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CDKL5 Deficiency Disorder (CDD) is a rare X-linked neurodevelopmental

disease characterised by early-onset epilepsy and severe intellectual- and

motor impairments. The CDKL5 protein is a serine-threonine kinase

implicated in microtubule (MT) regulation. Microtubules, composed of a- and

β-tubulin dimers, play a crucial role in neuronal and synaptic plasticity during

the early development and maturation of the central nervous system. Founded

by the LouLou Foundation, ELPIS is a global clinical fluid biomarker study

aimed to investigate MT-related a-tubulin post-translational modifications

(PTMs) as potential plasma biomarkers of disease progression in CDD. The

ELPIS study has already obtained samples from Dublin, Lisbon, Milan, and

Verona, and it is underway in São Paulo. Additional sites worldwide have been

engaged, with planned expansion to Madrid, Paris, Barcelona, Tel Aviv, Berlin,

Buenos Aires, Lima, Bogotá, and Australia.

Jessica Pinto, Valentina Pergher, Enya Paschen, Connor Maltby, Massimiliano Bianchi

Ulysses Neuroscience, Cherrywood Business Park, Dublin, Republic of Ireland.

ELPIS Study: 

Plasma biomarkers in CDKL5 Deficiency Disorder with focus on α-tubulin PTMs

Introduction

Clinical Collection:

The ELPIS study consists of a single clinical visit during which a blood sample

is obtained for plasma separation. Following confirmation of the availability of

a clinical centre, two paediatric nurses, and a site coordinator, the workflow is

initiated with the shipment of a collection kit containing vials, reagents, and

instructions for blood collection and plasma preparation. Upon completion of

the biocollection, the samples are sent to our labs in Dublin for analysis.

Table 1 – Patient Demographics from Each ELPIS Sampling Site.

Sample Analysis:

Plasma obtained from 40 CDD patients and 28 neurotypical controls was

analysed using infrared Western Blot (Odyssey CLx) for markers of MT

dynamics: acetylated a-tubulin normalised to total a-tubulin (Acet-Tub/Tot-Tub)

and tyrosinated a-tubulin normalised to de-tyrosinated a-tubulin (Tyr/Glu-Tub).

Electrochemiluminescence ELISA (MESO QuickPlex SQ 120, Mesoscale

Diagnostics) was used to measure neurofilament light chain (Nf-L), Brain

Derived Neurotrophic Factor (BDNF), and a panel of pro- and anti-

inflammatory cytokines and chemokines.

Methods
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Figure 4. Levels of pro-inflammatory

cytokines in CDD patient plasma. A) IFN-γ

expression was significantly increased in the

plasma of CDD patients compared to controls

(p=0.0182). B) Age stratification of IFN-γ

expression in plasma of CDD patients. C) No

significant changes were observed for the

expression of IL-2 in plasma of CDD patients

compared to controls (p=0.2864). D) No

significant changes were observed for the

expression of IL-6 in plasma of CDD patients

compared to controls (p=0.2864). D) TNF-α

expression was significantly increased in the

.

Pro-inflammatory cytokines and chemokines

Figure 1. a-Tubulin acetylation is increased in CDD patient plasma. A) Acet-Tub levels were

significantly increased in CDD plasma compared to controls (p<0.0001). B) When stratified by age,

no significant variations in Acet-Tub were seen across ages within CDD patients. C) Levels of

tyrosinated α-tubulin (Tyr/Glu-Tub) were not significantly different between groups (p = 0.2803). Data

are expressed as % of control values. Each data point represents an individual sample; bars indicate

mean ± SEM. N= 28 control, 40 CDD.

Conclusions
• Our findings reveal a consistent dysregulation of microtubule dynamics in CDKL5

Deficiency Disorder, marked by a significant increase in plasma acetylated α-

tubulin and elevated neurofilament light chain, alongside altered inflammatory

signaling and reduced BDNF in some patients.

• Together, these results support a model in which impaired microtubule plasticity

contributes to synaptic and cognitive dysfunction in CDD.

• Acetylated α-tubulin emerges as a strong candidate biomarker of disease

progression, with Nf-L and IL-10 offering complementary readouts of

neurodegeneration and immune involvement.

α-Tubulin Post-Translational Modifications

Figure 2. Levels of Nf-L and BDNF in CDD patient plasma. A) Concentrations of Nf-L were

detected at significantly higher levels in plasma of CDD patients compared to controls (p<0.05). B)

When stratified by age, no significant variations in Nf-L were seen across ages within CDD patients.

C) No significant alterations were observed in the levels of BDNF in plasma of CDD patients

compared to controls (p=0.6096). D) Age stratification of BDNF expression in plasma of CDD

patients. Each data point represents an individual sample; bars indicate mean ± SEM. N= 23-26

control, 29-37 CDD.

Brain-Associated Biomarkers

Figure 3. Levels of anti-inflammatory cytokines in CDD patient plasma. A) IL-10 expression was

significantly increased in the plasma of CDD patients compared to controls (p=0.0018). B) Age

stratification of IL-10 expression in plasma of CDD patients. C) No significant changes were

observed for the expression of IL-4 in plasma of CDD patients compared to controls (p=0.6962). D)

No significant changes were observed for the expression of IL-13 in plasma of CDD patients

compared to controls (p=0.6962). Each data point represents an individual sample; bars indicate

mean ± SEM. N= 16-28 control, 19-40 CDD.

Anti-Inflammatory Cytokines

Results

Sampling Site Healthy Controls CDD Patients

Ireland - Trinity College, Dublin 6 6

USA – Greenwood Genetic Center, South Carolina 8 5

Italy - Bambino Gesù Children's Hospital, Rome 1 6

Italy - Hospital Besta, Milan 3 9

Italy - Hospital Borgo Trento, Verona 0 6

Ireland – Ulysses Neuroscience, Dublin 10 4

Portugal – Lisbon 0 4

Total 28 40

plasma of CDD patients compared to controls (p=0.0182). F) Age stratification of TNF-α expression in

plasma of CDD patients. G) No significant changes were observed for the expression of IL-8 in plasma of

CDD patients compared to controls (p=0.1588). H) No significant changes were observed for the

expression of IL-12p70 in plasma of CDD patients compared to controls (p=0.3626). I) IL-1β expression

was significantly increased in the plasma of CDD patients compared to controls (p=0.0065). B) Age

stratification of IL-1β expression in plasma of CDD patients. Each data point represents an individual

sample; bars indicate mean ± SEM. N= 15-28 control, 14-40 CDD.
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