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H Moreover, circadian clock genes themselves are increasingly recognized
Introductlon as critical players in tumorigenesis. These genes regulate a wide range of
cellular processes, including cell cycle progression, DNA repair, apoptosis,
and metabolism. Dysregulation of circadian clock genes has been associated
with increased cancer risk, including in the thyroid gland. For instance, studies
have demonstrated altered expression of core clock genes such as PER1,
PER2, and CRY2 in thyroid carcinoma tissues compared to normal thyroid
tissues. Such findings suggest that disruptions in the circadian clock may
contribute to the pathogenesis of thyroid carcinoma and that these disruptions
could be exploited as biomarkers [2].

The exploration of diurnal expression patterns of Thyroid-Stimulating
Hormone Receptor and circadian clock genes in Thyrocytes presents
a promising avenue for identifying preoperative biomarkers for thyroid
carcinoma. Thyroid cancer remains one of the most common endocrine
malignancies, and its incidence has been rising steadily over the past few
decades. While advancements in diagnostic technologies have improved
detection rates, identifying reliable biomarkers for early diagnosis and
prognosis remains a critical challenge. Biomarkers derived from gene
expression patterns have shown potential in recent years, particularly when One of the key advantages of using diurnal expression patterns as
linked to the body’s inherent biological rhythms. The circadian system, which biomarkers is their potential to capture dynamic changes in tumor biology.
governs nearly all physiological and cellular processes in a time-dependent Static biomarkers, such as single-time-point measurements of protein or
manner, may hold the key to uncovering new, clinically relevant biomarkers gene expression, may miss important temporal variations that reflect disease
for thyroid carcinoma. TSH-R is a well-known receptor that plays a pivotal state. By contrast, assessing diurnal profiles allows for a more comprehensive
role in thyroid physiology, including hormone synthesis, cell growth, and understanding of biological rhythms and their alterations in cancer. This
differentiation. Its dysregulation has been associated with various thyroid approach could enable the identification of biomarkers that are not only
pathologies, including thyroid carcinoma. Recent studies have highlighted sensitive to the presence of disease but also specific to its stage and subtype.
the temporal variability in TSH-R expression, suggesting that its activity may For instance, certain thyroid carcinoma subtypes may exhibit unique diurnal
be influenced by circadian rhythms. The circadian clock, regulated by a set expression patterns of TSH-R and clock genes, which could aid in subtype
of core clock genes such as CLOCK, BMAL1, PER, and CRY, orchestrates classification and personalized treatment planning. To translate these findings
rhythmic gene expression in virtually every cell, including Thyrocytes. into clinical practice, it is essential to address several methodological and
Aberrations in circadian rhythms and clock gene expression have been logistical challenges. First, the collection of thyroid tissue samples at multiple
implicated in the development and progression of various cancers, including time points over a 24-hour period is required to generate diurnal profiles. This
thyroid carcinoma. Therefore, investigating the interplay between TSH-R may be logistically challenging in clinical settings, especially for preoperative
expression and circadian clock gene dynamics offers a unique perspective on patients. Non-invasive or minimally invasive sampling methods, such as fine-
tumor biology and its potential clinical applications [1]. needle aspiration biopsies, could help overcome this limitation. Additionally,
high-throughput techniques such as quantitative PCR, RNA sequencing,
and proteomics will be critical for accurately quantifying gene and protein
expression levels at different time points. Standardizing these techniques and
) L ) o ensuring their reproducibility across different laboratories will be essential for

Diurnal variations in TSH-R expression could provide insight into the  ygjigating diurnal biomarkers [3]. Another challenge is the potential influence
underlying mechanisms of thyroid carcinoma. Thyrocytes, the primary cells  of external factors on diurnal gene expression. Environmental cues such as
of the thyroid gland, are highly responsive to TSH, which exhibits circadian |ignt exposure sleep patterns, and dietary habits can affect circadian rhythms,
oscillations in secretion. This rhythmic secretion of TSH suggests that TSH-R  introducing variability into gene expression profiles. Therefore, careful control
expression in Thyrocytes may also follow a diurnal pattern. Understanding o these factors during sample collection and analysis is necessary to ensure
how these patterns differ between normal and cancerous thyroid tissues could g reliability of results. Longitudinal studies that monitor the same individuals
reveal novel biomarkers that reflect tumor-specific disruptions in circadian over time may also help account for inter-individual variability and strengthen
regulation. For example, altered amplitude, phase, or periodicity of TSH-R the validity of diurnal biomarkers [4].

expression in carcinoma tissues could serve as a distinguishing feature,
aiding in the early detection of malignancy. In addition to these technical considerations, it is important to address

the broader implications of using diurnal biomarkers for preoperative
diagnosis. For instance, integrating diurnal biomarkers into existing
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could inform the timing of therapeutic interventions, a concept known as
chronotherapy. By aligning treatment schedules with the patient's circadian
rhythms, it may be possible to enhance therapeutic efficacy and minimize side
effects. This approach could be particularly relevant for thyroid carcinoma,
given the circadian regulation of thyroid hormone metabolism and the role of
TSH in tumor progression [5].

Conclusion

Testing diurnal profiles of TSH-R and circadian clock gene expression
in Thyrocytes represents a promising approach for identifying preoperative
biomarkers for thyroid carcinoma. This innovative strategy leverages the
intrinsic biological rhythms of the thyroid gland to uncover dynamic molecular
signatures of disease. While there are significant challenges to overcome,
including logistical, technical, and interpretative issues, the potential benefits
of diurnal biomarkers are substantial. They could improve the accuracy of
early diagnosis, enable better risk stratification, and open new avenues for
personalized treatment. As research in this field continues to evolve, it holds
the promise of transforming our understanding and management of thyroid
carcinoma, ultimately improving outcomes for patients.
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