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Development of Thyroid Hormone Signaling in the Zebrafish
Retina: Impact of Thyroid Status on Retinal Structure
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H result in premature differentiation of photoreceptors, potentially disrupting the
Introductl on layered organization of the retina. On the other hand, hypothyroidism, defined
by reduced thyroid hormone levels, delays retinal development and hampers
the differentiation of photoreceptors and other retinal cell types. This delay is
often accompanied by a reduction in retinal thickness, disorganization of cell
layers, and impaired visual capabilities [3].

Thyroid hormones are crucial regulators of growth, development, and
metabolism in vertebrates, playing a pivotal role in the maturation of various
tissues, including the retina. In zebrafish, a model organism widely used
for studying vertebrate development, thyroid hormone signaling is integral
to retinal development and function. The retina, as a complex multi-layered Experimental manipulation of thyroid hormone levels in zebrafish has
structure, undergoes significant morphological and functional changes during provided valuable insights into the molecular mechanisms underlying these
development, and these changes are heavily influenced by the hormonal effects. For example, treatment with thyroid hormone inhibitors, such as
environment [1]. Understanding the ontogeny of thyroid hormone signaling methimazole or propylthiouracil, induces hypothyroid conditions, leading
in the zebrafish retina provides valuable insights into how thyroidal status to structural defects in the retina. These defects include thinning of the
modulates retinal morphology and its potential implications for vision. Thyroid photoreceptor layer, reduced cell density in the inner nuclear layer, and
hormones, primarily thyroxine and triiodothyronine, are synthesized in the altered expression of genes involved in photo transduction. Conversely,
thyroid gland and transported to target tissues, where they regulate gene supplementation with exogenous thyroid hormones can rescue some of
expression through thyroid hormone receptors (THRs). In the retina, THRs  these defects, highlighting the critical role of thyroid hormones in retinal
are expressed in a spatially and temporally regulated manner, suggesting development. However, excessive supplementation can also disrupt the
that thyroid hormone signaling is finely tuned during retinal development.  delicate balance required for proper retinal maturation, underscoring the
These signaling influences various processes, including cell differentiation,  importance of tightly regulated thyroid hormone signaling [4].
proliferation, and apoptosis, which are essential for the establishment of the
retina's intricate architecture. The zebrafish retina, like that of other vertebrates,
consists of distinct layers containing photoreceptors, interneurons, and
ganglion cells, with Miller glia providing structural and functional support. The
interplay between thyroid hormones and these cellular components underpins
the retina's development and its ability to function as a sensory organ [2].

The effects of thyroid hormone signaling on retinal morphology are
mediated through a combination of genomic and non-genomic mechanisms.
Genomic effects involve the binding of T3 to nuclear THRs, which then
regulate the transcription of target genes involved in cell differentiation
and function. These target genes include those encoding photoreceptor-
specific proteins, such as opsins, which are essential for light detection.
P Non-genomic effects, which are faster and independent of transcription, may
Descri ptIOﬂ also play a role in modulating cellular processes during retinal development.

The balance between these mechanisms ensures the precise regulation of

During early development, thyroid hormone signaling begins to exert retinal cell fate and organization. In addition to its role in development, thyroid
its influence as the retina transitions from a proliferative to a differentiated hormone signaling continues to influence the retina during postnatal stages
state. The onset of thyroid hormone production and the expression of THRs  and adulthood. In zebrafish, the retina exhibits a remarkable capacity for
in zebrafish coincide with critical periods of retinal neurogenesis. Thyroid  regeneration, and thyroid hormones are thought to contribute to this process.
hormones have been shown to regulate the timing and extent of neurogenesis, Following injury, the thyroidal status of zebrafish can affect the proliferation and
ensuring the proper generation and arrangement of retinal cell types. In differentiation of Miiller glia, which serve as progenitor cells for regenerating
zebrafish, photoreceptor cells, including rods and cones, are particularly  retinal neurons. This suggests that thyroid hormone signaling not only shapes
sensitive to thyroid hormone levels. These cells are responsible for capturing the initial development of the retina but also supports its maintenance and
light and initiating the visual signal, and their differentiation is tightly linked  repair throughout life [5].
to thyroid hormone signaling pathways. Alterations in thyroid hormone
levels during development can disrupt the balance between rod and cone
photoreceptors, leading to changes in visual function. The thyroidal status of e - h k
zebrafish, whether hyperthyroid, hypothyroid, or thyroid, has a profound impact ~ HyPothyroidism and hyperthyroidism are common endocrine disorders
on retinal morphology. Hyperthyroidism, characterized by elevated levels of that can affect vision, partlcularly_ (.iurln.g crltlcal.penods_ of development.
thyroid hormones, accelerates retinal development but can lead to abnormal !N humans, congenital hypothyroidism is associated with structural and
patterns of cell differentiation. For instance, excess thyroid hormones can functional abnormalities in the retina, including reduced visual acuity and

colour discrimination. By elucidating the mechanisms by which thyroid
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The study of thyroid hormone signaling in the zebrafish retina has
broader implications for understanding thyroid-related disorders in humans.
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with both hypo-and hyperthyroid conditions leading to structural abnormalities.
The zebrafish model offers a unique opportunity to explore the molecular
mechanisms underlying these effects and their implications for vision. By
studying the ontogeny of thyroid hormone signaling in the retina, researchers
can better understand the interplay between endocrine regulation and sensory
organ development, with potential applications for treating thyroid-related
visual disorders in humans.
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