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ABSTRACT

Adipocytokines, or adipokines, are circulating hormones mainly produced by adipose tissue
and are key regulators of whole body metabolism and immune homeostasis. Due to a rise in
human obesity-related diseases, pathways related to metabolism are being studied using sev-
eral animal models to identify key molecular signatures for development of mechanism-based
therapeutic strategies. Previous work published in our laboratory has used chickens as a model
for obesity because of its peculiarities that will be described in this article. In particular, recent
advances in our understanding of adipokine AMP-activated protein kinase (AMPK) interac-
tions in the regulation of energy balance will be summarized as well as facilitating the discus-
sion by asking new questions which may open new vistas for future research.

KEYWORDS: Adipocytokine; AMP-activated protein kinase (AMPK); Obesity; Chicken.

ABBREVIATIONS: AMPK: AMP-activated protein kinase; ARC: Arcuate nucleus; PVN: Para-
ventricular nucleus; GLUT4: Glucose transporter type 4; SOCS3: Suppressor of cytokine sig-
naling 3; LDL: Low-density lipoprotein.

The relationship between adipocytokines and AMP-activated protein kinase (AMPK)
in the regulation of several metabolic processes has been the subject of many studies. AMPK
has been shown to be activated/deactivated by several adipokine-inducing cellular energy al-
teration. The adipokines adiponectin, leptin, resistin and visfatin play pivotal roles in obesity,
insulin resistance and related inflammatory disorders.'* Adiponectin is involved in regulating
glucose levels as well as fatty acid breakdown, with circulating levels varying in healthy adults
but may be inversely correlated with body fat percentage.” Leptin regulates energy balance
through its anorexigenic effects in the hypothalamus. In obesity, leptin sensitivity decreases
although it has high circulating levels.®® Resistin is also known as adipose tissue-specific se-
cretory factor (ADSF) and is secreted by immune and epithelial cells, playing a role in high
levels of low-density lipoprotein (LDL) and serves endocrine functions involved in insulin
resistance.'’ Visfatin has been shown to activate insulin receptor and to have insulin-mimetic
effects such as lowering blood glucose and improving insulin sensitivity.!" This cytokine is
highly expressed in visceral fat and its serum levels is high in obese subjects.'!

Studies detailing the control of hepatic glucose production by activated AMPK was
demonstrated in resistin knockout mice and adiponectin treated rodents, and suggested that
hepatic AMPK is a specific target of both adipocytokines with resistin inhibiting AMPK and
adiponectin activating AMPK.'>!* AMPK is expressed in feeding-related hypothalamic nuclei
such as arcuate nucleus (ARC) and paraventricular nucleus (PVN) and has been shown to
mediate the (an)orexigenic effects of adipocytokine.!* For instance, adiponectin increases food
intake, but leptin decreases food intake through activating AMPK in the hypothalamus.'® These
results, along with others, show that food intake and nutrient metabolism are regulated by the
AMPK pathway'> as shown in a fasting study that resulted inactivation of AMPK whereas
re-feeding inhibited AMPK activity in mice.'® Feed efficiency in poultry, (the ability of the
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animal to convert their feed into usable energy) is an important
economic and agricultural trait, therefore, understanding its un-
derlying signaling pathways is critical. For example, it has been
found that, in chickens, 24 h fasting altered gene expression of
AMPK subunits!” and a separate study showed that Suppres-
sor of cytokine signaling 3 (SOCS3) (define SOCS3) regulates
growth and development through three adipocytokine signaling
pathways: 1) SOCS3 inhibiting IRS1, this inhibits insulin sig-
naling, affecting growth; 2) SOCS3 inhibiting LEPR, leptin has
a range of biological effects, most notably in metabolic regula-
tion which suppresses appetite, reduces energy intake, increas-
ing energy expenditure, and inhibiting fat synthesis; 3) SOCS3
inhibits JAK, this pathway is involved in cell proliferation, dif-
ferentiation, apoptosis, immune regulation, and other important
biological processes.!®

While most studies have been conducted in mammals
(mainly murine models), few studies have been carried out in
chickens as they have physiological characteristics making
them useful models to study the pathophysiology of obesity.!
Whereas lipogenesis occurs in both adipose tissue and liver in
rodents??? chickens are similar to humans in that lipogenesis
occurs exclusively in the liver.® In addition, broiler chickens
are also hyperglycemic, insulin resistant, and lack both Glucose
transporter type 4 (GLUT4) (although they do have analogous
GLUTS and GLUTI12) and brown adipose tissue.They are ge-
netically selected for rapid growth rate and, consequently, are
hyperphagic, heavy, and adults are prone to obesity and several
metabolic disorders. These peculiarities make chicken a very
useful human-relevant animal model to study this disease.A
major focus in poultry research is developing mechanism-based
strategies (nutrition, management, genetics) to improve feed
efficiency and animal well-being and health. Adipocytokines-
AMPK interaction could be one such mechanism that can aid
poultry research in determining underlying causes of fat deposi-
tion and, subsequently, how to gain better muscle yield.

The past two decades have seen a surge in obesity and
obesity related illness. Due to its role in cardiovascular disease,
airway disorders, neurodegenerative diseases, hypertension, and
fatty liver disease. Obesity is one of the most important diseases
afflicting modern society today. Efforts to delineate the patho-
physiological mechanisms underlying this disease have become
paramount and adipocytokine therapy tops that list. Dysfunction
of this pathway may be a key factor in obesity-related illness and,
subsequently, its treatment. Although pathways affecting satiety
and feeding upstream of AMPK are somewhat understood, there
remains much to gather about the downstream effects of such
pathways in both mammals and avian species.Therefore, while
much is known about adipocytokines as well as their relation to
obesity-linked illness, much has yet to be elucidated.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

Obes Res Open J

Open Journal

()penventio

PUBLISHERS

http://dx.doi.org/10.17140/OR0OJ-3-126

REFERENCES

1. Wellen KE, Hotamisligil GS. Inflammation, stress, and dia-
betes. J Clin Invest. 2005; 115(5): 1111-1119. doi: 10.1172/
JCI200525102

2. Calle EE, Kaaks R. Overweight, obesity and cancer: Epide-
miological evidence and proposed mechanisms. Nat Rev Cancer.
2004; 4: 579-591. doi: 10.1038/nrc1408

3. Mannino DM, Mott J, Ferdinands JM, et al. Boys with high
body masses have an increased risk of developing asthma: Find-
ings from the National Longitudinal Survey of Youth (NLSY).
Int J Obesity (Lond). 2006; 30: 6-13. doi: 10.1038/sj.1j0.0803145

4.La Cava A, Matarese G. The weight of leptin in immunity. Nat
Rev Immunol. 2004; 4: 371-379. doi: 10.1038/nri1350

5. Kusminski CM, McTernan PG, Kumar S. Role of resistin in
obesity, insulin resistance and Type II diabetes. Clin Sci (Lond).
2005; 109: 243-256. doi: 10.1042/CS20050078

6. Weisberg SP, Hunter D, Huber R, et al. CCR2 modulates in-
flammatory and metabolic effects of high-fat feeding. J Clin In-
vest. 2006; 116: 115-124. doi: 10.1042/CS20050078

7. Ukkola O, Santaniemi M. Adiponectin: A link between excess
adiposity and associated comorbidities? J Mol Med. 2002; 11:
696-702. doi: 10.1007/s00109-002-0378-7

8. Pan H, Guo J, Su Z. Advance in understanding the interrela-
tions between leptin resistance and obesity. Phys Behav. 2014;
130: 157-169. doi: 10.1016/j.physbeh.2014.04.003

9. Considine RV, Sinha MK, Heiman ML, et al. Serum im-
munoreactive-leptin  concentrations in normal-weight and
obese humans. N Engl J Med. 1996; 5: 292-295. doi: 10.1056/
NEIM199602013340503

10. Levy JR, Davenport B, Clore JN, et al. Lipid metabolism and
resistin gene expression in insulin-resistant Fischer 344 rats. Am
J Physiol Endocrinol Metab. 2002; 3: E626-E633. doi: 10.1152/
ajpendo.00346.2001

11. Malgorzewicz S, Debska-Slizien A, Czajka B, et al. Adi-
pokines and nutritional status in kidney transplant recipients.
Transplant Proc. 2014; 8: 2622-2666. doi: 10.1016/j.transpro-
ceed.2014.09.014

12. Banerjee RR, Rangwala SM, Shapiro JS, et al. Regulation of
fasted blood glucose by resistin. Science. 2004; 303: 1195-1198.
doi: 10.1126/science.1092341

13. Yamauchi T, Kamon J, Minokoshi Y, et al. Adiponectin stim-
ulates glucose utilization and fatty-acid oxidation by activating
AMP-activated protein kinase. Nat Med. 2002; 8: 1288-1295.

Page 41



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1087185/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1087185/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1087185/
http://www.nature.com/nrc/journal/v4/n8/full/nrc1408.html
http://www.nature.com/ijo/journal/v30/n1/full/0803145a.html
http://www.nature.com/nri/journal/v4/n5/full/nri1350.html
http://www.clinsci.org/content/109/3/243.long
http://www.clinsci.org/content/109/3/243.long
http://link.springer.com/article/10.1007%2Fs00109-002-0378-7
http://www.ncbi.nlm.nih.gov/pubmed/24726399
http://www.nejm.org/doi/full/10.1056/NEJM199602013340503%23t%3Darticle
http://www.nejm.org/doi/full/10.1056/NEJM199602013340503%23t%3Darticle
http://ajpendo.physiology.org/content/282/3/E626.long
http://ajpendo.physiology.org/content/282/3/E626.long
http://www.sciencedirect.com/science/article/pii/S0041134514008008
http://www.sciencedirect.com/science/article/pii/S0041134514008008
http://science.sciencemag.org/content/303/5661/1195.long

OBESITY RESEARCH Openventio

ISSN 2377-8385 http://dx.doi.org/10.17140/OR0OJ-3-126

Open Journal
doi: 10.1038/nm788

14. Kola B. Role of AMP-Activated Protein Kinase in the Con-
trol of Appetite. J Neuroendocrinol. 2008; 7: 942-951. doi:
10.1111/1.1365-2826.2008.01745.x

15. Minokoshi Y, Alquier T, Furukawa N, et al. AMP-kinase
regulates food intake by responding to hormonal and nutrient
signals in the hypothalamus. Nature. 2004; 428: 569-574. doi:
10.1038/nature02440

16. Lei L, Lixian L. Effect of 24 h fasting on gene expression of
AMPK, appetite regulation peptides and lipometabolism related
factors in the hypothalamus of broiler chicks. Asian-Australas
J Anim Sci. 2012; 9: 1300-1308. doi: 10.5713/ajas.2012.12153

17. Minokoshi Y, Shiuchi T, Lee S, et al. Role of hypothalamic
AMP-kinase in food intake regulation. Nutrition. 2008; 9: 786-
790. doi: 10.1016/j.nut.2008.06.002

18. Lin S, Li H, Mu H, et al. Let-7b regulates the expression of
the growth hormone receptor gene in deletion-type dwarf chick-
ens. BMC Genom. 2012; 13: 306. doi: 10.1186/1471-2164-13-
306

19. Piekarski A, Greene E, Anthony NB, Bottje W, Dridi S.
Crosstalk between autophagy and obesity: Potential use of avian
model. Adv Food Technol Nutr Sci Open J. 2015; 1(1): 32-37.
doi: 10.17140/AFTNSOJ-1-106

20. Goodridge AG, Ball EG. Lipogenesis in the pigeon: In vivo
studies. Am J Physiol. 1967; 213(1): 245-249.

21. Leveille GA, O’Hea EK, Chakbabarty K. In vivo lipogenesis
in the domestic chicken. Proc Soc Exp Biol Med. 1968; 128(2):
398-401. doi: 10.3181/00379727-128-33022

22. Leveille GA, Romsos DR, Yeh YY, O’Hea EK. Lipid bio-
synthesis in the bhick. A consideration of site of synthesis, in-
fluence of diet and possible regulatory mechanisms. Poult Sci.
1975; 54: 1075-1093. doi: 10.3382/ps.0541075

23. Trayhurn P, Wusteman MC. Lipogenesis in genetically dia-
betic (db/db) mice: Developmental changes in brown adipose
tissue, white adipose tissue and the liver. Biochim Biophys Acta.
1990; 1047: 168-174. doi: 10.1016/0005-2760(90)90043-W

Obes Res Open J Page 42



http://www.nature.com/nm/journal/v8/n11/full/nm788.html
http://www.ncbi.nlm.nih.gov/pubmed/18445126
http://www.nature.com/nature/journal/v428/n6982/full/nature02440.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4092945/
http://www.ncbi.nlm.nih.gov/pubmed/18725075
http://bmcgenomics.biomedcentral.com/articles/10.1186/1471-2164-13-306
http://bmcgenomics.biomedcentral.com/articles/10.1186/1471-2164-13-306
http://openventio.org/Volume1_Issue1/Crosstalk_between_Autophagy_and_Obesity_Potential_Use_of_Avian_Model_AFTNSOJ_1_106.pdf
http://ebm.sagepub.com/content/128/2/398
http://ps.oxfordjournals.org/content/54/4/1075.long
http://www.ncbi.nlm.nih.gov/pubmed/2248973

	_GoBack

