebrorenal Syndrome Of Lowe 

OMIM Online Mendelian Inheritance in Man 

PAN Polyarteritis nodosa 

TNFα Tumor necrosis factor α 
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Highlights 

 A young patient presented with an renal-inflammatory phenotype 

 Two independent genetic pathologies were detected by exome sequencing 

 Exome sequencing is a powerful method for diagnosis of co-pathologies 
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