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Abstract

NAAT10-related syndrome is an extremely rare X-chromosomal disorder, the symptoms of which include intellectual
disability (ID), ocular anomalies, or congenital heart diseases, such as hypertrophic cardiomyopathy (HCM). Here, we
describe a 4-year-old Japanese male patient who exhibited mild ID, HCM, and specific facial features. A hemizygous
mutation (NM_003491.3: c455_458del, p. Thr152Argfs*6) in exon 7 of NAATO was detected. We recommend that
patients undergo precise medical follow-up considering the characteristics of NAATO-related syndrome.

N-alpha-acetylation (N-terminal acetylation, NTA) is one
of the most common protein modifications in eukaryotes,
and ~80% of the N-termini of human proteins are acety-
lated'. NAAIO (Xq28) encodes the enzyme N-alpha-
acetyltransferase 10 (NAA10), which is the catalytic subunit
of the N-terminal acetyltransferase A complex with the
protein encoded by NAA1S (4q31.1)%. NTA is essential for
the preservation of normal cell function. However, its phy-
siological significance has not been completely elucidated.

NAA10 abnormality in humans was originally known as
causing Ogden syndrome (MIM #300855), which is an X-
chromosomal inherited disorder. Female patients with
Ogden syndrome show mild to severe intellectual dis-
ability (ID), and male patients die early in life®. Recently,
several male patients with various NAA 10 mutations have
been reported to survive. These patients exhibit various
phenotypes, such as hypertrophic cardiomyopathy
(HCM)*, microphthalmia/anophthalmia®, or severe non-
syndromic ID®. These diseases due to NAA10 abnormal-
ities are collectively called NAA10-related syndrome’. We
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report a Japanese boy carrying a hemizygous NAAIO
mutation with HCM and ID but no microphthalmia.

Our patient was a Japanese boy who was the first child
of healthy parents. He was delivered by elective cesarean
section at 37 weeks of gestation because of a transverse
position, and his Apgar score was 8/8 (at 1 and 5 min). His
birth weight was 2170 g (small for gestational age). He
exhibited genital abnormalities (split scrotum, hypospa-
dias), eyelid drooping, and bilateral overlap of toes at
birth. He was diagnosed with congenital heart disease
(CHD) by echocardiography. His karyotype was 46,XY.

At 1 month of age, he was referred to our hospital for
examination for CHD. Echocardiogram revealed a peri-
membranous outlet ventricular septal defect (defect:
5.0 mm x 4.5 mm), an atrial septal defect (defect: 3.5 mm x
3.6mm), and left ventricle (LV) wall thickness (inter-
ventricular septum: 5.4 mm; left ventricular posterior wall:
3.7 mm) (Fig. 1la). At the age of 5 months, echocardiogram
showed thickening of the LV, especially the interventricular
septum. Thus, he was diagnosed with HCM with LV outflow
tract obstruction (LVOTO) and trivial-mild mitral regur-
gitation (MR). After 1 month, the MR and LVOTO wor-
sened, and B-blocker therapy was started.

At the age of 1 year, he was referred to the Clinical
Genetics Department for molecular diagnosis. He showed
mild ID, characteristic facial features, including eyelid
drooping, exophthalmos, underdeveloped superior crus of
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Fig. 1 The results of the cardiac and genetic testing in the patient. a Echocardiography of the patient at 1 year of age. b NAAT0 mutations were
identified in the patient and his mother by the Sanger method. Red letters indicate deleted nucleotides. ¢ The genotype of the NAATO mutation in
male patients of the present case and literature. The bold face indicates hypertrophic myopathy, and the dotted line shows microphthalmia or

anophthalmia.

antihelix, unilateral hearing loss, bifid scrotum, hypospa-
dias, perodactylia, and CHD. His height at the age of 1
year was 69.6cm (—2.0SD), and his body weight was
8.4 kg (body mass index (BMI) 17.3). Routine blood tests
and serum amino acid analysis were normal. He started to
walk independently at the age of 1 year and 7 months. At
the age of 4 years, his height was 90.0 cm (—2.63 SD), and
his body weight was 12.2kg (BMI 15.1). He was able to
trot around, but he was unable to speak meaningful
words. Brain magnetic resonance at the age of 1 year and
6 months imaging did not show any abnormalities.

To confirm his molecular diagnosis, we analyzed DNA
samples derived from his peripheral blood by next-
generation sequencing using TruSight One (Illumina, San
Diego, CA, USA) after obtaining written informed consent
from his parents. All procedures were reviewed and approved
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by the Institutional Review Board of Kobe University School
of Medicine (86) and Hyogo Prefectural Kobe Children’s
Hospital (28-4) and were in accordance with the ethical
standards of the Declaration of Helsinki. We identified a
hemizygous four-base deletion (NM_003491.3: c.455_458del,
p- Thr152Argfs*6) in exon 7 of NAAIO. The same deletion
was identified in his asymptomatic mother, although in the
heterozygous state (Fig. 1b). Other pathogenic variants,
including genes associated with RASopathies, were not
identified by TruSight One.

Male patients with NAA10-related syndrome are extremely
rare and present various clinical features. Previously, it was
considered that boys with NAA10 mutations die early in life”.
To our knowledge, 35 male patients from 13 families with 11
types of genetic aberrations in NAAI10 have been reported
(Table 1). The frequently observed symptoms are as follows:



Page 3 of 4

23

Shishido et al. Human Genome Variation (2020)7

's1eak A ‘Xn|ya. [BIS1DIN0DISIA YA ‘elpiedAydey
Je[NDLIUSA A “1D9)9p |exdas Jendusn gsA ‘AydoiiadAy Jejnduiusa HA ‘[esdiejiun n ‘ejwyikyiiedydel Jenouiuaaeidns jAS ‘Wb 4 ‘eldejewoyna] Jeinduusaad JAd ‘snsouaue sndnp judisisiad ydgd ‘sisoudls A1aue
Kreuownd Sy ‘d|qe[leAR J0U YN ‘SYIUOW W ‘SIDLIUIA [e41e| AT ‘[eAddul [D Buo| 107 ‘W3] | ‘AyredoAwolpied siydosadAy poH ‘wnsojjed sndiod D) ‘|e1die|iq q ‘12949p |e1das [eLie gsy ‘9seasip JejndseA d13019|dsouaue gADSY

Jiey djeds eluiay [euinbul
asieds 'SUIBA PapUISIP
sso| buneay SISOISOUASOIURID ‘uonednsuod ‘ejuownaud sieak 7> 1e palp
| ‘us Jle4 DD JO sisausby — pl[Ve)[Vp) VN eluIay [euinbuj |enuabuod ‘ejuiay [euinbuj SIBYIO
seipedsodAy wnjo10s 154D |edIuod wa3sAs Areunn
‘wnjoids puig YNA | ‘siusd [lews VN selpedsodAH onsejdodAH - [lews — - wsIpIy2101dAID pue Asupry
SISO1|0DS
‘snbjeA |esielplawl
‘slpueluoy abue|
uawdojersp
AlK1oepuAs AlK12epUAS 201 Af1oepuhs 801 snoasso pakelsp
'SIS011025 ‘5101|025 ‘snue|d 3|laurIUO)  ‘SISOI|02S ‘ANWLIO)RP ‘AA1depould
$301 JO 201 Jo A|K1epuAs |leu pauinmdn ‘wnieAedxs  sad ‘WN1eAedXa deb |epues  jo ainsop pake;sp  snbjea q ‘eise|dsAp ‘$30) padeds 95e3sIp
sdeplanQ g SnosuRIND €-7 q YUIM 199 [lews $901 XIS smvad 199)gn[D SN1dad - —  'SnJeA xnjjeH 159U [alieg JeingeIady q Alapim 1o peoig [IAETENTY
peaya.0j
1usujwold
‘sayselaka
Buo|
Alewoue SIPS PaULIO) ‘sies abue| dij Jaddn
JEENEIENE] S9ka padeds Ajlewouge ‘ewaiselp pajua) ‘Y1931 padeds spim Slejed molleu
‘buidoosp A[spIm ‘yinow ayy Jo obue| ‘a1ejed ‘sofe  'saks pededs ‘sdi] o1y Jayiel sainssy |eigadjed ‘siea
pIeA3 VYN SJ2Ul0d pauinumog VN - paydie ybiy 195 doag Aj9soD VN ‘Sejed payoie ybiy Bunueisumoq  sbie| ‘seieu palel4  2uniesy [eide4
uInbs 1uabianuod
eidonosa ‘elwieypydouy  ejwieyydoniw  eiwjeyaydoniw 1 'wsiewbnse J9pIosip
‘wsinewbnsy ejweyyydouy 4 1g|ng sIsiyiyd n n ‘eauiod0only  ‘elwjeyydouy g — wisnewbnsy VN — ‘eidoAlquy S9Aa JUaUIWOId 1e|NdQ
asA ‘asv asA 'vad apiosip
‘WDH VN - VN asy HA - ADH  IAS ‘Hd 'WDH WOH IALOT - 'SYd elwyAyuy Seipied
+ WN - VN + + + wN + wN +  fepp uorop
Aujiqesip
+ - - + + + + VN + + + [en1da||1u|
epyiq euids ‘DD Uiyl '°qo|
‘3]9206ulUSWORAW |equoyy Jo Aoned
109J9p agqn ‘snjeydadoipAy S2INZI9S AR A Pl ‘S2INZI9s ‘eluolodAy eluojodAy
eluojodAH [eINaN  ‘uonewlolew || Lelyd VN eluojodAy 2INZ19s ‘gADSY ejuolodAH ‘ejuojodAH eluojodAH ‘ew01se|qo|NPa ‘A14o uonejg  ‘Aydone [eigaiad |ed160j0INaN
+ VN - VN + + + + VN - + 4+ ainjiey ymolio
(6%) 1ybBram
L'c VN A\ VYN VYN VN (lewuou) wN £e-ce [43 8e-9¢ (lewou) wN €e-G1 yuig
uonebnsaul
Ay WN we VN AL WN Ag As1-zL wN Ag-¢ Asz-0z wol-g 15| 18 9by
syusned
L (Aurey 1) £ L (Anuey 1) § L (Ajusey 1) ¢ ! (Anutey 1) ¢ ! (sa1jiuey ¢) € (Anuiey 1) ¢ (saljiutey 7) 8 4O JaqUINN
|ewia1eiy |eulsieiy |ewi1eiy |ewi1eiy |ewi1ey |eusaieiy OAOU 2 |ewia1eiy |eulaiepy |euiaiey |eulaiepy |euiaiepy 2duellByU|
9:5J0IvZS 1Y
d 9,s4bayzsLiyrd SrasySinod  ayd/oLbiyd SiHegby'd  sAggbuyd ylezo|rd JENS2IIKe oid/gidsd pie oulwy
[9P8SY SSb2 O <VEPD 9 <VOPx2 5 <V6ExD [°p8SYy S5k V <LTH+ 1Ly 1 <09re™ V <98%C> 1 <DLvC> J<1Sle> J<v8eld D<160l> uepeA
EIEN EIEN EIEN EIEN Bl EIEN Bl EIEN EIEN Bl EIEN EIEN JETOED)
/1lew
uojsuyor
ased juasaid ‘,,997 pue e sle 19
ayL e 38 uolsuyor |e 3@ uojsuyor yaunone|s e 12 buayd inodjlewsy e 32 ddog ou'1e 19 93y Jalunes 12 12 A0S ole 32 Aased £'le 12 adoy loyany
‘awoJpuAs pajelai-0L YN Yim syuaned ajew jo sadfyousb pue sadfjousayd | djqeL

Official journal of the Japan Society of Human Genetics



Shishido et al. Human Genome Variation (2020)7:23

ID, motor developmental delay, growth failure, ophthalmic
diseases, skeletal disorders, including scoliosis or digital
anomalies, and cardiac disorders. Most NAAIO mutation
types in male patients are missense variants, but three
families, including the present case, harbor truncated muta-
tions>’. Patients with NAAI0 mutations in further unstruc-
tured domains (exons 7 or 8) tend to exhibit microphthalmia
or anophthalmia (Fig. 1c). The mutation of the present
patient is a frameshift mutation that is identical to that of a
boy reported by Cheng®. We presumed that he survived
because the mutation is in a region where nonsense-
mediated degradation does not occur. However, our patient
did not show microphthalmia/anophthalmia. Further inves-
tigations are needed to clarify the precise mechanism of
microphthalmia in NAAI0-related syndrome. Cardiac com-
plications are also observed in male patients with NAA10-
related syndrome. However, the genotype—phenotype cor-
relation is not clear. In addition, the exact cause of HCM in
the present patient remains unknown.

Female patients with NAA10-related syndrome may dis-
play various types of ID°. The mother of the present patient
carried an identical NAAI0 mutation in the heterozygous
state, but she did not exhibit any medical abnormalities.
Families with NAAIO-related syndrome should be con-
sidered during genetic counseling with regard to recurrence
in the next child, irrespective of the sex of the child.

In conclusion, we report for the first time a Japanese
male patient with NAA10-related syndrome. We recom-
mend that patients undergo precise medical follow-up,
particularly for neurodevelopment, cardiac disease,
including HCM, ocular abnormalities, and scoliosis. The
results of our study are useful for the recognition of
NAA10-related syndrome.

HGV database
The relevant data from this Data Report are hosted at the Human Genome
Variation Database at https://doi.org/10.6084/m9.figshare.ngv.2879.
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