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ABSTRACT 

A recently published study describes the use of an electrochemical biosensor that employs a nanohybrid of MoO3. 

This hybrid material is synthesized using a one-pot hydrothermal process. NH2-functionalized multi-walled carbon 

nanotubes (MWCNTs) are renowned for their exceptional electrical characteristics, modest surface area, and fast electron 

transport capacities. The combination of MoO3 and NH2-MWCNTs produces an advanced immune sensing platform that 

improves the electrochemical performance and sensitivity in detecting HER-2. The Scanning Electron Microscopy (SEM) 

analysis of the synthesized nanocomposite demonstrates the presence of nanorods enveloped by slender MWCNT fibers, 

resulting in the creation of a compact network. The addition of NH2-MWCNTs greatly enhances electron transfer, resulting 

in a tenfold increase compared to pristine MoO3, which has an average surface area of 63 m² g⁻¹. The biosensor has 

exceptional sensitivity, approximately 26 A ng⁻¹ cm⁻² per decade, over a dynamic linear range of 10⁻⁶ to 10³ ng mL⁻¹. 

Additionally, it retains its effectiveness for around five weeks when maintained at a temperature of 4 °C. This immunological 

sensing platform utilizes anti-HER-2 antibodies to identify the presence of HER-2. Therefore, the MoO3 composite exhibits 

outstanding electrochemical performance, similar to APTES/MoO3 and APTES/MoO3@RGO (Reduced Graphene Oxide) 

electrodes. It has the potential to be used as a matrix for immunological sensing to identify various cancer biomarkers. 
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1. INTRODUCTION 

Cancer is a significant global health concern, 

characterized by the uncontrolled growth and spread of 

abnormal cells. These cells can invade neighbouring 

tissues and metastasize, causing severe complications. 

Cancer often arises from genetic mutations that disrupt 

normal cellular regulation, leading to uncontrolled cell 

growth and division (Spagnolie, 2015). Risk factors 

include genetic predisposition, lifestyle choices, viral 

infections, and environmental exposures. Among the 

numerous types of cancer, breast cancer is notably 

prevalent, especially among women (Fu et al. 2018). 

Early detection and treatment significantly improve 

survival rates, with various diagnostic methods available, 

including non-invasive screening and invasive biopsies. 

Nanomaterials have demonstrated a high level 

of interest in the fields of physical, chemical, and 

biological systems. Nanomaterials, particularly 

molybdenum trioxide (MoO3), have garnered significant 

interest due to their unique physical, chemical, and 

electronic properties. Nanostructured MoO3 (Al-Kattan 

et al. 2016), with its high electrical conductivity, tunable 

band gap, and high catalytic activity, is recognized for its 

potential in various applications such as electrochromic 

systems (Shchegolkov et al. 2021), energy storage units, 

superconductors, thermal materials, and biological 

sensors (Nazari et al. 2021). MoO3 exists in three 

crystalline forms: monoclinic               (α-MoO3), 

orthorhombic (β-MoO3), and hexagonal              (h-MoO3) 

(Li et al. 2022), each with unique structural 

characteristics that contribute to its functionality. These 

phases are generated by the corner-sharing oxygen atoms 

in the MoO6 octahedron, which is held together by 

covalent forces and has a distinct layered structure. This 

is represented in Fig. 1. The six oxygen atoms 

surrounding the Mo atom in the centre result in layers 

bonded via van der Waals force. h-MoO3 is the most 

stable phase, with great intercalation capacity and 

increased Mo6+/Mo4+ redox activity. 

Cellular regulatory inadequacies from genetic 

damage cause most cancers. In general, genes control cell 

growth and reproduction (Casais-Molina et al. 2018). 

Normal gene regulation can be disrupted by mutation 

during cell division. Mutations affect cancer cell 

metabolism, growth, proliferation, and death. The cause 

of cancer is unknown, however family history, lifestyle, 

virus exposure, and environmental dangers contribute. 
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Breast, liver, stomach, lung, and skin cancers are among 

nearly 200 types (Ferlay et al. 2020). Breast cancer is the 

most common malignancy in women and curable in 70–

80% of early-stage patients (Watkins, 2019). It causes 

11.6% of female malignancies and 22.9% of invasive 

cancers, killing 627,000 women in 2018. Screening and 

self-examination can detect breast cancer, followed by a 

biopsy (Waks and Winer, 2019). Biomarkers are 

quantitative indicators of biological states, activities, or 

conditions (Schneider et al. 2009), pathogenic processes, 

or treatment responses (Paczesny et al. 2015). 

Biomarkers, biological entities in body fluids, can 

diagnose diseases, including cancer. Disease is indicated 

by abnormal biomarkers. Using MoO3's unique features 

in biosensor technology could lead to early and accurate 

breast cancer detection, advancing cancer diagnosis 

(Zadan et al. 2021). 

 

Fig. 1: Crystal structure of orthorhombic MoO3 showing the 
layered structure 

This study focuses on developing an 

electrochemical immunosensor for cancer detection with 

a simple manufacturing approach, enhanced sensitivity, 

and improved limit of detection (LOD), specifically 

targeting HER-2, a breast cancer biomarker. The goal is 

to create a highly sensitive, label-free, biocompatible 

biosensing system using nanostructured MoO3. Key steps 

involve synthesizing and characterizing nanostructured 

MoO3, fabricating the immunoelectrode through 

electrochemical deposition, and immobilizing antibodies 

onto the fabricated surface. Preliminary results indicate 

that the Bovine Serum Albumin/anti-HER-

2/MoO3/Indium Tin Oxide immune electrode can 

efficiently detect the HER-2 biomarker, showing promise 

for clinical applications (Ramakrishnan et al. 2019). 

2. LITERATURE REVIEW 

Prakash et al. (2019) described the production 

of MoO3 nanorods for use in electrochemical 

supercapacitors. Investigated MoO3 and MoO3 

nanostructures in another work. It was established that 

the sensing of hydrogen gas employing MoO3 displayed 

improved sensing and charge transfer due to its layered 

structure (Qiao et al. 2019). Chiew et al. (2021) evaluated 

the catalytic property of MoO3. They reported the 

influence of ring-opening oxides and amines on the 

catalytic action of MoO3. Investigated the potential of 

MoO3 as high-rate electrochemical anodes for dual ion 

intercalation energy storage devices using the interlayer 

gap widening process. The ionic channel is expanded 

when the interlayer gap widens, resulting in better and 

enhanced electrochemical kinetics. 

Chen et al. (2008) explored the selective sensing 

mechanism of MoO3 towards diverse biomolecules using 

simulations. The role of surface imperfections in the 

oxide was explored during contact with various 

molecules. The research sheds light on the application of 

MoO3 as an ultrasensitive and                    ultra-selective 

material in the fabrication of sensing devices. The use of 

MoO3 in the field of biomedical engineering has lately 

increased due toits availability in various oxidation 

states. Uyan, (2022) MoO3 is essentially used as a 

transducing element in biological applications. When 

surrounded by oxygen vacancies in the lattice, the Mo6+ 

atom tends to decrease to the Mo5+ state, moving single 

electron to the conduction band and resulting in improved 

conductivity (Malik et al. 2022). The study presented an 

electrical sensor based on MoO3 using bovine serum 

albumin as the protein of interest.              Two-

dimensional nanoflakes were used to create a conduction 

channel with a shorter response time. (Yang et al. 2021) 

explored the revolutionary MoO3 nanoflakes in the field 

of bio mimicking. A                       two-dimensional three-

terminal synaptic transistor simulating the neural synapse 

has been developed (Cheng and Compton, 2014) A recent 

work described the MoO3-x flakes employing visual 

measurement of glucose with oxygen deprived glucose 

oxidase (Madhavi et al. 2023). 

It should be noted that the electrochemical use 

of MoO3 may be substantially hampered due to its poor 

electrochemical kinetics as well as low charge transfer 

capability (Cheng and Compton, 2014). To address such 

issues, doping and compositing molybdenum oxides with 

various organic materials may result in improved 

material specific features and a widening of its use to 

highly efficient electrochemical systems, biocatalysts, 

and biosensing units (Barabash et al. 2020). The 

limitations created by the pristine nanomaterial are 

solved by a nanohybrid formed by the mixture of organic 

and inorganic nanomaterials (Malathi et al. 2024). The 

existing study discovered that nanohybrids of MoO3 with 

carbonaceous materials such as MWCNT and RGO result 

in increased heterogeneous electron transport, quicker 
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electron kinetics, a large surface area, and improved 

biosensing characteristics (Tan et al. 2016). 

3. EXPERIMENTAL WORK 

3.1 MoO3 Nano-hybrid based Conductive 
Platform for Breast Cancer Detection 

3.1.1 In Situ Synthesis of MoO3 Nanocomposite 

Carbon nanotubes (CNTs) have received the 

major attention as a material of interest in the ever-

growing field of point-of-care devices because of their 

high conductivity, exceptional stability and thermal 

properties. The MWCNTs have superior electronic 

properties, compound inertness, electric stability, large 

specific surface area, as well as mechanical properties. 

Thus, they are promising candidates for use in a variety 

of applications including, gas sensing, power storage, 

strain sensing and biosensing. 

The MoO3 nanocomposite was fabricated using 

a one-pot hydrothermal technique. In 20 mL deionized 

water (DI), a solution of NH2-MWCNT (0.2 g) was 

ultrasonicated for 30 minutes (solution B; Fig. 2). 

 

Fig. 2: In situ synthesis of MoO3 nanocomposite 

Simultaneously, a solution A was prepared by 

dissolving 2 g of Na2MoO4.2H2O in 20 mL of DI and 

stirring at 300 rpm for 1 hour at room temperature (25℃). 

Following that, 5 mL of HNO3was added dropwise to 

solution B until the solution became light yellow and the 

pH reached 2. The mixture was agitated for another 30 

minutes to ensure homogeneity (Salari and Hosseini, 

2021). The entire solution was placed in a 100 mL 

Teflon-coated stainless steel autoclave, where it was 

sterilized for 14 hours at 180℃. Then, the homogeneous 

solution was collected and rinsed with DI water until the 

pH was neutral. The resulting product was collected in a 

crucible and dried overnight at 60℃. Once the powder 

had completely dried, it was collected and stored 

anhydrous until further use. 

3.2 Fabrication of MoO3 based Electrodes 

The as-prepared MoO3nano composite was 

electrophoretically placed over a hydrolyzed ITO glass 

substrate. For this, a homogenous MoO3 solution in 

acetonitrile (1 mg mL-1) was prepared. To minimize 

overheating surrounding the sample, the solution was 

sonicated for roughly 30 minutes at 5-minute intervals. 

About 10 mL of colloidal solution was added to a glass 

cell with platinum (Pt) serving as counter electrode and 

ITO serving as working electrode. For the movement of 

suspended nanoparticles to create uniform thin films on 

the ITO substrate, an external DC voltage of 55 V was 

supplied for 1.30s using an electrophoretic deposition 

device (0.25 cm2). To remove the loosely attached 

nanoparticles, the produced films (MoO3/ITO) were air 

dried and washed with DI water. Similarly, many sets of 

electrodes were fabricated and kept at ambient 

temperature (25℃). 

3.3 Fabrication of MoO3 Nano Composite based 
Immune Sensor 

Before being poured onto electrodes, a mixture 

of 15 L of anti-HER-2 (50 g mL-1), 7.5 L of EDC (0.4 M), 

and 7.5 L of NHS (0.1 M) was prepared and kept at room 

temperature (25℃) for 30 minutes (Fig. 3).  

 

Fig. 3: Fabrication of MoO3 nanocomposite based 
immunosensor 

Following that, 30 L of this produced solution 

was drop cast evenly over the MoO3/ITO electrode and 

kept humid for 4-5 hours. During this time, a covalent 

contact occurred between the -COOH group on the Fc 

region of anti-HER-2 and the -NH2 group of MoO3 

nanocomposites, resulting in the formation of an amide 

bond. After that, the electrode was washed in phosphate 

buffer solution (PBS)to get rid of any unattached 

biomolecules before being given 20 L BSA (1 mg mL-1) 

to block all active sites. The immunological electrode 
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was then cleaned with PBS buffer and stored at 4 ℃ for 

future use. 

4. RESULTS AND DISCUSSION 

The MoO3 and the NH2-MWCNTs (Fig. 4) were 

subjected to XRD analyses in 10-80° range at scan rate 

of 0.2° min-1 to determine their crystalline structure. The 

diffraction pattern obtained for the MoO3 nanocomposite 

is consistent with the orthorhombic phase of MoO3 

(JCPDS number: 89-5108), with strong intensity peaks 

occurring at 2θ = 12.8°, 23.4°, 25.7°, 27.5°, and 38.9°, 

corresponding to the hkl planes (020), (110), (120), (021) 

and (020), respectively (060). Strong crystalline nature is 

confirmed by the clearly defined peaks in XRD pattern, 

which has lattice constants  (a = 3.9, b = 13.8, and c = 

3.7) and space group PNMA. Because the distinctive 

peak of MWCNTs at 26.0° (040) clashes with the high 

intensity peak of MoO3 (120) in the nanocomposite, no 

separate MWCNT peak was seen. The high crystalline 

structure of the                   as-synthesized nanocomposite 

indicates that MoO3 nanorods develop anisotropically in 

the nanocomposite. 

 

Fig. 4: XRD spectra of as-synthesized MoO3 nanocomposite 

 

Fig. 5: The SEM image of synthesized nMoO3 

4.1 Scanning Electron Microscopy 

Scanning electron microscopy was used to study 

the morphology of synthesized nMoO3 (Fig. 5). It shows 

microscopic needle-like formations. The magnified 

image reveals rod-like structure of nMoO3. 

4.2 Transmission Electron Microscopy (TEM)  

Transmission electron microscopy was used to 

characterize the morphology of the synthesised nMoO3. 

It shows the formation of rod-like nMoO3 structures with 

diameter range 60 to 80 nm and length of few µm. 

4.3 Raman Spectroscopic Studies 

The Raman spectra of the produced nMoO3 

nanorods are shown in Fig. 6. It is possible that high 

intensity surface morphology at 818.2 cm-1 is caused by 

stretch modes of doubly linked bridge oxygen ions in 

Mo-O-Mo that are present in the MoO6 octahedrons. 

 

Fig. 6: Raman Spectra for the nMoO3 

The peak at 991.5 cm-1 shows that terminal 

oxygen in Mo=O experiences an asymmetric stretching 

phase. The peak at 280 cm-1 is a doublet of wriggling 

modes displayed by terminal oxygen atoms. The peak at 

660.7 cm-1 might be explained by triple-coordinated 

oxygen atoms connected to the Mo-O stretching modes 

of triple octahedra. Its O=Mo=O bending and scissoring 

modes, respectively, were attributed to the peaks 

measured at 333 and 375.2 cm-1. 

4.4 Brunauer Emmett Teller study 

Brunauer Emmett Teller tests were used to 

determine the exact surface area and porosity of the 

synthesised nMoO3. The model was degassed in a 

vacuum at 200 ℃ for two hours to calculate its specific 

surface area, and nitrogen desorption and adsorption 

isotherms were recorded. The BET tests revealed that the 

overall pore volume of nMoO3 was 0.029 cc g-1. The 
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specific surface area of nMoO3 was determined to be 

17.19 m2 g-1 by the BJH technique. According to the pore 

size curve, mesoporous nMoO3 predominated, with 

microporous nMoO3 accounting for a minor percentage 

of the material. The average pore thickness was found to 

be 6.8 nm. The obtained results suggested that the 

synthesised nMoO3 has a highly mesoporous 

characteristic, which allows for increased anti-HER-2 

loading. 

4.5 X-ray Photoelectron Spectroscopic (XPS)  

The survey scanXPS spectra for 

APTES/nMoO3and anti-HER-2/APTES/nMoO3 onto 

ITO electrode are shown in Fig. 7. Peaks were found near 

232, 102, 530.5, and 399.6 eV, respectively, for Mo 3d, 

Si 2p, O 1s, and N 1s. 

 

Fig. 7: Survey scan XPS spectra of nMoO3 and anti-HER-
2/APTES/nMoO3/ITO electrode 

 

Fig. 8: Effect of different pH (6.0 to 8.0) on the fabricated 
immunoelectrode 

4.6 pH and Electrode Studies 

The effect of pH (6.0-8.0) on BSA/anti-HER-

2/APTES/nMoO3/ITO immunoelectrode was examined 

using DPV in PBS buffer containing 5mM of                     

[(Fe(CN)6)]3-/4- ions. Highest current response observed 

at pH 7.0 is shown in Fig. 8. This is because 

biomolecules, including as DNA, mRNA, enzymes, 

antibodies, and antigens exist in their specific shapes and 

experience their highest bio-molecular mobility at pH 

7.0. However, interactions using H+ or OH- ions within 

amino acid sequence of the antibodies may have caused 

the biomolecules to get denatured in acidic or basic 

solution. 

4.7 Cyclic Voltammograms Studies 

Differential pulse voltammetry tests were 

conducted in the potential window of -0.2 to +0.6 V, as 

shown in Fig. 9. The peak current generated 

for APTES/nMoO3/ITO (0.31 mA) was discovered to be 

higher than that of ITO due to strong electrocatalytic 

efficiency and large surface area of nMoO3 nanorods 

(0.20 mA). Anti-HER-2 antibodies immobilized caused 

the current value to decrease to 0.24 mA and 0.23 mA, 

respectively. This decrease was attributable to the 

insulating properties of BSA and anti-HER-2, which 

worked to prevent free electron transfer to the 

immunoelectrode. 

 

Fig. 9: Electrode studies at different steps of modification of 
the electrode 

4.8 Structural and Morphological Analysis 

The SEM scans were used to analyze the 

morphology of the as-synthesized MoO3 nanocomposite. 

Nanorods of virgin MoO3 nanoparticles were formed 

randomly and densely. The average size of the produced 

MoO3 nanorods was determined to be approximately 150 

nm to a few microns. The NH2- MWCNTs are entirely 

wrapped around MoO3 nanorods to produce an 

interwoven structure. The crystalline MoO3 nanorods are 

interlaced with -NH2-MWCNTs nanofibers, resulting in 
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the development of a forest-like network. The structural 

and morphological analysis results are shown in Figs. 10, 

11 and 12. 

 

Fig. 10: SEM image of the as-synthesized nano composite 

 

Fig. 11: MoO3@/ITO 

 

Fig. 12: Anti-HER-2/MoO3@NH2-MWCNTs/ITO electrodes 

The MoO3/ITO and anti-HER2/MoO3/ITO 

electrodes were subjected to FT-IR experiments to 

determine the presence of the functional groups and 

surface modification in the 4000–400 cm-1 range shown 

in Figs. 5 and 6. The symmetric stretching of Mo-O of 

MoO3 with in orthorhombic phase and terminal 

stretching vibration of Mo=O are responsible for the two 

peaks on spectrum (a) & (b) at 900 cm-1 and 688 cm-1, 

respectively. The band at 1080 cm-1 was attributed to C-

N stretching. The N-H scissoring for plane bending 

mode, N-H deformation of primary -NH2 group present 

here on surface of MoO3 nanocomposite are also 

responsible for peaks at 1640 cm-1and 3370cm-1, 

respectively. 

The -CH stretching of nanocomposites is related 

to an appearance of elusive peak at 2730-2977 cm-1. 

Spectrum (b) shows peaks at 1700 cm-1 and 1382 cm-1, 

along with a faint peak at 1158 cm-1 due to C-O (ester) 

vibrations, which combined with presence of peaks at 

1700 cm-1 and 1382 cm-1 indicating amide bond 

intercalated between free -NH2 groups of MoO3 

nanocomposite and -COOH group of anti-HER2 

antibodies. In Fig. 13, the comparison is displayed. 

 

Fig. 13: FTIR spectra of (a) MoO3@NH2-MWCNTs/ITO,              
(b) anti-HER-2/MoO3@NH2- MWCNTs/ITO electrodes 

Using DPV in the presence of different pH 

ranging from 0 to 10, the impact of pH on 

electrochemical reactivity of BSA/anti-HER-

2/MoO3/ITO electrodes was investigated. The largest 

current response was at pH 7.0-7.5, while Fig. 14 shows 

a slightly higher value at pH 7.0. (a). This response may 

be due to the fact that biomolecules prefer to maintain 

their natural activity near neutral pH values, but 

interactions with H+ or OH- ion at acidic and basic pH 

tend to denature these antibodies. Incubation studies were 

done to find out how long an immune electrode’s anti-

HER-2 antibody would associate with HER-2 antigen 

(b). For this, HER-2 antigen (1 ng mL-1) was 

administered into electrochemical cell that after immune 

electrode BSA/anti-HER-2/MoO3/ITO were immersed in 

the cell. The DPVs were recorded at five-minute intervals 

until 30 minutes. It was discovered that the interaction of 

the HER-2 antigen and antibody complex begins to 

develop, resulting in a decrease in current owing to the 

obstruction of electron transport. It was discovered that 
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the anti-HER-2 antibodies needed 15 minutes to 

completely bind with the antibodies. 

4.9 Control and Selectivity Studies 

Electrochemical response of bare 

APTES/nMoO3/ITO electrode to different doses of HER-

2 antigen (2.5-110 ng mL-1) were assessed (Fig. 14) to 

test the current responsiveness of the proposed sensor. 

The peak current did not significantly alter, 

demonstrating that the APTES/nMoO3/ITO electrode 

didnot produce an artificial electrochemical response. 

This control experiment showed that the sensor response 

was purely due to the transmission of                anti-HER-

2 and HER-2 biomolecules. 

 

Fig. 14: Control Studies of the APTES/nMoO3/ITO electrode 
in the presence of HER-2 

 

Fig. 15: Selectivity studies of the fabricated 
immunoelectrode 

This could be as a result of protein binding sites 

folding and opposing one another at low pH, which 

causes molecules to move further apart. Results 

demonstrated the potential for at least five regenerations 

of proposed immunosensors. Differential pulse 

voltammetry was used to study the selectivity of 

BSA/anti-HER-2/APTES/nMoO3/ITO 

immunoelectrodes towards various bimolecular found in 

blood samples of breast cancer patients (Fig. 15). 

4.10 Electrochemical Recognition of the Cancer 
Biomarker 

Using DPV technique in the potential range -0.2 

to +0.6 V, electrochemical reaction experiments of its 

BSA/anti-HER-2/APTES/nMoO3/ITO immunoelectrode 

were conducted in PBS (pH 7.0) adding 5 mM [Fe 

(CN)6]3-/4-] as shown in Fig. 16 (a and b). For each 

concentration of HER-2, each measurement was carried 

out three times (n = 3). It was discovered that anodic peak 

current decreased in line with the rise in HER-2 levels. 

The interaction of             anti-HER-2 with HER-2 specific 

binding sites caused dielectric antigen-antibody complex 

molecules to form at the transducer surface, leading to a 

decrease in response current. 

 

Fig. 16: (a)Electrochemical response of the BSA/anti-HER-
2/APTES/nMoO3/ITO immune electrode as a function of 
HER-2 concentration using DPV(b) The magnified view of 
oxidation peak current 

 

Fig. 17: Shelflife study of BSA/anti-HER-2/APTES/ 
nMoO3/ITO immunoelectrode 
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4.11 Shelf-Life Studies 

The clinical accuracy of the developed immunosensor 

was tested using five blood samples from a breast cancer 

patients. Following that, its HER-2 levels were 

determined using an ELISA using a double sandwich. 

Fig. 17 shows that an adequate proportion of relative 

standard deviation (% RSD) and correlation were 

obtained. The results showed that the developed 

immunosensor has a very high sensitivity for detecting 

HER-2 in clinical specimens. 

5. CONCLUSION 

A highly sensitive electrochemical immune-

sensor based on MoO3, a conducting material 

nanocomposite, for assessment of the breast cancer using 

biomarker HER-2 was developed. Growth of MoO3 on 

the NH2-MWCNTs fibres formed a robust linked mesh-

like network. The specific surface area assessed by BET 

tests was 63 m2 g -1 with pore sizes ranging from 2 to 50 

nm, showing the presence of mesoporous structures, 

which contributes to the extraordinary sensitivity and 

outstanding durability of immunosensors. Additionally, 

it was discovered that HET ratio of nanocomposites was 

9.6 times higher compared to virgin MoO3. The 

synthesized nanocomposite was electrophoretically 

coated onto an ITO substrate and then immobilized with 

anti-HER-2. With a sensitivity of 26 A ng-1 cm-2 and a 

tolerable stability of 35 days, this immune electrode, 

which consists of BSA/anti-HER-2/MoO3/ITO, was 

shown to be linear in the range 106 to 103 ng mL-1. 

Improved heterogeneous electron transfers with higher 

biomolecular loading in this nanocomposite have led to a 

wider linear detection range, exceptional sensitivity, and 

detection limits as low as 10-6 ng mL-1. According to the 

real sample findings, the novel BSA/anti-HER-

2/MoO3/ITO immune electrode may effectively detect 

HER-2 biomarker and has a bright future in terms of its 

clinical applicability. 
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