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�bstract:

To investigate the molecular mechanisms of the effect of curcumin on up-regulation of LDL receptor expression, a sterol regulatory

report system was established in Xenopus laevis oocytes by microinjection of a plasmid pLXRN-4SRE-fPA, in which green

fluorescence protein (GFP) gene was constructed downstream from the sterol regulatory element-1 (SRE-1), in the nucleus of the

oocytes. The oocytes were treated with different kinds of natural medicines: curcumin, tea polyphenols, tanshinone, ligustrazine,

ginkgolide, astragalosides. The expression of GFP was induced only by curcumin. In addition, it was also proved that the curcumin

can increase the expression of functional LDL receptors in human liver hepatoma cell line HepG2. In conclusion, curcumin may

up-regulate the expression of LDL receptor by its effect on SRE pathway.
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Introduction

Curcumin is an active lipid-mediating compound that

can significantly decrease the level of serum lipid per-

oxides, increase HDL-C, and decrease total serum

cholesterol [7]. It was proved that the expression of

LDL receptors in cells could be up-regulated by cur-

cumin [5].

The expression of LDL receptors is regulated by

sterol regulatory element-1 (SRE-1). SRE-1 is the re-

sponse element of SCAP (SREBP cleavage-activating

protein)/SREBP (sterol regulatory element-binding

proteins) pathway [3]. This evidence demonstrated

that the expression of LDL receptors can be up-

regulated by effect of some lipid-lowering drugs on

the SRE-1 as the SCAP ligands [6].

In this research, GFP gene was constructed down-

stream from SRE-1, getting a plasmid named

pLXRN-4SRE-fPA. It was microinjected into the nu-

cleus of Xenopus oocytes, and they were treated with

different kinds of natural medicines. Only curcumin
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could significantly induce the expression of GFP by

effect on the SRE-1. To confirm this action, it was also

proved that curcumin had the function in up-

regulation of LDL receptor expression on the human

hepotama cell line, HepG2.

Materials and Methods

Reagents and animal

The female adult Xenopus laevis were supplied by In-

stitute of Biochemistry and Cell Biology, SIBS, CAS

and had been raised in our own laboratory for over 4

years. HepG2 cell line was obtained from the cell

bank, SIBS, CAS. Plasmids pQI25-fPA and pLXRN

were purchased from Qbiogene (AFP2210), USA and

Clontech (K1063-1), USA respectively. Curcumin

(purified from the ethanol extraction of Rhizoma Cur-

cumae longae, 99% pure, HPLC) was purchased

from DELTA Information Centre for Natural Organic

Compounds, China. Ligustrazine, Tanshinone, Tea

Polyphenols, Ginkgolide, Astragalosides were ob-

tained from National Institute for the Control of Phar-

maceutical and Biological Products, China. DiI was

from Biotium, Inc., USA. LDL was purified from hu-

man plasma by our own laboratory. Other chemicals

and reagents were of analytical grade.

Construction of the plasmid

The sequence of 4 repeated SRE-1 -68 to-53,

5’-AAAATCACCCCACTGC-3’ was synthesized by

Shanghai Sangon, China, which was harbored in

pBluescript II SK(+) vector, and the plasmid was

named pBSK-4SRE. The GFP gene (731bp) was re-

moved from pQI25-fPA plasmid by restriction di-

gestion of NheI/MluI and constructed downstream

from SRE-1 in plasmid pBSK-4SRE, getting a plas-

mid named pBSK-4SRE-fPA. Then the 4SRE-GFP

fragment (833bp) was removed from pBSK-4SRE-

fPA by SalI/AvrII and inserted into the multiple clon-

ing site of plasmid pLXRN, named pLXRN-4SRE-

fPA (Fig. 1). The control plasmid (without 4SRE),

pLXRN-fPA was also constructed and both plasmids

were confirmed by DNA sequencing.

Intranuclear microinjection

The skill of intranuclear microinjection can be trained

by practice. The nucleus is sited near the top of ani-

mal hemisphere of the oocyte. The microinjection is

made beside the top at 60°–80° angle, with no more

pushing in than the capillary pipette needle needs to

overcome the tension of the cell membrane and to in-

ject into the cell. Before the formal experiments, the

manipulator can microinject 20 nl of 0.5% of trypan

blue into the nucleus of an oocyte. The oocyte is fixed

in 5% trichloroacetic acid for 10 min and dissected to

check if the trypan blue was injected into the nucleus.
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A hundred oocytes were taken for this test. When over

95% of oocytes were successfully injected, the ma-

nipulator can do the formal experiments.

Sterol regulatory GFP report system

in Xenopus oocytes

210 stage V–VI defolliculated Xenopus oocytes (with

7 groups by 30 cells) were prepared, and 10 nl

(0.5 µg × µl–1) of pLXRN-4SRE-fPA plasmid was

microinjected into the nucleus of each cell. The

control group was treated with normal modifying bath

solution (MBS: 88 mM NaCl, 1 mM KCl, 2.4 mM

NaHCO3, 15 mM HEPES-NaOH, pH 7.6, 0.3 mM

Ca(NO3)2, 0.41 mM CaCl2, 0.82 mM MgSO4,

10 mg × l–1 sodium penicillin, 10 mg × l–1 streptomycin

sulfate, 100 mg × l–1gentamycin sulfate, and

10 U × ml–1 nystatin). The other groups were treated

with MBS containing different kinds of drugs: 20 µM

tanshinone, 20 µM ligustrazine, 20 µM curcumin,

40 µM tea polyphenols, 20 µM ginkgolide, and

40 µM astragalosides, respectively. The mediums

were refreshed every 12 hours, and the dead cells

were removed in time. At least 10 oocytes of good

quality were taken from each group after 3 days. The

oocytes were set on the microscope slides, one cell

one slide, crushed by a cover glass, and then observed

under the fluorescence microscope (Leica DMIL).

Effect of curcumin on the expression

of 4SRE-GFP in Xenopus oocytes

First, 320 oocytes were prepared. Each of the cells was

microinjected with 10 nl (0.5 µg × µl–1) of pLXRN-

4SRE-fPA plasmid, and they were divided into 4 groups

of 80 cells. The control group was treated with normal

MBS. All the other groups were treated with MBS con-

taining 5, 15 and 25 µM of curcumin. Next, the cells were

treated and observed as described in the above paragraph.

Another 320 oocytes were prepared and injected with

10 nl (0.5 µg × µl–1) of control plasmid pLXRN-fPA per

cell. The rest of the treatments were the same as above

and these groups were called gene-control groups.

To quantify the fluorescence intensities of the ex-

pressed GFP in Xenopus oocytes, 50 oocytes of good

quality from each group were equally divided into 5

sets with 10 cells each and placed in a 0.5 ml Eppen-

dorf tube. MBS (200 µl) were added into each tube,

the cells were crushed, and the suspension was ho-

mogenized by a pipette. The fluorescent intensities of

the expressed GFP were detected by the GFP analyzer

(FA-48GFP, BIOER Technology Co., Ltd., China).

A tube with 10 regular oocytes (without microinjection and

medicine treatments) was used for the background control.

The expression of LDL receptor in HepG2 cell line

To confirm the function of the selected drug, curcumin,

on the expression of the gene downstream of the SRE-1,

the curcumin was applied to treat the normal HepG2 cell

line and the amounts of expressed LDL receptors were

determined by analysis of DiI-LDL uptake.

HepG2 cells were cultured in two 24-well plates in

DMEM containing 10% bovine calf serum with

4 groups of 5 repeated wells (each well had a total

volume of 1.5 ml, density 1.0 × 106 cells ml–1). Three

groups were treated with the medium containing 5,

15, and 25 µM of curcumin. The control group was

treated with curcumin-free medium. After 24 h, the

cells were removed from the bottom of the plate and

1.5 ml of the cell solution was transferred from each

of the groups to 1.5 ml Eppendorf tubes, centrifuged

at 3500 rpm for 5 min, and the supernatant was dis-

carded. Serum-free DMEM (1 ml) was added to each

tube to wash the cells for 2 min, and then the tubes

were centrifuged at 3500 rpm for 5 min, the super-

natant was discarded. One milliliter of 15 µg × ml–1

of DiI-LDL (labeled according to the method of Ba-

rak) [1] in serum-free DMEM was added to each of

the tubes. The cells were incubated for 4.5 h at 37°C

and 0.5 h at 4°C, centrifuged at 3500 rpm for 5 min

and the supernatant was discarded. The cells were

fixed in 4% formaldehyde, and then washed 3 times

with PBS. The uptake of DiI-LDL was measured by

a flow cytometer (BD FACSort).

Statistics

Comparisons of experimental data were analyzed by

a two-tailed Student’s t-test; p < 0.05 was considered

to indicate a statistically significant difference.

Results

Effect of curcumin on the report system

in Xenopus oocytes

With the SRE-1 regulatory GFP report system estab-

lished in Xenopus oocytes, we found that only cur-
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cumin induced the expression of GFP. The expressed

GFP had been detected in the Golgi aggregates or

their secretory vesicles (Fig. 2). All the other medi-

cines, tanshinone, ligustrazine, tea polyphenols, gink-

golide and astragalosides did not induce any expres-

sion of GFP in this system. It was also proved that

there was a concentration-response relationship be-

tween the expressed GFP and curcumin (Fig. 3). The

expression of GFP was not induced by curcumin in

the SRE negative-control groups.

Effect of curcumin on the functional LDL recep-

tor expression in HepG2 cell line

After the treatment with curcumin, the quantitative

analysis of functional LDL receptors in the cells was

performed by FACSan analysis. Curcumin (5–25 µM)

significantly increased the geometric mean of fluores-

cence value in HepG2 cells comparing with the con-

trol (p < 0.001), which proved that the uptake of DiI-

LDL was increased. In Table 1, we found that the ex-

pressed LDL receptors in HepG2 cells were remarka-

bly increased by curcumin. Compared with the drug

negative control, it increased them to 126.7% at

5 µM, 281.8% at 15 µM, 417.8% at 25 µM.

Discussion

Regulation of LDL receptor transcription by choles-

terol is mediated through a 10-bp sequence

(5’-ATCACCCCAC-3’) within repeat 2 (R2), desig-

nated sterol-responsive element-1 (SRE-1) [2]. SRE-1

flanking the low density lipoprotein (LDL) receptor

gene, which is a conditional enhancer in the promot-

ers for the low density lipoprotein receptor and 3-

hydroxy-3-methylglutaryl-coenzyme A synthase genes,

provides a binding site for the fragment of sterol-

responsive element-1-binding proteins (SREBPs) and

activates transcription in sterol-depleted cells and is

silenced by sterols [10]. To understand the beneficial

effect of any factor or drug on the plasma LDL cho-

lesterol level, a number of studies, using a liver hepa-

toma cell line HepG2 as a cellular system, were car-

ried out to directly examine the effects of a factor or

drug on LDL receptor expression [9]. To find com-

pounds capable of up-regulating the expression of LDL

receptor [6], established a stable HepG2 cell line trans-

fected with a vector containing the human LDL receptor

promoter coupled to the firefly luciferase reporter gene.

Unlike mammalian cells cultured in vitro, the full-

grown Xenopus oocytes have a large size (~1.2 mm in

diameter) which makes them easy to handle and ma-
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nipulate.The Xenopus oocyte system has several ad-

vantages for studying signal regulatory factors at the

cellular level [4]. With this Xenopus translation sys-

tem, most DNA injections into the oocytes were done

with the aim to follow mRNA synthesis or promoter

functioning. To establish an easy-to-detect model sys-

tem for quick selection of drugs, we constructed the

GFP gene downstream from 4 repeated SRE-1, and

first established the sterol regulatory GFP report sys-

tem in the Xenopus oocytes. This research has proved

that this is an effective cellullar model system for the

selection of lipid-lowering drugs. Curcumin was

quickly selected from other drugs by using this sys-

tem. In Figure 2, the expressed GFP was induced by

25 µM curcumin in Golgi apparatus and the secretory

vesicles. In Figure 3, the concentration-response rela-

tionship between expressed GFP and curcumin was

demonstrated. The expression of GFP was not in-

duced by curcumin in the SRE negative-control

groups. This means that the expression of GFP in this

system is controlled by SRE-1, and curcumin can up-

regulate the expression of LDL receptor by its effect

on the SRE-1.

To confirm the efficiency of this system, the effect

of the selected drug, curcumin, on the expression of

LDL receptor was also tested by using the cell line

HepG2. HepG2 is a common widely used cell line for

studying LDL receptor [8, 11]. This research also

showed that the curcumin can increase the expression

of functional LDL receptors in human liver hepatoma

cell line HepG2. In conclusion, curcumin may up-

regulate the expression of LDL receptor by its effect

on SRE pathway.
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