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Abstract

Objective: CDKL5-related disorders (CDD) is an epileptic encephalopathy resulted of gene mutations of CDKL5. This
study aimed to explore the development process of CDD and to expand its mutation spectrum.

Methods: Clinic datawas collected about three infantile epileptic encephalopathy cases diagnosed at Xinhua
Hospital Affiliated to Shanghai Jiaotong University, School of Medicine. Next generation sequencing technology
was used to find three de novo mutations of CDKL5. We searched published literatures about CDKL5 in pubmed
and made an analysis about our clinic data and the related literatures.

Results: The three patients were all girls. Their average onset age of seizures was around 2months, and all of them
have intractable epileptic seizures, severe intellectual disability, and hypotension. Among them, two presented
infantile spasm and high arrhythmia in EEG, and the other manifested clonic seizure and broad epileptiform
discharge in EEG. Extracerebral space widening in cranial MRIs was demonstrated in two cases. Visual evoked
potential was abnormal in two cases. Seizures were resistant to all kinds of antiepileptic drugs (AEDs). Gene tests
showed three de novo mutations of CDKL5: one was a truncated mutation (c.2254A > T,P.R752X, stop279), which
was pathogenic according to the ACMG guide, the other two were missense mutations (c.377G > T,p.Cys126Phe)
and a frameshift mutation (c.362-362insG(p.Ala122GlyfsTer7), which were likely pathogenic according to the ACMG.

Conclusions: All three de novo mutations are first reported. Based on the combined related literature and the
manifestations observed, we diagnosed the three children as CDKL5-related disorders, and concluded that the de
novo CDKL5 mutations are the reason for their epilepsy.

Keywords: de novo, Mutations, CDKL5, CDKL5-related disorders (CDD), Intellectual disability, Epileptic
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Introduction
Cyclin-dependent kinase-like 5 (CDKL5, OMIM 300203,
also known as serine/threonine kinase 9, STK9) belongs
to the serine/threonine kinase protein family. It is com-
posed of a conserved N-terminal catalytic domain and a
long variable C-terminal extension, which may have a
regulatory role [1]. It is broadly expressed in the brain,

and its mutations can result in severe nervous system dis-
orders called CDKL5-related disorders (CDD) [2–4].
These disorders include early-onset intractable epileptic
encephalopathy, severe intellectual disability, hypotension,
and vision impairment, with an incidence of about one in
40,000 to 60,000 live births [5, 6]. So far more than 800
mutations of CDKL5 have been collected in Clinvar, and
half of them have been classified as pathogenic or likely
pathogenic. Here we reported three children diagnosed
with CDD in our hospital and analyzed their data.
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Methods
Patients were chosen from children who were diagnosed
with epileptic encephalopathy and received therapy at
our hospital. All of them signed the informed consent.
Clinic data containing their medical history, blood tests,
cranial MRI, electrophysiological changes, therapy pro-
cedures and prognosis were collected. Next generation
sequencing technology was used to determine the
CDKL5 mutations after obtaining their parents’ permis-
sion. By collecting studies related to CDKL5 in PubMed,
we performed a retrospective analysis of their data.

Results
The patients were all girls. Except Patient 1 whose
mother had a history of unhealthy pregnancies with
three drug-induced abortions before her and diabetes
mellitus during early pregnancy, the other two were the
first pregnancy of their mothers. All the patients were
delivered full-term, without any history of suffocation
rescue. However, patient 2 showed a smaller gestational
age with a birth weight of 2450 g. There was no record
of defects in their family history. The average age of on-
set in the three girls was 2 months.
Focal secondary generalized tonic-clonic seizures were

first presented in patient 1 at 2 months, and were veri-
fied by video-EEG. Later, the seizures transformed to in-
fantile spasm at 18 months, as shows in Fig. 1-A1, A2.
OCX, VPA, TPM, ACTH, MP were given successively,
but no effects were observed. Moreover, she presented
hypotension in her four limbs and her intellectual dis-
ability became obvious gradually. She raised her head at
3 months, and turned over at 9 months. Although she is
2 years old now, she can only sit alone for a while. Her
eyes were unable to chase any objects. She cannot speak
any word and react for any communication at present.
Patient 2 first displayed general clonic seizures at 2

months and developed infantile spasms 1month later.
EEG presented hypsarrhythmia in the interictal phase
and a series of spike-slow wave discharges when the sei-
zures occurred leading to a diagnosis of infantile spasms,
as shows in Fig. 1-B1, B2, B3. VPA, NZP, TPM, ACTH,
and MP were successively given to control the seizures.
Except ACTH, no other AEDs were useful. However,
several months after ACTH treatment, her seizures re-
lapsed. Her intellectual disability is severe. She is now 4
years old; she can only sit for a while, and never stands
or walks. She can only pronounce Ah, has poor eye con-
tact and cannot recognize her parents. She can cry when
she wants to visit the toilet. Hypotension and hand fail-
ure were also observed in this patient.
Patient 3 presented with generalized clonic seizures

several times a day when she was 80 days old and syn-
chronized electroencephalogram displayed broad epilep-
tiform discharges, as shows in Fig. 1-C1. Levetiracetam

and ACTH did not show any effects. Intellectual disabil-
ity was obvious as she does not make any eye contact.
She is now 2 years old, but she cannot raise her head, or
sit alone; she cannot pronounce any sound and move
her hand actively. The detailed clinical characteristics of
all three patients are listed in Table 1.
During hospitalization, a series of tests were com-

pleted, including blood routine, biochemical, etiological
examination, inflammatory factors, cerebrospinal fluid
examination, cranial MRI, electroencephalogram (EEG),
auditory/visual evoked potential (AEP/VEP), and so on.
Cerebrospinal fluid (CSF) and blood tests were normal
in all three patients. Except for CMV infection in patient
1, We did not find any infectious factors. Wider anterior
sulcus of bilateral frontotemporal lobes were found in
patient 2 and 3, but this was not specific. The cranial
MRIs are enclosed in Fig. 2. Moreover, the results of
Visual evoked potential (VEP) implied prolonged bilat-
eral P100 values, poor repetition and differentiation in
the bilateral eyes among patient 1 and 2, which was in
agreement with their lack of eye contact. With their par-
ents’ permission, we performed gene tests. Three de
novo mutations of CDKL5 were found, and their loca-
tions are marked in the CDKL5 gene ideograph in Fig. 3.
The gene details are displayed in Table 2. Based on the
American Society of Medical Genetics (ACMG), the mu-
tations were subgrouped as pathogenic or probably
pathogenic.

Discussion
CDKL5 protein is widely expressed in the brain and
plays important roles in cell proliferation, neuronal mi-
gration, axonal outgrowth, dendritic morphogenesis, and
synapse development [7, 8]. Typical clinical characters of
CDKL5-related disorders (CDD) include infantile-onset
refractory epilepsy, hypotonia, developmental delay, in-
tellectual disability, and visual impairment [2–4, 9]. Sei-
zures are always onset in the first 3 months of life, and
infantile spasms occur in about 81% percent of patients
[10]. Other seizure types include focal and generalized
seizures with spasms, tonic and tonic-clonic seizures, or
a mixture of both, and autonomic changes such as ir-
regular respiration, apneas, or hyperventilation are also
intermixed [9, 10]. EEG may be normal at first in some
patients, but subsequent EEGs show high arrhythmia,
focal spike discharge, multifocal or all lead spikes, spike-
slow wave discharge [10, 11]. Seizures are always resist-
ant to various kinds of AEDs and corticosteroids. Keto-
genic diet (KD) were also tried, but side effects and poor
long-term efficacy remain significant barriers [12–14];
Vagus nerve stimulation (VNS) was also applied to con-
trol the intractable epilepsy associated with CDD, and
though there are few reports and cases, the results were
found satisfactory [14–16]. Generally CDD are divided
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Table 1 Clinical data of the three patients
Patient Patient 1 Patient 2 Patient 3

Current age 2 years 4 years 2 years

Age of onset 2 months 2 months 80 days

Gender F F F

Personal
history

G5P2, full term and smooth delivery,
BW 3500 g

G1P1, full term and smooth delivery,
BW 2450 g,

G1P1, full term and smooth delivery, BW 3395 g

Pregnancy
history

Diabetes mellitus with good control of
blood sugar

Normal Upper respiratory tract infection during early pregnancy but
without any medication

Familial history Normal Normal Normal

Epilepsy PS, TCS, SS TCS, TS, CS, SS TCS, CS

EEG F, H H, M M

MRI Normal Wide anterior sulcus of bilateral
frontotemporal lobe

Wide anterior sulcus of bilateral frontotemporal lobe

AED VPA, TPM, OCX, ACTH, MP VPA, NZ, TPM, ACTH, MP LEV, ACTH

VEP abnormal abnormal normal

Intellectual
disability

Severe Severe Severe

Seizure control Undone Undone Undone

PS focal seizure, TS tonic seizure, TCS tonic-clonic seizure, CS clonic seizure, SS spastic seizure, MS myoclonic seizure, N normal, H high arrhythmia, F focal
discharge, M multifocal discharge, PHE phenobarbital, LEV levetiracetam, VPA sodium valproate, TPM topiramate, VBG aminohexenoic acid, KD ketogenic
diet, NZP nitrodiazepam, LTG lamotrigine, OXC oxcarbazepine, MP Methylprednisolone, DXM Dexamethasone, ACTH adrenocorticotropin, CBZ carbamazepine

Fig. 1 EEGs of the three girls. A1 shows the spasm of patient 1 at 18 m. A2 is the episodic electroencephalogram of patient 1 as spikes, Spikes
and slow waves were observed in all leads and the girls presented spastic seizures; B1 shows the hypsarrhythmia of patient 2 at 8 m. B2/B3
shows seizures of spasms followed by tonic-clonic seizures with EEG; C1 shows the spike and spike-slow waves in multiple leads of patient 3
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into 3 stages according to the disease process [17]: (1)
early onset, which is pharmaco-responsive at times, (2)
epileptic encephalopathy, and (3) refractory multifocal
and myoclonic epilepsy. The honeymoon period always
occurs in childhood. Among our patients, two presented
infantile spasms: patient 1 first displayed generalized
tonic clonic seizures secondary to focal seizures, and

progressed to IS at 18 months. Patient 2 first presented
clonic seizures at 2 months and quickly progressed to IS
1 month later. Although various kinds of AEDs and
ACTH were administered, the seizures were unsatisfac-
torily controlled. The parents of patient 2 and patient 3
stopped all the AEDs simply because of unsatisfactory
control, but the seizures still stopped at later times,

Fig. 3 shows a schematic representation of the CDKL5 protein and its main functional region. The mutations reported in our paper are also
marked here

Fig. 2 Shows the cranial MRIs of the three girls. A1 and A2 are the normal images of patient1. B1/B2 and C1/C2 show the wider anterior sulcus
of the bilateral frontotemporal lobe in patient 2 and patient 3
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which maybe just reached their honeymoon period. Pa-
tient 3 displayed clonic seizures with involvement of
upper limbs, lower limbs, or both. The frequency
reached 6 times a day. Levetiracetam and Corticotropin
were given to control the seizure but finally failed.
Intellectual disability occurs in almost every child with

CDD [2–4, 9–11], and was also observed in our patients.
At present, two patients are 2 years old, but can only sit
alone for a while, and can never walk or say a word;
there is no communications with others, regardless of
eye contact or sound stimuli, and they show no move-
ment of their hands. The other patient is 4 years old, she
can cry or pronounce Ah when she wants to visit the
toilet, but cannot go by herself. She can sit alone for a
while but can never stand or walk. Other characters of
CDD such as hypotonia and vision impairment were also
observed in our patients. All three patients showed no
eye contacts and destruction in the visual pathway was
demonstrated by VEP in two patients. MRI was non-
specific, it can be normal or can show non-specific ab-
normalities, just as in our patients.
The CDKL5 gene is located in the short arm of the X-

chromosome at position 22 (Xp22), and contains 20
coding exons; its importance was emphasized first when
Montini et al. first discovered it in patients in 1998 [1].
Mutations of CDKL5 include missense mutation, trunca-
tion mutation, frameshift mutation, and so on [18]. Its
first mutations were found in 2003 by Kalscheuer et al.
[19]. So far more than 100 pathogenic mutations have
been reported. The clinical severity is associated with
the location and type of mutations; for example, mis-
sense mutations located in the catalytic domain of
CDKL5 could exhibit more severe phenotypes compared
to patients carrying other CDKL5 mutations [8], but the
exact genotype-phenotype correlation still remains ob-
scure. In our patients, the three mutations are all de
novo, as no mutations were found in their parents, and
there were no reports previously. Although the 126 AA
location change to Trp(c.378C > G (p.Cys126Trp)) of
CDKL5 can be observed in other infantile spasm pa-
tients in Clinvar, in our patient 2, the 377 base mutation
(c.377G > T) translated to 126 Phe (p.Cys126Phe), is the
first report to our knowledge. The mutation occurred in
the kinase domain, and AGMG categorized it as likely

pathogenic. The mutation in Patient 1 is a truncation
mutation in exon 15(c.2254A > T, p.Arg752Stop,279) in
the regulatory C-terminal, meaning the protein after 752
aa cannot be translated. The variation was classified as
pathogenic according to the AGMG. Patient 3 showed a
frameshift mutation c.362-363insG(p.Ala122GlyfsTer7),
with a G base inserted at position 363 resulting in AA
changes after 122Ala; moreover, it was terminated 7 AA
later. The mutation occurred in the conserved N-
terminal catalytic domain, and is classified as likely
pathogenic according to the AGMG.
The CDKL5 inheritance pattern is XD, and almost all

patients reported are girls. The reason may be that boys
carrying the mutation are miscarried or die before diag-
nosis. Recently there have been several papers reporting
the CDKL5 mutation in both genders [20–22]. Liang JS,
et al. at first [21], did not find any difference among the
genders but recently concluded that male children dem-
onstrate more severe phenotypes, a higher frequency of
infantile spasms and brain atrophy, whereas female chil-
dren often exhibit an atypical Rett syndrome with EoEE
[20], just as concluded by Elia M [22]. As all our patients
were girls, we cannot make any comparisons between
genders. In future, we will collect male patients with
CDKL5 mutations and try to determine the gender
differences.

Conclusion
CDKL5 protein is an important protein expressed in the
brain and its mutation results CDKL5-related disorders
(CDD) representing typical characters including
infantile-onset refractory epilepsy, hypotonia, develop-
mental delay, intellectual disability, and visual impair-
ment. Its inheritance type is XD and most patients are
girls. In our three patients, the clinical manifestations
coincided with CDDs and their de novo mutations were
the reasons for their epilepsy. Next we will collect more
data to determine the gender differences.

Abbreviations
ACMG: American Society of Medical Genetics; AED: Antiepileptic drugs; AEP/
VEP: Auditory/visual evoked potential; CDD: CDKL5-related disorders;
CSF: Cerebrospinal fluid; EEG: Electroencephalogram; KG: Ketogenic diet;
VNS: Vagus nerve stimulation

Table 2 The CDKL5 mutations in the three girls

Patient 1 Patient 2 Patient 3

Gene mutation c.2254A > T c.377G > T c.362_363insG

protein p.Arg752Stop,279 p.Cys126Phe p.Ala122GlyfsTer7

father wild type wild type wild type

mother wild type wild type wild type

Mutation style Heterozygous, truncation mutation Heterozygous, missense mutation Heterozygous, frameshift mutation

ACMG degree Pathogenic Likely pathogenic Likely pathogenic

Yan et al. Italian Journal of Pediatrics           (2020) 46:27 Page 5 of 6



Acknowledgements
Not applicable.

Authors’ contributions
YY wrote the main manuscript text; DH, JW and RH collected and analyzed
clinical data; KS and LL are to take responsibility for study design. All authors
reviewed the manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by the Shanghai Hospital Development Center
(Wang Yi SHDC12015113).

Availability of data and materials
All data generated or analysed during this study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
Not required.

Consent for publication
Not required.

Competing interests
The authors declare that they have no competing interests.

Received: 1 October 2019 Accepted: 16 January 2020

References
1. Montini E, Andolfi G, Caruso A, et al. Identification and characterization of a

novel serine-threonine kinase gene from the Xp22 region. Genomics. 1998;
51(3):427–33.

2. Weaving LS, Christodoulou J, Williamson SL, et al. Mutations of CDKL5 cause
a severe neurodevelopmental disorder with infantile spasms and mental
retardation. Am J Hum Genet. 2004;75:1079e1093.

3. Bahi-Buisson N, Villeneuve N, Caietta E, et al. Recurrent mutations in the
CDKL5 gene: genotype-phenotype relationships. Am J Med Genet A. 2012;
158A:1612e1619.

4. Zhao Y, Zhang X, Bao X, et al. Clinical features and gene mutational
spectrum of CDKL5-related diseases in a cohort of Chinese patients. BMC
Med Genet. 2014;15:24.

5. Lindy AS, Stosser MB, Butler E, et al. Diagnostic outcomes for genetic testing
of 70 genes in 8565 patients with epilepsy and neurodevelopmental
disorders. Epilepsia. 2018;59:1062e1071.

6. Kothur K, Holman K, Farnsworth E, et al. Diagnostic yield of targeted
massively parallel sequencing in children with epileptic encephalopathy.
Seizure. 2018;59:132e140.

7. Kilstrup-Nielsen C, Rusconi L, La Montanara P, et al. What we know and
would like to know about CDKL5 and its involvement in epileptic
encephalopathy. Neural Plast. 2012;2012:728267.

8. Zhu YC, Xiong ZQ. Molecular and synaptic bases of CDKL5 disorder. Dev
Neurobiol. 2019;797:8e19.

9. Bahi-Buisson N, Nectoux J, Rosas-Vargas H, et al. Key clinical features to
identify girls with CDKL5 mutations. Brain. 2008;131:2647–61.

10. Demarest S, Olson HE, Parikh S, et al. Phenotypic characterization of CDKL5
deficiency syndrome. London: CDKL5 Forum; 2018.

11. Olson HE, Demarest ST, Pestana-Knight EM. Cyclin-dependent kinase-like 5
deficiency disorder: clinical review. Pediatr Neurol. 2019;97:18–25.

12. Lim Z, Wong K, Olson HE, Bergin AM, et al. Use of the ketogenic diet to
manage refractory epilepsy in CDKL 5 disorder: experience of >100 patients.
Epilepsia. 2017;58(8):1415–22.

13. Ko A, Jung DE, Kim SH. The efficacy of ketogenic diet for specific genetic
mutation in developmental and epileptic encephalopathy. Front Neurol.
2018;9:530.

14. Amin S, Majumdar A, Mallick AA, et al. Caregiver's perception of epilepsy
treatment, quality of life and comorbidities in an international cohort of
CDKL5 patients. Hippokratia. 2017;21(3):130–5.

15. Baba S, Sugawara Y, Moriyama K, et al. Amelioration of intractable epilepsy
by adjunct vagus nerve stimulation therapy in a girl with a CDKL5 mutation.
Brain Dev. 2017;39(4):341–4.

16. Lim Z, Wong K, Downs J. Vagus nerve stimulation for the treatment of
refractory epilepsy in the CDKL5 deficiency disorder. Epilepsy Res. 2018;146:
36–40.

17. Bahi-Buisson N, Kaminska A, Boddaert N, et al. The three stages of epilepsy
in patients with CDKL5 mutations. Epilepsia. 2008;49:1027e1037.

18. Rademacher N, Hambrock M, Fischer U, et al. Identification of a novel
CDKL5 exon and pathogenic mutations in patients with severe mental
retardation, early-onset seizures and Rett-like features. Neurogenetics. 2011;
12(2):165–7.

19. Kalscheuer VM, Tao J, Donnelly A, et al. Disruption of the serine/threonine
kinase 9gene causes severe X-linked infantile spasms and mental
retardation. Am J Hum Genet. 2003;72:1401–11.

20. Liang JS, Huang H, Wang JS, Lu JF. Phenotypic manifestations between male
and female children with CDKL5 mutations. Brain Dev. 2019;41(9):783–9.

21. Liang JS, Shimojima K, Takayama R, et al. CDKL5 alterations lead to early
epileptic encephalopathy in both genders. Epilepsia. 2011;52(10):1835–42.

22. Elia M, Falco M, Ferri R, et al. CDKL5 mutations in boys with severe
encephalopathy and early-onset intractable epilepsy. Neurology. 2008;71:
997–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Yan et al. Italian Journal of Pediatrics           (2020) 46:27 Page 6 of 6


	Abstract
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

