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The dogmatic adherence to “what is good for the goose
is good for the gander” appears to pervade avian en-

docrinology research when it comes to vertebrate evolu-
tion of hormones and their physiological roles in birds.
There appears to be a general acceptance that specific hor-
mones, their cognate receptors, and their regulatory func-
tions identified in other vertebrates should be present and
serve the same function in birds. This has been largely the
case for leptin (LEP) originally identified in mammals (1–
5), which has been vigorously sought for more than a
decade in birds (6–10), and also more recently for kiss-
peptin (11, 12). But should we expect to find the same
hormones and functions in birds as occurs in other verte-
brates? In order for early reptilian bird ancestors to take to
the air, phenomenal evolutionary changes in their physi-
ology were required and presumably drove changes in the
use of existing hormones and cognate receptors, their
modification, or their abandonment. Yet many scientists
take the view that major physiological systems present in
tetrapods and fish should be present in birds and serve the
same function and use of the same hormone/receptor
regulators.

This is clearly not the case for some major systems, such
as the genetics of sexual determination in birds and the
high set point for body temperature (40°C), and for some
major hormone regulators, such as the neuroendocrinol-
ogy of the regulation of reproduction. The latter is char-
acterized by the total excision of kisspeptin and kisspeptin
receptor genes from the avian genome but its complete
conservation as an essential regulator of reproduction in
all other vertebrates from fish to mammals (11, 12). At the
same time, a potent negative regulator of reproduction in
birds, gonadotropin-inhibitory hormone, has evolved and

appears to play a more prominent role in avian reproduc-
tion than in other vertebrate classes (13).

It is therefore perhaps not altogether surprising that the
LEP system of metabolic regulation and appetite regula-
tion might not exist/operate in birds. Research over more
than a decade had suggested that this is the case (6–10).
This was contradicted by several reports of the identifica-
tion of a LEP gene with high identity with the mammalian
LEP gene (14, 15). However, these putative LEP genes
had greater sequence identity with mammalian LEP genes
than with any other vertebrate sequences, strongly sug-
gesting contamination with mammalian LEP gene as
pointed out in the current articles.

Has an Authentic/Genuine Avian “LEP”
Now Been Found?

In the first of 2 articles in the current issue of Endocrinol-
ogy, “Discovery of a novel functional Leptin protein (LEP)
in zebra finches: evidence for the existence of an authentic
avian leptin gene predominantly expressed in the brain
and pituitary,” Huang et al (16) identified and character-
ized a putative LEP gene (zbLEP) encoding a 172-amino
acid precursor in zebra finches. This gene has 26% and
29% amino acid sequence identity with human and mouse
LEP, respectively. Synteny analysis showed that zbLEP is
orthologous to mammalian LEP gene.

In the second article, “Discovery and characterization
of the first genuine avian leptin gene in the rock dove
(Columba livia),” Friedman-Einat et al (17) discovered the
same gene in the rock dove encoding a 181-amino acid
orthologous precursor with 30% identity to the human
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ortholog. These 2 important discoveries indicate that the
previous reports and database depositions of LEP genes in
chickens, ducks, and turkeys with more than 90% identity
with mammalian LEP are clearly due to contamination
with mammalian LEP as alluded to above. This author
(R.P.M.) was once presented in his laboratory with a se-
quence of cloned chicken GnRH that had greater identity
with human than the mouse GnRH gene, which immedi-
ately had alarm bells ringing. Researchers need to be
alerted to the fact that species identities of hormones and
receptors that do not conform to phylogenetic relation-
ships should be regarded with skepticism and not com-
mitted to publication or deposited in databases without
rigorous elimination of the possibility of contamination.

Interestingly, both studies in this month’s Endocrinol-
ogy found that LEP is not expressed in adipose tissue,
which suggests that it does not act as an adipocyte-derived
signal to control energy balance. This result calls into
question whether the gene that has been discovered should
be regarded as a LEP gene at all and perhaps referred to as
LEP-like hormone (see commentary below). There is also
a disturbing difference in tissue expression of LEP ob-
served by the 2 studies. Huang et al (16) find that LEP
expression is almost exclusively in the pituitary of the ze-
bra finch, whereas Friedman-Einat et al (17) record pre-
dominant expression in the liver and in the gonads of the
rock dove and poor expression in pituitary. If the identi-
fied gene is an important physiological regulator, how can
its major expression be in such different tissues in different
bird species? Indeed, this brings into question the physi-
ological significance of LEP in birds or suggests that there
is considerable plasticity in its use that is not apparent in
other vertebrates in which LEPs, with clear relationship to
the mammalian counterpart, have been identified (18–
21). Plasticity in use of hormone structures for different
functions is exemplified by GnRHs (22) but so is the si-
lencing of genes as has occurred with GnRH II and its
cognate receptor that may have been selected for during
domestication (23).

Both articles document that LEP receptor (LEPR) ex-
pression predominates in the pituitary (not the hypothal-
amus) and is also expressed in the gonads. Friedman-Einat
et al (17) note that there is LEP activity in the circulation,
suggesting that, if the differential expression patterns re-
ported by the 2 studies can be reconciled, one could put
forward the concept that LEP is a pituitary hormone that
acts on the gonads but is also an autocrine stimulator of
pituitary hormones in birds. In keeping with this, previous
studies have described direct actions of LEP on LH and
FSH as well as GH secretion. However, it is wise to be
cautious on such interpretations and take a more parsi-

monious view, at least until more extensive studies have
been conducted.

Although the avian LEP does not appear to have a LEP
role, it is clearly active at the avian LEPR. Huang et al (16)
observed, using a pAH32 luciferase reporter system and
Western blotting of STAT3 phosphorylation analysis, that
the recombinant finch protein potently (nanomolar range)
activated finch and chicken LEPRs expressed in HEK293
cells. This observation is encouraging but also somewhat
surprising, because the authors note that the avian or-
tholog has about 10 amino acids missing in the connecting
loop compared with mammalian LEP and that these are
essential for receptor activation but not binding.

Should the Newly Identified Avian LEP
Ortholog Sequences Be Regarded as LEP?

The identification and naming of LEP was based on the
pursuit of a humoral factor produced by adipose tissue
that regulated appetite. The novel gene identified by the
research groups in bird species is not produced by adipose
tissue, LEPR is expressed at highest levels outside the hy-
pothalamus, and LEP does not appear to play a role in
appetite regulation in birds. Thus, should it be referred to
as LEP in birds? Or would it be wiser to refer to the new
gene as a LEP ortholog (ortho-LEP) and name the protein
(with only 30% identity) “LEP-like” or dub it with a new
name that reflects its function, once identified, so as not to
confuse by implying LEP function? After all, IGF-I has
more identity (48%) to insulin than does avian and mam-
malian LEP.

Conclusion/Summary

In summary, 2 articles describe the identification of novel
avian orthologs of tetrapod LEP. However, these have low
homology with the mammalian hormone, and their tissue
distribution, as well as that of its receptor, is not compat-
ible with an adipocyte signaler to appetite centers in the
hypothalamus. However, this LEP is clearly active at
LEPRs and challenges researchers to determine whether it
has a role or not in avian physiology given its divergent
expression in bird species.

Acknowledgments

Address all correspondence and requests for reprints to: Robert
P. Millar, PhD, Department of Zoology, Mammal Research In-
stitute, Lynnwood Road, 0028 Pretoria, South Africa. E-mail:
r.millar@hrsu.mrc.ac.uk.

3204 Millar Identification of Genuine/Authentic Avian LEP Endocrinology, September 2014, 155(9):3203–3205

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 03 December 2014. at 22:45 For personal use only. No other uses without permission. . All rights reserved.

mailto:r.millar@hrsu.mrc.ac.uk


This work was supported by grants from the National Re-
search Foundation and Medical Research Council of South
Africa, and the Universities of Pretoria and Cape Town.

Disclosure Summary: The author has nothing to disclose.

References

1. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman
JM. Positional cloning of the mouse obese gene and its human ho-
mologue. Nature. 1994;372:425–432.

2. Friedman JM. Leptin and the regulation of body weight. Keio J Med.
2011;60:1–9.

3. Moon HS, Dalamaga M, Kim SY, et al. Leptin’s role in lipodystro-
phic and nonlipodystrophic insulin-resistant and diabetic individu-
als. Endocr Rev. 2013;34:377–412.

4. Chen H, Charlat O, Tartaglia LA, et al. Evidence that the diabetes
gene encodes the leptin receptor: identification of a mutation in the
leptin receptor gene in db/db mice. Cell. 1996;84:491–495.

5. Bjørbaek C, Kahn BB. Leptin signaling in the central nervous system
and the periphery. Recent Prog Horm Res. 2004;59:305–331.

6. Friedman-Einat M, Boswell T, Horev G, et al. The chicken leptin
gene: has it been cloned? Gen Comp Endocrinol. 1999;115:354–
363.

7. Sharp PJ, Dunn IC, Waddington D, Boswell T. Chicken leptin. Gen
Comp Endocrinol. 2008;158:2–4.

8. Pitel F, Faraut T, Bruneau G, Monget P. Is there a leptin gene in the
chicken genome? Lessons from phylogenetics, bioinformatics and
genomics. Gen Comp Endocrinol. 2010;167:1–5.

9. Pitel F, Monbrun C, Gellin J, Vignal A. The chicken LEP (OB) gene
has not been mapped. Anim Genet. 2000;31:281.

10. Scanes CG. Absolute and relative standards–the case of leptin in
poultry: first do no harm. Poult Sci. 2008;87:1927–1928.

11. Joseph NT, Tello JA, Bedecarrats GY, Millar RP. Reproductive
neuropeptides: prevalence of GnRH and KNDy neural signalling
components in a model avain, gallus gallus. Gen Comp Endocrinol.
2013;190:134–143.

12. Kim DK, Cho EB, Moon MJ, et al. Molecular coevolution of neu-
ropeptides Gonadotropin-Releasing Hormone and Kisspeptin with
their cognate G-protein-coupled receptors. Front Neurosci. 2012;
6:3.

13. Ubuka T, Son YL, Bentley GE, Millar RP, Tsutsui K. Gonadotropin-
inhibitory hormone (GnIH), GnIH receptor and cell signaling. Gen
Comp Endocrinol. 2013;190:10–17.

14. Ashwell CM, Czerwinski SM, Brocht DM, McMurtry JP. Hor-
monal regulation of leptin expression in broiler chickens. Am J
Physiol. 1999;276:R226–R232.

15. Taouis M, Chen JW, Daviaud C, Dupont J, Derouet M, Simon J.
Cloning the chicken leptin gene. Gene. 1998;208:239–242.

16. Huang G, Li J, Wang H, Lan X, Wang Y. Discovery of a novel
functional leptin protein (LEP) in zebra finches: evidence for the
existence of an authentic avian leptin gene predominantly expressed
in the brain and pituitary. Endocrinology. 2014;155:3385–3396.

17. Friedman-Einat M, Cogburn LA, Yosefi S, et al. Discovery and char-
acterization of the first genuine avian leptin gene in the rock dove
(Columba livia). Endocrinology. 2014;155:3376–3384.

18. Denver RJ, Bonett RM, Boorse GC. Evolution of leptin structure
and function. Neuroendocrinology. 2011;94:21–38.

19. Crespi EJ, Denver RJ. Leptin (ob gene) of the South African clawed
frog Xenopus laevis. Proc Natl Acad Sci USA. 2006;103:10092–
10097.

20. Boswell T, Dunn IC, Wilson PW, Joseph N, Burt DW, Sharp PJ.
Identification of a non-mammalian leptin-like gene: characteriza-
tion and expression in the tiger salamander (Ambystoma tigrinum).
Gen Comp Endocrinol. 2006;146:157–166.

21. Kurokawa T, Uji S, Suzuki T. Identification of cDNA coding for a
homologue to mammalian leptin from pufferfish, Takifugu ru-
bripes. Peptides. 2005;26:745–750.

22. Millar RP, Pawson AJ, Morgan K, Rissman EF, Lu ZL. Diversity of
actions of GnRHs mediated by ligand-induced selective signaling.
Front Neuroendocrinol. 2008;29:17–35.

23. Stewart AJ, Katz AA, Millar RP, Morgan K. Retention and silencing
of prepro-GnRH-II and type II GnRH receptor genes in mammals.
Neuroendocrinology. 2009;90:416–432.

doi: 10.1210/en.2014-1563 endo.endojournals.org 3205

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 03 December 2014. at 22:45 For personal use only. No other uses without permission. . All rights reserved.


