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Description
In the adult mammalian Central Nervous System (CNS), fast 

postsynaptic inhibition is predominantly mediated by type A γ-
Aminobutyric Acid Receptor (GABAA_AA Rs), which are 
permeable to chloride (Cl⁻) and bicarbonate ions. This inhibition 
is vital for maintaining the delicate balance between excitatory 
and inhibitory signals that regulate neuronal excitability. A key 
player in maintaining this balance is the neuron-specific 
potassium-chloride cotransporter 2, which extrudes Cl⁻ ions from 
neurons, thereby keeping the GABAA_AA R reversal potential 
below the Resting Membrane Potential (RMP). In mature 
neurons, KCC2 ensures that GABAergic currents are 
hyperpolarizing and inhibitory. However, during development or 
under pathological conditions like epilepsy, the intracellular Cl⁻ 
concentration increases, making GABA more positive. This shift 
leads to depolarizing GABAergic currents, which paradoxically 
enhance neuronal excitability. This phenomenon contributes to 
the pathophysiology of conditions such as epilepsy, autism 
spectrum disorders and neuropathic pain. Loss-of-function 
mutations in potassium-chloride cotransporter 2 (KCC2) are 
directly linked to severe outcomes in humans, including epilepsy, 
developmental delays and premature death. Additionally, KCC2's 
activity is dynamically regulated through post-translational 
modifications, particularly phosphorylation of its intracellular 
domains. Phosphorylation at specific residues can either enhance 
or inhibit KCC2 function and influence its membrane trafficking, 
highlighting its complex regulation in the CNS.

Dynamic modulation of KCC2 activity
KCC2’s activity is not simply proportional to its expression 

levels; it is finely tuned by phosphorylation of multiple residues 
in its N- and C-terminal domains. These modifications modulate 
KCC2’s Cl⁻ transport efficiency and membrane localization. One 
notable regulatory mechanism involves serine 940 (S940), a 
residue whose dephosphorylation is mediated by protein 
phosphatase 1 (PP1). During neuronal hyperexcitability, PP1-
dependent dephosphorylation of S940 inhibits KCC2, 
exacerbating seizure severity and contributing to neuronal 
excitability.

   Le Mur Tyrosine Kinase-3 (LMTK3): A key regulator of KCC2: To 
uncover endogenous regulators of KCC2 activity, researchers

employed affinity Blue Native PAGE and mass spectrometry to 
identify protein complexes associated with KCC2 in brain plasma 
membranes. This investigation revealed an interaction with 
LMTK3, a brain-specific transmembrane kinase with emerging 
significance in neuronal regulation. The interaction between 
LMTK3 and PP1 positions LMTK3 as a modulator of KCC2 by 
facilitating the dephosphorylation of S940. This inhibition of 
KCC2 activity leads to increased intracellular Cl⁻ accumulation 
and heightened neuronal excitability.

Implications of LMTK3-KCC2 interaction: Inhibition of LMTK3 
has shown promising results in experimental settings. 
Pharmacological or genetic suppression of LMTK3 increases KCC2 
activity, reduces intracellular Cl⁻ levels and diminishes neuronal 
excitability. In vitro studies have demonstrated that targeting 
LMTK3 can mitigate seizure-like events by restoring the 
inhibitory function of GABAA_AARs.

Broader signi icance of LMTK3
Beyond its role in modulating KCC2, LMTK3 has been 

implicated in other cellular processes. For instance, it regulates 
the activity of mitogen-activated protein kinase and 
phosphorylates Estrogen Receptor-alpha (ERα), enhancing ERα 
stability and activity. Human studies have identified LMTK3 copy-
number variants associated with developmental delay and 
epilepsy, further underscoring its importance in neuronal health 
and disease.

Future directions: Understanding the molecular interplay 
between KCC2 and LMTK3 provides valuable insights into the 
regulation of neuronal excitability and its dysregulation in 
disorders like epilepsy. Future research should focus on 
elucidating the structural dynamics of the KCC2-LMTK3 complex. 
Exploring therapeutic strategies to modulate LMTK3 activity, 
aiming to restore inhibitory neurotransmission in pathological 
states. Investigating the broader physiological roles of LMTK3 
and its interactions with other neuronal proteins.

 The discovery of LMTK3 as a key regulator of KCC2 activity 
highlights a novel pathway influencing neuronal 
excitability. Targeting this pathway holds promise for developing 
innovative therapies for epilepsy and other neurological disorders 
characterized by impaired inhibitory  neurotransmission. 
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