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Abstract

Biomarkers in inflammation are measurable and valuable biological indicators that can be used to assess the severity,
presence, progression of inflammatory processes within the body. Inflammation is a complex physiological response
that occurs in response to various stimuli, such as tissue damage, infections, and autoimmune reactions. There are
several types of biomarkers Cytokines, Eicosanoids, Calprotectin, E-selectin, P-selectin, Fibrinogen, C-reactive protein
(CRP), Exosomes, Myeloperoxidase (MPO), Chemokines , Neurofilament light chain (NfL), MMPs, 8-isoPGF2«, TIMPs,
cell NO2-, adhesion molecules, PTX3, autoantibodies, complements, SRAGE, NT-proBNP, acute-phase and immunology-
related proteins, thrombogenicity markers, ghrelin, leptin and adipokines, Presepsin, p75ECD, phosphorylated
neurofilament heavy (pNfH), IDO1 and TARC, SCCA2, CTACK, EDN, MDC, LDH, and commonly used in the context of
inflammation. We analysed the literature through online databases such as PubMed ScienceDirect and Google Scholar
were used to search for journals and studies published. In this review, we discuss about different types of biomarkers
involved in inflammation and their levels of elevation in various disease conditions. Quantified inflammatory
biomarkers are effective clinical strategy for correct and reasonable drug treatment. There may have been
advancements in the development of new treatments or therapies since my last update. Therapeutic agents like
colchicine can modulate the immune response to reduce inflammation.
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1. Introduction

Biomarkers are usually used in disease screening, diagnosis, and monitoring [1]. A biomarker used to detect or confirm
presence of a disease or condition. Biomarkers provide valuable information to healthcare professionals for diagnosing
and managing inflammatory conditions, monitoring treatment effectiveness, and predicting disease outcomes.
Biomarkers in inflammation are measurable and valuable biological indicators that can be used to assess the severity,
presence, progression of inflammatory processes within the body. In the recent years biomarkers in inflammation are
gaining increasing interest given their clinical benefits [2].

Inflammation is a complex physiological response that occurs in response to various stimuli, such as tissue damage,
infections, and autoimmune reactions. Inflammation can be created by infections by viral, bacterial, fungal, and
protozoan pathogens[3] and causes including blood clot that induces an ischaemic stroke; a physical injury including
trauma or a haemorrhagic stroke; an immune system disorder; dioxin, a cancer; Alzheimer's disease, a chemical
exposure from polycyclic aromatic hydrocarbons, smoking, etc; or a neurological condition, and depression[4-6].
Inflammation is mainly divided into two types acute and chronic inflammation. The inflammatory response in the body's
causes cellular changes and immune responses that result in repair of the damaged tissue and cellular proliferation
(growth) at the site of the injured tissue. Inflammatory reactions involve a series of cellular and biochemical changes.
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Inflammation can be visualized using imaging techniques like magnetic resonance imaging (MRI), positron emission
tomography (PET), and ultrasound. These techniques can reveal inflamed tissues and help monitor the response to
treatment. Inflammatory biomarkers are used to monitor the progression of the many diseases like cardiovascular
diseases, diabetes cancer, autoimmune diseases, arthritis, Alzheimer's disease, and pulmonary diseases [7]. Biomarkers
like rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP) antibodies are elevated levels in Specific
Inflammatory Conditions like rheumatoid arthritis (RA). Elevated MPO levels can be found in conditions like rheumatoid
arthritis, vasculitis, and lupus. Scientists reported that the combination of three or six pro-inflammatory biomarkers
more accurately identified patients with bacterial infection than any one biomarker alone [8].

1.1. Types of biomarkers commonly used in the context of inflammation

Cytokines are signalling molecules that play a crucial role in immune responses and inflammation and they include
interleukins (IL-1, IL-6, IL-10), tumor necrosis factor-alpha (TNF-a), and interferons. At present, there are very less or
no specific markers available for identification of inflammation; but some broad- spectrum inflammatory biomarkers
were routinely investigated in hospitals. IL-1«a, IL-1f3, IL-6, and TNF-a biomarkers are the major pro-inflammatory
cytokines responsible for early responses. TNF-q, IL-1f3 and IL-6, are relatively upstream biomarkers of inflammation

[9].

Interleukin 6 (IL-6) is a critical cytokine involved in the pathogenesis of several chronic inflammatory diseases. It is one
of the hallmarks of cancer [10] IL-6 plays major immunomodulatory agent, playing active roles in activation of T helper
cells, acute phase reactions, inhibition of T regulatory (Tregs) cells and differentiation of B cells by orchestrating innate
and adaptive immune response IL-6 family of cytokines include IL-11, oncostatin M (OSM), ciliary inhibitory factor
(CNTF), IL-31.IL-6, leukemia inhibitory factor (LIF), cardiotropin-1 (CT-1), IL-27, cardiotrophin-like related cytokine
and stimulating neurotrophin-1/B-cell stimulating factor 3 (NNT-1), and neuropoietin (NPN) [11].Serum levels of IL-6
can be useful as diagnostic biomarker and this cytokine has also been implicated in the progression of this type of tumor
[12]. Measuring IL-6 and IL-1f as upstream of inflammation compared to downstream of inflammation, such as C-
reactive protein, an acute-phase protein produced in the liver under the influence of IL-6. IL-1f levels are a major
inducer for the synthesis and expression of several secondary inflammatory biomarker IL-6 [13]. Inflammatory
biomarkers will be elevated on different disease conditions like in immune system disorder TNF-a, IL-6, IL-8 and IL-
12,[14] in bacterial infection IL-1f3, TNF-a, IL-6 and IL-8, in colon cancer IL-1f, TNF-a, IL-6, IL-8 and interferon-q, IL-1,
TNF-a, IL-8 and interferon-y,[15] by exposure to polycyclic aromatic hydrocarbons levels of IL-6, IL-8 ; [16] depress IL-
12, but IL-1, TNF-q, interferon-a and interferon-y levels in trauma,[17] TNF-a and IL-6 in Alzheimer's disease, TNF-«a
and IL-6 levels in Depression [18]. Eicosanoids are lipid signalling molecules that include prostaglandins, leukotrienes,
and thromboxanes involved in the regulation of inflammation and can serve as biomarkers. Calprotectin is a protein
found in neutrophils and is released during inflammation. It is often measured in stool samples and is used as a
biomarker for intestinal inflammation, such as in inflammatory bowel disease (IBD). E-selectin and P-selectin are
adhesion molecules expressed on the surface of endothelial cells. They play a role in recruiting immune cells to sites of
inflammation. Fibrinogen is a protein involved in blood clotting, but it also increases during acute-phase responses to
inflammation. It is one of the key components of the blood clotting system, and it becomes directly involved in the
inflammatory process through several mechanisms like blood clot formation, immune response, tissue repair and
remodelling and modulation of inflammation.

2. Biomarkers involvement in inflammation of various diseases

CRP is a well-established acute-Phase biomarker of inflammation, and the levels will rise much more significantly during
acute inflammation [19] and other one is serum amyloid A (SAA). Measurement of C-reactive protein (hs-CRP), serum
amyloid 4, interleukin-6, and soluble intercellular adhesion molecule type 1 (sICAM-1) levels may provide in identifying
persons at risk for cardiovascular events [20]. The association between inflammation and change in nature or
expression level of some exosomal cargos is the fundamental step for identifying possible novel biomarkers of
inflammatory-based diseases [21]. Myeloperoxidase (MPO) is an enzyme that is primarily found in neutrophil
granulocytes, is involved in the process of inflammation [22-23]. MPO's main function is to generate hypochlorous acid
(HOCI)[24] by catalyzing the reaction between hydrogen peroxide (H202) and chloride ions (Cl-) within neutrophils
used to kill bacteria and fungi. MPO can generate reactive oxygen species (ROS) and other reactive intermediates that
have the potential to cause oxidative stress and damage to nearby tissues and causes the inflammation. MPO is often
considered a biomarker for inflammation and elevated levels indicate inflammatory response. Elevated MPO levels have
been associated with increased risk of cardiovascular diseases, such as atherosclerosis, myocardial infarction (heart
attack), and stroke and Crohn's disease and ulcerative colitis involve chronic inflammation of the gastrointestinal
tract.[25] MPO levels can reflect the degree of inflammation in the airways. It is important to note that while MPO can
serve as a valuable biomarker for inflammation, its measurement should be considered alongside other clinical and
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diagnostic factors to obtain a comprehensive understanding of a patient's condition. Inflammation plays a significant
role in respiratory diseases like asthma and chronic obstructive pulmonary disease (COPD).

A major reactive by-product of lipid peroxidation is malondialdehyde (MDA) [26- 28]. MDA is also produced in the
process of prostaglandin synthesis [29]. MDA as a sensitive marker of inflammation in patients with rheumatoid
arthritis [30]. Chemokines are a type of cytokine that specifically attract immune cells to sites of inflammation. They
play a role in coordinating the immune response include CXCL8 [IL-8] and CCL2 [monocyte chemoattractant protein-
1). Inflammatory responses play a pivotal role in COVID-19 pathogenesis of coronavirus disease 2019 (COVID-19)
pandemic. tumor necrosis factor (TNF), CXC-chemokine ligand 10 (CXCL10), Interleukin 6 (IL-6), C-reactive protein
(CRP), and CC-chemokine ligand 2 (CCL2), contributed to hyperinflammatory reactions to SARS-CoV-2, leading to a
“cytokine storm” increases disease severity and death. [31- 33]. Multiple sclerosis (MS) is an autoimmune disorder. At
present, there is a lack of effective treatment for the progressive form of MS, neurofilament light chain (NfL) found to
be a potential new biomarker in predicting disease activity and progression of MS [34]. Cardiovascular disease (CVD)
or heart diseases affects the total cardiovascular system, the heart or blood vessels (like arteries, capillaries, and veins),
vascular system of the brain and kidney, and peripheral arterial disease. Heart Failure (HF) remains a major health
problem, with both increasing incidence and prevalence over the past decades. Seven groups of biomarkers associated
to HF are neurohumoral activation [adrenomedullin, MR-proADM; copeptin), myocyte injury [high-sensitive troponins,
hs-cTn; heart-type fatty acid-binding protein, H-FABP; myocardial stretch [mid-regional proatrial natriuretic peptide,
MR-proANP), glutathione transferase P1, GSTP1), matrix remodeling (galectin-3; soluble isoform of suppression of
tumorigenicity 2, sST2), inflammation (growth differentiation factor-15, GDF-15), renal dysfunction [neutrophil
gelatinase-associated lipocalin, NGAL; kidney injury molecule-1, KIM-1), and oxidative stress (ceruloplasmin;
myeloperoxidase, MPO; 8-hydroxy-2'-deoxyguanosine, 8-OHdG; thioredoxin 1, Trx1) [35].

Congestion is the main driver behind symptoms of heart failure (HF), and associated with inflammatory biomarkers
FGF-21, FGF-23, soluble ST2, CA-125, IL-6, FABP4, GDF-15, and BNP were the strongest up-regulated and KITLG, EGF,
and PON3 were the strongest down-regulated in the study [36]. CD163 130-kDa membrane protein is a potential
inflammation biomarker. Now evidenced that the level of soluble CD163 increases in several acute and chronic
inflammatory disorders [37]. One of the leading causes of death worldwide is coronary heart disease (CHD) and it is
characterized by formation of arterial plaques which are mainly comprised inflammatory cells, lipids and calcium. CHD
is assessed by the levels of inflammatory biomarkers, CD40, C-reactive protein (CRP) and interleukin-6), complement,
and myeloperoxidase (MPO). CRP levels being a more reliable biomarker of cardiovascular disease than LDL cholesterol
[38]. Oxidative stress is considered as a key factor involved in the pathology of ophthalmic complication and
inflammatory process and whereas Oxidative stress and inflammation are closely related pathophysiological process
[39]. Inflammatory changes include activation of microglia and astrocytes, with increased levels of proinflammatory
cytokines [40]. Increasing evidence has highlighted the roles of oxidative stress and inflammation in the promotion of
atherosclerotic cardiovascular disease [41].

Chronic neurodegenerative disease Alzheimer's disease (AD) is a characterized by the accumulation of neurofibrillary
tangles and amyloid plaques in the brain [42]. Oxidative damage and inflammation are important features of the brain
pathology of AD. AD pathogenesis is associated neuroinflammation [43] and abnormal levels in different brain regions.
Neuroinflammation may be an early event and plays a critical role in tau pathology, characterized by microglial
activation preceding tau tangle formation [44].

Systemic chronic inflammation (SCI) is low-grade inflammation that plays a major role in immune senescence and in
development and progression of many diseases [45].

Chronic inflammation arising in a diverse range of non-cancerous and cancerous diseases and related
immunosuppression, directly support tumor growth. Monitoring such biomarkers is expected to have a major clinical
impact. Newly discovered biomarkers and those are projected to open a new era towards combating the silent damage
induced by chronic inflammation.[46]

Takayasu arteritis (TA) is a rare large vasculitis with unknown etiology, which affects the aorta and its primary
branches, as well as the pulmonary and coronary arteries. Chronic inflammation involved into TA pathogenesis.
Biomarkers, such as, have revealed great values in early diagnosis, evaluating disease activity.[47] MMPs, 8-
isoPGF2a, TIMPs, cytokines, cell NO2-, adhesion molecules, PTX3, autoantibodies, complements, SRAGE, NT-proBNP,
acute-phase and immunology-related proteins, thrombogenicity markers, ghrelin, leptin and adipokines.

Inflammation is the key driver of liver fibrosis progression in non-alcoholic fatty liver disease (NAFLD). There are
challenges to assess the inflammation in NAFLD due to its dynamic nature and poor correlation with liver biochemical
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markers. Cytokeratin-18, are well-studied in NAFLD [48].Study of Systemic immune-inflammation biomarkers in
psoriasis patients under interleukin 17A-inhibitor treatment [49].

Sepsis is caused by a dysregulated host response to infection. The role and the discriminating potency of host-derived
inflammatory biomarkers are the main etiological types of sepsis [50]. In the early sepsis macrophages produce tumor
necrosis factor (TNF), interleukin-1f (IL-18) and IL-6 in response to bacterial ligands. Out of three major pro-
inflammatory cytokines, IL-6 has received the most attention in sepsis Chemokines is another group of pro-
inflammatory biomarkers which have been investigated in sepsis [51]. Numerous studies shown mortality increases
with elevated levels of IL-6 in septic patients [52-53]. Inflammatory biomarkers may have prognostic value for
predicting cardiovascular risk in high-risk patients. A combination of biomarkers is utilized in clinical diagnosis.
Microarray and immunohistochemistry analysis of IL-6 in human cervical cancer tissues suggest its usefulness as
prognostic biomarker [54].

Atherosclerosis is a systemic inflammatory disease leading to lipid-laden inflammatory lesions in the arterial walls that
may destabilize and rupture. hsCRP, fibrinogen and IL-6 are novel biomarkers to be used in high throughput assays are
necessary for diagnosis [55]. MPO and its oxidative products react with various lipids, proteins, and nucleic acids
causing atherosclerosis [56]. Biomarkers can be defined as characteristics which are measured and evaluated as
indicators of a normal biologic, or pathologic process, or pharmacologic responses towards a therapeutic intervention
[57]. Plasma levels of several inflammatory biomarkers are elevated in patients with Atrial Fibrillation. Inflammation is
a key component of the pathophysiological processes that lead to the development of AF [58]. Novel inflammatory
biomarkers are also used to better rest ratify patients in risk groups but their potential to guide treatment decisions
and management of patients [59]. Presepsin is a 13 kDa fragment derived from plasmatic cleavage of CD14, a toll-like
receptor family molecule, stimulates the inflammatory response. This molecule has recently been used in diagnostic
biomarker or prognostic biomarker for bacterial infection in cirrhosis [60- 64].

Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease in which many processes are detected including
neuroinflammation. Biomarker research in ALS has led to the identification of p75ECD from urine,[65] phosphorylated
neurofilament heavy (pNfH) in cerebrospinal fluid (CSF),[66] and neurofilament light (NfL) in serum [67] as diagnostic,
prognostic, and pharmacodynamic biomarkers. In the CNS Inflammation occurs during ALS, and is also detected
released factors [68- 69].

The detection of peripheral inflammation in blood samples of ALS patients led to the assessment of these blood-based
markers [70]. Urinary neurotrophin receptor extracellular domain p75NTRECD increases over time as disease
progresses.[71] The translocator protein (TSPO), is highly expressed in activated astrocytes and microglia and it serves
as marker of neuroinflammation [72- 73]. Sarcoidosis is a systemic inflammatory disorder which affects the lungs and
intrathoracic lymph nodes. Diagnostic of sarcoidosis is long and complicated. The discovery of a specific biomarker for
this disease would help. At present biomarkers like Serum angiotensin-converting enzyme (sACE), Neopterin,[74] YKL-
40, CD163, C-C motive chemokine ligand 18 (CCL18), Serum amyloid A (SAA), Serum soluble interleukin 2 receptor
9slIL-2R), B-cell activating factor (BAFF), IL-10,[75] IFN-y, IL-12, CXCL9, CXCL10, CXCL11 [76, 77,78, 79] and IL-18 are
important biomarkers for finding Sarcoidosis [80, 81] in molecular diagnosis.

Colorectal cancer (CRC) is the leading cause of cancer deaths around the world. Here inflammation-related prognostic
biomarkers have been reported [82].

Several studies published on Low back pain (LBP) [83], and looked at the relationship between inflammatory
biomarkers and symptoms, clinical presentation, and outcomes in patients with NSLBP [84, 85]. Three studies
compared CRP levels in acute (1 study in 2 publications) and chronic NSLBP patients with healthy controls [86] and
found a significant difference in CRP levels in the acute NSLBP group compared to healthy controls at baseline. One
previous systematic review has been published examining the relationship between inflammatory biomarkers and
NSLBP which found moderate evidence for the relationship between CPR and IL-6 and the NSLBP pain levels, as well as
the presence of TNF-a and NSLB [87]. Atopic dermatitis (Ads) is a complex, chronic, with a highly heterogeneous
inflammatory skin disease [88].The intense itching, accompanied by psychological pressure greatly affects people’s
quality oflife [89]. In recent decades, several candidate biomarkers related to ADs have been proposed [90]. Expression
levels of both serum IL-36y and skin IL-36y increased in Ads [91]. To date, there are no data demonstrating that
endotypes respond differently to different therapies, compared with patients in the other 2 clusters, patients stratified
into the “TH2 cell/TH22 cell/PARC-dominant” and “TH1 cell/TH2 cell/TH17 cell-dominant” clusters in representing
about 40% of the included patients, showed particularly high levels of type 2 cytokines (including IL-4, IL-5, and IL-13)
[92-93]. Chemokines CXCL10 and CCL17 express high levels in the epidermis of allergic contact dermatitis (ACD). Serum
TARC/CCL17, an important chemoattractant of T cells, is considered a biomarker for monitoring the severity of AD in
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adults in daily practice,[94] Predictive biomarkers like IL-17, IL23, IL-33, and IDO1 and TARC, SCCA2, CTACK, EDN,
MDC, LDH, and IL-18 are used for monitoring the severity of for Ads [95]. In Dandruff/seborrhoeic dermatitis (D/SD)
cathepsin S could be used as a biomarker to objectify itching sensations [96]. Biomarkers IL-1f, IL-6, IL-12, and IL-18
with IFN-y and TNF-«a are found during Depression [97].

3. Detection of Inflammatory biomarkers

Inflammatory biomarkers are measurable indicators in the body that can signal the presence and severity of
inflammation.

Novel method triple lateral flow immunoassay (triple LFIA) had firstly been developed for specific and simultaneous
detection of three inflammatory biomarkers like procalcitonin (PCT), C-reactive protein (CRP), and serum amyloid A
(SAA) via biotin-streptavidin-phycoerythrin signal amplification system in one strip [98].

Another method called aptamer-based graphene affinity nanobiosensor is used to detect and measure the biomarkers
in undiluted physiological fluids [99]. Recent years have shown that the diagnosis and monitoring of biomarkers
involved in inflammatory-associated medical conditions such as cancer, neurological disorders, viral infections, The
development of low-cost, miniaturized, and portable, user-friendly devices that provide an answer in a timely manner,
such as electrochemical sensors, is relevant for the elaboration of point-of-care testing devices [100]. Quantified
inflammatory biomarkers are effective clinical strategy for correct and reasonable drug treatment. Detection
inflammatory biomarkers can also be done by using novel methods like proteomic profiling [101] and analysis [102]
Commercial tapes (Sebutapes) coated for measuring IL-1¢, IL-6, IL-8, INF-y, TNF-a, and IL-1 [103], CRP was detected
by using a Novel Nanoplasmonic Immunoturbidimetry Assay (NanoPITA)[104] and other methods Multiplexing
Biosensor[105], Multiplexed protein analysis[106], Multiomics Analysis[107], In- Silico Analysis [108].

4. Common Drugs Used to Target Inflammation

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs): NSAIDs like ibuprofen and naproxen are commonly used to relieve
pain and reduce inflammation. They work by inhibiting enzymes called cyclooxygenases (COX), which are involved in
the production of inflammatory prostaglandins. Drugs used against cyclooxygenases (COX) inflammation are typically
nonsteroidal anti-inflammatory drugs (NSAIDs). These medications work by inhibiting the activity of cyclooxygenase
enzymes, specifically COX-1 and COX-2. These enzymes are involved in the production of prostaglandins, which play a
key role in the inflammatory response and pain sensation. By blocking COX enzymes, NSAIDs can reduce inflammation
and alleviate pain. Aspirin is an NSAID that inhibits both COX-1 and COX-2. It is used for pain relief, reducing fever, and
preventing blood clots. Celecoxib is a prescription NSAID that specifically targets COX-2, which can reduce the risk of
gastrointestinal side effects compared to non-selective NSAIDs. It is used for conditions such as osteoarthritis,
rheumatoid arthritis, and acute pain. Interleukin inhibitors are a class of drugs used to treat inflammatory conditions
by targeting specific cytokines called interleukins. Interleukin inhibitors work by blocking the action of specific
interleukins, thus modulating the immune response and reducing inflammation.

5. Conclusion

Biomarkers are of crucial importance in modern medicine for early diagnosis, risk-assessment, drug target
identification, disease prevention, drug response and monitoring of disease activity. It is important to note that while
biomarkers are valuable tools, they are often used in conjunction with other clinical assessments to make accurate
diagnoses and treatment decisions. Additionally, biomarker levels can vary based on individual differences, the stage of
inflammation, and other factors, so their interpretation should be done by healthcare professionals familiar with the
specific context. Inflammation has the physiological purpose of restoring tissue homeostasis. Systemic inflammation
has been recognized as essential components in the pathogenesis of several diseases such as rheumatoid arthritis,
cancer, type 2 diabetes, inflammatory bowel diseases, obesity, and neurodegenerative diseases. Inflammatory
biomarkers are measurable indicators in the body that can signal the presence and severity of inflammation. Therefore,
their use is closely monitored by health care providers, and patients receiving these treatments often require regular
check-ups and laboratory tests to assess their safety and effectiveness. Always consult with a healthcare professional
for proper diagnosis and guidance on the most appropriate treatment for a specific inflammatory condition.
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