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BUBYEHHSA KNACUDIKALII IMMYHOCEHCOPIB
3 nornaay HA MeEgn4HI SABAAHHA
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IMyHOCEHCOpU Ta IMMYHOTECTH LUIMPOKO BUKOPUCTOBYIOTb B MEAWLMHI, Aie 3paskv KpoBi, cevi abo CMHM A03BOMATL BY-
3HayaTtu KoHUeHTpaLii MopdiHy, NporecTepoHy, ecTpagiony, Aodaminy, iHCYiHy.

B po60oTi po3rnsagaeTbCa BUKOPUCTAHHSA IMYHOCEHCOPIB A5 Takux MeAnyHUX Npo6nem, SK KiflbKiCHe BU3HAYeHHS aslb-
tha-cheTonpoTeiHy, BU3HaueHHs b6inka p53 B Ceyi 3 METOH AiarHOCTVKM paKky Ce4yoBOro mMixypa, amrnepomMeTpuyHe Br3Ha-
YeHHS KapLyHOeMOpioHaIbHOTO aHTUIeHy, BU3HAUYEHHS ra/lekTrHY-3 sk 6ioMapkepa cepLeBoi HeOCTaTHOCTI, BUSIB/TIEHHS
NOBEPXHEBOTO aHTUreHy renatuty B, 4yTnvBe feTekTyBaHHA Mapkepa Nyx/IMHW Npu BU3HAYEHHI PIBHA Yy CPOBATLI KPOBI
navieHTiB 3 pakoM MOJIOYHOI 3a/1031.

KntouoBi cnoBa: 6ioceHcop, iMyHOCEHCOp, aHTUTINA, aHTUMEH.
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Immunosensors and immunotests are commonly used in medicine, where blood, urine or saliva samples enable
concentrations of morphine, progesterone, estradiol, dopamine, insulin to be determined.

In this work, the use of immunosensors for the following medical problems is considered: for the quantitative detection of
alpha-fetoprotein, for determination of p53 protein in urine for diagnostics bladder cancer, for amperometric determination
of carcinoembryonic antigen, for the determination of galectin-3, as biomarker of heart failure, for detecting hepatitis B
surface antigen, for sensitive detection of tumor marker for determination of serum level in breast cancer patients.
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N3YYEHNE KNTACCUNDPUKALN MMMYHOCEHCOPOB
C TOYKUN SPEHNA MEAVUUVNHCKNX SAAA4

B. M. MapueHtok, A. Knoc-ButkoBcka, A. C. CBepcTiok?
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IIBY3 «TepHomnosibCbKul 20cydapcmBseHHbIl MeduyuHCcKuUl yHusepcumem
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MIMMYHOCEHCOPbI 1 UMMYHOTECTbI LUMPOKO WUCMOJb3YTCS B MeAMLIMHE, rie 06pasLibl KPOBY, MOYU WK CIHOHbI NMO3BOSIS-
l0T OnpesensiTb KOHLEHTpaLm MopginHa, NporecTepoHa, acTpaamona, 4oamrHa, UHCYMHa.

B naHHoli paboTe paccMaTpyBaeTCst CMO/b30BaHE UMMYHOCEHCOPOB AJ151 CIeyHoLLIMX MeANLMHCKIX NPo6/IEM: KO-
UECTBEHHOrO onpegerneHnsi anbga-eTonpoTenHa, onpeaeneHns 6enka p53 B Moye C Le/blo AMarHoCTUKM paka Move-
BOTO Ny3bIpsi, aMNepoMETPUYECKOT0 ONPEAENeHUs KapLHO3IMOPUOHA/IBHOTO aHTUTeHa, ONpefeeHust rajlekTHa-3 Kak
GrioMapKepa cepAeyHoi HeoCTaTOYHOCTU, BbISIB/IEHUSI MTOBEPXHOCTHOTO aHTUIEeHa renatuta B, UyBCTBUTE/ILHOTO [eTek-
TUPOBaHWsI MapKepa onyxosiv Npy ONpeAesiEHN YPOBHS B CbIBOPOTKE KPOBM NALMEHTOB C PAKOM MOJIOUHON XKene3bl.

KnroueBble cnoBa: 6VIOC€HCOp, MMMYHOCEHCOD, aHTUTEeNa, aHTUreH.
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Introduction. Immunosensors are affinity ligand-
based biosensor solid-state devices in which the
immunochemical reaction is coupled to a transducer.
The fundamental basis of all immunosensors is the
specificity of the molecular recognition of antigens by
antibodies to form a stable complex. This is similar to
the immunoassay methodology. Immunosensors can
be categorized based on the detection principle applied.
The main developments are electrochemical, optical,
and microgravimetric immunosensors. In contrast
to immunoassay, modern transducer technology
enables the label-free detection and quantification
of the immune complex [1]. The analysis of trace
substances in environmental science, pharmaceutical
and food industries is a challenge since many of these
applications demand a continuous monitoring mode.
The use of immunosensors in these applications is
most appropriate.

When reviewing scientific reports on applications
of immunosensors, the following two terms are most
frequently used, namely: immunoassay (immunotests)
and immunosensor. However, there is a difference
between them. In biosensors the receptor layer can be
used many times for detection purposes, thus enabling
continuous monitoring. For immunoassay, after an
immunological reaction is completed, and before the
next measurement is made, the receptor layer should
be regenerated [6].

Immunosensors and immunotests are commonly
used in environmental protection where there is
a need of monitoring of water quality [10], toxic
chemicals, pesticides, chemical weapons [18], and
in food analysis [19], but they are most often used in
medicine [17], where blood, urine or saliva samples
enable concentrations of morphine, progesterone,
estradiol, dopamine, insulin to be determined [18].

ELISA (Enzyme Linked Immune Sorbent Assay)
is the oldest and also the most frequently used
immunological test due its low cost and high
repeatability. This test was used, among others,
to detect malaria [7] , HIV diagnosis [13], or
toxoplasmosis [15].

Among a large family of biosensors there are
immunosensors that in a sensitive selective receptor
layer contain an immobilized biological component
(antibody, antigen, hapten) being an immunological
receptor for recognition of measurable analyte
molecules.

The receptor layer directly contacts the transducer
layer where the biological interaction is transformed
into a measurable signal [6, 9].

Immunosensors are those biosensors that use
a specific reaction between an antibody and an antigen
or small molecules called haptens.

Haptens elicit the production of antibodies only
when attached to larger molecules such as proteins.

Antibodies as immune-related proteins are very often
referred to as immunoglobulins.

They consist of four polypeptide chains: two heavy
and two light chains. They form Y-shaped molecules
of molecular weight greater than 1.5 kDa. There are
two types of light chains: k and A types and five types
of heavy chains: q, 6, ¢, y, |1 types.

Depending on the type of heavy chain present in
an antibody, immunoglobulins are divided into five
classes of different structure and immunological
functions.

Immunoglobulins are used by the immune system to
identify and neutralize foreign bodies, and show also
binding properties to an antigen.

The types of antibodies and its function as well as
references to its comprehensive description are listed
in the book [16].

Further we present the most widely used
immunosensors together with their characteristics.

1. Electrochemical immunosensors for the
quantitative detection of alpha-fetoprotein
(AFP).

A novel and ultrasensitive sandwich-type
electrochemical immunosensor was designed for the
quantitative detection of AFP using multifunctional
mesoporous silica (MCM-41) as platform and label for
signal amplification. MCM-41 has high specific surface
area, high pore volume, large density of surface silanol
groups (Si—~OH) and good biocompatibility. MCM-41
functionalized with 3-aminopropyltriethoxysilane,
gold nanoparticles (Au NPs) and toluidine blue
could enhance electrochemical signals [14].
Moreover, primary antibodies (Ab1) and secondary
antibodies (Ab2) could be effectively immobilized
onto the multifunctional MCM-41 by the interaction
between Au NPs and amino groups (-NH2) on
antibodies. Using multifunctional MCM-41 as
a platform and label could greatly simplify the
fabrication process and result in a high sensitivity
of the designed immunosensor. Under optimal
conditions, the designed immunosensor exhibited
a wide liner range from 104 ng/mL to 103 ng/mL
with a low detection limit of 0.05 pg/mL for AFP.
The designed immunosensor showed acceptable
selectivity, reproducibility and stability, which
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could provide potential applications in clinical
monitoring of AFP.

2. Amperometric immunosensors.

2.1. Amperometric immunosensor for
determination of p53 protein in urine with
carbon nanotubes / Au NPs. Since p53 protein has
become recognized biomarker for both diagnostic
and therapeutic purposes in oncological diseases
with particular relevance for bladder cancer, it is
highly desirable to search for a novel sensing tool
for detecting the patient’s p53 level at the early
stage. In [8] there is reported the first study on the
development and validation of a novel disposable
competitive amperometric immunosensor for
determination of p53 protein at subnanomolar levels,
based on p53 immobilization on Au NPs / carbon
nanotubes modified screen-printed carbon electrodes.
The assay protocol requires the use of single anti-p53
mouse monoclonal antibody (DO-7 clone), able
to recognize both wild-type and mutant p53. The
developed immunosensor as well as the protocol of
the electrochemical immunoassay were optimized
by means of an experimental design procedure to
assess the suitability of the device to be validated
and applied for the determination of p53 in untreated
and undiluted urine samples. It was found that the
developed competitive immunodevice was able to
achieve wide linear range detection of wild-type
p53 from 20 pM to 10 nM with a low detection limit
of 14 pM in synthetic urine samples, suggesting the
sensor’s capability of working in a complex sample
matrix. The excellent performance results also in
terms of selectivity, trueness and precision, coupled
with the advantages of an easy preparation and
low-cost assay in contrast to other methods which
require very complex, time-consuming and costly
nanostructured architectures, makes the developed
competitive immunosensor an analytically robust
diagnostic tool, valuable for implementation of
screening and follow-up programs in patients with
urologic malignancies.

2.2. Immunosensor for amperometric
determination of carcinoembryonic antigen (CEA).

2.2.1. Immunosensor for amperometric
determination of CEA using Au NP -titanium
dioxide-graphene (AuNP -TiO,-graphene)
nanocomposites. A novel and sensitive sandwich
immunosensor for amperometric determination of
CEA was designed using AuNP -TiO,-graphene
nanocomposites. Dopamine-functionalized
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graphene was firstly prepared by m-stacking
interaction, and TiO, was then attached to the
surface of dopamine-graphene by the specificity
and high affinity of enediol ligands to Ti (IV).
Afterwards, AuNP -TiO -graphene nanocomposites
were synthesized with photoreduction approach
under ultraviolet irradiation. The morphology and
conductivity of the as-prepared nanocomposites
were characterized by transmission electron
microscopy, Fourier transform infrared spectra,
X-ray powder difraction, cyclic voltammetry
and electrochemical impedance spectroscopy.
Taking the advantage of large specific surface
area and excellent biocompatibility, AuNP_
could covalently link horseradish peroxidase
labeled secondary antibody (HRP-Ab,) through
the interaction between AuNP_and mercapto or
primary amine groups of HRP-Ab, for sandwich-
type immunosensor construction. Under optimum
conditions, the modified electrode exhibited
a linear current response to CEA concentration in
a wide range of 0.005-200 ng/mL (R=0.994) with
low detection limit of 3.33 pg/mL (S/N=3) [12].

2.2.2. Ectrochemical immunosensor was
developed fordetecting CEA based on Ag/
MoS,@Fe, O, and an analogous 2 enzyme
linked immunosorbent assay (ELISA) method.
In this work, an ultrasensitive electrochemical
immunosensor was developed for detecting CEA
based on Ag/MoS ,@Fe,O, and an analogous 2
enzyme linked ELISA method. The fabrication
process was conducted by using 96-well microplate
and the detection process was executed on magnetic
glassy carbon electrode (MGCE), which was named
analogous ELISA method. The technique of total
internal reflection fluorescence was firstly employed
to verify the feasibility of the proposed method
MANUSCRIPT sandwich-type strategy was applied
for the fabrication of the immunosensor and Ag/
MoS,@Fe,O, was used as label [3].

Simultaneously, Ag nanoparticles (Ag NP ) were
applied for modifying the MGCE as sensing platform
due to its excellent electroconductivity. Ag/MoS @
Fe O, could firmly attached on the surface of
MGCE thanks to the magnetic property of Fe,O,.
Differential pulse voltammetry was applied for the
detection of CEA and electrochemical impedance
spectroscopy confirmed the successful fabrication
of the immunosensor. Under optimal experimental
conditions, a linear response was achieved in the range
of 0.0001-20 ng/mL with a low.
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3. Electrochemical immunosensor for the
determination of galectin-3, a biomarker of heart
failure.

In the work [5] there is presented an electrochemical
immunosensor for the determination of galectin-3
(Gal-3), a biomarker of heart failure. A glassy
carbon electrode (GCE) was modified with a film
of a composite made from the N-doped graphene
nanoribbons immobilized Fe-based-metal-organic
frameworks deposited with Au NPs (N-GNRs-Fe-
MOFs@AuNP)). Ab1 against Gal-3 (Gal-3-Ab1)
was immobilized on the Au NPs on the surface of the
modified GCE which then was blocked with bovine
serum albumin. Signal amplification is crucial for
obtaining low detection limits in biosensors. Here,
a relatively simple and ultrasensitive sandwich-
type electrochemical immunosensor based on novel
signal generation and amplification was developed
for the determination of Gal-3. A kind of novel
redox-active species, AuPt-methylene blue (AuPt-
MB) nanocomposites, was synthesized by a one-pot
method for the first time. Wherein, methylene blue
as a kind of the electron transfer mediators in an
amperometric biosensor is responsible for electron
production and signal amplification [5]. The rod-like
AuPt-MB nanohybrids displayed uniform morphology
and good electrochemical activity and can combine
with the second antibodies against Gal-3 (Gal-3-Ab,).
And the AuPt-MB-Ab, coupled with the N-GNRs-Fe-
MOF @AuNP -Abl to form the sandwich type format
that can greatly enhance the biosensor’s sensitivity.
Under optimal conditions, the designed immunosensor
exhibited a linear concentration range from 100 fg/mL
to 50 ng/mL, with a low detection limit of 33.33 fg/mL
(S/N=3) for Gal-3 in spiked serum. Additionally, the
designed immunosensor showed acceptable selectivity,
reproducibility and stability. The satisfactory results
in analyzing human serum samples indicated potential
application promising in monitoring biomarkers.

4. Sandwich-type immunosensor for detecting
hepatitis B surface antigen.

A novel thionine unites with platinum nanowire in
laid globular SBA-15 (Pt NWs@g-SBA-15/Thi) not
only utilizes as an efficient electrical signal probe but
also constitutes an amplifying system with double-
deck gold film (D-Au film) have been applied to
the fabrication of sandwich-type immunosensor for
detecting hepatitis B surface antigen (HB_ Ag). The
D-Au film can accelerate the electron transfer on

the electrode interface due to the tunneling effect
between the two Au films and can improve the load
capacity of Ab1 because of the good biocompatibility.
The Pt NW @g-SBA-15/Thi with uniform globular
morphology not only can effectively reduce the
spatial limitation for loading the Ab2 but also can
provide outstanding pore accessibility of guest
species from outside and offer catalytically active
sites in a large scale. Besides, the presence of Thi
can well enhance the electrical conductivity of Pt
NWs@g-SBA-15/Thi. With the good cooperation
between D-Au film and Pt NW @g-SBA-15/Thi,
a linear relationship between current signals and the
concentrations of HBs Ag was obtained in the wide
range from 10 fg/mL to 100 ng/mL and the detection
limit of HB_ Ag was 3.3 fg/mL (signal-to-noise ratio
of 3). Furthermore, the designed immunosensor with
excellent selectivity, reproducibility and stability
shows excellent performance in detection of human
serum samples and provides a promising capacity
for detecting a wide range of other tumor markers in
clinical application [2].

5. Dual-responsive competitive immunosensor
for sensitive detection of tumor marker
on g-CN/rGO conjugation.

A new dual mode competitive immunosensing
platform for sensitive determination of AFP combined
photoelectrochemical and electrochemical methods
was designed on graphite carbon nitride and reduced
graphene oxide (g-CN/rGO) conjugate support. To
construct such versatile support, polyamidoamine
dendrimer (PAAD) decorated graphene oxide as
substrate was reduced via poten-tiostatic technology,
and the prepared rGO-PAAD nanocomposite was
utilized as matrix to immobilize g-CN and capture
antigen, and as electron transporter to mediate electron
transfer for enhancement of photoelectrochemical
and electrochemical signals. And then, horseradish
peroxidase labeled antibody was competitively captured
onto sensing interface with free antigen in incubated
solution. Photoelectrochemical signal originated from
g-CN, an excellent photoactive material with large
photo-induced electric response, and was amplified by
rGO-PA AD nanocomposite. The resultant concentration
positively related linear calibration range was from
1 pg/mL to 40 ng/mL with ultralow detection limit
of 1 pg/mL. On the other hand, the enzyme-induced
electrocatalytical signal amplification was produced
by using hydroquinone as reactive substrate and
horseradish peroxidase as reactive enzyme in existence
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of H,0,, which displayed a wide dynamic linear range
from 0.1 ng/mL to 160 ng/mL with low detection limit
of 0.1 ng/mL. Additionally, the satisfying selectivity,
good reproducibility and high consistency of dual-signal
outputs of this designed dual-responsive immunosensor
demonstrated the promising application in developing
sensitive and accurate immunosensor for clinical test
and disease diagnosis [11].

6. A sandwich-type electrochemical
immunosensor based on in situ silver deposition
for determination of serum level in breast cancer
patients.

The sensitive quantification of human epidermal
growth factor receptor 2 (HER2), as a key prognostic
tumor marker, plays a critical role in screening,
early diagnosis and management of breast cancer.
This paper describes a sandwich-type immunoassay
with silver signal enhancement strategy for highly
sensitive detection of HER2. For this purpose, the
target capturing step was designed by functionalization
of 3-aminopropyltrimethoxysilane coated magnetite
nanoparticles with antibody (antiHER2/APTMS-
Fe 0,), as a platform bioconjugate, and immobilized
at a bare GCE. Then, in the presence of label-free
immunosensor, the platform bioconjugate was covered
by magnetic gold nanoparticles self-assembled
with thiolated antibodies (antiHER2/Hyd@AuNP -
APTMS-Fe O,) containing chemically reduced
silver ions, as a label bioconjugate. Under optimum
conditions, a linear relationship between the differential
pulse voltammetry stripping signal of silver and the
logarithm of HER2 concentrations was obtained in
the range of 5.0x107%-50.0 ng/mL (R2=0.9906) with
a detection limit of 2.0x107° ng/mL. The effectiveness
of this protocol was evaluated experimentally through
employing of designed immunosensor for detection
of the serum level of tumor marker [4]. The good
consistency of the results with those obtained by
the enzyme-linked immunosorbent assay (ELISA)
conventional method (p-value of <0.05) showed that
this immunosensor can be applied for the testing of
HER?2 in clinical samples of breast cancer patients.

Conclusions

Immunosensors create a very promising tool that
allows you to quickly, inexpensively and accurately
measure different biophysiological information. They
are widely used in medicine, especially in diagnostics.

Considering the development of immunosensors,
scientific problems and future trends,
immunosensors have become very interesting
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and open enormous opportunities for scientists,
engineers and doctors.
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