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Abstract

Precocious puberty, defined as the onset of secondary sexual characteristics before age 8 in girls and 9 in boys, poses significant
physical and psychological challenges for affected children. This mini-review investigates the role of the Lin28/Let7 pathway and
RF-amide-related peptides (RFRPs) in the regulation of puberty, focusing on their implications for precocious puberty. Recent
studies highlight the Lin28/Let7 pathway as a critical regulator of gonadotropin-releasing hormone (GnRH) secretion, with
disruptions linked to early pubertal onset. Moreover, RFRPs function as inhibitors of GnRH, acting to delay the activation of the
hypothalamic-pituitary-gonadal axis. Importantly, traditional Chinese medicine (TCM) has emerged as a potential therapeutic
intervention, demonstrating efficacy in modulating these pathways and delaying precocious puberty in animal models. This review
synthesizes current findings to enhance understanding of the biological mechanisms underlying precocious puberty and proposes
potential therapeutic strategies informed by TCM and molecular insights.

Keywords: Precocious Puberty; Lin28; Let-7 MicroRNAs; RF-Amide-Related Peptides; Traditional Chinese Medicine

1. Introduction

Precocious puberty is defined as the unusually early
onset of puberty, typically occurring before the age of
8 in girls and 9 in boys (1). This condition leads to early
physical changes such as breast development, pubic
hair growth, and accelerated skeletal maturation, often
causing short stature in adulthood due to early closure
of the growth plates (2). The early onset of puberty can
also have psychological and emotional implications,
particularly in young children, who may experience
challenges in social interactions, self-esteem, and mental
health due to their premature physical development (3).

The increasing incidence of precocious puberty in
recent decades has raised concerns about its underlying
causes and long-term consequences (4). Several factors,
including genetic predisposition, environmental
exposures (such as endocrine-disrupting chemicals), and
obesity, have been implicated in its onset (5). However,
despite the known contributing factors, the precise
biological mechanisms that trigger early puberty remain
incompletely understood (6). In particular, disruptions in
the regulatory pathways controlling the onset of puberty

are thought to play a critical role (6).

The hypothalamic-pituitary-gonadal (HPG) axis
is the primary neuroendocrine system governing the
initiation of puberty (7). Activation of this axis leads
to the release of gonadotropin-releasing hormone
(GnRH) from the hypothalamus, which subsequently
stimulates the secretion of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) from the pituitary
gland, resulting in the production of sex hormones (8).
In normal puberty, this process is tightly regulated by
several genetic and hormonal factors that delay the
activation of the HPG axis until the appropriate time (9).
However, in cases of precocious puberty, this regulatory
balance is disrupted, leading to early activation of the
axis and premature sexual development (10).

Recent advances in molecular and genetic research
have shed light on two key regulatory pathways involved
in puberty include the Lin28/Let7 pathway (11) and RF-
amide-related peptides (RFRPs) (12). These pathways
have emerged as critical regulators of GnRH secretion
and pubertal timing, offering new insights into the
molecular control of puberty and potential therapeutic
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targets for managing precocious puberty.

The Lin28/Let7 pathway is known for its role in stem
cell biology, metabolism, and the timing of developmental
processes (13). In the context of puberty, Lin28 inhibits
the Let7 family of microRNAs (miRNAs), which in turn
regulates the expression of key genes involved in growth
and metabolism (14). Dysregulation of this pathway has
been linked to the early onset of puberty in both humans
and animal models (15). Overexpression of Lin28a, for
example, has been shown to delay puberty onset, while
reduced expression accelerates it, suggesting that the
Lin28/Let7 axis plays a pivotal role in controlling the
timing of sexual maturation (11).

Similarly, RFRPs, which belong to the RF-amide
peptide family, have been identified as potent inhibitors
of GnRH secretion (16). By acting directly on GnRH
neurons, RFRPs can delay the activation of the HPG
axis and thus postpone puberty (17). Research into the
exact role of RFRPs in human puberty is ongoing, but
preliminary findings suggest that these peptides may
serve as natural regulators of pubertal timing, making
them potential targets for therapeutic interventions in
precocious puberty (12).

The primary aim of this mini-review is to explore
the roles of the Lin28/Let7 pathway and RFRPs in the
regulation of puberty, with a specific focus on their
implications for precocious puberty. By synthesizing
findings from recent studies, this review seeks to provide
a deeper understanding of how disruptions in these
pathways contribute to the early onset of puberty and
to highlight potential therapeutic strategies.

2. Lin28/Let7 pathway and its role in puberty

The Lin28/Let7 pathway is a well-established regulator
of development, playing a pivotal role in various biological
processes, including stem cell regulation, metabolism,
and the timing of puberty (13). It consists of the Lin28
protein family, which includes Lin28a and Lin28b, and
the Let7 family of microRNAs (miRNAs), specifically
Let7a and Let7b (18). This pathway operates through a
tightly controlled feedback loop, where Lin28 proteins
inhibit the biogenesis of Let7 miRNAs, preventing them
from regulating key developmental genes (19).

2.1. Overexpression of Lin28a and its role in delaying
puberty

In the context of puberty, the overexpression of Lin28a
has been shown to delay pubertal onset (20). This is
supported by findings where experimental models using
rats demonstrated that increased expression of Lin28a
postponed the occurrence of vaginal opening—a key
indicator of puberty in rodents (21). The mechanism
behind this delay involves the suppression of Let7a and
Let7b miRNAs, which are responsible for promoting
developmental processes associated with puberty (22).
By inhibiting Let7 miRNAs, Lin28a effectively slows
down the activation of the HPG axis, delaying the
secretion of GnRH and thus postponing the onset of
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puberty (11).

The studies suggest that Lin28a overexpression in
the hypothalamus plays a crucial role in maintaining
pubertal timing (14). Specifically, Lin28a modulates
the transcriptional activity of genes involved in growth
and reproduction, preventing premature activation
of the hormonal cascades that initiate puberty (23).
Furthermore, Lin28a regulates the expression of Lin28b
mRNA, which also contributes to hypothalamic control
over pubertal onset (24). Lin28b is similarly involved
in suppressing Let7 miRNA activity, reinforcing the
pathway’s overall inhibitory effect on puberty (18).

2.2. Suppression of Let7a and Let7b miRNAs and
early puberty

In contrast, the suppression of Lin28a and Lin28b,
leading to increased levels of Let7a and Let7b miRNAs,
is associated with early puberty (18). In the precocious
puberty rat models used in the studies, diminished
Lin28 expression allowed for the upregulation of Let7
miRNAs, which in turn accelerated the maturation of
the HPG axis (11). This resulted in the early secretion
of GnRH, leading to the premature onset of puberty as
evidenced by early vaginal opening, increased ovarian
weights, and elevated serum levels of sex hormones, such
as LH and progesterone (11). These hormonal changes
are hallmarks of central precocious puberty and indicate
the critical role of the Lin28/Let7 axis in controlling
pubertal timing (11).

2.3. Therapeutic intervention using traditional
Chinese medicine (TCM)

One of the most compelling aspects of the studies is
the investigation of TCM, specifically the “nourishing
Yin and purging Fire” herbal mixture, as a therapeutic
intervention for precocious puberty (25). This TCM
mixture effectively modulates the Lin28/Let7 pathway
and delays pubertal onset in rats with induced precocious
puberty (11).

The TCM treatment demonstrated several notable
effects. In the TCM-treated group, the ovarian weights
were significantly lower compared to the precocious
puberty model group (26). This suggests that the TCM
mixture can reverse some of the physiological changes
associated with early puberty (27). One of the primary
indicators of pubertal onset in rats, vaginal opening,
was delayed in the TCM group, further supporting the
hypothesis that the TCM mixture can slow down the
pubertal process (11). The TCM-treated rats showed
lower serum levels of LH and progesterone compared
to the untreated precocious puberty model, indicating
that the mixture had a stabilizing effect on the hormonal
imbalances that trigger early puberty (27).

The therapeutic mechanism of the TCM mixture appears
to be linked to its ability to regulate the hypothalamic
expression of Lin28b mRNA and the suppression of Let7a
and Let7b miRNAs (11). By enhancing the expression of
Lin28b, the TCM treatment inhibits the Let7 miRNAs,
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thereby delaying the activation of the HPG axis and
postponing puberty (11). This finding highlights the
potential for TCM as a non-invasive, natural treatment
option for precocious puberty, particularly for patients
who may be seeking alternatives to conventional
hormone-based therapies (28).

3. RFRP in puberty regulation
3.1. Role of RFRP in puberty

RFRP are a family of neuropeptides that play a crucial
role in regulating reproductive function, primarily
through their inhibition of GnRH secretion (29). RFRP
is the mammalian homolog of gonadotropin-inhibitory
hormone (GnIH), first discovered in birds, and is
expressed in the hypothalamus (30). These peptides are
thought to act as gatekeepers of puberty, inhibiting the
premature release of GnRH and thus delaying the onset
of puberty (31). GnRH is a key hormone that triggers the
release of LH and FSH from the pituitary gland, initiating
the cascade of events that lead to sexual maturation and
reproductive capability (32). In the HPG axis, RFRP
neurons release peptides that bind to specific receptors
on GnRH neurons, suppressing their activity (29). This
inhibitory action helps prevent the premature activation
of the HPG axis, maintaining a delay in pubertal onset
until the appropriate developmental stage is reached (10).

RFRP expression decreases as puberty approaches,
releasing the inhibition on GnRH neurons and allowing
the surge of GnRH that triggers the onset of puberty
(33). This indicates that RFRP plays a protective role
in guarding against the premature initiation of puberty,
particularly in response to environmental, metabolic, or
stress-related factors that might otherwise push the body
towards early maturation (34).

3.2. Comparison with other neuroendocrine mechanisms
While RFRP acts as a direct inhibitor of GnRH
secretion, other neuroendocrine mechanisms also
contribute to the regulation of puberty (6). For example,
kisspeptin, a potent stimulator of GnRH release, plays
an opposing role to RFRP in controlling pubertal timing
(31). Kisspeptin signaling increases significantly as
puberty approaches, promoting the activation of GnRH
neurons and triggering the onset of puberty (31).

In contrast, Leptin, a hormone produced by adipose
tissue, indirectly influences puberty by signaling the
availability of sufficient energy reserves for reproduction
(35). Leptin’s effect on GnRH neurons is partly mediated
through kisspeptin, indicating a complex interaction of
metabolic and neuroendocrine signals in the regulation
of puberty (36).

While kisspeptin and leptin are more commonly
associated with the promotion of puberty, RFRP
serves as a balancing mechanism to delay puberty
until environmental and physiological conditions are
favorable for reproduction (6). The interplay between
these pathways ensures that puberty occurs at the
optimal time, with RFRP acting as a critical inhibitor
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to prevent early activation of the HPG axis (37).

3.3. Implications for treatment of precocious puberty

The role of RFRP in regulating GnRH secretion offers
valuable insights into potential therapeutic strategies for
managing precocious puberty (30). Since RFRP acts as
an inhibitor of GnRH release, modulating its expression
or activity could offer a way to delay the onset of puberty
in children experiencing early sexual maturation (6). This
is particularly important for preventing the long-term
complications associated with precocious puberty, such
as short stature, psychological stress, and reproductive
issues in adulthood (4).

Although the precise role of RFRP in human puberty
is still being studied, animal models provide promising
evidence that enhancing RFRP signaling could serve
as a therapeutic strategy to delay early puberty (38).
Pharmacological agents that mimic the action of RFRP
or enhance its expression in the hypothalamus may
help suppress the premature release of GnRH and delay
pubertal onset (39).

Moreover, combining RFRP modulation with other
pathways, such as the Lin28/Let7 axis, may provide a
more comprehensive approach to managing precocious
puberty (11). While RFRP directly inhibits GnRH
secretion, the Lin28/Let7 pathway regulates the overall
timing of developmental processes that influence the HPG
axis (40). A dual approach targeting both neuroendocrine
inhibition (through RFRP) and developmental timing
(through Lin28/Let7) could potentially provide more
effective treatment options.

4. Conclusion

In conclusion, the modulation of the Lin28/Let7 pathway
and the regulation of RFRP present promising avenues
for controlling precocious puberty. The studies discussed
in this review provide important insights into how these
pathways regulate the onset of puberty and demonstrate
the potential of TCM as a therapeutic strategy. The TCM
mixture used in the rat model effectively delayed puberty
by influencing key hormonal regulators, suggesting that
similar treatments could be developed for clinical use
in humans. However, the findings from these studies
lay the groundwork for developing novel therapeutic
approaches that could improve the management of
precocious puberty and contribute to the broader field
of reproductive biology.
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