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Glutamic Acid Decarboxylase

GAD as a Marker for Inhibitory Interneurons

GAD (Glutamic Acid Decarboxylase) is an enzyme that catalyzes the conversion of glutamate (the
main excitatory neurotransmitter) into GABA (gamma-aminobutyric acid), the principal inhibitory
neurotransmitter in the central nervous system.

Why GAD is a Marker for Inhibitory Interneurons

GABAergic interneurons use GABA to inhibit other neurons.
These neurons express high levels of GAD, especially the isoforms GAD65 and GAD67.
GAD detection (via immunostaining, in situ hybridization, or transcriptomic analysis) serves as a
reliable method to identify inhibitory interneurons.

Research Significance

Neuroscience: GAD is used to map inhibitory neural circuits.
Neuropsychiatric relevance: GABAergic interneuron dysfunction is implicated in conditions
such as:

Epilepsy
Schizophrenia
Autism spectrum disorders

Epigenetic profiling: Isolating GAD-positive cells enables analysis of gene expression and
epigenetic regulation in inhibitory populations.

In a experimental protocol development Ariel Cariaga‑Martínez et al. from:

- Universidad Alfonso X, Madrid, Spain - Biological Research Laboratory Professor Giacomo Rizzolatti,
Parque Científico de Madrid, Madrid, Spain - Hospital La Paz Institute for Health Research, Madrid,
Spain - Hospital Universitario Ramón y Cajal, Madrid, Spain - Universidad de Alcalá/Hospital
Ramón y Cajal, IRyCIS, CIBERSAM, Madrid, Spain - Universidad Francisco de Vitoria, Madrid, Spain -
Rey Juan Carlos University, Móstoles, Madrid, Spain - Hospital Universitario Ramón y Cajal, IRyCIS,
Madrid, Spain

published in the Journal: *Methods and Protocols* with the Purpose: to present a reproducible
method for isolating GAD‑positive interneurons from postmortem human cortex, yielding
permeabilized, cell‑like structures amenable to downstream epigenetic analyses (e.g., DNA
methylation). Conclusions: The protocol allows high‑purity isolation of cortical interneurons from as
little as 0.1 g human tissue without ultracentrifugation, validated by comparison with iPSC‑derived
interneurons and yielding DNA suitable for methylation‑specific PCR 1).
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While laudably practical, this method leaves several fatal flaws unaddressed:

* Methodological fragility: The use of permeabilized cell fragments instead of intact nuclei risks
contamination from glial or extracellular DNA. There is no quantification of purity via unbiased
single‑cell RNA/DNA profiling—only surface marker expression. * Validation weakness: Comparison
to iPSC‑derived interneurons is circular; these in vitro cells may share markers despite epigenetic
drift. No orthogonal RNA‑seq or methylomic profiling was performed to confirm identity or purity. *
Limited novelty: Density gradient + immunostaining for GAD is hardly novel. The field already
employs FANS (fluorescence‑activated nuclear sorting) reliably. This method merely trades precision
for convenience. * DNA yield & usability concerns: Yield is only 0.425 ng/µL—sufficient for methyl‐
PCR but inadequate for genome‑wide assays. Authors should not claim suitability for “high‑validity
epigenetic studies” if limited to single‑gene methylation. * Clinical relevance overstated: Authors
leap to neuropsychiatric implications (e.g., schizophrenia, autism) without providing any disease
tissue, data on patient samples, or direct findings linking epigenetic status to pathology. *
Oversights in controls: No negative (non‑interneuron) or positive (projection neuron) control
population is processed in parallel to assess selectivity. * Scalability constraints: Although using
0.1 g tissue is efficient, postmortem human brain is typically available in larger samples—nuclei
sorting workflows can handle bigger batches with greater throughput.

Final Verdict

� The protocol is a superficial workaround offering convenience at the expense of rigor. It lacks critical
validation through unbiased molecular profiling and overextends claims about clinical relevance and
epigenetic study scope.

Distilled Take‑Home for Neurosurgeons: Useful for quick, low‑throughput epigenetic screening of
single loci in interneurons—but absolutely not ready for serious, publication‐quality analyses of
disease tissue.

Bottom Line: A marginally useful, low‑precision method with overstated claims and insufficient
validation.

Rating: 3 / 10
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