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Abstract

CYP19A1 gene encodes an important enzyme - aromatase, which is a key enzyme
in the process of estrogen synthesis. The variation of the CYP19A1 gene can change
the aromatase activity encoded by it, thus affecting the level of estrogen. In recent
years, the single nucleotide polymorphism of the CYP19A1 gene has become one

DOI: 10.26855/ijsbb.2025.12.002 of the hot issues in research. Growth hormones play an important role in human

growth and development. Growth hormone deficiency caused by complete or par-
tial lack of growth hormone is a common endocrine disease that affects children's
height and leads to children's shortness. Its incidence is increasing year by year in
China. Studies have shown that CYP19A1 gene SNP There is a correlation between
height variation and growth hormone levels. This article will review the research
progress of the correlation between CYP19A1 gene polymorphism and growth hor-
mone based on the current research results.
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Aromatases are complex enzymes belonging to the cytochrome P450 enzyme system, also known as estrogen syn-
thases. These enzymes catalyze the conversion of testosterone to estradiol and androstenedione to estrone in vivo,
making them key and rate-limiting enzymes in estrogen synthesis. The CYP19A1 gene encodes aromatase P450
19A1. The CYP19A1 gene contains several single nucleotide polymorphisms (SNPs), which may affect gene expres-
sion and function. In research on growth hormone, some studies have shown an association between CYP19A1 gene
SNPs and growth hormone levels. This polymorphism may affect estrogen synthesis, thereby influencing growth
hormone regulation. However, it should be noted that the relationship between CYP19A1 gene SNPs and growth
hormone requires further investigation and interpretation. Growth hormone regulation is a complex process involving
the interaction of multiple genes and mechanisms.

Therefore, the influence of a single gene may be relatively small, and is more determined by the overall variability
of the genome and the combined effect of environmental factors. Current research mainly focuses on the correlation
between aromatase gene polymorphism and the initiation of female puberty, its relationship with menarche, its asso-
ciation with height, and its relationship with puberty abnormalities caused by gene mutations in the coding region of
the CYP19A1 gene. [1] However, it should be noted that growth and development is a complex process involving
the interaction of multiple genes and environmental factors. [2] Although the CYP19A1 gene and estrogen play
important roles in this process, the variation of a single gene may have a relatively small impact on growth and
development and is affected by other factors. Therefore, further research and verification are needed to fully under-
stand the specific mechanism of action of aromatase and its related genes in relation to growth and development.
Therefore, this article reviews the relationship between growth hormone and the CYP19A1 gene as follows.
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1. CYP19A1 Gene and Its Single Nucleotide Polymorphisms
1.1 Function of the CYP19A1 Gene

The CYP19AL1 gene, also known as the aromatase gene, is located in the first subband of region 1, band 2 of the long
arm of chromosome 15. The aromatase encoded by this gene is an important cytochrome P450 enzyme responsible
for regulating the balance between testosterone and estrogen [3]. Aromatase plays a key role in the conversion of
androgens to estrogens; therefore, the expression of the CYP19A1 gene in gonadal tissues and other estrogen-sensi-
tive tissues is essential for normal reproductive development and function.

1.2 Single Nucleotide Polymorphisms of the CYP19A1 Gene

1.2.1 Definition and Classification of Single Nucleotide Polymorphisms

Nucleotide polymorphisms (SNPs) are common forms of variation in DNA sequences. They refer to DNA sequence
polymorphisms caused by variations in a single nucleotide in the genome, namely, the transversion or conversion of
a single base, or the deletion or insertion of a base. These variations can affect gene function, expression, and subtype
distribution, thereby influencing an individual's physiology and disease susceptibility. Based on their location and
impact on gene function, SNPs can be classified into upstream regulatory region SNPs, coding region SNPs, and 3'
non-coding region SNPs, etc. SNPs are frequently distributed in the genome and are extremely numerous, making
them the most common type of heritable variation in humans. Furthermore, compared to other DNA polymorphisms,
SNPs have a significant advantage in genetic stability. With the continuous development of sequencing technology,
we can obtain the correlation between diseases and SNPs more efficiently and accurately.

1.2.2 Common Single Nucleotide Polymorphism Sites in the CYP19A1 Gene
Many SNP sites have been identified in the CYP19A1 gene, some of which have a high frequency in the human
population. For example, SNPs such as rs4646 [4], rs700519 [5], rs1004982 [6], rs2414096 [4] and rs727479 [7]
have been extensively studied and are closely related to the function and expression level of the CYP19A1 gene.
Polymorphisms at these SNP sites may lead to different aromatase subtypes after the translation of the CYP19A1
gene, thereby affecting the synthesis and metabolism of estrogen. In a 2006 study by Yang et al. on the correlation
between CYP19A1 gene polymorphism and height in Caucasians, it was found that intron 1 (SNP rs730154) in the
CYP19A1 gene was highly correlated with height variation, and sex-specific analysis showed that the correlation
was mainly enhanced by females [8].

1.2.3 Effects of Single Nucleotide Polymorphisms on CYP19A1 Gene Expression

Single nucleotide polymorphisms (SNPs) in the CYP19A1 gene play an important role in gene regulation and ex-
pression. Some studies have found that SNP sites in the CYP19A1 gene can alter the binding ability of transcription
factors, affect the transcriptional activity of the CYP19A1 gene, and thus regulate the expression level of aromatase
[3]. In addition, some SNP sites may also interact with epigenetic regulatory mechanisms such as DNA methylation
and histone modification, further regulating the expression of the CYP19A1 gene.

2. The Relationship Between Growth Hormone and Human Growth and Development
2.1 Functions and Regulation of Growth Hormone

Growth hormone, also known as human growth hormone (HGH), is synthesized and secreted by basophilic cells of
the anterior pituitary gland. It is a single-chain polypeptide composed of 191 amino acids. Its most important function
is to stimulate the growth and differentiation of bone and cartilage cells, while also regulating the metabolism of
proteins, sugars and fats.

Growth hormone exerts its effects mainly through two pathways: one is by directly acting on target cells to exert
biological effects; the other is by inducing hepatocytes and myocytes to produce growth hormone mediators (Soma-
tomedin, SM), which then exert their effects indirectly through SM [9]. However, regardless of the pathway, it must
first bind to growth hormone receptors in the body to trigger a series of biological effects. Growth hormone promotes
protein synthesis and bone cell proliferation, and can also promote fat breakdown, increase blood glucose levels, and
increase the synthesis of insulin-like growth factor-1 (IGF-1). Overall, growth hormone plays an important role in
regulating human physical development, bone growth, and metabolism.
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2.2 The Relationship Between Growth Hormone and Human Growth and Development

Growth hormone plays a crucial regulatory role in human growth and development. During childhood and adoles-
cence, the secretion level of growth hormone is high, which directly affects the growth rate of bones and the increase
in height. Growth hormone promotes the division and differentiation of chondrocytes in the growth plate and accel-
erates the linear growth of long bones. In addition, growth hormone also stimulates protein synthesis and promotes
the development of muscles and tissues. Premature or delayed secretion of growth hormone may lead to growth
disorders such as growth retardation or gigantism [10]. In adulthood, although the secretion level of growth hormone
declines, it still plays an important role in maintaining bone density, muscle mass and body fat distribution. Growth
hormone helps muscle repair and regeneration by promoting protein synthesis. In addition, growth hormone is in-
volved in the regulation of energy metabolism, promoting fat breakdown and reducing fat storage.

3. Correlation Study Between CYP19A1 Gene Single Nucleotide Polymorphism and Growth
Hormone

3.1 Association Study between CYP19A1 Gene Polymorphism and Growth Hormone Levels

Many studies have explored the association between single nucleotide polymorphisms of the CYP19A1 gene and
growth hormone levels. Some of these studies have found significant associations between certain SNP sites of the
CYP19A1 gene and growth hormone levels. For example, aromatase inhibitors have also been used for children with
congenital adrenocortical hyperplasia who have advanced bone age and a tendency for premature closure of the
growth plates, resulting in short stature. Some studies have shown that this treatment can have a positive effect on
the height of children with this condition. [11]

These findings suggest that single nucleotide polymorphisms (SNPs) in the CYP19A1 gene may affect growth
hormone levels by regulating the expression and function of the CYP19A1 gene [11]. However, some conflicting
results have been found in different studies, which may be due to factors such as sample size, racial differences, study
design, and methodology. Therefore, further large-scale, multicenter studies are still needed to verify the association
between CYP19A1 gene polymorphisms and growth hormone levels.

Furthermore, the mechanism of action between CYP19A1 gene polymorphism and growth hormone levels is not
fully understood. Further experimental studies can explore the interaction between CYP19A1 gene polymorphism
and growth hormone signaling pathway at the cellular level and in animal models [12]. For example, gene knockout
technology, in vitro cell experiments, and gene expression and protein analysis can be used to study the effects of
CYP19A1 gene polymorphism on CYP19A1 gene expression, enzyme activity, and interaction with growth hormone
signaling pathway [13]. These studies will help to more comprehensively understand the relationship between
CYP19A1 gene polymorphism and growth hormone and its potential biological significance.

3.2 Correlation between CYP19A1 gene polymorphism and the mechanism of growth hormone action

Beyond growth hormone levels, some studies have also explored the correlation between single nucleotide polymor-
phisms (SNPs) in the CYP19A1 gene and the mechanism of growth hormone action. Growth hormone activates
signal transduction pathways by binding to growth hormone receptors on the cell surface, ultimately affecting gene
expression and cellular function. Some studies have found that SNP sites in the CYP19A1 gene may affect the struc-
ture or function of growth hormone receptors, thereby influencing the effectiveness of growth hormone signal trans-
duction.

Although we have learned about the correlation between CYP19A1 gene single nucleotide polymorphism and
growth hormone, its specific mechanism of action still needs further research and explanation [3]. Future research
can explore the relationship between CYP19A1 gene polymorphism and growth hormone and its potential molecular
mechanisms through various methods such as cell experiments, animal models and human epidemiological studies.

4. Research Progress and Prospects
4.1 Research Progress

In recent years, some progress has been made in the study of the correlation between single nucleotide polymorphisms
of the CYP19A1 gene and growth hormone. Existing studies have shown that there may be an association between
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the SNP sites of the CYP19A1 gene and growth hormone levels, and that growth hormone function may be regulated
by affecting the expression of the CYP19A1 gene, enzyme activity, or interaction with the growth hormone signaling
pathway [15]. These studies provide a preliminary understanding of the relationship between the CYP19A1 gene and
growth hormone.

Furthermore, some studies have revealed the association between CYP19A1 gene polymorphisms and individual
growth and development. Some SNP sites are correlated with growth and development indicators such as height,
body mass index (BMI), and bone mineral density. This further supports the potential role of CYP19A1 gene single
nucleotide polymorphisms in the regulation of growth and development.

In addition, recent studies have discovered some new CYP19A1 gene SNP sites and conducted preliminary re-
search on their correlation with height and androgenemia [16]. This provides new clues for further in-depth explora-
tion of the relationship between CYP19A1 gene polymorphism and growth hormone. A scholar reported a case of a
7.5-year-old child with familial hyperandrogenemia and central precocious puberty caused by long-term androgen
exposure. The clinical symptoms began at age 4, manifested as rapid growth, pubic hair and axillary hair growth,
bone age 13 years, and received combined treatment with anastrozole + bicalutamide + triptorelin acetate for 3 years.
No treatment- related adverse reactions were observed during the treatment period. Gene testing showed that the
child had a heterozygous mutation in the LH/CGR gene. During the treatment and follow-up period, the child's tes-
tosterone level gradually decreased and the height increased by 5 cm per year [17].

4.2 Research Prospects

Differences in the study population are one of the important factors affecting the consistency of the study results.
There is genomic diversity in different populations, which may lead to differences in the relationship between
CYP19A1 gene polymorphism and growth hormone in different populations. Therefore, future research should pay
more attention to the relationship between CYP19A1 gene polymorphism and growth hormone in different popula-
tions, including people from different geographical regions, different ethnic groups and different age groups [18].
Such research will help us understand the universality and specificity of these relationships in different populations.

Currently, the specific mechanisms of action between CYP19A1 gene polymorphisms and growth hormone remain
unclear. Further experimental studies can elucidate the interaction mechanisms between CYP19A1 gene polymor-
phisms and growth hormone signaling pathways at the cellular level and in animal models. For example, cell lines
and gene knockout techniques can be used to study the effects of CYP19A1 gene polymorphisms on gene expression,
protein function, and enzyme activity. Furthermore, animal models can be used to investigate the effects of CYP19A1
gene polymorphisms on growth hormone regulation and organismal growth and development. These studies will
contribute to revealing the detailed mechanisms between CYP19A1 gene polymorphisms and growth hormone and
deepen our understanding of this relationship.

In addition, clinical epidemiological studies are crucial for assessing the association between CYP19A1 gene pol-
ymorphism and human growth and development and related diseases. By collecting large-scale population samples
and clinical data, the correlation between CYP19A1 gene polymorphism and growth and development indicators
such as height, BMI, and bone density can be studied [19]. Furthermore, the association between CYP19A1 gene
polymorphism and related diseases (such as osteoporosis and obesity) can be explored. These research results will
provide important theoretical and practical basis for the development of personalized medicine, help accurately pre-
dict the risk of individual growth and development and related diseases, and formulate individualized intervention
strategies.

5. Conclusion

Through the study of single nucleotide polymorphisms of CYP19A1 gene and growth hormone, we can draw the
following conclusions: (1) Single nucleotide polymorphisms of CYP19A1 gene may be related to growth hormone
levels. Some SNP sites may be significantly correlated with growth hormone levels, and there are certain contradic-
tions between different research results. This may be due to factors such as sample size, racial differences, research
design and methods ; (2) Single nucleotide polymorphisms of the CYP19A1 gene may affect the function of growth
hormone by regulating the expression of the CYP19A1 gene, enzyme activity or interaction with the growth hormone
signal transduction pathway; (3) There is a correlation between single nucleotide polymorphisms of the CYP19A1
gene and individual growth and development indicators (such as height, BMI and bone density), which further proves
the importance of the CYP19A1 gene in the regulation of growth and development; (4) The specific mechanism of
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action of CYP19A1 gene polymorphism and growth hormone is not yet clear . Therefore, further experimental re-
search is needed to analyze their relationship and molecular mechanism; (5) Future research should focus on the
relationship between CYP19A1 gene polymorphism and growth hormone in different populations, cell levels and
animal models, in order to fully understand its mechanism of action. In summary, the relationship between CYP19A1
gene single nucleotide polymorphisms and growth hormone is a complex and challenging research area. By delving
into their interactions and mechanisms of action, we can further understand the importance of the CYP19A1 gene in
growth hormone regulation and provide new research perspectives and strategies for the prevention and treatment of
related diseases.
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