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Preface

The term “biomarkers” in medicine is defined as objective indications of medical state ob-
tained from a patient, which can be measured accurately and reproducibly. While new tech-
nologies have accelerated the identification of disease-specific biomarkers, careful
assessment of the validity of many biomarkers in risk assessment, diagnosis, prognosis, and
therapeutic target identification is required with respect to the stage of disease, specificity,
precision, and cost.

Biomarkers appear in various forms, including proteins, peptides, microRNAs, antibodies,
cell types, metabolites, lipids, hormones, enzymes, physiological states such as blood pres-
sure and body temperature, and imaging data. Ultimately, biomarkers are meant to be used
to detect a change or changes in the physiological state of a patient that correlates well with
the disease progression, with the susceptibility of a disease to a given treatment, or with the
predictive treatment outcomes. In particular, biomarkers hold great promise in personalized
medicine as information gained from biomarkers can be used to tailor specific treatment to
the individual for highly efficient intervention in the disease process.

This book includes chapters in biomarkers of cancer, inflammation, oxidative stress, trau-
matic injury, autism, neurodegenerative diseases, diabetes, cardiovascular diseases, rare ge-
netic diseases, and physical exercise-induced brain health. Although the basic principles of
biomarker application are similar, the focus of each chapter rests on the practical aspects of
each disease type as well as each molecular type (i.e., genes, proteins, and metabolites), ena-
bling readers to easily acquire an understanding of useful biomarkers or potential biomark-
er candidates that are still under development.

Finally, we would like to thank all the contributors for their dedicated work, their time
spent on their chapters, and their patience and endurance that undoubtedly is necessary for
this to happen. We hope that this book will bring new insights to our readers” knowledge
base and that it becomes a resource for basic science investigators and clinicians to enable
appropriate application and use of biomarkers in their everyday practice.

Mu Wang and Frank A. Witzmann
Indiana University School of Medicine,
USA
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Chapter 1

Cancer Biomarkers

Hala Fawzy Mohamed Kamel, and
Hiba Saeed Bagader Al-Amodi

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/62421

Abstract

Cancer biomarkers (CB) are biomolecules produced either by the tumor cells or by other
cellsofthebodyinresponsetothetumor. Every celltypehasitsuniquemolecularsignature
and identifiable characteristics such as levels or activities of myriad of genes, proteins, or
other molecular features; therefore, biomarkers can facilitate the molecular definition of
cancer. Ouraimwasprovidingupdated knowledgeand performing detailed review about
CB regarding their molecular and biochemical characterization and their clinical utility
in screening, diagnosis, follow-up, or therapeutic stratification for cancer patients.
Focusing on conventional, the FDA approved as well as promising future biomarkers in
most common cancers. In addition, emphasizing on their prospective role may be of great
value in improving the management of cancer patients. The challenge and future
prospective of biomarkers, by facilitating the combination of therapeutics with diagnos-
tics, promise to play an important role in the development of personalized medicine.

Keywords: cancer, biomarkers, molecular markers, prognosis, diagnosis, proteomics

1. Introduction

Increasing cancer burden is a major health problem; GLOBOCAN estimated nearly 8.2 million
deaths and 14.1 million new cancer cases all over the world in 2012 [1] and it is expected to be
16 million new cases every year by 2020 [2]. Widespread application of existing cancer control
knowledge, early detection, appropriate therapy with proper follow-up, and prediction
measures through cancer biomarkers could definitely be very effective tools for the ameliora-
tion of cancer burden. Biomarkers are “Any measurable diagnostic indicator that is used to
assess the risk or presence of disease” as defined by the US Food and Drugs Administration
(FDA), or they would be comprehensively defined as—“A characteristic that is objectively

I m EC H © 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited. [[(ec) IFXANEEEEN
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measured and evaluated as an indicator of normal biological processes, pathogenic processes,
or pharmacological responses to therapeutic intervention” [3]. Cancer biomarkers (CB) are
biomolecules produced either by the tumor cells or by other cells of the body in response to the
tumor, and CB could be used as screening/early detection tool of cancer, diagnostic, prognos-
tic, or predictor for the overall outcome of a patient. Moreover, cancer biomarkers may identify
subpopulations of patients who are most likely to respond to a given therapy [4]. Biomarkers
can be genes, gene products, specific cells, molecules, enzymes, or hormones which can be
detected in blood, urine, tissues, or other body fluid [5].

1.1 Historical background of cancer biomarkers

Two thousand years ago, Ancient Egyptians were the first known who try to find markers for
malignancy as described in an Egyptian papyrus, they had their first attempt in distinguishing
breast cancer from mastitis [6]. Use of CB in medicine then started around 170 years ago, when
Sir Bence Jones described a protein in urine of multiple myeloma patients that could be
identified by its special heat coagulation properties. In 1847, Bence-Jones protein was the first
cancer biomarker that was discovered as a tumor-produced light chain antibody of immuno-
globulin G (IgG) in multiple myeloma patients, it was excreted in urine in excess and could be
identified by heat denaturation [7]. Later, in 1986, Bence-Jones protein was reported to be
present also in the serum of myeloma patients [8]. Two years later, in 1988, an immunodiag-
nostic test was approved by the FDA for the detection of Bence-Jones protein which may aid
in the diagnosis of multiple myeloma, Waldenstrom’s macroglobulinemia, leukemia, and
lymphoma. In 1867, amylase was introduced by Sir Michael Foster who reported the increase
levels of serum amylase in patients with cancer pancreas. He suggested urinary amylase as a
biomarker for cancer pancreas. Then, after years of studying pathology and physiology of
pancreas, it was realized that cancer pancreas originate from ductal cells not acinar cell; the
source of amylase enzyme. Therefore, elevation of amylase enzyme may occur in large tumors
impinging on acinar cells [9]. During the next 100 years, numerous studies involved other CB
including hormones as chorionic gonadotropin (hCG) in choriocarcinoma and catecholamines
in pheochromocytoma and neuroblastoma, and enzymes as acid phosphatase in prostate
cancer, and alkaline phosphatase in bone tumors [10]. Definitely, the development of the
immunoassay concept in the 1950s by Yalow and Berson has very important impact on the
field of CB testing using polyclonal antibodies. Later in 1970s, CEA immunoassay was
commercially available. The field of cancer biomarkers showed uprising in 1975 with the
development of monoclonal antibodies and in 1982 with the development of the immune-
metric (sandwich) immunoassay. This leaded to feasible expansion in the introduction of
several immunoassays and new tumor antigens to be used as available tests in routine clinical
practice. Recombinant antibody techniques also provided better understanding of the hy-
pothesized structure and functions of CB. Recent molecular biology techniques were the key
for discovering and realizing the putative functions of CB as tumor suppresser genes, onco-
genes, nuclear proteins, and telomerase [11, 12]. Unfortunately, along all these years since the
discovery Bence-Jones protein, only very few CB have been approved by the FDA as diagnostic
or prognostic cancer markers in spite of being extensively studied. However, emerging
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technology of omics, such as genomics and proteomics, may indeed encourage the generation
and Validation of CB [10].

1.2 Cancer development and mechanisms for the production of cancer biomarkers

Cancer is a multifactorial cluster of diseases reflecting fundamental abnormality involving
uncontrolled cell growth and proliferation alternating the normal cell behavior. Molecular
mechanisms exhibit alterations in the expression of multiple genes mostly includes: (proto)
oncogenes, tumor suppressor genes, and DNA repair genes that contribute to the development
of cancer genotype and phenotype with a state of dysregulation of cell proliferation events.
Cancer hallmarks hypothesis has been postulated in 2000 by Hanahan and Weinberg. They
initially categorized biological mechanisms for the cancer development into six processes:
proliferative signaling, avoiding growth suppression, cell death resistance (immortalization),
enabling of replicative immortality, induction of angiogenesis, and finally activation of
invasion and metastasis [13]. Increasing evidence suggest that cancer may be triggered also by
epigenetic changes as histone modification and DNA alteration of methylation causing
alterations in the condensation state of chromatin [14]. Genetic alterations of cancer cells, as
point mutation, gene rearrangement or amplifications, and subsequent disturbances of cell
division and proliferation will be manifested by release of biomarkers of such changes in
majority of patients with a specific type of cancer. Therefore, they can be used as biomarkers
for the cancer detection or predicting responses to various treatments [15-17]. Comprehensive
understanding of the altered molecular mechanisms and cellular processes underlying
carcinogenesis or hallmarks of cancer may link cancer biomarkers and their clinical utility in
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Figure 1. Identification of biomarkers in the process of carcinogenesis modified from Bhatt et al. [18].
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cancer patient. Genetic, molecular, and metabolic biomarker may be identified through
applying the sequential of events occurring in cancer cells from gene mutation following its
effects on cellular proliferation and metabolism [18], as illustrated in Figure 1. One of the major
challenges for oncology research is to establish the definite relationship between cancer
biomarkers and cancer pathology, as well as, to detect cancer in early stage beside the devel-
opment of targeted therapies targeting the exact altered gene or cellular process [16].

1.3 Serum, biological fluid, and tissue Cancer Biomarkers

Understanding mechanisms of carcinogenesis could explain the production and release of CB
in cancerous cells, blood or various body fluid and hence release of those molecules and
elevation during cancer initiation, development, and progression or metastasizing. Mecha-
nisms for elevation of CB levels in any of the biological fluid could be explained by three
mechanisms. The first mechanism is overexpression or amplification of gene product, or
enhancement of epigenetic changes (affect gene expression) as DNA methylation with release
of such CB as protein human epididymal secretory protein 4 (HE4) in ovarian cancer. HE4 is
overexpressed in ovarian carcinoma and could be also detected in serum [19-21]. However,
clinical evaluation of HE4 revealed that it is also overexpressed in endometrial, breast, and
bronchial adenocarcinoma [22]. The second mechanism of elevation could be typically applied
on serum biomarkers, which is the secretion of cellular proteins or shedding of membrane
proteins. An example of such serum biomarker is alpha-fetoprotein (AFP); an oncofetal protein
with altered single peptide that is elevated in circulation in patient with hepatocellular
carcinoma [23] and HER2-neu, a cell membrane surface-bound tyrosine kinase, released and
elevated in the serum of breast cancer patients after being cleaved by proteolysis. HER2-neu
is also approved by the FDA for monitoring of metastatic cases of breast cancer [24]. The third
mechanism is cell invasion and angiogenesis as occur with prostate-specific antigen (PSA). It
is expressed normally by prostatic epithelium but elevation of PSA levels occurs due to
distorted basement membrane of prostatic cell and lymph angiogenesis [25]. The clinical
application of CB, especially circulating protein targets in cancer management, is emerging
into anew era especially with the availability of promising sensitive techniques that implement
the discovery of “omics” cancer biomarkers in body fluids that may represent a novel, highly
sensitive diagnostic tools for the early detection of cancer. Of even much importance are hidden
cancers that are not easily accessible, for example, nasopharyngeal, ovarian, and pancreatic
cancers. However, there is mandatory need for validation of such biomarkers [26]. CB could
be detected in cancerous cells or tissue of origin in solid tumors, bone marrow, and lymph
node or as circulating cells. CB could be detected in biological body fluid such as serum, ascetic
fluid, pleural fluid, or urine representing noninvasive specimens or samples. CSF fluid is a
suitable candidate for brain and CNS cancer. Meanwhile, urine is one of the promising frontier
for the detection of bladder cancer or for of patients” surveillance [27]. In addition, it was
postulated that prostate cancer antigen 3 (PCA3) is another promising new molecular marker
for diagnosis and follow-up of cancer prostate [28]. Stool for colorectal cancer, nipple aspirate
fluid, ductal lavage, and cyst fluid for breast cancer are other examples for biological fluid
sources for discovery or clinical application tool for CB [29].
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2. Clinical applications and performance indications of Cancer
Biomarkers

More than 25 years ago, the clinical usefulness of CB was limited to be an effective tool for
patient’s prognosis, surveillance, and therapy monitoring. Definition of tumor markers that
have been adopted by the fifth International Conference on Human Tumor Markers held in
Stockholm, Sweden, in 1988 stated that “Biochemical tumor markers are substances developed in
tumor cells and secreted into body fluids in which they can be quantitated by non-invasive analyses.
Because of a correlation between marker concentration and active tumor mass, tumor markers are useful
in the management of cancer patients. Markers, which are available for most cancer cases, are additional,
valuable tools in patient prognosis, surveillance, and therapy monitoring, whereas they are presently
not applicable for screening. Sero-diagnostic measurements of markers should emphasize relative trends
instead of absolute values and cut-off levels.” However, CB have been reported to be used also for
screening of general population or risk groups, for differential diagnosis, and for clinical
staging or stratification of cancer patients. Additionally, CB are used to estimate tumor burden
and to substitute for a clinical endpoint and/or to measure clinical benefit, harm or lack of
benefit, or harm [4, 18, 30]. Among commonly utilized biomarkers in clinical practice are PSA,
AFP, CA125, and CEA. PSA is one of the serum biomarker currently used consistently in
primary care to assess the risk of underlying prostate cancer. Cancer antigen 125 (CA-125) can
be a biomarker of ovarian cancer risk or an indicator of malignancy, but it has low sensitivity
and specificity. CEA is another biomarker that is elevated in patients with colorectal, breast,
lung, or pancreatic cancer [31]. A major challenge is to develop promising CB for the stratifi-
cation of cancer patients not only to predict outcome or response for therapy, providing
customized treatment, but also for personalized therapeutic strategies of cancer patients.
Among promising biomarkers in that field is survivin and HER2-neu [32, 33].

2.1. Sensitivity and specificity for evaluation of accuracy of CB

As being released from tumor cells, or body cells in response to the tumor, CB can be detected
in any of the body fluids, secretions, or tumor tissue and cells. CB can be detected in serum,
plasma, or whole blood, also in whole excretions as urine, sputum, or CSF. Therefore, CB could
be assessed in noninvasive and in serial manner. Evaluation of cancer biomarker in tissue or
cells requires tissue biopsy or more invasive technique than serum biomarkers. CB can be
detected in tissues by special techniques but in an invasive manner than serum or urine
biomarkers. Genetic biomarkers could be detected in DNA derived from tumor tissue, whole
blood, or buccal mucosa cells [34]. Evaluation of diagnostic value of any test or marker is
usually performed with referral to the terms of sensitivity and specificity of that marker.
Specificity means that ability of the marker to detect non-diseased subjects whereas sensitivity
refers to the ability of that test to identify diseased subjects (patients) [35]. At definitive cutoff
value, a test or biomarker may be found above that value (positive), but actually not all
positives are diseased subjects. Therefore, sensitivity is calculated, as the ratio of the all
positives who are found by that test, above the cutoff value to the total number of abnormals
known to have the disease (true positive); simply sensitivity is the true positive rate (TPR).

5



6 Role of Biomarkers in Medicine

Similarly, by applying the same cutoff value for the same test, some people with normal results
below cutoff value are actually normal (true negative) but not all of them are not having the
disease (false negative). Therefore, the true negative rate or specificity could be calculated as
the ratio of the all negatives who found by the test below cutoff value to the total number of
normals known not to have the disease (true negative) [36]. Therefore, a CB with 100%
specificity could be used to correctly identifies all non-cancerous subjects, CB with 70%
specificity could identify only 70% of the non-cancerous as being negative (true negatives),
and however, 30% of non-cancerous are falsely identified positive (false positives) [37].
Supposing sensitivity of a CB is 100%, this means that it could identify all cancer patients and
if another CB supposed to be with 90% sensitivity, it could detects 90% of patients with cancer
(true positives) but fail to detect it only in 10% of cancer patients (false negatives). Conse-
quently, sensitivity and specificity could be computed across all possible cutoff or threshold
values and both are inversely related to each other [38].

Patients Patients
without with
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Figure 2. Cancer biomarker range of results among cancer and non-cancerous patients.

2.2. Receiver operating characteristics (ROC) curve analysis

Comparative analysis of different sensitivities and specificities at different thresholds would
be very effective to judge the accuracy of diagnostic test. ROC curve was introduced by the
British during World War II in order to identify accurate radar detectors and was used later
in performance evaluation of radiological tests [39]. ROC curve is simply defined as perform-
ance indicator of a test or biomarker by plotting its sensitivity along the y axis and its 1-
specificity or FPR (false positive rate) along the x axis to assess the diagnostic ability of such
biomarker and in discrimination of the diseased from the healthy subjects [40]. ROC curves
have been extensively used for evaluation of the accuracy of diagnostic tests with meaningful
interpretations. Several indices could be derived from it such as the area under the curve (AUC)
that determines the average of the sensitivity values for all possible specificity values and
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includes whole area underneath the entire ROC curve [36]. AUC could have a range between
one and zero because values of the x and y axes probably having values ranging from zero to
one as well. The closer the value of AUC to one the better is the clinical performance of that
test [40]. Comparing AUC areas of different tests can be used to compare their diagnostic
performance as AUC is a measure of their overall performance. The test with bigger AUC value
is of better overall performance. On comparison of two tests and if both AUC areas are equal,
this indicates same diagnostic performance of both tests, but non-necessarily mean identical
ROC curves [41]. Figure 2 represents the CB levels among cancer and non-cancer cases, while
Figure 3 illustrates ROC curve and area under the curve.
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Figure 3. ROC curve analysis and comparison of area under the curve.

2.3. Ideal biomarker

Measurement of sensitivity and specificity of a biomarker at a range of cutoff values could be
of an important impact for evaluation of CB as we may chose a definitive cutoff value that
achieves the highest sensitivity and specificity. Increment of cutoff point will definitely lead
to increase of specificity of the test or false negative patients but on the other hand, this will
decrease number of false positives; this indicate a highly specific but low sensitive biomarker.
Similarly, if the cutoff point is low that indicates a highly sensitive but low-specific biomarker,
as there are fewer false negatives but more false positive subjects. Indeed, pairs of sensitivities
and specificities may describe accuracy of the biomarker and its ability to discriminate between
healthy (normal) and diseased. We can identify the threshold limit or cutoff value to a
diagnostic sensitivity of 100% or less but considering the corresponding specificity for that
threshold. The decision threshold must be chosen to be used in patient care, but not for
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assessment of accuracy. Indeed assessment for performance at definitive point may be
misleading or this may results in bias for comparison between tests [42]. Ideal biomarker must
be strictly able to differentiate between cancerous from benign cases, aggressive tumors from
insignificant one; it should be of high specificity and sensitivity. Furthermore, it should be a
noninvasive and inexpensive [30, 43]. The characteristic features of an ideal biomarker are
variable and relay to some extent on the application and classification of CB. Mostly, CB have
to fulfill the following general properties to be considered ideal. Obviously, no biomarker
could meet these requirements all together, but these criteria should be highly considered for
selection of diagnostic biomarker [44]:

* High clinical sensitivity: produced by all patients with that specific cancer (100% TPR).
* High clinical specificity: low false negative rate (100%True negative).
* Organ or tissue specific.

* Proportional to tumor burden or volume: quantitatively proportionate to tumor volume or
disease progression.

* Short half-life: reflecting quickly any early changes in tumor burden for proper monitoring
of therapy.

* Present (if any) at low levels in the serum of healthy individuals and those with benign
disease.

* Sharply discriminating metastasis.
* Exist in quantitative, standardized, reproducible, and validated assay.
* Inexpensive or low coasting method.

* Obtained in a noninvasive manner: detected in serum, body fluids, or in easily accessible
tissue.

3. Uses, clinical utility, and limitations of CB

Conventionally used tumor markers or CB may be either proteins or glycoproteins, being
probably not involved in carcinogenesis or development of cancer process, rather are likely to
be by-products of malignant transformation. Low molecular weight, small molecules or
nucleic acids markers (as gene mutations or polymorphisms and quantitative gene expression
analysis, peptides, proteins, lipids metabolites, and other small molecules are promising and
recently being evaluated as potential clinically useful tumor markers, the patterns of gene
expression and genetic alterations and defects may be the framework of the molecular
classification of CB [11]. There are several classification s for CB depending on different aspects
related to their chemical nature, proposed mechanisms for their release and applications. Six
years ago, a unique classification proposed by Mishra and Verma [45] with an emphasis on
clinical utility of CB. They classified CB into prediction biomarkers as DNA biomolecules,
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detection biomarkers as RNA molecules, diagnostic biomarkers as protein biomarkers, and
prognosis biomarkers as glyco-biomarkers. Clinical applications and uses of CB, as simply
illustrated in Figure 4 are screening and early detection, diagnostic confirmation, prognosis
and prediction of therapeutic response, and monitoring disease and recurrence [46]. Another
use of CB includes cancer susceptibility and risk assessment markers which include the
identification of individuals who are at a high risk of developing cancer or candidates for
screening programs and early preventive studies [47]. Risk or susceptibility assessment
markers include markers of inflammation, oxidative stress and single-nucleotide polymor-
phisms (SNPs), and mutations in certain genes [48, 49]. Table 1 illustrates most of traditional,
the FDA approved, and clinically relevant CB with their uses in various cancer types.

..-"fL"J'.i.!J.E.'“.'?‘.".-F

Uses of
cancer
Staging biomarkers Screening

Figure 4. Clinical utility and uses of cancer biomarkers.

3.1. Screening/early detection

In 2008, Wald defined screening as “the systematic application of a test to identify subjects at
sufficient risk of a specific disorder to benefit from further investigation or direct preventive
action, among persons who have not sought medical attention on account of symptoms of that
disorder” [50]. Earlier efficient treatment must lead to better outcome compared with the
treatment available at later cancer stages or symptomatic patients. Screening aim was to detect
disease when subjects are asymptomatic which differ from diagnosis of symptomatic patients.
Objectives of screening and early detection of cancer were to detect cancer at curable and better
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Cancer biomarker Organ specificity/cancer type ~ Application/uses References

Prostate-specific antigen (PSA) Prostate/BPH Screening, diagnosis and monitoring [86, 133]

Carbohydrate antigen 125 (CA125) Ovarian Diagnosis, prognosis, detecting [134]
recurrence and monitoring therapy

Carcinoembryonic antigen (CEA) Colorectal/hepatic Monitoring therapy [135-137]
Prognosis

Detecting recurrence

Screening for hepatic metastases

Carbohydrate antigen 15.3 (CA 15-3) Breast Monitoring therapy [69, 138]
Estrogen, progesterone receptors Breast Stratification/select patients for endocrine therapy [139-141]
(ER and PgR)
HER2 Breast Monitoring trastuzumab therapy [18, 32, 33, 142]
Carbohydrate antigen 27.29 (CA27.29) Breast Monitoring [84]
Human chorionic gonadotropin-$ Testicular Diagnosis [143]
(HCG-p) Staging
Detecting recurrence
Monitoring therapy
Alfa-fetoprotein Hepatocellular carcinoma Diagnosis [144-146]

Detecting recurrence

Monitoring therapy
Calcitonin Medullary carcinoma of thyroid Diagnosis and monitoring therapy [147, 148]
Thyroglobulin Thyroid Monitoring [149]
CA19-9 Pancreatic Monitoring therapy [76]
Nuclear matrix protein 22 (NMP-22)  Bladder Screening, monitoring and prognosis [150]
Prostate cancer antigen 3 (PCA3) Prostate Prognostic [151]

Table 1. Current cancer biomarkers and uses in clinical practice.

outcome state and even before appearance of symptoms. Reports calculated a drop in the 5
years survival rate from being about 90%, in early localized breast cancer, to reach about 60%
in local metastasizing and only 30% to distant metastasizing cases of breast cancer [51].
Therefore, screening CB should be able to detect cancer in an early stage or asymptomatic stage
and consequently will result in increase of survival rate and decrease complications or
morbidities. Screening test must be highly specific to minimize false positives as less as
possible. High specificity is mandatory for screening biomarker because even a small false-
positive rate could result in large number of unnecessary other invasive diagnostic procedures
that may be unneeded with the associated psychological burden and excess costs. Ideal
screening programs have to be noninvasive and inexpensive and definitely lead to obvious
reduction in morbidity and mortality and increase in survival rate. Usually, screening
programs are directed for highly prevalent cancers and further treatment and follow-up are
mandatory [34]. Other limiting factors for screening biomarker are the low diagnostic sensi-
tivity and specificity of most of the currently used biomarkers to serve as screening markers
and being elevated later in the course of cancer. However, few biomarkers have been used as
screening biomarkers as AFP in screening for hepatocellular cancer in high-risk subjects, PSA
in screening for prostate cancer, CA125 in screening for ovarian cancer, and fecal occult blood
testing (FOBT) in screening for colorectal cancers (CRC) and vanillymandelic acid (VMA) in
screening for neuroblastoma in newborns [52]. PSA was cleared by the FDA as a screening
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biomarker for prostate cancer; however, false positive elevation of PSA levels can be found in
individuals with benign or inflammatory conditions as benign prostatic hyperplasia and
prostatitis [53]. Contribution of PSA screening in decreasing mortality is still being a matter of
contraverse [54, 55].

3.2. Diagnosis/differential diagnosis

A diagnostic biomarker would be applied only for symptomatic patients in contrast to
screening biomarker that would be applicable only for symptomatic individuals. Interestingly,
the characteristics of an ideal diagnostic biomarker are similar to the characteristics for
screening. Notably, most of well-established biomarkers for screening could be used as
diagnostic markers and PSA is well-recognized example. PSA, in combination with a digital
rectal examination (DRE), is the most commonly used diagnostic tool for prostate cancer [56].
Regarding encountered limitations for diagnostic biomarkers, current available cancer
biomarkers are still having low diagnostic sensitivity and specificity; however, diagnostic
biomarkers must be of high sensitivity in order to be a good diagnostic biomarker [57]. For
example, Bence-Jones protein in urine remains one of the strongest, well-established diagnostic
indicators of multiple myeloma [29]. Nevertheless, some CB have proved to be useful in
confirming diagnosis, often in conjunction with a panel of other markers especially to identify
primary tumor in metastatic cases with unknown primary and/or other clinical, imaging tools
[58]. Use of panel of CB in order to increase sensitivity and specificity of CB in diagnosis has
been used to confirm diagnosis of certain cancers. In 2005, Mor et al. [59] reported that a panel,
consisting of 4 biomarkers: leptin, osteopontin, prolactin, and insulin-like growth factor 2,
collectively had a sensitivity of 95% and a specificity of 95% for the detection of ovarian cancer.
In another report, addition of two biomarkers to the previously studied panel included
macrophage inhibitory factor and CA125, sensitivity was 95% and a specificity increase to
99.4% for the detection of ovarian cancer. Other attempts to improve diagnostic sensitivity and
specificity included combination of CA125 with ultrasonography for diagnosis of ovarian
cancer [60].

3.3. Prognosis/prediction

Prognosis is the probability of cure or likely outcome of any patient. A prognostic marker is a
disease or patient characteristic feature at the time of diagnosis independent upon therapy;
hence, prognostic marker will provide information about the natural history of the disease or
the likely outcome. Meanwhile, a predictive biomarker predicts the response to different
therapeutic modalities; hence, predictive biomarker is the basic concept for personalized
medicine [57]. Magnitude of elevation or levels of CB usually reflects tumor burden, or mass
hence higher elevation of CB level mostly reflects bad prognosis and vice versa. By reflecting
the tumor burden, CB can be used in staging system for cancer or the tumor-node-metastasis
(TNM) classification. For example, in testicular germ cell tumors, very high levels of a CB such
as AFP, LDH, and HCG-{3 may indicate an aggressive cancer with poor prognosis and outcome
so such biomarkers may be used for staging in TNMS system in place with a site-specific
prognostic factor (S is for site-specific prognostic factors) [61]. LDH alone has been used for
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staging of lymphoma as well [62]. However, the accuracy of the marker in determining tumor
stage is poor. Estrogen receptor (ER) is one of the widely used prognostic and predictive tissue
biomarker; as a predictive tissue biomarker, ER is used for selecting the patients likely to
respond to hormonal therapy. Therefore, patients with ER positive tumors will mostly respond
to selective ER modulators or aromatase inhibitors independent upon stage of breast cancer
weather early or advanced [63]. ER is considered a prognostic marker as well, once ER is
negative, that indicate a poor prognosis and when positive a good prognosis is likely the
outcome for such patients. In spite of most of CB have some prognostic values which their
specific therapeutic impact cannot be applied because of their poor predication accuracy [64].
In the same context, high serum levels of HER2 in serum of breast cancer patients correlate
with poor prognosis in such patients [24]. Targeted therapy for HER-2 positive breast cancer
patients, trastuzumab (Herceptin), is a recombinant monoclonal antibody against HER-2.
Herceptin has been used in women with metastatic breast cancer that overexpressed HER2
and reported to increases the clinical benefit of first-line chemotherapy in those patients [65].
KRAS is a predictive biomarker for colorectal cancer, because patients with somatic mutations
in KRAS have poor response to anti-epidermal growth factor receptor (EGFR)-targeting
therapies [66].

3.4. Therapeutic monitoring/follow-up/evidence of metastasis or recurrence

Therapeutic monitoring may constitute the most common applications of CB markers in
clinical practice [67]. Clinically useful biomarkers usually fluctuate in accordance with tumor
behavior, size, or burden changes that are best elicited by increase in levels of CB with
progressive disease, decrease with remission, and do not change significantly with stable
disease. Kinetics of CB are more important than single measurement or elevated values [68].
Recurrence of cancer may be detected biochemically via rise in CB levels even before appear-
ance of any clinical or radiological evidence of cancer recurrence. Continues follow-up for
cancer patients during and after therapy can mirror their condition if the levels of CB were not
elevated or remain at basal level, indicating successful therapy or remission. On the other hand,
rising of CB level above the basal level indicates recurrence of the disease. CB can be a warning
sign of recurrence earlier by 3-12 months before any other diagnostic methods. Many CB could
be used for monitoring therapy or detection of recurrence or metastasis, for example, CEA in
colorectal cancers, cancer antigen 125 (CA 125) in ovarian cancers, or PSA in prostatic cancer
[69]. Some patients who encountered resistance to therapeutic modalities will experience
increasing levels of CB, and in that case, reconsideration of alternative therapy is mandatory.
Monitoring CB, as screening and diagnostic biomarker needs to be both diagnostically
sensitive and specific to ensure proper assessment of effective therapy and continuation of
such beneficial therapies and early discontinuation/replacement of ineffective therapy or
resistant cancer to those therapies. A representing example of monitoring CB is carbohydrate
antigen 19-9 (CA19-9) which has been used in pancreatic in CRC [70]. CA19-9 has been
approved by the FDA in 2002 as a monitoring marker for pancreatic cancer. However, it is not
recommended as a screening biomarker [71, 72]. Monitoring biomarkers have been extensively
used in clinical practice with few limitations perhaps related to detectors’ biomarkers of
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recurrence rather than monitoring ones. Limitations of those biomarkers probably related to
short lead time and poor affection to the outcome [29].

4. Applications of CB in most common cancers

Cancer is an enormous health problem all over the world, over years cancer was indicated as
one of the leading causes of death among males and females; an estimated 8.2 million deaths
among cancer patients occurred in 2012 worldwide [73]. Over 11 million patients are diagnosed
with cancer every year, and 16 million new cases will be expected yearly by 2020 [2]. According
to the latest report of the International Agency for Research on Cancer (IARC), the GLOBO-
CAN worldwide estimates of cancer incidence and mortality published on 2015 and the most
common cancers’ types among males were lung, prostate, colorectal, liver, and urinary
bladder. Meanwhile, breast cancer, lung, liver, ovarian cancers were among the most common
cancers in females worldwide [1]. For many years ago, few CB have been used as an effective
tool in clinical practice, while also promising CB were extensively studied for their clinical
utility. As previously discussed, traditionally used or promising CB may be used for risk
assessment for cancer, screening among asymptomatic population, confirming diagnosis or
differentially discriminate benign from malignant, prediction of outcome or prognosis, and
monitoring of therapy or staging of cancer applications [58].

4.1. Breast cancer

Breast cancer is the most common malignancy among females and the first leading cause of
cancer mortality worldwide; its prevalence is surprisingly increasing at a rapid rate lately [74].
Therefore, it is critical to use all available tools for early diagnosis and proper management of
cases. Clinically, symptoms are mainly breast lump, nipple discharge, or skin or nipple
changes. Screening guidelines by The American Cancer Society recommend that women over
40 have to perform mammography and a yearly or every other year clinical breast exam [75].
Diagnosis mainly relies on pathological examination; however, the role of CB in breast cancer
is mainly helpful with prognosis, monitoring of therapy, and for follow-up. Notably, CB does
not show great utility for early diagnosis [76]. Assessment of ER and progesterone receptors
(PR) in tissue for newly diagnosed breast cancers has been recommended by European Society
of Medical Oncology, for predicting response to hormone therapy in early and advanced breast
cancer cases [63, 77, 78]. HER-2 is another prognostic marker, most useful for selecting patients
with either early or metastatic breast cancer for the treatment with Trastuzumab (Herceptin)
[79] or predicting resistance to tamoxifen therapy in early stage of breast cancer [63]. Deter-
mination of risk groups for the development of breast cancer, who must be included in
screening program, involves the detection of genetic mutation of BRCA 1 or BRCA 2 genes,
which account for up to 5% of breast cancer cases. Due to their high susceptibility to breast
and ovarian cancer, it is strongly recommended that women carrying BRCA1 or BRCA2
mutations undergo routine cancer screening [80]. It was reported that low levels of urokinase
plasminogen activator (uPA) and plasminogen activator inhibitor-1 (PAI-1) correlate with a
reduced risk of recurrence of breast cancer and shown to be strong independent prognostic
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factors of newly diagnosed lymph node-negative breast cancers [81, 82]. Serum biomarkers
are mainly applicable as monitoring markers during therapy or to less extent prognostic
markers and usually assisted in post-operative surveillance, and CB included under that
category include CA15.3, CEA, and BR 27-29 [83, 84]. They are used in conjugation with other
tools of radiological and clinical assessments to monitor chemotherapy in advanced breast
cancer cases. Elevation of serum levels of these markers may indicate recurrence or progression
of the disease [85].

4.2, Prostate cancer

Prostate cancer (PCa) is one of the most common cancer in men and most common causes of
male cancer-related deaths [74]. Strong evidences suggested that PSA test revolutionized the
prostate cancer screening and diagnosis landscape, and the introduction of PSA as a screening
test has led to a sharp increase in the incidence of prostate cancer because there has been a shift
to diagnosis at earlier stages, consequently reducing mortality from prostate cancer [86]. Later,
many studies demonstrated significant improvement sensitivity of PSA as a diagnostic marker
using a PSA subtractions and isoforms [-2] (proPSA) and its percentage derivative % proPSA
(percent value relative to PSA) as these fraction may help for the discrimination between
benign and malignant prostatic tumors in patients with PSA values ranging from 4 to 10
ug/L [87, 88]. Other novel and promising biomarkers under investigation include human
kallikrein type 2, prostate cancer antigen 3 (PSA 3), and prostate stem cell antigen (PSCA) [89].
PCAS3 urine assay has promising role in improving the accuracy of diagnosis in prostate cancer
[90]. Elevated levels of metalloproteinase 2 and 9 (MMP-2 and MMP-9) members of protease
family have been associated with prostate cancer diagnosis [91]. MMPs have been studied as
biomarkers of therapeutic monitoring in prostate cancer [92].

4.3. Ovarian cancer

Most of the patients with epithelial ovarian cancer are diagnosed late and they have clinically
advanced stage Ill and IV on diagnosis; therefore, ovarian cancer needs a sensitive and specific
diagnostic biomarkers [93]. CA 125 is one of the most widely and conventionally used CB. It
is recommended as a screening biomarker for women who have positive family history or are
high risk for the development of ovarian cancer, beside CA125 has been used in conjugation
with vaginal ultrasound as a well-established, diagnostic biomarker [94]. CA125 is also been
used as monitoring biomarker, being decreased after starting of chemotherapy or surgery, that
correlates with favorable response basal level of CA125, two weeks before starting any
therapeutic intervention then follow ups and continues monitoring of its level at regular
intervals are highly recommended [95]. Other biomarkers were extensively studied in
monitoring of ovarian cancer and in prediction of prognosis but further studies are needed for
proper confirmation of their exact role. This panel includes kallikreins (5-9), osteopontin,
Her-2/neu, tumor-associated inhibin, CEA, trypsin inhibitor, hCG, interleukin-6 (IL-6),
prostasin, TPA, lysophosphatidic acid, plasminogen activator inhibitor-1 (PAI-1) [95-97].
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4.4. Colorectal cancer

CRCis ranked third among all cancers all over the world. An estimated one million new cases
are diagnosed and half of a million cases died each year [1]. The most common site for colorectal
carcinoma is the rectum encountering 38% of all cases followed by sigmoid accounting 29% of
cases [98]. Screening program for CRC should be directed to all asymptomatic individuals
above 50 years as recommended [99]. National Academy of Clinical Biochemistry (NACB)
recommends that all subjects 50 years or older should undergo screening for colorectal cancer.
Multiple screening procedures exist [100]. Fecal occult blood test (FOBT) is the most widely
used CB in stool [101]. Testing for blood in the stools involves either detecting globin fraction
of blood (hemoglobin) by fecal immunochemical test or the guaiac test which measures
pseudo-peroxidase activity of heme fraction of hemoglobin. CEA was characterized and
introduced into clinical practice in 1965 [76]. It is widely used as universal or non-organ, non-
tissue-specific tumor marker. CEA is not used in screening of CRC due to its low sensitivity
and specificity, beside the low prevalence of CRC among asymptomatic population; however,
it is very efficient prognostic and therapy monitoring biomarker [102]. CEA estimation is
recommended at the beginning of therapy then every 1-3 months all through the therapeutic
regimen, it is also the marker of choice for metastatic cases of CRC [103]. CA19-9 has been used
as prognostic marker, in surveillance of CRC after surgical resection and as monitoring marker
for therapeutic intervention in advanced cases [104]. Other CB under investigation are CA242
and tissue inhibitor of metalloproteinases type 1(TIMP-1) and both may complement CEA in
the surveillance of patients with colorectal cancer [105].

5. Discovery of new biomarkers/validation/technologies (omics)

Among hundreds of thousands of cancer biomarkers have been discovered, only few of them
have been approved during the past two decades by the FDA for monitoring response,
surveillance, or recurrence of cancer [106]. To be a clinically applicable and reliable biomarker,
it must be of value for informing clinical decision-making to improve the patient outcome
[107]. Initially, CB have to distinguish between people with cancer and those without. In fact,
many biomarkers do not achieve beyond this point because the investigators are either unable
to develop robust, accurate assay methods, or this biomarker lacks sufficient sensitivity
and/or specificity [108]. Actually, there was very low rate (0.1%) of successful clinical transla-
tion of biomarker [109]. Developing new cancer biomarkers has been formulated in stepwise
manner. About 15 years ago, Hammond and Taube proposed an approach for CB development
starting from discovering the marker, developing an assay method for assessment, analyzing
its clinical potential preliminarily, standardization of its assay, and finally validation of such
biomarker for clinical use [110]. Structured phased model for the development evaluation, and
validation of biomarkers, (shown in Table 2) has been proposed by Pepe et al. [111] and has
been adopted and modified by others [112, 113]. This model was similar to another model
commonly used in drug development strategy including five phases: preclinical exploratory
studies, clinical assay and validation, retrospective longitudinal repository studies, prospec-
tive screening studies, and finally cancer control studies. Novel biomarkers must bypass an
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analytical validation step concerned mainly with testing and assay methods of the biomarker
(technical aspects). After that, the biomarker has to be analyzed for its clinical validity for
discriminating between groups independently. Finally, candidate biomarker must be assessed
for clinical utility for providing additional input for patient management or aid to provide
additional information helping in decision-making for patients in order to improve patient
outcome [114].

Phases Type of studies Outcome

PhaseI Preclinical exploration Promising directions are explored and potential

biomarkers identified

Phase Il Clinical assay and validation =~ Determination of the potential capacity of the biomarker

to established disease

Phase III Retrospective longitudinal Determine how well biomarkers detect preclinical disease through

retrospectively testing

Phase IV Prospective screening Identify the characteristics of the disease detected by the biomarker

and determine the false positive rate

Phase V. Cancer control Quantification of the role of the biomarkers in the
reduction of disease burden through Phase 5

population screening

Table 2. Structured phased model for the development evaluation, and validation of biomarkers modified from Pepe
etal. [111] and Paradiso et al. [113].

5.1. Challenges for discovery of novel biomarkers

Development of biomarkers for cancer screening, early detection, and monitoring of treatment
has both biological and economic challenges. Most detection methods currently in use identify
mostly late stage or fully developed cancer, not in the premalignant or early lesions, which are
amenable to resection and cure. In spite of the fact that a screening test might detect cancer at
the preclinical stage, at the same time, not applicable for follow-up so it could fail to detect
micrometastasis, therefore limiting the benefit of early detection and treatment [115]. Another
challenge is that in many organs, for example; prostate or colon, preneoplastic lesions are much
more common than aggressive cancers [116]. This creates the question of whether any
screening method should just focus on early lesions or whether it should also analyze the
behavior of the tumor. Another challenge for the development of CB is the nature of the cancer
as being a heterogeneous disease; it is composed of many biologically different phenotypes
with different responses to intervention. The nature of its heterogeneity is found between cells
of a single macroscopic cancer. This heterogeneity may complicate the development of
biomarkers. Therefore, the development of biomarker by genomic and proteomic means might
carefully address the heterogeneity issues [117]. Detailed and comprehensive knowledge of
cancer at the cellular and molecular levels has grown dramatically and exponentially in the
past two decades and has resulted in significant improvement in the characterization of human
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tumors which in turn has catalyzed a shift toward the development of targeted therapies, the
basic concept for personalized medicine [118]. Therefore, it has been recently postulated that
the emergence of highly powerful “omics” technologies, such as genomics, epigenomics,
transcriptomics, proteomics, and metabolomics [119]. Omics technologies may be the back-
bone toward the discovery of novel CB and/or panels, with distinct advantages over the
currently used biomarkers. Omics have increased the number of potentially investigated
biomarkers as DNA, RNA, or other protein biomolecules. The former concept of single
biomarker discovery was replaced recently by multi-biomarkers discovery of panel of genes
or proteins whereby, rising the query of whether the heterogeneous and multifactorial cancer
may have single fingerprint.

5.2. Genomic technologies

Genomic technologies have been used extensively for the characterization of cancers at the
molecular level hence providing better comprehensive understanding of cancer and may
provide scientists the basic concepts for designing drugs that could target specific molecules
or the fundamental of personalized medicine [120]. Personalized medicine has been defined
by The US National Cancer Institute (NCI) as “a form of medicine that uses information about a
person’s genes, proteins, and environment to prevent, diagnose, and treat disease.” [50]. Genomic
alterations that may be associated with cancer include gene amplification, mutation, chromo-
somal rearrangements, and aberrant methylation. Molecular alterations are evolved in the
content or sequence of DNA, its transcriptions mRNA or microRNA, the production of
proteins, or the synthesis of various metabolites. Genomic alterations can be assessed through
genome sequencing technologies or microarray for gene expression [29]. Mutation screening
can be assessed by sequencing technique, while assessment of DNA copy numbers could be
analyzed by DNA microarrays and DNA expression profile via PCR [120]. Genomic microar-
rays represent a highly powerful and sensitive technique; it can predict the clinical behavior
of tumors [121]. Genomics has been extensively used for biomarker discovery and identifica-
tion. Human genome accounts approximately 30,000 genes, the availability of omics techni-
ques allows researchers to move another step further, which is designing and manufacturing
of a biological drug with better understanding of pharmacogenomics, thus biomarkers allow
the studying of the influence of genetic variation, providing new methods for treating patients
on an individual basis. The outcome of such researches is known as personalized medicine
[122].

5.3. Epigenomics

Epigenetics refers to heritable changes in gene expression that are not attributable to alterations
in the sequence of DNA. Epigenetic changes include DNA methylation, histone modifications,
and non-coding RNAs. These alterations may be present ubiquitously human malignancies
and may appear in early cancer development. Therefore, they provide particularly attractive
markers with broad applications in diagnostics [123]. Methylated DNA (meDNA) is a various
stable carrier of epigenetic information that is directly occurred in tumor formation and
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progression. In fact, the inherent stability of DNA is one of the major advantages of detecting
methylation. Genes that are often methylated in tumors are termed tumor biomarkers because
their methylation can be used to detect the disease. Utilization of meDNA markers is superior
comparing to other types of tumor biomarkers for numerous reasons including: The analysis
of DNA methylation can be achieved with a wide range of methods using different types of
biological material such as tissue, plasma, serum, sputum, and urine, among others [124].
Methodology of DNA methylation measurement has progressed gradually through the years.
Assessment techniques for epigenetic changes may include: The bisulphate conversion of DNA
followed by PCR amplification allows gene-specific methylation analysis (methylation-
specific PCR, i.e.,, MSP), which is based on using primers and probes specific to the corre-
sponding methylated DNA sequence [125]. This technology makes the detection of hundreds
of thousands of DNA methylation signals a reality. These signals can be digitized into a long
string of ones and zeros, creating a digital phenotype that reflects genetic activity in a particular
cell or tissue, that is, whether it is functioning normally or whether it is abnormal. Around 200
such biomarkers have been discovered through a large-scale genome-wide screening effort of
all major human tumors for DNA methylation biomarkers in bio-specimen; tissue and serum
[126].

5.4. Proteomics

Proteomics-based strategy diseases identification is considered as one of the dynamic and
innovative tools that could confirm, complement, or quite often supply more elaborate
information beyond that obtained by other high-throughput approaches such as genomic,
transcriptomics, and epigenomics. Despite genomic expression profiling is a highly reliable
method for cancer classification and prognostication [127, 128]. The function of such genes and
the data interpretation in the context of functional networks require their translation into active
proteins and their analysis through the power of proteomics. Moreover, although studies
focusing on detecting the differential expression of mRNA have been extremely informative,
they do not necessarily correlate with the functional protein concentrations. Therefore, post
genomic “proteomic” projects correlating protein expression profiles to cancer are essential
for a complementary and comprehensive representation of cancer biology. Moreover, target-
ing-specific protein pathways involved in tumorigenesis present a realistic aim in cancer
treatment, as proteins exert their effects through specific pathways rather than functioning
individually [120]. Macromolecules, in general, and proteins, in particular, are highly dynamic
molecules. Mechanistically, proteins can be subjected to extensive functional regulation by
various processes such as proteolytic degradation, posttranslational modification, involve-
ment in complex structures, and compartmentalization. Proteomics is concerned with
studying the whole protein repertoire of a defined entity in a biological fluid, an organelle, a
cell, a tissue, an organ, a system, or the whole organism. Therefore, in-depth studying of
proteomics profiles of various bio-specimens obtained from cancer patients is expected to
increase our understanding of tumor pathogenesis, monitoring, and the identification of novel
targets for cancer therapy. In a simple way, proteins may be actively secreted or released by
the tumor cells as a result of necrosis or apoptosis and released into the circulation [76]. This
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changes the protein profile. The difference in signal intensities may be detected by comparison
with sera from normal individuals. Secretomics, a subfield of proteomics that studies secreted
proteins and secretion pathways using proteomic approaches, has recently emerged as an
important tool for the discovery of biomarkers. In what is now commonly referred to as
proteogenomics, and proteomic technologies are further used for improving gene annotations.
Parallel analysis of the genome and the proteome facilitates discovery of post-translational
modifications and proteolytic events (comparative proteogenomics).

5.5. Metabolomics

A cancer biomarker can be a metabolite, secreted by tumor, metabolic pathway or process, and
may be employed to diagnose cancer and predict patient response towards therapies and
monitor recurrence. Though proteins are the key tumor markers that can be as diverse as
molecular, biochemical, physiological, or anatomical [129]. Markers can be utilized for
diagnosis (to identify early stage), prognosis (assess the lethality), and prediction (of patient’s
response to treatment) of cancer. The markers can be detected in body fluids (blood, urine,
serum, stool, saliva), or tissues (tissue samples or biopsies of the cancer). Moreover, it has been
shown recently that cancer volatile organic compounds (VOC) markers can be detected in
breath [130]. However, detecting the markers is a sophisticated process and metabolomics is
one of the omic technologies. Among genome, transcriptome, proteome, and metabolome, the
latter is the powerful representative of the phenotype [131]. Exploring the cancer metabolome
seems to be an effective way to study the phenotypic changes associated with tumor. Screening
biomarkers by recruiting an array of analytical techniques has been emphasized [132]. Rather
than a single metabolite, a pattern is believed to be more indicative of cancer status. Metabo-
lomic approach makes it feasible to detect an array of metabolites in a single assay. The
principal analytical tools employed for metabolome analysis are mass spectrometry (MS) and
nuclear magnetic resonance spectroscopy (NMR).

6. Conclusion and prospective

Cancer biomarkers play an important role in the field of oncology and in clinical practice for
risk assessment, screening, diagnosis integrated with other diagnostic tools and mostly for the
determination of prognosis and response to treatment and/or relapse. Cancer biomarkers can
also facilitate the molecular definition of cancer. It is necessary for clinicians and researchers
to have a comprehensive understanding of molecular aspects, clinical utility, and reliability of
biomarkers in order to determine whether and in what setting a biomarker is clinically useful
for the patient care, or additional evaluation is required before integration into routine medical
practice. The challenge and future prospective of biomarkers, by facilitating the combination
of therapeutics with diagnostics, promise to play an important role in the development of
personalized medicine.
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Abstract

Bladder cancer (BC) is the second most common malignancy in the urologic field.
Preoperative predictive biomarkers of cancer progression and prognosis are impera-
tive for optimizing appropriate treatment for patients with BC. The prediction of patient
outcomes before initial treatment would enable physicians to choose better modalities
and avoid unnecessary aggressive treatments. In addition, preoperative molecular
markers are expected to be a minimally invasive tool for predicting precise prognosis
and progression in patients with BC. The proteins secreted from the tumor cells reflect
various states of tumors in real time and at given conditions, and those expression
patterns are different from normal cell components. Approximately 20-25% of cellular
proteins are in extracellular spaces, and these proteins have important roles in invasion,
angiogenesis, regulation of cell-to-cell interactions, and metastasis. It has been
suggested that tumor-secreting proteins are a promising source for tumor diagnostic
biomarkers. Proteomic analysis was utilized to identify the secreted proteins in sera
from patients with BC. Several biomarkers associated with BC are reviewed here.

Keywords: bladder cancer, urothelial carcinoma, diagnosis, protein, biomarker

1. Introduction

Bladder cancer (BC) is one of the most common malignancies of the urinary tract and results in
significant morbidity and mortality worldwide. Approximately 75-85% of BC cases are
diagnosed as nonmuscle-invasive bladder cancer (NMIBC) at the first diagnosis, and approxi-
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mately 70% of cases present as pTa, 20% present as pT1, and 10% present as carcinoma in situ
(CIS)lesions [1]. NMIBChas a tendency torecur (50-70%) and may progress (10-20%) to ahigher
gradeand/ormuscle-invasiveBC (MIBC)intime, whichcanlead tohigh cancer-specificmortality

2].

Histological tumor grade is one of the clinical factors associated with outcomes of patients
with NMIBC. High-grade NMIBC generally exhibits more aggressive behavior than low-grade
NMIBC, and it increases the risk of a poorer prognosis [3, 4]. Due to the unfavorable prognosis
of high-grade NMIBC, a differential diagnosis between high-grade and low-grade NMIBC
might be crucial for more appropriate follow-up and aggressive treatment. Cystoscopy and
urine cytology are commonly used techniques for the diagnosis and surveillance of BC.
Cystoscopy can identify the most papillary and solid lesions, but this is highly invasive for the
patients; however, urine cytology is limited by examiner experience and low sensitivity. For
these reasons, some tumor markers have been investigated (e.g., BT Astat, NMP22), but their
sensitivity and specificity are limited [5] and they are unable to predict the clinical outcome of
BC patients.

Preoperative predictive biomarkers for cancer progression and prognosis are imperative for
optimizing appropriate treatment for patients with BC. The prediction of patient outcomes
before initial treatment would enable physicians to choose better modalities and avoid
unnecessary aggressive treatments [6, 7]. Various predictive models have been widely
investigated to reduce BC-related deaths. One of the challenges is precisely predicting the
pathological stage, which is a reliable and established factor connected to disease prognosis
[8, 9]. Although preoperative computed tomography and magnetic resonance imaging for BC
staging are undergoing development, their accuracy for predicting pathological stage varies
between 40% and 90% [10, 11]. To overcome these limitations, preoperative molecular markers
are expected to be a minimally invasive tool for predicting precise prognosis and progression
in patients with BC.

Numerous efforts have been made to identify tumor markers. In recent years, a vast array of
tumor antigens and their products have been identified. Hegele et al. investigated the serum
levels of carcinoembryonic antigen (CEA) and carbohydrate-antigen 19-9 (CA19-9) in patients
with BC [12]. They concluded that the serum levels of CEA and CA19-9 are associated with
tumor invasiveness and pathologic grade. Another study of the serum level of CEA, CA19-9,
and soluble cytokeratin 19 fragment (CYFRA21-1) in BC patients indicated that CYFRA21-1 is
relatively useful for monitoring BC and predicting its prognosis [13]. These serum materials
might be useful for monitoring and staging BC. However, a serum marker that can serve as a
reliable detection marker for BC has yet to be identified.

The proteins secreted from the tumor cells reflect various states of the tumor in real time and
at given conditions, and those expression patterns are different from normal cell components.
Thus, the proteins secreted into body fluids, such as serum, urine, cerebrospinal fluid, tears,
and saliva, from tumor cells and conditioned media of cultured tumor cells have been
investigated. Approximately 20-25% of cellular proteins are in extracellular spaces, and these
proteins have important roles in differentiation, invasion, metastasis, angiogenesis, and
regulation of cell-to-cell and cell-to-extracellular matrix interactions [3, 14, 15]. It has been
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suggested that tumor-secreting proteins are a promising source for tumor diagnostic bio-
markers. Proteomic analysis was utilized to identify the secreted proteins in sera from patients
with BC. Several biomarkers and their association with BC are reviewed here [4, 5, 16, 17].

2. Candidates for a serum biomarker in patients with bladder cancer

2.1. Uroplakin IIT

Uroplakin plays a key role in urothelial functions, including participation in the permeability
barrier, adjustment of urothelial surface area, stabilization of the urothelial surface, and
development of the urinary tract [18]. Because of their specific expression in the urothelium,
uroplakin has been investigated as a potential immunohistochemical marker for primary
lesions and for identification of the primary cancer in patients with metastases of unknown
origin [19]. The uroplakin family comprises a group of four transmembrane proteins, including
Ia (27 kDa), Ib (28 kDa), II (15 kDa), and III (47 kDa) [20]. Uroplakin III is the largest protein in
the uroplakin family and has been exclusively investigated by immunohistochemical staining.
In a previous study, the loss of uroplakin Il expression in pathological specimens is associated
with biologically aggressive BC and poor prognosis for patients who underwent radical
cystectomy [3]. However, the utility of serum uroplakin III (e.g., predictive models of disease
outcome) in patients with BC is unknown.

Serum uroplakin Il levels were investigated in patients with BC and healthy controls utilizing
dot blot analysis to demonstrate the role of preoperative serum uroplakin III levels as a
potential biomarker for BC (Table 1) [17]. The uroplakin III levels in serum in patients with
NMIBC, in those with MIBC, and in healthy controls were 1.3, 2.8, and 0.7, respectively. The
serum uroplakin III levels in patients with NMIBC and MIBC were significantly higher than
those in healthy controls (P =0.04 and P < 0.001, respectively). Comparison of BC groups with
the control group yielded the area under the curve-receiver operating characteristics (AUC-
ROC) levels for NMIBC and MIBC of 0.62 and 0.88, respectively. The sensitivity and specificity
for NMIBC, using a cut-point of 2.1, were 29% and 96%, respectively. The sensitivity and
specificity for MIBC, using a cut-point of 2.0, were 67% and 96%, respectively. There was a
significantly greater increase in serum uroplakin IIT levels in patients with MIBC than in those
with NMIBC (P = 0.003). Preoperative serum uroplakin III levels were significantly higher in
patients with positive lymphovascular invasion and pathological grade 3 disease than in those
with negative lymphovascular invasion and grade 1 or grade 2 disease. There were no
significant differences in other factors, including gender, age, and lymph node status. Survival
analysis showed that patients with high serum uroplakin III had a significantly increased
probability of cancer-specific death (P = 0.04). However, there was no factor associated with
an increased risk for cancer-specific death in multivariate Cox proportional hazards regression
analysis. These findings suggest that serum uroplakin III is one of the candidates for a
predictive biomarker for prognosis of patients with BC.
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N of patients (%) Serum uroplakin III level P

Median Range

Sex 0.41

Male 44 (85) 18 0.0-6.9

Female 8 (15) 17 0.02-3.2

Age (years) 0.72

<65 18 (35) 1.6 0.0-6.9

>65 34 (65) 1.8 0.0-6.0

Pathological 0.003

stage

<pT2 28 (54) 13 0.66-6.0

2pT2 24 (46) 28 0.0-6.9

Pathological 0.005

grade

Grade 1 or2 27 (52) 13 0.0-5.4

Grade 3 25 (48) 25 0.25-6.9

Lymphovascular 0.02

invasion

Negative 35 (67) 13 0.0-6.9

Positive 17 (33) 25 0.66-6.0

Lymph node 04

metastases

Negative 46 (88) 17 0.0-6.9

Positive 6(12) 2.6 0.74-5.4

"Mann-Whitney U test.

Table 1. Serum uroplakin IIT levels in patients with bladder cancer.

Other investigators have evaluated the role of the uroplakin family in blood samples from
patients with BC [21, 22]. Circulating uroplakin I mRNA-positive cells in blood samples were
detected using a nested reverse-transcription polymerase chain reaction assay, as reported by

Lu et al. [22]. The detection rate was associated with pathological stage, and positive rates of
uroplakin I mRNA were increased with disease extension. Li et al. [21] investigated expression
levels of uroplakin II-positive cells in sequential blood samples from patients with metastatic

BC. After chemotherapeutic treatment, patients responded well to chemotherapy and

uroplakin II-positive cells disappeared. These previous studies showed that uroplakin II in

peripheral blood might be used as a biomarker for cancer stage and treatment response.
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Although none of the biomarkers detected prognosis for patients with BC, reliable biomarkers
will lead to avoidance of unnecessary chemotherapy and radiation and will help physicians
choose intensive treatment for the appropriate patients. Expression levels of serum uroplakin
III could be used as a predictive biomarker for patients who are at increased risk for worse
prognosis. This would help physicians make decisions regarding individual treatment.

2.2. Periplakins

The plakin family mediates tissue filaments that represent the cell cytoskeleton in cell-to-cell
junctions mediated by cadherin, and it is able to withstand mechanical stimulation and provide
integrity of tissues [23, 24]. Dysfunctional plakin proteins show diverse diseases, and autoan-
tibodies (AAb) and mutations perturb their activities with profound consequences. Seven
plakin proteins are currently reported. For example, envoplakin, desmoplakin, and periplakin
are related to desmosomes in various tissues. A proteomics technique like two-dimensional
gel electrophoresis (2-DE) plus immunoblot analysis has been demonstrated to identify tumor-
associated proteins for BC [4]. The 195-kDa membrane-associated protein periplakin is
involved in cellular movement and attachment [25]. Loss of periplakin expression determined
using immunohistochemical staining was associated with biological aggressiveness of BC [26].
In addition, the majority of BC cases showed loss or decreased expression patterns compared
with normal or benign lesions on pathological slides. Another study determined whether the
dynamics of serum periplakin would detect BC and predict the prognosis of patients with BC
(Table 2) [16].

N of patients (%) Serum periplakin levels P

Median Range
Sex 1
Male 43 (86) 0.23 0.0-4.4
Female 7 (14) 0.32 0.0-20.5
Age (years) 0.4
<65 16 (32) 0 0.0-7.0
265 34 (68) 0.51 0.0-20.5
Pathological stage 0.03
<pT2 27 (54) 0 0.04.1
>pT2 23 (46) 1.5 0.0-20.5
Pathological grade 04
Grade 1 or2 26 (52) 0 00-7.9
Grade 3 24 (48) 0.98 0.0-20.5
Lymphovascular invasion 0.4

Negative 33 (67) 0.043 0.0-7.0
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N of patients (%) Serum periplakin levels P
Median Range
Positive 17 (33) 0.74 0.0-20.5
Lymph node metastases 0.4
Negative 44 (88) 0.50 0.0-3.8
Positive 6(12) 0.16 0.0-20.5

"Mann-Whitney U test.

Table 2. Serum periplakin levels in patients with bladder cancer.

The median levels of serum periplakin in patients with BC were significantly less than those
of healthy controls (0.3 and 5.7, respectively; P <0.0001). The AUC-ROC level for the compar-
ison between the BC group and the control group was 0.85. The sensitivity and specificity for
BC, using a cut-off point of 4.0, were 84% and 73%, respectively. The levels of serum periplakin
were higher in patients with MIBC than in those with NMIBC (0 and 1.5, respectively; P =0.03).
However, serum periplakin levels were not associated with other factors, including gender,
age, pathological grade, lymphovascular invasion, and lymph node status. Survival analyses
using the log-rank test showed no significant differences in terms of progression and cancer-
specific survival. Using multivariate Cox proportional hazards regression analysis, it was
determined that none of the factors was associated with an increased risk for progression or
cancer-specific survival.

Recent studies described the biological role of periplakin in cancer. Decreased expression of
periplakin was associated with the progression of esophageal squamous cell carcinoma [27,
28]. Cyclin A2-induced upregulation of periplakin was associated with poor prognosis as well
as cisplatin resistance in endometrial cancer cells [29]. Periplakin silencing reduced migration
and attachment of pharyngeal squamous cancer cells [30]. Periplakin silencing in triple-
negative breast cancer cells increased cell growth and reduced cell motility [31]. The loss of
periplakin expression determined using immunohistochemical staining was associated with
pathological stage and cancer-specific survival in patients with BC [26]. Periplakin is impera-
tive for maintaining epithelial cell barriers, cellular movement, and attachment in normal
physiology [23-25].

Patients with BC showed significantly decreased expression of serum periplakin protein
compared with normal controls. It may be suitable as an adjunct to urine cytology and
cystoscopy as a noninvasive diagnostic modality.

2.3. S100A6

The S100 protein family contains more than 20 low-molecular-weight Ca*-binding proteins
[32]. Most of the genes encoding 5100 proteins are located as a cluster on chromosome 1 in the
human genome [32, 33]. These proteins are localized in the cytoplasm and nucleus of a wide
range of cells and help regulate many cellular processes, such as cell-cycle progression and
differentiation [33]. Therefore, the S100 protein family is emerging as a potentially important
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group of markers in multiple types of tumors. One of these proteins, S100A6, was reported to
regulate the actin cytoskeleton function, ubiquitin ligase action, cell proliferation, and apop-
tosis [32]. SI00A6 overexpression has been frequently reported under stress conditions [34]
and in various types of cancers, including melanoma, colon, pancreatic, gastric cancer, and BC

5].

The levels of SI00A6 expression in sera of healthy controls and BC patients were investigated
[5]. There was a significant difference between BC patients and healthy controls (P = 0.001;
Figure 1). Serum S100A6 expression in NMIC patients was significantly higher than that of
healthy controls (P =0.04). Serum S100A6 in patients with MIBC was significantly higher than
that in NMIBC patients (P = 0.004). Serum S100A6 in BC patients was associated with patho-
logical grade (P = 0.001). However, there was no association between lymph node status and
serum S100A6. At a cut-off point of 0.5, the sensitivity and specificity of SI00A6 expression as
a marker for BC were 48% and 93%, respectively. As a detection marker for MIBC, at a cut-off
point of 0.4, the sensitivity and specificity were 80% and 63%, respectively. The AUC-ROC
levels were 0.73 and 0.73, respectively.

P =0.001
0.8 - —|
0.7 1
=
@ 06 4
)
£ 05 -1
=
5 04 4
g 0.3
=
0.2 1
01— —
u =l
control bladder cancer

Figure 1. Levels of serum S100A6 in healthy controls and bladder cancer patients. There was statistical significance
between groups.

S100A6, a member of the S100 family of calcium-binding proteins, is expressed in BC tissue
[35], and immunohistochemical staining of S100A6 showed localization mainly in the cyto-
plasm of tumor cells [36]. The expression patterns of SI00A2 and S100A4, also members of the
5100 family, correlated well with pathological stage and prognosis [14]. This finding demon-
strated that only one clinical aspect represented postoperative outcomes. It is difficult to
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determine which S100 protein is better for BC in terms of biological markers; however, serum
markers are potentially useful in clinical practice both preoperatively and postoperatively. Cai
et al. reported an association between increased serum S100A6 levels and acute coronary
syndrome [37]. SI00A6 levels were significantly increased and correlated with tumor necrosis
factor (TNF)-at levels in patients with coronary events. They concluded that a close relationship
exists between S100A6 and TNF-a-mediated inflammation. Another study reported the
expressions of TNF-a and pigment epithelium-derived factor (PEDF), which are highly
selective in inhibiting remodeling vessels by inducing apoptosis of endothelial cells in healthy
urothelium and in patients with urothelial carcinoma. Decreased PEDF expression and
increased TNF-a expression were identified in tumorous tissue compared with healthy
urothelium, and the authors concluded that decreased PEDF or increased TNF-a expression
is related to differentiation, invasiveness, and angiogenesis of BC [38]. In a study using
immunohistochemical staining of 83 patients who underwent radical cystectomy, univariate
and multivariate analyses showed that overall survival was significantly greater among
patients with lower S100A6 expression [36]. Although the precise mechanism underlying the
correlation of S100A6 expression with pathological stage remains to be clarified, serum S100A6
may reveal its role in the biological aggressiveness of BC.

Serum levels of S100A6 in BC patients were significantly higher than in healthy controls. In
addition, serum level of S100A6 was associated with pathological stage. By applying this serum
marker in clinical practice, patients would benefit from experiencing less invasive examina-
tions and it would allow detection of life-threatening cancer earlier than current modalities.

3. Future Potential

BC ranks as one of the most prevalent newly diagnosed cancers. High-risk NMIBC revealed
high rates (up to 90%) of recurrence [39]. It is important to diagnose BC accurately and quickly
with the help of a simple and cost-effective method. Although histological examination
remains the gold standard, urine cytology is helpful as a noninvasive method of early diagnosis
of BC [40]. With the currently available modalities, there is no reliable biochemical or molecular
examination that can be used as a universal screening tool for BC.

Tumor-associated antigens released into the bloodstream could induce a humoral immune
response and generate AAb. The immune response to such antigens generates remarkable
biological amplification, although tumor-associated antigens are undetectable in sera during
the early stage of tumorigenesis [41]. Therefore, hundreds of tumor-associated antibodies have
been identified as potential AAb biomarkers that could be useful for cancer diagnosis [42]. In
addition, recent studies based on AAb profiling of cancer patients have suggested diagnostic
and prognostic biomarker potential of AADb [43].

Immunoblot analysis combined with 2-DE can identify tumor-associated secreted antigenic
proteins that elicit a humoral response in sera of BC patients. By comparing immunoreactive
patterns from sera of patients with high-grade and low-grade BC, tumor markers associated
with histological grade were obtained. The proteins extracted from culture supernatants of BC
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cell lines were separated by 2-DE and transferred onto the polyvinylidene difluoride mem-
branes, and they reacted with mixed sera of patients with high-grade BC or low-grade BC.
Results indicated that serum IgG levels of anti-calreticulin (CALR) and matrix metalloprotei-
nase (MMP)-2 AAb were significantly higher in BC patients than in normal controls (P < 0.01)
[4]. In the ROC analysis for anti-CALR AAb, the diagnostic sensitivity and specificity for BC
patients were 64% and 60%, respectively. In terms of anti-MMP A Ab, sensitivity and specificity
for BC patients were 60% and 62%, respectively. The AUC-ROC levels were 0.65 and 0.59,
respectively. AAb against tumor-associated antigens have been identified in sera from patients
with various cancers, including BC [4]. The application of the humoral immune response for
the detection of cancer biomarkers has great potential [42, 43]. Furthermore, the immune
system is especially well adapted for early detection of cancer because AAb can be detected
before the appearance of other biomarkers or phenotypic alternations at an early stage of
tumorigenesis [41].

Although the prostate-specific antigen test is utilized for the detection of prostate cancer, a
diagnosis of BC still relies on imaging modality and cystoscopy because effective and simple
screening biomarkers are lacking. Further research is warranted to clarify the availability and
limits of the aforementioned serum markers in patients with BC.
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Abstract

Endometrial cancer (EmCa) is the most common type of gynecological cancer. EmCa is
the fourth most common cancer in the United States, which has been linked to increased
incidence of obesity. EmCa can be classified into two main types: Type I and Type II,
which include the major histological subtypes. Type I EmCa is hormonally driven, less
aggressive, and has a more favorable prognosis. In contrast, Type II EmCa grows
independently of hormonal signals, is more aggressive, and generally has an unfavor-
able prognosis. Various tumor biomarkers [ie., tumor suppressor p53, hypoxia-
inducible factor 1-alpha (HIF1-a), human epidermal growth factor receptor 2 (HER2/
neu), and vascular endothelial growth factor (VEGF)] have been identified in EmCa.
Biomarkers of treatment effectiveness involve immunosuppressive factors targeted by
microRNA (miRNA)-based therapy. However, there are no reliable biomarker tests for
early detection of EmCa and treatment effectiveness. A potential new biomarker is
Notch, Interleukin-1, leptin crosstalk outcome (NILCO) that could affect the progres-
sion of Type II EmCa. NILCO expression in EmCa might be dependent on patient’s
obesity status. This chapter presents updated information on these, and other potential
emerging biomarkers for EmCa, and discusses current challenges and clinical
implications on this area of research.
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1. Introduction

1.1. Endometrium

The uterus is a pear-shaped hollow organ, with a virtual cavity, composed of the cervix and
corpus (body of uterus). The corpus has three tissue layers: the endometrium, myometrium,
and the perimetrium. The endometrium is the innermost layer, is comprised of endometrial
glands, stroma, and blood vessel, and is the most active layer in responding to cyclic hormo-
nal cues. The endometrium is essential for reproductive function (Figure 1) [1]. The myometri-
um or the muscle layer comprises interwoven spirals of smooth muscle fibers more compactly
arranged adjacent to mucosa as visualized by magnetic resonance imaging (MRI) studies [2]. It

Figure 1. Representative pictures from hematoxylin and eosin staining of endometrial tissue from different men-
strual phases and pregnancy. (A) Proliferative-phase endometrium shows round to oval endometrial glands lined by
columnar cells with basally located nuclei. Multiple mitoses are present during the proliferative phase (40x). (a) The
thumb image is a lower magnification of proliferative-phase endometrium revealing the evenly spaced round-to-oval
glands within the endometrial stroma (10x). (B) Early secretory endometrium that shows the saw-tooth appearance of
endometrial glands during secretory phase; some of the subnuclear secretions of the early phase are marked with short
arrows (10x). (C) Secretory-phase endometrium that shows the basalis and functional layers. Upper arrows: basalis.
Lower arrow: functionalis, composed of compact layer, situated ad-luminal, formed by the necks of endometrial
glands and spongy layer underlies the compact layer, and is formed by the tortuous endometrial glands (10x). (D)
Menstrual endometrium. The functionalis layer sheds during menstruation. The endometrial glands shed and may
show eosinophilic change. The stromal cells condensate and form “stromal balls” a characteristic finding in shedding
endometrium. A residual secretory gland is also visible. The background is blood (10x). (d) Stromal balls are depicted
in the thumb image. (E) Pregnancy endometrium: Arias-Stella reaction showing enlarged endometrial glands with
abundant clear or eosinophilic cytoplasm and marked nuclear changes. The nuclei are large, hyperchromatic, pleomor-
phic, and smudged). Rare mitotic figures may be found. The stroma is decidualized (40x).



Emerging Biomarkers and Clinical Implications in Endometrial Carcinoma
http://dx.doi.org/10.5772/62772

is responsible for uterine contractions that occur during the entire menstrual cycle, varying in
frequency and intensity during the follicular and luteal phase and at the time of menstruation
and delivery [2, 3]. The outer most layer, the perimetrium, oftentimes referred to as the (tunica)
serosalines the entire uterusand consists of athinlayer orepithelial cells[1]. The uterus functions
in receiving the embryo, housing the fetus throughout pregnancy and labor and delivery of the
infant [3]. Implantation occurs in the endometrium layer and its function, and morphology is
dependent on the release of sexual hormones. The morphology of the endometrium in the
absence of hormonal influence (i.e., pre-pubescent females and postmenopausal women) is
constant and maintains a certain thickness. After the onset of menarche, the uterus prepares to
receiveafertilized oocyte during the menstrual cycle. Ifimplantation fails to occur, the functional
layer of the endometrium sheds which leads to menstruation [4].

1.2. Menstrual cycle

At puberty, females undergo monthly cyclic changes controlled by the hypothalamus. The
hypothalamus produces and releases gonadotropin-releasing hormone (GnRH), which acts
on the anterior pituitary gland to stimulate the release of follicle stimulating hormone (FSH)
and luteinizing hormone (LH) to initiate and control these cyclic changes [4]. Throughout the
menstrual cycle, estrogen and progesterone are responsible for the morphological and
biological changes that occur in the endometrium, cervix, and vagina. Additionally, estrogen
and progesterone are responsible for the feedback of FSH and LH secretion [5].

The phases of the menstrual cycle are as follows: menstrual phase, proliferative or follicular
phase, ovulation, and luteal or secretory phase [4]. The first day of the menstrual cycle begins
with menstrual bleeding due to the regression and shedding of the outer layer of the endo-
metrium, which is the functional layer. The menstrual period or menses typically lasts 3—4
days. The proliferative phase or follicular phase lasts on average 8-10 days. During the
follicular phase, ovarian follicles begin to develop and secrete 17(3-estradiol. In addition, FSH
and LH receptors are upregulated in ovarian theca and granulosa cells. FSH stimulates rapid
growth of ovarian follicles. An increase in 17(3-estradiol induces cell proliferation of the
endometrium and reconstructing the outer layer lost during menstruation [6]. Ovulation
occurs on day 14 and is followed by an increase in estradiol secretion at the end of the
proliferative phase. A surge in FSH and LH causes ovulation of the ovum. Estradiol levels
decrease shortly after ovulation and increase during the luteal phase. The luteal phase or
secretory phase begins after ovulation where the formation of the corpus luteum is evident [6].
The corpus luteum synthesizes and secretes estradiol and progesterone. Progesterone increas-
es the vascularity of the endometrium and prepares the endometrium to receive the fertilized
ovum with the endometrium reaching its maximum thickness. If fertilization does not occur,
the corpus luteum regresses, thus decreasing the levels of estradiol and progesterone in
circulation [5]. Menses follows for the beginning of the next menstrual cycle (see Figure 1).

1.3. Menopause

The menstrual cycle occurs in women of reproductive age and continues until the onset of
menopause. Menopause usually occurs between the ages of 45-55, but can begin as early as
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40. The age of onset could be determined by various factors such as genetics, diet, hysterecto-
my, or damage to ovary due to the chemotherapy or radiation. Common symptoms associated
with menopause include as follows: irregular vaginal bleeding, hot flashes, changes in mood,
and urinary and vaginal symptoms [7, 8].

Menopause is defined as the permanent cessation of menstruation, which results from the loss
of ovarian function [7]. In other words, the ovaries become less sensitive to gonadotropin
stimulation, which is associated with follicular attrition. Throughout a woman'’s life, oocytes
undergo atresia, which results in the decline of the quality and quantity of ovarian follicles.
Normally, follicles mature and release their ova for the purpose of ovulation and secretion
hormones; and the failure to ovulate alters the menstrual pattern immensely. During meno-
pause, estrogen levels decline dramatically, leading to a decrease in the number and size of
ovarian follicles. As a consequence of declining estrogen levels, FSH and LH levels are elevated
during menopause due to the follicular changes in sensitivity to gonadotropins and negative
endocrine feedback [5]. Then, menopause is characterized by the loss of progesterone synthe-
sis, and the increase in body weight and androgen levels [9].

The surge of androgens augments aromatization and production of estrogen by adipose tissue
that further increases EmCa risk. In addition, estrogen can be produced by the aromatization
of androgens in the ovarian stroma as well as in other tissues and organs such as bone, muscle,
bone marrow, liver, fibroblasts, and hair roots [10]. Consequently, estrogen production that is
accompanied by sharp decrease of progesterone leads to an unopposed estrogen status. This
can result in endometrial hyperplasia that could possibly develop into EmCa [10, 11]. Also,
postmenopausal women having increased levels of estrone are also under EmCa risk. Fur-
thermore, there is evidence that chronic hyperinsulinemia is an EmCa risk factor [9]. The
unopposed estrogen hypothesis proposes that EmCa is a result of the mitogenic effects of
unbalanced estrogens. Then, situations showing chronic anovulation and progesterone
deficiency lead to hyperandrogenism, which together with nutritional lifestyle factors increase
EmCa risk. Indeed, pre- and postmenopausal women having elevated plasma androstene-
dione and testosterone also have increased EmCa risk. Approximately 75% of women with
EmCa are postmenopausal; the most common symptom is postmenopausal bleeding [9].

2. Endometrial cancer

EmCa is a malignancy of the endometrial glands of the uterus and is the most frequent
malignancy of the female pelvic reproductive tract [12]. EmCa comprises a series of malignant
diseases of the endometrium with diverse phenotypes. Although it is not categorical, EmCa
can be subdivided into two main different types based on the histologic examination: endo-
metrioid and non-endometrioid with their variants [12]. EmCa may also be classified based
on epidemiological, histologic, and behavioral information into two types: Type I EmCa and
Type II EmCa (Figure 2) [12]. Type I EmCa comprising the endometrioid carcinomas is the
most common type of adenocarcinoma. Then, Type I accounts for 85% of all EmCa cases and
is more common than Type II EmCa (non-endometrioid carcinoma) [12]. Type I EmCa is
dependent on estrogen hormonal stimulation, less aggressive, and shows a favorable prog-
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nosis [12, 13]. Endometrioid carcinoma is well differentiated, closely resembles the endometrial
glands and can be developed from atypical hyperplasia [14]. A common variant of Type [EmCa
displays squamous cells adjacent to glandular elements, representing a tumor with squamous
differentiation. Rare variants of endometrioid carcinomas are ciliated carcinoma, secretory
carcinoma, and villoglandular adenocarcinoma [13]. Type Il EmCas are the non-endometrioid
type. Type Il EmCa includes serous adenocarcinoma, clear cell carcinoma, uterine carcinosar-
coma, mucinous adenocarcinoma, squamous cell carcinoma, mixed type of carcinoma, and
undifferentiated carcinoma [14]. Type II EmCa is high grade and stage, independent of
estrogen stimulation, poorly differentiated, and more aggressive with a poor prognosis. Most
Type I EmCas have metastasized outside the uterus at the time of diagnosis [13, 14].

Figure 2. Histopathological features of endometrial cancer. (A) Type I (endometrioid) endometrial carcinoma: This is
a 40x magnification of an H&E stain revealing columnar cells with basally located nuclei. This tumor shows slender
villous architecture (better seen at the right of the picture) as well as glandular architecture (central). (B) Type II (se-
rous) endometrial carcinoma. This 40x magnification of an H&E stain shows a high-grade tumor with micropapillary
architecture. The nuclei are enlarged with irregular nuclear membrane, often protruding, giving a “hob nail” appear-
ance. They show hyperchromasia or most often nuclear clearing with prominent, sometimes multiple nucleoli.

According to the system of the International Federation of Gynecology and Obstetrics (FIGO),
grading of EmCa is determined by how closely similar the cancer forming glands appear when
compared to benign endometrium [13]. Low-grade tumors form more glands and are well
differentiated whereas high-grade tumors do not form glands, and are poorly differentiated
[13]. Grade 1 tumors have well-formed glands with roughly 95% of the cancer forming glands
and no more than 5% of solid non-squamous areas [13]. Grade 2 tumors have 50-94% of
cancerous forming glands, while Grade 3 tumors have less than 50% of cancerous forming
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glands. Grade 3 tumors are considered high-grade and are more aggressive than lower-grade
tumors [14]. Similarly, the FIGO system is also used for staging [15]. According to the National
Cancer Institute (NCI), Stage I cancer is limited to the uterus; Stage II extends into the cervix;
Stage III cancer has spread outside of the uterus, but is limited to the pelvic region; Stage IV
cancer invades the bladder, bowel, and distant locations [16]. Staging is further stratified
(i.e, IA, IIB, IIIC) based on myometrial invasiveness [17].

In the United States, EmCa is the fourth most common cancer among women after breast, lung
and bronchus, and colorectal cancer. In 2015, there were approximately 54,870 new EmCa cases
diagnosed in the United States with roughly 10,170 estimated deaths. The overall 5-year
survival rate is 96% when diagnosed at the local site, and 67% when diagnosed at the regional
area [18]. The survival rate drastically decreases to 16% when diagnosed at a distant site.

The incidence of EmCa has been steady since 2004 for most ethnic groups, but is increasing by
1.9% in African-American women. The incidence rates in Caucasian women are the highest
when compared to all ethnic groups. In Caucasian women, the incidence rate is 24.8/100,000
when compared to African-American women at 21.8/100,000 [19]. Even though the incidence
of EmCa is higher in Caucasian women, the mortality rates are more than two times higher in
African-American women (3.9/100,000 and 7.3/100,000, respectively). When comparing the
survival rates between both ethnic groups, Caucasian women exceed that for African-
American women roughly by 7% at each stage of diagnosis. Possible multifactorial reasons for
EmCa health disparities usually include socioeconomic status, limited access to healthcare,
comorbidities, etc., but the exact causes for this disparity are unknown [20].

2.1. Risks factors

A major role in endometrial carcinogenesis is represented by estrogen actions, both endoge-
nous and exogenous. Increased exposure to estrogen augments the risk of EmCa. Postmeno-
pausal women on estrogen replacement therapy have an increased risk of developing EmCa,
and the risk further increases with the duration of replacement therapy use [21]. It has been
reported that the relative risk of developing EmCa rises to 9.5:1 when the use of exogenous
unopposed estrogen last for 10 years or longer [21]. Moreover, EmCa risk in these women
persists for several years after estrogen discontinuation [22].

Tamoxifen is widely used as an adjuvant therapy in patients with estrogen receptor positive
breast cancer. However, tamoxifen use also increases EmCa risk due to its agonistic effects on
the endometrium [23]. However, the majority of tamoxifen-related carcinomas present mainly
at early stages and show low grade [23, 24].

Ovarian tumors and conditions, such as granulosa cell tumor, thecoma, polycystic ovary
disease, and hyperthecosis, causing prolonged unopposed estrogen production may lead to
endometrial hyperplasia, and usually low-grade endometrioid carcinoma. Granulosa cell
tumor is a relatively uncommon sex cord-stromal tumor, which affects mainly perimeno-
pausal women. These tumors are associated with increased estrogen production. EmCa occur
in 9-13% of women with granulosa cell tumors [25]. Thecomas are benign ovarian neoplasms
developed by ovarian theca cells, which affect women of any age, but predominantly in women
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older than 40 years of age. EmCa have been reported in up to 21% of women with thecomas
[26]. Polycystic ovarian disease (PCOD) occurs in young, usually infertile women with
menstrual irregularities. Multiple cysts, stromal hyperplasia, and hyperthecosis enlarge the
ovaries. These conditions show elevated estrogen and androgen serum levels. However,
endometrioid carcinoma may occur in less than 5% of these women [27]. Hyperthecosis may
occur independently for PCOD and may be associated with increased androgen production
and virilization, or it may produce estrogen. Data from a small series of patients showed that
a third of them have developed EmCa [28].

Major endogenous risk factors associated with EmCa are as follows: age, obesity, hypertension,
and reproductive characteristics (late menopause, low parity and infertility). These conditions
are associated with increased levels of estrogen.

Most women diagnosed with EmCa are postmenopausal or 50 years and older [20]. Approx-
imately 15% of women diagnosed with EmCa are younger than 50 years of age, while 5% are
diagnosed before the age of 40 [29]. Metabolic syndrome including obesity, hypertension,
insulin resistance, diabetes, and dyslipidemia increase the risk of developing multiple
malignancies, particularly EmCa [30]. Younger women diagnosed with EmCa are usually
obese, and their carcinomas show a well-differentiated histology [20]. Obesity is a major risk
factor for EmCa [12]. EmCa incidence is higher in well-developed countries where obesity is
on the rise [18]. Hypertension has been linked to an increase in the incidence of EmCa, but it
is unclear whether it is an independent risk factor or could be related to comorbidities of
conditions and diseases (i.e., obesity and diabetes) [31].

Lastly, as it was mentioned, infertility, late age onset of menopause, early age of menarche,
and nulliparity increase EmCa risk. However, smoking decreases the risk of developing EmCa
as well as oral contraceptive use lowers the risk [20, 32]. In regards to smoking, the anti-EmCa
effect is probably related to its actions on estrogen metabolism. This anti-EmCa effect is
primarily found in postmenopausal women, with current smokers showing the greatest risk
reduction, in contrast to former smokers [32]. The greatest extent of risk reduction for EmCa
is reported in postmenopausal, multiparous, obese, women who had no exogenous hormones
[33]. Additionally, about 50% of women that used combined oral contraceptives (COCs, which
isrelated to use of progestins and estrogens) show decrease EmCa risk. In most of these studies,
this protective effect persisted for more than 15-20 years after cessation of the COC [34]. The
adverse effects of oral contraceptive have been investigated extensively, whereas their non-
contraceptive benefits have been underestimated. COC therapy could also reduce the risk of
developing EmCa after menopause [35].

3. Endometrial cancer biomarkers

A biomarker is a characteristic or substance that can be quantified or measured objectively,
and predicts the incidence and outcome of disease or normal biological function/process [36].
Cancer and non-malignant cells produce tumor markers. Biomarkers are molecules produced
by cancer or non-cancer cells in response to malignant or benign conditions. Tumor markers
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are expressed higher under cancerous conditions. They can be present in urine, tumor tissue,
blood, and bodily fluids. Most biomarkers are of protein origin (i.e., growth and angiogenic
factors, oncogenes, tumor suppressor, cytokines, and serum proteins, etc.). Recent studies have
shown that alterations in DNA and gene expression can also be used as tumor markers (i.e.,
mRNA, miRNA) (Figure 3) [12, 36].
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Figure 3. Main biomarkers of endometrial cancer (EmCa).

Tumor biomarkers have been instrumental in designing treatments of certain types of cancer.
Tumor markers can be used for early detection, screening, diagnosis and prognosis, recurrence
of cancer, and response to therapy. Studies on serum and plasma biomarkers are emerging
and promising areas of research for early screening, treatment effectiveness, and recurrence
in EmCa. Although these molecules have potential for the early detection of this disease, the
impact of risk factors on EmCa and biomarkers is an area of promising research.

3.1. Tumor suppressors

Normally, tumor suppressor genes act to inhibit or arrest cell proliferation and tumor devel-
opment [37]. However; when mutated, tumor suppressors become inactive, thus permitting
tumor growth. For example, mutations in p53 have been determined in various cancers such
as breast, colon, lung, endometrium, leukemias, and carcinomas of many tissues. These p53
mutations are found in approximately 50% of all cancers [38]. Roughly 10-20% of endometrial
carcinomas exhibit p53 mutations [37]. Additionally, overexpression of mutated tumor
suppressor p53 has been associated with Type II EmCa (poor histologic grade, non-endome-
trioid histology, advanced stage, and poor survival). African-American women present with
stage I EmCa are three times more likely to have overexpression of mutant p53 and also have
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higher recurrence with poor survival rates when compared to Caucasian women [20].
Similarly, the tumor suppressor phosphatase and tensin homolog (PTEN) is the natural
inhibitor of PI3K/AKT, which is involved in the progression of many cancers. PTEN can affect
the regulation of cell cycle; enabling apoptosis and inhibiting the AKT survival pathway.
Therefore, mutated PTEN causes an increase in cell proliferation, survival, and angiogenesis
of cancer cells. PTEN mutations occur in 83% of all EmCa and are typically associated with
Type I EmCa, which shows a more favorable prognosis and less aggressiveness [12]. Caucasian
women have higher PTEN mutations, which may be related to a better overall survival rate
when compared to African-American women [20].

3.2. Oncogenes

Oncogenes have the capacity to accelerate cell-cycle progression and induce the expression of
several factors that induce tumor growth. These proteins are highly mutated and are overex-
pressed in many cancers. Oncogenes come from proto-oncogenes, which are involved in cell
growth and differentiation [39]. For example, the overexpression of the oncogene HER2/neu
(human epidermal growth factor receptor 2) has been associated with poor prognosis and
resistance to treatment in breast, ovary, and EmCa [20]. Indeed, HER2/neu is involved in 20%
of endometrioid (Type  EmCa) and serous carcinomas (Type Il EmCa) [12]. In a study, African-
American women with uterine papillary serous carcinoma showed three times higher HER2/
neu overexpression when compared to Caucasian women showing this disease [20].

RAS (Rat Sarcoma Viral Oncogene Homolog) gene encodes GTPases involved in signal
transduction [40]. Mutations in Kirsten mutated RAS (KRAS) have been associated with the
progression of many malignancies [12]. An estimated 10-30% of EmCa cases exhibit RAS
mutations that are predominantly observed in Type I EmCa, and also in non-malignant
conditions such as endometrial hyperplasia. [40].

3.3. Vascular endothelial growth factor

Angiogenesis is important for tumor growth and the development of metastases [41]. Angio-
genesis is controlled by pro-angiogenic and anti-angiogenic factors. An important angiogenic
factor is vascular endothelial growth factor (VEGF), which was firstly identified by Senger et
al. [42]. The overexpression of VEGF by cancer cells enhances tumor growth and metastasis of
colorectal, head and neck, ovarian, and EmCa [41]. Elevated levels of VEGF and other
angiogenic markers are associated with poor survival rates in EmCa [43]. Therapeutic targets
for VEGF such as bevacizumab (anti-VEGF antibody) could be promising in inhibiting tumor
growth in EmCa [44].

3.4. Hypoxia-inducible factor-1a

Hypoxia-inducible factor 1 (HIF-1a) is a major regulator of cellular processes that constitutes
a biological response to hypoxic conditions. During hypoxia, HIF-1a is produced and accu-
mulated within cells. HIF-1a is translocated to the nucleus, where it binds to hypoxia response
elements (HREs), in the promoter region of several genes (i.e., VEGF), thus activating angio-
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genesis and other processes that facilitate adaptation and survival of cells and the whole
organism from normoxia. To date, there are more than one hundred HIF-1a downstream genes
identified with varying functions, including erythropoiesis/iron metabolism, angiogenesis,
vascular tone, matrix and glucose metabolism, cell proliferation/survival, and apoptosis [45].
In a study, HIF-1a expression was detected in approximately 49% of EmCa. Additionally, a
strong correlation between HIF-1a and well-differentiated EmCa was found.

Since hypoxia enhances tumor progression and is a major obstacle for chemotherapy and
radiation, HIF1-a could be used as a useful tool to predict patient outcome after surgery and
radiation [46].

3.5. Serum markers

Several serum tumor markers have been identified as potential useful tools for detecting early
relapse and monitoring response to therapy. Increased levels of Cancer Antigen 125 (CA 125)
have been detected in many malignancies and are associated with endometrial proliferation
and EmCa [47]. Approximately 11-33.9% of EmCa patients have increased CA 125 levels (>35
U/ml) [47]. Moreover, CA 125 is positively correlated with tumor size and stage in EmCa and
is significantly associated with poorer survival rates in EmCa patients [48].

Other tumor-associated serum markers for EmCa include CA 15.3 and CA 19.9 that are
detected in 24-32.1 and 22.3% of EmCa cases, respectively [48]. Surprisingly, 47% of patients
with occult stage III EmCa exhibit elevated levels of CA 15.3 levels (>30 U/ml) when compared
to stage I-II in which 18% of this tumor marker was observed [5]. CA 125 levels in combination
with CA 19.9 levels could be used as a predictor of recurrence [49].

3.6. Epigenetic markers

The epigenetic change associated with gene regulation is an emerging area of research.
MiRNAs or microRNAs regulates gene expression by binding to target mRNAs, resulting in
the degradation of RNA or the repression of mRNA expression. MiRNAs can influence
signaling pathways by functioning as a promoter or repressor in tumor cells and are involved
in cell proliferation, migration, apoptosis, and differentiation. Targeting altered expression
patterns of microRNAs could prove valuable in correcting abnormal signaling pathways
observed in EmCa [50]. There are several miRNNAs that might be used as biomarkers of EmCa:
miR-99a, miR-199b, miR-205, miR-125b, miR-194, and miR-181b [51].

Some miRNAs have been found differentially expressed in the less aggressive endometrioid
EmCa (Type I) versus the more aggressive serous papillary EmCa (Type II). MiR-99a and
miR-199b expression levels were upregulated in Type I EmCa, and the combination of these
two miRNAs with miR-100 could be used as diagnostic factors in the less aggressive Type I
EmCa [51]. Interestingly, miR-205 levels are also increased in Type I EmCa. MiRNA-205 is a
target for PTEN and is associated with poor survival [52]. In addition, miR-129-2 is involved
in DNA methylation of the mismatch repair gene: human mutL homolog 1 (hMLH1) that is
observed in the progression of Type I EmCa [51]. Moreover, methylated hMLH1 occurs
frequently in EmCa and could induce mutations in certain cancer associated genes, which



Emerging Biomarkers and Clinical Implications in Endometrial Carcinoma
http://dx.doi.org/10.5772/62772

includes type II transforming growth factor-beta (TGF-fII), PTEN, Bcl2-associated X protein
(BAX) and mutS homolog 6 (hMSHS6) [51, 53].

In contrast, several miRNAs positively or negatively correlate with the progression of Type II
EmCa. For example, miR-125b is significantly upregulated in Type Il EmCa and targets Tumor
protein p53 inducible nuclear proteinl (TP53INP1) gene and V-erb-b2 erythroblast leukemia
viral oncogene homolog 2 (ERBB2) gene-inducing cancer cell proliferation and invasion [54,
55]. Conversely, decreased expression levels of miR-194 were correlated with advanced stage
and poor survival in Type Il EmCa [51]. Studies have demonstrated the administration of
miR-194 in EmCa cells targets the B cell-specific Moloney murine leukemia virus integration
site 1 (BMI1) gene, which is a cell-cycle regulator, and subsequently results in the inhibition of
EMT phenotype and cell invasion in EmCa [56]. Similarly, miR-181b is downregulated in
cancers with RAS mutations; hence, miR-181b could be a potential prognostic marker for Type
I EmCa [57].

The use of miRNAs seems to be promising as biomarkers of EmCa. However, miRNA has
limitations for cancer treatment, mainly due to the lack of effective transport of miRNAs in to
cells [51].

Therefore, there is an unmet need to find novel biomarkers for EmCa diagnosis, prognosis,
and treatment outcome. For example, NILCO (Notch, Interleukin-1, leptin crosstalk outcome;
refer to Obesity and Cancer Section, page 21) may be used as a potential biomarker. NILCO
hasbeen associated with cell proliferation, metastasis, invasion, and overall decreased survival
in breast cancer patients [58, 59]. Also, NILCO overexpression has been detected in the more
aggressive Type Il EmCa. Thus, it may be used a biomarker of EmCa aggressive phenotype.

4. Obesity and cancer

Obesity is a global epidemic and a major risk factor for several cancers, including EmCa [60,
61]. Obesity is defined as a condition of abnormal or excessive accumulation of fat in adipose
tissue and a body mass index (BMI) of 30 kg/m? or higher [60]. Remarkably, several studies
have shown that EmCa has the strongest correlation with obesity when comparing to diverse
obesity-related cancers in women [62, 63]. Roughly, half of the EmCa cases are linked to
obesity. Obese women are four times more likely to develop EmCa when compared to normal
weight women [61]. Noticeably, it is known that African-American women have the higher
incidence of obesity in the United States. Albeit EmCa rates are slightly higher among
Caucasian than African-American women, they are less likely to die from EmCa compared to
African-American women. The causes of this health disparity have not yet been determined,
but the gap of the mortality rates between the two ethnic groups seems to be increasing [64].

Additionally, other populations also show strong correlations between obesity and EmCa. A
case—control study performed in Europe that included 305 EmCa patients and 574 matched
controls showed a significant increase in the risk of EmCa in patients with elevated levels of
CRP, IL-6, and IL-1Ra. However, after adjustment for BMI, the estimates were strongly reduced
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and became non-significant. Nevertheless, the study provided epidemiological evidence that
chronic inflammation might mediate the association between obesity and EmCa and that
endometrial carcinogenesis could be promoted by an inflammatory milieu [65].

Obesity is characterized by high serum leptin levels in circulation [66]. Leptin is a 16 KD
hormone (main adipokine) secreted by adipose tissue. Leptin regulates food intake, repro-
duction, body weight, inflammatory response, hematopoiesis, angiogenesis, bone formation,
and wound healing [66]. Although leptin is mainly from adipose tissue origin, the stomach,
mammary epithelium, placenta and heart, and several cancer cell types also produce this
hormone. Leptin crosses the blood brain barrier and cerebrospinal fluid to bind receptors in
the hypothalamus to carry out its energy-balance regulatory functions [67].

Obese individuals oftentimes exhibit resistance to leptin and show high levels of the adipokine
in blood, which is known as leptin resistance [66]. The precise mechanisms involved in leptin
resistance are ambiguous. One possible cause could be due to over-eating, which causes higher
leptin levels in circulation. The prolonged exposure of leptin damages the hypothalamus
causing it to become insensitive to the effects of leptin [68, 69]. Additionally, leptin resistance
could be due to a defect in the transport system of leptin across the blood brain barrier [66].

Leptin receptor obese receptor (OB-R) has several molecular isoforms due to the posttran-
scriptional splicing. The long OB-R isoform (OB-RL or OB-Rb) has full signaling capabilities
and is expressed in the hypothalamus and peripheral tissues [67]. The short isoform of the
receptor (OB-Rb) has limited signaling capabilities and is more abundant in EmCa tissues.
Evidence shows that leptin is an important pro-inflammatory, pro-angiogenic, and mitogenic
factor for cancer. Leptin produced by cancer cells acts in an autocrine and paracrine manner
to promote tumor cell proliferation, migration and invasion, pro-inflammation, and angio-
genesis [58, 70]. High levels of leptin and OB-R are associated with metastasis and decreased
survival rates in breast cancer patients [58].

Obesity is a known risk factor for several cancers, including EmCa, but there are scarce reports
on the identification and detection of specific biomarkers for obesity-related EmCa. Our lab is
currently investigating the relationship between an adipokine (leptin) and its crosstalk with
other oncogenic factors in EmCa [12, 19].

4.1. Leptin signaling

Leptin binding to the extracellular region of OB-Rb activates Janus-activated kinase 2 (JAK2)
proteins. JAK2 binding leads to the phosphorylation of tyrosine residues (Tyr985, Tyr1077,
and Tyr1138) on the intracellular side of Ob-R. Phosphorylation of Tyr1138 recruits STAT3
(signal transducers and activators of transcription proteins), forming a dimer that is translo-
cated to the nucleus to initiate transcription of target genes [71]. Additionally, JAK2 binding
to OB-R causes auto-phosphorylation of JAK2 which can lead to the phosphorylation of insulin
receptor proteins, recruitment of PI3K, and MAPK to activate a cascade of signaling mecha-
nisms of downstream targets [72].

On the other hand, leptin-binding OB-R and the recruitment of JAK2 allow for the activation
of tyrosine residue Tyr 985 on OB-R [71]. Src homology 2 (SH2) proteins are recruited and
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activated that allows the binding of growth factor receptor-bound protein 2 (Grb-2). Grb-2 is
involved in the activation of ERK in the MAPK signaling [72]. Overexpression or mutations in
these signaling mechanisms can lead to malignancies [71]. Obesity and leptin significantly alter
the profiles of numerous proteins linked to cellular processes in cancerous tissues such as
Notch and Interleukin-1 (IL-1) [71, 77].

4.2. Notch signaling

Notch signaling is an embryonic signaling pathway also involved in various cellular processes
in adult cells, some of which include: proliferation, apoptosis, cell survival, epithelial-
mesenchymal transition (EMT), differentiation, and angiogenesis [74, 75]. Notch Signaling is
initiated through receptor-ligand interaction expressed in adjacent cells. Currently, four Notch
receptors have been identified in mammals (Notch 1-4) [76]. Each receptor consists of an
extracellular domain, which is involved in ligand binding, and a cytoplasmic domain involved
in signal transduction [74]. Five ligands for Notch have been identified: Jagged (JAGI and
JAG?2) and Delta-like (DLL1, DLL3, and DLL4) [76]. Once the ligand binds to its receptor, the
Notch receptor is proteolitically cleaved at the extracellular domain by an a-secretase
(ADAMI10), which is subsequently followed by the cleavage of the receptor’s intracellular
domain by y-secretase, resulting in the formation of the intracellular domain of Notch (NICD
or Notch-IC) [71]. The cleaved NICD then translocate to the nucleus to bind CSL transcription
factor (CBF or RBP-JK) and initiate transcription of target genes such as survivin and hairy/
enhancer-of-split related with YRPW motif 2 (Hey2), among others [74]. Aberrant activation
of Notch signaling can lead to various pathological conditions such as cancer [74, 77]. In
tumorigenesis, aberrant Notch activation can be initiated through the abnormal expression of
Notch ligands, receptors, and target genes, all of which have been reported in many solid
tumors, including breast, prostate, and pancreatic tumors [76]. The Notch signaling pathway
exhibits oncogenic properties in some tumors and suppressive properties in others, which
suggests a dual role in carcinogenesis [78]. Remarkably, we have identified leptin as an
important regulator of Notch in breast cancer [58, 73, 79].

The role of Notch is poorly understood in EmCa. However, our recent research shows that
leptin and Notch signaling may crosstalk in EmCa [12, 19]. Additionally, leptin upregulates
IL-1 in breast and EmCa cells cultured in vitro, indicating that leptin and IL-1 could also
crosstalk in these cancer types [58, 80, 81].

4.3. IL-1 system

The IL-1 system actively participates in inflammation. This system is composed of ligands
(IL-1ac and IL-1B), two membrane-bound receptors (IL-1Rtl and IL-1RtII), and a soluble
antagonist (IL-1Ra) derived from the extracellular domain of the IL-1R. IL-1f is an inflamma-
tory and pro-angiogenic cytokine that represents the more abundant ligand, which preferably
binds IL-1Rtl in normal and cancer cells [80, 81]. The IL-1 system is involved in various roles
in both physiological and pathological states [80]. In cancer cells, IL-1 promotes inflammation,
angiogenesis, tumor growth, and metastasis [81]. IL-1 is known to be upregulated in many
tumor types. Indeed, the presence of IL-1 in some human cancers is associated with aggressive
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tumor biology [80]. IL-1 has been shown to upregulate leptin levels in some cancer cells.
Overexpression of IL-1 is seen in breast cancer and linked to proliferation of breast cancer cells
[83].

Interestingly, leptin was shown to upregulate the IL-1 system in endometrial cancer (EmCa)
cells in a biunivocal manner [81] Additionally, it has been shown that IL-1 upregulates leptin
and OB-R, and both cytokines upregulate $3-integrin in endometrial epithelial cells [84].
Moreover, an active leptin-IL-1 crosstalk seems to be involved in embryonic implantation [85].
Similarly, an active crosstalk between leptin, Notch, and IL-1 could lead to cancer progression
[58, 59, 80, 81].

4.4. NILCO and cancer

Figure 4. Inmunohistochemistry (IHC) detection of NILCO in Type II endometrial cancer (Type II EmCa). Representa-
tive pictures for the IHC staining of: (A) Notch1, (B) Notch2, (C) Notch3, (D) Notch4, and (E) OB-R in Type II EmCa.
Arrows indicate specific brown staining of NILCO antigens (40x).

A leptin-signaling crosstalk has been established in breast cancer among known pro-angio-
genic factors, NILCO: Notch, IL-1, and leptin crosstalk outcome [58]. Signals triggered by these
factors induce the expression of VEGF/VEGFR2 system, which is a main driver of tumor
angiogenesis and tumor progression [58]. Notably, the overexpression of Notch, IL-1, and
leptin has been associated with poor outcomes in breast cancer [59]. NILCO is involved in



Emerging Biomarkers and Clinical Implications in Endometrial Carcinoma
http://dx.doi.org/10.5772/62772

tumor cell proliferation and migration. Indeed, (NILCO) is correlated with decreased survival
rates in breast cancer patients. Earlier studies from the Gonzalez—Perez’s lab demonstrated
that leptin induces Notch signaling in breast cancer [58]. Leptin was early identified as an
upregulator of the IL-1 system in breast and EmCa [81, 86]. Similarly, leptin upregulates VEGF/
VEGEFR?2 [87] and can also upregulate VEGF/VEGFR2 via IL-1 and Notch [58]. In addition,
VEGEF signaling could also upregulate Notch signaling in breast cancer [87]. However, these
interactions have not been previously determined in EmCa.

Although obesity is a risk factor for cancer, the precise mechanisms involved in obesity-related
cancer have not been explored. For the first time, our lab has shown that NILCO components
are differentially expressed in EmCa, which correlated with the progression of the more
aggressive Type II EmCa (Figure 4). NILCO components expressed in EmCa include Notch
receptors (Notchl-4), ligands (DLL4 and JAG1), and targets (OB-R, IL-1Rtl, Survivin, and
Hey?2).

Our studies have shown that in African-American (n = 20) and Chinese women (n = 75: in
duplicate) suffering from EmCa, higher expression of several NILCO components was found
in Type II EmCa patients compared to Type I EmCa (Table 1). These results suggest that the
more aggressive non-hormonal responsive form of EmCa (Type II) could be more dependent
on leptin signaling [12]. This would imply that Type II could be more affected by obesity than
Type I EmCa.

African American Women

Type I (n=12) Type II (n=17) Type I (n=12) Type II (n=17)
NILCO NILCO
THC H SCORE H SCORE P-value WB Protein Protein P-value
Expression Expression

Notchl 1.19 1.80 <0.01 Notchl 48 58 <0.05
Notch2 1.10 1.30 =0.05 Notch2 38 36 >0.05
Notch3 1.15 145 >0.05 Notch3 48 44 >0.05
Notch4 1.50 1.96 <0.01 Notch4 44 98 <0.01
JAG1 1.36 2.20 <0.01 JAGI 140 172 <0.05
DLL4 1.80 249 <0.01 DLL4 40 115 <0.01
Survivin ~ 1.20 1.96 <0.01 Survivin 131 230 <0.05
OB-R 1.60 173 <0.01 OB-R 25 70 <0.01
IL-IRtT 1.28 2.00 <0.01 IL-IRtI 59 109 <0.05
Hey2 1.14 1.45 <0.01 Hey2 46 100 >0.01

Chinese Women

Type I (n=97) Type II (n=23) NILCO mRNA mRNA P-value
qPCR Expression Expression
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African American Women

NILCO
THC H SCORE H SCORE P-value Notchl 1.00 1.30 <0.01
Notch3  0.45 0.80 <0.05
Notchl 1.00 1.78 <0.01 Notch4 0.80 1.40 <0.01
Notch2 1.00 1.15 >0.05 JAG1 0.05 0.52 <0.01
Notch3 1.10 1.20 >0.05 DLL4 1.10 1.50 <0.01
Notch4 1.10 1.58 <0.05 Survivin ~ 0.48 0.51 <0.05
JAG1 1.30 1.87 <0.01 OB-R 0.45 0.65 >0.05
DLL4 1.31 1.80 <0.01 IL-IRtT  0.82 1.56 <0.01
Survivin  1.17 1.60 <0.01 Hey2 0.03 0.62 <0.01
OB-R 1.10 1.50 <0.05
IL-IRtT 140 173 <0.05

THC: immunohistochemistry; H SCORE[59]: semi-quantitative value calculated for each antigen and is determined by
the equation HSCORE = ) pi (i + 1); WB: western blot; qPCR: Real-time polymerase chain reaction; Notch 1-4:
transmembrane receptors; JAG1: Jagged 1; DLL4: Delta like-4 protein: Notch ligands; survivin: a cell survival factor
and Notch target; OB-R: leptin receptor; IL-1R tI: interleukin 1 receptor type I; Hey2: hes-related family BHLH
transcription factor with YRPW motif 2 and Notch target. Statistical significance set at P < 0.05.

Table 1. Expression of NILCO components in African-American and Chinese women suffering from endometrial
cancer.

Our data further suggest that an active-signaling crosstalk (NILCO) triggered by obesity
signals (leptin) occurs in EmCa, which might lead to the identification of novel biomarkers,
particularly for Type II EmCa. NILCO investigations could lead to the identification of novel
biological determinants of EmCa health disparity in African-American women [12]. However,
a limitation to our preliminary data is that validation of this idea will require a larger sample
size which is necessary to assess more conclusive statements.

5. Conclusions

Various biomarkers have been identified in EmCa; however, present targeted therapies have
not been established in clinical practice. Clinical studies involving particular biomarkers such
as VEGF and HER2 in EmCa resulted in minimal effects. Targeted therapies remain an obstacle
due to the lack of specificity in EmCa cells. Therefore, more specific therapies are needed to
target EmCa cells that overexpress tumor surface markers to avoid potential adverse effects
on normal cells. The use of targeting epigenetic regulatory mechanisms involving miRNA
biomarkers seems promising, but a more expansive approach is necessary to target the
multiple signaling pathways involved in EmCa. Prognostic factors with a specific molecular
biological signature may contribute to enhance tumor characterization in order to predict the
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clinical behavior of such factors. Hence, the identification of novel biomarkers could prove
effective in predicting disease outcome and links to risk factors (i.e., obesity). One such
potential new biomarker could be NILCO, particularly for Type Il EmCa. Moreover, if further
proven, NILCO association with obesity-related EmCa and perhaps with race may provide
new molecular evidences on the impact of chronic mild inflammation (obesity) and leptin
signaling on EmCa and health disparities. Additionally, targeting NILCO could be anovel and
effective way to prevent and treat EmCa, especially in obese patients.

6. Future directions

It seems that histological classifications and discoveries of reliable EmCa markers will depend
heavily on molecular study findings. Establishing NILCO’s role in EmCa might allow early
disease detection and provide new targets for some or all components of the crosstalk. In this
respect, specific and potent leptin-signaling inhibitors (i.e., leptin peptide receptor antagonists:
LPrAl and LPrA2) may be used for this purpose. LPrAs for the abrogation of leptin signaling
have been successfully used in several disease scenarios [84, 88]. Additionally, inhibition of
IL-1 signaling via specific antibodies or the natural inhibitor, IL-1Ra, has produced satisfactory
results in situations where this cytokine plays an essential role [89]. Furthermore, several
inhibitors of Notch signaling have been developed and tested (i.e., DAPT and other y-secretase
inhibitors) [90]. However, with the exception of LPrAs, these compounds have off target effects
that could jeopardize their clinical use. LPrAs specifically block OB-R signaling, are not toxic,
and have no effect on general health status, body weight, and appetite when were tested in a
large number of mice. Therefore, LPrA may prove to be effective biological to disrupt NILCO
and progression of EmCa.
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