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Abstract LXRa could have the anti-proliferative effect on multiple cancer cells including breast cancer. However, the mechanisms of
LXRa regulating the breast cancer cells remain unclear. This study is to investigate the different expression of LXRa, NF-kB p65 and
cyclinD1 in the proliferation of human breast cancer cells. At first, LXRa, NF-kB p65 and cyclinD1 expression were detected by
immunohistochemical staining in human breast cancer and paired adjacent breast tissues (n=60). As a result, the three kinds of protein
were mainly expressed in cell nuclei. Among them, NF-kB p65 and cyclinD1 were higher expressed in breast cancer tissues than in
adjacent tissues while LXRa was lower expressed. Then, MTT assay was used to detect the proliferation of MCF-7 cells and Western
blot was used to examine the expression of the three kinds of protein. TO901317 (a kind of artificial agonists against LXRs especially
for LXRa) could increase LXRa expression, but decrease NF-kB p65 and cyclinD1 expression and suppress the proliferation of MCF-7
cells in a dose- and time-dependent manner (P < 0.05). Finally, the effects of LXRa SiRNA and pyrrolidinedithiocarbamic acid (PDTC,
an inhibitory of NF-kB) on TO901317 were observed respectively. LXRa SiRNA could significantly decrease the up-regulation of
LXRa expression and reverse the inhibited effect of TO901317 on cyclinD1 and NF-kB p65 expression and MCF-7 cell proliferation
(P < 0.05) while PDTC could strengthen the inhibition of cell proliferation and further down-regulate NF-«xB p65 and cyclinD1
expression induced by TO901317 (P < 0.05), but have little effect on LXRa. In a conclusion, the expression of LXRa, NF-kB p65 and
cyclinD1 plays an important role in the proliferation of human breast cancer cells, so as to provide a new method for the molecular
targeting treatment of breast cancer in the future.
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Breast cancer is one of the most common isoforms: LXRa (NR1H3) and LXRB (NR1H2). It has

malignancies in women, which contributes significantly
to cancer-related mortality. However, the molecular
mechanism of malignant proliferation of breast cancer
cells remains unclear ®. More and more pieces of
evidence have suggested signaling pathways mediated
by inflammatory cytokines are involved in the
evolution of the cancer ™. In addition, non-resolving
inflammation plays an important role in promoting the
occurrence and development of the tumor®. So it may
be a new way to cure breast cancer by blocking the
cancer-causing inflammatory genes.

Liver X receptors (LXRs), as one member of
orphan nuclear receptor superfamily, include two

been proved that LXRa was not only involved in the
regulation of cholesterol, fatty acid and glucose
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homeostasis®®, but also closely related to the immunity
and inflammation™®. Vigushin had found, in contrast
with normal breast tissues, LXRa MRNA expression
was absent in cancerous tissues by reverse
transcription-polymerase chain reaction (RT-PCR)
detection from the breast cancer tissues collected ™.
T0O901317 is a kind of artificial agonists against LXRs™.
According to the reports in recent years 1276
TO901317 could inhibit the proliferation of a variety
of tumor cells such as breast cancer, ovarian cancer,
prostate cancer, colon cancer and hepatocellular
carcinoma (HCC). What's more, some literature
pointed out in MCF7 cell line ™, TO901317 could
inhibit the cell proliferation and reduce the estrogen
level, suppress the expression of S-phase
kinase-associated protein 2 (Skp2), cyclinA2 and
cyclinD1, and the protein phosphorylation of retinal
blastoma (Rb), and promote p53 expression. At the
same time, it could also obviously promote the
expression of LXRa target genes like ATP-binding
cassette transporter A1 (ABCA1), ABCGL1 and sterol
regulatory element-binding protein-1c (SREBP-1c).
All above suggested that LXRo might be an
anti-oncogene and TO0901317 could have the
anti-proliferative effect especially for breast cancer.
However, the mechanism of TO901317 on how to
regulate LXRa signaling in breast cancer is not very
clear.

Nuclear factor-kappaB (NF-kB) p65, belonging
to the NF-xB family, is critical in inflammation,
proliferation and carcinogenesis . Some reports
showed ) that LXRa could inhibit the expression of
NF-kB p65 in murine macrophage. Fu Y, et al
reported ™, in LPS-induced mastitis mouse model,
TO901317 inhibited the phosphorylation of IkB-« and
NF-kB p65, and had protective effect on mastitis. The
anti-inflammatory mechanism of TO901317 on LPS
inducing mastitis in mice may be due to its ability to
inhibit NF-kB signaling pathway. The further analysis
found that there were the binding sites of NF-xB p65
in the sequence of human LXRa. What's more, NF-xB
p65 could regulate the cell proliferation through
directly activating the transcription of cyclinD1 ™, If
the activated LXRa could inhibit the activity of NF-xB
in breast cancer cells, the mechanism of TO901317
inhibiting the proliferation of MCF7 cells could be
explained reasonably ™. Therefore, this article is to
elucidate the role of LXRa, NF-«B p65 and cyclinD1
on human breast cancer cells.

1 Materials and methods

1.1 Cases

60 cases of breast cancer paraffin specimens and
paired normal adjacent breast cancer tissues were
collected from Department of Pathology of Hunan
Cancer Hospital in China. No patients were ever
received radiotherapy or chemotherapy before surgery.
1.2 Cells and reagents

Human breast cancer MCF-7 cells were
purchased from the cell bank of Shanghai Institutes for
Biological Sciences of Chinese Academy of Sciences
(Shanghai, China). Cells were cultured in Dulbecco's
minimum essential medium (DMEM, high-glucose)
(Hyclone, Logan, USA) supplemented with 10% calf
serum (PAA, Ontario, Canada) at 37°C with 5% CO,.
The agonist of LXRs named TO901317 was purchased
from Cayman Company (USA) and the inhibitor of
NF-xkB named PDTC was purchased from Sigma
Company (USA). Rabbit monoclonal antibody against
LXRa was purchased from Epitomics (America).
Anti-NF-kB p65 antibody was purchased from Protein
Tech Company (USA), anti-cyclinD1 antibody was
bought from Santa Cruz Biotechnology, Inc. (America)
and anti-beta actin antibody was bought from Sigma
Company (America). Goat anti-rabbit 1gG-Horseradish
Peroxidase (HRP) and goat anti-mouse 1gG-HRP were
obtained from Boster (Wuhan, China). BCA protein
assay and other reagents were from Kangweli
Biotechnology (Beijing, China).
1.3 Immunohistochemical staining

Tissues were embedded in paraffin, then
incubated with methanol/H,O, after washing with
absolute ethyl alcohol, and washed with PBS and
blocked with BSA for 20 min. Each slide was
incubated with the primary antibody against LXRa
(1 : 200), NF-kB p65(1 - 500) and cyclin D1(1 : 200)
for 2 h at 37 °C . After being washed with PBS, the
sections were stained with the secondary antibody for
1 h. Next, the slides were stained with DAB and
examined by the microscope. The results of staining
were scored as none (-), weak (+), moderate (++), and
strong (+++).
1.4 MTT assay

The proliferation rate of the cells was determined
using a cell proliferation kit (MTT, Beyotime, Haimen,
China) according to the manufacturer's instructions.
Briefly, MCF-7 cells (5 x10%) were seeded into a
96-well plate with the culture medium per well. After
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the cells were treated with different concentration (0,
5, 10 and 20 pmol/L) of TO901317 for different time
(0, 6, 12, 24 and 48 h), 20 pl MTT was added and
cells were incubated for another 4 h. Then, the
media was removed and dimethyl sulfoxide (DMSO)
was added. Afterwards, absorbance at 492 nm was
determined.
1.5 Western blot analysis

All groups of protein were quantified using the
BCA protein assay (Hyclone Pierce Company) and
separated by SDS-PAGE. After electrophoresis for 2 h
at 100V, the protein was electrically transferred to
polyvinylidene fluoride (PVDF) membrane. Then, the
membranes were blocked and incubated with antibodies
against LXRa (1 : 500), NF-xB p65 (1 : 1 000),
cyclinD1 (1 : 500) or B-actin (1 : 1 000) at 4C
overnight. Thereafter, the membranes were washed
three times with TBST (20 mmol/L Tris base pH 7.6,
150 mmol/L NaCl, 0.1% Tween-20), incubated with
the secondary antibody for 50 min at room temperature,
and washed three times with TBST again. The protein
was visualized using a chemiluminescence method
(ECL Plus Western Blotting Detection System;
Amersham Biosciences, Foster City, CA).
1.6 Small
transfected

Small-interference RNA (siRNA) duplexes for
LXRa were designed and produced by Shanghai
GenePharma Co. Ltd. The sequences for LXRa SIRNA
were 5 GGAUGCUAAUGAAACUGGULtt 3’ and
5" ACCAGUUUCAUUAGCAUCCqgt 3'. Cells were

interfering RNA designed and

(@ o, o = g A7

transfected by using Lipofectamine™ 2000 (Invitrogen,
USA) according to the manufacturer's protocol.
1.7 Statistical analysis

Statistics were calculated with the SPSS 13.0
software package. The chi-square test was applied for
enumeration data. Analysis of variance (ANOVA) was
applied for comparison of the means of two or multiple
groups of measurements, and the Student-Newman-
Keuls (SNK) test was used for further group
comparison. For all of the analyses, P < 0.05 was
considered statistically significant.

2 Results

2.1 Different expression of LXR«a, NF-kB p65
and cyclinD1 in the cells of human breast cancer
tissues

To identify whether there are differences of
LXRa, NF-kB p65 and cyclinD1 protein expression
between normal breast tissues and breast cancer
tissues, firstly, LXRa, NF-kB p65 and cyclinD1
expression were detected by immunohistochemical
staining in breast cancer tissues and the matching
adjacent breast tissue samples from 60 patients. As a
result, the three kinds of protein were mainly
expressed in the cell nuclei of human breast cancer and
adjacent breast tissues. Among them, LXRo both
expressed in nuclei and cytoplasm of breast cancer
tissues, but it was lower in nuclei contrasted with the
adjacent breast tissues while NF-xB p65 and cyclinD1
protein were higher expressed in breast cancer tissues
(Figure 1).
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Fig. 1 LXRa, NF-kB p65 and cyclinD1 in the tissues of human breast cancer

by immunohistochemical (IHC) detection (original magnification x400)
LXRa, NF-kB p65 and cyclinD1 were mainly expressed in the nuclei of human breast cancer and adjacent breast cells. The expression of NF-kB p65
and cyclinD1 were significantly higher while LXRa expression was lower in the breast cancer cells than in the adjacent breast cells. A: Immunostaining
for LXRa. B: Immunostaining for NF-kB p65. C: Immunostaining for cyclinD1. (a) Adjacent human breast tissues. (b) Human breast cancer tissues.
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As seen in Table 1, in 60 breast cancer cases, 50
cases were equal to or above moderate in cyclinD1
protein expression and 49 cases were equal to or above
moderate in NF-xB p65 protein expression, which was
consisted with the reports 2%, However, LXRa
expression was none (33.33%) or weak (60.00%) in

nuclei of cancer tissues. In general, it was wholly tend
to higher in the 60 adjacent tissues. However, it could
not be found closely connected from patients such as
ER, Her2, or PR positive or negative in the samples
with LXRa, NF-kB p65 and cyclinD1 expression (not
shown in the article).

Table 1 LXRe, NF-kB p65 and cyclinD1 expression in human breast cancer tissues

Group LXRa NF-kB p65 cyclinD1
N Percent/% N Percent/% N Percent/%

Cancer tissues

Strong (+++) 0/60 0.00 33/60 55.00 35/60 58.33

Moderate (++) 4/60 6.67 16/60 26.67 15/60 25.00

Weak (+) 36/60 60.00 11/60 18.33 8/60 13.33

None (-) 20/60 33.33 0/60 0.00 2/60 3.33
Adjacent tissues

Strong (+++) 11/60 18.33 0/60 0.00 0/60 0.00

Moderate (++) 21/60 35.00 6/60 10.00 3/60 5.00

Weak (+) 27/60 45.00 49/60 81.67 36/60 60.00

None (-) 1/60 1.67 5/60 8.33 21/60 35.00

2.2 Effect of TO901317 on LXRa, NF-kB p65
and cyclinD1 expression in MCF-7 cells

Western blot analysis was used to examine the
expression of LXRa, NF-kB p65 and cyclinD1 in
MCF-7 cells. As shown in Figure 2a, with the
increasing concentration of TO901317 treated, LXRa
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expression was gradually increased, but cyclinD1 and
NF-kB p65 expression were down-regulated at the
same time. Figure 2b showed, with the cells treated
with TO901317 for prolonging time, LXRa expression
was up-regulated while cyclinD1 and NF-«xB p65 were

decreased.
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Fig. 2 Effect of TO901317 on LXRa, NF-kB p65 and cyclinD1 expression in MCF-7 cells
TO901317 up-regulated LXRa expression, but down-regulated cyclinD1 and NF-«xB p65 expression in a dose- and time-dependent manner. *, #, A: P <
0.05, »s control; n=3. (a) Cells treated with 5 pmol/L, 10 wmol/L and 20 wmol/L TO901317 for 24 h. (b) Cells treated with 10 wmol/L TO901317 for 6,
12, 24 and 48 h. Left: LXRa, NF-kB p65 and cyclinD1 expression detected by Western blot. Right: Statistical analysis. [1: LXRq; [: NF-xB p65; H:

cyclinD1.
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23 TO0901317
MCF-7 cells
MTT was used to investigate the effect of
TO901317 on the proliferation of MCF-7 cells. As
Figure 3 showed, A ., indicated the proliferative ability
of the cells. TO901317 treated for 24 h inhibited the
proliferation of MCF-7 cells in a dose-dependent
manner (Figure 3a). The time course of cell
proliferation was shown in Figure 3b. After treated
with 10 wmol/L TO901317, the cell proliferation was

inhibited the proliferation of
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decreased in a time-dependent manner. Because
TO901317 was dissolved in the dimethylsulfoxide
(DMSO) solution, DMSO was set as the vehicle in the
experiment. The results showed, DMSO had little
effect on the cell proliferation and TO901317 reduced
the proliferation of MCF-7 cells in a dose- and
time-dependent manner. According to statistics,
10 pmol/L TO901317 for 24 h was chosen in the
following study.
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Fig. 3 Effect of TO901317 on the proliferation of MCF-7 cells detected by MTT assay
TO901317 inhibited the cell proliferation in the dose- and time-dependent manner compared with the control group. *P < 0.05, vs the group of
0 wmol/L TO901317 or TO901317 treated for O h. n=3. (a) Cells treated with different concentration of TO901317. (b) Cells treated with TO901317 for

different time. C1: DMSO; O : TO901317.

2.4 Effect of LXRa siRNA on LXR«, NF-«kB
p65 and cyclinD1 expression and the proliferation
of MCF-7 cells

After MCF-7 cells were transfected with LXRa

Control Negative sSiRNA LXRq SiRNA
LXRa <
p-Actin CHENED GEEED N 43 ku
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siRNA for 72 h, we collected the cells and the
expression of LXRa was significantly down-regulated
compared to the control group and the negative siRNA
control (Figure 4).
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Fig. 4 The expression of LXRa after knocking down the expression of LXRa by siRNA
*P<0.05, s control; n=3.

LXRa SiRNA could significantly decrease the
up-regulation of LXRa expression induced by
TO901317. In addition, LXRoa SiRNA could

significantly reverse the inhibition effect of TO901317
on the expression of cyclinD1 and NF-kB p65 in
MCF-7 cells (Figure 5).
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Fig. 5 The effect of LXRa siRNA on LXRa, NF-kB p65 and cyclinD1 expression in MCF-7 cells by Western blot detection
Pretreatment with siRNA for LXRa could significantly reverse the effect of TO901317 on LXRa, NF-kB p65 and cyclinD1 protein expression in
MCF-7 cells. *(LXRa), #(NF-kB p65), A(CyclinD1): P < 0.05, n=3.(1: Control; 2: TO901317; 3: LXRa SiRNA; 4 LXRa SIRNA+T0901317). [:

LXRa; O : NF-xB p65; B : CyclinD1.

At the same time, we further tested the effect of
TO901317 on the cell proliferation. As mentioned
above, TO901317 could inhibit the proliferation of
MCF-7 cells while LXRa siRNA could significantly
reverse the anti-proliferative effect of TO901317 in
MCF-7 cells (Figure 6).

2.5 Effect of PDTC inhibiting NF-kB on LXRe,
NF-kB p65 and cyclinD1 expression and the
proliferation of MCF-7 cells

To investigate the role of NF-xB p65 on the
proliferation of MCF-7 cells and LXRoa, NF-kB p65
and cyclinD1 expression, the cells were treated with
100 pwmol/L PDTC, a kind of inhibitors of NF-«B, for
0.5 h followed by T0901317 treatment for 24 h.
According to the results (Figure 7), TO901317 or
PDTC could both down-regulate the expression of
NF-kB p65 and cyclinD1 in MCF-7 cells.
Furthermore, the group of PDTC and TO901317
treated together could promote the suppressed effect of
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PDTC or TO901317. However, there was no
significant effect on the expression of LXRa, which
suggested LXRa might be at the upstream of NF-xB
p65 signaling.
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Fig. 6 Effect of LXRa siRNA on the proliferation

of MCF-7 cells detected by MTT
TO901317-treated group showed the cell proliferation was decreased
obviously compared with the control group, while LXRa SiRNA could
significantly reverse the effect of TO901317 inhibiting the cell
proliferation. *: P < 0.05, n=3. I: Control; 2: TO901317; 3: LXR«a
SiRNA; 4: LXRa SiRNA +T0901317. [1: DMSO; [@: Experimental
group.
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Fig. 7 Effect of PDTC on LXRa, NF-kB p65 and cyclinD1 expression in MCF-7 cells by Western blot detection
The combined treatment of PDTC with TO901317 could promote the effect of PDTC or TO901317 treated alone on LXRa, NF-kB p65 and cyclinD1
expression in MCF-7 cells. *(LXRa), #(NF-kB p65), A(CyclinD1): P < 0.05, n=3. (1: Control; 2: TO901317; 3: PDTC; 4: PDTC + T0901317). O:

LXRq; @ : NF-xB p65; M : CyclinD1.
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The MTT result showed that TO901317 or PDTC
treated alone could both inhibit the proliferation of
MCF-7 cells while the group of PDTC and TO901317
treated together could significantly promote the
suppressed effect of PDTC or TO901317 (Figure 8).
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Fig. 8 Effect of PDTC on the proliferation
of MCF-7 cells by MTT assay
The combined treatment of PDTC with TO901317 could promote the
effect of PDTC or TO901317 treated alone in MCF-7 cells. *: p < 0.05,
n=3. 1: Control; 2: TO901317; 3: PDTC; 4: TO901317 +PDTC. I:
DMSO; O: Experimental group.

3 Discussion

In recent years 1279 activated LXRa has been
reported to inhibit the proliferation of cancer cells
including breast cancer. Further studies have found
that LXRa MRNA expression decreased in breast
cancer tissues from the detection of RT-PCR®., In our
research, LXRa expression was lower in the cellular
nuclei of breast cancer comparing to its adjacent breast
tissues of every patient examined by IHC detection
(Figure 1). TO901317 is a kind of artificial agonists of
LXRs especially for LXRa. In our preliminary
experiment, no matter in breast cancer or in matched
adjacent breast tissues LXRB was negative expression.
It suggested the major regulation effect of LXRs in
breast cancer is LXRa but not LXRB. Moreover, the
results of LXRa SiRNA also proved that the effect of
TO901317 on breast cancer cells was mainly through
LXRa (Figure 4). So, in this study, we only detected
the effect of TO901317 on LXRa expression. Our data
demonstrated that with the increasing concentration of
TO901317 for prolonging time, the expression of
LXRa was gradually increased (Figure 2). What’s
more, TO901317 inhibited the proliferation of MCF-7
cells in a dose- and time-dependent manner according
to the results of MTT (Figure 3). All above made it

stronger to believe LXRa could be a new target to
regulate the proliferation of breast cancer cells.

Cell proliferation is a complex and orderly
process under the regulating of cell cycle network that
strictly controlled through various factors like cell
cycle protein (cyclin), cell cycle protein depending
protein kinase (CDK) and cell cycle protein inhibiting
protein (CDI). The start of phase G1 is the key step in
the cell cycle regulated by the G1/S checkpoint.
Among them, cyclinD1 is a kind of proto-oncogene,
which can play an important role in regulating cell
proliferation via regulating the cell transition from
phase G1 to S and promoting the cell cycle®. Wairagu
PM, et ol ™ found that the combined treatment of
EGFR inhibitor gefitinio with TO901317 showed
additive growth inhibition in both H2073 and H1993
lung cancer cells. Mechanistically, the combined
treatment suppressed cell cycle progression by
inhibiting cyclinD1 and cyclinB expression. In the
report mentioned above, LXRa could inhibit the
protein expression of Skp2, cyclinA2 and cyclinD1 in
MCF-7 cells ™. Recent studies demonstrated that,
cyclinD1 was over-expressed in breast cancer tissues
and was closely associated with the prognosis of breast
cancer, So, cyclinD1 might be regarded as a kind of
oncogene-encoded protein in breast cancer cells™!. In
the IHC detection, cyclinD1 expression was identified
to be significantly higher in the nuclei of human breast
cancer cells than in the adjacent breast cells (Figure 1).
Then, TO901317 was found to be able to inhibit the
proliferation of MCF-7 cells and reduce cyclinD1
expression significantly in a dose-dependent and
time-dependent manner (Figure 2 and 3). Our results
also showed, LXRa siRNA transfected into MCF-7
cells could significantly reverse the inhibited effect of
TO901317 on cyclinD1 as well as the anti-proliferative
effect (Figure 4 and 5), which confirmed TO901317
could down-regulate cyclinD1 expression by
regulating LXRa. These findings were consistent with
other laboratory's reports & 21, Recent researches
reported that cyclinD1 might be one of ER«a
downstream target genes and TO0901317 could
down-regulate cyclinD1 expression through inhibiting
ERa in MCF-7 cells. Further study showed TO901317
inhibited the proliferation of many kinds of breast
cancer cells not only in ER-positive MCF-7 and T47D
cells but also in ER-negative SK-BR3 and
MDA-MB-231 cells . The above suggested there
were other target genes of LXRa that regulated
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cyclinD1 in MCF-7 cells except ERa mechanism.

NF-kB p65 is one of the transcriptional factors,
which is important in promoting cell growth??1, Some
literatures emphasized, NF-xB p65 could also affect
the protein expression of cyclinD1, cyclinA, CDK2
and p27 and the phosphorylation process of Rb
protein®, Others revealed that abnormal activation of
NF-«kB pathway might be involved in the development
process of malignant tumors®., In addition, NF-xB p65
expressed highly in breast cancer #. Expectantly,
NF-kB p65 expression was also identified to have the
same trend by the IHC detection (Figure 1).

It has been reported ™, LXRq could inhibit the
expression of NF-kB p65 in murine macrophage. In
LPS-induced mastitis mouse model TO901317
inhibited the phosphorylation of IkB-a and NF-«B
p65 @, Through bioinformatics methods, there were
the binding sites of NF-kB p65 in the sequence of
human LXRa. Furthermore, NF-kB p65 expression
in MCF-7 breast cancer cells was inhibited by
TO901317 in a time- and dose-dependent manner in
our research (Figure 2). With treatment of TO901317
and PDTC, the inhibitor of NF-kB, the inhibition
effect of TO901317 on the proliferation and expression
of NF-kB p65 and cyclinD1 would be promoted
(Figure 6 and 7). PDTC could inhibit the NF-«B
subunit p65 expression so as to reduce the nuclear
translocation of NF-xB B, It was also confirmed that
PDTC could inhibit the tumor growth, which could
work through the ethyl acetate extract at the roots of
NF-«kB inhibitor PDTC B1. Maybe this is why the
combined treatment presents the additive effects.
However, PDTC mechanism is not yet clear. Further
experiments of NF-kB p65 siRNA need to be done to
clarify this problem. Interestingly, there was no
significant effect on the expression of LXRa. It
suggested LXRa was the upstream involved in NF-xB
signaling pathway and NF-kB p65 as the downstream.

Thus, LXRa, NF-kB p65 and cyclinD1 would be
very important in the occurrence and development of
human breast cancer. The following experiments on
animals will be done to further prove the mentioned
above, which will provide a new direction on the
targeted molecular therapy for the breast cancer in the
future.

References

[1] Vanden Heuvel J P, Belda B J, Hannon D B, et al. Mechanistic
examination of walnuts in prevention of breast cancer. Nutr Cancer,

2012, 64(7): 1078-1086

[2] Chung M H, Kim D H, Na H K, et al. Genistein inhibits phorbol
ester-induced NF-kappaB transcriptional activity and COX-2
expression by blocking the phosphorylation of p65/Rel in human
mammary epithelial cells. Mutat Res, 2014, 768: 74-83

[3] Katanov C, Lerrer S, Liubomirski Y, et «l. Regulation of the
inflammatory profile of stromal cells in human breast cancer:
prominent roles for TNF-o and the NF-kB pathway. Stem Cell Res
Ther, 2015, 6(1): 87

[4] Peet D J, Turley S D, Ma W, e: al. Cholesterol and bile acid
metabolism are impaired in mice lacking the nuclear oxysterol
receptor LXR alpha. Cell, 1998, 93(5): 693-704

[5] Reyes-Quiroz M E, Alba G, Saenz J, et al. Oleic acid modulates
mRNA expression of liver X receptor (LXR) and its target genes
ABCA1 and SREBP1c in human neutrophils. Eur J Nutr, 2014,
53(8): 1707-1717

[6] RepaldJ, Turley S D, Lobaccaro J A, et al. Regulation of absorption
and ABC1l-mediated efflux of cholesterol by RXR heterodimers.
Science, 2000, 289(5484): 1524-1529

[7]1 Venteclef N, Ferre P. Liver X receptor: from metabolism to cancer.
Biochem J, 2014, 459(2): e1-3

[8] Lin C Y, Gustafsson J. Targeting liver X receptors in cancer
therapeutics. Nat Rev Cancer, 2015, 15(4): 216-224

[9] Chuu C P, Kokontis J M, Hiipakka R A, et al. Modulation of liver
X receptor signaling as novel therapy for prostate cancer. J Biomed
Sci, 2007, 14(5): 543-553

[10] Vigushin D M, Dong Y, Inman L, et al. The nuclear oxysterol
receptor LXRalpha is expressed in the normal human breast and in
breast cancer. Med Oncol, 2004, 21(2): 123-131.

[11] Kim K H, Lee G Y, Kim J |, et al. Inhibitory effect of LXR
activation on cell proliferation and cell cycle progression through
lipogenic activity. J Lipid Res, 2010, 51(12): 3425-3433

[12] Dufour J, Viennois E, De Boussac H, e: al. Oxysterol receptors,
AKT and prostate cancer. Curr Opin Pharmacol, 2012, 12(6): 724—
728

[13] De Boussac H, Pommier A J, Dufour J, et al. Prostate cancer and
cholesterol: the Good, the Bad and the Ugly. Am J Cancer Res,
2013, 3(1): 58-69

[14] Rough J J, Monroy M A, Yerrum S, et al. Anti-proliferative effect
of LXR agonist T0901317 in ovarian carcinoma cells. J Ovarian
Res, 2010, 3: 13

[15] Lobaccaro J M, Gallot D, Lumbroso S, et al. Liver X Receptors and
female reproduction: when cholesterol meets fertility!. Endocrinol
Invest, 2013, 36(1): 55-60

[16] Marathe C, Bradley M N, Hong C, et al. The arginase I gene is an
anti-inflammatory target of liver X receptor in macrophages. Biol
Chem, 2006, 281(43): 32197-32206

[17] Chuu C P, Lin H P. Antiproliferative effect of LXR agonists
T0901317 and 22(R) hydroxycholesterol on multiple human cancer
cell lines. Aticancer Res, 2010, 30(9): 3643-3648

[18] Kadioglu O, Nass J, Saeed M E, et al. Kaempferol is an
anti-inflammatory compound with activity towards NF-xB pathway



«234e EESEYIEER

Prog. Biochem. Biophys. 2016; 43 (3)

proteins. Anticancer Res, 2015, 35(5): 2645-2650

[19] Nguyen-Vu T, Vedin L L, Liu K, et al. Liver x receptor ligands
disrupt breast cancer cell proliferation through an E2F-mediated
mechanism. Breast Cancer Res, 2013, 15(3): R51

[20] Fu Y, Tian Y, Wei Z, ¢t al. Liver X receptor agonist prevents
LPS-induced mastitis in mice. Int Immunopharmacol, 2014, 22(2):
379-383

[21] Klein E A, Assoian R K. Transcriptional regulation of the cyclinD1
gene at a glance. Cell Sci, 2008, 121(23): 3853-3857

[22] Rudas M, Lehnert M, Huynh A, et al. CyclinD1 expression in breast
cancer patients receiving adjuvant tamoxifen-based therapy. Clin
Cancer Res, 2008, 14(6): 1767-1774

[23] Yu P, Liu Q, Liu K, ez al. Matrine suppresses breast cancer cell
proliferation and invasion via VEGF-Akt-NF-kappaB signaling.
Cytotechnology, 2009, 59(3): 219-229

[24] Wairagu P M, Park K H, Kim J, et al. Combined therapeutic
potential of nuclear receptors with receptor tyrosine kinase
inhibitors in lung cancer. Biochem Biophys Res Commun, 2014,
447(3): 490-495

[25] Liu L C, Su C H, Wang H C, et al. Contribution of personalized
cyclin D1 genotype to triple negative breast cancer risk.

Biomedicine (Taipei), 2014, 4(1): 3

[26] Guttridge D C, Albanese C, Reuther J Y, et al. NF-kappaB controls
cell growth and differentiation through transcriptional regulation of
cyclinD1. Mol Cell Biol, 1999, 19(8): 5785-5799

[27] Chung J S, Lee S, Yoo Y D. Constitutive NF-«B activation and
tumor-growth promotion by Romol-mediated reactive oxygen
species production. Biochem Biophys Res Commun, 2014, 450(4):
1656-1661

[28] Song X, Zhang G, Sun A, et al. Scorpion venom component Il
inhibits cell proliferation by modulating NF-kappaB activation in
human leukemia cells. Exp Ther Med, 2012, 4(1): 146-150

[29] Majdalawieh A, Ro H S. PPARy1 and LXRa face a new regulator
of macrophage cholesterol homeostasis and inflammatory
responsiveness, AEBP1. Nucl Recept Signal, 2010, 8: e004

[30] Nuutinen U, Simelius N, Ropponen A, et al. PDTC enables type [
TRAIL signaling in type II follicular lymphoma cells. Leuk Res,
2009, 33(6): 829-836

[31] Ji G Q, Chen R Q, Zheng J X. Macrophage activation by
polysaccharides from Atractylodes macrocephala Koidz through the
nuclear factor-xB pathway. Pharm Biol, 2015, 53(4): 512-517



2016; 43 (3) W, & EAFLBREMHEIETED LXRa. NF-kB p65 #1 CyclinD1 #1ZE J3%iE «235.

7E AN BRFEZMAEIESE R LXRa. NF-kB p65
#A cyclinD1 R E FFRIX -

}‘é_} /\j]] 1), ko ‘Ua&ﬂi 1) #* ? \/‘% 1) é—_‘\ _\_{L 1 Téﬁ}q b}
HPUR Y BREFY OB OEY BAER Y
(O PRSI, HTFH 421001, 2 MtE KRS — M BEE R, f#FH 421001)

FEE  LXRo AT LAFIE A 455 LR 6 P9 1K) 22 b R 400 P rr 9 0, i s B s P 000 AR ML AR AN B 1. BRI AR SR T
LXRa~ NF-kB p65 1 cyclinD1 =3 ¢F A LR 40 f 384 58 p 1) 22 0k . 1 50 R S B 4L A I 1 FL R S 55 4 43
LXRa, NF-xB p65 FlcyclinD1 [k, ZREH, IMEOFERETAMZ, A NF-«B p65 Fl cyclinD1 {412 )&
KW S TS, M LXRa WTERA L RIS BEREMK. H MTT F1 Western blot £7#ll TO901317 X FL 1 40 fu s 5 A 3
R A RIARIEW, SRER, FEFE TO901317 ¥ E RN ‘GHJ |Eﬂﬁﬁuz, S A B 1 P A I R, L R B
L LXRa 9335, I T NF-xB p65 il cyclinD1 13K 1. S RNA FHE AR T LXRa 1L, DL H
NF-kB #1717 PDTC W %< TO901317 iR fE FH I MAs, KL LXRa SIRNA 3% AL TO901317 X 3 Fft s 11 232 I 5% Wi F % 4
JE0 348 58 (% 40 ) 4E . i PDTC JU0bn 5% TO901317 [ ik AE sk R, BR T LT AW LXRa M RIL SN, 25 LTiE,
LXRa/NF-kB p65/cyclinD1 £ F| s 4 M s 58 -p AT EEEH, 178 Tk — DUl LXRa B SIS 8 2, B4 R
AR 140 431 8 1) VR I SR AL 1) S e

KR BT X 24K o, HIRT -xB p65, HWIEE D1, 40Uy, TO901317
FRHES RT3, Q7 DOI: 10.16476/j.pibb.2015.0278

* [ [ RRI4IE4:(81541163), WIRTE ARSI 42(2015033101),  “WATE A 70 T ks Br 20 7 R F Hh o007 85 & 00 H (2014-405) F1i R
BT AR H R .

* QLR — R

o T HIBER .

¥REl. Tel: 0734-8282914, E-mail: tujian0734@aliyun.com

J&&ERI. Tel: 0734-8578508, E-mail: zhouzhigang0734@sina.com

ek F1399: 2015-12-18, 232 FI#1: 2016-02-02



