Rl BIE TOFREXIRR
201 BRIICERE U CaM i
BBEEBIEED, ETH §
MHBEBEEMHITONI,
RIER BRI EBRICRA L TL
Do

11, TEARRXBIR

15 i+t BE B O 5 = T B 5 I BR
BHEBTRYD, TU—FEX
2V a1—7%ZkEUTK-NOWA
THPIEIIC KD TEAZIT O,

fEH ;90°), ANBEICH L THK-NOWAT
FHEER % FV: 72TEAZ 1T o 720 WTR1FEDRE,
G BB CTBRbME  —25°, B
B 135° LekE L T\ (E10),

K-NOWA LI B& X, 7TF F I ANLFTHA

K-NOWA TH AR D4 & BRARAAR

YERAL, LHEHEAOSHELED 57
DIZ, EBHBERAT LD =T LTW5E I LH4EF
HTHb, T2, LHEBERBEUOEA VT
7 v b &R AEDE A EE L modular system& L
TSEFSETLRRESOFNMEHIIHIETES LD
IR S 7z, RARIZ, #Dstagell &> TE
BIROBRED S F T, MaONEEHOAE
FE M bone stockiZ & - THR@E % A LR MEE %

(287) 55



SETEERICTEARS (11,
REBZFLOT CEMTEIFE
& 1Bl

BEEBRGOEIC, REEHEERDOEXY

EETDHOICESE L.

ERTLULENRD S,

4Rk L 72K-NOWALHB&H D > 2 7 4
d, EHEa v F—F Y PeRBIVR—F ¥
N BN 5TV B Y A 7T Alinked typel,
Ao T\ ¥ 4 7Td Dun-linked type %
ERTE, AV MEE, AV FLARED
EIRTELDT, EADstageDRAF IZHIET
X2EHALBZVATLTH B,

EDstagell ED X ) GEFE L EIRT S 0
D2WTIE, ZLOFERVH D, RAIL, BED
EFERBEEIODEE LWERIZE > TEF D
T2 FPO—VENDE T ENEVDH, HEES
TIIELIETED T2V, T2bb, AR
BEBHRAM 21T > THEZROZBS L (TH,
RADSHEAT L THEBRMOSLEL 256105 5,
F7:, A\LESHEDOEROZHEIREEML
T, BERMC B R B EM 2 &AW
Eilizrmetdbars(B11), 20729012,
TEA%XRARNZAT I H A3, BEBRKOZ &
bERBLTTINETHELEZ TS, BE
BaioZ L% ZETAHE, BAT L ELEHET
IR AY MDA IBBRTELZ AT

56 (288) RSEISE! Vol.29 No.3 (2010)

(B Vv modularity), EYIBRED4 % {bone
stock % iBfF C& % % 4 7 (un-linked type), *
AV MEEOLED RS AL T (LAY LA
F A T)DNEIR L 2 B,

oD &b, FHIMETONBEE DB
HFEW LA EREIE L ik L T 65
UTofcTid, RAlELTEAY LAY AT
Dun-linked type# EiR L T2,

OBREEE S HMFE > TV AK-NOWA LK
BORFEI YT M ZFOHRIRIZONWT, HiE
L7

QEEZELIFEZ TWARAMIZH T ATEAD
WG & Z DR % i L7z,

@K-NOWA TH BT O FEAR#& & &0 -
RIS IZOWTHRE L 72,

@RAZETHDESRT, BEBBICELE
FlsewnwZ &Enb, TEAZITHIBIZIZ, BER
WMOTEER A EE L TITIRETH B,



1)FHE %, bR SILE—fREs 0 ALHE
BHOFIRFEEIZRET 2 EBME  EFHRAE
L LB BEHEOFREST. BERE, 77(8) ¢
$1029, 2008.

2)FHE %, thbiER BmUE—ENI»  BE) Y
TFREIIBITL EREEMEORKIZOWT.
H AN R EnRF7E & 458, 10(1) : 87-88,20083.

3)FHA %, thbiEs PATERIES C ATHEE
DOFKEE BT 2 % | EFBARAEAL
EBE BRI OFEESHT (F28R). HESEE 78
(8) : 8904, 2004.

4)FHE %, MR, P REIES D AN
DR EEICET 2 AN | EFHAANEML
LHEEREORESIT (H35R). HERE 79
(8) . 8821, 2005.

5)FHE %, bR, hEEFEIED CEFEHEA
ERMR G BREEDOEES (518R). B AR EEE
F4MEE 13(1) & S50, 2006.

6)FHE ¥, M EEE PHERERE, D 4FHIBT
B N\ RE i i 0 Bl - RIEER IZow

K-NOW A T B BaER D45 & BRPRALIR

T, BASESEE 37(4) 155, 2006.

T)FHE bR pREREE, D EREARA
R REBERIEOT RS (523 BEAE,
80(8) : S876, 2006.

8)FHE W, PAHEE, HILE—EMEA 0 AL
B DORKREICE T 2 LM% | E5 A AR
AL EREEEMIEDORESH (Fa3R). HELRH,
81(8) : 81051, 2007.

9)fHE B, MBI RAEREE S 0 AR
BREOODOEEMIE . REOBETTE & &0 bl
DOAFEIZDWT. HARNEESSME, 15(1)
S19, 2008.

10)#h E1ESE, WATH, SmILE—BRIZD | B
DFFEH L RAFIIHS B iGEHIE ik
FEIR & ZOBIERAN I3 5 iGEHME - AR
BAEREM . /o) 2 by 47 HEESEE 82
(2) : 5293, 2008.

1) i BiER, WATHE, BILE—RIE» )y ~F
x4 2K-NOWA T BIE. HAME RSES
2%, 27(3) : 359, 2008.

(289) 57



Chapter 3 83 Fi5 - FRIE

VI IFETFREIE

B2 OmMmy v~ FdMMEEEIc L), BEBCHEINE  ERE 2O TRESAD
RERBTHS. MB, MW, EWN OB %R BCLEENRS
@ EBFRERIE 1 BELEHE B0 bIE, ZREME FROBEHER Vo~s
REHICINA T, X BRI HEMNITRY S 5.
@ $ PIP %5, MP B OERIZ) v = FOMBERE LTHAORTWAEA, RHT
BICFRCRNBETOHNTRLEREZRETE X0k 5.
@PEEFSERICR D ERERELRT LR, FHEETIHENDS.

78

B — VAR

MP BEEARICEAE D, MP ROEGFERE, IP RIEDEHREB LS.
DEHNMETIIERDBIREIND. AIFDEHENERFD X
RER.

BIER DRy SR

CMBAEIRICIAEE D, CMBIERRRET - NER 4R
MPESEBMHE, IPREIEEILSD. XIRERT
|& CM BIERDZETZ HVEEBE, P REERZURRIL HBRO{R
fenTWg.

2 BB EHBORA U

QUITFFEOEFH 2 RBBIE, EBHOEH EEMHEZOHONEL, BOMBMEERHAIMD
CEPVETHB.

Q@ iEEEIrMBEL L3581, FO2HAXBEENATRAESTHY, HOELVWRIED
BETS BICAERSBEEATABICRICTI FOBIREER, BEFK - BEDORD
ABRGEELWVAIEG, SBS N 31ERITS .

498-05456



Chapter 3 58 535 - FFEIEN

LF S RER
45 P BEES, TIEH DIMEE TO PIP BEESIERINENT, BEDE
229D, BESHRNSNEEOEESDATND. SIoERNE
BHHU D T EN S telescoping (FEIFARS TS RAERE) EFEIEN
3.

948 IP RERH

BiE PEEREBRDRT DOFEHEEICKD, ERARUEEESZ
2T2DELDCED (a). BIHMBRIVIME, USA, —HBEIEE
DEEZRDD. DOV PDZEDFHICLKLENE, KELKS
©IPEHBEEMDBINEED (b, BHAHFRATZ U 1—ZERHL
f-ESEREE).

Question & Answer
Q:EBEROBMNEECEISHVETTH?

A BgICoVWTIR, IPEEEEZBRVWTES YR —VEEHIEZL, RICAT 42y 7%
¥, 6F5 V AEROMETT. BHBUNOETIERT 4y 7EBHS L, KICES >~
F—=NWVERTYT. T/ RE»SMETTOMP ESIRAGEMEZ L Bd T35
ZOPTHEABEPEHEEREMOBRIURIIBE R, TT.

498-05456 79



Chapter 3 88 Fi5 - FEI&EI

80

MP BETRBET. 18R Y%y SBR

TIENSIIEXRTO MPEEIERAINMRIIL, MEEELLEOTNS. MP
BEERR(CIEUED, EHEHRORABE. MPEEERMAKE RARAZRD
TREEZHD.
FEFITIFRIBLIBICAD 2y KR (PP BSENBERE - DIP BIEIEAE)
ZEHLTWVD. TNUE PIP BERRIC K D ERRDMECEHDBERRICKD
PIP BEEMBMERM LD, RIFRIE PP BRIFRICHKIT D

ERDO MP EBHEE TIHERBEDRELILDDTA > TS5 SEERE AT
DEETHSD. MPRIEIICIIA, ] - B PPBIEIICHYUIVA YISk
ZRWEZ. LWInoh - FERZEHELTLS (BRD).

1B S > R—IVER

PIP BAEIRIC K DPRFENDIEFHLT 5 —H T, ARFERNE
BL, BRUTDPESDBHEREMEED. AFTIE EBE
RICKODEEBENREMCRININTULD. Larsen grade 5
THd (TRA ~8H).

@qyﬁ{yb ..................................................................................................................
JME DR RS % Larsen grade 588 (025 5 T 6 BB, BIFIME 12 IR TET.

GO
Gl
G2
G3
G4
G5

MEICEE 2RO 2w
BAEE BRI OIERR, FERAMIEHRRE, B2 BBREBRMLo S b 1 oML
FETIINVLAYD S
BUDLHA L BERBEHRMEDRRICH S Z L
FROBEHEAITHINIRS TS
AROBBHITEIHED D VIIKELERLD B

(B - - +F%R)




Chapter 3 85 F15 - FRIED

3 & -

 FOZIEE B

B O FHRESCFODICHBRBORME, MEKENE BRTRE &% R0 bRE.

f ONEBEDIZ- &) L2 kEOEREFHHEL ERAHO | kKHEEREFHEHE
Hh, AFIREHEHAREREIE MRAREEPFRECI2AKAREM
BRRE, FAPIREBRAE, Kienbock WEICAEL B EHFE L, BEIIIMKR-KER-
/NETE M (scapho-trapecio-trapezoidal joint: STT) PBAffifE, {782 R A (distal
radioulnar joint: DRUJ) B&id4E, 3§ CM B&iiE, DIP BA&iAE (Heberden #55),
PIP BAff%E (Bouchard #&#i) &= &b 5.

FHEHBOMKARBHE MBS A U B H D% scapholunate advanced collapse
(SLAC) wrist, fHREBEIMBEICAE L 5 H D% scaphoid non—-union advanced col-
lapse (SNAC) wrist, Kienbock & IZ4 U 5 D % scaphoid Kienbéck advanced
collapse (SKAC) wrist & X AHi%E# (Watson HK) #%38 1), SLAC, SNAC ®H
FIHBNASZITARLLOA TV,

@ 1348 CM BISi#E & Heberden & E DI H .

® DHIZHEM X BTHETDH 5.

1 RIEETAL T BIMED S X 48
WETREE, FRARBIOBIEROLENTIIMEL TS,

SLAC wrist DE# X #8

FARARBEDEX 4mmlll), MREORELARBEHE
BER. MRB-EEBHOREMABROIIME, BEZRREDE
WAL UDRENL SLAC wrist T&Hd. BERBHAHAE-HF
REBBOMRICESAY, BEEERZEERDD. CORETI
BRB-EBROBHERISLERN K <RNDHHNDD.

[BCOPY] 498-05456 81



GATA3 abnormalities in six patients with HDR syndrome

Maki Fukami, Koji Muroya, Tetsuo Miyake, Manami Iso, Fumiko Kato, Hisashi Yokoi,
Yoshimi Suzuki, Koji Tsubouchi, Yoshiko Nakagomi, Nobuyuki Kikuchi,
Reiko Horikawa and Tsutomu Ogata

Reprinted from

Endocrine Journal Vol.58, No.2 (February 2011)
Published by The Japan Endocrine Society



Endocrine Journal 2011, 58 (2), 117-121

ORIGINAL

GATA3 abnormalities in six patients with HDR syndrome

Maki Fukami®, Koji Muroya?, Tetsuo Miyake 1*), Manami Iso!, Fumiko Kato"), Hisashi Yokoi?,
Yoshimi Suzuki®), Koji Tsubouchi®), Yoshiko Nakagomi”), Nobuyuki Kikuchi®), Reiko Horikawa® and

Tsutomu Ogatal)

) Department of Molecular Endocrinology, National Research Institute for Child Health and Development, Tokyo 157-8535, Japan
Department of Endocrinology and Metabolism, Kanagawa Children s Medical Center, Yokohama 232-8555, Japan

Y Department of Pediatrics, St. Marianna University Hospital, Kawasaki 216-8511, Japan

Y Department of Internal Medicine, Japanese Red Cross Nagoya First Hospital, Nagoya 453-8511, Japan

3 Department of Pediatrics, Atsumi Hospital, Tawara 441-3415, Japan
Department of Pediatrics, Mino Municipal Hospital, Mino 501-3746, Japan
Department of Pediatrics, Yamanashi University Hospital, Yamanashi 400-8510, Japan

8 Department of Pediatrics, Yokohama City University Hospital, Yokohama 232-0024, Japan

%) Division of Endocrinology and Metabolism, National Medical Center for Children and Mothers, Tokyo 157-8535, Japan

Abstract. GATA43 mutations cause HDR (hypoparathyroidism, sensorineural deafness, and renal dysplasia) syndrome and,
consistent with the presence of the second DiGeorge syndrome locus (DGS2) proximal to GATA43, distal 10p deletions often
leads to HDR and DiGeorge syndromes. Here, we report on six Japanese patients with GA743 abnormalities. Cases 1-5
had a normal karyotype, and case 6 had a 46,XX,del(10)(p15) karyotype. Cases 1-6 had two or three of the HDR triad
features. Case 6 had no DiGeorge syndrome phenotype except for hypoparathyroidism common to HDR and DiGeorge
syndromes. Mutation analysis showed heterozygous GA7A43 mutations in cases 1-5, i.e., c.404—405insC (p.P135fsX303)
in case 1, c.700T>C & ¢.708-709insC (p.F234L & p.S237fsX303) on the same allele in case 2, c.737-738insG
(p.G2461sX303) in case 3, c.824G>T (p.W275L) in case 4, and IVS5+1G>C (splice error) in case 5. Deletion analysis of
chromosome 10p revealed loss of GATA3 and preservation of D10S547 in case 6. The results are consistent with the
previous finding that GATA3 mutations are usually identified in patients with two or three of the HDR triad features, and
provide supportive data for the mapping of DGS2 in the region proximal to D10S547.

Key words: HDR syndrome, GATA3, DiGeorge syndrome, DGS2, Phenotypic spectrum

HDR (hypoparathyroidism, sensorineural deafness,
and renal dysplasia) syndrome is an autosomal domi-
nant disorder first reported by Bilous et al. [1]. This
condition is primarily caused by haploinsufficiency
of GATA3 on chromosome 10pl5, although GATA3
mutations have not been identified in a small portion
of patients with clinical features compatible with HDR
syndrome [2, 3]. GATA3 consists of six exons, and
encodes a transcription factor with two transactivat-
ing domains and two zinc finger domains on exons 2—6
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[2]. GATA3 is expressed in the developing parathyroid
glands, inner ears, and kidneys, together with thymus
and central nervous system (CNS) [4, 5].

Distal 10p deletions involving GATA3 often lead to
DiGeorge syndrome associated with hypoplastic thy-
mus, T-cell immunodeficiency, hypoparathyroidism,
congenital cardiac defects, and facial dysmorphism,
in addition to HDR syndrome [6, 7]. Thus, deletion
mappings have been performed, localizing the second
DiGeorge syndrome locus (DGS?2) to a ~1 cM region
proximal to D10S547 (the locus order: 10pter—-GATA3—
D108547-DGS2-10cen) [6, 7].

Here, we report clinical and molecular findings in
five patients with intragenic GATA43 mutations and one
patient with distal 10p deletion involving GATA3, and
discuss the clinical features in GAT43 mutation posi-
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Table 1 Summary of six patients with GATA43 mutation or deletion

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Present age 40 years 39 years 4 years 31 years 17 years 4 years
Sex Female Female Male Female Male Female
Karyotype 46,XX 46, XX 46, XY 46,XX 46, XY 46,XX,del(10)(p15)
Hypoparathyroidism Yes Yes Yes Yes Yes Yes
Symptom Convulsion Tetany No® Convulsion Convulsion Convulsion
Ca (mg/dL) 34 34 2.7 43 3.0 47
P (mg/dL) 8.0 7.9 8.1 79 8.7 8.6
Intact PTH (pg/mL) Undetected Undetected 14 Undetected Undetected 15
Age at diagnosis 10 years 13 years 17 months 3 years 17 months 2 weeks
Sensorineural deafness Yes Yes No Yes Yes Yes
Hearing level (dB)? 50 (B) >70 (B) Normal 60 (B) 50 (B) 90 (B)
Age at diagnosis 13 years 6 years 11 years 12 months 6 months
Renal lesion Yes Yes Yes Equivocal® Yes Yes
Malformation RH(L) PCD (B) PD (R) Absent RH (L) VUR (B)
Age at diagnosis 9 years 27 years 17 months 17 months 2 months

Abbreviations: PTH, parathyroid hormone; dB, decibel; B, bilateral; L, left; R, right; RH, renal hypoplasia; PCD, pelvicalyceal deformity;

PD, pelvic duplication; and VUR, vesicoureteral reflux.

4 Degree of hearing loss: normal, <25 dB; mild 26-40 dB; moderate 41-55 dB; moderately severe, 56-70 dB; and profound, >90 dB.
b Hypocalcemia was revealed by routine biochemical studies, when this boy was admitted because of bronchopneumonia.

¢ Renal malformation was absent, but renal dysfunction with increased serum creatinine was noticed during pregnancy.

Normal reference data: Ca: 8.84-10.44 mg/dL; P: 4.5-6.5 mg/dL; and intact PTH: 10-65 pg/mL.

tive patients and the chromosomal location of DGS2.
Patients and Methods

Patients

We studied six hitherto unreported Japanese patients
(cases 1-6) with two or three HDR triad features.
Cases 1-5 had a normal karyotype, and case 6 had a
46,XX,del(10)(p15) karyotype. Cases 1-4 and 6 were
apparently sporadic cases, whereas case 5 was a pos-
sible familial case: the father received renal dialysis
due to chronic renal failure from his twenties, and the
paternal grandmother had unilateral renal hypoplasia,
although they lacked clinical features suggestive of
hypoparathyroidism and hearing difficulty.

Clinical phenotypes of the HDR triad features are
summarized in Table 1. Hypoparathyroidism was
noticed by convulsion in cases 1 and 4-6 and by tet-
any in case 2; in case 3, it was incidentally found by
biochemical examinations at the time of admission due
to bronchopneumonia. After confirming parathyroid
hormone deficiency, 1a(OH) vitamin D therapy was
started, successfully normalizing serum calcium and
phosphate values in cases 1-6. Sensorineural deafness
was demonstrated in cases 1, 2, and 4-6 by auditory
brainstem response or audiometry, and they required

hearing aids in their daily life. Case 3 had no hear-
ing difficulty with normal auditory brainstem response.
Renal lesion was radiologically confirmed in cases
1-3, 5, and 6. Although case 4 had no discernible renal
malformation, she manifested renal dysfunction during
pregnancy. In addition, case 6 exhibited developmen-
tal delay but lacked hypoplastic thymus, T-cell immu-
nodeficiency, congenital cardiac defects, and facial
dysmorphism characteristic of DiGeorge syndrome.

Mutation analysis of GATA3

This study was approved by the Institutional Review
Board Committee at National Center for Child Health
and Development. After obtaining informed consent,
leukocyte genomic DNA samples of cases 1-6 were
amplified by PCR for the coding regions on exons 2—6
and their flanking splice sites, and the PCR products
were subjected to direct sequencing from both direc-
tions on a CEQ 8000 autosequencer (Beckman Coulter,
Fullerton, CA). The primer sequences and the PCR
conditions were as described previously [2, 3]. To con-
firm a heterozygous mutation, the corresponding PCR
products were subcloned with a TOPO TA Cloning Kit
(Life Technologies, Carlsbad, CA), and normal and
mutant alleles were sequenced separately.
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E2 E3 E 4 ES5 E 6
I/ : %/%-:l

444 amino acids

Case 1 Case 2 Case 4 Case 5
Case 3
* *
Subcloned
normal allele # \ e,
CCACCGGLTTC TGTGGC ATGTAA
Subcloned %
mutant allele ‘ |
CCTCCCCCCCLR  CCACCG TTC TGTTGC ATCTAA
Case 2 Case 3 Case 4 Case 5
p.P135fsX303 p.F234L p.G246fsX303 p.W275L  IVS5+1G>C
(c.404-405insC) (c.700T>C) (c.737-738insG) (c.824G>T)
&
p.S237fsX303

(c.708-709insC)

Fig.1 Mutation analysis of GATA3.

Upper part: The structure of GATA43 and the position of the mutations identified in cases 1-5. GATA3 consists of exons 1-6 (E1-
E6) and encodes two transactivating domains (TA1 and TA2) and two zinc finger domains (ZF1 and ZF2). The black and white
boxes denote the coding regions and the untranslated regions, respectively.

Lower part: Electrochromatograms showing the subcloned normal and mutant sequences in cases 1-5.

Deletion analysis of 10p

To indicate an extent of the 10p deletion in case 6,
oligoarray comparative genomic hybridization (CGH)
was carried out with 1x244K Human Genome Array
(catalog No. G4411B) (Agilent Technologies, Palo
Alto, CA), according to the manufacturer’s protocol.
Furthermore, fluorescence in situ hybridization (FISH)
was performed with an RP11-554F11 BAC probe
containing the whole GATA3 gene [3] and an RP11-
17E09 BAC probe containing D10S547 (BACPAC
Resources Center, Oakland, CA), together with a
CEP 10 probe for DI0ZI (Abbott, Chicago, IL) uti-
lized as an internal control. The two BAC probes were
labeled with digoxigenin and detected by rhodamine
anti-digoxigenin, and the control probe was detected
according to the manufacturer’s protocol.

Results

Mutation analysis of GATA3

Direct sequencing identified heterozygous GATA3
mutations in cases 1-5, i.e., a frameshift mutation
(c.404-405insC, p.P135£sX303) in case 1, a mis-

sense mutation (c.700T>C, p.F234L) and a frame-
shift mutation (c.708-709insC, p.S237fsX303) on the
same allele in case 2, a frameshift mutation (c.737-
738insG, p.G246fsX303) in case 3, a missense muta-
tion (c.824G>T, p.W275L) in case 4, and a splice
donor site mutation (IVS5+1G>C) in case 5 (Fig. 1).
Unfortunately, the renal phenotype positive father and
paternal grandmother of case 5 were not examined.
These mutations were absent from 200 control sub-
jects. No intragenic mutation was identified in case 6
with distal 10p deletion.

Deletion analysis of 10p

CGH revealed a ~10 Mb terminal deletion from
chromosome 10p of case 6 (Fig. 2). FISH analysis
showed that the 10p deletion chromosome was missing
GATA3 and retained D10S547.

Discussion
Cases 1-6 had two or three of the HDR triad features

and heterozygous GATA3 abnormalities. This is con-
sistent with the previous notion that GATA43 mutations
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Fig. 2 Deletion analysis of 10p. The green and black signals in CGH indicate the deleted and preserved regions on the 10p deleted
chromosome, respectively. The critical region for DGS2 is indicated. The RP11-554F 11 probe containing GATA3 detects only a
single signal (an arrow), whereas the RP11-17E09 probe containing D/0S547 identifies two signals (arrows). The arrowheads

indicate DJ0Z] detected by a control CEP 10 probe.

are usually identified in patients with two or three of the
HDR triad features [8, 9]. However, this would more
or less be due to an ascertainment bias that GATA43 are
usually examined in patients diagnosed as having HDR
syndrome. Indeed, familial studies of probands with
typical HDR syndrome have identified GATA3 muta-
tions in subjects with apparently deafness only pheno-
type [3, 10], although there has been no report doc-
umenting apparently normal phenotype in individuals
with GATA3 mutations. It is possible, therefore, that
GATA3 mutations are associated with a relatively wide
penetrance and expressivity of the HDR triad features.
In this context, it is notable that the father and the
paternal grandmother of case 5 had renal abnormalities
as the sole discernible clinical phenotype. This sug-
gests that GATA3 mutations may cause renal abnormal-
ities alone in exceptional patients, although mutations

analysis could not be performed for the father and the
grandmother.

Case 6 lacked T-cell immunodeficiency, congenital
cardiac defects, and abnormal facial appearance char-
acteristic of DiGeorge syndrome. While case 6 had
hypoparathyroidism, this is explained by loss of GATA3.
In addition, developmental delay is ascribed to chromo-
some aberration. Thus, genotype-phenotype correla-
tion in case 6 is consistent with the previous mapping of
DGS2 to a region proximal to D/0S547 [6, 7].
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