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Editorial 
Autophagy is a fundamental pro-survival cellular process in 

eukaryotic cells that recycles nutrients under starvation conditions. 
Autophagy also plays a role in maintaining cellular homeostasis 
by degrading damaged organelles or aberrantly folded proteins 
[1-3]. During autophagy, a double membrane vesicle, termed an 
autophagosome, takes up bulk cytoplasm and fuses with the lysosome 
where its contents are degraded [4,5]. A key step in autophagosome 
biogenesis is the lipidation of the Atg8 proteins by conjugation to 
phosphatidylethanolamine (PE) on the autophagic membrane [6-8]. 
Although it has been found that genetic abolition of Atg8 lipidation 
prevents completion of the autophagosome, the exact function of the 
lipidation process remains largely unknown [9-13]. 

In mammalian cells, there are at least six Atg8 orthologues that can 
be subdivided into the LC3 (light-chain 3) and the GABARAP (γ-amino 
butyric acid receptor-associated protein) families. LC3s, comprised of 
LC3A, LC3B, and LC3C, were first identified as microtubule-associated 
proteins. GABARAPs, including GABARAP, GABARAPL1, and 
GABARAPL2 (also known as GATE-16, Golgi-associated ATPase 
enhancer of 16 kDa) were initially identified as intracellular trafficking 
factors [14,15]. 

The Atg8 proteins are expressed universally although tissue-
specific gene expression varies for the different homologues [15]. LC3C 
is expressed primarily in the lung. GABARAP is expressed markedly 
in the endocrine gland. GABARAPL1 and GABARAPL2 are expressed 
primarily in the central nervous system [16]. The reason for this 
divergence in tissue distribution is unknown. The Atg8 homologues 
could potentially have a cell or tissue specific role beyond their 
involvement in autophagy. 

Extensive studies of LC3 lipidation in cell models have given 
insight into how the process of lipidation is regulated. Stresses, such 
as starvation, induce autophagosome biogenesis and LC3 lipidation. 
Signaling factors, such as the mammalian target of rapamycin complex 
1 (mTORC1) and the AMP-activated protein kinase (AMPK), have 
been implicated as upstream regulators of autophagy [17]. Starvation 
leads to the inhibition of mTORC1 and the activation of AMPK, 
which in turn activates the ULK1 kinase complex consisting of FIP200, 
ULK1/2, ATG13, and ATG101 [18-21], and then the autophagic 
phosphatidylinositol 3-kinase (PI3K) complex including ATG14, 
Beclin-1, P150, and VPS34 [19-22]. The former induces the assembly 
of pre-autophagosomal structures by scaffolding and phosphorylation 
of downstream factors and the latter catalyzes the formation of 
phosphatidylinositol 3-phosphate on the target membrane, which 
is essential for the recruitment of downstream effectors. The two 
kinase complexes direct the site of LC3 and regulate the magnitude of 
lipidation [19-21]. 

LC3 lipidation relies on the ubiquitin-like conjugation systems for 
the ATG12 protein and the LC3 protein [4]. These partially overlapping 
systems serve to conjugate ATG12 to ATG5 in a reaction that requires 
ATG7 and ATG10 and to conjugate LC3 to PE in a reaction that requires 
ATG7, ATG3, and a protein complex consisting of the ATG12-ATG5 
conjugate and ATG16 [4]. Studies have shown that LC3 lipidation is 

dependent on the activity of the conjugation systems because lipidation 
is completely eliminated in the absence of ATG5, ATG16, ATG3, or 
ATG7 [9,11-13]. 

The lipidated form of the Atg8 protein is attached to both faces 
(convex and concave) of the phagophore membrane, the cup-shape 
precursor of the autophagosome [23,24]. Lipidation is a reversible 
process since the cysteine protease Atg4, which is specific to the Atg8 
proteins, de-conjugates Atg8 from the autophagic membrane by 
hydrolyzing the bond between the C-terminal glycine of Atg8 and PE 
[25,26]. Like the protein it interacts with, Atg4 has homologs and while 
ATG4A is specific to the GABARAP family, ATG4B acts on both the 
LC3 and the GABARAP families [16,27,28]. 

The exact role of Atg8 in autophagy, especially in the formation 
of the autophagosome, has yet to be determined. Nonetheless, recent 
studies have established that the Atg8 proteins have a dual role in 
autophagy in regulating the growth of the autophagosome and in acting 
as cargo adaptors in selective autophagy [16,29]. A study using an in 
vitro system composed of purified proteins and liposomes indicated 
that Atg8 lipidation causes membrane tethering and hemifusion activity 
essential for the expansion of the autophagosome membrane, which 
was later supported by a genetic study demonstrating the importance 
of Atg8 for autophagosomal size [30]. A role for the Atg8 proteins in 
cargo recruitment has also been proposed due to their binding to the 
autophagic cargo adaptors P62, NBR1, NDP52, NCOA4, Optineurin, 
and Alfy via the LC3-interacting motif (LIR) [16,31-37]. 

Although the Atg8 family proteins are homologous to each other, 
they are not redundant. A study in which each of the Atg8 subfamilies 
was selectively deleted has shown that the LC3 and GABARAP families 
are both essential and act at different stages of autophagy. The removal 
of one subfamily does not result in compensation by the other since 
autophagy as a whole is inhibited [14]. In addition, overexpression 
of LC3B in the absence of GABARAPL2 leads to accumulation of 
the ATG12-ATG5/ATG16 complex whereas overexpression of 
GABARAPL2 in the absence of LC3B leads to dissociation of the 
ATG12-ATG5/ATG16 complex from the autophagic membrane 
[14]. These results were consistent with the proposition that LC3s 
are involved in the elongation of the autophagosome membrane and 
that GABARAPs are involved later, possibly in regulating the sealing 
process for the maturation of the autophagosome or in the fusion 
between the autophagosome and lysosome. 

A recent study confirms the role of GABARAPs in a late 
step of autophagosome formation. GABARAP was identified in 
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binding phosphatidylinositol 4-kinase IIα (PI4KIIα) to generate 
phosphatidylinositol 4-phosphate (PI4P) from phosphatidylinositol 
[38]. This step is crucial for the fusion of autophagosomes with 
lysosomes since live cell imaging studies have shown that PI4KIIα 
depletion inhibits fusion [38]. PI4KIIα does not bind LC3s indicating 
that the Atg8 subfamilies have distinct roles. Further studies are 
needed to elucidate the regulation of GABARAP, PI4KIIα, and PI4P in 
autophagosome and lysosome fusion. It has been proposed that PI4P 
may provide a platform for assembling the GABARAP scaffolding 
network, which has been implicated in tethering, cargo recruitment, 
and now fusion [38].

Although the LC3s have been proposed to act upstream of 
GABARAPs in mammalian autophagy, a study of Atg8 proteins 
conducted in C. elegans which undergoes allophagy, an autophagic 
process, suggests a reversed role of the two Atg8 subfamilies [39]. The two 
Atg8 orthologues in C. elegans, LGG-1 and LGG-2, correspond to the 
GABARAP and LC3 families respectively. The study found that LGG-1 
acts upstream of LGG-2 and is essential for autophagosome biogenesis 
while LGG-2 mediates the tethering between autophagosomes and 
lysosomes [39]. The question remains whether the functions of the 
Atg8 proteins in nematodes are conserved in the human orthologs 
since these results oppose the scheme that the LC3 family acts at an 
earlier step than the GABARAP family in the autophagic pathway. 

In addition to the association with downstream effectors, the 
GABARAPs are also able to cooperate with early autophagic factors. 
A study that investigated the interaction of the ULK1 complex with 
the six ATG8 homologues found that ULK1 interacted most strongly 
with GABARAP and GABARAPL1 although it interacted with 
GABARAPL2, LC3A, LC3C, and weakly with LC3B [40]. Thus, the 
ULK1 complex has a strong preference for the GABARAP family 
and this interaction is mediated by LIR motifs on ULK1, ATG13, and 
FIP200 [40]. The interaction of the ULK1 complex with GABARAPs 
presumably facilitates or stabilizes association of the ULK1 complex 
with the phagophore. 

In summary, accumulating evidence indicates functional 
divergence between members of the Atg8 orthologues in the aspects 
of: 1) stages of autophagosome development, 2) autophagic factor 
interaction, and 3) autophagic cargo selection. Still, the roles of each 
Atg8 orthologue in autophagosome biogenesis as well as the roles of 
each beyond autophagy have not yet been resolved. The emergence 
of powerful genetic approaches such as CRISPR/Cas9 have made it 
possible to dissect the individual role of each Atg8 orthologue [41,42]. 
In addition, super-resolution microscopy will allow us to determine the 
details of Atg8 protein localization on a growing phagophore. Finally, 
in vitro reconstitution approaches will enable us to resolve the detailed 
molecular actions on the process of lipidation, cargo recognition, and 
phagophore elongation.
References

1.	 Choi AM, Ryter SW, Levine B (2013) Autophagy in human health and disease. 
w N Engl J Med 368: 1845-1846.

2.	 Jiang P, Mizushima N (2014) Autophagy and human diseases. w Cell Res 24: 
69-79.

3.	 Mizushima N, Levine B, Cuervo AM, Klionsky DJ (2008) Autophagy fights 
disease through cellular self-digestion. w Nature 451: 1069-1075.

4.	 Feng Y, He D, Yao Z, Klionsky DJ (2014) The machinery of macroautophagy. 
w Cell Res 24: 24-41.

5.	 Lamb CA, Yoshimori T, Tooze SA (2013) The autophagosome: Origins 
unknown, biogenesis complex. w Nat Rev Mol Cell Biol 14: 759-774.

6.	 Dall'Armi C, Devereaux KA, Di Paolo G (2013) The role of lipids in the control 
of autophagy. w Curr Biol 23: R33-45.

7.	 Mizushima N, Sugita H, Yoshimori T, Ohsumi Y (1998) A new protein 
conjugation system in human. The counterpart of the yeast Apg12p conjugation 
system essential for autophagy. w J Biol Chem 273: 33889-33892.

8.	 Mizushima N, Noda T, Yoshimori T, Tanaka Y, Ishii T, et al. (1998) A protein 
conjugation system essential for autophagy. w Nature 395: 395-398.

9.	 Mizushima N, Yamamoto A, Hatano M, Kobayashi Y, Kabeya Y, et al. (2001) 
Dissection of autophagosome formation using Apg5-deficient mouse embryonic 
stem cells. w J Cell Biol 152: 657-668.

10.	Kishi-Itakura C, Koyama-Honda I, Itakura E, Mizushima N (2014) Ultrastructural 
analysis of autophagosome organization using mammalian autophagy-deficient 
cells. J Cell Sci 127:4089-4102.

11.	Fujita N, Itoh T, Omori H, Fukuda M, Noda T, et al. (2008) The Atg16L complex 
specifies the site of LC3 lipidation for membrane biogenesis in autophagy. w 
Mol Biol Cell 19: 2092-2100.

12.	Komatsu M, Waguri S, Ueno T, Iwata J, Murata S, et al. (2005) Impairment of 
starvation-induced and constitutive autophagy in Atg7-deficient mice. w J Cell 
Biol 169: 425-434.

13.	Sou YS, Waguri S, Iwata J, Ueno T, Fujimura T, et al. (2008) The Atg8 
conjugation system is indispensable for proper development of autophagic 
isolation membranes in mice. w Mol Biol Cell 19: 4762-4775.

14.	Weidberg H, Shvets E, Shpilka T, Shimron F, Shinder V, et al. (2010) LC3 
and GATE-16/GABARAP subfamilies are both essential yet act differently in 
autophagosome biogenesis. w EMBO J 29: 1792-1802.

15.	Tanida I, Ueno T, Kominami E (2004) LC3 conjugation system in mammalian 
autophagy. w Int J Biochem Cell Biol 36: 2503-2518.

16.	Shpilka T, Weidberg H, Pietrokovski S, Elazar Z (2011) Atg8: An autophagy-
related ubiquitin-like protein family.w Genome Biol 12: 226.

17.	Galluzzi L, Pietrocola F, Levine B, Kroemer G (2014) Metabolic control of 
autophagy. w Cell 159: 1263-1276.

18.	Kim J, Kundu M, Viollet B, Guan KL (2011) AMPK and mTOR regulate 
autophagy through direct phosphorylation of Ulk. w Nat Cell Biol 13: 132-141.

19.	Rubinsztein DC, Shpilka T, Elazar Z (2012) Mechanisms of autophagosome 
biogenesis. w Curr Biol 22: R29-34.

20.	Suzuki K, Ohsumi Y (2010) Current knowledge of the pre-autophagosomal 
structure (PAS). w FEBS Lett 584: 1280-1286.

21.	Mizushima N, Ohsumi Y, Yoshimori T (2002) Autophagosome formation in 
mammalian cells. w Cell Struct Funct 27: 421-429.

22.	Yuan HX, Russell RC, Guan KL (2013) Regulation of PIK3C3/VPS34 complexes 
by MTOR in nutrient stress-induced autophagy. w Autophagy 9: 1983-1995.

23.	Kaufmann A, Beier V, Franquelim HG, Wollert T (2014) Molecular mechanism 
of autophagic membrane-scaffold assembly and disassembly. w Cell 156: 469-
481.

24.	Kirisako T, Baba M, Ishihara N, Miyazawa K, Ohsumi M, et al. (1999) Formation 
process of autophagosome is traced with Apg8/Aut7p in yeast. w J Cell Biol 
147: 435-446.

25.	Tanida I, Ueno T, Kominami E (2004) Human light chain 3/MAP1LC3B is 
cleaved at its carboxyl-terminal Met121 to expose Gly120 for lipidation and 
targeting to autophagosomal membranes. w J Biol Chem 279: 47704-47710.

26.	Scherz-Shouval R, Sagiv Y, Shorer H, Elazar Z (2003) The COOH terminus of 
GATE-16, an intra-Golgi transport modulator, is cleaved by the human cysteine 
protease HsApg4A. w J Biol Chem 278: 14053-14058.

27.	Hemelaar J, Lelyveld VS, Kessler BM, Ploegh HL (2003) A single protease, 
Apg4B, is specific for the autophagy-related ubiquitin-like proteins GATE-16, 
MAP1-LC3, GABARAP, and Apg8L. w J Biol Chem 278: 51841-51850.

28.	Li M, Hou Y, Wang J, Chen X, Shao ZM, et al. (2011) Kinetics comparisons of 
mammalian Atg4 homologues indicate selective preferences toward diverse 
Atg8 substrates. w J Biol Chem 286: 7327-7338.

29.	Noda NN, Fujioka Y, Hanada T, Ohsumi Y, Inagaki F (2013) Structure of the 
Atg12-Atg5 conjugate reveals a platform for stimulating Atg8-PE conjugation. 
w EMBO Rep 14: 206-211.

http://www.ncbi.nlm.nih.gov/pubmed/23656658
http://www.ncbi.nlm.nih.gov/pubmed/23656658
http://www.ncbi.nlm.nih.gov/pubmed/24323045
http://www.ncbi.nlm.nih.gov/pubmed/24323045
http://www.ncbi.nlm.nih.gov/pubmed/18305538
http://www.ncbi.nlm.nih.gov/pubmed/18305538
http://www.ncbi.nlm.nih.gov/pubmed/24366339
http://www.ncbi.nlm.nih.gov/pubmed/24366339
http://www.ncbi.nlm.nih.gov/pubmed/24201109
http://www.ncbi.nlm.nih.gov/pubmed/24201109
http://www.ncbi.nlm.nih.gov/pubmed/23305670
http://www.ncbi.nlm.nih.gov/pubmed/23305670
http://www.ncbi.nlm.nih.gov/pubmed/9852036
http://www.ncbi.nlm.nih.gov/pubmed/9852036
http://www.ncbi.nlm.nih.gov/pubmed/9852036
http://www.ncbi.nlm.nih.gov/pubmed/9759731
http://www.ncbi.nlm.nih.gov/pubmed/9759731
http://www.ncbi.nlm.nih.gov/pubmed/11266458
http://www.ncbi.nlm.nih.gov/pubmed/11266458
http://www.ncbi.nlm.nih.gov/pubmed/11266458
http://jcs.biologists.org/content/early/2014/07/20/jcs.156034
http://jcs.biologists.org/content/early/2014/07/20/jcs.156034
http://jcs.biologists.org/content/early/2014/07/20/jcs.156034
http://www.ncbi.nlm.nih.gov/pubmed/18321988
http://www.ncbi.nlm.nih.gov/pubmed/18321988
http://www.ncbi.nlm.nih.gov/pubmed/18321988
http://www.ncbi.nlm.nih.gov/pubmed/15866887
http://www.ncbi.nlm.nih.gov/pubmed/15866887
http://www.ncbi.nlm.nih.gov/pubmed/15866887
http://www.ncbi.nlm.nih.gov/pubmed/18768753
http://www.ncbi.nlm.nih.gov/pubmed/18768753
http://www.ncbi.nlm.nih.gov/pubmed/18768753
http://www.ncbi.nlm.nih.gov/pubmed/20418806
http://www.ncbi.nlm.nih.gov/pubmed/20418806
http://www.ncbi.nlm.nih.gov/pubmed/20418806
http://www.ncbi.nlm.nih.gov/pubmed/15325588
http://www.ncbi.nlm.nih.gov/pubmed/15325588
http://www.ncbi.nlm.nih.gov/pubmed/21867568
http://www.ncbi.nlm.nih.gov/pubmed/21867568
http://www.ncbi.nlm.nih.gov/pubmed/25480292
http://www.ncbi.nlm.nih.gov/pubmed/25480292
http://www.ncbi.nlm.nih.gov/pubmed/21258367
http://www.ncbi.nlm.nih.gov/pubmed/21258367
http://www.ncbi.nlm.nih.gov/pubmed/22240478
http://www.ncbi.nlm.nih.gov/pubmed/22240478
http://www.ncbi.nlm.nih.gov/pubmed/20138172
http://www.ncbi.nlm.nih.gov/pubmed/20138172
http://www.ncbi.nlm.nih.gov/pubmed/12576635
http://www.ncbi.nlm.nih.gov/pubmed/12576635
http://www.ncbi.nlm.nih.gov/pubmed/24013218
http://www.ncbi.nlm.nih.gov/pubmed/24013218
http://www.ncbi.nlm.nih.gov/pubmed/24485455
http://www.ncbi.nlm.nih.gov/pubmed/24485455
http://www.ncbi.nlm.nih.gov/pubmed/24485455
http://www.ncbi.nlm.nih.gov/pubmed/10525546
http://www.ncbi.nlm.nih.gov/pubmed/10525546
http://www.ncbi.nlm.nih.gov/pubmed/10525546
http://www.ncbi.nlm.nih.gov/pubmed/15355958
http://www.ncbi.nlm.nih.gov/pubmed/15355958
http://www.ncbi.nlm.nih.gov/pubmed/15355958
http://www.ncbi.nlm.nih.gov/pubmed/12473658
http://www.ncbi.nlm.nih.gov/pubmed/12473658
http://www.ncbi.nlm.nih.gov/pubmed/12473658
http://www.ncbi.nlm.nih.gov/pubmed/14530254
http://www.ncbi.nlm.nih.gov/pubmed/14530254
http://www.ncbi.nlm.nih.gov/pubmed/14530254
http://www.ncbi.nlm.nih.gov/pubmed/21177865
http://www.ncbi.nlm.nih.gov/pubmed/21177865
http://www.ncbi.nlm.nih.gov/pubmed/21177865
http://www.ncbi.nlm.nih.gov/pubmed/23238393
http://www.ncbi.nlm.nih.gov/pubmed/23238393
http://www.ncbi.nlm.nih.gov/pubmed/23238393


Citation: Mathur A, Ge L (2015) Divergent Roles of Atg8 Orthologues in Autophagy. Biochem Pharmacol (Los Angel) 4: e177. doi:10.4173/2167-
0501.1000e177

Page 3 of 3

Volume 4 • Issue 4 • 1000e177
Biochem Pharmacol (Los Angel), an open access journal
ISSN:2167-0501 

30.	Nakatogawa H, Ichimura Y, Ohsumi Y (2007) Atg8, a ubiquitin-like protein
required for autophagosome formation, mediates membrane tethering and
hemifusion. w Cell 130: 165-178.

31.	Clausen TH, Lamark T, Isakson P, Finley K, Larsen KB, et al. (2010) p62/
SQSTM1 and ALFY interact to facilitate the formation of p62 bodies/ALIS and
their degradation by autophagy. w Autophagy 6: 330-344.

32.	Bjørkøy G, Lamark T, Brech A, Outzen H, Perander M, et al. (2005) p62/
SQSTM1 forms protein aggregates degraded by autophagy and has a
protective effect on Huntington-induced cell death. w J Cell Biol 171: 603-614.

33.	Thurston TL, Ryzhakov G, Bloor S, von Muhlinen N, Randow F (2009) The
TBK1 adaptor and autophagy receptor NDP52 restricts the proliferation of
ubiquitin-coated bacteria. w Nat Immunol 10: 1215-1221.

34.	Kirkin V, Lamark T, Sou YS, Bjørkøy G, Nunn JL, et al. (2009) A role for NBR1 
in autophagosomal degradation of ubiquitinated substrates. w Mol Cell 33: 505-
516.

35.	Filimonenko M, Stuffers S, Raiborg C, Yamamoto A, Malerød L, et al. (2007)
Functional multivesicular bodies are required for autophagic clearance of
protein aggregates associated with neurodegenerative disease. w J Cell Biol
179: 485-500.

36.	Wild P, Farhan H, McEwan DG, Wagner S, Rogov VV, et al. (2011)
Phosphorylation of the autophagy receptor optineurin restricts Salmonella
growth. w Science 333: 228-233.

37.	Filimonenko M, Isakson P, Finley KD, Anderson M, Jeong H, et al. (2010) The
selective macroautophagic degradation of aggregated proteins requires the
PI3P-binding protein Alfy. w Mol Cell 38: 265-279.

38.	Wang H, Sun HQ, Zhu X, Zhang L, Albanesi J, et al. (2015) GABARAPs
regulate PI4P-dependent autophagosome:lysosome fusion. w Proc Natl Acad
Sci U S A 112: 7015-7020.

39.	Jenzer C, Manil-Ségalen M, Lefebvre C, Largeau C, Glatigny A1, et al. (2014)
Human GABARAP can restore autophagosome biogenesis in a C. elegans lgg-
1 mutant. w Autophagy 10: 1868-1872.

40.	Alemu EA, Lamark T, Torgersen KM, Birgisdottir AB, Larsen KB, et al. (2012)
ATG8 family proteins act as scaffolds for assembly of the ULK complex:
sequence requirements for LC3-interacting region (LIR) motifs. w J Biol Chem
287: 39275-39290.

41.	Sashital DG, Jinek M, Doudna JA (2011) An RNA-induced conformational
change required for CRISPR RNA cleavage by the endoribonuclease Cse3. w
Nat Struct Mol Biol 18: 680-687.

42.	Jiang W, Bikard D, Cox D, Zhang F, Marraffini LA (2013) RNA-guided editing of 
bacterial genomes using CRISPR-Cas systems. w Nat Biotechnol 31: 233-239.

http://www.ncbi.nlm.nih.gov/pubmed/17632063
http://www.ncbi.nlm.nih.gov/pubmed/17632063
http://www.ncbi.nlm.nih.gov/pubmed/17632063
http://www.ncbi.nlm.nih.gov/pubmed/20168092
http://www.ncbi.nlm.nih.gov/pubmed/20168092
http://www.ncbi.nlm.nih.gov/pubmed/20168092
http://www.ncbi.nlm.nih.gov/pubmed/16286508
http://www.ncbi.nlm.nih.gov/pubmed/16286508
http://www.ncbi.nlm.nih.gov/pubmed/16286508
http://www.ncbi.nlm.nih.gov/pubmed/19820708
http://www.ncbi.nlm.nih.gov/pubmed/19820708
http://www.ncbi.nlm.nih.gov/pubmed/19820708
http://www.ncbi.nlm.nih.gov/pubmed/19250911
http://www.ncbi.nlm.nih.gov/pubmed/19250911
http://www.ncbi.nlm.nih.gov/pubmed/19250911
http://www.ncbi.nlm.nih.gov/pubmed/17984323
http://www.ncbi.nlm.nih.gov/pubmed/17984323
http://www.ncbi.nlm.nih.gov/pubmed/17984323
http://www.ncbi.nlm.nih.gov/pubmed/17984323
http://www.ncbi.nlm.nih.gov/pubmed/21617041
http://www.ncbi.nlm.nih.gov/pubmed/21617041
http://www.ncbi.nlm.nih.gov/pubmed/21617041
http://www.ncbi.nlm.nih.gov/pubmed/20417604
http://www.ncbi.nlm.nih.gov/pubmed/20417604
http://www.ncbi.nlm.nih.gov/pubmed/20417604
http://www.ncbi.nlm.nih.gov/pubmed/26038556
http://www.ncbi.nlm.nih.gov/pubmed/26038556
http://www.ncbi.nlm.nih.gov/pubmed/26038556
http://www.ncbi.nlm.nih.gov/pubmed/25126728
http://www.ncbi.nlm.nih.gov/pubmed/25126728
http://www.ncbi.nlm.nih.gov/pubmed/25126728
http://www.ncbi.nlm.nih.gov/pubmed/23043107
http://www.ncbi.nlm.nih.gov/pubmed/23043107
http://www.ncbi.nlm.nih.gov/pubmed/23043107
http://www.ncbi.nlm.nih.gov/pubmed/23043107
http://www.ncbi.nlm.nih.gov/pubmed/21572442
http://www.ncbi.nlm.nih.gov/pubmed/21572442
http://www.ncbi.nlm.nih.gov/pubmed/21572442
http://www.ncbi.nlm.nih.gov/pubmed/23360965
http://www.ncbi.nlm.nih.gov/pubmed/23360965

	Title
	Corresponding author
	Editorial  
	References 



