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Girifl ve Amaç: Litojenik safra kolesterol tafllar›n›n en önemli nedenidir ve safrada kolesterolün afl›r› salg›lanmas›n›n litojenik saf-
ran›n önemli bir nedeni oldu¤una inan›lmaktad›r. Sterol tafl›y›c› protein 2 kolestorol tafl›nmas›nda anahtar role sahiptir ve hepa-
tositlerde lipid metaboizmas›n› regüle eder. Gereç ve Yöntem: ‹nsan sterol tafl›y›c› protein 2 cDNA klonlanm›fl ve buna karfl›
shRNAs sentezlenmifltir, ertesinde adenovirüs vektörler ile oluflturulan sterol tafl›y›c› protein 2-modifiye hepatosit modelleri kulla-
n›larak regülatuvar fonksiyonlar› araflt›r›lm›flt›r. Sterol tafl›y›c› protein 2'nin afl›r› ekspresyonunda ve silinmesinde, HMGCR ve
CYP7A1 ekspresyonlar› ve hepatositlerden safra lipidlerinin sentezi incelenmifltir. Bulgular: HMGCR ekspresyonu, sterol tafl›y›c›
protein 2 afl›r› ekspresyonu ile artm›fl, silinmesi ile azald›¤› tespit edilmifltir. Ayr›ca sterol tafl›y›c› protein 2 afl›r› ekspresyonunda
supernatan içindeki kolesterol konsantrasyonun artt›¤›, bask›lanmas› halinde azald›¤› bulundu. Sterol tafl›y›c› protein 2 afl›r› eks-
presyonu CYP7A1 ekspresyonunu bask›lamas›na ra¤men total safra asidi konsantrasyonunda de¤ifliklik tespit edilmedi. Sterol ta-
fl›y›c› protein 2’nin, modifiye hepatosit modellerinde safra litojenisitesini etkileyebildi¤i bulundu. Sonuç: Sterol tafl›y›c› protein 2
hepatositlerde HMGCR'›n modülatörü olabilir. Sterol tafl›y›c› protein 2 kolesterol metabolizmas›n› etkileyebilir ve hepatositlerdeki
HMGCR ve CYP7A1 ekspresyonunu etkileyerek safran›n litojenistesini de¤ifltirebilir.

Anahtar kelimeler: ‹nsan hepatositi, sterol tafl›y›c› protein 2, safra litojenisitesi, lipid metaboizmas›

Background/aims: Lithogenic bile is a major cause of cholesterol gallstones, and hypersecretion of biliary cholesterol is believed
to be an important cause of lithogenic bile. Sterol carrier protein 2 plays a key role in cholesterol trafficking and may regulate lipid
metabolism in hepatocytes. Materials and Methods: Human sterol carrier protein 2 cDNA was cloned and shRNAs against sterol
carrier protein 2 were synthesized. Sterol carrier protein 2-modified hepatocyte models were then set up using adenoviral vectors to
study its regulatory function in lipid metabolism. Following overexpression and knockdown of sterol carrier protein 2, HMGCR and
CYP7A1 expression as well as the secretion of bile lipids were studied in hepatocytes. Results: The expression of HMGCR was
enhanced by sterol carrier protein 2 overexpression and downregulated by sterol carrier protein 2 knockdown. The concentration of
cholesterol in the supernatant was elevated under sterol carrier protein 2 overexpression and decreased under sterol carrier protein
2 downregulation. Although sterol carrier protein 2 overexpression could repress the expression of CYP7A1, no changes were noted
in total bile acid concentration. Thus, the expression of sterol carrier protein 2 could influence bile lithogenicity in the sterol carri-
er protein 2-modified hepatocyte models. Conclusions: Sterol carrier protein 2 may function as a moderator of HMGCR in human
hepatocytes. Likely influences cholesterol metabolism and bile lithogenicity of human liver cells by regulating the expression of
HMGCR and CYP7A1. 
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ORIGINAL ARTICLE

SCP2, insan hepatositlerinde HMGCR ve CYP7A1’i regüle ederek safra 
litojenisitesini artt›r›r



INTRODUCTION

Gallstone disease is  an extremely common gastro-
intestinal condition. It is usually multifactorial in
origin, and the etiology of this disease is related to
a complex interaction of environmental and gene-
tic factors (1–3). The worldwide prevalence rates
range between 5% and 20%, but maybe as high as
70% in American Indian females.

Over 90% of gallstones consist mainly of choleste-
rol and are formed within the gallbladder. Choles-
terol hypersaturation of bile is a prerequisite for
the formation of such stones. Bile mainly consists
of water and three lipid species: cholesterol,
phospholipids and bile salts. Hypersecretion of
cholesterol in bile leading to the formation of litho-
genic bile is believed to be the major cause of cho-
lesterol gallstones (4). Sterol carrier protein 2
(SCP2), also called nonspecific lipid transfer prote-
in, is a 13.2 KD base protein and exists in peroxi-
somes, mitochondria, the endoplasmic reticulum
and in the cytoplasm (5-7). In its role as a trans-
porter, this protein participates in the transporta-
tion of cholesterol inside the cell and through the
cytoplasm membrane, (8,9) as well as in the rapid
transportation of newly synthesized cholesterol
from the endoplasmic reticulum into bile without
the intervention of the cytomicrotubule system
and Golgi bodies (10). Additionally, some researc-
hers indicate that it may have a role in the biosyn-
thesis of cholesterol, (11-13) and in the transfor-
mation of cholesterol to bile acids (14, 15), choles-
terol esters (16) and sterols (17). Our former fin-
dings indicated that SCP2 was overexpressed in
patients with hereditary cholesterol gallstones
when compared to patients with non-hereditary
cholesterol gallstones, and that SCP2 may be a po-
tential genetic factor that contributes to the for-
mation of cholesterol gallstones (18). Hence, the
hypersecretion of biliary cholesterol and formation
of lithogenic bile may explain the mechanism of
cholesterol stone formation in the gallbladder.

It is widely accepted that SCP2 is a transporter for
lipids, but we suspected that SCP2 may play a ro-
le in the regulation of cholesterol metabolism.
Therefore the expression of critical genes related
to lipid metabolism and bile lipid secretion in he-
patocytes was studied, under SCP overexpression
and knockdown to evaluate the role of SCP2 in the
regulation of lipid metabolism. 

MATERIALS and METHODS 

Human SCP2 cDNA cloning and sequencing

A PCR-based cloning strategy was used to isolate

a cDNA fragment encoding SCP2 protein. Accor-
ding to the human SCP2 cDNA sequence
[gi:432978] from Genebank, primers were desig-
ned using Oligo 6.0 software, and endonuclease
restriction sequences (BamHI and EcoRI, Takara)
were added at the 5’ end of upper primer and lo-
wer primer respectively. The upper primer is
5’AAAGAATTCAGAGGCAAGTTC CTGGTG, and
the lower primer is 5’-AAAGGATCCTTCTTCA-
GAGCTTAG CGTTG. The results of DNA sequen-
cing depicted that the SCP2 cDNA sequence had
the same sequence as that [gi: 432978] in the Ge-
nebank. Finally, the correct Human SCP2 cDNA
clone was obtained from thepSCP2-IRES2-EGFP
Vector.

Construction of the SCP2 shRNA with two-
step PCR method

A two-step PCR method was used to construct
SCP2 shRNA. With the use of online software
(http://www.promega.com/siRNADesigner/defa-
ult.htm), shRNA primers were designed according
to the human SCP2 cDNA sequence [gi: 432978]
from Genebank. The primers are shown in Table1.
The template of the first-step PCR was pGEMZeo-
U6 with the human U6 promoter. The template of
the second step PCR was the products of the first
PCR reaction,which were diluted by 100-fold. Fo-
ur SCP2 shRNAs were obtained; these were
pMD18T-SCP2sh1, pMD18T-SCP2sh2, pMD18T -
SCP2sh3 and pMD18T-SCP2ssh.

Cell lines and culture

293T cells were grown in DMEM (Irvine Scientific,
Santa Ana, California) supplemented with 10% fe-
tal calf serum (Irvine Scientific) and 100 U/mL of
penicillin/streptomycin. Chang liver cells were
cultivated in RPMI1640 (Irvine Scientific, Santa
Ana, California) with 10% fetal calf serum (Irvine
Scientific) and 100 U/mL of penicillin/streptomy-
cin. 

Evaluation of inhibitory effects of SCP2
shRNAs on exogenous and endogenous 
expression of SCP2

Lipofectamine2000 (Invitrogen) was used for cell li-
ne transfection. 293T cells were co-transfected with
pSCP2-IRES2-EGFP and pMD18T-SCP2shRNAs
to detect any inhibitory effect on the exogenous ex-
pression of SCP2. Chang liver cells were only trans-
fected with pMD18T-SCP2shRNAs to detect an in-
hibitory effect on the endogenous expression of
SCP2. The mRNA expression of SCP2 was detected
by real-time quantitative RT-PCR, and the primers
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are seen in the Table 2. A proper shRNA was cho-
sen from the above three SCP2shRNAs, which had
the best knockdown effect on both the endogenous
and exogenous expression of SCP2.

Construction of replication defective 
adenoviral vectors carrying the SCP2 cDNA
and the short hairpin sequence of SCP2 
including human U6 promoter

A PCR-based cloning strategy was used to isolate
the SCP2-IRES2-EGFP sequence fragment from
pSCP2-IRES2-EGFP. Primers were designed
using Oligo 6.0 software and endonuclease restric-
tion sequences (EcoRI and SalI, Takara) were ad-
ded at the 5’ end of the upper and lower primers
respectively. The upper primer used was 5’-AA-
AGAATTCAGAGGCAAGTT CCTGGTG and the
lower primer used was 5’-CCCGTC GACGGCC-
GCTTTACTTGTACAGC. The sequence of SCP2-
IRES2-EGFP was subcloned into pDC316. The
SCP2-shRNA sequence was then cut with endo-
nucleases (Hind III and BamH I) from pMD18T-
SCP2 shRNA and subcloned into pDC312. The Ad-
max Adenoviral Vector System was used to gene-
rate replication-defective adenoviral vectors. We
successfully constructed replication-defective ade-
noviral vectors AdSCP2-IRES2-EGFP, Adnull,
AdshRNASCP2 and AdsshRNASCP2, which carri-

ed the cDNA of SCP2 gene and SCP2-shRNAs.
The AdSCP2-IRES2-EGFP, Adnull, Adsh-
RNASCP2 and AdsshRNA SCP2 titers were 3x108

pfu/ml, 2x108 pfu/ml, 1.5x108 pfu/ml, 3.1x108 pfu/l,
respectively.

Isolation and culture of primary human 
hepatocytes 

Normal human liver tissue was obtained from 5
different patients with liver cancer undergoing li-
ver resection. Approval to use portions of resected
human liver specimens for research was obtained
from the ethics committee at our hospital. Where
applicable, patients gave informed consent. Hepa-
tocytes were isolated by the digestive and mecha-
nical methods. Cells were then cultured in a humi-
dified 5% CO2 incubator at 37°C. After 24 h, the
medium was changed to 5% FBS medium. At 72 h
the medium was replaced with SFM. Thereafter,
the medium was replaced at least every 48 h with
freshly prepared SFM. 

AdSCP2-IRES2-EGFP, Adnull, AdshRNASCP2
and AdsshRNASCP2 were transfected into
primary cultured hepatocyte 

After the hepatocytes were digested and transfer-
red to culture plates, DMEM medium was added
to the plates. After 80% fusion, hepatocytes were
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shRNAs Sequences Length
SCP2shRNA1 Step1 primer: 5'aga gaa ctt/aag ttt ctt ctc aat ctc c/gg tgt ttc gtc ctt tcc a 460bp

Step2 primer: 5'gga att caa aaa a/gg aga ttg aga aga aac tt/a gag aac tt

SCP2shRNA2 Step1 primer: 5'aga gaa ctt/att ctt cac atc cac cac c/gg tgt ttc gtc ctt tcc a 460bp

Step2 primer: 5'gga att caa aaa a/gg tgg tgg atg tga aga at/a gag aac tt

SCP2 shRNA3 Step1 primer: 5'aga gaa ctt/taa ctt cat agc gag acc c/gg tgt ttc gtc ctt tcc a 460bp

Step2 primer: 5'gga att caa aaa a/gg gtc tcg cta tga agt ta/a gag aac tt

SCP2 sshRNA Step1 primer: 5'aga gaa ctt/act att cac caa cct cct c/gg tgt ttc gtc ctt tcc a 460bp

Step2 primer: 5'gga att caa aaa a/ga gga ggt tgg tga ata gt/a gag aac tt

Universal upper primer 5'gca gac act gct cgg tag tt

Table 1. The list of used primers in two-step PCR for shRNA construction

Gene Sequences Length
GAPDH Upper: GGGGAGCCAAAAGGGTCATCATCT 457bp

Lower:GACGCCTGCTTCACCACCTTCTTG

SCP2 Upper: AGCTCTGCAAGTGATGGATTTAAG 276bp

Lower: CGACTGAGGATTCATTTTACCAG 

HMGCR Upper: TACCATGTCAGGGGTACGTC 247 bp

Lower:CAAGCCTAGAGACATAATCATC

CYP7A1 Upper: ATGGGTTTTCCGGAAGCCGCCAGTT 432 bp

Table 2. The list of used primers for SCP2, HMGCR and CYP7A1 mRNA detection



used for transfection. The optimal transfection
concentration of AdSCP2-IRES2-EGFP was 100
MOI. Cells were collected 24 hours after transfec-
tion to extract total RNA and 48 hours after trans-
fection to extract total protein. The supernatants
were then collected for high pressure liquid chro-
matography (HPLC) analysis.

Analysis of SCP2, HMGCR and CYP7A1
mRNA using real-time quantitative RT-PCR 

Total RNA was isolated using the TRIzol reagent.
The mRNA expression of SCP2, 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (HMGCR)
and 7alpha-hydroxylase (CYP7A1) was detected
by using real-time RT-PCR, and the primers are
seen in Table 2. PCR was performed as follows:
step 1 94°C, 2 min; step 2 94°C, 30 sec; step 3 gra-
dient from 54°C to 56°C, 1 min; step 4 72°C, 45
sec; step 5 80°C, 1 sec; step 6 Plate read; step 7 Re-
peat step 2  39 more times; step 8 72°C, 3 min; step
9 Melting curve analysis: 70°C-95°C, 0.5°C/read, 1
sec hold; step 10 72°C,3 min; step 11 20°C, Hold
which then concluded the process. The PCR pro-
ducts were 276 bp, 247 bp and 423 bp.

The detection of SCP2 protein level with
Western Blot

Tissues were lased with a lysis buffer (50 mM Tris
PH7.4,150 mM NaCl,0.5% Triton X-100,1 mM ED-
TA,1 mM PMSF). The total protein was separated
by sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis and electrophoretically transferred on-
to a polyvinylidene difuoridemembrane (Millipore,
Bedford, MA, USA). After blocking non-specific
binding sites with 5% non-fat milk, the membrane
was incubated with primary antibodies for 1 h at
room temperature. The primary antibodies used
in this experiment were as follows: anti-SCP2 an-
tibody (Donated by Dr Schroeder, Texas A&M
University, 1:1000 dilution) and anti-GAPDH an-
tibody (Santa Cruz Biotechnology, 1:2000 diluti-
on). After washing, blots were incubated with hor-
seradish peroxidase-conjugated anti-rabbit IgG,
and immunoreactive bands were visualized with
the Western Blotting Luminol Reagent kit (Santa
Cruz Biotechnology Inc).

Analysis of bile acids, biliary cholesterol,
phospholipids and lithogenic index (LI) in
cell culture samples using high performance
liquid chromatography

Frozen samples were quickly thawed, centrifuged
for 5 min at 1000 rpm in a centrifuge, and filtered
through a 0.45-um filter. HPLC was carried out

using a Kromasil C18 (250mmx4.6mm 10μm) co-
lumn. The column was equilibrated with
0.05mol/L sodium dihydrogen phosphate-metha-
nol (25:75) buffer, pH 3.0. 100 ul of culture media
was injected into the machine. The flow rate was
maintained at 1.0 mL/min. We detected signals
with the UV detector at wavelength of 210 nm.
Cholesterol, lecithin, glycocholate acid (GCA), tau-
rochenodeoxycholate acid (TCDCA), taurocholate
acid (TCA), cholate acid (CA) and chenodeoxycho-
late acid (CDCA) (Sigma) were used as measure-
ment standards for HPLC. The lithogenic index
was then calculated using the Thomas and Hof-
mann method (19). 

Data analysis 

All data are expressed as the mean±standard de-
viation. Differencesbetween control and experi-
mental groups were evaluated by one-way analy-
sis of variance (ANOVA). p<0.05 was considered
statistically significant (a = 0.05).

RESULTS 

pMD18T-SCP2sh1 and pMD18T-SCP2sh3 
can inhibit the exogenous expression of
SCP2 in 293T cells transfected with 
pSCP2-IRES2-EGFP, and the endogenous
expression of SCP2 in Chang liver cells

Real-time RT-PCR was performed to detect exoge-
nous expression of SCP2 in 293T cells transfected
with pSCP2-IRES2-EGFP. Compared with the
random shRNA control group, small hairpin RNAs
(SCP2sh1, SCP2sh2, and SCP2sh3) significantly
reduced the expression of exogenous SCP2
(p<0.05). The inhibitory rates were 71%, 75% and
62% respectively, shown in Figure 1 C and in Tab-
le 3.

In order to confirm endogenous inhibitory effects,
pMD18T-SCP2sh1, pMD18T-SCP2sh2, pMD18T-
SCP2sh3 or pMD18T-SCP2ssh were used to trans-
fect Chang liver cells. Compared with the random
shRNA control group, SCP2sh1and SCP2sh3 sig-
nificantly reduced the expression of SCP2 (p
<0.05) and inhibitory rates were 76% and 64% res-
pectively, but the inhibitory rate of SCP2sh2 was
only 9%, shown in Figure 1C and Table 3.

SCP2 overexpression and knockdown 
cellular models were successfully set up in
primary hepatocytes 

We used real-time RT-PCR to detect the expressi-
on of SCP2 mRNA in hepatocytes 24 hours after
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transfection by AdSCP2-IRES2-EGFP and Adsh-
RNASCP2. Compared with the Adnull group,
SCP2 mRNA was overexpressed in the AdSCP2-
IRES2-EGFP group (p<0.05). Compared with the
AdsshRNASCP2 group, mRNA expression of
SCP2 in the AdshRNASCP2 group was signifi-
cantly lower (p<0.05) and the inhibitory rate was
84%. There were no significant differences in the
expression of SCP2 mRNA between controls, Ad-

null and AdsshRNA groups (p>0.05), as shown in
Table 4 and Figure 2 C.

The Western blot was used to detect SCP2 protein
expression in hepatocytes 48 hours after liver cells
were transfected by AdSCP2-IRES2-EGFP and
AdshRNASCP2. Compared with the Adnull group,
we found that SCP2 was overexpressed in the
AdSCP2-IRES2-EGFP group (p<0.05). Compared
with the AdsshRNASCP2 group, SCP2 expression
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FFiigguurree  11..  Melting curves and fluorescence amplification curves of SCP2 and GAPDH are shown in A and B. Small hairpin RNAs
(SCP2sh1 and SCP2sh3) significantly reduced the expression of SCP2 in both, 293T cells transfected with pSCP2-IRES2-EGFP and
Chang liver cells, but SCP2sh2 could only suppress the exogenous expression of SCP2 in 293T cells.
* indicates p<0.05. The experiment was repeated independently three times. 

Group SCP2 mRNA expression in 293T a SCP2 mRNA expression in Chang liver b

SCP2-CON 1.0513±0.1298 1.0566±0.1565

SCP2-SH1 0.3005±0.0188*** 0.2570±0.0466**

SCP2-SH2 0.2679±0.1290** 0.9529±0.0331

SCP2-SH3 0.4057±0.1189* 0.3718±0.0339*

SCP2-SSH 1.0273±0.1035 1.0180±0.06289

Table 3. The expression levels of SCP2 mRNA in 293T and Chang liver cell lines

a compared with SCP2-SSH,***,** and * p<0.05      b compared with SCP2-SSH,** and * p<0.05

AA

CC

BB



in the AdshRNASCP2 group dropped significantly
(p<0.05). There were no significant differences in
SCP2 expression between the control, Adnull and
AdsshRNA group (p>0.05). The results of SCP2
protein were consistent with those of SCP2
mRNA, as shown in Table 4, and Figure 2 D and
2 E.

The mRNA expression of HMGCR, CYP7A1
in primary hepatocyets transfected with
AdSCP2-IRES2-EGFP and AdshRNASCP2

Real-time RT-PCR was used to detect the expres-
sion of HMGCR and CYP7A1 mRNA in primary
hepatocytes 24 hours after hepatocytes were
transfected by AdSCP2-IRES2-EGFP and Adsh-
RNASCP2. Compared with the Adnull group,
HMGCR mRNA was overexpressed in the
AdSCP2-IRES2-EGFP group (p<0.05). Compared
with the AdsshRNASCP2 group, HMGCR mRNA
expression in the AdshRNASCP2 group was signi-
ficantly lower (p<0.05). No significant differences
in HMGCR mRNA expression were noted between
the control, Adnull and AdsshRNA groups
(p>0.05). Compared with the Adnull group, the ex-
pression of CYP7A1 mRNA in the AdSCP2-
IRES2-EGFP group was higher (p<0.05). There
were no significant differences in CYP7A1 mRNA
expression between th AdshRNASCP2 and Adss-
hRNASCP2 group (p>0.05). No significant diffe-
rences in CYP7A1 mRNA expression were noted
between the control, Adnull and AdsshRNA gro-
ups (p> 0.05), as shown in Table 5 and Figure 3.

Analysis of bile acids, cholesterol and
phospholipids in cell culture medium by
using HPLC

We separated and detected 7 components in the
culture supernatant of hepatocytes in the above
chromatographic conditions after primary hepa-
tocytes were infected with AdSCP2-IRES2-EGFP,
AdshRNASCP2 for 48 hours. The values of TCA,

TCDCA, GCA, CA and CDCA were added together
to represent the total bile acid (TBA) for further
analysis. Compared with the Adnull group, we fo-
und that the concentration of cholesterol was hig-
her in the AdSCP2-IRES2-EGFP group (p<0.05).
Compared with the AdsshRNASCP2 group, the
concentration of cholesterol in the AdshRNASCP2
group was significantly lower (p<0.05).There were
no significant differences in the concentration of
cholesterol between the control, Adnull and Adss-
hRNA group (p>0.05). There was no significant
difference in the concentration of TBA between
the AdSCP2-IRES2-EGFP and Adnull groups
(p>0.05), and the AdshRNASCP2 and Adss-
hRNASCP2 groups (p>0.05). Compared with the
Adnull group, we found that the concentration of
lecithin was higher in the AdSCP2-IRES2-EGFP
group (p<0.05). Compared with the Adss-
hRNASCP2 group, the concentration of lecithin in
the AdshRNASCP2 group was significantly lower
(p<0.05). There were no significant differences in
the concentration of lecithin between the control,
Adnull and AdsshRNA group (p> 0.05), as shown
in Table 6 and Figure 4 A. 

Compared with the Adnull group, we found that
the LI was higher in the AdSCP2-IRES2-EGFP
group (p<0.05). Compared with the Adss-
hRNASCP2 group, the LI in the AdshRNASCP2
group was significantly lower (p<0.05). There we-
re no significant differences in the LI between the
control, Adnull and AdsshRNA groups (p>0.05), as
shown in Table 6 and Figure 4 B. 

DISCUSSION 

Cholesterol gallstone formation is a complicated
disease entity that involves a variety of factors.
Abnormal metabolism of cholesterol and supersa-
turation of bile cholesterol are the major causes of
stone formation. Barth CA et al. (20) concluded
that hepatocytes in culture show a functional po-
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Group SCP2 protein a SCP2mRNA b

Control 0.6456±0.0820 1.0780±0.1351

AdSCP2-IRES2-EGFP 9.7191±0.4826** 20.9410±6.5096**

Adnull 0.6423±0.1050 1.0263±0.1285

AdshRNASCP2 0.0830±0.1473* 0.1430±0.0200*

AdsshRNASCP2 0.5190±0.1053 1.0780±0.1100

Table 4. The expression levels of SCP2 mRNA and protein in primary hepatocytes

a **compared with Adnull group, p<0.05; *compared with AdsshRNASCP2 group, p<0.05
b **compared with Adnull group, p<0.05; *compared with AdsshRNASCP2 group, p<0.05



larity permitting the transcellular transport of
substances bound for biliary secretion. Thus, liver
cells may maintain some characteristics of the li-
ver and can be considered as a platform to study
lipid metabolism in vitro. In this study, SCP2 ove-
rexpression and knockdown was performed in he-
patocyte models in order to study the regulatory
function of SCP2 in lipid metabolism.

Ito et al. (21) conducted an analysis of three regu-
latory enzymes in cholesterol metabolism, and stu-
died cholesterol levels and sterol carrier prote-
in2/nonspecific lipid transfer protein (SCP2/nsLTP)
levels by using liver biopsy samples from Japanese
patients with cholesterol gallstones who had un-
dergone cholecystectomies. Their results suggested
that intracellular cholesterol transport was enhan-
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FFiigguurree  22..  Green fluorescence was observed under a fluorescent microscope 48 h after primary hepatocytes were transfected with
AdSCP2-IRES2-EGFP (panel A: phase contrast microscope, panel B: fluorescence microscope). SCP2 was overexpressed in the
AdSCP2-IRES2-EGFP group, and the expression of SCP2 in the AdshRNASCP2 group decreased (C and D). A Western blot was
used to detect SCP2 expression. Lanes 1, 2, 3, 4 and 5 represent Control, AdSCP2-IRES2-EGFP, Adnull, AdshRNASCP2 and Adss-
hRNASCP2 group, respectively (E). 
* indicates p<0.05. The experiment was repeated independently three times. 

AA BB

CC

EE

DD



ced in patients with cholesterol gallstones. Animal
experiments confirm that SCP2 plays an essential
role in the transportation of newly synthesized cho-

lesterol into bile, and that SCP2 can rapidly trans-
fer cholesterol from the endoplasmic reticulum di-
rectly into the bile without the involvement of the
cellular microtubule system and the Golgi (22).
Fuchs et al. (14, 23) observed the phenomenon in
the stone-susceptible mice, and noted that the
SCP2 protein and mRNA levels rose at the same ti-
me and concluded that the transcriptional upregu-
lation of SCP2 led to the higher levels of SCP2 in
hepatocytes, thus increasing bile cholesterol and
promoting gallstone formation.

At present, SCP2 is generally considered a lipid
transporter, but we think that SCP2 is likely to
have a role in cholesterol metabolism, especially in
the biosynthesis of cholesterol and the transforma-
tion from cholesterol esters to cholesterol, bile acid
and steroid hormone. In order to further clarify
the relationships between SCP2 and other critical
genes related to cholesterol metabolism, we detec-
ted the expression of HMGCR and CYP7A1 in
SCP2 overexpression and knockdown hepatocyte
models. We noted that the expression of HMGCR
was enhanced by SCP2 overexpression and dow-
nregulated by SCP2 knockdown. We also observed
that the concentration of cholesterol in the super-
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Group HMGCR a CYP7A1 b

Control 1.0405±0.0811 1.0569±0.1284

AdSCP2-IRES2-EGFP 1.4098±0.0378** 0.8447±0.0457**

Adnull 1.0402±0.1607 1.0254±0.0378

AdshRNASCP2 0.8280±0.0365* 1.1805±0.0765*

AdsshRNASCP2 0.9751±0.0328 1.0756±0.1133

Table 5. The relative expression levels of HMGCR and CYP7A1mRNA in primary hepatocytes

a **compared with Adnull group, P<0.05;*compared with AdsshRNASCP2 group, P<0.05
b **compared with Adnull group, P<0.05;*compared with AdsshRNASCP2 group, P>0.05

FFiigguurree  33..  HMGCR mRNA was overexpressed in the AdSCP2-
IRES2-EGFP group, but the mRNA expression of HMGCR in
the AdshRNASCP2 group decreased significantly. The mRNA
expression of CYP7A1 in the AdSCP2-IRES2-EGFP group in-
creased. 
* indicates p<0.05 and ** represents p>0.05. The experiment was repeated inde-
pendently three times. 

Group CHO a TBA b PL c LId

(mmol/L) (mmol/L) (mmol/L)

Control 0.8451±0.0382 9.2532±0.3881 0.3635±0.0252 0.4728±0.0276

AdSCP2-IRES2-EGFP 1.6561±0.0970** 9.0499±0.3155** 0.4194±0.0103** 0.8371±0.1161**

Adnull 0.7891±0.0457 8.7993±0.5072 0.3575±0.0207 0.4318±0.0449

AdshRNASCP2 0.4632±0.1562* 8.9013±0.3041* 0.3071±0.0141* 0.2734±0.0629*

AdsshRNASCP2 0.8274±0.0692 9.2491±0.1439 0.3825±0.0287 0.4625±0.0210

Table 6. Analysis of bile acids, cholesterol and phospholipids in culture supernatant of hepatocytes using HPLC
and LI

CHO: Cholesterol. TBA: Total bile acid. PL: Phospholipids. HPLC: High pressure liquid chromatography.
a **compared with Adnull group, P<0.05; *compared with AdsshRNASCP2 group, P<0.05
b **compared with Adnull group, P>0.05; *compared with AdsshRNASCP2 group, P>0.05
c **compared with Adnull group, P<0.05; *compared with AdsshRNASCP2 group, P<0.05
d **compared with Adnull group, P<0.05; *compared with AdsshRNASCP2 group, P<0.05



natant was increased by SCP2 overexpression,
and decreased by SCP2 downregulation. These fin-
dings indicate that SCP2 may function as a mode-
rator for HMGCR in hepatocytes. Although SCP2
overexpression could repress the expression of
CYP7A1, we did not note any changes in the con-
centration of TBA. it is possible that the non-clas-
sical synthesis of bile acid may have occurred inde-
pendent of SCP2 regulation. As for lecithin, the sa-
me changes as in cholesterol were observed in the
hepatocyte supernatant. Thus, SCP2 may partly
participate in the transport of phospholipids in he-
patocytes leading to an increased secretion of lecit-

hin. Therefore, the increase of bile lithogenicity
due to an overexpression of SCP2 may be caused
by two factors. One is that SCP2 might accelerate
the synthesis of cholesterol in liver cells, and the
other is that SCP2 may promote the trafficking of
cholesterol out of hepatocytes into bile. 

In conclusion, SCP2 can affect cholesterol levels,
enhance HMGCR expression and repress CYP7A1
expression. Thus it may function as aa moderator
for HMGCR in hepatocytes. The results suggest
that SCP2 may influence cholesterol metabolism
and bile lithogenicity of human liver cells by regu-
lating the expressions of HMGCR and CYP7A1. 
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FFiigguurree  44..  The concentration of cholesterol increased in the AdSCP2-IRES2-EGFP group, but that of cholesterol in the
AdshRNASCP2 group decreased significantly ((AA)).. The concentration of lecithin increased in the AdSCP2-IRES2-EGFP group, and
that of lecithin in the AdshRNASCP2 group decreased significantly ((AA)). LI went up in the AdSCP2-IRES2-EGFP group, but LI in
the AdshRNASCP2 group decreased significantly ((BB))..
* indicates p<0.05. The experiment was repeated independently three times.
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