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What Does “Loss-of-Function” Mean?

The KCNQ2 gene helps make a protein (Kv7.2) that forms part of a potassium
channel in brain cells. These channels act like a braking system, helping control
how brain cells send electrical signals.

In loss-of-function (LoF):
* The channel does not work as well as it should
e |t may open less often, not open fully, or be reduced in number
e The brain loses part of its ability to regulate electrical activity

This can make brain cells too excitable, leading to seizures and differences in brain
signaling.

Recent experimental studies confirm that LoF variants reduce potassium current
(M-current) and disrupt neuronal signaling and development.

How is LoF KCNQ2 Typically Seen?

LoF is the most common disease mechanism in KCNQ2.
Children may have:

Early seizures
» Often begin in the first days or weeks of life
e May include tonic, focal, or tonic-clonic seizures

Developmental differences
e Delays in motor and communication skills
e Learning differences

Other possible features
e Low muscle tone or movement differences
e Feeding or sleep challenges

Studies show LoF variants are strongly associated with neonatal-onset epilepsy,
though outcomes vary widely between individuals.

Some children have self-limited neonatal epilepsy (seizures resolve early), while
others have developmental and epileptic encephalopathy (DEE).

Important: Even with the same variant, outcomes can vary widely.




What is Happening in the Brain?

Normally:
» KCNQ2 channels help neurons reset after firing
In LoF:
e This reset signal is reduced
e Neurons fire too easily
e Brain networks become overactive
Newer research suggests LoF variants may also affect early brain development
and network formation, not just seizures.

Why Does this Type Matter?

Understanding that a variant is LoF helps guide treatment.
Because the brain is overactive, treatment focuses on:

e calming electrical activity

e reducing excessive firing

Precision medicine studies highlight KCNQ2 as a key example where mechanisms
(LoF vs GoF) can influence treatment choice.

Treatments Often Used in LoF

1. Sodium Channel Blockers
These reduce overactive brain firing and
are often effective in KCNQ2 LoF.

Examples:

e Carbamazepine
¢ Oxcarbazepine
e Phenytoin

e Lacosamide

Multiple clinical studies and reviews show
strong response rates in neonatal KCNQ2

epilepsy.

2. Other Anti-Seizure Medications
e |evetiracetam
¢ Phenobarbital
e Topiramate

Treatment depends on the child's
response.

3. Ketogenic Diet
e Can reduce seizures in some children
¢ Requires medical supervision

4. Vagus Nerve Stimulation (VNS)
¢ May help in drug-resistant epilepsy




Emerging and Future Treatments

Channel-opening medications

e Ezogabine (retigabine) enhances KCNQ channel activity

* Animal and lab studies show it can restore function in LoF models
Not yet standard for all patients
Gene-based therapies

e Gene replacement (adding a working copy of KCNQ2)

e Antisense oligonucleotides (ASOs) to increase functional protein

These aim to treat the underlying cause, not just symptomes.

Key Takeaways

LoF = channel not active enough

Leads to early seizures and increased brain excitability
Often responds well to sodium channel blockers
Research is advancing toward targeted therapies

Key Sources (LoF)

Sands et al.,, 2019 / updated reviews — KCNQ2 encephalopathy and treatment
response

Miceli et al., 2022-2024 — functional effects of KCNQ2 variants

Millichap et al., 2016; Pisano et al., 2015 — sodium channel blocker response
Berg et al., 2023-2025 — precision medicine in epilepsy

Watanabe et al., 2025 — genotype-function correlations in KCNQ2

Preclinical studies (2023-2025) on ezogabine rescue in KCNQ2 models
KCNQ2 caregiver handbook for foundational explanation
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