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Abstract Hypoparathyroidism is a disease characterized

by hypocalcemia and hyperphosphatemia derived from

deficient actions of parathyroid hormone (PTH). We report

the case of 43-year-old Japanese man with PTH-deficient

hypoparathyroidism introduced to an endocrinologist in our

hospital. As he had complained of hearing disturbance

since the age of 20, we decided to investigate the GATA3

gene. Direct sequencing of PCR products identified a novel

heterozygous mutation, 432insG, in the GATA3 gene. The

mutation introduces a premature stop codon at exon 4

(K302X), which results in a loss of both zinc finger

domains of the GATA3 protein. However, because the

mutation in the GATA3 gene found in this patient is highly

likely to impair GATA3 function, we speculate that it is

extremely unlikely that this patient has mutations in other

genes that cause PTH-deficient hypoparathyroidism, in

addition to the GATA3 mutation described here.

Keywords GATA3 � HDR syndrome �
Hypoparathyroidism

Introduction

Hypoparathyroidism is a disease characterized by hypo-

calcemia and hyperphosphatemia derived from deficient

actions of parathyroid hormone (PTH). The impaired

secretion of PTH causes PTH-deficient hypoparathyroid-

ism, and the resistance to PTH underlies pseudohypo-

parathyroidism [1, 2]. Most patients with PTH-deficient

hypoparathyroidism other than clear secondary causes,

such as parathyroidectomy, have been diagnosed with

idiopathic hypoparathyroidism. Recent genetic analyses

identified several genes for PTH-deficient hypoparathy-

roidism. Therefore, diseases caused by mutations in these

genes have been shown to be distinct from idiopathic

hypoparathyroidism. For examples, calcium-sensing

receptor (CASR), glial cells missing 2 (GCM2) and PTH

genes have been identified to be responsible for familial

isolated hypoparathyroidism (OMIM #146200) [3–7]. In

addition, GATA-binding protein 3 (GATA3) and tubulin-

specific chaperone E (TBCE) genes were shown to cause

HDR (hypoparathyroidism, sensorineural deafness and

renal disease) syndrome and HRD (hypoparathyroidism–

retardation–dysmorphism) syndrome, respectively [8, 9].

GATA3 is a DNA-binding protein with two zinc finger

domains. There are six GATA proteins (GATA1 to 6)

which bind to the consensus 50-(A/T)GATA(A/G)-30

sequence [10–13]. Two zinc finger domains are shown to

be necessary for the binding and the stabilization of the

binding of GATA proteins to DNA [14, 15]. The GATA3

gene is located on chromosome 10p15 and consists of six

exons. Exon 1 is a non-coding exon and the transcription

start site exists in exon 2 [8]. Homozygotes of GATA3

knockout mice are embryonic lethal indicating that

GATA3 is essential for fetal development at least in mice

[16, 17]. GATA3 is highly expressed in T-cells and has

been shown to be involved in the regulation of several

genes in T-cells. However, haploinsufficiency of GATA3

has been shown to result in HDR syndrome [8]. Here we

show a novel mutation in the GATA3 gene in a Japanese
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patient with PTH-deficient hypoparathyroidism and discuss

the diversity of phenotypes caused by mutations in GATA3.

Case report

A 43-year-old Japanese man was introduced to an endo-

crinologist in our hospital. He was born as an full-term

baby without asphyxia from a healthy mother. He experi-

enced sudden loss of consciousness at the age of 12. Since

then, he sometimes suffered from generalized tonic–clonic

seizure. He was diagnosed with epilepsy and had been

under treatment for this disease. At the age of 24, he was

admitted to our hospital suffering from lung tuberculosis.

Laboratory examinations revealed hypocalcemia (corrected

Ca by albumin 6.1 mg/dl) and normophosphatemia

(3.3 mg/dl). His renal function was normal, and PTH

measured by C-terminal assay was below 0.3 ng/ml. He

showed normal phosphaturic response and increase of

urinary cyclic AMP excretion in Ellsworth–Howard test

using 100 U of human PTH(1–34) [18]. From these results,

he was diagnosed with idiopathic hypoparathyroidism and

has been under treatment with active vitamin D3. He also

complained hearing disturbance since the age of 20. Oto-

logical examination revealed sensorineural deafness.

Audiogram conducted at the age of 32 showed the fol-

lowing hearing acuity: 60 dB at 500 Hz, 65 dB at 1,000 Hz

and 65 dB at 2,000 Hz in the left ear and 85 dB at 500 Hz,

90 dB at 1,000 Hz and 90 dB at 2,000 Hz in the right ear.

He has no family history of hearing disturbance or disor-

ders of calcium metabolism.

Physical examination showed no abnormality except for

hearing disturbance. He could communicate without any

problem wearing a hearing aid in his left ear. Laboratory

examinations revealed mild hypocalcemia (corrected Ca

7.5–8.2 mg/dl), normophosphatemia (3.4–4.1 mg/dl) and

normal renal function (creatinine 0.86–0.95 mg/dl). Intact

PTH was 9 pg/ml when serum corrected Ca was 8.2 mg/dl.

Urinalysis was normal. Computed tomography of abdo-

men vvshowed no abnormality in the size and contour of

kidneys.

Methods

After written informed consent was obtained, genomic

DNA was extracted from peripheral blood leukocytes using

a DNA extraction kit (QIAamp DNA Blood Mini Kit,

QIAGEN, Tokyo, Japan). The entire coding sequence and

the exon–intron junctions of the GATA3 gene were ampli-

fied using polymerase chain reaction (PCR). The primers

used are 50-CACCGAAAGCAAATCATTCAAC-30 (for-

ward) and 50-TTTTTTGTAAATGAACCAGGAACG-30

(reverse) for exon 2, 50-CCTTCATTCTGCTACATTTGA

TGG-30 (forward) and 50-TTGTTTGTCTTTTTTCCTATC

CCAG-30 (reverse) for exon 3, 50-CTCAACTTTGGAG

CATCTTGGA-30 (forward) and 50-ACACGATTGGAGG

CTATCCTGT-30 (reverse) for exon 4, 50-TTTCAAGCC

TGTCTTCATAGTGATG-30 (forward) and 50-ATTA

TTTGGAACCTGTCATCTGCC-30 (reverse) for exon 5,

and 50-CATTTCAGAGGCAGCAAAAAAGT-30 (forward)

and 50-TTGCTTTCTGCCTTCAAAAACATA-30 (reverse)

for exon 6. PCR was carried out using 86 ng DNA (2 ll),

2.5 ll 109 buffer, 2 ll 2.5 mmol/L dNTPs, 1 ll each pri-

mer (forward and reverse), 16 ll distilled water and 0.5 ll

Taq polymerase (Takara, Otsu, Japan). The mixture was

amplified under the following conditions: initial denatur-

ation for 3 min (94�C), followed by 30 cycles of

denaturation for 60 s (94�C), annealing for 30 s (60�C),

elongation for 60 s (72�C), with a final step of elongation

for 10 min (72�C). The PCR products were separated by

electrophoresis with 1% agarose gel, purified using Wizard

SV Gel and PCR Clean-Up system (Promega, Madison

USA) and directly sequenced with the same primers used

for PCR.

Results

When he came to our attention, we found that he has been

suffering from hearing disturbance, which lead us to

investigate the GATA3 gene in this patient. Direct

sequencing of PCR products identified a novel heterozy-

gous mutation, 432insG, in the GATA3 gene. Figure 1

shows the position of this mutation. The mutation is con-

sidered to introduce a premature stop codon at exon 4

(K302X), which results in a loss of both zinc finger

domains of the GATA3 protein.

sense anti-sense

432insG

TCGGGGGGNCNNNNCNNN GGCCCCCCNNNNANGNNG

Fig. 1 Direct sequencing of PCR products for the GATA3 gene

revealed the novel insertion mutation in this patient. Both sense and

anti-sense strands are shown. The arrows indicate the positions of the

starting nucleotides that show heterozygosity in each sequencing
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Discussion

More than 40 kinds of abnormalities in the GATA3 gene have

been reported in patients with HDR syndrome so far. These

include missense and nonsense mutations, frame shift

mutations and deletions, including at least some part of the

GATA3 gene [8, 19]. The insertion of guanine in codon 144

found in our patient is considered to change amino acids of

both zinc finger domains which are coded by codons after

260 and result in early termination at codon 302 in this allele.

Because several frame shift mutations around nucleotide 432

have been already reported in patients with HDR syndrome

[19], the insertion of guanine in codon 144 seems to be a

disease-causing mutation. We have not examined other

genes that were reported to cause PTH-deficient hypopara-

thyroidism in this patient. However, because the mutation in

the GATA3 gene found in this patient is highly likely to

impair GATA3 function, we speculate that it is extremely

unlikely that this patient has mutations in other genes that

cause PTH-deficient hypoparathyroidism, in addition to the

GATA3 mutation described here.

Clinical features in patients with HDR syndrome are

reported to be quite variable even within the same family [14,

20]. In addition, the genotype–phenotype correlation has not

been demonstrated in patients with HDR syndrome. This

variability and lack of correlation between genotype and

phenotype may be explained by compensatory or redundant

functions of GATA proteins. The medical record of our

patient indicated that he complained of hearing disturbance

since he was 20 years old. However, it is uncertain whether

his hearing acuity was not impaired before that time. Con-

sidering the congenital nature of HDR syndrome, it is

reasonable to think that he had been suffering from hearing

disturbance since infancy. Nonetheless, because he can

communicate without difficulty, it is unlikely that this

mutation caused a severe hearing disturbance in this patient.

GATA3 mutations have not been reported in patients

with isolated hypoparathyroidism [19]. Actually, our

patient showed a hearing disturbance in addition to hypo-

parathyroidism. Therefore, it would be impractical to

screen mutations in the GATA3 gene in patients with

hypoparathyroidism who do not have hearing disturbance

and/or renal abnormalities. On the contrary, we propose

that it is necessary to assess the hearing acuity in patients

with PTH-deficient hypoparathyroidism, because GATA3

mutation may cause mild impairment of hearing as shown

in our patient. In conclusion, we have described a novel

mutation in the GATA3 gene in a patient with PTH-defi-

cient hypoparathyroidism.

Acknowledgments This work was supported in part by grants from

Ministry of Health, Labour and Welfare, and from Ministry of

Education, Culture, Sports, Science and Technology, Japan.

References

1. Goltzman D, Cole DEC (2006) Hypoparathyroidism. In: Favus

MJ (ed) Primer on the metabolic bone diseases and disorders of

mineral metabolism, 6th edn. American Society for Bone and

Mineral Research, Washington, pp 216–219

2. Levine MA (2006) Parathyroid hormone resistance syndromes.

In: Favus MJ (ed) Primer on the metabolic bone diseases and

disorders of mineral metabolism, 6th edn. American Society for

Bone and Mineral Research, Washington, pp 220–224

3. Pollak MR, Brown EM, Estep HL, McLaine PN, Kifor O, Park J,

Hebert SC, Seidman CE, Seidman JG (1994) Autosomal domi-

nant hypocalcaemia caused by a Ca(2?)-sensing receptor gene

mutation. Nat Genet 8:303–307

4. Pearce SH, Williamson C, Kifor O, Bai M, Coulthard MG,

Davies M, Lewis-Barned N, McCredie D, Powell H, Kendall-

Taylor P, Brown EM, Thakker RV (1996) A familial syndrome

of hypocalcemia with hypercalciuria due to mutations in the

calcium-sensing receptor. N Engl J Med 335:1115–1122

5. Ding C, Buckingham B, Levine MA (2001) Familial isolated

hypoparathyroidism caused by a mutation in the gene for the

transcription factor GCMB. J Clin Invest 108:1215–1220

6. Arnold A, Horst SA, Gardella TJ, Baba H, Levine MA,

Kronenberg HM (1990) Mutation of the signal peptide-encoding

region of the preproparathyroid hormone gene in familial isolated

hypoparathyroidism. J Clin Invest 86:1084–1087

7. Parkinson DB, Thakker RV (1992) A donor splice site mutation

in the parathyroid hormone gene is associated with autosomal

recessive hypoparathyroidism. Nat Genet 1:149–152

8. Van Esch H, Groenen P, Nesbit MA, Schuffenhauer S, Lichtner

P, Vanderlinden G, Harding B, Beetz R, Bilous RW, Holdaway I,

Shaw NJ, Fryns JP, Van de Ven W, Thakker RV, Devriendt K

(2000) GATA3 haplo-insufficiency causes human HDR syn-

drome. Nature 406:419–422

9. Parvari R, Hershkovitz E, Grossman N, Gorodischer R, Loeys B,

Zecic A, Mortier G, Gregory S, Sharony R, Kambouris M, Sakati

N, Meyer BF, Al Aqeel AI, Al Humaidan AK, Al Zanhrani F, Al

Swaid A, Al Othman J, Diaz GA, Weiner R, Khan KT, Gordon R,

Gelb BD (2002) Mutation of TBCE causes hypoparathyroidism–

retardation–dysmorphism and autosomal recessive Kenny–Caffey

syndrome. Nat Genet 32:448–452

10. Lee ME, Temizer DH, Clifford JA, Quertermo T (1991) Cloning

of the GATA-binding protein that regulates endothelin-1 gene

expression in endothelial cells. J Biol Chem 266:16188–16192

11. Ko LJ, Engel JD (1993) DNA-binding specificities of the GATA

transcription factor family. Mol Cell Biol 13:4011–4022

12. Molkentin JD (2000) The zinc finger-containing transcription

factors GATA-4, -5, and -6. J Biol Chem 275:38949–38952

13. Ho IC, Vorhees P, Marin N, Oakley BK, Tsai SF, Orkin SH,

Leiden JM (1991) Human GATA-3: a lineage-restricted tran-

scription factor that regulates the expression of the T cell receptor

alpha gene. EMBO J 10:1187–1192

14. Yang Z, Gu L, Romeo PH, Bories D, Motohashi H, Yamamoto

M, Engel JD (1994) Human GATA-3 trans-activation, DNA-

binding, and nuclear localization activities are organized into

distinct structural domains. Mol Cell Biol 14:2201–2212

15. Nesbit MA, Bowl MR, Harding B, Ali A, Ayala A, Crowe C,

Dobbie A, Hampson G, Holdaway I, Levine MA, McWilliams R,

Rigden S, Sampson J, Williams AJ, Thakker RV (2004) Char-

acterization of GATA3 mutations in the hypoparathyroidism,

deafness, and renal dysplasia (HDR) syndrome. J Biol Chem

279:22624–22634

16. Pandolfi PP, Roth ME, Karis A, Leonard MW, Dzierzak E,

Grosveld FG, Engel JD, Lindenbaum MH (1995) Targeted dis-

ruption of the GATA3 gene causes severe abnormalities in the

388 J Bone Miner Metab (2009) 27:386–389

123



nervous system and in fetal liver haematopoiesis. Nat Genet

11:40–44

17. Lim KC, Lakshmanan G, Crawford SE, Gu Y, Grosveld F, Engel

JD (2000) Gata3 loss leads to embryonic lethality due to nor-

adrenaline deficiency of the sympathetic nervous system. Nat

Genet 25:209–212

18. Yamamoto M, Furukawa Y, Konagaya Y, Sohn HE, Tomita A,

Fujita T, Ogata E (1989) Human PTH(1–34) infusion test in

differential diagnosis of various types of hypoparathyroidism: an

attempt to establish a standard clinical test. Bone Miner 6:199–

212

19. Ali A, Christie PT, Grigorieva IV, Harding B, Van Esch H,

Ahmed SF, Bitner-Glindzicz M, Blind E, Bloch C, Christin P,

Clayton P, Gecz J, Gilbert-Dussardier B, Guillen-Navarro E,

Hackett A, Halac I, Hendy GN, Lalloo F, Mache CJ, Mughal Z,

Ong AC, Rinat C, Shaw N, Smithson SF, Tolmie J, Weill J,

Nesbit MA, Thakker RV (2007) Functional characterization of

GATA3 mutations causing the hypoparathyroidism–deafness–

renal (HDR) dysplasia syndrome: insight into mechanisms of

DNA binding by the GATA3 transcription factor. Hum Mol

Genet 16:265–275

20. Zahirieh A, Nesbit MA, Ali A, Wang K, He N, Stangou M,

Bamichas G, Sombolos K, Thakker RV, Pei Y (2005) Functional

analysis of a novel GATA3 mutation in a family with the

hypoparathyroidism, deafness, and renal dysplasia syndrome.

J Clin Endocrinol Metab 90:2445–2450

J Bone Miner Metab (2009) 27:386–389 389

123


	A novel mutation in the GATA3 gene of a Japanese patient �with PTH-deficient hypoparathyroidism
	Abstract
	Introduction
	Case report
	Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


