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* Masuno M, et al. 1999. Young—Simpson syndrome: further delineation of a distinct
syndrome with congenital hypothyroidism, congenital heart defects, facial
dysmorphism, and mental retardation. Am J Med Genet. 84(1):8-11.

+ Kondoh T, et al. 2000. Young-Simpson syndrome comprising transient hypothyroidism,
normal growth, macular degeneration and torticolis. Am J Med Genet. 90(1):85-6.
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Burrows-Whagler Aligner (BIWA}
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Trioﬁﬁ Sanitoats Pipeup, Picard toals. BedTools package
Genome Analysis Toolkit (GATK) {Broad Institute)
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Trio-exome sequencing identifies mutations of the gene
§ encoding the histone acetyltransferase KAT6B/MYST4 in
= individuals with the Young-Simpson syndrome.

Kenji Kurosawa', Keisuke Enomoto’, Tatsuro Kondoh?, Seiji Mizuno®, Masanori Adachi4, Kohji Muroya?, Yasuko Yamanouchi®,
Tomoko Nishikawa', Noritaka Furuya®, Makiko Tominaga', Yukiko Kuroda', Takuya Naruto!, Kazumi Ida’, Thierry Sengstag?,
Ri-ichiroh Manabe?®, Mitsuo Masuno®

Division of Medical Genetics, Kanagawa Children’s Medical Center, Yokohama. 2Division of Developmental Disabilities, The Misakaenosono Mutsumi
Developmental, Medical and Welfare Center, Isahaya. *Department of Pediatrics, Central Hospital, Aichi Human Service Center, Kasugai, Aichi. “Division of
Endocrinology and Metabolism, Kanagawa Children’s Medical Center, Yokohama. 50Omics Science Center, RIKEN Yokohama Institute, Yokohama. 8Genetic
Counseling Program, Graduate School of Health and Welfare, Kawasaki University of Medical Weifare, Kurashiki, Japan.

INTRODUCTION METHODS
Synonym or related disorders? . lzi,:éz'mpm Synd; om; which may be i o Analytical framework {from raw reads to variations)
Young-Simpson syndrome (OMIM. 603736) ~ Using trio-based approach [—
Ohdo syndrome (OMIM.%249620) Autosomal recessive?? = ; o]
Say/Barber/Biesecker/Young-Simpson (SBBYS) syndrome hordten
Blepharophimosis-mental retardation syndromes (BMRSs) s

Major clinical manifestations
Mental retardation: moderate ~ severe

Distinctive facial appearance o ST = b

Blepharophimosis e -

Hypothyroidism e ey s e s -

Congenital heart disease B
Complicated disorders Fig. 1. Experimental work flow for detecting sequence variants.

Growth retardation

Skeletal: contractures, scoliosis, pes equinovarus
Hydrocephaly

Hypogonadism

Characteristic behaviors (Friendly) RESULTS
Epilepsy (Seizures)

Table 1.Number of candidate SNPs and genes identified based on different filtering strategies.

Mendelian violations

Cases All QC passed All ssfindel/ns Notin Predicted  Heterozygous Bothin
dbSNP135 damaging YSS-001/002
Fig.2. Photos of the patients. A. YSS-001 384,495 149,452 4,902 4,881 234 170 160
Y5S-001 atage 18 yrs; B, ¥SS- VOOOOSF e 1ardss o5 62 8 6 6 2 (KAT6B, APOB)
003 at age 10 mo; C. YSS-004 YSS-002M 345267 163,925 )
M atage 7 yrs.
Table 2. Clinical features of the patients.
Patients YSS-001 YSS-OOZ YSS-003 YSS-004 YSS-006 SBBYSS  GPS abtntibadimd, caprap il .
Gender M M M M 58 46 ves001 :
Skeletal A YSS-002 YSS-003
Flexion contractures  + + + + + ND 111 (c.5389C>T p.R1797X) (c5302C>T p.Q1768X)  (c.5146_5147del p.GIn1716GIufsX58)
Club foot + + + + + ND 10/11
Long thumbs + + + + + 913 ND
Genital abnormalities + + + + + 513 6/11
Hydronephrosis + - - - - ND 10/11
Anal atresia/stenosis - - - - - 013 4/11
CNS
Develomental delay + + + + + 13/13 1111 . K
Sezures + + + - - ND ND Fig.3. Identification of
Congenital heart defects  + - + - - 613 6/11 4 mutations in KAT68B in the
Hypothyroidism + + + + + 613 Al YSS-004 YSS-006 patients.
(c.5087del p.Gly1696Glufsx19)  (c4911_4921del p.V1638AIsX27)
SBYSS; Clayton-Smith et al., 2011. GPS; Simpson et al., 2012. Campeau et al., 2012.

DlSCUSSION B nomsense #  framemif
Present report oo
Mutation analysis: Prisvepehychei .
Sequencing of the KAT6B/MYST4 in 4 additional affected individuals (Sempson ot o, 2012) L
identified disease-causing mutations in all probands, including two ane I L Fig. 4. Location of Ohdo/SBBYS and
recurrent de novo alterations. 5 out of the 6 individuals had the protein- (Ginyton-Sesith ot . 2011} e = Genitopatellar syndrome mutations.

(Exons and domain structure of
KAT6B was adopted from the report
by Campeau et al. (2012).

truncating mutations.

Managements:

Orthopedics surgical repair, ophthalmologic evaluations, rehabilitation,
endocrinology (enzyme supplement ), urology, cardiovascular surgery
Special education, genetics: genetic counseling.

Diagnostic criteria
Hypothyroidism is one of the cardinal features.

. . X ACKNOWLEDGEMENTS
Trio-based exome sequencing is a powerful approach to discover genes We thank the patient and her family for making this study possible. This research was
causing sporadic developmental disorders. These findings indicated that supported in part by a “Research on Measures for Intractable Diseases” Project: matching
histone acetylation has a crucial role in early human development. funds subsidy from the Ministry of Health, Labour and Welfare, Japan.
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Support for patients with Young-Simpson syndrome, their families and

peoples concerned - Study of patients and Family group meeting —
Yasuko YAMANOUCHIY, Tomoko NISHIKAWA?), Keisuke ENOMOTO?, Noritaka FURUYA2),

Seiji MIZUNO?), Tatsuo KONDO#

, Masanori ADACHI®), Kohji MUROYAS),

Mitsuo MASUNO?, Kenji KUROSAWA?2
Genetic Counseling Program, Kawasaki-University of Medical Welfare, Kurashiki, Japan 1) Division of Medical Genetics,
Kanagawa Children’s Medical Center, Yokohama, Japan 2+ Department of Pediatrics, Center Hospital, Aichi Human
Service Center, Kasugai, Aichi, Japan?), Division of Developmental Disabilities, The Misakaenosano Mutsumi
Developmental, Medical and Welfare Center , Isahaya, Japan 4, Division of Endocrinology and Metabolism,
Kanagawa Children’s Medical center, Yokohama, Japan %

<Introduction and Objectives>

Young-Simpson syndrome (YSS) is a rare disorder with only seven cases
reported thus far in Japan. Obtaining information about this disorder is
therefore difficult, and the patients, their families, and other people
concerned tend to be isolated, with no opportunity to meet others affected
by the same disorder.

Therefore, they often have questions and concerns about which they
cannot consult with general doctors. Not only clarification of the causes of
YSS and improvement of diagnosis and treatment, but also support for the
patients, families, and people concerned is indispensable particularly for
such rare disorders requiring long-term treatment supported by families.

In this study, we examined the usefulness and benefits of group sessions
between YSS patients and families as a means of supporting them.

<Results> EEEEES

The ages of the children diagnosed as having YSS varied widely from 0 to
10 years. The participants answered that they were anxious about the
individual symptoms of YSS, such as impaired vision and hearing, difficulty
in food intake, and clubfoot, as well as medical expenses. There was a
comment that “I have been asked about the disorder by others, but nobody
understands YSS.” In addition, some answered that they felt anxious about
explaining YSS to their relatives.

1. The participants said that they would like to continue having such
sessions in the future. They enjoyed meeting other patients and families
affected by the same disorder, as they had been trying to obtain medical
information about research and treatments of YSS. The families actively
socialized during the information-exchange time. The families hoped that
not only the families but also those who support YSS patients (e.g.,
caretakers, staff and teachers at public institutions) will attend the sessions.

2. Moreover, the participants also commented on how difficult it is to
receive proper medical care in their local areas. The participants expressed
their concern that when they visit their otolaryngology (ENT) clinics for
conditions such as the common cold, the doctors are not aware of the
disorder. This may be because YSS is a pleiotropic disorder characterized by
skeletal, endocrine, and neurological abnormalities, and few doctors are
aware of it. Creating an information card with details of the disorder,
medications to avoid, and contact information on doctors with specialized
knowledge of this disorder, for presentation to health care staff will likely
enable them to receive appropriate medical care.

3. We prepared the “Young-Simpson Syndrome Care Card” on which basic
symptoms and clinical aspects of YSS are written, so that the patients can
receive general treatment from general practitioners, instead of specialized
doctors, at their local areas (Fig. 1).

The card is of credit-card size and thus portable. The address of the YSS
research team and contact information on a YSS specialized doctor are
written on the card for obtaining further information. The card contains
information on the basic YSS symptoms, as well as the following clinical
aspects of YSS to note: (1) there is no contraindicated drug or test for YSS
patients and (2) the cooperation of the patients’ families is indispensable
during diagnosis because of the difficulty in verbal communication with the
patients.

<Discussion>

1. These sessions were useful as a form of peer counseling, during which
the patients and their families were able to discuss their concerns and
worries with each other. It was also an opportunity for them to obtain the
latest information about this rare disorder, which was otherwise not readily
available. It is essential to have support from various health care
professionals, such as specialized doctors who are experienced in managing
this particular disorder or medical genetics specialists.

2. We prepared the Young-Simpson Syndrome Care Card to help general
practitioners who are not specialized in YSS to understand YSS and enable
the YSS patients to receive appropriate treatment from general
practitioners in their local areas. We are planning to distribute the cards to
the YSS patients.

<Subjects and Methods>

We conducted a survey to determine the usefulness of the group session
between YSS patients and families in providing support to them. Our research
team organized two “YSS patient and family group sessions” (February 2011 and
November 2011, with five families participating in each session). Doctors and
researchers, as well as two certified genetic counselors, attended these sessions.

Fifteen people from five families (February 2011) and eight people from five
families (November 2011) participated in these sessions.

A self-administered questionnaire survey of the participants of the sessions
was carried out, and the results were analyzed. The questionnaire items
included the following:

(1) the age of the child diagnosed as having YSS, (2) information that was helpful
for understanding YSS, (3} difficulties encountered by the respondent
concerning the affected child, (4) difficulties encountered by the respondent
concerning families and relatives, (5) the benefits obtained by the respondent
from the sessions, and (6) comments and requests to the doctors and medical
service workers. The questions included both closed and open questions.

The questionnaire was filled out anonymously and the participants placed the
response sheet into the collection box. Ethical issues were taken into
consideration by explaining the following to the participants in advance: (1)
answering the questionnaire was not compulsory and (2) nonparticipation in
the questionnaire survey was not disadvantageous to the respondent.

Fig. 1
YOUNG-SIMPSON SYNDROME
CARE CARD
The person who carries this card is
a patient with Young-Simpson syndrome.
Young-Simpson Syndrome Research Consortium
http://kemc.jp/yss/about_yss.html
~Msjor of Young Si ynd Clinical f Young-Si drome
1) Mental retardation (from moderate to severe ) nical aspects of Young-Simpson syndrome to
2) Endocrinological disorders involving hypothyroidi note
genital disorders (micropenis, und ded testes 1. There is no contraindicated drug or test for
3) Skeletal disorders involving the joint contractures, patients with Young-Simpson syndrome.
scoliosis, and t?“:’es varus o However, drugs that cannot be used because
4 n;;:is e mati‘;n?’:::fran:;bl o blepharophimosis, of the allergic symptoms of the patients
ptosis, astig ' vop should not be administered. Please consult
- infancy: suckling disorder, slight respiratory disturbance, deafness, the parents regarding such drugs
vesico-ureter reflux, frequent occurrence fever of unspecified N o
origin {suspicion of complication of urinary diseases} 2. The cooperation of parents is 'nd'SPensable
- School age: large difference between expression and understanding during the diagnosis of YSS patients because
of language, slightly slow manifestation of secondary of their difficulty in verbal communication.

sexual characteristics in boys

Name: Date of birth:
Address:
Tel:
Private medical doctor:
Name of hospital:
Name of doctor: Tel:

For inquiries on Young-Simpson syndrome, please
contact Dr. Kenji Kurosawa. Kanagawa Children’s
Medical Center. TEL: 045-711-2351

<Acknowledgements>

We thank the patient and her family for making this study possible. This research
was supported in part by a “Research on Measures for Intractable Diseases” Project:
matching funds subsidy from the Ministry of Health, Labour and Welfare, Japan.

_43_
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Introduction

* Young-Simpson syndrome (YSS) is a rare congenital multi-system disorder, characterized by
hypothyroidism, facial dysmorphic features including blepharophimosis, congenital heart defects, and
mental retardation. Following the first report by Young and Simpson [1987], many cases with similar
symptoms have been reported. We also had reported three cases in 1999 ¥ and 2000 2.

% Ohdo et al. had also reported a family including three cases characterized by blepharophimosis, ptosis,
developmental delay, hypoplastl.c teeth congemtal heart defect, and hearing impairment [1986]. As those
sy were ove d with the symptoms of YSS, there have been quite a few
discussions on differences among the concept of YSS, Ohdo syndrome, BMRs (Blepharophimosis-Mental
Retardation syndrome) SBBYS (Say/Barber/Biesecker/Young-Simpson) type, and BMRs Chdo type.

# To refine the long-term development and phenotype in YSS, we report clinical findings in new patients
presenting just typical features of YSS. We also carry out a re-examination, and report the further
clinical histories of our three cases previously reported » 2.

D Musuno M, Imsitami K Okada T Mdacki M, Nishimasa G, 1shis T Tachibans K. Kuyoli . Young Simpson syndrome: fuxther dlineation o  ditinet ayndrome with
J Med Genet. 1999 May T:84(1):8-11

2 Kandoh’l‘ Kincohita B, Morwebi h’nknw N Mm mm’r Masuno M. Young'Si
degeneration and torticolis. Am J Med Genet. 2000 Jan 3:90(1):86°6,

normal growth, macular

Table. Clinical Details of 7 Patients with Young-Simpson Syndrome

Sy

Age at the last examination
ex

* previously reported cases.

F
28 33

Clinical Reports

[Subjects] 7 individuals with di
> 6 males and 1 female
» ranging in infant to adult

is of Young-Simpson syndrome based on agreement between us

[Methods] v Full review of their medical records, physical examination, and interview with their
principal care giver (mainly parents)
v Summarizing in the table and presentation of their pictures

Figure. Pictures of Patients with Young-Simpson Syndrome

(A-D) Facial features of the 5 patients with Young-Simpson syndrome. Note the blepharophimosis, pt.osxs,
preauricular pits, malformed and posteriorly rotated ears, bulbous nose, micr and retr

(J) Whole body image of case 5 in Note the opisth

(K and L) External genitalia of case 2 and 5. Note the bilateral cryptorchidism and micropenis.

(M and N) Lower limbs of case 2

and 5. Note the severe
bilateral talipes equinovarus.

M
40/ 44

Age_mother/father (yr) /43 3o / 3
Cytoganetic analysis - S e T = T E
TG 46XV A 46XY 46XV 46XV TR 46XY
FISH or array-GGH 226112 no del.  22q11.2 no del. targeted BAG array: targeted BAG anay:
Zul 2‘:1]4 no del CNV () CNV. g-z
Postnatal growth R v i e R g
weight [g] (SD) Ty 526 214 (-14) 145 (-12) 7.68 (-0.5) 69.0 2595 (-0.)
height [cm] (SD) 1680 1724 119.0 (-2.5) 984 (-18) 640 (-2.2) 1483 1343 (+0.2)
OFC [em] (SD) 580 487 (-13) 427 (-10) 510 540
Prenatal growth ;= e e i T S i
birth weight [g] (SD) 2800 (-0.5) 2720 (-0.0) 2465 (-1.3) 3400 (+1.0) 2410 (-1.4) 2985 (05 3290 (+0.7)
birth height [em] (SD) 500 (+05) 49.0 (£0) 445 (-2.1) 51.0 (+1.0) 480 (-05) 48.3 (£0) 520 (+1.4)
OFC [cm] (SD) 360 (+19 335 (+0.1) 34.4 (+0.8) 4(+2.9) 325 (-06) 345 (+1.1) 350 (+1.2
‘Neonatat complications e T R BT T A
respiratory disorder + + + ¥ -
‘oxygenation + + + - -
~ OySm ~ 1 week ~ several days
artificial ventilation - - - - - - -
feeding difficultics + + + + + + B
tube feeding + + + + . -
~ lydm ~ Sy fod 1 week at prescm.
haracteristics PR kA AR ¥ S
mental retardation profound severe severe severe severe severe
speech delay no word no word f0 word no word no word
‘motor delay mild moderate moderate moderate moderate moderate
walked alone 2y0m 4ybm 4y3m 4y6m 4y0m
opisthotonus in infant ++ +
Granjofaoial features \ T S = .
nicrogephals = - E = B * P Conclusions
blepharophimosis + + + + + + +
ptosis +* -+ + ++ ++ + + % These observations support the idea that Young-Simpson Syndrome is a strikingly
strabismus - m;m - m:moia - m:mpil - distinctive clinical entity and a recognizable disorder of newborn.
: :Wila i e + . O Facial dysmorphic features
ey :':r" st (f'") . (f’") * i“‘) * (f"') {blepharophimosis, ptosis, preauricular fistula, micrognathia, etc.)
axtermal ear cana stenosis £ ) P . - O Hypothyroidism
bulbous nose + - + + + 0 Severe mental retardation
cleft palate + - - - - 3 Congenital heart defect
high arched palate + + + + - ‘ s . N .. .
micrognathia N N N N N 0 Skeletal abnormalities (talipes equinovarus, joint contracture of lower limbs)
retrognathia + + + + - [1 Bilateral cryptorchidism in male patient
Sendory organz —
eye dysopsia e + + . hehavi h
ear hearing impairment - + - + o - - 4 There are some 1

recurrent otitis media = -
ntilation tube:

Contral nervous sy

epilepsy + z
brain anomalies + -
hypoplasia of

details
corpus callosum,

cavity of septum

ventricular
enlargement

‘Cardiovasciilar system®

pellucidum

+
ASD mild valvular PS

Cardiac defects + -
details ASD,VSD
mild PS
others
Musculo-ske

Jjoint contracture of upper limbs ++
Jjoint contracture of lower limbs
talipes equinovarus

congenital hip dislocation
scofiosis

prenatal VSD (+)

+ + (in hands)

++ ++ -
- Eee e

Thyroid abrgrmalitiss =~ o
hypothyroidism s v p T Y -
levothyroxine - + N _

“Genitouririary sbnormalitios- - = T
cryptorchidism + (bil) EXCH] (o)
micropenis - + + +
vesicoureteral reflex - - - + + - -

posterior urethral valve - -
be o

e -

rt)
male penile/testicular development
pubic hair growth + (6yIm ~) -
yoice breaking +(16y) o

fomale mammary development
pubic hair growth

12y
12y

18y

(;),N B

e () -
renal cyst (+) (It) torticollis
protracted diarrhea

in childhood

ios (+) ios (+) i
solyporous ASD astigmatism 11 ribs (bit) irregular menses
insatiable appetite,
protracted diarrhea ‘hyperphagia

bilateral Mondini
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4 Feeding difficulty and Opisthotonus in neonate or infant
4 Expressionless or so-called ked like expression in infant
4 Friendly, sociable, affectionate, or placid in childhood to grown-up

%+ Following complications should be suspected in all of the YSS patients.

v Respiratory disorder and Feeding difficulties in infant
v Visual disturbance and Nasolacrimal duct obstruction
¥ External ear canal atenosis and Hearing impairment
v Urinary abnormalities

Discussion

> [Bex] Six of seven patients are male. The female patient (case 6) presents
relatively milder phenotypes than male ones. To date, there is no report suggesting
a clinical gaps between male and female cases.

> [Family history] There is no consanguinity in all families. All of them is single case.
» [Prenatal] Almost all cases present polyhydramnios.

> [ Postnatal growth] Normal or slightly short stature.

» [Neurology] Some cases develop epilepsy and mild brain abnormalities.

» [Cardiovascular] Approximately half of cases presents mild congenital heart
defects including PS.

» [Musculo-Skeletal] Joint contracture is more severe in lower extremities than
upper ones. Telipes equinovarus appears to predominate and it would require some
operations.

» [Puberty] There may be delays on male secondary sex characteristics, as female
one is possibly normal.
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