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Abstract

Here we report for the first time on the maternal transmission of mild Coffin—Siris syndrome (CSS) caused by a SOX/]
missense variant. We present two sisters with intellectual disability and muscular hypotonia born to non-consanguineous
parents. Cogan ocular motor apraxia was present in both sisters. Body measurements were in a normal range. The mother
and both daughters showed hypoplastic nails of the fifth toes. A missense variant in SOX/71 [c.139 G > A; p.(Gly47Ser)] in
both sisters and their mother was identified. Since 2014, variants in SOX11 are known to cause mild CSS. Most described
patients showed intellectual disability, especially concerning acquired language. All of them had hypoplastic nails of the fifth
toes. It is of note, that some of these patients show Cogan ocular motor apraxia. The facial dysmorphic features seem not to
be specific. We suggest that the combination of Cogan ocular motor apraxia, hypoplastic nails of fifth toes, and

developmental delay give the important diagnostic clue for a variant in the SOX11 gene (OMIM 615866, MR 27).

Introduction

Coffin—Siris syndrome (CSS) was first described in 1970 by
the pediatrician Grange S. Coffin and the radiologist Evelyn
Siris [1]. CSS is characterized by aplasia or hypoplasia of
the distal phalanx or nail of the fifth and additional digits
and/or toes, intellectual disability, characteristic facial fea-
tures, growth deficiency, microcephaly, hypertrichosis, and
sparse scalp hair. The inheritance seems to be autosomal
dominant. Variants in several genes encoding components
of the BRG1- and BRM-associated factor (BAF) complex
were identified. The BAF complex, one of the ATP-
dependent chromatin remodeling complexes, mediates the
opening and closing of chromatin [2]. Variants in multiple
components of the BAF complex (ARIDIA, ARIDIB,
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DPF2, SMARCA4, SMARCBI1, and SMARCE!) and PBAF
complex (ARID2) have been implicated as causes of CSS
[3-10].

The SOXI1 gene (OMIM 600898, SRY-BOXI11) is
located on chromosome 2p25.2. SOXI1 is part of the SRY
box-related (SOX) sequences. They contain only one DNA-
binding domain, and they bind to DNA in a sequence-specific
manner. They act as potential transcription factors implicated
in the developmental control of gene expression [11].

Here we describe a novel heterozygous missense SOX1 1/
variant in two sisters and her mother presenting with ocular
motor apraxia and hypoplastic nails of fifth toes.

Patients and methods
Daughter 1

The first of two daughters was born of non-consanguineous
parents after 40 weeks of gestation following an uncom-
plicated pregnancy and delivery. Birth weight (—1.4 SD),
birth length (4+0.6 SD), and head circumference (+0.1 SD)
were in a normal range. Muscular hypotonia was noted after
birth. The girl was able to walk alone at the age of
15-18 months. First words were spoken at the age of
12 months. During childhood, moderate cognitive impair-
ment was apparent, she visited a special class for children


http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-021-00865-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-021-00865-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-021-00865-2&domain=pdf
mailto:britta.hanker@uksh.de

Maternal transmission of a mild Coffin-Siris syndrome phenotype caused by a SOX77 missense... 127

Fig. 1 Clinical photographs of
the family members. Daughter
1 and 2, mother (3). Facial
features include well-defined
eyebrows, short philtrum, and
full lips (daughter 1).
Hypoplastic fifth toenails were
present in all patients.
Permission has been obtained
from the patient’s parents and
mother (3) herself for
presentation.

Daughter 1

Daughter 2

Mother (3)

with learning difficulties. Dysmorphic features included
short philtrum, thick lips, sunken eyes, and strabism
(Fig. 1). Low-set ears were present. She had no hirsutism
but sparse scalp hair. In addition, Cogan ocular motor
apraxia was present. Brain MRI was normal. Karyotyping
and array-CGH gave normal results. Fragile-X-syndrome
was negative by CGG-repeat expansion. Reexamination at
age of 12 7/, years showed normal body measurements
(weight (0 SD), height (—0.8 SD), and head circumference
(+1.2 SD)). Hypoplastic nails of the fifth toes were present
suggesting the tentative diagnosis of a phenotype consistent
with CSS. Sanger sequencing of ARIDIB gave normal
results.

Daughter 2

The second child was born 4 years later after 30" weeks of
gestation. Delivery was preterm due to intrauterine growth
restriction. Due to advanced maternal age, an amniotic
karyotyping was performed showing a normal female kar-
yotype. Birth weight (—1.2 SD), birth length (—0.9 SD),

and head circumference (—0.8 SD) were in a normal range.
She was able to walk at the age of 18 months. First words
were spoken at the age of 14 months. She had a duplicated
kidney on the left side. The ophthalmological assessment
confirmed Cogan’s ocular motor apraxia and strabism.

At reexamination, at age of 8 %/, years, hypoplastic nails
of the fifth toes were noticed. Facial dysmorphic features
consisted of a depressed nasal bridge and full lips (Fig. 1).
Her body measurements were still in the normal range
(weight (—0.5SD), height (4+0.6SD), and head cir-
cumference (—0.8 SD)). Overall, she was more severely
affected. She had more severe speech impairment and dif-
ficulties in speech comprehension than her sister.

Mother (3)

The mother, who had a history of learning difficulties in
childhood and also went to a special class for learning
difficulties, finally made graduation from modern secondary
school. In childhood, she had a history of nephritis and
meningitis. She shows an iris coloboma on the right side
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and was surgically treated because of a bilateral cataract.
She also showed hypoplastic nails of the fifth toes (Fig. 1).
Bilateral syndactyly of toes II-IV was also noticed.
Her head circumference was (—1.9 SD) and her height
(—0.8 SD). Her bodyweight was in a normal range.

The phenotypes of the family members are summarized
in Table 1.

Written informed consent was obtained from the parents
for participation in this study. The study was performed
according to the Declaration of Helsinki protocols. DNA
from peripheral blood lymphocytes was obtained and
extracted by standard extraction procedures.

NGS panel-analysis of the genes SOXII, ARIDIA,
ARIDIB, ARID2, SMARCA4, SMARCBI, and SMARCEI
and PHF6 was performed in the two sisters. The mean
coverage overall targets of the above genes were 297x (min:
35x, max 606x) for daughter 1 and 336x (min: 36, max
719x) for daughter 2. The presence of the variant was
confirmed in daughter 1, 2, and the mother (3) by Sanger
sequencing. The variant was absent in the DNA of the
father of the girls. The variant was submitted to the database
of LOVD (URL: http:/www.LOVD.nl/SOX11, DB-ID
SOX11_000021, Individual ID 00306973).

Results

In this study, we identified a SOX/I missense variant
([GRCh38/hg38] chr2:2.5,692,860 G > A; NM_003108.3:
c.139G > A; NP_003099.1: p.(Gly47Ser)) in the mother
and her two daughters. The variant has not been described
before in HGMD prof., LOVD and ClinVar. Four in silico-
Tools (PROVEAN, score —5.464; SIFT, score 0.01; Poly-
phen-2, scores HumDiv 1.000 and HumVar 0.999 and
MutationTaster, “Disease Causing”) predicted the variant as
probably pathogenic. No pathogenic variant was found in
the other known CSS genes. The in silico CADD score was
31 (Request: Chromosome 2, position 5692860, CADD
GRCh38-v1.6).

Discussion

Here we identified for the first time a maternal transmission
of a SOX11 variant.

In 2014, Tsurusaki et al. reported for the first time on de
novo variants in SOX/1 to cause CSS [12]. In 2016, Hempel
et al. reported three patients with de novo SOX/1 variants and
seven with a deletion in 2p25 including SOXI1 [13].
Okamoto et al. described one patient with a novel SOXII
variant who showed coarctation of the aorta in addition to
clinical features of CSS [14]. Six missense variants and one
nonsense variant were identified in SOXI11 [12-14]. All
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missense variants are located in the HMG DNA binding
domain. Our variant was located at the beginning of the HMG
domain (SSF47095). Variants outside the HMG domain have
been described which result in ocular malformations without
developmental delay. In this work, we focused on the
descriptions of mild CSS due to SOXI1 variants. A summary
of the clinical signs is shown in Table 1.

The phenotype of the present cohort of patients with
clinically diagnosed CSS variants in SOX/1 is to a larger
extent homogeneous (Table 1). This can be partly explained
by the choice of patients for molecular analysis. The two
patients in the study of Tsurusaki et al. [12] had the sus-
picion of CSS. Two of the three patients with variants in
SOX11 presented by Hempel et al. [13] were part of the
deciphering developmental disorders (DDD) study [15].
The third patient was identified by exome sequencing via
the Genetics Of Structural Brain Abnormalities And
Learning Disabilities Study (Wales Research Ethics Com-
mittee 12/WA/001 [16]). Hempel et al. [13]. reported that
none of their cohorts had a clinical diagnosis of CSS before
genetic analysis. But in retrospect, all individuals had
clinical features compatible with CSS. The phenotype of all
described patients with SOX/] variants (in the HMG
domain) shows that 100 % of the individuals have devel-
opmental delay and hypoplastic fifth toenails. There is a
variation in the degree of developmental delay. Seven of
them had delays in an acquired language.

The majority of patients present with growth deficiency.
The facial characteristics can be quite different. There are no
obvious distinctive facial features but short philtrum, full lips,
and arched eyebrows are present in nearly half of the cases.

Ocular abnormalities were present in seven patients. One
patient had hypermetropia another one had vision problems
and three had a squint. Vision problems have not been
specified (patient 1 from the study of Tsurusaki). The
mother (3) of our family had iris coloboma and cataracts.
Remarkably, four of the nine patients show Cogan ocular
apraxia. Cogan oculomotor apraxia can occur isolated, in
the combination with neurological findings, and as part of a
syndrome (e.g., Joubert syndrome, Gaucher disease type 3,
ataxia-telangiectasia). The number of undetected cases of
Cogan ocular apraxia might be much higher because
symptoms improve throughout childhood. It might be
possible that the mother of our family had oculomotor
apraxia during childhood. And in the study of Tsurusaki,
the vision problems of patient 1 have not been specified.
Possibly this patient had Cogan ocular apraxia, too.

Variants in SOX1/ seem to be a rare cause of mild CSS.
We support the hypothesis that variants in BAF complex
genes and SOXI1 result in a mild CSS phenotype, provid-
ing strong support for the BAF complex and SOX11
function in a common pathway, play an important role
in human brain development. Cogan ocular apraxia in


http://www.LOVD.nl/SOX11

129

Maternal transmission of a mild Coffin-Siris syndrome phenotype caused by a SOX77 missense...

- - - + 1seu oefe onsejdodAH
- - - + asousuo|
- - - + spsou paurnydn)
- - - + + 90U paudlIoys
- + - + - + a3puq [eseu jef]
- - - + wsHorauad g
- - - 4 amssy [eigadred yoys
- - - + - +  ersedodAy 2oejprN
(R4 - - - - + + + + &y dad0.01py
sa4mpaf p1ovforun.y)
Aymoyyip
(OR4 qu - - + + + - + 3urpaag/3uryong
(as
@asei-)es  (@sso—)iIs TI1H) §6S (ASS1-) S8y 125 8y % @ssv—) sos (@see—) €Ly (wo) D40
(as
€91 (@S 90+ ¥El 80—) €61 (asec-) L6 Svel 7601 768 (@as s-) 11 (assc-) 61l (wo) JySeH
o (@sso—) st (@sossy (ASLI-) Sl 6T SY'81 SI°CI (@se-) g1e @ss1-)1oe (3D WM
syluowr ¢ syluowr /, syluow 9

ek Ig ‘reak § ‘reak 71 I8k G sypuowt ()] ‘Iedk 9 s1B9A 17 ‘reak 71 ek /] ek 0] By
© s - - + + + + +  Quaiop yimorn
IMoI3 [erewsoq
qu (@sgo-) Lz (@sro+) se (ass1-)soe (uo) D40 wug
qu o (@S60-)LE (AS90T) €S (asce) sv (o) 3udy Yy

(as (as
qu (@S T1-)Ssol ¥'1—) SL8T 096¢ 080v 00S¢€ 8II¢ (das ¥—) 0sL1 6'1-) OvET (3) WSrem yuig
Kouaroyop
+ - + + IMmoI3 [ereuald
qu [§3 or Iy (1% Iy (1% 8¢ uonelsan
Suipaaf puv yymo.tn
(PSLPADYd  (19SLpAID)d  (PSLYAID)d  (AZOTRIV)d (x67s6D)d  (usyogs&Tyd  (stHOZ10W)'d (01d0gies)d  (s£391114L)d d
V<Do6LID V<Do6LID V<Do6LID L<D60e™ V<DL8? 2<DOSI™ V <D66¢9 O<LS8LID D<VLYED 0
uonvInp
(€) ool T Towsneq [ Iowsneq ! 01 6 8 [4 ! Joqunu jusned
Jrewdy Jrewd Jrewof RN RN BN Jrewof Jrewo rewd Iopuon
URULIOD) UBULIOD) UBULIOD) asoueder yu yu yu uerpug asoueder usuQ

Apuuey 1o ojoureyQ [edwoy plesnIns ],

[BI0L 6 8 L 9 ¢ ¥ € C [

‘syueLreA 77xX0S s syuaned pauodar Ajsnoraaid xis oy) pue Aqrwej ano jo depoAo [edrur)) | d|qel

SPRINGER NATURE



B. Hanker et al.

130

L

6 6

6 v

69

(VR4

I .

+

(P
+ -

+

+

+ +

+ + +

juounredwr SurLreoy
UOISIA pue SuLBOH
A[&yoepour))

5203 A[A10Bpukg
s1o3uy

K[Kyoepudks ¢—¢
$]1DUI01

yifif onusvjdodAyy
so3uereyd

resip onsejdodAyg

sreurduy
yyy onsedodAH

saunivaf quiij-1012]2ys
arered 91D
BIYIRUSOIOTIA]

nowr oprp

dij Jomo| pajeaq
uorruoA 1oddn uryg,
SIE9 J9S MO

S1S01d

SMO0IqaKd paydTy
S9A9 uayung
soyse[eke 3uog
M01qaKd YOIy ],
sisoyomIodAH

Irey djeos juepunqy
arey deos osredg
sdip jing

ynow uadQ
wnnryd woys
R[[OWN[OD JUSUIWIOL]

[e0L

(€) o
qrewoy

UBuIID)

7 I_ysSneq
Jlewo]

uBuLIon

1 1ySneq
orewd |

ueuIan

Aurey 1no

L

!

AN
asoueder
ojowreyQ

9

of1
BN
yu

BN
yu

8 [4
Jrewo Jrewo

yu uerpuy

1
rewdg

asoueder

[edwoy
€ C

D{esnInsJ,

I

equnu juaned

Iopuon
uiuQ

(panunuoo) | 3jqey

SPRINGER NATURE



131

Maternal transmission of a mild Coffin-Siris syndrome phenotype caused by a SOX77 missense...

'80T€00 AN 2ouanbos aouarejar ‘[41] woty paydepy 9 (¢)
"€°801€00 AN 9ouanbas douaisgar ‘[¢[] woy paydepy ¢—¢ (7)

"€'801€00 AN 2douanbos douarojar ‘[z ‘6] woxy pardepy ¢+ 1 (1)
"JU9SqE IMJedJ - ‘Juasald oIjes) + ‘edULIFWNOID [eIu0l-0)1dI00 )70 ‘UMmOuY 10U yu ‘QFUuel [UWLIOU LU ‘SYjuowW w ‘s1eak «

(6) L
yu
yu

66 +

SUI BUWIOQO[0D)

6 v u
+

Yo Koupry
payeoridn(g

4!

+
wisIqens

+
wisIqens

dSA uoneueo)

LT

+

SIUWLIOA TB[[2qa190
eise[dodAH

9¢

¥C

erdonoutodAg

0¢

'S Q0UASqQY

+

sAaupry pojejoIfewW
[eIore[Ig

+
+

o3ueI [euION

a3ueI [ewION

+

(prrun+4

Aoupry [ews
¥o1

6l

€C
I

A[ewoue orIpIeD)

SANI[EWLIOUqE [BUY
12410

(ypuowr) SpIOM ISIL]
SpIom ON
Juaudun yo22dg
(puow) yrem
(ypuow) g

PIIIN

QJRISPOIN

QI0A9S

+ (vpop prusawdojanaqg

20ua31yja1u] pup Jusudojaaaq

+

senIeuLIouqe
SND [eImonng
SQINZIG

wsnny
eruojodAy
£3o0j04maN

vixvLdp
A0]0Ul AD[NIO UDSO)

juounredwr [ensip

(€) 1omo
Jrewoy

UBuIID)

7 I_ysSneq
Jlewo]

uBuLIon

1 1ySneq
orewd |

ueuIan

oL 6

Aurey ano

L

!

SEIN
asoueder
ojowreyQ

9

0l
RN
yu

6
RN
yu

8
Jrewo

Ju

[4
Jrewo

uerpuy

1
rewdg

asoueder

[edwoy
€

D{esnInsJ,
I

Ioquinu judned

Iopuon
ursuQ

(panunuoo) | 3jqey

SPRINGER NATURE



132

B. Hanker et al.

combination with developmental delay and hypoplastic
nails of fifth toes might be the important diagnostic clue for
recognizing patients with the variant in SOX/1.

Regarding the in silico prediction for the missense var-
iant and its Mendelian segregation pattern in the family in a
dominant manner we suggest this variant to be causative for
the clinical features.
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