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hormones, neuropeptides, and Navrachana University
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Kisspeptin's involvement in GnRH release
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pointing to early changes in Kisspeptin and
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transcriptional ~ component  expression
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start. Because the genetic/familial variables
that contribute to pubertal timing are
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onset signals.
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Puberty is the phase of attaining sexual maturation, pubertal onset marks the
appearance of the first signs of sexual maturation. To have the ability to reproduce one must
attain puberty and undergo complete development of sex organs. Most notable changes that
occur during the puberty phase are growth in stature and development of secondary sexual
characteristics.

The age at which pubertal onset occurs varies across mammalian species and even
within the individuals of same species. This difference in onset suggests that it is highly
regulated and influenced by multiple factors. By elucidating the multifactorial nature of
pubertal initiation, we can get a deeper understanding of reproductive health and potential
areas for intervention to better the cause. Pubertal onset is a highly regulated process, getting
innervated by hormones, neuropeptides, and neurotransmitters of which some are excitatory
or inhibitory (Abreu & Kaiser, 2016).The main regulator of the pubertal onset is the
Hypothalamic-Pituitary-Gonadal (HPG) axis(Terasawa & Fernandez, 2001). The HPG axis
regulates via release of certain hormones namely Gonadotropin-releasing hormone (GnRH),
Luteinizing hormone (LH), Follicular stimulation hormone (FSH) and recently Kisspeptin
has also been identified to play a role in regulation of pubertal onset (Uenoyama et al., 2019).
Other factors that control pubertal onset include Circadian rhythm, nutritional status, and
epigenetic factors.(Tomikawa et al., 2012a) (Lomniczi et al., 2013). Alteration and
dysregulation of this factors can lead to either delayed puberty or precocious puberty. GnRH
neurons are scattered throughout hypothalamus which gets released in pulsatile manner to
activate release of FSH and LH from the pituitary which helps in maturation of sexual organs.
Kisspeptin plays a crucial role in release of GnRH from hypothalamus, Kisspeptin is released
from the Kisspeptin neurons found within ARC and POA region of the hypothalamus in
mammals, ARC Kiss neurons are crucial for activation mechanism of GnRH (Terasawa et al.,
2013). Kisspeptin is coded by the gene KISS1 and its subsequent Kisspeptin 1 receptor is
coded by KISS1R, a GPR54 receptor. It was firstly reported by (Seminara et al., 2003) and
(de Roux et al., 2003) that mutation in the KISS1R led to delayed pubertal onset and
abnormality in the development.

It was reported that deletion of Kissl or Kisslr gene led to a condition called
hypogonadotropic hypogonadism in mice(Lapatto et al., 2007). Kisspeptin is coexpressed
with the Neurokinin B and Dynorphin, these neuronsare called KNDy neurons(Zeydabadi
Nejad et al., 2017). Kisspeptin plays major role in estrogen mediated negative and positive
feedback of LH release. Poor interaction between kisspeptin and its receptors leads to
impaired pubertal onset as suggested in studies.(Skorupskaite et al., 2014). It is reported that
Kisspeptin pathway has sexual dimorphism, expression, distribution of fibers and cell bodies
vary in male and female(Hrabovszky et al., 2010). Kisspeptin controls various pathways
either directly or indirectly, that includes follicular development, oocyte formation, ovulation,
embryo implantations and thus acting like one of the major players in pubertal onset. Since
Kisspeptin is the major regulator of pubertal onset it is necessary to understand the regulation
of Kisspeptin.

I. REGULATION OF KISSPEPTIN
Kisspeptin neurons are scattered around in ARC, AVPV and POA region of the brain,

it might change from species to species. How kisspeptin is regulated was quite ambiguous,
but recent studies show that estrogen, Neuropeptide Y, Pro-opio melanocortin
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(POMC),Agouti-related protein (AgRP) and Leptin are the major regulators of Kisspeptin
expression. (Amstalden et al., 2014; Goto et al., 2015; Korner et al., 2001; Padilla et al.,
2017). Other than these regulators certain transcription factors also regulate the expression of
Kisspeptin, Cdx1, Spl, Estl, Gatal, Gata2, and Sry were known to be binding the promoter
region of KISS1 gene (within the arcuate nucleus) (Goto et al., 2015). In study conducted by
(Tomikawa et al.,, 2012)showed that transcriptional factors which lead to the histone
acetylation of the ARC KISS1 gene promoter upregulated the expression of Kisspeptin.

II.REGULATION OF PUBERTY BY miRNA

Pubertal onset as previously described is affected by many factors, one such factor is
mMiRNA.

miRNA are short non-coding RNAs, they regulate at the post-transcriptional level by
repressing the gene expression. miRNA have lately been emerged as major regulators of this
complex developmental process. (Messina et al., 2016; Sangiao-Alvarellos et al., 2013).
Different studies have found the role of various miRNA in the onset or delay of puberty.

miRNA Role Reference
Let-7a Supressed by Lin28B g%irégglao-Alvarellos etal.
MiR-200 Increased expression in GnRH

neurons during infantile period leads

ig‘g MR- | {4 inhibition of ZEB1 and Cebpb | (Messinaetal., 2016)
(GnRH supressing factors).
MiR30-b Supress Mkrn3 (a pubertal inhibitory (Heras et al., 2019)

factor), thus promotes pubertal onset.
Deletion of miR-7a2 leads to
miR-7a2 hypogonadotropic hypogonadism (Ahmed et al., 2017)
and infertility.

Declining levels leads to onset of
spermatogenesis

miR-382-3p (Gupta et al., 2021)

111.DISORDERS OF PUBERTY

(Klein et al., 2017) defines precocious puberty as pubertal onset before 8 years of age
in girls and before nine years of age in boys. Body undergoes a lot of physiological and
develops secondary sexual characteristics during the phase of puberty. (lyare et al., 2010)
reports that neonatal mice that were undernourished during the lactation phase developed
delayed pubertal onset. Delayed puberty is usually self-limited and hardly because of familial
factors like genetic factors. One of the major factors that might lead to abnormal pubertal
onset in females is Anorexia.(Klump, 2013).

IV.CURRENT DETECTION OF PUBERTAL ONSET

Physical examination via observation of growth of genitalia (male) and enlargement
of breasts (different stages) in girls. There is a need of other detection techniques that inform
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about precocious puberty or delayed puberty, identification of markers that lead to up/down
regulation of the genes involved in pubertal onset(Rzeczkowska et al., 2014).Next-generation
sequencing and genome wide association approaches are helping rapid expansion of gene
discovery in delayed puberty(Howard & Dunkel, 2019). Early detection in the alteration of
Kisspeptin and/or GnRH levels can also serve as markers for pubertal onset, other than these
factors changes in expression patterns of transcriptional factors identified by CHIP assay can
also serve as markers for pubertal onset (Mancini et al., 2019). As there are very less cases of
genetic/ familial conditions leading to delayed/precocious puberty it is difficult to generate a
common detection tool for the same (Serensen et al., 2012).

REFERENCE

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]
[12]

[13]

Abreu, A. P., & Kaiser, U. B. (2016). Pubertal development and regulation. The Lancet Diabetes &
Endocrinology, 4(3), 254-264. https://doi.org/10.1016/52213-8587(15)00418-0

Ahmed, K., LaPierre, M. P., Gasser, E., Denzler, R., Yang, Y., Rilicke, T., Kero, J., Latreille, M., &
Stoffel, M. (2017). Loss of microRNA-7a2 induces hypogonadotropic hypogonadism and infertility.
Journal of Clinical Investigation, 127(3), 1061-1074. https://doi.org/10.1172/JC190031

Amstalden, M., Cardoso, R. C., Alves, B. R. C., & Williams, G. L. (2014). Reproduction Symposium:
Hypothalamic neuropeptides and the nutritional programming of puberty in heifers. Journal of Animal
Science, 92(8), 3211-3222. https://doi.org/10.2527/jas.2014-7808

de Roux, N., Genin, E., Carel, J.-C., Matsuda, F., Chaussain, J.-L., & Milgrom, E. (2003).
Hypogonadotropic hypogonadism due to loss of function of the KiSS1-derived peptide receptor GPR54.
Proceedings of  the National Academy of  Sciences, 100(19), 10972-10976.
https://doi.org/10.1073/pnas.1834399100

Goto, T., Tomikawa, J., Ikegami, K., Minabe, S., Abe, H., Fukanuma, T., Imamura, T., Takase, K., Sanbo,
M., Tomita, K., Hirabayashi, M., Maeda, K. I., Tsukamura, H., &Uenoyama, Y. (2015). Identification of
hypothalamic arcuate nucleus-specific enhancer region of Kissl gene in mice. Molecular Endocrinology,
29(1), 121-129. https://doi.org/10.1210/me.2014-1289

Gupta, A., Mandal, K., Singh, P., Sarkar, R., & Majumdar, S. S. (2021). Declining levels of miR-382-3p at
puberty trigger the onset of spermatogenesis. Molecular Therapy - Nucleic Acids, 26, 192-207.
https://doi.org/10.1016/j.omtn.2021.07.001

Heras, V., Sangiao-Alvarellos, S., Manfredi-Lozano, M., Sanchez-Tapia, M. J., Ruiz-Pino, F., Roa, J.,
Lara-Chica, M., Morrugares-Carmona, R., Jouy, N., Abreu, A. P., Prevot, V., Belsham, D., Vazquez, M. J.,
Calzado, M. A, Pinilla, L., Gaytan, F., Latronico, A. C., Kaiser, U. B., Castellano, J. M., & Tena-Sempere,
M. (2019). Hypothalamic miR-30 regulates puberty onset via repression of the puberty-suppressing factor,
Mkrn3. PLoS Biology, 17(11). https://doi.org/10.1371/journal.pbio.3000532

Howard, S. R., & Dunkel, L. (2019). Delayed Puberty—Phenotypic Diversity, Molecular Genetic
Mechanisms, and Recent Discoveries. Endocrine Reviews, 40(5), 1285-1317.
https://doi.org/10.1210/er.2018-00248

Hrabovszky, E., Ciofi, P., Vida, B., Horvath, M. C., Keller, E., Caraty, A., Bloom, S. R., Ghatei, M. A,
Dhillo, W. S., Liposits, Z., & Kallo, I. (2010). The kisspeptin system of the human hypothalamus: sexual
dimorphism and relationship with gonadotropin-releasing hormone and neurokinin B neurons. European
Journal of Neuroscience, 31(11), 1984-1998. https://doi.org/10.1111/j.1460-9568.2010.07239.x

lyare, E. E., Adegoke, O. A., &Nwagha, U. I. (2010). Mechanism of delayed puberty in rats whose
mothers consumed Hibiscus sabdariffa during lactation. Pharmaceutical Biology, 48(10), 1170-1176.
https://doi.org/10.3109/13880200903567120

Klein, D. A., Emerick, J. E., Sylvester, J. E., & Vogt, K. S. (2017). Disorders of Puberty: An Approach to
Diagnosis and Management (Vol. 96). www.aafp.org/afp.

Klump, K. L. (2013). Puberty as a critical risk period for eating disorders: A review of human and animal
studies. Hormones and Behavior, 64(2), 399-410. https://doi.org/10.1016/j.yhbeh.2013.02.019

Korner, J., Savontaus, E., Chua, > S C, Leibel, > R L, Wardlaw, S. L., & Korner, J. (2001). Leptin
Regulation of Agrp and Npy mRNA in the Rat Hypothalamus. In Journal of Neuroendocrinology (Vol.
13).

Copyright © 2024 Authors Page | 153



Futuristic Trends in Biotechnology

e-ISBN: 978-93-6252-428-7

I1P Series, Volume 3, Book 3, Part 2, Chapter 4

MAMMALIAN KISSPEPTIN AND PUBERTY: MECHANISM, DETECTION AND RECENT
ADVANCEMENTS

[14] Lapatto, R., Pallais, J. C., Zhang, D., Chan, Y.-M., Mahan, A., Cerrato, F., Le, W. W., Hoffman, G. E., &
Seminara, S. B. (2007). Kiss] —/— Mice Exhibit More Variable Hypogonadism than Gpr54—/— Mice.
Endocrinology, 148(10), 4927-4936. https://doi.org/10.1210/en.2007-0078

[15] Lomniczi, A., Loche, A., Castellano, J. M., Ronnekleiv, O. K., Bosch, M., Kaidar, G., Knoll, J. G., Wright,
H., Pfeifer, G. P., & Ojeda, S. R. (2013). Epigenetic control of female puberty. Nature Neuroscience, 16(3),
281-289. https://doi.org/10.1038/nn.3319

[16] Mancini, A., Howard, S. R., Cabrera, C. P., Barnes, M. R., David, A., Wehkalampi, K., Heger, S.,
Lomniczi, A., Guasti, L., Ojeda, S. R., & Dunkel, L. (2019). EAP1 regulation of GhnRH promoter activity
is important for human pubertal timing. Human Molecular Genetics, 28(8), 1357-1368.
https://doi.org/10.1093/hmg/ddy451

[17] Messina, A., Langlet, F., Chachlaki, K., Roa, J., Rasika, S., Jouy, N., Gallet, S., Gaytan, F., Parkash, J.,
Tena-Sempere, M., Giacobini, P., & Prevot, V. (2016). A microRNA switch regulates the rise in
hypothalamic GnRH  production before puberty. Nature Neuroscience, 19(6), 835-844.
https://doi.org/10.1038/nn.4298

[18] Padilla, S. L., Qiu, J., Nestor, C. C., Zhang, C., Smith, A. W., Whiddon, B. B., Rgnnekleiv, O. K., Kelly,
M. J., & Palmiter, R. D. (2017). AgRP to Kissl neuron signaling links nutritional state and fertility.
Proceedings of the National Academy of Sciences of the United States of America, 114(9), 2413-2418.
https://doi.org/10.1073/pnas.1621065114

[19] Rzeczkowska, P. A., Hou, H., Wilson, M. D., &Palmert, M. R. (2014). Epigenetics: A New Player in the
Regulation of Mammalian Puberty. Neuroendocrinology, 99(3-4), 139-155.
https://doi.org/10.1159/000362559

[20] Sangiao-Alvarellos, S., Manfredi-Lozano, M., Ruiz-Pino, F., Navarro, V. M., Sanchez-Garrido, M. A.,
Leon, S., Dieguez, C., Cordido, F., Matagne, V., Dissen, G. A., Ojeda, S. R., Pinilla, L., & Tena-Sempere,
M. (2013). Changes in Hypothalamic Expression of the Lin28/let-7 System and Related MicroRNAs
During Postnatal Maturation and After Experimental Manipulations of Puberty. Endocrinology, 154(2),
942-955. https://doi.org/10.1210/en.2012-2006

[21] Seminara, S. B., Messager, S., Chatzidaki, E. E., Thresher, R. R., Acierno, J. S., Shagoury, J. K., Bo-
Abbas, Y., Kuohung, W., Schwinof, K. M., Hendrick, A. G., Zahn, D., Dixon, J., Kaiser, U. B.,
Slaugenhaupt, S. A., Gusella, J. F., O’Rahilly, S., Carlton, M. B. L., Crowley, W. F., Aparicio, S. A. J. R,,
&Colledge, W. H. (2003). The GPR54 Gene as a Regulator of Puberty. New England Journal of Medicine,
349(17), 1614-1627. https://doi.org/10.1056/NEJM0a035322

[22] Skorupskaite, K., George, J. T., & Anderson, R. A. (2014). The kisspeptin-GnRH pathway in human
reproductive  health and  disease. = Human  Reproduction  Update, 20(4), 485-500.
https://doi.org/10.1093/humupd/dmu009

[23] Sarensen, K., Mouritsen, A., Aksglaede, L., Hagen, C. P., Mogensen, S. S., & Juul, A. (2012). Recent
Secular Trends in Pubertal Timing: Implications for Evaluation and Diagnosis of Precocious Puberty.
Hormone Research in Paediatrics, 77(3), 137-145. https://doi.org/10.1159/000336325

[24] Terasawa, E., & Fernandez, D. L. (2001). Neurobiological Mechanisms of the Onset of Puberty in
Primates*. Endocrine Reviews, 22(1), 111-151. https://doi.org/10.1210/edrv.22.1.0418

[25] Terasawa, E., Guerriero, K. A., & Plant, T. M. (2013). Kisspeptin and Puberty in Mammals (pp. 253-273).
https://doi.org/10.1007/978-1-4614-6199-9 12

[26] Tomikawa, J., Uenoyama, Y., Ozawa, M., Fukanuma, T., Takase, K., Goto, T., Abe, H., leda, N., Minabe,
S., Deura, C., Inoue, N., Sanbo, M., Tomita, K., Hirabayashi, M., Tanaka, S., Imamura, T., Okamura, H.,
Maeda, K., &Tsukamura, H. (2012). Epigenetic regulation of Kissl gene expression mediating estrogen-
positive feedback action in the mouse brain. Proceedings of the National Academy of Sciences, 109(20).
https://doi.org/10.1073/pnas.1114245109

[27] Uenoyama, Y., Inoue, N., Nakamura, S., &Tsukamura, H. (2019). Central Mechanism Controlling Pubertal
Onset in Mammals: A Triggering Role of Kisspeptin. Frontiers in Endocrinology, 10.
https://doi.org/10.3389/fendo.2019.00312

[28] Zeydabadi Nejad, S., Ramezani Tehrani, F., & Zadeh-Vakili, A. (2017). The Role of Kisspeptin in Female
Reproduction. International Journal of Endocrinology and Metabolism, In Press(In Press).
https://doi.org/10.5812/ijem.44337

Copyright © 2024 Authors Page | 154



