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Introduction: Early diagnosis of gastric cancer is the best solution for reversing 
cancer and curing patients. So far, gastric cancer is diagnosed in late stages due to 
misinterpretation of symptoms or absence of specific symptoms. Highly sensitive and 
selective detection methods for biomarkers are needed for early detection.
Methods: This paper proposed a new fast screening method, based on the utilization 
of a new stochastic microsensor, able to reliably perform the molecular recognition and 
quantitative determination of three biomarkers including CA19-9, CEA, and p53 in 
biological samples such as whole blood, saliva, urine, and tumoral tissue.
Results: The limits of determination were lower than those used for the standard assay 
of these biomarkers in the specialized laboratories (e.g., ELISA, chemiluminescence) 
and this can facilitate the determination of CA19-9, CEA, and p53 at very low levels 
in biological fluids. The validation of the method was done; using biological samples 
(urine, saliva, whole blood, and tumoral tissues) from confirmed patients.
Conclusions: The proposed tools and method proposed in this paper can be used as 
a screening test for early diagnosis of gastric cancer as well as to follow up on the 
efficiency of the proposed treatment. 
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Early diagnosis of gastric cancer is very important 
because only at this stage the overall survival rate 
can be improved. Fast and minimally invasive or 
noninvasive screening tests can contribute to the 
early detection of biomarkers in biological samples. 

To date, the standard methods used for the detection 
of biomarkers (e.g., Carcinoembryonic antigen – 
CEA, Carbohydrate antigen 19-9 - CA19-9, and 
p53) and diagnosis of gastric cancer are mainly 
the enzyme-linked immunosorbent assay (ELISA) 
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and chemiluminescence. The main limits of these 
techniques consist of the necessity of using whole 
blood samples and significantly increased limits 
in advanced rather than early-stage carcinomas. 
Requests are also for the determination of these 
biomarkers in urine and saliva so that noninvasive 
methods may be applied especially for children 
[1, 2]. There is also a need for fast detection and 
quantification of biomarkers in tissue samples 
to identify the molecular type of tumor and to 
be able to decide while performing surgery or 
preoperative chemotherapy. CEA is brought up in 
various malignancies such as gastric, colorectal, 
pancreatic, or hepatocellular carcinomas. CA19-9 
is a glycoprotein highly associated with malignant 
tumors and commonly used as a clinical marker for 
the diagnosis of pancreatic, colorectal, and gastric 
carcinomas [3, 4]. p53 is a nuclear phosphoprotein; 
considered as a tumor suppressor gene that plays 
a central role in the arrest, repair, and apoptosis 
of the cell cycle [5]. The overexpression of p53 
protein can be interpreted as an indication of a high 
rate of cell proliferation with malignant potentials. 
A few examinations showed that overexpression of 
p53 in tumor tissue is reflected in raised degrees 
of p53 protein in serum and urine [6]. Until this 
point in time, numerous investigations have been 
committed to assessing the convenience of p53 
as a marker in patients with malignancies, as 
anticipation devices, for observing the treatment 
viability and for foreseeing repetitive tumors 
before they are clinically distinguishable [7]. 
Stochastic sensors are well known for their ability 
to perform qualitative and quantitative analysis, as 
well as multianalyte assay (more than one biomarker 
can be determined; using the same stochastic 
sensor). There are some benefits to the stochastic 
method over ELISA and chemiluminescence 
methods [8, 9]. High sensitivity and selectivity, 
very low limits of biomarkers determination 
found in a complex matrix, multianalyte detection 
using one stochastic microsensor, low-cost system 
output, no need of skilled technicians, not treating 
the samples before the measurement, and the 
possibility of electrode surface refreshment are 
among these superiorities. However, three different 
kits are required to determine CA19-9, CEA, and 
p53 while using ELISA or chemiluminescence. 
Therefore, a stochastic microsensor based on 

nanographene modified with β-cyclodextrin (β-
CD) was proposed for molecular recognition 
and quantification of CA19-9, CEA, and p53 in 
biological samples (whole blood, saliva, urine, and 
tumoral tissue samples) in one run taking place 
in 20 min. The selection of β-cyclodextrin for the 
design of the stochastic sensor was done due to its 
structure [10-13]. It is favorable for obtaining the 
signal needed for stochastic sensors because the 
molecule could allow biomarkers inside its cavity. 
Graphene materials were previously used for the 
design of sensors. The graphene oxide was reduced 
in its pure [14] or it was modified [15] after the 
addition of β-cyclodextrin. Nanographenes were 
also modified with a Ru complex and β-cyclodextrin 
for electrochemiluminescence detection [15]. 
Cyclodextrin functionalized graphene nanosheets 
were designed for high supramolecular recognition 
capability in electrochemical methods [16]. 
This paper proposed a physical immobilization 
of β-cyclodextrin [17] in a nanographene paste 
for the design of a stochastic sensor – for which 
the nanographene (the support matrix) assures 
the stability of β-cyclodextrin which is actively 
involved in the generation of the specific signal for 
stochastic sensors.

METHODS
Design of Stochastic Microsensors
The nanographene powder was mixed with paraffin 
oil to form a homogeneous paste and a solution of 
β-cyclodextrin (β-CD) (10-3 mol L-1) was added to 
the paste. The obtained paste was introduced in a 
plastic tube (obtained in our laboratory; using the 
3D printer) with the diameter of the internal active 
surface of 120µm (the diameter was programmed; 
using the computer and checked; using the scanning 
electron microscope (SEM)). A silver wire was 
inserted in the tube to serve as electric contact. 
Between measurements, the sensor was washed with 
deionized water and dried with paper. If not used, the 
sensor was kept in a dry place at room temperature. 
The characterization of the modified nanographene 
paste was done; using the Atomic force microscopy 
(AFM) (Figure 1).

Description of the Screening Test
All measurements were performed with an 
AUTOLAB/PGSTAT 12 (Metrohm) connected 
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to a computer. The electrochemical cell employed 
comprised the stochastic microsensor, Ag/AgCl 
(0.1 mol L−1 KCl) reference electrode, and a Pt wire 
as the auxiliary electrode. The stochastic model 
was used for the measurements of the qualitative 

parameter toff and the quantitative parameter ton, at a 
constant potential (125 mV vs. Ag/AgCl), and was 
used for both qualitative and quantitative analysis 
of p53, CA19-9, and CEA (Figure 2). The toff value 
was identified in each diagram to identify p53, 
CA19-9, and CEA. For their quantification, the ton 
value was read and used. The equation of calibration 
(1/ton=a + bxConcbiomarker) was obtained; using the 
linear regression method.
Biological samples: whole blood, saliva, urine, 
and tumoral tissue samples were obtained from 
confirmed patients with gastric cancer. Informed 
consent was obtained from all patients, before 
surgery.

RESULTS
The response of stochastic microsensors relies 
on the conductivity of the channel. When the 
biomarker is going inside the channel under an 
applied potential, the molecule of the biomarker 
is blocking it and the intensity of the current is 
dropping to zero for a certain time called toff – the 
signature of the biomarker – which is the stage of 

Figure 1: Atomic Force Microscopy (AFM) Topographical 2D 
Image for the Surfaces of the Sensor

Figure 1: Pattern Recognition of CA19-9, CEA, and p53 Using the Stochastic Microsensor
 A) Whole blood samples; B) Saliva; C) Urine; D) Tumoral tissue samples
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molecular recognition. In the second stage – the 
quantification stage– called ton which is dependent 
on the concentration of the analyte, the biomarker 
undergoes binding and redox processes. Table 1 
shows the response characteristics of the stochastic 
microsensor. The values recorded for the signatures 
(toff values) of CEA, CA19-9, and p53 indicates 
that all three biomarkers can be recognized by the 

stochastic microsensors. The sensitivities are high 
and the limits of determination are lower than those 
indicated for ELISA or chemiluminescence methods. 
Also, the linear concentration range is larger than 
those of ELISA and chemiluminescence, making it 
possible to utilize the screening test from early to 
later stages of gastric cancer as well as following up 
the efficiency of the treatment. 

Table 1: Response Characteristics of the Stochastic Microsensors Used for the Assay of CA19-9, CEA, and p53
Biomarker Calibration Equation; 

Correlation Coefficient (r)
Linear Concentration 

Range
toff (s) Sensitivity 

(s-1/g×mL-1)
Limit of 

Determination
CEA, g/mL 1/ton=0.04+60.80C; r=0.9998 2.5×10-12–3.2×10-10 1.2 60.80 2.5×10-12 
CA 19-9, U/mL 1/ton=0.02+6.23×104C; r=0.9993 1.6×10-8–1×102 2.4 6.23×104 1.6×10-8 
p53, g/mL 1/ton=0.03+4.22×10-1C; r=0.9984 1.6×10-10–4.0×10-5 1.6 4.22×10-1 1.6×10-10 

Table 2: Quantitative Determination of CEA, CA19-9, and 
p53 in Whole Blood Samples (N=10)

Sample no. CEA 
(ng mL-1)

CA19-9 
(U mL-1)

p53 
(ng mL-1)

1 15.56±0.03 75.63±0.05 5.16±0.02
2 36.72±0.06 621.87±0.05 4.40±0.03
3 28.11±0.04 37.80±0.03 9.43±0.03
4 18.17±0.03 57.44±0.03 7.88±0.02
5 15.99±0.03 226.83±0.04 2.14±0.03
6 45.67±0.04 172.08±0.05 4.40±0.03
7 18.40±0.04 43.12±0.05 7.39±0.02
8 13.93±0.03 44.04±0.04 6.32±0.02
9 7.12±0.03 37.39±0.04 6.89±0.02
10 11.68±0.03 53.30±0.05 6.21±0.02
11 18.04±0.03 57.79±0.03 4.01±0.02
12 13.02±0.01 73.05±0.03 4.22±0.02

Table 3: Quantitative Determination of CEA, CA19-9, and 
p53 in Saliva Samples (N=10)

Sample no. CEA 
(ng mL-1)

CA19-9 
(U mL-1)

p53 
(ng mL-1)

1 124.65±0.05 123.21±0.03 2.20±0.02
2 49.03±0.02 75.80±0.03 14.33±0.04
3 102.03±0.03 1.53±0.02 11.58±0.04
4 120.30±0.04 107.03±0.05 2.35±0.02
5 155.34±0.02 157.79±0.04 1.26±0.01
6 45.67±0.03 41.26±0.03 2.96±0.01
7 218.03±0.03 19.03±0.04 4.45±0.02
8 54.97±0.04 24.76±0.03 7.27±0.02
9 27.46±0.04 11.20±0.03 2.51±0.02
10 46.64±0.03 15.62±0.02 1.21±0.02
11 33.40±0.03 247.84±0.07 6.65±0.04
12 38.40±0.01 43.43±0.05 3.15±0.04

Table 4: Quantitative Determination of CEA, CA19-9, and 
p53 in Urine Samples (N=10)

Sample no. CEA 
(ng mL-1)

CA19-9 
(U mL-1)

p53 
(ng mL-1)

1 32.20±0.05 84.14±0.03 8.75±0.02
2 36.72±0.06 669.41±0.06 6.83±0.04
3 38.63±0.04 39.86±0.03 8.89±0.02
4 36.71±0.02 133.48±0.03 8.90±0.02
5 25.94±0.04 314.20±0.04 4.37±0.02
6 83.05±0.03 193.81±0.07 5.88±0.02
7 21.45±0.03 207.32±0.08 6.32±0.02
8 22.77±0.04 50.76±0.03 7.26±0.01
9 5.40±0.05 38.62±0.02 7.02±0.01
10 11.34±0.02 58.96±0.03 6.89±0.02
11 21.45±0.04 72.11±0.05 8.09±0.01
12 23.48±0.02 89.48±0.06 6.22±0.01

Table 5: Quantitative Determination of CEA, CA19-9, and 
p53 in Tumoral Tissue Samples (N=10)

Sample no. CEA 
(ng mL-1)

CA19-9 
(U mL-1)

p53 
(ng mL-1)

1 36.19±0.02 170.95±0.02 8.69±0.01

Table 6: Recovery Tests of CEA, CA19-9, and p53 in Bio-
logical Samples (N=10)

CEA, % CA19-9, % p53, %
Whole 
Blood 98.87±0.05 98.14±0.07 98.69±0.06

Saliva 99.07±0.04 99.95±0.03 99.98±0.03
Urine 97.45±0.07 97.78±0.08 98.02±0.04
 Tumoral
Tissue 96.47±0.02 95.98±0.03 96.00±0.04
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Biological samples: whole blood (10µL), saliva 
(10µL), urine (10µL), and tumoral tissue (0.2×0.2cm) 
samples were obtained from 12 confirmed patients 
with gastric cancer. Blood, saliva, and urine were 
collected at least two hours before surgery. All of the 
patients underwent surgery. In all of the cases, the 
fresh tumor tissue was obtained from gastrectomy 
specimens without affecting the histopathological 
assessment. The samples were screened; using the 
stochastic microsensor, without treating the samples 
before the measurements. Typical diagrams obtained 
for the screening of whole blood, saliva, urine, and 
tumoral tissue samples are shown in Figure 2. To find 
which of the peaks corresponds to CEA, CA19-9, or 
p53, one should check the signature of the biomarker 
(the value of toff, see Table 1). After identifying 
the signature, the ton value is read and used for the 
determination of concentration accordingly to the 
stochastic model described above (Tables 2-5).
Because we could not always use the ELISA (the 
standard method) for the determination of the 
biomarkers in whole blood, saliva, urine, and tissue 
samples, we performed a validation/recovery test 
for the screening method. Therefore, in each type 
of sample, different amounts of CEA, CA19-9, and 
p53 were added (these biomarkers were determined 
before and after addition of the known amounts 
of each of them) and the recovered amount was 
compared with the added amount of each biomarker. 
The results are shown in Table 6.

DISCUSSIONS
The results obtained from the screening of whole 
blood, saliva, urine, and tumoral tissue samples; 
using the stochastic microsensor were in the specific 
ranges of gastric cancer. Accordingly, the proposed 
screening test could be used for the fast screening 
test of biological samples such as whole blood, 
saliva, urine, and tumoral tissue samples. The ELISA 
method is the most used standard method in clinical 
laboratories. Approximately, 90 min is needed 
for analyzing each of these markers with distinct 
analysis kits. The linear concentration ranges are 
0.34-250ng/mL for CEA, 0.30-200U/mL for CA19-
9, and 0.78-50U/mL for p53 (less wide than those 
obtained for the proposed sensor). Determination 
limits are as follows: 0.34ng/mL for CEA, 0.30U/
mL for CA19-9, and 0.78U/mL for p53 which are 
far higher than those recorded using the proposed 
stochastic sensor. The advantage of this method 

over previously applied techniques is that the limits 
of CEA and p53 determination are lower than those 
using N-modified graphene and protoporphyrin IX 
based stochastic sensor [15]. The results shown in 
Table 6 revealed that the recoveries were higher 
than 95.00% and the relative standard deviations 
were lower than 1.00%. These findings proved that 
the screening method is highly reliable when used 
for screening tests of whole blood, saliva, urine, and 
tumoral tissues. The total analysis time for the three 
biomarkers; using the proposed stochastic sensor 
in the whole blood, urine, saliva, and tissue sample 
was 20min.
The proposed screening method is fast and reliable 
and could be used for the screening of different 
biological samples: whole blood, saliva, urine, and 
fresh tumoral tissue samples for CEA, CA19-9, and 
p53. The large linear concentration range allows its 
utilization for the screening of biological samples 
from patients found in early to later stages; making 
possible the early diagnosis of gastric cancer and also 
the monitorization of the efficiency of the treatment 
of gastric cancer. The feature of the screening method 
is its utilization for mass screening of the population 
to facilitate early diagnosis of gastric cancer.
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