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Abstract

Fat mass and obesity associated gene (Fto), also known as Fatso, is a member of the Fe—II and 2-oxoglutarate-dependent
dioxygenase superfamily. Recent studies in humans and rodents suggest that Fto is involved in food intake regulation and lipid
metabolism, whereas single nucleotide mutations in the Fto gene are associated with obesity and type 2 diabetes. The Fto gene
is highly conserved from green algae to humans, but little is known about the avian Fto gene or protein. The objectives of the
current study were to clone full-length chicken Fto cDNA and to determine the effect of age or feeding status on Fto expression.
With the use of rapid amplification of cDNA ends, the full-length chicken Fto cDNA was cloned and found to share 63% to 66%
homology with the mammalian Fto nucleotide sequence. Several regions of the chicken Fto protein, including the substrate
(2-oxoglutarate) binding domains, were found to be identical to mammalian Fto protein. Western blotting with anti-human Fto
antibody and reverse transcription PCR studies showed that Fto protein and gene were ubiquitously expressed in various tissues
of the chicken. With the use of quantitative PCR, Fto mRNA levels were found to be higher in liver and skeletal muscle of
8-wk-old chickens than in 4-wk-old chickens. In addition, alterations in feeding status resulted in significant changes in Fto mRNA
and Fto protein expression in the liver but not in skeletal muscle and adipose tissue of broiler chickens. Taken together, our data
suggest that Fto probably plays a significant role in liver function and energy metabolism in the chicken.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction mutant mice because of transgene integration into the
region D of chromosome 8 [5], this large gene consists
of 350 kb of nucleotides, spans more than nine exons
[6,7] and is highly conserved across vertebrate species
[8]. Fto is classified as a member of Fe (II) and 2-oxo-
gluterate dependent dioxygenases superfamily [8],
members of which are involved in DNA repair, post-
translational modification of proteins, and fatty acid
metabolism [9]. Localized to the nucleus [6,8], Fto is
involved in demethylation of 3-methyl thymine and
Trresponding author at: Department of Poultry Science, the 3-methyl ura.c %1 in_single-stranded DNA ‘and RNA
Pennsylvania State University, University Park, PA 16802, Tel.: 814 [8,10]. In addition, mouse Fto has been suggested to act
865 5202; fax: 814 865 5691. as a transcriptional coactivator in the regulation of
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Fat mass and obesity associated gene (Fto) has
gained attention recently because of its possible role in
obesity, hypertension, and other metabolic diseases.
Several studies have associated single nucleotide poly-
morphisms in the Fto gene with childhood and adult
obesity [1,2], polycystic ovarian syndrome [3], and
type 2 diabetes[4]. First identified as Fatso in fused toes
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Recent rodent studies have suggested a role for Fto
in the regulation of food intake. A higher level of Fto
expression has been reported in regions of the brain
associated with food intake and energy expenditure in
mammals [8,12,13]. Deletion of the Fto gene resulted
in elevated sympathetic activation and greater energy
expenditure in mice [14]. Fto™/~ mice were also hy-
perphagic and lean compared with their Fto*’* litter-
mates [14]. Targeted overexpression of the Fto gene in
hypothalamic arcuate nucleus of rats decreased feed
intake, whereas reducing arcuate Fto expression in-
creased feed intake [15]. The role of Fto in feed intake,
however, is not unequivocal, because a recent study
suggested that Fto overexpression increases feed intake
in mice on both standard and high-fat diets [16]. In
addition to feed intake, Fto probably affects energy
homeostasis by promoting fat cell lipolysis [17]. A
recent study found that Fto expression decreased during
differentiation of human preadipocytes in vitro [18].

Although the physiological functions of Fto are be-
ing explored in humans and rodents, there are very few
studies investigating Fto expression in nonmammalian
species. The chicken provides an excellent model in
which to investigate the role of Fto in feed intake and
energy expenditure because of their rapid growth and
high feed consumption. Broiler chickens have under-
gone genetic selection for rapid growth to occur from
hatch until market weight in approximately 42 d. Dur-
ing this period, broiler chickens voraciously eat approx-
imately 4.1 kg of feed to achieve a 40-fold increase in
body weight arising from increases in skeletal muscle
mass [19], primarily in the breast (pectoralis) muscle,
as well as in visceral adipose tissue [20]. The Fto gene,
therefore, may play an important role in energy metab-
olism in chickens. The objectives of the current study
were to clone and characterize the nucleotide sequence
of Fto mRNA and to determine whether Fto gene and
protein expressions are influenced by feeding status and
age in the broiler chicken.

2. Materials and methods
2.1. Animals

Commercial broiler chickens (Cobb) were main-
tained at the Poultry Research and Education Center of
the Pennsylvania State University and exposed to a
photoperiod of 16 h of light and 8 h of dark. The
chickens were provided with water and feed ad libitum
unless otherwise indicated. Broiler chickens undergo
rapid body growth between 4 and 8 wk of age; there-
fore, chickens of 4- and 8 wk of age were selected (n =

5 per age) to examine the effect of age on Fto expres-
sion. To determine the influence of feeding status on
Fto expression, chickens (8 wk old) were fed ad libi-
tum, fasted for 48 h, or fasted for 48 h followed by
refeeding for 24 h (n = 5 chickens per treatment).
Chickens were euthanized by decapitation, and selected
tissues were collected, frozen in liquid nitrogen, and
stored at —80 °C until further analysis by real-time
quantitative PCR and Western blotting. All animal pro-
cedures were in accordance with protocol approved by
the Institutional Animal Care and Use Committee.

2.2. Cloning and sequencing of full-length chicken
Fto mRNA

Fto ¢cDNA was cloned from total RNA extracted
from chicken adipose tissue with the use of Trizol
(Invitrogen, Carlsbad, CA, USA) as described earlier
[21,22]. After DNase-I (Qiagen, Valencia, CA, USA)
treatment, first-Strand cDNA was synthesized by re-
verse transcribing 1 g of total RNA using d(T);,A/G/
CA/G/C/T primer and 2 U of Powerscript reverse
transcriptase (Clontech, Palo Alto, CA, USA). Forward
and reverse primers were developed from a highly
conserved region of mammalian (human, mouse, and
swine) Fto cDNA to amplify a partial cDNA-encoding
chicken Fto mRNA. The PCR consisted of 300 nM of
the forward and reverse primers (forward-TGTAGG-
CTTGAAGGTAGCGTGGGACATA; reverse-ATT-
TCAAATACCGCTTGCCTTGAAACCA), 300 nM
of ANTP mixture (Invitrogen) and 2.5 U of deep venty
polymerase (New England Biolabs, Beverly, MA,
USA). With the use of a DNA Engine PTC-200 thermal
cycler (MJ Research, Reno, NV, USA), PCR was con-
ducted with the following thermocycle: 94 °C for 1
min, 30 cycles of 94 °C for 5 sec, 58 °C for 10 sec, and
62 °C for 30 sec with a final extension of 62 °C for 10
min. The PCR product was gel purified and subcloned
into pGEM-T Easy vector (Promega, Austin, TX,
USA), and both sense and antisense strands were se-
quenced with Sp6 and T7 primers (Davis Sequencing,
Davis, CA, USA). Chicken Fto gene-specific primers
were designed from the above partial cDNA sequences
for 5'/3" rapid amplification of cDNA end (RACE)
reactions with the use of a SMART RACE kit (Clon-
tech). The 5’ and 3’ ends of the chicken Fto cDNA
were then amplified, following manufacturer’s instruc-
tions, and subcloned into pGEM-T Easy (Promega) and
sequenced. The nucleotide and protein sequences of
chicken and mammalian Fto were then compared with
the use of ClustalW (v1.83) multiple sequence align-
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ment tool in MacVector 11.0 program (MacVector,
Cary, NC, USA).

2.3. Reverse transcription PCR

Total RNA was extracted from various tissues [hy-
pothalamus, pituitary, heart, spleen, kidney, testes,
liver, adipose tissue, skeletal (pectoralis) muscle] of
chickens with the use of Trizol (Invitrogen) and
RNeasy kit (Qiagen) as described earlier [21]. Total
RNA was treated with DNase-1 (Qiagen) on RNeasy
column for degrading genomic DNA. First-Strand
cDNA was prepared by reverse transcription (RT) with
the use of 1 ug of total RNA, random primer 12 (New
England Biolabs), Moloney murine leukemia virus re-
verse transcriptase (New England Biolabs), RNase out
(Invitrogen), and ANTP mix (Roche Applied Science,
Indianapolis, IN, USA) in a 20-uL reaction. To deter-
mine expression of the Fto gene in various tissues
(hypothalamus, pituitary, heart, spleen, kidney, testes,
liver, adipose tissue, skeletal muscle (pectoralis)], RT-
PCR was performed with 50 ng single-stranded cDNA
(from each tissue) as template, INTP (Roche Applied
Science), Taq polymerase (New England Bio-Lab) and
(forward-TGTAGGCTTGAAGGTAGCGTGGGACA-
TA; reverse-ATTTCAAATACCGCTTGCCTT-GAA-
ACCA) with the following thermocycle: 94 °C for 1
min, followed by five cycles of 94 °C for 5 sec, 72 °C
for 3 min, and 94 °C for 5 sec in DNA engine (MJ
Research). For negative controls, RT reactions with the
use of 1 ug of total RNA from each tissue with no
reverse transcriptase were used as a template in place of
RT reactions that contained reverse transcriptase. PCR
products were separated on 1% agarose gel by electro-
phoresis and visualized in ethidium bromide staining
under ultraviolet light.

2.4. Real-time quantitative PCR

To determine the effect of feeding status or age on
Fto mRNA levels, a real-time quantitative PCR (qPCR)
was performed. The Fto mRNA levels in liver, adipose
tissue (abdominal fat pad), and skeletal muscle (pecto-
ralis) were quantified in 7,500 Fast-Real Time PCR
System (Life Technologies, Carlsbad, CA, USA). One
microgram of total RNA was reverse transcribed as
described above. The gPCR mixture was prepared by
combining 50 ng of single-stranded cDNA, 1X Per-
feCTa SYBR Green Fastmix (Quanta Biosciences,
Gaithersburg, MD, USA), and 300 nM of forward and
reverse primers to amplify Fto, chicken [-actin, or
chicken 18S with the use of the following oligonucle-
otide primers: Fto forward, 5'-GACATAGAGACAC-

CTGGATTAGCAA-3’, and reverse,5 -AATATGTAT-
TCCAATGTTCCTCTTGAA-3'; chicken B-actin for-
ward,5’-CTGGCACCTAGCACAATGAA-3’, and re-
verse, 5'-CTGCTTGCTGATCCACATCT-3"; chicken
18S forward,-5'-GTATGGTTGCAAAGCTGAAACT-
TA-3’, and reverse, 5'-AAGAGCTCTCAATCTGTC-
AATCCT-3',). Thermocycle parameters were 95 °C for
20 sec followed by 35 cycles of 95 °C for 3 sec, 35 °C
for 10 sec, 63 °C for 30 sec, 95 °C for 15 sec, and 60°
for 1 min. At the end of amplification, a melting curve
analysis was done by heating the PCR products 60 °C
to 95 °C and held for 15 sec at increments of 0.2 °C,
and the fluorescence was detected to confirm the pres-
ence of a single amplification product. Tissue samples
from each animal were run in duplicate to obtain aver-
age Cp values for Fto mRNA and 18S mRNA (skeletal
muscle) or B-actin (liver and adipose tissue). The log-
linear threshold values (C) during the exponential
phase of the PCR for Fto mRNA were subtracted from
that of 18S mRNA for skeletal muscle or [-actin
mRNA for liver and adipose tissue. The Fto mRNA
quantity was expressed as a proportion of the respective
housekeeper quantity following the 2724 method for
converting log-linear C. values to linear term [23]. The
relative amounts of Fto mRNA in the various tissues
were then compared.

2.5. Protein extraction and immunoblotting analysis

Approximately 0.2 to 0.3 g of liver, adipose tissue,
skeletal muscle, hypothalamus, pituitary, heart, spleen,
kidney, or testes were homogenized with Tekmar Tis-
sumizer (Tekmar, Co, Cincinnati, OH, USA) in 2 mL of
RIPA lysis buffer [10 mM Tris-HCI, 150 mM NacCl
(pH 8.0), 1% Nonidet P-40, 0.5% sodium deoxy-
cholate, 0.1% SDS] containing protease inhibitor and
phosphatase inhibitor cocktail 1 and 2 (Sigma-Aldrich,
St Louis, MO, USA) as described earlier [24]. Tissue
homogenate was then passed through a 22-gauge nee-
dle for 10 times and shaken in a thermo-mixer (Eppen-
dorf, Westbury, NY, USA) at 1,000 rpm for 30 min at
4 °C. The tissue lysate was centrifuged at 14,000 X g
for 15 min at 4 °C, and supernatant fluid was collected.
Total protein concentration was estimated by a protein
dye-binding assay [25] with the use of a commercial kit
(Bio-Rad, Hercules, CA, USA) with chicken ovalbu-
min as the standard. Aliquots of protein extracts were
stored at —80 °C until analyzed by Western blotting.

Immunoblotting analyses were performed under re-
ducing conditions with the use of the NuPAGE Novex
bis-Tris minigel and XCell SureL.ock minicell (Invitro-
gen, Carlsbad, CA, USA) according to manufacturer’s
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recommendations. Samples were prepared by combin-
ing approximately 10 wg of total tissue protein extract
with NuPAGE LDS sample buffer (4X) and NuPAGE
reducing agent (10X) and heating for 10 min at 70 °C.
Electrophoresis was performed on a 10% bis-Tris poly-
acrylamide gel (Invitrogen) with the use of 3-(V-
morpholino)propanesulfonic acid running buffer under
reducing conditions and electrotransferred onto Im-
mun-Blot polyvinylidene difluoride membranes (0.2
wum; Bio-Rad). Membranes were incubated in blocking
buffer (5% nonfat dry milk; Cell Signaling Technology,
Boston, MA, USA) in Tris-buffered saline with 10%
Tween 20 (Bio-Rad) for 2 h at room temperature.
Membranes were then incubated with an affinity-
purified rabbit anti-human Fto antibody (Novus Bio-
logicals, Littleton, CO, USA; 0.275 pg/mL) in block-
ing buffer overnight at 4 °C with gentle agitation. The
primary antibody used in this study was raised against
a human partial Fto protein sequence in the C-terminal
region (amino acids 400 to 505) that was approximately
75% homologous to the corresponding peptide se-
quence of chicken Fto. After several washes, mem-
branes were incubated in horseradish peroxidase—
labeled goat anti-rabbit IgG (Pierce, Rockford, IL,
USA; 0.08 pg/mL) in blocking buffer for 1 h at room
temperature with gentle agitation. Membranes were
then treated with ECLPlus Chemiluminescence Detec-
tion Reagent (Amersham Biosciences, Piscataway, NJ,
USA) according to the manufacturer’s recommenda-
tions. Chemiluminescent signals were detected with the
Storm 860 Optical scanner (Amersham Biosciences)
and analyzed with Image Quant TL software (Amer-
sham Biosciences). The chemiluminescence signal in-
tensity of each band was calculated with a local average
background correction. To normalize for protein load,
membranes were reprobed with mouse anti-a-tubulin
antibody (Sigma-Aldrich; 0.7 wg/mL) in blocking buf-
fer at 1:1,428 dilution followed by incubation in horse-
radish peroxidase—labeled goat anti-mouse IgG (Pierce;
0.08 wg/mL) in blocking buffer. The chemiluminescent
signal was then detected as described previously. The
Fto protein quantity was expressed as a proportion of
a-tubulin, and relative amounts of Fto protein were
then compared.

2.6. Statistical analyses

The effect of fasting and refeeding on Fto mRNA
and protein levels in liver, adipose tissue, or skeletal
muscle were compared by a one-way ANOVA test with
the use of SigmaPlot 11 (systat Software, San Jose,
CA, USA). The Fto mRNA and protein levels in liver,

Table 1

Similarity of chicken Fto to mammalian Fto.

Species GenBank Accession Nucleotide Amino acid
number similarity, % similarity, %

Human NM_001080432 66.4 72.5

Cow NM_001098142 65.5 73.1

Mouse BC022222 64.2 72.3

Rat AM233906 63.7 72.1

Pig EU249758 64.3 71.9

adipose tissue, and skeletal muscle in 4- and 8-wk-old
chickens were compared with Student #-test with the
use of SigmaPlot 11. A probability level of P < 0.05
was considered statistically significant.

3. Results
3.1. Cloning of chicken Fto cDNA

The full-length Fto cDNA sequence was cloned
from chicken adipose tissue, and the nucleotide se-
quences have been deposited into GenBank (accession
number awaited). The open reading frame of chicken
Fto cDNA consisted of 1,524 nucleotides with a pre-
dicted protein of 507 amino acids. The chicken Fto
cDNA and its deduced protein sequences shared iden-
tities of 63% to 66% and 72% to 73%, respectively, to
human, cow, mouse, rat, and pig Fto sequences (Table
1). Several regions of chicken Fto protein sequence
showed a higher degree of homology (Fig. 1) to mam-
malian Fto sequences. In particular, the substrate (2-
oxoglutarate) binding domains were identical in both
chicken and mammalian Fto proteins.

3.2. Characterization of Fto gene and protein
expression

Reverse transcription PCR analysis with the use of
cDNA from chicken tissues showed that the Fto gene is
expressed in adipose tissue, liver, skeletal muscle, hy-
pothalamus, pituitary, heart, kidney, testes, and spleen
(Fig. 2I). With the use of Western blotting, the Fto
protein with a predicted mass of 58.7 kDa was detected
in the chicken liver, skeletal muscle, adipose tissue,
hypothalamus, spleen, kidney, heart, and testes (Fig.
2II). The chicken Fto protein was deduced from an
immunoreactive band on the basis of estimated molec-
ular weight. Additional bands of approximately 42 or
27 kDa were also observed, which may represent alter-
natively spliced or truncated forms of the Fto protein.
The negative control, in which the primary antibody
was omitted, did not yield any immunoreactive bands
(data not shown).
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Fig. 1. Multiple sequence alignment of Fto from chicken, human, cow, rat, mouse, and pig. Sequence of the chicken Fto protein was deduced from Fto
cDNA amplified from adipose tissue. Mammalian and chicken Fto sequences were aligned with the use of the ClustalW program. Conserved amino acid
residues are shaded. Solid bars with roman numerals identify eight 8 strands that form the conserved double-stranded beta-helix of Fto that is
characteristic of 2-oxoglutarate oxygenases'®!. Amino acids highlighted with asterisks [histidine (H**° and H>'®), aspartatic acid (D,>*' and arginine (R**°
and R*?*)] are the conserved domains for ligand (2-oxoglutarate) binding. Mammalian Fto protein sequences were deduced from respective Fto cDNA
sequences obtained from the National Center for Biotechnology Information database with the accession numbers provided in Table 1.

3.3. Effect of age on tissue-specific Fto mRNA and
protein levels

To analyze the effect of age on Fto expression, total
RNA and protein were extracted from liver, skeletal mus-
cle, and adipose tissue from 4- and 8-wk-old chickens,
representing a rapid growth phase of doubling in body
weight. Real-time qPCR analysis showed that Fto mRNA
expression was significantly higher in liver (P = 0.006;
n = 5) and skeletal muscle (P = 0.008; n = 5) of
8-wk-old chickens compared with 4-wk-old chickens
(Fig. 3I-II). Adipose tissue Fto mRNA expression did not
differ between the two age groups (Fig. 3III; P > 0.05).

Similarly, Fto protein levels in liver, skeletal muscle, and
adipose tissue were not statistically significant between 4-
and 8-wk-old chickens (P > 0.05).

3.4. Effect of fasting and refeeding on Fto mRNA
and protein expression

Feed deprivation for 48 h resulted in a significant increase
in Fto mRNA expression in liver (Fig. 41, P = 0.001).
Refeeding for 24 h after 48 h fasting decreased Fto mRNA
levels compared with the 48 h fasting (P = 0.01), thus
restoring liver Fto mRNA levels to those observed in chick-
ens fed ad libitum. Western blot analyses showed that liver



A. Tiwari et al. / Domestic Animal Endocrinology 42 (2012) 1-10

500

200
100

= 2 @ T O >
- [} c o s o 0 -
g E & & & s 28| £ | & |8
> = @ 2 a S 2s Z 2 |
DNA T & T 3 » < &= ¥ - |2
ladder
(bp) +RT -RT | +RT -RT |+RT -RT| +RT -RT|+RT -RT |[+RT -RT | +RT -RT|+RT -RT |+RT -RT|

Mw
(kDa)

Skeletal
Muscle
Adipose

PSM
Liver

191

64

51

39

28

19

Hypothalamus

Spleen
Kidney
Heart

Testes

Fig. 2. Fto gene (I) and protein (II) expression in various tissues of the chicken. Total RNA extracted from each tissue was DNAse-I digested and reverse
transcribed. Approximately 50 ng of cDNA (+RT) was used as template to amplify a 350-bp partial Fto cDNA. Negative control included RNA from
each tissue without reverse transcriptase (—RT) and use of nuclease-free water in place of template cDNA. Tissue protein extracts were subjected to
Western blot analysis under reducing conditions. Chicken Fto protein (A) was detected with anti-human Fto antibody and chemiluminescence. B and C
represent possible splice variants of Fto protein. MW, -molecular weight; PSM, -prestained marker; Hypoth, hypothalamus.

Fto protein levels were also significantly elevated in response
to fasting, whereas refeeding reduced these levels signifi-
cantly compared with the fasting group (P = 0.05). In con-
trast to liver, skeletal muscle Fto mRNA levels did not differ
(P > 0.05) among fed, fasted, and fasted and refed states
(Fig. 4II). Skeletal muscle Fto protein level did not differ in
response to 48 h fasting, although refeeding for 24 h did
significantly reduce skeletal muscle Fto mRNA levels com-
pared with fasted animals (P = 0.005). In addition, adipose

tissue Fto mRNA and protein levels did not differ among
animals that were fed ad libitum, 48 h fasted, and 48 h fasted
followed by 24 h refeeding (Fig. 41IT; P > 0.05).

4. Discussion

This is the first report of cloning and characteriza-
tion of chicken Fto cDNA and expression of Fto gene
and protein. A partial cDNA encoding chicken Fto
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Fig. 3. Effect of age on Fto mRNA and protein expression in liver (I), skeletal muscle (II), and adipose tissue (III). To examine the effect of age on Fto mRNA
or protein expression, tissues from 4- and 8-wk-old chickens (n = 5/age group) were collected for RNA and protein extraction. Approximately 50 ng of cDNA
from each tissue was used as template in real-time quantitative PCR with the use of SYBR green as the dye to quantify chicken Fto mRNA levels relative to
B-actin or 18S mRNA levels in separate reactions. Each reaction was run in duplicate, and threshold (C;) values for Fto mRNA were subtracted from that of
endogenous control (B-actin mRNA levels for liver and adipose tissue and 18S mRNA levels for skeletal muscle) and converted from log-linear to linear term.
Approximately 10 ug of tissue protein extracts were subjected to immunoblot analysis under reducing conditions. Fto and a-tubulin were detected with
anti-human Fto antibody and mouse anti-c-tubulin antibody, respectively, followed by chemiluminescence. Immunoreactivity was analyzed by densitometric
quantification. Data with different letters above each bar within each chart represents significant difference at P = 0.05.

(Accession number EU751607) as well as the coding
region of the chicken Fto mRNA (Accession number
NM_001185147) were found to be identical to the
corresponding regions of the full-length chicken Fto

cDNA reported herein. The Fto gene is highly con-
served from green algae to humans [26], and our data
suggest that several regions of the chicken Fto cDNA
and protein sequences exhibit considerable homol-
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Fig. 4. Effect of feeding status on Fto mRNA and protein expression in the chicken liver (I), skeletal muscle (II), and adipose tissue (III). To
examine the effect of feeding status on Fto mRNA and protein expression, tissues from fed, fasted, and refed chickens (n = 5/status) were collected
for quantification of Fto mRNA and protein as described in 2. Materials and methods. Data with different letters above each bar represents

significant difference at P = 0.05.

ogy to mammalian Fto sequences. Similar to mam-
malian Fto, chicken Fto contains a double-stranded
beta-helix fold as in Fe(Il) and 2-oxoglutarate oxy-
genases [8]. In particular, the residues that bind to
2-oxoglutarate, such as His?*°, Aspz‘”, His3!®, as
well as Arg*?° and Arg®?*, in the predicted double-
stranded beta-helix fold are conserved in the chicken
and mammalian Fto protein sequences [26,27]. This
conservation in the substrate binding domain sug-
gests that chicken Fto probably has similar enzy-
matic functions as in mammals. Consistent with pre-
vious mammalian reports [1,2,5], the current study
found that the Fto gene and protein are expressed in
various tissues in the chicken. Ubiquitous expression

of Fto suggests that it is required for critical cellular
function(s), although the exact physiological rele-
vance is currently unknown. As a member of the
2-oxoglutarate dioxygenase superfamily, Fto is prob-
ably involved in demethylation and nucleic acid re-
pair, post-translational modification of proteins, and
lipid metabolism [9].

To determine the effect of age on Fto expression, Fto
mRNA and protein levels were quantified in the pri-
mary metabolic tissues of 4- and 8-wk old chickens.
The present study found that the Fto mRNA levels were
significantly higher in liver and skeletal muscle of
8-wk-old chickens than in 4-wk-old chickens. The in-
crease in liver and skeletal muscle Fto mRNA levels
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with age may be because of the rapid growth of skeletal
muscle in chickens, which have been selectively bred
for enlarged breast (pectoralis) muscle, body weight
gain, and feed intake. Although Fto mRNA levels in the
liver and skeletal muscle were significantly elevated, no
difference at the protein level was observed between
the two age groups, suggesting increased turnover of
Fto protein or diminished translation of Fto mRNA into
Fto protein.

The role of feeding status on Fto expression was
examined in chickens placed on three different feeding
regimes. Liver Fto mRNA levels were significantly
increased after feed deprivation for 48 h, whereas re-
feeding decreased Fto mRNA levels back to levels
similar to those of chickens fed ad libitum. Confirming
the fasting-induced increase in liver Fto mRNA levels,
Fto protein levels were also elevated. Refeeding re-
sulted in a significant reduction in liver Fto protein
levels compared with fasting, although these levels
remained significantly higher than that observed in the
ad libitum fed state. Our findings are consistent with a
recent report that a 30-h fasting in mice significantly
elevated liver Fto mRNA expression [28]. Fto has been
reported to be associated with lipolysis in human adi-
pocytes; [17] thus, fasting may lead to a deprivation of
energy through lipolysis in the liver. The increase in
liver Fto expression in fasted chickens may conse-
quently promote lipolysis in an attempt to restore en-
ergy balance, because liver is the primary tissue for
lipid metabolism in avian species [29]. In support of
hypothesis, liver Fto levels decreased in response to
refeeding, during which energy demands would be pri-
marily met by the dietary feed intake rather than lipol-
ysis. Contrary to the lipolytic effect of Fto in the liver,
a recent study suggests that Fto overexpression in skel-
etal muscle leads to lipogenesis in humans with type 2
diabetes [30]. Such tissue-specific roles for Fto in li-
polysis/lipogenesis may exist and may require further
investigation. Interestingly, broiler chickens that are
genetically selected for rapid growth and hyperphagia
were found to have greater hypothalamic Fto mRNA
levels compared with leghorn chickens, which are se-
lected for egg production and eat far less than the
broiler chickens [31]. Taken together, Fto probably
influences feed intake besides affecting liver functions
in the chicken. Our data indicate that feeding status did
not alter Fto mRNA and protein levels in adipose tissue
and skeletal muscle. Consistent with our finding, fast-
ing did not significantly affect Fto mRINA expression in
mouse white or brown adipose tissues [28]. Neverthe-
less, fasting mice for 30 h increased Fto mRNA expres-

sion in skeletal muscle [28], indicating that muscle type
or species or both may influence expression of Fto
mRNA.

In summary, the current study identified that the
chicken Fto gene and protein share significant homol-
ogy with mammalian Fto sequences and is ubiquitously
expressed. In addition, liver Fto expression is influ-
enced by fasting and refeeding, suggesting that Fto
probably plays a role in energy metabolism in the
chicken. Further studies are necessary to elucidate the
role of Fto in feed intake and lipid metabolism in
chickens.
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