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AKT3 and PIK3R2 mutations in two patients
with megalencephaly-related syndromes:

MCAP and MPPH

To the Ediror:

Megalencephaly-capillary  malformation syndrome
(MCAP) and megalencephaly-polymicrogyria-polyd
actyly-hydrocephalus syndrome (MPPH} belong 1o a
spectrum of megalencephaly-related syndromes. The
diagnostic criteria for MCAP include megalencephaly
plus capillary malformations or syndactyly, and those
for MPPH include megalencephaly and polymicro-
gyria, an absence of vascular anomalies, syndactyly,
and brain heterotopia (1). Recently, AKT3, PIK3R2,
and PIK3CA mutations have been wdentified in MCAP
and MPPH (2). The proteins encoded by these genes
are  core cf;)mpanuus of the phasphamﬁyl;mmml

(9) Patieng 1 {h}
94?5{3}?2 ctii’i}:&r%}
pleuddi Pm

Patient 2

TS
AKTI cbE6A>G
gﬁsnﬁ?%er

PI3R2

'mmxi\ are sam in z!u. br ‘m,mk c::r.upst.:t ieix/ﬁ (ﬂncis W m{; FO

3-kinase (PIBK}AKT pathway (3). Here, we report
two patieats with an AK73 and PIK3R2 mutation.
The study protocol was approved by the Institutional
Review Boards for Eibical Issues at Yokohama City
University and Yamagata University.

Patient | is an 8-year-old girl who has been pre-
viously reported as having MPPH {4}, Brain magnetic
resonance imaging (MRI} at 6 years showed &ymmeu*y
of the gyral pattern, dilated Jateral ventricles, polymi-
crogyria, and abnormal signals in the occipital lobes,
sugeesting dysmyehination (Fig. la—c¢). Patient 2 8 a
2-month-old boy who showed maerocephaly, cutis mar-
morata of the distal extremities, and hyperextensibility

pleudotPro

of cortical
m éxx>hiti:

o br:}msmm ami Céﬁ‘hé!nut‘ll Magrtmc resonance imaging of paami 2 at 7 days of age (d-85. (d) A‘mt rz-wamm tmamag at me fevel

of the basal g‘mgim %hmvmg miaryzmustn? th. Iﬁ,ft ht‘rmx%phuc 2’6!\ mumgvna is Sé&n i tim perzwh’mn ﬁ%san,s Mz 1 ngh&sﬁfg (fe)mmaneg

HES
for the wmmt suiwa mtzm armm) (i’) Sag,zimi f1~w{.1&hiul nm
mittations {(g-i}. {
with MCAP showing a de nove mis
AKRT3, SH2
domit. FReported by Riviere et ab. (2),

Y Patient | sith MUPH showing a de nove haw:m\zgcms THESSE
SENSE hﬁ»tuvwwm witation i ARTS (0 686AG, p
Sre homology 2 domain: SH3, Sre bomology 3 domain; RNoGAP, Rio GTH

52 msiatwn in !’1&3522 { \C Lw4€3§?m} 1y Pamn 2
As2298er), (1 Distribution of mutations In FIKIRZ wd
actvating protein domain: PH, plecksten homology
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of the skin. Brain MRI at 7 days showed an asymmet- T
ric cerebral hemisphere with right-dominant perisylvian &
polymicrogyria (Fig. 1d—f), and at 2 months showed a %
thin corpus callosum and progressive hydrocephalus. g «
These findings were compatible with MCAP. o g =
Whole exome sequencing using DNA extracted from Q8 g ©
blood leukocytes revealed a de nove missense mutation % @ g a
in each patient: p.Leud401Pro in PIK3R2 (patient 1) £< Srgtli+z 4+
and p.Asn229Ser in AKT3 (patient 2) (Fig. 1g—1). Both —%E% T
mutations were absent from the 6500 eomes sequenced o > T 3
by the National Heart, Lung, and Blood Institute exome 2< g
project and our 144 in-house control exomes. The X
read count for mutant alleles possessing p.Leu401Pro 3
in PIK3R2 was 47.7% (84/176 reads), and that for 2
p-Asn229Ser in AKT3 was 52.2% (128/245 reads). -
Therefore, these mutations are likely germline rather =%
than mosaic mutations. L& B
The novel PIK3R2 mutation (p.Leu401Pro) in patient =3 % Q.
1 is within the first Src homology 2 (SH2) domain of the %2 S« I+ 188 ++
PIK3R2 protein; this domain binds to phosphotyrosine- wal 9
containing motifs and regulates many aspects of cel- =2 b
lular communication (5). Eleven MPPH families have — é
been reported to have a recurrent P/K3R2 mutation c
(p.Gly373Arg), which is also located in the first SH2 - =
domain (2). The phenotypes of all 13 cases with the =3 £
p.Gly373Arg mutation were similar to that of patient 1 S T 2
(Table 1) (1, 2), implying that impaired function of the 2% - e o+
SH2 domain is important in the pathogenesis of MPPH. =3 2 ! 2 *
The AKT3 mutation (p.Asn229Ser) detected in patient L + &
2 with MCAP has been reported in a case of MPPH £ 3
(2). Furthermore, another case with a different AKT3 < £
mutation (p.Arg465Trp) was diagnosed with overlap- @
ping features of MCAP and MPPH (Table 1). These =D _
findings support the notion that the two syndromes o P o
have a common genetic basis. Interestingly, somatic é§ T -
mosaicism of an AKT3 mutation causes hemimegalen- % G ET222220 ©
cephaly, which is similar to MPPH or MCAP (6, 7). 58| Zascococacs 2
Mutation screening of AKT3 should be considered for g g &
patients with MPPH or MCAP as well as those with g | @ +
hemimegalencephaly, for whom pathological tissue is é e
available. g )
MCAP and MPPH are categorized as overgrowth ElTL =
. om | Lo £
syndromes, as are Cowden disease and Proteus syn- E|L s >
drome that are caused by abnormal activation of the < % B 200 4+ o+
PI3K—-AKT pathway, which participates in diverse cel- Blee ©
lular processes (3, 8). The PI3K-AKT pathway is o [2&|
linked to mammalian target of rapamycin (mTOR) gla 2
(6), which is a specific molecule for targeted thera- Q¥_ o
peutics (sirolimus or everolimus). Further investigation £
into potential treatments for overgrowth syndromes is 3
essential. > ©
In summary, we have described two patients with S 2
either an AKT3 or a PIK3R2 mutation. Our data 2 92 2
highlight the importance of the SH2 domain of PIK3R2 £ 8
in MPPH, and support that MPPH and MCAP have the § . g9 25 3
same genetic origin. 5|3 82 Sed g
512 | Besexziics
c | o 232539 9L0
o138 S C8BTCYLERS
Acknowledgements ~1T5| 832328585 EE
W , ' N . 2|55|202865555883
e w_ould like to thank the patients and their families for their Slg3| 8T O>0nawsS Za
participation in this study. We thank Aya Narita for technical [l B M= QT z

2

13/13
8/13

Hydrocephalus or ventriculomegaly

CBTE

MPPH, megalencephaly-polymicrogyria-polydactyly-hydrocephalus syndrome; MCAP, megalencephaly-capillary malformation syndrome; HC, head circumference; SD, standard

deviation; y, years; m, months; ND, no data; CBTE, cerebellar tonsillar ectopia.
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