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The PHF21A neurodevelopmental disorder: an evaluation of

clinical data from 13 patients

Rebecca L. Poole?, Emilia K. Bijlsmab, Gunnar Houge®, Gabriela Jones®,
Violeta Mikstiené®, Eglé PreikSaitiené®, Louise Thompson® and

Katrina Tatton-Brown"®

Potocki-Shaffer syndrome (PSS) is a rare
neurodevelopmental disorder caused by deletions
involving the 11p11.2-p12 region, encompassing the
plant homeodomain finger protein 21A (PHF21A) gene.
PHF21A has an important role in epigenetic regulation and
PHF21A variants have previously been associated with

a specific disorder that, whilst sharing some features of
PSS, has notable differences. This study aims to expand
the phenotype, particularly in relation to overgrowth,
associated with PHF21A variants. Analysis of phenotypic
data was undertaken on 13 individuals with PHF21A
constitutional variants including four individuals described
in the current series. Of those individuals where data
were recorded, postnatal overgrowth was reported in 5/6
(83%). In addition, all had both an intellectual disability
and behavioural issues. Frequent associations included
postnatal hypotonia (7/11, 64%); and at least one afebrile
seizure episode (6/12, 50%). Although a recognizable
facial gestalt was not associated, subtle dysmorphic
features were shared amongst some individuals and
included a tall broad forehead, broad nasal tip, anteverted

Introduction

T'he plant homeodomain finger protein 21A (PHF21A)
gene, at chromosome position 11p11.2, encodes the
protein PHF21A, also known as BHC80 (Hakimi ez a/.,
2002). This protein is a component of the BRAF35/
histone deacetylase complex, known as BHC, which
has an important role in the repression of neurone-spe-
cific genes (Iwase ez al., 2004). The BHC acts via both
histone deacetylation and histone demethylation,
the latter alongside the KDM1A complex (or Lysine
Specific Demethylase 1-Corepressor of REST, LLSD1-
CoREST), to catalyse the demethylation of mono- and
di-methylated histone H3 lysine 4 (H3K4me1/2) (Lee
et al., 2005).

Potocki-Shaffer syndrome (PSS) (OMIM 601224) is a
rare neurodevelopmental disorder caused by a range
of deletions that involve the 11p11.2-p12 region and
encompass the PHF21A gene (Potocki & Shaffer, 1996;
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nares and full cheeks. We provide further insight into the
emerging neurodevelopmental syndrome associated

with PHF21A disruption. We present some evidence

that PHF21A might be considered a new member of the
overgrowth-intellectual disability syndrome (OGID) family.
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Labonne ez a/., 2015). The characteristic PSS phenotype
includes enlarged biparietal foramina, multiple exos-
toses, intellectual disability, brachycephaly, microceph-
aly, genitourinary anomalies, strabismus, nystagmus,
epilepsy and tapering fingers. Characteristic facial fea-
tures include a broad and tall forehead, a downturned
mouth, a prominent nasal bridge and a short upturned
nose with a broad tip and hypoplastic alac nasi (Shaffer
et al., 1993; Bartsch ez al., 1996; Swarr et al., 2010;
Montgomery ez al., 2013; McCool ez al., 2017; Trajkova
et al., 2020).

More recently, frameshift, nonsense and missense
PHF21A variants, which are predicted to disrupt/alter the
normal function of PHF21A, have been shown to cause
a specific disorder that shares some features of PSS but
has notable differences. To date, 10 unrelated individuals
with a neurodevelopmental disorder and constitutional
PHFZ2]A variants have been reported in two separate case
series (Hamanaka ¢z «/., 2019; Kim ez a/., 2019). Clinical
features shared with PSS include intellectual disability,
behavioural problems (including autism spectrum disor-
der), epilepsy and tapering fingers. However, individuals
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with constitutional PHFZ2/A variants were recognised
to have macrocephaly, whereas microcephaly had been
observed in PSS. Other features typical of PSS were nota-
bly absent from the single gene PHFZ21A cohort, includ-
ing enlarged biparietal foramina and multiple exostoses,
supporting the authors’ conclusion that these features
were caused by ALX4 and EXT2 respectively, also in the
PSS deleted region (Hamanaka ez a/., 2019; Kim ez al.,
2019).

Overgrowth [defined as height and/or head circum-
ference at least two standard deviations (SDs) above
the mean (Tatton-Brown ez a/., 2017)] has not yet been
described in any of the reports of PSS. However, of the
five previously reported individuals with intragenic
PHF2]A variants where both height and head circumfer-
ence were described, three individuals were overgrown
(Case 3, Hamanaka ¢z /., 2019; and Patients 1 and 2, Kim
et al., 2019).

The current series of four individuals, including one
previously reported individual (Case 3, Hamanaka ez @/.,
2019), were recruited via Clinical Genetics centres in the
UK and the Netherlands. We combined data from these
four individuals with data from nine other previously
reported individuals. On the basis of the evaluation of
data from a total of 13 individuals with PHFZ21A variants,
we aim to define the phenotype associated with disrup-
tion of PHF2/A and in particular, investigate whether
overgrowth is a key characteristic of this emerging neu-
rodevelopmental disorder.

Methods

Three individuals with constitutional PHF21A variants
were identified via the Deciphering Developmental
Disorders study (04/MREO05/50). Data from one of these
three individuals (Patient 1) had previously been reported
(Case 3, Hamanaka ez a/., 2019). A further individual was
recruited from the UK and had previously undergone
diagnostic genetic testing at the Center for Human
Genetics and Laboratory Diagnostics, Martinsried,
Munich, Germany. Individuals were eligible for inclusion
in the study if a likely pathogenic or pathogenic PHF21A
variant had been identified in lymphocyte- or sali-
va-derived DNA and no additional pathogenic or likely
pathogenic single gene/copy number variants had been
identified. All PHF21A variants were reported with ref-
erence to the Matched Annotation from National Centre
for Biotechnology Information and European Molecular
Biology Laboratory- European Bioinformatics Institute
select canonical transcript NM_001352027.3 and were
identified through whole exome sequencing (Wright ez
al., 2015). Three out of the four variants were shown to
have arisen e novo and the inheritance of one variant was
unknown (Supplementary Table 1, Supplemental digi-
tal content 1, 2ttp://links.lww.com/CD/A22). The PHF21A
variants were classified using the American College of
Medical Genetics and Genomics framework (Richards e7

al., 2015) and Association for Clinical Genomic Science
best practice guidelines (Ellard ez a/., 2020) with evidence
summarised in Supplementary Table 1, Supplemental
digital content 1, zzzp.//links.low.com/CDJAZ2.

Consent for publication was obtained from all individ-
uals and consent to publish photographs was requested
from all and obtained from two individuals. Phenotypic
data were collected through a standardised proforma
and clinic review by at least one of the study authors.
Anthropometric data included birth and postnatal head
circumference, height and weight measurements. Z
scores were calculated with reference to the UK 1990 and
the UK-WHO Child Growth Standards (Freeman ez /.,
1995; Cole ¢z al., 1998).

Intellectual disability was defined according to develop-
mental milestones and the level of educational support
required in childhood. In general, a child with a mild
intellectual disability had delayed developmental mile-
stones and attended mainstream school. A child with a
moderate intellectual disability attended a special edu-
cational needs school or required significant support in
mainstream school. A child with a severe intellectual dis-
ability attended a special educational needs school and
struggled with speech and language, and daily activities.

Results

Patient 1 (Decipher ID 328685)

Patient 1 is a 9.5-year-old boy from Norway, previously
reported as Case 3 by Hamanaka ¢z «/. (2019). He was
born at 39 weeks’ gestation following an uncomplicated
pregnancy, with a birth weight of 3.8kg (0.5 SD) and a
head circumference of 36¢cm (0.9 SD). There were no
neonatal health complications. He walked age-appro-
priately at 18 months; however, fine motor and language
development was delayed. At 9.5years of age, he strug-
gled with his handwriting and, whilst bilingual, he had
delayed expressive language, with specific difficulties
with articulation. No difficulties in social development
were reported; however, he was delayed in activities of
daily living such as dressing independently. He received
extra help at school for a mild intellectual disability and
attention deficit. He had a large appetite, prompting
reviews with a dietician.

There was no known significant family history.

On examination, he had mild hypotonia, with some
difficulties with balance and coordination. Facial pho-
tographs were not available but mild dysmorphic facial
features were reported, including hypertelorism, a broad
nasal bridge and downturned corners of the mouth. His
growth parameters at 8 years of age were as follows: head
circumference 57.2cm (2.1 SD); weight 47.5kg (3.2 SD);
and height 143cm (2.8 SD) (Table 1). Further data on
serial growth parameters are shown in Supplementary
Table 2, Supplemental digital content 2, kup://links.lew.
com[CD[AZ3.


http://links.lww.com/CD/A22
http://links.lww.com/CD/A22
http://links.lww.com/CD/A23
http://links.lww.com/CD/A23

51

Expanding the phenotype associated with PHF21A variants Poole et al.

‘paniodal jou Ajienes inq juesald Ayjigesip [enjos|eiul,

"€420TGE 00 NN 1duosuel) 108jes (INVIN) I93-19INT PUE [GON Wolj Uolejouly Payolejy Uo papiodey,
"1'208101 100 NN 1duosued} uo pspoday,

"syduosue.} JUBIaHIP U0 panoday,

"UBSW By} 9A0CE SQS OM] 1SE3] J8 90UaIaJwnolIo peay Jo/pue 1ybiay se pauljep yimolBianQ,

"JapJosIp aAIs|ndwoo-aAIssasgo ‘gD ‘weiBojeydeousolos)e ‘H33 {AydeiBowol paindwod ‘| Liepiosip wnioads wsiine ‘qQy ‘epJosip AaioesadAy yoyep uonusie ‘qHAY

'plog ul umoys aJe Apnis Jua.ind ay) Ul sjualjed

INOIABYSq
(£ waneq eljejoyos oipouad ‘suoisa| Bul pauqIyuisip Jo apos
'610g) /& 4o Wiy -foid upys ‘apjadde obie) :Bunes obuig -ide ouo g0 Q heiuy  oN [euwlION SSA €% 0% 8't— LT 08l 80—  oledpolN (18XsiBivGLouD)d VIPPY0Z2
soueqINISIp
dosys {uoiBau [endiooo Jano Ajasnyip
BulINo00 ‘ainsolo aks Aq pajendioaid
(g weneq AjIAo®R 2inzies pawlyuoo -H33 Buikio tinoireyaq Jpay
'610¢) e #o Wiy ‘Buijjoi-ake pue Bunjuiq oo — sainzieg  enissaiBbe Ajaixuy SO\ [ewioN aN an an an an an 00 -Issejoun (y01Xs40idgg90id)d 5LI9P9G6 |0
S||I%s [e100s ainyeww Buibuim
(1 wsneq puBY pue sjuswaAoW dAy1adal tsainz
'6107) 72 Jo Wiy -1os [eiyed xojdwoo yim Asdejide [eooy  @gHAY Keuy SoA [ewoN SA YL Le [ 0% o'kt € PIA  (FOLXSINOTEG90id)d  ,DIPPSE6 L0
snue|d sad ‘jie| ne
¥ juaned 9Je2 auo ‘533 [ewlou ‘Buijjoi-ahks aHav pue asy
‘SalIas JualInd Jo saposida om} ‘uoljedi}suo) 1o} uoiebBlSaAul JBpUn  SIA |ewsoN an 8L an 20 Sl ] 80— 9jeiapop (421 18661y)d pL<OPLLD
(9 uaned
‘610g) /810 Wiy uolediSuOD ‘SUOIOBUI JES JUDLINOSY Raixuy oN [ewoN oN 0¢ 60 0 ol €'g (44 9]eI9pOo (401 085By)d L<08€eLLD
(¥ uaned eise|dsAp diy isaunz
'610¢) 819 WY -19S 0IUOJO-OIUO} Pasi[esousb ajdinpy aHav an [ewioN anN aN aN an an an aN PIIN (12108gbuy)d 2L <O8€ELLD
(¢ eseD syen
‘6102) /e onsine ‘Bulwsey-jos
19 exeueweH anins/abpi oidojey ‘KunnoesedAy Aupqeyns) AN anN an aN gL anN anN 0'g aN ssejoun (+o108G61y)d oL<O8ELLD
(G wanedq esoude dos|s asy
'610T) 819 WIY  OAONIIS]O 'SUOHOB)UI 1BD JUBLINOSY  opiosip sejodig igHAQY  ON [EWION an ge an 60— v'e 8%L1 L0 ersepopy (L8xsineTiersko)d  1dnplipyio
(g wenedq eidoAw ‘elwyfi swealos
'610%) 18 1 Wiy -lesdAy pamoys H33 ‘swseds s|jueyu] Jusnbau (uoieybe Jojoy  SoA [EWION SoA 60 el 9T 1'T 0% L0 ssejouf (tos6TAID)d V<DG8T LD
(1 ®seQ
‘6102) 18 aunns/eBpu oidojew
Jo eyeueweH ‘owolpuAs }sap) — swiseds ajiueju| an SOA an anN 0% anN ol 0% [oX3 oL alonag  (giaysibiygorno)d  ,0dnpogg Lo
C aned (egiaLs pVOVLLS
‘salas Juaun)  sped Jobuly B33 'SNaWIWE) SNASEN aHay ‘fsixuy ON 1sho plouyoesy  aN an i an an Le el PIIN -naT0zeuID)yd  -Ul9PL96 656

s1abuyy Buade) (ainzias d1uljd J1uo) alnjewwi

€ Janed 9|1igaje jie| ne 9jed duo ‘ayjadde -oeJsadAy ‘anoineyaq wnydas |eaed
‘salas juaiiny  abue| tuonedisuod (AyjiqowsadAH anIssalbBe (fjaixuy SaA paje|ip |[ews S9A 1'e 1T 1T e oLL gL PIIN (49L9¢¢biy)d 2L<09022
| Jualjed
‘salles (8t43Ls pqVVS
aung /(¢ -Jusy 1ggold) -u1L99 099°
ase) ‘61.02) oyadde abue| iuoneu *d/(8¥431S}) oVVS
/e }3 eYeuewel -1pi00d pue 3duejeq Ym sanndiyig aHav S3A lewJoN S3A 67T %4 87T [4> 08 ] PIIN -usyogzoid)d -u18g9 2592
9ouaIajey salnjes) [euolIPPY swo|qo.d [einoineyeg eiuojodAy ueos [y urelg  ymolB NG eouassjwnoso  ybieH  yBlepy  Jeak/eby as Ayujgesip  @ousnbasuoo uiejoid abueyo
[e1euIsod BEYe) peaH AyBlam 10901y oploajonN
yuig

as/ymoib [ereuisod

YimoaB619n0 Jo 9ouasald pue si9jaweled Yyimolb Juadal jsow Buipnjoul ‘ejep oidAijousayd pue onpusb buimoys sased papodal |e jo Aiewwng | djqel

Downloaded from http://journals.lww.com/clindysmorphol by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi
OhCywCX1AWNYQp/IIQrHD3i3D0OdRYi7TvSFI4Cf3VC4/OAVpDDa8K2+Ya6H515kE= on 05/08/2024



PISTGHILA+2ZM8eAAIAVO/FIAEIOVIASALLIAIPO0AEIEAHIOI/AO AUMY TXOMADYO

INXYOHISABZIYT0+_YNIOITWNOTZTARMHGRGHAAYS Aq [oydiowsApuljo/wod: mm| sfeulnoly/:dny woly pspeojumod

¥202/80/S0 uo

52 Clinical Dysmorphology 2023, Vol 32 No 2

He had an advanced skeletal age of 3 yearsand 6 months,
at a chronological age of 2yearsand 8 months (Tanner
and Whitehouse). A brain MRI scan at 4years of age
was normal. Trio whole exome sequencing identified a
de-novo PHF2IA frameshift variant, ¢.660_661insAA
p.(Pro221AsnfsTer48) (Table 1 and Supplementary Table
1, Supplemental digital content 1, 2#2p://links.lww.com/CD/
A22).

Patient 2 (Decipher ID 384482)

Patient 2 is a 5.5-year-old boy from the Netherlands. He
was born at 38 + 6 weeks gestation following an uncompli-
cated pregnancy. His birth weight was 4.15kg (1.3 SD).
He developed jaundice in the neonatal period, which
resolved without specific therapy. He had a mild intellec-
tual disability and behavioural problems, which included
hyperactivity, a short attention span and an anxiety dis-
order including fear of loud noises. There was no history
of seizures.

There was no known significant family history.

On examination, he had a tall broad forehead with a nevus
flammeus, hypertelorism, almond-shaped eyes, a small
right ear with an overfolded helix and a tented upper lip
(Fig. 1a). He had foetal finger pads. At 2.6 years, his height
was 97 cm (1.3 SD) and at 3.3 years his weight was 18kg
(1.5 SD). His head circumference at 3.7 years was 52cm
(1.4 SD) ('Table 1). Further data on serial growth parame-
ters are shown in Supplementary Table 2, Supplemental
digital content 2, 4ttp.//links.lww.com/CD/AZ3.

An incidental finding of a small arachnoid cyst was
reported on a brain MRI scan that was otherwise nor-
mal. Trio whole exome sequencing identified a de-novo
PHF2IA frameshift variant, ¢.959_967delins T TACA
p-(GIn320LeufsTer53) (Table 1 and Supplementary
Table 1, Supplemental digital content 1, zzzp://links.low.
com|CDJA22).

Patient 3 (Decipher ID 301795)

Patient 3 is an 11-year-old girl from the UK. She was
born at 38 weeks following an uncomplicated pregnancy
via an emergency caesarcan section for reduced foetal
movements. Her birth weight was 3.67kg (1.5 SD). She
had no major problems in the neonatal period. She was
noted to have an innocent heart murmur on auscultation
and was reported to have had normal echocardiography
by her mother. Her development was delayed from the
first year of life. She sat without support at 19 months,
crawled at 22months, and walked independently at
24 months. Her first words were at 3 years of age. She had
an anxiety disorder and additionally exhibited aggressive
behaviours, hyperactivity and immaturity for her age. She
was frequently hungry/thought about food. She was often
constipated and had had one afebrile tonic-clonic seizure
at 8years of age, which was attributed to a possible vas-
ovagal event.

There was no known significant family history.

On examination at 4years of age, she had joint laxity
and hypotonia, with flat foot and calcancovalgus foot
deformity. She had a café au lait macule on her buttock
and no other pigmentary or vascular anomalies. Facial
features included a tall broad forchead, almond-shaped
eyes and a broad nasal tip with anteverted nares (Fig. 1b).
Her growth parameters at 11.1years were head circum-
ference 56.8cm (2.1 SD); height 163cm (2.7 SD); and
weight 80.9kg (3.4 SD) ('Table 1). Further data on serial
growth parameters are shown in Supplementary Table 2,
Supplemental digital content 2, k#tp://links.fow.com/CD/
A23.

A brain MRI scan at 5.8years of age demonstrated
a dilated caval septum and no other abnormality.
A de-novo PHFZ2IA stop-gain variant, ¢.706C>T
p.(Arg236Ter) was identified through trio whole exome
sequencing (Table 1 and Supplementary Table 1,
Supplemental digital content 1, zztp://links.lww.com/C D]
A22).

Patient 4

Patient 4 was an 8.5-year-old girl from the UK. She was
born at 40+3weeks following an uncomplicated preg-
nancy, with a birthweight of 3.09 kg (-0.8 SD). There were
no known antenatal or neonatal complications. She had a
moderate intellectual disability and was under investiga-
tion for possible autism spectrum disorder and attention
deficit hyperactivity disorder. She was described as emo-
tionally/socially unaware with poor concentration, and
repetitive and sensory behaviours. She had hypotonia
and constipation. As a young child, she was investigated
for two episodes of eye-rolling and had a normal electro-
encephalogram. There have been no further episodes
since the age of 6years old.

There was no known significant family history.

On examination, she had flat foot and one café au lait
macule on her lower back. She had some subtle dysmor-
phism with busy eyebrows medially and a broad nasal
tip. Head circumference at 6yearsand4 months of age
was 49.5cm (-2.4 SD) but no subsequent head circum-
ference measurements were available. Height at 8.5 years
was 131.3cm (0.2 SD) and weight was 36kg (1.5 SD)
(Table 1). Further data on serial growth parameters are
shown in Supplementary Table 2, Supplemental digital
content 2, sttp://links.low.com/CD/AZ23.

Patient 4 had a brain MRI scan at age 6years of age,
which was reported as normal. Diagnostic testing
by the Centre for Human Genetics and Laboratory
Diagnostics, Germany, identified a stop-gain PHF2I1A
variant, ¢.1741C>T" p.(Arg5817Ter) (Table 1 and
Supplementary Table 1, Supplemental digital content
1, http:fllinks. low.com/CDJA22). 'The inheritance of the

variant is unknown.
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Discussion

This descriptive case series of four individuals, including
one previously reported individual (Case 3, Hamanaka
et al., 2019), brings the total number of individuals with
heterozygous PHFZ21A variants to 13 and provides fur-
ther insight into this emerging neurodevelopmental
syndrome. We have combined and evaluated data from
these 13 individuals to expand the PHFZ21A-associated
phenotype. Of interest, we provide some evidence that
PHFZ2I1A might be considered the newest member of the
growing family of genes that can cause an overgrowth-in-
tellectual disability (OGID) syndrome.

Overgrowth, defined as height and/or head circumfer-
ence at least two SDs above the mean ("Tatton-Brown and
Weksberg, 2013) was reported in five of the six (83%) indi-
viduals for whom growth data were available (Table 1).
Two of these individuals were tall/macrocephalic; two
were just tall and one was just macrocephalic. Birthweight,
used as a proxy for prenatal growth, was normal in 10/11
(91%) individuals (Table 1). A raised BMI of at least two
SDs above the mean was present in 6/9 (67%) of individu-
als of whom two also had tall stature, suggesting weight is
unlikely to be the driver of the overgrowth (Table 1).

An intellectual disability was reported in all 13 individu-
als and was mild in 5/10 (50%); moderate in 5/10 (50%);
severe in 1/10 (10%) and unclassified in three individuals.
Additional phenotypic associations (derived from data
reported in at least 11 individuals) included behavioural
problems in 12/12 (100%), of which anxiety was the most
frequently reported behavioural issue; postnatal hypoto-
nia in 7/11 (64%); and at least one afebrile seizure episode
was mentioned in 6/12 (50%). ('Table 1).

Where available, published clinical photographs were
reviewed for a total of eight individuals (Patients 2 and
3 from the current study, Case 1 in Hamanaka ez /. and
Patients 1-4 and 6 in Kim ¢7 @/.). We were unable to fully

Fig. 1

assess the eyes of two of these individuals. There was
not a recognisable gestalt associated with constitutional
PHF2IA variants; however, subtle shared dysmorphic
features amongst some individuals included frontal boss-
ing, a tall, broad forehead, anteverted nares, broad nasal
tip and full cheeks.

PSS, caused by the deletion of PHF2/A and varying num-
bers of neighbouring genes, is a well recognised neurodevel-
opmental disorder including some features that overlap with
the neurodevelopmental disorder associated with PHF21A
intragenic variants (PHFZ21A neurodevelopmental disorder).
Whilst complete growth data are not available, overgrowth
does not appear to be a feature of PSS; rather microcephaly
was reported in 3/6 (50%) of individuals (Swarr ez a/., 2010)
and growth retardation in 5/10 ('Trajkova ez a/., 2020). Given
that 11/12 variants reported in this current series are pre-
dicted to result in loss of protein through triggering non-
sense-mediated RNA decay, it is surprising that overgrowth
should not be a feature of both conditions.

This work supports previous conclusions that disrup-
tion of the PHF2IA gene causes or at least contributes
to intellectual disability in individuals with PSS (Kim ez
al., 2012; Montgomery ez al., 2013; Labonne ez al., 2015;
McCool ez al., 2017). PHF21A has a high pLI (probability
of loss of function intolerance) score of 1.0, indicating it is
intolerant to loss of function variation. It is possible that
overgrowth is caused by the deletion of PHF27A in PSS
but is offset by other deleted genes in the PSS region, for
example, £KXT2 and ALX4, or the greater genomic insult
of a large deletion. However, further work is required to
explore this and confirm that overgrowth is a major fea-
ture of the PHF2[/A-neurodevelopmental disorder.

PHEF21A is a histone methyltransferase (with H3K36 spec-
ificity) associated with transcriptional repression. Given this
role, it would be interesting to undertake episignature map-
ping to identify possible DNA methylation episignatures,

(a) Facial appearance of Patient 2 aged 3years and (b) Patient 3 aged 9.6 years. Facial features include frontal bossing with a tall, broad forehead,
mild hypertelorism, eversion of the lateral lower eyelid, full cheeks, almond-shaped eyes and a broad nasal tip with anteverted nares.
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both for individuals with PHF21A-related neurodevelop-
mental disorder and PSS. The epigenetic regulator genes,
including NSDI, EZH2, DNM13A, EED, CHDS and
HISTIHIE, are a major cause of the OGID syndromes and
are associated with detectable DNA methylation episigna-
tures (Aref-Eshghi ez a/., 2020). Current, albeit limited data,
indicate that PHF27A may be the newest member of the
epigenetic regulator OGID syndrome genes.

Our assessment of the phenotype associated with
PHF2]A disruption in the current series of four individu-
als, and integration with reported cases, provides further
evidence for an association with a distinct neurodevel-
opmental disorder and highlights an emerging associa-
tion with intellectual disability, behavioural problems,
anxiety, hypotonia, a large appetite, characteristic facial
features and possible overgrowth. Our findings are in
keeping with previous work highlighting disruption of
epigenetic regulation as a key mechanism of overgrowth
with intellectual disability (Tatton-Brown ez a/., 2017).
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