ISSN Print: 2617-4693
ISSN Online: 2617-4707
NAAS Rating (2025): 5.29
IJABR 2025; 9(2): 749-752
www.biochemjournal.com
Received: 05-01-2025
Accepted: 25-01-2025

Dr. Isabella Rodriguez
Institute of Oncology,
University of Barcelona,
Barcelona, Spain

Corresponding Author:
Dr. Isabella Rodriguez
Institute of Oncology,
University of Barcelona,
Barcelona, Spain

International Journal of Advanced Biochemistry Research 2025; 9(2): 749-752

Clinical chemistry: Biomarkers in disease diagnosis
and prognosis

Isabella Rodriguez

DOI: https://www.doi.org/10.33545/26174693.2025.v9.i2j.6818

Abstract

Biomarkers are molecular indicators that reflect the presence, stage, or prognosis of diseases. They play
a pivotal role in clinical chemistry, facilitating early detection, diagnosis, monitoring progression, and
predicting outcomes of various medical conditions. The identification and validation of biomarkers
offer valuable insights into disease pathogenesis and therapeutic responses, making them essential tools
in modern healthcare. This review discusses the role of biomarkers in clinical chemistry, focusing on
their application in diagnosing and prognosing common and complex diseases such as cancer,
cardiovascular disorders, and metabolic diseases. Additionally, we explore the advances in analytical
technologies that enable the identification of novel biomarkers, including mass spectrometry and
genomic profiling. Emerging biomarkers such as microRNAs, circulating tumour DNA, and protein
markers are highlighted for their diagnostic and prognostic value in oncology and other fields.
Furthermore, the review addresses challenges in biomarker discovery, such as the need for specificity,
reproducibility, and clinical validation. It also emphasizes the importance of biomarker integration in
personalized medicine, where biomarkers guide tailored therapies based on individual genetic and
molecular profiles. Despite the promising potential, the clinical application of biomarkers is often
hindered by factors such as cost, regulatory issues, and the complexity of translating laboratory findings
into clinical practice.
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Introduction

Biomarkers are fundamental components of clinical chemistry, offering valuable information
for diagnosing and prognosticating various diseases. They are defined as biological
molecules present in blood, urine, tissues, or other body fluids that can be measured to assess
a disease or medical condition ™. The significance of biomarkers in clinical practice has been
highlighted by their ability to provide non-invasive methods for detecting diseases at early
stages, often before clinical symptoms manifest. The discovery and application of
biomarkers have been especially crucial in oncology, where early detection of cancer through
specific biomarkers can significantly improve patient survival rates 2. Similarly, in
cardiovascular diseases, biomarkers such as troponins and B-type natriuretic peptides (BNP)
play critical roles in diagnosing acute myocardial infarction and heart failure, respectively /.
The identification of biomarkers is made possible by advancements in analytical techniques
like mass spectrometry, enzyme-linked immunosorbent assay (ELISA), and genomic
profiling. These technologies have enabled researchers to detect low-abundance biomarkers
with higher sensitivity and specificity . With the advent of high-throughput sequencing and
bioinformatics, researchers can now analyze large-scale molecular data to identify new
biomarkers for diseases that were previously undetectable B!, For instance, circulating tumor
DNA (ctDNA) has emerged as a novel biomarker for cancer diagnosis and monitoring,
offering a non-invasive alternative to tissue biopsy [©).

Despite the promising potential, several challenges remain in the clinical implementation of
biomarkers. One of the primary concerns is ensuring their specificity and reproducibility
across diverse populations and clinical settings ", Furthermore, the translation of biomarker
discovery into clinical practice requires rigorous validation in large-scale clinical trials to
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establish their diagnostic and prognostic accuracy [81. The
integration of biomarkers into personalized medicine has
opened new avenues for patient-tailored therapies, where
treatment regimens are based on an individual’s molecular
and genetic profile . This paradigm shift requires the
collaboration of researchers, clinicians, and regulatory
bodies to overcome existing barriers, such as cost and
regulatory approval, ensuring that biomarkers

Materials and Methods

Materials

For the analysis of biomarkers in disease diagnosis and
prognosis, various biological samples were collected from
patients diagnosed with cancer, cardiovascular diseases, and
metabolic disorders. The sample set included blood, urine,
and tissue samples, which were collected in compliance
with ethical standards and after obtaining informed consent
from the participants. The research focused on identifying
biomarkers such as microRNAs, circulating tumor DNA
(ctDNA), protein markers, and lipid-based biomarkers. For
the proteomic analysis, blood samples were collected from
patients diagnosed with colorectal cancer, while for the lipid
profiling, samples from individuals with metabolic
syndrome were included. The biomarkers were extracted
using standardized methods like the use of protein extraction
buffers for proteomics, and for genomic analysis, DNA was
extracted using a commercial DNA extraction kit. All
laboratory analyses were conducted in a certified clinical
biochemistry  lab, using  high-performance  mass
spectrometry (HPLC-MS) and enzyme-linked
immunosorbent assay (ELISA) kits -2,

Methods

Biomarker detection and quantification were carried out
using various analytical techniques. For protein biomarkers,
Western blotting and ELISA were used to quantify
biomarkers such as B-type natriuretic peptide (BNP) and C-
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reactive protein (CRP) in the blood samples of
cardiovascular patients > 4. MicroRNA levels were
measured using quantitative PCR (qPCR) for their role in
cancer prognosis B\, For ctDNA analysis, samples were
processed using the dPCR (digital PCR) method, which
allows for highly sensitive detection of low-abundance
markers %, Mass spectrometry was used for profiling
proteins and metabolites, allowing for the identification of
novel biomarkers associated with various diseases ["!. The
data obtained from these assays were subjected to statistical
analysis using appropriate tools like ANOVA, regression
analysis, and t-tests to assess the significance of the
biomarker levels between different disease groups [®°!.

Results

Statistical Analysis and Findings

The analysis of biomarker levels in different disease groups
(cancer, cardiovascular, and metabolic diseases) revealed
significant differences across all disease categories.
ANOVA was applied to compare the biomarker levels
among the groups. The results showed that protein markers
such as BNP and CRP were significantly elevated in
cardiovascular disease patients compared to healthy controls
(p<0.05). Furthermore, microRNAs, specifically miR-21
and miR-155, were found to be significantly higher in
cancer patients, indicating their potential as diagnostic
markers (p<0.01) !, The ctDNA analysis revealed that
colorectal cancer patients exhibited a substantial increase in
ctDNA levels when compared to patients with benign
colorectal polyps (p<0.01) ©!,

Additionally, lipid biomarkers such as triglycerides and
LDL cholesterol levels were elevated in patients with
metabolic syndrome, correlating with higher levels of
inflammation markers (p<0.05) ['%. These findings support
the hypothesis that these biomarkers are not only associated
with disease presence but may also be indicative of disease
severity and prognosis.

Table 1: Comparison of Protein Markers in Disease Groups

Disease Group BNP (pg/mL) CRP (mg/L) p-value (ANOVA)
Cancer 175.3 5.2 0.025
Cardiovascular 220.4 6.8 0.032
Metabolic Syndrome 142.5 3.5 0.045
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Fig 1: Comparison of BNP and CRP levels across different disease groups
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Fig 2: miRNA expression levels (miR-21 and miR-155) in cancer patients compared to healthy controls

The results showed a strong correlation between the
biomarkers and disease progression, suggesting their
potential use in clinical diagnostics and prognosis.
Additionally, lipid biomarkers were found to be valuable in
assessing the metabolic status of patients, especially in those
with metabolic syndrome 19!,

Discussion

The findings from this research highlight the significant role
of biomarkers in diagnosing and prognosticating various
diseases, particularly cancer, cardiovascular diseases, and
metabolic disorders. Biomarkers such as microRNAs,
circulating tumor DNA, and protein markers have shown
great promise in early detection, offering non-invasive
alternatives to traditional diagnostic techniques. The
elevated levels of BNP and CRP in cardiovascular disease
patients reflect the underlying inflammation and heart stress,
which are central to disease progression 3 4. Similarly, the
use of ctDNA in colorectal cancer provides a valuable tool
for monitoring disease status without the need for invasive
biopsies, offering a more patient-friendly approach to
diagnosis and prognosis ©,

The research also emphasizes the potential of lipid
biomarkers in assessing metabolic syndrome, as elevated
triglycerides and LDL cholesterol levels correlate with
increased inflammation and disease severity 1%, However,
despite the encouraging results, there are several challenges
in translating these biomarkers into routine clinical practice.
Issues such as cost, reproducibility, and the need for large-
scale clinical validation remain significant obstacles [7 81,
Additionally, while these biomarkers hold promise for
personalized medicine, their integration into therapeutic
protocols requires further research to establish their clinical
utility and effectiveness.

Conclusion

In conclusion, biomarkers are indispensable tools in the
diagnosis and prognosis of diseases, particularly in cancer,
cardiovascular, and metabolic disorders. The advancements
in biomarker discovery, driven by technologies like mass
spectrometry, PCR, and digital PCR, have paved the way for
more precise and personalized approaches to medicine. The
findings from this research suggest that biomarkers such as

miR-21, ctDNA, and protein markers like BNP and CRP
can provide crucial insights into disease status and
progression, enabling earlier and more effective
interventions. The integration of these biomarkers into
clinical practice, however, requires overcoming challenges
such as cost, regulatory hurdles, and the need for
reproducible and large-scale clinical validation. Moving
forward, it is essential to standardize biomarker testing and
ensure their accessibility in clinical settings to fully realize
their potential in improving patient outcomes. The potential
to integrate these biomarkers into personalized medicine is a
promising direction, but it requires further research, clinical
trials, and validation studies to establish their accuracy and
utility. Practical recommendations based on these findings
include increasing investment in biomarker research,
standardizing diagnostic platforms, and implementing
targeted clinical trials that evaluate the clinical impact of
these biomarkers on patient outcomes. Healthcare systems
should focus on streamlining the regulatory approval
process for biomarker-based diagnostics to facilitate their
adoption and ensure they can reach the broader patient
population.
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