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Niemann-Pick C1l-like 1(NPC1L1) has been recently identifieda asritical
protein for enterohepatic free cholesterol absorption [9-13]. NPQ&LWidely
expressed in many human tissues, with the highest expression in smaitieraestiin
the liver [13, 14]. Recent studies have identified NPC1L1 proteig piay an
important role in the hepatic secretion of cholesterol. Hepaticeppeession of
NPC1L1 in mice significantly decreases biliary cholesterol conceonirg].

Compared with female gallstone-free controls (GSF), the metaboli
abnormalities underlying the supersaturation of bile and the famatfi cholesterol
gallstones in female gallstone patients (GS) are not yetduatigrstood. In this study,
we attempted to identify some of the molecular defects in hegfatiesterol and bile
acid metabolism involved in the pathogenesis of cholesterol gallstsease in
female. Our present results suggest that in Chinese femaleu@&saturation of bile
is associated with a decreased expression of hepatic NPCH_alsé&/ observed that

hepatic NPC1L1 may be mediated by SREBP2.



liquid nitrogen, and stored at -80 Criteria for a functioning gallbladder consisted of
i) the presence of dark concentrated bile in the gallbladder amd i§vidence of
impacted stones in the neck of the cystic duct at operation. Adi@pg the cystic
duct, bile from the gallbladder was obtained by aspiration. All obffexations were
performed without any complications. Participation in the study didresult in

prolonged hospitalization, and no serious adverse events were reported.

Plasma and biliary lipid analyses

Plasma total cholesterol, triglycerides, HDL cholesterol, pppliotein A-I
(apoA-Il), and apoB were analyzed with an automated bioanalyzehdReditachi
Modular P800) and corrected by dilution with the addition of EDTA (2%)L L
cholesterol in plasma was calculated according to Friedewadgiation. Gallbladder
bile cholesterol, phospholipid and total bile salt levels were unedsas described
previously [15]. The cholesterol saturation index (CSI) was caenlilasing Carey’'s

critical table [16].

Relative mRNA quantification

Hepatic total RNA was extracted using Trizol reagent (fogen, Carlsbad, CA)
according to the manufacturer’s protocol, and quality was evaluatetelguring the
260/280-nm absorbance ratio 1.8) and by electrophoresis. cDNA synthesis was
performed with the High-Capacity cDNA Reverse Transcriptioh (Rpplied

Biosystems, Foster City, CA, USA). Real-time quantitativeRP&ssays were















1A).

A strong positive correlation between hepatic NPC1L1 and SREBPSRAMR
expression was present (r = 0.86, P < 0.01) (Fig. 1B), suggesting that 3RtegmDe
an important regulator of the hepatic expression of NPC1L1 in hsimMePC1L1
expression also correlated negatively with the biliary chalglsteolar percentage (r
=-0.73, P <0.01) and the CSI (r =-0.76, P < 0.01) (data not shown).

Although, there were no differences in hepatic ABCG5, ABCG8 and LXR
MRNA expression between female GS and female GSF in our stedigund that
ABCG5 and ABCG8 mRNA levels correlated very well (r = 0.69, P < 0.01) (K.
confirming their likely coexpression in human liver in vivo, as wevipsly have
observed in liver tissue [5]. Because LXRre known to regulate ABCG5/ABCGS,
these genes were used as controls of our model; also, we testedrriation
between LXR and ABCG5/ABCGS. In agreement with previous studies, we found
that LXR correlated with both ABCGS5 (r = 0.67, P < 0.01) (Fig. 1D) and ABQ@G

= 0.50, P <0.01) (Fig.1E) mRNA levels.

NPC1L1 protein expression correlate with the mRNA levels

To determine whether decreased NPC1L1 mRNA levels transleted
decreased activity, we analyzed the relationship between npetialhRNA and
protein levels. We observed a significant correlation between NP@IRNA and
protein levels (n =18, r = 0.84, P < 0.01) (Fig. 2A).

NPC1L1 displayed lower levels of mRNA in female GS coragawith female



GSF (P < 0.01) (Fig. 1A). This was paralleled by decrease dfiff@&lLL1 protein (P
< 0.01), NPC1L1 protein levels were lower in female patients gallstone disease

than in those without gallstone disease (Fig. 2B and Fig. 2C).

NPC1L1 location and expression in hepatocytes by immunohistochemistry

After subtracting the non-white background colour, the haematoxylip@oemt
was separated from the DAB component using colour deconvolution as described [18]
(Fig. 3A—-C). For each specimen, the lowest and the highest opmamal density
(MOD) values measured from eight manually identified positiveigined cells
selected from the DAB component (with visual comparison with thenatignage)
was used to set the threshold manually for whole sample stairengityl
quantification (Fig. 3D). Comparison of panels A and D indicates NIREE1L1 is
expressed in both the cytoplasm and PM of the hepatocytes.

Quantitative immunohistochemistry (Fig. 4A, B) was performedcompare
hepatic NPC1L1 expression between female GS and femaleT&8Fnean area of
the evaluated specimens, measured in square pixels, did not varfcamly
between the two groups (female GS, 1 112 900 + 171 037; female GSF300L%6
159 485 (P > 0.05)). There was a trend towards a lower mean percantage
showing NPC1L1 positivity in the female GS samples (5.4 + 2.1%) aechpaith
female GSF samples (12.9 = 4.2%) (Fig. 4A, B), and the differemasestatistically
significant (P < 0.01). The NPC1L1 immunohistochemical MOD differ

significantly (P < 0.05) between the female GS (0.33 = 0.05) andléeGSF (0.54 +






Some previous studies have shown that NPC1L1 localizes on the PRB]dJ,
in intracellular compartments [13, 14]. Recent study found that NPCé&cycles
between endocytic recycling compartment (ERC) and PM, taed subcellular
localization of NPC1L1 protein is regulated by cholesterol [2&pl€sterol-depletion
induces the translocation of NPC1L1 from ERC to PM, the NH2-terminus of NPPC1
with a predicted signal peptide faces the extracellularixnand the COOH-terminus
projects to the cytosol [25], whereas replenishment of cholestesolts in the
transportation of NPC1L1 from PM to ERC [24]. ERC is a componenthef t
endocytic recycling system [26], NPC1L1 is in the ERC undemabcondition [24],
accordingly, a large NPC1L1 pool exists at the cell intd@@}, consistent with our
findings on NPC1L1 hepatocellular staining by immunohistochemistry.

Sterol regulatory element binding proteins (SREBPS) are tipheaor factors
that are crucial regulators of cholesterol homeostasis [28].daegitudy found that
in SREBP-1a, -1c, and -2 isoforms of this family of transcriptamidrs, SREBP2 is
the major regulator of the human NPC1L1 promoter [29]. And SREBERs to be
an important regulator of both the intestinal and the hepatic NP@pression in
humans [29, 30]. Our present study also showed a strong positive corrb&ttia@en
NPC1L1 and SREBP2 mRNA expression in liver from Chinese fepatients with
and without gallstone, which suggests that SREBP2 may be antampaggulator of
the hepatic expression of NPC1L1 in humans, in agreement with our prespurs
[30].

ABCG5 and ABCGS8 appear to function as a heterodimer for the ieecit



cholesterol into the bile canaliculus [31]. ABCG5/ABCGS8 are ditagjet genes of
the oxysterol-activated nuclear receptor LXIB2,33]. In our previous study, we
found higher levels of hepatic ABCG5/ABCG8 and LXRnRNA in gallstone
patients [5], which could cause higher amounts of cholesterol toliverdd into the
bile. Interestingly, in the present study, no differences wererebdd between female
patients and controls for the hepatic ABCG5/ABCG8 and LXRRNA expression,
suggesting that gallstone disease is a multifactorial sksélaat is influenced by
multiple genes. And we thought besides gender, the selection ofyples of
gallstone-free patients is an important reason for this discrepanayr present study
and in the previous study, the gallstone-free controls were diffexent. In our
previous study, the majority of the patients enrolled in the gallstonedrgmis were
patients with gallbladder polyps. In the present study, thenpstienrolled in the
gallstone-free controls underwent surgical procedures becauséhif hrepatic
hemangioma or early carcinoma of head of pancreas, théyadlperfectly normal
gallbladder function.

However, in our female GS and GSF, we also showed a strong positive
relationship between ABCG5 and ABCG8 mRNA expression levels, and
ABCG5/ABCGS8 also correlated with LXR expression, consistent with these
possibilities that in human liver, ABCG5 and ABCG8 are partners in the gemeodti
a functional transporter, and ABCG5/ABCGS8 are transcriptionedigulated by
LXR . Moreover, our female gallstone patients did not show any diffeseincehe

hepatic mMRNA expressions of ABCB4, ABCB11l, FXR and other genes
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in 2B. A.U., arbitrary units.

Figure 3

Quantitative immunohistochemistry to detect NPC1L1 from a specimen from a
female gallstone-free control using ImageJ.

After stripping the original digital image of non-white backgrouf#y, colour
deconvolution is used to separate the haematoxylin component (B) frem t
3’,3’-diaminobenzidine (DAB) component (C). The minimum and maximumnmea
optical density values of eight positively stained cells setefitom the DAB analysis
are used to set the threshold manually (D) for sample opticaltyleneasurement.

original magnification 46

Figure 4

Presence of hepatic NPC1L1 in female gallstone patients (GS) and female
gallstone-free patients (GSF).

Tissues were immunohistochemically stained for NPC1L1 (A, Bpatc specimens
shown are from female GS (A) and female GSF (B). PandidW/s results in the
absence of primary antibody for NPC1L1. Panels A, B are sapesed with optical
density results (red colour) derived from ImageJ. All sample® weunterstained

with haematoxylin; original magnification 20(A, B) and 40<(C).
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