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ABSTRACT
BACKGROUND AND OBJECTIVE: Gonadotropin-Releasing Hormone (GnRH) neurons of hypothalamus are final
output of brain for regulation of puberty onset and hypothalamic pituitary gonadal (HPG) axis functions in mammals.
However, the mechanisms responsible for release of GnRH neurons are unknown. A number of various factors
including neurotransmitters, neuropeptides or different signals have been identified to be involved in the regulation of
the secretion of GnRH neurons. Neuronal set of kisspeptin have been recognized recently as critical upstream
regulators of GnRH neurons. Given the importance of this issue, in this study a review of various studies and sources
about biosynthesis, neuroanatomy, signaling, function and dysfunction of kisspeptin was performed.
METHODS: In this review study, new evidence in relation to role of kisspeptin neuropeptide in the reproductive
system were investigated by using various databases including pubmed, sciencedirect, nature, springer, wiley, scopus
and key words such as kisspeptin, gonads, hypothalamus, GhnRH and reproduction were used.
FINDINGS: From 145 gained articles, 63 articles were reviewed. Kisspeptin neuropeptide signaling in hypothalamus
is required for initiation of puberty and mammalian reproductive function. Kisspeptin neurons stimulate GnRH release
and act as central integrator of external and internal signals. Neurones kisspeptin are sensitive to sex steroids, metabolic
cues estrogen like compounds.
CONCLUSION: Kisspeptin neurons play a vital role in the maturation and function of the HPG axis, including the
sexual differentiation of the brain, the timing of puberty, the regulation of gonadotropin secretion and the control of
fertility by hormonal and environmental cues.
KEY WORDS: Kisspeptin, Gonads, Hypothalamus, Gonadotropin-Releasing Hormone.

Please cite this article as follows:
Parandin R, Behnam-Rassouli M. Kisspeptin: Key Regulator of Hypothalamic—Pituitary—Gonadal Axis. J Babol Univ Med Sci.
2018;20(4):59-67.

*Corresponding Author; R. Parandin (PhD)

Address: Department of Biology, Faculty of Science, Payame Noor University, Nakhl St, Artesh Highway, Tehran, I.R.Iran.
Tel: +98 21 2332 2238.

E-mail: rahmatparandin@pnu.ac.ir


http://dx.doi.org/10.18869/acadpub.jbums.20.4.59
https://dor.isc.ac/dor/20.1001.1.15614107.1397.20.4.9.3

[ DOR: 20.1001.1.15614107.1397.20.4.9.3 ]

[ DOI: 10.18869/acadpub.jbums.20.4.59 ]

J Babol Univ Med Sci; 20(4); Apr 2018
Kisspeptin: Key Regulator of Hypothalamic—Pituitary—Gonadal Axis; R. Parandin, et al

References

1.Kauffman AS, Gottsch ML, Roa J, Byquist AC, Crown A, Clifton DK, et al. Sexual differentiation of Kissl gene
expression in the brain of the rat. Endocrinology. 2007;148(4):1774-83.

2.Smith JT. Kisspeptin signalling in the brain: steroid regulation in the rodent and ewe. Brain Res Rev. 2008;57(2):288-
98.

3.Goodman RL. Neuroendocrine control of the ovine estrous cycle In: Knobil E, Neill JD editors. The physiology of
reproduction, 2" Edition, Vol. 2 New York: Raven Press; 1994. pp. 659-709.

4.Simerly RB. Organization and regulation of sexually dimorphic neuroendocrine pathways. Behav Brain Res.
1998;92(2):195-203.

5.Fink G. Neuroendocrine regulation of putuitary function: general principles. In: Conn PM, Freeman ME eds.
Neuroendocrinol Physiol Med. Avaible From: https:/link.springer.com/chapter/10.1007/978-1-59259-707-9_7
6.Pinilla L, Aguilar E, Dieguez C, Millar RP, Tena-Sempere M. Kisspeptins and reproduction: physiological roles and
regulatory mechanisms. Physiol Rev. 2012;92(3):1235-316.

7.Walker JJ, Terry JR, Tsaneva-Atanasova K, Armstrong SP, McArdle CA, Lightman SL. Encoding and decoding
mechanisms of pulsatile hormone secretion. J Neuroendocrinol. 2010;22(12):1226-38.

8.0jeda SR, Lomniczi A, Mastronardi C, Heger S, Roth C, Parent AS, et al. Minireview: the neuroendocrine
regulation of puberty: is the time ripe for a systems biology approach. Endocrinology. 2006;147(3):1166-74.

9.Marques P, Skorupskaite K, Rozario KS, Anderson RA, George JT. Physiology of gnrh and gonadotropin secretion.
Avaible From: https://www.ncbi.nlm.nih.gov/pubmed/25905297.

10.Shahab M, Mastronardi C, Seminara SB, Crowley WF, Ojeda SR, Plant TM. Increased hypothalamic GPR54
signaling: a potential mechanism for initiation of puberty in primates. Proc Natl Acad Sci U S A. 2005;102(6):2129-34.
11.Terasawa E, Fernandez DL. Neurobiological mechanisms of the onset of puberty in primates. Endocr Rev.
2001;22(1):111-51.

12.Plant TM. Leptin, Growth hormone, and the onset of primate puberty. J Clin Endocrinol Metab. 2001;86(1):458-60.
13.Seminara SB, Kaiser UB. New gatekeepers of reproduction: GPR54 and its cognate ligand, KiSS-1. Endocrinol.
2005;146(4):1686-8.

14.Sonigo C, Binart N. Overview of the impact of kisspeptin on reproductive function. Ann Endocrinol (Paris).
2012;73(5):448-58.

15.Popa SM, Clifton DK, Steiner RA. The role of kisspeptins and gpr54 in the neuroendocrine regulation of
reproduction. Annu Rev Physiol. 2008;70:213-38.

16.Lehman M, Hileman S, Goodman R. Neuroanatomy of the Kisspeptin Signaling System in Mammals: Comparative
and Developmental Aspects. In: Kauffman AS, Smith JT eds. Adv Exp Med Biol. 2013;784:27-62.

17.Roseweir AK, Millar RP. The role of kisspeptin in the control of gonadotrophin secretion. Hum Reprod Update.
2009;15(2):203-12.

18.Lehman MN, Coolen LM, Goodman RL. Minireview: Kisspeptin/Neurokinin B/Dynorphin (KNDy) Cells of the
Arcuate Nucleus: A Central Node in the Control of Gonadotropin-Releasing Hormone Secretion. Endocrinology.
2010;151(8):3479-89.

19.0akley AE, Clifton DK, Steiner RA. Kisspeptin signaling in the brain. Endocr Rev. 2009;30(6):713-43.
20.Gutierrez-Pascual E, Leprince J, Martinez-Fuentes AJ, Segalas-Milazzo 1, Pineda R, Roa J, et al. In vivo and in vitro
structure activity relationships and structural conformation of Kisspeptin-10-related peptides. Mol Pharmacol.
2009;76(1):58-67.

21.0rsini MJ, Klein MA, Beavers MP, Connolly PJ, Middleton SA, Mayo KH. Metastin (KiSS-1) mimetics identified
from peptide structure-activity relationship-derived pharmacophores and directed small molecule database screening. J
Med Chem 2007;50:462-71.

22.d'Anglemont de Tassigny X, Colledge WH. The role of kisspeptin signaling in reproduction. Physiol (Bethesda).
2010;25(4):207-17.

23.0kamura H, Yamamura T, Wakabayashi Y. Kisspeptin as a master player in the central control of reproduction in
mammals: an overview of kisspeptin research in domestic animals. Anim Sci J. 2013;84(5):369-381.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Terry%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=21054582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsaneva-Atanasova%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21054582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Armstrong%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=21054582
http://www.ncbi.nlm.nih.gov/pubmed/?term=McArdle%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=21054582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lightman%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=21054582
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lomniczi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16373420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mastronardi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16373420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heger%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16373420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roth%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16373420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Parent%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=16373420
https://www.ncbi.nlm.nih.gov/pubmed?term=Anderson%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=25905297
https://www.ncbi.nlm.nih.gov/pubmed?term=George%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=25905297
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mastronardi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15684075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seminara%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=15684075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Crowley%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=15684075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ojeda%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=15684075
http://www.ncbi.nlm.nih.gov/pubmed/?term=Plant%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=15684075
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sonigo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23000239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Binart%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23000239
http://www.ncbi.nlm.nih.gov/pubmed/?term=d%27Anglemont%20de%20Tassigny%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20699467
http://www.ncbi.nlm.nih.gov/pubmed/?term=Colledge%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=20699467
http://www.ncbi.nlm.nih.gov/pubmed/?term=Okamura%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23607315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamamura%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23607315
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wakabayashi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23607315
http://dx.doi.org/10.18869/acadpub.jbums.20.4.59
https://dor.isc.ac/dor/20.1001.1.15614107.1397.20.4.9.3

[ DOR: 20.1001.1.15614107.1397.20.4.9.3 ]

[ DOI: 10.18869/acadpub.jbums.20.4.59 ]

WAY (1393598 /¥ 0los [ niaanss 0593 ¢ bl (Kb pole olSKuiily dloxs
OSer g (pdy Al Cuos ) € i D16 3850 wgeVlgud joee (glS 0uLST wulald 1ty (S

24.Kanda S, Akazome Y, Matsunaga T, Yamamoto N, Yamada S, Tsukamura H, et al. Identification of KiSS-1 product
Kisspeptin and steroid-sensitive sexually dimorphic kisspeptin neurons in medaka (Oryzias latipes). Endocrinol.
2008;149(5):2467-76.

25.Messager S, Chatzidaki EE, Ma D, Hendrick AG, Zahn D, Dixon J, et al. Kisspeptin directly stimulates
gonadotropin-releasing hormone release via G protein-coupled receptor 54. Proc Natl Acad Sci U S A.
2005;102(5):1761-6.

26.Clarkson J, d’ Anglemont de Tassigny X, Colledge WH, Caraty A, Herbison AE. Distribution of kisspeptin neurones
in the adult female mouse brain. J J Neuroendocrinol. 2009;21(8):673-82.

27.Clarkson J, Herbison AE. Postnatal development of kisspeptin neurons in mouse hypothalamus; sexual dimorphism
and projections to gonadotropin-releasing hormone neurons. Endocrinol. 2006;147(12):5817-25.

28.Gottsch ML, Cunningham MJ, Smith JT, Popa SM, Acohido BV, Crowley WF, et al. A role for kisspeptins in the
regulation of gonadotropin secretion in the mouse. Endocrinol. 2004;145(9):4073-7

29.Franceschini I, Lomet D, Cateau M, Delsol G, Tillet Y, Caraty A. Kisspeptin immunoreactive cells of the ovine
preoptic area and arcuate nucleus co-express estrogen receptor alpha. Neurosci Lett. 2006;401(3):225-30.

30.Rometo AM, Krajewski SJ, Voytko ML, Rance NE. Hypertrophy and increased kisspeptin gene expression in the
hypothalamic infundibular nucleus of postmenopausal women and ovariectomized monkeys. J Clin Endocrinol Metab.
2007;92(7):2744-50.

31.Smith JT, Clay CM, Caraty A, Clarke 1J. KiSS-1 messenger ribonucleic acid expression in the hypothalamus of the
ewe is regulated by sex steroids and season. Endocrinol. 2007;148(3):1150-7.

32.Takase K, Uenoyama Y, Inoue N, Matsui H, Yamada S, Shimizu M, et al. Possible role of oestrogen in pubertal
increase of Kissl/kisspeptin expression in discrete hypothalamic areas of female rats. J Neuroendocrinol.
2009;21(6):527-37.

33.Gu GB, Simerly RB. Projections of the sexually dimorphic anteroventral periventricular nucleus in the female rat. J
Comp Neurol. 1997;384(1):142-64.

34.Homma T, Sakakibara M, Yamada S, Kinoshita M, lwata K, Tomikawa J, et al. Significance of Neonatal Testicular
Sex Steroids to Defeminize Anteroventral Periventricular Kisspeptin Neurons and the GhnRH/LH Surge System in Male
Rats. Biol Reprod. 2009;81(6):1216-25.

35.Ramaswamy S, Guerriero KA, Gibbs RB, Plant TM. Structural interactions between kisspeptin and GnRH neurons
in the mediobasal hypothalamus of the male rhesus monkey (Macaca mulatta) as revealed by double
immunofluorescence and confocal microscopy. Endocrinology. 2008;149(9):4387-95.

36.Kauffman AS, Park JH, McPhie-Lalmansingh AA, Gottsch ML, Bodo C, Hohmann JG, et al. The kisspeptin
receptor GPR54 is required for sexual differentiation of the brain and behavior. J Neurosci. 2007;27(33):8826-35.
37.Zhang C, Roepke TA, Kelly MJ, Ronnekleiv OK. Kisspeptin depolarizes gonadotropin-releasing hormone neurons
through activation of TRPC-like cationic channels. J Neurosci. 2008;28(17):4423-34.

38.Funes S, Hedrick JA, Vassileva G, Markowitz L, Abbondanzo S, Golovko A, et al. The KiSS-1 receptor GPR54 is
essential for the development of the murine reproductive system. Biochem Biophys Res Commun. 2003;312(4):1357-
63.

39.d’Anglemont de Tassigny X, Fagg LA, Dixon JP, Day K, Leitch HG, Hendrick AG, et al. Hypogonadotropic
hypogonadism in mice lacking a functional Kiss1 gene. Proc Natl Acad Sci U S A. 2007;104(25):10714-9.

40.Dungan HM, Gottsch ML, Zeng H, Gragerov A, Bergmann JE, Vassilatis DK, et al. The role of kisspeptin-GPR54
signaling in the tonic regulation and surge release of gonadotropin-releasing hormone/luteinizing hormone. J Neurosci.
2007;27(44):12088-95.

41.Silveira LG, Noel SD, Silveira-Neto AP, Abreu AP, Brito VN, Santos MG, et al. Mutations of the KISS1 gene in
disorders of puberty. J Clin Endocrinol Metab. 2010;95(5):2276-80.

42.1rwig MS, Fraley GS, Smith JT, Acohido BV, Popa SM, Cunningham MJ, et al. Kisspeptin activation of
gonadotropin releasing hormone neurons and regulation of KiSS-1 mRNA in the male rat. Neuroendocrinol.
2004;80(4):264-72.

43.d’ Anglemont de Tassigny X, Fagg LA, Carlton MB, Colledge WH. Kisspeptin can stimulate gonadotropin-releasing
hormone (GnRH) release by a direct action at GnRH nerve terminals. Endocrinology. 2008;149(8):3926-32.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Homma%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19684332
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sakakibara%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19684332
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19684332
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kinoshita%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19684332
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iwata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19684332
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tomikawa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19684332
http://dx.doi.org/10.18869/acadpub.jbums.20.4.59
https://dor.isc.ac/dor/20.1001.1.15614107.1397.20.4.9.3

[ DOR: 20.1001.1.15614107.1397.20.4.9.3 ]

[ DOI: 10.18869/acadpub.jbums.20.4.59 ]

J Babol Univ Med Sci; 20(4); Apr 2018
Kisspeptin: Key Regulator of Hypothalamic—Pituitary—Gonadal Axis; R. Parandin, et al

44.Herbison AE, Theodosis DT. Localization of oestrogen receptors in preoptic neurons containing neurotensin but not
tyrosine hydroxylase, cholecystokinin or luteinizing hormone-releasing hormone in the male and female rat. Neurosci.
1992;50(2):283-98

45.Huang X, Harlan RE. Absence of androgen receptors in LHRH immunoreactive neurons. Brain Res. 1993;624(1-
2):309-11

46.Smith JT, Cunningham MJ, Rissman EF, Clifton DK, Steiner RA. Regulation of Kiss1 gene expression in the brain
of the female mouse. Endocrinology. 200;146(9):3686-92.

47.Gottsch ML, Navarro VM, Zhao Z, Glidewell-Kenney C, Weiss J, Jameson JL, et al. Regulation of Kissl and
dynorphin gene expression in the murine brain by classical and nonclassical estrogen receptor pathways. J Neurosci.
2009;29(29):9390-5.

48.Tena-Sempere M. Kisspeptin/GPR54 system as potential target for endocrine disruption of reproductive
development and function. Int J Androl. 2010;33(2):360-8.

49.Martin OV, Voulvoulis N. Sustainable risk management of emerging contaminants in municipal wastewaters. Philos
Trans R Soc A-Math Phys Eng Sci. 2009;367:3895-922.

50.Colborn T, vom Saal FS, Soto AM. Developmental effects of endocrine-disrupting chemicals in wildlife and
humans. Environ Health Perspect. 1993;101(5):378-84.

51.Parandin RA, Behnam-Rassouli M. Effects of endocrine disrupting compounds on hypothalamic-pituitary-gonadal
axis and reproductive health A review. Iran J Endocrinol Metabol. 2017;18(6):455-69. [In Persian].

52.Knez J. Endocrine-disrupting chemicals and male reproductive health. Reprod Biomed Online. 2013;26(5):440-8.
53.Gore AC. Developmental programming and endocrine disruptor effects on reproductive neuroendocrine systems.
Front Neuroendocrinol. 2008;29(3):358-74.

54.Gore AC. Neuroendocrine systems as targets for environmental endocrine-disrupting
chemicals. Fertil Steril. 2008;89(2):e101-2

55.Diamanti-Kandarakis E, Bourguignon JP, Giudice LC, Hauser R, Prins GS, Soto AM, et al. Endocrine-disrupting
chemicals: an endocrine society scientific statement. Endocr Rev. 2009;30:293-342.

56.Fowler PA, Bellingham M, Sinclair KD, Evans NP, Pocar P, Fischer B, et al. Impact of endocrine-disrupting
compounds (EDCs) on female reproductive health. Mol Cell Endocrinol. 2012;355(2):231-9.

57.Parandin RA, Behnam-Rassouli M, Mahdavi-Shahri N. Effects of neonatal exposure to Zearalenone on puberty
timing, hypothalamic nuclei of AVPV and ARC, and reproductive functions in female mice. Reprod Sci.
2017;24(9):1293-1303.

58.Parandin R, Behnam-RassouliM, Mahdavi-Shahri N. Evaluation of neonatal exposure to mycoestrogens zearalenone
and alpha-zearalenol on puberty and reproductive function in female mice. J llam Univ Med Sci. 2017;24:11-22. [In
Persian].

59.Patisaul HB, Todd KL, Mickens JA, Adewale HB. Impact of neonatal exposure to the ERa agonist PPT, bisphenol-
A or phytoestrogens on hypothalamic kisspeptin fiber density in male and female rats. Neurotoxicology.
2009;30(3):350-7.

60.Losa SM, Todd KL, Sullivan AW, Cao J, Mickens JA, Patisaul HB. Neonatal exposure to genistein adversely
impacts the ontogeny of hypothalamic kisspeptin signaling pathways and ovarian development in the peripubertal
female rat. Reprod Toxicol. 2011;31(3):280-9.

61.Hu J, Du G, Zhang W, Huang H, Chen D, Wu D, Wang X. Short-term neonatal/prepubertal exposure of dibutyl
phthalate (DBP) advanced pubertal timing and affected hypothalamic kisspeptin/GPR54 expression differently in
female rats. Toxicol. 2013;314(1):65-75.

62.Parandin R, Behnam-Rassouli M, Mahdavi , Shahri N. Oestrogenic action of neonatal tamoxifen on the
hypothalamus and reproductive system in female mice. Reprod Fertil Dev. 2016;11.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519860
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519860
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patisaul%20HB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Todd%20KL%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mickens%20JA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19442818
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19442818
http://www.ncbi.nlm.nih.gov/pubmed/?term=Losa%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=20951797
http://www.ncbi.nlm.nih.gov/pubmed/?term=Todd%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=20951797
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sullivan%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=20951797
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20951797
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mickens%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=20951797
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patisaul%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=20951797
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24056307
http://www.ncbi.nlm.nih.gov/pubmed/?term=Du%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24056307
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24056307
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24056307
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24056307
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24056307
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24056307
http://dx.doi.org/10.18869/acadpub.jbums.20.4.59
https://dor.isc.ac/dor/20.1001.1.15614107.1397.20.4.9.3
http://www.tcpdf.org

