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Abstract: One of the key links of the immune system, which plays a crucial role in maintaining homeostasis and
lung function, is T‑regulatory cells (Treg). Their suppressive effect on the immune system predetermines the poten‑
tial of various modulating effects, taking into account the pathogenetic features of the pathology, which underlie
innovative methods of therapy, including in pulmonology. However, awareness of them remains insufϐicient and,
in some cases, contradictory, which requires appropriate consideration and analysis, which became the purpose
of this work. An analysis of 69 literary sources selected from different databases of biomedical scientiϐic infor‑
mation was carried out. The analysis showed that targeted methods for the treatment of inflammation and tu‑
mors are developed based on the generally accepted paradigm about Treg and are aimed at their modulation. In
inflammation, activation of Treg, exerting a suppressive effect on T‑effector cells, reduces it. In tumors, their deple‑
tion, promoting the expression of T‑effector cells, including antitumor cells, slows their growth. This is achieved by
various direct or indirect methods of influence. Along with this, some researchers suggest using a depleting effect
on Tregs in inflammation, and similarly, in both tumor and inflammatory processes, which contradicts the gener‑
ally accepted paradigm regarding Tregs. Thus, a modulating effect on Tregs can have a therapeutic effect on both
inflammation and tumors, with a differentiated consideration of the mechanisms of their development. Methods
of treating inflammation that contradict the generally accepted paradigm regarding Tregs remain unsupported by
a sufϐicient evidence base and are untenable.
Keywords: T‑Regulatory Cells; Adoptive Transfer; IL‑2, Inflammation; COVID‑19; Autoimmune; Oncological Pro‑
cesses; Cytostatics

1. Introduction
The central link of the immune system, T‑regulatory cells (Treg), plays a crucial role in regulating its response to

pathogenic factors, which is important for understanding the development and therapeutic control of inflammatory
processes and tumors, signiϐicant issues in pulmonology [1]. A paradigm has emerged regarding the role of Tregs
in maintaining immune system homeostasis, highlighting their signiϐicant impact and therapeutic potential. How‑
ever, the potential of using Tregs from the standpoint of their therapeutic applications and their influence on
inflammation and tumors in the lungs is not sufϐiciently reflected in the literature, which limits their practical use
in pulmonology [2]. At the same time, individual researchers (IR) rely on different ideas and propose approaches
to the therapeutic effect on inflammation in the lungs that contradict this paradigm. All this obliges us to consider
the problem of Treg and approaches to correcting the immune system and its methods from the perspective of
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the T‑regulatory link and the optimization of treatment for inflammatory and tumor processes in the lungs, which
determines the purpose of this work.

2. Materials and Methods
The selection and subsequent analysis of publications posted on PubMed, Embase, Cochrane, and Index Medi‑

cus platforms, as well as in the clinicaltrials.gov registry of clinical trials, were carried out using keywords and
phrases, including immunosuppressants, inhalation administration, COVID‑19, hyperinflammation, and Treg. The
following keywords or phrases were used for the selection: Treg, adoptive transfer, IL‑2, inflammation, COVID‑19,
autoimmune and oncological processes, cytostatics. The analysis included 69 full‑text sources of literature, with
narrowing at each stage. The selected data were then structured and used (Figure 1).

Figure 1. Scheme of publication selection.

3. The Role of Tregs in Immune System Homeostasis in Inflammation and Lung Cancer
Tregs are a specialized subset of T cells that play a major role in preventing/limiting excessive immune re‑

sponses and, by creating a balance with T effector cells (cytotoxic T lymphocytes, CD8+ T cells, and natural killers,
otherwise NK cells, T helpers, macrophages), ensure homeostasis of the immune system. Cytotoxic T lymphocytes
recognize and bind to cells that carry foreign antigens on their surface, releasing cytotoxic substances (perforins
and granzymes) that cause apoptosis in the target cell. They play a key role in the ϐight against viral infections and
tumors. T‑helper cells play an important role in the activation and regulation of cytotoxic T‑lymphocyte and NK
cell activity [3]. Macrophages are involved in the destruction of captured pathogens and the activation of other
immune cells [4]. Tregs contribute to the resolution of acute inflammation and prevent the development of chronic
inflammation, which plays a signiϐicant role in carcinogenesis [5]. Suppression of immunity is necessary to prevent
autoimmune processes and ensure that the immune system does not attack the body’s tissues [6]. Based on exper‑
imental data and clinical studies, it has been established that Tregs play a central role in suppressing the immune
response and promoting resolution in lung damage caused by acute pneumonia, sepsis, or inhalation injury, the
most pronounced consequence of which can be acute respiratory distress syndrome (ARDS). At the same time, it
has been shown that a decrease/absence of Tregs leads to more severe lung damage, delayed recovery, and high
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mortality [7]. But along with suppressing immunity during inflammation, they can also suppress antitumor im‑
mune responses, which contributes to tumor progression. It has been established that Tregs are present in large
quantities in themicroenvironment of lung cancer and, by suppressing cytotoxic T lymphocytes andNK cells, which
are crucial for ϐighting cancer, signiϐicantly suppress antitumor immunity, which is aggravated by the suppression
of antigen‑presenting cells, allowing cancer cells to bypass immune surveillance, grow and spread [8,9]. It is on
these features of Tregs that the strategy of therapeutic use of action on them is based.

4. Possibilities andProspects for Correcting InflammationbyActing onTregs inDifferent
Ways
Based on the generally accepted paradigm regarding the role of Tregs in regulating the immune system, vari‑

ous actions have been taken to increase Tregs in different ways for therapeutic purposes to treat inflammation. One
of them is direct autologous or allogeneic (donor, cord blood) adoptive transfer of Tregs [10,11]. Another indirect
method may be the use of low doses of IL‑2, which activates Tregs, especially in autoimmune processes where the
immune system attacks healthy tissues [12,13]. At the same time, even though IL‑2 is a proinflammatory cytokine
and can activate other immune cells, which can cause undesirable side effects, the effect of its action can be positive,
which once again indicates that in this case, an increase in Tregs for the regulation of hyperinflammation and its
relief under the influence of IL‑2 is much more signiϐicant than a possible proinflammatory effect. Causing both
an immunogenic and tolerogenic immune response, it actually has a pleiotropic effect characteristic of cytokines
[14,15]. At the same time, on the one hand, it ensures the “life” of Tregs and their quality, and on the other hand,
it promotes their influx into the area of inflammation due to its proinflammatory properties. That is, its effect in
this case is an increase in the number and functional activity of Tregs. And if we consider the possibility of pre‑
dominantly using one of these actions, then its use in the form of a slight increase can become therapeutically quite
effective without unwanted side effects; more on this below in the relevant section. These technologies are gaining
signiϐicant success and recognition, which indicates, on the one hand, the adequacy of this idea of the mechanisms
of regulation of the immune response, in which Tregs play a leading controlling role, and on the other hand, good
therapeutic possibilities of influencing the inflammatory process using methods aimed at increasing them. Let us
delve into the possible therapeutic effects of these technologies in more detail.

4.1. Increasing T‑regulatory Cells for the Treatment of Pneumonia
Based on Figure 2, which summarizes, according to the analysis, the role of Tregs in the development of

hyperinflammation and the immune system’s response to it, the following can be noted.
Perhaps, at the early stage of the COVID‑19 infectious process, an increased number of activated Tregs can re‑

duce antiviral protection, exerting an immunosuppressive effect on protective immune cells and suppressing the im‑
mune response against SARS‑CoV‑2 (Figure2A). Consequently, the administration of suppressive drugs, particularly
cytostatics, may be pointless. However, the vast majority of studies indicating Treg activation in COVID‑19 patients
are evidence that this is, in fact, a protective mechanism that attenuates inflammatory responses and suppresses
the cytokine storm, leading to a less severe form of the disease and recovery even if it is protracted (Figure 2B). A
decrease in Treg in the late phase of COVID‑19, characterized by hyperinflammation, or perhaps under the influence
of some targeted impact, is characterized by the opposite effect. In this case, the activation of proinflammatory im‑
mune cells and an increase in the production of proinflammatory cytokines occur, which cause or exacerbate the
cytokine storm and damage to the body’s tissues, leading to acute respiratory distress syndrome and often death
(Figures 2C and 3A). It has been established that the ratio of the twomain subpopulations of CD4 T cells ‑ immuno‑
suppressive T cells and proinflammatory Th17 T cells ‑ largely determines the course of the inflammatory process.
A decrease in T cells, causing a shift in the balance of these cells towards Th17 T cells, stimulates the synthesis of
other proinflammatory cytokines that promote hyperinflammatory reactions [16,17]. Conversely, stimulation and
increase of Tregs, with a shift in the balance towards Tregs, reduce inflammatory responses and the incidence of
mortality (Figures 2B and 3C). The concepts outlined above are consistent with the results of targeted stimulatory
effects with different mechanisms on Treg potential (Figure 3) and a shift in the Th17/Treg balance towards Tregs,
which may be utilized for effective therapy of the inflammatory process in COVID‑19 and will be discussed below.
Possible options for influencing Tregs and the inflammatory and tumor processes are shown in Figure 3.
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Figure 2. The role of Treg in the pathogenesis of COVID‑19.
Notes: > /, up arrow – activation/increase;< /, down arrow – suppression/reduction.

Figure 3. Therapeutic potential of modulating effects on Tregs in inflammation and tumors in the lungs.
Notes: > /, up arrow – activation/increase;< /, down arrow – suppression/decrease; A, B – in inflammation; C, D – in oncology.

And if a decrease in Treg contributes to an adverse effect from the immune system, manifested by an exacerba‑
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tion of inflammation, then in the oncological process, on the contrary, it can have a positive effect, since antitumor
cells are initiated, which helps to stop the tumor process and its more favorable course [18]. That is, the action of
Treg is multidirectional, and to obtain a therapeutic effect in these processes, it is necessary to increase Treg in the
case of inflammation and deplete Treg cells in the oncological process. This understanding underlies the therapeu‑
tic effect through external regulation of Treg, in contrast to the interpretations of IR, which are somewhat different
from the accepted paradigm for Treg or are directly opposite to it [19–23].

4.2. Targeting IL‑2 in the Treatment of Lung Inflammation
In recent decades, there has been renewed interest in IL‑2 immunotherapydrivenby structural andbiophysical

understanding of the complex formed by IL‑2 with its IL‑2 receptor (IL‑2R) subunits and the discovery that IL‑2 at
low doses or through modiϐication can be used to selectively stimulate either cytotoxic effector T cells or Treg cells
[24].

Clinical trials using low doses of IL‑2 have demonstrated the potential of IL‑2 to expand Tregs and modulate
Treg‑deϐicient immune pathologies [25–27]. Low‑dose IL‑2 therapy has shown promise as an immunotherapy for
the treatment of a wide range of autoimmune and inflammatory diseases. For a clearer understanding of the mech‑
anisms of using the effect on Tregs with IL‑2, it is appropriate to note that there is a certain analogy with the use of
ultra‑lowdoses of cytostatics proposed by the IR,which explain their action by the exclusion of toxic effects and side
effects while reducing the proinflammatory effect of IL‑2 on Т‑effector cells (Tef) [12–16]. However, this overlooks
themain point that the suppression of IL‑2R contributes to a decrease in themain link of the immune system, Tregs,
which exacerbates inflammation and leads to the development of autoimmune reactions through the initiation of
Tef. On the contrary, the use of low doses of IL‑2 contributes to an increase in Tregs, given their selective high sensi‑
tivity to the level of IL‑2. Therefore, without increasing Tef activity, it leads to a decrease in inflammation (Figure 4).
IL‑2 modiϐication has led to the creation of IL‑2 preparations with improved and selective immunostimulatory ca‑
pabilities [25]. IL‑2‑mediatedmodulation of immune responses using IL‑2/monoclonal antibody (mAb) complexes
highlights the potential of using IL‑2 muteins to antagonize rather than stimulate IL‑2R‑induced signaling [28].

Figure 4. Comparative assessment of the impact of ultra‑low doses of cytostatics and low doses of IL‑2 on the T‑
regulatory link of the immune system according to the existing generally accepted paradigm.

Although recent advances in structural modiϐication or modulation of IL‑2 have revolutionized the use of IL‑2
in immunomodulatory processes that require strict Teff selection, such as stimulating Tregs for tolerance or acti‑
vating CD8+ T cells against infection and cancer, low‑dose IL‑2 therapy is one such outcome and has proven to be a
promising immunotherapy for the treatment of a wide range of autoimmune and inflammatory diseases. Thus, for
the inflammatoryprocess, Tregs are an important protectivemechanism that ensures the limitationof inflammation
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and the initiation of repair processes, especially in conditions of hyperergic reaction, when their function is com‑
pensatorily enhanced by increasing their activity and number, leveling out inflammation and lung injury. Their re‑
duction, on the contrary, contributes to an increase in Teff activity and the development or aggravation of an already
existing increased immunological response, negatively affecting inflammation, but so necessary for the activation
of antitumor cells, contributing to the suppression of the tumor, which has a different pathogenetic direction rela‑
tive to inflammation, which is not taken into account by IR [19–23]. The very fact of a signiϐicant positive effect on
the inflammatory process of technologies for targeted increase in Treg and decrease in Teff activation in different
ways and on the oncological process of methods for targeted decrease in Treg and increase in Teff activation, on the
one hand, is once again convincing conϐirmation of the validity of the generally accepted paradigm regarding Treg,
and on the other hand, indicates the importance and effectiveness of using various methods that enhance Treg to
reduce the level of hyperinflammation and tissue damage, especially in severely infected patients with COVID‑19
and elderly people with weakened immunity, in whom the level of Treg is usually reduced or does not function.
Along with this, the opinion of the IR and the approach and method proposed by them are opposite to the gener‑
ally accepted paradigm, which, based on the materials they published, scientiϐic reports and discussions, often the
absence of objective research and assessment methods, although declared by them, without sufϐicient evidence,
interpret that, on the contrary, a decrease in Treg cells is necessary to stop the process. Such an interpretation of
the role of Treg a priori distorts existing ideas and the generally accepted paradigm. Accordingly, the proposed and
assumed impact of cytostatics on the IR neutralizes only the potential capabilities of important immune system
links, as their use optimizes the balance in this system and treats inflammation and the tumor process. It should
be taken into account that alkylating cytostatics, particularly cyclophosphamide and melphalan, especially in ultra‑
low doses, signiϐicantly disrupt the signal transmission of the IL‑2R receptor to IL‑2 and inhibit Treg, as IL‑2 is
not only a growth factor but also, as noted above, a survival factor for them. A similar effect may also occur when
using alkylating cytostatics with respect to other surface cell receptors, including TNFR II (tumor necrosis factor
receptor type II) and the Fas receptor [29]. A decrease in the number and suppression of the function of Treg cells
against the background of a decrease in the expression of anti‑inflammatory and antitumor cytokines under the
influence of low doses of alkylating agents was also noted by other researchers, in particular, those conducting
morphofunctional, immunological, and genetic studies of BAL [30,31]. In this case, a pronounced exacerbation of
the inflammatory process was observed [32], which is consistent with the generally accepted paradigm. However,
the results of alkylating cytostatics in these IRs, which run counter to the generally accepted paradigm and suggest,
according to it, a negative effect in the form of exacerbation (especially when delivered to the lungs in the form of
aerosols and lowdoses), were similar to those obtained using technologies corresponding to the generally accepted
paradigm, and even exceeded them, which raises some doubts. High doses of cytostatics lead to immunosuppres‑
sion, whereas it has been shown that low doses enhance the immune response by suppressing Tregs and reducing
control, which leads to an excess of Teff and a signiϐicant enhancement of the immune response, and accordingly,
to an increase in the activity of antitumor cells. A large number of studies in the context of antitumor vaccines
have focused on the inhibitory effect of cytostatics on Tregs. However, such activation of the immune response
contributes to the exacerbation of the inflammatory process, rather than its remission. Moreover, low doses of
alkylating cytostatics can enhance this effect by increasing both T cell and memory T cell proliferation, as well as
the production of inflammatory mediators such as GM‑CSF, IL‑1β, IL‑5, IL‑10, IFN‑γ, and tumor necrosis factor‑α in
the tumor microenvironment [33–35].

Thus, it is important to comprehend the opposing effects of Treg modulation, as immunostimulation is desir‑
able in cancer therapy but not in the treatment of inflammation and autoimmune diseases, whereas immunosup‑
pression is suitable in the treatment of inflammation and autoimmune diseases but not in cancer therapy [36].

Depletion or decrease of Tregs can lead to the development of autoimmune processes due to various factors
and their combination. It should be emphasized that, on the one hand, COVID‑19 is associated with a high risk
of developing autoimmune diseases. This has been demonstrated by population cohort studies and is explained
by various theories, including molecular mimicry of viral proteins, systemic manifestation and multiorgan dam‑
age of COVID‑19 due to the widespread expression of the SARS‑CoV‑2 ACE2 receptor, activation of autoantigen
release from virus‑damaged tissues, lymphocyte activation, and epitope dissemination [37,38]. On the other hand,
as shown above, the presence of COVID‑19 is associated with a decrease in Tregs, which is linked to the devel‑
opment of autoimmune diseases. That is, these two factors potentiate the risk of autoimmune diseases. There‑
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fore, the depletion of Tregs provided by the IR, in addition to the lack of indications for it and a possible negative
impact on the inflammatory process, creates an unjustiϐied additional threat of side effects. It has been shown
that melphalan, having a lymphodepletion andmyelodepletion effect used in CAR (chimeric antibodies receptor)‑T
therapy, neutralizes the suppressive activity of Tregs, has an immunostimulating effect, promoting the release of
proinflammatory cytokines, including IL‑1, IL‑33, IL‑6, and others, which mediate inflammatory reactions, causing
the death of immunogenic cells, a decrease in the number of Tregs and stimulating the expansion of antitumor cells
[39,40]. Moreover, low doses of alkylating cytostatics, and melphalan in particular, are even more capable of de‑
pleting the CD4+CD25+Treg cycle and suppressing their suppressive activity, further increasing the possibility of
enhancing the immune response and aggravating the inflammatory response [20,21]. In COVID‑19, this is fraught
with deterioration and death. However, when using low doses of cytostatics, RI deterioration was not observed;
on the contrary, a positive effect is declared, which contradicts the generally accepted paradigm, emphasizing the
discrepancy between the expected and declared results. Therefore, of course, in this case, the question cannot but
arise about the same positive result when using opposite methods and approaches to influencing Treg, based on
the concepts of IR and corresponding to the generally accepted paradigm, which differ signiϐicantly from each other
in the features of their pathogenetic effect on the processes of not only inflammation, but also tumor development,
as shown above, which, naturally, a priori suggests a different result. Firstly, perhaps this will be explained by the
ultra‑low dose used, in connection with which we will dwell on somewhat similar terms, deϐinitions―“low doses”,
“ultra‑low doses”, and “homeopathic doses”. It should be noted immediately that these terms, are closely related in
meaning, as they imply the use of doses that differ signiϐicantly from the so‑called effective doses used in clinical
practice according to established pharmacological principles. All of them differ in that the doses are an order of
magnitude or more lower than established, starting from 1/1000. At the same time, the meaning of their use also
differs signiϐicantly. Thus, “homeopathic doses” are characterized by the fact that a substance is used that causes a
reaction with subsequent pathological changes, but in ultra‑low doses due to signiϐicant dilution, not accompanied
by such reactions; however, it subsequently modiϐies the responses to doses approaching those that previously
caused pathology. The effect of “ultra‑low doses” is that their use eliminates the side effects characteristic of some
drugs with a therapeutic effect. A decrease in the dose of the latter ϐirst negates the effect of the drug itself, and
then its further reduction is accompanied by a therapeutic effect that exceeds the original. Similar to the last option,
the use of “ultra‑low doses” in the case of IR. In their opinion, the reduction of the active substance helps to elim‑
inate side effects and modify its cytotoxic effect into an immunomodulatory one, which causes a blockade of IL‑2
and a decrease in Treg. However, this runs counter to the goal of treatment, which is to relieve inflammation, and
contributes to the effect described above: depletion of the CD4+CD25+Treg cycle and inhibition of their suppressor
activity, thereby increasing the possibility of enhancing the immune response and aggravating the inflammatory
reaction [20,31]. At the same time, it is quite obvious that here too, there is a discrepancy between the expected
effect of the paradigm and the results of a large number of studies, as declared by the IR. It is appropriate to draw an
analogy between the declared effects of homeopathy (but, in fact, absent due to the ultra‑lowdoses of substances af‑
fecting the body, as a result ofwhich homeopathy is ofϐicially recognized inmany countries, includingRussia and the
USA, as pseudoscience) and the declared effects of ultra‑low doses when using cytostatics, indicating a discrepancy
between the expected (according to the existing paradigm) reaction in the form of an exacerbation, but declared in
the form of a positive effect, which, according to the existing paradigm, is not expected. Secondly, considering the
regular references of the IRI to their previous works as fundamental and shaping their subsequent views on the
problem of Treg and inflammation, we conducted a retrospective analysis of the studies based on these works. We
will not dwell on it in detail, but will only note that these studies include a number of signiϐicant shortcomings of
various kinds and will refer the interested reader to previous works, in which they are largely reflected [29,41,42].
The latter are especially obvious in conditions when the effect of, for example, IL‑2 depends on its levels and the
role of the clinical part of the study and interpretation of its results becomes even more signiϐicant, including the
adequacy of methodological features, the presence of a share of objective research methods and assessment in
the delivery of the drugs used, their effects and interpretation of the doses used and other factors that have vari‑
ous shortcomings in studies on IR. For example, there is a subjective assessment of the physical properties of the
respiratory tract mucosa, which is often far from objective indicators; there is no standardization of collecting ma‑
terial for morphological assessment; and there are no declared objective methods for assessing the regenerative
processes underlying the declared IR results. Unlike other researchers, they did not use any of the factors that sig‑
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niϐicantly affect the deposition of the inhalant, on which the effect of its action signiϐicantly depends; however, they
obtained a similar positive and even predominant effect, which is reflected in a number of publications [20,21]. At
the same time, the controversial references of IR to the “palliatropic” effect and the possibility of environmental
influence to explain the mechanism of action of alkylating cytostatics are not relevant, relating in the ϐirst case to
the ϐield of thermonuclear physics, and in the second, to the absence of such data in the literature. Undoubtedly,
one cannot ignore the fact that from the position of the carcinogenic effect, alkylating cytostatics are included in
the ϐirst, most signiϐicant group in this regard, and low harmless doses, according to experts in this ϐield, do not
exist for this group of drugs and their safety from this position according to existing standards has not been proven
[43]. Regarding the effect on Treg in the tumor process, it is important to emphasize that the modern approach to
cancer immunotherapy, in contrast to the treatment of inflammation, which requires the growth of Treg and the
suppression of inflammation, consists, on the contrary, in the activation of immune reactions by depleting Treg and
expressing Teff, which leads to an increase in the immune response and an increase in antitumor activity. The ob‑
tained data suggest that Treg cell depletion is directly proportional to antitumor activity and inversely proportional
to tumor progression [44]. This is the basis for targeted approaches that involve influencing Tregs in cancer therapy
by depleting them using various drugs andmethods. Thus, some authors achieve this by using alkylating drugs that
have an immunostimulatory effect due to Treg depletion, which can be enhanced by administering low doses and
blocking Il‑2R. Others act on CD25 usingmonoclonal antibodies or by blocking CTLA‑4withmonoclonal antibodies,
a molecule expressed by Treg that can kill effector Tregs or weaken their suppressive activity, contributing to a sig‑
niϐicant increase in immunotherapy in cancer [32]. However, systemic depletion of Treg cells can simultaneously
cause pathogenic autoimmunity. One approach to creating effective antitumor immunity without autoimmunity is
to target terminally differentiated Tefs, rather than all FOXP3 + T cells, since Tefs are the predominant cell type in
tumor tissues [45]. Therefore, Treg depletion is increasingly considered as an adjuvant therapy in the development
of an anticancer vaccine.

It should be noted separately that a signiϐicant positive role of Treg in the processes of restoring and regener‑
ating lung tissue has been established, given its potential in this regard [46]. However, due to the capacity of the
material, this requires further reflection in a separate work.

Considering the problem of modulating therapeutic effects on Tregs, it is necessary to emphasize that it is
inextricably linked with the delivery of agents that can be used in this regard, as a result of which we will briefly
dwell on this.

5. Delivery of Agents for Modulating Action on Treg, Use and Optimization of the Direct,
Inhalation, Method
It is known that the effect on the lungs can be carried out systemically by parenteral administration of thera‑

peutic agents, as well as by direct administration to the respiratory tract in the form of aerosols. Inhalation of drugs
provides direct delivery to the site of inflammation in the lungs, potentially maximizing their therapeutic effect and
minimizing systemic side effects. At the same time, various aerosol technologies are beingdeveloped that enable the
delivery of drugs to target areas of the lungs where the pathological process or structures, key pathogenetic links
requiring intervention, are localized. As is known, the delivery of drugs in the form of an aerosol directly to the
lungs allows for bypassing biological barriers, particularly the gastrointestinal tract, which inactivates the action
of pharmacological drugs, which is a clear advantage of aerosol therapy (AT). Thus, AT helps reduce the effective
dose of pharmacological drugs and their side effects, while increasing the effectiveness of their use [47–49]. These
aspects also concern the effect on Tregs, which are localizedmainly in the distal parts of the lungs, characterized by
the most problematic achievement of them due to the functioning of the protective mechanisms of the respiratory
organs, including physical (aerodynamic ϐiltration, mucociliary and cough clearances), as well as immunological
(alveolar clearance) [50].

Recently, signiϐicant progress has been made in developing technical and therapeutic means for aerosol ther‑
apy. At the same time, AT is still underused and more often pulmonologists and especially general practitioners
use parenteral routes of administration, given that the basic foundations of AT, without which its effectiveness may
be nil, are at the junction of different sciences and do not take into account the possibilities regarding the use of
the influence of the described factors on aerosol deposition, on which the effectiveness of AT largely depends. The
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methods of AT, as outlined in various methodological recommendations, reference books, monographs, and other
literary sources, generally do not speciϐically reflect the inhalation modes and their parameters for optimal imple‑
mentation. Inhalation is typically provided in a single key, constant throughout its entire duration. Thus, the poten‑
tial opportunity for targeted deposition ofmedicinal substances in the lungs is not utilized, considering the location
of their optimal effect, the degree of prevalence of the pathological process, and its localization. This reduces the
effectiveness of AT, increases the amount of the drug used, and prolongs the treatment period, which is a signiϐicant
drawback. It should be noted that AT, against the backdrop of scientiϐic and technical progress, has undergone evo‑
lutionary development, resulting in several methods and approaches that enable the mitigation of this drawback
and the realization of its advantages in various areas. They were mainly based on considering several key compo‑
nents of the AT and the factors influencing them, including the aerodynamics of the AP. the kinetics of aerosol flight,
the physicochemical properties of aerosols, and the technical capabilities of inhalation equipment. This can be seen
in the example of inhalation delivery of different groups of immunosuppressants used to optimize the treatment of
inflammation in the AP by suppressing it. Thus, some authors ensured the transfer of immunosuppressants, such as
cytostatics with an antiproliferative effect or immunosuppressants that affect immunophilins, from a hydrophobic
state unsuitable for AT due to their low bioavailability to amore optimal state for aerosol action, a hydrophilic state
[51]. That is, it was taken into account that any drug delivered to the lungs must have appropriate bioavailability
due to its hydrophilicity and lipophilicity, in order to dissolve well in the mucous layer and be absorbed through
cell membranes. To improve solubility in water, they form a complex, in particular cyclosporine, with cyclodextrin,
which was carried out under the control of the viscosity and osmotic pressure of the resulting solution, as well as
the nature of the movement of the cilia under a microscope, to exclude possible changes in this case. To solve this
challenging problem, additional solubilizers were also employed, including propylene glycol or ethanol [52]. How‑
ever, as is known, they can have an irritating effect on the mucous link of the respiratory tract and, by increasing its
osmolarity, promote hypersecretion of respiratory tract mucus, and also suppress the activity of the cilia of the mu‑
cociliary apparatus of the bronchi, disruptingmuciliary clearance, which are an important pathogenetic link in lung
diseases, which requires its correction [52–54]. Therefore, the next step in improving this aerosol technology was
the use of other, more optimal water‑based inhalant formulations, including liposomes or other dispersions [55].
Other researchers have improved drug delivery by using nanocarriers. The latter have many advantages through
the inhalation route, favoring the degree of penetration and uniform distribution of the drug in the respiratory sec‑
tions of the AP, its better solubilization, and prolonged release, and action, which contribute to a decrease in the
frequency of dosing, as well as better patient compliance, reduced side effects and improved internalization of the
drug into cells [56]. In this case, excess hydration in the alveoli is excluded, which is a signiϐicant pathogenetic link
in the pneumonic process, especially in acute viral diseases, including SARS‑CoV‑2. The effectiveness of inhaled
drugs can also be increased by optimizing the deposition of the inhalant in the respiratory tract, due to preliminary
medicinal improvements in their patency and/or a speciϐic inhalation mode based on the patient’s breathing pa‑
rameters and the inhaler operation [57]. Several researchers utilized the inhaler’s operation mode, which is based
on the air flow rate parameters set by the inhaler [58]. The breathing mode, for example, its 3–10‑second delay,
was also used as an important factor for optimizing AT [59,60]. Naturally, technologies that take into account a set
of factors determining the effectiveness of AT had an advantage. All these improvements in AT made it possible to
signiϐicantly reduce the effective doses of these drugs and increase their therapeutic effect, both by optimizing the
action of the drugs themselves and by signiϐicantly reducing their toxic properties, thereby leveling or even elimi‑
nating the side effects of their use. Accordingly, this helps to reduce the effective dose of corticosteroids and their
systemic side effects. In addition, it is quite obvious that a simple linear reduction in the dose of drugs by simply
diluting themwith saline, as was the case in some studies [21,61], without taking into account the factors affecting
their pulmonary deposition, signiϐicantly reduces or eliminates the effectiveness of the targeted action of the drugs
in question. The use of a metered‑dose jet (compressor type) inhaler with one sufϐiciently high air flow rate, up to
5 l/min or more, which is set independently of the patient’s breathing pattern at an operating pressure of 1.4 bar
increases the air flow rate in the respiratory tract and its turbulence, promoting evenmore proximal deposition and
reducing penetration into the distal parts of the lungs, which are the target when influencing Treg. In addition, the
dose of the inhaled drug is reduced not only by a 100‑fold decrease in the initial dilution but also by an additional in‑
voluntary decrease of approximately 10 times, which occurs when delivering the drug by inhalation [62,63]. Only a
comprehensive approach that takes into account the above factors allows us to achieve, but only to a certain extent,
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the possibility of reducing the effective dose of drugs, along with a decrease in side effects and an increase in the
effectiveness of AT. We, like several other authors, also considered that the therapeutic effect of drugs largely de‑
pends on their deposition site in the respiratory tract [64]. The latter, as is known, is largely determined by the size
of inhaled particles and the speed of air flow, which are influenced by various factors, including the breathingmode
and the operation of the inhaler [65,66]. Taking these aspects into account, using a direct assessment using the
radioaerosol methodwith the use of radioalbuminmicrospheres labeled with Tc 99m, we developed a newmethod
of AT [67], which signiϐicantly increases the effectiveness of the prevention and treatment of lung diseases. It in‑
volves inhalation in a two‑stage mode to ensure the possibility of targeted distribution of medicinal substances in
speciϐied sections of the lungs, taking into account the prevalence and localization of the pathological process both
throughout the tracheobronchial tree (e.g., in chronic bronchitis) and in its central (e.g., in acute tracheobronchitis)
or peripheral sections (e.g., in acute pneumonia, bronchiolitis). In this case, the RR is 9±2 per min., DR — 500±25
ml and SVPZI — 3 l/min, in its ϐirst half (mode I) and 30±2 per min., 175±25 ml and 21 l/min, respectively, in the
second half (mode II) for uniform distribution of medicinal substances throughout the respiratory tract; inhalation
mode I is used to deposit the inhalant in the peripheral sections, and mode II in the central ones. This method
was tested during AT in 345 patients with various bronchopulmonary diseases, for whom it was indicated, and in‑
cluded expectorants, hormonal drugs, bronchodilators, and antibiotics. The results obtained were compared with
the effect of inhalations carried out according to the generally accepted method. As the leading criterion for the
comparative assessment of equally positive outcomes of therapy, we used the bed‑day. The results showed that in‑
halation using this method reliably reduced the duration of treatment for patients, indicating a signiϐicant increase
in the effectiveness of AT for both acute and chronic diseases of the respiratory system [67]. It should be noted that
the applied breathing regime is quickly and easily assimilated according to the speciϐied parameters and is stably
reproduced subsequently, which is consistent with the results of studies on breathing regulation [68]. Moreover,
it is interesting that patients with more pronounced bronchial patency disorders tend to be more flexible in this
regard. Carrying out inhalation in a given breathing mode, which is practiced the day before inhalation and can be
controlled during its implementation, does not require complex equipment and large economic costs and can be
carried out in almost any conditions where only inhalation equipment is available.

Considering the localization of Tregsmainly in the distal respiratory tract, it is necessary to carry out inhalation
with breathing parameters and an inhaler operating mode that ensure this localization. With normal bronchial pa‑
tency, this is achieved by using deep and slowbreathing to ensure laminar airflow to the distal bronchi, holding it for
several seconds on inhalation to maximize sedimentation due to sedimentation processes. However, in pathology,
various obstructive ventilation disordersmay occur, caused by different reasons, as reflected in Figure 5. Bronchial
obstruction, causing an increase in airflow velocity and the occurrence/enhancement of its turbulence, contributes
to a more central distribution of the inhaled drug and decreased deposition in the peripheral region of the lung,
which, according to the researchers studying this problem, is a target area for Treg [69]. Leveling the effect of ob‑
struction is not an easy task, and to reduce it to a certain extent, it is necessary to include medicated preparations
for the respiratory tract into inhalation technology. For this purpose, the effect of mucoactive agents is intensiϐied
to enhance the evacuation of bronchial contents, aswell as to provide anti‑inflammatory and bronchodilator effects.
Breathing is increased, if possible, to the deepest and slowest (the target parameters are reflected above in the two‑
stage mode); the air flow velocity set by the inhaler is set to a minimum. If possible, a smaller particle size is used,
up to 1–2 μm, which can be achieved initially or by using a sieve.

6. Conclusion
Thus, Treg, being an important link in the immune system, provides its control and the balance necessary for

its proper functioning. According to the generally accepted paradigm, their main function is to limit inflammation,
which is characteristic of diseases affecting organs and systems, particularly the lungs. Various effects on Treg
can have a modulating effect on the processes of inflammation and carcinogenesis. Strengthening Treg is having
an ambivalent impact―it suppresses Tef and excessive immune inflammatory response, but at the same time, the
antitumor immune response is suppressed. Reducing Treg promotes Tef expression, initiation of inflammation and
autoimmune reactions, but signiϐicantly increases the activity of antitumor cells. Innovative methods for treating
inflammation and carcinogenesis aim tomodulate Treg function, which is achieved in differentways. Strengthening
Tregs to reduce inflammation. This is achievedbydirect introductionof Tregs into thehumanbodyby their adoptive
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transfer systemically or directly into the target organ, for example, into the lungs in the form of an aerosol, which
is more optimal, especially when using speciϐied inhalation modes to control the deposition of the inhalant, on
which the effectiveness of aerosol therapy depends. Alternatively, this can be achieved indirectly through the same
pathways, affecting the key link of Tregs by activating small doses of its subordinate component, IL‑2, on which
the functional activity of Tregs depends. The use by IR of effects that selectively deplete Tregs for the treatment of
inflammation, including blocking IL‑2 due to the use of ultra‑low doses of alkylating drugs, does not align with the
generally accepted paradigm and is inappropriate, as it is associated with side effects.

Figure 5. The effect of bronchial obstruction on inhalant deposition depending on the genesis of the pathology and
respiratory phases.

Funding
This work received no external funding.

Institutional Review Board Statement
This work was of a review and analytical nature and did not directly involve human or animal subjects in the

research and therefore did not require ethical approval.

Informed Consent Statement
Informed consentwasnot required, since theworkwas of a reviewanalytical nature anddid not require human

participation.

Data Availability Statement
We declare that no data relating to our research and conϐirming the presented results, other than those given

in the references regarding the past, have been created.

Conflicts of Interest
The authors declare no conflict of interest.

193



Trends in Immunotherapy | Volume 09 | Issue 03

References
1. Ahmad, S.; Manzoor, S.; Siddiqui, S.; et al. Epigenetic Underpinnings of Inϐlammation: Connecting the Dots

Between Pulmonary Diseases, Lung Cancer and COVID‑19. Semin. Cancer Biol.2022, 83, 384–398. [CrossRef]
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