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ABSTRACT
Background: Chemotherapy is one of the primary treatments for ovarian cancer
patients. Autophagy has been linked to chemotherapy resistance in tumor cells.
Recent studies have suggested that fibroblast growth factor 19 (FGF19) may be
involved in the onset and progression of malignancies. However, the relationship
between FGF19 and autophagy in ovarian cancer is still unknown.
Methods: Next-generation sequencing (NGS) was conducted to analyze gene
mutation profiles of 62 cases of high grade serous ovarian cancer (HGSOC).
Fluorescence in situ hybridization (FISH) was performed to validate the
amplification of FGF19 in HGSOC tissues. Quantitative PCR (qPCR) and
immunohistochemistry (IHC) were used to analyze the difference of FGF19 in
mRNA and protein expression. Meanwhile, bioinformatics techniques were used to
analyze the expression profiles of FGF19 and the correlation with prognosis. Besides,
immunofluorescence, transmission electron microscopy and Cell Counting Kit 8
(CCK-8) were used to investigate the potential mechanisms.
Results: In this study, we found that FGF19 promotes cisplatin resistance in ovarian
cancer cells by inducing autophagy. NGS analysis of 62 HGSOC cases identified a
significantly amplified gene, FGF19. In addition, the expression level of FGF19 in
ovarian cancer samples was higher than that in normal samples. FISH results showed
a positive correlation between amplification and expression of FGF19. Knockdown of
FGF19 inhibited the cell autophagy through decrease in the expression of LC3 and
Beclin 1, and increase in the expression of SQSTM1/p62. Furthermore, we observed
that p38 MAPK phosphorylation was down-regulated after FGF19 knockdown.
IFN-γ, a potential p38 MAPK activator, counteracted the inhibition of cell autophagy
and the anti-proliferation effect of cisplatin induced by FGF19 knockdown in ovarian
cancer cells.
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Conclusion: FGF19 increases autophagy and chemoresistance in ovarian cancer by
activating the p38 MAPK pathway. These results could point to FGF19 being a
potential therapeutic target for ovarian cancer.
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INTRODUCTION
High grade serous ovarian cancers (HGSOC) are the most common type of ovarian cancer
and are responsible for the majority of ovarian cancer deaths. This is largely due to the fact
that they are often diagnosed at a later stage, resulting in a poor prognosis (Andrikopoulou
et al., 2021; Suh-Burgmann et al., 2021). Even after clinical treatment, many HGSOC
patients are still prone to relapse and chemotherapy resistance (Chandrasekaran & Elias,
2021; Matthews, Bowden & Wong-Brown, 2021). Therefore, it is important to investigate
the underlying mechanisms of chemoresistance in order to improve the survival and
prognosis of HGSOC patients.

Autophagy is a process by which cellular material is delivered to lysosomes or vacuoles
for degradation and recycling (Chen et al., 2021b). Cell autophagy has important
regulatory roles on the cancer pathogenesis and therapeutic response (Liu et al., 2021b).
For instance, Fusobacterium nucleatum has been found to confer chemoresistance in
oesophageal squamous cell carcinoma cells by inducing autophagy (Liu et al., 2021a).
In gastric cancer, Zinc oxide nanoparticle (ZnO-NP) alleviates the chemoresistance by
inhibiting autophagy (Miao et al., 2021). Abnormally expressed SH3BGRL could drive the
chemotherapy resistance through enhancing cell autophagy in breast cancer (Zhang et al.,
2022b).

The fibroblast growth factor family (FGF) is involved in multiple biological processes,
including embryogenesis, angiogenesis, tissue homeostasis, and cancer progression (Presta
et al., 2017). FGF19, one of the hormone-like FGFs, is frequently overexpressed and
amplified in many cancers. Upon endoplasmic reticulum stress, amplified FGF19
promotes tumor cell proliferation through activating fibroblast growth factor (FGF)
receptor 4 (FGFR4)-glycogen synthase kinase-3beta (GSK3β)-nuclear factor erythroid-2-
related factor-2 (Nrf2) signaling in hepatocellular carcinoma (Teng et al., 2017). Moreover,
the upregulated FGF19 can promote ovarian cancer proliferation and invasion by
activating mitogen-activated protein kinase (MAPK) signaling pathway (Hu & Cong,
2015). However, the association between FGF19 and autophagy in ovarian cancer has not
been investigated.

In this study, we investigated the roles of FGF19 in the regulation of autophagy and
chemotherapy response in ovarian cancer. We found that FGF19 was amplified and
overexpressed in ovarian cancer cells. FGF19 knockdown inhibited autophagy and
decreased cisplatin resistance in ovarian cancer cells by decreasing phosphorylation of p38
MAPK.
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MATERIALS AND METHODS
Patients
A cohort of 157 HGSOC specimens, 26 normal ovaries and 22 normal fallopian tubes was
obtained from Xiangya Hospital of Central South University from September 2016 to
September 2021. Among these, 118 HGSOC, 26 paired normal ovaries and 22 normal
fallopian tube were used for immunohistochemistry (IHC). A total of 62 diagnosis HGSOC
samples were used for next-generation sequencing (NGS). A total of 41 HGSOC samples
were used for fluorescence in situ hybridization (FISH). Specimens were collected in
accordance with the ethical standards of Xiangya Hospital of Central South University.
The Ethical Committee of Xiangya Hospital of Central South University approved this
study (Approval No. 202201021).

Cells culture
Human ovarian cancer cells, OVCAR3, HO8910, HO8910pm, SKOV3, SKOV3-IP, A2780
and normal ovarian epithelial cells IOSE were obtained from School of Basic Medical
Science, Central South University. All the cells were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) medium (Bi, Israel Beit Haemek Ltd., Beit Haemek, Israel) containing
10% fetal bovine serum (FBS) at 37 �C under an atmosphere with 5% CO2.

Chemicals and reagents
BIRB796 and cisplatin were purchased from Good Laboratory Practice Bioscience. IFN-γ
was purchased from MedChemExpress. FGF19 and p62 antibodies were obtained from
Santa. Antibodies against LC3 and Beclin 1, along with secondary antibodies, were
purchased from Cell Signaling Technology. Antibodies against p38 MAPK, phospho-p38
MAPK (p-p38 MAPK) and GAPDH were purchased from Abclonal.

IHC
After the tissue sections were dewaxed in turpentine oil and hydrated in gradient alcohol
(95%, 85%, 75%, 50%), the exposure of tissue antigen was repaired with citrate buffer for
3 min. Endogenous peroxidase activity was blocked by using 3% H2O2 for 20 min.
The sections were incubated with FGF19 antibody at 37 �C for 1h, and incubated with
secondary antibody for 30 min. After then, color reaction was analyzed with
3,3′-diaminobenzitine (DAB) solution.

FISH
According to the manufacturer’s recommendations, FISH was performed on tissue using
two probes targeting FGF19-CCND1 and CEP11 (Abnova, Walnut, CA, USA). The slides
were examined using a 100× objective lens and an Olympus BX51 fluorescence microscope
(Olympus, Tokyo, Japan). Each image is obtained by Olympus cellsens software.

Western blot
The same amount of celluar protein in each sample was separated by SDS-PAGE, and then
imprinted on PVDF membrane (Millipore, Burlington, MA, USA; Merck, Rahway, NJ,

Zhu et al. (2023), PeerJ, DOI 10.7717/peerj.14827 3/16

http://dx.doi.org/10.7717/peerj.14827
https://peerj.com/


USA). After blocking with 5% milk, the membrane was incubated with primary antibodies
overnight at 4 �C, and then incubated with HRP-conjugated secondary antibodies at room
temperature for 2 h. Then, the Chemiluminescence imaging system was used to detect the
immune response.

RNA extraction and qPCR
The total RNA was extracted by TRIzol reagent (Invitrogen, Waltham, MA, USA), reverse
transcribed into cDNA using PrimeScript RT Kit (Abclonal, Wuhan, China) according to the
manufacturer’s instructions. qRT-PCR was performed by iTaqTM Universal SYBR green
Supermix (Abclonal, Wuhan, China). GAPDH was used as internal control. The forward and
reverse primers were used as follows: FGF19: 5′-CGGAGGAAGACTGTGCTTTCG-3′ and
5′-CTCGGATCGGTACACATTGTAG-3′; GAPDH: 5′-CAGCAAGAGCACAAGAGGAA-3′
and 5′-TGGTACATGACAAGGTGCGG-3′. Relative expression levels were decided using the
2−ΔΔCT method.

Immunofluorescence
HO8910pm and SKOV3-IP cells were seeded into 6-well plates. After transfection and/or
adding BIRB796, the cells were fixed with 4% formaldehyde for 20 min at room
temperature. After staining with 2-(4-Amidinophenyl)-6-indolecarbamidine
dihydrochloride (DAPI) and sealing the slide, the formation of GFP-LC3 puncta in cells
were analyzed by confocal microscope.

CCK-8 assays
Cells (1 × 103 cells/well) were inoculated in 96 well plates after treatment with cisplatin.
Then, after adding CCK-8 test solution (b34304, Bimake, Houston, TX, USA), the cells
were cultured at 37 �C in 5% CO2 for 1 h. Subsequently, the optical density (OD) of the
sample was measured at 450 nm using a Microplate Reader (Biotech, Camarillo, CA,
USA).

Statistical analysis
SPSS 22.0 and GraphPad Prism 8.0 were used for all statistical analyses. Data have been
expressed as means ± Standard Error of Mean. The two groups were compared by
Student’s t-test. The correlations between the FGF19 expression and FGF19 amplification
were analyzed by Spearman’s correlation analysis. All experiments were performed at least
three times and are reported as mean ± SD. Statistical significance is shown as with �p-
value < 0.05, ��p-value < 0.01, ���p-value < 0.001 and ����p-value < 0.0001.

RESULTS
Identification of FGF19 amplification in ovarian cancer
Using NGS technology, we detected and analyzed the gene mutation profiles in HGSOC
patients (Table S1). Overall, 621 mutations and 273 mutated genes were detected. Among
them, the most frequently mutated genes were TP53 (90%), followed by Myc (35%),
neurofibromatosis type 1 (NF1, 18%) and RecQ like helicase 4 (RECQL4, 18%) (Fig. 1A).
The mutation types were classified into eight categories: missense mutation, deletion
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Figure 1 The gene mutation profiles revealed the FGF19 amplification in ovarian cancer. (A) Distribution and frequency of genetic alterations in
62 HGSOC patients. Mutation types are marked with different colors. (B) Pie chart showing the percentage of different types of somatic mutations in
HGSOC. (C and D) The mutation frequency of FGF19 analyzed by cBioPortal database in pan-cancer and ovarian cancer. (E) FISH assay was
performed to detect FGF19 amplification (red arrows) in OC tissues. Full-size DOI: 10.7717/peerj.14827/fig-1
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mutation, splicing mutation, frameshift mutation, stop-gained variation, copy number
variation, gene fusion, large genomic rearrangement and promoter mutation. Among
them, copy number amplification was the most type (44.28%), followed by missense
mutation (33.49%), splicing mutation (5.48%) and frameshift mutation (4.03%) (Fig. 1B).

Studies have shown that aberrant FGF19 can be a driver of malignant behavior,
contributing to the oncogenesis and progression of human cancers (Kanzaki et al., 2021).
In our analysis of 62 paraffin-embedded ovarian cancer tissues, we identified FGF19
amplification (Fig. 1A). Additionally, the cBioPortal database revealed FGF19
amplification in a variety of cancers (Fig. 1C) and four ovarian cancer datasets (Fig. 1D).
Furthermore, FISH analysis was conducted to validate the amplified FGF19 in HGSOC
tissues (Fig. 1E). This showed that FGF19 is highly amplified in ovarian cancer.

FGF19 was overexpressed in ovarian cancer and correlated with poor
prognosis
The expression profiles of FGF19 were analyzed by several bioinformatics databases. First,
the analysis results from TNMplot database showed that the expression of FGF19 mRNA
in ovarian cancer tissues was higher than that in normal tissues (Fig. 2A). From TCGA-
OC, we found that the expression of FGF19 was significantly upregulated in ovarian cancer
tissues (Fig. 2B). Next, we analyzed the association between FGF19 expression and
patients’ clinical characteristics. IHC was performed to explore the FGF19 level in 118
ovarian cancer tissues, 22 normal ovarian and 26 normal fallopian tube. FGF19 was
expressed in both nucleus and cytoplasm, and the expression of FGF19 in tumor tissues
was higher than that in normal tissues (Fig. 2C). Next, we studied the correlation between
FGF19 expression and the clinical characteristics, such as age, clinical stage and lymphatic
metastasis (Table 1). The expression of FGF19 was related to lymphatic metastasis and
abdominal and distant metastasis (p = 0.001, p = 0.028, respectively), and high expression
of FGF19 was more prone to tumor metastasis. The Kaplan Meier plotter database
suggested that the patients with high level of FGF19 displayed poor prognosis in GSE26193
(Fig. 2D) and GSE19829 (Fig. 2E). Collectively, the overexpressed FGF19 in ovarian cancer
could be utilized as a potential biomarker for prognosis.

FGF19 knockdown inhibited cell autophagy
We screened the expression profiles of FGF19 in several ovarian cancer cells, and found
that FGF19 were over-expressed in multiple ovarian cancer cells, including HO8910pm
and SKOV3-IP (Figs. 3A and 3B). Recent study displayed that cell autophagy-associated
signaling affects the clinical outcomes and therapeutic responses in ovarian cancer (Zhang
et al., 2022a). To investigate the roles of FGF19 on cell autophagy, we knocked down
FGF19 in HO8910pm and SKOV3-IP cells, and found that FGF19 knockdown
down-regulated the expression of LC3 and Beclin 1 and up-regulated the expression of
SQSTM1/p62 (Fig. 3C). Then, immunofluorescence results displayed that FGF19
knockdown reduced the GFP-LC3 puncta formation in HO8910pm and SKOV3-IP cells
(Figs. 3D–3G). Furthermore, autophagy-associated biomarkers and GFP-LC3 puncta
formation displayed the opposite results after overexpression of FGF19 in HO8910 and
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SKOV3 (Fig. S1). The transmission electron microscopy showed that downregulation of
FGF19 inhibited the formation of autophagosomes (Figs. 3H–3K). The above-mentioned
results suggested that abnormally overexpressed FGF19 could improve cell autophagy in
ovarian cancer cells.

Figure 2 FGF19 was overexpressed in OC tissues and correlated with the poor prognosis. (A and B)
The expression of FGF19 was analyzed by the (A) TNM plot and (B) TCGA. (C) IHC staining for FGF19
in OC sample (n = 118), normal ovarian (n = 26) and normal fallopian tube (n = 22). (D and E) The
relationship between FGF19 expression and overall survival (OS) analyzed by Kaplan–Meier Plotter in
GSE26193 (D) and GSE19829 (E). ���p < 0.001. Full-size DOI: 10.7717/peerj.14827/fig-2
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FGF19 knockdown inhibited cell autophagy via downregulation MAPK
signaling
MAPKs, in particular p38 MAPK, have dual roles in the regulation of cell autophagy
(Webber & Tooze, 2010). Some studies have shown that FGF family members, such as
FGF2, regulate cell autophagy by inhibiting MAPK signaling (Yuan et al., 2017). Here, we
explored whether MAPK signaling participates in the regulatory effect of FGF19 on cell
autophagy. Western blot showed the decreased LC3 and Beclin 1 and increased p62 after
treatment with FGF19 knockdown, while increased LC3 and Beclin 1 and decreased p62
after treatment with IFN-γ, a potential p38 MAPK activator (Matsuzawa, Fujiwara &
Washi, 2014), in HO8910pm and SKOV3-IP cells (Figs. 4A and 4B). Moreover, FGF19
knockdown also inhibited p38 MAPK phosphorylation, whereas IFN-γ did not affect the
expression of FGF19, suggesting that p38 MAPK was the downstream target of FGF19.
In contrast, FGF19 overexpression up-regulated the expression of LC3 and Beclin 1 and
down-regulated the expression of p62, while treated with p38 MAPK inhibitor BIRB796
had the opposite effects in HO8910 and SKOV3 cells (Figs. 4C and 4D). We then
transfected GFP-LC3 into ovarian cancers cells, and found that FGF19 downregulation
and BIRB796 treatment decreased the formation of GFP-LC3 puncta, while FGF19
upregulation and IFN-γ treatment increased the formation of GFP-LC3 puncta (Figs.
4E–4H). Taken together, these findings suggested that FGF19 knockdown inhibited cell
autophagy through deactivating p38 MAPK signaling pathway.

Table 1 Correlation of FGF19 expression with clinicopathological features.

Characteristics Nunbers of case (%) FGF19 expression p value

Age (y) Low High

≥50 79(66.9) 28 11 0.001

<50 39(33.1) 32 47

Clinical stage

I 14(11.9) 9 5 0.06

II 9(7.6) 8 1

III 77(65.3) 35 42

IV 18(15.3) 8 10

Lymphatic metastasis

Yes 49(41.5) 16 33 0.001

No 69(58.5) 44 25

Abdominal and distant metastasis

Yes 94(79.7) 43 51 0.028

No 24(20.3) 17 7

Histological type

Ovarian cancer 118 60 58

Normal ovarian 26 25 1 <0.001

Normal fallopian tube 22 17 5 0.011
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Figure 3 FGF19 modulates autophagy in OC cells. (A and B) Expression of FGF19 was analyzed by
western blot and qRT-PCR. (C)Western blot analysis of LC3, Beclin 1, and p62 protein levels after FGF19
knockdown in HO8910pm and SKOV3-IP cells. (D–G) Representative images of GFP-LC3 after FGF19
knockdown in HO8910pm and SKOV3-IP cells. (H–K) Transmission electron microscopy indicated the
decreased formation of autophagosomes (white arrows) after FGF19 knockdown in HO8910pm and
SKOV3-IP cells. �p < 0.05, ��p < 0.01, ���p < 0.001 and ����p < 0.0001, ns, not significant.

Full-size DOI: 10.7717/peerj.14827/fig-3
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Figure 4 FGF19 promoted cell autophagy by activating p38 MAPK signaling. (A and B) Western blot
analysis of FGF19, LC3, Beclin 1, p62, p38 MAPK and p-p38 MAPK after FGF19 knockdown and
200 ng/ml IFN-γ treatment in HO8910pm and SKOV3-IP cells. (C and D) Western blot analysis of
FGF19, LC3, Beclin 1, p62, p38 MAPK and p-p38 MAPK after FGF19 overexpression and 400 nmol/l
BIRB796 treatment in HO8910 and SKOV3 cells. (E and F) Representative confocal images of GFP-LC3

Zhu et al. (2023), PeerJ, DOI 10.7717/peerj.14827 10/16

http://dx.doi.org/10.7717/peerj.14827
https://peerj.com/


FGF19 enhanced cisplatin resistance by activating p38 MAPK
signaling
Multiple studies have demonstrated that activation of p38 MAPK is related to cisplatin
resistance in a variety of cancers, including ovarian cancer (Chen et al., 2018; Li et al., 2021;
Liao et al., 2020). Here, CCK8 was used to detect the potential roles of FGF19-p38 MAPK
axis on the anti-proliferation effect of cisplatin in ovarian cancer cells. The results
displayed that both FGF19 knockdown and BIRB796 treatment increased
cisplatin-induced proliferation inhibition of OC cells; however, FGF19 overexpression and
IFN-γ treatment reduced cisplatin-induced proliferation inhibition (Figs. 5A–5D). These
results demonstrated that FGF19 might promote the cisplatin resistance of ovarian cancer
cells by activating p38 MAPK signaling.

DISCUSSION
In this study, the roles of FGF19 in cell autophagy and therapeutic response of ovarian
cancer cells were demonstrated. High level amplification and expression of FGF19 were
observed in ovarian cancer. FGF19 might promote autophagy and cisplatin resistance of
ovarian cancer cells by activating p38 MAPK pathway. In addition, patients with highly
expressed FGF19 had shorter overall survival (OS). Thus, the results confirmed that FGF19
might be a prognostic and therapeutic target of ovarian cancer.

FGFs is a family composed of 22 different proteins, which is divided into seven different
subfamilies, including FGF19 subfamily (Itoh & Ornitz, 2004; Presta et al., 2017). Studies
have demonstrated that FGF19 is frequently amplified in human cancers (Peng et al.,
2020). Moreover, over-expressed FGF19 could accelerate cancer progression and
therapeutic resistance. FGF19 can promote the occurrence of colorectal cancer by
regulating metabolic biological functions, such as bile acid biosynthesis and insulin
resistance (Peng et al., 2020). The expression of FGF19 is significantly up-regulated in
non-small cell lung cancer, and is associated with poor prognosis (Chen et al., 2021a).
FGF19 stimulates cell proliferation and invasion by activating AKT-MAPK signaling
pathway (Hu & Cong, 2015). Therefore, our findings are consistent with the current view
that FGF19 might act as an oncogenic gene.

Autophagy is a lysosomal degradation pathway, which is important for survival,
differentiation, development and cellular homeostasis. Autophagy plays major roles in
various pathologies, including infection, neurodegeneration, heart disease and cancer
(Levine & Kroemer, 2008). Autophagy is often induced as a “first response” to cancer
therapy. Through autophagy, cells try to clear the damage caused by cancer treatment
(Chaachouay et al., 2011). IL-6 activates autophagy through the upregulating JAK2
pathway and promotes chemotherapy resistance in colorectal cancer (Hu et al., 2021).
Furthermore, as promising regulators of autophagy, the non-coding RNAs, such as

Figure 4 (continued)
after FGF19 knockdown and IFN-γ treatment in HO8910pm and SKOV3-IP cells. (G and H) Repre-
sentative confocal images of GFP-LC3 after FGF19 overexpression and BIRB796 treatment in HO8910
and SKOV3 cells. �p < 0.05, ��p < 0.01 and ���p < 0.001. Full-size DOI: 10.7717/peerj.14827/fig-4
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lncRNAs and miRNAs, can regulate therapeutic resistance in cancer cells (Eng et al., 2021;
Hou, Li & Dong, 2021; Xia et al., 2022). Moreover, increasing studies have confirmed that
autophagy is involved in the progression and drug resistance of ovarian cancer cells (Zhao
et al., 2021). In addition, FGF family members display important effects in the regulation
of cell autophagy. FGF2 may suppress autophagy by activating the PI3K/Akt pathway,
exhibiting a neuroprotective role (Wang et al., 2021). FGF21 exhibits protective effects
against cardiomyocyte hypoxia/reoxygenation injury by promoting autophagy (Ren et al.,
2019). However, the detailed roles of FGF19 in cell autophagy and chemoresistance in
ovarian cancer have not been not fully clarified. Accordingly, our study confirmed that
high levels of FGF19 could promote cell autophagy and cisplatin resistance in ovarian
cancer cells.

MAPK signaling is one of the common pathways participating in different cytological
functions, such as cell proliferation, inflammation, differentiation and apoptosis. MAPK
pathway has three-level signal transmission processes: MAPK, MAPK kinase (MEK or
MKK) and the kinase of MAPK kinase (MEKK or MKKK). These three kinases could be

Figure 5 FGF19 promoted cisplatin resistance through activating p38 MAPK signaling. (A and B)
After FGF19 knockdown and IFN-γ treatment, the anti-proliferation effect of cisplatin on HO8910pm
(A) and SKOV3-IP (B) cells was detected by CCK-8 assay. (C and D) After FGF19 overexpression and
BIRB796 treatment, the anti-proliferation effect of cisplatin on HO8910 (C) and SKOV3 (D) cells was
detected by CCK8 assay. �p < 0.05, ��p <0.01 and ���p < 0.001.

Full-size DOI: 10.7717/peerj.14827/fig-5
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activated in turn, jointly regulating a variety of important physiological and pathological
functions. Bruceine D induces apoptosis and autophagy of lung cancer cells through
activating ROS/MAPK signaling pathway in vivo and in vitro (Fan et al., 2020). PNO1
regulates apoptosis and autophagy of hepatocellular carcinoma through MAPK signaling
pathway, facilitating the cancer progression (Han et al., 2021). In recent years, emerging
studies have demonstrated that MAPK pathway is related to cancer therapy. Magnoflorine
induces apoptosis and autophagy by inhibiting AKT/mTOR and promoting p38 MAPK
signaling pathways, and enhances the sensitivity of breast cancer cells to doxorubicin
(DOX) (Wei, Xiaojun & Peilong, 2020). HIF-1a And HDAC4 may actively control
cisplatin resistance of ovarian cancer through modulating p53/RAS-dependent autophagy
(Zhang et al., 2019). Similarly, in present study, FGF19 enhances autophagy and cisplatin
resistance in OC by activating MAPK pathway, which may be a useful therapeutic target.

In conclusion, our study illustrated that the underlying mechanisms of FGF19 in the
regulation of cell autophagy and chemoresistance in ovarian cancer cells. FGF19 is highly
amplified and overexpressed in ovarian cancer, and is associated with patients’ poor
prognosis. Moreover, FGF19 enhances cell autophagy and cisplatin chemoresistance
through activating p38 MAPK pathway.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Hunan Provincial Natural Science Foundation of China
(2019JJ40394). The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Hunan Provincial Natural Science Foundation of China: 2019JJ40394.

Competing Interests
Yuanliang Yan is an Academic Editor for PeerJ.

Author Contributions
� Wei Zhu performed the experiments, analyzed the data, prepared figures and/or tables,
and approved the final draft.

� Meiyuan Huang analyzed the data, authored or reviewed drafts of the article, and
approved the final draft.

� Abhimanyu Thakur analyzed the data, authored or reviewed drafts of the article, and
approved the final draft.

� Yuanliang Yan conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

� Xiaoying Wu conceived and designed the experiments, authored or reviewed drafts of
the article, and approved the final draft.

Zhu et al. (2023), PeerJ, DOI 10.7717/peerj.14827 13/16

http://dx.doi.org/10.7717/peerj.14827
https://peerj.com/


Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Ethical Committee of Xiangya Hospital of Central South University approved this
study (Approval No. 202201021).

DNA Deposition
The following information was supplied regarding the deposition of DNA sequences:

The sequencing data are available in the Supplemental Table.

Data Availability
The following information was supplied regarding data availability:

The raw data are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.14827#supplemental-information.

REFERENCES
Andrikopoulou A, Liontos M, Koutsoukos K, Dimopoulos MA, Zagouri F. 2021. Clinical

perspectives of BET inhibition in ovarian cancer. Cellular Oncology 44(2):237–249
DOI 10.1007/s13402-020-00578-6.

Chaachouay H, Ohneseit P, Toulany M, Kehlbach R, Multhoff G, Rodemann HP. 2011.
Autophagy contributes to resistance of tumor cells to ionizing radiation. Radiotherapy and
Oncology 99(3):287–292 DOI 10.1016/j.radonc.2011.06.002.

Chandrasekaran A, Elias KM. 2021. Synthetic lethality in ovarian cancer. Molecular Cancer
Therapeutics 20(11):2117–2128 DOI 10.1158/1535-7163.MCT-21-0500.

Chen Y, Cao XY, Li YN, Qiu YY, Li YN, Li W, Wang H. 2018. Reversal of cisplatin resistance by
microRNA-139-5p-independent RNF2 downregulation and MAPK inhibition in ovarian
cancer. American Journal of Physiology-Cell Physiology 315(2):C225–C235
DOI 10.1152/ajpcell.00283.2017.

Chen J, Shao J, Shen A, Zhu X, Zhang X, Sun H, Wei S, Ling Y. 2021a. Enhanced expression of
FGF19 predicts poor prognosis in patients with non-small cell lung cancer. Journal of Thoracic
Disease 13(3):1769–1784 DOI 10.21037/jtd-21-126.

Chen X, Yan YL, Zeng SS, Gong ZC, Xu ZJ. 2021b. Caveolin-1 promotes radioresistance via
IRGM-regulated autophagy in lung cancer. Annals of Translational Medicine 9(1):47
DOI 10.21037/atm-20-3293.

Eng GWL, Zheng Y, Yap DWT, Teo AYT, Cheong JK. 2021. Autophagy and ncRNAs: dangerous
liaisons in the crosstalk between the tumor and its microenvironment. Cancers (Basel) 14(1):20
DOI 10.3390/cancers14010020.

Fan J, Ren D, Wang J, Liu X, Zhang H,WuM, Yang G. 2020. Bruceine D induces lung cancer cell
apoptosis and autophagy via the ROS/MAPK signaling pathway in vitro and in vivo. Cell Death
& Disease 11(2):126 DOI 10.1038/s41419-020-2317-3.

Han Z, Liu D, Chen L, He Y, Tian X, Qi L, Chen L, Luo Y, Chen Z, Hu X, Li G, Zhan L, Wang Y,
Li Q, Chen P, Liu Z, Guo H. 2021. PNO1 regulates autophagy and apoptosis of hepatocellular

Zhu et al. (2023), PeerJ, DOI 10.7717/peerj.14827 14/16

http://dx.doi.org/10.7717/peerj.14827#supplemental-information
http://dx.doi.org/10.7717/peerj.14827#supplemental-information
http://dx.doi.org/10.7717/peerj.14827#supplemental-information
http://dx.doi.org/10.7717/peerj.14827#supplemental-information
http://dx.doi.org/10.1007/s13402-020-00578-6
http://dx.doi.org/10.1016/j.radonc.2011.06.002
http://dx.doi.org/10.1158/1535-7163.MCT-21-0500
http://dx.doi.org/10.1152/ajpcell.00283.2017
http://dx.doi.org/10.21037/jtd-21-126
http://dx.doi.org/10.21037/atm-20-3293
http://dx.doi.org/10.3390/cancers14010020
http://dx.doi.org/10.1038/s41419-020-2317-3
http://dx.doi.org/10.7717/peerj.14827
https://peerj.com/


carcinoma via the MAPK signaling pathway. Cell Death & Disease 12(6):552
DOI 10.1038/s41419-021-03837-y.

Hou M, Li C, Dong S. 2021. LINC00963/miR-4458 regulates the effect of oxaliplatin in gastric
cancer by mediating autophagic flux through targeting of ATG16L1. Scientific Reports
11(1):20951 DOI 10.1038/s41598-021-98728-9.

Hu L, Cong L. 2015. Fibroblast growth factor 19 is correlated with an unfavorable prognosis and
promotes progression by activating fibroblast growth factor receptor 4 in advanced-stage serous
ovarian cancer. Oncology Reports 34(5):2683–2691 DOI 10.3892/or.2015.4212.

Hu F, Song D, Yan Y, Huang C, Shen C, Lan J, Chen Y, Liu A,WuQ, Sun L, Xu F, Hu F, Chen L,
Luo X, Feng Y, Huang S, Hu J, Wang G. 2021. IL-6 regulates autophagy and chemotherapy
resistance by promoting BECN1 phosphorylation. Nature Communications 12(1):3651
DOI 10.1038/s41467-021-23923-1.

Itoh N, Ornitz DM. 2004. Evolution of the Fgf and Fgfr gene families. Trends in Genetics
20(11):563–569 DOI 10.1016/j.tig.2004.08.007.

Kanzaki H, Chiba T, Ao J, Koroki K, Kanayama K, Maruta S, Maeda T, Kusakabe Y,
Kobayashi K, Kanogawa N, Kiyono S, Nakamura M, Kondo T, Saito T, Nakagawa R,
Ogasawara S, Suzuki E, Ooka Y, Muroyama R, Nakamoto S, Yasui S, Tawada A, Arai M,
Kanda T, Maruyama H, Mimura N, Kato J, Zen Y, Ohtsuka M, Iwama A, Kato N. 2021. The
impact of FGF19/FGFR4 signaling inhibition in antitumor activity of multi-kinase inhibitors in
hepatocellular carcinoma. Scientific Reports 11(1):5303 DOI 10.1038/s41598-021-84117-9.

Levine B, Kroemer G. 2008. Autophagy in the pathogenesis of disease. Cell 132(1):27–42
DOI 10.1016/j.cell.2007.12.018.

Li H, Zhang Y, Lan X, Yu J, Yang C, Sun Z, Kang P, Han Y, Yu D. 2021. Halofuginone sensitizes
lung cancer organoids to cisplatin via suppressing PI3K/AKT and MAPK signaling pathways.
Frontiers in Cell and Developmental Biology 9:773048 DOI 10.3389/fcell.2021.773048.

Liao XZ, Gao Y, Zhao HW, Zhou M, Chen DL, Tao LT, Guo W, Sun LL, Gu CY, Chen HR,
Xiao ZW, Zhang JX, He MF, Lin LZ. 2020. Cordycepin reverses cisplatin resistance in
non-small cell lung cancer by activating AMPK and inhibiting AKT signaling pathway. Frontiers
in Cell and Developmental Biology 8:609285 DOI 10.3389/fcell.2020.609285.

Liu Y, Baba Y, Ishimoto T, Tsutsuki H, Zhang T, Nomoto D, Okadome K, Yamamura K,
Harada K, Eto K, Hiyoshi Y, Iwatsuki M, Nagai Y, Iwagami S, Miyamoto Y, Yoshida N,
Komohara Y, Ohmuraya M, Wang X, Ajani JA, Sawa T, Baba H. 2021a. Fusobacterium
nucleatum confers chemoresistance by modulating autophagy in oesophageal squamous cell
carcinoma. British Journal of Cancer 124(5):963–974 DOI 10.1038/s41416-020-01198-5.

Liu X, Ma B, Chen M, Zhang Y, Ma Z, Chen H. 2021b. Prognostic autophagy-related genes of
gastric cancer patients on chemotherapy. Frontiers in Genetics 12:720849
DOI 10.3389/fgene.2021.720849.

Matsuzawa T, Fujiwara E, Washi Y. 2014. Autophagy activation by interferon-γ via the p38
mitogen-activated protein kinase signalling pathway is involved in macrophage bactericidal
activity. Immunology 141(1):61–69 DOI 10.1111/imm.12168.

Matthews BG, Bowden NA, Wong-Brown MW. 2021. Epigenetic mechanisms and therapeutic
targets in chemoresistant high-grade serous ovarian cancer. Cancers 13(23):5993
DOI 10.3390/cancers13235993.

Miao YH, Mao LP, Cai XJ, Mo XY, Zhu QQ, Yang FT, Wang MH. 2021. Zinc oxide
nanoparticles reduce the chemoresistance of gastric cancer by inhibiting autophagy. World
Journal of Gastroenterology 27(25):3851–3862 DOI 10.3748/wjg.v27.i25.3851.

Zhu et al. (2023), PeerJ, DOI 10.7717/peerj.14827 15/16

http://dx.doi.org/10.1038/s41419-021-03837-y
http://dx.doi.org/10.1038/s41598-021-98728-9
http://dx.doi.org/10.3892/or.2015.4212
http://dx.doi.org/10.1038/s41467-021-23923-1
http://dx.doi.org/10.1016/j.tig.2004.08.007
http://dx.doi.org/10.1038/s41598-021-84117-9
http://dx.doi.org/10.1016/j.cell.2007.12.018
http://dx.doi.org/10.3389/fcell.2021.773048
http://dx.doi.org/10.3389/fcell.2020.609285
http://dx.doi.org/10.1038/s41416-020-01198-5
http://dx.doi.org/10.3389/fgene.2021.720849
http://dx.doi.org/10.1111/imm.12168
http://dx.doi.org/10.3390/cancers13235993
http://dx.doi.org/10.3748/wjg.v27.i25.3851
http://dx.doi.org/10.7717/peerj.14827
https://peerj.com/


Peng M, Zheng Q, Liu P, Liang X, Zhang M, Wang Y, Zhao Y. 2020. Developments in the study
of gastrointestinal microbiome disorders affected by FGF19 in the occurrence and development
of colorectal neoplasms. Journal of Cellular Physiology 235(5):4060–4069
DOI 10.1002/jcp.29322.

Presta M, Chiodelli P, Giacomini A, Rusnati M, Ronca R. 2017. Fibroblast growth factors (FGFs)
in cancer: FGF traps as a new therapeutic approach. Pharmacology & Therapeutics
179(2):171–187 DOI 10.1016/j.pharmthera.2017.05.013.

Ren Z, Xiao W, Zeng Y, Liu MH, Li GH, Tang ZH, Qu SL, Hao YM, Yuan HQ, Jiang ZS. 2019.
Fibroblast growth factor-21 alleviates hypoxia/reoxygenation injury in H9c2 cardiomyocytes by
promoting autophagic flux. International Journal of Molecular Medicine 43:1321–1330
DOI 10.3892/ijmm.2019.4071.

Suh-Burgmann E, Brasic N, Jha P, Hung YY, Goldstein RB. 2021. Ultrasound characteristics of
early-stage high-grade serous ovarian cancer. American Journal of Obstetrics and Gynecology
225(409):e401–e409 DOI 10.1016/j.ajog.2021.04.262.

Teng Y, Zhao H, Gao L, Zhang W, Shull AY, Shay C. 2017. FGF19 protects hepatocellular
carcinoma cells against endoplasmic reticulum stress via activation of FGFR4-GSK3beta-Nrf2
signaling. Cancer Research 77(22):6215–6225 DOI 10.1158/0008-5472.CAN-17-2039.

Wang Y, Pan XF, Liu GD, Liu ZH, Zhang C, Chen T, Wang YH. 2021. FGF-2 suppresses
neuronal autophagy by regulating the PI3K/Akt pathway in subarachnoid hemorrhage. Brain
Research Bulletin 173:132–140 DOI 10.1016/j.brainresbull.2021.05.017.

Webber JL, Tooze SA. 2010. Coordinated regulation of autophagy by p38alpha MAPK through
mAtg9 and p38IP. The EMBO Journal 29(1):27–40 DOI 10.1038/emboj.2009.321.

Wei T, Xiaojun X, Peilong C. 2020. Magnoflorine improves sensitivity to doxorubicin (DOX) of
breast cancer cells via inducing apoptosis and autophagy through AKT/mTOR and p38
signaling pathways. Biomedicine & Pharmacotherapy 121(8):109139
DOI 10.1016/j.biopha.2019.109139.

Xia F, Wang Y, Xue M, Zhu L, Jia D, Shi Y, Gao Y, Li L, Li Y, Chen S, Xu G, Yuan D, Yuan C.
2022. LncRNA KCNQ1OT1: molecular mechanisms and pathogenic roles in human diseases.
Genes & Diseases 9(6):1556–1565 DOI 10.1016/j.gendis.2021.07.003.

Yuan H, Li ZM, Shao J, Ji WX, Xia W, Lu S. 2017. FGF2/FGFR1 regulates autophagy in FGFR1-
amplified non-small cell lung cancer cells. Journal of Experimental & Clinical Cancer Research
36(1):72 DOI 10.1186/s13046-017-0534-0.

Zhang S, Liu X, Abdulmomen Ali Mohammed S, Li H, Cai W, Guan W, Liu D, Wei Y, Rong D,
Fang Y, Haider F, Lv H, Jin Z, Chen X, Mo Z, Li L, Yang S. 2022b. Adaptor SH3BGRL drives
autophagy-mediated chemoresistance through promoting PIK3C3 translation and ATG12
stability in breast cancers. Autophagy 18(8):1822–1840 DOI 10.1080/15548627.2021.2002108.

Zhang X, Qi Z, Yin H, Yang G. 2019. Interaction between p53 and Ras signaling controls cisplatin
resistance via HDAC4- and HIF-1alpha-mediated regulation of apoptosis and autophagy.
Theranostics 9(4):1096–1114 DOI 10.7150/thno.29673.

Zhang M, Yue H, Huang X, Wang J, Li Z, Deng X. 2022a. Novel platinum nanoclusters activate
PI3K/AKT/mTOR signaling pathway-mediated autophagy for cisplatin-resistant ovarian cancer
therapy. ACS Applied Materials & Interfaces 14(43):48502–48514 DOI 10.1021/acsami.2c15143.

Zhao Y, Hong X, Chen X, Hu C, Lu W, Xie B, Zhong L, Zhang W, Cao H, Chen B, Liu Q,
Zhan Y, Xiao L, Hu T. 2021. Deregulation of Exo70 facilitates innate and acquired cisplatin
resistance in epithelial ovarian cancer by promoting cisplatin efflux. Cancers (Basel) 13(14):3467
DOI 10.3390/cancers13143467.

Zhu et al. (2023), PeerJ, DOI 10.7717/peerj.14827 16/16

http://dx.doi.org/10.1002/jcp.29322
http://dx.doi.org/10.1016/j.pharmthera.2017.05.013
http://dx.doi.org/10.3892/ijmm.2019.4071
http://dx.doi.org/10.1016/j.ajog.2021.04.262
http://dx.doi.org/10.1158/0008-5472.CAN-17-2039
http://dx.doi.org/10.1016/j.brainresbull.2021.05.017
http://dx.doi.org/10.1038/emboj.2009.321
http://dx.doi.org/10.1016/j.biopha.2019.109139
http://dx.doi.org/10.1016/j.gendis.2021.07.003
http://dx.doi.org/10.1186/s13046-017-0534-0
http://dx.doi.org/10.1080/15548627.2021.2002108
http://dx.doi.org/10.7150/thno.29673
http://dx.doi.org/10.1021/acsami.2c15143
http://dx.doi.org/10.3390/cancers13143467
http://dx.doi.org/10.7717/peerj.14827
https://peerj.com/

	FGF19 promotes cell autophagy and cisplatin chemoresistance by activating MAPK signaling in ovarian cancer
	Introduction
	Materials and Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


