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Cryptogenic Infantile Intractable Epilepsy and Mutation Analysis of CDKL5 Gene in Thai Children

ABSTRACT

Purposes: To screen CDKLS mutation in Thai children with cryptogenic infantile intractable epilepsy and

review the yields of CDKLS sereening in particular groups of epilepsy.

Methods: Children with cryptogenic infantile intractable epilepsy were sereened for CDKILS mutation

using multiplex ligation-dependent probe amplification and DNA scquencing. The screening yields were

reviewed by combining the results of studies using similar inclusion criteriz in performing CDKIS

screening.

Results: Thirty cligible children (18 girls and 12 boys) with median seizure onset of 6.1 months

(interquartile range 4.0, 8.0) were screened for CDKILS mutation. Almost 50 per cent had infantile spasms

and 20% had stereotypic hand movements. A novel p.R932X was wdentified in a girl making the screening

yield among females 5.5% in this study. The proband had severe mental retardation, multiple types of

seizures without Rett-like feature. Her mother had mild mtellectual disability (1Q— 58), but her half sister

has normal 1) (1Q =100) despite having the same gence alteration. The proband also had two brothers

dying shortly after birth with no definite cause. The X-mactivation pattern of the mother and half sister

was random.

Discussion: The protein truncation was suggestive of pathogenic mutation, and male lethality in family

leaded to the suspicion of X-hnked dominant discase. This alteration was found in <% of our 713 control

alleles. Together with this study. combining results of studies showed clinicl sensitivities of pathogenic



mutation among females having cryptogenic intractable seizures with onsct before age 12,9, 6 and 3

menths were 4.7, 8.0, 11.0 and 14.3% respectively,

Keywords: cyclin-dependent kinasc-like 5 gene, epilepsy. mental retardation, sensitivity, Thailand
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Other gene Gender
Year | Authors (reference) | Study population Phenotype CDKL mutation
fest
Male Female
Early severe IS, MR, 2 Balanced X; autosome
2003 | Kalscheuer,V.M.(27) | Case report No -
hypsarrhythmia Unrelated translocations
25K/ TM
Farly severe IS, Rett or Angelman 3(1,2MZ de novo missense mutations
2004 | Tao,J.(28) Rett / variant MeCP2 -
overlapped syndrome twins) (C152F, R1758)
(negative MeCP2)
Family of
deletion of nucleotide 183 of the
I Rett-liked +1S
2004 | Weaving.L.S.(29) Case report ARX | 3 coding sequence (c.183delT)

2 Autistic

1 MR

19




| 94 F Rett/Rett-

Rett or IS+Rett-liked

2 unrelated

CDKLS3 mutation
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(onset > 6month | case) *
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2005 | Scala,E.(33)} Case report ARX IS +Rett-liked

Frameshift deletions

20

TR

L1
|\!'_;
L]

SELUEULE

St
—

=
[ L

[ AUURTRUTIY

1] a
LU

ot

€]



Gr.1 early onset
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DNA samples

Genomic DNA was extracted from peripheral blood using standard phenol-chloroform methods. Ina
family with ¢.2854C>T gene change, DNA from their saliva used for X-inactivation analysis were
collected using a non-invasive Oragenc® DNA Self-Collection Kits {DNA Genotek Inc, Ontario,

Canada).
CDKL5 direct sequencing

The CDKLS coding sequences (exon 2-21} and neighboring intronic regions were entirely analysed in all
patients using primers and conditions as described by Li et al(42). The PCR products were then retfined
through gel electrophoresis and direct sequenced using BigDye Terminator v.1.1 Cycled on an automatic
sequencer {ABT 3130 Genetic analyser, Applied Biosystems, Foster, Caltfornia, USA). DNA sequences

were compared with database reference (Gene Bank accession number NT 167197.1).
Muliiplex Hgation-dependent probe amplification (MLPA)

In order te detect the genomic deletion/duplication, we performed MIPA using SALSA MLPA kits;
PO13-D2 for MeCP2 and P189-A2 for CDKL5 (MRC-Holland, Amsterdam, NL). This kit can also used to
sereen NTNG1 and ARX gene mutation. MLPA techniques were performed following the manufacturer’s
protocol. In brief, aliquots of DNA obtained from peripherat blood were denatured, hybridized, incubated

and minplified. Then PCR product was size-scparated by capillary clectrophoresis using an ABL PRISM
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3130 Genetic analyzer. Gene Mapper 1D v.3.2 software was used for fragment anatysis and Coffalyser

MLPA data analysis software (http://old.mlpa.com/coffalyser/) was used for data analysis.
X-tnactivation analysis

X-inactivation analyses were performed in a patient with ¢.2854C>T gene change and their family
members. Skewing pattern was defined as greater than 80% of onc X allele active and was determined
based on methylation-specific PCR. The polymorphic CAG repeats in the androgen receptor (AR) gene
were compared between two X alleles of an individual, DNAs were obtained from two sources which
were blood and saliva. Mcthytated forward primer and unmcthylated forward/reverse primers and

conditions used were the same as described by previous reports(43;44).
Control population

Control populations were blood donors who lived in Bangkok and Songkhla province. Polymerase Chain
Reaction Restriction Fragment 1.ength Polymorphism (PCR-RFLP) was used for screening of ¢.2854C>T
gene alteration in these populations. Exon 20 of CDKLS gene was amplified in 250 females (500 alleles)
and 213 males (213 alleles). The amplified PCR fragment (413 bp) was digested overnight with Ddel
restriction enzyme (New England Biotabs, Ipswich, MA, USA) before being separated on 6%
polyacrylamide gel clectrophoresis into two fragments for C/C genotype (283 and 130 bp) and four

fragiments for C/T genotype (283, 155, 128 and 130 bp) (’g‘ﬂ‘ﬁ 4 A).

Other Screened Genes
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In the proband with ¢.2854C>T gene alteration, entire coding regions of ARX were performed by DNA
sequencing described by previous studies (45;46) . In addition, we did CGG repeats and methylation
analysis of the FMR1 gene(47}. These two genes were analysed to exclude other possible genes causing

mental retardation and epilepsy.
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@13519% 3 anvaenendnvedsinunisnldvunlnawesdrdnIu CDKLS, MECP2 1ag ARX

1D Sex | Onset | Freq Status IS | Rett EEG Gene Gene alteration Remark
PCO1 F 2m 20 Bedbound Y N Hyps, MFID CDKLS | IVS8-19C>G New variant
PCO02 M 5m 1 Bedbound Y N Focal epi CDKLS | IVS8-19C>G New variant
PCO03 M 8m 30 Walk N N Slow bg CDKL5 | IVS8-19C>G New variant
PC10 M 9m 150 Walk Y N Focal epi CDKLS5 | IVS8-19C>G New variant
PC11 F 7m 4 Walk Y N B-5 MeCP2 | ¢.377+22C>GQ, ¢.378-74 C>T Known variant
PC13 M 7m 1 Walk N N Normal CDKL5 | IVS8-19C>G New variant
PC14 F <15d 10 Bedbound N N Slow bg MeCP2 | ¢.378-74 C>T Known variant
PCl15 M I m 60 Bedbound (dead) Y N Hyps, MFID ARX ¢.769 C>T (p.R257C) New variant
PCi8 F 6 m 8 Walk Y Y Slow bg, B-S MeCP2 | c.3774+22C>G Known variant
¢.598A>C (p.K200Q) New variant
PC23 F Il m 1 Walk N Slow bg CDKLS | ¢.2854C>T (p.R952X) New variant
NKO1 F 8m 4 Walk NA NA CDKLS | ¢.2995 G>A (p.V999M) Known variant
MeCP2 | ¢.377+22C>G, ¢.378-74C>T Known variant
NKO5 F 3m 30 Bedbound N N Socal epi MeCP2 | c.602 C>T (p.A201V) Known variant
PC_ ﬁﬁﬁé’ﬂwiiawmmaﬁwmm?uﬂ{ NK =i ﬁ/ﬁé}ﬂ’wﬁﬂﬂ’dmﬁuﬂ‘i ST, Freq= seizure frequency/month, IS =infantile spasms, hyps

=hypsarrhythmia, MFID = multifocal independent spike discharge, focal epi = focal epileptiform discharge, slow bg = slow background, B-S=burst-suppression
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319 2 PEDIGREE

IIL:5 (proband) had severe intellectual disability and intractable scizure; I1:2 {mother) had mild intellectuat
disability; III:3 and 11I:4 (brothers) died shortly after birth; III:1 (half sister) had normal intelligence and

I:2 (grandmother) had no IQ test, but she was normal by physical examination.

* DNA for CDKLS analysis was obtained and found p.R952X
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c.2854C>T, p.R952X

L

TGAIGCCICTT
STOP

b by o |

Patient: CCAAAC
Pro |Asn

CTT

Leu

Normal : CCAAAC
Pro |Asn

CGAIGCC
Arg |Ala

71/ 3 SEQUENCE ELECTROPHEROGRAM

Mlustrate the ¢.2854C>T (p.R952X) in a proband (top) compared to a normal control (bottom)
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31/91 4 PCR-RFLP
(A) Schematic of PCR-RFLP digested by Ddel restriction enzyme

(B) PCR-RFLP products for proband (III:5), mother (I1:2), half sister (III:1), grandmother (I:2), ladder

marker100 bp (M), uncut fragment (U), C/C genotype female control (C1), C/T genotype female control

{(C2) and no DNA control (N)
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ﬁ”li”lw‘l"?i 5 CLINICAL SENSITIVITIES OF CDKL5 MUTATION AMONG INFANTILE ONSET INTRACTABLE EPILEPSY

References 1 2 3 4 5 6 This study
Infantile spasms - - - + - + - + Mix  Mix + Mix Mix Mix - +
Rett-like features Mix Mix  Mix Mix Mix  Mix - Mix | Mix + Mix  Mix + - Mix Mix
Onset (months) <6 6-12 <I2* <12 <12 <12 <3 <3 <6 <3 3-9 39 <12 <12 <12 <12
Female: male 427 64 9:5 11:15 790  28:0 99:0 30:0 | 490 32:0 29:0 76:0 86:6 23:0 98 9:4
Methods DHPLC, sequencing MLPA, sequencing
Pathogenic **(n) 6 - - 1 3 - 8 5 4 10 1 - 6 1 1 -
Onset < 12 m = (1+3+6+1+1) / (9+11+79+28+86+23+9+9) =4.7%
Clinical sensitivities in females Onset <9 m = (10+1}/ (32+29+76) =8.0%
with different criteria Onset < 6 m = (6+4) / (42+49) =11.0%
Onset <3 m = (8+5+10/ (99+30+32) =14.3%

MLPA = multiplex ligation-dependent probe amplification, Mix = mixed group, * Exact age was not known, ** All were females, Reference 1 = Archeretal.,

2006; 2 = Rosas-Vargas et al., 2008; 3 = Bahi-Buisson et al., 2008b; 4 = Mei et al., 2009; 5 = Nemos et al., 2009; 6 = Russo et al., 2009
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AANUIN: MANUSCRIPT

Mutation Screening of the CDKLS5 Genes in Cryptogenic Infantile Intractable Epilepsy and Review

of Clinical Sensitivities

Purposes: To screen CDKLS5 mutation in That children with cryptogenic infantile intractable epilepsy and

determine the clinical sensitivities of CDKLS screening in particular patients.

Methods: Children with cryptogenic infantile intractable epilepsy were screened for CDKLS mutation
using multiplex ligation-dependent probe amplification and DNA sequencing. The clinical sensitivities

were reviewed by combining the results of studies using similar inclusion criteria in screen testing,

Results: Thirty eligible children (18 girls and 12 boys) with a median seizure onset of 6.1 months were
screened for CDKLS5 mutation. Almost 50 % had infantile spasms and 20% had stereotypic hand
movements. A novel p.R952X was identified in one female making the clinical sensitivity among females
5.5% in this study. The proband had severe mental retardation, multiple types of seizures without Rett-like
features. Her mother had a mild intellectual disability, yet her half sister has a normal IQ despite having
the same gene alteration. However, their X-inactivation patterns were random. The proband also had two

brothers who had died shortly afier birth with no definite cause.

Discussion: The protein truncation and rarity (<1% found in controls) were suggestive of a pathogenic
mutation, and male lethality in the family led to the suspicion of an X-linked dominant disease. Together

with this study, we combined results of other previous studies to calculate the clinical sensitivities of a
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pathogenic mutation among females having cryptogenic intractable seizures with an onset before the ages

of 12,9, 6 and 3 months at 4.7, 8.0, 11.0 and 14.3% respectively.

Key words: cyclin-dependent kinase-like 5 gene, epilepsy, mental retardation, sensitivity, Thailand
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INTRODUCTION
Human cyclin-dependent kinase-like 5 gene (CDKLS3) is a large protein of 1030 amino acids located on

Xp22 and consists of 20 coding exons harboring kinase activity which mediates MeCP2 phosphorylation

(Mari et al., 2005: Montini et al., 1998).

The CDKLS genotype-phenotype correlation is still lacking as a result of the paucity of cases and bias of
the screening criteria. A majority of earlier studies screened CDKLS5 in patients with atypical Rett
syndrome and who had seizures in the first few months of life (Evans et al., 2005: Russo et al., 2009:
Scala et al., 2005: Tao et al., 2004: Weaving et al., 2004) (6;49;52;55;56). Due to these popular sclection
criteria, the assumed hallmarks of CDKLS5 mutated presentations consist of Rett syndrome with a very
early onset of seizures, infantile spasms, hypotonia and severe neurodevelopmental impairment. However,
subsequent studies screened CDKL3 mutation in non-Rett syndrome epileptics and got several positive
results (Bahi-Buisson et al., 2008b: Dubos et al., 2008: Mei et al. 2009)(1;57:58). Recent studies also

reported milder phenotypes if the mutations were on its COOH-terminus {Psoni et al., 2009: Russo et al.,

2009).

We recruited patients with cryptogenic infantile onset of intractable cpilepsy for CDKL3 screening.
Mutations and variants identified in this study will provide additional information about genotype-
phenotype correlation of this gene, [n addition, in orderl to help neurologists in making a decision about
CDKLS5 mutation screening, clinical sensitivities of CDKL5 screening were reviewed by combining the

results from studies having uniform inclusion criteria.
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PATIENTS AND METHODS

Patients

Patients under 16 years old with intractable epilepsy defined as having seizure attacks at least once a
month despite being administered two proper antiepileptic drugs were recruited in this study. All cligible
patients must have had their first seizure before the age of 12 months and have developmental delay.
Mutation screening of MeCP2 using multiplex ligation-dependent probe amplification (MLPA) kit (MRC
Holland) analysis and DNA sequencing exon 1-4 must be performed before the recruitment (Amano et al.,
2001-: Amir et al., 1999; Mnatzakanian et al., 2004). Patients with clinical presentations of severe
myoclonic epilepsy, obvious etiologies and focal neurological deficit were excluded from the study. The
study was conducted with full approval by the institutional review boards. Clinical information and blood

sample were obtained after a caregiver gave informed consent.
DNA samples

Genomic DNA was extracted from peripheral blood using standard phenol-chloroform methods. Ina
family with ¢.2854C>T gene change, DNA from their saliva used for X-inactivation analysis was
collected using a non-invasive Oragene® DNA Self-Collection Kits (DNA Genotek Inc, Ontario,

Canada).
CDKLS5 direct sequencing

The CDKLS5 coding sequences (exon 2-21) and neighboring intronic regions were entirely analysed in all

eligible patients (Li et al., 2007). The PCR products were then refined through gel electrophoresis and
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direct sequencing using BigDye Terminator v.1.1 Cycled on an automatic sequencer (ABI 3130 Genetic
analyser, Applied Biosystems, Foster, California, USA). DNA sequences were compared with a database

reference (Gene Bank accession number NT 167197.1).
Multiplex ligation-dependent probe amplification (MLPA)

In order to detect the genomic deletion/duplication, we performed MLPA using SALSA MLPA kits;
P015-D2 for MeCP2 and P189-A2 for CDKL35 (MRC-Holland, Amsterdam, NL). This kit can also be
used to screen NTNGI and ARX gene mutation. In brief, aliquots of DNA obtained from peripheral blood
were denatured, hybridized, incubated and amplified. Then the PCR produc-t was size-separated by
capillary electrophoresis using an ABI PRISM 3130 Genetic analyzer. Gene Mapper ID v.3.2 software
was used for fragment analysis and Coftalyser MLPA data analysis software

(http://old.mlpa.com/coffalyser) was used for data analysis.
X-inactivation analysis

DNA for X-inactivation analyses was obtained from blood and saliva of a patient with ¢.2854C>T gene
change and other three family members. The polymorphic CAG repeats in the androgen receptor (AR)
gene were compared between two X alleles of an individual. A skewing pattern was defined as greater
than 80% of one X active allele and was determined based on methylation-specific PCR, Methylated
forward primer and unmethylated forward/reverse primers and conditions used were the same as described

by previous reports (Kubota et al., 1999: Nakayama et al., 2000).

Control population

61



The control populations were 250 female and 213 male blood donors who lived in the same provinces as
our study sites. Polymerase Chain Reaction—Restriction Fragment Length Polymorphism (PCR-RFLP)
was used for the screening of ¢.2854C>T gene alteration in these populations. The amplified PCR
fragment (413 bp) was digested overnight with Ddel restriction enzyme (New England Biolabs, Ipswich,
MA, USA) before being separated on 6% polyacrylamide gel electrophoresis into two fragments for C/C

genotype (283 and 130 bp) and four fragments for C/T genotype (283, 155, 128 and 130 bp) (Figure 3A).

Other screened genes

In the proband with ¢.2854C>T gene alteration, exon 2 of ARX were performed by DNA sequencing as
described by previous studies (Kato et al., 2004: Rujirabanjerd et al., 2007). In addition, we did CGG
repeats and methylation analysis of the FMRI gene (Limprasert et al., 1999). These two gencs were

analysed to exclude other possible genes causing mental retardation and epilepsy.
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RESULTS

Thirty children (18 females, 12 males), who had cryptogenic infantile intractable epilepsy, were identified
from a university hospital and a neurological institute. Their median age was 5.7 years with an
interquartile range (IQR) from 3.5 to 9.4 years; and the median seizure onset was at 6.1 months (IQR 4.0,
8.0). The average seizurc frequency was 6 attacks per month (IQR 1.0, 22.5). Almost 70% had generalised
tonic seizures and approximately 50% (14/29) had infantile spasms. Half of the patients had microcephaly,
and about 20% had stereotypic hand movements. We identified one novel alteration of CDKL5

(c.2854C>T or p.R952X) in a female patient with severe mental retardation.

A novel p.R952X of CDKILS5

A 15-year-old female was the fourth child of non-consanguineous Thai parents. She had one older sister,
two older brothers and one half sister. Both brothers died within 24 hours after home births. They both
looked floppy, but no anomaly or seizures werc noticed. Her non-epileptic mother had mild mental
retardation with a full scale Intclligence Quotient (IQ) of 58 as assessed by the Wechsler Adult
Intelligence Scale-IV. The proband had mildly delayed development since her infant period; she was able
to sit without support when she was nine months. At 11 months old, she had a generalised tonic clonic
seizure provoked by fever, and phenobarbital was given on account of her underlying developmental
delay. Her seizures were free for several years before reoccurring when she was five years old. The
seizures characterised by jerky ocular nystagmus to the left, twitching of the left side of her mouth and
dystonic postures of left limbs followed by vomiting which occurred several times a day. At five years

old, obvious microcephaly and mild intermittent exotropia of left eye were observed without other focal
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motor deficit. An interictal EEG monitoring during a wakeful stage revealed symmetric 2-3 hertz-medium
to high amplitudes as background activities and high amplitude delta waves over bilateral central regions,
but there was no epileptiform discharge noted. The seizures were controlled by phenobarbital solely, and
her development slowly progressed. At eight years, she spoke in short phrases and followed easy
commands. Her visual contact was intact, and there were no other Rett-like symptoms. At eight and a half
years old, she developed complex partial seizures characterised by drooling and blank eye staring lasting
for a few minutes, about two to three times a week. The duration and frequency of the seizures reduced
after phenytoin and sodium valproate were given. At 15 years, she had brief complex partial seizures once
a month. She could speak single-syllable words, walk independently and follow simple commands, but
she could not take good care of her self-hygiene. Brain imaging could not be obtained due to her

uncooperativeness despite being administered high dose sedative drugs.

Genetic studies of cases with p.R952X

The CDKLS5 gene was sequenced and demonstrated a C>T transition at the nucleotide position 2854 in
exon 20 {¢.2854C>T). This nonsense mutation substitutes an arginine into a premature stop codon on the
amino acid position 952 (p.R952X) (Figure 2). DNA sequencings were also carried out in the other three
members of the family (grandmother, mother and half sister), and all those members had heterozygous
C/T alleles as seen in the proband. A chromosomal study of proband showed a normal karyotype (46 XX)
and normal Fragile X DNA testing (CGG repeat = 29, 29; normal methylation pattern). The MLPA for

CDKLS5, NTNG1 and ARX were also normal.

X-inactivation analysis
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We analysed the X-inactivation pattern in four family members with R952X. The random pattern was

found in three individuals i.e. mother (blood 41:59, saliva 44:56), half-sister (blood 61:38, saliva 64:35)

and proband (blood 59:41, saliva 57:43). The pattern in the grandmaother could not be determined because

she had homozygous CAG repeats of the Androgen Receptor gene.

Population screening

Among 250 female (500 alleles) and 213 male blood donors, 6 females had C/T genotype at ¢.2854

position. The frequency of the C/T genotype among the controls was therefore less than 1% (6/713 = 0.8).
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DISCUSSION

We reported a novel p.R952X in exon 20 of CDKLS5 from four members of a Thai family. Compared to
previous studics, our proband had scveral atypical presentations for the CDKL5 mutation such as a later
seizure onset (11 months old), preserved eye contact, being able to ambulate, no infantile spasms and no
Rett-like features. These milder presentations in our proband were concordant with the mild clinical
phenotypes in some reported cases having a deletion in the COOH-terminus {Bahi-Buisson et al., 2008a:
Bahi-Buisson ct al., 2008b: Pintaudi et al., 2008 {1-3). A gene alteration positioning most close to our
case was ¢. 2908C>T (p.R970X) in an atypical Rett syndrome patient with mild seizures (Psoni et al.,
2009). The R970X was believed to be pathogenic; nevertheless, this alteration was predicted to truncate
only 60 amino acids in an unknown functioning Peptidase I Serine Active Site. In addition, no information

about the control population and functional study was described in that study.

The truncation nature of the p.R952X in our proband is highly suggestive of a pathological mutation;
however, we cannot assume that all nonsense mutation is pathogenic. The p.R952X was also seen in other
family members with variable phenotypes; e.g. intractable epilepsy with severe mental retardation in the
proband, mild mental retardation in her mother and a normal intellectual half sister (IQ 100).
Unfortunately, a psychological evaluation was not available from her grandmother; therefore, we could
not rule out a mild form of mental deficiency. Male fatality in this family might lead to the suspicion of an
X-linked dominant condition; however, the cause of death of the proband’s brothers could not be clearly

identified.
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The random X-inactivation pattern found in the three individuals demonstrated that the X-inactivation
might be not the main responsible factor for the expression variability in this family. However, we cannot
exclude the skewed X-inactivation in the brain tissue. Other modified factors may account for the
penetrance; for example, molecular studies relating to the CDKLS function/expression suggested that the
conformation of CDKLS5 and its interaction with other proteins are likely to be modulated by
phosphorylation and several unknown signaling mechanisms (Bertani et al., 2006: Mari et al., 2005:
Rusconi et al., 2008). Furthermore, a study reported that even twins having the same mutation also

presented with different clinical presentations (Weaving et al., 2004)(49).

Although this p.R952X was rare among the control population (<1%), six femalc controls possessed this
C/T genotype. To this extent, this p.R952X was still inconclusive as a pathogenic mutation with reduced
penetrance or a rare polymorphism. The functional analysis of this alteration 1s needed for a definite

conclusion.

To date, despite genotype-phenotype correlation of CDKLS mutation not being clearly identified, some
certain associations have been observed. For instance, mutations on the COOH-terminus exhibit milder
associated clinical pictures than those caused by the mutations in the catalytic domain. Missense or an
early truncating mutation of the catalytic domain on the N-terminus reduces kinase activity which is
essential for phosphorylation resulting in severe associated neurological symptoms (Bertani et al., 2006:
Rusconi et al., 2008). In contrast, the mutations in the COOH-terminus, which normally suppresses the
catalytic activity, result in an increase of kinase activity and lead to milder phenotypes (Bahi-Buisson et

al., 2008a: Evans et al., 2005)2;6). However, the COOH-terminus also regulates sub-nuclear localization
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of proteins between the nucleus and the cytoplasm; as a result, the disease-causing mutations truncating
the protein prematurely can cause severe neurological consequences since this region exerts multiple

regulatory functions on the protein (Bertani et al., 2006).

CDKLS5 clinical sensitivity

Clinical sensitivity refers to the proportion of individuals who have a positive test among those who have
a particular disease, and clinical validity of genetic testing is subjected to this sensitivity (Ottman et al.,
2010). The clinical sensitivities of CDKL5 mutation screening have varied according to the clinical
presentations or the inclusion criteria. For instance, we screened CDKLS5 mutation in 18 females having
cryptogenic intractable epilepsy with an infantile onset and found one CDKLS5 gene alteration in a female
{clinical sensitivity among females 5.5%). To determine a more accurate sensitivity, we enhanced the

sample size by combining the results of other studies having similar inclusion criteria to this study.

Only studies using direct sequencing (with/without MLPA) to screen CDKLS5 mutation in a batch of
uniform patients were included. Sporadic case reports were not brought into this review. Since 2004,
patients with two main clinical presentations have been screened for CDKL5 mutation; 1) females with
Rett syndrome/Rett-like features and 2) females with epileptic encephalopathy. Affected males were
rarely reported (Weaving et al., 2004)(49), and there was no such cases in our cligible studies. Combining
the results of relevant studies, the clinical sensitivity of CDKL5 mutation among MeCP2 negative female
Rett syndrome was 10.1% (Table 1); whereas sensitivities in females with intractable epilepsy varied from
2.1 (1/48) to 31.3% (5/30) among those having an onset before 12 months old with infantile spasms and

those having an onset before 3 months old with Rett-like features respectively (Table 2). Higher
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sensitivities were observed if earlicr seizure onsets were used as the screening criteria i.e. detected rates of
pathogenic CDKL5 mutation were 4.7, 8.0, 11.0 and 14.3% in females having intractable seizures with an
onset less than 12, 9, 6 and 3 months old respectively. Nonetheless, it should be noted that yields from this
review may differ from the real figures due to the variation of study protocols, small sample sizes in some
subgroups and insufficient clinical information described by some authors. From this review, we
recommend performing CDKL5 mutation analysis in females having intractable epilepsy with an onset
before 6 months of age particularly those with Rett-like features (clinical sensitivities ranged from 11.0 to

31.3%).
CONCLUSION

The novel p.R952X in the exon 20 of CDKLS identified in this study invigorated the preceding studies
which reported a milder presentation of CDKLS mutation on the COOH- terminus. Together with this
study, the review showed clinical sensitivities of CDKL5 mutation screening among females with
cryptogenic intractable scizures having a seizure onset before the ages of 12, 9, 6 and 3 months old were

4.7, 8.0, 11.0 and 14.3% respectively,
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Figure 1.

Pedigree; I11:5 {proband) had severe intellectual disability and intractable seizure; 11:2 (mother) had mild
intellectual disability; I11:3 and [1I:4 (brothers) died shortly after birth; I1I:1 (half sister) had normal

intelligence and I:2 (grandmother) had no IQ test, but she was normal by physical examination.

* DNA for CDKLS analysis was obtained and found p.R952X
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c.2854C>T, p.R952X
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Figure 2.

Sequence electropherogram illustrating the ¢.2854C>T (p.R952X) in a proband (top) compared to a

normal control (bottom)
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Figure 3.

(A) Schematic of PCR-RFLP digested by Ddel restriction enzyme

(B) PCR-RFLP products for proband (I11:5), mother (I1:2), half sister (I11:1), grandmother (I:2), ladder
marker100 bp (M), uncut fragment (U), C/C genotype female control (C1), C/T genotype female control

(C2) and no DNA control (N)
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Table 1 Clinical sensitivities of CDKLS mutation among Rett syndrome/Rett variant with negative MeCP2 gene mutation

References 1 2 3 4 5 6 7
Seizure onset Mixed Mixed 1/3 had onset <12 months Mixed Mixed Mixed <12 months
Seizure severity Mixed Mild Seizure Mixed Mixed Mixed Mixed Severe
Female: male 257 54:0 78:16 16:0 44:0 42:0 86:6
Methods DHPLC, sequencing MILPA, sequencing
Pathogenic cases **(n) 3 7 15 1 3 - 6
Clinical sensitivities in females 35/345 =10.1%

DHPLC = denaturing high-performance liquid chromatography, MLPA = multiplex ligation-dependent probe amplification, ** All were females

Reference 1 = Tao et al., 2004: 2 = Bahi-Buisson et al., 2008b; 3 = Evans et al., 2005; 4 = Li et al., 2007; 5 = Rosas-Vargas et al. 2008;

6 = Huppke et al., 2005; 7 = Russo et al., 2009
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Table 2 Clinical sensitivities of CDKL5 mutation screening among intractable epilepsy/epileptic encephalopathy with or without Rett-features

References 1 2 3 4 5 6 This study
Infantile spasms - - - + - + - + Mix  Mix + Mix Mix Mix - +
Rett-like features Mix Mix  Mix Mix Mix  Mix - Mix | Mix + Mix  Mix + - Mix Mix
Onset (months) <6 6-12 <12% <12 <12 <12 <3 <3 <6 <3 3-9 39 <12 <12 <12 <12
Female: male 42:7 6:4 9:5 11:15 79:0 280 99:0 30:0 | 49:0 32:0 29:0 76:0 86:6 23:0 9:8 9:4
Methods DHPLC, sequencing MLPA, sequencing
Pathogenic **(n) 6 - - 1 3 - 8 5 4 10 1 - 6 1 1 -
Onset < 12 m = (1+3+6+1+1) / (9+11+79+28+86+23+9+9) =4.7%
Clinical sensitivities in females Onset <9 m = (10+1) / (32+29+76) =80%
with different criteria Onset < 6 m = (6+4) / (42+49) -11.0%
Onset <3 m =(8+5+10/ (99+30+32) =14.39%

MLPA = multiplex ligation-dependent probe amplification, Mix = mixed group, * Exact age was not known, ** All were females, Reference 1 = Archer et al.,

2006; 2 = Rosas-Vargas et al., 2008; 3 = Bahi-Buisson et al., 2008b; 4 = Mei et al., 2009; 5 = Nemos et al., 2009; 6 = Russo et al., 2009
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