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Gallbladder cancer is a highly aggressive disease with poor
prognosis that is two to six times more frequent in women than
men. The development of gallbladder cancer occurs over a long
time (more than 15 y) and evolves from chronic inflammation to
dysplasia/metaplasia, carcinoma in situ, and invasive carcinoma. In
the present study we found that, in female mice in which the
oxysterol receptor liver X receptor–β (LXRβ) has been inactivated,
preneoplastic lesions of the gallbladder developed and evolved to
cancer in old animals. LXRβ is a nuclear receptor involved in the
control of lipid homeostasis, glucose metabolism, inflammation,
proliferation, and CNS development. LXRβ−/− female gallbladders
were severely inflamed, with regions of dysplasia and high cell
density, hyperchromasia, metaplasia, and adenomas. No abnormal-
ities were evident in male mice, nor in LXRα−/− or LXRα−/−β−/−

animals of either sex. Interestingly, the elimination of estrogens
with ovariectomy prevented development of preneoplastic lesions
in LXRβ−/− mice. The etiopathological mechanism seems to involve
TGF-β signaling, as the precancerous lesions were characterized by
strong nuclear reactivity of phospho-SMAD-2 and SMAD-4 and loss
of E-cadherin expression. Upon ovariectomy, E-cadherin was reex-
pressed on the cell membranes and immunoreactivity of pSMAD-2
in the nuclei was reduced. These findings suggest that LXRβ in
a complex interplay with estrogens and TGF-β could play a crucial
role in the malignant transformation of the gallbladder epithelium.

cancer | hormone | oxysterols | SMAD | E-cadherin

Liver X receptors (LXRs) α (NR1H3) and β (NR1H2) are li-
gand-activated transcription factors belonging to the super

family of nuclear receptors. As obligate heterodimerization
partners with the retinoid X receptor (1, 2), LXRs bind to LXR
responsive elements (LXREs) consisting of a direct repeat (DR)
sequence (5′-AGGTCA-3′) separated by four nucleotides in the
promoter of target genes (3). Oxidized metabolites of cholesterol
such as 22-hydroxycholesterol, 24(S)-hydroxycholesterol, 24(S),
25-epoxycholesterol, and 27-hydroxycholesterol are natural ago-
nists of LXRs (4). Upon activation, LXRs promote cholesterol
catabolism into bile acids by enhancing the rate-limiting enzyme
CYP7A1 (5) and by inducing canalicular membrane transporters
ABCG5 and ABCG8 (6), which increase cholesterol secretion
into bile. In addition, LXR activity in the liver is associated with
induction of lipogenesis (7, 8), inhibition of gluconeogenesis (9),
and control of hepatocyte proliferation (10). During liver re-
generation, LXR signaling is down-regulated and treatment with
LXR agonist decreases hepatocyte proliferation (10). Effects of
LXR on regulation of cell cycle have been described in other
tissues including the prostate (11), breast cancer cells (12), pan-
creatic β cells (13, 14), and T and B lymphocytes (15). Indeed, the
ventral prostate of LXRα−/− mice is affected by a pathological
stromal overgrowth positive for pSMAD-2/3 and SNAIL, markers
of enhanced TGF-β signaling (16). Moreover, LXR agonist
inhibits the growth of prostate tumors in athymic mice inoculated
with prostate cancer cells (11) and inhibits estrogen-dependent
proliferation of uterine epithelial cells and breast cancer-xeno-
graph growth in nude mice (17).

Carcinoma of the gallbladder is a highly fatal and aggressive
disease with a poor prognosis. It is the most common malignant
tumor of the biliary tract, with 5,000 estimated new cases per year
in the United States (18). Incidence of gallbladder carcinoma
varies with sex and ethnicity. Women are affected two to six times
more than men and the highest incidences are reported in Native
Americans, South American populations, and people from
Poland and North of India (19). The etiology of gallbladder car-
cinoma involves a complex interplay between hormones, meta-
bolic alterations, infections, and even anatomical anomalies (20).
Epidemiological studies have shown a strong association of this
tumor (in particular the squamous and adenosquamous variants)
with cholesterol gallstone disease (21) and with many of its risk
factors like obesity, high carbohydrate intake, and female sex (22).
The strong female incidence has raised the possibility that
estrogens could play a key pathophysiological role in the de-
velopment of gallbladder cancer. It has been shown that hormone
replacement therapy in postmenopausal women significantly
increases the risk of gallbladder diseases (23, 24) that becomes
even higher with oral versus transdermal therapy (25). Gallblad-
der cancer is preceded by a sequence of molecular and histo-
pathological alterations evolving to cancer over a long period,
estimated to be approximately 15 y (26). This multistage patho-
genesis starts from chronic inflammation, often associated with
cholesterol gallstones, and progresses to dysplastic flat-epithelial
changes characterized by high cell density, hyperchromasia, and
elongated nuclei (27, 28). Subsequently, the atypical epithelium
undergoes increased stratification leading to the high-grade pre-
malignant lesion called carcinoma in situ (27, 28). Besides this
most frequent evolution, a small number of gallbladder carcino-
mas seems to evolve from preexisting adenomas (29).
In the present study we show that the gallbadder of 11-mo-old

LXRβ−/− female mice is affected by chronic cholecystitis, dyspla-
sia, metaplasia, and adenoma, characteristic preneoplastic lesions
leading to gallbladder cancer that becomes evident in old mice.
No alterations are detected in male LXRβ−/− mice and none in
LXRα−/− or LXRα−/−β−/− mice of either sex. Surprisingly, the
elimination of estrogens by ovariectomy prevents the development
of preneoplastic/neoplastic lesions in LXRβ−/− mice. The molec-
ular pathogenesis seems to involve TGF-β signaling that is up-
regulated in LXRβ−/− mice and becomes less pronounced
after ovariectomy.

Results
LXRα and LXRβ Are Expressed in Gallbladder Cholangiocytes. Anti-
LXRα and anti-LXRβ antibodies were developed in our labora-
tory (16, 30) and used in immunohistochemical studies to in-
vestigate expression and localization of LXRα and LXRβ in the
gallbladders of WT, LXRα−/−, and LXRβ−/− mice. Positive im-
munoreactivity both for LXRα (Fig. 1A) and LXRβ (Fig. 1B) was
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detectable in the nuclei of gallbladder cholangiocytes, mainly in
those located in the body-fundus of the gallbladder. No staining
was detected in KO mice used as controls.

Preneoplastic and Neoplastic Lesions in the Gallbladders of LXRβ−/−

Female Mice. Histopathological study of the gallbladder of 11-mo-
oldLXRβ−/− femalemice comparedwithWTmice (Fig. 2A) showed
the presence of severe chronic cholecystitis with a large amount
of immune cells infiltrating the entire gallbladder wall (Fig. 2B).
In association with this inflammatory condition, preneoplastic

lesions like dysplasia, hyperplasia, metaplasia, or adenomas were
seen in all 12 LXRβ−/− female mice studied (Fig. 2 B–E).
An important change in the maturation of the gallbladder epi-

thelium of LXRβ−/− female mice was evident (Fig. 2 B and C) with
nuclear irregularity and pseudostratification, increased nucleus/cy-
toplasm ratio, loss of cell polarization, and hyperchromatism.Areas
of inflammation with edema of the mucosa (Fig. 2D) were also
detected; 16% of KO animals presented adenomas (Fig. 2E) with
polypoid epithelial proliferation mainly of tubulopapillary type. At
the age of 19 mo, 30% of LXRβ−/− female gallbladders showed the
presence of carcinoma in situ with malignant epithelial cells in-
vading the lamina propria of the gallbladder mucosa (Fig. 2F).
No signs of inflammation were detected in the gallbladders of

female LXRα−/− (Fig. 2G) or LXRα−/−β−/− (Fig. 2H) mice at the
age of 11 mo. All the described preneoplastic/neoplastic lesions
were evident exclusively in female LXRβ−/− mice.
No abnormalities, except for amoderate atrophy, were observed

in the gallbladders of male LXRβ−/−mice (Fig. 3C) compared with
WT mice (Fig. 3A). At the same time, neither LXRα−/− (Fig. 3B)
nor LXRα−/−β−/− (Fig. 3D) male gallbladders showed any inflam-
matory alterations.

Increased Proliferation of Epithelial Cells in the Gallbladders of 11-
mo-Old Female LXRβ−/− Mice. Proliferative activity of gallbladder
epithelium was studied by measuring the percentage of pro-
liferating cell nuclear antigen (PCNA)–positive cells in WT and
LXRβ−/− female mice at 4 and 11 mo of age. At the age of 4 mo,
LXRβ−/− gallbladders did not exhibit any morphological abnor-
malities, but compared with WT mice (Fig. 4A), there was a sig-
nificant (P < 0.01) increase in the percentage of PCNA-positive
epithelial cells (Fig. 4B–E). InWTmice, PCNA-positive cells were
extremely rare (Fig. 4A).
At the age of 11 mo, PCNA-positive cells were predominant in

the inflammatory, dysplastic,metaplastic, and adenomatous lesions
of the LXRβ−/− gallbladder (Fig. 4 D and E). The proliferation
marker PCNA remained very low in WT mice (Fig. 4 C–E).

Reduced Cell Death of Epithelial Cells in the Gallbladders of 11-mo-
Old Female LXRβ−/− Mice. The rate of cell death was studied with
TUNEL staining. Whereas WT mice exhibited an average of 2%
to 5% positive cells both at the age of 4 and 11 mo (Fig. 4F),
LXRβ−/− mice exhibit increased cell death at 4 mo (Fig. 4G) but
almost completely absent reactivity at 11 mo (Fig. 4H).

Loss of E-Cadherin and Increased TGF-β Signaling in the Gallbladder of
LXRβ−/− Female Mice. E-cadherin is a cell surface transmembrane
glycoprotein with a key role in not only calcium-dependent in-
tracellular adhesion but also cell polarity, growth, and differenti-
ation (31). Loss of or reduced membrane positivity of E-cadherin

has been described in biliary tract cancer (32, 33) as well as in
breast (34) and colon cancer (35). E-cadherin expression was
studied with immunohistochemistry. In the gallbladders of WT
mice, E-cadherin was clearly detected on the plasma membrane
and in the cytoplasmic region (Fig. 5A) of epithelial cells. In
LXRβ−/− female gallbladders, E-cadherin was not evident on the
plasma membrane, but there was a weak cytoplasmic staining in
few epithelial cells (Fig. 5 B and C). E-cadherin expression is
known to be negatively regulated by TGF-β (36) during epithelial-
to-mesenchymal transition (EMT). Phospho-SMAD-2 (pSMAD-
2) and SMAD-4 are intracellular mediators of the TGF-β cascade.
In the gallbladders of WT mice, pSMAD-2 (Fig. 5 D–F) and
SMAD-4 (Fig. 5 D–G) were expressed in the nuclei of epithelial
cells. There was a markedly increased expression of these two
transcription factors in the adenomas (Fig. 5E) and in the in-
flammatory/metaplastic/dysplastic areas (Fig. 5H) of LXRβ−/−
femalemouse gallbladders. pSMAD-2–positive cells were counted

Fig. 1. Positive immunoreactivity of LXRα (A) and LXRβ (B) in the cell nuclei
of gallbladder cholangiocytes. Representative sections from the body of the
gallbladder of 11-mo-old WT female mice are shown. (Scale bars: 100 μm.)

Fig. 2. Morphological study of 11- and 19-mo-old female mouse gall-
bladders. H&E staining in LXRβ−/− mice shows chronic cholecystitis (B) with
severe immune cells infiltration compared with WT (A). (B and C) Dysplastic
flat epithelia in which nuclear irregularities, pseudostratification, increased
nucleus/cytoplasm ratio, loss of cell polarization, and hyperchromatism are
evident. Cholecystitis (D) and adenoma (E) also appear in LXRβ−/− mice. (F)
Carcinoma in situ with epithelial cells invading the entire gallbladder wall of
19-mo-old LXRβ−/− female mouse. Representative sections from the body of
the gallbladder of LXRα−/− (G) and LXRα−/−β−/− mice (H) do not demonstrate
any inflammatory alterations with H&E staining. (Scale bars: 50 μm in A–F;
100 μm in G and H.)

Fig. 3. Morphological study of 11-mo-old male mouse gallbladder. No in-
flammatory alterations are evident in LXRα−/− (B), LXRβ−/− (C), or LXRα−/−β−/−

(D) male gallbladders compared with WT (A). H&E staining of representative
sections from the body of the gallbladder is shown. (Scale bar: 100 μm.)
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in all the LXRβ−/− gallbladders, in which a significant increase (P<
0.01) was evident compared with WT (Fig. 5F).
Serum concentrations of TGF-β were measured by ELISA.

Interestingly, compared with WT mice, levels of TGF-β were
significantly (P < 0.05) higher in LXRβ−/− female mice affected
by gallbladder disease (Fig. 5I).

Prevention of Gallbladder Preneoplastic Lesions by Ovariectomy in
LXRβ−/− Mice. Because of the exclusive phenotype of cholecystitis/
dysplasia/metaplasia/adenoma in only femalemice and because of
the higher prevalence of gallbladder diseases in women than in
men, we ovariectomized LXRβ−/− mice at the age of 3 mo. Mice
were then killed at 12 mo and compared with sham-operated
littermates. Sham-operated LXRβ−/− mice showed chronic cho-
lecystitis with dysplastic and metaplastic changes in their gall-
bladders (Fig. 6A). Interestingly, ovariectomized animals did not
have any signs of inflammation, dysplasia, or metaplasia. The
gallbladders of ovariectomized LXRβ−/− mice appeared to be
atrophic with a very thin wall (Fig. 6B).
In sharp contrast to the sham-operatedmice in whichE-cadherin

was not detectable on the plasma membrane (Fig. 6C), after
ovariectomy, E-cadherinwas expressed on the plasmamembrane in
a pattern similar to that of WT mice (Fig. 6D). Likewise, the im-
munoreactivity for pSMAD-2 was significantly (P < 0.01) reduced
after ovariectomy (Fig. 6 F and G) compared with sham-operated
animals (Fig. 6E).

Discussion
In this study we show with specific antibodies that LXRα and
LXRβ are expressed in the nuclei of gallbladder cholangiocytes
(Fig. 1). Whereas LXRα−/− and LXRα−/−β−/− mice do not show
any gallbladder abnormalities, the absence of LXRβ in female
mice leads to a wide range of preneoplastic lesions, such as dys-
plasia, metaplasia, hyperplasia, and adenomas on a background of

chronic cholecystitis (Fig. 2) at the age of 11 mo. Indeed, LXRβ
seems to have an antiproliferative and proapoptotic role in the
gallbladder cholangiocytes. As early as 4 mo of age, most of the
epithelial cells of LXRβ−/− female mice are PCNA-positive (Fig.
3), which, at this age, is not associated with any morphological
alterations, probably because of a slight increase in cell death (Fig.
4). The results of an early-age hyperproliferation is evident only
after months in adult mice, as it is in the human, in which the
carcinogenic process of the gallbladder takes as long as 15 y (26).
Interestingly, LXRα−/−β−/− mice do not show any pathological

alteration of the gallbladder. In a speculative view, LXRα may
have a proproliferative activity in cholangiocytes, which is ca-
pable of balancing the action of LXRβ.
Treatment with LXR agonist has an antiproliferative effect in

vitro and in vivo (11–15) with a mechanism that seems to involve
an increase of the kinase inhibitor p27 (37), suppression of the
oncogenic β-catenin (38), and an interplay with TGF-β signaling
(16). Indeed, in the ventral prostate of LXRα−/− mice, an ab-
normal stromal overgrowth is accompanied by high expression of
SNAIL and SMAD-2/3, markers of an enhanced TGF-β activity
(16). A cross-talk between LXRα and TGF-β has been previously
hypothesized but still remains poorly understood. This interplay
seems to involve the nuclear receptor coactivator RAP250 that
has the capacity to bind to LXRα and LXR-β (39) and to SMAD-
2/3 (40). As a result of this interaction, TGF-β has synergistic
effects with LXR agonists (40) on the transcription of LXR’s
target genes. TGF-β signaling is also affected in the gallbladder of
LXRβ−/− mice, in which an increased nuclear expression of
pSMAD-2 and SMAD-4 has been detected (Fig. 5). The conse-
quence of a strong TGF-β activity is the loss of E-cadherin im-
munoreactivity from themembrane of epithelial cells (Fig. 5). The
analogy with human gallbladder carcinogenesis is quite strong. In
human gallbladder cancers and in precursor lesions, E-cadherin
expression is significantly reduced (41) and correlates with poor

Fig. 4. Proliferation and cell death study in 4- and 11-mo-old female gallbladders. PCNA-positive immunoreactivity in LXRβ−/− gallbladder (B) is significantly
increased compared with WT (A) at 4 mo of age. In the adenoma (D) of LXRβ−/− 11-mo-old gallbladder, PCNA-positive staining is enhanced compared with
age-matched WT (C). PCNA-positive cells were counted. A statistically significant increase is shown in E. Data represent the mean ± SEM; **P < 0.01. TUNEL
staining shows an increased reactivity of LXRβ−/− gallbladders at 4 mo (G) compared with WT (F). At 11 mo (H), the positive reactivity was detected in
only some stromal cells (arrows) but was almost completely absent in epithelial cells. (Scale bars: 50 μm in A and B; 100 μm in C–H.) Inset: Magnifications of
selected areas.
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prognosis (33, 42). TGF-β signaling is affected as well. Strong
TGF-β immunoreactivity is detected in human gallbladder tumors
independently of the histological type, as well as in premalignant
lesions (43). Specific polymorphism of TGF-β1 has been associ-
ated with an increased susceptibility to gallbladder cancers with-
out gallstones (44), and SMAD-4 mutations have been described
in biliary tract cancer (45). Interestingly, mice with orthotopic
transplantation of human gallbladder carcinoma cell line into the
gallbladder wall exhibit 300% higher plasma TGF-β than control
mice (43).
Accordingly, we measured serum TGF-β in our transgenic ani-

mals and found that LXRβ−/− female mice have significantly
higher levels of TGF-β compared with WT mice (Fig. 5). We may
therefore speculate that TGF-β hyperproduction and secretion by
LXRβ−/− premalignant epithelia may be responsible for an auto-
crine mechanism that results in a loss of E-cadherin and in a fur-
ther malignant transformation.
Female sex (19), use of contraceptive pills (46), and oral hor-

monal replacement therapy (25) are associated with high risk of
gallbladder cancer, indicating a strong role for estrogens in the
carcinogenesis process of this organ. Only female LXRβ−/− ani-
mals demonstrate preneoplastic lesions and the elimination of
estrogens with ovariectomy prevents the formation of these lesions
(Fig. 6). Interestingly, after ovariectomy, E-cadherin expression
returns to normal on membrane of epithelial cells (Fig. 6).
Our results indicate that LXRβ may act as an antiproliferative

agent capable to oppose the proliferative action of estrogens on
the gallbladder epithelium. In conclusion, the gallbladder pre-
neoplastic lesions in LXRβ mice are the effect of a complex in-
terplay between the absence of the antiproliferative and antiin-
flammatory action of LXRβ as well as the hyperactivation of
TGF-β signaling and estrogen action.

More studies are required to clarify this cross-talk, especially in
women, inwhomthecombinationofLXRagonist andantiestrogenic
drugs could be a promising treatment for gallbladder cancer.

Fig. 6. Normal gallbladder phenotype in ovariectomized LXRβ−/− mice. H&E
staining shows cholecystitis in LXRβ−/− sham-operated female mice (A). No
inflammatory alterations are seen in gallbladders from ovariectomized
LXRβ−/− mice (B). In sham LXRβ−/− mice, E-cadherin immunoreactivity is lost
from the membrane of gallbladder epithelial cells (C), whereas it is
expressed in ovariectomized LXRβ−/− mice (D). (Inset) Higher magnifications
of selected areas. pSMAD2 is highly expressed in the gallbladder of sham-
operated LXRβ−/− mice (E), whereas only few nuclei show pSMAD-2 ex-
pression in ovariectomized LXRβ−/− mice (F). (G) Statistical study of pSMAD-
2–positive cells shows a significantly decreased expression after ovariectomy.
Data represent mean ± SEM; **P < 0.01; LXRβ−/− ovariectomized, n = 10;
LXRβ−/− sham, n = 10. (Scale bar: 50 μm.)

Fig. 5. Loss of E-cadherin and increased TGF-β signaling in 11-mo-old LXRβ−/− mice. (A) E-cadherin–positive immunoreactivity is seen mainly on the mem-
brane of gallbladder epithelial cells in WT mice. The membrane positivity is lost in LXRβ−/− gallbladders (B and C), in which only a weak cytoplasmatic staining
is seen in few epithelial cells (arrows). (D) pSMAD-2 nuclear immunoreactivity is evident in nuclei of epithelial cells (arrow) of WT mice. A larger number of
positive cells is seen in the adenoma (E) of LXRβ−/− mice. (F) Statistical analysis of pSMAD-2–positive cells shows a significant increase in the KO animals. Data
represent the mean ± SEM; **P < 0.01. (G) SMAD-4 nuclear immunoreactivity is seen in nuclei of epithelial cells (arrows) of WT mice. A larger number of
positive cells is seen in the gallbladder of LXRβ−/− mice (H). (I) TGF-β levels in serum of 11-mo-old LXRβ−/− female mice are significantly increased compared
with WT. Data represent mean ± SEM; *P < 0.05; WT mice, n = 10; LXRβ−/−, n = 12. (Scale bar: 50 μm.)
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Materials and Methods
Animals. WT, LXRα−/−, LXRβ−/−, and LXRα−/−β−/− mice were generated as
previously described (47, 48). All mice were backcrossed to C57BL/6 mice for
at least 10 generations. Animals were housed on a 12-h light/dark cycle
under controlled temperature (20–22 °C) and humidity (50–65%) in the
Karolinska University Hospital Animal Facility (Huddinge, Sweden). Mice
were given free access to tap water and standard chow diet (RM3; Scanbur).

Experiments were approved by the local ethical committee for animal
experiments and the guidelines for the care and use of laboratory animals
were followed.

Ovariectomy. At 3 mo of age, 10 LXRβ−/− female mice were ovariectomized
and 10 mice were sham-operated as controls. Anesthesia was performed
with an i.p. injection of midazolam (0.1 mg/10 g of body weight), medeto-
midine hydrochloride (0.01 mg per 10 g body weight) and fentanyl (0.5 μg
per 10 g body weight). Mice were bilaterally ovariectomized through a sin-
gle dorsal midline incision across the lumbar region, making both ovaries
accessible. The ovary-attached fat pad was gently grasped to lift and exte-
riorize the ovary. Subsequently, the periovarian sac was peeled back over
the surface of the ovary, allowing removal of the whole ovary. Both ovaries
of the ovariectomized group mice were removed, whereas ovaries of the
sham-operated group were left in situ.

Tissues Processing. Mice were killed by CO2 asphyxiation. Blood was collected
by intracardiac puncture for serum collection. Gallbladders were dissected
and fixed overnight in 4% paraformaldehyde at 4 °C for immunohisto-
chemical studies.

Antibodies. Goat polyclonal IgG against LXRα and against LXRβ were pre-
pared in our laboratory as previously described (16, 30). The following
antibodies were used: rabbit polyclonal to PCNA (GTX22426; GeneTex) at
1:200 dilution; rabbit polyclonal anti–E-cadherin (H-108, sc-7870; Santa Cruz
Biotechnology) at 1:200; rabbit anti–pSMAD-2 (AB3849; Chemicon) at 1:100;
and rabbit monoclonal to SMAD-4 (Ab40759; Abcam) at 1:100. Secondary
antibodies—goat antirabbit (65-6140) and rabbit antigoat (81-1640)—were
purchased from Zymed and used at 1:200 dilutions.

Immunohistochemistry. Paraffin sections (4 μm thickness) were dewaxed in
xylene and rehydrated through graded ethanol. Antigens were retrieved by
boiling10mMcitrate buffer (pH 6.0) for 5min. Cooled sectionswere incubated
in 3% H2O2 in 50% methanol for 30 min at room temperature to quench en-

dogenous peroxidase, and then incubated in 0.5% Triton X-100 in PBS solution
for 10 min. Nonspecific binding was blocked with PBS solution containing 1%
BSA and 0.1% Nonidet P-40 for 1 h at 4 °C. Sections were then immunostained
with primary antibodies in PBS solution containing 1% BSA and 0.1% Nonidet
P-40 overnight at 4 °C. PBS solution containing 1%BSA and 0.1%Nonidet P-40
replaced the primary antibodies as negative control. After washing, sections
were incubated with the corresponding secondary antibodies at room tem-
perature for 1 h. The Vectastain ABC kit (Vector Laboratories) was used for
avidin–biotin complex method to visualize the signal, according to the man-
ufacturer’s instructions. After washing in PBS solution, sections were de-
veloped with 3,3′-diaminobenzidine tetrahydrochloride substrate (Dako) and
lightly counterstained with Mayer hematoxylin. Sections were then dehy-
drated through a graded ethanol series and xylene and mounted.

The histopathological analysis was performed by an experienced pa-
thologist blinded to the groups.

Proliferation Study and Evaluation of Cell Death. PCNA staining was specific
for the nuclei. Although the nuclear staining had different intensity, all
detectable staining was considered positive. Three random sections were
studied for each sample at a magnification 40× under an optical microscope
(BX-51; Olympus). One hundred and 500 cell nuclei were counted in each
section of WT and LXRβ−/− mice, respectively.

To identify cell death, TUNEL was performed using an in situ cell death de-
tection kit (Roche) according to the manufacturer’s instructions for paraffin-
embedded tissues.

Serum TGF-β Assay. Levels of TGF-β in serum were measured using the
Quantikine ELISA kit (MB100B; R&D Systems) according to the manu-
facturer’s instructions.

Statistical Analyses. Data were expressed as mean ± SE and the Student t test
was used to analyze individual differences. A value of P < 0.05 was consid-
ered to be statistically significant. Statistical analysis was performed with the
aid of SPSS statistical software (version 17.0 for Windows).
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