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Abstract

Objectives—To identify angiogenic biomarkers associated with tumor angiogenesis and clinical 

outcome in high-grade serous ovarian cancer (HGSC).

Methods—51 HGSC samples were analyzed using Affymetrix HG-U133A microarray. 

Microvessel density (MVD) counts were determined using CD31and CD105. Association between 

mRNA expression levels and overall survival were assessed using rank score statistic. Effect size 

was estimated as a hazard ratio (HR) under a proportional hazards model. The Storey q-value 

method was used to account for multiple testing within the false-discovery rate (FDR) framework. 

Publicly available databases including TCGA and GSE were used for external confirmation.

Results—Thirty-one angiogenic-related genes were significantly associated with survival (q ≤ 

0.05). Of these 31 genes, 4 were also associated with outcome in the TCGA data: AKT1 (q=0.02; 

TCGA p= 0.01, HR=0.8), CD44 (q= 0.003; TCGA p=0.05, HR=0.9), EPHB2 (q= 0.01; TCGA 

p=0.05, HR=1.2), and ERBB2 (q= 0.02; TCGA p= 0.05, HR=1.2). While 5 were associated with 
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outcome in the GSE database: FLT1 (q= 0.03; GSE26712 p=0.01, HR=3.1); PF4 (q= 0.02; 

GSE26712 p=0.01, HR=3.0), NRP1 (q= 0.02; GSE26712 p < 0.04, HR>1.4), COL4A3 (q= 0.04; 

GSE26712 p= 0.03, HR=1.3), ANGPTL3 (q= 0.02; GSE14764 p=0.02, HR=1.5). High AKT1 and 

CD44 were associated with longer survival. In contrast, high expression of EPHB2, ERBB2, 

FLT1; PF4, NRP1, COL4A3, and ANGPTL3 were associated with shorter survival. CD105-MVD 

and CD31-MVD were not significantly associated with angiogenic gene expression.

Conclusions—Thirty-one angiogenic-related genes were associated with survival in advanced 

HGSC and nine of these genes were confirmed in independent publicly available databases.
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INTRODUCTION

Epithelial ovarian cancer (EOC) is considered the most lethal gynecologic malignancy and 

is the fifth leading cause of cancer mortality among women in the United States, resulting in 

15,000 deaths annually.[1] High-grade serous ovarian cancer (HGSC) is an aggressive 

ovarian cancer that is associated with a worse clinical outcome compared to other EOCs. 

Even with a complete clinical response, more than 90% of the patients with advanced 

disease will develop a recurrence, resulting in the median survival of 3–4 years.[2, 3] 

Despite surgical advances and novel anti-angiogenic targeted therapies most women with 

HGSCs will eventually die from their disease.

Angiogenesis is a critical component of solid tumor growth and metastasis. A high degree of 

tumor angiogenesis has been shown to be a prognostic factor for a variety of solid tumors 

including EOC.[4] The regulation of angiogenesis in EOC has not been completely 

elucidated. However, high serum and tumor levels of a potent pro-angiogenic factor, 

vascular endothelial growth factor (VEGF), have been associated with worse survival.[5] 

Recently several anti-angiogenic agents that target VEGF have been evaluated in women 

with EOC, including those with HGSC, and have demonstrated an improvement in survival.

[6] For example bevacizumab (Bev) has been shown to prolong OS in select patients with 

suboptimally debulked stage III disease and stage IV disease, [7] and cediranib (AZD 2171) 

is an oral inhibitor of VEGF signaling and has shown increase OS in women with ‘platinum-

sensitive’ disease.[8]

However, these agents have significant side effects, are expensive, and have not been shown 

to be cost-effective.[1] Furthermore, despite initial anti-tumor activity cancers eventually 

develop resistance to VEGF-blockade. The mechanism of resistance to VEGF inhibitors 

may be secondary to many factors. For example, one hypothesis maintains that multiple 

alternate pro-angiogenic pathways overcome VEGF inhibition leading to drug resistance.[9] 

To effectively overcome anti-VEGF resistance, novel alternate targets must be elucidated in 

order to develop innovative anti-angiogenic therapies. In addition, there is a need to develop 

biomarkers to rationally direct anti-angiogenic-specific therapy, improve outcome, and 

minimize toxicity and cost.
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In this study we sought to investigate: i) the association between angiogenic gene expression 

and overall survival (OS) in HGSC, and ii) the correlation between angiogenic gene 

expression and MVD using CD105, a marker of activated endothelial cells, and CD31, a 

non-specific endothelial cell marker. We hypothesized that our results could: a) improve our 

understanding of tumor angiogenesis regulation; b) identify quantifiable and reproducible 

angiogenic biomarkers to direct therapy in HGSC; and c) identify candidate genes that may 

be exploited to develop novel anti-angiogenic therapies.

METHODS

Study population

RNA microarray data from 51 patients with chemotherapy-naïve advanced HGSC (stage III 

A, B, C and IV) were evaluated. Patients were treated at Duke University Medical Center 

between 1988 and 2001 under a Duke Institutional Review Board (IRB) approved protocol. 

Patients enrolled in the study were surgically staged and those with stage III/IV disease all 

received platin-based combination chemotherapy.[3] The original study had an extreme 

phenotype design, deliberating genetically profiling tumors from women who had either 

long or short overall survival (OS). Long-term survival was defined as OS ≥ 7 years vs. 

short-term survival defined as OS ≤ 3 years.[3] The study population had long-term 

surveillance of more than 10 years. All genomic data and samples were linked to clinical 

data.

Microarray analysis

The ovarian cancer specimens were collected and snap-frozen at initial surgery. All 

pretreatment biopsies were confirmed to have at least 60% invasive disease throughout the 

core sample before RNA harvesting. RNA was prepared, probes generated, and used for 

hybridization to Affymetrix HG-U133A GeneChip arrays as described previously in detail.

[3]

Immunohistochemistry analysis of MVD

Immunohistochemistry (IHC) was performed for the MVD analysis using CD31 and CD105 

markers as previously described.[4] Briefly, five micrometer sections of formalin-fixed, 

paraffin-embedded tissue were stained using monoclonal antibodies to CD31 (JC70A; 

DakoCytomation, Glostrup, Denmark) and CD105 (SN6h; DakoCytomation, Carpinteria, 

CA). For negative control, mouse IgG was used. The 4plus™ Immunoperoxidase Detection 

System (Biocare Medical, Concord, CA) and Catalyzed Signal Amplification System 

(DakoCytomation, Carpinteria, CA) were used for CD31 and CD105 staining, respectively. 

The slides were scanned at low magnification (x40) to identify areas with the greatest MVD 

(hotspots) for the CD31 or 105 staining signals. Three MVD hotspots were selected by a 

board certified anatomic pathologist, (SMB), who was blinded to the clinical variables. For 

each hotspot, a single HPF (x400) was selected and all capillaries expressing CD31 or 

CD105 were counted. For quantification, an average count from the three MVD hotspot 

counts was calculated.[4]
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Statistical Analysis and validation of microarray results

One hundred and forty-five angiogenic candidate genes based on literature review, known 

genes in angiogenic pathways (e.g. VEGF signaling pathway), and anti angiogenic 

therapeutic targets (e.g. VEGF inhibitors, TIE-TEK pathway inhibitors) were evaluated. A 

panel of 285 probe, sets linked to HUGO Gene Nomenclature Committee (HGNC) gene 

symbols using annotation data from public databases and a chip annotation file from the 

Bioconductor package was derived.[10] Affymetrix HG-U133A arrays were pre-processed 

using the Robust Multi-chip Averaging (RMA) algorithm.[11]

Six publicly available data sets were used to externally confirm of our results. The six 

external data sets included the TCGA plus five other data sets queried from GEO as 

referenced below with their data set accession numbers. Information was not aggregated 

across the six studies. TCGA mRNA data were retrieved from the Cancer Genomic Data 

Server (CGDS) through the Computational Biology Center Portal (cBio): http://

www.cbioportal.org/. The cgdsr extension package (cran.rproject.org/web/packages/cgdsr/) 

was used to execute the retrieval. In addition to the TCGA database the 31 candidate genes 

panel was elevated in in 11 publicly available databases as described in the 2012 Bentink el 

al. paper.[12] Five of the databases (GSE26712 [13], GSE18520 [14], GSE14764 [15], 

GSE 17260 [16], and GSE 19161 [17]) included information on women with advanced 

HGSC and the number of cases in these databases match the 2012 Bentink el al. paper.[12] 

(Supplemental data, Gene Expression Omnibus (GEO) data selection).

The associations between gene expression of each probe set and OS were assessed using a 

rank score test.[18] Corresponding effect size was quantitatively assessed using a hazard 

ratio (HR) assuming proportional hazards. Conditional inference trees were used to find 

optimal cutpoints.[19] The log rank test was used to evaluate the association between 

clinical and demographic baseline covariates (age, stage and grade) and overall survival. 

Different cutpoints for Duke, TCGA and GSE data were used to avoid the batch effects. 

Multiplicity was addressed within the False Discovery Rate (FDR) framework. FDR 

adjusted P-values (Q-values) were calculated using the method by Storey.[18] The results 

were not adjusted for multiple testing in the external databases. The Kendall’s tau 

correlation test was used to evaluate the association between gene expression and MVD. All 

analyses were performed using the R Statistical Environment and extension packages from 

CRAN and the Bioconductor project.[18]

The Duke survival data is presented as box plots instead of Kaplan–Meier (KM) plots and 

HRs due to the extreme phenotype design. Specifically, the 51 samples from the Duke study 

were pre-selected using a biased sampling approach by selecting patients who had an OS of 

≤ 3 years or ≥ 7 years (short vs. long overall survival). Thus the application of the KM 

method to estimate the survival distribution conditional on the gene expression value was 

not deemed appropriate, given bias consideration and non-random sampling design. Lin et. 

al. proposed a method to derive a proper likelihood accounting for biased sampling designs.

[20] However, access to the sufficient clinical data was not available to employ such an 

approach in the current study. Consequently, the distribution of the gene expression was 

estimated conditional on surviving less than three years and compared to that of the 
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conditional distribution of surviving at least seven years. In the external cohorts, the KM 

method and Cox model, under the implicit assumption that the sampling was not biased, 

were used for analysis.

RESULTS

In an adjusted analysis the results demonstrated an association between differential 

angiogenic gene expression and survival in HGSC. Specifically, forty-three features 

(Affymetrix probe sets) linked to 31 angiogenic-associated genes were significantly 

associated with OS (FDR adjusted p-value (q) ≤ 0.05). Stage of the tumor (III vs. IV) was 

significantly associated with OS (p-value= 0.0042), but patient’s age was not significantly 

associated with OS (p-value= 0.68) (Table 1). From the 31 genes 4 genes were associated 

with OS in TCGA, and 5 genes were associated with OS in the GSE database (Tables 2 and 

3). The 4 genes in TCGA exhibiting level of significance and concordant directions of effect 

were: i) v-akt murine thymoma viral oncogene homolog 1 (AKT1), ii) CD44 molecule 

(CD44), iii) EPH receptor B2 (EPHB2) and, iv) v-erb-b2 avian erythroblastic leukemia viral 

oncogene homolog 2 (ERBB2/HER2) (Figure 1 and 2). In the GSE database, 5 common 

genes were identified: i) Fms-like tyrosine kinase 1 (FLT1, also known as VEGFR1), ii) 
platelet factor 4 (PF4), iii) neuropilin 1 (NRP1), iv) collagen, type IV, alpha-3 (COL4A3), 

and v) angiopoietin-like 3 (ANGPTL3) (Figure 3). High expression of AKT1 and CD44 were 

associated with longer survival. In contrast, high expression of EPHB2, ERBB2, FLT1; PF4, 

NRP1, COL4A3, and ANGPTL3 were associated with shorter survival.

The MVD counts based on CD105 and CD31 staining had median values of 30 and 33, 

respectively. After adjusting for multiple comparisons only one gene, the solute carrier 

family 12 (potassium/chloride transporter), member 6 (SLC12A6), revealed a significant 

association with MVD-CD31 counts. (CD31p-value= 0.0002, q-value= 0.04). There was no 

significant association between SLC12A6 expression and survival (OS p-value= 0.19, OS q-

value= 0.2). However, the unadjusted analysis revealed associations between several 

biologically relevant genes, MVD, and survival. In the unadjusted analysis CD105-MVD 

and CD31-MVD were positively associated with several angiogenic gene features including 

vascular endothelial growth factor receptor-2 (KDR or VEGF-R2) (CD31 p-value= 0.004, q-

value= 0.3), insulin growth factor (IGF)-1 (CD31 p-value= 0.01, q-value= 0.3), and Notch 

(Drosophila) homolog 4 (NOTCH4) (CD31 p-value= 0.01, q-value= 0.3; CD105 p-value= 

0.01, q-value= 0.3). Cullin 7 (CUL7) gene expression levels were associated with both 

CD105 and CD31 (CD105 p-value= 0.001, q-value= 0.1; CD31 p-value= 0.02 q-value= 0.5 

respectively) and OS (q-value= 0.01). CD44, and Coagulation Factor III (F3) expression 

levels were associated with CD105 MVD (CD44/CD105 p-value= 0.005, q-value= 0.22; for 

F3/CD105 p-value= 0.04, q-value= 0.7), and survival (CD44, q-value= 0.05; F3, q-value= 

0.02). Complete MVD analysis results, and representative IHC staining images for CD31 

and CD105 are provided in the supplemental data (Table 1, Table 2. and Figure 1).

Discussion

Our data demonstrated that 31 angiogenic related genes were differentially expressed in 

women with HGSC who had either short or long-term survival. In addition, 9 of these genes 
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(AKT1, CD44, EPHB2, ERBB2, FLT1, PF4, NRP1, COL4A3, and ANGPTL3) were 

associated with survival in publicly available databases supporting our initial results. 

However, none of the genes were associated with survival in both the TCGA and GSE 

databases. All of the 9 genes have a role in endothelial cell signaling, activation, migration, 

proliferation, and/or sprouting angiogenesis. In addition, COL4A3, is involved in basement 

membrane development and may play an important role in extracellular matrix remodeling 

during angiogenesis.

In our study, women with high AKT1 and CD44, expression had longer survival. CD44 is a 

cell-surface glycoprotein involved in cell-cell interactions, cell adhesion and migration. 

CD44 has been implicated as a surface marker in cancer stem cells (CSC) and cancer 

initiating cells (CIC). Those cells are considered rare but highly tumorigenic and mediate 

tumor metastasis. In ovarian cancer, a subpopulation of the highly neoplastic progenitors of 

EOC are derived from CD44+CD117+ cells.[21] CD44+ has been implicated as a marker of 

CIC in a variety of other cancer.[21] Similar to our findings, in glioblastoma patients higher 

levels of CD44 expression have been reported to be associated with better survival, although 

higher expression of CD44 is associated with more aggressive tumor types.[22]

AKT is a serine/threonine kinase with three highly homologous members: AKT1, AKT2, 

AKT3. The AKT family regulates critical biological processes such as angiogenesis, 

apoptosis, proliferation, metabolism, cell survival, tissue invasion and tumor formation.[23] 

There is ongoing effort to target the AKT pathway for cancer therapy and cancer prevention.

[24] Increased AKT1 kinase activity has been reported in about 40% of ovarian cancers and 

the PI3K/AKT pathway is activated in approximately 70% of EOC.[25, 26] The association 

of higher expression levels of AKT1 and longer OS was surprising because prior data 

suggests a worse survival for patients with higher levels of AKT1 levels.[25] However, 

newly published data indicated that activation of TEK might activate downstream signaling 

through the AKT and endothelial nitric oxide synthase 3 (NOS3 also known as eNOS) 

pathways. The result was the reduction of tumor metastasis, progression, and growth.[27] 

Our data in HGSC indicated that higher expression levels of TEK were more likely seen in 

women with longer OS (data not shown), which may account for our findings regarding 

AKT and survival. Specifically, TEK overexpression may induce increased AKT expression, 

but more importantly is associated with a less aggressive phenotype that is driving survival 

outcomes. Furthermore, we did not distinguish between total AKT and the activated 

phosphorylated form which may also account for our findings.[23]

Higher expression levels of ANGPTL3 were associated with shorter survival, a finding that 

was also found in the GSE14764 database. ANGPTL3 is a secreted protein and belongs to 

the angiopoietin-like family of secreted factors, involved in angiogenesis, endothelial cell 

adhesion, and migration.[28] Evaluation of the role of ANGPTL3 in HGSC warrants further 

investigation.

High EphB2 expression was associated with shorter OS. Ephrin (Eph) receptors comprise 

the largest subgroup of the receptor tyrosine kinase (RTK) family. RTKs and their ligands 

are involved in processes such as angiogenesis, cell division, migration, metabolism, 

survival, proliferation, and differentiation.[29] The Eph receptors and their ligands, 
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including EphB2, have been reported to be potential prognostic and diagnostic biomarkers in 

various cancers.[29] Overexpression of EphB2 receptor in ovarian cancer has been 

associated with poorer survival which is in concordance with our results.[30]

In addition, our results indicated that overexpression of two important genes in the VEGF 

pathway, NRP1 and FLT, were associated with reduced OS. VEGF ligands can bind and 

activate three structurally similar VEGF receptors: VEGFR1 (FLT1), VEGFR2 (KDR) and 

VEGFR3 (FLT4). VEGF ligands including FLT1 are crucial in biological processes such as 

endothelial cell survival, proliferation, and migration.[31, 32] In our analysis, 

overexpression of FLT1 was significantly associated with worse OS, a result which was seen 

in the external databases (Table 3). The role of VEGF as a major factor in normal and 

pathological angiogenesis processes has been well established and supported the use of 

VEGF-targeted anti-angiogenic treatment in various malignancies.[31] The NRP1 and 

NRP2 receptors can act as co-receptors for VEGF–VEGFR complexes; binding promotes 

endothelial cell signaling and subsequently endothelial cell migration and angiogenesis. 

NRP1 forms complex with both FLT1 and KDR. VEGF signals can be mediated via 

neuropilins in the absence of FLT1 and KDR.[31] Overexpression of NRP1 has been 

reported in a variety of solid tumors including ovarian and breast carcinomas.[31, 32]

High COL4A3 expression was significantly associated with worse OS in HGSC patients. 

COL4A3 belongs to the type IV collagen family, which is the main component of basement 

membranes (BMs) surrounding blood vessels. In order for the malignant cells to metastasize 

they must penetrate through the epithelial basement membrane (EBM) and the BM that 

surrounds blood vessels. Overexpression of COL4A3 has been implicated to be associated 

with tumor size, higher grade, metastasis, and invasion in several malignancies including 

ovarian cancers.[33, 34]

Similarly, higher PF4 expression was seen in HGSC patients with shorter survival. PF4 is a 

chemokine that has been reported to possess several biological functions and is a marker of 

platelet activation. Thrombocytosis (platelet count of >450,000 mm3) is associated with 

advanced disease and shorter survival.[35] PF4 also functions as an inhibitor to endothelial 

cell migration, proliferation, and angiogenesis.[36] The association between PF4 and worse 

survival is most likely secondary to PF4 association with paraneoplastic thrombocytosis 

rather than its anti-angiogenic properties.

Lastly, high ERBB2 expression was associated with worse survival. ERBB2/HER2 is a well-

known transmembrane receptor tyrosine kinases. ERBB2 mediates cell survival, 

angiogenesis, differentiation, and growth, and as an established oncogene is targeted in 

cancer therapy in the form of monoclonal antibody against ERBB2. In ovarian cancer 

elevated levels of ERBB2 are associated with worse survival which is in agreement with our 

findings.[37] However, anti-HER2 therapy with trastuzumab has minimal activity in women 

with ovarian and primary peritoneal cancer patients whose tumors demonstrated 2+ or 3+ 

ERBB2/HER2 overexpression.[38] The clinical utility of this marker has not been promising 

given the low frequency of overexpression in ovarian cancer and the lack of clinical efficacy 

with anti-HER2 strategies in ovarian cancer. However, newer strategies that conjugate a 
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potent cytotoxic agent to the monoclonal antibody trastuzumab and target delivery to 

ERBB2 cells may have activity in select patients with HGSC.

Several authors have reported an “angiogenic” gene expression signature in ovarian cancer. 

TCGA gene expression data suggest there are 4 subtypes of HGSC: immunoreactive, 

differentiated, proliferative, and mesenchymal).[39] However, there was no significant 

difference in survival between the different subtypes. Gottfried and colleagues 

independently validated the TCGA findings in 175 HGSC samples and confirmed the 

existence and identity of the four subtypes.[40] In contrast to TCGA data, they found 

survival differences in univariate (HR= 2.4, 95% CI 1.5–4.1, p-value= 0.007) and 

multivariate analysis (HR= 2.3, 95% CI 1.3–4.0, p-value= 0.003) after accounting for age, 

stage, grade, and postoperative residual tumor.[40] Furthermore, Bentink et al reported that 

an angiogenic gene expression signature predicted for a novel subtype of serous ovarian 

cancer.[12] Their angiogenic gene signature was associated with worse survival when 

evaluated in 1,090 patients with advanced HGSC from a collection of 10 previously 

published studies, (including patients from an ovarian cancer study at Duke).[12] 

Specifically, women with advanced HGSC whose cancers expressed the angiogenic gene 

expression signature had a 1.3-fold increased risk of death compared to those who did not 

have the angiogenic subtype.[12] Their angiogenic signature was evaluated in the TCGA 

subtypes and correlated with the mensenchymal and immunoreactive groups, with 58% of 

the angiogenic signature tumors falling in the mesenchymal group.[12] Our data plus the 

findings from Gottfried et al. and Bentink et al.[12], supports the presence of an angiogenic 

HGSC subtype that may be useful to identify women with a worse prognosis and could be 

utilized as a biomarker to direct anti-angiogenic therapy.

While the degree of tumor angiogenesis, as measured by MVD, has been shown to be a 

prognostic factor in EOC, we did not find an association between MVD and OS after 

adjusting for multiple testing. However, CD31-MVD was associated with several critical 

angiogenic genes such as KDR, NOTCH4, IGF-1, CUL7, CD44 and F3 in the unadjusted 

analysis.

The strengths of our survival analysis study were the following: long term surveillance, 

available clinical data, and robust statistical analysis. However, none of the subjects in our 

cohort were treated with anti-angiogenic therapy. Future research is planned to evaluate the 

expression of angiogenic genes in women treated with anti-angiogenic agents. Additional 

limitations include those inherent to the TCGA database; the short clinical follow-up and the 

variety of multiple platforms utilized to determine gene expression. Analysis of the 

transcriptome via microarray also has inherent limitations, as it does not account for the 

multiple layers of regulation present in the process of transcription, translation, and protein 

function. An additional limitation is that the biopsy specimens had 60% tumor and may not 

be an accurate representation of the tumor microenvironment. Therefore, gene expression 

profiles specific to the tumor vasculature can be masked.

In conclusion, our findings suggest that several angiogenic-related genes are differentially 

expressed and associated with survival in women with HGSC. Our current findings while 

promising are considered preliminary and merit further investigation.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

1. Angiogenic gene expression was differentially regulated in short vs. long-term 

high-grade serous ovarian cancer survivors.

2. Candidate angiogenic genes were associated with survival in independent 

databases.

3. Candidate angiogenic biomarkers may represent novel targets and rationally 

direct anti-angiogenic therapy.
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Figure 1. Association between AKT1 and CD44 gene expression levels and overall survival (OS) 
in HGSC
The Duke data revealed that HGSC patients whose tumors demonstrated high AKT1 and 

CD44 gene expression were more likely to have a long survival (OS ≥ 7 years) compared to 

those women whose tumors had low AKT1 and CD44 gene expression (OS ≤ 3 years, AKT1 

q-value= 0.02, CD44 q-value= 0.003) (A and C, respectfully). In the TCGA database, 

higher AKT1 and CD44 gene expression were also associated with longer OS. (B) The 

median OS for HGSC patients with high AKT1 expression was 58.1 months compared to 

39.9 months in patients with lower AKT1 expression (AKT1 p-value= 0.01, HR= 0.8). (D) 
Similarly, the median OS for HGSC patients with high CD44 expression was 47.7 months 

compared to 35.8 months in patients with low CD44 expression levels (CD44 p-value= 0.05, 

HR= 0.9). Conditional inference trees were used to find optimal cutpoints. Based on 

cutpoints, the TCGA and Duke “low expression” columns represents the number of patients 

in the “low expression group” and “high expression” columns represents the number of 

patients in the “high expression group”. The Duke results are shown in box plots. The 

distribution of the gene expression, y-axis, was estimated conditional on surviving less than 

three years and compared to that of the conditional distribution of surviving at least seven 

years. In a boxplot, the box spans the interquartile range (IQR) of the data set and the line 

within the box denotes the median. Potential outliers (extreme values) are represented as 

separate points beyond the data set “whiskers”. The whiskers illustrate the spread of the 

data.
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Figure 2. Association between ERBB2 and EPHB2 gene expression levels and overall survival 
(OS) in HGSC
The Duke data revealed that HGSC patients whose tumors expressed high ERBB2 and 

EPHB2 gene expression were more likely to have a short survival (OS ≤ 3 years) compared 

to those women with low ERBB2 and EPHB2 expression (ERBB2 q-value= 0.02; EPHB2 q-

value= 0.01) (A and C, respectfully). In the TCGA database, higher ERBB2 and EPHB2 

expression levels were also associated with shorter OS. (B) The median OS for HGSC 

patients with high ERBB2 expression was 32 months compared to 44.5 months in patients 

with lower ERBB2 expression (ERBB2 p-value= 0.05, HR= 1.2). (D) The median OS for 

HGSC patients with high EPHB2 expression was 41.4 months compared to 52 months in 

patients with lower EPHB2 expression (EPHB2 p-value= 0.05, HR= 1.2). Conditional 

inference trees were used to find optimal cutpoints. Based on cutpoints, the TCGA and Duke 

“low expression” columns represents the number of patients in the “low expression group” 

and “high expression” columns represents the number of patients in the “high expression 

group”. The Duke results are shown in box plots. The distribution of the gene expression, y-

axis, was estimated conditional on surviving less than three years and compared to that of 

the conditional distribution of surviving at least seven years. In a boxplot, the box spans the 

interquartile range (IQR) of the data set and the line within the box denotes the median. 

Potential outliers (extreme values) are represented as separate points beyond the data set 

“whiskers”. The whiskers illustrate the spread of the data.
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Figure 3. Confirming gene expression and OS results in the GSE database
Higher expression levels of ANGPTL3, COL4A3, FLT1, PF4 and NRP1 were associated 

with shorter OS in the Duke dataset and the GSE (GSE26712 and GSE14764). (A) 
ANGPTL3: q-value= 0.02; GSE14764 p-value= 0.02, HR= 1.5, median survival of 43 

months (high expression), median survival for low expression has not been reached. (B) 
FLT1: q-value= 0.03; GSE26712 p-value= 0.01, HR= 3.1, median survival of 34 months 

(high expression) versus 64 months (low expression); (C) NRP1: q-value = 0.02; GSE26712 

p-value < 0.04, HR>1.4, median survival of 20 months (high expression) versus 43 months 

(low expression); (D) COL4A3: q-value= 0.02; GSE26712 p-value= 0.03, HR=1.3, median 

survival of 33 months (high expression) versus 44 months (low expression); (E) PF4: q-

value= 0.02; GSE26712 p-value= 0.01, HR= 3.0, median survival of 33 months (high 

expression) versus 68.5 months (low expression). Conditional inference trees were used to 

find optimal cutpoints. Based on cutpoints, the GSE and Duke “low expression” columns 

represents the number of patients in the “low expression group” and “high expression” 

columns represents the number of patients in the “high expression group”. The Duke results 

are shown in box plots. The distribution of the gene expression, y-axis, was estimated 

conditional on surviving less than three years and compared to that of the conditional 

distribution of surviving at least seven years. In a boxplot, the box spans the interquartile 

range (IQR) of the data set and the line within the box denotes the median. Potential outliers 

(extreme values) are represented as separate points beyond the data set “whiskers”. The 

whiskers illustrate the spread of the data.

Siamakpour-Reihani et al. Page 15

Gynecol Oncol. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Siamakpour-Reihani et al. Page 16

Table 1

Analysis of assosiation between the 51 patients’ age and tumor stage with overall survival (OS)

Duke
p-value

Short Survival (OS ≤ 3 years) Long Survival (OS ≥ 7 years)

Stage III 23 23 0.004

IV 5 0

Age 59 (37–79) 62 (33–78) 0.68

The stage of the tumor (III vs. IV) was significantly associated with patients OS (p-value= 0.004). However, there were only 5 patients in the stage 
IV group and none of the patients were in the long survival category. Age of the patients at the time of diagnosis was not significantly associated 
with OS (p-values= 0.68).
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