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F1. IA4/OT7 LA L BRREDIERE CER28E1~128)

(DXp22.33(169,796-595,143)/
Yp11.22(119,796-545,143) x3
[Likely pathogenic]

Xp22.33/Yp11.22 D FERBIHICEHE T 5#9425Kb D EEZRHFEL -, VIBT RAASHOXEIE FHEEAISHFELTEY.
SHOX partial duplication /& Z 54, BEEEDT=HOMLPAEIEITLI=E A, SHOXIEIE FHEXI-3BE DR EHEERD. 7
LAEBREDBAMERDEL, COBSES EOLeri-Weil SEIERZEEDBEENRESNTULVET . [J Clin Endocrinol
Metab. 2011 Feb;96(2):E404-12][Genet Med. 2010 Oct;12(10):634-40]

(6p25.3p25.2(919,175~
3,501,166)x1 [Pathogenic]

(D6p25.3-p25.2 $ALEIF1F5$92.58Mb D F AR K E RO FEL =, LRITBPAEDRYREICEELRGEERFT
HBHFOXCHEEFEEEL. 6p25 deletion syndromeEL TERHSNTLWET . TEFFREL T LIHEELKEAME, #8iE, o
BB EE (NEH K A°Dandy-Walker variant) . BT R . REEFZDOHRELHYE T A, MR L THMES DAL
BlOHELHYRREDIELRF SN TLET , [Eur J Med Genet 58(2015)310-8]

(122q11.21(18,706,001-
21,505,417)x3
[Pathogenic/Clinically
associated]

D22q11.211BEL DFI2.62Mb D EREDOELT=, LIREEIL22q1 1. 2BHRAE R . .
(MIM #608363)EL THREMNHYF T A, BELHIAL EER-FEEE- %EEmEz?’éﬁﬁfﬁiﬁiwmﬁir&g\:tﬁi
Mo TEY. RORBEAOFEIOVWTLEEGHMABETT  FRELARICEHROERERHIENHYE
F[22q11.2 Duplication. 2009 Feb 17 (Updated 2013 Nov 21). GeneReviews?]

(DXp22.33p11.21(332,683-
57,521,192)x1~2, [Pathogenic]
(@Xq21.128(78,055,922~
155,226,944)x1~2 [Pathogenic]

0w

Xp22.33 (4fHER)-p11.21 FEIHICI1+5%957.2Mb D IE—HUE T EXa21.1-q28(HERTRIZIZH (T 55977.2MbDIE—HKIE T %
FEEFICEROTHY . oSN DU rEA7EABEOEFEIE—#HEEEEHE TrXODFEERELET, LHLAEAD, O
E—#1E T Dlog2{B (X ZNZ1-0.52/-051 LIEFEIE—HMEDES 1946 X,r(X) /46 XXERELET, GHEEBRE
DEV ., BT 2 MEHEOEEDENCEEREOERICERT S ENEAHYET .

(M17p13.3(751,195-
1,732,318)x1[Pathogenic]

D17p13.35B DHI81Kb D P REIEPMMR R E RO FEL =, BERRKITPAFAHIBIEIEFLYRMICUIE SN HY ., ZD5
EMiller—DiekerE{R B TRODBRIED S HEHYFELAD . REABEAICYWHAEEEEFEEU I LITKY HAREOPE
E~EEORREBEECEE~PEEOREER. ERAMEORRELGYET , FEICHBEHRBEREOTOMEE
AHEORELRONFET . MRTILEVOMRELH o1 FELRHFET . [Am J Med Genet 158A:2347-52,2012/ Eur J
Med Genet 53(5):303-8,2010]

(DXp22.31(6,552,712-8,097,511)
X 0 [Pathogenic]

DXp22.31581 D #J1.55MbD R k& EBHFELT=(Pathogenic), LR KFEZILSTSEEFEEATHY. XEH M ABEE
(MIM#308100)D R E & YET , E-IET 2 REBIEFPNPLAGOVCXBIEFEEATHY ., HEEEOIBERMSE)/
BEAIER 2B 59 AT aEM A Y E 9 [Gene. 2013 Sep 25527(2):578-83], LM LEH SRR TRDH BB AR TATORE
HEGHTVNEMESHIFBEELHIBABETT,

(D7p22.2p22.1(2,956,450~-
5,640,790)x3 [Pathogenic]

D7p22.2-p22.15BIIZH 115 #92.IMbDIE — BN (F1E) £ RO FELf=, LRITTp22 1M EFERHLL GEER BN
TWAMBEEEEL>TEY. IEﬂi#ﬁgh%’G&éACTB&ﬁhﬁsU‘a‘sfd'o AAERFTIE, KEE, B DRTEEES. KRPIEA
ARG EQBEBEEMN R HEER (SEER) . BRITR (BHEMSE) 0T BBRCHZ ., DERBLBRBMROREL
RO AEFORBELEFELFELAD, FEATRODHERNZOEERREREFFAVNTT BEMREETHHR
M5 DinheritanceDE/ELHY . RIBEOBIZIZEFENBETT,

(118922.1923(62,002,702-
78,012,829) X 1 [Pathogenic]

(D18¢22.1-q23%EI DI 16.0Mb D R K HFRHFELT=, HELFBBD R K(F189F/ VI —REMER (MIM#601808) Dcritical region
EFEATHY. BMICEE, SN EERH(ER), #iE, RHER(REES, ARR. RTR) . EXELESR. OE0E
o EREE. RERILEVSBALLEDSHHEO FEEEHELIIBRZME(NTOTL)BIET

(NETO1 CYB5A TSHZ1,MBP,NFATC1) % & A TEHEYEI[Am J Med Genet 169C:265-280,2015][Hum Genet 133:199-
209,2014]

M22q11.21q11.23(21,505,358—
23,654,222) x 1 [Pathogenic]

D22q11.21-q11.23 $BELIZH1T5592. IMbD R KZEBHELT=,

52 & distal chromosome 22q11.2 deletion syndrome (MIM#611867) T#H& D HHR K THY . LCR22-DELCR22-FDRE D
FETLILEERBAHBRATREVET . COBBORKOFTERRELT, RE, BHAKE, ERHRTES, BEALH
ZEOHMMEES. THEOME., EXMEDERBLEEORENHY . KROKRBFEICFELEFR A, —H TEMGESRD/\
AR L5 BHLCR22-FELCR22-GREI M SMARCB B IR F A EL RAMEILITEATEYFEE Ao [Genet Med. 2014
Jan;16(1):92-100]

(M15q11.2(22,765,628-
23,146,132)x3 [Pathogenic—
Susceptibility Locus]

D15q11. 25BN 381 Kb D MMM EEFBDHELT=, AR KL EH IXBP1-BP2fE D Low Copy Repeats|ZE 2SN 1=4EEF
(TUBGCP5,CYFIP1,NIPAT,NIPA2 ){rﬁ‘t LBEBIEDEETHY . 15q11.2 microduplication& L TEREEN TULVA4EETY , B8
KRERICEBVLTIE, #ESEER. TR ORBEOME(BREARINS LACTIERMLZE) O|/ENFLTT A, RER
DRIZEL, FHIERDENAELZLARLERELEZONTHY . BELGHENIOZHHBOTLSAIREMEAHYET . KR
BZ M E L TOIHMATY [Hum Genet; 130(4):517-28,2011],

(13q22.3923(136,002,607-
141,953,305)x1 [Pathogenic]

(1D3g22.3-q23%E1E 28 11 5%95.95Mb D FRIER R K EBDHFELT=, L RRKEENIZITEFERPUMERBFOREEEZFTHD
FOXL22REBATHY. RORBEICLABLET . FBEERTHRORKLELL-0. BE R, HEEHO/NBEHR
RIZZFELTLSEEZSONFET, [MH.de Ru et al. Am J Med Genet 137A:81-7,2005]

[S.J. Dean et al.Pediatric Neurology 50:636-9,2014]

(122q13.3q13.33(45,721,068-
51,224,252)x1[Pathogenic]

(D224q13.31-q13.33(H &R FEIZI< 3517 H#95.5Mb D R K ZE R FEL Tz, AR KIF22q13.3R KAEIZE Doritical region(SHANK3

@h%%)‘&a@441@0)0M1M1§1z:¥f&a/vr&b) BHOHmELELE, FREMELEZIONFT  TEMIELL T, REER

. EBEEOSEER. BREDARIN L BICHOVNASOEREMEDRELHYET . FLUVITREMRLLTD
HBFR THIAREE(229133REKLEIERFAME). NBELHEDRRICLEYRET,

[Am J Med Genet 164A:1659-65.2013]

(D1921.1921.2(146,507,518—
147,824,207)x3 [Pathogenic—
Suceptibility Locus]

D1621.1-921 258K H (T 2491 IMb D MM ER L RO ELT, REBRZMEEHLL TRBINTHY, F7LILEMEREH
B IKY, TARFBEBEEFRAVHBRBOER S A X BLEY . AFETECYSIREE I KE, HFRET, F
EF, ANEE. BEERRIINS LET, KEFIORBRBICFELENEZZLNET, LALGENORBE OEIEEL, E
KBBVWALEFREBBLEEZIONTHY . BELAENSZFROTL S EEELNH D10 Einhvo )T i
BEMNBETT, [Genetics in Medicine2016.18.341-9][Unique: rare chromosome disorder support group,2013]

(D4q13.2921.21(70,303,326—
79,209,282)x1 [Pathogenic]

(D4q13.2-921. 21582351+ 5%98.9IMb D hEE R K EF RO ELIz, 2LE— DR EXBHOHE T HYEL AN, ABELEE
BEAEHMDAGAMI SR EDFRERENHYFE T, LBOKRFRLELT, HEER-SEEH. AEES. KB, BFHW
A 0%EE) HIRESNTHEY. RORBRIZLERLTCVET, NBFHLPRFBOMEIXFLAELNELFEL
F B A, —7. Pibaldism®D R E L7541 288 OKiBEEF (IR EFERICEFNTOER AN, BE MG R KEE &
WEDDEBRFRDBENEEZEZZEDET , [Unique 2006/ Am J Med Genet134A:226-8,2005/ Am J Med Genet 167A:231-
7,2015]

(17q31.2932.3(116,753,232—
130,519,488)x1 [Pathogenic]

(D7931.2932.3581 2811 5913 8MoD PRSI R L EBHEL =, 2<{F— OkinﬁiﬁwiﬁiliﬁUiﬁhb‘l R E B
BEHDTB1-32MBEREDFERMERENHYET , RBORRELL T, FEEFHVCEEZER, BRAERARINSLAHY
FTER. FONA BELESRESHEDRELHYFETN. REYAXDEHMLLLICRAROIBLHYET . F
12193220 AT ) T4 7t (MESTEEF) ER KR ERERICEFN THY . REARR K TIERussell-SilverfEIZEE LA
ROMENHYET . RIEHIEGolderhar FEIZEFH D RITEZEBMLTHY. 7931-032R K EDHEEHRE X SFTHYFE R Ao
[Unique 2011/ Am J Med Genet 172C:102-108,2016/Am J Med Genet 170A:743-749,2015]

(122q13.33(51,107,409-
51,224,202)x1 [Pathogenic]

22913 3348111559116 8KbDAE—HUE FEBHFEL Tz, Log2{EXORKY 1 X1, 7555 (qPCROMLPA) (&
PRIV EFNF T SN TIHE | AR KEEE22q13.35RIHDSHANKS, ACR,RABLZB:@h%%ﬁ‘/\/T%U Phelan—
Macdermid syndrome (22q13.3 deletion syndrome) D EFFEHES L. TELTHREEH . SEEHRDRALLYET
[GeneReviews], — A AREHI (& L RREBEBFDORKIDPTEEYL/NSGMETRRULBEEGERMNHRESNTULET A
GERD, (L A IDE . BIEBLRETE T REEGHEDTHELTIAD—EKRYTY, BB T 2EEBEANKRBFALDEE
EICEETHAEEEHYFETA, Hoh TEHYFEE A,

(DXp22.33(477,652-596,208)x3
[Pathogenic-Susceptibility
Locus /annotation]

Xp22 33781 ({5 R BIAFEELPARD [2H 151720 DIE—H E R ERD . HEEEDF=OIEITLIMLPAEICE N THRE—E
BOEEELIESNEL,

LR ERIISHOXEEFD—EESHOXE R FREEHDO—HEEATEY  BEDREICEVOTIL, EHF K. Leri-Weil
. 25— EBEHALE. BRAEARINS LOEEETHEICSHOXMEEBOEHFZROTVWET A, EREHE. REFLLE
ISIEAHY . FRELLTOERLHYET  REFORRE (BEFK) M SIFHEBHEOEENFRMECEAS LTS EE
HHREZSNET, [Eur J Hum Genet.20:125-7,2011/Genet Med. 12:634-40,2010/ J Med Genet.53:536-47,2016]
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1. G SCHER
1) Nakajima M, Kou I, Ohashi H; Genetic
Study Group of the Investigation
Committee on the Ossification of Spinal
Ligaments., Tkegawa S. Identification and
Functional Characterization of RSPO2 as a
Susceptibility Gene for Ossification of the
Posterior Longitudinal Ligament of the
Spine. Am J Hum Genet. 99:202-7, 2016
2) Watanabe S, Shimizu K, Ohashi H,
Kosaki R, Okamoto N, Shimojima K,
Yamamoto T, Chinen Y, Mizuno S, Dowa Y,
Shiomi N, Toda Y, Tashiro K, Shichijo K,
Minatozaki K, Aso S, Minagawa K, Hirak1 Y,
Shimokawa O, Matsumoto T, Fukuda M,
Moriuchi H, Yoshiura K, Kondoh T.

Bf REA F—7 e R LY DRER
2016/5/10 BEE-HIRE- SRR REDRE BEEME 3 8 0
2016/6/15 5pE/VE—EREE REDHE BEME 6 14 1
2016/7/20 4pE/VS—IEIREE EEDOBE BIEHE 3 8 1
2016/7/27 | 9phUYEI—-FrSVI—ERHE [EROBE BERE 7 23 1
2016/8/25 CHARGEfE{Z B B EIELAEE | o 12 31 1
2016/8/31 22q11 2R R AEIRBE cElIFDIFAEL EEmEL 11 25 1
2016/9/21 NI XREEE REME R E 19 39 12
2016/9/28 VS RIE(RRE LEDTREDE 522 21 42 8
2016/10/12 4T LRXGERR 5E BT 19 36 9
2016/11/24 TIT—04)—EGE | RESTEEE ORI FHEE 14 22 4

2og§r§ 115 248 38
201;2%& 115 24.8 38

Detailed analysis of 26 cases of 1q partial

duplication/triplication syndrome. Am J

Med Genet A. 2016 170:908-17

3) Yaoita M, Niihori T, Mizuno S, Okamoto
N, Hayashi S, Watanabe A, Yokozawa M,
Suzumura H, Nakahara A, Nakano Y,
Hokosaki T, Ohmori A, Sawada H, Migita
O, Mima A, Lapunzina P, Santos-Simarro
F, Garcia-Minaur S, Ogata T, Kawame H,
Kurosawa K, Ohashi H, Inoue S,
Matsubara Y, Kure S, Aoki Y. Spectrum of
mutations and genotype-phenotype
analysis in Noonan syndrome patients
with RIT1 mutations. Hum Genet 2016
135:209-22

4) Shiohama T, Fujii K, Hino M, Shimizu K,
Ohashi H, Kambe M, Nakataniy,
Mitsunaga T, Yoshida H, Ochiai H,
Shimojo N. Coexistence of neuroblastoma
and ganglioneuroma in a girl with a

hemizygous deletion of chromosome



11q14.1-23.3. Am J Med Genet A. 2016
170:492-7.
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Hearing impairment in a female infant with interstitial deletion of

2q24.1q24.3
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ABSTRACT Patients with interstitial deletions in 2q24.
1q24.3 are rarely reported. These patients manifest a variety of
clinical features in addition to intellectual disability, depending
on the size and location of the deletion. We report a female patient
with interstitial deletion of 5.5 Mb in 2q24.1q24.3, who showed
intrauterine growth retardation, hypotonia, global developmental
delay, microcephaly, and characteristic facial appearance. In
addition, she had hearing impairment, with no auditory
brainstem response. Case of 2q24.1q24.3 deletion with hearing
impairment is quite rare. We suspect that hearing impairment is
caused by bilateral cochlear nerve deficiency due to cochlear
nerve canal stenosis. Further studies are necessary to evaluate
hearing impairment as a clinical feature in patients with de novo
heterozygous 2q24.1q24.3 deletion.

Key Words: 2q24.1q24.3 deletion, cochlear nerve deficiency,
hearing impairment

INTRODUCTION

Recently, specific phenotype for 2q24.1q24.3 deletion has been
reported, and is characterized by intrauterine growth retardation,
hypotonia, severe intellectual disability, microcephaly and autistic
spectrum behavior with or without seizures. A total of 17 patients with
deletions involving the 2q24.1q24.3 region have been reported in the
literature. Although intellectual disability and developmental delay
are common in all patients, other symptoms varied, suggesting that
some genes are specifically associated with the clinical features of
2q24.1g24.3 deletion. Here we report hearing impairment as a new
phenotype of 2q24.1q24.3 deletion and discuss the pathogenesis of
this symptom.

CLINICAL REPORT

The patient is the first child from healthy unrelated 29-year-old
parents. Her family history was unremarkable. Pregnancy was
complicated by poor fetal growth, and she was born at 40 weeks
and 5 days of gestation. Her birthweight was 2340 g (below 0™
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Hospital, 1-5-54 Ujina Kanda, Minami-ku, Hiroshima 734-0844, Japan.
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centile), length was 46.8 cm (below 25™ centile) and head circum-
ference was 30.5 cm (below 3rd centile), indicating intrauterine
growth retardation. Since neonatal hearing screening with automated
auditory brainstem response was “refer’, she was tested with
auditory brainstem response test (ABR), which revealed no
response. Neonatal serological testing for TORCH infections was
negative, and cytomegalovirus DNA was not detected in her
umbilical cord. At 7 months of age she was referred to our hospital
because of developmental delay. On examination, the patient had
microcephaly with a head circumference of 39.7 cm (below 3™
centile). Height and weight were plotted at the 50™ centile for age.
She had characteristic facial appearance with hypertelorism,
telecanthus, almond shaped palpebral fissures, low-set ear,
protruding ears, underdeveloped antihelix, exaggerated cupid’s
bow, tented mouth, small nose and micrognathia (Fig. la,b). Her
head and neck were unstable, but she showed eye tracking.
Neurological examination showed muscle hypotonia and with
normal deep tendon reflexes. Electroencephalography and brain
magnetic resonance imaging revealed normal findings. The heart
and renal ultrasound findings were unremarkable. Examinations
for congenital metabolic diseases, including urine analysis of
organic acids, showed normal findings.

At the age of 1 year, audiometric evaluations were performed. The
threshold of conditioned orientation reflex was 43.8 dB. ABR and
auditory steady-state response were negative (Fig. 2a). Axial images
of temporal bone computed tomography (CT) depicted bilateral
cochlear nerve canals measuring 1.0 mm in diameter (Fig. 2b).
Developmentally, she rolled over at 1 year and 3 months, sat
unsupported at 2 years, and walked while holding on to something
at 2 years and 9 months. A developmental quotient of Enjoji Scale
of Infant Analytical development was 17 at 2 years 8§ months. At
5 years of age, her body weight was 14.6 kg (below 10™ centile),
length was 100 cm (below 0% centile) and head circumference was
46 cm (below 3™ centile). She was able to walk unsupported, but
no fine motor skills were found. She still could not use meaningful
words, sign language and understand any speech.

CYTOGENETIC ANALYSIS

The G-banded Kkaryotyping identified interstitial deletion of
chromosome 2q with the karyotype of 46, XX, del(2)(q24.1q24.3)
(Fig. 3a). To identify the precise chromosomal deletion region, we
performed array comparative genomic hybridization (Array-CGH)
analysis using the Agilent SuperPrint G3 Human CGH Microarray
Kit 8 x 60 K (Agilent Technologies, Inc., Santa Clara, CA, USA)
and genomic DNA extracted from peripheral blood using Qiagen

© 2016 Japanese Teratology Society
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Fig.1 (aandb): Frontal (a) and lateral (b) view of the proband. Permission was obtained from the parents for presentation. (c) Results of array comparative genomic
hybridization analysis. Chromosome view (left) indicates an interstitial deletion in chromosome 2 involving band q24.1 to band q24.3. In the expanded gene
view (right) of the deleted 5.5 Mb region (159 028 726-164 512 552), the area shaded in purple contains the genes with imbalance of copy number.

extraction kit (Qiagen, Hilden, Germany) according to the ma-
nufacturer’s instruction. Array-CGH identified a 5.5 Mb micro-
deletion of 2q24.1-q24.3 with proximal base pair coordinates
159 028 726-164 512 552 (Fig. lc). Genomic positions refer to
the human reference sequence (GRCh 37/hg 19) produced by the
Genome Reference Consortium. The deletion was confirmed by
FISH experiments using BAC clone (RP11-703 K10, 2q24.2
160.2-160.4 Mb) on metaphase cells (Agilent Genomic Workbench
Software) (Fig. 3b). Analysis of parental chromosomes showed
normal chromosomes, suggesting de novo deletion in chromosome
2q in the presented patient.

DISCUSSION

In the presented patient, the deletion spans 5.5 Mb in 2q24.1q24.3,
including 34 genes from PKP4 to FIGN. Several genes in the
2q24.1g24.3 region have been reported to be involved in normal brain
development and function. Some of these genes have been considered
to be candidates for various clinical features. Belengeanu et al. (2014)
compared the clinical features of their patient to six previously
published patients with a deletion in 2q24.2q24.3 and suggested that
six genes (PSMDI14, TBR1, SLC4A10, DPP4, KCNH7, and FIGN)
could contribute to intellectual disability and/or autistic spectrum
behavior. It is noteworthy that the six genes are located in the deleted
region of the presented patient.

Cochlear nerve deficiency (CND) has been known as one of the
common causes of congenital hearing loss. Cochlear nerve canal

© 2016 Japanese Teratology Society

stenosis with a diameter of 1.5 mm or less as assessed by CT
suggests CND or hypoplasia (Masuda et al. 2013). In the presented
patient, temporal CT depicted bilateral cochlear nerve canals
measuring only 1.0 mm in diameter. Therefore, we speculated that
bilateral CND may be a cause of her sensory hearing loss. The exact
causes and mechanisms of CND remain unclear. Previous study
demonstrated that TANC1, which is contained in the deleted region,
is a scaffold component protein in post-synaptic density regions and
strongly binds PDZ domain of SCR1B (Luck et al. 2011). USHIC
(also known as harmonin) is a PDZ domain-containing protein
expressed in the inner ear sensory hair cells (Verpy et al. 2000).
Since the defect in USHIC causes Usher syndrome type 1C
associated with profound sensorineural deafness and vestibular
dysfunction, we suggest that haplodeficiency of TANCI may affect
the function of USH1C which results in the dysfunction of inner ear
sensory hair cell.

Taken together, we report for the first time a patient with 5.5 Mb
deletion in 2q24.1q24.3 presenting with hearing impairment possibly
due to bilateral CND, in addition to global developmental delay,
microcephaly, hypotonia and characteristic facial appearance.
Clinical and cytogenetic analyses of more patients with CND and
global developmental delay are needed to clarify the relationship
between 2q24.1q24.3 deletions and these rare clinical features.
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Fig. 2 (a) Auditory brainstem response test
shows no response to stimulation
ranging from 30 to 80dBnHL. (b)
Axial images of temporal bone CT
at the level of the cochlear indicate
stenoses in bilateral cochlear nerve
canals. The left panel shows the right
ear (R) and the right panel shows the
left ear (L). Arrowhead indicates the
stenotic cochlear nerve canal.

Fig. 3 (a) The G-banded karyotyping
showing interstitial deletion of chro-
mosome 2q with the karyotype of
46, XX, del(2)(q24.1q24.3). b: FISH

2 RP11-T03K10 image of the patient using a BAC

clone RP11-703 K10.
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