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PROTEOMICS
Proteomics is the systematic study of the complete comple-
ment of proteins (proteome) of organisms. Research 
primarily focused on the discovery and validation of 
protein markers can be used for diagnostic and prognostic 
purposes in various diseases, including patients with high-
grade serous ovarian cancer (HGSOC).1,2

Using mass-spectrometry (MS) or antibody-based assays 
of a tissue’s proteome, it is possible to identify, measure 
and validate the presence of therapeutically traceable 
pathways, which may not be represented or interpretable 
through genomic analysis alone, and this has been seen 
in combined proteomic and genomic analysis of the same 
tumour.3,4 Proteomics supplement genomic analysis by 
revealing the pathways and processes of ovarian cancer that 
correspond with clinical phenotypes.5 HGSOC, relative to 
other cancers, has a low mutation rate, which is associated 
with a high degree of copy number variations (CNV) and 
remarkable genomic disarray.6 Gonçalves et al7 analyzed 
the impact of CNVs on the proteome of tumour samples 
from patients with breast, ovarian, and colorectal cancers. 
They showed that disagreement existed between the CNV 
at a genomic level and protein abundance in the tumours, 

with 23–33% of proteins undergoing post-translational 
regulation to attenuate the impact of CNVs in changes that 
would not be visible through genomic analysis alone.7

Proteomic features of ovarian cancer
The PROVAR (PRotein-driven index of OVARian cancer) 
study used proteomic markers to predict recurrence and 
survival in 412 ovarian cancer cases from The Cancer 
Genome Atlas (TCGA).1 Five proteins (phosphorylated 
epidermal growth factor receptor (pEGFR); phosphor-
ylated tafazzin (pTAZ); BH3-interacting domain death 
agonist (BID); 70 kilodalton heat shock protein (HSP70) 
and androgen receptor (AR)) were associated with longer 
progression free survival (PFS) and overall survival (OS).1 
In contrast, four proteins (eukaryotic translation elon-
gation factor 2 (EEF2), signal transducer and activator 
of transcription 5 α (STAT5 α); phosphorylated protein 
kinase C- α (pPKCα); and phosphorylated dual-specificity 
mitogen-activated protein kinase 1 (pMEK1)) were associ-
ated with shorter PFS and OS.1

TCGA is a invaluble resource in the study of ovarian 
cancer, and it’s potential for proteomic research was once 
again evident in work by the clinical proteomic tumour 
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ABSTRACT

Radioproteomics is the integration of proteomics, the systematic study of the protein expression of an organism, with 
radiomics, the extraction and analysis of large numbers of quantitative features from medical images. This article 
examines this developing field, and it’s application in high grade serous ovarian carcinoma. Seminal proteomic studies 
in the area of ovarian cancer, such as the PROVAR and CPTA studies are discussed, along side recent research, such as 
that highlighting the central role of methyltransferase nicotinamide N-methyltransferase as the metabolic regulation 
of cancer progression in the tumour stroma. Finally, this article considers a novel, hypothesis generating approach 
to integrate CT-based qualitative and radiomic features with proteomic analysis, and the future direction of the field. 
Combined advances in radiomic, proteomic and genomic analysis has the potential to signal the age of true preci-
sion medicine, where treatment is centered specifically on the molecular profile of the tumour, rather than based on 
empirical knowledge, thus altering the course of a disease that has the highest mortality of all cancers of the female 
reproductive system.
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analysis consortium (CPTAC).5 Using mass spectrometry, they 
performed a comprehensive proteomic characterisation of 174 
ovarian tumours, 169 of which were HGSOC. The proteomic 
data were integrated with the previously acquired genomic data 
to assess the effect of different copy number alterations (CNA) on 
the proteome, and those proteins associated with chromosomal 
instability and short overall survival. They observed that proteins 
associated with cell invasion and migration, and immune func-
tion, were enriched in association with multiple CNAs.5 Protein 
abundance in tumours of short survivors (<3 years) were 
compared with those of long survivors (>5 years). In short survi-
vors, serum response factor (SRF), a proliferation-associated 
transcription factor and the proteins it regulates were found to 
be more abundant.5 Integrated proteomic, phosphoproteomic 
and transcriptomic analysis identified an association between 
pathways related to increased invasiveness and motility, and 
short survival; these pathways included PDGFR-beta signalling 
pathway (associated with angiogenesis), and rhoA-regulatory 
and integrin-like kinase pathways (both associated with cell 
mobility and invasion).5

Other proteins also recognized in CPTAC’s analysis of ovarian 
tumour samples have been previously shown to have an onco-
genic association in other cancers. These include: catenin B2, 
a tumour suppressor whose loss is associated with increased 
migration and invasion properties in laryngeal cancer8; rho GDP 
dissociation inhibitor 2 (RhoGDI2), a protein involved in the 

regulation of cell migration and cell cycle progression, whose 
overexpression correlates with a poor prognosis in pancreatic 
carcinoma9; protein kinase C and casein kinase substrate in 
neurons (PACSIN2), a tumour suppressor involved in repressing 
cell migration associated with the oncogenic effects of cyclin D110; 
and RAN, a member of the rasGTPase super-family of proteins, 
highly expressed in high-grade and stage serous ovarian carci-
noma, and associated with poor prognosis.11 The abundance of 
these cell migration and invasion factors corroborates the theory 
of haematogenous spread in the metastasis of ovarian cancer.12

The CPTAC’s database has proven to be a rich resource that 
research groups can access. One such team, Yu et al13, investi-
gated the proteomic signatures of 130 patients from the CPTAC 
database using supervised machine-learning techniques. Their 
work showed that the expression of several proteins was highly 
associated with platinum resistance.13 Upregulation of KRT19 (a 
member of the type-1 cytokeratins) involved in tumour invasion 
and metastasis, which is present in many cancers, was also asso-
ciated with early disease recurrence.13

Eckert et al14 analysed laser microdissected cancer cells, allowing 
compartment-resolved proteomic analysis of both tumour and 
stromal compartments from the whole spectrum of HGSOC, 
from serous tubal carcinoma in situ (STIC) to metastatic tumours. 
Their work showed that, between patients, there was a significant 
variation in the protein signatures of tumour compartments, 

Figure 1. Schematic summary integrating proteomics, genomics and radiomics.
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emphasizing the molecular heterogeneity of HGSOC.14 Anal-
ysis also revealed that, although the tumour proteome remained 
remarkably unchanged as it progressed from STIC to metastatic 
disease, the metastasis-related stromal proteome had a distinct, 
highly conserved protein signature containing the methyl-
transferase nicotinamide N-methyltransferase (NNMT).14 The 
expression of NNMT was a crucial metabolic regulator of the 
cancer-associated fibroblast (CAF) and its associated cytokines.14 
The presence of NNMT supported the migration of cancer cells, 
as well as proliferation and metastasis.14 Through the action of 
NNMT in CAFs, the level of S-adenosyl homocysteine (SAM—
the universal methyl donor for histones, non-histone proteins, 
DNA, RNA, and others) was reduced.14 This resulted in a reduc-
tion in histone methylation and widespread gene expression 
changes in the tumour stroma.14

Although predominantly found in metastatic sites, a subset of 
the primary tumour sites did contain a high stromal expression 
of NNMT.14 Using the tissue microarrays employed to validate 
the presence of NNMT, an analysis of the potential of NNMTs 
to serve as a prognosticator in chemotherapy-naive HGSOC was 
conducted. It showed that high levels of NNMT in the stroma 
of the primary tumour correlated with platinum resistance and 
a significantly worse recurrence-free survival and OS.14 There 
were no proteomic distinctions between the protein environment 
of STIC or metastatic tumours, suggesting that STIC already 
possesses the machinery and capability to become metastatic.14

Integrating proteomic analysis with radiomic 
features
A recent study integrated CT-based qualitative and radiomic 
features with proteomic analysis.15 Tissue samples and images 
from 20 patients with HGSOC awaiting primary cytoreductive 
surgery were analyzed, with associations found between the pres-
ence of certain proteins and CT-based qualitative traits, specif-
ically: Melanoma Antigen Gene A4 (MAGEA4a) which was 
positively correlated with supradiaphragmatic lymphadenop-
athy, and cysteine rich protein 2 (CRIP2), which was negatively 
correlated with mesenteric disease.15 In addition, proteomic data 
were integrated with radiomic features that capture tumour intra- 
and intersite heterogeneity (cluster-site entropy, cluster standard 
deviation, and cluster dissimilarity), and showed that low levels 

of argininosuccinate synthase 1 (ASS1) were associated with 
more heterogenous tumours.15 This is consistent with previous 
studies of ASS1 that show low levels of the protein correlate with 
more heterogenous tumours, platinum therapy resistance and 
ultimately a poor prognosis.16

Lu and colleagues developed a quantitative radiomics prog-
nostic vector that predicts survival in patients with epithelial 
ovarian cancer and is able to identify patients with a poor overall 
survival of less than 2 years.17 The authors discovered a signif-
icant correlation between the radiomics prognostic vector and 
the tumour tissue fibronectin abundance,17 a protein known to 
promote tumour migration and invasion.18

Future directions
In the future, it is hoped that advances in the areas of proteomics, 
radiomics, and genomics will herald an age of precision medi-
cine, where treatment is centered specifically on the molecular 
profile of the tumour, rather than being based on empirical 
knowledge.2,19 Precision tissue sampling techniques that use CT, 
MRI or PET-based radiomic tumour habitats for ultrasound-
guided targeted biopsies will enable the prospective analysis of 
relevant tumour regions.20 Large-scale prospective trials like that 
of the APOLLO group (Applied Proteogenomics OrganizationaL 
Learning and Outcomes), which integrate these three disciplines 
(Figure 1), will give clearer insight into the pathways of ovarian 
cancer and unearth new therapeutic possibilities.19 Such studies 
could also allow the discovery and full validation of indicators 
of disease heterogeneity, treatment resistance, and predictors 
of outcome, thus altering the course of a disease that remains 
the most common cause of death from gynaecological cancer 
worldwide.19,21
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