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Abstract

Quantitative proteomic profiling is progressively emerging as a reliable strategy
to achieve early diagnosis, and prognostic stratification in epithelial ovarian
cancer (OC). In particular, specific proteomic profiles of tumor-derived
circulating proteins involved in regulating apoptosis, epithelial-to-mesenchymal
transition, and cellular motility seem to show promising performances in early
disease identification and prognostic stratification. Furthermore, proteomic char-
acterization of ascites and pleural effusions will significantly improve the accu-
racy of predicting outcomes and selecting OC patients to benefit from the current
therapies. Cancer tissues, pleural effusions, and ascitic fluids should be consid-
ered as the best biological samples for proteomic profiling to achieve the optimal
use of biomarkers. On the other hand, plasma circulating-free proteins, or tumor-
derived extracellular vesicles-embedded proteins are considered as the most
appropriate source of data for early disease identification in OC patients. In the
next decade, proteomic profiling will certainly be introduced in the clinical
algorithms of the management of OC.
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6.1 Introduction

Epithelial ovarian cancer (OC) is a leading cause of cancer-related deaths in the
female population (Sung et al. 2021). Due to the lack of early symptoms, patients
with OC are often diagnosed with an advanced stage of disease. In fact, approxi-
mately 60% of women have stage IIIC–IV disease at diagnosis, which is associated
with a 5-year survival below 30% (Elstrand et al. 2012). The most relevant issue to
achieve early detection of the disease is the absence of related symptoms before the
occurrence of diffuse peritoneal carcinomatosis. Only two biomarkers, cancer anti-
gen 125 (CA-125) and human epididymis 4 (HE4) are currently used in clinical
practice as reliable serological tests for diagnosis and disease monitoring of OC
(El Bairi et al. 2017, 2020). In this perspective, several studies have demonstrated
that the serum dosage of both HE4 and CA-125 has the highest sensitivity in the
detection of OC and in particular when combined (Moore et al. 2008; Leung et al.
2016; Montagnana et al. 2009). Several clinical algorithms based on the combined
assessment of CA-125 serum levels, and ultrasound pelvic examination have been
developed as screening approaches in women with ovarian mass. However, overall
discriminating performances in terms of sensitivity and specificity appeared to be
disappointing; therefore, nowadays, despite initial promising findings, there is no
validated screening algorithm able to accurately detect OC earlier. Furthermore, with
the advent of personalized medicine, there is a growing awareness in the scientific
community that OC does not represent a unique disease, but a complex, and
heterogeneous biological entity (Petrillo et al. 2016). Therefore, emphasizing the
need to completely change our point of view, moving from the traditional clinical
approach that one fits for all, to the evidence-based strategy that every clinical
strategy should be tailored to the patients’ specific disease. In this context, it is
expected that the proteomic strategies support the genomic-based approach for
disease profiling. As previously mentioned, the lack of effective clinical strategies
in achieving early diagnosis has created an increasing interest in proteomic
approaches. In particular, genomic-based profiling is certainly useful to characterize
the pattern of gene expression in cancer cells, but the functional role of a specific
gene product can be definitely assessed only by focusing on the proteins level. For
these reasons, there is a great expectation on the potential benefits in terms of
accurate disease characterization that can be achieved with the advent of the
proteomic era. In this context, proteomic analysis includes several different
strategies, including protein structural identification, quantification of protein levels,
description of protein–protein interaction, posttranslational modifications, and func-
tional analysis. Proteomics has greatly advanced from initial gel-based procedures
(one- and two-dimensional sodium dodecyl sulfate-polyacrylamide gel electropho-
resis) to mass spectrometry-based (MS) methods. In particular, innovative
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approaches such as electrospray ionization-MS and matrix-assisted laser desorption/
ionization (MALDI)-MS are emerging as reliable strategies to achieve an accurate
and reliable protein profiling in oncology. The availability of quantitative methods
that are able to identify deregulated protein expression represents a further step
toward future use of proteomic platforms for disease characterization in patients with
OC. The aim of this chapter is to briefly give an overview of the current knowledge
on investigated proteomic biomarkers in OC.

6.2 Proteomics and Ovarian Cancer

6.2.1 Ovarian Cancer Cell Lines and Tumor Tissues

OC cell lines traditionally represent the first step of preclinical cancer research.
These experimental models enable the investigation of biological mechanisms
sustaining proliferation and development of metastatic potential as well as the
characterization of gene and protein expression. On the other hand, recent evidence
has clearly demonstrated that several OC cell lines are characterized by a
hypermutated genotype, which is frequently very different from OC tissues retrieved
from tumor biopsies (Domcke et al. 2013). For these reasons, the results obtained
from preclinical in vitro models should be always considered with great caution, and
in vivo validation is mandatory. Focusing on proteomic profiling of OC cell lines,
several interesting data have been published suggesting that specific protein panels
may be involved in driving drug resistance (Agarwal and Kaye 2003; Li et al. 2010;
Chappell et al. 2012; Chen et al. 2014). In particular, a study conducted by Li et al.
identified a panel of 28 proteins in several cancer cell lines involved in the develop-
ment of cisplatin resistance (Li et al. 2010). These potential biomarkers were
classified into eight functional groups: calcium-binding proteins, chaperones, extra-
cellular matrix, DNA damage repair complex, mitochondrial proteins, transcription
factor, cytoskeletal proteins, and signaling transducing factors (Li et al. 2010).
Unfortunately, these interesting preliminary data were not validated in patients’
samples. The complete proteomic profiling of tumor tissues is certainly a very.
However, it is well known that formalin tissue fixation produces cross-links
among proteins on cancer tissues; thus, masking epitopes in proteomic characteriza-
tion. Furthermore, surgical contamination and tumor disease heterogeneity are also
other potential pitfalls. On the other hand, the availability of novel techniques for
protein extraction, together with improvement of quantitative proteomic strategies
allow a reliable proteomic characterization even on formalin-fixed embedded protein
(FFPE) blocks. Few studies that investigated the differences in terms of proteomic
profiles in OC tumor histotypes have been published. A specific proteomic profile
has been suggested for high-grade serous histology (An et al. 2006). Notably, the
most relevant findings have been reported by Wiegand et al. which identified
50 proteins differentially expressed in clear cell and endometrioid OC as compared
with high-grade serous histology (Wiegand et al. 2014). In particular, this study
found a specific biological mechanism at a proteomic level that is probably involved
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in tumor development for both clear-cell and endometrioid OC. In fact, the authors
detected increased levels of phosphorylated AKT protein in tumor tissues, together
with a reduced expression of BAF250a; this protein acts as tumor suppressor
promoting apoptotic cascade. It can be hypothesized that in the process of
endometrioid and clear-cell carcinogenesis, phosphorylation of AKT protein occurs
as an early event, and in turn suppresses BAF250a expression at the genomic level
(Wiegand et al. 2014). Awaiting further experimental confirmations, these data
represent a relevant contribution of proteomic tissue characterization for early
diagnosis and disease profiling of OC (Wiegand et al. 2014). Furthermore, the
experimental evidence showing a relevant biological role of phosphorylated AKT
protein in OC introduced another crucial point of proteomic tissue characterization
which is represented by the identification of posttranscriptional modifications. In
fact, it is well known that the biological processes such as glycosylation or phos-
phorylation may produce activation, or silencing of a protein function, and these
relevant biological mechanisms can be detected only through proteomic analysis,
and not using a traditional genomic approach. A plethora of studies have been
published and showed the relevance of phosphorylated protein isoforms in driving
tumor angiogenesis, apoptosis blockade, epithelial-to-mesenchymal transition, and
chemoresistance through the activation of several pathways including NFκB,
mitogen-activated protein kinase (MAPK), Src, and PI3K (Elzek and Rodland
2015). Unfortunately, despite the important amount of literature suggesting, and
clearly demonstrating the role of these phosphorylated proteins in cancer develop-
ment, none of these molecules have successfully entered into clinical practice as
diagnostic biomarkers. One of the potential reasons to explain this contrasting
scenario is the lack of proteomic data confirming at the protein level the above-
mentioned findings that have been identified only at the genomic level.

6.2.2 Proteomic Plasma Analysis

Serum derived from cancer patients certainly represents the most appropriate sample
to be used for proteomic characterization. Compared with tumor tissues, serological
samples can be easily achieved, and during sampling, it can avoid contamination
using an appropriate protocol for collection and early processing (Fig. 6.1). Further-
more, compared with FFPE blocks, no fixation is required, and tumor tissue is not
manipulated; thus, avoiding cross-links between proteins. On the other hand, the
number of tumor-derived proteins released in the blood is very low. Therefore, it is
not surprising that only with the availability of innovative quantitatively spectro-
scopic techniques such as SELDI-TOF that we were able to correctly identify tumor-
derived circulating proteins.

In OC, a relevant proteomic serological profiling has been conducted by Zhang
et al. that showed that a panel of circulating proteins has been found to be differen-
tially expressed in OC patients as compared with healthy subjects, thus, allowing the
earliest proteomic-based strategy for early diagnosis (Zhang et al. 2004). These
results have been further evaluated to develop a five proteins algorithm, called

190 M. Petrillo et al.



OVA1 test, based on the combined dosage of apolipoprotein A1, prealbumin,
transferrin, β-2 microglobulin, and CA-125 (Ueland et al. 2011). The OVA1 assay
also received class II FDA approval to be used in combination with ultrasound
evaluation for the triage of suspicious pelvic mass. Unfortunately, premarketing
approval is still needed despite these interesting data. Definitive clinical data are still
omitted, but these results, for the first time, opened the route for serological
proteomic profiling that is able to increase the diagnostic performance of CA-125
alone in the detection and stratification of OC patients (Fig. 6.2). Based on proteomic
profiling of TCGA samples, Yang et al. showed a high-throughput protein profiling
which allowed the identification of an algorithm of nine proteins called PROVAR
which is able to predict disease progression in OC (Yang et al. 2013). Again, also for
the PROVAR test, a clinical validation has not been performed, thus not allowing a
safe translation from laboratory to clinical practice. Another experimental approach
for proteomic profiling of OC patients is represented by the combined evaluation of
blood and tumor samples. This strategy is of great value to correctly identify tumor-
derived proteins that may be involved not only in carcinogenesis, but also in the
development of drug resistance. An interesting study based on this approach showed
a statistically significant lower expression of APOA1 and serotransferrin in both
serum and cancer tissue samples of OC patients compared with healthy subjects
(Wegdam et al. 2014), thus providing a partial confirmation of the Zhang’s findings
(Zhang et al. 2004). Another emerging scientific field is represented by the so-called
circulating secretomes or secretomics which analyzes the secreted extracellular
proteins in the blood (Madden et al. 2020). Circulating extracellular proteins in the
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blood are glycosylated which makes them suitable for proteomic biomarker discov-
ery. Interestingly, several previous studies used this approach (Tian et al. 2011; Pan
et al. 2011; Faca et al. 2008; Gunawardana et al. 2009). In conclusion, the profiling
of circulating proteins appears as a promising field for the identification of
biomarkers for the diagnosis and stratification of OC patients.

6.2.3 Proteomic Analysis of Ascitic and Pleural Effusions

The vast majority of OC patients develop ascites along with their disease natural
history. Unfortunately, this event is related to peritoneal cancer spread, and it is
obviously associated with late FIGO stages. Therefore, ascitic fluids are certainly a
relevant source for biomarkers development and their proteomic profiling may be of
great value to study the mechanisms of disease spread, and patients’ prognostic
stratification. However, ascitic samples cannot be used for early disease detection.
Interestingly, a complete proteomic profiling of ascites from OC patients revealed a
panel of 50 differentially expressed proteins (Gortzak-Uzan et al. 2008; Kuk et al.
2009). However, as described in Table 6.1, these studies do not have a potential
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Fig. 6.2 Integration of proteomics in the diagnostic algorithms for early identification of epithelial
ovarian cancer
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clinical horizon as this approach has no clinical value for performing proteomic
profiling of ascitic fluids to achieve early disease detection. On the other hand, the
role of proteomic profiling of pleural effusion in the prognostic stratification of OC
patients seems to be promising (Davidson et al. 2006; reviewed elsewhere: El Bairi
et al. 2017; Carvalho et al. 2019). Reduced survival was seen in patients with
increased levels of AKT, and JNK proteins; thus, another opportunity for further
clinical validation of these biomarkers for prognostic disease stratification (Davidson
et al. 2006).

Table 6.1 Proteomic analysis in ovarian cancer patients: Comparison of different biological
sources

Biological source

Tumor tissue Plasma

Ascitic and
pleural
effusions

Samples
collection

• Need of invasive procedure
• High risks of contamination

• Easy
• Low risks of contamination

• Need of
invasive
procedure
• Low risks of
contamination

Technical
aspects

• High amount of tumor-
derived proteins
• Need of accurate
microdissection to reduce
contaminations bias
• Epitopes masking: potential
concerns in detecting specific
protein profiles due to
formalin fixation

• Low amount of tumor-
derived proteins: need of
high sensitivity proteomic
strategies

• High
amount of
tumor-derived
proteins

Clinical role
and
implications

Early disease diagnosis
• Limited value
Disease stratification
• Potentially relevant value

Early disease diagnosis
• Great value
Disease stratification
• Great value, particularly
when combined with tumor,
and ascitic fluids evaluation

Early disease
diagnosis
• No value
Disease
stratification
• Potentially
relevant value

Scientific
evidence

Early disease diagnosis
• Limited evidences for
clinical translation
Disease stratification
• Limited evidences for
clinical translation

Early disease diagnosis
• FDA approved panel to be
further validated in a clinical
scenario
• Relevant evidences on
circulating extracellular
vesicles ready to be validated
in clinical scenarios
Disease stratification
• Limited evidences for
clinical translation

Early disease
diagnosis
• Limited
evidences for
clinical
translation
Disease
stratification
• Limited
evidences for
clinical
translation
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6.3 Proteomics and Extracellular Vesicles: A Promising
Approach in Ovarian Cancer

In the last decade, the role of extracellular vesicles and their cargoes as diagnostic,
prognostic, and predictive biomarkers have been widely studied in cancer
(Srivastava et al. 2021; Amintas et al. 2021). Extracellular vesicles (EVs) are divided
into three types based on their size: exosomes (30–100 nm), microvesicles (100 nm–

1 μm), and apoptotic bodies (500 nm–3 μm). Regarding their functional features,
exosomes seem to play a crucial role in regulating several biological mechanisms
involved in cancer growth, and metastatic development, acting as mediators of
cellular crosstalk in cancer tissue (Elewaily and Elsergany 2021). Exosomes can
contain a complex cargo of materials, including microRNAs and occasionally
genomic DNA. The vast majority of miRNAs circulates in body fluids of patients
as cell-free RNAs, and for these reasons, they have been considered for several years
as potential biomarkers to be used in liquid biopsy approaches. However, circulating
miRNAs are quickly removed by enzymatic RNAse activity. Therefore, these
biomarkers do not appear as easily manageable diagnostic tools to be used in
screening diagnostic tools. On the other hand, circulating miRNAs embedded in
tumor-derived EVs are certainly more stable, and easier to be used in diagnostic
algorithms, particularly considering that some specific miRNAs panels are differen-
tially expressed in OC patients compared to healthy women (Mahdian-Shakib et al.
2016; Montagnana et al. 2017). Finally, EVs are easily identifiable in various body
fluids, such as blood, serum, and urine, making them reliable markers that are easy to
find and potentially very useful in clinical practice. Recently, Barnabas et al.
conducted a proteomic analysis of EVs-related proteins in utero-tubal lavage from
healthy women, and OC patients and showed a panel of nine proteins (SERPINB5,
S100A14. MYH11, CLCA4, S100A2, IVL, CD109, NNMT, ENPP3) that were
differentially expressed in the two groups, and involved in regulating kinase activity,
cellular motility, and apoptosis modulating p53 pathway (Barnabas et al. 2019).
Unfortunately, the diagnostic performance of these proteomic biomarkers in the
early detection of OC was around 75%, being therefore promising, but still not
adequate for clinical use (Barnabas et al. 2019). Furthermore, as previously men-
tioned, proteomic profiling of ascites and pleural effusion may be certainly regarded
as a potentially useful tool to achieve final diagnosis. In particular, the evaluation of
EVs embedded miRNAs, and proteins may be certainly regarded as a very interest-
ing approach with a panel of proteins (NANOG, SPINT2, and ZEB2), and miRNAs
(miR-29a, miR-30d, and miR-205) differentially expressed in OC patients and
healthy women (Yamamoto et al. 2018). However, this experimental approach
appears very questionable, since ascitic fluids, which appear in women with late-
stage disease, do not represent a useful biological sample to be used for early
diagnosis. For, these reasons, the studies comparing the proteomic profile of ascitic
fluids in OC patients and healthy controls do not have the appropriate design to
provide clinically useful insights. Interestingly, a previous report failed to identify
differences in terms of proteomic profile between OC patients and healthy subjects
(Zhao et al. 2014). However, when focusing only on women with an advanced stage
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of disease, a higher level of circulating HSP27-related EVs in patients with perito-
neal carcinomatosis was noticed (Zhao et al. 2014). Thus, again highlighting the
need to focus scientific efforts on specific subgroups of OC patients in future
biomarker research. Another crucial point is represented by the potential role of
EVs proteomic profiling for early identification of chemoresistance. A recently
published study by Guerra et al. showed a correlation between reduced circulating
levels of EVs-embedded RAB7A protein and the development of cisplatin resistance
(Guerra et al. 2019). Furthermore, poor drug response is related to several complex
biological mechanisms involving also epithelial-to-mesenchymal transition which is
principally based on cytoskeletal and extracellular matrix modifications. Therefore,
it is not surprising that the recently published data showed increased levels of
EVs-embedded matrix metalloproteinase 1 (MMP1) in peritoneal lesions with
intrinsic chemoresistant features. Furthermore, the overexpression of circulating
EVs-derived MMP1 was found to be associated with reduced overall and
progression-free survival in women with OC. In conclusion, the proteomic profile
of circulating EVs appears as a promising field for future developments for early
diagnosis and prognostic stratification of OC patients.

6.4 Future Perspectives: A Focus on microRNAs

Quantitative proteomic profiling techniques extended the horizon of proteomics by
assessing several other biomarkers beyond proteins such as miRNAs. Deregulation
of mi-RNAs expression has been shown to be associated with malignant develop-
ment of OC. Therefore, quantitative proteomic assessment of miRNAs expression
patterns represents a further approach to improve early detection of OC. Previously,
Taylor et al. reported that eight circulating exosomal miRNAs (miR-21, miR-141,
miR-200a, miR-200b, miR-200c, miR-203, miR-205, and miR-214) are
overexpressed in OC patients compared to benign controls (Taylor and Gercel-
Taylor 2008). Similarly, another report showed that the expression levels of four
serum miRNAs (miR-182, miR-200a, miRR-200b, and miR-200c) were signifi-
cantly elevated in women with high-grade serous OC as compared with healthy
controls (Kan et al. 2012). Moreover, serum levels of miR-25 and miR-93 were
found downregulated, while miR-7 and miR-429 were found upregulated in OC
patients compared with healthy women (Meng et al. 2015). This suggests that the
differential expression of some selected miRNAs can be used as biomarkers.

The role of miRNAs isolated from serum, tissue, and ascites was analyzed by
Chung et al. and identified five miRNAs (miR-132, miR-26a, let-7b, miR-145, and
miR-143) as the most significantly downregulated miRNAs in the sera of OC
patients (Chung et al. 2013). Moreover, Zhou et al. investigated the diagnostic
value of urinary miRNAs in OC patients and identified a significant upregulation
of mir-30a-5p in the urine samples of women with OC when compared to healthy
controls (Zhou et al. 2015). The miRNA signatures from exosomes were concordant
to those from the originating tumor cells, indicating that circulating miRNAs profiles
accurately reflect the tumor profile. Furthermore, Zheng et al. evaluated plasma
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samples of 360 OC patients and 200 healthy controls, and they found a higher
expression of plasma miR-205 and lower expression of let 7-f in OC patients (Zheng
et al. 2013). The authors were able to propose a combination of mir-205 and let-7f to
provide high diagnostic accuracy (Nakamura et al. 2016; Zheng et al. 2013).
Similarly, Zuberi et al. showed that miR-200a was significantly upregulated in
mucinous adenocarcinoma when compared with histotypes in 70 OC patients
(Zuberi et al. 2015). Another interesting experience has been recently published
evaluating the differences in terms of circulating EVs derived miRNAs between OC
patients and healthy controls (Chi Pan et al. 2018). A specific panel of miRNAs
(miR-23a, miR-92a, miR-21, miR-100, and miR-200b, miR-320, miR-16, miR-93,
miR-126, and miR-223) was identified as potentially useful diagnostic biomarkers,
but the overall discriminating performance was indecisive being below 85%, thus
not allowing a further clinical validation. Very interesting results have been reported
in 2017 by Yokoi et al., which demonstrated that a combination of eight circulating
serum miRNAs (miR-142-3p, miR-26a-5p, let7d-5p, miR-374a-5p, miR-766-3p,
miR-200a-3p, miR-328-3p, and miR-130b-3p) was able to successfully discriminate
OC patients from healthy controls with remarkable diagnostic performances at ROC
analysis (AUC 0.97; sensitivity 0.92 and specificity 0.91) (Yokoi et al. 2017a, b).
The eight miRNAs classification model had a different AUC, sensitivity, and
specificity for the different histological types of OC, thus emphasizing the need to
identify histology-based diagnostic models (Yokoi et al. 2017a, b). In addition, in
the same study, the authors developed a predictive algorithm able to differentiate
early-stage OC from benign tumor using seven mi-RNAs (miR-200a-3p, miR-766-
3p, miR-26a-5p, miR-142-3p, let-7d-5p, miR-130b-3p, and miR-328-3p) (Yokoi
et al. 2017a, b). In this model, the diagnostic performance appeared promising with
an AUC of 0.92, but the sensitivity and specificity were lower being 0.861, and
0.833, respectively (Yokoi et al. 2017a, b). Similarly, Yoshimura et al. identified
circulating EVs embedded miR-99a-5p as a potentially useful diagnostic tool for
early detection of OC patients (Yoshimura et al. 2018). Furthermore, a quantitative
proteomic approach detected a relevant reduction of circulating miR-99a-5p after
cytoreductive surgery, thus suggesting that this biomarker may be used for disease
monitoring. Unfortunately, the diagnostic performances were always below 85%
with relevant differences according to tumor histotypes, and specificity for detecting
clear cell and mucinous OC above 90%. It should be acknowledged that the results
of this study do not support the use of this miRNA in clinical setting; however, this is
the first well-conducted experimental approach that stratified prognostic and diag-
nostic performances of specific proteomic profiles according to tumor histology
(Yoshimura et al. 2018), which certainly support this approach to be furtherly
developed. In case of endometriosis-associated OC, Suryawanshi et al. found that
three plasma miRNAs (miR-16, miR-191, and miR-195) are overexpressed in
peritoneal endometriotic lesions and discriminated between healthy subjects and
patients with deep infiltrating endometriosis (sensitivity and specificity of 88% and
60%, respectively) (Suryawanshi et al. 2013). Kobayashi et al. showed that serum
miR-1290 is significantly increased in patients with high-grade serous OC, and it can
be used to early identify these patients (Kobayashi et al. 2018). In particular, this
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study demonstrated that CA-125 retains a better performance to early identify the
OC patients as compared with miR-1290 serum levels. However, the assessment of
miR-1290 serum levels showed better performance as compared to CA-125 in
discriminating high-grade serous OC patients from women with non-serous ovarian
malignancies. Furthermore, the authors compared the levels of miR-1290 before and
after the primary debulking surgery and suggested that serum miR-1290 reflects
tumor burden, which may help disease monitoring (Kobayashi et al. 2018). Simi-
larly, in a cohort of 56 high-grade serous OC patients, Shah et al. showed that the
combination of miR-375 and CA-125 was the strongest discriminator of healthy
versus high-grade serous OC patients, and that the combination of miR-34a-5p and
CA-125 was the strongest predictor of complete surgical debulking (Shah et al.
2018). In addition, the role of the EVs derived miRNAs have been studied also in
terms of prognosis because of their implication in the development of drug resistance
in OC patients. In particular, increased circulating levels of annexin A3 (Yin et al.
2012) together with a panel of miRNAs including miR-181a, miR-1908, miR-21,
miR-486, and miR-223 were identified as markers of platinum-resistance in women
with OC, thus suggesting a potential clinically relevant role for these biomarkers
(Kuhlmann et al. 2019). To date, this approach using microRNAs and other liquid
biopsy components is under investigation in several human studies but the current
evidence is not mature yet for clinical use.

6.5 Conclusion

In the last decade, quantitative proteomic approaches have been used as a promising
tool to be used in clinical practice. In particular, compelling evidence seems to
support the role of a panel of proteins and circulating microRNAs as reliable
biomarkers to achieve early diagnosis and accurate prognostic stratification of OC
patients. On the other hand, despite a plethora of experimental data suggesting
potential diagnostic and prognostic proteomic profiles, only a few reports have
entered clinical evaluation, with contrasting results, thus producing an impressive
gap between preclinical evidences, and clinical findings. Therefore, there is an
urgent need to design clinically focused studies with an immediate reliable transla-
tion into clinical practice. The combination of proteomic profiles, serum CA-125
levels, BRCA gene status, and ultrasound examination appears as the most promising
strategy. For further reading, see Box 6.1.
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Box 6.1 Overview of recommended articles providing relevant scientific
insights on this specific issue

Recommended reading of particular interest DOI

Macklin A, et al.Recent advances in mass spectrometry
based clinical proteomics: applications to cancer
research. Clin Proteomics. 2020;17:17.

https://doi.org/10.1186/
s12014-020-09283-w

Sobsey CA, et al. Targeted and Untargeted Proteomics
Approaches in Biomarker Development. Proteomics.
2020;20(9):e1900029.

https://doi.org/10.1002/
pmic.201900029

Bonifácio VDB. Ovarian Cancer Biomarkers: Moving
Forward in Early Detection. Adv Exp Med Biol.
2020;1219:355–363.

https://doi.org/10.1007/978-
3-030-34025-4_18

He Y, et al.Oncoproteomics: Current status and future
opportunities. Clin Chim Acta. 2019;495:611–624.

https://doi.org/10.1016/j.
cca.2019.06.006

Srivastava A, Creek DJ. Discovery and Validation of
Clinical Biomarkers of Cancer: A Review Combining
Metabolomics and Proteomics. Proteomics. 2019;19
(10):e1700448.

https://doi.org/10.1002/
pmic.201700448

Carvalho VP, et al. The contribution and perspectives
of proteomics to uncover ovarian cancer tumor
markers. Transl Res. 2019;206:71–90.

https://doi.org/10.1016/j.
trsl.2018.11.001

Forshed J. Experimental Design in Clinical 'Omics
Biomarker Discovery. J Proteome Res. 2017;16
(11):3954–3960.

https://doi.org/10.1021/acs.
jproteome.7b00418

Huang Y, Zhu H. Protein Array-based Approaches for
Biomarker Discovery in Cancer. Genomics Proteomics
Bioinformatics. 2017;15(2):73–81.

https://doi.org/10.1016/j.
gpb.2017.03.001

Bonifácio VDB. Ovarian Cancer Biomarkers: Moving
Forward in Early Detection. Adv Exp Med Biol.
2020;1219:355–363.

https://doi.org/10.1007/978-
3-030-34025-4_18

Labrie M, et al. Proteomics advances for precision
therapy in ovarian cancer. Expert Rev Proteomics.
2019;16(10):841–850.

https://doi.org/10.1080/
14789450.2019.1666004

El Bairi K, et al. Prediction of therapy response in
ovarian cancer: Where are we now? Crit Rev Clin Lab
Sci. 2017;54(4):233–266.

https://doi.org/10.1080/
10408363.2017.1313190
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