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Abstract

Meat animals are raised for their carcasses, and carcasses are composed from muscle, fat and
bone. Enhancing muscle growth and reducing fat accumulation improve the efficiency of animal
production. Fetal stage is crucial for skeletal muscle development. Due to extensive efforts to
increase lean growth, marbling (intramuscular fat) is reducing in beef, pork and chicken breast,
which impairs the eating quality of meat. Because fat is the major contributor to meat flavor, the
presence of intramuscular fat is indispensible for the high eating quality of meat. However, up to
now, our understanding of adipogenesis (formation of fat cells) in skeletal muscle is limited.
Adipocyte differentiation in skeletal muscle initiates from mesenchymal multipotent cells, which
are abundant in skeletal muscle at early developmental stages. In this review, the known cellular
mechanisms regulating adipogenesis from multipotent cells are summarized, which include
hedgehog, Wingless and Int (Wnt)/a-catenin, and bone morphogenesis protein (BMP) mediated
signaling pathways, as well as AMP-activated protein kinase. Promoting adipogenesis inside
skeletal muscle will dramatically increase intramuscular fat, improving the quality of meat.
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INTRODUCTION

Animal carcasses are composed of muscle, fat, connective tissue, and bone, all of which are
largely derived from mesenchymal multipotent cells (M C) during the early developmental
stage. Among these tissues, skeletal muscle apparently is the most important. Fetal stage is
especially important for skeletal muscle development because there is no net increase in the
muscle fiber number after birth (Du et al., 2009; Stickland, 1978). Moreover, lean meat itself
is composed of muscle fibers, fat cells and fibroblasts which embed in connective tissue.
Thus, skeletal muscle development involves myogenesis, adipogenesis and fibrogenesis.
Promoting myogenesis from MC increases lean mass and lean/fat ratio; enhancing
intramuscular adipogenesis increases intramuscular fat and improves eating quality of pork
but fat deposition elsewhere leads to waste; promoting fibrogenesis leads to the
accumulation of connective tissue which contributes to the background toughness of meat
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and is undesirable. Hence, it is essential to regulate MC differentiation in order to enhance
lean growth and improve meat quality.

Excessive fat accumulation accounts for huge waste in animal production. For this reason,
livestock have been selected for lean growth for generations. Accompanying such selection
is the unwanted decline in intramuscular fat which is essential for the eating quality of meat.
It will be ideal to reduce fat deposition in visceral, subcutaneous and intramuscular depots
while enhancing intramuscular fat deposition. Maternal obesity impacts fetal adipogenesis.
However, to date, our understanding of mechanisms regulating sequential fat deposition
remains largely unclear. In this review, we first discussed fetal programming and its impact
on carcass composition, followed by discussion of mechanisms regulating adipogenesis and
fat deposition.

FETAL PROGRAMMING

The concept of fetal programming, or fetal origins of adult diseases, known as the Barker
hypothesis, is based on the epidemiological data linking long-term effects for adult health of
low birth weight (Barker et al., 2002). The fetal origins hypothesis states that fetal nutrient
deficiency leads to disproportionate fetal growth and programs later predisposition to
chronic disease states such as coronary heart diseases, stroke, diabetes and hypertension
(Barker, 2001). Low birth weight has been linked to adult diseases. The prevalence of non-
insulin dependent diabetes increases for 3 fold for men who had weighed 5.5 Ib at birth
when compared to those who had birth weights around 9.5 Ib. This relationship has been
confirmed by several studies in Britain, United States and Sweden (Barker, 2003, 1995;
Hales et al., 1991).

The concept of fetal programming can be equally applied to animal production. Failure of
the fetus to achieve its optimal growth potential is the major unsolved production problem.
Maternal nutrient deficiency is the leading cause of poor fetal growth and development.
Besides, many disorders including those of genetic, metabolic, vascular, autoimmune and
infective origins, limit the cross-placental nutrient delivery and reduce nutrients available for
proper fetal development (Cetin et al., 2004). Offspring delivered by dams that experienced
maternal nutrient deficiency during pregnancy are fatter than control animals (Bispham et
al., 2003; Desai et al., 2005; Symonds et al., 2004). Impairment of fetal skeletal muscle
development may be one of the main reasons for the predisposition of offspring to obesity
and diabetes (Zhu et al., 2004).

Sheep is the livestock species which has been used extensively used for fetal programming
studies, mainly as a model for human pregnancy. Compared to rodents, which are born
highly immature, sheep is born mature which is similar to humans. In addition, the number
of fetuses and the ratio of fetal/maternal body mass are also very similar to human
pregnancy, which makes sheep one of the ideal models for human pregnancy studies. Thus,
much of our understanding about fetal programming in livestock, as well as in human
health, is derived from sheep studies.

Beef cattle production is the main component of agriculture in Rocky Mountain states,
where are characterized with arid and semi-arid conditions (NWS, 1988-1989; USGS,
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2004). A persistent drought has been observed since 2000 in the states of Wyoming,
Colorado, Utah, New Mexico, Nevada, Arizona, and part of California (USGS, 2004).
Drought condition limits availability and protein contents of forage, affecting animal
production (Du and Zhu, 2009). Due to the seasonal nature of cow reproduction, cows in the
Rocky Mountain areas frequently experience nutrient restriction, especially protein
deficiency. Such nutrient deficiency during gestation likely programs fetal skeletal muscle
development, reducing the growth performance of offspring.

MATERNAL NUTRITION AND OFFSPRING BODY COMPOSITION AND MEAT

QUALITY
Pigs

Run piglets experienced nutrient restriction compared to normal littermates during
pregnancy. Therefore, runt piglets are good models for studying the impact of maternal
nutrient restriction on fetal development, offspring carcass composition and meat quality.
Existing data clearly show that maternal nutrient restriction reduces birth weight, increases
offspring carcass fatness. In early studies, runt pigs were compared to normal pigs for their
growth performance and muscle fiber numbers (Hegarty and Allen, 1978). Runt pigs
required 23 more days to reach 106 kg slaughter weight compared to their littermates. Runt
pigs had fewer muscle fiber numbers (Hegarty and Allen, 1978). These observations were
confirmed by several later studies (Powell and Aberle, 1980). Lower birth weight littermates
had 14% greater cross-sectional areas in LM muscle (Gondret et al., 2006). The mean fiber
area tended to be larger in light littermates compared to heavy littermates (Bee, 2004). In
addition, several studies show that maternal nutrient deficiency affects the composition of
muscle fibers. The percentage of slow oxidative fibers in the low birth weight pigs were
higher than large birth weight pigs (birth weight, 1544 g) compared to runt pigs (776 g)
(Handel and Stickland, 1987).

In addition, lower birth weight pigs have a fatter carcass and enlarged subcutaneous
adipocytes (Gondret et al., 2006; Powell and Aberle, 1980). Runt pigs had higher marbling
and intramuscular fat content (Powell and Aberle, 1980). The tenderness of pork is impaired
in runt piglets (Gondret et al., 2006), which could be due to increased collagen content in
muscle. Collagen contributes to the background toughness of meat. Compared to their
counterparts, grown runt pigs have higher concentration of collagen in skeletal muscle
(Karunaratne et al., 2005).

The speed of postmortem pH decline affects meat quality. However, there is no difference in
postmortem pH decline between heavy and light birth weight piglets (Gondret et al., 2006).

Cattle and sheep

Consistent with pig studies, maternal nutrient deficiency also reduces the growth
performance of ruminant animals. In our previous study, ewes were fed to 50% (nutrient
restricted) or 100% (control fed) of total digestible nutrients (NRC requirement) from Days
28 to 78 of gestation when ewes were euthanized for fetal longissimus dorsi muscle
sampling. Fetuses of nutrient restricted ewes showed retarded muscle and skeleton
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development. Muscle from nutrient restricted fetuses contained fewer secondary myofibers
than control fetuses, and the average area of fasciculi was smaller (Zhu et al., 2004). In
addition, maternal nutrient deficiency demonstrated long-term effects on offspring
performance. Maternal nutrient restriction during early to mid-gestation decreased the
number of myofibers in the offspring compared with offspring of ad libitum fed ewes.
Intramuscular triglyceride and visceral fat contents were increased in skeletal muscle of
nutrient restricted lambs (Zhu et al., 2006). These data were confirmed by another study
(Daniel et al., 2007).

Similarly, nutrient restriction in cows impairs the growth performance of offspring steers.
Crossbred beef cows were placed on improved pasture (1P) or native range (NR) pasture
from 120 to 150 through 180 to 210 days of gestation. Esophageal extrusa samples collected
by cows grazing IP varied from 11.1% crude protein of organic matter early in the test
period to 6.0% crude protein of organic matter at the end of the grazing period; whereas,
extrusa samples of cows grazing NR ranged from 6.5% crude protein of organic matter
during early grazing to 5.4 % crude protein of organic matter at the end of the grazing
period. Steers were slaughtered around 460 days of age and carcass characteristics were
collected. Steers born to mothers grazed on IP had heavier live weights and hot carcass
weights than NR steers. Tenderness was greater in IP compared to NR steers. The 12t rib
fat thickness and adjusted 121" rib fat thickness were greater for IP than for NR steers.
Subcutaneous adipose tissue of IP steers tended to have a greater number of cells per field of
view than that of NR steers. Data show improving nutritional status of cows during mid to
late gestation affects tenderness, adipose tissue deposition and growth in steers (Underwood
et al., 2010). In another study, we hypothesized that maternal protein supplementation
enhances fetal muscle development. Early to mid gestation is as important period for muscle
and adipose tissue development in beef cattle, and hence nutrition during this time is
expected to affect muscle and adipose tissue development and resulting carcass
characteristics of steers. In this study, thirty six crossbred beef cows were randomly placed
on a control diet (100% NRC requirements, n = 12, C), nutrient restricted (70% of
requirements, n = 12, NR), or a nutrient restricted diet with protein supplement (NRP, n =
12) designed to equal flow of amino acids to the small intestine of C diet from d 45 to 185 of
gestation. Then, both groups of cows were placed together, managed to meet requirements
and allowed to calve. Calves were weaned at 210 d of age and back-grounded. Steers were
placed in feedlot and provided a high energy diet for 195 d. Steers were slaughtered at 405 d
of age. Twelfth rib fat thickness and adjusted 121" rib fat thickness of NR steers was less (P
<0.02) than C steers and tended to be less (P < 0.08) than NRP steers. Kidney, pelvic and
heart fat percentage was lower (P < 0.05) for NRP steers compared to C and NR steers.
Adipocyte diameter tended to be larger (P = 0.10) for NR steers than for NRP steers, and
NRP steers tended (P = 0.09) to have a greater number of adipocytes per field of view.
Steers born to NRP dams had larger semitendinosus muscles than C steers (P = 0.008) and
NR steers (P = 0.07). Muscle fiber diameter was similar (P = 0.43) between treatments, but
total muscle fiber number in LM area was higher (P = 0.02) in NR steers than C steers.
These data show maternal nutrition and protein supplementation during gestation affects
muscle and adipose tissue development in subsequent beef steers (K. R. Underwood, J. F.
Tong, P. L. Price, B. W. Hess, S. I. Paisley, W. J. Means, and M. Du, unpublished data).
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Dr. Greenwood’s lab in Australia did series of studies on the impact of maternal nutrient
deficiency on growth performance of beef cattle (Greenwood and Cafe, 2007). Impaired
early development due to maternal undernutrition results in smaller animals at any given age
(Cafe et al., 2009). Retail yield of severe retarded offspring was reduced (Greenwood et al.,
2009). These data support our results. However, no difference in carcass composition was
observed in these studies, which should be due to feeding a forage based diet and a lack of a
fattening period before slaughter in these cattle. In our studies in mice, the difference in
body composition was exacerbated when fed a high energy diet (J. F. Tong, and M. Du,
unpublished data). In sheep, without the challenge of high energy diet, there is no difference
in body composition between control and treated animals, and dramatic difference was
observed only after feeding high energy diet (Long et al., 2010).

MESENCHYMAL STEM CELL DIFFERENTATION

Above studies clearly show that maternal nutrition affects fetal development. Livestock
carcasses are composed of muscle, fat, connective tissue, and bone, all of which are largely
derived from mesenchymal multipotent cells (M C) during the early developmental stage and
there is no net increase in the muscle fiber number after birth (Du et al., 2009; Stickland,
1978). Moreover, lean meat is composed of muscle fibers, fat cells and fibroblasts which
embed in connective tissue. Thus, skeletal muscle development itself involves myogenesis,
adipogenesis and fibrogenesis. Promoting myogenesis from MC increases lean mass and
lean/fat ratio; enhancing intramuscular adipogenesis increases intramuscular fat and
improves eating quality of pork but fat deposition elsewhere leads to waste; promoting
fibrogenesis leads to the accumulation of connective tissue which contributes to the
background toughness of meat and is undesirable. Hence, it is essential to regulate MC
differentiation in order to enhance lean growth and improve meat quality. However, to date,
mechanisms governing MC differentiation has not been well studied, and most studies are in
rodents.

MSC differentiation--- a crucial step regulating fetal SM development

Adipogenesis—The formation of adipocytes begins around the mid-gestation (Feve,
2005; Gnanalingham et al., 2005; Muhlhausler et al., 2006). Adipogenesis inside muscle
during the fetal stage has a dominant effect on the number of intramuscular adipocytes, an
event linked to IR due to their paracrine effects and close proximity (Aguiari et al., 2008;
Morino et al., 2005; Petersen and Shulman, 2002). The total number of adipocytes is set
when reaching adolescence (Spalding et al., 2008). Thus, it is important to prevent excessive
adipogenesisinside fetal and early postnatal SM. Up to now, mechanisms controlling
adipogenesis in fetal and postnatal SM in vivo are poorly defined, though there are numerous
in vitro cell culture studies (Rosen and MacDougald, 2006). These studies have
demonstrated that PPARy and CCAAT-enhancer-binding proteins (C/EBPs) are crucial
factors controlling adipogenesis. Their expression induces adipogenesis from MSC (Rosen
etal., 1999).

Fibrogenesis—Fibrogenesis in fetal SM has not been systemically studied and seems
ongoing during the whole gestation period but is more active after mid-gestation, coinciding
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with adipogenesis (Hausman and Poulos, 2009). Fibrogenesis is mainly mediated by TGF-a
signaling pathway (Chen et al., 2005; Salvadori et al., 2005), which promotes fibrosis via
activation of the Smad signaling pathway, specifically phosphorylation of Smad2 and
Smad3 which then oligomerize with Smad4 and translocate into the nucleus to initiate
transcription of TGFa target genes (Decologne et al., 2007; Gosselin et al., 2004; Tu and
Luo, 2007), including fibronectin and type | collagen (Foidart et al., 1981; Kennedy et al.,
2008).

Myogenesis—Compared to adipogenesis and fibrogenesis, mechanisms associated with
myogenesis are better studied. During SM development, primary myofibers are first formed
in the embryonic stage, followed by the formation of secondary myofibers in the mid and
late gestation in humans, and late and neonatal stages in mice (Du et al., 2009). The
formation of secondary myofibers overlaps with adipogenesis which is initiated at mid-
gestation in humans and late gestation in rodents. Myogenesis are regulated by a series of
transcription factors, including Pax 3, Pax 7, Gli, and four myogenic regulatory factors
including MyoD, Myf-5, myogenin and MRF-4 (Relaix et al., 2005).

In the bovine fetus, primary muscle fibers form within two months of gestation (Russell and
Oteruelo, 1981), and the secondary myogenesis occurs between 2 to 7 months of gestation
(Russell and Oteruelo, 1981). Adipogenesis is initiated around mid-gestation in ruminant
animals (Feve, 2005; Gnanalingham et al., 2005; Muhlhausler et al., 2006), which partially
overlaps with the period of secondary myogenesis (Du and Zhu, 2009). Tissues and organs
are most susceptible to maternal physiological stress when they are at the initial stages of
active development. Thus, maternal nutrient deficiency at different gestational stage is
expected to have different effects on fetal development and offspring performance (Du et al.,
2010).

SIGNALING PATHWAYS REGULATING MYOGENESIS AND ADIPOGENESIS

Complicated signaling pathways regulating the differentiation of MC into myocytes and
adipocytes. Based on our current understanding, several extracellular morphogens appear
very important in these processes.

Morphogens are crucial for pattern development during fetal development. Morphogens,
including hedgehog, Wingless and Int (Wnt), and bone morphogenic proteins (BMP). The
detailed mechanisms for these morphogens in the regulation of myogenesis and
adipogenesis has been previously reviewed (Du et al.) and thus we will only briefly review
here.

Three different hedgehog proteins are present in mammals, which are Sonic, India and
Desert hedgehogs, with Sonic hedgehog (SHH) of the best studied. Activation of SHH
signaling inhibits adipogenesis in 3T3-L1 and C3H10T1/2 cells (Cousin et al., 2007;
Spinella-Jaegle et al., 2001; Suh et al., 2006; Zehentner et al., 2000). A decrease in
Hedgehog signaling is necessary but not sufficient to trigger adipocyte differentiation
(Fontaine et al., 2008). SHH may elicit antiadipogenic effects by enhancing chicken
ovalbumin upstream promoter-transcription factor 11 (Okamura et al., 2009; Xu et al., 2008)
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and GATA binding protein 2 (GATAZ2) expression (Suh et al., 2006), which mediates the
expression of PPARy and C/EBPa (Hu and Davies, 2009; Schupp et al., 2009) and inhibits
adipogenesis.

Whnt proteins are secreted glycoproteins (Johnson and Rajamannan, 2006). Activation of
Wht signaling stabilizes B-catenin, which regulates the expression of transcription factors
Pax3 as well as Gli (Borycki et al., 2000; Capdevila et al., 1998). Pax3 is essential for
skeletal myogenesis and acts upstream of MyoD during skeletal muscle development, while
Gli factors induces Myf-5 expression (Gustafsson et al., 2002; Ridgeway and Skerjanc,
2001). Myf5 is a direct target of Wnt/a-catenin (Borello et al., 2006). Activation of the Wnt
signaling pathway enhances myogenesis and inhibits adipogenesis in cultured mesenchymal
stem cells (Shang et al., 2007). Blocking the -catenin pathway reduces the total number of
myocytes (Pan et al., 2005; Yamanouchi et al., 2007). Over-expression of f-catenin results
in increased myaoblast proliferation and enhanced muscle repair following ischaemia-
induced muscle damage (Kim et al., 2006; Otto et al., 2008).

BMPs belong to TGF-a super-family. Upon binding to BMPs, Smad 1, 5 and/or 8, so called
regulatory Smads, are activated, which partners with Smad 4 to enhance adipogenesis. There
are about 15 BMPs identified in mammals. BMP-2 and 4 regulates adipogenesis and
osteogenesis, while BMP-7 promotes brown adipogenesis (Tseng et al., 2008). As
previously discussed, TGF-a signaling pathway promotes fibrogenesis via Smad 2 or 3,
which also binds to Smad4 to induce the expression of genes associated with fibrosis. The
shared signaling pathways clearly show the similarity in fibrogenesis and adipogenesis.
Because fibrogenesis leads to accumulation of connective tissue which increases meat
toughness while adipogenesis is crucial for meat quality, it may be possible to enhance
adipogenesis and inhibit fibrogenesis by manipulating these shared pathways. In order to do
it, of course, we need further understand underlying mechanisms. In a recent study, a
transcription factor, Zfp423, was identified to be critical in determining whether fibrogenic
cells go to adipogenic differentiation (Gupta et al.).

Above morphogens, or additional unidentified morphogens, may also be responsible for
depot specific adipose tissue development. Up to now, the reason why fat is easy to
accumulate under the skin and surrounding muscle bundles, but difficult to form inside
muscle bundles (intramuscular fat) is unclear. Highly possibly, this is due to the presence of
gradient concentration of these morphogens (Figure 1). Higher concentration of morphogens
inside muscle bundles promotes myogenesis but outside of muscle adipogenesis is enhanced
due to the absence of these morphogens due to their short traveling distance.

EPIGENETIC MODIFICATIONS

Since myogenesis, adipogenesis and fibrogenesis from mesenchymal stem cells are
controlled by the expression of one or more crucial genes, maternal nutrition might change
fetal muscle development through epigenetic modifications. The development of the human
body starts from one fertilized cell, which generates an increasing body of diversified cells
sharing the same copy of genes. Silencing genes while allowing other genes to express is
essential for maintaining the diversity of cells which are accomplished through epigenetic
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modifications (Schuettengruber et al., 2007). By definition, epigenetic heritance occurs
when the modifications, such as cytosine methylation and histone modifications, pass from
parent cells to daughter cells (Bernstein et al., 2007). Depending on the nature of
modifications, epigenetic modifications have different degree of plasticity. Histone
modification usually only passes for several cell generations (Rando and Verstrepen, 2007),
but histone modifications can guide DNA methylation leading to stable alterations in gene
expression (Vire et al., 2006). DNA methylation passes on for more than 100 cell
generations; considering that only forty-four cell generations are needed to form a human
body, epigenetic modification through DNA methylation is very stable (Reik, 2007).
Polycomb group proteins (PcG) and trithorax (trxG) group proteins regulate histone
methylation, which leads to other epigenetic modifications during cell differentiation (Reik,
2007). PcG and trxG regulate the methylation of histone H3 through binding to PcG and
trxG response elements in genome. PcG group proteins possess H3K27-specific trimethylase
activity which mediates gene expression repression, whereas trxG complexes have H3K4
trimethylase activity which mediates activation of genes (Schuettengruber et al., 2007). The
crucial development is the demonstration that PcG-mediated gene repression leads to DNA
methylation of the targeted genes (Vire et al., 2006). The PcG protein EZH2 (Enhancer of
Zeste homolog 2) interacts with DNA methyltransferases and serves as a recruitment
platform for DNA methyltransferases, thus converting plastic histone modifications to stable
DNA methylation (Vire et al., 2006). DNA methylation leads to the silence of genes through
several mechanisms: 1) recruitment of histone deacetylases, which removes histone
acetylation. Since acetylation of the lysine residues at the histone neutralizes its positive
charges, de-acetylation increases the affinity between histones and DNA, inhibiting gene
expression; 2) DNA methylation can directly interfere with the binding of transcription
factors; 3) DNA methylation leads to the formation of inactive chromatin structure.

Currently, no studies are available linking maternal nutrition to epigenetic modifications in
fetal muscle. However, indirect evidences support epigenetic modification in key genes
controlling fetal muscle development. Maternal under-nutrition permanently changed the
insulin/insulin-like growth factor-1 signaling in fetal muscle (Ozanne et al., 1996), very
likely through epigenetic modifications. Maternal diet alters the expression of PPARs in
fetal muscle through DNA methylation (Rees et al., 2008). In another study, maternal
cocaine administration causes epigenetic modification of a key protein kinase gene in rat
heart (Zhang et al., 2007).

Histone deacetylases (HDAC) are becoming increasingly important for epigenetic
modifications associated with cell differentiation and tissue development (Martin et al.,
2009). HDAC:s are further separated into several groups, of which class Ila (HDAC4, 5, 7
and 9), may be very important for the regulation of MC differentiation. Class Ila HDAC
need to interact with myocyte enhancer factor 2 (MEF2) to identify targets (Martin et al.,
2007).

p300 is a necessary co-activator of PPARy, and AMPK phosphorylates p300 at Ser 89
which reduces its function as a co-activator of several examined nuclear receptors (Yang et
al., 2001). Here, we hypothesize that MO reduces AMPK activity, which decreases p300
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phosphorylation and promotes the expression of PPARY target genes, increasing
adipogenesis in fetal SM (Fig. 1).
Taken together, p300 regulates both fibrogenesis and adipogenesis, and AMPK is likely to
regulate both processes through phosphorylation of p300 (Fig. 1). In our obese sheep fetal
SM, we observed down-regulation of AMPK activity and enhancement of both adipogenesis
and fibrogenesis in fetal SM (Huang et al., 2010; Yan et al.), strongly supporting this notion.

CONCLUSION

Current studies identified that extracellular morphogens, including hedgehog, Wnt/a-
catenin, and BMP signaling pathways regulate adipogenesis. AMPK, an intercellular kinase,
also has crucial roles in the regulation of adipogenesis. Future efforts in the elucidation of
the mechanisms regulating adipogenesis should be focused on: 1) deepening our
understanding of identified pathways on adipogenesis; 2) further efforts to identify
additional pathways regulating adipogenesis; 3) examining the integration of these identified
signaling pathways and their cross-talks to regulate adipogenesis; and 4) up to now, most of
these knowledge about adipogenesis is obtained from rodent and cell line studies, studies
using primary cultures of farm animals and in vivo studies are apparently needed, especially
those studies on the impact of physiological factors at the critical stage of adipogenesis of
farm animals are apparently needed.
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Figure 1. Hedgehog signaling, Wingless and Int (Wnt) signaling, bone mor phogenesis proteins
(BMPs) and adipogenesis

C/EBPa: CAAT/enhancer binding protein a; COUP-TFII: chicken ovalbumin upstream
promoter-transcription factor 11; GATA2: GATA binding protein 2; Shn: Schnurri protein;

PPARY: peroxisome proliferator-activated receptor y.
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