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Abstract 　A vector of p aP22promoter2 EGFP was constructed and introduced into mouse 3T32L1 preadipocyte
cells , a cell line derived from mouse Swiss3T3 cells that were isolated from mouse embryo , to make the cells
labelled with enhanced green fluorescent protein ( EGFP) whose expression was controlled by the promoter of
adipose2specific gene aP2. The cells were then induced to differentiate and the expression of aP2 was
detected by EGFP2microscopy and RT2PCR assays. The EGFP gene was transferred into the mouse 3T32L1
preadipocyte cells , and EGFP expression and lipid accumulation were observed during differentiation. The
expression of aP2 was stable and similar to the expression of EGFP. A preadipocyte cell line expressing EGFP
was obtained under the control of the promoter of adipocyte2specific expression gene aP2 , and the preadipocyte
cell line was specifically labelled. The cell line provides a powerful approach for the research of adipocyte
differentiation and for the screening of anti2obesity and anti2diabetes drugs.
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小鼠 3T32L1 前脂肪细胞系的特异性标记
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摘要 　用增强绿色荧光蛋白特异性标记小鼠 3T32L1 前脂肪细胞系. 构建 p aP22promoter2 EGFP 载

体 ,电穿孔转染小鼠 3T32L1 前脂肪细胞 ,显微荧光观察和 RT2PCR 确认 aP2 基因的内源表达. EGFP

基因转入 3T32L1 前脂肪细胞 ,观察到细胞分化过程中 EGFP 表达和脂肪积累. RT2PCR 分析表明 ,

EGFP 代表了稳定而真实的 aP2 基因的内源性表达. 建立了由脂肪组织特异表达基因 aP2 的表达

控制的 EGFP 标记的小鼠 3T32L1 前脂肪细胞系 ,目前尚未见用同样方法对前脂肪细胞进行特异性

标记. 该细胞系将为脂肪细胞分化机理研究以及为抗肥胖症和抗糖尿病药物筛选提供有力工具.

关键词 　增强绿色荧光蛋白 ,脂肪组织脂肪酸结合蛋白 ,标记 ,细胞系
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　　Adipose tissue is now regarded as not only an energy
storage organ but also an important endocrine one because
it secrets many hormones and hormone2like peptides that
play important roles in adipocyte differentiation , obesity
formation and type 2 diabetes development

[1～3 ]
.

Adipocyte fatty2acid2binding protein (aP2) is a member
of the intracellular fatty2acid2binding protein ( FABP)
family[4 ] , and also an important protein in regulating lipid
metabolism and systemic insulin resistance[5 ,6 ] . It was
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well established that the expression of aP2 gene in 3T32
L1 cells was completely dependent on the cell ’s
differentiation , that is , the gene is not expressed at all in
undifferentiated preadipocytes , and begins to be expressed
when the cells are induced to differentiate into
adipocytes

[7 ,8 ]
, implicating that the gene aP2 is a marker

indicating the differentiation status of preadipocytes into
adipocytes.

Mouse 3T32L1 preadipocyte is the initially
established cell line[9 ] that has been widely used in the
researches of lipid metabolism , adipocyte differentiation ,
and the researches for specific genes from adipose tissue
and their functions. It would be more convenient for the
above mentioned researches if the cells were labelled with
a reporter that could indicate the differentiation process.
EGFP is a mutant of GFP that absorbs blue light and
emits green fluorescence so that it provides an efficient
way to identify the labelled cells and suit to be used as
such a reporter

[10 ]
.

This research was carried out to label the mouse
3T32L1 preadipocyte cell line with EGFP that was
expressed under control of the promoter of aP2 , a gene
specifically expressed in adipose tissue , in order to
provide a useful tool for the researches of adipocyte
differentiation and for the screening of anti2obesity and
anti2diabetes drugs.

1 　Materials and Methods

1. 1 　Cell culture
3T32L1 preadipocytes were cultured and induced to

differentiate as we reported previously[11 ] .
1. 2 　Construction of p a P22promoter2 EGFP plasmid

The aP2 promoter was cloned by PCR from mouse
genome using oligonucleotide primers ( 5′2
TTTATTAATTCCCATTCGTAAATAGCCATG23′) and
(5′2TTTGTACCAAGACACAGCTCCTCCTCGA23′) inclu2
ding Ase Ⅰ and Kpn Ⅰ linkers for the two ends. PCR
products were digested with Ase Ⅰand Kpn Ⅰand cloned
into the Ase ⅠΠKpn Ⅰ site of p EGFP2N3 . The resultant
construct p aP22 EGFP was linearized with ApaL Ⅰbefore
transfection.
1. 3 　Gene transfer

The linearized p aP22promoter2 EGFP plasmid ( 20
μg ) was introduced into 3T32L1 preadipocytes by
electroporation in 018 ml PBS at 300 V , 960μF. G418
(400 mgΠL) was added into the medium and the stable
transfected cells were selected after 7～10 days.
1. 4 　RNA isolation and RT2PCR assays

Total RNA was isolated from cells every day using
Cartrimox ( TaKaRa INC) as described by the supplier.
First2strand cDNA was synthesized with random primers
by RT2PCR using total RNA as template. PCR was
performed for each pair of specific primers of 5’2
TTGTGAAGTGCTCATAGGCAGTG23 ’ and 5′2TGGCT
CATGCCCTTTCATAAAC23′for mouse aP2 mRNA , and

5′2TTCCTTCTTGGGTATGGAAT23′and 5′2GAGCAATG
ATCTTGATCTTC23′for the house2keeping geneβ2actin
mRNA. The PCR products were quantitatively analyzed
by agarose gel electrophoresis in the presence of
EtBr. 　　

2 　Results

2. 1 　Vector construction and gene introduction
The insertion of aP2 promoter into Ase ⅠΠKpn Ⅰ

sites of p EGFP2N3 forms the p aP22promoter2 EGFP
vector as shown in Fig11. The vector p aP22promoter2
EGFP was introduced into 3T32L1 preadipocytes by

electroporation followed by G418 resistance selection.

Fig. 1 　Map of plasmid p aP22promoter2 EGFP

2. 2 　Differentiation induction
Before differentiation , the labelled 3T32L1 cells

displayed the mophology of fibroblast and showed no
EGFP expression as shown in Fig. 2A and Fig. 2B. The

cells began to become round and showed high EGFP
expression when being induced to differentiate as shown in
Fig. 2C and Fig. 2D. These results suggested that the
EGFP gene and the promoter of aP2 might be integrated
into the cell’s genome and that the gene aP2 began to
express when the preadipocytes were induced to
differentiate. The mature adipocytes after induction for 6
days became morphologically round and accumulated large
amount of lipid when stained with Oil Red O as shown in
Fig. 3. The above results implied that the preadipocyte
cells labelled with the marker of aP2 gene expression was
well established.
2. 3 　Confirmation of endogenous a P2 expression

RT2PCR assays were performed to confirm the
endogenous aP2 expression in these cells. The assays
showed that the aP2 mRNA could not be detected in the
cells before differentiation induction for 1 day , and is
detected in the cells of more than 1 day after
differentiation induction ( Fig. 4 ) . These results were
similar to that of EGFP expressions in these two types of
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Fig. 2 　EGFP expressions in the cells before and after differentiation
induction
A : Cells before differentiation induction under visible light
B : Cells before differentiation induction under fluorescence
C: Cells after 6 days of differentiation induction under visible light
D : Cells after 6 days of differentiation induction under fluorescence
(Original magnification 400 ×)

Fig. 3 　Cells after 6 days of differentiation induction stained with Oil Red O
(Original magnification 400 ×)

cells as shown in Fig. 2 , indicating that the expression of
EGFP authentically represented the expression of

endogenous aP2 gene and that the preadipocyte cell line
labelled with EGFP worked well .

3 　Discussion

Obesity is a serious problem in industrialized
countries and contributing to several diseases including
type 2 diabetes , hypertension and atherosclerosis

[12 ]
, and

results from an excessive accumulation of white adipose
tissue composed of preadipocytes and adipocytes , which
play a central role in energy storage[12 ] . Recent studies
showed that fat tissue secrets many hormones and peptides

Fig. 4 　RT2PCR assays showing the expressions of aP2 and β2actin
during the differentiation of 3T32L1 cells
Total RNAs were extracted from the 3T32L1 cells of differentiation
induction for day 0 (lane 1) , day 1 (lane 2) , day 2 (lane 3) , day 3
(lane 4) , day 4 ( lane 5) , day 5 ( lane 6) and day 6 ( lane 7)
respectively. The mRNAs were used as templates for amplifications by
RT2PCR using primers specifically designed for aP2 andβ2actin. Lane 8
was DNA marker DL2000

that play crucial roles in maintaining energy balance in
vertebrates and in the development of obesity and type 2
diabetes

[1～3 ]
. As the investigations into preadipocytes and

adipocytes are more and more of importance , an in vitro
system suitable for studying adipogenesis and
differentiation process is desirable.

The mouse 3T32L1 preadipocyte cell line has been
the most studied cell line for these purposes because it
can be differentiated into adipocytes by hormonal
treatment. Nevertheless , the preadipocyte cell lines
established to date are lack of a specific marker that can
indicate the cell differentiation status.

The adipocyte fatty2acid2binding protein , aP2 , plays
an important role in regulating systemic insulin resistance ,
lipid metabolism , and obesity formation

[5 ,6 ]
. The

promoter of aP2 contains two adipose2specific elements
(FSE1 and FSB2) [7 ,8 ]

, so the expression of aP2 gene
can be used as the marker indicating the cell
differentiation status.

In this research , we established an EGFP2labeled
mouse 3T32L1 preadipocyte cell line in which the
expression of EGFP was under the control of aP2
promoter. The expression patterns of EGFP and RT2PCR
assays demonstrated that the expression of EGFP
authentically represented the endogenous expression of
aP2. The establishment of this specifically labelled cell
line provides a powerful tool for investigating adipocyte
differentiation , understanding the aetiology of lipid
metabolic disorders , and screening anti2obesity and anti2
diabetes drugs.

Further studies are being focused on the screening of
small molecules with the cell model we established in this
research from Chinese herbs , a vast resource of chemicals
with anti2obesity and anti2diabetes activities. The
advantage of EGFP as a reporter is a great convenience to
observe its expression with naked eyes so that one can
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easily follow the whole differentiation process.
Nevertheless , a reporter , whose expression intensity can
be concisely quantitatively determined , is strongly
recommended , because a cell model with such a reporter
can be used in high2throughput screening for active
molecules. Given this , we are now establishing the cell
line with luciferase as a reporter in order to quantitatively
determine aP2 expression during the cell differentiation.

References

1 　Holst D , Grimaldi P A. New factors in the regulation of adipose
differentiation and metabolism. Curr Opin Lipidol , 2002 , 13 (3) :241
～245

2 　Guerre2Millo M. Adipose tissue hormones. J Endocrinol Invest , 2002 ,
25 (10) :855～861

3 　张崇本. 脂肪细胞的分化及调控. 生理科学进展 ( Zhang C B.
Adipocyte differentiation and its regulation. Prog Physiol Sci) , 2004 ,
35 (1) :7～12

4 　Coe N R , Bernlonr D A , Flier J S , Physiological properties of and
functions of intracellular fatty acid2binding protein. Biochim Biophys

Acta , 2000 , 1391 (3) :287～306
5 　Uysal K T , Scheja L , Hotamisligil G S. Improved Glucose and lipid

metabolism in Genetically obese mice lacking aP2. Endocrinology ,
2000 , 141 :3388～3396

6 　Hotamisligil G S , Johnson R S , Distel R J , Ellis R , Papaioannou V E ,
Spiegelman B M. Uncoupling of obesity from insulin resistance through
a targeted mutation in aP2 , the adipocyte fatty acid binding protein.
Science , 1996 , 274 :1377～1379

7 　Hunt C R , Ro J H , Dobson D E , Min H Y, Spiegelman B M.
Adipocyte P2 gene : developmental expression and homology of 5’
flanking sequences among fat cell2specific genes. Proc Natl Acad Sci

USA , 1986 , 83 :3786～3790
8 　Ross S R , Graves R A , Greenstein A , Platt KA , Shyu H L , Mellovitz

B , Spiegelman B M. A fat2specific enhancer is the primary determinant
of gene expression for adipocyte P2 in vivo. Proc Natl Acad Sci USA ,
1990 , 87 (24) :9590～9594

9 　Green H. An established cell line and its differentiation in culture Ⅱ:
Factors affecting adipose conversion. Cell , 1975 , 5 :19～27

10 　Chalfie M. Green fluorescent protein. Photochem Photobiol , 1995 , 62 :
651～656

11 　Zhang C B , Teng L , Shang K G, Xue Y F , Gu J . Effects of emodin on
proliferation and differentiation of 3T32L1 preadipocytes and activities of
FAS in vitro. Chin Med J , 2002 , 115 (7) :1035～1038

12 　Kopelman P G. Obesity as a medical problem. Nature , 2000 , 404 :635
～643

685 Chinese Journal of Biochemistry and Molecular Biology Vol. 20

© 1994-2006 China Academic Journal Electronic Publishing House. All rights reserved.    http://www.cnki.net


