Case Report
Ann Rehabil Med 2017;41(3):505-510

PISSN: 2234-0645 ¢ eISSN: 2234-0653 a ‘ m

Identifying the KAT6B Mutation via Diagnostic
Exome Sequencing to Diagnose Say-Barber-
Biesecker-Young-Simpson Syndrome in Three
Generations of a Family
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Diagnostic exome sequencing (DES) is a powerful tool to analyze the pathogenic variants leading to
development delay (DD) and intellectual disability (ID). Recently, heterozygous de novo mutation of the histone
acetyltransferase encoding gene KAT6B has been recognized as causing a syndrome with congenital anomalies
and intellectual disability, namely Say-Barber-Biesecker-Young-Simpson (SBBYS) syndrome. Here we report a case
of SBBYS syndrome in a third generation Korean family affected with a missense mutation in KAT6B, c.2292C>T
p-(His767Tyr) identified by DES. This is the first confirmed familial inherited mutation of the KAT6B reported
worldwide. Our case emphasizes again the importance of basic physical examination and taking a family history.
Furthermore, advances in genetic diagnostic tools are becoming key to identifying the etiology of DD and ID.
This allows a physiatrist to predict the disease’s clinical evolution with relative certainty, and offer an appropriate
rehabilitation plan for patients.
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INTRODUCTION cases, 17.4%-47.1% can be explained by genetic factors
[1].

Developmental delay (DD) and intellectual disability Recently, diagnostic exome sequencing (DES) has

(ID) are major neuropsychological disorders in children, been introduced to analyze the underlying cause of un-

affecting 1%-3% of the general population. Of DD/ID  explained DD/ID with the discovery of a novel disease
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gene. Heterozygous de novo mutation of the histone
acetyltransferase encoding gene KAT6B has been recog-
nized to cause a syndrome with congenital anomalies
and intellectual disability, namely Say-Barber-Biesecker-
Young-Simpson syndrome (SBBYSS) [2].

Here, we present a case of SBBYSS in three generations
of a Korean family affected with a missense mutation in
KAT6B, c.2292C>T p.(His767Tyr) identified by DES. This
is the first inherited KAT6B missense mutation reported
worldwide.

CASE REPORT

The 3-year-old girl visited the department of rehabilita-
tion medicine for evaluation due to developmental delay.
She was the first born child of unrelated nonconsanguin-
eous parents. At birth, mother and father were 23 and 30
years old, respectively. She was born in the 40th week of
gestation after an uncomplicated pregnancy. Her birth

weight was 3,500 g (50th-75th percentile). At the age 2,
bilateral blepharophimosis and strabismus were no-
ticed during an ophthalmologic evaluation. She sat at 10
months and walked at 18 months. Speech development
was also slightly delayed. She started to say few simple
words at 2 years, and was able to make phrases with 2-3
words at 3 years. Her social and emotional development
declined, and she was described as shy, having little in-
teraction with other people. On physical examination at
the age of 3, her height was 90 cm (25th-50th percentile),
weight 12 kg (below 25th percentile) and her occipital-
frontal circumference was 46 cm (below 3rd percentile).
She had an immobile face, blepharophimosis, ptosis, a
broad and flat nasal bridge, and a low set of large pro-
truding ears (Fig. 1). Further investigations, routine
laboratory tests (including thyroid function tests, brain
magnetic resonance imaging, electroencephalogram
and joint X-rays) did not reveal any abnormality. During
the examination, we noticed that her father also had a

Fig. 1. Facial features of the proband (A), father (B, C), grandmother (D), uncle (E, F), and contracture deformity in
metacarpophalangeal joints of father (G).
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similar dysmorphic face. He had a contracture deformity
in his metacarpophalangeal joints that prevented him
from making a tight fist (Fig. 1). He had graduated from
college and was working in a manufacturing job as a
simple laborer. According to the Korean-Wechsler Adult
Intelligence Scale-1V, his intellectual quotient was 66,
indicating intellectual disability. The pedigree acquired
from the patient revealed that the patient’s uncle was
also diagnosed as moderately mentally retarded. Also,

' &
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= Confirmed KAT6B variant ¢.2292 C>T p.(His767Tyr)

= Obligate heterozygote

Of _

Fig. 2. Three generation pedigree of the patient’s family.
Filled symbols represent affected members, open sym-
bols represent unaffected members. Circles and squares
represent females and males, respectively.

her deceased grandmother who was severely mentally
retarded (Fig. 2). Given the family history, we arranged
a chromosomal microarray for the patient that yielded
a normal result. DES was performed on the subject, fol-
lowed by Sanger sequencing of the family trio (proband
and both parents), identified KAT6B missense mutation
in ¢.2292C>T p.(His767Tyr) in the patient and her father.
To better understand the relationship between the KAT6B
variant and the familiar inheritance pattern, additional
familial testing included the grandfather and uncle. The
uncle was found to carry the same KAT6B variant (Fig. 3).
Considering these results and family history, the patient’s
grandmother was deemed an obligatory heterozygote.
The variant was predicted to be deleterious in silico anal-
ysis using Sorting Intolerant from Tolerant (SIFT) with
a score of 0.01 (resulting as damaging), Polymorphism
Phenotyping v2 (PolyPhen-2) with a score of 0.87 (result-
ing as possibly damaging), and MutationTaster resulting
as disease causing (prob: 0.999999996930964).

They were diagnosed as SBBYSS. Although a few cases
with KAT6B have been reported worldwide, this is the
first confirmed family inherited mutation of the KAT6B
variant to date.

DISCUSSION

SBBYSS is very rare syndrome associated with the
KAT6B mutation. Clinical findings include a distinctive
facial appearance with severe blepharophimosis, an im-
mobile mask-like face, a bulbous nasal tip, and a small
mouth with a thin upper lip, usually accompanied by
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Fig. 3. Sanger sequencing result of the proband, the patient’s father and uncle confirms a missense mutation in
KAT6B, ¢.2292C>T p.(His767Tyr).

WWW.e-arm.org

507



Yong Rok Kim, et al.

'sased palrodai A[snoraaid

ur Juasqe 1o Juasaid 9q 03 parrodal jou aram swoydwiAs ayy woym ur syuaned jo uonippe 9yl Yim adejusdiad ayeorpur sisaypuared 9y} Ul wowﬁaoouwms

'syudned Jo roquinu YL,
*9UIOIPUAS TB[[3}

-edojtuag ‘sdo ‘owoipuis uosdurrg-3unox-19x09sarg-1aqieg-Aes ‘Sxgds ‘AIiqesip renoaqaiul/Aefop juswrdo[aAadp ‘qI/dd ‘Uumowyun ‘) ‘ou ‘N ‘sah ‘X

(09) 09 S/€ € (29) L2 S1/% 01 (6%) L¥ S¥v/1¢ (44 N N N solewroue proifyy,
(08)0 G/0 i (eL)er  s1/e I (08) e S¥/01 9¢ N N N yuourredwr Surresy
(02) 02 S/1 1! (08)9 ST/1 4 (e€) L2 S¥/21 ST N N N arered oD
(08) 09 G/€ i (€6) 9 ST/1 P1 (69) €5 Sv/¥e 1€ N N N SaI[eWIOUE [BYUS(
(oo1) 0T S/1 S (oo1) 0 S1/0 ST (68) 81 Sv/8 1] 7% N N N SISOUA]S S1ONp [EWLIOR]
(09) 09 S/¢ € (28) €1 S1/2 €1 (92) 09 S¥/Le 4 N N N $90)1 U0
(09) 0% S/¢ € (o01) L2 S1/¥ ST (€2) 12 Gv/ce €€ N N N squnyy 3uo
(ooT) 00T  S/S S (28)0 ST/0 €1 (oo1) 16 Sv/1¥ S¥ A A A 908} SSAGIS [ed1dAL
(oo1) 02 S/1 S (oo1) 0 S1/0 ST (oo1) 2 S¥/1 S¥ A A N soroey sso[uorssardxy
(oo1) 0T G/1 S (0oo1) 0 S1/0 ST (oo1) 6 Sv/v Sb X X A s1s01d
(001) 02 G/1 S (0oo1) 0 S1/0 S1 (oo1) €1 S%/9 Sy A A X stisowrrydoreydajg
(08)o9  ¢s/¢ i (oot)oz  s1/¢ ST (96) 16 SH/ 1 ¥ N N N eruojodA
(oo1) 0 5/0 S (eL) et S1/¢ 11 (oo1) 0 S¥/0 S¥ N N N SISOUQ)S 10 BISaNe [eUY
(oo1) 02 S/1 i (e2) et S1/¢ 1T (oo1) 2 SH/1 S¥ N N N BIOR[BWOAYORI)/0ZUAIRT
(08) 0% S/¢ 4 (28) 28 S1/€1 €1 (es) 6 Sv/¥ ¥e N N N SaI[eWIOUE [RUY
(oo1) 0 S/0 S (08) 2% ST/L 4 (oo1) 0 S%/0 S¥ N N N Sal[ewioue [e19[33[S
(08)0 S/0 14 (¢6) L9 S1/01 ¥1 (oo1) 0 S¥/0 S¥ N N N 1003 qN[D
(09) 09 G/€ € (ooT) 00T  ST/ST 0 (08) ¢¥ S%/61 9¢ A A N S9IN10BIIUO0D UOTXS[]
(o¥) o% S/¢ (4 (ooT) 00T  ST/ST 0 (19) ce G¥/01 PI N N N oe[[ared onsejdodAy/jussqy
(08)0 S/0 i (¢6) Le S1/% P1 (oo1) 2 S/1 S A A N eIy1eu3oIIN
(o¥) o¥ S/¢ (4 (28) €L ST/11 €1 (19) 81 S¥/8 €c A A A AreydaoomniN
(00T) 09 G/€ S (001) €6 ST/%1 ST (69) L Gv/€ 1€ n n N sisauade wnso[ed sndio)
(08) 08 S/v 14 (28) 28 ST/€1 €1 (sv) sv G¥/0¢ 0¢ N N N Sa[[eWIOUE. [BIIUSD)
(08) 09 G/ i (28) L¥ S1/L €1 (96) 68 S¥/0v {57 N N N sonmoLyIp Surpasg
(oot) 00T  S/S S (eL) €L ST/11 It (s9) 6% Sv/ce Se N N N 109§9p 11eay [e3US3U0)
(ooT) 00T  S/S S (oo1) €6 S1/¥1 ST (0o1) 86 SY/vv S¥ A A A ar/aa
- - - - - - - - - 9N I[N o[ewaq Iapuan
% uonodery N @% uondery N «% uonodery N
Jpun JId3yIe] 1dysSneq
PauUIquUIOD SNOIAJIJ SdD snoirdig SSAAIS snoirdag

suonenw g9y paysiqnd Asnoiaaid ur Aouanbaij 11913 Jo 1x91u00 oY) pue Afrurej palrodal oy jo sSurpuy [eadrur) *1 d[qeL

.€-arm.org

ww

508



Identification of SBBYSS in a Three-Generation Family via DES

mental retardation, delayed motor milestones, and sig-
nificantly impaired speech [3].

The KAT6B gene is located on chromosome 10q22.2
and encodes lysine acetyltransferase 6B, a part of the his-
tone H3 acetyltransferase complex in adult neural stem
cells. Little is known about the function of the histone
acetyltransferase, but it appears to regulate genes that
are important for early development, including develop-
ment of the skeleton and nervous system [4]. Recently,
similar KAT6B mutations were identified in subjects with
genitopatellar syndrome (GPS). GPS shows more severe
conditions than in SBBYSS with characteristic features
including structural brain defects (agenesis of corpus
callosum), large joint contractures, genital anomalies,
hydronephrosis with multiple renal cysts, and absent pa-
tella [5].

Until now, 45 SBBYSS, 15 GPS patients, and 5 addi-
tional patients with combined phenotypes between the
two syndromes have been reported with KAT6B muta-
tion [2,3,5-8]. Of those 65 KAT6B mutations, 53 muta-
tions were located in exon 18. This is the last KAT6B exon
responsible for encoding acidic (A, Asp/Glu-rich) and
transcriptional activation (TA, Ser/Met-rich) domains of
the KAT6B [6]. Gannon et al. [7] suggested that SBBYSS
mutations occurred more distally in exon 18 preserving
the whole acidic domain but lacking the transcriptional
activation domain that led to loss-of-function mutation.
While GPS mutations were located more proximally in the
same exon, losing both domains led to gain-of-function
mutation. However recent studies identified mutations
more proximal in exon 15, 16, 17 with the typical features
of SBBYSS [7,8]. The mutation occurred in exon 11 in our
patient. Premature termination codon located proximal
to the last exon is known to cause nonsense-mediated
RNA decay [9] resulting in haploinsufficiency of KAT6B
with mild SBBYSS phenotype (Table 1). Clayton-Smith et
al. [2] also reported a patient with KAT6B variants seen in
the proximal part of exon 3 with mild SBBYSS phenotype.
Our report confirms the previous observations that posi-
tion of the mutation in the gene correlates with the phe-
notypes of the patients.

All KAT6B variants identified so far have had hetero-
zygous truncating de novo with no familiar recurrence
[2,3,5-8]. This report demonstrates a family with an in-
herited KAT6B missense mutation as opposed to the de
novo mutations seen in SBBYSS and GPS.

In this report, DES was crucial for a correct diagnosis.
DES has proven to be a powerful tool with a 25% diagnos-
tic yield for the identification of pathogenic variants lead-
ing to Mendelian disorders in DD and ID [10]. DES can
detect single-nucleotide substitutions, and insertions or
deletions, of 8 to 10 nucleotides or smaller. It is suggested
that DES, together with array-based comparative ge-
nomic hybridization array, is a first-tier diagnostic tool to
evaluate unexplained DD and ID. Patients with DD and
ID often undergo a lengthy, time-consuming process for
a definitive diagnosis, commonly known as a ‘diagnostic
odyssey. Establishing an exact diagnosis in patients with
DD and ID is important because it brings comfort to the
patient’s family, enables prediction of the disease’s clini-
cal course with relative certainty, allows formulation of
an appropriate rehabilitation plan, and maintains gener-
al health. It also assists in accurately determining the risk
of recurrence in subsequent pregnancies. Physiatrists are
likely to be the first to encounter these patients. There-
fore, to ensure a correct diagnosis, a careful physical
examination that gathers detailed information on family
history, and an appropriate genetic analysis, should be
considered for patients with unexplained DD or ID.

To the best of our knowledge, this is the first molecular
genetic analysis of a SBBYSS patient from the Korean
population, and the first three generation inherited
KAT6B missense mutation seen worldwide. This report
broadens the phenotypic spectrum. Furthermore, the
possibility of gonadal mosaicism must be considered to
explain the rare familial recurrence of this condition. We
also showed that DES can be useful tool to identify caus-
ative pathogenic variants in patients with DD and ID.
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