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Letter to the Editor

AKT3 and PIK3R2 mutations in two patients

with megalencephaly-related syndromes:
MCAP and MPPH

To the Editor: 3-kinase (PI3K)-AKT pathway (3). Here, we report
Megalencephaly-capillary malformation syndrome two patients with an AKT3 and PIK3R2 mutation.
(MCAP) and megalencephaly-polymicrogyria-polyd The'study protocol was approved by the Institutiox}al
actyly-hydrocephalus syndrome (MPPH) belong to a Re\.uew'Boards for Ethical ¥ssue_s at Yokohama City
spectrum of megalencephaly-related syndromes. The  University and Yamagata University.
diagnostic criteria for MCAP include megalencephaly  Patient 1 is an 8-year-old girl who has been pre-
plus capillary malformations or syndactyly, and those ~ viously reported as having MPPH (4). Brain magnetic
for MPPH include megalencephaly and polymicro- resonance imaging (MRI) at 6 years showed asymmetry
. . of the gyral pattern, dilated lateral ventricles, polymi-
gyria, an absence of vascular anomalies, syndactyly,

and brain heterotopia (1). Recently, AKT3, PIK3R2, ~ Crog¥ria and abnormal signals in the occipital lobes,

e suggesting d lination (Fig. la—c). Patient 2 i
and PIK3CA mutations have been identified in MCAP 5 2 18 ORGP0 & riacrice[))haly e o

and MPPH (2). The proteins encoded by these genes  morata of the distal extremities, and hyperextensibility
are core components of the phosphatidylinositol

(a)

{g) Patient 1 (h) Patient 2

O
© O O N

p.Leudd1Pro

PIKIRZ c.1202T>C AKT3 ¢.686A>G p-AsnzzaSer
p.Leud01Pro p.Asn229Ser

ACCTCAT | TTAATGG
1 /\ i A A A

A L AW RENNAYA

Fig. 1. Magnetic resonance imaging of patient 1 at 6 years of age (a—c). (a, b) Axial T2-weighted imaging showing enlarged lateral and third
ventricles, enlarged extra-axial space, and decreased white matter volume with occipital lobe predominance. Irregular small gyri with areas of cortical
thickening compatible with polymicrogyria are observed prominently in the bilateral perisylvian regions (asterisks) and the right frontal lobes (white
arrowheads). Abnormal high-intensity signals are seen in the bilateral occipital lobes (thick white arrows). (¢) Sagittal T1-weighted imaging showing
normal brainstem and cerebellum. Magnetic resonance imaging of patient 2 at 7 days of age (d-f). (d) Axial T2-weighted imaging at the level
of the basal ganglia showing enlargement of the left hemisphere. Polymicrogyria is seen in the perisylvian fissures with right-side dominance,
which extends to the right temporal lobe (asterisk). The left parietal cortex shows a blurred border between the gray matter and the white matter
(bracket), suggesting dysplasia of cortical development. (e) Axial T2-weighted imaging showing polymicrogyria in the right parietal lobe adjacent
to the central sulcus (white arrows). (f) Sagittal T1-weighted imaging showing a relatively small pontine base. Family pedigrees and causative
mutations (g—i). (g) Patient 1 with MPPH showing a de novo heterozygous missense mutation in PIK3R2 (c.1202T>C, p.Leud401Pro). (h) Patient 2
with MCAP showing a de novo missense heterozygous mutation in AKT3 (c.686A>G, p.Asn229Ser). (i) Distribution of mutations in PIK3R2 and
AKT3. SH2, Src homology 2 domain; SH3, Src homology 3 domain; RhoGAP, Rho GTPase-activating protein domain; PH, pleckstrin homology
domain. *Reported by Riviere et al. (2).
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of the skin. Brain MRI at 7 days showed an asymmet-
ric cerebral hemisphere with right-dominant perisylvian
polymicrogyria (Fig. 1d-f), and at 2 months showed a
thin corpus callosum and progressive hydrocephalus.
These findings were compatible with MCAP.

Whole exome sequencing using DNA extracted from
blood leukocytes revealed a de novo missense mutation
in each patient: p.Leud01Pro in PIK3R2 (patient 1)
and p.Asn229Ser in AKT3 (patient 2) (Fig. 1g—i). Both
mutations were absent from the 6500 eomes sequenced
by the National Heart, Lung, and Blood Institute exome
project and our 144 in-house control exomes. The
read count for mutant alleles possessing p.Leud401Pro
in PIK3R2 was 47.7% (84/176 reads), and that for
p-Asn229Ser in AKT3 was 52.2% (128/245 reads).
Therefore, these mutations are likely germline rather
than mosaic mutations.

The novel PIK3R2 mutation (p.Leu401Pro) in patient
1 is within the first Src homology 2 (SH2) domain of the
PIK3R2 protein; this domain binds to phosphotyrosine-
containing motifs and regulates many aspects of cel-
lular communication (5). Eleven MPPH families have
been reported to have a recurrent PIK3R2 mutation
(p.Gly373Arg), which is also located in the first SH2
domain (2). The phenotypes of all 13 cases with the
p.Gly373Arg mutation were similar to that of patient 1
(Table 1) (1, 2), implying that impaired function of the
SH2 domain is important in the pathogenesis of MPPH.
The AKT3 mutation (p.Asn229Ser) detected in patient
2 with MCAP has been reported in a case of MPPH
(2). Furthermore, another case with a different AKT3
mutation (p.Argd65Trp) was diagnosed with overlap-

+5.5(7.5m)
umbilical hemangioma
Jr
+
ND
+
.1L
+

LR08-0182 (overlapping MCAP and MPPH)
AKT3 (p.ArgdB5Trp)

LR11-3542 (MPPH)
+6.02y5m)
+
ND
ND
+
+

AKT3 (p.Asn229Ser)

Patient 2 (MCAP)
AKT3 (p.Asn229Ser)
+3.02m)

Skin capillary malformation

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

ping features of MCAP and MPPH (Table 1). These =D N
findings support the notion that the two syndromes e Py oy
have a common genetic basis. Interestingly, somatic 20"; v o o g
mosaicism of an AKT3 mutation causes hemimegalen- iK%} ERZ222820 g e a
cephaly, which is similar to MPPH or MCAP (6, 7). §&| 2qcoox®® 99a |53
Mutation screening of AKT3 should be considered for ga o g
patients with MPPH or MCAP as well as those with o | @< | + 5
hemimegalencephaly, for whom pathological tissue is 5;5 & s
available. 2 ° &
MCAP and MPPH are categorized as overgrowth E|ITE = 2
syndromes, as are Cowden disease and Proteus syn- 2la er > S
drome that are caused by abnormal activation of the 5 % 3 20+ ©
PI3K-AKT pathway, which participates in diverse cel- 2| = 2| & =
lular processes (3, 8). The PI3K-AKT pathway is o = Q 3
linked to mammalian target of rapamycin (mTOR) S|a Q g
(6), which is a specific molecule for targeted thera- ,§ Q 3
peutics (sirolimus or everolimus). Further investigation £ = g =~
into potential treatments for overgrowth syndromes is s D a \—;
essential. 3 5 = =
. . . [ © 2 2]
In summary, we have described two patients with g a 3 =g
either an AKT3 or a PIK3R2 mutation. Our data 2 w2 = ek
highlight the importance of the SH2 domain of PIK3R2 o 28 2 9 & E
in MPPH, and support that MPPH and MCAP have the & | _ £ QES & = 5
same genetic origin. B a @ SeESg3 g8
5 2 LLQ 0 >2>20® o5l g
|9 8sT=z2=x2%2£049 =D
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Abstract

Purpose To analyze the clinical characteristics of con-
genital/developmental cataract undergoing surgery.
Methods A mail questionnaire was sent to 49 facilities
engaged in surgical treatment of congenital cataracts, and
data on preoperative clinical features were collected.
Results Twenty nine facilities reported on 864 eyes of
521 patients with congenital/infantile cataract, ranging in
age at initial visit from 0 to 18.8 years (2.6 & 3.3 years,
mean =+ standard deviation). Among the patients, 65.8 %
had bilateral cataracts and 34.2 % were unilaterally affec-
ted. Family history was found for 22.4 % of cases, of
which 98.1 % were bilateral. Family history was positive
for 33.1 % of bilateral and 1.3 % of unilateral cases. The
most common main complaint was white pupil for 35.7 %
of bilateral cases and 32.7 % for unilateral cases.
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Concomitant systemic abnormalities were more frequently
associated with bilateral cases (31.6 %) than with unilateral
cases (16.7 %). Associated ocular diseases, such as stra-
bismus, persistent fetal vasculature, and posterior lentico-
nus, were more frequently seen among unilateral cases
whereas nystagmus was more common among bilateral
cases.

Conclusions Among congenital/developmental cataracts,
the ratio of bilateral and unilateral cases was approximately
2:1. Almost all patients with a family history of congenital
cataract were bilateral. Initial visits to a physician were
rather late, 2.6 years from birth; this should be improved.
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Introduction

Although surgical treatment of cataracts in childhood has
continued to evolve in economically developed nations [1],
overall surgical and visual outcomes for pediatric cataract
patients is suboptimum compared with those for adult
cataract patients. Because childhood cataracts are a major
cause of avoidable blindness [2, 3], early detection and
timely treatment of congenital/developmental cataracts are
crucial to preventing irreversible visual impairment among
children. It is clinically important to analyze the preoper-
ative features of congenital/developmental cataract in
detail for planning of comprehensive strategies in tackling
childhood cataracts. However, there are few studies of the
clinical characteristics of cases with congenital/develop-
mental cataract undergoing surgery [4-7], especially in
Asian countries. We conducted a retrospective, mail
questionnaire study to investigate the clinical features of
congenital/developmental cataracts in Japan.

Patients and methods

A mail survey was sent to 49 facilities known to be con-
ducting surgical treatment of congenital/developmental
cataracts in Japan, to enquire about cases operated on
between January 2005 and December 2009. Twenty-nine
facilities reported on 872 eyes of 526 patients. Among
these, patients 20 years of age and older, patients with
congenital ectopia lentis, and cases of secondary implan-
tation of an intraocular lens (IOL) were excluded, and data
for the remaining 864 eyes of 521 patients were used for
the subsequent analysis. Because the exact distinction
between congenital and developmental cataract is difficult,
both of these clinical entities were included in this study.
The study received approval from the institutional review
committee of Kyorin University School of Medicine.

Results

Laterality

Among the patients, 65.8 % (343) had bilateral cataracts
and 34.2 % (178) were unilaterally affected, so the ratio of
bilateral to unilateral cases was approximately 2:1.
Family history of congenital cataracts

Forty-eight cases for which information was not available
were excluded, and the remaining 473 patients were ana-

lyzed. Family history was found for 22.4 % (106 cases), of
which 98.1 % were bilateral cases. Family history was

@ Springer

positive for 33.1 % of bilateral cases and 1.3 % of unilat-
eral cases, which were significantly different from each
other (4 test, p < 0.0001). The mode of inheritance was
not investigated in this study.

Associated systemic diseases

Seventy-seven cases were excluded from the analysis
because of lack of clear information about systemic
comorbidities. For the remaining 444 patients, 118 cases
(26.6 %) had some form of systemic disorder. Prevalence
was significantly higher among bilateral cases (93/294,
31.6 %) than among unilateral cases (25/150, 16.7 %)
(p = 0.0007). When the incidence of individual diseases
was studied, mental retardation was significantly more
frequent among bilateral than among unilateral cases
(p = 0.004); other systemic abnormalities were not statis-
tically different between these groups (Table 1).

Associated ocular diseases

Data were not available for several cases. As shown in
Table 2, nystagmus was more frequently seen among
bilateral than among unilateral cases (p < 0.0001) whereas
strabismus (p < 0.0001), persistent fetal vasculature
(» < 0.0001), and posterior lenticonus (p = 0.046) were
significantly more common among unilateral cases.

Main complaints

The most common complaint at the initial visit was white
pupil for 34.7 % followed by, in a descending order, poor
vision for 23.5 %, strabismus for 12.0 %, cataract diag-
nosed by a previous physician for 9.1 %, cataract found
with other diseases for 5.9 %, nystagmus for 5.7 %, pho-
tophobia for 4.3 %, family history for 3.0 %, and poor
visual fixation for 1.8 %.

When bilateral and unilateral cases were compared
(Table 3), bilateral cases had significantly greater inci-
dence of nystagmus (p <0.05) and family history
(p < 0.05) whereas unilateral cases were significantly more
frequently associated with strabismus (p < 0.05).

Age at initial visit

When the patients were first seen by ophthalmologists at
the facilities participating in this study, their average age
was 2.6 £ 3.3 years (mean = standard deviation; range 0
to 18.8 years). The median was 1.2 years and the inter-
quartile range was from 3 months to 3.8 years.

It is reported that to achieve a good visual outcome for
congenital unilateral cataracts surgery should be performed
before 6 weeks after birth, to minimize the effect of visual
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Table 1 Associated systemic

Bilateral cases (n = 294) Unilateral cases (n = 150) p value*
disorders
Chromosomal disorder
Down syndrome 24 (8.2 %) 5(3.3 %) n.s.
Others 4 (1.4 %) 3 (2.0 %) n.s.
Intrauterine infection
Rubella 2 (0.7 %) 1 (0.7 %) n.s.
TORCH syndrome 1(0.3 %) 0 n.s.
Central nervous system abnormality
Mental retardation 20 (6.8 %) 1 (0.7 %) p <0.05
Epilepsy 6 (2.0 %) 1 (0.7 %) n.s.
Others 9 (3.1 %) 1 (0.7 %) n.s.
* Bilateral and unilateral cases Cardiac anomaly 21 (7.1 %) 1 (0.7 %) n.s.
ere compared by use of the 3 1 o pirth weight 9 (3.1 %) 3 (2.0 %) n.s.
Lo Others 21 (7.1 %) 10 (6.7 %) n.s.
n.s. not significant
Table 2. Associated ocular Bilateral cases Unilateral cases p value*
disorders
Strabismus (cases) 78/309 (25.4 %) 79/163 (48.5 %) p < 0.0001
Nystagmus (cases) 751307 (24.4 %) 6/150 (4.0 %) p < 0.0001
Microcornea (eyes) 45/686 (6.6 %) T177 (4.0) n.s.
Nanophthalmos (eyes) 251686 (3.6 %) 6/177 (3.4 %) n.s.
* Bilateral and unilateral cases Persistent fetal vasculature (eyes) 3/686 (0.4 %) 14/177 (7.9 %) p < 0.0001
z;:tfe compared by use of the x> picierior lenticonus (eyes) 71686 (1.0 %) 6/177 (3.4 %) p <0.05
o Others (eyes) 38/686 (5.5 %) 12/177 (6.8 %) ns.
n.s. not significant
Table 3 Main complaints at Main complaint Bilateral cases Unilateral cases p values*
initial visit
White pupil 117/328 (35.7 %) 54/165 (32.7 %) ns.
Poor vision 70/328 (21.3 %) 46/165 (27.9 %) n.s.
Cataract diagnosed by previous physician 31/328 (9.5 %) 14/165 (8.5 %) n.s.
Nystagmus 28/328 (8.5 %) 0 p <0.05
Strabismus 25/328 (7.6 %) 34/165 (20.6 %) p <0.05
Other diseases 22/328 (6.7 %) 7/165 (4.2 %) n.s.
Photophobia 15/328 (4.6 %) 6/165 (3.6 %) n.s.
* Bilateral and unilateral cases Family history 14/328 (4.3 %) 1/165 (0.6 %) p < 0.05
were compared by use of the ¥*  poor vigual fixation 6/328 (1.8 %) 3/165 (1.8 %) ns.
test Unknown 15/343 13/178

n.s. not significant

deprivation [8]. Likewise, for bilateral cases, the critical
period for surgical treatment to achieve optimum orthoptics
is reported to be 8 [9], 10 [10], or 14 weeks [11] of age. We
defined the critical visual period to be 6 weeks for unilat-
eral cases and 12 weeks for bilateral cases and, following
these guidelines, analyzed the patients in our survey. It was
found that 15.2 % (25/165 cases) of unilateral cases first
visited the physician within 6 weeks and 31.4 % (103/328
cases) of bilateral cases were seen for the first time within
12 weeks after birth.

Main complaints and age at initial visit

The relationship between main complaint and age at the
initial visit was analyzed. For unilateral cases, 42.6 % of
cases with white pupil and 28.6 % with cataract found with
other diseases visited the physician within 6 weeks of birth.
No cases with other main complaints were seen within the
critical period. Among bilateral cases, the percentage of
patients who underwent ocular examination within
12 weeks of birth was 64.3 % with family history of

@_ Springer



