BIO-MARKERS
Abstract

Biomarkers offer an innovative
and effective method to explore the
scope of different applications, such as
sickness diagnosis. and various research
studies requests in experimental and
investigative  epidemiology, rigorous
medical studies, monitoring, assessment,
and prediction. These markers, defined
as changes in the constituents of tissues
or bodily liquids, allow for homogeneous
arrangement of a sickness and risk
aspects. They can help us understand
disease pathogenicity. Biomarkers are
also representing the whole disease
spectrum, from early to late stages. The
primary applications of biomarkers in
clinical research are described in this
concise overview. The validity of
biomarkers must be carefully assessed
concerning the disease stage. Variability
in biomarker measurements varies due to
factors ranging from the individual to the
laboratory. In this review, Biomarker
analysis issues are critically discussed, as
these are systematic recommendations
for dealing with bias and confounding.
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I. INTRODUCTION

Biomarkers generally characterized "physiological, biotechnological, or biochemical
variations that are identifiable in various entities, including body cells, tissues, or
secretions."[1]. Subsequently, the term was enlarged to incorporate features that could be
reliably measured and assessed as indicator of natural systems, pathogenic processes and
pharmaceutical reactions to a therapeutic suppository. Biomarkers are methods and tools that
can assist in sickness prognosis, causation, diagnosis, advancement, retraction, or treatment
result in the application [2]. Many different biomarkers are accessible for acquiring
information on the living systems of diverse animals, both healthy and ill. Measures done
straight on natural fluids e.g., blood or cerebrospinal fluid or measurements like brain
tomography and genetic disease identification that accept direct samples of biological fluid
but monitor changes in the configuration or purpose of the living systems are examples of
these. A biomarker (standing for potential biomarker) seems to be an objective measure of
whatever is occurring in an organism or a cell at whichever specific moment; biomarkers may
function as wellness systems of early warning, i.e., Tomography biomarkers (positron
emission tomography, computed tomography, and electromagnetic resonance imaging) and
biomarkers can be classified based on numerous constraints, particular features. Non-Imaging
biomarkers with physicochemical traits that enable these to be assessed in biological
specimens are known as molecular biomarkers. It includes nucleic acid-based biomarkers
such as gene alterations or genetic variants and quantification transcriptomics, proteins,
peptides, fatty acid metabolic products, and other organic compounds.

Diagnostic biomarkers, disease stage biomarkers, illness prognosis biomarkers
(cancer biomarkers), and biomarkers for assessing treatment diagnosis to intervention are
indeed instances of biomarkers. [Figure 1]. Some other kind of biomarker is the one that is
utilized in selection throughout the beginning phases of pharmaceutical discovery. Potential
therapeutic biomarkers, for instance, are markers of different pharmacological responses and
have fundamental significance in treatment modification research [3].
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Figure-1: Classification of Biomarkers
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1. Diagnostic Biomarkers: A class of biomarkers is used to diagnose or authorize the
existence of an illness or disease. This kind of biomarker can be employed to differentiate
among disease subgroups. The development of personalized medicine emphasizes the
notion that diagnostic biomarkers are helpful for identifying patients with diseases and
reclassifying them. This is critical since many illnesses have subcategories having
variable prognostications or therapeutic outcomes. Therefore, diagnostics biomarkers
might assist in the progression of precision medicine by improving the effectiveness of
therapy reactions. These biomarkers may be helpful to as prognostic biomarkers or
predictors of treatment outcome biomarkers [4]. This clinical relevance of biological
technologies for biomolecules research to clarify, detect, and monitor humanoid
sicknesses is called a molecular diagnosis. It's a broad term encompassing methods
employing DNA, RNA, genes, or proteins as diagnostic test bases. Utilization of
monoclonal antibodies (MADbs) and enzyme-linked immunosorbent assays (ELISA) falls
under the umbrella term "in vitro diagnostics (IVD)," which encompasses a wide range of
applications not always connected to healthcare. This application of molecular
diagnostics in a living organism, either human or animal, is known as "in vivo
diagnostics.” It involves molecular imaging, the use of particular molecules to create
picture contrast, and in vivo assessment and description of molecular and cellular level
developments in human or animal patients [5].

2. Monitoring biomarkers: A monitoring biomarker is continuously monitored over time.
It can be used to identify illness advancements, such as the emergence of a new epidemic,
exacerbation of already existent anomalies, or changes in symptom severity or specific
malformations. Response of a disease or condition to treatment, either favorable or
unfavorable. These can also be used in creating healthcare equipment, such as in
treatment or prevention trials of new medications, biosimilars, or tools [6]. Modifications
in biomarker measurements observed during or after medication might indicate a
pharmacological effect or an anticipatory response to therapy. Another safe biomarker
that's also measured frequently in initial development clinical studies could be a variety of
organ toxic effects surveillance biomarkers [7]. Monitoring biomarkers are applied in
medicinal or prevention studies to assess respondent commitment to an allocated
treatment. For illustrate, as part of an interventional trial to discourage cigarette
consumption, the biomarker may be a bloodstream level of a delivered medication or a
serum quantity of cotinine (an indication of tobacco product usage). Measuring
biomarkers, as well as influencing clinical care, may help enhance the comprehensibility
and credibility of intervention investigations. Screening biomarkers can be performed at
the individual or population level to identify the prevalence of infections or medical
complications and the likelihood of developing them. Individuals observed might not
have any medically apparent disorders or diseases, or they could have such a medical
problem or prior exposures predisposing an individual to acquire a new ailment or illness.
Healthy young adults having undergone annual check-up investigations are monitored
continuously for metabolomic levels, including blood cholesterol, glucose levels, and
urine creatinine, to manage risk for and detect the emergence of medical conditions such
as hypercholesterolemia, and metabolic syndrome, and diminished kidney function,
including both [8].

3. Predictive biomarker: This group involves biomarkers examined at diverse times to
monitor towards development of sickness or disorder, as well as an indicator of
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responsiveness to treatment, such as the administration of a medicinal product or even an
ecological pollutant. Biomarker reading modifications are recognized as indications of
therapeutic situation progression, in addition to evaluations of pharmaceutical response
and other treatment modalities [9]. A sample of predictive surveillance biomarkers’
potentiality towards response to various biological treatments is depicted examples of
Juvenile Idiopathic Arthritis [Figure 2]: CHAQ: childhood health assessment
questionnaire, HLA-B27: Human Leukocyte Antigen B27, JIA: Juvenile Idiopathic
Arthritis, ADC: Apparent Diffusion Coefficient, MRP8/14: Myeloid Related Protein 8/14,
ADA: Anti-drug Antibodies.

| Predictive biomarkers |

= | = ey

9 |
V 90 =4

_ &
cellular clinical genetic/ imaging serum
e.g. rato of e.g CHAQ, transcriptomic ©.g. ultrasound eg S100A12,
increase in switched JIA subtype detected MRP8/14,

e.9 HLA-B27 Synovitis, drug levels +

ADC measured in ADA
sacroiliac joints

‘ _’ ’ ? Response
No response
JIA patient

Figure 2: Predictive biomarker’s potentiality towards response to selected biological
treatment

memary B-cells

4. Prognostics biomarkers: A prognostic biomarker is a measure that indicates the
probability of future research and evaluation, disease repetition, or development in a
specific subgroup. Predictive biomarkers are evaluated at the specified benchmark, it’s
included which may be a pre-existing action. Several good examples of biomarkers
prognostic exist within healthcare situations where an individual has also been identified
with a disease or disorder, and it is necessary to anticipate the probability of a future
medical outcome [Figure 3]. Mortality, illness evolution, disease recurrence, or the
expansion of a new health issue were examples of future instances.

Investigation of predictor and predictive biomarkers is essential for patient assessment
and when scheduling follow-up or deciding on medication in a period of specialized
medicines. This difference between predictive and prognostic biomarkers has been
discussed in detail [10]. In conclusion, prognosis biomarkers differentiate among groups
of people who've already different results autonomously of treatment. In contrast, a
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prognostic biomarker provides data on the potential advantage of detailed treatment and
might exploit in diagnostic executive procedure. Most effective predictive and prognostic
biomarkers were discovered during the CIT era. However, conventional approaches have
already validated their authenticity [11]. Whereas individual factors can serve as a robust
predictive tool, the authenticity is more challenging because each disease may have

several biomarkers having variable prognostic factors. Prognosis ratings integrating
biomarkers within algorithms have been developed to tackle this issue.
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Figure 3: Various types of prognostic Biomarkers in selected disease
(Source: Isabel Gonzalez-Gascon-y-Marin et al.: From Biomarkers to Models in the
Changing Landscape of Chronic Lymphocytic Leukemia: Evolve or Become Extinct;

Cancers 2021, 13(8), 1782) [12].

Pharmacodynamic biomarkers: Biomarker classification based on primary clinical
relevance. Characteristics were routinely used to predict the likelihood of developing
adverse impacts [13]. Screening biomarkers can be employed in various contexts,
involving clinical practice or preclinical studies, there at the beginning of therapy, for
medicinal product design, like a measurement of disease severity, or even to assess the
pharmacodynamics of therapeutic involvement. Response or Pharmacodynamic

biomarker is a potentially valuable technique in medical care which generates vital
information for a treatment plan.

A pharmacodynamic biomarker changes according to either a health condition or
psychosocial approaches, including pharmacological treatment. Due to the
complementary flow of their evaluation, this kind of biomarker is commonly considered a
surveillance biomarker. The above biomarker's primary value is to assist clinical care,
giving critical data for selecting whether or not to continue medication. Consequently,
pharmacodynamic biomarkers dictate therapy progression [14]. Additional potential for
all these biomarkers is already in new therapeutic developing drugs, where they can assist
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generate a confirmation that a medication causes pharmacodynamic alterations in
individuals that are associated with its therapeutic value and direct potency investigations
[15].

Safety biomarkers: Healthcare procedures and natural factors can also have
unintentional, extremely harmful, or outright hazardous implications. The capacity to
identify or anticipate these adverse medication or exposure impacts are shared by all
safety biomarkers. In certain circumstances, the discovery or change in a biomarker
signals toxicity, allowing dosage reduction or therapy termination before the toxicity
becomes severe [16]. A safety biomarker would ideally detect emerging toxicity, such as
induced drug organ destruction, preceding medical symptoms before permanent
impairment occurs. Nursing creatinine phosphokinase aimed at medications that might
cause muscle damage, serum creatinine for possibly nephrotoxic pharmaceuticals, and
transaminases for potentially hepatotoxic drugs is just a few examples. Frequently
biomarker symptoms indicate the potential of significant (although uncommon) disaster.
Even a few people with a high plasma level and bilirubin predict the probability of
significantly contributing to a decrease (i.e., "Hy's Law"), which is an unnecessary risk as
with most treatments [17].

Additionally, safety biomarkers can indeed be used to determine sick people
among whom certain treatments cannot be commenced because of high workplace
accidents. Imbalances in metabolizing enzymes for example can recognize vulnerable
individuals of intoxication except if the drug dose is whittled down or service users who
are unlikely to interact to either a vital rehabilitation because they cannot produce the
effective chemical compound (e.g., azathioprine or thiopurine methyltransferase (TPMT)
nucleotide sequence employed to classify individuals who are unlikely to offered 6-
mercaptopurine since unembellished harmfulness due to high drug absorptions may
occur; affected role with H Biomarker assessments there at populations can identify
individuals who have recently been susceptible to various environmental pollutants,
necessitating public health programs or actions to restrict or minimize risks[18]. For
instance, plasma, lead quantities can be analyzed to determine lead levels, whereas urine
cotinine levels can indeed be measured to diagnose nicotine vulnerability (i.e., cigarette
smoke). The outcomes of environmental protection biomarkers assessments can trigger an
examination into the origin of something like the contamination, followed by a public
health measure.

Susceptibility/Risk bio markers: The highly susceptible biomarker is a biomarker
correlated with either an enhanced and in some circumstances, diminished risk of
catching medical or disease problem on individuals who doesn't really necessarily possess
ailment or medical problem medically. A susceptibility biomarker that tells whether an
individual is more likely to acquire a disease later in life. It differentiates from the
analysis can be described, that reflects an increased probability of a explicit clinical
condition in an distinct that has previously been treated with a diagnosis or health
problem, and diagnostic inflammatory markers, which could also identify the presence of
a disorder. Highly susceptible biomarkers can be discovered multiple generations, if not
decades, before symptoms and clinical signs occur. Highly susceptible biomarkers are
really not associated with any certain therapeutic interventions. Excessive low-density
lipoprotein (LDL) triglyceride values, especially signify an increase in the risk of

Copyright © 2022 Authors Page | 185



Futuristic Trends in Biotechnology

e-ISBN: 978-93-5747-464-1

I1P Proceedings, Volume 2, Book 27, Part 2, Chapter 2
BIO-MARKERS

cardiovascular disease, have become an indication of a biological predisposition
biomarker [19]. LDL cholesterol should be included in almost every cardiac risk scenario
to assess the possibility of experiencing a cardiovascular incident at approximately
imminent period opinion. Other qualities increased lipoprotein cholesterol stages,
hypertension, age, gender, health status, & personal history are frequently applied in risk
models to increase prediction performance. Susceptibility/risk biomarkers, like prognostic
biomarkers may be valuable for clinical experimental enhancement in a medical product
development environment. It is frequently difficult to accumulate enough clinical events
in a basic preventative measures context to make clinical trials viable [20]. Enriching
preventative clinical trials for participants who are especially vulnerable to acquiring a
certain illness may thus be required, notably for the evaluation of chemoprevention
treatments or the focused use of vaccinations. The above helps 1) the study to be done
realistically by enrolling people who are more likely to acquire the illness or medical
condition 2) preventative therapies with possible side effects are effectively targeted
strike to the optimal combination of risks and benefits are similar to prognostic
biomarkers in that they predict the likelihood of a disease-related event occurring in the
future. The primary difference is that these biomarkers utilized in people who have
already been analyzed with a disease, whereas susceptibility biomarkers might be
employed in people who else look healthy. In certain cases, the distinction between these
sorts biomarkers may blurred [21].

Other Biomarkers (Genomic Biomarkers): Functional genomics biomarkers aim to
broaden our considerate of sickness pathogenesis and progression by providing new goals
for disease recognition, early detection, and effective therapeutic approaches (drug
expansion, drug design, and serious complications) to recommend treatment methods to
sick people based on different characteristics [22]. A chromosomal biomarker is defined
by the European Medicines Agency (EMEA) as "a detectable DNA/RNA distinguishing
that is a signal of regular biological functioning, pathogenic progressions, and/or reaction
to therapeutic or other interventions"[23].

PROTEOCMICS __—

Figure 4: Discovery and validation of biomarkers to probe multidimensional phases of the
disease. CGH, comparative genomic hybridization; Seq, sequencing; gRT-PCR, quantitative
real-time PCR; gPCR, semiquantitative real-time PCR; HPLC, high-performance liquid
chromatography; NMR, nuclear magnetic resonance spectroscopy. (Source: Garcia-Gutie
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rrez MS, Navarrete F, Sala F, Gasparyan A, Austrich-Olivares A and Manzanares J (2020)
Biomarkers in Psychiatry: Concept, Definition, Types and Relevance to the Clinical Reality.
Front. Psychiatry 11:432.[12])

Measurable qualities encompass genetically distinct expression, development, and
management. Genetic variations (Single Nucleotide Polymorphisms), natural variation
toward short palindromic repeats, linkage disequilibrium, deletions or insertions of a copy
number variations, single nucleotide (s), and cytogenetic reinterpretations (translocations,
replication, inversions or deletions) can all be found in DNA [24]. Recent advances in
genetic technology enable the exploration of genome-wide studies, candidate genes and
risk score pattern analysis are better understand diverse mental illnesses [Figure 4]. CGH
(Comparative Genomic Hybridization), microarray, transcriptome, and whole genome
sequencing were among the techniques used. Pharmacogenomics, in especially, is useful
in understanding genetic mutations in drug-metabolizing enzymes, exchangers, receptors,
and other chemotherapeutic drugs, which together appear to be significant for both
pharmacology research and drug therapeutic applications [25].

Il. CONCLUSION

Both the process of developing new drugs and the larger field of biomedical research
place a significant emphasis on the use of biomarkers. It is essential to do research into the
connections that may be made between quantifiable biological systems and clinical outcomes
in order to broaden our toolbox of treatments for a variety of conditions and improve our
knowledge of the physiological processes that underlie a state of health. At the very least
since the 1980s, there has been a lively discussion going on over whether or not large-scale
clinical trials of major illnesses, such as cancer and heart disease, should employ biomarkers
as surrogate outcomes. As a result, the FDA maintains its support for the utilization of
biomarkers in both fundamental and clinical research, in addition to research on possible
novel biomarkers that could be used as surrogates in subsequent studies [Figure 5]. However,
despite the potential benefits of biomarkers in clinical trials, such as minimizing exposure to
ineffective investigational therapies and so on, biomarkers can present considerable risks if
the designers of the studies mistake them for clinical criteria. If we fully understood the
metabolic homeostasis of a natural system, the pathophysiological of that process when
disease is present, and the consequences of a pharmacologic, device, or other manipulation on
these mechanisms, biomarkers might be able to serve as effective equivalents to important
clinical endpoints. Because we rarely, if ever, have a complete picture of these processes, and
because there are always more aspects that we do not know or comprehend, biomarkers as
surrogate endpoints need to be regularly assessed. At the very least for the purpose of doing a
retrospective analysis of the success of biomarker linkage, clinical outcomes should always
be the end measure in biomarker research. If the connection between surrogate endpoints and
actual clinical endpoints is not continually reevaluated, we run the risk of approving entire
classes of drugs that offer patients either no significant gain or, even worse, cause patients
harm.
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