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Nowadays, rapid and facile diagnosis of cancer using user friendly processes has attracted much 
attention. In this regard, an electrochemical (EC) biosensor with high sensitivity was fabricated by 
merging MIL156 MOF@COF nanocomposite with Au nanoparticles for the detection of CA15-3. 
Herein, metal clusters of MIL-156 as a Metal organic frameworks (MOF) were coated by a crystalline 
covalent organic frameworks (COF) through covalent bonding and created core-shell-like structures. 
The active part of the working electrode was modified in two consecutive steps. First, MIL-156 MOF@
COF and then Au nanoparticles were electrodeposited on the glassy carbon electrode (GCE). The 
porosity of nanocomposite has significantly increased the surface area and improved the conductivity. 
Au nanoparticles also form an acceptable substrate for bonding antibodies due to their high affinity 
with amino groups. In addition, Au nanoparticles amplify the EC signal of the biosensor with their 
undeniable conductivity. Nanocomposite was characterized with XRD, SEM, and EDAX techniques. 
To investigate the proposed biosensor, differential pulse voltammetry (DPV) was used as an analytical 
technique. The CA15-3 calibration provided a linear range between concentrations of 30 and 100 nU/
mL, thus expressing the powerful diagnostic potential of the designed biosensor. Furthermore, the 
suggested biosensor has been used in serum samples and discriminate breast cancer sufferers from 
healthy individuals with high confidence levels.
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Cancer is one of the diseases that grow uncontrollably in tissues and tumor cells can spread to other organs 
through body fluids such as blood, urine, and mucus1. Breast cancer remains the most prevalent diagnosed 
cancer and 2nd leading cause of cancer mortality in women worldwide2. About 10% of breast cancer patients have 
a hereditary cause3. Reliable biomarkers for early diagnosis, tracking treatment response, and monitoring relapse 
are critically needed to guide clinical management and improve patient outcomes4. CA15-3 is a mucin-1 protein 
highly expressed in breast cancer that has emerged as the most widely used circulating biomarker in metastatic 
disease5. The prevalent diagnosis of breast cancer essentially depends on various clinical tools, including 
ultrasound, X-ray, mammography, histopathology, and magnetic resonance imaging (MRI)6. MRI is one of the 
sensitive techniques to detect breast cancer, but it is not economical and time-consuming. Histopathology requires 

1Department of Analytical Chemistry, Faculty of Chemistry, University of Tabriz, Tabriz, Iran. 2Department of 
Medical Biotechnology, Faculty of Medicine, Semnan University of Medical Sciences, Semnan, Iran. 3Chemistry 
and Chemical Engineering departmen, Khazar University, 41 Mehseti Street, Baku AZ1096, Azerbaijan. 4Cancer 
Research Center, Semnan University of Medical Sciences, Semnan, Iran. 5Student Research Committee, 
Semnan University of Medical Sciences, Semnan, Iran. 6Stem Cell Research Center, Tabriz University of Medical 
Sciences, Tabriz, Iran. 7Hematology and Oncology Research Center, Tabriz University of Medical Sciences, 
Tabriz, Iran. 8Department of Chemistry, Faculty of Science, Yuzuncu Yil University, Van 65080, Turkey. email:  
ab.naseri@gmail.com; dadashpourmehdi1400@gmail.com; balalkhalilzadeh@gmail.com; khalilzadehb@
tbzmed.ac.ir

OPEN

Scientific Reports |        (2024) 14:29850 1| https://doi.org/10.1038/s41598-024-78836-y

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-78836-y&domain=pdf&date_stamp=2024-12-1


living tissue for diagnosis, which makes it an invasive method. X-ray and mammography provide appropriate 
diagnoses, but repeated or prolonged exposure to dangerous radiation may eventually increase the threat of 
malignancy7. Clinical methods require a long time to detect cancer metastasis, which causes low sensitivity and 
accuracy8. Considering the mentioned limitations, the development of non-invasive, low-risk, rapid, cost and 
time-effective, and sensitive methods for breast cancer diagnosis is urgent. Here, various approaches have been 
extended for probe molecule evaluation, such as fluorescence assays9, enzyme-linked immunosorbent assays 
(ELISA)10, electrochemical (EC) methods11, electrochemiluminescence (ECL)12, and colorimetric assays13.

Biosensors consist of a receiver and a transducer, which connect the biological agent and the substrate and 
convert their effect into a measurable signal14,15. EC biosensors have many advantages that make them superior to 
other techniques, such as easy and fast operation, cost-effectiveness, high specificity, selectivity, and sensitivity16. 
One of the reasons for using EC biosensors in point-of-care testing (POCT) is their rapidness and the availability 
of portable devices17. Another obvious motive is their non-invasiveness, which prevents possible side effects18. 
In addition, they are used in various fields, such as the food industry, pharmacology, and medicine19,20. It is 
noteworthy that early detection of cancer is an essential factor in the treatment process14,21,22. Immunosensors 
are a subgroup of biosensors whose main recognition element is an antibody. Antibodies have a protein structure 
that is produced by living tissue in the versus of an external stimulus. Immunosensors have good stability and are 
specific for antibodies23,24. Using nanomaterials improves the effective surface area of biosensors and provides 
a suitable platform for immobilizing different biological agents25–27. The immobilizing of nanomaterials on the 
electrode active part speeds up electron transfer and makes the EC biosensor more stable by preserving the 
antibody during the analysis conditions28. EC biosensors can detect multiple analytes simultaneously. These 
undeniable advances in biosensing are promising for the early diagnosis of diseases29. Recently, the application 
of porous materials for molecular surface tuning has been very concerning. Metal-organic frameworks (MOFs) 
and covalent organic frameworks (COFs) are two classes of porous materials that have attracted the interest 
of researchers. MOFs and COFs can substantially enhance the response of EC biosensors compared to other 
traditional materials30,31. MOFs are compounds containing multi-node metal clusters and organic ligands32. 
They have a high surface area, tunable pores, and good electronic transferring ability33. Thus, MOFs have been 
exploited in chemical and biological sensors, catalytic activities, biomedicine, etc34,35. COFs are materials with 
two- or three-dimensional structures that are constructed from molecular units connected by strong covalent 
bonds36. COFs are usually used in various fields due to their advantages, including good stability, regular pores, 
low density, biocompatibility, and large surface area37–39. According to the present information, COFs and MOFs 
have the desirable potential to provide a suitable substrate for the immobilization of antibodies and improve the 
performance of the biosensors. In addition, Au nanoparticles, by anchoring through the link between Au-S and 
Au-NH2groups, create a regular molecular connection, and due to their excellent conductivity, they significantly 
increase the electrical current. Hence, they are a favorable choice for use in biosensing methods25,40. MIL-156 
MOF@COF as electrode surface modifier, which includes both MOF and COF structure. This nanocomposite 
has a core-shell like structure, where MIL-156 acts as the MOF, which is like the core part, and the COF forms 
the shell part. Due to its crystalline structure and regular pores, the COF can increase the surface area and the 
MOF can improve the conductivity; both of them increase the efficiency of the designed EC biosensor and make 
it possible to reach a lower detection limit, or, in other words, increase the sensitivity of the EC biosensor41,42. 
In this study, an EC immunosensor was prepared using MIL-156 MOF, which was decorated with COF, for the 
evaluation of breast cancer cells. Furthermore, the fabricated device was applied to distinguish between normal 
and breast cancer patients using the protein content of the breast cancer cell marker (Fig. 1).

Experimental
Materials
Gallic acid monohydrate (C7H6O5.H2O) (Sigma Aldrich), KOH pellets (Alfa Aesar), Tb (1,3,5-triformylbenzene) 
(J&K Chemical Ltd), Bd (benzidine), (Aladdin Chemistry), DMSO, DMF, calcium hydroxide Ca(OH)2 (Aldrich), 
acetic acid, THF, ethanol, nitric acid, potassium hexacyanoferrate ([Fe(CN)6]3-/4-), PBS (pH = 7.4) were used 
in analytical grade without any purification. Tetrachloroauric (III) acid trihydrate (HAuCl4.3H2O), potassium 
chloride (KCl), sulfuric acid (H2SO4), hydrochloric acid (HCl, %37 wt), alumina powder (Al2O3), terephthalic 
dialdehyde (C6H4(CHO)2), benzidine ((C6H4NH2)2) and potassium hexacyanoferrate (K[Fe(CN)6

3-/4-]), were 
obtained from Merck. Phosphate-buffered saline (PBS) with a pH of 7.4 was prepared using KCl (0.2 g), NaCl (8 
g), Na2HPO4 (1.44 g), and NaH2PO4 (0.24 g), dissolved in about 800 mL of distilled water, which all purchased 
from Merck. CA15-3 biotinylated monoclonal antibody, CA15-3 antigen, and the human serum samples were 
sourced from Imam Reza hospital.

Apparatus
All EC processes were measured by a RadStat-10 potentiostat/galvanostat EC analyzer (Kianshardanesh, Iran). 
A three-electrode system was used for analytical recording, including a GCE as the working electrode, an Ag/
AgCl electrode as the reference electrode, and a platinum wire as the counter electrode. The whole procedure 
of preparation and analysis was performed in the laboratory ambiance. The suspensions were uniformly 
homogenized with a magnetic stirrer (Heidolph) and an ultrasonic device (Strasonic 35). The presence of 
constituent elements and SEM images were obtained by the Tescan instrument (model: MIRA3).

Synthesis of MIL-156 MOF
For the synthesis of MIL-156 MOF, [Ca3K2(H2O)2(gal)2]. nH2O (n = 4–6), gallic acid monohydrate (188 mg, 
0.001 mol) was added to 10 mL of ultrapure water at 25 °C. Next, Ca(OH)2(74 mg, 0.001 mol) was dissolved in 
the prepared solution. Following, the KOH 5 M solution was slowly added until the pH of the solution became 
alkaline (~ 800 mL = ~ 0.004 mol). Then, the prepared mixture was placed in a hydrothermal autoclave, heated 
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to 120 °C for 60 min, and kept under these conditions for one day. The obtained product, which was cooled to 
25 °C after passing through the filter, was washed several times with double-distilled water and left to dry until 
the formation of MOF crystals41.

Synthesis of COF (Fe3O4@PDA@TbBd)
According to previous reports, Fe3O4@PDA nanospheres were prepared43. In brief, Tb and Bd, 0.3 and 0.45 
mmol, were added to DMSO (50 ml), respectively. Then, 0.15 g of Fe3O4@PDA was added to the above mixture, 
and the resulting suspension was ultrasonicated for 5 min. After that, 2 mL of HOAc was trickled slowly and 
kept still for 15 min at 25 °C until the reaction was carried out. Next, the obtained precipitate was washed 
continuously with pure ethanol and tetrahydrofuran. Eventually, the prepared COF dried in vacuum conditions 
at room temperature44,45.

Synthesis of MIL-156 MOF@COF
The synthesis of MIL-156 MOF@COF starts by pouring 0.2 g of the MIL-156 MOF prepared from the above 
steps into 20 mL of DMF solution. Next, 0.4 and 0.55 g of terephthalic dialdehyde and benzidine were added to 
the desired mixture, respectively. To distribute the particles homogeneously, the mixture was sonicated for 5 to 
10 min. Then 2 ml of acetic acid was added to the mixture and stirred slowly. Finally, the filtered MIL-156 MOF@
COF was dried at 50 °C.

Preparation of MIL-156 MOF@COF suspension
To prepare 3 mg/mL of MIL-156 MOF@COF suspension, 0.03 g of MOF@COF was poured in 10 mL of distilled 
water (DW) and sonicated for 2 h. Next, 2 mL of the homogeneous mixture was appended to 8 mL of 0.1 M KCl 
solution.

Preparation of AuNPs solution
A solution of AuNPs with a concentration of 1 mM was prepared by mixing 7.876 mg of HAuCl4.3H2O with 550 
µL of 0.5 M H2SO4, followed by the addition of 20 mL of distilled water.

CA15-3 immunosensor fabrication
Information on the work steps: Briefly, to clean the electrode surface, the glassy carbon electrode was 
polished using alumina powder and a polishing pad. Then the electrode was washed with DW. After that, the 
chronoamperometry (CHA) technique was used to modify the electrode surface with MIL-156 MOF@COF by 
applying a potential of -3 V for 60 s. Stable readout signals are generated by the desirable electrodeposition of 
nanoparticles on the electrode surface. For this purpose, the Au nanoparticles were immobilized on the modified 
electrode via the CHA technique (-1 V, 30s) to create an appropriate substrate for anchoring the antibody and 
improving the conductivity. Afterward, the antibody was diluted with PBS (pH = 7.4) to 0.01 µg/mL, and 5 µL 
of the CA15-3 antibody was cast on the final modified electrode and stored for half an hour at 4 °C. Then, two 

Fig. 1.  Schematically presentation of developed immunosensor.
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microliters of antigen CA15-3 with a certain concentration were dropped on the electrode and incubated for 
another half an hour at 4 °C. Non-adherent particles were washed with DW at the end of each incubation step 
to avoid disruption.

Results and discussion
Characterization of materials
The morphology of the fabricated biosensor has been tested by scanning electron microscopy (SEM), and energy 
dispersive X-ray analysis (EDAX). Figure 2 illustrated the representative SEM images with bare, MIL-156 MOF@
COF-GCE, and Au-MIL-156 MOF@COF-GCE. As shown, two distinct substrates in terms of morphology 
and structure justify the proper modification of the electrode by nanocomposites (Fig. 2- A and D). Spheres 
with good dispersion on porous surfaces represent modifier electrodeposits with a diameter of about 209.91 
nm. The existing porosity increases the surface area making it a desirable base for the electrodeposition of Au 
nanoparticles in the next stage of electrode modification. Based on dot mapping analysis, C and O elements form 
the main skeleton. Furthermore, Ca, K, and Au elements have also been observed, which justifies the existence 
of Ca and K in the structure of MOF, and the high percentage of Au element reveals its extraordinary loading 
(Fig. 2- H). The weight% of each element is presented in Table S1. The X-ray diffraction (XRD) pattern related to 
the nanocomposite is shown in the Fig. 3. Peaks at 20.26° and 23.92° are related to COF and the diffraction peak 
observed at 28.96°belongs to MOF crystal plates41,46,47.

Optimization of electrodeposition potential of MIL-156 MOF@COF
For the electrodeposition of MIL-156 MOF@COF on the GCE, the CHA technique was used. In this regard, 
some experimental conditions were optimized, like electrodeposition potential and time. Thus, several potentials 
(0, 1, -3.5, -3.3, -3.1, -3, -2.9, and − 2.7 V) were utilized at a fixed deposition time (60 s), and each of them was 
studied in 0.005 M [Fe(CN)6]3-/4-/100 mM KCl solution34. As shown in Fig. 4A, when the potential decreases, 
the output current signal is strongly decreasing, and with increasing the value of potential, the current gradually 
increases so that the maximum amount of current is observed at -3 V. It is noteworthy that the excessive increase 
in potential causes the accumulation and oversaturation of MOF@COF nanocomposite on the electrode, as a 
result of which the conductivity and subsequently the efficiency of the EC biosensor decreases48. Based on this, 
-3 V was chosen for optimal potential.

Optimization of electrodeposition time of MIL-156 MOF@COF
According to the above description, we also optimized the electrodeposition time of MIL-156 MOF@COF. For 
this purpose, we checked different times (15, 30, 45, 60, 90, 120, and 240 s) and performed the same manner as 
mentioned in the potential optimization and investigated in 0.005 M of [Fe(CN)6]3-/4-/100 mM KCl solution. As 
time decreases, the nanocomposite does not entirely cover the electrode surface. As a result, the output signal 
decreases, and as time increases, more MOF@COF particles are placed on the surface, causing the appearance 
of massive currents (Fig. 4B). The excessive accumulation of nanocomposite, which occurs with increasing 
electrodeposition time, disrupts the electroactive molecules and reduces the performance of the EC biosensor. 
According to the results, the 60 s was chosen as the optimal time.

Optimization of electrodeposition potential of Au-MIL-156 MOF@COF-GCE
As mentioned before, Au particles are the interface between nanocomposite and biological molecules through 
the bonding between Au-S and Au-amine groups, and they affect the response of EC biosensors and their 
stability. For the desirable performance of Au particles, the electrodeposition process was studied. In this 
regard, several potentials (-0.75, -0.8, -0.9, -1, -1.1, -1.25, and − 1.5 V) were investigated and analyzed in a 
similar experimental ambiance (0.005 M [Fe(CN)6]3-/4-/100 mM KCl solution). The obtained results show that 
with increasing potential up to -1 V, the output currents also increase due to the significant conductivity of Au 
particles. An extra increase in electrodeposition potential causes excessive condensation of Au particles on the 
nanocomposite and saturates its surface, thereby making its performance negative. Consequentially, -1 V was 
used as the optimal potential for the electrodeposition of Au particles (Fig. 4C).

Optimizing the electrodeposition time of MIL-156 MOF@COF@Au
The next step in Au particles optimization is time optimization. To this end, six different times (15, 20, 30, 45, 
60, and 180 s) were carried out using the optimal electrodeposition potential (-1 V) and examined in 0.005 M 
[F(CN)6]3-/4-/100 mM KCl solution. According to Fig. 4D, the short times for immobilizing Au particles on the 
MOF@COF-GCE are not enough, and the related signals were unfavorable. On the other hand, if the selected 
electrodeposition time is too long, the surface becomes saturated, and the performance of MOF@COF will be 
disturbed. In 30 s, the loading amount of Au particles was acceptable, and a high current appeared, which makes 
the 30 s the optimal time.

Electrode preparation steps
CV, EIS, DPV and SWV were the 4 methods used to analyze the prepared EC biosensor. As shown in Fig. 5, 
with the electrodeposition of the MOF@COF on the bare GCE, the received signal increased significantly. With 
the electrodeposition of AuNPs in the next step, the current continued to increase. These results are due to the 
suitable coating of MOF@COF on the electrode surface and also using Au to improve the conductivity. After 
modification of the electrode to enhance the surface of the electrode and increase the stability of currents, breast 
cancer specific antibody and antigen are loaded on the modified electrode. 6-Mercapto-1-hexanol (MCH) was 
used as a blocking agent after the antibody immobilization step, but according to Fig. S3, there was no significant 
change in the output signals, which shows that the surface is significantly covered by the antibody. Figure 5 
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clearly shows the logical reduction of received signals in all 4 techniques which is caused by the non-conductivity 
feature of antibody and antigen, which prevent the passage of current as a spatial barrier. Considering the 
different performance of EIS compared to the other three techniques (less current, larger semicircle diameter 
and vice versa), it can be explained according to Fig. 5B, the diagram (blue) shows the largest semicircle with 
high resistance due to the empty surface of the electrode. Modification of the electrode with MIL156 MOF@COF 
and Au nanoparticles by electrodeposition, reduced the diameter of the semicircle significantly for the increase 
in surface area of the electrode and super conductivity of Au (Fig. 4B, red and green diagrams). In the next 
step, by immobilizing the antibody on the modified electrode, the electron transfer resistance increased, which 
shows that the antibody has covered the surface of the modified electrode as a non-conductive agent (Fig. 5B, 

Fig. 2.  SEM images, EDAX analysis, and dot mapping analysis for Bare-GCE (A, B, and C), MIL-156 MOF@
COF-GCE (D, E, and F), and Au-MIL-156 MOF@COF-GCE (G, H, and I), respectively.
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pink diagram). Finally, the proposed biosensor after loading the target antigen, the diameter of the semicircle 
increased, due to its non-conductivity and blocking the surface, correspondingly (Fig. 5B, cyan diagram). 
The resistance obtained for the modified electrode and the bare electrode was 44.8 and 1787 Ω, respectively. 
The impressive conductivity of developed nanocomposite compared to the unmodified electrode is evident by 
measuring the resulting resistance (Fig. S2).

Active surface area
Various scan rates, 10-500mV/s were applied and the results are represented in Fig. S1 for understanding the 
surface enhancement that is generated after electrode modification with MIL-156@COF@Au. From the Fig. 
S1A, it can be seen that the corresponding peaks of the anode and the cathode currents are rising as the scan 
rate increases. On the basis, the graph of Ip versus ʋ1/2 was drawn (Fig. S1B), in which the slope was determined 
and from the value of the slope, the modified electrode active surface area was calculated using Randles-Sevcik 
equation:

Ip = 2.69 × 105 × AD1∕2 n3∕2C ʋ1/2.
D, C, Ip, n, ʋ and A represents diffusion coefficient, concentration of hexacyanoferrate (5 mM), anodic peak 

current, number of transferred electron (n = 1), scan rate and active surface area of the modified electrode (cm2), 
respectively. The area of the modified electrode was calculated as 0. 054 cm2, which is 72% increase versus the 
bare electrode.

Calibration
All the parameters are in optimal conditions; different concentrations of CA15-3 antigen were prepared and 
immobilized on the modified electrode using a dropping strategy and studied in 0.005 M [Fe(CN)6]3-/4-/100 
mM KCl solution. According to Fig. 6A and B, the obtained calibration equation is y = -0.1602x + 39.354 with 
a correlation coefficient of R2 = 0.9785, which has established a linear range between the concentrations of 30 
and 100 nU/mL, where y and x demonstrated the average peak height and CA15-3 concentration (nU/mL), 
respectively. For a favorable description, the calibration graph of healthy serum in the presence of different 
concentrations of CA15-3 antigen is shown, where the equation is y = -0.2824x + 40.514 and R2 = 0.9841(Fig. 6C 
and D). It is discernible from the calibration graph that the slope of the plot related to healthy serum is steeper, 
and with the increase in antigen concentration, the current dwindles due to other components in healthy serum 
acting as a non-conducting insulator.

Selectivity
To investigate the proposed biosensor for CA15-3, two potential interferences, including PSA and CA19-9, 
and the mixed solution of the mentioned two interferences were chosen, respectively, and the interferences 
were immobilized on the modified electrode and incubated in the refrigerator for half an hour, as same as the 
calibration curve experiments. It is worth to mention that, the middle point of calibration was chosen as the 
concentration of the target antigen (CA15-3) for interference studies and the concentrations of the interferers 
were also diluted to the level of nano units per milliliter. In constant conditions, the prepared biosensor was 
studied in 0.005 M [Fe(CN)6]3-/4-/100 mM KCl solution to confirm the selectivity. As presented in Fig. 7(A 

Fig. 3.  XRD pattern of MIL-156@COF.
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and B), the selective biosensor exhibited acceptable selectivity against other biomarkers with minimal cross-
reactivity observed.

Repeatability and reproducibility
For the validity of the results, the midpoint of the calibration plot was selected to perform repeatability and 
reproducibility. For repeatability, the fabricated biosensor with the previously mentioned protocol was measured 
by the DPV technique and repeated ten times. The relative standard deviation (RSD) for these 10 repeats was 
calculated to be 1.97%, which indicates a favorable percentage due to the stability of the modifier on the electrode 
as well as the tight binding between Au and amino groups related to the antibody. To assess the reproducibility of 
the biosensor, we independently fabricated three separate biosensors using identical protocols. Each biosensor 
was used to measure the target analyte under the same experimental conditions. Triplicate measurements 
yielded consistent results across all three fabricated biosensors. The RSD of the measurements was calculated as 
1.46%, indicating excellent reproducibility. This low RSD demonstrates the robust and reliable nature of papered 
biosensor.

Fig. 4.  Electrodeposition of MIL156 MOF@COF with CHA at different deposition potentials (A) and times 
(B) and electrodeposition of AuNPs on the modified electrode (MIL156 MOF@COF-GCE) with CHA at 
different deposition potentials (C) and times (D) in 0.005 M [Fe(CN)6]3−/4− a solution containing 100 mM KCl 
(pH 7.4). Each experiment 5 times repeated (n = 5).
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Clinical sample analysis
To gauge the suggested device in clinical applications, the desired biosensor was evaluated to measure CA15-3 in 
clinical serum samples (after completing total acquiescence). For this purpose, in optimal conditions according 
to the mentioned procedures, MIL-156 MOF@COF and Au nanoparticles were respectively electrodeposited on 
the bare GCE. Next, anti-CA15-3 was immobilized on the modified electrode by covalent bonding to anchor 
the antigen into a lock-and-key mode. After immobilizing the appropriated amount of human serum on the 
prepared template, it is incubated for 30 min at 4 °C to determine the concentration of CA15-3 (Fig. 7(C and 
D)). The information obtained from Table 1 shows the massive potential of this biosensor for utilization in the 
diagnosis of breast cancer suffering patients and also as a points of care device.

Table 1 presents a comparison between the findings of this study and other previously published CA 
15 − 3 biosensors. In contrast to previous studies, the nanocomposite used in this work acts as a catalyst for 
electrochemical activity and improves the overall performance of the fabricated biosensor. The MOF@COF 
material has both cost-effective and eco-friendly features. It has a distinctive form that allows for a high surface 
area, making it easier to immobilize a larger quantity of biomolecules. In addition, the significant integration of 

Fig. 5.  Description of electrode modification steps. (A, B, C and D) are representative of CV, EIS, DPV and 
SWV methods, respectively.
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biocompatible gold nanoparticles (AuNPs) into the surface of MOF@COF enhances conductivity and provides 
active sites on the surface. Moreover, the robust bioconjugation between the biotinylated monoclonal CA 15 − 3 
antibody and the AuNPs leads to outstanding stability of the designed biosensor. The intrinsic affinity between 
noble metals and biomolecules guarantees a strong attachment of the biomolecules to the nanocomposite surface, 
reducing the release of biomolecules and ultimately creating a very stable biosensing platform. In addition, the 
direct synthesis of core-shell like MOF@COF and the innovative deposition methodology used in this study offer 
a more efficient strategy in terms of time consuming compared to previous drop casting methods. Furthermore, 
the utilization of the DPV technique in this study provides improved sensitivity and a lower detection limit, 
establishing it as an optimal selection for the prompt and precise diagnosis of breast cancer. In addition, the 30 
to 100 nU/mL linear detection range and 2.6 nU/mL limit of detection (LOD) are significant achievements, as 
they allow for the early and sensitive detection of breast cancer biomarkers. The low LOD can be attributed to the 
combined impact of the nanocomposite’s distinct characteristics, the effective bioconjugation, and the precise 
electrochemical method used.

Fig. 6.  Concentration effect (from 30 to 100 nu/ mL − CA15-3) on biosensor signals: (A) DPV plots and (B) 
Calibration plot of the biosensor. (C) and (D) calibration plot of the CA15-3 biosensor in the presence of 
healthy serum. (C) The obtained biosensor DPV signals and (D) the plotted peak height vs. concentration. 
Each experiment 5 times repeated (n = 5).
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Conclusion
We designed an EC biosensor based on core-shell MIL-156 MOF@COF nanocomposite decorated with Au 
nanoparticles to detect CA15-3 protein in human serum samples. The fabricated biosensor supports significant 
advantages such as high selectivity, good sensitivity, economy, biocompatibility, and simplicity. The presence 
of core-shell nanocomposite improves the EC signals by increasing the target loading capacity on the bare 
electrode, and Au nanoparticles, with the tendency to form covalent bonds with anti-CA15-3, provide the 
biosensor’s diagnostic ability as well as its stability. The presented biosensor was used on clinical serum samples 
to distinguish healthy people from cancerous ones, and the obtained results show this possibility. With these 
features, the proposed biosensor provides a promising prospect for the immediate and convenient detection of 
cancer biomarkers and makes new advances in clinical medical research.

Fig. 7.  The specificity of biosensor in the presence of PSA CA-19- 9, and a mixture of them. (A) the obtained 
biosensor DPV plots and (B) the corresponded histograms. (C) and (D) are detection results of CA15-3 with 
fabricated biosensor in real human serum samples. Each experiment 5 times repeated (n = 5).
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