
RESULTS

CONCLUSIONS
1. CEF’s potentials for bidirectional differentiation toward

myogenesis and adipogenesis.

2. Essential synergistic role of fatty acids and insulin in
adipocyte differentiation of CEF.

3. A new in vitro model for future studies focusing on
understanding of preadipocyte determination and
differentiation in avian species.

4. A scientific basis for improving poultry meat quality
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INTRODUCTION
Adipocytes have important cellular functions such as

energy storage in the form of fat and hormone secretion in
the body, and their differentiation involves complex gene
expression events on diverse transcriptional networks
including energy homeostasis [1]. Over the past years, the
biological processes of adipocyte differentiation have been
well studied in vitro, using primary preadipocytes and
mammalian cell lines such as 3T3-L1 [2], OP9 [3], and
C3H10T1/2 [4]. However, there has been a lack of in vitro
models that can be used to study broad ranges of adipocyte
differentiation processes from determination to terminal
differentiation.

Unlike mammals, birds are an oviparous animal model
unique for the study of adipogenesis. Their embryonic
development occurs inside of an egg in which the yolk,
largely composed of fat, is the main energy source for
embryonic growth and development in ovo. Recently,
chicken preadipocyte differentiation has been studied with
primarily stromal-vascular cells isolated from the abdominal
adipose tissue of 10-day-old broilers [5, 6] and 20-week-old
leghorns [7], to better understand developmental processes
of avian adipose tissue. However, there is no in vitro model
with avian embryonic cells focused on deciphering early
stages of adipogenic differentiation.

Embryos are a rich source of fibroblasts, and embryonic
fibroblast cells have been widely used to study gene function
and developmental processes, due to the fact that they
provide a large population of multipotent cells which are
easily accessibility. This aim of the current study was to
develop a model for adipogenic differentiation of chicken
embryonic fibroblasts (CEF). Adipogenic differentiation of
CEF would be validated by measuring morphological
parameters and expression of adipogenic marker genes. If
successful, this would provide a new CEF in vitro model for
future studies focusing on early processes of preadipocyte
differentiation in chicken.

ABSTRACT
The regulation of adipocyte differentiation is an important factor for production efficiency and meat quality in the poultry industry. The purpose of this study was to develop a new in vitro model of adipogenic differentiation of chicken embryonic fibroblasts (CEF). In this
study, CEF were isolated at embryonic day (E) 5, and adipogenic differentiation was induced with supplementation of fatty acids (FA) and/or insulin (Ins) for 48 hours. Oil-Red-O staining showed that lipid accumulation in E5 CEF was greater when supplemented with
a combination of FA and Ins (FI) than other treatment groups (p < 0.05). Genes involved in differentiation of preadipocytes, fatty acid transport, and triacylglycerol synthesis were up-regulated in the FI group compared to all other treatment groups (p < 0.01). Under
myogenic media, the E5 CEF formed myotubes and expressed myogenic markers, myosin heavy chain (MHC) and myogenin (MyoG), suggesting myogenic potential of E5 CEF. To determine the permissive age window for adipogenic differentiation of CEF, E5, E6,
and E7 CEF were induced for adipogenesis with FI treatment in 1, 5, or 10% chicken serum (CS). Among all embryonic ages, E5 with 10% CS showed the most lipid accumulation and the least myotube formation with the lowest expression of MHC and MyoG. These
data indicate both adipogenic and myogenic potentials of E5 CEF, providing a new in vitro model for a better understanding of the processes of adipogenic and myogenic differentiation in chickens.

2. Adipogenic and myogenic differentiation of CEF
- For Adipogenic differentiation,
1. Con: 10% of chicken serum (CS) in DMEM
2. FA: Con + Fatty acids
3. Ins: Con + Insulin
4. FI: Con + fatty acids + Insulin

- For, Myogenic differentiation
1% horse serum,1%, 5%, or 10% CS in DMEM

3. RNA isolation and Real-Time PCR

4. Western blot and immunofluorescent staining
Anti-MHC (#NA-4, 1:20,000, Developmental Studies
Hybridoma Bank, University of Iowa, Iowa City, IA) or α-
tubulin (#12G10, 1:5,000, Developmental Studies Hybridoma
Bank) antibodies were used for Western bolt anaysis.
To detect potential myotubes, anti-MHC and rhodamine
conjugated anti-mouse IgG (#715-025-150, Jackson
ImmunoResearch Laboratories, West Grove, PA) were used
for the primary and secondary antibody, respectively.

5. Oil-Red-O staining and quantification

6. Statistical Analysis
Noticed in Figure Legends.
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Figure 1. Effect of adipogenic hormones on
the differentiation of CEF. a. Oil-Red-O
staining from E5 CEF. Scale bar: 100 µm. b.
O.D. values. Oil-Red-O was quantified using
a spectrophotometer. CEF before
differentiation were used as a blank control.
Data were shown as mean ± SEM (n = 4).
One-way ANOVA was used for statistical
analysis by the Graphpad PRISM 6.02
program, p < 0.05.

Figure 2. Relative expression levels of marker genes involved in adipocyte
determination and differentiation (a), and fatty acid uptake and TAG synthesis (b) by
qPCR. Data were shown as mean ± SEM (n = 4). One-way ANOVA was used for
statistical analysis by the Graphpad PRISM 6.02 program, p < 0.05.
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METHODS
1. Isolation of Chicken Embryonic Fibroblasts

E5, E6, E7Removal
: Head, Heart, Visceral Organs

Trypsinization

Seed on collagen coated dish in 1% FBS

70 µm cell strainer

Figure 4. Age window for ability of CEF to be differentiated into adipocytes. CEF
before differentiation were used as a blank control. CEF isolated from chicken
embryos at days 5, 6 and 7 were differentiated with different concentrations of chicken
serum (1%, 5% and 10%.) with FI supplementation

Figure 5. Different myogenic potentials of E5, E6 and E7 CEF at various
concentrations of chicken serum. a. Immunocytochemistry and b. Western blot
analysis of MHC. c. Quantitative analysis of MyoG expression levels. Data were
shown as mean ± SEM (n = 4). Two-way ANOVA was used for statistical analysis
by the Graphpad PRISM 6.02 program, p < 0.05. Scale bar: 100 µm.
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Figure 3. Adipogenic and myogenic potentials of E5 CEF. a. Oil-Red-O staining.
Scale bar: 100 µm. b. O.D. values. c and d. Relative expression level of markers
involved in adipocyte or myocyte differentiation. For O.D. values and qPCR, data
were shown as mean ± SEM (n = 4). For comparison of gene expression between
two means, a Student’s t-test was conducted by the Graphpad PRISM 6.02 program,
* p <0.05, ** p <0.01, *** p <0.001.
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