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The use of human monoclonal antibodies in diagnostics and analytical studies is determined by the
rapid development of technologies and approaches in the field of immunology and clinical laboratory
diagnostics. Cytokines, as biologically active substances, play a key role in the regulation of immunity,
inflammation and other physiological processes. The use of monoclonal antibodies to cytokines provides
an opportunity to accurately determine their concentration and study the interaction with other molecules
in clinical studies. The development of new diagnostic methods and analytical studies using monoclonal
antibodies opened up prospects for increasing the accuracy and sensitivity of the determination of various
diseases. This is especially important in the context of medicine, where accurate diagnosis becomes
fundamental for choosing the optimal method.

Aim. The purpose of this work was to analyze the possibilities and advantages of using monoclonal
antibodies to human cytokines in diagnostics and analytical studies, in particular their use in
immunological biosensors, for monitoring theimmunological status of patients after organ transplantation
and diagnosing oncological diseases.

Methods. A comprehensive review of literature was conducted, encompassing multiple databases
including Medline (PubMed), Web of Science, Scopus, Google Scholar and other relevant sources up to the
year 2024. Keywords employed in the search included biosensors, cell markers, monoclonal antibodies,
leukemia and Western blotting, transplantation.

Results. The paper investigated the potential and advantages of using human monoclonal antibodies
to cytokines in medical diagnostics and analytical research. Their application in biosensors for precise
determination of cytokine concentrations, immunophenotyping of blood cells and tissues, diagnosing
tumors of various histogenesis, treating leukemias and lymphomas, determining immunological status
and composition of the immune system cells were analyzed. The methodology of comprehensive
immunological examination after organ transplantation and treatment, including acquired
immunodeficiency syndrome (AIDS), was also considered.

Conclusion. Monoclonal antibodies, effective in biosensors, are used in various fields such as
biological research, clinical diagnostics, and environmental monitoring. Their use has limitations,
such as cost, complexity of acquisition, and potential loss of signal sensitivity. Immunophenotyping
allows the identification of blood cells based on their markers, which is important for hematological
diagnostics. Immunohistochemical tissue studies use monoclonal antibodies to verify tumors and
detect infectious diseases. Diagnosis of leukemias and lymphomas using monoclonal antibodies helps
to determine tumor type and optimal treatment. Western blotting is used to determine proteins in
tissues or blood, including confirming diseases such as Lyme disease or Human immunodeficiency
virus (HIV infection. Flow cytometry, enzyme-linked immunosorbent assay (ELISA), and polymerase
chain reaction (PCR) are also used in immunological laboratories for disease diagnosis and immune
status assessment.

Key words: biosensors, cell markers, monoclonal antibodies, leukemia, Western blotting, trans-
plantation.
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The use of monoclonal antibodies
in biosensors: innovations and challenges
in modern research

Biosensors are highly sensitive systems
containing specialized elements designed
to determine the quantity of substances
formed during a reaction. They characterized
by high selectivity. The composition of
biosensors includes three main parts: a
biological component, a signal transducer,
and an electrical or selective unit [1, 2]. Most
medical biosensors use antibodies or enzymes
as biological components. The application of
various immunocomponents is very promising
in this area of research. However, during the
immobilization of antibodies on the surface of
biosensor transducers, their antigen-binding
activity is usually significantly reduced
compared to the activity of the same antibodies
in free state. The main reasons for this are
considered to be steric restrictions and random
orientation of antibodies on the surface of the
sensor. To prevent this, an intermediate layer
containing immunoglobulin-binding proteins,
such as a surface recombinant protein, can be
created to immobilize the components of the
biosensitive element of the immunosensor
[1-3].

Special methods of signal registration
arising from the binding of antibodies
to antigens are used in biosensors and
immunosensors [4]. Various labels such as
enzymes, fluorescent or chemiluminescent
molecules, and metals are used to detect
this interaction. Additionally, antibodies
can be immobilized on practically any type
of transducer. The use of antibodies in
biosensor technologies allows measurements
to be carried out in complex biological
mixtures such as serum or blood plasma
[2, B]. Monoclonal antibodies, which are
homogeneous immunoglobulins of the same
specificity and can bind with high affinity
to the corresponding epitope on the antigen,
are particularly interesting for biosensor
development [1, 3].

The specificity, sensitivity, and
universality of biosensors largely depend
on the properties of biological recognition
elements, the main ones being monoclonal
antibodies [5, 6]. By selecting appropriate
antibodies, complex systems can be created
that allow the identification of compounds
of various spectra. Although in many cases
natural receptors, including monoclonal
antibodies, interact with ligands with high
specificity, under non-physiological conditions
they become very unstable, and the possibilities

for obtaining them in large quantities are often
limited. Moreover, not all molecules have
natural receptors, so the creation of “synthetic
receptors” capable of recognizing and binding
various target molecules with high affinity and
specificity is of great scientific and practical
interest in the field of sensor technology and
electronics manufacturing [2, 3, 6—9].

The use of surface plasmon resonance-based
biosensors is gaining increasing popularity
in fundamental biological research, clinical
diagnostics, and environmental monitoring
[3, 7, 8, 10, 11]. Well-known biosensors can
monitor the quantity of proteins [1, 3, 12],
glucose [2, 6], lactate [3], immunoglobulins
[1-4], hormones [2, 5, 6, 13] in biological
environments. Many studies are focused
on finding new approaches to optimize the
conditions for the immobilization of biological
material in surface plasmon resonance
sensors. The most common methods include
the oriented inclusion of biological molecules
in films of various compositions or previous
immobilization on the surface[3, 4, 6, 10, 11].

The fundamental basis of immunosensors is
the determination of antigens with antibodies
in biological fluids by forming a stable
complex. At the same time, it is necessary
to increase their specificity and recognition
ability. Given the properties of transducers,
biosensors are already quite small, but efforts
are ongoing to further miniaturize them for
more efficient applications and for the in vitro
and in vivo experiments required to achieve a
specific physical state [2, 5, 6, 10, 11].

Immunosensors are used to study the
kinetics of biochemical interactions and cross-
reactivity characteristics of immunoreagents
[5, 9]. Determination of large compounds (DNA
of bacteria and viruses, biologically active
macromolecules, such as antibodies, antigens,
nucleic acids, blood proteins) is usually carried
out by the method of direct detection [2, 5,
6, 10, 11]. While for determination of low-
molecular compounds masses such as drugs,
hormones, alkaloids, pesticides, metabolites,
ecotoxicants, growth regulators and other
biologically active substances, a competitive
immunoassay format is commonly used [2, 3,
6, 10, 14, 15].

Immunophenotyping
of blood cells and tissues

To unambiguously identify blood cells,
immunophenotyping methods are used, i.e.
to identify their phenotype using antibodies
against surface markers.
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Nowadays, it is possible to identify any
blood leukocyte and even determine its stage of
development by detecting cell markers called
CD-markers (Cluster of Differentiation). CD
markers are membrane glycoproteins that
appear at a particular stage of leukocyte
development. These markers are also known
as differentiation antigens because they can
become antigenic when immunized with other
animal species. More than 350 CD markers
have been identified. For each CD marker,
highly specific monoclonal antibodies have
been developed that can be used to determine
the presence of markers on the cell surface
and the number of cells carrying a particular
marker [16].

Immunophenotyping is used to identify
differentiation antigens (CD antigens) on the
surface and cytoplasm of tumors cells. This
study is particularly important for clarifying
the cellular origin of lymphoproliferative
diseases (B- or T-cell), as well as the stage of
differentiation and degree of cell maturity.
The immunophenotypic features of different
morphological variants of NHL (Non-Hodgkin
lymphomas) are highly informative for the
diagnosis and prognosis of the disease. The
immunophenotypes of B-cell and T-cell tumors
are presented below [17].

— Follicular lymphoma: CD10+, bcl-2+,
CD23+/—, CD43-, CD5-, CD20+, cyclin D1-.

— Non-Hodgkin’s lymphoma of the
marginal zone: CD10-, CD5-, CD20+, CD23-/+,
CD43-/+, cyclin D1-, bel-2

— Mantle cell lymphoma: CD5+, CD20+,
CD43+, CD23-/+, cyclin D1+, CD10-/+.

— Diffuse B-cell lymphoma: CD20+,
CD45+, CD3-

— Burkitt’s lymphoma: sIg+, CD10+,
CD20+, TdT-, Ki67+ (100% ), bel-2-, bel-6+

— Estranodal T-/NK cell lymphoma, nasal
type: CD3-/+, CD5+, CD7-/+, CD30-/+

— Fungal mycosis: CD3+, CD4+, CD5+,
CD8-/+.

— Angioimmunoblastic lymphoma: CD3+,
CD4-/+, CD5+, CD7+, CD8-/+ CD30-/+

Immunophenotyping of blood or bone
marrow cells is an essential part of modern
hematological diagnostics. It is carried out
using a flow cytometer, which works on the
same principle as hematological analyzers,
with the addition of measuring the emission
of fluorescent light. The antibodies used are
monoclonal immunoglobulin molecules of the
IgG1, IgG2, IgG3 or IgM class.

A diagnostic immunophenotypic study
typically requires the analysis of 10,000—-100,000
cells. To find a population of residual tumor
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cells, it is even necessary to analyze 200,000—
10,000,000 cells. The accuracy of the method
allows the detection of 1 cell in 103—105 cells.

There are several types of immuno-
phenotypic disorders:

1) Overexpression — increased content of
the antigen under study on the cell;

2) Hypoexpression — reduced content of
the antigen, up to its complete absence;

3) Pathological coexpression — presence of
an antigen that is not observed in physiological
conditions on a given cell or at a certain stage
of its development or functioning.

Analysis of the content of individual
antigens makes it possible to assign a given
cell to a particular lineage of haematopoiesis
and to determine the stage of its maturation
or activation. As cells mature, some antigens
gradually appear and others disappear. Each
haematopoietic lineage has characteristic
antigenic systems that differ according to the
degree of cell maturity [18].

Monoclonal antibodies
in the immunohistochemically method

Immunohistochemically examination (IHC)
is a method of morphological diagnostics,
which consists in the detection and identifi-
cation of antigens in samples based on antigen-
antibody interaction and is performed using
monoclonal or polyclonal antibodies.

The immunohistochemically method
consists of the following steps:

1. The primary antibody binds the antigen;

2. The primary antibody is recognized by
a horseradish peroxidase-labelled secondary
antibody; a predefined fraction of the
secondary antibody is labelled;

3. The enzyme substrate is added and bound;

4. The alkaline phosphatase-labelled
antibody binds the substrate, resulting in
cross-linking;

5. The reaction of the substrate visualized
as ared mark [19].

Immunohistochemically examination can
be performed by direct or indirect methods.

The direct method involves the use of
exclusively labelled primary antibodies to bind
to the substance of interest.

In the indirect method, labelled secondary
antibodies are used to bind to the antigen-
primary antibody complex and further
visualize it. This is due to the fact that the
structure of secondary antibodies contains
enzymes that facilitate the histochemical
detection of the formed complex as a result of
interaction with a chromogenic substrate.
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This method is used to diagnose tumors
and determine their genesis; to detect primary
tumors sites and cancerous cell degeneration
by metastases; to predict the course of tumors
disease and possible tumors therapy options; to
detect the presence of tumors cell resistance to
radiotherapy and chemicals.

To verify tumors by differential diagnosis,
you need to know the immunohistochemical
characteristics of each tumour and the
various options for determining certain
antibodies. To simplify this process, the
WHO created a classification of tumors
based on immunophenotype. According to
modern requirements, for many tumors, the
pathological diagnosis should also include
prognostic (clinical course of the disease
in the absence of treatment) and predictive
(probability of response to specific treatment)
immunohistochemical parameters [19].

This method can be used to detect
infectious agents (bacteria, viruses) in biopsy
and surgical material. The detection of certain
types of human papillomavirus in the cervical
cell affects treatment. The location of the virus
and the stage of infection (reproductive or
already integrative) are clarified with the help
of THC [20].

Diagnosis and treatment
of leukemia and lymphoma

Leukemias and lymphomas, including
Hodgkin’s lymphoma, account for approxi-
mately 8% of all malignancies, and together
they are among the six most common types
of malignant tumors. According to the
International Histological and Cytological
Classification of Tumor Diseases, blood tumors,
or hematoblastoses, are divided into two groups:
Leukemias — systemic tumor diseases of
hematopoietic tissue and lymphomas — regional
tumor diseases of hematopoietic or lymphoid
tissue. This division is largely arbitrary,
since limited tumor growth and diffuse tumor
infiltration can occur simultaneously or
sequentially in the same patient [21].

Monoclonal antibodies are human-made
variants of immune system proteins. When
they enter the body, they attach to a specific
target, most often a protein on the surface of
cancer cells. Drugs containing monoclonal
antibodies can help the immune system respond
to and destroy cancer cells. Some monoclonal
antibodies also fight cancer in other ways.

Chemotherapy along with monoclonal
antibodies is the standard treatment for
chronic lymphocytic leukemia.

Recently, a number of clinical trials have
begun to evaluate the results of the use of
monoclonal antibodies in the treatment of
various leukemias and lymphomas. Some of
these studies have demonstrated that infusion
of monoclonal antibodies can induce rapid
and specific clearance of leukemic cells from
peripheral blood. Intravenously administered
antibody also rapidly binds to bone marrow
lymphoblast’s and can even lead to partial
regression of tumor cell infiltrates in lymph
nodes [22].

Unfortunately, clinically significant
responses were not achieved in most cases,
but these clinical trials have identified
specific factors that lead to the development
of resistance to antibody-mediated lysis in
vivo. These factors include the presence of
circulating antigen, antigenic modulation,
the reactivity of monoclonal antibodies with
normal cells, the immune response to murine
antibodies, and the ineffectiveness of natural
immune effector mechanisms. Current
research is now focused on developing methods
to circumvent each of these obstacles. Future
clinical trials using antibodies in vitro or with a
different specificity may demonstrate greater
therapeutic efficacy. In addition, monoclonal
antibodies can be used as carriers of other
cytostatic substances and in combination with
other drugs, which will reduce the overall
burden on the patient’s body.

Monoclonal antibodies are new and
powerful reagents that may become an
additional treatment option for patients with
cancer in the coming years. Although the
development of monoclonal antibodies that
react with human tumor cells has allowed us
to avoid many of the problems that previously
limited the effectiveness of serotherapy,
certain challenges still exist.

The factor limiting the use of monoclonal
antibodies in vivo is the specificity of the
reagents themselves. In almost all cases,
monoclonal antibodies that react with leukemia
or lymphoma cells also react with various
normal hematopoietic cells [23].

Monoclonal antibodies used to treat
leukemia can be divided into groups depending
on which protein they target. For example,
there are a number of monoclonal antibodies
that target CD20. CD20 is a protein found
on the surface of B lymphocytes. These
drugs include: Rituximab, Obinutuzumab,
Ofatumumab, Alemtuzumab [24].

For example, in their study, the researchers
noted that eleven patients with relapsed B-cell
chronic lymphocytic leukemia resistant to
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fludarabine or leukemic variants of low-grade
B-cell non-Hodgkin’s lymphoma were treated
with the chimeric anti-CD20 monoclonal
antibody rituximab (IDEC-C2B8). The results
were reported as very positive [25]. This
work suggests that it is necessary to evaluate
different infusion regimens, or combined
regimens with chemotherapeutic agents to
reduce the tumor burden before starting
treatment with rituximab.

Due to the fact that rituximab is a chimeric
antibody, there is a need to develop fully
humanized antibodies, such as IMMU-106
(hA20), to minimize infusion reactions and
prevent the development of human antibodies
against the drug [26].

In addition to treatment, monoclonal
antibodies are also used in diagnostics. For
example, two monoclonal antibodies have been
created that react with antigens present on
leukocytes. These reagents differ from other
monoclonal antibodies of similar specificity in
that the antigens they recognize are resistant
to conventional tissue fixation and embedding
procedures. Therefore, these reagents can
be used for immunocytochemical staining
of paraffin-embedded tissue sections. This
indicates that many of the difficulties faced by
histopathologists in distinguishing between
lymphoid and non-lymphoid neoplasms can be
overcome by immunohistological labeling with
monoclonal antibodies.

In a study [27], human malignancies
were tested for reactivity with a monoclonal
antibody against human leukocytes, designated
2D1. This antibody detects human leukocyte
antigen (HLe-I), which is strongly expressed
on B- and T-lymphoid cells and weakly on
early hematopoietic cells, but is not detected
in normal mesenchymal and epithelial tissues.
This study demonstrates the use of this reagent
in cryostat sections of tumor samples by
indirect immunofluorescence in combination
with other lymphoid markers such as anti-T-
cell serum, anti-Ia-like serum (detects p28,
33 “B-cell associated” membrane antigen) and
antiserum to various immunoglobulin isotypes.

Application of monoclonal antibodies
in western blotting

Protein blotting involves the immobili-
zation of proteins on a carrier. The most
common format is the electrophoretic transfer
of proteins dissolved in sodium dodecyl
sulphate (SDS) — a polyacrylamide gel onto a
membrane, known as Western blotting [28].
Polyacrylamide gel electrophoresis (PAGE) has
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become a standard tool for protein analysis.
Often, sufficient information can be obtained
by staining proteins in the gel. However, for
applications where protein reaction with an
antibody or ligand is required, the use of
Western blots has many advantages [29], the
most important of which are ease of operation,
improved accessibility of the proteins present,
and the ability to store immobilised proteins
for later analysis.

Western blotting consists of four main
steps:

1. Immobilisation of dissolved proteins on a
carrier, such as a nitrocellulose membrane, by
electrophoretic transfer [30].

2. Blocking to saturate all remaining
protein binding sites on the membrane in order
to maximise the specific signal-to-noise ratio.

3. Immunodetection, which involves
examining the blot for the presence of the
protein of interest. This is typically a two-
step process using an antigen-specific
primary antibody followed by a species-
specific secondary antibody containing a
reporter molecule, or a three-step process if a
biotinylated secondary antibody is used.

4. Detection of the analysed protein using
the reporter group on the antibody.

Immunodetection can be performed in
several ways using polyclonal or monoclonal (4)
primary antibodies [30]. The main advantage
of using monoclonal antibodies (MAbs) is their
interaction specificity.

Since MAbs recognise only one epitope,
they can identify specific regions of an
antigen. Unfortunately, because of this,
some MADbs can detect the same epitope on
other polypeptides, resulting in the detection
of multiple bands. In some cases, this
cross-reactivity can result from important
structural similarities between proteins.
More often, it is due to the fact that proteins
accidentally share the same epitope. A single
epitope can consist of only four or five amino
acids, so epitope sharing is quite likely. If
you want to obtain unambiguous results in
western blotting, you should avoid MAbs that
show such cross-reactivity [31].

An additional issue with MAbs is that some
antibodies may not react or show variable
binding to blotting proteins. This is because
the epitope they recognise has been destroyed
by the electrophoresis and western blotting
processes. Antibodies that detect sequence
regions of the core protein will work best in
western blotting because the epitope they
recognise is not destroyed by electrophoresis
and blotting. Therefore, before using
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monoclonal antibodies in Western blotting,
it is advisable to test the effects of antigen
denaturation and/or reduction on antibody
binding. Since some MAbs may have
low titres, it is often preferable to use a
combination of MAbs whenever possible; this
allows the best properties of both polyclonal
antibodies and MAbs to be used, combining
specificity and sensitivity.

Western blot is an immunoassay that
detects specific proteins in tissues or blood.
It involves the use of a special gel on one end
of which a sample with a protein is applied.
Under the influence of an electric current,
the proteins move, are separated by shape
and size, and form separate strips. They are
then washed onto a membrane in contact
with the gel. Labelled antibodies are used to
identify the proteins bound to the membrane.
A sample of the patient’s blood or tissue is
added to the blot, and the antibodies bind and
are detected by labelled antibodies to human
immunoglobulins [32].

Western blot is used when it is necessary to
confirm Lyme disease or HIV infection.

Monitoring the immunological status
of patients after organ transplantation
and treatment, including AIDS

Postoperative management of recipients
needs to be divided into early and late
postoperative periods. This partly conditional
division is justified by the fact that episodes
of acute rejection are more often observed in
the first few months after transplantation,
as well as by the greater number and variety
of immunosuppressive drugs that lead to
complications. In patients who have survived
the initial months with a functioning
transplant, doses of immunosuppressive drugs
are usually reduced. However, diagnostic
laboratories propose assessing the patient’s
condition after organ transplantation
through comprehensive immunological
examination, which includes a list of indicators
characterizing cellular and humoral markers
of the immune system. One of the best methods
is an immunogram — a laboratory blood test
that allows evaluating the state of the immune
system based on relevant indicators [33].

There is no strict list of diagnostic
indicators that must be included in an
immunogram. First-level laboratory
immunological tests include [34]:

e Indicators of T-cell immunity: the number
of T-cells and their subpopulations (CD2, CD3,
CDh4, CD8, CD16, CD4/CD8);

e Indicators of humoral immunity:
the number of B-lymphocytes and their
subpopulations (CD19, CD20, CD22, CD24),
spectrum of serum immunoglobulins - IgM,
IgA, and IgG.

e Assessment of phagocytic activity
involves evaluating the number of phagocytic
cells, the activity of phagocytosis, and
oxygen-dependent metabolism using the NBT
(nitroblue tetrazolium) test;

e Evaluation of the complement system
involves determining complement fractions and
the content of circulating immune complexes
(CIC): markers of disruption in the immune
system’s defensive response to antigens.

e highly specialized assays that assess
specific immune responses, such as flow
cytometry, ELISPOT assays, and cytokine
profiling [35]:

e Proliferative capacity — response of
blast transformation (BT) to mitogens such
as phytohemagglutinin (PHA), pokeweed, or
concanavalin A (ConA), and antigens.;

e HLA phenotype, NK-cell function (CD16/
CD56).;

e Cytokine spectrum: pro-inflammatory
(IL-1, IL-2, IL-6, IL-12, TNF-a, interferon-y)
and anti-inflammatory (IL-4, IL-5, IL-10, and
IL-13) cytokines, growth factors, receptors,
adhesive molecules.;

e Level of specific antibodies: antibodies
to pathogens of specific diseases and
autoantibodies for autoimmune diseases.;

Monitoring viral loads:

e Viral loads in HIV/AIDS: Determining
the quantity of virus in the blood helps assess
the effectiveness of antiretroviral treatment.

e Level of specific cellular sensitization
(This measures the extent to which immune
system cells react to a specific antigen).;

e Skin tests, HST (hemagglutination test -
a test that determines the presence or absence
of antibodies to a specific antigen by observing
hemagglutination (agglutination of red blood
cells)), HNT (hemagglutination neutralization
test — determines the ability of serum or other
substances to destroy or weaken viral activity
through hemagglutination).;

e Detection of activated T and B cells (DR,
CD25, CD69)

e Leukocyte migration tests, sensitivity of
immune system cells to immunotropic drugs
[36].

The pivotal role in regulating the immune
response belongs to the genes of the major
histocompatibility complex, which includes
the HLA (human leukocyte antigen) system.
The clinical-diagnostic significance of the
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HLA system lies in its protective role against
diseases that may cause organ rejection after
transplantation, can protect against cancer,
or increase its likelihood (if their quantity
is reduced due to frequent infections).
They can also influence the development of
autoimmune diseases (such as type I diabetes,
celiac disease) [36].

The main techniques used by modern
immunological laboratories include flow
cytometry (cytofluorimetry — a cytological
research method used for in-depth cell
analysis), enzyme-linked immunosorbent
assay (ELISA, including immunoblotting —
a sensitive method that allows for the highly
accurate detection of antigens or antibodies in
any biological environment of the organism.
The method’s specificity and sensitivity are
99-100% ), and polymerase chain reaction
(PCR — one of the most precise and reliable
laboratory tests that can detect infectious
diseases at an early stage) [35].

Cases of HIV infection in recipients
after kidney, heart, liver, pancreas, bone,
and skin transplantation have already been
documented. The risk of HIV transmission
through transplantation does not exceed
that of blood transfusion and stands at 1 in
250,000. Washing donor organs (corneas, soft
tissues, dura mater) with alcohol or antiseptics
(povidone, iodine, etc.) reduces the likelihood
of HIV transmission [33].

The proliferative activity of lymphocytes
(lymphocyte blast transformation reaction,
LBT) with the mitogen Con A. Mass
death of activated lymphocytes underlies
the phenomenon of “activation-induced
apoptosis.” This phenomenon plays a
significant role in the pathogenesis of many
human diseases, including HIV infection.
A paradoxical situation arises: pronounced
activation of the immune system cells leads
to the development of immunodeficiency. To
study the proliferative activity of immune-
competent cells, a test is used to determine
the ability of T and B lymphocytes to
enhance proliferation in response to various
stimulation (mitogens, antigens). This test
utilizes the lymphocyte blast transformation
reaction (LBTR). For T lymphocytes, LBTR
is performed in the presence of the mitogen
concanavalin A (ConA). This study allows for
the assessment of the proliferative potential
of immune-competent cells and the detection
of immune defects associated with insufficient
lymphocyte proliferation [35]. Laboratory
criteria for diagnosing HIV infection can be
seen in the Figure.

30

After the virus enters the human body,
there is an incubation period that lasts from
one to five weeks. During this time, the
virus replicates intensively in the blood,
accompanied by a progressive increase in
the concentration of antigenic substances.
The maximum concentration of antigens is
observed at the end of the incubation period,
when acute illnesses are detected in 40-50%
of patients, typically in the form of various
syndromes: pseudogripal, mononucleosis-
like, arthritic, meningoencephalitic. In some
patients with HIV infection, there is also
lymphadenopathy, signs of gastroenteritis,
lesions of the lower respiratory tract, and
thrombocytopenic purpura [35].

The initial signs of the disease often
seem to be an unexplained elevation in body
temperature. Hyperthermia reaches 38—40 °C
and lasts for 3—10 days. At the same time,
catarrhal phenomena, cough, headache,
arthralgia, night sweats, and general weakness
are observed. Later, enlargement of the
liver, spleen, and various groups of lymph
nodes is noted; lymphocytopenia is observed
in the blood (serological reaction to HIV is
negative). The course of the disease often
resembles mononucleosis syndrome. Tonsillitis
symptoms persist for 2—3 weeks. Young forms
of lymphocytes appear in the blood. In patients
with exanthema on the mucous membranes of
the hard and soft palate, enanthema develops.
The course of the disease is wave-like, similar
to adenoviral infection. Lymphadenopathy
develops gradually: initially, superficial lymph

Reliable Probable

J |

Isolation of the virus
from blood, semen,
lymph nodes

I |

Positive Decrease in the ratio of
immunoblotting immunoregulatory T-
reaction for HIV lymphocyte subpopulations

antibodies CD4 (helpers)

J l

Detection of antigen by
immunoenzymatic
analysis

A positive reaction to
antibodies to HIV in enzyme-
linked immunosorbent assay

Hyperimmunoglobulinemia,
leukocytopenia

Fig. Laboratory criteria
for detecting HIV infection [35]
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nodes of the occipital and posterior cervical
regions enlarge, later — submandibular,
axillary, and inguinal lymph nodes. Upon
palpation, they are soft, painless, confluent,
reaching 1-3 cm in diameter, becoming
elastic over time, sometimes dense, but not
coalescing, and painless. Lymphadenopathy
lasts for 2—4 weeks but becomes recurrent
and transforms into persistent generalized
lymphadenopathy. Gastroenteritis is usually
manifested by diarrhea, at least 2—3 times
a day. At the same time, some patients
experience anorexia, nausea, vomiting, and
spasmodic abdominal pain. Involvement of
the lower respiratory tract leads to dry cough,
dyspnea, and auscultation reveals intermittent
moist rales. Radiological examination allows
the identification of signs of interstitial
pneumonia [36].

In cases where the concentration of anti-
bodies to HIV core protein components begins to
decrease, the level of antigen in the blood starts
to rise. This indicates the onset of an unfavorable
course of the disease. In such patients, a
pronounced acquired immunodeficiency
syndrome with typical diverse clinical
manifestations begins to form, transitioning the
illness into the third stage [37].

Conclusions

Monoclonal antibody-based biosensors
are used in wvarious fields, such as
biological research, clinical diagnostics,

REFERENCES

1. Aly A.H., Mohamed B.A., Al-Dossari M.,
Awasthi S.K., Fouad E., Amin A.F. Ultra-high
sensitive cancerous cells detection and sensing
capabilities of photonic biosensor. Scientific
Reports. 2023, 13(1): 19524. https://doi.
org/10.1038/s41598-023-46667-y

2. Justino C.I.L., Duarte A.C., Rocha-Santos T.A.P.
Critical overview on the application of sensors
and biosensors for clinical analysis. Trends
Analyt Chem. 2016, 85: 36—60. https://doi.
org/10.1016/j.trac.2016.04.004

3. Bahadir E.B., Sezgintiirk M.K. Applications
of commercial biosensors in clinical, food,
environmental, and biothreat/biowarfare
analyses. Anal Biochem. 2015, 478: 107-120.
https://doi.org/10.1016/j.ab.2015.03.011

4. Tzouvadaki 1., Zapatero-Rodriguez J., Sébas-
tien N., Giovanni de Micheli, O’Kennedy R.,
Carrara S. Memristive biosensors based on
full-size antibodies and antibody fragments.
Sensors and Actuators B: Chemical. 2019, 286:
346-352.

and environmental monitoring. Their use
has limitations such as cost, difficulty
of acquisition, and potential loss of
signal sensitivity. However, currently
it can be used in immunophenotyping,
immunohistochemical studies of tissues,
western blotting, etc. Immunophenotyping
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BUKOPHUCTAHHA MOHORJIOHAJIBHUX AHTHUTIJI
J0 IUTORIHIB JIOAWHH B JIATHOCTHYHO-AHAJITHYHHUX JOCIIIHREHHAX

Axmedosa B.A., Kpaino O.0., Mucauucovra O.1., Coxonenko B.M.,
ITonosa B.O., ITodayyvka O.0., Tyuenko T.M.

HamionanbHuil TexHiuHNYN yHiBepcuTeT YKpaiHu
«KuiBcbkuii nomitexuiunnii inctutyT iMmeHi Iropsa CikopcbKoro»

E-mail: lutsenko.tetiana@Ill.kpi.ua

BukopucraHHA MOHOKJOHAJBHUX aHTUTIJ JIOAWHN B TiarHOCTHUIIL Ta aHAJITUUYHUX JOCTiAKEeHHAX
BU3HAUYAETHCA CTPIMKUM PO3BUTKOM TeXHOJOTiH i migxomiB y ramysi imyHoJorii Ta KainiuHoOi 1abopaTop-
Hoi giarHocTuku. IluTOKiHU, AK 0i0JIOTiUYHO aKTUBHI PEYOBUHU, BilirpatoTh KJIOUYOBY POJIb Y PETyaAIlil
iMmyHiTery, 3anajeHHs Ta iHmuX (isiosoriunux mpormeciB. BuKopucTanHSA MOHOKJIOHAJNIbHUX aHTUTLI
IO IMUTOKiHIB Ja€e MOMKJMUBICTH TOUHO BUSHAUMNTHU iX KOHIIEHTPAI[iI0O Ta BUBUUTH B3aEMOiI0 3 iHITUMU
MOJIEKYJIaMH B KJIiHIUHUX HOoCTaimgKeHHsaX. Po3po6Ka HOBUX METOMAIB AJiarHOCTUKY Ta AaHAJITUYHUX JOCJITi-
I:KeHb 3 BUKOPUCTAHHAM MOHOKJIOHAJbHUX aHTUTLI BiIKPUBa€ MePCIeKTUBY IJIS HiABUIEHHA TOUHOCTIL
Ta YyTJUBOCTI BUBHAUEHHA PiBHUX 3aXBOPIOBaHbL. Ile 0cOO/JIMBO BaKJIMBO B KOHTEKCTI MeIUIIUHU, €
TOYHA AiarHOCTUKA CTA€ OCHOBHOIO IJA BUOOPY ONTUMAJIHLHOTO METOY.

Mema. MeToio pobOTH € aHAJi3 MOYKJINBOCTEN i IepeBar BUKOPUCTAHHSA MOHOKJIOHAJBHUX aHTUTLI
IO IUTOKIHIB JIOAWMHY B AiarHOCTHUIIL Ta aHAJNITUUYHUX TOCTiAKeHHAX, 30KpeMa iX BUKOPUCTAaHHA B iMy-
HoJIOTiYHUX G6ioceHcopax, AJA MOHITOPUHTY iMyHOJOTiYHOTO CTATyCY HMAIli€HTiB Hicaa TpaHCIJIaHTAIlil
OpraHiB Ta AiaTHOCTUKU OHKOJOTIiUHINX 3aXBOPIOBAHb.

Memoou. Byno nmpoBeeHO KOMIIJIEKCHUY OTJIAM JIiTepaTypu, IO OXOIIJII0E YNCIeHHI 6a3u JaHUX,
prJrouaroun Medline (PubMed), Web of Science, Scopus, Google Scholar Ta inmri Bigmosigui gixepea
o 2024 poky. KitouoBi cioBa, BUKOPUCTAaHI B IIOMIYKY, BKJIIOUAIN «0i0CeHCOPU», «KIITUHHI MapKepu»,
«MOHOKJIOHAJIbHI aHTHUTiJa», «JelikeMisa» Ta «BecTepH-0JI0T», «TPaHCIJaHTAIiA» .

Pesyavmamu. Y cTaTTi 1OCTiAKEHO MOYKJIUBOCTI Ta IepeBaru BUKOPUCTAHHA MOHOKJIOHAJIbHUX aH-
THUTLJ JIIOAUHY 10 MUTOKIHIB y MEeIUUHINA AiarHOCTHUIII Ta aHAJTITUYHUX AOCaimKeHHAX. [I[poaHaaizoBano
iX 3acTocyBaHHs B 6ioceHcopax AJIsd TOUHOTO BUSHAUEHHA KOHIIEHTPAIlil MUTOKiHIB, iMyHO(peHOTHIIYBaH-
HS KJIITUH KPOBi Ta TKAHWH, JiarHOCTUKHU MyXJUH Pi3HOTO TicTOreHesy, JiKyBaHHA JIeHK03iB Ta Jimdom,
BUBHAUEHHS IMYHOJIOTIiYHOTO CTATYCY Ta CKJIAAYy KJIITUH iMyHHOI cucTeMu. TaKoK PO3TIAHYTO METOAUKY
KOMILJIEKCHOI'O iMYHOJIOTiUHOT'0 00CTEKeHH A IIic/Is TpaHCcILIauTaIlii Ta JIiKyBaHHS OpraHiB, y TOMY YHCJIi
cuaapoMy HabyToro imyuozedinury (CHIOy).

Bucnosku. MOHOKJIOHAIBHI aHTUTia, epeKTUBHI B 6ioceHcOpaxX, BUKOPUCTOBYIOTHCA B PidHUX 00-
JacTAX, TAKUX IK O0ioJorTiuHi mocaimkeHHsA, KIiHiuHa HJiarHOCTUKA Ta MOHITOPUHT HAaBKOJUIITHBLOTO Ce-
peIoBHUIA. [X BUKOPDUCTAHHSA Mae 00Me)KeHHs, TaKi K BapTiCTh, CKIAZHICTD OTPUMAHHSA Ta MOTEHIiH-
Ha BTpaTa 4yTJUBOCTI CUTHANY. IMyHO(DEHOTHUIIYBAaHHS J03BOJISE ifleHTU(MiIKyBaTH KJIITHHN KPOBi 3a ix
MapKepamu, 110 BasKJMUBO IJIA T'eMaTOoJOTiuHOoI AiarHOCTUKU. IMyHOTricTOXiMiuHI mOCigKeHHS TKAHUH
BUKODPHCTOBYIOTH MOHOKJIOHAJIbHI @HTHUTIJIA 114 IepeBipKU MyXJIUH 1 BUABJIeHHA iHPeKIiTHNX 3aXBOPIO-
BaHb. [liarHOCTHUKA JIeHTKO03iB Ta JiiM(}poM 3a JOIIOMOTO0 MOHOKJOHAJBHUX aHTUTIJ JOIIOMAarae BUSHAUYUTU
TUT TYXJUHU Ta ONTUMAaJbHE JiKyBaHHA. BecTepH-6JJ0TTUHT BUKOPUCTOBYETHCA IJIsI BUSHAUEHHA OiTKiB
y TKaHUHAaX abo KPOBi, 30KpeMa M4 MiATBePIKeHHA TAKUX 3aXBOPIOBaHb, AK xBopoba Jlatima abo Bipyc
imynonedinury noguuau (BIJI-indexrnia. IIporouna nmuromerpisa, imyrodepmenTauit anania (ELISA) i
nojiMmepasua JaHiiorosa peakiiia (IIJIP) rakosk BUKOPUCTOBYIOThCSA B iMyHOJIOTiUHI jJtjabopaTopii arsa
IiarHOCTUKU 3aXBOPIOBAHb TA OIIIHKY iMYHHOTO CTATyCy

Kawuosi cnosa: 6ioceHcopr, KIITUHHI MapKepu, MOHOKJIOHAJIBHI aHTHUTiIA, JeiiKeMis, BecTepH-0JI0T,
TPaHCILJIaHTaIlisd.
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