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Abstract

Background: In this pilot study, we perform a preliminary comparison
of two targeted multiplex

proteomics technologies for discerning serum protein

concentration changes that may correlate to tumor burden in ovarian
cancer (OC) patients.

Methods: Using the proximity extension assay (PEA) and
Quantibody® Kiloplex Array (QKA), we measured >1,000 proteins

in the pre-surgical and post-surgical serum from nine OC patients
(N=18 samples). We expect that proteins that

have decreased significantly in the post-surgical serum

concentration may correlate to tumor

burden in each patient. Duplicate sera from two healthy

individuals were used as controls (N=4 samples). We employed in-
house ELISAs to measure five proteins with large serum concentration
changes in pre- and post-surgical sera, from four of the original

nine patients and the two original controls.

Results: Both platforms showed a weak correlation with

clinical cancer antigen 125 (CA125) data.

The two multiplexed platforms showed a significant correlation with
each other for >400 overlapping proteins. PEA uncovered 15 proteins,
while QKA revealed 11 proteins, with more than a two-fold post-
surgical decrease in at least six of the nine patients. Validation using
single enzyme-linked immunosorbent assays (ELISAs) showed at
least a two-fold post-surgical decrease in serum concentration of the
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same patients, as indicated by the two multiplex assays.

Conclusion: Both methods identified proteins

that had significantly decreased in post-surgical serum concentration,
as well as recognizing proteins that had been implicated in

OC patients. Our findings from a limited sample size suggest that
novel targeted proteomics platforms are promising tools for
identifying candidate serological tumor-related

proteins. However further studies are essential for the improvement
of accuracy and avoidance of false results.
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List of abbreviations

ACVRI, activin receptor type 1

BCAM, basal cell adhesion molecule
BMP9, bone morphogenetic protein 9
BSA, bovine serum albumin

CA125, cancer antigen 125

COMP, cartilage oligomeric matrix protein
CV, coefficients of variation

CYFRA21-1, keratin type I cytoskeletal 19
PARP-1, poly [ADP-ribose] polymerase 1
ELISA, enzyme-linked immunosorbent assay
EPCAM, epithelial cell adhesion molecule
FC, fold change

FOLRI, folate receptor 1

GYN, gynecologic

HE4, human epididymis protein

IFNL1, interferon lambda 1

IgG, immunoglobulin G

KLK, kallikrein

KRT19, keratin type I cytoskeletal 19
LLD, lower limit of detection

LOA, limits of agreement

MS, mass spectrometry

MSLN, mesothelin

NAMPT, nicotinamide phosphoribosyltransferase
NPX, normalized protein expression

OC, ovarian cancer

PAEP, glycodelin

PCR, polymerase chain reaction

PEA, proximity extension assay

QKA, Quantibody® KiloplexArray
SLAM, signaling lymphocytic activation molecule
STIP1, stress-induced phosphoprotein 1
TLR, toll-like receptor

TROP2, trophoblast antigen 2

UHN, University Health Network

Introduction

Advancements in omics technologies have been instrumental in illuminating the heterogenous traits of cancer cells that
harbor distinct genetic, epigenetic and/or phenotypic fingerprints." The further understanding of this intra- and inter-
tumoral heterogeneity has propelled a new era of precision medicine, which seeks to personalize clinical practices,
such as disease prognosis, treatment selection and monitoring treatment efficacy, according to the unique molecular
makeup of each tumor.”” Among the multitudes of omics technologies, examining the proteome is the ultimate lens
into the functional units of tumor cells. The blood proteome is a particularly rich mine for unearthing information
on the pathophysiological traits of an individual. Tumors secrete a medley of tumor-derived proteins into the blood,
which could be quantified to serve as proxies of tumor status. The concentration of tumor-related proteins is further
propagated with highly increased expression during cancer progression. The detection and measurement of proteins
in blood plasma/serum is thus very advantageous for mapping tumor activity in each patient. This would enable the
discovery and validation of new biomarkers for the prediction of disease progression, treatment response, and effective
personalized treatment for patients.

The proteomics technique, mass spectrometry (MS), conventionally centers around a system-wide, unbiased approach to
protein detection. However, pre-analytical and analytical variation, detection of low abundance proteins, and the depth
of proteome coverage remain major hurdles for the MS-based methods, in relation to analyzing complex biological
fluids.” Complementing a mounting interest in precision medicine is a timely advent of new, targeted proteomics
platforms, aimed at aiding biomarker discovery with enhanced sensitivity, specificity, multiplexing, and throughput.
These immunoassay-based multiplex technologies could potentially screen thousands of proteins, while detecting
miniscule amounts of clinically relevant, tumor-associated proteins in the plasma or serum of individual patients.” We
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previously described such tumor-associated proteins identified in cancer patients as personalized tumor markers, where
each marker is highly specific and sensitive for cancer detection in 5-30% of patients.”’ Cancer screening individual
patients against a repertoire of personalized tumor markers, by using a targeted proteomics method could identify a
distinct protein signature that best characterizes the mosaicism of each unique tumor. This would help guide treatment and
surveillance.

In this study, we sought to conduct preliminary analyses examining the technical feasibility of two targeted multiplex
proteomics technologies for detecting changes in serum protein concentrations that could correspond to tumor burden
in individual patients, using advanced ovarian cancer (OC) as a model. OC is often diagnosed at late stages, where the
survival rate is only 30%.° Clinical practices for diagnosing, monitoring, and guiding treatment are reliant on imaging
modalities and the serum-based biomarker, CA125.° However, genomic studies have unveiled a diverse tumor mutational
landscape, with advanced OC deriving from numerous genetic mutations and intra-individual genetic heterogeneity
heavily accounting for relapse and acquired chemoresistance.” The indisputable evidence on OC genetic heterogeneity
espouses the need to build a library of personalized tumor markers that may better represent the diverse tumors found in
patients.

Herein, we performed an initial assessment of the technical reliability of two commercially available multiplex proteomics
technologies, the proximity extension assay (PEA) and the Quantibody® KiloplexArray (QKA), for delineating changes
in serum protein concentrations that may correlate to OC tumor burden. The platforms used in this study reflect two
different ways of improving the sensitivity and throughput of traditional sandwich-type ELISAs. The PEA technology is
based on immuno-polymerase chain reaction (PCR) and uses dual-recognition antibodies that are labelled with comple-
mentary oligonucleotides to generate quantitative PCR signals corresponding to protein concentration. The QKA works by
precisely printing captured antibodies on glass slides and leveraging nanofluidics to perform 1000 micro-ELISAs in a
single experiment. Over 1000 proteins analyzed by each platform span a wide biological and pathological relevance, such
as their involvement in pro-inflammatory responses, immune response, cell regulation, and tumorigenesis. To evaluate
these technologies, we employed each method to measure >1000 proteins in paired serum samples collected pre- and post-
surgically from OC patients. In addition to performing technical comparisons for data derived from the >1000 proteins and
>400 overlapping targets, we selected proteins that had the most decrease in serum after surgery, according to each
proteomics method. We speculate significant decrease in serum proteins following the tumor debulking surgery, may be
associated with changes in tumor burden in the patient. We further conducted orthogonal validation for five of the selected
proteins using verified, in-house, single target ELISAs, to evaluate the reliability and accuracy of the platforms. Our study
takes a comparative approach to serum protein profiling in cancer by using two different targeted proteomics methods.
These methods offer a preliminary glimpse into the strengths and limitations of each technology for the identification
of serum proteins that may correlate to tumor burden, and individualized serum protein signatures that could provide
information on tumor heterogeneity.

Methods

Sample collection

Serum samples from nine advanced high-grade serous carcinoma OC patients were collected one week before
optimal debulking surgery, and at four weeks after surgery (n = 18). These samples were retrospectively obtained from
the University Health Network (UHN) Gynecologic (GYN) Blood Biobank. The patient inclusion criteria included
patients who showed pre-surgical clinical CA125 values of at least 1000 U/mL, in order to select for patients with high
tumor load prior to surgery, as well as those who received primary debulking surgery followed by six cycles of platinum/
taxane-based chemotherapy as their first-line treatment. Samples were collected and stored at -80 °C, prior to analysis
with a standardized protocol to avoid systemic biases. One serum sample from a healthy male and female were split into
two identical aliquots (n = 4) for use as controls.

Proximity extension assay

Sera from OC patients and controls were analyzed for intra-individual relative protein concentration changes using the
multiplex PEA technology (Olink Proteomics, Uppsala, Sweden). A total of 1073 unique proteins were assayed across
13 panels (92-plex) , which span a broad dynamic range of eight to 10-log with the sensitivity of sub fg/mL to pg/mL. We
have previously described the workflow of the PEA technology.'” In brief, 1L of serum sample was incubated with
92 pairs of oligonucleotide-labeled antibodies. Upon binding of both antibodies to the target, the single-stranded DNA
ends hybridize and act as a template for DNA polymerase-dependent extension. To ensure the analytical quality of the
samples that ran in singlicates, three types of internal controls (for sample quality, immunoglobulin G (IgG) binding,
oligonucleotide annealing, and PCR amplification) are spiked into each sample prior to conducting the assay. Control
sera in duplicate, negative control samples in triplicate, and inter-plate sera in triplicate are also included in each assay
plate to control for signal specificity, inter-well variation and inter-plate variation. The DNA amplicon which results from
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the extension step, is detected with qPCR on the BioMark HD Real-Time PCR System (Fluidigm, CA, USA). The signal
from each unique amplicon is proportional to protein concentration [expressed as a relatively quantitative, arbitrary unit
on a log2 scale termed, normalized protein expression (NPX)]. NPX values are determined by normalizing each signal to
the median signal per plate. To minimize bias, the technical personnel were blinded to the sample status and only intra-
plate NPX value comparisons were made.

The workflow of some panels uses serum at a pre-specified dilution (Cardiometabolic: 1:2025; Cardiovascular III: 1:100;
Development: 1:100; Metabolism: 1:10) to detect high abundance proteins in expected physiological and pathological
ranges. A very low post-surgical fold change (FC) in CA125 (in Oncology panel) was observed, when we ran undiluted
sera as recommended by the manufacturer (Underlying data,'' therefore only the pre- and post-surgical sera with 1:10
dilution for the Oncology panel were performed. We identified three proteins from this panel [CA125, human epididymis
protein (HE4), and folate receptor 1 (FOLR1)] that exhibited signs of the Hook effect in the undiluted analysis, as the pre-
surgical serum concentrations were higher in the 1:10 dilution versus undiluted analysis. Therefore, we used the pre- and
post-surgical serum levels of CA125, HE4, and FORL1 that were obtained from the 1:10 dilution, for the continuation of
our analysis.

Quantibody® human kiloplex array

We employed the QKA (RayBiotech, GA, USA) to concurrently measure 1000 proteins in sera from OC patients and
controls. The biological relevance of the 1000 target molecules is mainly inflammation-related. The platform, which
combines 25 nonoverlapping 40-plex arrays to perform 1000 sandwich ELISAs simultaneously, possesses a dynamic
range of around 3- to 4-log concentration and sensitivity ranging from 1 pg/mL to 100 ng/mL. The workflow of the array
was previously described.'” In brief, each array included protein standards to generate a standard curve for absolute
protein quantitation. The samples were analyzed in technical quadruplicates, and the technical personnel were blinded
to the sample status. We diluted 750pL of serum four-fold to a final volume of 3 mL for use in all 25 arrays. Capture
antibodies were bound to the glass surface in the multiplex. After blocking and sample incubation, nonspecific binding
was washed away, and a biotin-labeled detection antibody was subsequently added. Finally, Streptavidin-conjugated
Cy3 equivalent dye was added to yield fluorescent signals, which were read using a microarray laser scanner (GenePix
4200A, Molecular Dynamics, Sunnyvale, CA, USA). The Q-Analyzer software (Raybiotech) was used to compute
protein concentration, after accounting for intra- and inter-slide normalization.

Selection of proteins with a post-surgical decrease in serum concentration

We analyzed the data from each multiplex proteomics method by first calculating the FC in serum concentration from
the pre-surgical to post-surgical sample for each protein and patient. For all proteins, concentrations that were below
the lower limit of detection (LLD) of the method were normalized to equal the value of the LLD. As a reference to the
technical variation, we also calculated the FC between the technical duplicate measurements of the control samples for
each technology. In the control samples, proteins with more than two-FC between the duplicate measurements were
removed. In at least six of the nine patients, proteins with pre-specified two-fold or higher decrease in their post-surgical
serum concentrations were selected as biomarker candidates.

ELISA procedures

In-house single target ELISA assays previously developed were used to validate the post-surgical serum concentration
changes in the five proteins [kallikrein-5 (KLKS), KLK6, KLK7, KLK10, and KLK11] that were observed in the same
four of the nine patients (Patient 3, 6, 7, 8 for the PEA analysis and patient 1, 3, 6, 7 for the QKA), and the two controls.
The type and sources of all antibodies used in the immunoassays and the assay workflow are previously described."”
In brief, sandwich format immunoassays for KLKS, 6, 7, and 10 employed monoclonal-monoclonal antibody config-
urations. We coated each well in microtiter plates with 500ng of monoclonal antibody in 100uL coating buffer
(50 mmol/L Tris-HCI, pH 7.8). We incubated the plates overnight before washing (10 mmol/L Tris-HCI, pH 7.4,
containing 150 mmol/L NaCl and 0.5 mL/L Tween 20). Next, we added 50 pL. recombinant protein standards or samples
diluted in 6% bovine serum albumin (BSA), along with 50 pL assay buffer (6% BSA containing 25 mL/L normal
mouse serum, 100 mL/L normal goat serum, and 10 g/L bovine IgG). After incubation and wash, we added 50ng of our
in-house biotinylated monoclonal detection antibody diluted in 100 pL assay buffer, as previously described.'’
Following incubation and wash, we added 5 ng alkaline phosphatase—conjugated streptavidin diluted in 100 pL 6%
BSA. Final round of incubation and wash was followed by, incubation of each well with 100 pL diflunisal phosphate
solution (0.1 mol/L Tris-HCI, pH9.1, containing 1 mmol/L diflunisal phosphate, 0.1 mol/LNaCl, and 1 mmol/L. MgCl,).
Finally, we added 100 pL developing solution (1 mmol/L Tris, 0.4 mol/L NaOH, 2 mmol/L TbCl3, and 3 mmol/L
EDTA), before measuring the fluorescence with a time-resolved fluorometer, The EnVision® 2105 multimode plate
reader (PerkinElmer Life Science, MA, USA). Standard curve and protein concentration calculations were performed
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automatically, as previously described.'* We used a monoclonal-polyclonal ELISA configuration for measuring KLK11.
The assay followed the same procedures, except we added 50 ng of our in-house biotinylated polyclonal antibody. '’

Statistical analysis

Statistical analyses were performed using the GraphPad Prism software (version 4.02). Pearson correlation coefficients
were computed to evaluate the correlation between serum protein concentrations obtained from QKA, PEA and ELISA.
P values of less than 0.05 were considered statistically significant. Bland-Altman plots were used to assess the agreement
of measurements between two methods. For the latter, we calculated the mean difference, or bias, between measurements
by the two methods, and the 95% limits of agreement (LOA) using the formula, bias + 1.96* Standard Deviation (SD).
Agreement is determined by how close the bias is to zero.

Ethical considerations

Serum samples from OC patients with high-grade serous carcinoma were retrospectively obtained from the UHNGYN
Blood Biobank with approval by the Research Ethics Board (REB) of UHN, Toronto, Canada (REB #10-0591). All
eligible patients attending the GYN Oncology Clinics at the Princess Margaret Cancer Centre (Toronto, ON, Canada) are
approached at their initial appointment and offered the opportunity to participate in the UHN GYN Blood Biobank. The
purpose of the biobank, procedures, and schedule of collections are reviewed and explained thoroughly, aiding in written
informed consent (as per UHN Research Ethics Board guidelines and UHN REB-approved consent document). Upon
consent, additional blood samples are collected for future research at the same time as clinical bloodwork. These samples
are linked to high quality de-identified clinical data.

Results

Concordance of PEA and QKA data with clinical assessment of CA125

We compared the post-surgical FC in CA125 reported by the clinic and the two proteomics platforms in the nine
OC patients (Figure 1). Scatterplot analysis of FC assessed by PEA and the clinical assay showed a weak correlation
[Figure 1A, Pearson correlation coefficient (r) = 0.546, P = 0.066]. Bland-Altman plot for the two methods showed a
bias of —9.64 in FC. Signifying PEA showed a lower post-surgical FC in CA125 overall. Measurement in one patient
(P3) resided outside of the LOA (—41.55 to 22.27 difference in FC). Similarly, there is a weak correlation between post-
surgical CA125 FC measured by QKA and clinical assay (Figure 1B, r = 0.470, P = 0.202). Bland-Altman analysis
of QKA versus clinical data showed a bias of —5.43. The LOA ranged from —42.31 to 31.46, with all measurements
within limit.

Qualitative comparative analysis of PEA and QKA measurements

We mined the target analytes of the PEA and QKA platforms and identified 444 overlapping proteins (Extended data).'”
Scatterplot analysis of the post-surgical FC in the 444 proteins from nine OC patients, showed a weak but significant
correlation between the methods (r=0.275, P <0.0001) (Figure 2A). Bland-Altman plot showed a minimal bias of —0.68
in the FC (-13.95% difference) between the methods (Figure 2B). The LOA ranged from —7.84 to 6.47 difference in the
FC between the methods (—115.0% to 87.11% difference), where 94.3% of protein measurements were within this range.
Differences in measurements are shown as percentages due to the large data range.

Identification of proteins with post-surgical decrease based on separate and overlapping analysis

of PEA and QKA datasets

The PEA analysis identified 15 proteins (including CA125) that had a two-fold decrease between the pre-surgical to post-
surgical samples, in six out of the total of nine patients (66.7-100%) (Table 1). Thirteen proteins had at least five-fold
decrease in two of the seven patients (22.2-77.6%) (Table 1). Nine proteins decreased by at least ten-fold in one of the five
patients (11.1-55.6%) (Table 1). CA125, FOLRI1, and keratin type I cytoskeletal 19 (KRT19) showed the highest median
post-surgical fold decrease (over 10-fold) (Table 1).

The QKA data yielded 11 proteins that decreased by at least two-fold in six of the nine patients (66.7-100%) (Table 2).
Ten of the proteins (Table 2) decreased by at least five-fold, in one of the nine patients (11.1-100%). Five proteins
(Table 2) decreased by at least ten-fold, in one of the five patients (11.1-66.7%). CA125, KLK11, FOLR1, and KLK5
showed the highest median post-surgical fold decrease (Table 2).

Among the proteins with the largest post-surgical decrease in serum concentration, eight proteins [CA125, FOLRI,
KLK11, mesothelin (MSLN), basal cell adhesion molecule (BCAM), trophoblast antigen 2 (TROP2), HE4, and cartilage
oligomeric matrix protein (COMP)], were targeted by both PEA and QKA. There were significant correlation between
the platforms in the post-surgical FC observed for CA125 (r = 0.785, P = 0.0121), FOLR1 (r = 0.861, P = 0.0028), and
BCAM (r = 0.845, P = 0.0041) (Figure 3). KLK11, MSLN, TROP2, HE4, and COMP did not show a significant
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Figure 1. Comparison between CA125 values obtained by clinical assessment and multiplex proteomics
technologies in 9 ovarian cancer patients. A) Proximity extension assay (PEA): (Left) Scatterplot analysis of the
post-surgical CA125 fold change assessed by PEA technology and clinical assay showed a weak correlation (Pearson
correlation coefficient(r)=0.546, P =0.066). Solid red line in scatterplots shows the line of best fit. (Right) Bland-Altman
plot of the post-surgical fold change in CA125 measured by PEA and the clinical assay. Solid red line shows the
mean difference or bias in fold change measurements (—9.64). Dashed blue lines show the upper and lower limit of
agreement (LOA; Mean + 1.96 SD; ranges from -41.55 to 22.27 difference in fold change). B) Quantibody array: (Left)
Similarly, there is a weak correlation between the post-surgical CA125 fold change measured by Quantibody array
and clinical assay (r = 0.470, P = 0.202). (Right) Bland-Altman plot of the post-surgical CA125 fold change assessed by
Quantibody array and clinical assay. Solid red line exhibits bias (—5.43). Dashed blue lines show the upper and lower
LOA (—42.31 to 31.46).

correlation for the post-surgical FC. Bias in CA125 FC was at —4.21, where PEA data showed lower FC overall,
compared to QKA (Figure 3A). Measurement of one patient (P4) was outside of the LOA (—20.50 to 12.08). Bias in
FOLR1 FC was at 2.88, with all data within the LOA range of —11.36 to 17.12 (Figure 3B). BCAM FC showed a bias of
—3.33, LOA, where all measurements were within the LOA range of —16.26 to 9.60 (Figure 3C).

Orthogonal validation of changes in serum protein concentration with ELISA

Both the PEA and ELISA data showed that KLLK6, 10, and 11 decreased by at least two-fold in the post-surgical samples of
four patients (Figure 4A and B). However, the correlation between the FC in KLKs shown by the two methods was not
significant (Figure 4C), with KLK10 relatively showing the strongest correlation (r=0.855, P = 0.065). The Bland-Altman
plot demonstrated minimal difference between the average of the FC obtained by PEA and QKA data for all three proteins.
All data points for FC as measured by the two methods were also within the upper and lower limits of agreement (LOA),
which is the 95% confidence interval that shows the maximum allowed difference between two methods (Figure 4D).

The QKA and ELISA results for KLKS, 7, and 11 showed at least a two-fold decrease in post- surgical samples of all four
patients (except KLK7 in P3 in the QKA data and P6 in the ELISA data) (Figure 5SA and B). As both methods yield
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Figure 2. Comparative analysis of 443 proteins measured by proximity extension assay (PEA) and Quantibody
array. A) Scatterplot showed a significant correlation between the post-surgical protein fold changes assessed by
PEAtechnology and Quantibody array (Pearson correlation coefficient (r)=0.275, ***P < 0.0001). Solid red line shows
the line of best fit. B) Bland-Altman plot of the post-surgical protein fold changes measured by PEA and Quantibody
array. Solid red line shows the mean % difference or bias in fold change measurements (—13.95%). Dashed blue
lines show the upper and lower limit of agreement (Mean + 1.96 SD; —115.0% to 87.11% difference in fold change).
The difference in measurements are shown as percentages to better visualize the large range of data.

absolute protein quantitation, we correlated their serum concentration (in pg/mL) in the pre- and post-surgical samples in
four patients (N = 8 samples, Figure 5C). KLK5 and KLK?7 did not show a significant correlation, while KLK11 showed a
significant correlation in serum concentration measured by the two methods (r = 0.940, P = 0.001). Bland-Altman
analysis showed bias in FC for all three proteins ranging from -5.48 to 0.62 between the QKA and ELISA results, with all
data within the LOA range (Figure 5D).

Discussion

The dynamic progression of cancer gives rise to a non-uniform dispersal of molecularly distinct cell subpopulations across
and within tumors.' This innate cancer heterogeneity is manifested through alterations in protein expression within the
tumor and it is reflected in the composition of tumor-related proteins that are released into the bloodstream. Investigation of
the blood proteome of individual cancer patients is hence a non-invasive modality to uncover the tumor-derived proteins
and their distinctive tumor makeup. Latest innovations in multiplex proteomics technologies have become attractive tools
for mapping the circulating cancer proteome, with the hopes of giving novel insight into tumor progression and discovery
of potential biomarkers to improve clinical management.'® As the concept of personalized tumor markers were kept in
mind,”’ we aimed to compare the feasibility of two fundamentally different targeted multiplex proteomics technologies,
PEA and QKA, to measure serological proteins that may correspond to tumor burden in specific patients. To accomplish
this aim, we employed the PEA and QKA technologies to simultaneously measure 1073 and 1000 proteins, respectively, in
before and after surgical sera from nine OC patients (18 samples total), with two control duplicates (4 samples in total). We
compared the reliability of the two methods for detecting changes in serum protein concentration in relation to an abrupt
change in tumor burden, which was achieved by tumor debulking surgery.

Technical comparison of the two multiplex proteomics technologies

We previously published the intra-assay reproducibility of the PEA and QKA technology, finding that PEA showed high
precision with a strong correlation between the technical duplicate measurements for the two controls (r=0.95 t0 0.97).""
Our previous evaluation of QKA demonstrated lower precision and a weaker correlation between the technical duplicates
(r = 0.853 to 0.862)."” A closer look at intra-assay variation observed that 97.6% of the 1073 proteins analyzed by
PEA showed a favorable coefficient of variation (CV) below 20%, 89.3% had a CV below 10%, and 0.3% showed a
CV over 100% (data not shown). In contrast, 67.9% of the 1000 proteins assayed by QKA showed a CV below 20%,
47.6% had a CV below 10%, while 20.5% exhibited high variation with a CV over 100% (data not shown). We also
assessed the concordance of the multiplex measurements and clinical values for CA125. The Post-surgical FC in CA125,
derived from both multiplex assays, did not have a significant correlation with the clinical CA125 trends. PEA and QKA
showed much lower FC in CA125 post-surgery compared to the clinical data, with the mean differences of -9.64 and
-5.43—fold. Because the PEA and QKA assays measure in 92-plex and 40-plex respectively with ultrasensitivity (down to
fg/mL — pg/mL), there may be a bias for low abundance proteins, while highly abundant proteins, such as large quantities
of CA125 secreted by OC tumors, may be beyond the upper limit of the dynamic range. The Hook effect can occur in
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Figure 3. Common proteins that decreased in post-surgical serum in proximity extension assay and Quanti-
body array measurements. A) (Top) CA125 showed a significant correlation in the post-surgical fold change
obtained from proximity extension assay (PEA) and Quantibody array in 9 ovarian cancer patients (Pearson correla-
tion coefficient (r) = 0.785, *P = 0.0121). Solid red line in scatterplots shows the line of best fit. (Bottom) Bland-Altman
plot of the post-surgical CA125 fold change measured by PEA and Quantibody array. The solid red line shows the
mean difference or bias in fold change assessments (—4.21). Dashed blue lines show the upper and lower limit of
agreement (LOA, Mean + 1.96 SD; —20.50 to 12.08). B) (Top) Folate receptor 1 (FOLR1) showed a highly significant
correlation in the post-surgical fold change assessed by PEA and Quantibody array (r =0.861, **P = 0.0028). (Bottom)
Bland-Altman analysis of the post-surgical FOLR1 fold change observed by PEA and Quantibody array. Solid red line
shows bias (2.88). Dashed blue lines show the upper and lower LOA (—11.36 to 17.12). C) (Top) Basal cell adhesion
molecule (BCAM) also showed a highly significant correlation in the post-surgical fold change assessed by PEA and
Quantibody array (r = 0.845, **P = 0.0041). (Bottom) Bland-Altman plot of the post-surgical fold change in BCAM
observed by PEA and Quantibody array. Solid red line shows bias (—3.33). Dashed blue lines show upper and lower
LOA (-16.26 to 9.60).

these situations, where very high concentrations of an analyte can cause excessive binding to both the capture and
detection antibodies, thereby obstructing the antibodies from forming a sandwich immunocomplex.'’ This causes assay
signals to decrease at a very high analyte concentrations, leading to a misconceived lower serum level.'” Although we
tried to correct for the Hook effect seen in three proteins, CA125, HE4 and FOLR1, in the PEA analysis after re-running
sera at 1:10 dilution, some pre-surgical samples may have benefited from further dilution such as at 1:50 or 1:100, to
elucidate the true post-surgical FC which would correspond better to clinical patterns. Although a previous study reported
a strong correlation between CA 125 concentrations as measured by PEA and clinical CA125 concentrations,'® we did not
see this result. This is likely because we selected for advanced OC patients whose pre-surgical clinical CA125 values
exceeded 1000 U/mL, which we found showed Hook effect. Future considerations for avoiding the possible Hook effect
when using multiplex proteomics technologies, such as PEA and QKA, is to analyze pre-surgical samples that may
contain high concentrations of tumor markers at varying dilutions. However, this will increase the cost of analysis.

We next assessed the concordance of measurements between the two platforms and observed a significant correlation
between the post-surgical FC of the 444 proteins measured by both methods. PEA and QKA showed a comparable FC
in the overlapping proteins, with mean differences of —0.68—fold. We noted 36.9% (164/444) of the overlapping proteins
are covered by the PEA panels that require pre-dilution of plasma/serum (from 1:10 up to 1:2025) to enrich high
abundance proteins. The other overlapping proteins are in PEA panels that use undiluted plasma/serum and encompass
mainly low abundance proteins. In our analysis, the PEA and QKA results showed a correlation for a range of low and
high abundance proteins.

Detecting serum proteins with the largest concentration changes that may correspond to tumor
burden

Upon the selection of proteins that may correlate to tumor burden, we considered the intra-individual FC in protein
concentration observed from the pre- to post-surgical samples in each patient. We propose that protein levels which
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Figure 4. Orthogonal validation of proximity extension assay (PEA) using single target ELISA. A-B) Bar graphs
depict the pre- and post-surgical serum level of three proteins (Kallikrein (KLK) 6, 10, 11) in four ovarian cancer
patients and two controls (C1 and C2), as assessed by PEA technology (A) and ELISA (B). C) Scatterplot analysis of the
post-surgical fold change of KLK6, 10, and 11 observed by PEA and ELISA showed a weak correlation. Solid red line in
scatterplots shows the line of best fit. D) Bland-Altman plot of the post-surgical fold change in KLK6, 10, and
11 assessed by PEA and ELISA. Solid red line shows the mean difference or bias in fold change assessments. Dashed
blue lines show the upper and lower limit of agreement (Mean + 1.96 SD). * Post-surgical decrease of at least two-
fold. **Post-surgical decrease of at least five-fold. ***Post-surgical decrease of at least ten-fold.

decrease significantly after tumor debulking may be informative of tumor burden in the patient. The PEA data revealed
15 proteins (including CA125 and the FDA-approved marker HE4) that had at least two-fold decrease in their serum
concentrations in at least six of the nine patients.CA125, FOLR1, and KRT19 had the highest median FC (Table 1).
Each patient exhibited a unique protein tumor signature consisting of 7 to 14 proteins that decreased by at least two-fold
post-surgery, which may be informative of their heterogenous tumor (Table 1). We previously employed an integrated
approach that had combined proteomics, transcriptomics, and bioinformatics to identify FOLR1, as a new OC bio-
marker.' " Since then, a FOLR 1-targeting antibody-drug conjugate has shown encouraging efficacy.”'”” Interestingly,
tumors with overexpression in FORL1 and KRT19 have indicated increased sensitivity to cisplatin treatment, the main
form of chemotherapy in OC,”*** which could serve as predictive biomarkers of drug response. A recent study integrating
PCR arrays, genome-wide microarray, and proteome analyses reaffirmed KRT19 and MSLN as OC-related proteins.”
Another OC study confirmed the overexpression of KRT19 and epithelial cell adhesion molecule (EPCAM) mRNA in
circulating tumor cell-fraction samples, compared to peripheral blood samples.”® KRT19 is also known as CYFRA21-1
and has been extensively studied as a prognostic biomarker for OC that is complementary to CA125.””** Our PEA analysis
yielded four KLKs (KLKS6, 8, 10, 11) that had a considerable decrease in 67-78% of OC patients after surgery. Over the
past decades, we have discovered these KLKs as new OC biomarkers, demonstrated their link to shorter progression-free-
survival, and highlighted their potential as targets for novel therapeutics.””~' Mainly, KLK6 is recently considered as a
promising target for inhibition in OC.”> Among the other proteins in Table 1, poly [ADP-ribose] polymerase 1 (PARP-1) s
extensively studied for promoting angiogenesis and invasion in OC, and it is the target for novel PARP-1 inhibitors used as
maintenance therapy for OC.**~*> A multi-platform analysis using PEA to measure 368 plasma proteins identified that
CA125, KLK11, MSLN, KLK6, BCAM, KLK8, and HE4 among 176 proteins were elevated in OC compared to non-
malignant gynecologic disorders.’® The PEA results were independently validated using ELISA and an aptamer-based
multiplex proteomics assay, SOMAscan, demonstrating high concordance.”® Finally, glycodelin (PAEP) and TROP2
have been shown to promote proliferation and invasion of OC cells and are prognostic markers for poor OC outcome.”’
A novel antibody-drug conjugate targeting TROP2 is currently under validation for inhibiting OC tumor growth.*'**
Although interferon lambda 1 (IFNL1) has not been studied in relation to OC thus far, this new class of interferons showed
anti-tumor properties, and has been scrutinized as a new immunotherapy agent for certain types of malignancies.”***
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Figure 5. Orthogonal validation of Quantibody array using single target ELISA. A-B) Bar graphs depict the
serum level of three proteins (Kallikrein (KLK) 5, 7, 11), pre- and post-surgery, in four ovarian cancer patients and two
controls (C1 and C2), as assessed by Quantibody array (A) and ELISA (B). C) Scatterplot analysis of the post-surgical
fold change of KLK5 and 7 observed by PEA and ELISA showed a weak correlation, while KLK11 showed a significant
correlation (Pearson correlation coefficient (r) = 0.940, *P =0.001). Solid red line in scatterplots depicts the line of best
fit. D) Bland-Altman plot of the post-surgical fold change in KLK5, 7, and 11 measured by Quantibody array and ELISA.
Solid red line demonstrates the mean difference or bias in fold change assessments. Dashed blue lines show the
upper and lower limit of agreement (Mean =+ 1.96 SD).

Overall, the PEA analysis of pre- and post-surgical samples in individual OC patients was able to identify proteins with
clinical importance. As new immunotherapies and targeted therapies are revealed,”*® our findings suggest value in further
investigations into a panel of personalized tumor markers, which may include proteins with therapeutic relevance such as
FOLR1,KRT19, KLK6, PARP-1, TROP2, and IFNL1. This could be an instrumental tool for identifying the heterogenous
makeup of individual tumors to select the best treatment options for individual patients.

The QKA data indicated 11 proteins (including CA125) with at least two-fold serum concentration decrease, in at least
six of the nine patients (Table 2). Each patient showed a distinct protein tumor signature consisting of 4 to 10 proteins
that showed at least two-fold post-surgical decrease, which may be informative of their tumor burden (Table 2). From
the candidate proteins that were selected by separate PEA and QKA analysis, there were eight candidate proteins in
common. However, only CA125, FOLR1 and BCAM from the eight common candidate proteins showed significant
correlation in the trend of post-surgical FC (Figure 3), although the lack of statistical significance in other proteins could
be due to the limited sample size, since KLK11 was selected as a top protein by both analyses (Tables 1 and 2). In fact,
the three proteins that showed the highest median FC based on QKA analysis, (CA125, KLK11, and FOLR1) were
also selected in the PEA analysis. QKA data also identified two other KLKs (KLKS and 7), which we previously
discovered to be indicators of poor prognosis in OC.*’~*’ Recent clinical and tumor-biological studies also recognized
KLKS5 and 7 as favorable drug targets for OC.”> Among the other proteins in Table 2, renin has been studied in relation
to an increased activity in the hormonal renin-angiotensin system in OC.” However, extrarenal renin-secreting
tumors represent a subpopulation of OC tumors.”’ DNA microarray analysis has revealed upregulation of activin
receptor type 1 (ACVR1) in OC tissue compared to normal ovarian tissue.’” Furthermore, the binding of stress-
induced phosphoprotein 1 (STIP1) to ACVR1 and bone morphogenetic protein 9 (BMP9) signaling of ACVRI1 have
both shown to promote OC proliferation.”””* Notably, microarray analysis of OC tumor tissue revealed just 29% of
tumors expressed BMP9, which induces ACVR1 pathway hyperactivation.”” In recent years, unravelling the over-
expression of nicotinamide phosphoribosyltransferase (NAMPT), a critical enzyme in the NAD salvage pathway, had
prompted the development of new therapeutic strategies for NAMPT inhibition in subsets of OC patients.””>° The
immunosuppressive receptor, signaling lymphocytic activation molecule (SLAM), has also shown heterogeneous
expression, where it was overexpressed in a subset of CD3+ T lymphocytes isolated from the blood of OC patients.”’
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One study thus far has described an upregulation of COMP in OC through cancer stem cells analysis.”” Nevertheless,
COMP has been widely studied for inducing cancer stem cell formation and proliferation,””**" as well its correlation with
poor survival and recurrence in breast cancer, colon cancer, and prostate cancer.””°"*** Finally, one study linked toll-like
receptor 1 (TLR1), a pattern recognition receptor for innate immunity, to inflammation in the OC microenvironment.®
Remarkably, several studies have uncovered that genetic polymorphisms in the toll-like receptor gene cluster (TLR6,
TLR1, and TLR10) promote chronic inflammation and enhance prostate cancer risk, in a subpopulation of individ-
uals,”*%7 warranting further investigation in other cancer subpopulations. Collectively, the QKA analysis was able to
identify proteins associated with OC and tumorigenesis, where many proteins exhibited varied upregulations in subsets of
OC patients. Our results support the idea that a panel of tumor-related proteins, including heterogeneously expressed
proteins such as renin, ACVR1, TLR1, and KLKs,””"'' may encompass tumor heterogeneity in ovarian cancer patients.

In order to assess the concordance of the multiplexed data with our validated, in-house ELISAs, we performed single-
target ELISA assays to quantitatively measure the change in serum expression levels of five proteins (KLKS, 6, 7, 10, and
11), in the same four patients and two controls. The two multiplex assays showed at least two-fold post-surgical decrease
in serum concentrations of all KLKs (Figures 4 and 5). However, only KLLK11 measurements by QKA showed statistical
significance for correlation with ELISA (Figures 4 and 5), which could be due to limitations in our sample size. Visually
assessing the agreement in multiplexed measurements with ELISA assays revealed that PEA, compared to QKA, showed
a lower mean difference in post-surgical KLKs FC in the ELISA results (bias ranged from -1.49 to 0.18-fold for PEA
versus -5.48 to 0.62-fold for QKA) (Figures 4 and 5). Two studies have reported a favorable correlation of PEA data and
ELISA for validating candidate cancer-related proteins in OC and glioma.”>® One recent study had employed Quanti-
body arrays, akin to QKA, for the identification of differentially expressed plasma proteins in OC, which resulted in
validating nine candidates successfully by using ELISA.®” However, we previously reported discrepancies between
QKA and ELISA results for validating nine candidate proteins that may correlate to tumor burden in pancreatic cancer
patients.'” The analytical precision of multiplexed platforms may be highly analyte-dependent, and multiplexed data may
benefit from independent validation to verify the protein quantitation.

Conclusions

Our preliminary investigation demonstrated the initial potential of two targeted multiplex proteomics platforms, PEA and
QKA, for identifying changes in serum protein concentrations that may associate with tumor burden in OC patients.
While multiplex technologies possess high sensitivity, which is key to discovering clinically relevant proteins that are
present at extremely low concentrations in the plasma/serum, there may be a concern for missing highly abundant tumor-
derived proteins, such as CA125 for OC, which increase by several orders of magnitude in cancer plasma/serum. This bias
can generally be avoided by analyzing serum at varying dilutions to enhance accurate detection of high abundance
analytes. Although our study represented a limited sample size and cannot conclusively determine the technical reliability
of the PEA and QKA assays, the multiplexed data in general, were in concordance with each other and, single target
ELISAs for identifying general patterns of large changes in serum protein concentration. Our results showed the
multiplatform approach was complementary for detecting proteins that were associated with pathobiological and clinical
significance for OC, including encompassing a heterogenous array of known OC biomarkers, new therapeutic targets,
and emerging markers of polymorphic gene/protein expression. Each patient may bear a unique tumor protein signature, a
concept that warrants future investigation in larger cohorts. In the future, personalized tumor protein profiles could be
monitored for changes in expression that may trigger clinically actionable events, such as selecting the best treatment,
calculating prognostic risk, and detecting cancer recurrence in the patient. Our conclusions from a small sample size
suggest that novel targeted proteomics methods can serve as valuable complementary tools to each other for compre-
hensively identifying diverse tumor protein signatures in the cancer proteome. However, it is beneficial to corroborate the
data with independent, orthogonal methods such as MS and ELISA for accurate and validated protein quantitation, in
order to minimize false results and promote further advancements in the biomarker discovery pipeline.

Data availability

Underlying data

Harvard Dataverse: Comparison of two multiplexed technologies for profiling >1,000 serum proteins that may associate
with tumor burden — a pilot study

https://doi.org/10.7910/DVN/KRROIC. "

This project contains the following underlying data:

1. Clinical CA125 vs Olink and Raybiotech (CA125 measurements from clinical assay, PEA technology and
QKA)
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2. ELISA raw data results for KLKS5, 7, 11 (KLKS, 7, 11 ELISA raw data)

3. ELISA raw data results for KLK6 and KLLK10 (KLK6 and KLLK10 ELISA raw data)

4. Raw data from Olink_1 in 10 dilution of Oncology panel (PEA technology data for 92 proteins with sample 1:10

dilution)

5. Raw data from Olink_1076 unique protein measurements (PEA technology data for 1076 unique proteins)

6. Raw data from Raybiotech_1000 unique protein measurements (QKA data for 1000 proteins)

Data are available under the terms of the CC BY-NC-SA (CCO 1.0 Universal).

Extended data

Harvard Dataverse: Extended data for Comparison of two multiplexed technologies for profiling >1,000 serum proteins

that may associate with tumor burden
https://doi.org/10.7910/DVN/7C3SV0."

This project contains the following extended data:

* Extended table 1. (List of overlapping protein targets for proximity extension assay and Quantibody® Kiloplex

Array).

Acknowledgements
Not applicable.

References

1. Dagogo-Jack I, Shaw AT: Tumour heterogeneity and resistance to
cancer therapies. Nat Rev Clin Oncol. 2018; 15(2): 81-94.
PubMed Abstract | Publisher Full Text

2. Doll S, Gnad F, Mann M: The Case for Proteomics and Phospho-
Proteomics in Personalized Cancer Medicine. Proteom Clin Appl.
2019; 13(2): 1800113.

PubMed Abstract | Publisher Full Text | Free Full Text

3. Lehmann-Che J, Poirot B, Boyer J-C, et al.: Cancer genomics guide
clinical practice in personalized medicine. Therapie. 2017; 72(4):
439-51.

PubMed Abstract | Publisher Full Text

4. Angel TE, Aryal UK, Hengel SM, et al.: Mass spectrometry-based
proteomics: existing capabilities and future directions. Chem Soc
Rev. 2012; 41(10): 3912-28.
PubMed Abstract | Publisher Full Text | Free Full Text

5. Cohen L, Walt DR: Highly Sensitive and Multiplexed Protein
Measurements. Chem Rev. 2018; 119(1): 293-321.
PubMed Abstract | Publisher Full Text

6. Kulasingam V, Prassas I, Diamandis EP: Towards personalized
tumor markers. Npj Precis Oncol. 2017; 1(1): 17.
PubMed Abstract | Publisher Full Text | Free Full Text

7. Diamandis EP: A repository for “rare” tumor markers? Clin Chem
Lab Med Cclm. 2014; 52(6): 795-7.
PubMed Abstract | Publisher Full Text

8. Rooth C: Ovarian cancer: risk factors, treatment and
management. Br / Nurs. 2013; 22(Sup17): S23-30.
PubMed Abstract | Publisher Full Text

9. Roberts CM, Cardenas C, Tedja R: The Role of Intra-Tumoral
Heterogeneity and Its Clinical Relevance in Epithelial Ovarian
Cancer Recurrence and Metastasis. Cancers. 2019; 11(8): 1083.
PubMed Abstract | Publisher Full Text | Free Full Text

10.  Music M, Iafolla MAJ, Ren AH, et al.: Serum PD-1 Is Elevated after
Pembrolizumab Treatment but Has No Predictive Value. Mo/

11.

12.

13.

14.

15.

16.

17.

18.

Cancer Ther. 2019; 18(10): 1844-51.
PubMed Abstract | Publisher Full Text

Ren PA, Sugumar I, Soosaipillai V, et al.: Comparison of two
multiplexed technologies for profiling >1,000 serum proteins
that may associate with tumor burden - a pilot study [Internet].
In: Dataverse H, editor. 2021.

Publisher Full Text

Ren AH, Prassas I, Soosaipillai A, et al.: Investigating a novel
multiplex proteomics technology for detection of changes in
serum protein concentrations that may correlate to tumor
burden. F1000res. 2020; 9: 732.

PubMed Abstract | Publisher Full Text | Free Full Text

Shaw JLV, Diamandis EP: Distribution of 15 Human Kallikreins in
Tissues and Biological Fluids. Clin Chem. 2007; 53(8): 1423-32.
PubMed Abstract | Publisher Full Text

Christopoulos TK, Diamandis EP: Enzymically amplified time-
resolved fluorescence immunoassay with terbium chelates.
Anal Chem. 1992; 64(4): 342-6.

PubMed Abstract | Publisher Full Text

Ren PA, Sugumar I, Soosaipillai V, et al.: Extended data for
Comparison of two multiplexed technologies for profiling
>1,000 serum proteins that may associate with tumor burden
[Internet]. In: Dataverse H, editor. 2021.

Publisher Full Text

Petrera A, von Toerne C, Behler J, et al.: Multi-platforms approach
for plasma proteomics: complementarity of Olink PEA
technology to mass spectrometry-based protein profiling.
Biorxiv. 2020; 2020.08.04.236356.

Publisher Full Text

Vashist SK, Luong JHT: Handbook of Inmunoassay Technologies. 2018:
81-95.

Boylan KLM, Geschwind K, Koopmeiners JS, et al.: A multiplex
platform for the identification of ovarian cancer biomarkers.

Page 15 of 23


https://creativecommons.org/publicdomain/zero/1.0/
https://doi.org/10.7910/DVN/7C3SV0
http://www.ncbi.nlm.nih.gov/pubmed/29115304
https://doi.org/10.1038/nrclinonc.2017.166
https://doi.org/10.1038/nrclinonc.2017.166
https://doi.org/10.1038/nrclinonc.2017.166
http://www.ncbi.nlm.nih.gov/pubmed/30790462
https://doi.org/10.1002/prca.201800113
https://doi.org/10.1002/prca.201800113
https://doi.org/10.1002/prca.201800113
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6519247
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6519247
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6519247
http://www.ncbi.nlm.nih.gov/pubmed/28258721
https://doi.org/10.1016/j.therap.2016.09.015
https://doi.org/10.1016/j.therap.2016.09.015
https://doi.org/10.1016/j.therap.2016.09.015
http://www.ncbi.nlm.nih.gov/pubmed/22498958
https://doi.org/10.1039/c2cs15331a
https://doi.org/10.1039/c2cs15331a
https://doi.org/10.1039/c2cs15331a
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3375054
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3375054
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3375054
http://www.ncbi.nlm.nih.gov/pubmed/30152694
https://doi.org/10.1021/acs.chemrev.8b00257
https://doi.org/10.1021/acs.chemrev.8b00257
https://doi.org/10.1021/acs.chemrev.8b00257
http://www.ncbi.nlm.nih.gov/pubmed/29872704
https://doi.org/10.1038/s41698-017-0021-2
https://doi.org/10.1038/s41698-017-0021-2
https://doi.org/10.1038/s41698-017-0021-2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5871887
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5871887
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5871887
http://www.ncbi.nlm.nih.gov/pubmed/24516003
https://doi.org/10.1515/cclm-2014-0012
https://doi.org/10.1515/cclm-2014-0012
https://doi.org/10.1515/cclm-2014-0012
http://www.ncbi.nlm.nih.gov/pubmed/24067270
https://doi.org/10.12968/bjon.2013.22.Sup17.S23
https://doi.org/10.12968/bjon.2013.22.Sup17.S23
https://doi.org/10.12968/bjon.2013.22.Sup17.S23
http://www.ncbi.nlm.nih.gov/pubmed/31366178
https://doi.org/10.3390/cancers11081083
https://doi.org/10.3390/cancers11081083
https://doi.org/10.3390/cancers11081083
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6721439
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6721439
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6721439
http://www.ncbi.nlm.nih.gov/pubmed/31363009
https://doi.org/10.1158/1535-7163.MCT-19-0132
https://doi.org/10.1158/1535-7163.MCT-19-0132
https://doi.org/10.1158/1535-7163.MCT-19-0132
https://doi.org/10.7910/DVN/KRROIC
http://www.ncbi.nlm.nih.gov/pubmed/33274048
https://doi.org/10.12688/f1000research.24654.2
https://doi.org/10.12688/f1000research.24654.2
https://doi.org/10.12688/f1000research.24654.2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7682495
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7682495
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7682495
http://www.ncbi.nlm.nih.gov/pubmed/17573418
https://doi.org/10.1373/clinchem.2007.088104
https://doi.org/10.1373/clinchem.2007.088104
https://doi.org/10.1373/clinchem.2007.088104
http://www.ncbi.nlm.nih.gov/pubmed/1377456
https://doi.org/10.1021/ac00028a004
https://doi.org/10.1021/ac00028a004
https://doi.org/10.1021/ac00028a004
https://doi.org/10.7910/DVN/7C3SV0
https://doi.org/10.1101/2020.08.04.236356

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Clin Proteom. 2017; 14(1): 34.
PubMed Abstract | Publisher Full Text | Free Full Text

Leung F, Dimitromanolakis A, Kobayashi H, et al.: Folate-receptor
1 (FOLR1) protein is elevated in the serum of ovarian cancer
patients. Clin Biochem. 2013; 46(15): 1462-8.

PubMed Abstract | Publisher Full Text | Free Full Text

Leung F, Bernardini MQ, Brown MD, et al.: Validation of a Novel
Biomarker Panel for the Detection of Ovarian Cancer. Cancer
Epidemiology Prev Biomarkers. 2016; 25(9): 1333-40.

PubMed Abstract | Publisher Full Text | Free Full Text

Moore KN, Martin LP, O’'Malley DM, et al.: A review of
mirvetuximab soravtansine in the treatment of platinum-
resistant ovarian cancer. Futur Oncol Lond Engl. 2018; 14(2):
123-36.

PubMed Abstract | Publisher Full Text

Moore KN, Vergote I, Oaknin A, et al.: FORWARD I: a Phase III study
of mirvetuximab soravtansine versus chemotherapy in
platinum-resistant ovarian cancer. Future Oncol. 2018; 14(17):
1669-78.

PubMed Abstract | Publisher Full Text

Huang M, Zhang W, Wang Q, et al.: FOLR1 increases sensitivity
to cisplatin treatment in ovarian cancer cells. / Ovarian Res. 2018;
11(1):15.

PubMed Abstract | Publisher Full Text | Free Full Text

Macleod K, Mullen P, Sewell J, et al.: Altered ErbB Receptor
Signaling and Gene Expression in Cisplatin-Resistant Ovarian
Cancer. Cancer Res. 2005; 65(15): 6789-800.

PubMed Abstract | Publisher Full Text

Wang P, Magdolen V, Seidl C, et al.: Kallikrein-related peptidases
4,5, 6 and 7 regulate tumour-associated factors in serous
ovarian cancer. Brit / Cancer. 2018; 119(7): 1-9.

PubMed Abstract | Publisher Full Text | Free Full Text

Kolostova K, Pinkas M, Jakabova A, et al.: Molecular
characterization of circulating tumor cells in ovarian cancer.
Am J Cancer Res. 2016; 6(5): 973-80.

PubMed Abstract | Free Full Text

JinC, Yang M, Han X, et al.: Evaluation of the value of preoperative
CYFRA21-1 in the diagnosis and prognosis of epithelial ovarian
cancer in conjunction with CA125. / Ovarian Res. 2019; 12(1): 114.
PubMed Abstract | Publisher Full Text | Free Full Text

Gadducci A, Cosio S, Carpi A, et al.: Serum tumor markers in the
management of ovarian, endometrial and cervical cancer.
Biomed Pharmacother. 2004; 58(1): 24-38.

PubMed Abstract | Publisher Full Text

Ahmed N, Dorn J, Napieralski R, et al.: Clinical relevance of
kallikrein-related peptidase 6 (KLK6) and 8 (KLK8) mRNA
expression in advanced serous ovarian cancer. Bio/ Chem. 2016;
397(12): 1265-76.

PubMed Abstract | Publisher Full Text | Free Full Text

Yousef GM, Polymeris M-E, Yacoub GM, et al.: Parallel
overexpression of seven kallikrein genes in ovarian cancer.
Cancer Res. 2003; 63(9): 2223-7.

PubMed Abstract

Emami N, Diamandis EP: Utility of Kallikrein-Related

Peptidases (KLKs) as Cancer Biomarkers. Clin Chem. 2008; 54(10):
1600-7.

PubMed Abstract | Publisher Full Text

Loessner D, Goettig P, Preis S, et al.: Kallikrein-related peptidases
represent attractive therapeutic targets for ovarian cancer.
Expert Opin Ther Tar. 2018; 22(9): 745-63.

PubMed Abstract | Publisher Full Text

WeiW, LvS, Zhang C, et al.: Potential role of HGF-PARP-1 signaling
in invasion of ovarian cancer cells. IntJ Clin Exp Patho. 2018; 11(7):
3310-7.

PubMed Abstract | Free Full Text

WeiW, LiY, LvS, et al.: PARP-1 may be involved in angiogenesis in
epithelial ovarian cancer. Oncol Lett. 2016; 12(6): 4561-7.
PubMed Abstract | Publisher Full Text | Free Full Text

Gunderson CC, Moore KN: Olaparib: an oral PARP-1 and PARP-2
inhibitor with promising activity in ovarian cancer. Future Oncol.
2015; 11(5): 747-57.

PubMed Abstract | Publisher Full Text

Graumann J, Finkernagel F, Reinartz S, et al.: Multi-platform
Affinity Proteomics Identify Proteins Linked to Metastasis and
Immune Suppression in Ovarian Cancer Plasma. Front Oncol.
2019; 9: 1150.

PubMed Abstract | Publisher Full Text | Free Full Text

Ouellet V, Guyot M, Page CL, et al.: Tissue array analysis of
expression microarray candidates identifies markers
associated with tumor grade and outcome in serous epithelial
ovarian cancer. Int / Cancer. 2006; 119(3): 599-607.

PubMed Abstract | Publisher Full Text

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

F1000Research 2021, 10:509 Last updated: 22 NOV 2021

Scholz C, Heublein S, Lenhard M, et al.: Glycodelin A is a prognostic
marker to predict poor outcome in advanced stage ovarian
cancer patients. Bmc Res Notes. 2012; 5(1): 551.

PubMed Abstract | Publisher Full Text | Free Full Text

Bischof A, Briese V, Richter D-U, et al.: Measurement of glycodelin
A in fluids of benign ovarian cysts, borderline tumours and
malignant ovarian cancer. Anticancer Res. 2005; 25(3A): 1639-44.
PubMed Abstract

Wu B, Yu C, Zhou B, et al.: Overexpression of TROP2 promotes
proliferation and invasion of ovarian cancer cells. Exp Ther Med.
2017; 14(3): 1947-52.

PubMed Abstract | Publisher Full Text | Free Full Text

LiuJ, Yang D, Yin Z, et al.: A novel human monoclonal Trop2-IgG
antibody inhibits ovarian cancer growth in vitro and in vivo.
Biochem Bioph Res Co. 2019; 512(2): 276-82.

PubMed Abstract | Publisher Full Text

Perrone E, Lopez S, Zeybek B, et al.: Preclinical Activity of
Sacituzumab Govitecan, an Antibody-Drug Conjugate Targeting
Trophoblast Cell-Surface Antigen 2 (Trop-2) Linked to the Active
Metabolite of Irinotecan (SN-38), in Ovarian Cancer. Front Oncol.
2020; 10: 118.

PubMed Abstract | Publisher Full Text | Free Full Text

Lasfar A, Gogas H, Zloza A, et al.: IFN- cancer immunotherapy: new
kid on the block. Immunotherapy. 2016; 8(8): 877-88.
PubMed Abstract | Publisher Full Text | Free Full Text

Steen HC, Gamero AM: Interferon-Lambda as a Potential
Therapeutic Agent in Cancer Treatment. J Interf Cytokine Res.
2010; 30(8): 597-602.

PubMed Abstract | Publisher Full Text

Cortez A, Tudrej P, Kujawa KA, et al.: Advances in ovarian cancer
therapy. Cancer Chemoth Pharm. 2018; 81(1): 17-38.

PubMed Abstract | Publisher Full Text | Free Full Text

Kandalaft LE, Odunsi K, Coukos G: Immunotherapy in Ovarian
Cancer: Are We There Yet?J Clin Oncol. 2019; 37(27): 2460-71.
PubMed Abstract | Publisher Full Text

Shan SJC, Scorilas A, Katsaros D, et al.: Unfavorable Prognostic
Value of Human Kallikrein 7 Quantified by ELISA in Ovarian
Cancer Cytosols. Clin Chem. 2006; 52(10): 1879-86.

PubMed Abstract | Publisher Full Text

Yousef GM, Polymeris M-E, Grass L, et al.: Human kallikrein 5: a
potential novel serum biomarker for breast and ovarian cancer.
Cancer Res. 2003; 63(14): 3958-65.

PubMed Abstract

Kim H, Scorilas A, Katsaros D, et al.: Human kallikrein gene 5 (KLK5)
expression is an indicator of poor prognosis in ovarian cancer.
Brit / Cancer. 2001; 84(5): 643-50.

PubMed Abstract | Publisher Full Text | Free Full Text

Beyazit F, Ayhan S, Celik HT, et al.: Assessment of serum
angiotensin-converting enzyme in patients with epithelial
ovarian cancer. Arch Gynecol Obstet. 2015; 292(2): 415-20.
PubMed Abstract | Publisher Full Text

Anderson PW, Macaulay L, Do YS, et al.: Extrarenal Renin-Secreting
Tumors. Medicine. 1989; 68(5): 257-68.
PubMed Abstract | Publisher Full Text

Grisaru D, Hauspy J, Prasad M, et al.: Microarray expression
identification of differentially expressed genes in serous
epithelial ovarian cancer compared with bulk normal ovarian
tissue and ovarian surface scrapings. Onco/ Rep. 2007; 18(6):
1347-56.

PubMed Abstract

Tsai C-L, Tsai C-N, Lin C-Y, et al.: Secreted Stress-Induced
Phosphoprotein 1 Activates the ALK2-SMAD Signaling Pathways
and Promotes Cell Proliferation of Ovarian Cancer Cells.

Cell Reports. 2012; 2(2): 283-93.

PubMed Abstract | Publisher Full Text

Herrera B, van Dinther M, Dijke P, et al.: Autocrine Bone
Morphogenetic Protein-9 Signals through Activin Receptor-like
Kinase-2/Smad1/Smad4 to Promote Ovarian Cancer Cell
Proliferation. Cancer Res. 2009; 69(24): 9254-62.

PubMed Abstract | Publisher Full Text | Free Full Text

Shackelford RE, Bui MM, Coppola D, et al.: Over-expression of
nicotinamide phosphoribosyltransferase in ovarian cancers.
IntJ Clin Exp Patho. 2010; 3(5): 522-7.

PubMed Abstract | Free Full Text

Nacarelli T, Fukumoto T, Zundell JA, et al.: NAMPT Inhibition
Suppresses Cancer Stem-like Cells Associated with Therapy-
Induced Senescence in Ovarian Cancer. Cancer Res. 2020; 80(4):
890-900.

PubMed Abstract | Publisher Full Text | Free Full Text

LiY, Zhou J, Zhuo Q, et al.: Malignant ascite-derived
extracellular vesicles inhibit T cell activity by
upregulating Siglec-10 expression. Cancer Management Res. 2019;

Page 16 of 23


http://www.ncbi.nlm.nih.gov/pubmed/29051715
https://doi.org/10.1186/s12014-017-9169-6
https://doi.org/10.1186/s12014-017-9169-6
https://doi.org/10.1186/s12014-017-9169-6
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5634875
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5634875
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5634875
http://www.ncbi.nlm.nih.gov/pubmed/23528302
https://doi.org/10.1016/j.clinbiochem.2013.03.010
https://doi.org/10.1016/j.clinbiochem.2013.03.010
https://doi.org/10.1016/j.clinbiochem.2013.03.010
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4130215
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4130215
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4130215
http://www.ncbi.nlm.nih.gov/pubmed/27448593
https://doi.org/10.1158/1055-9965.EPI-15-1299
https://doi.org/10.1158/1055-9965.EPI-15-1299
https://doi.org/10.1158/1055-9965.EPI-15-1299
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5010461
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5010461
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5010461
http://www.ncbi.nlm.nih.gov/pubmed/29098867
https://doi.org/10.2217/fon-2017-0379
https://doi.org/10.2217/fon-2017-0379
https://doi.org/10.2217/fon-2017-0379
http://www.ncbi.nlm.nih.gov/pubmed/29424243
https://doi.org/10.2217/fon-2017-0646
https://doi.org/10.2217/fon-2017-0646
https://doi.org/10.2217/fon-2017-0646
http://www.ncbi.nlm.nih.gov/pubmed/29433550
https://doi.org/10.1186/s13048-018-0387-y
https://doi.org/10.1186/s13048-018-0387-y
https://doi.org/10.1186/s13048-018-0387-y
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5809985
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5809985
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5809985
http://www.ncbi.nlm.nih.gov/pubmed/16061661
https://doi.org/10.1158/0008-5472.CAN-04-2684
https://doi.org/10.1158/0008-5472.CAN-04-2684
https://doi.org/10.1158/0008-5472.CAN-04-2684
http://www.ncbi.nlm.nih.gov/pubmed/30287916
https://doi.org/10.1038/s41416-018-0260-1
https://doi.org/10.1038/s41416-018-0260-1
https://doi.org/10.1038/s41416-018-0260-1
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6189062
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6189062
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6189062
http://www.ncbi.nlm.nih.gov/pubmed/27293992
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4889713
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4889713
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4889713
http://www.ncbi.nlm.nih.gov/pubmed/31767040
https://doi.org/10.1186/s13048-019-0587-0
https://doi.org/10.1186/s13048-019-0587-0
https://doi.org/10.1186/s13048-019-0587-0
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6876093
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6876093
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6876093
http://www.ncbi.nlm.nih.gov/pubmed/14739059
https://doi.org/10.1016/j.biopha.2003.11.003
https://doi.org/10.1016/j.biopha.2003.11.003
https://doi.org/10.1016/j.biopha.2003.11.003
http://www.ncbi.nlm.nih.gov/pubmed/27483364
https://doi.org/10.1515/hsz-2016-0177
https://doi.org/10.1515/hsz-2016-0177
https://doi.org/10.1515/hsz-2016-0177
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5193116
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5193116
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5193116
http://www.ncbi.nlm.nih.gov/pubmed/12727843
http://www.ncbi.nlm.nih.gov/pubmed/18687738
https://doi.org/10.1373/clinchem.2008.105189
https://doi.org/10.1373/clinchem.2008.105189
https://doi.org/10.1373/clinchem.2008.105189
http://www.ncbi.nlm.nih.gov/pubmed/30114962
https://doi.org/10.1080/14728222.2018.1512587
https://doi.org/10.1080/14728222.2018.1512587
https://doi.org/10.1080/14728222.2018.1512587
http://www.ncbi.nlm.nih.gov/pubmed/31949706
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6962858
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6962858
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6962858
http://www.ncbi.nlm.nih.gov/pubmed/28101214
https://doi.org/10.3892/ol.2016.5226
https://doi.org/10.3892/ol.2016.5226
https://doi.org/10.3892/ol.2016.5226
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5228086
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5228086
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5228086
http://www.ncbi.nlm.nih.gov/pubmed/25757679
https://doi.org/10.2217/fon.14.313
https://doi.org/10.2217/fon.14.313
https://doi.org/10.2217/fon.14.313
http://www.ncbi.nlm.nih.gov/pubmed/31737572
https://doi.org/10.3389/fonc.2019.01150
https://doi.org/10.3389/fonc.2019.01150
https://doi.org/10.3389/fonc.2019.01150
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6839336
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6839336
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6839336
http://www.ncbi.nlm.nih.gov/pubmed/16572426
https://doi.org/10.1002/ijc.21902
https://doi.org/10.1002/ijc.21902
https://doi.org/10.1002/ijc.21902
http://www.ncbi.nlm.nih.gov/pubmed/23036050
https://doi.org/10.1186/1756-0500-5-551
https://doi.org/10.1186/1756-0500-5-551
https://doi.org/10.1186/1756-0500-5-551
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3599868
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3599868
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3599868
http://www.ncbi.nlm.nih.gov/pubmed/16033074
http://www.ncbi.nlm.nih.gov/pubmed/28962108
https://doi.org/10.3892/etm.2017.4788
https://doi.org/10.3892/etm.2017.4788
https://doi.org/10.3892/etm.2017.4788
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5609167
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5609167
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5609167
http://www.ncbi.nlm.nih.gov/pubmed/30879767
https://doi.org/10.1016/j.bbrc.2019.03.028
https://doi.org/10.1016/j.bbrc.2019.03.028
https://doi.org/10.1016/j.bbrc.2019.03.028
http://www.ncbi.nlm.nih.gov/pubmed/32117765
https://doi.org/10.3389/fonc.2020.00118
https://doi.org/10.3389/fonc.2020.00118
https://doi.org/10.3389/fonc.2020.00118
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7028697
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7028697
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7028697
http://www.ncbi.nlm.nih.gov/pubmed/27381684
https://doi.org/10.2217/imt-2015-0021
https://doi.org/10.2217/imt-2015-0021
https://doi.org/10.2217/imt-2015-0021
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5619162
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5619162
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5619162
http://www.ncbi.nlm.nih.gov/pubmed/20645876
https://doi.org/10.1089/jir.2010.0058
https://doi.org/10.1089/jir.2010.0058
https://doi.org/10.1089/jir.2010.0058
http://www.ncbi.nlm.nih.gov/pubmed/29249039
https://doi.org/10.1007/s00280-017-3501-8
https://doi.org/10.1007/s00280-017-3501-8
https://doi.org/10.1007/s00280-017-3501-8
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5754410
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5754410
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5754410
http://www.ncbi.nlm.nih.gov/pubmed/31403857
https://doi.org/10.1200/JCO.19.00508
https://doi.org/10.1200/JCO.19.00508
https://doi.org/10.1200/JCO.19.00508
http://www.ncbi.nlm.nih.gov/pubmed/16916986
https://doi.org/10.1373/clinchem.2006.071456
https://doi.org/10.1373/clinchem.2006.071456
https://doi.org/10.1373/clinchem.2006.071456
http://www.ncbi.nlm.nih.gov/pubmed/12873991
http://www.ncbi.nlm.nih.gov/pubmed/11237385
https://doi.org/10.1054/bjoc.2000.1649
https://doi.org/10.1054/bjoc.2000.1649
https://doi.org/10.1054/bjoc.2000.1649
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2363783
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2363783
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2363783
http://www.ncbi.nlm.nih.gov/pubmed/25693759
https://doi.org/10.1007/s00404-015-3661-x
https://doi.org/10.1007/s00404-015-3661-x
https://doi.org/10.1007/s00404-015-3661-x
http://www.ncbi.nlm.nih.gov/pubmed/2677594
https://doi.org/10.1097/00005792-198909000-00001
https://doi.org/10.1097/00005792-198909000-00001
https://doi.org/10.1097/00005792-198909000-00001
http://www.ncbi.nlm.nih.gov/pubmed/17982616
http://www.ncbi.nlm.nih.gov/pubmed/22884369
https://doi.org/10.1016/j.celrep.2012.07.002
https://doi.org/10.1016/j.celrep.2012.07.002
https://doi.org/10.1016/j.celrep.2012.07.002
http://www.ncbi.nlm.nih.gov/pubmed/19996292
https://doi.org/10.1158/0008-5472.CAN-09-2912
https://doi.org/10.1158/0008-5472.CAN-09-2912
https://doi.org/10.1158/0008-5472.CAN-09-2912
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2892305
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2892305
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2892305
http://www.ncbi.nlm.nih.gov/pubmed/20606733
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2897104
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2897104
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2897104
http://www.ncbi.nlm.nih.gov/pubmed/31857293
https://doi.org/10.1158/0008-5472.CAN-19-2830
https://doi.org/10.1158/0008-5472.CAN-19-2830
https://doi.org/10.1158/0008-5472.CAN-19-2830
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7024650
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7024650
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7024650

58.

59.

60.

61.

62.

11: 7123-34.
PubMed Abstract | Publisher Full Text | Free Full Text

Kwon A-Y, Kim G-I, Jeong J-Y, et al.: VAV3 Overexpressed in Cancer
Stem Cells Is a Poor Prognostic Indicator in Ovarian Cancer
Patients. Stem Cells Dev. 2015; 24(13): 1521-35.

PubMed Abstract | Publisher Full Text | Free Full Text

Nfonsam VN, Jecius HC, Janda J, et al.: Cartilage oligomeric matrix
protein (COMP) promotes cell proliferation in early-onset colon
cancer tumorigenesis. Surg Endosc. 2020; 34(9): 3992-8.

PubMed Abstract | Publisher Full Text

Papadakos KS, Bartoschek M, Rodriguez C, et al.: Cartilage
Oligomeric Matrix Protein initiates cancer stem cells through
activation of Jagged1-Notch3 signaling. Matrix Biol. 2019; 81:
107-21.

PubMed Abstract | Publisher Full Text

Englund E, Bartoschek M, Reitsma B, et al.: Cartilage oligomeric
matrix protein contributes to the development and metastasis
of breast cancer. Oncogene. 2016; 35(43): 5585-96.

PubMed Abstract | Publisher Full Text

Rosas S, Hughes RT, Farris M, et al.: Cartilage oligomeric matrix
protein in patients with osteoarthritis is independently
associated with metastatic disease in prostate cancer.
Oncotarget. 2019; 10(46): 4776-85.

PubMed Abstract | Publisher Full Text | Free Full Text

63.

64.

65.

66.

67.

F1000Research 2021, 10:509 Last updated: 22 NOV 2021

Zhang X, Xu J, Ke X, et al.: Expression and function of Toll-like
receptors in peripheral blood mononuclear cells from patients
with ovarian cancer. Cancer Inmunol Immunother. 2015; 64(3):
275-86.

PubMed Abstract | Publisher Full Text

Chen Y-C, Giovannucci E, Kraft P, et al.: Association

between Toll-Like Receptor Gene Cluster (TLR6, TLR1,

and TLR10) and Prostate Cancer. Cancer Epidem Biomar. 2007;
16(10): 1982-9.

PubMed Abstract | Publisher Full Text

Stevens VL, Hsing AW, Talbot T, et al.: Genetic variation in the toll-
like receptor gene cluster (TLR10-TLR1-TLR6) and prostate
cancer risk. Int / Cancer. 2008; 123(11): 2644-50.

PubMed Abstract | Publisher Full Text

Chandran VI, Welinder C, Méinsson A-S, et al.:

Ultrasensitive immunoprofiling of plasma extracellular
vesicles identifies syndecan-1 as a potential tool for
minimally invasive diagnosis of glioma. Clin Cancer Res. 2019;
25(10): clincanres.2946.2018.

PubMed Abstract | Publisher Full Text

Periyasamy A, Gopisetty G, Subramanium M}, et al.: Identification
and validation of differential plasma proteins levels in epithelial
ovarian cancer. J Proteomics. 2020; 226: 103893.

PubMed Abstract | Publisher Full Text

Page 17 of 23


http://www.ncbi.nlm.nih.gov/pubmed/31534365
https://doi.org/10.2147/CMAR.S210568
https://doi.org/10.2147/CMAR.S210568
https://doi.org/10.2147/CMAR.S210568
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6681125
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6681125
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6681125
http://www.ncbi.nlm.nih.gov/pubmed/25715123
https://doi.org/10.1089/scd.2014.0588
https://doi.org/10.1089/scd.2014.0588
https://doi.org/10.1089/scd.2014.0588
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4499777
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4499777
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4499777
http://www.ncbi.nlm.nih.gov/pubmed/31617091
https://doi.org/10.1007/s00464-019-07185-z
https://doi.org/10.1007/s00464-019-07185-z
https://doi.org/10.1007/s00464-019-07185-z
http://www.ncbi.nlm.nih.gov/pubmed/30502484
https://doi.org/10.1016/j.matbio.2018.11.007
https://doi.org/10.1016/j.matbio.2018.11.007
https://doi.org/10.1016/j.matbio.2018.11.007
http://www.ncbi.nlm.nih.gov/pubmed/27065333
https://doi.org/10.1038/onc.2016.98
https://doi.org/10.1038/onc.2016.98
https://doi.org/10.1038/onc.2016.98
http://www.ncbi.nlm.nih.gov/pubmed/31413818
https://doi.org/10.18632/oncotarget.27113
https://doi.org/10.18632/oncotarget.27113
https://doi.org/10.18632/oncotarget.27113
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6677668
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6677668
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6677668
http://www.ncbi.nlm.nih.gov/pubmed/25376541
https://doi.org/10.1007/s00262-014-1632-x
https://doi.org/10.1007/s00262-014-1632-x
https://doi.org/10.1007/s00262-014-1632-x
http://www.ncbi.nlm.nih.gov/pubmed/17932345
https://doi.org/10.1158/1055-9965.EPI-07-0325
https://doi.org/10.1158/1055-9965.EPI-07-0325
https://doi.org/10.1158/1055-9965.EPI-07-0325
http://www.ncbi.nlm.nih.gov/pubmed/18752252
https://doi.org/10.1002/ijc.23826
https://doi.org/10.1002/ijc.23826
https://doi.org/10.1002/ijc.23826
http://www.ncbi.nlm.nih.gov/pubmed/30679164
https://doi.org/10.1158/1078-0432.CCR-18-2946
https://doi.org/10.1158/1078-0432.CCR-18-2946
https://doi.org/10.1158/1078-0432.CCR-18-2946
http://www.ncbi.nlm.nih.gov/pubmed/32634479
https://doi.org/10.1016/j.jprot.2020.103893
https://doi.org/10.1016/j.jprot.2020.103893
https://doi.org/10.1016/j.jprot.2020.103893

E1O0O0OResearch F1000Research 2021, 10:509 Last updated: 22 NOV 2021

Open Peer Review

Current Peer Review Status: ¢ ¥

Reviewer Report 22 November 2021

https://doi.org/10.5256/f1000research.56737.r88484

© 2021 Holdenrieder S. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Stefan Holdenrieder
Institute for Laboratory Medicine, German Heart Centre, Technical University Munich, Munich,
Germany

In the present pilot study, the authors compared two multiplexed technologies (proximity
extension assay, PEA and quantibody kiloplex array, QKA), for profiling a large number of serum
proteins. Tested samples were collected prior and after surgery of ovarian cancer patients. Thus,
the authors hypothesized that markers with significant decreases in serum concentrations were
associated with tumor burden.

However, they clearly state that they performed this study only as preliminary investigation
justifying the low number of patients and controls. While this limits the findings substantially,
great changes in marker concentrations may indicate candidate markers that should be further
validated.

Within the large number of markers (>1000) measured by both proteomics technologies, more
than 400 were overlapping. The most relevant one, the ovarian cancer marker CA 125, showed
only weak correlation between both methods, and also the postsurgical changes in the 400
common markers were only weakly correlated. Among all markers, 15 showed an at least two-fold
postsurgical decrease in two thirds of the patients by the use of PEA and 11 by the use of QKA; 8 of
them were detected by both methods of which only 3 showed correlations in postsurgical changes
by PEA and QKA. Subsequently, 5 kallikrein markers were validated by ELISA. The postsurgical
changes correlated with PEA for 3 markers, absolute values only for one.

The authors conclude that both novel targeted proteomics platforms are promising tools for
identifying candidate serological tumor-related proteins. However, they also admit several
limitations of their study and some further ones have to be added:
> The small number of patients and controls that could lead to missing or overestimating
single markers.

» The lack of sufficient reproducibility at least for one platform.
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o The only weak correlation between both platforms.
o The need for different dilutions and the challenge to identify and avoid hook effects.
> The difference in absolute value levels for markers if different platforms were used.

o The weak correlation results in the validation experiment with single markers ELISAs.

Obviously, the authors are aware of the limitations and the long way to identify and validate new
diagnostic markers for ovarian cancer. They are encouraged to do these validation steps on larger
cohorts with proper assays for the new markers identified by their proteomics approach in a
subsequent study.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Biomarkers in cancer diagnostics

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 11 November 2021

https://doi.org/10.5256/f1000research.56737.r88486

© 2021 Lokshin A. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

+"  AnnaE Lokshin

Page 19 of 23


https://doi.org/10.5256/f1000research.56737.r88486
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-8171-220X

F1000Research 2021, 10:509 Last updated: 22 NOV 2021

Department of Medicine, University of Pittsburgh Medical Center, Pittsburgh, PA, USA

o This study is the first to compare
two targeted multiplex proteomics technologies, proximity extension assay (PEA) and
Quantibody® Kiloplex Array (QKA), for analysis of serum protein concentration changes.

o The results show that the data obtained by platforms highly correlate. Authors have
identified proteins that decrease following debulking surgery for ovarian cancer.

Data were validated by ELISA. This study is of great importance for future biomarker
research using highly novel targeted proteomics platforms.
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Ren et al. have demonstrated a comparative study of identifying serum proteins that may
associate with tumor burden in ovarian cancers, using two multiplexed proteomic technologies.
This is an interesting study and the authors have elucidated the two methods distinctly in a patient
cohort. Overall, the paper is well written, researched and structured. However, there are a few
shortcomings, especially the justification for choosing the two methods and the clinical relevance.
I also find that the authors have not stressed on the novelty of this study enough. Below, I have
provided numerous comments on the text and suggestions for more in-depth analysis of the data.
Given these, the manuscript requires major revisions.

Abstract:

o Well summarized in terms of the methodology including validation using ELISAs. However,
please use assertive language. Use of "pilot" and "preliminary" is not only redundant but
also indicates low conviction/doubts on their own study. Also, change “expect that proteins
have decreased...”. For eg. “speculate/hypothesize that proteins with reduced
concentrations in the post-surgery sera, correlate to tumor burden in each patient”.

> In the Results section, the authors need to emphasize on the novel findings of serum
proteins previously not associated with tumor burden and/or OC. Also remove “novel
proteomic platforms” from the conclusion - PEA is fairly well known and a few groups,
including the authors' have published QKA results in the past.

Introduction:

The authors have included most of the relevant background with respect to tumor-associated
proteins, the two technologies, drawbacks of the conventional ELISA/MS methods and OC. They
also link their previous work to show a natural progression to their current work. The research aim
has been clearly outlined. I have two comments:

1. Add more about other methods currently used to profile serum concentrations, including
multiplex technologies. Eg. SOMAscan. Include their limitations and justify your choice of
testing PEA and QKA only - if they are more sensitive, specific, personalized, comprehensive,
cost-effective, etc. If they are highly personalized, how do they compare to proteomics
including single-cell methods such as CyTOF?

2. Please add more relevant references for other techniques such as Gool et al. (2020") and
Makridakis et al. (20202). Please also include more information on the already established
circulating tumor markers in OC such as EPCAM, MUC1, etc. Also, include a reference for
Paragraph 1, Line 7, "Tumors secrete a medley...".

Methods:
o The study is well designed to address the research objectives. The methods are described in
detail and the process of subject selection is well-outlined. I am interested in knowing about
the criteria for selection fo the 5 proteins to validate using ELISA. Since there was an overlap
of many proteins between the two technologies, on what basis were the 5 chosen for
further validation?

Results and discussion:
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The results are stated clearly and the figure legends are detailed and self explanatory. I have the
following questions:

1. Considering that the pearson coefficient, r > 0.7 is considered strong positive correlation,
how do your results add to what was previously known? Other groups (that you have kindly
referenced) have shown high correlation in their findings with clinical values. Moreover,
your previous work (Ren et al., 2020°) also showed no-to-low correlation in a different tumor
- please elaborate on the possible reasons behind this discrepancy, besides small patient
cohort.

2. The conclusions the authors draw about the decrease in proteins after surgery being
related to tumor burden may be overestimated. In the methods, it is stated that the
patients were also given adjuvant chemotherapy. We know that chemotherapy can result in
changes in extra-cellular matrix proteins and in those related to inflammation. How are the
authors certain that the changes observed are as a result of surgery alone, and thus, relate
to tumor burden?

3.Is there a way to demonstrate clinical relevance of this study? Since this is a retrospective
study of patients with advanced disease, the survival data may be available. I suggest the
authors do a survival analysis of selected proteins to check for their correlation with survival
or progression. These results can then be further validated in a larger, publicly available
dataset of serum proteins. If a correlation between them and clinical outcome is observed,
it lends more credibility to the authors' claim.

Lastly, I have the following comments on the paper as a whole:
1. The limitations addressed in the conclusion are great opportunities to inform further
research. They also shed light on possible bias based on abundance of proteins. The
authors' efforts to control for this are commendable!

2. Please stress on the novelty of this study more! For eg. in the discussion, the authors elude
to the various functions of the proteins previously identified in OC and other tumors.
Explain how this is a novel finding using these platforms and how it can help change the
field to move towards similar technologies. Also, the authors identify FOLR1, which could be
a novel finding in relation to OC prognosis.

3. The title can be better phrased. For eg. "Evaluation and comparison of two multiplexed
platforms profiling serum proteins and its possible correlation with tumor burden (or
clinical outcome) in human ovarian cancer."

References

1. Van Gool A, Corrales F, Colovi¢ M, Krsti¢ D, et al.: Analytical techniques for multiplex analysis of
protein biomarkers.Expert Rev Proteomics. 17 (4): 257-273 PubMed Abstract | Publisher Full Text

2. Makridakis M, Kontostathi G, Petra E, Stroggilos R, et al.: Multiplexed MRM-based protein
quantification of putative prognostic biomarkers for chronic kidney disease progression in plasma.
Scientific Reports. 2020; 10 (1). Publisher Full Text

3. Ren AH, Prassas I, Soosaipillai A, Jarvi S, et al.: Investigating a novel multiplex proteomics
technology for detection of changes in serum protein concentrations that may correlate to tumor

Page 22 of 23


jar:file:/work/f1000research/webapps/ROOT/WEB-INF/lib/service-1.0-SNAPSHOT.jar!/com/f1000research/service/export/pdf/#rep-ref-89025-3
http://www.ncbi.nlm.nih.gov/pubmed/32427033
https://doi.org/10.1080/14789450.2020.1763174
https://doi.org/10.1038/s41598-020-61496-z

F1000Research 2021, 10:509 Last updated: 22 NOV 2021

burden.F1000Res. 2020; 9: 732 PubMed Abstract | Publisher Full Text

Is the work clearly and accurately presented and does it cite the current literature?
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