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Background: Liver receptor homolog 1 (LRH1) plays a vital role in several human
cancers, but its role in ovarian cancer (OC) remains unclear. We aimed to explore the
functions of LRH1 and its clinical relevance.

Methods: LRH1 expression was evaluated by immunohistochemistry and reverse
transcription quantitative polymerase chain reaction (RT-gPCR). The effects of LRH1 on
tumor cell proliferation, migration and epithelial-mesenchymal transition (EMT) were
evaluated in vitro. Furthermore, bioinformatics analysis was applied to predict the
functions of LRH1.

Results: RT-gPCR showed that LRH1 mRNA expression was higher in the invasive
lesions (P < 0.05). LRH1 overexpression was extremely related with elevated International
Federation of Gynecology and Obstetrics (FIGO) stage (P = 0.001), lymph node
metastasis (P = 0.011), peritoneal metastasis (P = 0.001), and platinum resistance (P =
0.037). Furthermore, LRH1 expression was an independent prognostic index for disease-
free survival in patients with OC (P = 0.041). LRH1 overexpression (P = 0.011), FIGO stage
(P < 0.001), and ascites (P = 0.015) independently affected peritoneal metastasis in
patients with OC. LRH1 knockdown significantly inhibited the proliferation, migration, and
EMT of human OC cells (P < 0.05); however, it reversed cisplatin resistance.
Bioinformatics analysis indicated that the functions of LRH1 were associated with the
PRC1 complex, nuclear ubiquitin ligase complex, and Polycomb-group (PcG) proteins.

Conclusions: This study provides evidence of the predictive value of LRH1 on peritoneal
metastasis and poor outcome and highlights the potential role of LRH1 as a biomarker for
the targeted therapy of OC. Furthermore, LRH1 promotes OC cell proliferation, migration,
and EMT in vitro, and its functions may be associated with PRC1 complex, nuclear
ubiquitin ligase complex, and PcG proteins.
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BACKGROUND

Ovarian cancer (OC) is the most lethal gynecologic malignancy
among women. An estimate of 21,750 new cases of OC will be
diagnosed, and 13,940 women will die of OC in the United States
in 2020 according to the American Cancer Society (1). The
standard treatment for advanced OC is primary cytoreductive
surgery followed by adjuvant chemotherapy using a platinum
analog plus paclitaxel (2-4). Poly ADP ribose polymerase
inhibitors (PARPs) used in the management of epithelial
ovarian cancer (EOC) have renewed the hope of patients with
EOC. Unfortunately, the clinical effects of PARPi therapy in
patients with OC are less favorable because of PARPI resistance
(5-8). The prognosis for the advanced stage of OC remains poor
even though a novel technology has been applied for the
diagnosis and treatment of OC (9). We have gained insight
into OC in recent years, although advancing knowledge has been
previously hindered by substantial disease heterogeneity and
uncertainties as to the origin of tumor tissues. Therefore, the
identification of an ideal biological factor that predicts the
malignant biological behavior and prognosis of OC will
be helpful.

Liver receptor homolog 1 (LRH1), also known as nuclear
receptor subfamily 5 group A member 2 NR5A2, participates in
various biological processes, such as liver and pancreas
differentiation, steroidogenesis in childhood, cholesterol/bile acid
homeostasis, and tumor progression (10, 11). Previous studies
validated that the overexpression of LRH1 may induce the
resistance of breast cancer to chemotherapy (12, 13), the
metastasis of pancreas cancer (14), the poor prognosis of colon
cancer (15) and non-small cell lung cancer (16), and the
proliferation of hepatoblastoma (17). However, LRH1 expression
has not yet been reported in patients with OC.

Thus, we aimed to explore the status of LRHI protein
expression in OC and its clinical relevance. The functions of
LRH1 were predicted using bioinformatics analysis.

MATERIALS AND METHODS

Human Tissue Samples and Clinical Data

OC tumor tissue samples were obtained from Harbin Medical
University Cancer Hospital between January 2009 and December
2011 from 133 patients with OC who underwent cytoreductive
surgery without any prior treatment for cancer, such as
chemotherapy or radiation. The International Federation of
Gynecology and Obstetrics (FIGO) staging system was applied
to assess tumor stage (18). Histological grades were based on the
World Health Organization’s Histological Grading System for

Abbreviations: LRH], liver receptor homolog 1; OC, ovarian cancer; RT, reverse
transcription; FIGO, the International Federation of Gynecology and Obstetrics;
PBS, phosphate-buffered saline; IHC, Immunohistochemical; STR, short tandem
repeat; SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis;
PVDF, polyvinylidene difluoride; OS, Overall survival; DFS, disease-free survival;
EMT, epithelial-mesenchymal transition; PRC1 complex, polycomb repressive
complex 1; UTR, untranslated region.

tumors (19). Furthermore, the subjects underwent lymph
node dissection to assess lymph node status. Twenty-five
patients with normal ovaries who underwent hysterectomy
with oophorectomy in our hospital for benign uterine disease
during the same period were also included.

Approval from the Medical Ethics Committee of Harbin
Medical University Cancer Hospital was obtained for the
purpose of research. The 133 patients with OC were followed
up for survival analyses until death or until the study closing date
(January 2018).

Immunohistochemical Staining

and Evaluation

133 tissue blocks of OC and 25 of normal ovary tissues were cut
by a microtome into 4-pm sections and affixed onto the slide.
After dewaxing in xylene and rehydrating through graded
alcohol concentrations, the sections were incubated with
0.3% hydrogen peroxide for 10 min at room temperature to
block endogenous peroxidase, and then the sections were
incubated with anti-LRH1 antibody (1:100, Abcam, ab223211)
overnight at 4°C. After washing in phosphate-buffered saline
(PBS), all sections were incubated with secondary antibodies
(R&D Systems, NL004) at room temperature for 20 min and
then treated with 3,3’-diaminobenzidine tetrahydrochloride
(Dako, Hamburg, Germany), followed by counterstaining
with hematoxylin.

Protein expression level of LRH1 was scored by evaluating the
percentage of the positive staining areas of tumor cells together
with intensity of staining. The former was scored as follows (20):
0, < 0%; 1, 1-10%; 2, 11-50%; 3, 51-70% and 4, 270%. The latter
was scored as follows: 0, negative staining; 1, weak staining; 2,
moderate staining; and 3, intense staining. The final expression
level of LRH1 was semi-quantitatively evaluated according to the
sum of the scores for the percentage of positively stained tumor
cells and intensity scores (0-7) in which the final staining scores
of 0-3 and 4-7 were considered to be low and high
expression, respectively.

The IHC staining on each slide was scored twice independently
by two pathologists who were sophisticated in evaluating IHC and
blinded to the clinicopathological information.

Cell Culture

The human OC cell lines A2780CP, SKOV3 and OVCAR3
(ATCC) were employed. Both the cell lines have been
approved by short tandem repeat (STR) profiling. Cells were
cultured at 37°C in a humidified atmosphere containing 5% CO2
in DMEM complemented with 10% fetal bovine serum (FBS)
(Hyclone, USA) and antibiotics (penicillin and streptomycin).
Cells were passaged when they reached 80% confluence.

Western Blotting Analysis

The cell lysates were both centrifuged at 13,000 rpm (at 4°C for
5 min). After that 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) were used to segregate them
and then transferred onto polyvinylidene difluoride (PVDF)
membranes (Millipore, Bedford, MA, USA). The filters were
blocked with blocking buffer (Sangon Biotech) for 45 min.
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Membranes were incubated with primary antibodies anti-LRH1
(Abcam, ab223211), anti-E-cadherin (Abcam, ab1416), anti-N-
cadherin (Abcam, ab18203), anti-Vimentin (Abcam, ab92547),
anti-f-catenin (Cell Signaling Technology, D10A8)) at 4°C
overnight and with secondary antibodies at 1:5,000 dilution at
room temperature for 2 h, followed by incubating with B-actin
(Abcam, ab179467) at room temperature for 1.5 h.

RNA Extraction and Reverse
Transcription-qPCR

The TRIzol"" LS Reagent (InvitrogenTM) was used to extract total
RNA from tissues and cells, according to the manufacturer’s
protocol followed by complementary DNA synthesis using a
PrimeScript RT reagent Kit with gDNA Eraser (Takara).
Amplification was subsequently carried out using the GeneAmp®
PCR System 9700 (Applied Biosystems, USA). Real-time PCR was
performed using LightCyder® 480 II Real-time PCR Instrument
(Roche, Swiss). The mRNA expression levels of LRH-1 were
normalized to the mRNA levels of GAPDH, which was used as
an internal control. The 274" method was used to quantify the
mRNA expression levels (21).

Establishment of Stable Short Hairpin (sh)
RNA-Mediated LRH-1 Knockdown Ovarian
Cancer Cell Lines

shRNA-induced knockdown of LRH-1 expression was achieved
using the lentiviral expression system. Human NR5A2 shRNA
clone set was bought from GeneCopoeia (China). Viral particles
were generated by co-transfecting 293T cells (ATCC) with the
shRNAs and the Lenti-Pac'" Lentivirus Packaging kit
(GeneCopoeia,China), which contains packaging plasmids and a
transfection reagent according to the manufacturer’s protocol.
Subsequently, the shRNA viral particles transfected SKOV3 and
OVCARS3 cells with 4 pg/ml polybrene (Sigma-Aldrich), and stable
cell lines were established after 10 days of puromycin (2 pg/ml)
selection. Knockdown was confirmed using RT-qPCR or
immunoblotting. The selected cell lines were routinely cultured in
puromycin-containing media until 2 days prior to experimentation.

Transwell Assay

For migration assays, infected OVCAR3 cells (1 x 10° in 200 ul of
serum-free DMEM medium) and SKOV?3 cells (1 x 10 in 200 pl of
serum-free DMEM medium) were seeded into the upper chamber
of transwell plates in a 24-well format with 8 um diameters
(Corning Costar, USA). Then, 600 pl of medium containing 10%
FBS was added to the bottom chamber as a chemoattractant. After
24 h of culture, cells were fixed with methanol and stained with
Crystal Violet solution. The remaining cells were removed from the
top of the permeable membrane using a cotton swab. Then, cells
that migrated through the upper chamber were counted in four
random fields under a light microscope [NIKON INSTRUMENTS
(SHANGHALI) CO.,, LTD].

Wound Healing Assay
OVCAR3 (1 x 10° cells) and SKOV3 cells (1 x 10° cells) were
seeded in 6-well cell culture plates and incubated for 24 h at

37°C. After achieving confluence, the cellular layer in each plate
was scratched using a plastic pipette tip. The migration of the
cells at the edge of the scratch was analyzed at 0 and 24 h when
microscopic images of the cells were captured.

Cell Counting Kit-8

SKOV3 and OVCAR3 cells were plated in flat-bottom 96-well
plates (1,500 and 1,000 cells/well) and supplemented with 100 pl
DMEM medium with 10% FBS per well. After incubation at 37°C
in a humidified incubator with 5% CO2 for 2, 24, 48, 72, and 96
hours, respectively, 10 pl of CCK-8 (Yeasen Biotech Co., Ltd.)
was added to each well. Then, after 1 h of culture, colorimetric
analysis was performed on a microplate reader (Thermo
Scientific" " Varioskan'" LUX) at a wavelength of 450 nm. The
assay was performed using six replicates.

Compounds and Drug Treatments
A2780CP-sh LRH1 and A2780CP-sh NC cells were seeded in 96-
well culture plates, respectively; cells were treated with CDDP
(Selleck) for 48 h at 37°C at the indicated concentrations. Cell
viability was determined after treatment using the CCK-8
(Yeasen Biotech Co., Ltd.).

Statistical Analysis

The chi-square test was used to analyze the statistical differences
of the clinicopathologic variables. Overall survival (OS) and
disease-free survival (DFS) were evaluated by the Kaplan-
Meier method and log-rank test. The Cox proportional hazards
model was used to estimate the independent prognostic factors
for survival. Logistic regression was performed for multivariate
analysis of the association between LRHI1 expression and
intraperitoneal metastasis. Student’s t-test was used to analyze
the differences between the experimental and control groups. A
two-sided P < 0.05 was considered significant.

UALCAN

UALCAN (http://ualcan.path.uab.edu) is an interactive web
resource based on TCGA database, which can be used to
analyze relative transcriptional expression of potential genes of
interest between tumor and normal samples and association of
the transcriptional expression with relative clinicopathologic
parameters (22). In this study, we use UALCAN to explore the
association of LRH1 mRNA expressions in ovarian cancer tissues
and clinicopathologic parameters. Student’s t test was applied to
compare the difference of mRNA expression, and p < 0.01 was
considered as statistically significant.

GEPIA

GEPIA (http://gepia.cancer-pku.cn/) is a web server to analyze
cancer and normal gene expression and interaction (23). In this
study, we use GEPIA to obtain a series of genes that have similar
expression patterns with LRH1 in ovarian cancer.

Metascape

The Metascape (http://metascape.org/) is an online analytical
tool, which facilitates gene annotation integration, functional
enrichment, interactome analysis (24). In the present study,
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Metascape was applied for gene-enrichment analysis of
genes that have similar expression patterns with LRHI1 in
ovarian cancer.

RESULTS

Expression Level of LRH1 in OC Tissues
RT-qPCR was carried out to determine the difference in the
LRH1 mRNA expression between OC and normal ovarian
tissues (Figure 1). No discrepancy was observed in the LRH1
mRNA expression between normal tissues and OC tissues
without metastasis (T1) (P > 0.05). However, the LRH1 mRNA
expression in OC tissues with metastasis present (T2) was higher
than that in T1 (P = 0.017). Moreover, LRH1 mRNA expression
was more intense in the invasive foci (M) than in the in situ foci
(T2) among the same patients (P = 0.034).

IHC revealed that the expression of LRH1 was scarcely
detectable in normal tissues but obvious in OC tissues (Figure
2). As shown in Figure 2B, LRH1 was observed in the nucleus
and cytoplasm of tumor cells but was localized in the cytoplasm
of cells in normal tissues. Among the 133 OC specimens
examined, 59 (44.4%) had low LRHI1 expression and 74
(55.6%) had high LRH1 expression. Furthermore, the patients
with OC who had high LRHI1 expression comprised 28.6% of
patients with FIGO I/II and 62.9% of patients with FIGO III/IV.

LRH1 mRNA expression patterns were further measured by
UALCAN. The data resources of UALCAN were based on The
Cancer Genome Atlas database. As shown in Figure 4A, LRH1
mRNA expression was upregulated in stage II and stage IV OC
tissues compared with stage I and stage III OC tissues, but the
difference was not statistically significant.

Relationship of Elevated LRH1 Protein
Expression With Clinicopathologic
Variables

Table 1 summarizes the association between LRHI1 expression
and clinicopathological variables in OCs. LRH1 expression was
significantly related to FIGO stage (P = 0.001), lymph node

0.7

0.6- %
0.54 _‘}

0.4- j_"r ry

0.34 % []

0.2
0.1

0.0 T T T T
N ™ T2 M

Transcriptional folds

T1, T2, and its matched M (P < 0.05).

metastasis (P = 0.011), intraperitoneal metastasis (P = 0.001),
and platinum resistance (P = 0.037). LRH1 expression was not
related to age, histological type, histologic grade, residual disease,
ascites, and serum CA-125 level (P > 0.05).

Increased LRH1 Expression in OC Predicts
Unfavorable Prognosis and Recurrence
Log-rank test showed that patients with low LRH1 expression
had a significantly better OS (P = 0.007) and DFS (P = 0.001)
compared with patients with high LRH1 (Figure 3). FIGO stage
(both P < 0.001), histologic grade (P = 0.009 0.028, respectively),
residual disease (P = 0.022 and 0.026, respectively), lymph node
metastasis (both P < 0.001), and intraperitoneal metastasis (P =
0.001 0.001, respectively) were correlated with the prognosis of
patients with OC regardless of low and high LRH1 expression
(Table 2). Multivariate Cox regression analysis showed that high
LRH1 expression was considered an independent prognostic
marker for the DFS of patients with OC instead of OS (P =
0.041; Table 2).

Increased LRH1 Expression as Indicator of
Intraperitoneal and Lymph Node
Metastases in OC

The traditional clinicopathological parameters of intraperitoneal
metastasis were first appraised to evaluate the relationship
between LRH1 overexpression and intraperitoneal metastasis
(Table 3). Univariate analyses of clinicopathologic variables for
intraperitoneal metastasis showed that the presence of
intraperitoneal metastasis was positively associated with FIGO
stage (P < 0.001), residual disease (P = 0.025), and ascites (P =
0.019). Multivariate logistic regression analysis revealed
that FIGO stage (P = 0.003), residual disease (P = 0.032),
and LRHI (P = 0.010) were independently linked with
intraperitoneal metastasis.

Results showed that the presence of lymph node metastasis
was significantly correlated with histologic grade (P = 0.016) and
LRH1 expression (P = 0.011). Multivariate logistic regression
showed that histologic grade (P = 0.026) and LRH1 expression
(P \=0.019) significantly led to lymph node metastasis (Table 4).
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FIGURE 1 | Real time PCR assay of LRH1 mRNA expression in N, T1, T2, and its matched M. It showed that elevated trend of LRH1 mRNA expression from N to
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FIGURE 2 | Immunohistochemical analysis of LRH1 protein expression (x400). (A) negative or weak expression in normal ovarian tissues; (B) high expression in
primary ovarian cancer (OC) tissues (observed mainly in nucleus, a few in cytoplasmic); (C) low expression in serous histotypes (mainly in nucleus); (D) high
expression in serous histotypes (mainly in nucleus, a few in cytoplasmic); (E) high expression in mucinous histotypes (mainly in nucleus); (F) high expression in
endometrioid histotypes (mainly in nucleus, a few in cytoplasmic); (G) negative or low expression in clear cell histotypes; (H) high expression in clear cell histotypes
(mainly in nucleus, scarcely in cytoplasmic); (1) the status of LRH1 expression in different FIGO stages.
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FIGURE 3 | Kaplan-Meier analysis of overall survival (OS) and disease-free survival (DFS) related to the expression of LRH1. (A) OS curves of the 133 OC patients;

(B) DFS curves of the 133 OC patients.
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LRH1 Knockdown Inhibits FOC Cell

Proliferation and Migration In Vitro

LRH1 knockdown assays using sh-RNA was conducted to
investigate the biological function of LRH1 in OC cells. We used
RT-qPCR and Western blotting to confirm that the LRH1
expression in OVCAR3 and SKOV3 cells transfected with sh-
LRH1 was remarkably lower than in those transfected with sh-
NC (Figures 4B, C). We explored the effect of LRH1 knockdown on

the proliferation of OVCAR3 and SKOV?3 cells. The proliferation of
OVCAR3 and SKOV3 cells infected with sh-LRH1 was repressed at
24, 48, 72, and 96 h, respectively, compared with OVCAR3 and
SKOV3 cells infected with sh-NC (Figure 4D). Thus, LRH1
knockdown substantially repressed cell proliferation.

We also investigated the effect of LRH1 on cell migration.
Epithelial-mesenchymal transition (EMT) plays a crucial role in
tumor invasion and metastasis in OC. We used Western blot to
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cell proliferation. (E) Western blotting was applied to detect E-cadherin, -catenin, N-cadherin, vimentin, and p-actin with the respective antibodies. Transwell assays
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cells. P < 0.0001,”*P < 0.001, **P < 0.01, *P < 0.05; data are shown as the mean + SD.
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TABLE 1 | Correlation between LRH1 protein expression level and clinicopathological variables in 133 patients with OC.

Variables All patientsn = 133 LRH1 expression level P
Low (%) (n = 59) High (%) (n = 74)

Age (years) 0.252
<52 67 33 (49.9) 34 (50.7)
>52 66 26 (39.4) 40 (60.6)
Histological type 92 42 (45.7) 50 (564.9) 0.653
Serous
Others 41 17 (41.5) 24 (58.5)
FIGO stage 0.001
I/l 28 20 (71.4 8 (28.6)
v 105 39 (37.1) 66 (62.9)
Histologic grade 0.310
G1/G2 50 25 (50.0 25 (50.0)
G3 83 34 (41.0) 49 (59.0)
Residual disease (cm) 0.851
<1 98 43 (43.9 55 (66.1)
>1 35 16 (45.7) 19 (54.3)
Ascites (ml) 0.473
<100 38 15 (39.5 23 (60.5
>100 95 44 (46.3 51 (53.7)
Serum CA-125 level (U/ml) 0.653
<35 41 17 (41.5 24 (58.5
>35 92 42 (45.7 50 (564.9)
Lymph node metastasis 0.011
No 81 43 (63.1 38 (46.9
Yes 52 16 (30.8) 36 (69.2)
Peritoneum metastasis 0.001
No 43 28 (65.1 15 (34.9
Yes 90 31(34.4 59 (65.6
Platinum resistance 0.037
No 67 33 (49.9) 30 (50.7
Yes 66 26 (39.4) 44 (60.6
FIGO, the Federation of Gynaecology and Obstetrics; G1, Well differentiated; G2, moderately differentiated; G3, poorly differentiated; OC, ovarian cancer.
TABLE 2 | Univariate and multivariate analyses for survival in 133 OC patients.
Variables Univariate Multivariate

P HR 95%Cl P
variables related to OS
Age (years) 0.219
Histological type 0.914
FIGO stage <0.001 3.695 (1.793-7.613) <0.001
Histologic grade 0.009 1.664 (1.101-2.513) 0.016
Residual disease (cm) 0.022 1.682 (1.093-2.591) 0.018
Ascites (ml) 0.696
Serum CA-125 level (U/ml) 0.154
Lymph node metastasis <0.001 3.665 (2.344-5.730) <0.001
Peritoneum metastasis 0.001
LRH1 expression level 0.007
variables related to DFS
Age (years) 0.487
Histological type 0.895
FIGO stage <0.001 3.437 (1.641-7.200) 0.001
Histologic grade 0.028 1.550 (1.024-2.345) 0.038
Residual disease (cm) 0.026 1.663 (1.065-2.597) 0.025
Ascites (ml) 0.855
Serum CA-125 level (U/ml) 0.281
Lymph node metastasis <0.001 3.857 (2.431-6.120) <0.001
Peritoneum metastasis <0.001
LRH1 expression level <0.001 1.5635 (1.017-2.318) 0.041

FIGO, the Federation of Gynaecology and Obstetrics; OS, overall survival; DFS, disease-free survival; OC, ovarian cancer; HR, hazard ratio; Cl, confidence interval.
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TABLE 3 | Univariate and multivariable analyses for the relationship between
LRH1 expression and lymph node metastasis in OCs.

Variables No. Lymph node P OR (95%Cl) P
metastasis
Negative Positive
Age (years) 0.775
<52 40 27
>52 41 25
Histological type 0.991
Serous 56 36
Others 25 16
Histologic grade 0.016 2.421 (1.109- 0.026
5.285)
G1/G2 37 13
G3 44 39
Residual disease 0.595
(cm)
<1 61 37
>1 20 15
Ascites (ml) 0.653
<100 22 16
>100 59 36
Serum CA-125 level 0.991
(U/mi)
<85 25 16
>35 56 36
LRH1 expression 0.011 2.451 (1.162- 0.019
level 5.173)
Low 43 16
High 38 36

OC, ovarian cancer; HR, hazard ratio; Cl, confidence interval.

detect the protein levels of EMT markers, namely E-cadherin,
N-cadherin, vimentin, and f-catenin. The results showed that
E-cadherin and [B-catenin level increased in LRH1 knockdown
cells, whereas N-cadherin and vimentin decreased. Moreover,
transwell assay was conducted to evaluate cell migration. Migrated
cells were counted in three random fields in transwell plates, and
the average value of the three fields was calculated. The result of the
transwell assay showed that knockdown of LRH1 decreased the
migration of SKOV3 and OVCARS3 cells by approximately 42 and
50%, respectively (Figure 4F). Wound-healing assay showed that
LRH1 promoted the migration of SKOV3 and OVCAR3 cells
(Figure 4G). After 24 h, control SKOV3 and OVCAR3 cells
migrated approximately 20 and 15 mm, respectively, whereas
SKOV3 and OVCARS3 cells with LRH1 knockdown migrated
approximately 13 and 6 mm, respectively. The cells with LRH1
knockdown showed less motility than control cells; thus, LRH1
could stimulate cell migration.

Moreover, we conducted CCK8 assay to evaluate whether
LRH1 could mediate the effects of cell survival after CDDP
treatment. Results showed that knockdown of LRH1 decreased
CDDP half-maximal inhibitory concentration (IC50) in
A2780CP cells (Figure 4H).

Functional Enrichment Analysis of

LRH1 in OC

We obtained 230 genes that have the same expression pattern as
LRH1 through Gene Expression Profiling Interactive Analysis as
described in the Materials and Method section to evaluate the

TABLE 4 | Univariate and multivariable analyses for the relationship between
LRH1 expression and peritoneum metastasis in OCs.

Peritoneum P
metastasis

Variables No. OR (95%Cl) P

Negative Positive

Age (years) 0.900

<52 22 45

>52 21 45

Histological type 0.918

Serous 30 62

Others 13 28

FIGO stage <0.001 4.613(1.678- 0.003
12.677)

I/ 19 9

v 24 81

Histologic grade

G1/G2 21 29 0.064

G3 22 61

Residual disease 3.208 (1.104- 0.032

(cm) 9.322)

<1 37 61 0.025

>1 6 29

Ascites (ml)

<100 18 20 0.019

>100 25 70

Serum CA-125

level (U/ml)

<35 12 29 0.614

>35 31 61

LRH1 expression 3.160 (1.323- 0.010

level 7.545)

Low 28 31 0.001

High 15 59

FIGO, the Federation of Gynaecology and Obstetrics; OC, ovarian cancer; HR, hazard
ratio; Cl, confidence interval.

function of LRH1 in OC. We aimed to explain the mechanisms of
LRH1 OC to determine the biological functions of these similar
genes. We uploaded the 230 similar genes into Metascape and
conducted custom analysis. As shown in Figures 5A, B, the
function of these similar genes was related to the polycomb
repressive complex 1 (PRC1 complex), the negative regulation of
cell differentiation, methylation-dependent chromatin silencing,
developmental growth, nephron tubule morphogenesis,
ammonium ion binding, the negative regulation of neuron
apoptotic process, mRNA mRNA 3’ untranslated region (UTR)
binding, homophilic cell adhesion via plasma membrane adhesion
molecules, neuropeptide signaling pathway, the regulation of lipid
transport, sodium ion transport, pattern specification process, and
nucleosome assembly. Moreover, we applied Metascape to explore
the protein—protein interactions of the genes similar to LRHI. As
shown in Figures 5C, D, the protein—protein interaction network
was related to the PRCI complex, nuclear ubiquitin ligase complex,
and polycomb group (PcG) proteins.

DISCUSSION

OC is the most lethal cancer among women, and its 5-year survival
rate in advanced stages is 30-40% (25). The American Cancer
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FIGURE 5 | Functional enrichment analysis of genes that have similar expression pattern to LRH1 in ovarian cancer (Metascape). (A) Heatmap of Gene Ontology
(GO) and enriched terms colored by p-values. (B) Network of GO enriched terms colored by p-value. (C) Protein—protein interaction network and MCODE
components identified in the gene lists. (D) Independent functional enrichment analysis of MCODE components. (E) A schematic model depicting LRH1 upregulation
probably promotes cell proliferation, EMT, metastasis by activating PRC1 complex in ovarian cancer cells via bioinformation analysis.

Society reported that about 21,750 new cases of OC will be
diagnosed, and 13,940 women will die of OC in the United States
in 2020 (1). OC is a heterogeneous tumor that contains a
heterogenous group of malignancies, which differ in etiology,
molecular biology, and other characteristics (26). High-risk OC
has very low cure rates despite therapy that comprised surgery,
chemotherapy, PARPi, immunotherapy, and radiation (26). Clearly,
the identification of novel biomarkers and more effective therapies is
extremely urgent.

LRH1 is a member of the nuclear receptor NR5A (Ftz-F1)
subfamily, which is expressed in the endodermal tissues of the
intestine, liver, exocrine pancreas (27), ovary (28-31), pre-adipocyte
(32), and placenta (33). Moreover, LRH1 plays an important role in
a variety of biological functions, including cell proliferation,
differentiation, and tumorigenesis.

In the present study, we applied RT-qPCR to detect the
mRNA level of LRH1 in patients with OC. Results showed the
increasing trend of LRH1 mRNA expression from N to T1, T2,
and its matched M (Figure 1). This may indicate that the more
OC tissue expresses LRH1 the more malignant potential it has.
Moreover, we conducted immunohistochemical (IHC) assays
to detect the protein level of LRH1. IHC revealed that LRH1
protein expression in normal tissues was scarcely detectable in

normal tissues but intense in OC tissues (Figure 2). We also
explored the relationship between LRH1 protein expression and
clinicopathological factors and found that LRHI1 predicts
peritoneal metastasis and poor outcome. Therefore, LRH1 has
a potential role as a biomarker of OC (Tables 1-4, Figure 3).
Furthermore, the mRNA expression level of LRHI was
confirmed by UALCAN. Figure 4A shows that LRHI mRNA
expression was upregulated OC tissues in stages II and IV
compared with those in stages I and III, but the difference was
not statistically significant. In vitro assays showed that LRH1
could promote tumor cell proliferation, migration, and EMT
(Figures 4D-G). In addition, it also could promote cisplatin
resistance (Figure 4H). Bioinformatics analysis was applied to
investigate the biological function of LRH. Results demonstrated
that the functions of LRHI1 are associated with the PRCl
complex, the negative regulation of cell differentiation,
methylation-dependent chromatin silencing, developmental
growth, nephron tubule morphogenesis, ammonium ion
binding, negative regulation of neuron apoptotic process,
mRNA 3" UTR binding, homophilic cell adhesion via plasma
membrane adhesion molecules, neuropeptide signaling pathway,
lipid transport regulation, sodium ion transport, pattern
specification process, and nucleosome assembly (Figure 5).

Frontiers in Oncology | www.frontiersin.org

October 2020 | Volume 10 | Article 583566


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Sun et al.

LRH1 Overexpression in Ovarian Cancer

The protein and mRNA levels of LRH1 are upregulated in
various cancers (15-17). We found the same conclusion in our
results. Lin et al. viewed LRHI as a remarkable prognosis
biomarker for tumor invasion and proliferation in pancreas
cancer (34). Thus, we were prompted to identify the role of
LRHI1 overexpression as a predictor of clinicopathological and
prognostic relevance. We recognized that elevated LRH1 protein
expression was strongly associated with FIGO stage, lymph node
metastasis, and intraperitoneal metastasis. Furthermore,
multivariate logistic regression model demonstrated that high
LRH1 expression was remarkably associated with lymph node
and intraperitoneal metastases. In addition, the OS periods of
patients with high LRH1 expression were shorter than those
of patients with low LRH1 expression. The patients with
low LRH1 expression presented better prognoses than those
with high LRH1 expression. The in vitro assay of OC cells
showed that LRH1 could promote tumor cell proliferation,
migration, and EMT. Our findings are consistent with the
results of previous research.

LRHI1 protein functions as a cancer regulator that exists in
extensive procedures, such as cell proliferation, chemotherapy
resistance, and tumor progression (12, 13, 35). The mechanism
of LRHI that influences migration demonstrated that LRH1
enhanced the transcriptional activity of fB-catenin and
upregulated the expression of downstream target genes (c-Myc
and MMP2/9); thus, LRH1 promoted cell migration and invasion
(14). Furthermore, we found that LRH1 promoted cisplatin
resistance. Similar with the above, LRH1-induced chemotherapy
resistance was reported in breast cancer. LRH1 promotes the
chemoresistance of breast cancer cells by enhancing the
expression of MDC1 and attenuating DNA damage (13). Bianco
et al. found that LRH1 could increase the level of cyclin-dependent
kinase inhibitor CDKN1A in a p53-independent manner, which
results in tumor cell proliferation (36). Bioinformatics analysis was
applied to evaluate the function of LRH1 in OC and demonstrated
that the functions of LRHI1 are associated with the PRC1 complex,
the negative regulation of cell differentiation, methylation-
dependent chromatin silencing, developmental growth, nephron
tubule morphogenesis, ammonium ion binding, the negative
regulation of neuron apoptotic process, mRNA 3’ UTR binding,
homophilic cell adhesion via plasma membrane adhesion
molecules, neuropeptide signaling pathway, lipid transport
regulation, sodium ion transport, pattern specification process,
and nucleosome assembly. These findings suggest the important
biological role of LRH1 in carcinogenesis and tumor progression.

REFERENCES

1. Cancer Stat Facts. Ovarian Cancer. Available at: https://seer.cancer.gov/
statfacts/html/ovary.htm.

2. Colombo N, Sessa C, du Bois A, Ledermann J, McCluggage WG, McNeish I,
et al. ESMO-ESGO Consensus Conference Recommendations on Ovarian
Cancer: Pathology and Molecular Biology, Early and Advanced Stages,
Borderline Tumours and Recurrent Diseaset. Ann Oncol (2019) 30(5):672—
705. doi: 10.1093/annonc/mdz062

3. Lheureux S, Gourley C, Vergote I, Oza AM. Epithelial ovarian cancer. Lancet
(2019) 393(10177):1240-53. doi: 10.1016/S0140-6736(18)32552-2

CONCLUSION

Although limitations still exist in this study, the results we observed
showed that LRH1 contributes to lymph node metastasis,
intraperitoneal metastasis, and poor prognosis in OC. Thus, LRH1
could be a specific biomarker for predicting poor prognosis and
metastasis. Furthermore, LRH1 promotes tumor cell proliferation,
migration, EMT, and cisplatin resistance in vitro. Bioinformatics
analysis predicted that the functions of LRHI1 are associated with
PRC1 complex, nuclear ubiquitin ligase complex, and PcG proteins.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Harbin Medical University
Cancer Hospital. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

LY conceived and designed the study. JXL and JML collected
samples and processed the data. QS provided technical support.
WS and LY analyzed the data. WS drafted the manuscript. LY
revised the manuscript. All authors contributed to the article and
approved the submitted version.

FUNDING

This study was supported by the Science and Technology Project
of Education Department of Heilongjiang Province (12531275).

ACKNOWLEDGMENTS

This manuscript has been released as a pre-print at Research
Square, DOI: https://doi.org/10.21203/rs.3.rs-26942/v2.

4. Moufarrij S, Dandapani M, Arthofer E, Gomez S, Srivastava A,
Lopez-Acevedo M, et al. Epigenetic Therapy for Ovarian Cancer:
Promise and Progress. Clin Epigenet (2019) 11(1):7. doi: 10.1186/s13148-018-
0602-0

5. Franzese E, Centonze S, Diana A, Carlino F, Guerrera LP, Di Napoli M, et al.
PARP Inhibitors in Ovarian Cancer. Cancer Treat Rev (2019) 73:1-9. doi:
10.1016/j.ctrv.2018.12.002

6. Gonzalez-Martin A, Pothuri B, Vergote I, DePont Christensen R, Graybill W,
Mirza MR, et al. Niraparib in Patients With Newly Diagnosed Advanced
Ovarian Cancer. N Engl ] Med (2019) 381(25):2391-402. doi: 10.1056/
NEJMo0al1910962

Frontiers in Oncology | www.frontiersin.org

October 2020 | Volume 10 | Article 583566


https://doi.org/10.21203/rs.3.rs-26942/v2
https://seer.cancer.gov/statfacts/html/ovary.htm
https://seer.cancer.gov/statfacts/html/ovary.htm
https://doi.org/10.1093/annonc/mdz062
https://doi.org/10.1016/S0140-6736(18)32552-2
https://doi.org/10.1186/s13148-018-0602-0
https://doi.org/10.1186/s13148-018-0602-0
https://doi.org/10.1016/j.ctrv.2018.12.002
https://doi.org/10.1056/NEJMoa1910962
https://doi.org/10.1056/NEJMoa1910962
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Sun et al.

LRH1 Overexpression in Ovarian Cancer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Mateo J, Lord CJ, Serra V, Tutt A, Balmana J, Castroviejo-Bermejo M, et al. A

Decade of Clinical Development of PARP Inhibitors in Perspective. Ann
Oncol (2019) 30(9):1437-47. doi: 10.1093/annonc/mdz192

. Tomao F, Bardhi E, Di Pinto A, Sassu CM, Biagioli E, Petrella MC, et al. Parp

Inhibitors as Maintenance Treatment in Platinum Sensitive Recurrent
Ovarian Cancer: An Updated Meta-Analysis of Randomized Clinical Trials
According to BRCA Mutational Status. Cancer Treat Rev (2019) 80:101909.
doi: 10.1016/j.ctrv.2019.101909

. Bouberhan S, Pujade-Lauraine E, Cannistra SA. Advances in the Management

of Platinum-Sensitive Relapsed Ovarian Cancer. J Clin Oncol (2019) 37
(27):2424-36. doi: 10.1200/JCO.19.00314

Fayard E, Auwerx J, Schoonjans K. LRH-1: an orphan nuclear receptor
involved in development, metabolism and steroidogenesis. Trends Cell Biol
(2004) 14(5):250-60. doi: 10.1016/j.tcb.2004.03.008

Lee YK, Moore DD. Liver receptor homolog-1, an emerging metabolic
modulator. Front Biosci ] Virtual Library (2008) 13:5950-8. doi: 10.2741/3128
Pang J-MB, Molania R, Chand A, Knower K, Takano EA, Byrne DJ, et al. LRH-1
Expression Patterns in Breast Cancer Tissues Are Associated With Tumour
Aggressiveness. Oncotarget (2017) 8(48):83626-36. doi: 10.18632/oncotarget.18886
Wang S, Zou Z, Luo X, Mi Y, Chang H, Xing D, et al. LRHI1 enhances cell
resistance to chemotherapy by transcriptionally activating MDC1 expression
and attenuating DNA damage in human breast cancer. Oncogene (2018) 37
(24):3243-59. doi: 10.1038/s41388-018-0193-4

Lin Q, Aihara A, Chung W, Li Y, Chen X, Huang Z, et al. LRHI promotes
pancreatic cancer metastasis. Cancer Lett (2014) 350(1-2):15-24. doi: 10.1016/
j-canlet.2014.04.017

Wu C, Feng J, Li L, Wu Y, Xie H, Yin Y, et al. Liver receptor homologue 1, a
novel prognostic marker in colon cancer patients. Oncol Lett (2018) 16
(3):2833-8. doi: 10.3892/01.2018.8988

Liu Y, Xing Y, Wang H, Yan S, Wang X, Cai L, et al. LRHI as a promising
prognostic biomarker and predictor of metastasis in patients with non-small
cell lung cancer. Thorac Cancer (2018) 9(12):1725-32. doi: 10.1111/1759-
7714.12887

Jin ], Jin J, Woodfield SE, Patel RH, Jin NG, Shi Y, et al. Targeting LRH1 in
hepatoblastoma cell lines causes decreased proliferation. Oncol Rep (2019) 41
(1):143-53. doi: 10.3892/0r.2018.6793

Benedet JL, Bender H, Jones H, Ngan HY, Pecorelli S. FIGO staging
classifications and clinical practice guidelines in the management of
gynecologic cancers. FIGO Committee Gynecol Oncol Int ] Gynaecol Obstet
(2000) 70(2):209-62. doi: 10.1016/50020-7292(00)90001-8

Penzel R, Hoegel ], Schmitz W, Blaeker H, Morresi-Hauf A, Aulmann S, et al.
Clusters of chromosomal imbalances in thymic epithelial tumours are
associated with the WHO classification and the staging system according to
Masaoka. Int ] Cancer (2003) 105(4):494-8. doi: 10.1002/ijc.11101
Soumaoro LT, Uetake H, Higuchi T, Takagi Y, Enomoto M, Sugihara K, et al.
Cyclooxygenase-2 Expression: A Significant Prognostic Indicator for Patients
With Colorectal Cancer. Clin Cancer Res (2004) 10(24):8465-71. doi: 10.1158/
1078-0432.CCR-04-0653

Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-
time quantitative PCR and the 2(-Delta Delta C(T)) method. Methods (2001)
25:402-8. doi: 10.1006/meth.2001.1262

Chandrashekar DS, Bashel B, Balasubramanya SAH, Creighton CJ, Ponce-
Rodriguez I, Chakravarthi B, et al. UALCAN: A Portal for Facilitating Tumor
Subgroup Gene Expression and Survival Analyses. Neoplasia (2017) 19
(8):649-58. doi: 10.1016/j.ne0.2017.05.002

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z, et al. GEPIA: A Web Server for
Cancer and Normal Gene Expression Profiling and Interactive Analyses.
Nucleic Acids Res (2017) 45(W1):W98-102. doi: 10.1093/nar/gkx247

24. Zhou'Y, Zhou B, Pache L, Chang M, Khodabakhshi AH, Tanaseichuk O, et al.
Metascape Provides a Biologist-Oriented Resource for the Analysis of
Systems-Level Datasets. Nat Commun (2019) 10(1):1523. doi: 10.1038/
541467-019-09234-6

25. Davidson B, Tropé CG. Ovarian Cancer: Diagnostic, Biological and
Prognostic Aspects. Womens Health (Lond) (2014) 10(5):519-33. doi:
10.2217/whe.14.37

26. Torre LA, Trabert B, DeSantis CE, Miller KD, Samimi G, Runowicz CD, et al.
Ovarian cancer statistics, 2018. CA: Cancer J Clin (2018) 68(4):284-96. doi:
10.3322/caac.21456

27. Lu TT, Repa JJ, Mangelsdorf DJ. Orphan nuclear receptors as eLiXiRs and
FiXeRs of sterol metabolism. J Biol Chem (2001) 276(41):37735-8. doi:
10.1074/jbc.R100035200

28. Boerboom D, Pilon N, Behdjani R, Silversides DW, Sirois J. Expression and
regulation of transcripts encoding two members of the NR5A nuclear receptor
subfamily of orphan nuclear receptors, steroidogenic factor-1 and NR5A2, in
equine ovarian cells during the ovulatory process. Endocrinology (2000) 141
(12):4647-56. doi: 10.1210/endo.141.12.7808

29. Schoonjans K, Annicotte JS, Huby T, Botrugno OA, Fayard E, Ueda Y, et al.
Liver receptor homolog 1 controls the expression of the scavenger receptor
class B type I. EMBO Rep (2002) 3(12):1181-7. doi: 10.1093/embo-reports/
kvf238

30. Hinshelwood MM, Repa JJ, Shelton JM, Richardson JA, Mangelsdorf DJ,
Mendelson CR, et al. Expression of LRH-1 and SF-1 in the mouse ovary:
localization in different cell types correlates with differing function. Mol Cell
Endocrinol (2003) 207(1-2):39-45. doi: 10.1016/S0303-7207(03)00257-0

31. Clyne CD, Speed CJ, Zhou ], Simpson ER. Liver receptor homologue-1
(LRH-1) regulates expression of aromatase in preadipocytes. J Biol Chem
(2002) 277(23):20591-7. doi: 10.1074/jbc.M201117200

32. Liu DL, Liu WZ, Li QL, Wang HM, Qian D, Treuter E, et al. Expression and
functional analysis of liver receptor homologue 1 as a potential steroidogenic
factor in rat ovary. Biol Reprod (2003) 69(2):508-17. doi: 10.1095/
biolreprod.102.011767

33. Sirianni R, Seely JB, Attia G, Stocco DM, Carr BR, Pezzi V, et al. Liver receptor
homologue-1 is expressed in human steroidogenic tissues and activates
transcription of genes encoding steroidogenic enzymes. ] Endocrinol (2002)
174(3):R13-7. doi: 10.1677/joe.0.174r013

34. Lin Q, Aihara A, Chung W, Li Y, Huang Z, Chen X, et al. LRHI as a driving
factor in pancreatic cancer growth. Cancer Lett (2014) 345(1):85-90. doi:
10.1016/j.canlet.2013.11.014

35. Li C, Dong J, Han Z, Zhang K. MicroRNA-219-5p Represses the Proliferation,
Migration, and Invasion of Gastric Cancer Cells by Targeting the LRH-1/
Wnt/B-Catenin Signaling Pathway. Oncol Res (2017) 25(4):617-27. doi:
10.3727/096504016X14768374457986

36. Bianco S, Jangal M, Garneau D, Gévry N. LRH-1 Controls Proliferation in
Breast Tumor Cells by Regulating CDKN1A Gene Expression. Oncogene
(2015) 34(34):4509-18. doi: 10.1038/0nc.2014.382

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Sun, Shi, Li, Li and Yu. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

October 2020 | Volume 10 | Article 583566


https://doi.org/10.1093/annonc/mdz192
https://doi.org/10.1016/j.ctrv.2019.101909
https://doi.org/10.1200/JCO.19.00314
https://doi.org/10.1016/j.tcb.2004.03.008
https://doi.org/10.2741/3128
https://doi.org/10.18632/oncotarget.18886
https://doi.org/10.1038/s41388-018-0193-4
https://doi.org/10.1016/j.canlet.2014.04.017
https://doi.org/10.1016/j.canlet.2014.04.017
https://doi.org/10.3892/ol.2018.8988
https://doi.org/10.1111/1759-7714.12887
https://doi.org/10.1111/1759-7714.12887
https://doi.org/10.3892/or.2018.6793
https://doi.org/10.1016/S0020-7292(00)90001-8
https://doi.org/10.1002/ijc.11101
https://doi.org/10.1158/1078-0432.CCR-04-0653
https://doi.org/10.1158/1078-0432.CCR-04-0653
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1016/j.neo.2017.05.002
https://doi.org/10.1093/nar/gkx247
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.2217/whe.14.37
https://doi.org/10.3322/caac.21456
https://doi.org/10.1074/jbc.R100035200
https://doi.org/10.1210/endo.141.12.7808
https://doi.org/10.1093/embo-reports/kvf238
https://doi.org/10.1093/embo-reports/kvf238
https://doi.org/10.1016/S0303-7207(03)00257-0
https://doi.org/10.1074/jbc.M201117200
https://doi.org/10.1095/biolreprod.102.011767
https://doi.org/10.1095/biolreprod.102.011767
https://doi.org/10.1677/joe.0.174r013
https://doi.org/10.1016/j.canlet.2013.11.014
https://doi.org/10.3727/096504016X14768374457986
https://doi.org/10.1038/onc.2014.382
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	LRH1 Promotes Tumor Cell Proliferation and Migration and Is Correlated With Poor Prognosis in Ovarian Cancer
	Background
	Materials and Methods
	Human Tissue Samples and Clinical Data
	Immunohistochemical Staining and Evaluation
	Cell Culture
	Western Blotting Analysis
	RNA Extraction and Reverse Transcription-qPCR
	Establishment of Stable Short Hairpin (sh)RNA-Mediated LRH-1 Knockdown Ovarian Cancer Cell Lines
	Transwell Assay
	Wound Healing Assay
	Cell Counting Kit-8
	Compounds and Drug Treatments
	Statistical Analysis
	UALCAN
	GEPIA
	Metascape

	Results
	Expression Level of LRH1 in OC Tissues
	Relationship of Elevated LRH1 Protein Expression With Clinicopathologic Variables
	Increased LRH1 Expression in OC Predicts Unfavorable Prognosis and Recurrence
	Increased LRH1 Expression as Indicator of Intraperitoneal and Lymph Node Metastases in OC
	LRH1 Knockdown Inhibits FOC Cell Proliferation and Migration In Vitro
	Functional Enrichment Analysis of LRH1 in OC

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


