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Background: Epithelial ovarian cancer (EOC) is the main subtype of ovarian cancer and
shows an aggressive phenotype and poor prognosis. Neuronal pentraxin Il (NPTX2) is a
member of the neuronal pentraxin family and plays a contradictory role in different tumors.
However, there has been no report about the possible role and effect of NPTX2 in EOC.

Methods: Bioinformatics analysis, gPCR, western blotting and immunohistochemistry
were used to detect the expression of NPTX2 in EOC. Lentivirus-based transfection for
NPTX2 overexpression or knockdown was performed on the EOC cell lines A2780, HEY,
SKOV3 and OVCAR-3. The effect of NPTX2 on the malignant phenotype of EOC was
examined through methods of MTS assay, Edu assay, transwell assay, western blotting
analysis, gPCR analysis, luciferase reporter assay and xenograft experiment.

Results: EOC tissues showed higher NPTX2 expression than the normal tissues with
poor prognosis. NPTX2 overexpression can promote the proliferation, invasion, migration
and tumorigenesis of EOC via IL6-JAK2/STAT3 signaling pathway. Moreover, hypoxia-
inducible factor-1(HIF-1) can promote the transcription and expression of NPTX2 under
the hypoxic environment. NPTX2 knockdown abolished the hypoxia-induced malignant
phenotypes in ECO.

Conclusions: The above results suggest that NPTX2 may play a novel role in ovarian cancer’s
malignant phenotype and act as a promising treatment target for EOC molecular therapy.

Keywords: NPTX2, epithelial ovarian carcinoma (EOC), IL6-JAK2/STAT3 signaling pathway, malignant
phenotype, hypoxia
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INTRODUCTION

Ovarian cancer is one of the most common malignant tumors in
females with the worst prognosis, accounting for 3.4% of all the
female malignant tumors and 4.4% of female cancer deaths (1).
Mostly, epithelial ovarian cancer (EOC) is the main subtype of
ovarian cancer and shows a more aggressive phenotype than
nonepithelial cancers (2). Although surgery combined with
chemotherapy has achieved a certain effect, the patients’ long-
term prognosis is not ideal. It has been reported that the 5-year
survival rate is only 29% in the advanced stage of EOC patients
(3). At present, molecular targeted therapy is regarded as one of
the most promising therapies for EOC treatment (4). Identifying
genes associated with tumorigenesis, proliferation, invasion and
migration of EOC has significant implications for EOC clinical
treatment and basic research (5).

Neuronal pentraxin II (NPTX2), also known as neuronal
activity-regulated pentraxin, is a member of the neuronal
pentraxin family (6). NPTX2 was initially expressed in the
central nervous system (CNS) and played a role in promoting
excitatory synapse formation and synaptic remodeling (6, 7).
NPTX2 is highly upregulated and participates in developing
several CNS diseases, such as Parkinson’s disease (8).
Moreover, several studies have also reported that NPTX2 is
involved in the occurrence and development of malignant
tumors, while it plays a contradictory role in different tumors.
For example, NPTX2 promotes colorectal cancer growth and
liver metastasis by activating the canonical Wnt/B-catenin
pathway via FZD6 (9). NPTX2 overexpression promotes the
cell proliferation, migration and invasion of renal cell carcinoma
(10). However, NPTX2 was down-regulated and correlated with
the poor prognosis of pancreatic cancer and glioma due to its
promoter hypermethylation (11, 12). Although NPTX2 was
found to be expressed in female reproductive organs, such as
the ovary, cervix and uterine, according to the human protein
atlas (13), there has been no report about the possible role and
effect of NPTX2 in EOC.

In the present study, we first found abnormally higher
NPTX2 expression in EOC using bioinformatics analyses based
on the TCGA database and four GEO datasets (GSE10971,
GSE18520, GSE105437, and GSE26712), followed with clinical
specimens’ validation. Higher NPTX2 expression was correlated
with the poor prognosis of EOC. Therefore, NPTX2 maybe a
novel oncogene in the malignant of EOC and the aim of our
study was to investigate the role and demonstrate the potential
mechanism of NPTX2 in EOC.

MATERIALS AND METHODS

Patients and Samples

In the present study, patient samples and adjacent non-tumor
tissues were taken from 45 patients diagnosed with EOC via
pathology and underwent surgical excision without prior
anticancer treatments at Fudan University Shanghai Cancer
Center between February 2018 to May 2019. The detailed

clinical features of these patients were listed in Supplementary
Table 1. This study was approved by the institutional review
board of the Fudan University Shanghai Cancer Center.

Cell Treatment

The human EOC cell lines OVCA420, A2780, and OVCAR3
were purchased from the Chinese Academy of Sciences cell bank
(Shanghai, China). The wild-type human ovarian epithelial cell
line HS832.Tc and human EOC cell lines SKOV3, HEY were
purchased from American Type Culture Collection (ATCC,
Manassas, VA, USA). All cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM, HyClone, Logan, UT, USA)
supplemented with 10% fetal bovine serum (FBS, Gibco,
Carlsbad, CA, USA) and 1% penicillin/streptomycin (Gibco) at
37°C with 5% CO,. To induce hypoxia, cells were cultured in a
hypoxia chamber with 94% N, 5% CO,, and 1% O, at 37°C. IL-
6-neutralizing antibody (R&D Systems, Minneapolis, MN, USA)
was used at a concentration of 0.5 pg/ml (14). All cells analyzed
were cultured with less than 20 generations.

Lentiviral Vector Construction

and Transfection

Lentivirus-based vector transfection for NPTX2 overexpression and
RNAi-mediated NPTX2 knockdown was performed with technical
support from Gene-Chem (Shanghai, PR China). Two siRNA
sequences were designed for NPTX2 knockdown: forward 5'-
ACUUAAAGGCGCUAUUGCCUC-3', reverse 5'- GGCAA
UAGCGCCUUUAAGUCA -3" and forward 5'- UGACUUAA
AGGCGCUAUUGCC -3’, reverse 5- CAAUAGCGCCUU
UAAGUCACC -3'. After transfection, all cells were treated with
puromycin (Sigma, Santa Clara, CA, USA) at a concentration of
10pg/ml for 30 days. Both qPCR and western blotting were used to
verify the effectiveness of NPTX2 overexpression or knockdown.

qRT-PCR (Real-Time Quantitative Reverse
Transcription PCR)

The total RNA of EOC tissues and cell lines were isolated via the Mini-
BEST Universal RNA Extraction kit (TaKaRa, Kyoto, Japan) according
to the manufacturer’s instructions, followed with first-strand cDNA
synthesis via Prime-Script RT Master Mix (TaKaRa). The qPCR
detection was performed using the SYBR Green Master Mix
(TaKaRa) via PCR LightCycler480 (Roche Diagnostics Ltd., Basel,
Switzerland). Each sample was run four times and [-actin was used as ;
the internal control. The sequences of the qPCR primer pairs were as
follows: NPTX2, forward 5" - ACGGGCAAGGACACTATGG-3' and
reverse 5 - ATTGGACACGTTTGCTCTGAG-3'; IL6, forward 5 -
ACTCACCTCTTCAGAACGAATTG-3" and reverse 5 - CCAT
CTTTGGAAGGTTCAGGTTG-3'; B-actin, forward 5 -CATGTAC
GTTGCTATCCAGGC-3" and reverse 5 -CTCCTTAAT GTCAC
GCACGAT-3'.

Western Blotting

The total protein of EOC tissues and cell lines was isolated via a
cell protein extraction kit (KeyGen Biotechnology, Nanjing, PR
China) according to the manufacturer’s instructions. The BCA
kit (Beyotime Biotechnology, Beijing, PR China) was used to
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determine the concentration. An equivalent amount of protein
from each sample was separated by 4 to 20% SDS-PAGE
(Genscript, Nanjing, China), transferred to a nitrocellulose
membrane and blocked with 2% bovine serum albumin
(KeyGen Biotechnology). The membrane was then incubated
with primary antibodies against NPTX2, IL6, p-JAK2, JAK2, p-
STAT3, STAT3 and B-actin (Abcam Technology, Cambridge,
UK) at 4°C overnight, followed with TBST washing and
incubated with secondary antibody. The ECL kit (Beyotime)
was used to detect the bands on each membrane, and IMAGE ]
software (National Institutes of Health, Bethesda, MD, USA) was
used for quantification.

Cell Viability Assay

According to the manufacturer’s instructions, the CellTiter 96°
AQueous Non-Radioactive cell proliferation assay kit (Promega,
Madison, WI, USA) was used for cell viability detection. Briefly,
EOC cells were cultured in 96-well plates at a density of 3 x 10°
cells/well for 24, 48, 72, 96, and 120 h. Then 20pl of MTS was added
into each well, followed with 1 h incubation at 37°C. An ultraviolet
spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA)
was used to detect the absorbance at 495 nm.

Edu Assay

The 5-ethynyl-20-deoxyuridine (Edu) incorporation assay
(Beyotime) was performed according to the manufacturer’s
instructions. EOC cells were seeded into 24-well plates at a
density of 1 x 105 cells per well for 20 h, followed with 50
UMEAU treatment for 2 h at 37°C. The cells were then fixed with
4% paraformaldehyde, permeabilized with 0.3% Triton X-100,
incubated with 100 pl Click Additive Solution for 30 min, and
stained with 100 pul DAPI The images were taken with a laser
scanning confocal microscope (Olympus), and the percentage of
Edu-positive cells was calculated.

Transwell Assay

For the transwell assay, the 8 wm pore size polycarbonate
membrane of the upper transwell chamber (Costar, Corning, NY,
USA) was covered with 80 pL of 50 ng/uUL Matrigel solution (BD,
Franklin Lakes, NJ, USA) for 1 h incubation at 37°C. Then the EOC
cells were resuspended in serum-free DMEM at a density of 2 x 10°
cells/mL, and then 100 UL of cell suspension was seeded into the
upper chamber, and 600 pL. DMEM with 20% FBS was added to the
lower chamber. After incubation at 37°C for 20 h, the cells were
fixed with 4% paraformaldehyde (Beyotime) for 10 min and stained
with 1% Crystal Violet solution (Beyotime) for 20 min at room
temperature. Finally, the cell numbers were counted by calculating
the average of five random fields using an inverted microscope
(Olympus). For the migration assay, the upper transwell chamber
was not treated with Matrigel solution, and the other steps were the
same as the transwell assay.

Immunohistochemistry (IHC)

Immunohistochemistry was performed using an immunohistochemistry
kit (Maixin Biotechnology, Fuzhou, Fujian, PR China) according
to the manufacturer’s instructions. Briefly, tissue samples were
paraffin-embedded, cut into 4-um sections, and incubated with

primary antibodies against NPTX2 and Ki-67 (Abcam) at 4°C
overnight. After DAB staining, the sections were imaged with an
optical microscope (Olympus), and staining intensity was
assessed according to the German immunohistochemical
scoring system (15).

Luciferase Activity Analysis

Luciferase reporter assays were performed using the Dual-
Luciferase Reporter Assay System (Promega) according to the
manufacturer’s instructions. Briefly, NPTX2 reporter plasmids
were constructed by Gene-Chem (Shanghai, PR China). EOC
cells were seeded into 96-well plates at a density of 3 x 10 cells
per well and transfected with different plasmids. The cells were
lysed after 48 h, and luciferase activity was measured using an
ultraviolet spectrophotometer (Thermo Fisher Scientific). Each
experiment was independently repeated three times.

Chromatin Immunoprecipitation (ChiP)
Assays

ChIP assays were performed using the EZ-ChIP ' Immunoprecipitation
Kit (Millipore, Billerica, MA, USA) according to the
manufacturer’s instructions. The chromatin complexes were
immuno-precipitated with anti-HIF-1 antibody (Abcam). Then
the ChIP Assay Kit (Beyotime) was used to purify DNA samples,
and the purified DNA was analyzed by qPCR. The primer pairs
used to amplify the HIF-1 binding site in the NPTX2 promoter
was: f: 5'- GTGACACTGCGGGCCCT-3" and r: 5'- CGTCCGG
CGCCTGGTCCT-3'.

Xenograft Experiments

Five-week-old female BALB/c nude mice were purchased from
Shanghai Laboratory Animal Center and bred in the Laboratory
Animal Center of Fudan University Shanghai Cancer Center
under specific-pathogen-free conditions. Mice were maintained
under a 12 h light/12 h dark cycle with free access to water and
standard mouse diet. EOC cell suspensions (5 x 10 ° cells/100 pL
of DMEM) were mixed with 100 UL of Matrigel solution (BD)
and injected into the back flanks of the nude mouse. A2780 with
lower NPTX2 expression was used for overexpression, while
OVCAR-3 with higher NPTX2 expression was used for
knockdown. The tumor size was measured using a Vernier
caliper once a week, and the tumor volume was calculated
using the following formula: V = (D x d)/2 mm, where D is
the longest diameter and d is the shortest diameter of the tumor.
The mice were sacrificed 5 weeks after implantation, and the
tumors were weighed and photographed.

Bioinformatic Analyses

The data on mRNA expression and clinical samples from
ovarian carcinoma patients were obtained from The Cancer
Genome Atlas (TCGA, http://cancergenome.nih.gov) and Gene
Expression Omnibus (GEO, GSE10971, GSE18520, GSE105437
and GSE26712). Gene-set enrichment analysis (GSEA, http://
www.broadinstitute.org/gsea/index.jsp) was used to detect any
possible signal pathway sets of genes showing statistically
significant differences between higher and lower NPTX2
expression groups.
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Statistical Analysis

Statistical analysis was performed using SPSS 23.0 software (IBM,
Armonk, N.Y, USA). All experiments were repeated at least three
times, and the results are presented as the mean + SD. The chi-square
test, two-tailed Student’s t-test and one-way analysis of variance were
used to compare the statistical significance among different groups.
Differences in survival rates were analyzed using the log-rank test and
Kaplan-Meier analysis. All statistical tests were two-sided, and
statistical significance was defined as a p-value < 0.05.

RESULTS

NPTX2 Is Upregulated in Epithelial Ovarian
Carcinoma and Correlated With the
Progression and Poor Prognosis

To find the oncogenes that may participate in the carcinogenesis
and development of ovarian carcinoma, we first searched TCGA

and four GEO databases, including GSE10971, GSE18520,
GSE105437, and GSE26712, and found that 14 genes were
upregulated in these five databases (Figure 1A). NPTX2 is the
most significantly upregulated gene among these genes, while its
biological role in ovarian cancer has not been reported (Figures
1B, C). In addition, we performed Kaplan-Meier survival
analysis for the prognostic significance of NPTX2 expression in
ovarian carcinoma patients, and the survival time of patients
with high NPTX2 expression was significantly lower in the
TCGA dataset than in patients with low expression (Figure
1D). We then detected clinical specimens from ovarian
carcinoma patients and found the similar NPTX2 expression
as that in TCGA and GEO databases. All qPCR (Figure 1E),
western blotting (Figure 1F) and immunohistochemistry
(Figure 1G) showed NPTX2 expressed higher in epithelial
ovarian carcinoma than the normal tissues. Moreover, we also
detected NPTX2 expression in EOC cell lines OVCA420, A2780,
SKOV3, HEY, and OVCAR-3 and wild-type human ovarian
epithelial cell line HS832.Tc. All EOC cell lines showed higher
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NPTX2 expression than the benign cell line HS832.Tc (Figure
2A). The above results demonstrated that NPTX2 was
upregulated in ovarian carcinoma and correlated with the
progression and poor prognosis.

NPTX2 Overexpression Promoted the
Malignant Phenotype of Epithelial

Ovarian Carcinoma In Vitro

To investigate the role of NPTX2 in EOC, we designed lentiviral-
encapsulated NPTX2 overexpression plasmids. According to the
expression of NPTX2 in EOC cell lines shown in Figure 2A,
A2780 and HEY with the lowest expression were treated for
NPTX2 overexpression. Both western blotting and qPCR
confirmed the overexpression of NPTX2 (Figures 2B, C).
Then MTS assays showed the absorbance values were
significantly higher than controls (Figures 2D, E), confirming
that NPTX2 overexpression promoted EOC cell lines’ cell
viability. Edu assays showed the Edu positive rates were
significantly higher than controls (Figure 2F), confirming that
NPTX2 overexpression promoted EOC cell lines’ proliferation.
Both transwell and migration assays showed that NPTX2
overexpression markedly promoted tumor cell invasion and

migration compared with controls (Figures 2G, H). The above
results confirm that NPTX2 overexpression promoted the
malignant phenotype of epithelial ovarian carcinoma in vitro.

NPTX2 Knockdown Inhibited Malignant
Phenotype of Epithelial Ovarian Carcinoma
In Vitro

To further demonstrate the role of NPTX2 in the proliferation
and metastasis of EOC, we designed two siRNA sequences and
transfected OVCAR-3 and SKOV3 to knockdown NPTX2.
Western blotting and qPCR were used to confirm the efficiency
of NPTX2 knockdown (Figures 3A, B). First, we used the MTS
assay to detect tumor cells’ proliferation activity after NPTX2
knockdown, and the absorbance values were significantly lower
than those of the control group (Figures 3C, D), confirming that
NPTX2 knockdown inhibits the cell viability of EOC cell lines.
Edu assays showed the Edu positive rates were significantly lower
than controls (Figure 3E), confirming that NPTX2 knockdown
inhibits EOC cell lines’ proliferation. Subsequently, we examined
the effect of NPTX2 knockdown on tumor cell metastasis by both
transwell and migration assays. As shown in Figures 3F, G,
NPTX2 knockdown markedly inhibited tumor cell invasion and
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(F, G) Representative transwell assay (F) and migration assay (G) showing the inhibition of the invasion and migration of SKOV3 and OVCAR-3 after NPTX2
knockdown. Scale bar=100 um. NC, negative control; KD, knockdown, +: treated; —: untreated. All data are shown as the mean + SD (three independent
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migration compared with controls. Taken together, these results
clearly demonstrated that NPTX2 knockdown inhibited the
malignant phenotype of epithelial ovarian carcinoma in vitro.

NPTX2 Regulates IL6-JAK2/STAT3
Signaling Pathway in Epithelial Ovarian
Carcinoma

To further explore the possible signaling pathways in which
NPTX2 regulates the proliferation, invasion and migration of
EOC, we performed GSEA on the TCGA dataset. The results
showed a significant IL6-JAK2/STAT3 signaling pathway
enrichment in the higher NPTX2 expression group (Figure
4A). Therefore, we first detected the expression of NPTX2 and
IL6 in EOC clinical patients via qPCR and the results
demonstrated there was a positive correlationship (Figure 4B).
Then we examined the changes of IL6 after NPTX2 regulation.
Therefore, we first examined changes of IL6 after NPTX2
regulation. All the ELISA, qPCR, and western blotting results
showed the expression and secretion of IL6 were obviously
down-regulated after NPTX2 knockdown in OVCAR-3 and
SKOV3 (Figures 4C, D, G), while the opposite results were
got after NPTX2 overexpression in A2780 and HEY (Figures 4E,
F, H). Then the downstream molecules of the IL6-JAK2/STAT3
signaling pathway were detected by western blotting. As shown

in Figure 4F, G, the expression levels of the p-JAK2 and p-
STAT3 were significantly downregulated after NPTX2
knockdown in OVCAR-3 and SKOV3 (Figure 4G), while the
opposite results were obtained after NPTX2 overexpression in
A2780 and HEY (Figure 4H). The above evidence proves that
NPTX2 can upregulate IL6 expression and activate the JAK2/
STATS3 signaling pathway in epithelial ovarian carcinoma.

NPTX2 Promoted the Malignant Phenotype
of Epithelial Ovarian Carcinoma Via IL6-
JAK2/STAT3 Signaling Pathway

To furtherly verify whether NPTX2 promotes malignant
progression in EOC through the IL6-JAK2/STAT3 signaling
pathway, we treated EOC cell lines A2780 and HEY after
NPTX2 overexpression with an IL-6-neutralizing antibody.
MTS assays showed higher absorbance values caused by
NPTX2 overexpression were reversed after IL-6-neutralizing
antibody treatment (Figures 5A, B). Edu assays showed a
higher Edu positive rate during NPTX2 overexpression were
reversed after IL-6-neutralizing antibody treatment (Figure 5C).
Both transwell and migration assays showed that NPTX2
overexpression markedly promoted tumor cell invasion and
migration, while these promoting effects were also reversed
after IL-6-neutralizing antibody treatment (Figures 5D, E).
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FIGURE 4 | NPTX2 regulates IL6-JAK2/STAT3 signaling pathway in ovarian carcinoma. (A) Gene set enrichment analysis (GSEA) indicates that high expression of
NPTX2 is associated with the IL6-JAK2/STATS signaling pathway in the ovarian carcinoma TCGA database. (B) gPCR indicates a positive correlation between
NPTX2 and IL6 expression in EOC clinical patients. (C, D) The expression and secretion of IL6 after NPTX2 knockdown in SKOV3 and OVCAR-3 was measured by
qPCR (B) and ELISA (C). (E, F) The expression and secretion of IL6 after NPTX2 overexpression in A2780 and HEY was measured by gPCR (D) and ELISA (E).
(G, H) The major molecules in the IL6-JAK2/STAT3 signaling pathway after NPTX2 knockdown (F) or overexpression (G) was measured by western blotting. EV,
empty vector; OE, overexpression; NC, negative control; KD, knockdown; +: treated; —: untreated. All data are shown as the mean + SD (three independent
experiments). **P < 0.001.
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The above results confirm that NPTX2 overexpression promoted
the malignant phenotype of epithelial ovarian carcinoma via IL6-
JAK2/STATS3 signaling pathway.

HIF-1 Can Directly Induce the Expression
of NPTX2 Under Hypoxia

We furtherly investigated the possible upstream mechanism of
NPTX2 overexpression in EOC. GSEA analysis based on the
TCGA dataset revealed significant hypoxia enrichment at a higher
NPTX2 expression group (Figure 6A). Therefore, we investigated
whether there is a functional relationship between NPTX2 and
hypoxia. The A2780 and HEY cells were treated under hypoxia, and
the expression of NPTX2 increased gradually with the extension of
the hypoxia treatment time according to both qPCR and western
blotting (Figures 6B-D). Since hypoxia-inducible factor-1 (HIF-1)

is the most important transcription factor under hypoxic conditions
(Figure 6E), we furtherly discussed whether there is a
transcriptional regulation relationship between HIF-1 and
NPTX2. We identified the possible binding sites of HIF-1 on the
promoter region of NPTX2 by JASPAR analysis (Figure 6F), and
the luciferase reporter gene assays were performed. The results
showed that NPTX2-wt transfected A2780 and HEY had
significantly enhanced luciferase activity under hypoxia (Figures
6G, H). Moreover, ChIP assays revealed NPTX2 enrichment in
A2780 and HEY after anti-HIF-1 treatment under hypoxia (Figure
6I). Besides, qPCR and western blotting further confirmed that
NPTX2 expression was remarkably upregulated after HIF-1
overexpression(Figures 6], K). In summary, we conclude that
HIF-1 directly transcriptionally regulates NPTX2 expression in
EOC under hypoxic conditions.
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NPTX2 Knockdown Abolished Hypoxia-
Induced Malignant Phenotypes in
Epithelial Ovarian Carcinoma

We furtherly detected the function of NPTX2 on epithelial
ovarian carcinoma under hypoxia. Both the MTS and EDU
assays showed that hypoxic treatment increased cell viability
and the rates of EDU-positive cells of A2780 and HEY compared
with normoxic GCM treatment (Figures 7A-C). However, after
NPTX2 knockdown, the increase in proliferation of EOCs
induced by hypoxic treatment was abolished (Figures 7A-C).
Furthermore, both the transwell and migration assays also
showed that hypoxic treatment promoted the invasion and
migration of EOCs, while NPTX2 knockdown abolished these
effects (Figures 7D, E). These findings suggested that NPTX2
can mediate the hypoxia-induced epithelial ovarian carcinoma
malignant phenotype and NPTX2 can reverse these effects.

NPTX2 Regulates Epithelial Ovarian
Carcinoma Tumorigenesis

Finally, to determine whether NPTX2 can regulate EOC
tumorigenesis in vivo, we injected EOC cell lines with NPTX2

overexpression, knockdown or control into the flank regions of
nude mice, observed the tumor growths and followed the survival
rates. At 5 weeks post-inoculation, the mean volume of the
xenograft tumors in the NPTX2 overexpression group was
obviously larger than that in the control group (Figures 8A, B),
while the opposite results were obtained after NPTX2 knockdown
(Figures 8D, E). In agreement, the mean weight of the tumors
extracted from the NPTX2 overexpression group was obviously
larger than the control group (Figure 8C), while the mean weight of
the tumors extracted from the NPTX2 knockdown group was
smaller than the control group (Figure 8F). Moreover, IHC was
performed to detect the effects of NPTX2 overexpression or
knockdown on tumor tissues. In the NPTX2 overexpression
group, the staining intensity and expression levels of Ki-67 were
all upregulated, while the opposite results were obtained in the
NPTX2knockdown group (Figure 8G). A schematic diagram
showing that NPTX2 overexpression promotes malignant
phenotype of epithelial ovarian carcinoma via IL6-JAK2/STAT3
signaling pathway under hypoxia (Figure 8H). Taken together,
these results suggested that NPTX2 regulates epithelial ovarian
carcinoma tumorigenesis in nude mice.
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DISCUSSION

In the present study, we found for the first time that NPTX2 was
significantly upregulated in epithelial ovarian cancer and correlated
with the poor prognosis. Since NPTX2 was the top regulated genes
among TCGA and four GEO databases (GSE10971, GSE18520,
GSE105437, and GSE26712), it is worth discussing whether NPTX2
play a vital role in EOC. We furtherly confirmed the obvious
overexpression of NPTX2 in our clinical human EOC tissues and
cultured cell lines.

In order to find the possible role of NPTX2 on EOC, we first
searched the available literature about the roles of NPTX2 in
malignant tumors and NPTX2 was reported mainly participated
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FIGURE 7 | NPTX2 knockdown abolished hypoxia-induced malignant phenotypes in epithelial ovarian carcinoma. (A, B) MTS assays showing the cell viability of
A2780 (A) and HEY (B) under hypoxia after NPTX2 knockdown. (C) EDU incorporation assay showing the proliferation of A2780 and HEY under hypoxia were
reversed after NPTX2 knockdown. Scale bar=100 um. (D, E) Representative transwell assay (D) and migration assay (E) showing the increase in invasion and
migration of A2780 and HEY under hypoxia were reversed after NPTX2 knockdown. Scale bar=100 um. NC, negative control; KD, knockdown; +: treated;

—: untreated. All data are shown as the mean + SD (three independent experiments). **P < 0.01; **P < 0.001.

in five cancers, including glioma, pancreaticobiliary cancer,
colorectal cancer, renal cell carcinoma and neuroblastoma (16—
21). However, NPXT?2 plays a contradictory role in those tumors.
AlthoughNPTX2 showed a lower expression due to its promoter
hypermethylation and identified poor prognosis in glioma and
pancreaticobiliary cancer (12, 22), only one study demonstrated
the direct effect of NPTX2 on the inhibiting proliferation and
invasion of pancreatic cancer cells (11). As for colorectal cancer,
renal cell carcinoma and neuroblastoma, all studies demonstrate
the direct carcinogenesis effects of NPTX2. NPTX2 promotes
colorectal cancer growth and liver metastasis by activating the
canonical Wnt/B-catenin pathway via FZD6 (9). MiR-96
suppresses the proliferation, migration, and invasion of renal
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(E) and weight (F) of OVCAR-3 cells was decreased after NPTX2 knockdown. (G) Representative immunohistochemical staining showing the changes in NPTX2 and
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cell carcinoma via inhibiting NPTX2 (10). Targeting NPTX2
with the selected peptide can reduce the tumor burden in
orthotopic mouse models of human neuroblastoma (20).

Therefore, we prefer to recognize NPTX2 as an possible
oncogene in tumors. Our study also confirmed that NPTX2
overexpression could promote the proliferation, invasion and
migration of EOC in vitro and in vivo, while NPTX2 knockdown
can inhibit those malignant phenotypes of EOC.

To further explore the possible downstream mechanism of
NPTX2 on the malignant phenotype of EOC, we performed GSEA
on the TCGA dataset, and the results showed a significant IL6-JAK2/
STAT3 signaling pathway enrichment in the higher NPTX2
expression group. IL6-JAK2/STAT3 signaling pathway is one of the
most typical oncogenic signaling pathways in cancers. For example,
NFAT1-regulated IL6 signaling contributes to the aggressive
phenotypes of glioma (23). Cancer-associated fibroblasts promote
gallbladder cancer growth via activation of the IL6-JAK/STAT?3 signal

pathway (24). Ovarian carcinoma-associated mesenchymal stem cells
can activate the tumor cell stemness via activating IL6/STAT3
signaling (25). In our study, we demonstrated that NPTX2
overexpression could promote the expression and secretion of IL6,
followed by JAK2/STATS3 signaling pathway activation in epithelial
EOC. Moreover, after treatment withIL-6-neutralizing antibody,
NPTX2 induced malignant phenotype of EOC was reversed.
Therefore, these results demonstrate that NPTX2 promotes EOC'’s
malignant phenotype via upregulation of IL6 and the activation of the
JAK2/STATS3 signaling pathway.

Due to the rapid growth of tumor cells, it is frequent to occur in
ischemia and hypoxia (26). Hypoxia can promote the proliferation,
invasion and migration of tumors through upregulation of HIF-1
(27). HIF-1 is the key transcription factor under hypoxia and is
involved in the malignant phenotype of ovary cancers (28). For
example, HIF-1 mediates epidermal growth factor-induced down-
regulation of E-cadherin expression and cell invasion in human
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ovarian cancer cells (29). In our study, GSEA analysis indicated that
NPTX2 might be correlated with a hypoxia environment. Then we
inferred whether HIF1 could transcriptionally regulate the expression
of NPTX2 under hypoxia. Both the luciferase reporter gene assays
and ChIP assays demonstrated that HIF-1 directly transcriptionally
regulates NPTX2 expression in EOC under hypoxic conditions.
Furtherly, all the in vitro assays demonstrated that hypoxia can
promote the proliferation, invasion and migration of EOC, while
NPTX2 knockdown obviously abolished these promoting effects.

In conclusion, we found for the first time that NPTX2 was
significantly upregulated in EOC tissues and correlated with the
poor prognosis. NPTX2 overexpression can promote the
proliferation and tumorigenesis of EOC via IL6-JAK2/STAT3
signaling pathway. Moreover, the expression of NPTX2 may be
upregulated via HIF-1 due to the hypoxia environment caused by
EOC’s rapid growth. Therefore, NPTX2 may be a promising
treatment target for EOC molecular therapy.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: The Cancer Genome Atlas (TCGA, http://
cancergenome.nih.gov) and Gene Expression Omnibus (GEO,
GSE10971, GSE18520, GSE105437 and GSE26712).

ETHICS STATEMENT

The animal study was reviewed and approved by Human Ethics
Committee of FUSCC.

REFERENCES

1. BrayF, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin (2018) 68(6):394-424.
doi: 10.3322/caac.21492

2. Jones M, Peng P, Coetzee S, Tyrer J, Reyes A, Corona R, et al. Ovarian Cancer
Risk Variants Are Enriched in Histotype-Specific Enhancers and Disrupt
Transcription Factor Binding Sites. Am J Hum Genet (2020) 107(4):622-35.
doi: 10.1016/}.ajhg.2020.08.021

3. Bouchard-Fortier G, Cusimano MC, Fazelzad R, Sajewycz K, Lu L, Espin-
Garcia O, et al. Oncologic outcomes and morbidity following heated
intraperitoneal chemotherapy at cytoreductive surgery for primary
epithelial ovarian cancer: A systematic review and meta-analysis. Gynecol
Oncol (2020) 158(1):218-28. doi: 10.1016/j.ygyno.2020.03.034

4. Dion L, Carton I, Jaillard S, Nyangoh Timoh K, Henno S, Sardain H, et al. The
Landscape and Therapeutic Implications of Molecular Profiles in Epithelial
Ovarian Cancer. ] Clin Med (2020) 9(7):1-12. doi: 10.3390/jcm9072239

5. Funston G, Hardy V, Abel G, Crosbie EJ, Emery J, Hamilton W, et al.
Identifying Ovarian Cancer in Symptomatic Women: A Systematic Review of
Clinical Tools. Cancers (Basel) (2020) 12(12):1-21. doi: 10.3390/
cancers12123686

6. Koch SM, Ullian EM. Neuronal pentraxins mediate silent synapse conversion
in the developing visual system. J Neurosci (2010) 30(15):5404-14.
doi: 10.1523/jneurosci.4893-09.2010

7. Bjartmar L, Huberman AD, Ullian EM, Renteria RC, Liu X, Xu W, et al.
Neuronal pentraxins mediate synaptic refinement in the developing visual

AUTHOR CONTRIBUTIONS

XH participated in the design of the study. XH, XL, and LX
performed the experiments and collected the data. YL performed
the bioinformatics analysis and analyzed the data. HW and ZF
produced the main draft of the text and the figures. XH and XJ
contributed to data collection and the interpretation of data. XH
wrote the manuscript. XC and XW conceived the project and
supervised the research. All authors contributed to the article and
approved the submitted version.

FUNDING

This work was sponsored by grants from the Hospital Internal
Foundation of Fudan University Shanghai Cancer Center
(Grants. YJQN201927) and Eyas Program Foundation of
Shanghai Anticancer Association (Grants. HYXH202021).

ACKNOWLEDGMENTS

We thank Mrs. Chunyan Song for critical reading and comments.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
643986/full#supplementary-material

system. ] Neurosci (2006) 26(23):6269-81. doi: 10.1523/jneurosci.4212-
05.2006
. Moran LB, Hickey L, Michael GJ, Derkacs M, Christian LM, Kalaitzakis ME,
et al. Neuronal pentraxin II is highly upregulated in Parkinson’s disease and a
novel component of Lewy bodies. Acta Neuropathol (2008) 115(4):471-8.
doi: 10.1007/500401-007-0309-3
9. XuC, Tian G, Jiang C, Xue H, Kuerbanjiang M, Sun L, et al. NPTX2 promotes
colorectal cancer growth and liver metastasis by the activation of the
canonical Wnt/B-catenin pathway via FZD6. Cell Death Dis (2019) 10
(3):217-28. doi: 10.1038/s41419-019-1467-7
Xiang W, Han L, Mo G, Lin L, Yu X, Chen S, et al. MicroRNA-96 is a potential
tumor repressor by inhibiting NPTX2 in renal cell carcinoma. J Cell Biochem
(2020) 121(2):1504-13. doi: 10.1002/jcb.29385
Zhang L, Gao ], Li L, Li Z, Du Y, Gong Y. The neuronal pentraxin II gene
(NPTX2) inhibit proliferation and invasion of pancreatic cancer cells in vitro.
Mol Biol Rep (2011) 38(8):4903-11. doi: 10.1007/s11033-010-0632-y
Shukla S, Pia Patric IR, Thinagararjan S, Srinivasan S, Mondal B, Hegde AS,
et al. A DNA methylation prognostic signature of glioblastoma: identification
of NPTX2-PTEN-NF-kB nexus. Cancer Res (2013) 73(22):6563-73.
doi: 10.1158/0008-5472.Can-13-0298
Uhléen M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardinoglu A,
et al. Tissue-based map of the human proteome. Science (2015) 347
(6220):394-404. doi: 10.1126/science.1260419
Zhou ], Jiang Y, Zhao J, Zhang H, Fu J, Luo P, et al. Dp44mT, an iron chelator,
suppresses growth and induces apoptosis via RORA-mediated NDRG2-IL6/
JAK2/STATS3 signaling in glioma. Cell Oncol (Dordr) (2020) 43(3):461-75.
doi: 10.1007/s13402-020-00502-y

o

10.

11.

12.

13.

14.

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 643986


http://cancergenome.nih.gov
http://cancergenome.nih.gov
https://www.frontiersin.org/articles/10.3389/fonc.2021.643986/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.643986/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.ajhg.2020.08.021
https://doi.org/10.1016/j.ygyno.2020.03.034
https://doi.org/10.3390/jcm9072239
https://doi.org/10.3390/cancers12123686
https://doi.org/10.3390/cancers12123686
https://doi.org/10.1523/jneurosci.4893-09.2010
https://doi.org/10.1523/jneurosci.4212-05.2006
https://doi.org/10.1523/jneurosci.4212-05.2006
https://doi.org/10.1007/s00401-007-0309-3
https://doi.org/10.1038/s41419-019-1467-7
https://doi.org/10.1002/jcb.29385
https://doi.org/10.1007/s11033-010-0632-y
https://doi.org/10.1158/0008-5472.Can-13-0298
https://doi.org/10.1126/science.1260419
https://doi.org/10.1007/s13402-020-00502-y
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Han et al.

NPTX2 Promotes Epithelial Ovarian Carcinoma

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Han S, Zhang C, Li Q, Dong J, Liu Y, Huang Y, et al. Tumour-infiltrating CD4(+)
and CD8(+) lymphocytes as predictors of clinical outcome in glioma. Br J Cancer
(2014) 110(10):2560-8. doi: 10.1038/bjc.2014.162

Singh N, Rashid S, Rashid S, Dash NR, Gupta S, Saraya A. Clinical significance
of promoter methylation status of tumor suppressor genes in circulating DNA
of pancreatic cancer patients. ] Cancer Res Clin Oncol (2020) 146(4):897-907.
doi: 10.1007/500432-020-03169-y

Yang Q, Wang R, Wei B, Peng C, Wang L, Hu G, et al. Gene and microRNA
Signatures Are Associated with the Development and Survival of Glioblastoma
Patients. DNA Cell Biol (2019) 38(7):688-99. doi: 10.1089/dna.2018.4353
Schrodter S, Braun M, Syring I, Kliimper N, Deng M, Schmidt D, et al. Identification
of the dopamine transporter SLC6A3 as a biomarker for patients with renal cell
carcinoma. Mol Cancer (2016) 15(10):1-10. doi: 10.1186/s12943-016-0495-5
Karagkounis G, Thai L, DeVecchio J, Gantt GA, Duraes L, Pai RK, et al. NPTX2 is
associated with neoadjuvant therapy response in rectal cancer. J Surg Res (2016)
202(1):112-7. doi: 10.1016/j.jss.2015.12.042

Bartolini A, Di Paolo D, Noghero A, Murgia D, Sementa AR, Cilli M, et al. The
Neuronal Pentraxin-2 Pathway Is an Unrecognized Target in Human
Neuroblastoma, Which Also Offers Prognostic Value in Patients. Cancer
Res (2015) 75(20):4265-71. doi: 10.1158/0008-5472.Can-15-0649

Zhang Y, Yang B, Du Z, Gao YT, Wang Y], Jing X, et al. Identification and
validation of specific methylation profile in bile for differential diagnosis of
malignant biliary stricture. Clin Biochem (2010) 43(16-17):1340-4.
doi: 10.1016/j.clinbiochem.2010.08.013

Yao F, Sun M, Dong M, Jing F, Chen B, Xu H, et al. NPTX2 hypermethylation
in pure pancreatic juice predicts pancreatic neoplasms. Am ] Med Sci (2013)
346(3):175-80. doi: 10.1097/MAJ.0b013e31827b94b6

Jiang Y, Han S, Cheng W, Wang Z, Wu A. NFAT1-regulated IL6 signalling
contributes to aggressive phenotypes of glioma. Cell Commun Signal (2017) 15
(1):54-65. doi: 10.1186/s12964-017-0210-1

Pan MS, Wang H, Ansari KH, Li XP, Sun W, Fan YZ. Gallbladder cancer-
associated fibroblasts promote vasculogenic mimicry formation and tumor
growth in gallbladder cancer via upregulating the expression of NOX4, a poor

25.

26.

27.

28.

29.

prognosis factor, through IL-6-JAK-STATS3 signal pathway. J Exp Clin Cancer
Res (2020) 39(1):234-54. doi: 10.1186/s13046-020-01742-4

McLean K, Tan L, Bolland DE, Coffman LG, Peterson LF, Talpaz M, et al.
Leukemia inhibitory factor functions in parallel with interleukin-6 to promote
ovarian cancer growth. Oncogene (2019) 38(9):1576-84. doi: 10.1038/s41388-
018-0523-6

Jiang Y, Zhou J, Zou D, Hou D, Zhang H, Zhao J, et al. Overexpression of
Limb-Bud and Heart (LBH) promotes angiogenesis in human glioma via
VEGFA-mediated ERK signalling under hypoxia. EBioMedicine (2019) 48
(1):36-48. doi: 10.1016/j.ebiom.2019.09.037

Zhang X, Qi Z, Yin H, Yang G. Interaction between p53 and Ras signaling
controls cisplatin resistance via HDAC4- and HIF-10-mediated regulation of
apoptosis and autophagy. Theranostics (2019) 9(4):1096-114. doi: 10.7150/
thno.29673

Shen H, Cook K, Gee HE, Hau E. Hypoxia, metabolism, and the circadian
clock: new links to overcome radiation resistance in high-grade gliomas. ] Exp
Clin Cancer Res (2020) 39(1):129. doi: 10.1186/s13046-020-01639-2

Cheng JC, Klausen C, Leung PC. Hypoxia-inducible factor 1 alpha mediates
epidermal growth factor-induced down-regulation of E-cadherin expression
and cell invasion in human ovarian cancer cells. Cancer Lett (2013) 329
(2):197-206. doi: 10.1016/j.canlet.2012.10.029

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 © 2021 Han, Lu, Li, Xia, Wen, Feng, Ju, Chen and Wu. 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

March 2021 | Volume 11 | Article 643986


https://doi.org/10.1038/bjc.2014.162
https://doi.org/10.1007/s00432-020-03169-y
https://doi.org/10.1089/dna.2018.4353
https://doi.org/10.1186/s12943-016-0495-5
https://doi.org/10.1016/j.jss.2015.12.042
https://doi.org/10.1158/0008-5472.Can-15-0649
https://doi.org/10.1016/j.clinbiochem.2010.08.013
https://doi.org/10.1097/MAJ.0b013e31827b94b6
https://doi.org/10.1186/s12964-017-0210-1
https://doi.org/10.1186/s13046-020-01742-4
https://doi.org/10.1038/s41388-018-0523-6
https://doi.org/10.1038/s41388-018-0523-6
https://doi.org/10.1016/j.ebiom.2019.09.037
https://doi.org/10.7150/thno.29673
https://doi.org/10.7150/thno.29673
https://doi.org/10.1186/s13046-020-01639-2
https://doi.org/10.1016/j.canlet.2012.10.029
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Overexpression of NPTX2 Promotes Malignant Phenotype of Epithelial Ovarian Carcinoma via IL6-JAK2/STAT3 Signaling Pathway Under Hypoxia
	Introduction
	Materials and Methods
	Patients and Samples
	Cell Treatment
	Lentiviral Vector Construction and Transfection
	qRT-PCR (Real-Time Quantitative Reverse Transcription PCR)
	Western Blotting
	Cell Viability Assay
	Edu Assay
	Transwell Assay
	Immunohistochemistry (IHC)
	Luciferase Activity Analysis
	Chromatin Immunoprecipitation (ChIP) Assays
	Xenograft Experiments
	Bioinformatic Analyses
	Statistical Analysis

	Results
	NPTX2 Is Upregulated in Epithelial Ovarian Carcinoma and Correlated With the Progression and Poor Prognosis
	NPTX2 Overexpression Promoted the Malignant Phenotype of Epithelial Ovarian Carcinoma In Vitro
	NPTX2 Knockdown Inhibited Malignant Phenotype of Epithelial Ovarian Carcinoma In Vitro
	NPTX2 Regulates IL6-JAK2/STAT3 Signaling Pathway in Epithelial Ovarian Carcinoma
	NPTX2 Promoted the Malignant Phenotype of Epithelial Ovarian Carcinoma Via IL6-JAK2/STAT3 Signaling Pathway
	HIF-1 Can Directly Induce the Expression of NPTX2 Under Hypoxia
	NPTX2 Knockdown Abolished Hypoxia-Induced Malignant Phenotypes in Epithelial Ovarian Carcinoma
	NPTX2 Regulates Epithelial Ovarian Carcinoma Tumorigenesis

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	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


