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with Sjögren’s syndrome: importance of genetic testing
to distinguish the two forms

Eikan Mishima1 • Takayasu Mori2 • Eisei Sohara2 • Shinichi Uchida2 •

Takaaki Abe1,3 • Sadayoshi Ito1

Received: 11 July 2017 / Accepted: 30 July 2017 / Published online: 17 August 2017

� Japanese Society of Nephrology 2017

Abstract Gitelman syndrome (GS) is an autosomal

recessive, salt-losing renal tubulopathy caused by muta-

tions in the SLC12A3 gene; however, it can also be

acquired in patients with autoimmune disease, especially in

those with Sjögren’s syndrome. Differentiating between

the inherited and acquired forms of GS is clinically diffi-

cult. We report a case of inherited, not acquired, GS in a

patient with Sjögren’s syndrome. A 41-year-old woman,

who had been diagnosed with Sjögren’s syndrome at

27-years-old, had shown chronic hypokalemia

(2.5–3.5 mmol/L). Laboratory tests showed hypokalemic

alkalosis, hypomagnesemia, and hypocalciuria, corre-

sponding to GS. Although acquired GS associated with

Sjögren’s syndrome was initially suspected, a genetic test

identified a novel homozygous mutation of c.1336-2A[T

in the SLC12A3 gene, which resulted in aberrant splicing in

the SLC12A3 transcript with the exclusion of exons 11 and

12. Thus, the GS was diagnosed as not the acquired but the

inherited form. In the diagnosis of GS in patients with

autoimmune disease, genetic testing of SLC12A3 is

essential for differentiating the two forms.
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Introduction

Gitelman syndrome (GS) is an autosomal recessive, salt-

losing renal tubulopathy characterized by hypokalemic

alkalosis, hypomagnesemia, hypocalciuria, and secondary

hyperaldosteronism [1]. It is caused by loss-of-function

mutations in the SLC12A3 gene, which encodes thiazide-

sensitive sodium chloride cotransporter (NCC) expressed at

distal convoluted tubules. Although GS is an inherited

disorder, it can on rare occasions be acquired in patients

with autoimmune disease [2], especially those with Sjög-

ren’s syndrome.

Sjögren’s syndrome is a systemic autoimmune disease

affecting primarily the lacrimal and salivary grands with

resultant dryness of the eyes and mouth. In *10% of

patients, renal involvement can occur as an extraglandular

manifestation [3]. The most common renal involvement is

tubulointerstitial nephritis, which can be revealed by

electrolyte disturbances. In addition, in patients with

Sjögren’s syndrome, acquired GS has been infrequently

reported [4, 5]. Since the first report of such a case by

Casatta et al. [2], acquired GS in patients with autoimmune

disease has been increasingly described in the literature

[4–9].

Although its precise pathogenesis is not clear,

immunosuppressive therapy may be potentially useful for

acquired GS [2, 5]. Thus, differentiating between acquired
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and inherited GS is important. However, this is clinically

difficult because of their very similar clinical findings,

including the same characteristic electrolyte disturbances

[10]. Here, we report a case of Sjögren’s syndrome with GS

that was diagnosed as not acquired but inherited, which

was confirmed by genetic testing and transcript analysis.

Case report

A 41-year-old woman was admitted to our department for

the evaluation of chronic hypokalemia. There was no

family history of electrolyte disturbances and no consan-

guinity. At the age of 21, she had been diagnosed with

autoimmune hepatitis and Hashimoto’s disease, and had

been treated with oral prednisolone and levothyroxine. At

the age of 27, she had been diagnosed with systemic

sclerosis by the findings of limbic skin sclerosis, Raynaud’s

phenomenon, skin biopsy, and positivity for anti-scl-70

antibody. At the same time, she had been diagnosed with

Sjögren’s syndrome with sicca, positivity for antibodies to

SSA/Ro, evidence of Schirmer’s test (1 mm/5 min), and

ocular surface staining including in the Rose Bengal test.

The chronic hypokalemia had been observed at least from

the age of 27, at which the Sjögren’s syndrome had been

diagnosed. The serum potassium level had remained

between 2.5 and 3.5 mmol/L despite oral supplementation

with 32 mmol potassium chloride in the form of four tablets

of Slow-K� per day. Laboratory tests (listed in Table 1)

showed metabolic alkalosis, hypokalemia with high urinary

potassium excretion, hypomagnesemia, low urinary calcium

excretion, and secondary hyperaldosteronism with normal

blood pressure (100/60 mmHg). Levels of urinary b2-mi-

croglobulin and N-acetyl-b-D-glucosaminidase, which are

markers of tubular damage, were not elevated. She did not

report any vomiting, diarrhea, anorexia nervosa, or abuse of

diuretics or laxatives. The electrolyte disturbances were

highly suggestive of GS. Concerning the underlying dis-

eases, we first suspected that the GS was the acquired form

associated with autoimmune diseases.

To determine whether the GS was truly acquired or

inherited, we performed a genetic testing of SLC12A3.

Genomic DNA isolated from peripheral blood of the

patient was examined by comprehensive genetic testing for

major inherited kidney disease genes including SLC12A3

and CLCNKB using a next-generation sequencer (SPEEDI-

KID) [11]. Targeted 166 genes are listed in Supplemental

Table. The analysis identified a novel homozygous muta-

tion of c.1336-2A[T in SLC12A3 (NM_000339.2), which

was confirmed by Sanger sequencing (Fig. 1a). To exclude

the possibility that the c.1336-2A[T is heterozygous

mutation with deletion of the other allele at this locus, we

additionally performed copy number variation (CNV)

analysis using next-generation sequencing data and CON-

TRA [12]. As a result, we did not find any large deletions

or insertions in SLC12A3 of the patient, confirming the

c.1336-2A[T is bi-allelic homozygous mutation.

Because the mutation site is located in the 30 splice site

of intron 10 in SLC12A3 (Fig. 1b), it is predicted to cause

aberrant splicing of the transcript. To confirm the effects of

the mutation on the SLC12A3 transcript, we examined the

cDNA derived from the patient’s leukocytes. The region

between exon 9 and exon 13 was amplified by PCR, and

the amplified fragments were sequenced (Fig. 1c). We

found that the mutation resulted in disappearance of the

intact transcript and aberrant splicing that excluded exons

11 and 12, resulting in a frameshift and subsequent pre-

mature termination (p.T446LfsX6) (Fig. 1d). Thus, the

mutation that disrupts the structure of the NCC protein was

considered to be a novel causative mutation of GS. To

correct the hypokalemia and hypomagnesemia, treatment

with spironolactone and magnesium oxide was started, in

addition to the potassium supplementation.

Table 1 Laboratory results of the patient

Laboratory data (Normal)

Blood

Urea nitrogen (mg/dL) 11

Creatinine (mg/dL) 0.5

Sodium (mmol/L) 137

Potassium (mmol/L) 3.0

Chloride (mmol/L) 93

Calcium (mg/dL) 10.0

Phosphate (mg/dL) 2.9

Magnesium (mg/dL) 0.9

pH 7.451

Bicarbonate (mmol/L) 32.6

Renin activity (ng/mL/h) 16.2 (0.3–2.9)

Aldosterone (pg/mL) 167 (30–159)

Urine

Potassium (mmol/gCr) 72

Calcium (mg/dL) \1

Magnesium (mg/gCr) 77

Protein (g/gCr) 0.1

b2 microglobulin (mg/L) 167 (\230)

NAG (IU/L) 7.2 (0.7–11.2)

Serological

SSA (Ro) Ab (U/mL) [1200 (\10)

SSB (La) Ab (U/mL) 3.0 (\10)

Scl-70 Ab (U/mL) [850 (\10)

Centromere Ab (U/mL) 159 (\10)

Antinuclear Ab 1:640 (\1:40)
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Discussion

We report a case of GS in a patient with Sjögren’s syn-

drome that was not the acquired but the inherited form.

Genetic analysis revealed a novel homozygous mutation,

c.1336-2A[T in SL12A3, resulting in exon skipping of

the transcript. Distinguishing acquired GS from inherited

GS is clinically important because the formation of circu-

lating autoantibodies against tubular transporter was sus-

pected to be involved in the pathogenesis [5], raising the

possibility that immunosuppressive treatment would be

efficacious against the acquired form [2, 5]. Although

several cases of acquired GS associated with autoimmune

disease have been described [2, 4–9], some of them lacked

a genetic test of SLC12A3 in diagnosing the acquired GS

[2, 6, 8]. However, as in the present case, patients with

inherited GS can incidentally be complicated with

autoimmune diseases because the prevalence of heterozy-

gosity for SLC12A3 mutation was reported to be approxi-

mately 1% in Caucasian population, making GS one of the

most common inherited renal tubular disorders [13]. Thus,

genetic testing is essential for determining whether GS is

acquired or inherited.

Distinguishing the two forms of GS using only the

clinical presentation is difficult because the laboratory

findings are almost the same, such as hypokalemic alka-

losis, hypomagnesemia, and hypocalciuria [10]. Despite

GS typically being an inherited disorder, it is usually

diagnosed during adolescence or adulthood because of its

mild phenotype [13]. The diuretic loading test, which is

used for the diagnosis of GS, also does not discriminate

between its two forms because acquired GS shows a

blunted response to thiazide diuretics, the same as inherited

GS [4]. Thus, for the accurate diagnosis of cases with GS

and autoimmune disease, genetic testing should be

performed.

When genetic testing identifies mutations in the

SLC12A3 gene of GS patients, we should consider whether

the mutation is causative. The present mutation, c.1336-

2A[T, has not been reported in the literature on patients

with GS and has not been listed in either Human Gene

Mutation Database [14] or ClinVar [15]. Furthermore, this

is an extremely rare variant with no registration in any of

the following minor allele frequency databases including

Exome Aggregation Consortium [16], 1000 Genome [17],

and Integrative Japanese Genome Variation Database [18].
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Fig. 1 Mutation analysis of c.1336-2A[T in SLC12A3 gene and

mRNA. a Genomic DNA sequence in the SLC12A3 gene of the

patient and a healthy control. b Locations of the mutation c.1336-

2A[T and primers used for the transcript analysis. c Reverse-

transcription PCR analysis using the cDNA derived from leukocytes.

The shown sequence is the aberrant spliced junction of exons 10 and

13. d Predicted topology of the wild-type (WT) human sodium

chloride cotransporter (NCC) and that of c.1336-2A[T mutated

NCC. Sequences deleted as a result of the exon exclusion in the

patient are indicated in red. Excluded exons 11 and 12 correspond to

the 8th and 9th transmembrane domains
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Since the mutation is located in the 30 splice site for mRNA

splicing, we confirmed its influence by transcript analysis.

This analysis demonstrated the skipping of exons 11 and

12, disrupting the membrane topology of NCC. In addition,

c.1336-1G[C mutation in SLC12A3, which is the base

adjacent to c.1336-2 located in the same splice site, was

previously reported in a patient with GS [19]. Thus, we

conclude that the homozygous c.1336-2A[T is a novel

causative mutation of GS.

Type III Batter syndrome, which is caused by mutations

in the CLCNKB gene encoding chloride channel Kb, clin-

ically and biochemically overlaps with GS [13, 19]. Hence,

when no mutations are observed in SLC12A3, CLCNKB

gene screening is needed to determine the genetic cause of

GS or to rule out inherited GS. In the present case, com-

prehensive genetic testing using a next-generation

sequencer demonstrated no other mutations in over 150

genes (Supplementary Table), including CLCNKB, asso-

ciated with major hereditary kidney diseases in the

patient’s genomic DNA.

Our case possessed the extremely rare variant of c.1336-

2A[T in SLC12A3 in homozygous form. There are three

possibilities regarding the inheritance pattern of this vari-

ant: (1) derivation from heterozygous parents who may

have the same ancestor, such as due to the founder effect,

(2) de novo mutation, and (3) the patient having the

heterozygous variant with deletion of the other allele at this

locus. Although sequencing of samples from the parents

would resolve the issue of whether the mutation is derived

from the parents or occurred de novo, we could not obtain

DNA samples from the parents. Thus, both of these pos-

sibilities remain open. The CNV analysis ruled out the

other possibility of the patient being heterozygous with

deletion of the other allele at this locus.

In the present analysis, c.1336-2A[T caused two

patterns of aberrant transcripts derived from skipping of

only exon 11 and that of exons 11 and 12 (Fig. 1c).

Mutations at single splice junctions can result in the skip-

ping of single or multiple exons, creating a cryptic exon by

a cryptic splice site, and/or intron retention [20]. Multiexon

skipping due to a mutation at a splice junction is occa-

sionally observed in inherited diseases including Gitelman

syndrome [21, 22]. In addition, a single mutation can

concurrently result in a variety of aberrant transcripts

derived from the skipping of a single exon and multiple

exons [21]. In the present cDNA analysis, the control

sample of a healthy subject showed a transcript with exon

11 spliced out, although the amount was little (Fig. 1c). A

recent transcriptomic study has revealed that, in the human

body, various patterns of alternative splicing produce

numerous alternative transcripts in addition to the full-

length or canonical ones [23]. In addition, mis-splicing has

also been reported to occur even without mutations,

producing a nonfunctional transcript [23]. Thus, in the

control sample, the slight presence of spliced out tran-

scripts was conceivable, although they may have no

function.

In conclusion, for the accurate diagnosis of GS in

patients with autoimmune disease, genetic testing is

essential for differentiating the inherited and acquired

forms of GS. If only clinical findings are used without

genetic testing, an incorrect diagnosis of the cause of GS

may be reached.

Methods

The genetic test was performed in accordance with the

ethical standards of Tohoku University Graduate School of

Medicine and Tokyo Medical and Dental University. Iso-

lation of genomic DNA and the creation of cDNA were

performed as described previously [24]. Primers used for

PCR were as follows: exon 9 forward, 50- ccatttcctacctg-

gccatctc; exon 13 reverse, 50-gatgagggcataggagcagagg.

Compliance with ethical standards

Disclosure All of the authors have declared no competing interests.

Human and animal rights statement This article does not describe

any studies with human participants performed by any of the authors.

Informed consent Informed consent was obtained from all individ-

ual participants included in the study.

References

1. Simon DB, Nelson-Williams C, Bia MJ, Ellison D, Karet FE, Molina

AM, et al. Gitelman’s variant of Bartter’s syndrome, inherited

hypokalaemic alkalosis, is caused by mutations in the thiazide-sen-

sitive Na-Cl cotransporter. Nat Genet. 1996;12(1):24–30.

2. Casatta L, Ferraccioli GF, Bartoli E. Hypokalaemic alkalosis,

acquired Gitelman’s and Bartter’s syndrome in chronic siaload-

enitis. Br J Rheumatol. 1997;36(10):1125–8.

3. Francois H, Mariette X. Renal involvement in primary Sjogren

syndrome. Nat Rev Nephrol. 2016;12(2):82–93.

4. Chen YC, Yang WC, Yang AH, Lin SH, Li HY, Lin CC. Primary

Sjogren’s syndrome associated with Gitelman’s syndrome pre-

senting with muscular paralysis. Am J Kidney Dis.

2003;42(3):586–90.

5. Kim YK, Song HC, Kim WY, Yoon HE, Choi YJ, Ki CS, et al.

Acquired Gitelman syndrome in a patient with primary Sjogren

syndrome. Am J Kidney Dis. 2008;52(6):1163–7.

6. Schwarz C, Barisani T, Bauer E, Druml W. A woman with red

eyes and hypokalemia: a case of acquired Gitelman syndrome.

Wien Klin Wochenschr. 2006;118(7–8):239–42.

7. Hinschberger O, Martzolff L, Ioannou G, Baumann D, Jaeger F,

Kieffer P. Acquired Gitelman syndrome associated with Sjo-

gren’s syndrome and scleroderma. Rev Med Interne.

2011;32(8):e96–8.

CEN Case Rep (2017) 6:180–184 183

123



8. Kulkarni M, Kadri P, Pinto R. A case of acquired Gitelman

syndrome presenting as hypokalemic paralysis. Indian J Nephrol.

2015;25(4):246–7.

9. Kusuda T, Hosoya T, Mori T, Ihara K, Nishida H, Chiga M, et al.

Acquired Gitelman syndrome in an anti-SSA antibody-positive

patient with a SLC12A3 heterozygous mutation. Intern Med.

2016;55(21):3201–4.

10. Kim YK, Song HC, Kim YS, Choi EJ. Acquired gitelman syn-

drome. Electrolyte Blood Press. 2009;7(1):5–8.

11. Mori T, Hosomichi K, Chiga M, Mandai S, Nakaoka H, Sohara E,

et al. Comprehensive genetic testing approach for major inherited

kidney diseases, using next-generation sequencing with a custom

panel. Clin Exp Nephrol. 2017;21(1):63–75.

12. Li J, Lupat R, Amarasinghe KC, Thompson ER, Doyle MA,

Ryland GL, et al. CONTRA: copy number analysis for targeted

resequencing. Bioinformatics. 2012;28(10):1307–13.

13. Knoers NV, Levtchenko EN. Gitelman syndrome. Orphanet J

Rare Dis. 2008;3:22.

14. Stenson PD, Mort M, Ball EV, Shaw K, Phillips A, Cooper DN.

The human gene mutation database: building a comprehensive

mutation repository for clinical and molecular genetics, diag-

nostic testing and personalized genomic medicine. Hum Genet.

2014;133(1):1–9.

15. Landrum MJ, Lee JM, Benson M, Brown G, Chao C, Chitipiralla

S, et al. ClinVar: public archive of interpretations of clinically

relevant variants. Nucleic Acids Res. 2016;44(D1):D862–8.

16. Exome Aggregation Consortium (ExAC), Cambridge, MA, http://

exac.broadinstitute.org Accessed July 2015.

17. Genomes Project C, Abecasis GR, Altshuler D, Auton A, Brooks

LD, Durbin RM, et al. A map of human genome variation from

population-scale sequencing. Nature. 2010;467:1061–73.

18. Yamaguchi-Kabata Y, Nariai N, Kawai Y, Sato Y, Kojima K,

Tateno M, et al. iJGVD: an integrative Japanese genome varia-

tion database based on whole-genome sequencing. Hum Genome

Var. 2015;2:15050.

19. Vargas-Poussou R, Dahan K, Kahila D, Venisse A, Riveira-

Munoz E, Debaix H, et al. Spectrum of mutations in Gitelman

syndrome. J Am Soc Nephrol. 2011;22(4):693–703.

20. Singh RK, Cooper TA. Pre-mRNA splicing in disease and ther-

apeutics. Trends Mol Med. 2012;18(8):472–82.

21. Takahara K, Schwarze U, Imamura Y, Hoffman GG, Toriello H,

Smith LT, et al. Order of intron removal influences multiple

splice outcomes, including a two-exon skip, in a COL5A1

acceptor-site mutation that results in abnormal pro-alpha1(V) N-

propeptides and Ehlers-Danlos syndrome type I. Am J Hum

Genet. 2002;71(3):451–65.

22. Shao L, Liu L, Miao Z, Ren H, Wang W, Lang Y, et al. A novel

SLC12A3 splicing mutation skipping of two exons and prelimi-

nary screening for alternative splice variants in human kidney.

Am J Nephrol. 2008;28(6):900–7.

23. Mudge JM, Frankish A, Harrow J. Functional transcriptomics in

the post-ENCODE era. Genome Res. 2013;23(12):1961–73.

24. Takeuchi Y, Mishima E, Shima H, Akiyama Y, Suzuki C, Suzuki

T, et al. Exonic mutations in the SLC12A3 gene cause exon

skipping and premature termination in Gitelman syndrome. J Am

Soc Nephrol. 2015;26(2):271–9.

184 CEN Case Rep (2017) 6:180–184

123

http://exac.broadinstitute.org
http://exac.broadinstitute.org

	Inherited, not acquired, Gitelman syndrome in a patient with Sjögren’s syndrome: importance of genetic testing to distinguish the two forms
	Abstract
	Introduction
	Case report
	Discussion
	Methods
	References




