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(A) Alignment of amino acid sequences of PIGF homologues from Homo sapiens (gi|48146117), Danio rerio (gi|45387713), Zea mays (gi|525344664), Saccharomyces cerevisiae (gi}849212),
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co-expressing PIGFs containing point mutations and GST-PIGO (C) or GST-PIGG (D) were lysed in 1% digitonin. The GST-tagged proteins in the supernatant were precipitated using glutathione
beads. GST-tagged (bottom panels) and co-precipitated FLAG-tagged proteins (top panels) were detected by Western blot analysis using anti-GST and anti-FLAG respectively.

this scenario further, we took advantage of another well-studied
model organism of GPI biosynthesis, T. brucei. T. brucei is a
protozoan parasite responsible for African sleeping sickness in
human and nagana in livestock. GPI anchors in this parasite
are not modified by additional EtNP residues and there is only
one protein-anchoring EtNP attached to the third mannose. As
such, we could only identify a PIGO homologue in the T. brucei
genome and homologues of PIGN and PIGG are absent. If PIGF
functions solely to control the relative activities of PIGG and
PIGO, there is no reason for PIGF to existin the T. brucei genome.
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It was therefore surprising that we could identify TbPIGF and
demonstrate its interaction with TbPIGO (see Figure 5). Our new
data suggest that evolution of PIGF is not necessarily dependent
on the presence of PIGG. Taken together with the finding that
PIGF functions beyond its stabilizing roles in the formation of
heterodimers, we propose that PIGF plays a more fundamental
role in the biosynthesis of GPI.

There are several possibilities for the additional functions of
PIGE Since it is involved in the transfer of EtNP from PE to
a GPI intermediate, it is possible that PIGF is involved in the
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(R) Comparison of conserved motifs from kinetoplastids with those from human (PIGF) and
yeast (Gpi11p). TOPIGF (gi|71748704), TcPIGF (gi|71410645), and LmPIGF (gi{321399857:
612828-613430) indicate newly identified PIGF homologues from T. brucei, Trypanosoma cruzi
and Leishmania major. (B) CHO-K1 cells transiently expressing FLAG-tagged PIGF, ALDH or
TBPIGF were co-transfected with either GST-tagged TbPIGO or PIGO. Cells were lysed in 1%
digitonin and the FLAG-tagged proteins in the supernatant were precipitated by anti-FLAG beads
(IP1). FLAG-tagged proteins and co-precipitated GST-tagged proteins were detected by Western
blot analysis using anti-GST and anti-FLAG respectively. Unbound GST-tagged proteins were
immunoprecipitated by glutathione beads and detected by Western blotting using anti-GST
antibody (IP2).

recruitment of these substrates to the catalytic subunit (i.e. PIGG
or PIGO). We demonstrated that the aspartic acid residue in the
last hydrophilic loop of PIGF is highly conserved. It is tempting
to speculate that the conserved aspartic acid residue interacts with
the positively charged amino group on either PE or GPI core
glycan GlcN. Future studies are needed to determine its exact role
in GPI biosynthesis at the molecular level.

Another focus of future research should be further analysis of
heterodimer formation at the molecular level. Because both PIGF-
AN3 and PIGF-C3 can bind to PIGG, one logical possibility
is that PIGF binds to PIGG through the region between TM3
and TM4. Unfortunately, attempts to express further truncated
PIGF mutants failed possibly due to the loss of protein stability.
Therefore we cannot exclude an alternative possibility that two
distinct binding motifs exist in PIGF for PIGG binding and one of
them is sufficient for the binding of PIGF to PIGG. Whereas our
current study could not pinpoint the precise amino acid residues
of PIGF involved in heterodimer formation, our data demonstrate
that PIGF contains two distinct binding domains: one C-terminal
domain for PIGO and a second domain elsewhere for PIGG.
Therefore it may be important to reconsider the possibility that
PIGO, PIGG and PIGF form a heterotrimeric complex that allows
efficient sequential additions of EtNP to the third and second
mannose residues. Finally, we also know little about motifs in
PIGO and PIGG involved in PIGF binding and more detailed
studies are needed to determine the significance of interactions
among these three proteins.
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Mabry syndrome, hyperphosphatasia mental retardation syn-
drome (HPMRS), is an autosomal recessive disease characterized
by increased serum levels of alkaline phosphatase (ALP), severe
developmental delay, intellectual disability, and seizures. Recent
studies have revealed mutations in PIGV, PIGW, PIGO, PGAP2,
and PGAP3 (genes that encode molecules of the glycosylphos-
phatidylinositol (GPI)-anchor biosynthesis pathway) in patients
with HPMRS., We performed whole-exome sequencing of a
patient with severe intellectual disability, distinctive facial ap-
pearance, fragile nails, and persistent increased serum levels of
ALP. The result revealed a compound heterozygote with a 13-bp
deletion in exon I (¢.36_48del) and a two-base deletion inexon 2
{€.254_255del) in phosphatidylinositol glycan anchor, class L
(PIGL) that caused frameshifts resulting in premature termina-
tions. The 13-bp deletion was inherited from the father, and the
two-base deletion was inherited from the mother. Expressing
¢.36_48del or ¢.254_255del cDNA with an HA-tag at the C-or N-
terminus in PIGL-deficient CHO cells only partially restored the
surface expression of GPl-anchored proteins {(GPI-APs). Non-
synonymous changes or frameshift mutations in PIGLhavebeen
identified in patients with CHIME syndronie, a rare autosomal
recessive disorder characterized by colobomas, congenital heart
defects, early onset migratory ichthyosiform dermatosis, intel-
lectual disability, and ear abnormalities. Qur patient did nothave
colobomas, congenital heart defects, or early onset migratory
ichthyosiform dermatosis and hence was diagnosed with
HPMRS, and not CHIME syndrome. These results suggest
that frameshift mutations that result in premature termination
in PIGL cause 2 phenotype that is consistent with HPMRS.
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INTRODUCTION

In 1970, Mabry et al. reported three siblings with increased serum
levels of alkaline phosphatase (ALP), severe developmental delay,
intellectual disability, and seizures [Mabry et al., 1970]. Subse-
quently, a condition displaying the aforementioned symptoms was
referred to as hyperphosphatasia with mental retardation (HPMR)
syndrome or Mabry syndrome [Krawitz et al., 2010]. Other clinical
features included distinctive facial features such as hypertelorism, a
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broad nasal bridge, long palpebral fissures, and a tented mouth, as
well as some degree of brachytelephalangy [Horn et al., 2011].
Variable neurological abnormalities, including seizures and mus-
cular hypotonia, were also associated with this condition. Extensive
biochemical analysis showed that hyperphosphatasia was unlikely
to be the result of increased activity of osteoblastic cells or hep-
atobiliary dysfunction, and the causes of HPMRS were unknown
[Kruse et al., 1988].

In 2010, Krawitz et al. performed whole-exome sequencing of
three siblings with HPMRS (OMIM 239300} and identified homo-
zygous or compound heterozygous mutations in PIGV in a total of
six families with HPMRS [Krawitz et al., 2010]. PIGV encodes a
molecule that acts as the second mannosyltransferase in the gly-
cosylphosphatidylinositol (GPI) anchor biosynthesis pathway.
Subsequently, mutations in PIGO, PGAP2, PGAP3, and PIGW,
which are also involved in GPI biosynthesis, have been identified in
individuals with HPMRS (OMIM 614749, OMIM 614207, OMIM
615716, and OMIM 610275, respectively) [Krawitz et al., 2012,
2013; Hansen et al., 2013; Chiyonobu et al., 2014; Howard et al.,
2014]. In this study, we performed whole-exome sequencing of a
family with HPMRS but without mutations in PIGVand PIGO and
identified compound heterozygous mutations in PIGL.

MATERIAL AND METHODS
Exome Sequencing

DNA was extracted using a standard protocol from blood samples
of an affected female and her parents. Control DNA was obtained
from 192 healthy Japanese individuals. This study was approved by
the Ethics Committee of Tohoku University School of Medicine.
We obtained informed consent and specific consent for photo-
graphs from the parents of the affected individual.

Exome sequencing was conducted on an individual with
HPMRS. Targeted enrichment was performed using the SureSelect
Human All Exon V2 kit. Exon-enriched DNA libraries were se-
quenced on the lumina Hiseq 2000 for 101 bp. Burrows-Wheeler
Aligner (BWA) was used to align the sequence reads to the human
genome (hgl9); all parameters of BWA were kept at the default
settings. Following removal of duplicates from the alignments,
realignment around known indels, recalibration, and SNP/indel
calling were performed with Genome Analysis Toolkit (GATK, 1.5)
[McKenna et al., 2010]. ANNOVAR was used for the annotation
against the RefSeq database and dbSNP [Wang et al., 2010].

Sanger Sequencing

Each exon with flanking intronic sequences in PIGV, PIGO, PIGN,
PIGB, and PIGL was amplified with primers based on GenBank
sequences (NM_017837.2, NM_152850.3, NM_176787.4,
NM_004855.4, and NM_004278.3, respectively). The M13 reverse
or forward sequence was added to the 5’ end of the polymerase chain
reaction (PCR) primers for use as sequencing primers. PCR was
performed in 15 pl of solution containing 67 mM Tris-HCl (pH
8.8), 6.7 mM MgCl,, 17 mM NH,4SO,, 6.7 puM EDTA, 10 mM -
ME, 1.5 mM dNTPs, 10% (v/v) DMSO, 1 uM of each primer, 25 ng
genomic DNA and 1U of Tag DNA polymerase. The reaction
consisted of 37 cycles of denaturation at 94°C for 20 sec, annealing at

the indicated temperature for 30sec and extension at 72°C for
30 sec. PCR products were purified using MultiScreen PCR plates
(Millipore, Billerica, MA). The purified products were sequenced
on an ABI 3500xL Genetic Analyzer (Applied Biosystems, Foster
City, CA).

For subcloning, PCR products of exon 1 and 2 in PIGL were
subcloned using a pTOPO TA cloning kit (Invitrogen, Carlsbad,
CA) and transformed in TOP10F competent cells (Invitrogen).
Plasmids were purified from each colony and sequenced.

Flow Cytometry

Surface expression of GPI-anchored proteins (GPI-APs) of gran-
ulocytes was determined by staining cells with PE-conjugated
mouse anti-human CD59 (H19), anti-human DAF (IA10), anti-
human CD24 (ML5), anti-human CD16 (3G8) antibodies, each
isotype IgG (BD Biosciences, Franklin Lakes, NJ) and Alexa 488-
conjugated inactivated aerolysin (FLAER; Protox Biotech,
Canada). CD59, DAF, CD24, and CD16 are GPI-APs and FLAER
binds to surface GPI-APs. The surface expression was then analyzed
using a flow cytometer (Canto II; BD Biosciences) and FlowJo
software (Tommy Digital, Inc., Tokyo, Japan).

Functional Analysis

PIGL-deficient CHO cells (M2S2) [Nakamura et al., 1997] were
transiently transfected with PIGL cDNA that was driven by the
strong SRa promoter (pME hPIGL-HA or pME HA-hPIGL). Two
days later, cells were stained with anti-CD59, anti-DAF and FLAER
and analyzed by flow cytometry. Lysates were separated using SDS—
PAGE and Western blotting was performed.

RESULTS
Clinical Report

The patient was the first child of healthy and non-consanguineous
Japanese parents. She was born at 33 weeks and 3 days of gestation
by caesarean because of maternal infection. Her weight and height
at birth were 2,510 g and 51 cm, respectively. She was treated with
oxygen inhalation for several days because of transient tachypnea.
She was suspected as having Beckwith-Wiedemann syndrome
because of hypotonia, a large tongue, separation of the rectus
abdominis muscle, and coarse facial features.

At 4 months of age, the patient’s serum levels of ALP were found
to be extremely high at 4,394 IU/L (Normal, 395-1,289 IU/L) and
shewas referred to our hospital. A radiograph ofher hands showed a
slight delay of bone maturation and slight dilation of the ulnar
metaphysis. Alpha D3 administration was started at 5 months and
ended at 1 year and 8 months of age. Laboratory investigations for
inborn errors of metabolism, including toluidine blue staining in a
urine sample, glycosaminoglycan in the urine, and lysosome
enzymes, were normal. Karyotyping analysis on cultured leukocytes
and subtelomere MLPA, FISH for 17p11.2 detecting Smith—-Mage-
nis syndrome, and array CGH analysis were all normal.

Twitching of the extremities with epileptic discharge on EEG
started at 4 months of age and required anti-convulsant therapy.
Brain CT and MRI showed dilatation of the bilateral lateral ven-
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tricles, third and fourth ventricles and sub-arachnoid space, as well
as hypoplasia of the cerebellar vermis. She was suspected as having
mild deafness (right: 30 dB and left 45 dB).

At 1 year and 10 months, her weight and height were 7.9kg
(—2SD) and 80 cm (—1 SD), respectively. Her craniofacial features
included midface hypoplasia, hypertelorism, long palpebral fis-
sures, strabismus, depressed nasal bridge, anteverted nostrils, tent-
ed upper lip vermilion, full cheeks, a high palate, and ear anomalies
(Fig. 1A). Teeth eruption was not observed. In the extremities, the
2nd and 3rd digits were overlapping. The terminal phalanges of the
hands and feet were short with hypoplastic nails. Her development
was as follows: head control at 5 months, crawling at 1 year and
7 months, sitting at 2 year and 3 months, and walking while holding
onto something at 2 years and 7 months. At 3 years and 6 months,
she was unable to walk independently, and speech development was
markedly delayed. ALP remained persistently elevated (3,000-
4,500 U/L, Fig. 1B).

Molecular and Biochemical Analysis

Mutation screening for genes in GPI biosynthesis showed that no
mutations were identifiable by Sanger sequencing analysis in any
exons coding for PIGV, PIGO, PIGN, and PIGB. We then performed
exome sequencing with a sample from the proband. Using the
sequencing analysis pipeline from BWA and GATK, we identified
approximately 8,883 nonsynonymous, nonsense, splicing site var-
iations, coding insertions, and/or deletions (indels) per individual.
Filtering steps using variant databases (dbSNP132, the 1,000 Ge-
nome Project database and ESP 5,400) resulted in the identification
of 216 variants. Two frameshift mutations in PIGL (c.36_48del [p.
Leul3Alafs*11] and c.254_255del [p.Glu86Aspfs*2]) were detected
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as variants in genes that participate in the GPI-anchor biosynthesis
(hsa00563) and the GPI-anchor biosynthesis (hsa00563)/metabolic
pathway (hsa00110) in KEGG pathway, respectively. Sanger se-
quencing validated the heterozygous state of the two variants in
PIGL (Fig. 2A). Two variants resulted in a premature termination
and it was assumed that truncated proteins were produced (Fig. 2B).

Subcloning of PCR products of exons 1 and 2 from parental
samples followed by sequencing showed that the father was hetero-
zygous for c.36_48del and the mother was heterozygous for
¢.254_255del in PIGL, thus confirming the compound heterozy-
gosity in the affected individual (Fig. 2A).

The ¢.36_48del and ¢.254_255del in PIGL were not reported in
dbSNP132, the 1,000 Genome Project database or in ESP 5,400.
¢.254_255del, and not ¢.36_48del, was reported in one in 1,000
Japanese exomes (http://www.genome.med.kyoto-u.ac.jp /SnpDB/
) and identified in 1 in 192 of our in-house Japanese controls in a
hetrozygous manner, suggesting that ¢.254_255del could be iden-
tified at a frequency of 1:200-1:1000 in Japanese people.

These genomic analyses suggested that the patient has PIGL-
deficiency, which is one of the inherited GPI deficiencies. More than
100 mammalian proteins are modified by a GPI anchor at their C
terminus [Krawitz et al., 2010]. The expression of GPI-APs have
been decreased in other inherited GPI deficiencies [Maydan et al.,
2011; Chiyonobu et al,, 2014; Howard et al., 2014]. To examine if
the GPI-APs decreased in cells from our patient, peripheral blood
cells were analyzed by flow cytometry. Surface expression of various
GPI-APs on the granulocytes from the patient (Fig. 3, thick lines)
was severely decreased (2% of the control in CD16 expression)
compared with that from the normal samples (dotted lines).

PIGL-deficient CHO cells (M2S2) [Nakamura et al., 1997] were
transiently transfected with wild type (Fig. 4, dotted line),
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¢.36_48del mutant (thick line) or ¢.254_255del mutant (thin line)
PIGL ¢cDNA with an HA-tag at the C-terminus (upper panels) or at
the N-terminus (lower panels). Both mutants could only partially
restore the surface expression of GPI-APs. The activity of the
¢.254_255del mutant was severely affected, and the N-terminal
tagged construct had almost no activity. These results suggested that
the remaining activity was not due to the truncated proteins. Faint
bands (¥ and **) could be detected in the lysate of C-terminally
tagged c.36_48 mutant transfected cells (Fig. 5A), which corre-
sponded to the isoforms starting at the downstream methionines (2
and 3 of Fig. 5B) that showed residual PIGL activity. No band could

be detected from the lysate of the ¢.256_255 mutant tagged at either
terminus (data not shown).

DISCUSSION

We report on the case of a girl with distinctive facial features, severe
intellectual disability, and persistent increased serum levels of ALP
who was diagnosed with HPMRS. Whole-exome sequencing iden-
tified two frameshift mutations in PIGL, which were inherited from
the father and mother, suggesting that PIGL mutations are respon-
sible for HPMRS.

Many eukaryotic cell surface proteins are bound to the cell
membrane by a GPI-anchor. More than 20 different gene products
are involved in GPI biosynthesis [Fujita and Kinoshita 2012].
Recent studies revealed that genetic defects in various components
of the GPI-anchor biosynthesis pathway cause inherited GPI defi-
ciencies. Somatic mutations in PIGA in hematopoietic stem cells
cause paroxysmal nocturnal hemogloburinuria [Ware et al., 1994].
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A promoter mutation in PIGM causes portal venous thrombosis
and absence seizures [Almeida et al., 2006]. Germline mutations in
PIGN and PIGA cause congenital anomalies with hypotonia and
seizures [Maydan et al., 2011; Johnston et al., 2012]. Germline
mutations in PIGV, PIGO, PGAP2, PGAP3, and PIGW have been
identified in individuals with HPMRS [Krawitz et al., 2010, 2012,
2013; Chiyonobu et al., 2014; Howard et al., 2014]. Recently,
mutations in PIGT have been identified in a family with intellectual
disability [Kvarnung et al., 2013]. Thus, the clinical spectrum of
disorders caused by the GPI-anchor deficiency has expanded.
PIGL encodes a 252 amino acid endoplasmic reticulum (ER)
protein, located on the ER membrane with one transmembrane
region and most of the protein located on the cytoplasmic side
[Nakamura et al., 1997]. PIGL is involved in the second step of GPI
biosynthesis, which is de-N-acetylation of N-acetylglucosaminyl-
phosphatidylinositol (GIcNAc-PI). Following de-N-acetylation,
glucosaminyl-phosphatidylinositol (GIcN-PI) flips to the luminal
side of ER where GlcN-PI undergoes further extensions followed by
its transfer to acceptor proteins [Nakamura et al., 1997; Watanabe
et al., 1999]. Mutations in PIGL have been identified in CHIME
syndrome, an autosomal recessive disorder characterized by colo-
bomas, congenital heart defects, early onset migratory ichthyosi-
form dermatosis, intellectual disability, and ear anomalies,
including conductive hearing loss [Ng et al., 2012]. Our patient
manifested severe intellectual disability, seizures, ear anomalies,
and feeding difficulties, which overlapped with symptoms of
CHIME syndrome [Ng et al., 2012]. However, our patient did
not have colobomas, congenital heart defects, early onset migratory
ichthyosiform, or genitourinary abnormalities. Inherited GPI
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deficiencies caused by a defect in the GPI-biosynthesis genes should
show similar symptoms that result from the decreased expression of
various GPI-APs on the cell surface. The severity depends on the
amount of the GPI-anchor produced in ER, and the individual’s
genetic background may also have some influence on variations.
Clinical manifestations in our patient were more similar to those in
individuals with HPMRS, including hypertelorism, long palpebral
fissures, broad nasal tip, tented upper lip, brachytelephalangy,
severe intellectual disability and persistent hyperphosphatasia
(Table I) [Horn et al., 2011]. These results suggest that frameshift
mutations in 5 terminus of PIGL cause HPMRS. It is possible that
PIGL mutations identified in patients with CHIME syndrome
might have higher residual activities.

Brain CT and MRI of our patient showed cerebellar atrophy.
Frontotemporal atrophy and cerebellar hypoplasia have been
shown in patients with PIGT mutations [Kvarnung et al., 2013].
Cerebral and cerebellar atrophy have been reported in a patient with
PIGO mutation [Nakamura et al., 2014] and in patients with PIGN
mutations [Maydan et al., 2011; Ohba et al., 2014], suggesting that
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cerebral atrophy and cerebellar atrophy are common features in
patients with inherited GPI deficiencies. It is of note that cerebral
atrophy has been also observed in patients with CHIME syndrome
[Shashi et al., 1995; Schnur et al., 1997].

Our previous study demonstrated that mutant CHO cells
having defects in the later step genes efficiently secrete ALP
into the medium, whereas most ALP produced in the early
step mutants is degraded in the cells [Murakami et al., 2012]
because GPI transamidase is activated through binding with a
mannose-containing GPI intermediate before this enzyme com-
plex processes the precursor proteins for release. However, there
are cases that are inconsistent with these experimental results.
Some PIGA-deficient patients showed mild elevation of ALP
(4121U/L, normal range, 39-117 IU/L) [Johnston et al., 2012].
Elevation of ALP has not been reported in previously reported
patients with PIGL deficiencies [Ng et al., 2012]. There may be
differences in in vitro culture and in vivo body conditions;
however, the primary reason for these differences needs to be
identified in the future.
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FACS analysis of granulocytes from our patient demonstrated
severely decreased expression of GPI-APs. Functional analysis using
PIGL-defective CHO cells revealed that the isoforms starting from
the downstream methionines showed residual PIGL activity. It has
been reported that two well-conserved motifs are essential for PIGL
activity (Fig. 5B underlines). Two faint bands corresponding to the
sizes of these isoforms were detected by western blot; the bigger
band had both motifs but not the N-terminal transmembrane
region. These two translation start sites do not fit well with Kozak’s
rule; therefore, these isoforms were not detected in the wild-type
cells.

Severely decreased expression of GPI-APs in granulocytes of the
patient suggest that these mutations in PIGL are associated with
decreased GPI biosynthesis. Previous studies showed that the
disruption of PIGL caused lethality in Saccharomyces cerevisiae
[Watanabe et al., 1999], suggesting that PIGL has been considered
asthe only enzyme to catalyze the second step of GPI biosynthesis in
yeast. Although the disease mechanims remain unknown, it is
possible that a truncated protein translated from the allele with
¢.254_255del or C-terminal protein isoforms shown in our func-
tional analysis using CHO cells might have the minimal residual
activity of PIGL.

In conclusion, we identified compound heterozygous deletions
in PIGL in a patient with distinctive facial appearance, develop-
mental delay, intellectual disability, brachytelephalangy, and hyper-
phosphatasia. The clinical features were similar to those of HPMRS
caused by mutations in PIGV, PIGO, PGAP2, PGAP3, and PIGW.
Our findings will broaden the clinical spectrum of disorders with
defects in the GPI biosynthesis pathway.
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HUCH B . MERGLICIE GPI-APs WME T VDT,
70— F VR L T AL S CHSERRIBOMB TS
5. ZORE 70— OBFEREF IO W TR SR
BE->Twiw, Hd 5 GPLAEGERETFDI BITLAED
BEICBOTHIERET ) PIGA ThhH. FORBAE PIGA ©
R X BB LOBETTHY, DL FEEDHO X febfk
AELEIZE 1 B OAMIaZeAZRT GPI KIEMIIZ 2 5 72
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5 PNH 3R2%» 7, BIEHIZ 1| ROT VIVICEEDH 5

&AL, EMEINE BT ARSI Y PIGT
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WZEBENTED LPMOBETFEHEEET LT 5 PNH
BROP B REME DS 5.

— PR M GPI K$BJE (inherited GPI deficiency;IGD) 128
WTIE, SEERBEEITIR LD TTNTHSRIBETH 5.
FHREERT L), BEIEREETOREEEAEH LV
i3, BEANTUESMKTH S, BRI PNH EEIHE 1K
DX FEAROERTRET S PIGA KIBENEEDH N L
ZEND. WEFTIATFOOLEIIBERETHY, B
DHRBHET DY,

I RAEE TICHE SN TWBEXY GPI RIBE (IGD)

1. RVICHKE S h /- PIGM RIBfE
A ¥ ADHIFEE & QLR CRAT L ERIL, 2 K%
3ERI L b BRIER T T T D GPI-APs HYEBH 24 L T
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YOSHEEROMNTIC & D PIGM B HHERIETCTH B Z L% h -
7o, PIGM 30~ > / — A%t ABETH A, 2 X
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MR EEOE TS Tt v E 2 5L GPLAP V8% 5

BETE R0, Y7 P VRESOHEEITIE S

—7—

92



A
B CD59 CD55 CD24 ALP FLAER CD16

100 : 100 100 . < 100 100

80 80 80 80 80
S 60 60 60 60 60
s 40 40 40 40

20 20 20 20 20

° ‘,v' K o C “. 0 LY 0 s 0 kS o i L}

o1t 10° 10t 10° 010 18 10* 10° 010* 100 10° 10° 010* 10° 10° 10° 010° 10° 1w0f 10 010* 10 10° 10°

Mean 1020 5222 1075 7481 1191 10489 447 1674 1391 4419 7210  1.25e5
intensity '

X3 PIGO RI&fE

A BEEHEEEE, BIEETAPA, BTNVH ) 7+ A7 7 2—YME (59591U/L), REEHR, FRAHEORE (£5i), NOEERE, &
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FANRTF FOEMHTRI L2 vnizoZF0F RN TE
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WEN, B ALP MIEICHAHY. 7275 L PIGN KIBETIX 1
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HEEE D GPL-APs DT L& ALP MfER R+ 100, |
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PIGL, PIGN, PIGT® ™ /iBEARE ST WA, Thb
BTGP 7 ¥ A~ DESRICE D 5 RIETROTHRED
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DH®DT Y — A BINP DM WERERED T T HiiEE
HZAED GPLAP 58T 5. SIEMEH ML T PIGN
RARFE W R EIRABE S 0 2 B X ) Th L, 1 08
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FBLTVBEZZLLNTYS DY, — 55 PAGPI KIBE
D1 RKRDVEONY, BETEITE AL PGAP1 DIEMEAEED
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N PGAP1 PGAPS '\ PGAP3 PGAP2
T e R AR SAAERGER

L7V =TI
"E5 GPLAPs DY) ET) V7
INEART S VST BEMEIZA 22 b= D7 VD PGAPL 12X » Tl h b, PGAPI DRIBMILTI: GPLAPs tHT VY
HTOYEF) YIS, MIEETFICR7 OVEORWAREHED T IRETE (@), IVIHETE, BEEKSO -
2 LIS T B R AFNREAEEAT PGAP3 (2 X D R S, PGAP2 A"RAR T % RUC CEIFRRFEE SIS LD, PGAP3 O
RIBMMLTIE GPL-APs &) €7 Y VR 2 W EEHED T THARTICRET 2D, BES 7 MRETE2 (®).
PGAP2 DRIEMIL TIX GPL-APs i3 sn-2 fLIZIREFEEAMINE v ) Va0 T THBETISEEN 5 2RAO Y —HFiZ L o

TYURERgE SN, FOBEMBEEO GPLAPs XEH T2 (@).

V EROEH (FD CBRERR

GPI & BEETF ORIBRE T2 OERITEEROET 0%
B, TbbGPIT>H—DBIEKETALELITVS, &
AT v TOHEGETFRE CHO M ERBEFLEALTE
FEREFLHENCTEORE GPLAPs OREHLEETE 2%
A BERMTORERIE, BEEL L CHET. ZOBER
THHWEEILRETH S, EEEIETICH-S T, EFHR
EEE, TADA, 7Y VROOREOREER, HH,
Hirschsprung #7% EOBOEHFE, LABELREEOHFE, BRIC
B L CORBER, BOREESROLS. ALRBHRE
FEDTAPAEBE TS A KAREGRPRHIA /70—
BEE, West BEREEX BT 2I5& 055 1900, F-EFEHT
1A% MRI CHAEREE S R ILHGATR S T2 MAEEG TERES
BELTIEPEBHMTHL. TARERL A ESES
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v NTH B PIGT RIBIETIE ALP SHIBIN CTHHEES h T L
T/ ALP MER Z7- L, HBOERITMA CHOTRK
BRELRT. ,
2) EEMERO 70 —% 4 F A FY— (K 3B)
FREMO 7T —4 4 b A b —TERRICEET 2 GPL-AP
TH5H CDI6 DEBREDEKTIICD BHORDFIIRL. B
DA I3 CD24 % FLAER (GPL-AP &+ Az uy Y
VEZEOMBIBBIEREEREEEET NV LIZD D) Bf
D R TIRET T 545, U ¥/ EKRHRINEKD GPI-APs
DETIER 52w,

V TADAREORERE & BB

TADPADFTEEIZIZHEMIBICERT S GPLAP Th 5
ALP DREHIERL TV EHETSHLLEZLNE. ALP O
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(INAP) DEETREIIE ALP MER R LEOHHREE &
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FBTAPAREORESBRCEE SN TWE Y, Thb
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K1 ERMEGPIRBEOCREF EERNOE LD
Affected Gene PIGA (11)¥ PIGQ (1) PIGL (6) PIGW (1) PIGM (3) PIGV (15) PIGN (9) PIGO (6) PIGT (4) PGAPI (2) PGAP2 (6) PGAP3 (5)
MIM 300868 605754 280000 610275 610293 239300 614080 614749 610272 611655 614207 611801 o
West S
Clinical diagnosis Obtahara, West syn- - Ohtahara CHIME syndrome HPMRS] MCAHS!1 EOEE HPMRS?2 MCAHS3 i) HPMRS3 HPMRS - O
drome, MCAHS2 syndrome syndrome HPMRS
Age at Died (5/11) Died at 2Y ™ Died (1/3)  TM-17Y Died (69) 0-15Y Died at 2Y (1/4) 4Y,2Y 3.5-28Y 4-17Y 'FH
Neurological disorder [SS700 an) (4/4) an) (313) (14/14) (9/9) (6/6) (4/4) (212) (616) (5/5) ;D
Global developmental delay | HP:0001263% Severe (9/11) () (4/4) {ny (13} (14/14) (9r9) (6/6) (4/4) (272) (6/6) (5/5)
Motor delay HP:0001270 Severe (9711} ) (4/4) (1) (73) (919} (9/9) (6/6) (4r4) (22) (5/5) Severe (5/5)
Delayed speech HP:0000750 | Nospeech (11111} (414) (979} (919) (6/6) (474) (212) (5/6) None (5/5)
Microcephaly HP: 0000252 (2/6) <3rd centile (076} o) (09} (0/9) (1/6) —555SD (0r4) (212) (1/6) —4.5SD (3/5) —38D
Museular hypotonia HP:0001252 (8r11) (1) (9n2) (979) (6/6) (4/4) (2/2) (515) (5/5)
Seizures HP:0001250° Quin (1) (474} am (73} (11/12) (919) (4/6) (4/4) (112) (3/6) (4/5)
. . . Tonic clonic, Partial seizure, Generalized toinic clonic, Absence Myoclonic  Generalized toinic
Type Myoclonic (5711} Tonic spssm  Absence Complex parial Vitamin B6 dependent Myoclonic Absence seizure Absence Tonic-cl{mic clonic, Myoclonic
Tremor HP: 0001337 (13} (7/9) (0r2)
Nystagrmus HP:000063% (7/0) (a/4) (0r2)
Hearing impairment HP 0000365 (213} (o1} (3no) (u6) (0r2) (1/6) (0rs)
Eye abnormality HP:0000504 | Cortical blind (3/3) Coloboma_(4/4) (o) (073) Cortical blind (1/2) Cortical blind _(4/4) (072)
Abnormal facial features (911} (4/4) [§78} (or3) (14114) (99 (6/6) (4/4) (22) (26) (5/5)
Hypertelorism HP 0000316 {511} {ar4) () (119} (4/6) (1/6) (s15)
Long palpebral fissures HP: 0000637 {507} (4/6) (176)
Broad nasal bridge HP: 0000431 (577} (4s4) () (19) (a6} (4/4) (212) (216) (5/5)
Broad nasal tip HE 0000455 (2} [$73%} (4/6) (1/6) (515)
Tented upper lip HP 0010804 (573 Q) (3/9) (6/6) (216) (5/5)
Microgaathia HP: 0000347 (2463 (4/9)
Cleft palate HP: 0000175 (2/4) (or1) (1710} {0/9) (173) (1/6) (215)
Abnormal skeletal features {o1) {03} (474) (0r2) (0/5)
Craniosynostosis HP: 0001363 n (1) (224)
Short arms HP: 0009824 (474)
Seoliosis HE: 0002650 (s} (2/4)
Reduced mineralisation HP: (04348 (4/4)
Delayed bone age HP: 0003799 (us) (474)
Brachytelephatangy HP: 0009882 (o) (0r4) (or1) (1314) (1/9) (416) (1/6) (ors)
Testh abnormality HP:0000164 {611} (44) o1} (212) :
Joint contracture HP:0003121 (811) (o)
Other organ anomalies (o) (0r3) (474) (0r2) (0/5)
- {anal stenosis) '
Anocrectal abnormalities HP- 0002025 (0/4) (612} (219} (316) (1/6)
Aganglionic megacolon HP 0002251 (04} (2114} ((v?) (26) (1/6)
, VSD (174}, ASD (217),
Heart defect apeoomesr | 5P E?’“) PDA TOF (14), ASD DA (271 1op (1/6) ASD,PS (16) PDA (1/4) ASD (1/6)
111) TGA (1/4) (1114} PFO (3/7),
Ps (177}

\’csaonuxfciefni rcﬂwx or HP- 0000079 (274 (1) {245} (4/9) (a74)
Anomalies in Urinary tract
Skin i (o) {0r3) (0r2)
Deep plantar groove HP 0001869 (67}
Skin psoriasis, Ichthyosis | HP:0008064 31y (4/4) .
Clinical Test

K (141 . (0/2)
g;f’&“;fﬁiﬁg‘ fcfﬂ (3/3) PMN B lymphoblsst,  (1/1) PMN  (212) PMN  (272) PMN (2’(22)[; ’;‘;‘}f‘m (22) PMN 27) PMN B lymphoblast (172) PMN

s Fibroblast : PIPLC resistant
Hyperphoshatasia HP-0003155 i;“ﬂj:{‘i‘g‘“if,‘;’f any (o3} (1414) () (4/6) (474) Hypophosphatasia () (414) (s15)
MEI abrormality {073) (3/4) CT. Brain atrophy
Thin corpus callosum HP 0002079 {6y (‘1/4) (1/5)
White. martec immaturity HP:0002500 (911} {1/ {n} (24} (1r1)
Restricted diffusion pattern (vl (11}
Cereheliar atrophy HP:0001272 (31 (1/4) (1/1) (2/4)
Hepatosplenomegaly Portal vein
Others {4/4), Iron overload thrombosis La’gj.f)m Large ears (2/2)
(4/4) (2/3)
Reference 4), 18), 19}, 20) 21) 22) 15) 5), 6) 7).8) 23), 24) 9),13), 14) 17) 27) 10), 11) 12) =
MCAHS: multiple ital hyp izures synd CHIME: colot of the eye, heart defect, i de mental r and ear defects, HPMRS:hyper ia mental syndrome, ID:intellectual disability, ASD:atrial septum defect,

PDA:patent ductus arteriosus, VSD:ventricular septal defect, TOF:tetralogy of Fallot, TGA:Transposition of great arteries, PS:pulmonary stenosis, PMN:polymorphonuclear leukocyte
a) Numbers in paventheses: number of affected indivisuals, b) Human Phenotype Ontology ID .
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HeRE - BB, HAORE
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HEROET, WROER, MEWE

BTNVAY T AT 75— EMIE

BTV AN 7+ A7 78 —EIE

5 ALP BHIAEET, YU Fe—nY) vBziy) YEMbL
THBERICE D ADAEOY Y F34—) Wiz L, MBERICA -
¥ FES—VEBT) VBT FE:EF -1 &

by, EMES 2 — O YICBWTy -7 3 JEEE (GABA).

ERBREOWERL LB <. MBEELIC ALP BRI L2V
LHRIADO YY) K34 — V1) YEEDSRRE L GABA S5
ENBHBTVNAREFBI B EEZOND. EBE, M
HOEY) FEF— ViR 72012, BEIZESY I B6 (K
FE ) OBEERIT o8 I BTV ARMENEEL LY,
—HE¥ IV B6 BB VERDHY, ALP LAt GPI-
APs d B HREMIICIIER L TWEOT, Ths60REHK
THETADPAREICHES L TwbLEZLNS,

VI AEOAEEN

% OERIZ, KMOBBEERER/MYSEHEIETL, BE
D& BT ERY. ROICIERT CICMBRETA
2 == LTBHIL, GPI T v/ —&AHERET S
BETE, TONARES, MEEROETZEDLZ L
MTELTEEEYFH L. MR LALL) CEZEOEETFERIR
FEACTRSRBIETH Y, BREF o7z cDNA ThHifn
TUE-F—THEBILE L, ZLOBEILEED cDNA & [F
BIZ GPLAPs DFEBREEES LI LM TEL. 45{LEYW
DFTATIT)—FHATNAANV—Ty MZGPI 7 H— 4
AHERETELIEYERA ) -2V I TBREEY 20
EEZ TS, TIEROERERE % > T3 GPI-AP 2SFEIET
BN, WREEDTEICR A, BIRL/AZEY IV B6ICL S
HERGFO—DThHY, ERZEFRIVGPLAP THE I EH
b, 74 VEBEOBREFRGT AL DD 5.

VI SHOEZ

K2 UHIT-BELMEIEN, BRNOS  OEF - ERK

L, FEMZEROBELREFRRZ D LICEBRBRAT LS

5 L IIZBITEE, ERNLBORET -5 —N—- A%k
BeasZeeHEELTYAS,

BEsE £47% F1

ajn

GPl A& KRBT FORBETIE, EEICIZERETORE
BIZXoTHERIINY -3 3 v 9%h5. GPI7 v H— D&
FHRIEENTVR L 3IE, #RIAMERB 5 VS0 ED
BB S V32 BD C RO GPI TN 7 F )V ORFIE
BLENTWE, Tabbl LOEEOET TEHEIEAST
BYUNTBEETHEDIC VT URTENS D, HHEFEZ
FTCTFHELEDE ) RIERNETEON», FOERIED
GPI-APs DETISRRT 202, 205 Y8 BEOEBEI
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