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ABSTRACT

Proteomics is the study of all the proteins expressed in the proteome and offer new avenues of research
in the biomedical field. The recent development of protein analysis tools has continued to improve, offering a
wide range of technologies categorised according to their ability to analyse and identify protein such as MS-
based technology. These novels tools have been invaluable to the rise of proteomics and permitted significant
progress in the identification of clinically applicable biomarkers and new therapeutic targets although detection
of very low abundance proteins remains difficult. Due to the high throughput data generated by proteomic mass
spectrometric analysis, automatic biomarker identification requires bioinformatics and database screening.
Bioinformatics allows the development of new algorithms and software for the interpretation of mass
spectrometry data in order to facilitate the exploitation of the data and the validation of potentially discovered
biomarkers. The aim of this paper was to discuss the analytical techniques used in protein biomarker discovery
and the usefulness of bioinformatics for the interpretation and validation of the data generated.
© 2023 International Formulae Group. All rights reserved.
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INTRODUCTION

First used by Marc Wilkins in 1996 to
refer to the "PROTein complement of a
genOME" (Wilkins et al., 2013), proteomics is
by definition the study of the proteome, i.e. all
the proteins expressed in the organism, a
biological fluid (blood, urine, saliva etc.), a
tissue or a cell. It offers new avenues of
research in the biomedical field. The
development of this field is propelled by a vast
international proteomics project, called the
Human Proteome Project (HPP), which was

© 2023 International Formulae Group. All rights reserved.

DOI: https://dx.doi.org/10.4314/ijbcs.v17i7.26

launched in 2011 by the world organisation
HPO (Human Proteome Organisation) with the
aim of establishing a database to describe the
proteins corresponding to the 19,800 genes
predicted to be coding in humans. Thus, out of
19,778 proteins predicted to be encoded by our
genome, 19,357 expressed proteins were
discovered, i.e. a rate of 92.8%, considerably
reducing the number of missing proteins in the
nextProt PE2, PE3 and PE4 databases (Omenn
et al., 2020).
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Although used before 2011, proteomics
involves a wide range of processes such as
protein expression profiling, post-translational
modifications (PTMSs), interactions, structures,
quantification and functions (Kwon et al.,
2021).

Over the past decade, the development
of protein analysis tools has continued to
improve, offering a wide range of technologies
categorised according to their ability to analyse
and identify protein. Conventional
chromatography-based analytical techniques
such as ion exchange chromatography (IEC),
size exclusion chromatography (SEC) and
affinity chromatography(Aslam et al., 2017,
Al-Amrani et al., 2021) are used in individual
protein analysis and are distinct from gel
electrophoresis analytical technigues.

Gel electrophoresis is most commonly
used for the separation of complex protein
samples and is distinguished from sodium
dodecyl sulphate-polyacrylamide (SDS-Page),
two-dimensional gel electrophoresis (2-DE)
and  two-dimensional  differential  gel
electrophoresis (2D-DIGE).

Alongside these are early analytical
techniques such as mass spectrometry (MS)
which has been invaluable to the rise of
proteomics and has permitted significant
progress in the identification of clinically
applicable biomarkers and new therapeutic
targets Lin et al., 2019) although detection of
very low abundance proteins remains difficult
(Crutchfield et al., 2016). To address these
issues, stable isotope labelling approaches have
been developed,

Stable isotope labelling-based
approaches fall into three major categories
depending on how heavy isotopes are
introduced: (1) chemical isotope labelling
(ICAT) (Colangelo and Williams, 2006),
isobaric Tags for Relative and Absolute
Quantitation (iTRAQ) (Ow et al., 2008; Ross
et al., 2004a),tandem mass tagging (TMT)
(Dayon et al. 2008), in which labels are
attached to proteins/peptides through chemical
derivatization, (2) enzymatic labelling (e.g. H2
160/ H2 8Q) (Tian et al., 2023; Sakai et al.,
2005), in which labelling is introduced through
enzymatic reaction and (3) metabolic labelling
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(e.g. SILAC, Stable Isotope Labelling by
Amino Acids in Cell culture) (Jiang and
English, 2002), in which labelling is
incorporated into proteins during in vivo
protein synthesis (Hoedt et al., 2019). These
technics have significantly improved the
sensitivity and detection of proteins by mass
spectrometry (Ross et al., 2004; Ong et al.,
2002). In addition, these approaches allow
simultaneous analysis and quantification of
peptides for multiple samples, as well as direct
comparison between samples (Hristova and
Chan, 2019). In contrast, Label-free
quantitative proteomics is useful in searching
for disease-associated factors and has been
used to investigate the mechanism of TCM in
recent years (Xie et al., 2020).

Subsequent analysis MS-based and its
derivatives allows the characterization and
measurement of the abundance of proteins in a
sample and generates a very large amount of
data. Bioinformatics allows the development of
new algorithms and software for the
interpretation of mass spectrometry data in
order to facilitate the exploitation of the data
and the validation of potentially discovered
biomarkers.

In this review, we discuss proteomics
analysis techniques and the contribution of
bioinformatics to the biomarker discovery
process.

PROTEOMICS ANALYSIS METHODS
The early identification of aggressive
cancers requires improved sensitivity and the
implementation of biomarkers representative
of tumor heterogeneity. In order to facilitate the
search for biomarkers, various proteomic
analysis techniques were set up, in particular
one-dimensional (1D) and two-dimensional
(2D) gel electrophoresis (2-DE) (Al-Amrani et
al., 2021b), thus enabling the first experiment
in proteomics to be perfected in 1995. A recent
study shows out of 308 biotic stress responsive
proteins, 40 proteins were identified as biotic
stress responses proteins directly coupled to
disease and pathogen infection on wheat (Hena

etal., 2010).
Other technologies based on high-
throughput gel-free screening, such as
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multidimensional protein identification
technology, have also emerged and significant
advances are being made in this area. The
emergence of these has increased the potential
for identifying protein biomarkers in cancer.
In mass spectrometry, technological
advances have increased the capacity for rapid,
accurate and efficient proteomic discovery. To
date, several proteomic techniques have been
applied to identify potential biomarkers of
radiosensitivity in cancer (Luo and Ge 2022).

Matrix-Asisted Laser
lonization Time-of-Flight
Spectrometry (MALDI-TOF-MS)

In proteomics, mass spectrometry (MS)
remains the most widely used technology for
protein ionisation. Its applications are very
broad and mainly concern the identification of
peptides or proteins, the analysis of their amino
acid sequence or the detection of post-
translational modifications (PTMs). Introduced
in 1985 by Karas et al. (1985), MS has been
revolutionized in part by matrix-assisted laser
desorption mass spectrometry (MALDI-TOF-
MS) introduced in 1988 by John Fenn and
Koichi Tanaka (Tanaka et al., 1988; Greco et
al., 2018). It is often combined with two-
dimensional electrophoresis.

Recently, a study on ovarian cancer
(OC) showed the performance of MALDI-
TOF. Serum proteomic patterns in samples
from OC patients were obtained using
MALDI-TOF-MS. Eighty-nine serum samples
(44 ovarian cancer and 45 healthy controls)
were pretreated using solid-phase extraction
method. Main outcome of this study was an
identification of potential OC biomarkers
(complement C3, kininogen-1, inter-alpha-
trypsin inhibitor heavy chain H4, and
transthyretin) by applying liquid
chromatography coupled with tandem mass
spectrometry (Swiatly et al., 2017).

MALDI-TOF-MS requires relatively
less intense sample preparation, and peaks in a
spectrum are generally used as indications of
protein content. However, reproducibility of

Desorption/
Mass
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results can be an issue due to the sensitivity of
this technique to contaminants from salts. To
this end, the emergence of new and more
advanced MS techniques could be an
alternative to MALDI-TOF-MS.

Liquid chromatography mass spectrometry
(LC-MS)

LC-MS is a hyphenated technique,
combining the separation power of HPLC, with
the detection power of mass spectrometry to
accurately identify and/or quantify many
ranges of organic compounds, from small-
molecule drug metabolites to peptides and
proteins, compared to conventional HPLC
techniques that do not allow qualitative
analysis. LC-MS requires a great deal of
methodological ~ development and data
processing.

The LC systems up front of the MS can
be used to introduce pure analytes, but often are
necessary to separate a mixture of analytes
prior to MS analysis. It is important to note that
certain classes of compounds (e.g. volatile
compounds or compounds that tend to
hydrolyse under aqueous conditions) are not
compatible with LC-MS. The most commonly
used LC-MS interface and ionization technique
is ESI (De Vijlder et al., 2018).

In LC-MS-based proteomics, protein
complexes are first subjected to enzymatic
cleavage prior to mass spectrometric analysis
of the resulting peptide products, in contrast to
"top-down" proteomics, which deals with
intact proteins and is limited to mixtures of
single proteins (Karpievitch et al., 2010).

Label-based proteomics

The technique of multiplexing in
proteomics was first introduced in 1999 (Tian
et al., 2023). Several methods based on
chemical isotope labelling have been
developed and adapted for  protein
quantification. ICAT was the first chemical
isotope labelling introduced and from which
other labels have emerged such as SILAC,
dimethyl labeling,’®0 labelling, neutron
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encoding (NeuCode) (Rose et al.,, 2013;
Sivanich etal., 2022). These methods introduce
small mass differences via  heavy
isotopologues into proteins or peptides, which
can be distinguished from each other in the
MS1 precursor spectrum. Several samples can
be analysed simultaneously because the
respective labelled peptides can be resolved by
MS. In addition, pooling of samples prior to
LC-MS reduces sample variation in the
workflow, signal variation and overall analysis
time.

Alongside chemical isotope libelling,
isobaric libelling has been developed and
includes iTRAQ (Chen et al., 2021), tandem
mass tagging (TMT) (Thompson et al., 2003),
N,N-dimethyl leucine (DiLeu) (Frost et al.,
2020), amine-reactive isobaric deuterium tags
(DIART) (Zhang et al., 2010), 10-plex isobaric
tags (IBT) (Ren et al., 2018), and a sulfoxide-
based isobaric libelling reagent (SOT 2
reagent, SOT) (Stadlmeier et al., 2018).

ITRAQ technology utilizes isobaric
reagents to label the primary amines of
peptides and proteins (

Figure 1). The iTRAQ reagents usually
consist of an N-methyl piperazine reporter
group, a balance group, and an N-
hydroxysuccinimide ester group that is reactive
with the primary amines of peptides. The
balance groups present in each of the iTRAQ
reagents function to make the labelled peptides
from each sample isobaric and the
quantification is facilitated through analysis of
reporter groups that are generated upon
fragmentation in the mass spectrometer. There
are currently two mainly used reagents: 4-plex
and 8-plex, which can be used to label all
peptides from different samples/treatments.
These samples are then pooled and usually
fractionated by nano-liquid-chromatography
and analysed by tandem mass spectrometry
(MS/MS) (Tian et al., 2019; Rauniyar and
Yates, 2014). In 2020, Xia et al. (2020) were
able to analyse the effect of metformin on the
invasion and migration of CC HelLa and SiHa
cell lines in cervical cancer and found that 53
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proteins  were differentially  expressed,
including 20 overexpressed and 33 under
expressed proteins.

The increased multiplexing capability
of TMT tags and demonstrated its application
by using 6-plex TMT reagents in relative
quantification of standard protein mixtures at
various concentrations was shown by Dayon et
al. (2008). In this study, TMT 6-plex was also
used to assess the differential protein
abundance in post-mortem cerebrospinal fluid
samples after brain injury vs. antemortem
samples.

N, N-Dimethyl leucine (DiLeu) and
Deuterium isobaric Amine Reactive Tag
(DiART) are seen as alternatives to iTRAQ and
TMT. However, the structure of Dileu
reagents consists of a dimethyl leucine as a
reporter group, a carbon balancing group and a
triazine ester amine reactive group at the C-
terminus with an m/z range of 114-119 (Xiang
et al., 2010; Rauniyar and Yates, 2014;
Sivanich et al., 2022) while DiART contains an
NHS amine reactive group similar to TMT and
iTRAQ, a B-alanine equilibrator and an N,N-
dimethylleucine reporter group with an m/z
ratio of 114-119, similar to DilLeu, with the
capacity for a 6-complex. DIART has been
compared to iTraQ previously and has been
reported to have a longer ratio which improves
the signal to tone to iso ratio (S/N) as well as a
compression without ratio.

Multiple Reaction Monitoring (MRM)
MRM is a highly specific and sensitive
mass spectrometry technique that allows the
quantification of targeted proteins in complex
mixtures. MRM requires that the MS be
configured to monitor only specific values of
the mass-to-charge ratio (m/z) of interest,
therefore the probability of detecting even low
levels of a peptide in the presence of a complex
mixture of peptides is much higher. It operates
in tandem MS (MS/MS) mode coupled with
triple quadrupole instrumentation (Beretov et
al., 2014; You et al., 2013) which first targets
the ion corresponding to the compound of
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interest and then fragments the target into
several other ions. One or more of the ions
resulting from the fragmentation and meeting
the mass criterion of the molecule of interest
are isolated in the mass spectrometer and
subjected to quantification. Shi et al. (2014)
and Wu et al. (2017) developed a highly
sensitive MRS/MRM-based protocol for the
quantification of anterior gradient 2 (AGR2) in
urine and serum of  prostate cancer (CaP)
patients with good correlation of MRS/MRM
and ELISA results and a significant difference
(p 0.026) was observed in the urine
AGR2/PSA concentration ratios between non-
cancer and cancer subjects.

BIOINFORMATICS FOR PROTEOMICS

Proteins are the workhorses in living
cells and their abnormal abundance is often
associated with diseases. For this reason,
characterizing and comparing proteomes
between patient and control is often more
effective in identifying drug targets than
genomic or transcriptomic data (Xia, 2017).
Most proteomic data are used for comparisons
between cohorts of patients and matched
normal controls for protein identify by mass
spectrometry. Proteomics MS-based generate
large amounts of data and their manual
integration is impossible to achieve without
computer assistance.

In parallel with the rapid advancement
of MS techniques and the generation of large
amounts of data from them, various
bioinformatics analysis methods and dedicated
databases are being developed for protein
quantification, identification and analysis.
These methods can be identified in relation to
the approach used in mass spectrometry. In
MS1 (first step MS) applications such as
MaxQuant (Merrill et al., 2014; Cao et al.,
2012; Tyanova et al., 2016), PVIEW (Khan et
al., 2009) and XPRESS (Han et al., 2001) are
developed for chemical isotope tagging
quantification techniques. Most software tools
can handle samples from several labelling
methods. For example, XPRESS is capable of
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analysing samples labelled by ICAT, SILAC
and ICPL, and it can also calculate the relative
abundance of proteins based on the elution
profiles of labelled peptide pairs. PVIEW can
process SILAC, ICPL and ICAT Ilabelled
samples, and it can even perform label-free
quantification by non-linear alignment and
XIC-based label-free  quantification. In
contrast, MaxQuant is designed specifically for
high-resolution SILAC-labelled data from
Thermo Orbitrap and FT mass spectrometers.
Using the Perseus framework (Rudolph and
Cox, 2019), it is easy to perform a statistical
downstream analysis of the raw quantification
results from MaxQuant (Chen et al., 2020).

In recent years, the advancement of
bioinformatics tools for the effective analysis
of the rapidly increasing proteomics data has
been a key area of interest (Figure 2). As part
of a large interconnected network, protein and
peptide expressions are becoming highly
useful for the fundamental understanding of
disease (Paul et al., 2020). In a recent study,
Van et al. (Van et al., 2017) investigated the
biological implications of differentially
excreted urinary proteins in patients with
diabetic nephropathy (DN). Artificially
constructed protein-protein interaction (PPI)
arrays were used to identify common and
stage-specific biological processes in diabetic
kidney disease (Chen et al., 2020).

PROTEIN BIOMARKERS

Due to cancer importance, the most
proteomics studies in the field of biomarker
discovery  concerned  cancer  diseases.
Proteomics as one of the modern areas of
biochemistry holds great promise in the cancer
study. Since proteome represents actual state of
the cell, tissue, or organism, there are suitable
biomarkers related to the tumours which can be
used for diagnostic proposes or follow up of
patients (Ghafourian et al., 2013). The use of
protein biomarkers provides a better prognosis
and increases the sensitivity and specificity for
predicting response to patient treatments. To
this end, a number of scientific studies have
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predicted potential biomarkers that can be used
in various diseases due to the new drug
discovery strategies MS-based. Biomarker
research can be performed at different
biological levels such as plasma, serum, tissue
cells.

Biomarker discovery in serum or plasma
blood

Blood plasma is one of the most useful
biological fluids for protein biomarker
discovery as well as clinical investigations for
diagnostic and therapeutic purposes due to its
abundant protein concentration (Mukherjee et
al., 2022; Kumar et al., 2020). The major
methods employed in plasma proteome-based
workflow include separation by 2D-DIGE,
MALDI-Q TOF MS/MS analysis (by label-
free or label-based quantitation or targeted
proteomics), biomarker validation by ELISA,
and statistical analysis (Kumar et al., 2020;
Martinez-Rodriguez et al.,, 2021). By
comparing a group of invasive cervical cancer
patients and a group of normal individuals
using the multiplex proximity extension assay
(PEA), Berggrund et al. (2019) identified 11
proteins  (PTX3, ITGB1BP2, AXIN1,
STAMPB, SRC, SIRT2, 4E-BP1, PAPPA,
HB-EGF, NEMO and IL27) as signature
proteins for cervical cancer. In breast cancer,
Skidld et al. (2015) had investigated the protein
expression profiles using isotope-coded protein
labelling method (ICPL)and identified 40
proteins differentially regulated by
radiosensitivity, a significant fraction of which
were proteins regulating responses to oxidative
stress. This allowed them to show that the
intrinsic response to oxidative stress, as well as
additional stress induced by ionizing radiation
(IR), could be an important general factor
influencing the sensitivity of cancer and
normal tissues to radiotherapy. In the same
perspective, Drobin et al. (2020) obtained
similar results in breast cancer patients
highlighting CHIT 1, PDGFB, RP2,
SERPINC1, SLC4A, STIM1 and THPO
proteins as significant positive predictors of
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radiosensitivity with a predominance of THPO
and STM1 proteins. Another study by Moreno-
Acosta et al. (2017) showed that IGF-1R f
overexpression and Hb level (<11 g/dl) were
associated with poor prognosis, and thus
appear to be possible interesting biomarkers of
radiation resistance. These results corroborate
previous preclinical studies suggesting IGF-1R
and hypoxia to be part of the biological
pathways leading to  radio-resistance.
Likewise, the potential mechanism essential to
the regulation and expression of B55a, in
addition to the likely role of the B subunit as a
tumor  suppressor in  AML  were
comprehensively studied. A strong correlation
was observed between B550 and several
proteins (including MYC, PKCa, and SRC)
after reverse phase protein analysis (RPPA) of
230 proteins in 511 AML patients. B55a
suppression in OCI-AML3 cells by shRNA
indicated that the B subunit is a PKCa
phosphatase (Almaiman et al., 2016).

Biomarker discovery in tissue cells

The application of proteomics at the
tissue level provides the most accurate
reflection of the physiological state of the
cancer tumor. Recent advances in MS-based
technology have allowed for a continuous
increase in proteome coverage with reliable
quantification. Tissue-based proteomics is
widely applied in different cancer types such as
breast (Yanovich et al., 2018), lung (Doll et al.,
2018), prostate (Guo et al., 2018).

Using cervical cancer cell lines and
iTRAQ-based quantitative proteomics
analysis, Xia et al. (2019) and Martinez-
Rodriguez et al. (2021) analyzed the effect of
metformin on invasion and migration of the CC
cell lines HelLa and SiHa. The mechanism by
which metformin inhibits the proliferation and
invasion of CC cells was analyzed and the
authors found 53 differentially expressed
proteins, 20 overexpressed proteins, and 33
under-expressed proteins. Proteomic analysis,
complemented  with  tumor  xenograft
modelling, showed that the expression of nine



O. B. DIOUF et al. / Int. J. Biol. Chem. Sci. 17(7): 2943-2957, 2023

proteins was decreased in cells treated with
metformin, namely TGFp-1, CCPG1, LGMN,
SLC38A2, TRIM26, MTR, ATP6APL,
CIRBP, and PTP4A1, while the expression of
CYR®61 and IGFBP7 was increased compared
to control cells. The authors concluded that
metformin was capable of inhibiting the
proliferation and invasion of CC cells in this
proteomic assay.

A 2022 study showed that Copa could
be used as a prognostic biomarker for cervical
cancer. In this study, the authors investigated
the protein expression profiles of cervical
cancer of 28 fresh frozen tissue samples (11
adenocarcinoma (AC), 12 squamous cell
carcinoma (SCC) and 5 normal cervixes (HC))
were included in discover cohort; 45 fresh
frozen tissue samples (19 AC, 18 SCC and 8
HC) were included in verification cohort; 140
paraffin-embedded tissues samples of cervical
cancer (85 AC and 55 SCC) were used for
immunohistochemical evaluation (IHC) of
coatomer protein subunit alpha (COPA) as a
prognostic biomarker for cervical cancer; how
deficiency of COPA affects cell viability and
tumorigenic ability of cervical cancer cells
(SiHa cells and HeLa cells) were evaluated by
cell counting kit-8 and clone formation in vitro.
The author identified COPA as a potential
prognostic biomarker for cervical cancer in
quantitative proteomics analysis (Bao et al.,
2022).

In South Africa, a recent study
searching for protein markers that are related to
tenderness in the retail sector showed that WBS
decreases with ageing, with a value of 6.37 kg
on day 3 and 4.67 kg on day 14 after slaughter.
The same trend was observed for MFL, which
was 35.37 um on day 3 and 22.53 um on day
14. The authors concluded that WBS and MFL
can be used as predictors of meat quality
(Moloto et al., 2015).
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Biomarker discovery in urinary

MS-based urine proteomics has great
potential for the development of diagnostic and
prognostic tests. Urine is an extremely complex
biological fluid containing a wide variety of
proteins, and although its dynamic range is
lower than that of plasma, it is still important
for identifying biomarkers of urological
malignancies as it can be easily and non-
invasively obtained and contains cells and
proteins that originate from urogenital system
(Decramer et al., 2008). Furthermore, as a
glomerular filtrate of plasma, the urine
proteome can reflect physiological and
pathological status of the human body (Wu and
Gao, 2015). In this sense, Lin et al. (2018)
suggested the feasibility of applying the high
throughput workflow in extensive urinary
proteome profiling and clinically relevant
biomarker discovery.

In the case of prostate cancer, a study
using DDA-MS to characterize cat urine
showed that all three proteins (B2M, PGA3 and
MUC3) were potentially capable of
distinguishing prostate cancer from benign
prostatic hyperplasia when used individually or
in combination (Jedinak et al., 2015).

To identify biomarkers of
immunosuppression in healthy men, Xu et al.
(2020) explored the urine proteome using the
iTRAQ proteomics techniques and four
proteins in the urine (SEMG-1, PIP, PDGFRL,
and NDPK) were found to increase
incrementally with the increased exercise
intensity, which have the potential to be used
as non-invasive immune biomarkers of
exercise-induced immunosuppression. For the
“co-upregulation” and “co-downregulation” of
differential proteins in incremental treadmill
running exercises, comprehensive biological
functional annotations were performed using
the Uniprot database website and DAVID data
analysis software.
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Figure 1: iTRAQ workflow (4-plex) is shown above. Samples to be quantified are prepared under various
treatment conditions followed by cell lysis to extract proteins. After using a standard protein assay to estimate the protein
concentration of each sample, proteins are digested using an enzyme, such as trypsin, to generate proteolytic peptides. Each
peptide digest is labelled with a different iTRAQ reagent and then the labelled digests are combined into one sample mixture.
The combined peptide mixture is analysed by LC-MS/MS for both identification and quantification. A database search is then
performed using the fragmentation data to identify the labelled peptides and hence the corresponding proteins. The
fragmentation of the attached tag generates a low molecular mass reporter ion that can be used to relatively quantify the peptides
and the proteins from which they originated.
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Figure 2: General workflow of bioinformatics analysis in mass spectrometry-based proteomics. (a)
MA-plot from protein differential abundance analysis. X-axis is the log2 transformed fold change and Y-axis is the average
protein abundance from replicates. (b) Distribution of protein abundance data before and after normalization. (c) Heatmap for
protein abundance with clustering; (d) Protein set enrichment analysis, Y-axis in the above plot shows the ranked list metric,
and in the bottom, plot shows the running enrichment score. X-axis is the ranked position in protein list. (€) Machine learning-
based sample clustering. (f) Illustration of a network inferred from proteomics data. (g) Dimensionality reduction of proteomics
expression profile.
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CONCLUSION

The use of proteomics and
bioinformatics for biomarker research has
shown great promise. Its application in cervical
cancer radiotherapy could remove some of the
barriers to precision treatment of tumours in
developing countries such as Senegal. The use
of mass spectrometry and bioinformatics
technology in our research laboratories would
make it possible to both analyse the
mechanisms underlying radiation resistance
and to select patients suitable for radiotherapy
treatment based on the biomarkers potentially
discovered in these areas. These aspects could
be used for the implementation of precision
radiotherapy in cervical cancer, the prevalence
of which is very high in Senegal.
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