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to inhibit adipocyte differentiation [10]. In addition, scientists have 
also found that FoxO regulates adipocyte differentiation and can 
interact with SIR T1 to regulate adipocyte differentiation [11].

The 3T3-L1 preadipocyte line was cloned from Swiss 3T3 mouse 
embryos by Green and Kehinde in 1976 and has the potential to 
differentiate into mature adipocytes in vitro. Even after implantation 
into animals, the 3T3-L1 preadipocyte line can differentiate into 
normal adipocytes [12]. Due to this significant advantage, the 
3T3-L1 preadipocyte line has become the most widely studied cell 
line for adipocyte proliferation, differentiation and regulation of 
related genes [13]. Compared with 3T3-L1 preadipocytes, primary 
preadipocytes need to be obtained from young animals, which 
requires a large amount of tissue, is difficult to separate, and is easy 
to be mixed with blood cells and other impurities. In addition, in 
order to ensure the differentiation specificity of the preadipocytes, 
the preadipocytes can only be transmitted within 5 generations. 
Therefore, the 3T3-L1 preadipocyte line has more extensive research 
and application value in the research that requires a large number 
of cells, such as functional verification and mechanism analysis. 
In recent years, more and more studies have been conducted to 
analyze the functional mechanisms of genes in 3T3-L1 cell lines. 
For example, researchers stimulated 3T3-L1 cell lines with quercetin 
and found that the anti-obesity effect of quercetin is mediated by 
AMPK and MAPK signaling pathways [14]. Both siRNA interference 
and overexpression vector are common test methods. For example, 
scientists knocked out the HMGA2 gene in 3T3-L1 cell line and 

Introduction
The main form of fat is triglyceride, and the proportion of up 

to 95%, in addition to lipid, fat also contain water and protein [1]. 
There are two main types of adipose tissue in mammals: white fat and 
brown fat. The function of white adipose tissue is to convert fat into 
energy to meet the needs of the body, and it is also the adipose tissue 
that is mainly amplified when getting fat. The function of brown 
adipose tissue is to generate heat, mainly through mitochondria to 
break down fatty acids to produce free fatty acids for energy [2]. 
Adipose deposition is mainly determined by the expansion of adipose 
tissue, which in turn is determined by the increase in the volume and 
number of adipocytes. Either way, the formation of adipocyte is a 
crucial step. Adipose tissue is a complex, highly metabolically active 
tissue involved in the regulation of systemic energy balance [3]. The 
expansion of adipose tissue is mainly affected by two processes: the 
number of adipocytes and the change of adipocyte size [4]. During 
adipogenesis, pluripotent Mesenchymal Stem Cells (MSCs) first 
develop into adipoblasts, which then differentiate into preadipocytes, 
and finally, the preadipocytes differentiate into adipocytes under 
certain conditions [5]. The number of mature adipocytes in adipose 
tissue is considered to be a marker of preadipocyte proliferation and 
subsequent differentiation into mature adipocytes [6]. Adipocyte 
differentiation is regulated by multiple factors. For example, TNF-α 
has been found to inhibit adipocyte differentiation [7], and C/EBPα 
can regulate adipocyte terminal differentiation [8]. PPARγ can induce 
adipocyte generation [9], and SIRT 1 can negatively regulate PPARγ 
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Abstract

Adipose tissue is a complex, highly metabolically active tissue. The 
expansion of adipose tissue is mainly affected by two processes: the number 
of adipocytes and the change of adipocyte size. Adipocyte differentiation is 
regulated by multiple factors. 3T3-L1 preadipocyte line has become the most 
widely studied cell line for adipocyte proliferation, differentiation and regulation 
of related genes. In our previous study, we found that ANGPTL4 was related to 
preadipocyte differentiation through PPAR signaling pathway. Recent studies 
have shown that ANGPTL4 has functions of regulating oncogenesis, vascular 
permeability, glucose homeostasis, lipid metabolism, energy homeostasis. In 
this study, we observed the changes of key genes expression before and after 
inhibiting ANGPTL4 to explore how ANGPTL4 influence on lipid metabolism. 
Results shows that, ANGPTL4 and LPL have similar expression pattern. We 
suspect that, ANGPTL4 and LPL may form a pathway, when ANGPTL4 is 
suppressed it may block the pathway and inhibit LPL.
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found that differentiation of 3T3-L1 cell line was inhibited, indicating 
that let-7 plays an important role in adipocyte differentiation, partly 
by targeting HMGA2 to regulate the adipogenesis process [15]. MiR-
10b-5p regulates 3T3-L1 cell differentiation by targeting APOL6 
[16]. Scientists used pcDNA3.1-GAS5 expression vector and GAS5-
siRNAs to overexpress and knockout GAS5, respectively, and found 
that GAS5 may indirectly increase the expression of phosphatase and 
tension protein homologous protein (PTEN) by inhibiting miRNA 
regulation mechanism of miR-21a-5p. In conclusion, GAS5 has an 
inhibitory effect on adipogenesis in 3T3-L1 cells, further emphasizing 
the importance of lncRNAs in adipogenesis [17]. Scientists found that 
Kisspeptin-10 inhibits the proliferation of 3T3-L1 cells and regulates 
lipid metabolism [18].

Angiopoietin-like protein 4 (ANGPTL4) is a secretory 
glycoprotein and a multipotent cytokine that is involved in 
angiogenesis and metastasis [19]. Recent studies have shown that 
ANGPTL4 has functions of regulating oncogenesis [20], vascular 
permeability [21], glucose homeostasis [22], lipid metabolism [23], 
energy homeostasis [24], wound healing and inflammation [25,26]. 
ANGPTL4 is also considered as an adipokine, which is involved 
in lipid metabolism and is highly expressed in adipose tissue and 
liver [27]. ANGPTL4 was highly expressed in pig adipose tissue, 
followed by liver, intestine and kidney [28]. ANGPTL4 is also related 
to muscles. Studies have shown that during fasting, the expression 
of ANGPTL4 in muscles increases and is involved in regulation of 
energy consumption through selective inhibition of LPL in resting 
muscles [29]. ANGPTL4 is involved in multiple fat deposition 
pathways through positive regulation of lipolysis and inhibition of 
Lipoprotein Lipase (LPL), which may have an important effect on 
livestock and poultry production traits [30]. A new study examined 
whether and how obesity alters a mother’s blood Triglyceride (TG) 
levels during pregnancy to ensure a supply of lipids to the fetus. 
Maternal obesity in the trial was established by Pregnancy HF Feeding 
(PPHF), avoiding the influence of diet during pregnancy. In PPHF, 
ectopic overexpression of ANGPTL4 can restore maternal blood 
triglyceride concentration. These results suggest that ANGPTL4 plays 
a crucial role in increasing maternal triglyceride concentration during 
pregnancy. Obesity impairs maternal triglyceride concentration by 
decreasing the expression of ANGPTL4 in mice [31]. In our previous 
study, we found that ANGPTL4 is involved in fat deposition by 
participating in PPAR signaling pathway [32]. However, the exact 
mechanism is unclear. In this study, we observed the changes in the 
expression levels of key genes before and after ANGPTL4 interference 
to explore the specific mechanism of ANGPTL4’s influence on lipid 
metabolism.

Materials and Methods
Culture of cells and induce of cells

The 3T3-L1 preadipocyte were donated by the Institute of Animal 
Sciences, Chinese Academy of Agricultural Sciences and maintained 
in DMEM/F12 (Gibco, Carlsbad, CA, USA) supplied with 10% FBS 
(Gibco, Carlsbad, CA, USA) at 5% CO2 and 37ºC. When the cell 
confluence reaches 70%-80%, cells were passaged by trypsin with 
0.05% EDTA (Gibco, Carlsbad, CA, USA). Then cells were planted in 
6 wells plates (Corning Costar, New York, NY, USA) for inducing the 
3T3-L1 differentiation. After reaching 90% confluence, the standard 
culture medium was removed and replaced with differentiation 

medium which contained 10% FBS, 0.5mM 3-isobutyl-1-
methylxanthine, 1µM dexamethasone, and 10µg/mL insulin (all 
Sigma, Beijing, China). After two days treatment, the differentiation 
medium was switched to maintenance medium (DMEM containing 
10% FBS and 10µg/mL insulin). Cell samples were collected on days 
0, 2, 4 and 8, lysed using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA), and then stored in liquid nitrogen until RNA purification. 
There were three biological replicates per time point (n=3).

Design of siRNA
According to the sequence of mouse ANGPTL4 gene in GeneBank, 

three pairs of siRNA targeting and corresponding Negative Control 
was designed and synthesized by GenePharma (Suzhou, Jiangsu, 
China) (Table 1). The siRNA was centrifuged at 10000rpm/min for 
2mins and dissolved in 125μL of DEPC water to a final concentration 
(20μmol/L).

siRNA transfection and induce of cells
When the cell confluence reaches 70-80 %, Lipofectamin 2000 

(Invitrogen, Carlsbad, CA, USA) was used for transfection. According 
to the manufacturer’s instructions, the medium was replaced with 
2.5ml DMEM/F12 medium without serum and antibody 30 minutes 
before transfection. Then 5µL Lipofectamin 2000 for each well 
was taken and diluted with 250µL serum and double antibody free 
DMEM/F12 medium, mixed them gently, and incubated at room 
temperature for 5 minutes, name as mixture 1. 10µL siRNA was 
taken from each well, diluted with 250µL serum-free and double-
resistant DMEM/F12 medium, mixed gently, and incubated at room 
temperature for 5 minutes, name as mixture II. Mix the mixture 1 
and 2 gently, standing 20mins under room temperature. Then add 
500µL compound to each well, mix well. After incubating at 37ºC for 
6 hours, change the medium to complete medium. Then follow the 
steps above to induce cells.

Oil red O staining
As previously described [32], well differentiated 3T3-L1 cells 

were washed with Phosphate-Buffered Saline (PBS) three times. Then 
the cells were fixed in 10% formaldehyde for 15min and washed with 
PBS again. Next, cells were stained with 5% Oil Red O (Sigma, St. 
Louis, MO, USA) for 20min, washed twice with PBS. Finally, cells 
were photographed using an inverted microscope (Leica, Wetzlar, 
Germany).

RNA extraction, chose the key genes and Quantitative 
qRT-PCR

Total RNA was extracted by TRIzol regent (Invitrogen) and 

Sequence name  Sequence (5’-3’)

ANGPTL4-Mus-752
F GGGACUGCCAGGAACUCUUTT

R AAGAGUUCCUGGCAGUCCCTT

ANGPTL4-Mus-398
F GCAUGGCUGCCUGUGGUAATT

R UUACCACAGCCAGCCAUGCTT

ANGPTL4-Mus-1376
F CCCUGCUGAUCCAGCCCAUTT

R AUGGGCUGGAUCAGCAGGGTT

Negative control
F UUCUCCGAACGUGUCACGUTT

R ACGUGACACGUUCGGAGAATT

Table 1: Sequences of siRNA for mouse ANGPTL4.
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reversely transcribed into cDNA according to the manufacturer’s 
instructions. The reverse transcription quantitative PCR (RT-qPCR) 
was performed with the Light Cycler 480 Real-Time PCR system 
(Roche, Hercules, CA, USA). According to our previous research 
[32], ANGPTL4 was involved in the PPAR signaling pathway and has 
same expression pattern with ACAA2 and SLC27A1. Furthermore, 
we performed interaction analysis using STRING online software 
and found that ANGPTL4 was related to PPARG, LPL, FASN, 
SCD (Figure 1). Above all, we chose to observe the change of genes 
PPARG, SLC27A1, LPL, FASN, SCD expression before and after 
the interference of ANGPTL4. The primers used for the RT-qPCR 
detection of selected genes are listed in Table 2. All RT-qPCR 
experiments were carried out on three biological replicates with three 
technical replicates for every sample.

Data analysis
All quantitative results are presented as mean ± standard deviation 

(SD). Statistical analyses were conducted using SPSS 20.0 software 

(IBM, Almond, NY, USA). P<0.01 was considered to be extremely 
significant, p<0.05 was considered to be significant difference.

Results
ANGPTL4 is Up-Regulated During 3T3-L1 Preadipocyte 
Differentiation

To explore the role of ANGPTL4 in adipogenesis, we used 3T3-
L1 cells as the cell model. Firstly, we naturally induced 3T3-L1 cell 
differentiation. The mRNA levels of key genes were detected. The 
result showed that these genes included ANGPTL4 were increased 
gradually during adipogenesis (Figure 2). These results indicated that 
ANGPTL4 might play an important role in 3T3-L1 proliferation and 
differentiation.

Efficiency of siRNA
In order to further analyze the effect of ANGPTL4 on lipid 

metabolism, we conducted interference experiment on ANGPTL4 in 
3T3-L1 preadipocyte. The interference results show that efficiency of 
si-ANGPTL4-752 is the highest, up to 90% (Figure 3). So, we used the 
si-ANGPTL4-752 for the next step.

Effect of ANGPTL4 on the expression of key genes
To explore how ANGPTL4 influence 3T3-L1 differentiation, 

we chose observe change of ACAA2, SLC27A1, SCD, FASN, LPL, 
PPARG expression before and after inhibiting ANGPTL4. The results 
showed that, interference of ANGPTL4 did not block the adipocyte 
differentiation process (Figure 4). Expression of all genes increased 
gradually before inhibited ANGPTL4. However, after silencing 
ANGPTL4, the expression levels of all genes except LPL were 
significantly increased first and then rapidly decreased. Furthermore, 
the expression pattern of LPL was similar with ANGPTL4 which 
decreased from day 2 to day 4 and then increased from day 4 to day 
8 (Figure 5).

Discussion
The regulation of lipid metabolism is a complex and dynamic 

balance [33]. Lipid metabolism is also an important factor in 
maintaining health and determining fat deposition [34]. The 
N-terminus of AngPTL4 mediates the inhibition of LPL activity, while 
the C-terminus stimulates adipocyte lipolysis, releasing stored TGS 
into the blood in the form of fatty acids and glycerol, further reducing 

Gene  Sequence (5'-3')

ANGPTL4
F GCATGGCTGCCTGTGGTAAC

R ATCTTGCTGTTTTGAGCCTTGA

PPARG
F GATTTCTCCAGCATTTCCA

R GCTCTTCGTGAGGTTTGG

ACAA2
F TGAAATCAAGACCCTTGGGGG

R GTACCCACAGCAAGGACACT

SLC27A1
F ACCCTGAAACACTGGAGGTC

R CAGAGGCAAGCCTGGATGTA

SCD
F TAGTCCCCAGCACGACTGTA

R GCCATTGCCATCACCACAAG

FASN
F GGCCAACTGGTCCTAAGCAT

R CCCTCTCTAGGGTGTGTCCA

LPL
F AGCAGTTGAAGGCTGACTCC

R GCTAGGCAGATGCCAGTTCA

GADPH
F ACTCACTCTTCTACCTTTGATGCT

R TGTTGCTGTAGCCAAATTCA

Table 2: Primers for quantitative real-time PCR.

Figure 1: Network of ANGPTL4 and its related genes involved in lipid metabolism.
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lipid content in white adipose tissue [35]. Therefore, ANGPTL4 is 
considered to be a powerful regulator of lipid metabolism and obesity 
[36].

The results showed that although the target gene was interfered, 
the differentiation of preadipocyte was not affected, indicating that 
lipid metabolism is a complex process which influences by multiple 
factors and can maintain its own balance. In the present, we found 
that expression of all genes except LPL (PPARG, ACAA2, SLC27A1, 
SCD, FASN) increased rapidly after inhibiting ANGPTL4, and then 
decreased significant following the increased of ANGPTL4 expression. 
Since all of these genes are known to be related with ANGPTL4 and 
affect lipid metabolism, it is preliminarily speculated that these genes 
play a compensatory role after the rapid decline in the disturbed 
expression of ANGPTL4. Instead of ANGPTL4, these genes continue 
to complete the differentiation process of preadipocyte. However, it 
was only interference in the experiment, although the interference 
efficiency was about 90%, it was not completely knocked out, so 
whether the trace of the target gene continued to play a role was also 
a deficiency in the experiment. The specific mechanism still needs to 

be explored.

After inhibiting expression of gene ANGPTL4, only the 
expression trend of LPL was different from that of other genes. 
What is worth paying attention to is whether it is related to the 
theory that ANGPTL4 negatively regulates LPL, which has been 
reported in several studies? Plasma Triglyceride (TG) levels are 
mainly determined by the dynamic balance between TG secreted 
in the small intestine and TG degradation in muscle and adipose 
tissue [37]. LPL is particularly important as a rate-limiting enzyme 
for hydrolyzing triglycerides in blood [38]. LPL is produced by 
muscle cells and adipocytes and is transported to the surface of 
endothelial cells via GPIHBP1 [39], and LPL is mainly regulated 
at the post-translational level [40]. ANGPTL4, as an equilibrium 
switch regulating homeostasis, increases blood triglyceride levels by 
inhibiting LPL activity [30]. ANGPTL3 and ANGPTL8, which are 
members of the same angiopoietin like protein family as AngPTL4, 
can also participate in the regulation of LPL, and their coordination 

Figure 2: The mRNA relative expression level of ANGPTL4 and adipocyte 
differentiation related-maker genes during 3T3-L1 preadipocyte differentiation. 
*Significant difference (p<0.05), **Extremely significant difference (p<0.01).

Figure 3: The silencing efficiency analysis of ANGPTL4 in 3T3-L1 
preadipocyte. *Significant difference (p<0.05), **Extremely significant 
difference (p<0.01).

Figure 4: Differentiation of 3T3-L1 preadipocyte. (Day 8 with Oil Red O 
staining, 20X).

Figure 5: The effect of silencing ANGPTL4 on adipocyte differentiation 
related-maker genes during 3T3-L1 preadipocyte differentiation. *Significant 
difference (p<0.05), **Extremely significant difference (p<0.01).
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ensures the balance of triglyceride levels. ANGPTL3 and ANGPTL4 
are inhibitors of LPL activity, and AngPTL8 is inhibitors of LPL 
secretion [41]. Under exercise, fasting and cold exposure, ANGPTL4 
inhibits LPL activity in adipose tissue, skeletal muscle and heart, 
inhibits LPL mediated circulating TG clearance, reduces the entry 
of plasma TG-derived fatty acids into adipose tissue, and improves 
plasma TG level, which is preferred to be absorbed by oxidized tissues 
[42-44]. However, this inhibition was rapidly eliminated after stable 
binding of GPIHBP1 with dimer form LPL [45]. Scientists found 
that fasting induces increased levels of AngPTL4 in adipose tissue, 
which reduces LPL activity by promoting protease lysis of LPL in 
cells [46]. ANGPTL4 derived from mouse brown adipose tissue also 
inhibits LPL activity and promotes thermogenesis [36]. The knockout 
of ANGPTL4 in mice resulted in higher body fat and body weight 
in mice [47]. Except him PPAR signaling pathway which ANGPTL4 
is mainly involved, some scientists believe that ANGPTL4 and LPL 
also constitute a pathway. Scientists have found that overexpression 
of miR134 reduces the expression of ANGPTL4 in aortic tissues 
and peritoneal macrophages, while increasing the expression and 
activity of LPL, and promotes lipid accumulation and secretion of 
pro-inflammatory cytokines, thus accelerating the formation of 
atherosclerosis [48]. So, if they form a pathway, then when ANGPTL4 
is suppressed it may block the pathway and thus inhibit the expression 
of LPL. Although ANGPTL4 is a negative regulator of LPL, it is also 
a close interaction, and when one ring is disturbed, the other will also 
be disturbed. When the expression of ANGPTL4 began to recover 
after 4 days, the expression of LPL was also restored, and the pathway 
constituted by them could also start to recover. Of course, this result 
was limited to the 3T3-L1 cell line, which still needs to be further 
verified.

Conclusions
In this study, we observed the changes in the expression levels 

of key genes before and after ANGPTL4 interference to explore the 
specific mechanism of ANGPTL4’s influence on lipid metabolism. 
Results shows that, after inhibiting expression of gene ANGPTL4, 
only the expression trend of LPL was similar with ANGPTL4, which 
is different from all other genes. We suspect that, ANGPTL4 and LPL 
form a pathway, then when ANGPTL4 is suppressed it may block 
the pathway and thus inhibit the expression of LPL. Other genes play 
a compensating role and continue to complete the differentiation 
process.
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