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Abstract

The physical properties of the mucous coating of the respiratory tract epithelium, which is an important link in the Mucociliary
System (MCS), the function of which is mucociliary clearance - the leading protective mechanism of the lungs, are regulated to
a large extent by ion transport in the epithelium. The dominant characteristic of the latter is the activity of sodium absorption in
Epithelial Sodium Channels (ENC), the disturbances of which play a significant pathogenetic role in various lung diseases. And if the
state of the MCS has been studied to a large extent and reflected in such a pathology as cystic fibrosis, in which ENC disorders play a
cardinal role in the pathogenesis of its pulmonary manifestations, then this aspect in Pseudohypoaldosteronism (PHA), which is also
determined by ENC and MCS disorders, but of a different nature, has been studied and reflected in the literature far from sufficiently.
Information about PGA in domestic medicine is extremely limited, and pulmonological aspects and data on the state of the MCS in
PGA are present only in a small number of works by foreign authors and are absent in domestic medicine.

The aim: of the work is to expand the scientific and practical content on the etiopathogenetic and therapeutic aspects of PGA from
the perspective of respiratory manifestations and the mucociliary system.

Research Methodology: An analysis of 31 full-text literary sources was carried out, selected based on the results of a search in
biomedical scientific information databases, including Index Medicus, PubMed, Embase, Cohrane.

It was established that the state of the ENC in PHA plays a fundamental role in the balanced work of the main links of the MCS. It
was determined that in patients with primary systemic PHA, mutations in the genes of the ENC subunits cause loss of their function
and absence of sodium absorption from the airway surfaces, causing a significant increase in the volume of fluid on the airway surface
and respiratory symptoms. Data on the state of the MCS function are contradictory, which requires clarification.

Conclusion: Sodium transport by the ENC of the respiratory tract plays a significant role in the regulation of their mucous coating. In
primary systemic PHA, it is impaired, which contributes to a decrease in fluid absorption and an increase in the volume of the mucous
coating, which can manifest itself clinically. Data on the effect of this on the MCS function are contradictory, which requires adequate
clarification by its direct assessment in vivo using a standardized method and taking into account the influence of various factors.
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Introduction

The earliest and most significant protective mechanism of the
respiratory system is the function of the Mucociliary System
(MCS), Mucociliary Clearance (MCC), the disorders of which are
involved in the pathogenesis of various pathologies. This function
largely depends on the physical properties, including the volume,
composition and rheology, of an important link in the MCS -
the mucous coating of the Respiratory Tract (RT) epithelium,
interacting with its motor link - the ciliary apparatus. The physical
properties of the mucous coating are regulated to a large extent
by ion transport in the epithelium, the dominant characteristic of
which is the activity of sodium absorption in the Epithelial Sodium
Channels (ESC). Various disorders of sodium transport have
been described, indicating its role in the function of the MCS, in
particular in cystic fibrosis, in which ENC is activated and excess
sodium absorption occurs, leading to dehydration of the mucous
coating and disruption of the MCC [1]. There is also a condition
when the ENC is blocked and sodium absorption slows down or is
absent, contributing to fluid retention and an increase in the volume
of DP mucus, which can manifest itself in respiratory symptoms,
as is the case with the so-called Pseudohypoaldosteronism (PHA),
which is hereditary [2]. This disease is characterized by a violation
of sodium transport in epithelial cells and a loss of salt and is
caused by a decrease in the sensitivity of the effector organs to
the action of aldosterone, the synthesis of which is not impaired.
Undoubtedly, the expansion and deepening of our understanding
of the mechanisms of the MCS, their breakdowns increases the
possibilities for improving the early diagnosis and treatment of
respiratory pathology. And if the state of the MCS has been studied
to a large extent in CF, then in PHA there are isolated foreign
works and there is practically no coverage in domestic medicine
concerning the pulmonary aspects of this genetically determined
pathology, and especially from the position of the MCS, which
was the purpose of this work. Material and methodsA selection
and subsequent analysis of publications posted on the PubMed,
Embase, Cochrane, Index Medicus platforms was carried out
using key words and phrases, including pseudohypoaldosteronism,
epithelial sodium channels, blockade, hypersecretion, mucociliary
system function. Of the relatively small number of works that
are available in the literature, 31 full-text literature sources were
included in the analysis with narrowing at each stage, and then
the selected data were structured and used to prepare a systematic
review (Figure 1).

Figure 1: Scheme of publication selection.

Brief introduction to PGA, clinical symptoms, pathogenetic
mechanisms

PGA is a genetically determined syndrome of a heterogeneous
group of diseases, which is characterized by impaired sodium
transport in epithelial cells and salt loss and is caused by a decrease
in the sensitivity of effector organs to the action of aldosterone,
the synthesis of which is not impaired. PGA syndrome was first
described in the middle of the last century in children in the first
months of life [3]. This is a group of rare disorders, including
mainly diseases of genetically determined genesis, characterized
by resistance to the action of aldosterone. In this case,
hyponatremia, hyperkalemia and increased plasma renin activity
against the background of increased aldosterone concentrations
occur. There are two main types of PGA, which have significant
differences in etiology and manifestations. PGA type 2 is inherited
in an autosomal dominant manner and is known as familial
hyperkalemic hypertension or Gordon syndrome. It is characterized
by abnormalities in the body’s regulation of sodium and potassium
levels and is caused by mutations in the serine-threonine kinase
genes WNK4, WNK1, KLHL3, and CUL3, which are involved
in the regulation of sodium transport in the kidneys, in the distal
convoluted tubule, and the control of sodium and chloride levels
in the body. Mutations in these genes cause excessive reabsorption
of sodium and chloride, which ultimately leads to hyperkalemia.
There is an increase in blood volume regardless of normal or low
aldosterone levels due to increased activity of sodium transporters
in the kidneys. Clinically, hyperkalemia develops first, with
hypertension appearing later in life. Nonspecific symptoms
such as nausea, vomiting, severe fatigue, muscle weakness, and
hypercalciuria may also be observed. It is assumed that epileptic
manifestations may occur due to potassium surges leading to
abnormal activity of CNS neurons. Given the lack of relevance of
this type of PGA to the problem under consideration, we will not
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dwell on it in detail. PGA Type 1 (PGA1) is characterized by the
body’s inability to adequately respond to aldosterone, a hormone
that is critical for regulating electrolyte levels and is the result
of mutations in the Epithelial Sodium Channel (ESC) in any of
the three subunits (o, P, y) of the amyloid-sensitive ENC. This
condition often manifests itself as dehydration, since the kidneys
have difficulty retaining enough sodium, which leads to symptoms
such as increased thirst and dry mouth. PGA1, by disrupting the
electrolyte balance, leads to low sodium and high potassium in
the blood. PGA1 is a heterogeneous disease, since it is caused by
mutations in different genes. On the one hand, these are mutations
in the NR3C2 gene (encodes the mineralocorticoid receptor),
which cause the synthesis of a non-functional receptor that cannot
bind aldosterone (or function correctly), affecting the distal cells
of the nephron and playing an important role in the regulation of
sodium and potassium homeostasis. On the other hand, PGAI,
inherited in an autosomal recessive manner, is caused by mutations
in both alleles of the SCNNIA, SCNNIB or SCNNIG genes,
encoding various subunits of the ENC, which is responsible for
sodium reabsorption and potassium secretion. In turn, PGA1 can
be divided into primary and secondary or acquired. In the latter
case, signs of hypoaldosteronism usually arise as a result of organic
or functional obstructive and/or infectious uropathy, side effects of
drugs, including cyclosporines, beta-blockers, potassium-sparing
diuretics, etc., and tubulointerstitial diseases, which also do not
fall within the scope of the problem under consideration. As for
primary PGAL1, two clinically different forms are distinguished -
systemic and renal [4].

The systemic form is inherited in an autosomal recessive manner
and is caused by the loss of salt as a result of mutations in the
genes that control ENC in the tissues of a number of organs,
including the lungs, kidneys, colon, salivary glands, and sweat
ducts. Under the influence of these mutations, ENC are blocked
and there is no sodium absorption, which contributes to water
retention on the surface of the respiratory tract [5]. The renal form
is inherited in an autosomal dominant manner and is caused by
mutations in the gene of mineralocorticoid receptors of the renal
tubules. It is characterized by loss of salt in the kidneys. Both
forms of PGAI can be present in the first week of a child’s life,
accompanied by dehydration, natremia, hyperkalemia. We are
more interested in systemic PGA1, otherwise Autosomal Recessive
PGA1 (ARPGA1l), given its possible manifestations in the
bronchopulmonary system, requiring correction, the possibilities
of which are in short supply and require appropriate developments.
It has been observed that impaired ENC activity causes a significant
decrease in fluid transport in the RT in neonates at birth, its excess
in the lungs and the inability to clear it, which can lead to death
in the neonatal period. It has been established that this phenotype
of the disease usually involves missense mutations that cause

impaired ENC function and can be eliminated by its expression
[6,7]. An increase in the volume of fluid on the RT surface is, to a
certain extent, the opposite of the pathophysiological mechanisms
that manifest themselves through ENC activation and, conversely,
increased absorption, which occur in CF [8]. Children with the
systemic form of ARPGA1 often suffer from recurrent lower RT
diseases already during the first years of life [9]. Genetic defects in
the ENC alpha subunit are associated with pronounced pulmonary
symptoms [10]. They have identified structural changes or stop
mutations in the genes for the ENC subunits on both alleles,
which are believed to impair its function [11]. It is assumed that
patients with this form of PGAS, but without identified mutations,
could have intronic or promoter mutations or mutations affecting
other proteins responsible for the assembly and function of ENC.
Clinical pulmonary manifestations vary significantly - from
severe, occurring more often before the age of 2, to asymptomatic,
which are more common in adults with the systemic form of the
disease [12-14].

More frequent and severe symptoms in ARPGAI1 than in adults,
manifested by cough, shortness of breath, wheezing (which
can be mistaken for bronchial asthma), often the development
of an infectious process, are noted in children of early years of
life. This may be associated with a small RD diameter, since it
predisposes to greater RD obstruction due to an increased volume
of periciliary fluid and significant dilution of surfactant, which
ensures stabilization of the RD lumen [15,16]. In one of the
studies, all patients had pulmonary symptoms of varying severity.
The results of a bacterial study to some extent resembled those
in cystic fibrosis, but the development of chronic lung disease
and progressive decline in lung function were not observed.
Genetic deficiencies of the alpha subunit of ENC are associated
with severe pulmonary symptoms, which, however, clearly differ
from the symptoms in cystic fibrosis [10]. There are studies in
which patients with PHAS, along with increased sweating and an
increase in the concentration of salt in saliva, noted an increase in
the frequency of RD infection [17,18]. However, a comprehensive
study did not reveal chronic RD infection and / or the presence
of bronchiectasis, which would give reason to believe about a
violation of the MCC. On the contrary, there are data indicating
that there may be an increase in the MCC velocity in ARPGAL1
[19]. This may indicate a compensatory increase in the MCC
function, allowing the removal of excess volume of DP secretion.
This assumption is consistent with one of the hypotheses that the
upper viscous layer of the mucous coating (gel) is transported
due to the movement of the lower liquid layer (sol), provided by
the work of the ciliary apparatus. This refutes another hypothesis
that the gel is moved due to its pushing by the claws of the cilia,
since in this case the MCC velocity in PGAS (contrary to the data
obtained) would decrease due to the lack of contact of the cilia
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with the gel. However, accelerated clearance may also be the
result of an improvement in the impaired rheological properties of
the gel under the influence of an increase in the sol volume, and
then the above-mentioned confirmation of the hypothesis, like the
hypothesis itself, loses its meaning [20]. Perhaps, as a result of
this, the disease often proceeds asymptomatically. Therefore, the
opinion that an increase in the periciliary layer slows down the
transport of sputum is to some extent controversial. This is also
indicated by the data of the meta-analysis. In fact, the question of
the criticality of the periciliary, liquid layer, sol, for the function
of the MCS is more complex and depends on a number of factors,
including the transmembrane transport of liquid, regulated in many
ways by protein structures called aquaporins, and on the state of
the large gene apparatus that supervises all the structures of the
MCS, especially those related to its main links, etc [21].

Some critical aspects of the concepts of ARPGA from the
position of the CMC

At the same time, it should be taken into account that an increase in
the amount of bronchial contents and an increase in the thickness
of the periciliary layer of the mucous coating or shortening of cilia,
which contributes to a change in the interaction of the leading links
of the CMC, contribute to a decrease in the efficiency of the leading
link of the CMC, the ciliary apparatus and, accordingly, a decrease
in the effectiveness of the CMC [22]. At the same time, the loss of
length of cilia, contributing to the disruption of the CMC, can be
associated with changes in specialized intracellular intraflagellar
transport responsible for the formation and maintenance of the
structure and function of cilia [22,23]. This is clearly indicated
by the results of a number of studies. In particular, it has been
clearly demonstrated in smokers that a morphologically confirmed
shortening of the cilia of the AP by 15% leads to a decrease in
the CMC, which plays an important role in the pathogenesis of
lung diseases caused by smoking [24]. And this is not surprising,
since the length of the cilia is comparable to the thickness of the
periciliary layer and, thus, the claws optimally contact the gel layer
in order to effectively push it. Naturally, shortening of the cilia
and/or thickening of the periciliary layer or significant liquefaction
of the gel will reduce this interaction even with a normal ciliary
structure and activity of the cilia. In this case, the tips of the cilia
will not reach the gel layer and push it towards the nasopharynx or,
reaching it, will not receive sufficient contact and friction with the
upper layer of mucus, and the layer itself will be too heterogeneous
for its movement, i.e. the work of the cilia will be idle and
ineffective in transporting the gel, contributing to its decrease,
and, consequently, the MCC. Therefore, a significant increase
in the average mucociliary transport velocity, assessed in one of
the studies in only 3 patients, compared with healthy subjects,
against the background of a state of hypersecretion, which, as a
rule, contributes to the violation of the MCC and is compensated

as a result by cough clearance, most likely does not reflect the
real state of the MCC function, not fitting into the existing ideas
about it [19]. The analysis showed that, obviously, there could be
factors contributing to a more proximal deposition of the inhalant
relative to healthy individuals, overestimating the MCC indicators.
These include the influence of bronchial obstruction caused by
both hyperreactivity, which is indicated by both positive tests with
methacholine in 4 of 5 tested patients, and the direct presence of
its classic sign - air trapping, in 3 of 4 tested children in the study
of external respiration function, possibly caused by hypersecretion
characteristic of ARPGAI.

In addition, other important factors that can contribute to
inadequate interpretation of the state of the MCC, overestimating
it, may be a significant aerodynamic diameter of the radionuclide
carrier, which was iron oxide, given its high density (up to 5.24 g/
cm3), as well as the lack of consideration of the presence / absence
of coughing or mowing, requiring correction for assessing the
MCC in case of their presence, despite its prerequisites. Therefore,
the understanding of the state of the MCC function remains open,
which is fundamental for the pathogenesis of this pathology and
requires an adequate study of the MCC in this regard, taking into
account these factors and using a standardized radioaerosol method.
It is important that this mechanism of reducing the activity of ENC
and sodium absorption, on the one hand, plays a pathogenetic role
in PGA, on the other hand, indicates the presence of therapeutic
potential that can be used in a pathological process in which, on the
contrary, there is an increased absorption of sodium and a decrease
in periciliary fluid, leading to a violation of the transport of gel
and MCC. It has been shown that such a targeted decrease in the
activity of ENC, in particular in CF, by epigenetic manipulation
due to the inhibition of extracellular peptidases contributes to a
decrease in the expression of genes, in particular SCNN 1A,
SCNND, SCNNIG, encoding the activity of ENC, and to the
restoration of the sol [7,25]. Understanding the pathophysiology of
ARPGAL1 and its features associated with the MCS can be a good
model for improving the understanding of the pathogenesis of CF
and similar disorders of ENC in other lung pathologies, including
multifactorial ones, opening up new opportunities for optimizing
their treatment using epigenetic targeting. As a result, the balance
in the mucous link of the MCS is restored, which is so necessary for
the normalization of its function and the elimination of exogenous
and endogenous material from the DP, eliminating the likelihood
of pathogenic microflora development in them by ensuring a
balance between the processes of immigration and elimination of
opportunistic microorganisms that make up the microbiome of the
DP [26]. Candidates for this purpose include camostat,a protease
inhibitor; S-Adenosylmethionine (SAM), which has been shown to
induce DNA hypermethylation; and curcumin, which is known to
induce chromatin condensation. SAM and camostat are drugs that
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are already clinically used in other pathologies, while curcumin is
a common dietary compound [27,28]. As for ARPGAL, it should
be emphasized that, given the possibility of implementing only
symptomatic therapy for this pathology, a popular new direction in
its treatment and conditions similar to it in excess fluid in the DP,
for example, distress syndrome, is the development of synthetically
obtained cyclic peptides. Their molecular structures, in particular
solnatide (TIP, AP301), imitating the lectin-like domain of TNF,
contribute to the restoration of mutated ENCs and their transport
function [29,30].

Conclusion

Thus, the analysis of the studies conducted on the PGAS model
once again demonstrates the significant role of ion transport, and
above all sodium transport, in the regulation of the mucous coating
and the function of the MCS. In patients with primary systemic
PGAS, as a result of tubular sodium reabsorption disorder in the
epithelium of the DP, the fluid of the mucous coating is not absorbed
in the epithelium of the DP and, as a result, its volume increases.
This contributes to a change in the function of the MCS, but the
nature of this change is contradictory and requires clarification. An
adequate understanding of this will contribute to the improvement
of the diagnosis and treatment of patients with disorders in the
regulation of the mucous coating of the DP, the function of the
MCS, including those caused by disorders in the work of the ENC.
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