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Abstract: Angiopoietin-like protein 4 (ANGPTL4) is a potential circulating mediator connecting nutritional factors and 
fat metabolism, however, information is lacking on the exact role of ANGPTL4 on triglyceride metabolism in the thigh 
muscles and livers of broilers. The objective of this study was to determine the changes in the triglyceride metabolism 
in the thigh muscles and livers of broilers injected intravenously with ANGPTL4. In experiment 1, 36 male Arbor 
Acres broilers at 35 days of age were randomly allocated into six treatments with six replicates. The broilers were sub-
jected to intravenous injection of polyhistidine-small ubiquitin-related modifier-ANGPTL4 (His-SUMO-ANGPTL4) 
once at a dose of 0, 20, 100, 500, 2 500, or 12 500 ng/kg body weight (BW), respectively. The results showed that the 
injection of His-SUMO-ANGPTL4 at a dose of 500, 2 500 and 12 500 ng/kg BW decreased (P < 0.05) the broilers’ 
heart-fatty acid-binding protein (H-FABP) mRNA expression in the thigh muscle. All of the His-SUMO-ANGPTL4 
broiler injected groups had a lower (P < 0.05) adipocyte-fatty acid-binding protein mRNA expression in the thigh 
muscle. In experiment 2, 18 male Arbor Acres broilers at 35 days of age were randomly allocated into three treatments 
with six replicates. The broilers were given an injection of normal saline (NS), His-SUMO, or His-SUMO-ANGPTL4 
(500 ng/kg BW) once. The results showed that the broilers receiving an injection of ANGPTL4 at a dose of 500 ng/kg 
BW decreased (P < 0.05) the H-FABP mRNA expression in the thigh muscle. Besides, the broilers given an injection 
of ANGPTL4 at a dose of 500 ng/kg BW increased (P < 0.05) the fatty acid synthase mRNA expression and activ-
ity and decreased (P < 0.05) the microsomal triglyceride transfer protein mRNA expression in the liver. However, 
the concentrations of the high-density lipoprotein, low-density lipoprotein, very low-density lipoprotein, insulin, 
growth hormone and leptin in the serum were not affected by the ANGPTL4 injection. In conclusion, ANGPTL4 
has the ability to change the triglyceride metabolism in the thigh muscles and livers of broilers.

Keywords: biochemical parameters; chicken; hormone; lipid metabolism-related enzyme; recombinant chicken 
angiopoietin-like protein 4

of broilers are not yet clear. In order to promote 
the fat deposition of broilers and improve the pro-
duction performance of broilers, it is very impor-
tant to reveal the mechanism of the nutritional 
factors regulating the fat metabolism in broilers, 

With the wide use of feed additives and the con-
tinuous improvement of the feed nutrition level, 
the fat deposition of broilers increases day by day. 
However, the mediator and its mechanism between 
the  nutritional factors and the  fat  metabolism 
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thus, looking for the medium connecting the nu-
tritional factors and the fat metabolism in broilers 
is one of the important links.

Angiopoietin-like protein 4 (ANGPTL4), also 
known as  the peroxisome proliferator-activated 
receptor γ angiopoietin-related protein or fasting-
induced adipose factor, is a kind of secreted pro-
tein with high biological activity (Alex et al. 2013; 
Altun et  al. 2018). Studies in  mice and humans 
have found that ANGPTL4 is closely related to the 
fat metabolism, and factors such as microorgan-
isms, fasting and high fat feeding can affect its se-
cretion (Mandard et al. 2004; Grootaert et al. 2012). 
However, the  ANGPTL4 sequence on chickens 
has a low homology with other species, and infor-
mation is lacking on the exact role of ANGPTL4 on 
the fat metabolism in broilers. Previous studies have 
found that ANGPTL4 can regulate the breast muscle 
triglyceride metabolism in broilers (Zhao et al. 2021). 
In addition, some studies in recent years have shown 
that the regulation of intestinal microorganisms on 
the triglyceride metabolism in the thigh muscles and 
livers of broilers is accompanied by changes in the 
secretion of ANGPTL4 (Zhao et al. 2013; Zhao et al. 
2017; Zhao et al. 2018). Therefore, ANGPTL4 may 
play a role in regulating the triglyceride metabolism 
in the thigh muscle (such as lipodieresis and lipid up-
take) and liver (such as lipogenesis and lipid transfer) 
of broilers, and can be used as a medium to connect 
the nutritional factors and fat metabolism of broilers. 
In order to verify this hypothesis, this experiment 
studied the changes in the triglyceride metabolism 
in the thigh muscles and livers of broilers injected 
intravenously with angiopoietin-like protein 4.

MATERIAL AND METHODS

Ethical approval

The animal care and use protocol was approved 
by the Animal Care and Use Committee of the Linyi 
University (Linyi, Shandong, China).

Description of recombinant chicken 
ANGPTL4

Recombinant chicken ANGPTL4 was produced 
by  the Escherichia coli expression system and 
the target gene encoding Ala19-Pro478 is expressed 

with a polyhistidine-small ubiquitin-related modi-
fier (His-SUMO) tag at the N-terminus.

Birds and treatments

One-day-old male Arbor Acres broiler chicks 
were obtained from a commercial hatchery and 
housed in an environmentally controlled room. 
The feeding management, ingredients and nutri-
ent composition of the experimental diets were 
the same as described by Zhao et al. (2021).

Experiment 1: at 35 days of age, 36 healthy starv-
ing broilers (fasted for 12 h with access to water) 
with a similar body weight (BW) (2.17 ± 0.03 kg) 
were randomly divided into six groups of six birds. 
Broilers in group 1 were intravenously injected 
(inferior pterygoid vein) with normal saline (NS, 
0.75%) once, and the broilers in groups 2–6 were 
intravenously injected with 20, 100, 500, 2 500 
and 12 500 ng/kg BW of the recombinant chicken 
ANGPTL4 (His-SUMO-ANGPTL4) once (denot-
ed as the control, ANGPTL4 20, ANGPTL4 100, 
ANGPTL4 500, ANGPTL4 2 500, and ANGPTL4 
12 500, respectively).

Experiment 2: at 35 days of age, 18 healthy starv-
ing broilers (fasted for 12 h with access to water) 
with a similar BW (2.18 ± 0.04 kg) were randomly 
divided into three groups of six birds. The three 
groups of  broilers were intravenously injected 
(inferior pterygoid vein) with NS, His-SUMO and 
His-SUMO-ANGPTL4 once (recombinant chicken 
ANGPTL4 at a dose of 500 ng/kg BW), respectively.

Sample collection

Blood samples were taken from the inferior ptery-
goid vein of all the birds at 30 min after the  in-
travenous injection using sterilised needles and 
non-heparinised tubes. The serum of  the blood 
samples was collected as described by Zhao et al. 
(2013) and was then stored in 0.5-ml Eppendorf 
tubes at  –20  °C. After the  blood collection, all 
the broilers were immediately deeply anesthetised 
with pentobarbital sodium (30 mg/kg BW, i.v.) and 
slaughtered by exsanguination. Tissue samples were 
obtained from the thigh muscle and the liver of each 
broiler. Some of the samples were quickly put into 
an RNAfixer (RP1302, BioTeke Co. Ltd, Beijing, 
China), and after being kept at 4 °C overnight, they 
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Data calculations and statistical analysis

All data were analysed by an analysis of vari-
ance (ANOVA) in the Statistical Analysis System 
(SAS) v9.4 software (SAS Institute, Inc., Cary, 
NC, USA), and multiple comparisons were made 
by Duncan’s multiple-range test. Orthogonal poly-
nomial contrasts were used to determine the lin-
ear and quadratic responses of the broilers to the 
His-SUMO-ANGPTL4 levels. P < 0.05 representing 
the significant difference.

RESULTS

Different recombinant chicken ANGPTL4 
levels on the lipid metabolism-related gene 
expression and enzyme activity in the thigh 
muscles of the broilers

As the levels of recombinant chicken ANGPTL4 
increased from 0 to 12 500 ng/kg BW, the H-FABP 
and A-FABP mRNA expression in the thigh muscles 
of the broilers decreased quadratically (P < 0.05) 
(Table 1). The H-FABP mRNA expression in the 
thigh muscles of the broilers in ANGPTL4 500, 
ANGPTL4 2 500 and ANGPTL4 12 500 were lower 
(P < 0.05) than those of the broilers in the control, 
ANGPTL4 20 and ANGPTL4 100, and the thigh 
muscles of  the broilers in  ANGPTL4 500 had 
the lowest H-FABP mRNA expression. The broil-
ers of all of the recombinant chicken ANGPTL4 
injected groups had a  lower (P < 0.05) A-FABP 
mRNA expression in the thigh muscles than those 
of the control group broilers. However, no differ-
ence in the A-FABP mRNA expression was ob-
served among the recombinant chicken ANGPTL4 
injected groups. Besides, the FATP1, ATGL, CPT1, 
CPT2 and LPL mRNA expression and the LPL and 
HSL activities in the thigh muscles of the broil-
ers were not significantly affected by the injection 
of the recombinant chicken ANGPTL4 (Table 1, 
Table 2).

Angiopoietin-like protein 4 on the serum 
biochemical parameters and hormone levels 
of the broilers

As shown in Table 3 and Table 4, no differences 
in the concentrations of  the HDL, LDL, VLDL, 

were transferred to the condition of –20 °C for long-
term preservation for the total RNA extraction. 
The other samples were washed with ice-cold NS, 
quickly frozen in liquid nitrogen, and then stored 
at –40 °C to determine the enzyme activity.

Real-time quantitative PCR analysis of gene 
expression

The real-time quantitative polymerase chain re-
action (PCR) analysis of the gene expression in the 
thigh muscle and liver was carried out according 
to  the method described by  Zhao et  al. (2016). 
The primer sequences of the fatty acid transport 
protein 1 (FATP1), heart-fatty acid-binding protein 
(H-FABP), adipocyte fatty acid-binding protein 
(A-FABP), adipose triglyceride lipase (ATGL), car-
nitine palmitoyltransferase 1 (CPT1), carnitine pal-
mitoyltransferase 2 (CPT2), lipoprotein lipase (LPL) 
and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) were the same as those described by Zhao 
et al. (2021). The primer sequences of the fatty acid 
synthase (FAS), malic enzyme (ME), acetyl-CoA car-
boxylase (ACC), apolipoprotein B (ApoB) and mi-
crosomal triglyceride transfer protein (MTTP) were 
the same as those described by Zhao et al. (2016).

Enzyme activity assays

The activities of the LPL (EC 3.1.1.34) and hor-
mone-sensitive lipase (HSL, EC 3.1.1.79) in the 
thigh muscle and the activities of  the FAS (EC 
2.3.1.85) and ACC (EC 6.4.1.2) in the liver was as-
sayed using the  same procedure as  described 
by Zhao et al. (2013).

Determination of the serum biochemical 
parameters and serum hormones levels

The contents of  the high-density lipoprotein 
(HDL), low-density lipoprotein (LDL) and very 
low-density lipoprotein (VLDL) in the serum were 
determined by commercial kits (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, Jiangsu, China).

The serum insulin (INS), growth hormone (GH) 
and leptin (LEP) were measured by a radioimmu-
noassay (RIA) (Beijing North Institute of Biological 
Technology, Beijing, China).
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INS and GH in the serum was observed among 
the NS, His-SUMO and His-SUMO-ANGPTL4 in-
jected birds. The broilers had a lower (P < 0.05) LEP 
level in the serum than that of NS injection broil-
ers after the His-SUMO or His-SUMO-ANGPTL4 
injection, however, no difference in the LEP level 
in the serum was observed between the His-SUMO 
and His-SUMO-ANGPTL4 injected birds.

Angiopoietin-like protein 4 on the lipid 
metabolism-related gene expression and 
enzyme activity in the thigh muscles 
of broilers

As shown in Figure 1 and Figure 2, no differ-
ences in  the mRNA expression of  the FATP1, 
ATGL, CPT1, CPT2 and LPL and in the activities 

Table 1. Effect of the different recombinant chicken ANGPTL4 levels on the lipid metabolism-related gene expression 
in the thigh muscles of the broilers1

Item
Recombinant chicken ANGPTL4 (ng/kg)

SEM P-value Linear Quadratic
0 20 100 500 2 500 12 500

Fatty acid transport protein 1 1.00 0.93 1.01 1.02 1.19 1.04 0.150 0.914 9 0.768 1 0.496 4
Heart-fatty acid-binding protein 1.00a 0.94a 1.06a 0.25c 0.51bc 0.59b 0.097 < 0.000 1 0.188 1 0.024 3
Adipocyte-fatty acid-binding protein 1.00a 0.48b 0.63b 0.57b 0.36b 0.58b 0.103 0.003 9 0.499 1 0.048 7
Adipose triglyceride lipase 1.00 1.09 0.99 0.89 0.86 0.78 0.106 0.412 7 0.071 0 0.122 8
Carnitine palmitoyltransferase 1 1.00 0.90 0.94 0.73 0.84 0.74 0.090 0.221 4 0.120 3 0.249 8
Carnitine palmitoyltransferase 2 1.00 0.81 0.92 0.90 0.79 0.83 0.131 0.890 7 0.598 4 0.680 9
Lipoprotein lipase 1.00 1.21 1.02 1.06 0.78 0.96 0.223 0.846 3 0.660 4 0.473 3

1Data are means for six chickens 
a–cMeans within a row with different letters differ significantly (P < 0.05)

Table 2. Effect of the different recombinant chicken ANGPTL4 levels on the lipid metabolism-related enzyme activi-
ties in the thigh muscles of the broilers1

Item
Recombinant chicken ANGPTL4 (ng/kg)

SEM P-value Linear Quadratic
0 20 100 500 2 500 12 500

Lipoprotein lipase (IU/mg prot) 0.30 0.33 0.29 0.29 0.31 0.27 0.020 0.520 3 0.141 5 0.314 8
Hormone-sensitive lipase (IU/mg prot) 1.28 1.32 1.22 1.21 1.32 1.65 0.181 0.558 6 0.047 8 0.144 3

1Data are means for six chickens

Table 3. Effect of the recombinant chicken ANGPTL4 on the serum biochemical parameters of the broilers1

Item NS His-SUMO His-SUMO-ANGPTL4 SEM P-value
High-density lipoprotein (mmol/l) 2.50 2.32 2.30 0.118 0.392 6
Low-density lipoprotein (mmol/l) 0.74 0.64 0.62 0.075 0.449 8
Very low-density lipoprotein (μmol/l) 39.22 48.03 47.57 4.339 0.295 3

1Data are means for six chickens

Table 4. Effect of the recombinant chicken ANGPTL4 on the serum hormone levels of the broilers1

Item NS His-SUMO His-SUMO-ANGPTL4 SEM P-value
Insulin (μIU/ml) 4.63 5.61 5.87 0.461 0.158 7
Growth hormone (ng/ml) 3.40 3.06 3.40 0.185 0.345 0
Leptin (ng/ml) 1.25a 0.65b 0.61b 0.081 < 0.000 1

1Data are means for six chickens
a,bMeans within a row with different letters differ significantly (P < 0.05)
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of the HSL and LPL in the thigh muscles was ob-
served among the NS, His-SUMO and His-SUMO-
ANGPTL4 injected birds. The broilers had a lower 
(P < 0.05) H-FABP mRNA expression in the thigh 
muscles than those of the NS or His-SUMO in-
jection broilers after the His-SUMO-ANGPTL4 
injection, however, no difference in the H-FABP 
mRNA expression in  the thigh muscle was ob-
served between the NS and His-SUMO injected 
birds. The broilers had a lower (P < 0.05) A-FABP 
mRNA expression in the thigh muscles than those 
of the NS injection broilers after the His-SUMO 
or His-SUMO-ANGPTL4 injection, however, no 
difference in the A-FABP mRNA expression in the 
thigh muscles was  observed between the  His-
SUMO and His-SUMO-ANGPTL4 injected birds.

Angiopoietin-like protein 4 on the lipid 
metabolism-related gene expression and 
enzyme activity in the livers of broilers

As shown in Figure 3 and Figure 4, no difference 
in the mRNA expression of the ACC and ApoB 
and the activity of the ACC in the livers was ob-
served among the NS, His-SUMO and His-SUMO-
ANGPTL4 injected birds. The broilers had a higher 
(P < 0.05) FAS mRNA expression and activity in the 
livers than those of  NS or His-SUMO injected 
broilers after the His-SUMO-ANGPTL4 injection, 
however, no difference in the FAS mRNA expres-
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Figure  1. Effect of  ANGPTL4 (500 ng/kg BW, i.v.) on 
the  lipid metabolism-related gene expression in  the 
thigh muscles of the broilers
a,bMeans with different letters differ significantly (P < 0.05)
At 30 min after the intravenous injection, the fatty acid 
transport protein 1 (FATP1), heart-fatty acid-binding 
protein (H-FABP), adipocyte-fatty acid-binding protein 
(A-FABP), adipose triglyceride lipase (ATGL), carnitine 
palmitoyltransferase 1 (CPT1), carnitine palmitoyltrans-
ferase 2 (CPT2), and lipoprotein lipase (LPL) mRNA 
expression in the thigh muscles were measured for the 
normal saline (NS), His-SUMO, or His-SUMO-ANGPTL4 
(ANGPTL4). The value of each treatment is the mean 
of six chickens, and the vertical bar represents the stand-
ard error

Figure  2. Effect of  ANGPTL4 (500 ng/kg BW, i.v.) on the  lipid metabolism-related enzyme activities in  the thigh 
muscles of the broilers
At 30 min after the intravenous injection, the hormone-sensitive lipase (HSL) and lipoprotein lipase (LPL) activities in the 
thigh muscles were measured for the normal saline (NS), His-SUMO, or His-SUMO-ANGPTL4 (ANGPTL4). The value 
of each treatment is the mean of six chickens, and the vertical bar represents the standard error
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the His-SUMO or His-SUMO-ANGPTL4 injection, 
however, no difference in the ME mRNA expres-
sion in the livers was observed between the His-
SUMO and His-SUMO-ANGPTL4 injected birds. 
The His-SUMO-ANGPTL4 injected broilers had 
a lower (P < 0.05) MTTP mRNA expression in the 
livers than those of the His-SUMO injected birds, 
however, no difference in the MTTP mRNA expres-
sion in the livers was observed between the NS and 
His-SUMO-ANGPTL4 injected birds.

DISCUSSION

Effect of the angiopoietin-like protein 4 
on the lipid metabolism-related gene 
expression and enzyme activity in the thigh 
muscles of the broilers

Lipid metabolism and its regulation in broilers 
are quite different from those in mammals. Fat in 
broilers mainly comes from the synthesis in the liv-
er and the digestion and absorption in the intestine, 
while the synthesis of fat in the thigh muscle is very 
limited. Therefore, it is more important to study 
the process of  lipodieresis and the  lipid uptake 
in the thigh muscles of broilers. Hormone-sensitive 
lipase and ATGL are the key enzymes that catalyse 
the hydrolysis of TG stored in adipose tissue into 
free fatty acid and glycerol (Zimmermann et al. 
2004; Chen et al. 2018). Fatty acid β-oxidation oc-

sion and activity in the liver was observed between 
the NS and His-SUMO injected birds. The broilers 
had a lower (P < 0.05) ME mRNA expression in the 
livers than that of the NS injected broilers after 
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Figure  3. Effect of  ANGPTL4 (500 ng/kg BW, i.v.) on 
the  lipid metabolism-related gene expression in  the 
livers of the broilers
a,bMeans with different letters differ significantly (P < 0.05)
At 30 min after the intravenous injection, the fatty acid 
synthase (FAS), malic enzyme (ME), acetyl-CoA carboxylase 
(ACC), apolipoprotein B (ApoB), and microsomal triglycer-
ide transfer protein (MTTP) mRNA expression in the livers 
were measured for the normal saline (NS), His-SUMO, or 
His-SUMO-ANGPTL4 (ANGPTL4). The value of  each 
treatment is the mean of six chickens, and the vertical bar 
represents the standard error

Figure 4. Effect of ANGPTL4 (500 ng/kg BW, i.v.) on the  lipid metabolism-related enzyme activities in  the livers 
of the broilers
a,bMeans with different letters differ significantly (P < 0.05) 
At 30 min after the intravenous injection, the fatty acid synthase (FAS) and acetyl-CoA carboxylase (ACC) activities in the 
livers were measured for the normal saline (NS), His-SUMO, or His-SUMO-ANGPTL4 (ANGPTL4). The value of each 
treatment is the mean of six chickens, and the vertical bar represents the standard error
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curs mainly in the mitochondria, and CPT1 and 
CPT2 play important roles in the process of long-
chain fatty acids (LCFAs) crossing the mitochon-
drial membranes (Ge et al. 2019). Therefore, HSL, 
ATGL, CPT1 and CPT2 are the  four major en-
zymes involved in  lipolysis. The similar mRNA 
expression of ATGL, CPT1 and CPT2 and activity 
of HSL in the thigh muscles among all the groups 
of broilers in this study indicated that the intra-
venous injection of ANGPTL4 had no effect on 
the lipodieresis in the thigh muscles of the broilers.

Fatty acid transport protein 1, H-FABP and 
A-FABP have been proven to facilitate the LCFA 
uptake and utilisation in  the skeletal muscles 
(Tunim et al. 2021). Besides, some studies have re-
ported that the expression of H-FABP and A-FABP 
were closely related to the deposition of the in-
tramuscular fat in broilers (Li et al. 2008; Ye et al. 
2009). Lipoprotein lipase catalyses the hydrolysis 
of TG carried by circulating chylomicrons and 
VLDL in the blood into glycerol and fatty acids, 
thus providing raw materials for the TG synthesis 
to the adipose tissue and promoting fat deposi-
tion (Cai et al. 2009; Ge et al. 2019). The results 
of this study showed that the H-FABP and A-FABP 
mRNA expression in the thigh muscles quadrati-
cally decreased by the His-SUMO-ANGPTL4 in-
travenous injection at levels up to 12 500 ng/kg 
BW. The results demonstrated that the broilers’ 
intravenous injection of His-SUMO-ANGPTL4 
had a lower H-FABP and A-FABP mRNA expres-
sion than the control, indicating that ANGPTL4 
may play a role in reducing the uptake and uti-
lisation of LCFA. To further confirm this idea, 
we used the His-SUMO tag as a negative control 
in order to rule out the tag effect on the thigh 
muscle lipid metabolism regulation. The lower 
thigh muscle H-FABP mRNA expression in the 
group injected with His-SUMO-ANGPTL4 in this 
study indicated ANGPTL4 indeed plays an im-
portant role in the thigh muscle H-FABP mRNA 
expression regulation. However, the ability of His-
SUMO-ANGPTL4 and His-SUMO to stimulate 
the thigh muscle A-FABP mRNA expression in-
dicated that the decrease in the A-FABP mRNA 
expression in the thigh muscle was caused by His-
SUMO tag in His-SUMO-ANGPTL4, but not 
by ANGPTL4 itself.

Studies on the effects of ANGPTL4 on the lipid 
metabolism-related gene expression and enzyme 
activity in the skeletal muscles of animals are mostly 

focused on mice, and no relevant reports have been 
found on broilers. Mandard et al. (2006) observed 
that the ATGL mRNA expression in the ANGPTL4 
transgenic mice increased by 50%. Greiner and 
Backhed (2011) reported that ANGPTL4 not only 
inhibited the activity of LPL, but also increased 
the lipolysis of the skeletal muscles. However, our 
study found that ANGPTL4 regulates the lipid me-
tabolism in the thigh muscles of broilers by de-
creasing the LCFA uptake and utilisation in the 
thigh muscles of broilers. The discrepancy among 
these studies may be attributed to several factors 
such as the animal species and physiological stages 
and the increase in ANGPTL4.

Effect of the angiopoietin-like protein 4 
on the serum biochemical parameters and 
hormone levels of the broilers

Most of the lipid transport in the blood is in the 
form of  lipoproteins. High-density lipoproteins 
are mainly involved in the reverse transport of TC. 
Low-density lipoproteins are mainly involved in the 
transport of endogenous TC. Very low-density li-
poproteins are mainly associated with the transport 
of endogenous TG and TC (Ohkawa et al. 2020). 
The similar HDL, LDL and VLDL in the serum 
among all the groups of broilers in this study indi-
cated that the intravenous injection of ANGPTL4 
had no effect on the serum lipid transport.

Insulin, GH and LEP are important hormones 
involved in the fat metabolism in broilers. Insulin 
can promote fat deposition in broilers, while GH 
and LEP can reduce fat  deposition in  broilers 
(Zhao et al. 2013). In this study, the serum LEP 
levels of  the broilers injected with His-SUMO-
ANGPTL4 and His-SUMO were significantly lower 
than those of the broilers injected with NS, but 
there was no significant difference in the serum 
LEP levels between the broilers injected with His-
SUMO-ANGPTL4 and the broilers injected with 
His-SUMO. The results indicated that the decrease 
in the serum LEP level was caused by His-SUMO 
tag in recombinant chicken ANGPTL4, but not 
by ANGPTL4 itself.

Studies on the effects of ANGPTL4 on the blood 
biochemical parameters and hormone levels 
of animals are mostly focused on mice, and no 
relevant reports have been found on broilers. Ge 
et al. (2004) observed that adenovirus-mediated 
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overexpression of ANGPTL4 caused an increase 
in the plasma VLDL levels in mice. Koster et al. 
(2005) reported that there were no significant dif-
ferences in the plasma insulin and leptin in the 
fed or fasted states between ANGPTL4 transgenic 
mice and wild-type mice. Mandard et al. (2006) 
observed that the plasma VLDL and HDL levels 
in 6 h fasted ANGPTL4 transgenic mice were sig-
nificantly higher than those of the wild-type mice. 
Lichtenstein et al. (2007) reported that the plas-
ma levels of HDL, LDL and insulin in 24 h fasted 
ANGPTL4 transgenic mice were not significantly 
different from those in the wild-type mice. Singh 
et al. (2018) observed that the plasma HDL level 
was similar in the wild-type mice and brown adi-
pose tissue conditional ANGPTL4 knockout mice. 
The discrepancy among these studies may be at-
tributed to several factors such as the animal spe-
cies and physiological stages, duration of fasting, 
and the increase in ANGPTL4.

Effect of the angiopoietin-like protein 4 
on the lipid metabolism-related gene 
expression and enzyme activity in the livers 
of the broilers

For broilers, de novo lipogenesis mainly occurs 
in the liver, and most of the endogenous lipids 
are derived from the liver. It is well recognised 
that FAS, ME, and ACC are three main indicators 
that reflect the de novo lipogenesis (Zhao et al. 
2016). The higher liver FAS mRNA expression and 
activity of the broilers injected with His-SUMO-
ANGPTL4 in this study indicated that ANGPTL4 
could improve the ability of broiler’s liver to cat-
alyse acetyl-CoA and malonyl-CoA to produce 
LCFA. However, the  ability of  His-SUMO-
ANGPTL4 and His-SUMO to weaken the thigh 
muscle ME mRNA expression indicated that 
the decrease in the ME mRNA expression in the 
thigh muscle was caused by the His-SUMO tag 
in the recombinant chicken ANGPTL4, but not 
by ANGPTL4 itself.

The TG content in  the liver is the net prod-
uct of the hepatic lipogenesis and lipid transfer. 
A large number of studies have shown that ApoB 
and MTTP are two main indicators of lipid trans-
fer (Han et al. 2011; Wang et al. 2013). The higher 
thigh muscle MTTP mRNA expression of  the 
broilers injected with His-SUMO in this study 

indicated ANGPTL4 plays an  important role 
in inhibiting the TG delivery to the nascent apoB 
molecules during the assembly of the lipoprotein 
particles.

Information on the  effect of  ANGPTL4 on 
the lipid metabolism in the liver of broilers is lack-
ing. Xu et al. (2005) and Mandard et al. (2006) re-
ported that the adenovirus-mediated expression 
of ANGPTL4 induced fatty liver and hepatomeg-
aly in mice. They concluded that ANGPTL4 can 
regulate lipid metabolism in the liver of animal. 
The liver fat content is the net outcome of lipogen-
esis and the lipid transfer in the liver. The results 
of the fatty liver and hepatomegaly in ANGPTL4 
transgenic mice indicated that ANGPTL4 has the 
effect of  leading to higher hepatic lipogenesis 
than hepatic lipid transfer in animals. This is con-
sistent with the ANGPTL4 effects on the lipid 
metabolism-related gene expression and enzyme 
activity in the livers of the broilers in this study, 
suggesting that ANGPTL4 may induce hepatic 
steatosis in broilers by increasing hepatic lipo-
genesis and decreasing the hepatic lipid transfer 
in broilers.

CONCLUSION

In conclusion, we demonstrated that ANGPTL4 
could reduce the LCFA uptake and utilisation in the 
thigh muscles, increase the hepatic fat synthesis 
and decrease the transport of hepatic fat in broil-
ers. This finding raises an interesting possibility 
that ANGPTL4 might play an important role in reg-
ulating the intramuscular fat in the thigh muscles 
and fat deposition in the livers of broilers.
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