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Abstract

Objective—The purpose of this study was to identify a panel of novel serum tumor antigen-

associated autoantibody (TAAb) biomarkers for the diagnosis of high-grade serous ovarian cancer.

Methods—To detect TAAb we probed high-density programmable protein microarrays (NAPPA) 

containing 10,247 antigens with sera from patients with serous ovarian cancer (n = 30 cases/ 30 

healthy controls) and measured bound IgG. We identified 735 promising tumor antigens and 

evaluated these with an independent set of serous ovarian cancer sera (n = 30 cases/ 30 benign 

disease controls/ 30 heathy controls). Thirty-nine potential tumor autoantigens were identified and 

evaluated using an orthogonal programmable ELISA platform against a total of 153 sera samples 

(n = 63 cases/ 30 benign disease controls/ 60 healthy controls). Sensitivities at 95% specificity 

were calculated and a classifier for the detection of high-grade serous ovarian cancer was 

constructed.

Results—We identified 11-TAAbs (ICAM3, CTAG2, p53, STYXL1, PVR, POMC, NUDT11, 

TRIM39, UHMK1, KSR1, and NXF3) that distinguished high-grade serous ovarian cancer cases 

from healthy controls with a combined 45% sensitivity at 98% specificity.

Conclusion—These are potential circulating biomarkers for the detection of serous ovarian 

cancer, and warrant confirmation in larger clinical cohorts.
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1. Introduction

Ovarian cancer remains a leading cause of death from gynecologic malignancy, with over 

21,290 new cases/year and an estimated 14,180 deaths in the United States in 2014 [1]. The 

5 –year survival rate for stage I ovarian cancer is over 80%, compared with a survival rate of 

only 11% for stage IV ovarian cancer [2]. Early diagnosis is also associated with improved 

morbidity [3]. Unfortunately, over 60% of patients have advanced disease at the time of 

diagnosis. This is likely related to several factors, including an aggressive tumor biology that 

causes rapid, early dissemination through the peritoneum, as well as limitations of current 

biomarkers and imaging modalities for early detection.

A number of screening strategies and biomarkers have been proposed to improve the early 

detection of ovarian cancer. Two biomarkers, Cancer Antigen 125 (CA 125) and Human 

Epididymis Protein 4 (HE4), as well as two algorithms, OVA1 and Risk of Ovarian 

Malignancy Algorithm (ROMA), have been approved by the US FDA for risk assessment 

and management of ovarian cancer [4]. The most common approaches used in screening are 

sequential testing using serum CA 125 and transvaginal ultrasound (TVUS), which have 

been shown to have a high specificity (99.9%) and positive predictive value (PPV; 26.8%) 

[5]. Overall, these strategies are limited by the low prevalence of the disease in the general 

population, interpatient variability of CA 125 testing, false positive CA 125 levels from 

benign ovarian tumors and diverticulitis, as well as the limited specificity of pelvic 

ultrasound for detection of early ovarian cancers. Thus, there is an urgent need to identify 

biomarkers to complement CA 125 and HE4 for the early identification of ovarian cancer.

Tumor antigen-associated autoantibodies (TAAb) represent a well-documented source of 

potential early diagnostic biomarkers for ovarian cancer [6–10]. TAAbs are generated in 

response to protein overexpression or mutations in cancer patients. Our group as well as 

others have identified panels of TAAbs for the detection of breast [11, 12], prostate [13], 

colorectal [14], lung [15], and ovarian cancers [16]. In addition to CA 125 and HE4, serum 

antibodies to p53 are the most frequently studied TAAb in ovarian cancer [4, 17]. Mutations 

in TP53 occur early in high-grade serous ovarian carcinogenesis, are present in over 80% of 

serous ovarian cancer, and are strongly associated with the presence of p53-TAAb. We 

detected p53-TAAb in the sera of 6–7% of patients with limited-stage ovarian cancer, and 

41% of women with high-grade serous ovarian carcinomas, including 30% of women with 

false-negative CA 125 levels [16, 18]. However, the false-positive rate of 8% limits its 

application for screening as a stand-alone biomarker [18]. We have reported a screen of 

4,988 human proteins, and identified two additional TAAb (PTPRA and PTGFR) with 

modestly improved sensitivity (23.3%) at high specificity (98.3%). The specificity was 

maintained when compared to benign ovarian disease [16]. Taken together, these data 

suggest that the addition of other TAAb biomarkers beyond p53 may improve the detection 

of ovarian cancer.

In this study, we predicted that technological improvements in protein array production, 

protein expression, and an increased protein library (>5,000 new full-length proteins) would 

lead to the identification of novel TAAb biomarkers beyond p53, PTPRA, and PTGFR that 

could increase the sensitivity of early detection of serous ovarian cancer. To achieve this 
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objective, we performed a large-scale proteomic analysis using custom Nucleic Acid 

Programmable Protein Microarrays (NAPPA), and an orthogonal Rapid Antigenic Protein In 

situ Display (RAPID) ELISA assay for validation [18–20]. In this system, full-length human 

proteins are expressed using in vitro mammalian cell lysate and captured on a solid support 

using epitope fusion tags [21]. We used a sequential screening strategy to identify candidate 

TAAb biomarkers and limit the false discovery rate (Figure 1). First, we developed custom 

protein microarrays expressing 10,247 full-length candidate human proteins and profiled the 

serum of 30 cases of high-grade serous ovarian cancer and 30 matched healthy controls 

(Discovery). Second, we selected 735 antigens for further validation using an independent 

serum set consisting of 30 cases of high-grade serous ovarian cancer, 30 benign ovarian 

disease controls, and 30 healthy controls (Training) and identified 39 potential candidate 

TAAb biomarkers. Third, using an orthogonal ELISA assay to display these antigens, we 

retested the sera from the training set. Finally, using the same ELISA platform we displayed 

11 antigens and screened an independent serum set consisting of 34 cases of high-grade 

serous ovarian cancer and 32 healthy controls (Validation). Here we present the sensitivity 

and specificity of each individual biomarker, as well as the biomarker panel.

2. Methods

2.1 Patient sera

Sera from patients with serous ovarian cancer were obtained from the Brigham and 

Women’s Hospital. Sera derived from ovarian cancer patients were obtained at the time of 

presentation prior to surgery. Sera from age-, gender-, and location-matched general 

population control women were obtained using a standardized serum collection protocol and 

stored at −80°C until use. Cases and matched controls were processed simultaneously. 

Women with a personal history of cancer (other than non-melanoma skin cancer) were 

excluded as controls (Table 1). These sera have been reported in [16, 22, 23]. Written 

consent was obtained from all subjects under institutional review board approval.

2.2 Sample characteristics and biomarker selection

The primary goal of this study was to identify serum TAAb biomarkers that would 

distinguish serous ovarian cancer from both benign disease and healthy controls in order to 

improve the sensitivity of current biomarkers and guide clinical decisions. We performed a 

sequential screening strategy, described in Figure 1, in order to identify a panel of TAAb 

biomarkers from 10,247 full-length human proteins. All the discovery and validation case 

and control sera were gender- and age-matched. Sera from cases, primarily stage III/IV 

(95%), grade 3 (93.7%), was collected prior to surgery under standard collection protocols 

[16]. Table I details the age distribution, menopausal status, race, oral contraceptive (OC) 

use, parity, grade, year of sample collection, and length of storage.

2.3 Protein microarray production

Sequence-verified, full-length cDNA expression plasmids in the T7-based mammalian 

expression vector pANT7_cGST were obtained from Arizona State University’s Biodesign 

Institute Plasmid Repository and are publicly available through DNASU (http://

dnasu.asu.edu/DNASU/). The high-throughput preparation of high-quality supercoiled DNA 
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for cell-free protein expression was performed as described [21]. Protein arrays displaying 

10,247 human proteins were distributed evenly over five slides. Quality control was 

performed to determine inter and intra assay consistency by measuring DNA and protein 

expression (Figure 2 and Supplemental Table 1).

2.4 Protein array screening protocol

The slides were initially blocked with 1x Superblock® (Pierce, MA, USA) for 1 hour at 

30°C. In vitro transcription translation (IVTT) was performed using HeLa lysate, Accessory 

Proteins, and Reaction Mix from Thermo Scientific (Carlsbad, CA, USA). Per the 

manufacturer’s recommendations, Hela Lysate was slowly injected onto the slide and the 

expression of the proteins was automated in two steps: 1. Hybridization at 30°C for 90 

minutes with no agitation; 2. Hybridization at 15°C for 30 minutes with no agitation using 

an EchoTherm Chilling Incubator (Torrey Pines Scientific, Inc. Carlsbad, CA, USA). 

Following the IVTT step the slides are washed with 0.2% PBST then with with 5% milk in 

0.2% PBST [21].

2.5 Image analysis and quantification

Image analysis and quantification were performed as previously described [11]. Briefly, 

slides were scanned using a PowerScanner™ (Tecan, Mannedorf, Switzerland) and the spot 

intensity was measured using ArrayPro Analyzer (MediaCybernetics, Rockville, MD, USA). 

Raw intensity values were normalized by the following steps: 1. Remove background by 

subtracting non-spot control using the first quartile value (Background); 2. Determine the 

median intensity of every gene, excluding the control spots (Median Protein Intensity); 3. 

Subtract the raw signal intensity from the background and divide it over the median protein 

intensity minus the background. In addition, the visual intensity of captured antibodies was 

evaluated by at least two researchers to identify and confirm positive responses, previously 

described in [24]. Visually, antigens were selected for further validation if a ring was present 

in two or more cases and not identified in controls.

2.6 Antigen selection criteria for validation protein arrays

Using the normalized values from the discovery array, for each protein antigen we 

determined the sensitivity at 95% and 98% specificity, area under receiver operating 

characteristics curve (AUC), partial AUC above 95% and 98% specificity (pAUC), including 

the Welch’s t test P value. We also used the K-statistic as previously described in [11]. 

Briefly, the K-statistic measures the separation of the top 20 percentile of antigens by 

evaluating qcases(0.975) - qcases(0.800) divided by qcontrols(0.975) – qcontrols(0.025). A 

higher K value indicates a greater separation of the antibody reactivity of positive cases and 

negative controls. Antibodies with the same sensitivity as other markers but a higher K-

statistic were selected for further validation.

Custom validation NAPPA arrays were composed of antigens that met at least one of the 

following criteria: (a) ≥10% sensitivity at 95% specificity, (b) ≥0.500 AUC, (c) ≥0.700 

pAUC, (d) significant P value of Welch t test, (e) K≥0.9, and (f) antigens with a greater 

prevalence in cases than in controls by visual analysis. In total, 735 full-length proteins were 

included for further validation (Supplemental Table 2). These antigens were manufactured as 
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described above and printed in duplicate on a single microarray. The protein array data 

discussed in this manuscript have been deposited in the National Center for Biotechnology 

Information’s Gene Expression Omnibus (GEO) and are accessible through GEO Super 

Series accession number GSE79517 (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?

acc=GSE79517).

2.7 RAPID ELISA

Rapid Antigenic Protein In situ Display (RAPID) ELISA was performed as previously 

described [25], with the following modifications. All GST fusion proteins were expressed 

from plasmids using 1-Step Human Coupled in vitro Expression system (Thermo Scientific) 

at 30°C for 1.5 hours. Following in vitro protein expression, the GST-fused proteins were 

diluted 1:100 in 5% milk in 0.2% PBST and added to the GST coated 96 well plates at 100 

μl/well and shaken at room temperature at 500 rpm for 1 hour. Plates were then washed 5 

times with 0.2% PBST. During incubation the patient serum was diluted 1:500 in 50% E. 

coli lysate and 5% Milk in 0.2% PBST. Plates were then incubated with 100 μl/well diluted 

patient serum, with shaking at RT at 500 rpm for 1 hour, and washed 5 times with 0.2% 

PBST. Secondary HRP conjugated goat anti-human IgG (Jackson ImmunoResearch 

Laboratories) to detect serum TAAb were diluted 1:10,000 in 5% milk in 0.2% PBST, and 

the GST positive control secondary HRP sheep anti-Mouse IgG (Jackson ImmunoResearch 

Laboratories) was diluted 1:6250. The secondary Abs were shaken at RT at 500 rpm for 1 

hour. Plates were washed 5 times in 0.2% PBST prior to the addition of the developing 

buffer, Supersignal ELISA Femto Chemiluminescent Substrate (Thermo Scientific). Relative 

luminescence units (RLU) were measured on a Glomax 96 Microplate Luminometer 

(Promega, Madison, WI) using a wavelength of 425 nm. All assays were performed in 

duplicate, and values are plotted as mean values. RLU ratios were calculated using the RLU 

of a specific antigen divided by the RLU of the control GST-protein. The sensitivity and 

specificities of TAAb levels was determined by applying a cutoff value of the mean of the 

controls plus two standard deviations. We performed a two-tailed t-test to determine 

significance.

2.8 Statistical Analysis

ROC analysis was performed utilizing normalized values from our orthogonal RAPID 

ELISA assay without feature selection, using a binary logistic regression analysis. We 

selected an 11-TAAb panel (ICAM3, CTAG2, p53, STYXL1, PVR, POMC, NUDT11, 

TRIM39, UHMK1, KSR1, and NXF3) to develop a classifier based on their individual 

sensitivity and specificity. The binary logistic regression analysis classifier was trained on 

normalized RAPID ELISA values from Training Set and tested on normalized RAPID 

ELISA values from Validation Set. Samples were selected as positive if they exceed antigen 

specific cutoffs of two standard deviations the mean of the benign ovarian disease controls. 

Antigen specific cutoffs were set to achieve 95% specificity by only selecting antigens for 

the classifier if they met ≥10% sensitivity at ≥95% specificity (Table 2).
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3 Results

3.1 Tumor Antigen-Associated Autoantibody screen of 10,247 human antigens using 
NAPPA protein microarrays

In the discovery phase, we performed a comprehensive analysis of 10,247 full-length human 

proteins against 30 patients with serous ovarian cancer and 30 healthy controls to identify 

potential serum IgG TAAb biomarkers associated with serous ovarian cancer (Figure 1 and 

Supplemental Table 1). The entire cohort consisted of 94 women with newly diagnosed 

serous ovarian cancer, 92 healthy control women, and 30 women with benign ovarian 

disease (Table 1). For each set, cases were intentionally matched to controls for age and 

gender. The median age at diagnosis was 60 years of age and were >85% white. Because the 

training set included women with benign ovarian disease, all cases and controls in that set 

were younger, on average, than the other sets (median age 54 vs 62.5). As seen in Table 1, 

cases and controls were balanced for menopausal status, oral contraceptive use, parity, and 

year of sample collection. The discovery set cases were stored longer than controls (p=0.07) 

but this variable was evenly distributed for the remaining datasets.

The goal of the discovery screen was to eliminate uninformative antigens as well as reducing 

the false positive rate and lower the overall cost of the screen. Sample protein arrays are 

shown in Figure 2. The batch-to-batch variation of DNA printing was R = 0.97 and protein 

expression, as measured by anti-GST monoclonal antibody binding, was R = 0.92 (Figure 

2). The interassay reproducibility of serum screening is shown in Figure 2C, and was R = 
0.92. In order to identify candidate TAAbs among the 10,247 antigens that distinguish 

serous ovarian cancer from healthy controls, we selected antigens based on statistical 

significance and visual analysis (see Methods).

3.2 Selection of antigens for training of biomarker panel

We selected 735 antigens for training and printed each antigen in duplicate for testing with 

sera form the Training Set. These arrays consisted of 649 antigens with sensitivities above 

10% at 95% specificity and/or K>0.9 in our Discovery Set. Visually, we also selected 86 

antigens to be included in our focused 735 antigen array. The selected 735 antigens were 

screened with the separate sera Training Set consisting of 30 cases of serous ovarian cancer, 

30 benign disease controls, and 30 matched healthy controls (Supplementary Table 2). The 

inclusion of sera from women with benign ovarian disease at this early stage of biomarker 

discovery is critical to limit false positive detection and for ultimate clinical applicability. 

From this data, 39 antigens were selected based on sensitivity by visual and/or statistical 

analysis. Statistically, they had to meet two of the following criteria for selection, >10% 

sensitivity at 95% specificity, AUC ≥0.44, and a K-statistic ≥0.9.

3.3 RAPID ELISA test of 39 antigen biomarkers associated with serous ovarian cancer

We performed an orthogonal RAPID ELISA assay to validate our 39 candidate TAAb 

biomarkers. The RAPID ELISA assay is highly reproducible and readily amenable for 

screening large numbers of sera [16]. First, we rescreened the 39 antigens against our 

training set serum samples in order to establish cutoff values, sensitivity, and specificity for 

each antigen in comparison to benign disease and healthy controls (Table 2 and 
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Supplemental Table 3). All 39 antigens were assessed using cutoff values defined by the 

benign disease control samples. In the training set screen, antibodies against NUDT11 

(27.5%), TRIM39 (24.1%), KSR1 (13.7%), and PVR (13.7%) demonstrated the best 

discrimination of serous ovarian cancer from benign disease controls at 93.3% and 96.7% 

specificity (Table 2). We selected a panel of the top 11 antigens (CTAG2, ICAM3, KSR1, 

NUDT11, NXF3, POMC, PVR, STYXL1, p53, TRIM39, and UHMK1) based on their 

sensitivity (3.4 to 27.5%) and specificity (90 to 100%). Using this panel, we calculated the 

overall sensitivity and specificity of training set, defining a patient as positive if they express 

≥2 antigens. The combined overall sensitivity of the top 11 antigens for discriminating 

benign disease (37.9%) and healthy (31%) controls at 93% specificity, are presented in Table 

2. In addition, all of the cases and benign disease controls were screened for CA125 prior to 

treatment. There were 5 cases that were falsely negative (below 35 U/mL) for CA125. Using 

our final panel of 11-AAb, all 5 cases were classified as positive. Similarly, there were 6 

benign disease controls with false positive CA125 values (above 35 U/mL) and using our 

11-AAb panel the specificity of CA125 improved to 2 false positives.

3.4 Validation of biomarkers and development of the 11 autoantibody panel

We screened the top 11 antigens against an independent validation 2 sera set consisting of 34 

cases of serous ovarian cancer and 32 healthy controls (Figures 1 and 3, Table 2). In 

validation set, TAAb against p53, CTAG2, NUDT11, PVR, and ICAM3 had sensitivities 

≥17.6% at specificities of ≥96.8%; with a combined sensitivity of 47.1% at 93.7% 

specificity using the same criteria as our training set (Table 2).

A receiver operating characteristic (ROC) analysis was computed using a binary logistic 

regression analysis (see Material and Methods). The 11 TAAb classifier was trained using 

antibody relative light unit (RLU) ratios from our training set comparing serous ovarian 

cases against benign disease and healthy controls with an area under the curve (AUC) of 

0.807 and a sensitivity of 32% at 100% specificity (Figure 4A, dotted line, Supplemental 

Table 4). We tested our classifier using antibody RLU ratios from our validation set 

comparing serous ovarian cases against healthy controls with an ROC of 0.719 at a 

sensitivity of 45% at >99% specificity (Figure 4A, solid line). In comparison, we generated 

a separate classifier utilizing the same training and test samples for the top two TAAb to 

serous ovarian cancer, p53 and CTAG2 (Figure 4B). While this could be due to the 

unexpected improvement in sensitivity from the training set to the validation set; this 

suggests that p53 and CTAG2 alone have a higher sensitivity and AUC when discriminating 

serous ovarian cases from healthy controls but on their own do not discriminate serous 

ovarian cases from benign disease controls. In addition, all cases were screened for CA125 

prior to treatment. In our validation sample set there were 5 cases that were false negative 

for CA125. Using our 11-AAb panel, four of the five false negative CA125 cases were 

classified as positive, improving the sensitivity of the CA125 assay.

4 Discussion

Sera samples from a total of 94 patients with serous ovarian cancer and 30 benign disease 

and 92 healthy control samples were screened for TAAb using our custom protein 
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microarrays (Discovery and Training Sets). We identified an 11-AAb biomarker panel that 

distinguishes serous ovarian cancer from benign disease (32% sensitivity) and healthy 

controls (45% sensitivity) at 98% specificity (Figure 4A). Five of these markers have been 

previously identified in serous ovarian cancer (p53 and CTAG2) or related cancers 

(NUDT11, PVR, and TRIM39) as contributing to cancer progression. Three biomarkers, 

NUDT11, PVR, and TRIM39 were consistently selective for serous ovarian cancer with 

individual sensitivities ranging from 14.7% to 32.4% at >96% specificity. Previously 

identified biomarkers for serous ovarian cancer, p53 and CTAG2 displayed modest 

sensitivities 6.9% and 10.3% at 98% specificity discriminating serous ovarian cancer from 

benign disease controls but displayed higher sensitivities 44.1% and 23.5% at >96% 

specificity when compared to healthy controls.

Previous work on serous ovarian cancer associated TAAbs have focused on the detection of 

individual biomarkers with only recent attention being given to the development of a panel 

of TAAb [4]. Ovarian cancer is usually detected at late stages and with high mortality rates. 

CA 125 (MUC19) is a glycoprotein biomarker that detects 50% of early stage ovarian cancer 

and remains, to this day, the primary biomarker for ovarian cancer diagnosis in routine 

clinical use [3]. HE4 shows similar diagnostic properties as CA 125 [26]. Other potential 

biomarkers include MMP1 [27], cytokines [28], plasminogen activator receptor [29], 

osteopontin [9], MMP7 [30], B7-H4 [31], and kallikreins [32]. The use of multiple tumor 

markers may improve the performance characteristics of the tests [26]. In a phase III blinded 

validation study only serum concentrations of CA 125, HE4, and mesothelin have been 

shown to increase up to 3 years prior to clinical diagnosis [33]. This multimodal screening 

(MMS) strategy is further highlighted in the recent report from the UK Collaborative Trial of 

Ovarian Cancer Screening (UKCTOCS), in which more than 200,000 women were followed 

for 14 year to assess the effects of early/annual screening on ovarian cancer mortality rates 

[34]. The finding, overall, suggests that annual long-term MMS reduces mortality rates by 

up to 28% compared to no screening. These two studies emphasize the importance of annual 

screening using a panel of biomarkers, multiple screening approaches, and detailed 

screening algorithms to reduce the mortality rates associated with ovarian cancer.

In our prior study using first generation NAPPA arrays we identified a panel of 12 TAAb 

with sensitivities ranging from 13% to 22% at >93% specificity [16]. Epitope presentation is 

critical for serological assays and it has been recently reported that over 90% of antibodies 

are generated against conformational epitopes, stressing the importance of protein folding 

and post-translational modifications for the identification of TAAb biomarkers [35]. Our first 

generation NAPPA arrays used rabbit reticulocyte lysate to perform IVTT [16]. Rabbit 

reticulocyte is a mammalian IVTT expression system with several drawbacks, including 

limited post-translation modifications and co-expression of off-target proteins, thus leading 

to high-background, batch-to-batch variability, and suboptimal expression conditions. In this 

study, we used improved second generation NAPPA arrays displaying >5,000 new full-

length proteins as well as mammalian Hela cell lysate to express optimized and normalized 

cDNAs, providing higher protein yields. These changes have improved our reproducibility, 

lowered background, and increased assay sensitivity.

Katchman et al. Page 8

Gynecol Oncol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In addition to p53, we consistently identified TAAb to the previously reported CTAG2, as 

well as three novel ovarian autoantigens PVR, NUDT11, and TRIM39. While PVR was 

present on our first generation arrays both NUDT11 and TRIM39 are recent additions to our 

second generation arrays. We reconfirmed the presence of TAAbs to (p53, CTAG, and PVR) 

in serous ovarian cancer [16]. Tumor antigen-associated autoantibodies against p53 and 

CTAG2 proteins have been reported by our group as well as others as biomarkers for several 

tumor types such as serous ovarian [16], basal-like breast [11], and lung cancer [17]. 

Interestingly, TAAb against p53 and CTAG2 correlate with aggressive phenotypes of these 

cancers. The similar transcript expression profiles of ovarian, basal-like and lung cancer 

reported by The Cancer Genome Atlas (TCGA) suggest that these markers may have value 

in detecting multiple cancers [36].

Of the novel biomarkers we identified, several are associated with carcinogenesis. The 

family of nudix (NUDT) proteins, including NUDT11, are highly conserved among species 

and contribute to the hydrolysis of nucleoside diphosphate derivatives, hypothesized to 

control the cellular concentration of these compounds [37]. While the role of NUDT11 is 

unknown, there are studies supporting the role of NUDT1 driving cellular proliferation in 

breast, lung, colon, and prostate cancer [38]. Poliovirus receptor (PVR, also known as 

CD155) is an overexpressed cell surface protein in multiple tumor types that contributes to 

proliferation, invasion, and immune evasion [39]. PVR/ CD155 has been the recent target of 

oncolytic viral therapies, due to the abundant overexpression on tumor cells [40]. The TRIM 

family of proteins display both a positive and negative role in regulating oncogenesis by 

ubiquitinating key regulatory proteins such as p53 [41]. Although TRIM39 has not been 

directly implicated in tumor progression recent studies have demonstrated that TRIM39 can 

directly bind to and ubiquitinate p53, stabilizing p21 and leading to cell cycle progression in 

hepatocellular carcinoma [42].

There are several limitations of this study. First, there is evident variation in the frequency of 

TAAb detection between our training set and validation sets. We suspect that this may be 

due to the significantly older population in the validation set, which did not include benign 

disease controls (Table 1). These results warrant further evaluation with independent 

samples sets. We do not yet know how early these biomarkers are detected prior to ovarian 

cancer development, but p53-AAb have been detected up to 6 months prior to clinical 

disease [16, 18].

In summary, we performed the largest proteomic screen using programmable protein arrays 

to date on serous ovarian cancer and identified an 11-TAAb biomarker panel. Further 

validation of these markers is needed using independent sample sets. Early ovarian cancer 

diagnosis is limited by both the overall low incidence of the disease in the general 

population (1.5% lifetime risk) and the rapid development of peritoneal disease [4]. Routine 

screening with CA 125 serum levels, transvaginal ultrasound, and pelvic examinations has 

not been shown to improve morbidity or mortality from ovarian cancer [1]. Our analysis of 

TAAb associated with serous ovarian cancer represents promising markers for the early 

detection because their sensitivity is independent of TVUS, and blood tests can be 

performed often to determine the longitudinal changes in biomarker levels of high risk 

individuals without risk or expensive tests, providing a realistic approach for individuals 
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who require more frequent testing. Early evaluation of these markers complement CA 125, 

improving sensitivity as well as improving the specificity of CA 125 for the evaluation of 

benign ovarian disease. Future work is needed to determine if these markers provide clinical 

value for diagnostic and/ or prognostic responses.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Screened a total of 10,247 human antigens using customizable protein 

microarrays.

• Performed orthogonal ELISA assay to validate 39 candidate autoantibody 

biomarkers.

• Defined a panel of biomarkers with 45% sensitivity at >99% specificity to 

screen for serous ovarian cancer.
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Figure 1. 
Overview of study design.
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Figure 2. 
Quality control of protein microarrays. A. Quality control of DNA printing with picogreen. 

B. Quality control of in vitro protein production with anti-GST Mab staining. C. 

Reproducibility of protein signal intensity of two protein arrays produced in a single print 

batch.

Katchman et al. Page 15

Gynecol Oncol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Autoantibody responses in serous ovarian cancer A. training set and B. validation set. P-

value was calculated by a two-tail t test and * indicates statistically significant antigens (p < 

0.05). Data is presented as antibody Relative Light Unit (RLU) ratio (Antigen: GST control 

ratio).
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Figure 4. 
ROC classifier of the A. 11 TAAb classifier (CTAG2, ICAM3, KSR1, NUDT11, NXF3, 

POMC, PVR, STYXL1, TP53, TRIM39, and UHMK1) and B. p53 and CTAG2 classifier 

was calculated using a binary logistic regression analysis. The dotted line indicates the 

training set, consisting of serous ovarian cases, n = 29 vs benign disease and healthy 

controls, n = 58) and the solid line indicates the validation set (serous ovarian cases, n = 34 

vs healthy controls, n = 32). We used the values obtained from our validation set to report 

our sensitivity and specificity.
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