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Studies in mammalian species showed that Krüp-
pel-like factor 3 (KLF3) regulated adipose tissue
development. However, it was not reported in
chicken. In the current study, we found that during
the growth and development of abdominal fat tissue,
chicken KLF3 (Gallus gallus KLF3, gKLF3) was
consecutively expressed, and its transcripts were
higher at 7 weeks of age and lower at 10 weeks of
age in lean broilers than in fat broilers. In addition,
gKLF3 overexpression suppressed chicken CCAAT/
enhancer binding protein alpha (C/EBPα), fatty acid
binding protein 4 (FABP4), fatty acid synthase
(FASN), and lipoprotein lipase (LPL) promoter
activities, but increased chicken peroxisome prolifer-
ator-activated receptor gamma (PPARγ) promoter
activity. Additionally, point mutagenesis analysis
showed that the substitution of Asp by Gly within
the Pro-Val-Asp-Leu-Thr (PVDLT) motif of gKLF3
significantly reduced the ability of gKLF3 to regu-
late the promoter activities of FABP4, FASN, LPL,
C/EBPα, and PPARγ.

Key words: chicken; gene expression; Krüppel-like
factor 3; transcriptional regulation

Krüppel-like factors, characterized by the three C2H2

zinc fingers at the C terminus that allow sequence-spe-
cific binding to CACCC boxes and GC-rich motifs,
have been shown to include at least 17 mammalian
family members and to play important roles in a variety
of cell processes during embryonic development and in
the adult organism.1)

Krüppel-like factor 3 (KLF3), a member of the
Krüppel-like factor family, was first identified and
cloned in murine erythroid cells.2) KLF3, distinguished
by its basic charge, is also known as basic Krüppel-like
factor.2) Mammalian KLF3 functions as a strong tran-
scriptional repressor,2,3) and its repression domain has
been mapped to the N-terminal region.3) The short Pro-
Val-Asp-Leu-Thr (PVDLT) motif in the repression

domain is critically important for its function, and it is
necessary for its interaction with the well-characterized
cofactor C-terminal binding protein (CtBP).3) Disrup-
tion of the KLF3–CtBP interaction leads to a signifi-
cant reduction in the repressive potential of KLF3.3)

However, loss of interaction with CtBP does not com-
pletely abolish its repression potential.3) KLF3 can be
modified by small ubiquitin-like modification (SUMOy-
lation), and KLF3 SUMOylation facilitates its transcrip-
tional repression on a composite CACCC box-GRE-
driven promoter in Drosophila SL2 cells.4) SUMOyla-
tion and interaction with cofactor CtBP are both critical
for KLF3 function.4) Lack of SUMOylation and disrup-
tion of interaction with CtBP may result in a loss of
KLF3 transcription repression potential, and may also
lead to a gain of transcription activation potential.4)

KLF3 has been widely studied in autophagy,5) eryth-
ropoiesis,6) B-cell development,7) myocyte differentia-
tion,8) and adipogenesis.9) KLF3-knockout mice
showed a marked reduction in white adipose tissue and
protection from diet-induced obesity and glucose intol-
erance,9,10) and their abdominal fat pads contained
fewer and smaller cells than the wild-type littermates.9)

In contrast to these in vivo results, murine embryonic
fibroblasts from KLF3-knockout embryos showed an
increased propensity to differentiate into lipid-forming
cells in vitro.9) Additionally, both the mRNA and pro-
tein expression levels of KLF3 were high initially and
declined as 3T3-L1 preadipocyte differentiation
ensued.9) Forced expression of KLF3, but not of a
KLF3 mutant unable to interact with CtBP, blocked
3T3-L1 preadipocyte differentiation.9) Further studies in
3T3-L1 preadipocytes showed that KLF3 bound
directly to the promoter of the CCAAT/enhancer bind-
ing protein alpha (C/EBPα) gene, and suppressed C/
EBPα transcription.9)

Although the roles of KLF3 have been widely inves-
tigated in mammals, little is known about it in birds.
The objective of the present study was to explore the
gene expression pattern of KLF3 in the divergently
selected chicken lines for abdominal fat content, and to
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explore its function in adipose tissues. Our findings
provide evidence that KLF3 is involved in the regula-
tion of chicken adipogenesis and lipid metabolism.

Materials and methods
Experimental birds and management. All animal

work was conducted in accordance with the guidelines
for the care and use of experimental animals estab-
lished by the Ministry of Science and Technology of
the People’s Republic of China (Approval number:
2006-398), and was approved by the Laboratory Ani-
mal Management Committee of Northeast Agricultural
University. In total, 104 male birds, from the fourteenth
generation population of Northeast Agricultural Univer-
sity broiler lines divergently selected for abdominal fat
content (NEAUHLF; each line 52 broilers), were used.
Information regarding NEAUHLF has been published
previously.11) Briefly, after 14 generations of divergent
selection for abdominal fatness, the abdominal fat per-
centage of the fat broiler line at 7 weeks of age was
4.45 times as that of the lean line. All birds were kept
in similar environmental conditions and had free access
to food and water.

Tissues. Several male birds (each line 3–6 birds)
were slaughtered at 6 h after meal at each week of age
(1–12 weeks), and abdominal fat tissues were collected
after slaughtering. For the birds slaughtered at 7 weeks
of age, 14 other tissue samples were also collected:
liver, duodenum, jejunum, ileum, pectoralis muscle,
crureus muscle, gizzard, heart, spleen, kidney, pancreas,
proventriculus, brain, and testis. All the tissues col-
lected were snap-frozen and stored in liquid nitrogen
until RNA extraction.

KLF3 cloning and vector construction. To clone
the coding sequence (CDS) of chicken KLF3 (Gallus
gallus KLF3, gKLF3), total RNA from abdominal fat
tissue of 7-week-old broilers was reverse transcribed
using oligo(dT)-anchor primer and ImProm-II reverse
transcriptase (Promega, Madison, USA). A set of
primers, gKLF3-F1 (5′-ATGAATTCTAATGGACCC
CGTTTCAGTGTC-3′) and gKLF3-R1 (5′-CTCTCGA
GTCAGACTAGCATGTGACGTTTTC-3′), was designed
according to the predicted chicken KLF3 sequences
(GenBank accession XM_427367). Additionally, ExTaq
(TaKaRa, Dalian, China) was used to perform PCR
reaction. The PCR conditions were as follows: pre-
denaturation at 94 °C for 5 min, then 34 cycles of dena-
turation at 94 °C for 30 s, annealing at 62 °C for 30 s,
and elongation at 72 °C for 1 min, followed by a 10
min extension at 72 °C and cooling to 4 °C. After gel
extraction, the PCR product of gKLF3 was cloned into
the pMD-18T vector (TaKaRa) for sequencing (BGI,
Beijing, China). To generate the gKLF3 overexpression
vector (pCMV-my-gKLF3), the gKLF3 cDNA frag-
ment, produced by digestion of pMD-18T-gKLF3 using
EcoRI and XhoI (TaKaRa), was subcloned into the
pCMV-myc vector (Clontech, Mountain View, USA).
The mut-gKLF3 overexpression plasmid, pCMV-myc-
gKLF3m, with the substitution of Gly for Asp within

the PVDLT sequence, was generated by the point muta-
tion of the plasmid pCMV-my-gKLF3. The sequence
CCAGTAGACCTCACG (148–162 bp, GenBank acces-
sion JX673910), encoding the PVDLT motif, was
mutated into CCAGTAGGCCTCACG using the mut-
primer pair (F: 5′-CCAGATGGAGCCAGTAGGCCT-
CACGGTGAACAAGCG-3′ and R: 5′-CGCTTGTT
CACCGTGAGGCCTACTGGCTCCATCTGG-3′) and
One-Tube Point Mutation Kit (Tiandz, Beijing, China).

RNA isolation and real-time PCR. Total RNA was
extracted from stored tissues (100 mg) using Trizol
(Invitrogen, Carlsbad, USA) following the manufac-
turer’s protocol. RNA quality was assessed by denatur-
ing formaldehyde agarose gel electrophoresis. Reverse
transcription (RT) was performed using 1 μg of total
RNA, an oligo (dT) anchor primer (Promega), and Im-
Prom-II reverse transcriptase (Promega). RT conditions
for each cDNA amplification were 25 °C for 5 min,
42 °C for 60 min, and 70 °C for 15 min.
Real-time PCR was used to detect gene expression

using the SYBR Premix Ex Taq (Takara) on a 7500
Real-Time PCR System (Applied Biosystems, Foster
City, CA) with the primers shown in Table 1. Chicken
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
and β-actin were used as internal references. Part
(1 μL) of each RT reaction product was amplified in a
20 μL PCR reaction system. Reaction mixtures were
incubated in an ABI Prism 7500 sequence detection
system (Applied Biosystems), programmed to conduct
1 cycle at 95 °C for 30 s and 40 cycles at 95 °C for 5 s
and 60 °C for 34 s. Moreover, dissociation curves were
analyzed using the Dissociation Curve 1.0 software
(Applied Biosystems) for each PCR reaction to detect
and eliminate possible primer–dimer artifacts. All reac-
tions were performed in triplicate. The relative amounts
of KLF3 transcripts were calculated using the compara-
tive cycle time method.

Western blot assays. Chicken DF1 cells transfected
with pCMV-myc-gKLF3, pCMV-myc-gKLF3m, or
pCMV-myc vector for 2 days were lysed in RIPA buf-
fer (PBS, pH 7.4, containing 1% NP-40, 0.5% sodium
deoxycholate, 0.1% SDS, and a protease inhibitor cock-
tail). Then, the cell lysates were added into 5× denatur-
ing loading buffer and boiled in water for 5 min. Cell
lysates were separated on 5–12% SDS-polyacrylamide
gels and transferred to polyvinylidenedifluoride
membranes. After incubation with the primary antibody
for myc-tag (1:200; Clontech), chicken GAPDH
(1:1000; Beyotime, Beijing, China), chicken β-actin

Table 1. Primers used in RT-qPCR.

Gene Sequence ID Primer (5′-3′)
Product
(bp)

KLF3 XM_427367 CCAGCCAGTTCCTTTCAT 234
ACTTCCTGCGGAGACAAT

PPARγ NM_001001460 CAACTCACTTATGGCTA 175
CTTATTTCTGCTTTTCT

GAPDH NM_204305 CTGTCAAGGCTGAGAACG 185
GATAACACGCTTAGCACCA

β-actin NM_205518 TCTTGGGTATGGAGTCCTG 331
TAGAAGCATTTGCGGTGG

Expression and function analyses of gKLF3 in adipose tissue 615
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(1:1000; Beyotime), or chicken peroxisome prolifera-
tor-activated receptor gamma (PPARγ, described in the
previous study),12) a secondary horseradish peroxide-
conjugated antibody (1:5000; Beyotime) was added,
and a BeyoECL Plus kit (Beyotime) was used for
detection.

Cell culture and luciferase assays. DF-1 chicken
embryo fibroblast cell line (kindly provided by the Har-
bin Veterinary Research Institute, Harbin, China) and
chicken preadipocytes, which were isolated according
to the procedure previously described,13) were grown in
DMEM/F12 medium (Invitrogen), supplemented with
10% fetal calf serum (Invitrogen), and plated in 12-well
dishes. In transfection assays, a fixed amount of total
DNA (1 μg) was transfected in each well using the Fu-
GENE HD transfection reagent (Roche). The transfec-
tion system for plasmids is shown in Table 2. After
transfection and incubation for 48 h, the cells were
lysed in 250 μL of 1× passive lysis buffer (Promega),
and portions of the lysate were subjected to assays for
firefly and renilla luciferase using the Dual-Luciferase
Reporter Assay System (Promega). Promoter activity
was expressed as the average of the ratio of firefly/re-
nilla luciferase activity. All reactions were performed in
triplicate.

Statistical analyses. All data are presented as
means plus standard deviation (mean ± SD). Differences
between groups were analyzed using unpaired two-
tailed Student’s t-test. Values of p of <0.05 were con-
sidered significant unless otherwise specified.

Results
Cloning of gKLF3 gene
We cloned and sequenced the partial CDS of gKLF3,

and sequence analysis showed that the acquired

sequence of gKLF3 was 1005 bp long, the acquired
chicken KLF3 sequence and the reference sequence
(the sequence from 182 to 1186 bp, GenBank accession
XM_427367.4) were identical except for two nucleo-
tide differences, indicating that KLF3 was expressed in
chicken abdominal fat tissue. These sequence data have
been submitted to GenBank database under accession
number JX673910.
Additionally, sequence analysis showed that, the

gKLF3 protein sequence (GenBank accession
XP_427367.3) is closer to its human (GenBank acces-
sion NP_057615.3) and murine (GenBank accession
NP_032479.1) orthologs (Fig. 1).

Tissue distribution of gKLF3 mRNA
Real-time RT-PCR analysis of the tissue expression

pattern of gKLF3 in 7-week-old broilers from NEAU-
HLF showed that gKLF3 was expressed ubiquitously
in chicken tissues, including duodenum, abdominal fat,
brain, pectoralis muscle, proventriculus, heart, ileum,
kidney, jejunum, liver, crureus muscle, gizzard, pan-
creas, spleen, and testis (Fig. 2(A)). In addition, gKLF3
was expressed at low levels in muscle tissues (pectoral-
is muscle and crureus muscle) and at high level in the
pancreas (Fig. 2(A)).
Significant differences in gKLF3 mRNA expression

between fat and lean broilers were observed in 10 dif-
ferent tissues at 7 weeks of age. The gKLF3 transcripts
were higher in proventriculus and spleen, and lower in
abdominal fat, pectoralis muscle, heart, kidney, liver,
crureus muscle, gizzard, and testis in fat broilers than
in lean broilers (p < 0.05; Fig. 2(B)).

Expression pattern of gKLF3 mRNA during adipose
tissue growth and development
Real-time RT-PCR was used to analyze gKLF3

expression in the abdominal fat tissues of 1- to

Table 2. The transfection system of plasmids in one well.

Group Promoter luciferase report plasmid pRL-TK (Promega) Overexpression plasmid

PPARγ pGL3-basic-PPARγ (−1978/−82)a 400 ng 8 ng EV/KLF3/KLF3mb 600 ng
pGL3-basic-PPARγ (−1513/−82) 400 ng 8 ng EV/KLF3/KLF3m 600 ng
pGL3-basic-PPARγ (−1254/−82) 400 ng 8 ng EV/KLF3/KLF3m 600 ng
pGL3-basic-PPARγ (−1019/−82) 400 ng 8 ng EV/KLF3/KLF3m 600 ng
pGL3-basic-PPARγ (−513/−82) 400 ng 8 ng EV/KLF3/KLF3m 600 ng
pGL3-basic-PPARγ (−320/−82) 400 ng 8 ng EV/KLF3/KLF3m 600 ng

C/EBPα pGL3-basic-C/EBPα (−1863/+332) 200 ng 10 ng EV/KLF3/KLF3m 800 ng
pGL3-basic-C/EBPα (−1318/+332) 200 ng 10 ng EV/KLF3/KLF3m 800 ng
pGL3-basic-C/EBPα (−891/+332) 200 ng 10 ng EV/KLF3/KLF3m 800 ng
pGL3-basic-C/EBPα (−538/+332) 200 ng 10 ng EV/KLF3/KLF3m 800 ng
pGL3-basic-C/EBPα (−123/+332) 200 ng 10 ng EV/KLF3/KLF3m 800 ng

FASN pGL3-basic-FASN (−1096/+160) 400 ng 8 ng EV/KLF3/KLF3m 600 ng
LPL pGL3-basic-LPL (−1914/+66) 400 ng 20 ng EV/KLF3/KLF3m 600 ng
FABP4 pGL3-basic-FABP4 (−1996/+22) 400 ng 20 ng EV/KLF3/KLF3m 600 ng

apGL3-basic-PPARγ (−1978/−82, −1513/−82, −1254/−82, −1019/−82, −513/−82, and −320/−82): the reporter plasmid pGL3-basic (Promega) containing the chicken
PPARγ promoter (nucleotides −1978 to −82 bp, −1513 to −82 bp, −1254 to −82 bp, −1019 to −82 bp, −513 to −82 bp, and −320 to −82 bp, relative to the start site
of AB045597.1); pGL3-basic-C/EBPα (−1863/+332, −1318/+332, −891/+332, −538/+332 and −123/+332): the reporter plasmid pGL3-basic (Promega) containing
the chicken C/EBPα promoter (nucleotides −1863 to +332 bp, −1318 to +332 bp, −891 to +332 bp, −538 to +332 bp, and −123 to +332 bp, relative to the start site
of X66844.1); pGL3-basic-FASN (−1096/+160): the reporter plasmid pGL3-basic (Promega) containing the chicken FASN promoter (nucleotides −1096 to +160 bp,
relative to the start site of J04485.1); pGL3-basic-LPL (−1914/+66): the reporter plasmid pGL3-basic (Promega) containing the chicken LPL promoter (nucleotides
−1914 to +66 bp, relative to relative to the start site of NM_205282.1); pGL3-basic-FABP4 (−1996/+22): the reporter plasmid pGL3-basic (Promega) containing the
chicken FABP4 promoter (nucleotides −1996 to +22 bp, relative to the start site of AF432507.2).
bEV: pCMV-myc (empty vector, EV, control used for KLF3 and KLF3m overexpression); KLF3: pCMV-myc-gKLF3; KLF3m: pCMV-myc-gKLF3m.
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12-week-old broilers from NEAUHLF. To avoid any
possible misleading effect of using a single reference
gene, two reference genes, GAPDH and β-actin, were
used in real-time RT-PCR analysis. The results showed
that gKLF3 was expressed in all the abdominal fat
tissues tested, and its expression level (gKLF3/
gGAPDH and gKLF3/gβ-actin) changed during abdom-
inal fat tissue growth and development in both fat and
lean broilers from 1 to 12 weeks of age (Fig. 3). In
addition, the statistical analysis showed that the relative

gKLF3 mRNA expression level (gKLF3/gGAPDH) of
lean males was higher at 7 weeks of age and lower at
10 weeks of age than those of fat males (p < 0.05;
Fig. 3). The relative gKLF3 mRNA expression level
(gKLF3/gβ-actin) of lean males was higher at 4 and 7
weeks of age and lower at 10 weeks of age than those
of fat broilers (p < 0.05; Fig. 3). No significant
difference in gKLF3 expression between fat and lean
broilers was observed at the other ages tested (p > 0.05;
Fig. 3).

Fig. 2. Tissue expression characterization of KLF3 in 7-week-old broilers.
Notes: KLF3 mRNA expression in various tissues of 7-week-old NEAUHLF male broilers (each line, n = 3) was detected by real-time RT-PCR.

GAPDH (glyceraldehyde-3-phosphate dehydrogenase) was used as a reference gene. (A) The diagrams show the relative quantification of KLF3
transcripts in a given tissue. Error bars indicate the standard deviations of six biological replicates. (B) The diagrams show the relative quantifica-
tion of KLF3 transcripts in a given line and tissue. Error bars indicate the standard deviations of three biological replicates. Asterisks indicate a sig-
nificant difference between fat and lean broilers, p < 0.05 (*) or p < 0.01 (**).
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Effects of gKLF3 overexpression on promoter
activities of important genes in adipose tissue

C/EBPα and PPARγ are two master positive regula-
tors of adipogenesis in mammals and birds.14–17) We
investigated the effects of gKLF3 overexpression on
the promoter activities of C/EBPα and PPARγ using
luciferase reporter assay. As shown in Fig. 4, gKLF3
overexpression suppressed chicken C/EBPα promoter
(−1863/+332, −1318/+332, −891/+332, −538/+332,
and −123/+332) activities in DF1 cells (p < 0.05;
Fig. 4(C)). In addition, gKLF3 overexpression also sup-
pressed chicken C/EBPα promoter (−1863/+332) activ-
ity in the chicken preadipocytes (p < 0.01; Fig. 5).

Unexpectedly, gKLF3 overexpression increased
chicken PPARγ promoter (−1978/−82, −1513/−82,
−1254/−82, −1019/−82, −513/−82, and −320/−82)
activities in DF1 cells (p < 0.05; Fig. 4(C)). Addition-
ally, gKLF3 overexpression increased chicken PPARγ
promoter (−1978/−82) activities in chicken preadipo-
cytes. However, semi-quantitative RT-PCR and western

blot analysis showed that KLF3 overexpression
suppressed PPARγ expression in DF1 cells (Fig. 6).
Adipose tissue plays an important role in lipid

metabolism. To assess whether gKLF3 regulates lipid
metabolism in adipose tissue, we also investigated the
effect of gKLF3 overexpression on promoter activities
of chicken fatty acid binding protein 4 (FABP4), fatty
acid synthase (FASN), and lipoprotein lipase (LPL)
genes. As shown in Figs. 4 and 5, gKLF3 overexpres-
sion significantly suppressed the promoter activities of
chicken FABP4 (−1996/+22), FASN (−1096/+160), and
LPL (−1914/+66) in DF1 cells and chicken preadipo-
cytes (Figs. 4(C) and 5; p < 0.05).

Effect of a single mutation of the Asp residue in the
PVDLT motif on the transcriptional regulatory capacity
of KLF3
A previous study in mammalian species showed that

substitution of the two consecutive residues Asp-Leu

Fig. 3. Expression characterization of KLF3 in abdominal fat tissue of NEAUHLF broiler lines.
Notes: KLF3 mRNA expression in abdominal fat tissue of male broilers at various ages (each age, each line, n = 3–6) was analyzed by real-time

RT-PCR. Chicken GAPDH and β-actin were used as internal controls. The diagram shows the relative quantification of KLF3 mRNA expression.
Error bars indicate the standard deviation of KLF3 mRNA expression among individuals of the same age and line. Asterisks indicate significant
differences between fat and lean broilers p < 0.05 (*) or p < 0.01 (**), 1–12 w = 1–12 weeks of age.
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Fig. 4. Effects of KLF3 overexpression on the promoter activities of chicken FABP4, FASN, LPL, C/EBPα, and PPARγ in DF1 cells.
Notes: (A) Schematic diagram of chicken KLF3 and its mutant, KLF3m. (B) Western blot analysis of KLF3 and KLF3 mutant in DF1 cells trans-

fected with pCMV-myc (empty vector, EV), pCMV-myc-gKLF3, and pCMV-myc-gKLF3m. (C) Effects of KLF3 and KLF3m overexpression on
the promoter activities of chicken FABP4, FASN, LPL, C/EBPα, and PPARγ. Luciferase assays were conducted in DF1 cells cultured in 12-well
dishes. Promoter activities are expressed as ratios of firefly/renilla luciferase activity. Asterisks indicate significant differences between the other
groups and the control group, which was transfected with pCMV-myc (empty vector, EV) (*p < 0.05; **p < 0.01). The number signs indicate sig-
nificant differences between the other groups and the group transfected with pCMV-myc-gKLF3 (KLF3) (#p < 0.05; ##p < 0.01). EV indicates the
control group that was transfected with pCMV-myc, KLF3 indicates the group transfected with pCMV-myc-gKLF3, and KLF3m indicates the
group transfected with pCMV-myc-gKLF3m.
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for Ala-Ser or Ala-Ala in the PVDLT motif signifi-
cantly compromised the ability of KLF3 to repress
transcription.3,4) However, the effect of the mutation of
the residue Asp in the PVDLT motif on KLF3 activitie
remains unclear. In the present study, we generated a
chicken KLF3 mutant (KLF3m) with a mutation of
Asp to Gly in the PVDLT motif using point mutagene-
sis (Fig. 4(A)). The luciferase assay showed that similar
to wild type chicken KLF3 (gKLF3), gKLF3m overex-
pression (Fig. 4(B)) also significantly suppressed the

promoter activities of chicken FABP4 (−1996/+22),
FASN (−1096/+160), LPL (−1914/+66), and C/EBPα
(−1863/+332) in both DF1 cells (p < 0.05, Fig. 4(C))
and chicken preadipocytes (p < 0.05, Fig. 5), and
increased chicken PPARγ promoter (−1978/−82,
−1513/−82, −1254/−82, −1019/−82, −513/−82, and
−320/−82) activities in DF1 cells (p < 0.05, Fig. 4(C)).
However, compared with gKLF3 overexpression,
gKLF3m overexpression showed reduced repression
ability of promoter activities of chicken FABP4
(−1996/+22), FASN (−1096/+160), LPL (−1914/+66),
and C/EBPα (−1863/+332, −1318/+332, −891/+332,
−538/+332, and −123/+332), and reduced activation of
promoter activities of chicken PPARγ (−1978/−82,
−1513/−82, −1254/−82, −1019/−82, −513/−82, and
−320/−82) in DF1 cells (p < 0.05, Fig. 4(C)) or chicken
preadipocytes (p < 0.05, Fig. 5).
Interestingly, significant difference in repression of

chicken FABP4 promoter (−1996/+22) between
gKLF3m and gKLF3 overexpression was observed in
chicken preadipocytes (p < 0.05, Fig. 5), but not in
DF1 cells (p > 0.05, Fig. 4(C)). In addition, unlike in
DF1 cells, no significant effect of gKLF3m overexpres-
sion on chicken PPARγ (−1978/−82) promoter activity
was observed in chicken preadipocytes (p > 0.05,
Fig. 5).

Fig. 5. Effects of KLF3 overexpression on the promoter activities of chicken C/EBPα, PPARγ, FABP4, FASN, and LPL in chicken preadipo-
cytes.
Notes: Luciferase assays were conducted in chicken preadipocytes cultured in 12-well dishes. Promoter activities are expressed as ratios of fire-

fly/renilla luciferase activity. Asterisks indicate significant differences between the other groups and the control group, which was transfected with
pCMV-myc (empty vector, EV) (*p < 0.05; **p < 0.01). The number signs indicate significant differences between the other groups and the group
transfected with pCMV-myc-gKLF3 (KLF3) (#p < 0.05; ##p < 0.01). EV indicates the control group that was transfected with pCMV-myc, KLF3
indicates the group transfected with pCMV-myc-gKLF3, and KLF3m indicates the group transfected with pCMV-myc-gKLF3m.

Fig. 6. Effects of KLF3 overexpression on the expression of
chicken PPARγ in DF1 cells.
Notes: (A) Western blot analysis of the effect of chicken KLF3

overexpression on the expression of PPARγ in DF1 cells. (B) Semi-
quantitative RT-PCR analysis of the effect of chicken KLF3 overex-
pression on the expression of PPARγ in DF1 cells. EV indicates the
control group that was transfected with pCMV-myc, and KLF3 indi-
cates the group transfected with pCMV-myc-gKLF3.
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Discussion

KLFs are a group of ancient and conserved members
of the multiple zinc-finger transcription factors. Previ-
ous studies have showed that several members of the
KLF family play roles in the mammalian adipogenesis
and lipogenesis.14,16,18) Our previous study indicated
that one member of KLFs, KLF7, is expressed in
chicken adipose tissues, and plays a negative role in
the regulation of chicken adipogenesis.13,19) In the cur-
rent study, the results showed that KLF3, an another
member of KLFs, was also expressed in chicken adi-
pose tissue. In addition, the sequence alignment
showed that KLF3 protein is highly conserved among
chicken, mouse and human, suggesting that KLF3 may
have a similar function in these species (Fig. 1).

The tissue expression analysis showed that chicken,
human, and mouse KLF3s have similar expression
patterns.2,20) The only difference was that, unlike
human KLF3,20) gKLF3 was expressed at high level in
the pancreas (Fig. 2(A)).

Comparision of gKLF3 transcripts in 15 tissues from
fat and lean broilers at 7 weeks of age showed that the
gKLF3 transcripts were higher in proventriculus and
spleen, and lower in abdominal fat, pectoralis muscle,
heart, kidney, liver, crureus muscle, gizzard, and testis
in fat broilers than in lean broilers (p < 0.05; Fig. 2(B)).

In the current study, real-time RT-PCR analysis
showed that gKLF3 was expressed consecutively dur-
ing the chicken adipose tissue development from 1 to
12 weeks of age, and its expression levels clearly chan-
ged during abdominal fat tissue development in both
the fat and lean broilers, indicating that, consistent with
the report in mouse,9) gKLF3 might also regulate the
growth and development of chicken adipose tissue. In
addition, the relative gKLF3 mRNA expression levels
of lean males were higher at 7 weeks of age and lower
at 10 weeks of age than those of fat males, suggested
that the difference of KLF3 expression in abdominal
adipose tissue might contribute to the fatness trait dif-
ference between fat and lean birds.

C/EBPα and PPARγ are two master positive regula-
tors of adipogenesis in mammals and birds.14–17) In the
current study, we found that gKLF3 overexpression
suppressed chicken C/EBPα promoter activity in DF1
cells and chicken preadipocytes (p < 0.01; Fig. 5). This
is consistent with the report in 3T3-L1 preadipocytes
that KLF3 overexpression suppressed C/EBPα
expression.9) In addition, KLF3-induced suppression of
C/EBPα promoter was observed in all five different
lengths of C/EBPα promoter in DF1 cells, suggesting
that, similar to murine KLF3,9) the gKLF3 binding site
might be also located close to the transcription start site
of chicken C/EBPα.

Unexpectedly, we found that gKLF3 overexpression
increased chicken PPARγ promoter activity in DF1 cells
and chicken preadipocytes (p < 0.01; Fig. 5). These
results differ from the previous studies in the 3T3-L1
cell system that KLF3 overexpression suppressed
PPARγ expression.9) However, we indeed found that
KLF3 overexpression suppressed PPARγ expression in
DF1 cells using RT-qPCR and western blot (Fig. 5).
The discrepancy between results of reporter gene assay

and semi-quantitative RT-PCR and western blot
analyses may be due to the limitations of reporter gene
assay: the structure of PPARγ promoter on the lucifer-
ase vector was not the same as that on the chromo-
some. In addition, the PPARγ promoter on the
luciferase vector does not contain histones, and is not
effected by epigenetics modification. Together, these
results indicated that KLF3 may play an essential role
in chicken adipogenesis, at least in part through
regulating the expression of C/EBPα and PPARγ.
FASN is involved in de novo fatty acid synthesis,

which occurs primarily in the liver and adipose tissue,
by catalyzing the synthesis of palmitate from acetyl-
CoA and malonyl-CoA into long-chain saturated fatty
acids.21) Herein, the suppression of FASN promoter
activity by KLF3 indicated that, besides the role of
maintaining normal fatty acid composition by regulat-
ing genes involved in a fatty acid desaturation pathway
revealed in C. elegans,22) KLF3 might also inhibit de
novo fatty acid synthesis in chicken.
Triglyceride (TG) is hydrophobic and cannot be

transported in circulation; it is therefore assembled into
a blend of lipid and protein termed lipoproteins, which
can transport hydrophobic molecules. FABP4 is a cyto-
solic protein that functions as a lipid chaperone in adi-
pocytes.23) LPL is a protein that plays a central role in
plasma TG metabolism by hydrolyzing TG-rich chylo-
microns and very low-density lipoproteins. KLF3 over-
expression-mediated suppression on the promoter
activities of FABP4 and LPL indicated that, consistent
with the report in C. elegans,24) gKLF3 suppressed
lipoprotein assembly and mobilization.
Taken together, there would be two possible ways

for gKLF3 to regulate lipid metabolism in chicken.
First, gKLF3 directly suppresses lipid biosynthesis by
inhibiting FASN transcription. Alternatively, gKLF3
represses lipid circulation by suppressing the expression
of FABP4 and LPL.
In addition, our results also showed that compared

with gKLF3 overexpression, the overexpression of
gKLF3m, a mutated gKLF3 with a mutation of Asp to
Gly in the PVDLT motif (Fig. 4(B)), had reduced sup-
pression of the promoter activities of chicken FABP4,
FASN, LPL, and C/EBPα both in DF1 cells and chicken
preadipocytes, and reduced activation of chicken
PPARγ promoter activities in DF1 cells (p < 0.05,
Fig. 4(C)). These results indicated that the mutation of
Asp to Gly in the PVDLT motif reduced, but did not
abolish, KLF3 activity. This is consistent with the
results of double mutation of Asp-Leu to Ala-Ser or
Ala-Ala in the PVDLT motif,3,4) indicating that the
Asp is the key residue in the PVDLT sequence.
Collectively, the current study demonstrated that

chicken KLF3 is expressed in chicken adipose tissue,
and regulates important genes involved in adipogenesis
and lipid metabolism; and the mutation of the Asp in
PVDLT significantly compromise, but does not abolish,
KLF3 activity.
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