1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Expert Rev Mol Diagn. Author manuscript; available in PMC 2021 February 01.

-, HHS Public Access
«

Published in final edited form as:
Expert Rev Mol Diagn. 2020 February ; 20(2): 123-125. doi:10.1080/14737159.2019.1665507.

How else can we approach prostate cancer biomarker
discovery?

Richard R. Drakel”, Peggi M. Angell, Jennifer Wu?2, Russell K. Pachynski®3, Joseph E.
Ippolito?

1Department of Cell and Molecular Pharmacology and Experimental Therapeutics, Medical
University of South Carolina, Charleston, South Carolina, USA

2Departments of Urology and Microbiology-Immunology, Northwestern University Feinberg
School of Medicine, Chicago, lllinois, USA

3Department of Medicine, Division of Oncology, Washington University School of Medicine, St.
Louis, Missouri, USA

4Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis,
Missouri, USA

Keywords

Biomarkers; Extracellular Matrix; Glycosylation; Imaging Mass; Spectrometry; Magnetic
Resonance Imaging; Prostate Cancer

1. Introduction

The need continues for new prostate cancer (PCa) biomarkers for use in early detection,
recurrence and metastatic disease diagnostics, therapeutic monitoring, and prediction of
treatment benefit. As the urology, radiology and oncology disciplines continue to evaluate
how to minimize the overdiagnosis and overtreatment associated with current prostate
specific antigen (PSA) serum tests [1], there has been significant emphasis placed on
multiparametric magnetic resonance imaging (mpMRI) based detection of clinically
significant PCa. It is used for multiple indications including stratification of patients into
low, intermediate, and high risk groups that guide treatment regimens from active
surveillance to radical prostatectomy. Although an important step forward, inherent
limitations with the use of MR in the detection of clinically significant cancer are still
present and contribute to both false positives and false negatives [2]. Therefore optimizing
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tissue biomarker discovery that can be used as “ground truth” for further optimization of
clinical imaging protocols represents a significant unmet need in the field.

As a potential alternative, genomic-based liquid biopsy targets of cell free DNA (cfDNA)
and circulating tumor cells (CTC) have emerged [3]. A recent consensus report of clinical
experts in circulating prostate cancer biomarkers highlights these needs, especially in
regards to developing biomarkers for treatment decisions, efficacy and metastasis [4]. These
opinions were all based on developing genomic-based cfDNA and CTC assays. Genomics-
based classification and risk stratification have made great strides, but many limitations still
exist due to the continued interpretation of complex genomic data, its relation to impact on
clinical outcomes, and not every mutation may be clinically actionable. Therefore,
employing complementary research strategies to better clarify the functional readout of the
cancer genome, i.e, how pathways downstream of genome regulation enhance
tumorigenesis, may lead to new approaches for diagnosis and treatment for advanced PCa,
as well as new biomarker targets.

One well-known functional readout of the cancer genome is metabolism. Carbohydrate, or
sugar, metabolism, specifically glucose, has been documented as a hallmark of
tumorigenesis that enhances cell energetics (e.g. ATP synthesis) and biosynthetic processes
(e.g. nucleotide and amino acid synthesis) [5]. This provides the basis of fluorodeoxyglucose
positron emission tomographic (FDG-PET) imaging where tumor FDG uptake inversely
correlates with survival in numerous cancers, including prostate cancer [6]. However,
carbohydrates also can be incorporated into multiple types of complex carbohydrate
structures that comprise the cell surface glycocalyx. These glycans are represented by N-
linked and O-linked glycoproteins, glycosphingolipids, and glycosaminoglycans attached to
proteoglycans and can interact with multiple extracellular matrix (ECM) proteins in the
stroma, many of which are also glycosylated, as well various cell types including the
immune system [7]. The role of the stroma in promoting and supporting cancer progression
is a major area of cancer research, including PCa. Malignant transformation of the ECM
disrupts the homeostatic tissue microenvironment, altering tissue processes of adhesion, cell
death, migration, and proliferation to promote tumor growth [8]. Overall, targeting
carbohydrate utilization as a functional end-product of metabolism, combined with targeted
analysis of ECM constituents, could lead to novel diagnostic and therapeutic biomarkers of
PCa across the clinical spectrum of the disease.

Herein, we propose a strategy for PCa biomarker discovery in tissues, that spatially registers
tissue glycosylation and protein expression of tumor, ECM, and immune components by
merging matrix assisted laser desorption ionization (MALDI) imaging mass spectrometry
and clinical prostate multiparametric magnetic resonance imaging (mpMRI). Specifically,
MRI scans that are performed prior to prostatectomy are used to generate histologic 3D
printed molds that are used to section the prostate in the same orientation as the MRI scan
[9]. This allows for the coregistration of MRI imaging biomarkers and histology. Once the
tumor tissue is sectioned by the pathologist using these molds, it is formalin fixed and
paraffin embedded. Molecular MALDI imaging mass spectrometry of glycans and ECM
proteins from the same patient tissues are then performed on unstained slides that directly
correspond to the clinical imaging slices (see Figure 1).
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2. Glycan and protein biomarkers of the PCa extracellular matrix.

Complex carbohydrates attached to proteins and lipids represent a major class of potential
biomarkers because of their known correlation with the presence, pathology stage and
metastatic potential of prostate cancers. It is well documented that malignant transformation
and cancer progression result in fundamental changes in the glycosylation patterns of cell
surface and secreted glycoproteins [7,10]. Historically, the majority of current FDA-
approved tumor biomarkers are circulating glycoproteins (e.g.prostate specific antigen; PSA)
or glycan antigens like sialyl Lewis A (e.g. CA 19-9 for hepatobiliary cancers). Of note,
imaging of the prostate-specific membrane antigen (PSMA) glycoprotein with PET/CT is
becoming increasingly popular in the detection of clinically significant PCa but is not yet
FDA approved [6]. Biochemically, two major classes of carbohydrate antigens, di-
fucosylated Lewis Y/F77 and high mannose structures, have been shown to be most
consistently associated with advanced PCa [10]. One group has used several new methods
based upon mass spectrometry imaging of prostate cancer FFPE tissues to further define the
types of N-glycans detected in tumor, stroma and normal gland regions of the prostate [11].
This method allows for the co-localization of the glycans with various immunostains for the
tumor microenvironment. Multiple tumor-associated glycans have been identified and
current efforts are in progress to link these changes to prostate tumor progression. Further,
defining these N-glycan changes could potentially lead to evaluation of other sugar-based
clinical imaging probes, as well as correlates with existing glycoprotein imaging targets like
PSMA.

Stromal organization is dependent on post-translational modifications of glycosylation,
hydroxylation of lysines and prolines, and sulfation [12]. Recently, a novel MALDI imaging
mass spectrometry approach to identify stromal and ECM proteins following digestion with
collagenase was used to profile FFPE tumor tissues [12]. This method has the advantage of
identifying many different types of collagen sub-types and multiple ECM proteins that
interact with collagen. These molecules are difficult to identify using standard trypsin-based
proteomic analysis workflows, as many ECM proteins, typified by collagens, are poor
trypsin substrates. The collagenase imaging MS approach has recently been merged with the
N-glycan imaging MS methods to perform the analyses on the same tissue slice. This allows
co-localization and mapping of unique glycan and ECM features within the tumor
microenvironment (see Figure 1). Of note, as the starting material for the experiments are
FFPE tissue slides derived from large amounts of MRI-co-registered tissues, multiple
sequential tissues can be analyzed to generate three dimensional molecular image maps. The
workflow is also inclusive of any immunohistochemistry correlates of known PCa tissue
markers, as well as immune or immunotherapy related targets.

3. ECM, glycans and tumor-immune interactions

Within the PCa tumor microenvironment, it is now established that there is significant
crosstalk between active stroma that contributes to tumor progression and immune responses
[13]. Stromal cells, which may originate from the normal adjacent tissue or from the tumor,
promote connective tissue remodeling through ECM protein degradation and secretion [6].
Spatial analyses at a genetic level demonstrate that PCa progression involves molecular
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gradients that integrate a stromal response with inflammation [13], and PCa tumors with
increased stromal density may be more immunosuppressive [14]. The interaction of the
immune system with tumor and stroma is largely influenced by carbohydrate-binding lectins
on immune cells and other carbohydrate binding proteins like galectins [15]. More studies
are needed to understand how ECM stromal protein and carbohydrate composition
influences the tumor-immune microenvironment.

4. Summary and future directions

The role of the prostate stroma in preventing or promoting effective immune responses to
tumor is an active area of research, and it is certainly a contributor to the largely poor
responses of prostate cancers to emerging immunotherapy strategies [13,15]. The imaging
mass spectrometry approaches developed [11,12] yield unique spatially localized targets
integrally linked with molecular changes in the prostate tumor microenvironment. The
glycan and ECM biomolecules being identified have not been previously evaluated as
biomarkers. The approach we describe represents a framework to identify new prostate
cancer biomarkers, and certainly other methods could be used or incorporated. Overall, we
hypothesize that our multi-modality approach of combining clinical imaging, molecular
imaging mass spectrometry and multiplexed immunohistochemistry for three dimensional
visualization and characterization of prostate tumors will identify multiple novel diagnostic
and therapeutic biomarker targets. This approach can be fully integrated with existing
clinical, histopathology and genomic assay workflows.
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Figure 1. An integrated three dimensional multimodality work flow to evaluate new glycomic
and extracellular matrix biomarker candidates for prostate cancer.

A. Representative pre-prostatectomy MRI images for T2W (T2 Weighted Image) and DWI
(Diffusion-weighted image). B. A representative 3D-mold from mpMRI used for preparing
prostatectomy tissue co-registered with mpMRI coordinates. C. Gross pathology and
standard H&E stained tissue section, with two representative MALDI-IMS images of tumor
and stroma localized N-glycans and collagenase derived ECM peptides in the same tissue
slice.
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