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Department of Gynaecology and Obstetrics, Changzheng Hospital, Naval Medical University,
Shanghai, China

Background: Signal transducers and activators of transcription (STAT)
transcription factors, a family of genes encoding transcription factors, have
been linked to the development of numerous types of tumors. However, there
is a relative paucity of a comprehensive investigation of the expression and
functional analysis of STATs in ovarian cancer (OV).

Method: Gene expression profile interaction analysis (GEPI2A), Metascape, The
Cancer Genome Atlas (TCGA), Kaplan-Meier Plotter, Linkedomics, and
CancerSEA databases were used for expression analysis and functional
enrichment of STATs in ovarian cancer patients. We screened potential
predictive genes and evaluated their prognostic value by constructing the
minor absolute shrinkage and selection operator (LASSO) Cox proportional risk
regression model. We explored STAT5A expression and its effects on cell
invasion using ovarian cancer cells and a tissue microarray.

Results: The expression level of STAT1 was higher, but that of STAT2-6 was
lower in cancerous ovarian tissues compared to normal tissues, which were
closely associated with the clinicopathological features. Low STAT1, high
STAT4, and 6 mRNA levels indicated high overall survival. STATL, 3, 4, and 5A
were collectively constructed as prognostic risk models. STAT3, and 5A, up-
requlating in the high-risk group, were regarded as risk genes. In subsequent
validation, OV patients with a low level of P-STAT5A but not low STAT5A had a
longer survival time (P=0.0042). Besides, a negative correlation was found
between the expression of STAT5A and invasion of ovarian cancer cells (R=
-0.38, p < 0.01), as well as DNA repair function (R= -0.36, p < 0.01).
Furthermore, transient overexpression of STAT5A inhibited wound healing
(21.8%, P<0.0001) and cell migration to the lower chamber of the Transwell
system (29.3%, P<0.0001), which may be achieved by regulating the expression
of MMP2.
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Conclusion: It is suggested that STAT1, STAT4, and STAT6 may be potential
targets for the proper treatment of ovarian cancer. STAT5A and P-STAT5A,
biomarkers identified in ovarian cancer, may offer new perspectives for
predicting prognosis and assessing therapeutic effects.
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Introduction

Among gynecological tumors, ovarian cancer is the leading
cause of death. About 19,880 new cases of ovarian cancer will be
diagnosed in the United States in 2022, the equivalent of about
54 new cases each day, and 12,810 deaths from ovarian cancer
are projected to occur, approximately 35 deaths per day (1).
Because ovarian cancer can be divided into at least five
histological subtypes, accompanied by unique risk factors,
origin cells, and genomic characteristics, it cannot be detected
early in population-based screening and is usually diagnosed late
(2). Upfront treatment mainly depends on cytoreductive surgery
without residual disease and platinum-based chemotherapy, and
anti-angiogenic agents are added in patients with stage IV and
recurrence (3). However, recurrent cancer is often resistant to
platinum chemotherapy, which leads to a lack of effective
treatment. Fortunately, adding poly (ADP- ribose) polymerase
(PARP) molecular inhibitors to recurrent patients with BRCA1/
BRCA?2 mutations has made significant progress in maintenance
therapy (4). The combined treatment of multiple methods can
slowly increase the 5-year survival rate of ovarian cancer, but the
prognosis is still not significantly improved.

STAT transcription factors (STATs) were discovered in 1994
(5). Seven STATSs family members are found in mammals with
similar structural and functional characteristics, all encoded by their
genes: STAT1 (chromosome position: 2q32.2), STAT2 (12q13.3),
STAT3 (17q21.2), STAT4 (2q32.2), STAT5A (17q21.2), STAT5B
(17q21.2) and STAT6 (12q13.3) (6). Each of them played unique
roles in signal transduction. The Janus kinase (JAK) and STAT
pathways are involved in the biological effects of more than 50
cytokines and growth factors (7). Activated JAK phosphorylates the
conserved c-terminal tyrosine residue in STATS, facilitating them to
form dimerization, which leads to the activation of STATs and then
translocation into the nucleus through Ran-GTP-dependent
mechanisms. Subsequently, STATs bind to specific target DNA
promoter sequences to control corresponding gene transcription
(5). In this way, the translocation of STATSs from the cytoplasm to
the nucleus realizes the transmission of extracellular signals. It then
affects the expression of target genes to regulate cell proliferation,
differentiation, apoptosis, and angiogenesis (8).
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The activation of STATs in normal signal transduction is
rapid and transient, and the sustained activation of STATs is
closely related to the process of malignant transformation.
Tumors of various types exhibit abnormal activation of STAT
family members, including ovarian cancer (9), breast cancer
(10), prostate cancer, and (11) hematological and head and neck
cancer (12), of which have been confirmed to be involved in
angiogenesis, invasion, and metastasis of tumor cells, as well as
their escape from the immune system.

STATI played a dual role in ovarian cancer. For instance, a
positive effect of STAT1 in ovarian cancer was that it
upregulated the expression of inducible nitric oxide synthase
(iNOS) (13), resulting in the release of cytotoxic nitric oxide
(NO) (14) and accelerating the progression of the disease (15);
however, NO could also promote ovarian cell apoptosis by
increasing the expression of p53 (16). The contradictory role
of STAT1 in promoting and inhibiting cancer also existed in
invasion and metastasis (17, 18), angiogenesis (19),
immunologic responsiveness (20), and chemotherapeutic drug
reactivity of ovarian cancer (21).

The Fibrillin-1/VEGFR2/STAT?2 signal axis modulated the
process of glycolysis and angiogenesis by activating STAT2,
which induced cisplatin resistance in ovarian cancer cells (22).
Activated STATS3 facilitated migration and invasion of ovarian
cancer by inducing the expression of MMP2 and MMP9 (23, 24),
and assisting in the epithelial-to-mesenchymal transition (EMT)
process of ovarian cancer (25). STAT3 regulated the expression of
HIF-1ou (26), contributing to ovarian cancer angiogenesis. In
addition, ovarian cancer cells expressing STAT3 showed increased
resistance to chemotherapy (27) and with cancer stem cells (CSCs)
or CSC-like phenotypes (28). Likewise, STAT4 could induce
activation of tumor-associated fibroblasts (CAF) through tumor-
derived Wnt7a, which promoted peritoneal metastasis of ovarian
cancer through the EMT process (29). Overexpression of human
epidermal growth factor receptor 4 (HER4) in ovarian CSCs
mediated STAT5 activation to enhance the survival and growth
of ovarian CSCs (30). Upon oncoproteomic analysis, STAT5B was
overexpressed in ovarian cancer that recurred after chemotherapy.
Further research confirmed that STAT5B and RELA (NF-kappaB
p65) were responsible for carboplatin resistance in ovarian
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carcinoma (31). Moreover, the decreased STAT5B led to CD8"
effector memory T (Tgy) cell dysfunction in ascites of high-grade
serous ovarian cancer patients, thus causing shortened relapse-free
survival (RES) (32). Collagen triple helix repeat containing 1
(CTHRC1), secreted by epithelial ovarian Cancer (EOC) cells,
promoted M2-like polarization of tumor-associated macrophages
(TAMs) by activating STAT6. As a result, this facilitated EOC cell
invasion and migration (33). Additionally, STAT6 was also involved
in the stemness maintenance and function of ovarian CSCs (34).

10.3389/fonc.2022.1054647

Although there are partial reports on the role of individual
STAT in the development and progression of ovarian cancer, the
role of the entire STATSs family in ovarian cancer has not been
explored through bioinformatics. Here, a detailed analysis of
STAT transcription factor expression in ovarian cancer was
performed, and potential biomarkers were identified. We
sought to ascertain the pattern of expression, potential
biological function, and unique prognostic significance of
STATS in ovarian cancer (Scheme 1).
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Results
The main functions of the STAT family

At present, researchers have identified seven STAT
transcription factors in mammalian cells. A comparison was
made between STAT transcription in cancers and normal tissues
based on the gene expression profiling interactive analysis
(GEPIA2) database (http://gepia2.cancer-pku.cn/#analysis).
Selecting “TCGA normal+ GTEx normal” as the matched
normal tissue data, Figure 1 shows the expression of STAT
family members in 31 different tumors (T) and paired normal
tissue (N), plotted using log2(TPM + 1) transformed expression
data. Subsequently, the Metascape database was used for
enrichment analysis of significant functions of 7 STAT family
genes including STAT1, STAT2, STAT3, STAT4, STAT5A,
STATS5B, and STAT6 (http://metascape.org/gp/index.html#/
main/stepl). Enrichment standards were as follows: an
enrichment factor of >1.5, a minimum count of 3, and a p-
value of 0.01. We found that the STAT transcription factors
family played crucial roles in biological processes such as
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FIGURE 1

Expression matrix plots of STAT family members in various
cancers. Abbreviations for tumor names are annotated above the
plot. Their specific tumor names have been annotated one by
one as follows. STAT family members from tumor tissues (T) and
the normal counterpart (N) were enumerated on the left. The
color bar at right is presented in log,-scale and began at zero,
which is indicated the expression level of the STATs genes. ACC:
Adrenocortical carcinoma; BLCA: Bladder Urothelial Carcinoma;
BRCA: Breast invasive carcinoma; CESC: Cervical squamous cell
carcinoma and endocervical adenocarcinoma; CHOL: Cholangio
carcinoma; COAD: Colon adenocarcinoma; DLBC: Lymphoid
Neoplasm Diffuse Large B-cell Lymphoma; ESCA: Esophageal
carcinoma; GBM: Glioblastoma multiforme; HNSC: Head and
Neck squamous cell carcinoma; KICH: Kidney Chromophobe;
KIRC: Kidney renal clear cell carcinoma; KIRP: Kidney renal
papillary cell carcinoma: LAML: Acute Myeloid Leukemia; LGG
Brain Lower Grade Glioma; LIHC: Liver hepatocellular
carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung
squamous cell carcinoma; MESO: Mesothelioma; OV: Ovarian
serous cystadenocarcinoma; PAAD: Pancreatic adenocarcinoma;
PCPG: Pheochromocytoma and Paraganglioma; PRAD: Prostate
adenocarcinoma; READ: Rectum adenocarcinoma; SARC:
Sarcoma; SKCM: Skin Cutaneous Melanoma; STAD: Stomach
adenocarcinoma; TGCT: Testicular Germ Cell Tumors; THCA:
Thyroid carcinoma; THYM: Thymoma; UCEC: Uterine Corpus
Endometrial Carcinoma; UCS: Uterine Carcinosarcoma; UVM
Uveal Melanoma.
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signaling, response to stimulus, immune system process,
growth, developmental process, regulation of biological
processes, positive regulation of biological processes, and
cellular processes (Figure 2A). Moreover, Figure 2B and
Supplementary Material Table 1 showed the top-level
significantly enriched signal pathways, including receptor
signaling pathway via JAK-STAT, Interleukin-20 family,
Interleukin-21 signaling, Thymic stromal lymphopoietin
(TSLP) signaling pathway growth hormone receptor signaling
pathway via JAK-STAT, inflammatory bowel disease signaling,
and IL-10 anti-inflammatory signaling pathway. The above-
enriched signal pathways were shown in the form of a
network in Figure 2C to understand the relationship between
these GO terms. Edges were formed between terms with a
similarity > 0.3. Each node represents an enriched term and is
colored by its cluster ID, where nodes sharing the same cluster-
ID are usually close to each other. For clarity, only one term tag
was displayed per cluster in the lower right corner, and all node
tags can be checked by visualizing the network using Cytoscape
or a browser. Therefore, the ligand-dependent activated STAT
transcription factors family acted as a signaling hub via
modulating downstream target genes’ expression and
participating in the tumor occurrence and development.

STAT transcription in ovarian
cancer patients

Our analysis included 374 OV patients and 32 normal tissues
filtered from the available data; an overview of their baseline data is
provided in Supplementary Material Table 2. First, we assessed the
expression of the STAT transcription factor by comparing ovarian
cancer with normal ovarian tissues. According to research, ovarian
cancer tissues exhibited higher STATI but lowered STAT2-6
expression than normal tissues (Figure 3A). Moreover, there was a
positive correlation between the gene expression of different STAT
family members in OV (Figure S1). Using the GEPIA2 database
(http://gepia2.cancer-pku.cn/#analysis), an analysis was also
performed of the association between the expression of STATs in
ovarian cancer and major tumor stages. The results indicated that, in
contrast to STATS, the expression of other STATs family members
varied significantly (Figure 3B). Based on the above results, STAT
members exhibited different expression patterns in ovarian cancer
and seemed involved in various phases of ovarian development.

Expression distribution trend of STATs
for different clinical characteristics of
ovarian cancer patients

To further study the relationship between STAT family and

tumor stage and grade, a Sankey diagram was drawn (Figure 4),
which showed the distribution trend between different clinical
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characteristics, including age, tumor stage, grade, and the
expression of STAT gene family member, and the survival
status of ovarian cancer patients. There were five columns
representing age, pTNM_stage, Grade, STAT1-6 expression,
and survival Status in each figure, respectively. Different colors
represented different ages (<= 60 years and > 60 years),
pTNM_stages (I, IL, IIL, IV), Grades (G1, G2, G3), expression
levels of STAT1-6 (High exp, Low exp), Status (Alive, Dead).
The above variables are connected by connecting lines to obtain
the distribution of the same ovarian cancer sample across
various characteristics. Through the plotting of these diagrams,
we can see that patients with advanced (III, IV) ovarian cancer
were more likely to have low expression of STAT family
members. Differentially, in high-grade (G3, G4) ovarian
cancer, STATI, 2, 4, and 5A were highly expressed, while
STAT3 and STAT5B were mostly lowly expressed. In addition,
the low expression group of other STAT members except
STATS5B had more deaths. This reflected the complexity of the
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role of different STAT members in the occurrence and
development of ovarian cancer.

Association of the expression of STATs
with the prognosis of ovarian
cancer patients

Next, an assessment was made of the influence of STATSs
on ovarian cancer survival. According to openly accessible
data (2021 version: http://kmplot.com/analysis/index. Php?
p=service&cancer=ovar), using Kaplan-Meier Plotting tools, we
investigated whether mRNA levels of STATs correlated with the
survival time of ovarian cancer patients by “mean expression of
selected genes” in multiple genes option. The desired Afty ID is valid:
200887_s_at (ISGE-3, STAT91, STATI1), 225636_at (STAT2),
225289 at (STAT3), 206118 _at (STAT4), 203010_at (STATS,
MGF, STATS5A), 212549 _at (STAT5B), 201331_s_at (STATS, IL-
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Expression of STAT family members in ovarian cancer. (A) The expression distribution of STAT family genes in ovarian cancer tissues (G) and
normal tissues. Top-left represented the significance P-value, ****P < 0.0001. (B) An association between STATs expression and major tumor

stages in patients with ovarian cancer.

4-STAT, D12S1644). Compared with the high-expression group of
the STATs family, the overall survival (OS) and progression-free
survival (PFS) of ovarian cancer patients in the low-expression group
were higher in Figure 5. The median survival time (MST) for OS and
PFS was 41.87 months versus 50.03 months (HR=1.42, P=0.0058),
and 16 months versus 22.24 months (HR=1.61, P=1.5x107) in the
high expression/low expression cohort, respectively. While the effect
on post-progression survival (PPS) was not significant (HR=0.87,
P=0.24, MST: 41 months versus 35 months). The whole high
expression level of STATS transcription factors increased the risk of
ovarian cancer death by 1.42 times. Therefore, the mean low
expression of STATs members is beneficial to the survival of
ovarian cancer patients.

Besides, the effect of each STAT member on the survival
time of ovarian cancer patients was also analyzed using the same
Probe Id as above (Table 1). Based on Kaplan-Meier curves and
log-rank tests, the results in Figure 5 showed that a significant
correlation was observed between increased STAT4 and 6
mRNA levels, decreased STAT1 mRNA levels, and overall
survival (OS) in ovarian cancer patients. (P < 0.05). Ovarian

Frontiers in Oncology

06

cancer patients with a high level of STAT4 and 6 gene expression
or a low level of STATI gene expression had high OS.

Moreover, in ovarian cancer patients with different
pathological types, STAT expression was tested for potential
correlation with OS, progression-free survival (PES) as well as
post-progression survival (PPS), respectively (Supplementary
Material Tables 3-5 ). Patients with serous ovarian cancer
expressed lower levels of STAT1 mRNA, while higher levels of
STAT 2, 5A, and 5B mRNA had longer PFS but had no eftect on
patients with endometrioid carcinoma. Based on these above
results, most members of the STAT family, except STAT3, may
be promising prognostic indicators for ovarian cancer.

Developing and evaluating a STATs
prognosis prediction model

Four STAT members with potential prognostic significance

were identified by LASSO (lambda.min=0.0234). A stepwise
multivariate Cox regression model was constructed using
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Relationship between the STATs family and survival of ovarian cancer patients. Probe Id (Gene symbol): 200887_s_at (ISGF-3, STAT91, STAT1),
225636_at (STAT2), 225289_at (STAT3), 206118_at (STAT4), 203010_at (STATS5, MGF, STAT5A), 212549_at (STAT5B), 201331 _s_at (STAT6, IL-4-
STAT, D12S1644). OS, overall survival; PFS, progression-free survival; PPS, post-progression survival, HR= hazard ratio.
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TABLE 1 Correlation between the expression of STATs and OS or PFS in ovarian cancer patients.

10.3389/fonc.2022.1054647

0SS PFS
MST (months) HR (95% CI) P-Value MST (months) HR (95% CI) P-Value
Low High Low High

STATI 44.13 50 0.84 (0.72-0.98) 0.023 22.13 19.09 1.19 (1.04-1.37) 0.011
STAT2 48 404 1.32 (1.05-1.66) 0.016 226 15 1.63 (1.30-2.05) 1.7¢-05
STAT3 40 48 0.89 (0.71-1.12) 032 18 16.03 1.27 (1.05-1.54) 0.016
STAT4 43 46 0.84 (0.73-0.96) 0.09 18.79 26.06 0.85 (0.74-0.97) 0.02
STAT5A 42.17 46.82 0.89 (0.77-1.02) 0.082 19.23 2043 1.07 (0.94-1.21) 033
STAT5B 443 4597 0.88 (0.78-1.01) 0.059 19.09 20.93 0.93 (0.82-1.06) 03
STAT6 43 50.3 0.79 (0.69-0.91) 0.0012 20 20 1.09 (0.96-1.25) 0.17

MST, median survival time; Low, Low expression cohort; High, High expression cohort; HR, hazard ratio, 95% CI, 95% Confidence interval.

E

FIGURE 6

Ovarian cancer survival prediction and STAT genes selection. (A) The coefficients of 7 STATs in the LASSO model were screened by 10-fold
cross-validation. (B) Analysis of the seven selected STATs by X-tile. (C, D) The selected dataset's risk score, survival time, and survival status.
(E) The heatmap was the gene expression from the signature. (F) A risk model for signature OV patients with Kaplan-Meier survival analysis. HR
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STATI1, STAT3, STAT4, and STAT5A as filter variables
(Figures 6A, B). The Risk score was calculated as follows:
(-0.1694) * STATI + (0.0554) * STAT3 + (-0.1447) * STAT4 +
(0.1837) * STAT5A. Smooth curve fitting provided the following
results, which showed the Risk score from low (blue spot) to high
(blue spot), thus based on the Risk score median, a cut-off value
was determined (high risk: score > -0.257, low risk: score <
-0.257) (Figure 6C). As shown in scatter plots and also Kaplan-
Meier plots Figures 6D, F), patients with a high-Risk score had a
short median survival time (median time=3.2 vs. 4.3 years,
hazard ratio [HR] =1.914, P = 1.66e-06). The heatmap was the
gene expression of STATI, 3, 4, and 5A from the signature. In
the high-risk group, the protective STAT1 and STAT4 genes
were low expressed, whereas STAT3 and 5A, the risk genes, were
significantly higher expressed (Figure 6E). In terms of time-
dependent ROC curves, 1-, 2-, and 5- years of survival were
assessed using Area Under Curve (AUC) values of 0.659, 0.645,
and 0.627, respectively (Figure 6G). A prognostic model based
on disease-specific survival (DSS) was also constructed through
STAT]I, 4, 5A. Compared to the low-risk group with STAT1,4,
the high-risk group with STAT5A was closely linked with a
worse 1-, 2-, 5- years DSS of ovarian cancer patients (median

10.3389/fonc.2022.1054647

time=3.4 vs. 4.7 years, HR =1.831, P = 3.31e-05 in Figure S2).
Finally, as revealed by univariate analysis, Age, Race, and STAT
1, 4, and 5A were significantly related to OS based on the TCGA
cohort (Figure S3A). Using the factors aforementioned above,
we performed a multivariate Cox regression analysis. As a result,
STAT5A was still an independent predictor of outcome for this
cohort of patients (hazard ratio [HR] = 1.3, P < 0.001), which
was consistent with LASSO analysis (Figure S3B). Additionally,
Figures 3C, D displayed the cohort’s 1-, 2-, and 5-years OS
Nomograms. As STAT5A was the gene with the highest risk
score in the OV prognostic model, it had become the focus of
follow-up research.

STAT5A gene mutation analysis in
ovarian cancer

STAT5A was altered (73%) in 272 samples from 374 patients
with ovarian serous cystadenocarcinoma. The somatic mutation
rate of STAT5A was only 0.37%, which was manifested as a gene
missense mutation, leading to abnormal amino acid coding in
the SH2 domain (Figure 7A). The panoramic waterfall mutation
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type diagram shows that each sample’s mutation load was
different, and the median value was 82. TP53 had the highest
mutation rate (90%), and the top ten mutated genes included
TTN (37%), MUC16(12%), CSMD (13%), FAT3 (10%), FLG
(10%), RYR2 (10%), PRUNE2 (10%). FLG2 (9%) and APOB
(8%). However, STAT5A mutation only occurred in the group
with high STAT5A expression, so there should be no mutation
in ovarian cancer with relatively low STAT5A expression
(Figures 3, 7B S4B). A missense mutation was the main
classification of gene mutation in each sample. Single
nucleotide polymorphisms (SNPs) were the most common
mutation type. Cytosine (C > T, C > A, C > G) and thymine
(T>A, T>C, T>G) are the main types of single nucleotide
mutation (SNV) mutations (Figure S4A).

Correlation between STAT5A and the
functional states of OV cells

To further study the role of STAT5A in OV, GSEA online
database-Linkedomics (http://linkedomics.org) was used to
explore the pathways and functions involved in STAT5A. We
first analyzed the 50 most positively and negatively affecting
genes related to STAT5A expression, as shown in the heat map
in Figures S5A, B. Then GO and KEGG analysis of STAT5A in
patients with OV was carried out in Figures S5C, D which
revealed significant enrichment in mitochondrial gene
expression, mitochondrial respiratory complex assembly,
adaptive immune response, Oxidative phosphorylation,
Chemokine signaling pathway, NF-kappa B signaling pathway,
and JAK-STAT signaling pathway. From this, it can be
concluded that the transcription factor STAT5A may affect the
oxidative phosphorylation process of cells through the negative
regulation of the mitochondrial respiratory chain complex and
then interfere with the immune regulation and signal molecule
transmission process of the body. Next, we conducted a more in-
depth analysis of the function of STAT5A in OV using the
CancerSEA single cell sequencing database (http://biocc.hrbmu.
edu.cn/CancerSEA). Single gene analysis of STAT5A from
different cell groups, which denoted different OV patients-
derived xenograft samples, was performed. There are 7
functional states including Quiescence (R=0.28), Hypoxia
(R=0.28), Apoptosis (R=0.24), Angiogenesis (R=0.23), Cell
Cycle (R=-0.30), DNA repair (R=-0.36) and Invasion (R=-
0.38) that are significantly related to STAT5A (P < 0.05,
Figure S6). Specifically, a significant inverse relationship was
found between STAT5A expression and invasive behaviors and
DNA damage repair (Figure 8, P < 0.01), indicating that lower
STATS5A expression could promote ovarian cancer cell invasion
as well as improve the ability of cells to repair DNA damage, thus
participating in the process of metastasis and recurrence of
ovarian cancer.
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Analysis of the expression of STAT5A on
OV tissues and cell lines

For further validation of the main conclusion in Figure 8, we
first verified the expression of STAT5A and P-STATS5A in
ovarian cancer from tissue microarray (TMA). In the detection
of 45 pairs of ovarian cancer and adjacent normal tissues, the
expression levels of both in cancer were significantly lower than
those in para-cancerous tissues (Figure 9A, P<0.0001). The
receiver operating characteristics (ROC) curves on
independent tests of STAT5A and P-STAT5A are illustrated in
Figure 9B. The optimal cut-oft value for STAT5A was < 0.04375
(sensitivity 73.33%, specificity 73.33%, AUC=0.744, P<0.0001),
while that for P-STAT5A was < 0.0125 (sensitivity 83.37%,
specificity 83.72%, AUC =0.920, P<0.0001). Kaplan-Meier
survival plots revealed that OV patients with high STAT5A
expression had longer survival times than those with low
STATS5A levels (P =0.039). However, high expression of P-
STATS5A seems to be a better prognostic indicator of ovarian
Cancer (P =0.0042, Figure 9C). Consistently, the univariate and
multivariate Cox regression analyses of OS in paired ovarian
cancer and para-cancerous tissues showed that P-STAT5A
rather than STAT5A could be an independent risk factor
(P=0.032, Supplementary Material Table 6 in Supporting
Information). Next, to address the role of STAT5A in OV cell
invasiveness, human ovarian serous cell line HO8910 was used
as the research object and normal ovarian epithelial cell IOSE80
as the control. First, we explored the baseline expression of
transcription factor STAT5A, the activated form P-STAT5A and
matrix metalloproteinases 2 (MMP2) and MMP12. The latter is
involved in the degradation of extracellular matrix (ECM), in
turn, mediates the epithelial-to-mesenchymal transition (EMT)
process, which is known as one of the primary mechanisms for
tumor invasion and metastasis. Compared to IOSE80 cells, the
levels of STAT5A, P-STAT5A, and MMP12 proteins decreased
significantly in HO8910 cells, while MMP2 levels increased
(Figure 9D). After that, STAT5A overexpression plasmids
were transiently transfected into HO8910 cells. The
transfection efficiency was verified by quantitative real-time
PCR (qRT-PCR) (Figure 9E, P<0.0001) and Western blotting
analysis (Figure 9F). HO8910 cells overexpressing STAT5A
exhibited increased MMPI12 expression, while MMP2 was
significantly suppressed. Compared with the control and the
negative vector transfection group, a significant reduction was
observed in the migration ability of cells transfected with cDNA-
STATS5A. It can be seen by the area of wound-healing (marked
by the yellow line in the figures) significantly decreased from the
initial scratch time (0 h) to 48 h post-scratching
(Figure 9G, P<0.0001).

Furthermore, HO8910 cells were seeded in the upper
compartments of Matrigel-coated transwell chambers to assess
cell invasion ability. After 48 h, the number of cells that invaded
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Correlation between STAT5A and functional states of OV cells.

the lower chamber in the STAT5A-PcDNA transfected group was
less than 30% of the control group (Figure 9H, P<0.0001). These
results suggested that low expressed STAT5A may directly or
indirectly regulate the expression of MMP2 and promote the
invasion and metastasis of ovarian serous cystadenocarcinoma cells.

Discussion

STATS5 consists of two isoforms, STAT5A and STAT5B,
each encoded by a different gene, although they share 94% of the
same structure (35). STAT5A was cloned from the lactation
tissue of sheep in 1994 and was initially called mammary gland
factor (MGF) (36), which could initiate milk protein expression
and modulate prolactin action (37). As part of the classical
JAK2-STAT5A/5B signal pathway, the activated STAT5A/5B
dimer in the cytoplasm was required to travel into the nucleus.
An eight to ten base pair reverse repetitive DNA sequence
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known as TTC (C/T) N (G/A) GAA was recognized by the
nuclear STAT5A/5B (38). structurally active Mutations of
STATS5 caused carcinogenesis in vitro and in vivo (39). So far,
STATS5B mutations are rare and tend only to be found in human
myeloid leukemia such as CD4" T-cell prominent granular
lymphocytic (T-LGL) leukemia, chronic natural killer
lymphoproliferative disorders (CLPD-NK), Acute
promyelocytic leukemia (APL) (40, 41). Most mutations in
STAT5B occurred in the SH2 region (42). In this study, the
mutation frequency of STAT5A in ovarian cancer was found to
be extremely low, mainly missense mutation in the SH2
domain (Figure 7).

In much the same way as other STAT family members, the
structural activation of STAT5 contributes to tumor survival,
growth, metastasis, and chemotherapy resistance. As mentioned
earlier, activated STAT5B is involved in maintaining ovarian
CSCs; chemotherapy resistance and tumor immune response
are closely related. Nevertheless, little information was available
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ovarian development (43). Besides, STAT5 can be activated by

progression. Interestingly, mice carrying STAT5 homozygous
deletion (STAT5A—-/- 5B —/—) were shown to be sterile,
deficient in luteal functional differentiation, and disrupted
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various cytokines and hormones. The interaction between steroid

receptors such as progesterone and estrogen receptors and nuclear
STATS5 stimulates its activity, showing the importance of STAT5
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expression in maintaining the ovary’s normal structure and
functional integrity (44). According to a study on non-coding
RNA transcripts involved in the pathogenesis of ovarian
endometriosis (OEM), it was found that STAT5A can be used
as a diagnostic marker of OME, and its overexpression was
associated with a positive outcome for EOC (45), which was
inconsistent with our experimental results. As shown in Figure 8,
STATS5A expression and ovarian cancer invasion were negatively
correlated (R= -0.38). Despite STAT5A/5B being active in most
leukemia and some solid tumors, the role of STAT5A/5B in tumor
invasion was complicated (46). Data from murine breast cancer
studies suggested that STAT5A had dual efficacy in malignant
mammary epithelial cells. In the early stage of breast cancer,
STAT5A/5B promoted malignant transformation of breast
epithelial cells and accelerated tumor growth. In advanced
breast cancer, STAT5 was a key molecule regulating and
promoting the differentiation of mammary epithelial cells,
which can effectively delay the invasion and metastasis of
tumors (47). And in the breast cancer clinical sample activated
STAT5A/5B was positively correlated with the differentiation
status of breast cancer, but it can also prevent the dissemination
of confirmed breast cancer, which was a sign of good outcome for
breast cancer with negative lymph nodes (48). Phenotypic analysis
of TRAM mouse models of prostate cancer and STAT5 knockout
mice indicated that STAT5A/5B activation was essential for the
growth and survival of prostate cancer. Further studies showed
that CyclinD1 and Bcl-xl were the target genes of STAT5 in
prostate cancer, which was a potential mechanism of STAT5
regulating prostate cancer (49). Nuclear STAT5A/5B expression
predicted early disease recurrence and enhanced the ability of
prostate cancer cells to metastasize in vivo and in vitro (50).
Prostate cancer distant clinical metastases were overexpressed
with nuclear STAT5A/5B in 61% of cases, which consequently
made prostate cancer cells migrate and invade more readily with
the aid of microtubule network rearrangement. Importantly, in an
experimental in vivo metastasis test, activated STAT5 resulted in a
ten-fold increase in lung metastasis. In addition, constitutive
activation of STATS5 signaling also enhanced cell invasion,
migration, and EMT of head and neck squamous cell carcinoma
(51). In the subsequent verification, we also confirmed that the
expression of STAT5A and P-STAT5A was significantly lower in
OV tissues and cell lines, which was closely correlated to the
beneficial prognosis in OV patients, especially the low level of P-
STATS5A (Figures 9A-D). Besides, STAT5A was negatively related
to tumor-promoting MMP2 expression in human ovarian serous
cystadenocarcinoma cell line HO8910 (Figures 9D-F). It is
speculated that MMP2 may act as a direct or indirect effect
molecule of transcription factor STAT5A to promote the
invasion and migration of ovarian cancer, which was in line
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with previous studies on esophageal cancer (52). Other
researchers had suggested that STAT5A activation was related
to the regulation of angiogenesis in ovarian cancer, because VEGF
secreted by ovarian cancer cells can activate STAT via VEGFR in
the cancer cells (53). The dual role of activated STAT5A in ovarian
cancer invasion demonstrated the complexity of STAT5A
function. Of course, we had to admit that there are individual
differences among ovarian cancer cell lines, which will be further
checked in various human serous cancer cell lines (e.g., SK-OV-3,
Shin-3, OVCA-3). We will expand the sample size appropriately
to increase the rigor of this validation. In addition, we will
construct an ovarian cancer xenograft tumor model and
introduce STAT5A or JAK2 recombinant protein to verify the
inhibition of MMP2 by high expression of STAT5A, thus affecting
the invasion and migration ability of ovarian cancer.

Furthermore, in this study single-cell sequencing data in
Figure 8 also demonstrated that in ovarian cancer cells,
STATS5A expression was negatively related to DNA repair (R=
-0.36). STAT5A-overexpressed ovarian cancer patients can benefit
from multiple types of treatment, including chemotherapy,
radiotherapy, and immunotherapy because an essential limiting
factor in tumor therapeutic efficacy is tumor cells’ ability to repair
DNA damage. In a study of radiation resistance and glutamine
anabolism, STATS5 regulated the transcriptional level of glutamine
synthetase (GS), then promoted nucleotide metabolism,
accelerated DNA damage repair, and eventually made cancer
cells more resistant to radiation. In turn, radiation-resistant cells
exhibited high glutamine anabolic, including nasopharyngeal
carcinoma cells (CNE2-IRR) and glioma cells (U251-IRR) (54).
However, a novel class III RKT inhibitor-AIU2001 reduced DNA
damage repair genes expression by downregulating STATS5
mRNA level in lung cancer cells (55). Moreover, STAT5A/5B
participated in the regulation of DNA repair using homologous
recombination in prostate cancer by inducing the RAD51 mRNA
level while blocking of JAK2-STAT5A/5B signal pathway
sensitized prostate cancer to radiotherapy (56). To sum up, the
relationship between STATS5 expression and DNA damage and
repair of tumor cells may vary with tumor types.

An integrated prognostic model that includes STATI,
STAT3, STAT4, and STAT5A may be more accurate than one
based on a single biomarker. Transcriptional factor families,
such as E2F and Forkhead box O (FOXO) transcription factors,
have demonstrated outstanding potential as a predictor of cancer
outcomes recently. The above studies preliminarily proved that
STATs expression had an essential impact on ovarian cancer
progression. Mainly, STAT5A affected cell invasion and DNA
damage repair, which can be an essential tool to predict ovarian
cancer prognosis. However, there are limitations to the current
research. Data for this study were derived from the TCGA
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database and single-cell sequencing, and no independent cohort
studies were available. As a next step, we will collect enough
clinical samples to validate the effect of STAT family expression
on the clinical parameters of ovarian cancer patients.

Conclusion

Here, a comprehensive analysis of STATs expression and its
prognostic value has been carried out to construct an ovarian
prognosis model. These results provided a basis for realizing
personalized and accurate treatment of ovarian cancer and
improving predictive biomarkers. Based on our findings,
STAT1, STAT4, and STAT6 may be viable therapeutic targets
for ovarian cancer. Low P-STATS5A, but not STAT5A, was a
favorable prognostic indicator in human OV. Since STAT5A
expression was negatively correlated with ovarian cancer cell
invasion and DNA repair, STAT5A/P-STATS5A activators or
inducers may increase ovarian cancer survivorship and allow
more of them to benefit from radiotherapy and chemotherapy,
molecular targeted drug therapy, or immunotherapy.

Materials and methods
Source of the data

RNA-sequencing profiles and relevant clinical data
consisting of 374 OV tissues came from the TCGA dataset
(https://portal.gdc.com). 180 normal control samples were
accessed from Genome Type tissue expression (GTEx) datasets
(V8) (https://www.gtexportal.org/home/datasets). Additionally,
various clinical parameters were collected, including survival
status, age, race, pTNM stage, and grade collected in Table 1. We
used R software v4.0.3 (R Foundation for Statistical Computing,
Vienna, Austria) for our statistical analyses. Statistical
significance was deemed to be p-value <0.05.

The Sankey diagram was constructed with the R software
package ggalluvial. The gene mutation data were downloaded
and visualized by the map tools package in R software. Genes
with higher mutational frequency detected in an ovarian cancer
patient in histogram were shown.

GEPIA2 dataset

A total of 9736 tumors and 8587 normal samples based on
the TCGA and GTEx projects were analyzed using the GEPIA2
analyzer. Through the multiple gene comparison columns in the
expression analysis plate, the STATs expression level in various
tumors was investigated. Besides, we profiled the expression of
STAT:s in the significant stage of ovarian cancer using a box plot
in the “pathological stage plot” column.
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Metascape database

Metascape database is a highly effective tool for studying
functional gene annotations. Genes and proteins can be analyzed
in batches to understand better how genes or proteins work.
First, the members of the STAT family were input into the
“multiple gene list” text box, and the species “H.sapines” was
selected for custom analysis. Findings from the gene ontology
enrichment analysis were obtained in the analysis report.

Kaplan-Meier Plotter

Based on ovarian cancer gene chip data, Kaplan-Meier Plotter
analysis was conducted to determine how STAT’s gene expression
affects ovarian cancer survival rates. The prognostic value (mainly OS
and PFS of ovarian cancer patients) of each member of the STATSs
family was analyzed, respectively. According to the median values of
the expression levels of the samples of the ovarian cancer patients,
groups with high and low expression were created. Comparing the
two cohorts yielded an HR with 95% confidence intervals (Cls) and a
log-rank P-value using the Kaplan-Meier survival plot, indicated at
the top right of the main graph (57).

Prognostic value assessment of STATs

The ovarian RNA sequencing data from the TCGA database
were converted into transcripts per million (TPM), the data log2
(TPM+1) was normalized, and the clinical information samples
were retained for follow-up analysis. An analysis of survival rates
among groups by the log-rank test was conducted. The
prediction accuracy and risk score of STATs gene were
analyzed and compared by time ROC (v0.4).

In this study, the LASSO regression algorithm was employed
as a feature selection algorithm, along with 10-fold cross-
validation, and a glmnet package in R was performed for the
analysis. Multivariate cox regression analysis was used to
construct a prognostic model, and first, the multi-factor Cox
regression was used to analyze the data, and then the step
function performed the iteration. Finally, the optimal model
was selected as the final model. Kaplan-Meier curves plotting
standard was the same as that described above.

The analyses and R packages were all developed with R
(foundation for statistical computing 2020) version 4.0.3.
Statistical significance was deemed to be P-value <0.05.

LinkedOmics database

LinkedOmics is a database based on multiple group association
data analysis for TCGA. The ovarian cancer data set (TCGA-OV)
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was selected, and RNAseq was chosen as the data type in the
searching and targeting data sets. The target gene STAT5A was
input; then, the Pearson Correlation test statistical method was
selected for correlation analysis. Finally, we obtained the heat map
of the genes positively and negatively related to STAT5A. Moreover,
the above results were analyzed by GSEA enrichment analysis in the
LinkInterpreter plate based on WebGestalt. In the Enrichment
Analysis column, select the KEGG pathway and GO Analysis
(Biological process) for further analysis.

CancerSEA single cell state atlas

The database collects 72 single-cell datasets, totaling 41,900
single cells of 25 human cancers, Mapping the functional states
of a single cell of these 14 functional states related to cancer in
different cancers. These functional states were also associated
with 18,895 protein-coding genes (PCGs) and 15,571 LncRNAs
on the single cell level to understand the mechanisms underlying
functional differences in cancer cells (58). By inputting the
STATS5A gene, the heat map of its correlation with 14 states of
ovarian cancer cells was plotted. The status of ovarian cancer
cells with a high correlation with the STAT5A gene was filtered
by limiting the correlation strength (R > 0.3), and the
corresponding scatters plot was generated automatically.

Cell lines and culture

Human ovarian cancer cell line HO8910 was obtained from
the American Type Culture Collection (ATCC). Human normal
ovarian epithelial cells (IOSE80) were a kind gift from Hanqing
Hong (International Peace Maternity and Child Health Hospital,
China). The two kinds of cells were incubated in DMEM High
Glucose medium and DMEM-F12medium (HyClone,
SH30234.01), respectively, with 10% Foetal Bovine Serum
(FBS), 1% penicillin, and 1% streptomycin at 37°C in 5% CO2.

HOB8910 cells were transiently transfected with pcDNA3.1-
STAT5A-C-3Fla or empty vector plasmids using LipofectamineTM
3000 Transfection Reagent (Thermo L3000015) according to the
manufacturer’s instructions. The total RNA and whole-cell lysates
were then harvested for Western blots analysis 48 h after transfection.

RT-PCR

Total RNA was extracted from HO8910 cells by the Trizol
method. According to TAKARA reverse transcription kit
instructions, the reaction solution was prepared in a 0.2 mL
Ep tube. The reverse transcription conditions were as follows: 37
°C for 15 min. The target gene and internal reference gene
expression in the cell sample were detected by gPCR. RT*Profiler
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PCR Array Data Analysis system of QIAGEN Company was
used for data analysis. Primer sequence for STAT5A and
GAPDH (5’to 3’):

STAT5A-human-F: GCAGAGTCCGTGACAGAGG;
STAT5A-human-R: CCACAGGTAGGGACAGAGTCT.

GAPDH-human-F:
TCAACGACCACTTTGTCAAGCTCA;

GAPDH-human-R: GCTGGTGGTCCAGGGGTCTTACT.

PCR reaction condition was as follows: 10 min 95°C pre-
denaturation; 95°C 15 s, 60°C 60 s PCR cycles for 40 cycles, 60 —
95°C for dissociation curves.

Western blots

Above 1107 TOSE80 and HO8910 cells were collected,
respectively. Western blotting analysis was carried out using
whole-cell extracts lysed with RIPA lysis buffer (Thermo 89901).
The above two cell protein lysates were electrophoresed with
10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) (Concentration: 100V, 15min; Separation: 120V,
60min) and then transferred to nitrocellulose (NC) membranes
(Merck, filter type 0.45um). Next, all the NC membranes were
blocked with 1xprotein-free rapid blocking buffer (Epizyme,
Shanghai) in a room temperature setting for 40 min. A further
incubation step was taken with anti-STAT5A (Proteintech
13179-1-AP), anti-P-STAT5A (Signalway Antibody, 11048),
anti-MMP2 (Proteintech, 10373-2-AP), anti-MMP12
(Proteintech, 22989-1-AP), and HRP-conjugated mouse anti-
GAPDH (Yeasen Biotech, #30203ES10) diluted to 1:1000 at
room temperature for 2 hours. Wash three times in Tris-
buffered saline containing 0.1% Tween-20 (TBST) for five
minutes each; incubation of the membranes with
corresponding secondary antibodies (diluted to 1:10000)
followed for 1 hour. The enhanced chemiluminescence (ECL)
reagent (Millipore WBKLS0500) was used to visualize protein
signals on an Image Quant LAS4000 system (GE Healthcare).
These images were analyzed semi-quantitatively using Image]J
1.8.0 (USA) software, then normalized to a background image.

Scratch wound assay

HO8910 cells, after different treatments, were seeded in 48-
well plates with 1.5x10° cells per well and incubated overnight in
DMEM High Glucose medium supplemented with 2%FBS. Then
the cell monolayer was scraped horizontally with a 200 pL
pipette tip and scratches were immediately generated and
washed twice with 1XPBS. 2 ml of fresh DMEM High Glucose
medium containing 2% FBS was added, and cells were continued
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to be cultured for 48 h. Images of cells using an inverted
microscope (Leica DMi8) by a 10X objective. Image ] software
quantified and analyzed the scratch area (freeware http://fiji.sc).

Transwell invasion assay

The Matrigel was placed in the refrigerator at 4° C overnight
from -20° C, and the upper chamber surface of the bottom
membrane of the Transwell chamber was coated with 50 mg/L
Matrigel (1:8 diluent) and air-dried at 4° C. HO8910 cells after
different treatments were digested with trypsin and resuspended
with serum-free medium. The cell density was adjusted to 5x10°
cells/mL. 200 pL of cell suspension was added into the upper
compartment of the Transwell chamber, and 500 uL of culture
medium containing 10% FBS was added into the lower chamber
of the 24-well plate. The culture plates were placed in a CO,
incubator at 37° C for 48 h. The chambers were taken out, and 1
x PBS was washed twice. The cells in the upper layer of the
chamber’s membrane were removed carefully using a cotton
swab. 4% paraformaldehyde-fixed for 20 min. Crystal violet
solution stained for 15 min. Images were taken under an
inverted microscope (Leica DMi8) by a 4X objective. 10 fields
of view were counted randomly for each sample by Image ]
software (freeware http://fiji.sc) and then analyzed statistically.

IHC assay

Ovarian Cancer and adjacent normal tissue microarray (TMA,
n=90) were obtained from Shanghai Outdo Biotechnology
Company, Ltd (SHXC2021YF01). IHC was carried out as
described previously (59). The TMA was placed in an oven at 68°C
for 2 h. Dewaxing was completed in the automatic dyeing machine,
and the slides were placed in the antigen retrieval instrument to
initiate the repair. Then, they were allowed to cool naturally for more
than 10 minutes and washed with PBS buffer. The working solution
of primary antibodies, including anti-STAT5A (Proteintech 13179-
1-AP), anti-P-STAT5A (Signalway Antibody, 11048), anti-MMP2
(Proteintech, 10373-2-AP) diluted 1:200 was added respectively. The
slides were kept at 4°C overnight and then rewarmed at room
temperature for 45 min, washed with PBS buffer, and put into
DAKO automatic ITHC instrument. The blocking, secondary
antibody binding, and DAB color development procedures were
selected according to the “Autostainer Link 48 Use Guide”. The slides
were stained with hematoxylin for 1min, immersed in 0.25% alcohol
hydrochloric acid (400ml 70% alcohol +1ml concentrated
hydrochloric acid) for about 10 s, and rinsed with tap water for 5
min. Then, the slides were dried at room temperature and sealed with
neutral resin.
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Statistical analysis

All the experiments were performed independently, at least in
triplicate. All the data were expressed as mean + standard deviation
(SD). Statistical analyses were carried out with GraphPad Prism
software version 8.0. Multiple group comparisons were performed
using a one-way ANOA test. Mann-Whitney test was used to analyze
the expression of molecules in tissues. The correlation between
molecular and clinical indicators was evaluated by the Chi-square
test, Kaplan-Meier survival analysis, and Log-rank Statistical test. P <
0.05 was considered statistically significant.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding authors.

Author contributions

XG and XL conceived and designed the research. XG
performed the experiments, analyzed the data, and wrote the
manuscript. Both authors contributed to the article and
approved the submitted version.

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.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.1054647/full#supplementary-material

frontiersin.org


http://fiji.sc
http://fiji.sc
https://www.frontiersin.org/articles/10.3389/fonc.2022.1054647/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1054647/full#supplementary-material
https://doi.org/10.3389/fonc.2022.1054647
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Gong and Liu

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer |
Clin (2022) 72:7-33. doi: 10.3322/caac.21708

2. Groen RS, Gershenson DM, Fader AN. Updates and emerging therapies for
rare epithelial ovarian cancers: one size no longer fits all. Gynecol Oncol (2015)
136:373-83. doi: 10.1016/j.ygyn0.2014.11.078

3. Chang SJ, Hodeib M, Chang J, Bristow RE. Survival impact of complete
cytoreduction to no gross residual disease for advanced-stage ovarian cancer: a
meta-analysis. Gynecol Oncol (2013) 130:493-8. doi: 10.1016/j.ygyno.2013.05.040

4. Robson M, Im SA, Senkus E, Xu B, Domchek SM, Masuda N, et al. Olaparib
for metastatic breast cancer in patients with a germline BRCA mutation. N Engl |
Med (2017) 377:523-33. doi: 10.1056/NEJMoal706450

5. Darnell JEJr.,, Kerr IM, Stark GR. Jak-STAT pathways and transcriptional
activation in response to IFNs and other extracellular signaling proteins. Sci (1994)
264:1415-21. doi: 10.1126/science.8197455

6. Gao B. Cytokines, STATS, and liver disease. Cell Mol Immunol (2005) 2:92-
100.

7. Machida K, Tsukamoto H, Liu JC, Han YP, Govindarajan S, Lai MM, et al. C-
jun mediates hepatitis c virus hepatocarcinogenesis through signal transducer and
activator of transcription 3 and nitric oxide-dependent impairment of oxidative
DNA repair. Hepatology (2010) 52:480-92. doi: 10.1002/hep.23697

8. Calod V, Migliavacca M, Bazan V, Macaluso M, Buscemi M, Gebbia N, et al.
STAT proteins: from normal control of cellular events to tumorigenesis. J Cell
Physiol (2003) 197:157-68. doi: 10.1002/jcp.10364

9. Lu T, Bankhead A, Ljungman M3rd, Neamati N. Multi-omics profiling
reveals key signaling pathways in ovarian cancer controlled by STAT3.
Theranostics (2019) 9:5478-96. doi: 10.7150/thno.33444

10. Huang D, Chen X, Zeng X, Lao L, Li ], Xing Y, et al. Targeting the regulator
of G protein signaling 1 in tumor-specific T cells enhances their trafficking to breast
cancer. Nat Immunol (2021) 22:865-79. doi: 10.1038/s41590-021-00939-9

11. Hu F, Zhao Y, Yu Y, Fang JM, Cui R, Liu ZQ, et al. Docetaxel-mediated
autophagy promotes chemoresistance in castration-resistant prostate cancer cells
by inhibiting STAT3. Cancer Lett (2018) 416:24-30. doi: 10.1016/
j.canlet.2017.12.013

12. Geiger JL, Grandis JR, Bauman JE. The STAT3 pathway as a therapeutic
target in head and neck cancer: Barriers and innovations. Oral Oncol (2016) 56:84—
92. doi: 10.1016/j.oraloncology.2015.11.022

13. Burke AJ, Garrido P, Johnson C, Sullivan FJ, Glynn SA. Inflammation and
nitrosative stress effects in ovarian and prostate pathology and carcinogenesis.
Antioxid Redox Signal (2017) 26:1078-90. doi: 10.1089/ars.2017.7004

14. Kielbik M, Szulc-Kielbik I, Klink M. The potential role of iNOS in ovarian
cancer progression and chemoresistance. Int J Mol Sci (2019) 20(7):1751.
doi: 10.3390/ijms20071751

15. Li L, Zhu L, Hao B, Gao W, Wang Q, Li K, et al. INOS-derived nitric oxide
promotes glycolysis by inducing pyruvate kinase M2 nuclear translocation in
ovarian cancer. Oncotarget (2017) 8:33047-63. doi: 10.18632/oncotarget.16523

16. Leung EL, Fraser M, Fiscus RR, Tsang BK. Cisplatin alters nitric oxide
synthase levels in human ovarian cancer cells: involvement in p53 regulation and
cisplatin resistance. Br ] Cancer (2008) 98:1803-9. doi: 10.1038/sj.bjc.6604375

17. Tian X, Guan W, Zhang L, Sun W, Zhou D, Lin Q, et al. Physical interaction
of STATT1 isoforms with TGF-f receptors leads to functional crosstalk between two
signaling pathways in epithelial ovarian cancer. ] Exp Clin Cancer Res (2018)
37:103. doi: 10.1186/s13046-018-0773-8

18. Au K, Peterson N, Truesdell P, Reid-Schachter G, Khalaj K, Ren R, et al.
CXCLI10 alters the tumor immune microenvironment and disease progression in a
syngeneic murine model of high-grade serous ovarian cancer. Gynecol Oncol (2017)
145:436-45. doi: 10.1016/j.ygyn0.2017.03.007

19. Frank S, Stallmeyer B, Kampfer H, Kolb N, Pfeilschifter J. Nitric oxide
triggers enhanced induction of vascular endothelial growth factor expression in
cultured keratinocytes (HaCaT) and during cutaneous wound repair. FASEB |
(1999) 13:2002-14. doi: 10.1096/fasebj.13.14.2002

20. Zhang Y, Liu Z. STATI in cancer: friend or foe? Discovery Med (2017)
24:19-29.

21. AuKK, Le Page C, Ren R, Meunier L, Clement I, Tyrishkin K, et al. STAT1-
associated intratumoral T(H)1 immunity predicts chemotherapy resistance in
high-grade serous ovarian cancer. J Pathol Clin Res (2016) 2:259-70.
doi: 10.1002/¢jp2.55

22. Wang Z, Chen W, Zuo L, Xu M, Wu Y, Huang J, et al. The fibrillin-1/
VEGFR2/STAT2 signaling axis promotes chemoresistance via modulating
glycolysis and angiogenesis in ovarian cancer organoids and cells. Cancer
Commun (Lond) (2022) 42:245-65. doi: 10.1002/cac2.12274

Frontiers in Oncology

17

10.3389/fonc.2022.1054647

23. Seo JM, Park S, Kim JH. Leukotriene B4 receptor-2 promotes invasiveness
and metastasis of ovarian cancer cells through signal transducer and activator of
transcription 3 (STAT3)-dependent up-regulation of matrix metalloproteinase 2. J
Biol Chem (2012) 287:13840-9. doi: 10.1074/jbc.M111.317131

24. Jia ZH, Jia Y, Guo FJ, Chen J, Zhang XW, Cui MH. Phosphorylation of
STATS3 at Tyr705 regulates MMP-9 production in epithelial ovarian cancer. PloS
One (2017) 12:€0183622. doi: 10.1371/journal.pone.0183622

25. Yue P, Zhang X, Paladino D, Sengupta B, Ahmad S, Holloway RW, et al.
Hyperactive EGF receptor, jaks, and Stat3 signaling promote enhanced colony-
forming ability, motility, and migration of cisplatin-resistant ovarian cancer cells.
Oncogene (2012) 31:2309-22. doi: 10.1038/0nc.2011.409

26. Xu Q, Briggs J, Park S, Niu G, Kortylewski M, Zhang S, et al. Targeting Stat3
blocks both HIF-1 and VEGF expression induced by multiple oncogenic growth
signaling pathways. Oncogene (2005) 24:5552-60. doi: 10.1038/sj.0onc.1208719

27. Park J, Park SY, Kim JH. Leukotriene B4 receptor-2 contributes to
chemoresistance of SK-OV-3 ovarian cancer cells through activation of signal
transducer and activator of a transcription-3-linked cascade. Biochim Biophys Acta
(2016) 1863:236-43. doi: 10.1016/j.bbamcr.2015.11.011

28. 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) 38:1576-84. doi: 10.1038/s41388-018-
0523-6

29. Zhao L, Ji G, Le X, Luo Z, Wang C, Feng M, et al. An integrated analysis
identifies STAT4 as a key regulator of ovarian cancer metastasis. Oncogene (2017)
36:3384-96. doi: 10.1038/0nc.2016.487

30. Lee H, Kim JW, Choi DK, Yu JH, Kim JH, Lee DS, et al. Poziotinib
suppresses ovarian cancer stem cell growth via inhibition of HER4-mediated
STAT5 pathway. Biochem Biophys Res Commun (2020) 526:158-64.
doi: 10.1016/j.bbrc.2020.03.046

31. Jinawath N, Vasoontara C, Jinawath A, Fang X, Zhao K, Yap KL, et al.
Oncoproteomic analysis reveals co-upregulation of RELA and STATS5 in
carboplatin resistant ovarian carcinoma. PloS One (2010) 5:e11198. doi: 10.1371/
journal.pone.0011198

32. Lieber S, Reinartz S, Raifer H, Finkernagel F, Dreyer T, Bronger H, et al.
Prognosis of ovarian cancer is associated with effector memory CD8(+) T cell
accumulation in ascites, CXCL9 levels and activation-triggered signal transduction
in T cells. Oncoimmunol (2018) 7:e1424672. doi: 10.1080/2162402x.2018.1424672

33. BaiY, Yin K, Su T, Ji F, Zhang S. CTHRCI in ovarian cancer promotes M2-
like polarization of tumor-associated macrophages via regulation of the STAT6
signaling pathway. Onco Targets Ther (2020) 13:5743-53. doi: 10.2147/0tt.5250520

34. Ruan Z, Yang X, Cheng W. OCT4 accelerates tumorigenesis through
activating JAK/STAT signaling in ovarian cancer side population cells. Cancer
Manag Res (2019) 11:389-99. doi: 10.2147/cmar.S180418

35. Liu X, Robinson GW, Gouilleux F, Groner B, Hennighausen L. Cloning and
expression of Stat5 and an additional homologue (Stat5b) involved in prolactin
signal transduction in mouse mammary tissue. Proc Natl Acad Sci U.S.A. (1995)
92:8831-5. doi: 10.1073/pnas.92.19.8831

36. Schmitt-Ney M, Doppler W, Ball RK, Groner B. Beta-casein gene promoter
activity is regulated by the hormone-mediated relief of transcriptional repression
and a mammary-gland-specific nuclear factor. Mol Cell Biol (1991) 11:3745-55.
doi: 10.1128/mcb.11.7.3745-3755.1991

37. Wakao H, Gouilleux F, Groner B. Mammary gland factor (MGF) is a novel
member of the cytokine regulated transcription factor gene family and confers the
prolactin response. EMBO ] (1994) 13:2182-91. doi: 10.1002/j.1460-
2075.1994.tb06495 x

38. Darnell JEJr. STATs and gene regulation Science (1997) 277:1630-5
doi: 10.1126/science.277.5332.1630

39. Moriggl R, Sexl V, Kenner L, Duntsch C, Stangl K, Gingras S, et al. Stat5
tetramer formation is associated with leukemogenesis. Cancer Cell (2005) 7:87-99.
doi: 10.1016/j.ccr.2004.12.010

40. Arnould C, Philippe C, Bourdon V, Gr goire MJ, Berger R, Jonveaux P. The
signal transducer and activator of transcription STAT5b gene is a new partner of
retinoic acid receptor alpha in acute promyelocytic-like leukaemia. Hum Mol Genet
(1999) 8:1741-9. doi: 10.1093/hmg/8.9.1741

41. Dong S, Tweardy DJ. Interactions of STAT5b-RARalpha, a novel acute
promyelocytic leukemia fusion protein, with retinoic acid receptor and STAT3
signaling pathways. Blood (2002) 99:2637-46. doi: 10.1182/blood.v99.8.2637

42. Shahmarvand N, Nagy A, Shahryari J, Ohgami RS. Mutations in the signal
transducer and activator of transcription family of genes in cancer. Cancer Sci
(2018) 109:926-33. doi: 10.1111/cas.13525

frontiersin.org


https://doi.org/10.3322/caac.21708
https://doi.org/10.1016/j.ygyno.2014.11.078
https://doi.org/10.1016/j.ygyno.2013.05.040
https://doi.org/10.1056/NEJMoa1706450
https://doi.org/10.1126/science.8197455
https://doi.org/10.1002/hep.23697
https://doi.org/10.1002/jcp.10364
https://doi.org/10.7150/thno.33444
https://doi.org/10.1038/s41590-021-00939-9
https://doi.org/10.1016/j.canlet.2017.12.013
https://doi.org/10.1016/j.canlet.2017.12.013
https://doi.org/10.1016/j.oraloncology.2015.11.022
https://doi.org/10.1089/ars.2017.7004
https://doi.org/10.3390/ijms20071751
https://doi.org/10.18632/oncotarget.16523
https://doi.org/10.1038/sj.bjc.6604375
https://doi.org/10.1186/s13046-018-0773-8
https://doi.org/10.1016/j.ygyno.2017.03.007
https://doi.org/10.1096/fasebj.13.14.2002
https://doi.org/10.1002/cjp2.55
https://doi.org/10.1002/cac2.12274
https://doi.org/10.1074/jbc.M111.317131
https://doi.org/10.1371/journal.pone.0183622
https://doi.org/10.1038/onc.2011.409
https://doi.org/10.1038/sj.onc.1208719
https://doi.org/10.1016/j.bbamcr.2015.11.011
https://doi.org/10.1038/s41388-018-0523-6
https://doi.org/10.1038/s41388-018-0523-6
https://doi.org/10.1038/onc.2016.487
https://doi.org/10.1016/j.bbrc.2020.03.046
https://doi.org/10.1371/journal.pone.0011198
https://doi.org/10.1371/journal.pone.0011198
https://doi.org/10.1080/2162402x.2018.1424672
https://doi.org/10.2147/ott.S250520
https://doi.org/10.2147/cmar.S180418
https://doi.org/10.1073/pnas.92.19.8831
https://doi.org/10.1128/mcb.11.7.3745-3755.1991
https://doi.org/10.1002/j.1460-2075.1994.tb06495.x
https://doi.org/10.1002/j.1460-2075.1994.tb06495.x
https://doi.org/10.1126/science.277.5332.1630
https://doi.org/10.1016/j.ccr.2004.12.010
https://doi.org/10.1093/hmg/8.9.1741
https://doi.org/10.1182/blood.v99.8.2637
https://doi.org/10.1111/cas.13525
https://doi.org/10.3389/fonc.2022.1054647
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Gong and Liu

43. Teglund S, McKay C, Schuetz E, van Deursen JM, Stravopodis D, Wang D,
et al. Stat5a and Stat5b proteins have essential and nonessential, or redundant, roles
in cytokine responses. Cell (1998) 93:841-50. doi: 10.1016/s0092-8674(00)81444-0

44. Ferbeyre G, Moriggl R. The role of Stat5 transcription factors as tumor
suppressors or oncogenes. Biochim Biophys Acta (2011) 1815:104-14. doi: 10.1016/
j.bbcan.2010.10.004

45. Wang K, Sun Y, Wang Y, Liu L. An integration analysis of mRNAs and
miRNAs microarray data to identify key regulators for ovarian endometriosis based
on competing endogenous RNAs. Eur ] Obstet Gynecol Reprod Biol (2020)
252:468-75. doi: 10.1016/j.¢jogrb.2020.06.046

46. Nikitakis NG, Siavash H, Sauk J]. Targeting the STAT pathway in head and
neck cancer: recent advances and future prospects. Curr Cancer Drug Targets
(2004) 4:637-51. doi: 10.2174/1568009043332736

47. Vafaizadeh V, Klemmt P, Brendel C, Weber K, Doebele C, Britt K, et al.
Mammary epithelial reconstitution with gene-modified stem cells assigns roles to
Stat5 in luminal alveolar cell fate decisions, differentiation, involution, and
mammary tumor formation. Stem Cells (2010) 28:928-38. doi: 10.1002/stem.407

48. Cotarla I, Ren S, Zhang Y, Gehan E, Singh B, Furth PA. Stat5a is tyrosine
phosphorylated and nuclear localized in a high proportion of human breast
cancers. Int ] Cancer (2004) 108:665-71. doi: 10.1002/ijc.11619

49. Rouet V, Bogorad RL, Kayser C, Kessal K, Genestie C, Bardier A, et al. Local
prolactin is a target to prevent expansion of basal/stem cells in prostate tumors.
Proc Natl Acad Sci U S A. (2010) 107:15199-204. doi: 10.1073/pnas.0911651107

50. LiH, Zhang Y, Glass A, Zellweger T, Gehan E, Bubendorf L, et al. Activation
of signal transducer and activator of transcription-5 in prostate cancer predicts
early recurrence. Clin Cancer Res (2005) 11:5863-8. doi: 10.1158/1078-0432.Ccr-
05-0562

51. Koppikar P, Lui VW, Man D, Xi S, Chai RL, Nelson E, et al. Constitutive
activation of signal transducer and activator of transcription 5 contributes to tumor
growth, epithelial-mesenchymal transition, and resistance to epidermal growth

Frontiers in Oncology

18

10.3389/fonc.2022.1054647

factor receptor targeting. Clin Cancer Res (2008) 14:7682-90. doi: 10.1158/1078-
0432.Ccr-08-1328

52. Shi F, Shang L, Pan BQ, Wang XM, Jiang YY, Hao JJ, et al. Calreticulin
promotes migration and invasion of esophageal cancer cells by upregulating
neuropilin-1 expression via STAT5A. Clin Cancer Res (2014) 20:6153-62.
doi: 10.1158/1078-0432.Ccr-14-0583

53. Chen H, Ye D, Xie X, Chen B, Lu W. VEGF, VEGFRs expressions and
activated STATS in ovarian epithelial carcinoma. Gynecol Oncol (2004) 94:630-5.
doi: 10.1016/j.ygyno.2004.05.056

54. Fu S, Li Z, Xiao L, Hu W, Zhang L, Xie B, et al. Glutamine synthetase
promotes radiation resistance via facilitating nucleotide metabolism and
subsequent DNA damage repair. Cell Rep (2019) 28:1136-1143.e1134.
doi: 10.1016/j.celrep.2019.07.002

55. Ryu H, Choi HK, Kim HJ, Kim AY, Song JY, Hwang SG, et al. Antitumor
activity of a novel tyrosine kinase inhibitor AIU2001 due to abrogation of the DNA
damage repair in non-small cell lung cancer cells. Int ] Mol Sci (2019) 20(19):4728.
doi: 10.3390/ijms20194728

56. Maranto C, Udhane V, Hoang DT, Gu L, Alexeev V, Malas K, et al. STAT5A/B
blockade sensitizes prostate cancer to radiation through inhibition of RAD51 and DNA
repair. Clin Cancer Res (2018) 24:1917-31. doi: 10.1158/1078-0432.Ccr-17-2768

57. Gyorfty B, Lanczky A, Szallasi Z. Implementing an online tool for genome-
wide validation of survival-associated biomarkers in ovarian-cancer using
microarray data from 1287 patients. Endocr Relat Cancer (2012) 19:197-208.
doi: 10.1530/erc-11-0329

58. Yuan H, Yan M, Zhang G, Liu W, Deng C, Liao G, et al. CancerSEA: a
cancer single-cell state atlas. Nucleic Acids Res (2019) 47:D900-d908. doi: 10.1093/
nar/gky939

59. Li B, Dewey CN. RSEM: accurate transcript quantification from RNA-seq
data with or without a reference genome. BMC Bioinf (2011) 12:323. doi: 10.1186/
1471-2105-12-323

frontiersin.org


https://doi.org/10.1016/s0092-8674(00)81444-0
https://doi.org/10.1016/j.bbcan.2010.10.004
https://doi.org/10.1016/j.bbcan.2010.10.004
https://doi.org/10.1016/j.ejogrb.2020.06.046
https://doi.org/10.2174/1568009043332736
https://doi.org/10.1002/stem.407
https://doi.org/10.1002/ijc.11619
https://doi.org/10.1073/pnas.0911651107
https://doi.org/10.1158/1078-0432.Ccr-05-0562
https://doi.org/10.1158/1078-0432.Ccr-05-0562
https://doi.org/10.1158/1078-0432.Ccr-08-1328
https://doi.org/10.1158/1078-0432.Ccr-08-1328
https://doi.org/10.1158/1078-0432.Ccr-14-0583
https://doi.org/10.1016/j.ygyno.2004.05.056
https://doi.org/10.1016/j.celrep.2019.07.002
https://doi.org/10.3390/ijms20194728
https://doi.org/10.1158/1078-0432.Ccr-17-2768
https://doi.org/10.1530/erc-11-0329
https://doi.org/10.1093/nar/gky939
https://doi.org/10.1093/nar/gky939
https://doi.org/10.1186/1471-2105-12-323
https://doi.org/10.1186/1471-2105-12-323
https://doi.org/10.3389/fonc.2022.1054647
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	In-depth analysis of the expression and functions of signal transducers and activators of transcription in human ovarian cancer
	Introduction
	Results
	The main functions of the STAT family
	STAT transcription in ovarian cancer patients
	Expression distribution trend of STATs for different clinical characteristics of ovarian cancer patients
	Association of the expression of STATs with the prognosis of ovarian cancer patients
	Developing and evaluating a STATs prognosis prediction model
	STAT5A gene mutation analysis in ovarian cancer
	Correlation between STAT5A and the functional states of OV cells
	Analysis of the expression of STAT5A on OV tissues and cell lines

	Discussion
	Conclusion
	Materials and methods
	Source of the data
	GEPIA2 dataset
	Metascape database
	Kaplan-Meier Plotter
	Prognostic value assessment of STATs
	LinkedOmics database
	CancerSEA single cell state atlas
	Cell lines and culture
	RT-PCR
	Western blots
	Scratch wound assay
	Transwell invasion assay
	IHC assay
	Statistical analysis

	Data availability statement
	Author contributions
	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 false
  /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 false
  /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 false
  /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


