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For much of the twentieth century, stuttering was widely misunderstood. Explanations
often focused on psychological causes such as anxiety, nervousness, or personality traits.
Modern research has significantly reshaped this view. Today, stuttering is increasingly
understood as a neurodevelopmental condition influenced in part by genetic factors that
affect how speech-related brain systems develop and function (Kraft & Yairi, 2012; Neef

& Chang, 2024).



Evidence for a genetic contribution first came from family studies. Researchers observed
that stuttering often occurs in multiple members of the same family, suggesting that
inherited factors may influence susceptibility. Large epidemiological studies estimate
that 50-70% of individuals who stutter report a family history of the condition (Yairi &
Ambrose, 2013; Kraft & Yairi, 2012). Twin studies provide further support for this
conclusion. Identical twins, who share nearly all of their genetic material, show
significantly higher concordance rates for stuttering than fraternal twins, indicating that

genetic inheritance contributes meaningfully to the disorder (Fagnani et al., 2011).

Although these studies established that genetics plays a role, identifying specific genes
involved in stuttering has been a challenge. That changed in 2010, however, when
researchers discovered mutations in several genes associated with persistent
developmental stuttering. In a study published in the New England Journal of
Medicine, Kang et al. (2010) identified mutations in three genes, GNPTAB, GNPTG, and
NAGPA, in individuals with persistent stuttering. These genes that were implicated were
surprising because they are not directly involved in language or motor control. They
participate instead in a fundamental cellular process. They participate in the

intracellular trafficking of enzymes to lysosomes.
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GNPTAB, GNPTG, and NAGPA genes. These genes are implicated in the neurobiology of stuttering & primarily involved in the intracellular trafficking

of enzymes to lysosomes.

Lysosomes are cellular structures responsible for breaking down and recycling
molecules inside the cell. In order for lysosomes to function properly, specialized
enzymes must be transported to them through a targeting system that labels these
enzymes with a molecular signal known as mannose-6-phosphate. The proteins encoded
by the genes GNPTAB, GNPTG, and NAGPA help generate and process this signal,
ensuring that lysosomal enzymes reach the correct cellular destination (Kang et al.,
2010; Kang & Drayna, 2012). In simple terms, these genes help the cell determine where
certain enzymes should be sent. When the targeting process is disrupted, lysosomal
enzymes may not reach their proper location, which can alter cellular maintenance
processes and protein turnover. Severe disruptions in this pathway are known to cause
rare metabolic disorders such as mucolipidosis. However, the mutations associated with
stuttering appear to produce much milder functional changes, rather than complete loss
of enzyme activity (Kang & Drayna, 2012; Frigerio-Domingues & Drayna, 2017). This
raises an important question: if these genes are involved in basic cellular maintenance,

why would their mutation appear primarily as a disorder of speech fluency?
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The Iysosome. Lysosomes degrade and recycle damaged organelles, misfolded proteins, and excess hormones.

One important factor of these genes’ role in stuttering is mutation severity. In the severe
lysosomal storage disorders associated with GNPTAB and GNPTG, both copies of the
gene are typically damaged by mutations that drastically reduce enzyme function, such
as mutations that produce truncated proteins. In contrast, the variants identified in
individuals who stutter are often missense mutations, which alter the protein but do not
completely eliminate its function. As a result, lysosomal trafficking may be only partially

impaired rather than globally disrupted (Kang & Drayna, 2012).

Another factor is cell-type vulnerability. Even though lysosomal trafficking occurs in all
cells, mild disruptions in this system may affect certain cell types more than others.
Researchers have proposed that subtle trafficking deficits could disproportionately
affect a small population of cells that play a critical role in the neural circuits responsible
for speech (Frigerio-Domingues & Drayna, 2017). Recent animal research has provided
important insight into this possibility. In a study published in the Proceedings of the

National Academy of Sciences, Han et al. (2019) engineered human



stuttering-associated mutations in the GNPTAB gene into mice. These mice displayed
abnormalities in vocalization patterns that resembled key aspects of human stuttering.
Surprisingly, the most prominent cellular abnormalities were not found in neurons

themselves but in astrocytes, a type of glial cell that supports neural function.

Astrocytes play essential roles in maintaining the brain’s cellular environment. They
regulate neurotransmitter levels, help maintain ion balance, support synapse
development, and contribute to the health of white matter pathways. Han and
colleagues found that astrocytes in the corpus callosum, the major fiber tract connecting
the brain’s hemispheres, showed structural abnormalities in mice GNPTAB mutated
mice. When the gene was selectively disrupted in astrocytes, similar vocalization
abnormalities emerged, suggesting that astrocyte dysfunction may play a role in the
neural mechanisms underlying stuttering (Han et al., 2019). This finding is important
because it provides a possible link between lysosomal trafficking defects and the
development of speech-related brain circuits. If astrocytes or other support cells
function less efficiently during brain development, this could subtly influence how

neural networks responsible for speech timing and coordination mature.

An astrocyte, one of the most important neuroglial cells needed for normal neuron function. Astrocytes manage the microenvironment of neurons that

is needed for optimal activity.



Additional research suggests that the genes associated with stuttering may also intersect
with broader metabolic processes in the brain. For example, a neuroimaging genetics
study by Chow et al. (2020) found that expression patterns of two stuttering-related
genes, GNPTG and NAGPA, were spatially correlated with brain regions showing
structural differences in children with persistent stuttering. The genes associated with
these brain regions were enriched for pathways involved in energy metabolism,
including glycolysis and oxidative metabolism. These findings raise the possibility that
lysosomal trafficking genes may influence brain development through their effects on

cellular metabolism and energy regulation.

Further evidence for the importance of intracellular trafficking comes from the
discovery of another gene associated with stuttering, a gene called AP4E1. This gene
encodes a component of the AP-4 adaptor complex, which is involved in sorting proteins
within the cell’s Golgi apparatus. Although AP4E1 does not participate directly in the
mannose-6-phosphate targeting pathwayj, it is involved in the broader system of
intracellular protein trafficking. Rare variants in this gene have been found at higher
frequencies in individuals with persistent stuttering, reinforcing the idea that
disruptions in cellular trafficking pathways may contribute to the disorder (Raza et al.,

2015).

Taken together, these discoveries suggest that stuttering may arise from subtle
disruptions in cellular systems that support neural development rather than from
abnormalities in a single “speech gene.” Mild impairments in intracellular trafficking
may affect how certain brain cells function during development, particularly those
involved in maintaining the neural circuits responsible for speech timing, motor control,

and auditory feedback.

The genetics of stuttering, however, are complex and remain an active area of research.
The currently known genes explain only a small proportion of persistent stuttering
cases, and many additional genetic factors remain undiscovered. Nevertheless, the
discovery of lysosomal trafficking genes associated with stuttering has transformed
scientific understanding of the disorder. These findings demonstrate that stuttering has

clear biological foundations and highlight the importance of studying cellular



mechanisms, neural development, and brain networks together. As research continues,
genetic discoveries will provide new insights into how speech networks develop and why
disruptions in these systems can affect the fluency of spoken language and manifest

itself into speech disorders.
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