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ABSTRACT
White–Sutton syndrome (WHSUS) is a rare neurodevelopmental disorder due to pathogenic variants in the POGZ gene. Its 
phenotype includes developmental delay, behavioral dysfunctions, hypotonia, and dysmorphic features. The condition is still 
poorly known: comprehensive clinical descriptions and exhaustive genotype–phenotype correlations are lacking, limiting di-
agnostic and therapeutic advancements. Here, we report molecular, clinical, and instrumental data from the first and largest 
Italian cohort (19 patients). Our results highlight the importance of an extensive approach at the time of diagnosis—including 
early nutritional support for preventing obesity-related complications and instrumental screening for congenital malformations. 
Preliminary data suggest that splicing variants could be associated with more severe phenotypes. This study provides valuable 
new insights into WHSUS and represents a significant step towards its comprehension.

1   |   Introduction

POGZ (OMIM #614787) has been recently identified as the un-
derlying cause of White–Sutton syndrome (WHSUS, OMIM 
#616364) [1], a rare condition mainly characterized by in-
tellectual disability (ID), developmental delays, behavioral 
anomalies, such as autistic spectrum disorder, and facial dys-
morphic features. Additional manifestations include epilepsy, 

ophthalmological defects, hearing loss, and congenital abnor-
malities of the central nervous system (CNS), genitourinary 
tract, or heart. WHSUS severity is largely variable, ranging from 
mild to severe. POGZ encodes a nuclear protein involved in mi-
totic progression [2] and chromatin modulation [3]. About a 100 
variants are known to date [4] and several studies have investi-
gated genotype–phenotype correlation [4, 5]. Nevertheless, the 
pathogenic mechanism behind the disease is still unclear.
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We report on the first and largest Italian WHSUS cohort, in-
cluding a rare family (affected mother with two children) and 
adult cases.

2   |   Subjects and Methods

Clinical features were obtained from existing records, clinical 
and instrumental exams, family surveys, and photographs. 
Patients have been evaluated across various Italian centers fol-
lowing standardized procedures—for example, validated bat-
teries of neuropsychological tests for cognitive, adaptive, and 
behavioral assessments. Whole-exome sequencing (WES) was 
available for all cases: POGZ variants in probands and their fa-
milial segregation in parents were confirmed through Sanger 
validation and classified according to ACMG criteria [6], using 
both Human Gene Mutation Database [7] and ClinVar [8]. WES 
excluded other known neurodevelopmental pathogenic alleles. 
Data were revised at the Medical Genetics Service of IRCCS 
Burlo Garofolo (Trieste).

Genotype–phenotype correlations were analyzed using the scor-
ing system proposed by Nagy et al. [4]. Patients were grouped 
into three cohorts based on data completeness (Cohort 1: more 

detailed—Cohort 3: less detailed). NMDEscPredictor [9] sug-
gested whether a frameshift variant escaped NMD. SpliceAI 
[10] predicted splicing variant impact. Statistical analyses were 
performed on the 17 unrelated subjects using R V4.4.0 (The R 
Foundation for Statistical Computing). Severity and total scores 
were expressed as median and interquartile range (IQR). The 
Wilcoxon Mann–Whitney test (WMW) was performed to com-
pare variant characteristics, severity, and total scores. p < 0.05 
was considered statistically significant.

3   |   Results

Nineteen patients (12 males and 7 females, aged 8–46; 17 unre-
lated) were recruited. Three of them had been previously pub-
lished [11–13].

Main clinical features are summarized in Table  1 (details in 
Data S1).

Interestingly, 76% of patients presented with overweight or obe-
sity. Microcephaly and short stature were observed in 40% and 
25%, respectively. Neurodevelopmental delays and/or behav-
ioral issues were always present. Most patients (89%) had an ID 

TABLE 1    |    Main clinical manifestations in our WHSUS cohort.

No. of cases (%)

Neurodevelopment Intellectual disability 17/19a (89)

Language delay 14/16 (87.5)

Motor delay 10/16 (62.5)

Neurology Hypotonia 10/19 (53)

Seizures 3/16b (19)

CNS abn. 8/13 (61)

Behavior ASD 5/17 (29)

Anxiety 11/12 (92)

ENT Hearing loss 5/16 (31)

Ophthalmology Refraction defects 11/17 (65)

Strabismus 9/18 (50)

Dysmorphisms Facial dysmorph. 18/18 (100)

Brachydactyly 6/16 (37.5)

Growth parameters Microcephaly 6/15 (40)

Overweight/obesity 13/17 (76)

Short stature 4/16 (25)

Gastroenterology Feeding difficulties 5/16 (27)

Cyclic vomiting 2/15 (13)

Constipation 4/15 (27)

Urology Renal abn. 2/13 (15)

Cardiology Heart abn. 4/16 (25)
aID: mild: 9, moderate: 6, severe: 2.
bEEG abn. In 9/15 (60%) patients.

 13990004, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cge.70029 by Ircss B

urlo G
arofolo, W

iley O
nline L

ibrary on [14/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



337Clinical Genetics, 2026

T
A

B
L

E
 2

    
|    

G
en

ot
yp

es
 a

nd
 se

ve
ri

ty
 sc

or
es

 o
f o

ur
 W

H
SU

S 
pa

tie
nt

s.

N
uc

le
ot

id
e 

ch
an

ge
A

A
 c

ha
n

ge
T

yp
e

L
oc

. o
n 

ge
ne

P
ro

te
in

 d
om

ai
n

In
he

ri
ta

nc
e

R
ep

or
te

d
Pa

ti
en

t I
D

 
(c

oh
or

t)
To

t.
 s

co
re

, 
se

v.
 s

co
re

c.
38

8C
>T

p.
G

ln
13

0*
N

on
se

ns
e

Ex
on

 4
D

e 
no

vo
N

ov
el

PT
5 

(1
)

20
, 2

c.
46

0-
3C

>
G

p.
?

Sp
lic

in
g

In
tr

on
 4

ZN
F1

D
e 

no
vo

N
ov

el
PT

7 
(1

)
25

, 3

c.
86

0-
5C

>T
p.

?
Sp

lic
in

g
In

tr
on

 6
Pa

te
rn

al
N

ov
el

PT
19

 (3
)

13
, 4

c.
11

80
_1

18
1d

el
A

T
p.

M
et

39
4V

al
fs

*9
Fr

am
es

hi
ft

Ex
on

 8
M

at
er

na
l

A
ss

ia
 B

at
zi

r e
t a

l. 
[5

]; 
G

ar
de

 e
t a

l. 
[1

5]
PT

2 
(1

)
15

, 2

c.
11

80
_1

18
1d

el
A

T
p.

M
et

39
4V

al
fs

*9
Fr

am
es

hi
ft

Ex
on

 8
M

at
er

na
l

A
ss

ia
 B

at
zi

r e
t a

l. 
[5

]; 
G

ar
de

 e
t a

l. 
[1

5]
PT

3 
(1

)
15

, 2

c.
11

80
_1

18
1d

el
A

T
p.

M
et

39
4V

al
fs

*9
Fr

am
es

hi
ft

Ex
on

 8
N

D
A

ss
ia

 B
at

zi
r e

t a
l. 

[5
]; 

G
ar

de
 e

t a
l. 

[1
5]

PT
4 

(1
)

16
, 2

c.
13

52
C

>T
p.

Pr
o4

51
Le

u
M

is
se

ns
e

Ex
on

 9
D

e 
no

vo
no

ve
l

PT
18

 (3
)

5,
 2

c.
20

20
de

lC
p.

A
rg

67
4V

al
fs

*9
Fr

am
es

hi
ft

Ex
on

 1
3

D
e 

no
vo

St
es

sm
an

 e
t a

l. 
[1

6]
PT

16
 (3

)
6,

 2

c.
21

02
C

>
G

p.
Pr

o7
01

A
rg

M
is

se
ns

e
Ex

on
 1

4
D

e 
no

vo
N

ov
el

PT
1 

(1
)

15
, 2

c.
21

95
_2

19
6d

el
C

T
p.

Pr
o7

32
A

rg
fs

*1
1

Fr
am

es
hi

ft
Ex

on
 1

4
D

e 
no

vo
PT

17
 (3

)
8,

 3

c.
21

96
de

lT
p.

Va
l7

33
Se

rf
s*

13
Fr

am
es

hi
ft

Ex
on

 1
4

N
D

N
ov

el
PT

8 
(1

)
25

, 3

c.
23

23
_2

32
4d

el
C

T
p.

Le
u7

75
Va

lfs
*4

Fr
am

es
hi

ft
Ex

on
 1

5
ZN

F8
D

e 
no

vo
PT

14
 (2

)
13

, 2

c.
24

82
du

pG
p.

A
sp

82
8G

ly
fs

*3
6

Fr
am

es
hi

ft
Ex

on
 1

7
C

BX
5 

(Z
N

F9
)

D
e 

no
vo

D
on

na
ru

m
m

a 
et

 a
l. 

[1
3]

PT
13

 (1
)

17
, 2

c.
25

46
-1

G
>A

p.
?

Sp
lic

in
g

In
tr

on
 1

7
D

e 
no

vo
Tr

im
ar

ch
i e

t a
l. 

[1
2]

PT
12

 (1
)

26
, 3

c.
27

11
T>

G
p.

Le
u9

04
*

N
on

se
ns

e
Ex

on
 1

9
D

e 
no

vo
Fe

rr
et

ti 
et

 a
l. 

[1
1]

PT
11

 (1
)

27
, 3

c.
34

77
_3

47
9d

el
A

G
T

p.
Va

l1
16

0d
el

In
-fr

am
e 

de
l

Ex
on

 1
9

D
D

E-
1

M
at

er
na

l
N

ov
el

PT
9 

(1
)

20
, 2

c.
41

53
C

>A
p.

H
is

13
85

A
sn

M
is

se
ns

e
Ex

on
 1

9
IB

M
Pa

te
rn

al
N

ov
el

PT
15

 (2
)

10
, 2

D
el

 1
q2

1.
3 

(1
51

09
31

50
–1

51
57

42
60

)
/

/
/

D
e 

no
vo

PT
6 

(1
)

23
, 3

D
el

 1
q2

1.
3 

(1
51

36
06

15
–1

51
44

82
56

)
/

/
/

D
e 

no
vo

PT
10

 (1
)

11
, 2

N
ot

e:
 M

ol
ec

ul
ar

 c
ha

ra
ct

er
iz

at
io

n 
in

cl
ud

ed
 v

ar
ia

nt
 ty

pe
, l

oc
al

iz
at

io
n 

on
 g

en
e 

an
d 

pr
ot

ei
n,

 m
ec

ha
ni

sm
 o

f i
nh

er
ita

nc
e.

 T
o 

in
ve

st
ig

at
e 

ge
no

ty
pe

–p
he

no
ty

pe
 c

or
re

la
tio

ns
, e

ac
h 

su
bj

ec
t r

ec
ei

ve
d 

a 
cu

m
ul

at
iv

e 
cl

in
ic

al
 sc

or
e 

(“
To

ta
l s

co
re

”)
 

w
hi

ch
 re

fl
ec

te
d 

th
e 

se
ve

ri
ty

 d
eg

re
e 

of
 th

e 
ph

en
ot

yp
e 

(“
Se

ve
ri

ty
 sc

or
e,

” 
1:

 m
ild

 to
 4

: s
ev

er
e)

; p
at

ie
nt

s w
er

e 
gr

ou
pe

d 
in

to
 th

re
e 

co
ho

rt
s b

as
ed

 o
n 

ho
w

 d
et

ai
le

d 
av

ai
la

bl
e 

da
ta

 w
er

e.

 13990004, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cge.70029 by Ircss B

urlo G
arofolo, W

iley O
nline L

ibrary on [14/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



338 Clinical Genetics, 2026

(mild: 9, moderate: 6, severe: 2). Language, learning (87.5%) and 
motor skills (62.5%) were frequently impaired. Hypotonia was 
common (53%) and was often present at birth. Behavioral phe-
notypes were displayed in almost all subjects (95%), with 29% in 
the autistic spectrum. Anxiety (92%), attention disorder (80%), 
and sleep cycle alterations (29%) were described. Seizures or par-
oxysmal events occurred in 19% of cases; however, EEG anom-
alies were seen in 60%. Brain MRI revealed CNS abnormalities 
in 61%.

Ophthalmological involvement (79%) included refraction de-
fects and strabismus. Hearing loss affected 31%.

At physical evaluation, all patients displayed dysmorphic fea-
tures. Most recurrent findings were: broad forehead/frontal 
bossing (71%), broad nasal root and/or flat nasal bridge (59%), 
midface hypoplasia and/or midface retrusion (44%), tented or 
triangular mouth (62.5%), and external ear abnormalities (47%—
mainly abnormally folded helices). Small hand and brachydac-
tyly were present in 37.5%, large halluces and broad toes in 50%, 
and joint laxity in 23.5%.

Gastrointestinal symptoms included gastroesophageal reflux 
(25%), constipation (27%), and cyclic vomiting (13%). Feeding 
difficulties such as dysphagia and swallowing problems were 
also reported for 27%. Finally, renal congenital abnormali-
ties were detected at US in 15%; as for cardiological findings, 
atrial septal defects with patent foramen ovale were reported 
for 25%.

As regards molecular study, we described 15 different POGZ 
variants and 2 large deletions encompassing the whole gene 
or vast part of it (481 and 88 kb, respectively). Ten alleles (eight 
point variants and the two large deletions) were novel, while 
the remaining seven were already described. None of them was 
present in the general population according to gnomAD [14], 
except for two which, however, were reported with a very low 
frequency (PT15 c.4153C>A: 0.000003978; PT18 c.1352C>T: 
0.000003982). Most cases (six) were frameshift variants causing 
protein disruption; other types included in-frame deletion, three 
missense, two nonsense, and three splicing. In silico predictions 
strongly suggest all splice-site variants to be disruptive of the 
protein. Variant details are reported in Table  2 and Figure  1. 
Most variants occurred de novo, while five subjects inherited 
the allele (three maternally and two paternally), and for two pa-
tients, it was not possible to perform segregation analysis. For 
the two related cases (PT2, PT3), the affected parent (PT4) has 
been evaluated in detail and included in the study. Preliminary 
reports about the three other parents carrying the variant sug-
gested mild phenotypes; however, data were limited and they 
have not yet been included in this study.

Based on Nagy et  al. [4] severity scores, patients' phenotypes 
were classified as follows: none was mild (score 1), 11 were mod-
erate (score 2), six were moderate–severe (score 3), and one was 
severe (score 4).

Any possible correlation between a variant (i.e., type, site, func-
tion) and the clinical phenotype was analyzed, and detailed 

FIGURE 1    |    Schematic representation of POGZ cDNA and protein structure including the localization of variants identified in our WHSUS pa-
tients cohort. NM_015100.4. CBX5, CBX5 (HP1α)-binding domain; CC, coiled-coil domain; CENBP, centromere protein B-binding domain; DDE-1, 
transposase domain; IBM, integrase-domain binding motif; PRO, proline-rich region; ZNF, zinc-finger domain.

 13990004, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cge.70029 by Ircss B

urlo G
arofolo, W

iley O
nline L

ibrary on [14/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



339Clinical Genetics, 2026

results are described in Data S1. Briefly, the severity score was 
significantly higher in the presence of splice site variants (WMW 
p: 0.017). Contrary to previous reports [17], no correlation was 
found between the protein domain involved (Figure 1) and the 
severity of the disease, nor the type of clinical manifestations. 
Neither loss of function variants potentially escaping NMD [18] 
were linked to a phenotype.

4   |   Discussion

Since WHSUS was first described in 2016 [1], only about a 
100 cases have been reported [19]. As this condition remains 
poorly known, the present study has been conducted to ex-
pand our understanding of the disease. Overall, the frequency 
and type of symptoms were consistent with those previously 
reported [4, 17] (Data  S1) confirming a significant clinical 
heterogeneity. However, here we describe remarkably higher 
rates of anxiety issues and overweight/obesity (nearly twice 
as expected). Moreover, it emerged that congenital malfor-
mations (i.e., CNS, urinary tract, and heart) were often silent 
and only detected when accurately searched by instrumental 
means. In this light, our findings strongly suggest the im-
portance of a systematic evaluation, including instrumental 
screening for congenital abnormalities. Neuropsychological 
support appears crucial to tackle anxiety issues, thus improv-
ing the quality of life of patients and their families; also, the 
inclusion of early nutritional support to reduce the negative 
consequences of overweight on patients' health seems partic-
ularly relevant.

So far only a few WHSUS adult cases have been reported in the 
literature, and the evolution of the disease with aging is unclear. 
Clinical data of the four adult patients described here indicate 
that the course of the disease is stable and unlikely to have any 
degenerative progression.

Molecular studies led to the description of 10 novel POGZ caus-
ative alleles and confirmed that the disease typically occurs 
with a de novo mechanism [17]. Accordingly, WHSUS famil-
ial cases are significantly rare. Nevertheless, here we report an 
unexpectedly high number of inherited variants (five subjects). 
This extremely interesting finding and the availability of fami-
lies will be an exciting opportunity for future research aimed at 
investigating penetrance, expressivity, and mosaicism—as well 
as at better understanding genotype–phenotype correlations. 
In fact, we observed that related subjects carrying the same al-
lele shared a similar clinical phenotype. While literature data 
suggest milder phenotypes associated with missense variants 
[4, 17], and more severe phenotypes to nonsense, frameshift, and 
missense variants escaping NMD or involving the proline-rich 
region of the protein [4], our study failed to find such correspon-
dences. On the other hand, our analysis indicated a statistically 
significant association between the presence of splicing alleles 
and more severe phenotypes. Future studies are needed to un-
ravel the functional role of these variants and corroborate our 
findings.

In conclusion, this work contributes to a more detailed de-
scription of WHSUS—from its molecular characterization to 
the heterogeneous phenotypes—and represents an important 

step toward a better understanding and management of POGZ-
related disorders.
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