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The development of cystic fibrosis is based on a hereditary pathology of the universal molecular structure of CFTR
channels in the membranes of glandular epithelium. The variety of systemic manifestations of the disease requires
a comprehensive diagnostic approach. The aim of the conducted study is to improve the diagnosis of cystic fibrosis
through a retrospective clinical and pathomorphological investigation of a fatal case of the disease and to highlight
current scientific knowledge of the disease's pathogenesis at the molecular level. A literature review on the patholo-
gy was performed, a retrospective analysis of the autopsy protocol and microscopic preparations of internal organs,
stained with hematoxylin and eosin, was conducted on a 10-year-old deceased child who suffered from cystic fibro-
sis with pancreatic insufficiency. It was established that pulmonary acidosis was the cause of death in this clinical
case. Pulmonary acidosis resulted from impaired gas exchange at the alveolar level, caused by bacterial pneumonia.
Secondary changes in the islet apparatus of the pancreas led to the development of diabetes mellitus. The defect
of CFTR channels in the glands of the small intestine wall resulted in impaired digestive and regenerative function.
Focal replacement of parenchyma with adipose tissue, arteriolar hyalinosis, and fibrosis of the arterial walls were

observed.
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Connection of the publication with the planned
research work.

The work is a fragment of the research work of the
Department of Anatomy with Clinical Anatomy and
Operative Surgery «Pathogenetic mechanisms of post-
stress disorders under conditions of exogenous influences
and wartime factors and search for methods of their
correction». State registration number 0124U003313.

Introduction.

The diagnosis of tumor and non-tumor pathologies
that pose a life-threatening risk is a critical task for
medicine in general and pediatrics in particular, to prevent
mortality in childhood [1, 2]. One such pathology is cystic
fibrosis (CF).

CF is widespread across continents without
significant racial correlation. It is most commonly seen in
Northern Europe, North America, and Australia, where
approximately 1 in 20 people carry the genetic mutation
for CF, and 1 in 3,500-5,000 newborns are affected by its
manifestations [3, 4].

As is known, CF is a genetically determined disease
with an autosomal recessive inheritance mechanism. It is
passed on from a parent who carries the mutated gene
that encodes the protein found in CFTR channels of cell
membranes, causing a disruption in transmembrane
water and electrolyte transport. The disease alters the
physicochemical properties of cellular secretions, leading
to impaired drainage functions in the affected organ [5, 6].
The mechanical pressure of cystically dilated glands filled
with mucus on blood vessels worsens tissue oxygenation,
causing tissue alteration and inflammation, inducing
fibrosis development, and impairing the specific function
of the organ. The universality of the molecular structure
of the chloride channels, which have undergone structural
changes, explains the systemic nature of the disease’s
spread throughout the body. Pulmonary insufficiency,

gastrointestinal dysfunctions, and even disturbances in
heart function are the primary causes of mortality among
pediatric patients.

To prevent fatal cases in childhood, it has become
essential to implement a wide range of diagnostic
measures, primarily genetic counseling during family
planning, screening of at-risk children, and clinical
diagnostic methods. The modern approach to preventing
CF and managing patients sets new tasks — not only
extending the life expectancy of affected individuals but
also enabling them to plan for their own families in the
future.

The aim of the study.

To conduct a retrospective analysis of a fatal case
resulting from hereditary tubulopathy in a pediatric
patient, associated with dysfunction of ion channels in
the cell membrane.

Object and research methods.

The following methods were used:

A retrospective analysis of the autopsy protocol of
a deceased patient with cystic fibrosis and pancreatic
insufficiency.

A retrospective analysis of microsections of internal
organs with a thickness of 5 um using overview microsco-
py of histological sections stained with hematoxylin and
eosin.

Research results.

A 10-year-old female child, living with her parents
in a rural area, was admitted to the anesthesiology and
intensive care unit of the city children’s hospital, referred
by the district hospital with the diagnosis: «Cystic fibrosis
with pancreatic insufficiency, severe course, exacerbation
period. Delayed physical development.» She was
transported by an ambulance crew with oxygen support.
Medical history: the child fell ill 10 days ago, developing
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hyperthermia up to 39°C and increasing dyspnea. After
consulting a doctor, dexamethasone and euphyllin were
prescribed. At the time of hospitalization: temperature —
36.8°C, heart rate — 145 bpm, blood pressure — 110/70
mmHg, SpO2 — 90%, respiratory rate — 26-28 breaths
per minute. A nasopharyngeal swab for SARS-CoV-2
was negative. Initial examination by an anesthesiologist:
complaints at the time of the examination included
dyspnea and a cough with thick sputum.

The child was conscious, lethargic, and able to
engage in verbal communication. The skin and mucous
membranes were pale, skin turgor was preserved, and
there was no edema. Finger deformities of both hands
were noted, resembling «drumsticks,» with nail changes
resembling «watch glass.» Axillary temperature ranged
between 37.6-38.2°C. Breathing was spontaneous, with
the girl oxygen-dependent and exhibiting tachypnea,
with retraction of the intercostal spaces and involvement
of accessory muscles in the act of breathing. A cough
with thick brown sputum was noted. Inhalation with
humidified oxygen via nasal cannula was administered,
respiratory rate — 48-50 per minute, Sp0O2 — 84-87%. On
auscultation: breath sounds over the lungs were harsh,
markedly weakened in the lower sections of the right
lung, and large bubbly and conductive rales were heard.
That evening, with the progression of respiratory failure,
the child was provided with respiratory support using
the «Hamilton C3» device. Hemodynamics were stable,
heart sounds were muffled but rhythmic, heart rate —
167-180 bpm, blood pressure — 148/92 mmHg, with a
trend toward hypertension. She tolerated enteral feeding,
with no vomiting. Diuresis was preserved, and urine was
concentrated.

Laboratory test results:

1) Complete blood count: Hb — 128 g/L, erythrocytes
— 5.15x10", platelets — 667 thousand/mm?3, leukocytes —
31.7x10%, ESR — 22 mm/h, band neutrophils — 13%, seg-
mented neutrophils — 75%, lymphocytes — 10%, mono-
cytes — 2%.

2) Urinalysis: color — light yellow, specific gravity —
1014, protein — 0.02 g/L, glucose — 2 mmol/L, ketones —
+++, erythrocytes — 0-1 cells/uL, leukocytes — 2-3 cells/puL.

3) Biochemical blood analysis: pH — 7.45, PCO2 —
44 mmHg, HCO3 — 31.2 mmol/L, BEb — 6.2, urea — 4.3
mmol/L, creatinine —56.0 umol/L, total protein—10.9 g/L,
K+—4.82 mmol/L, Na+—126 mmol/L, Ca+—2.56 mmol/L,
Cl- — 100.0 mmol/L, aspartate aminotransferase — 38,
C-reactive protein — 24 mg/L, glucose — 16.3 mmol/L.

Chest X-ray: multiple focal shadows in both lungs, si-
nuses are clear.

Established clinical diagnosis: cystic fibrosis with pan-
creatic insufficiency, severe course, exacerbation period.
Bronchiectasis in both lungs. Chronic respiratory failure,
grade Il. Chronic colonization with Pseudomonas aerugi-
nosa and Staphylococcus. Cystic fibrosis-related diabetes,
optimal glycemic profile. Secondary pulmonary hyper-
tension, grade Il. Heart failure, stage IIA. Delayed physical
development. Somatogenic subnanism. Thoracic spine
kyphosis. Bodyweight deficiency.

The patient was prescribed treatment according to
the protocol, but her condition progressively worsened
to ASA class lll. It was decided to perform bronchoscopy
after stabilizing the child’s condition. Due to worsening
respiratory failure and oxygen saturation dropping to
70%, the child was intubated and placed on mechanical

ventilation using a «Hamilton C3» ventilator in PSIMV
mode. A large amount of purulent, viscous, brown sputum
was suctioned from the trachea.

Despite the treatment provided, the child’s condition
rapidly deteriorated due to the development of multiple
organ failure and worsening respiratory failure, and the
child passed away.

Results of the Pathological Examination. The lumen
of the upper respiratory tract is filled with thick yellow
mucus. The lungs are enlarged, firm to the touch, and
dark reddish-brown in color, with a granular appearance
on sectioning. A thick green pus is secreted from the small
bronchi. Retrospective microscopic examination shows:
exudate in the alveolar lumen consisting of neutrophilic
granulocytes mixed with mucus; disruption of the
alveolar septa structure; hemorrhages in the respiratory
parenchyma; bronchi filled with dense eosinophilic
homogeneous masses; congestion of the mucosal vessels;
atelectasis of lung tissue (fig. 1).

The pancreas, macroscopically, appeared as a
fibrous cord, with the parenchyma indistinguishable.
Microscopically, the pancreatic tissue revealed
isolated Langerhans islets amidst diffuse fibrous
tissue proliferation. Cystically dilated interlobular and
intralobular ducts, lined with cuboidal epithelium, are
filled with dense eosinophilic homogeneous masses. The
walls of these ducts are partially destroyed. The walls of
blood vessels are thickened due to fibrosis; the acini of
the gland are absent in most histological sections. Venous
vessels are congested (fig. 2a). The epithelium of the
Langerhans islets shows hydropic dystrophy (fig. 2b).

The liver is enlarged in size, with a smooth capsule. The
parenchyma has a firm-elastic consistency, dark brown
color, is homogeneous, and congested. Microscopic
examination reveals: congestion of the sinusoids and
central veins; mixed type of fatty degeneration of
hepatocytes, predominantly in the third zone of the
hepatic lobule, and lobular disorganization.

The content of the small and large intestines is minimal
and corresponds to their anatomical sections. The
mucosa is corrugated and pale pink. Microscopic findings
include desquamation of the epithelium in the distal
parts of the intestinal crypts; leukocytic inflammatory
infiltration of the lamina propria tissue together with the
crypts, and congestion. There is an absence of acini in the

submucosal base of the intestinal crypts and proliferation
e A
et R

Figure 1 — Pulmonary complications in cystic fibrosis. Staining:
hematoxylin and eosin. Maghnification: x100.
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of fatty tissue in this area. Arteries have thickened walls,
arterioles are hyalinized; the histological structure of the
muscular layer is preserved.

The heart is correctly formed, with dimensions of
8x6.5x4 cm and weighs 60 g. The major vessels arise
from their respective chambers. The epicardium is thin
and smooth. The right ventricular cavity contains dark red
blood clots. The endocardium, heart valves, and vascular
walls are thin and smooth. The myocardium appears pink,
elastic, and homogeneous on dissection. The thickness of
the left ventricular wall is 0.8 cm, and the right ventricular
wall is 0.2 cm. The width of the pulmonary artery at the
valve level is 4.8 cm, and the aorta is 4.5 cm. The coronary
vessels are thin-walled.

Microscopic findings: venous congestion, perivascular
edema, focal fragmentation of cardiomyocytes

Discussion of the research results.

The first documented mention of cystic fibrosis — a
disease that mysteriously claims the lives of children —was
published in 1955 by Dr. Dorothy Anderson. In the same
year, Doris Tulcin and Winn Sharpless founded the Cystic
Fibrosis Foundation. Later, in 1989, with the support of
the Foundation, the defective gene responsible for cystic
fibrosis, the Cystic Fibrosis Transmembrane Conductance
Regulator (CFTR), and its protein product were identified,
laying the groundwork for understanding the primary
cause of the disease [6].

The development of the disease in a child is associated
with the presence of a mutated gene in both parents
or when both parents are affected by CF. The genetic
basis of the disease involves mutations on the seventh
chromosome, specifically the CFTR gene (7931.2),
caused by the deletion of its genetic material, leading
to a deficiency in phenylalanine molecules and a loss of
sensitivity to control by cyclic AMP [3, 6, 7, 8]. To date, up
to 2000 variants of this gene mutation have been verified.
CommonCFTRgeneallelesandgeographically specificones
have been identified: the F508del trans-allele is prevalent
in Western Ukraine (causing the classic form of CF with
high chloride (Cl-) concentration in sweat) [9]; A1006E-
pwCF is found in Mediterranean regions of Spain and Italy
(a form of CF predominantly affecting the pancreas with a
milder progression) [10]; p.Gly473GlufsX54 is dominant in
Saudi Arabia; p.Phe508del is found in Latin America [11],
among others. The formation of stable mutation variants
with geographical specificity is attributed to consanguinity
[9, 10, 12].

Figure 2 — Pathomorphological changes in the pancreas in cystic fibrosis: a — cystic fibrosis of the pancreas (magnification: x40);
b — islet apparatus of the pancreas in cystic fibrosis (magnification: x400). Staining: hematoxylin and eosin.

Important diagnostic methods include complete
sequencing of the CFTR gene. The discovery of
numerous mutation variants associated with deletions of
chromosome or DNA regions, exons, and introns has led to
the implementation of various molecular-level treatments
and the development of new therapeutic technologies [3,
11, 13, 14, 15]. Additionally, the multiplex allele-specific
PCR method is used to detect gene mutations using allele-
specific primers—starting points for DNA replication with
multiple amplification of a specific fragment. Multiplex
Ligation-dependent Probe Amplification (MLPA) testing
can reveal copy number variations in the examined
genomic region [16].

Geographical specificity of disease-causing alleles
in CF is utilized to identify mutations specific to certain
sensitive populations. For instance, the 2184insA
mutation, found in the western regions of Ukraine, is also
prevalent in the northeastern regions of Hungary, hence
the name «Hungarian mutation.» Diagnostic testing is
recommended for more than 75% of infants worldwide
by the age of 2 [17].

In the absence of mutations, genetic information is
implemented through the synthesis of proteins that are
components of CFTR ion channels in the membranes of
secretory epithelial cells. Inthe gland, secretion begins with
acinar epithelium. Along with Na+-2Cl-K+ transporters (K+
cations return to the cytoplasm) and apically located CI-
channels (CI- anions are transported to the apical surface
of the cell), a negative transmembrane electrical potential
is created. This facilitates the passive removal of H20 and
Na+ cations, which join the components of the secretion
within the acinus of the gland. The secretion formed has
physical and chemical properties that allow it to pass
through the duct system and perform its specific function.
The epithelium of the intralobular ducts possesses a Cl-/
HCO3- symporter that performs the reverse function. In
the pancreas, HCO3- ions are exchanged for Cl- in the
secretion, increasing its osmolarity and attracting H20
and Na+, thus maintaining its alkaline environment. Cl-
returning to the cell cytoplasm is facilitated by ORCC-type
(Onward Rectifying Cl- Channel) and CFTR membrane
channels. Additionally, the protein encoded by the
CFTR gene ensures intracellular and extracellular water-
electrolyte balance by influencing the epithelial Na+
transporter channel and is affected by Ca-dependent
kinases. The function of CFTR channels is regulated by

602

ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunu — 2024 — Bun. 4 (175) / Bulletin of problems in biology and medicine — 2024 - Issue 4 (175)



NATOMOP®ONOrIA / PATHOMORPHOLOGY

phosphorylation and cAMP-dependent phosphokinases
[5, 6].

In the pancreas, CFTR-type channels open for Cl-
ions under the influence of secretin. The molecular
structure and function of CFTR channels determine their
function regardless of localization. The epithelium, whose
secretory function is supported by CFTR channels, is part
of the exocrine glands of the respiratory tract, stomach,
intestines, and other organs. The exit of negatively
charged Cl- and HCO3- ions to the extracellular space and
the entry of Na+ cations into the cell cytoplasm increase
the osmolarity of the secretion and attract H20 [6, 7].

A genetically-induced dysfunction of CFTR channels
resultsin the blockage of transmembrane movement of CI-
anionsin the secretory epithelium. This leads to changesin
the physical and chemical properties of the secretion, such
as increased viscosity, and impairs the gland’s drainage
function. These changes are due to the failure to open the
channel’s lumen for CI~ and are associated with disrupted
phosphorylation in the defective CFTR molecule under
the initiating effect of protein kinase A. As a result, CI- and
water molecules accumulate in the epithelial cytoplasm,
disrupting the secretion’s fluid saturation. Additionally, in
the epithelial cells of the intralobular ducts, the process of
transmembrane CI- transport to the epithelial cytoplasm
in exchange for HCO3- is blocked. This disorder leads
to a decrease in the secretion’s alkaline properties. The
stagnation and accumulation of secretion cause cystic
dilation of acini and ducts, hypoxia of surrounding tissue,
and the development of connective tissue fibrosis.
Stagnation of glandular secretion is accompanied by
bacterial flora activation and inflammation development
[6, 11].

The universality of the fluid transport mechanism
and the systematic arrangement of CFTR channels
lead to a similar molecular mechanism of pathology
development in target organs, disrupting their secretory
function, while its specificity affects the particularities
of pathomorphological changes. For instance, in the
intestines, there is over-distension of the wall due to
obstruction, leading to the development of malabsorption
syndrome; in the bronchial tree — obstructive changes and
inflammation; in the liver — impaired bile excretion and
cirrhosis; in the pancreas — impaired exocrine function
and diabetes mellitus.

Data also exist on cardiovascular system involvement
in CF patients, which is caused by the complex impact
on the heart muscle and the presence of an isoform
of the CFTR protein in the sarcolemma of ventricular
cardiomyocytes [5].

The most common and life-threatening form of CF is
pulmonary. This is due to the impairment of mucociliary
clearance, dehydration of the bronchial mucosa surface,
stagnation of viscous mucus, obstruction of the airways,
and activation of infection [18].

Suspicions of CF arise with increased sweating and
elevated levels of Cl- in sweat secretions (a criterion is a
level >30-60 mmol/L) [9, 14, 18]. In 50-70% of fetuses,
increased echogenicity of the intestine may be detected
by ultrasound, which is associated with changes in the
consistency of meconium due to impaired digestion,
specifically of lipids, caused by impaired pancreatic
secretory function. Insufficient exocrine function
of the organ also leads to steatorrhea as a result of
impaired absorption of fats and fat-soluble vitamins

[11]. Confirmation of exocrine pancreatic insufficiency is
through the analysis of fecal elastase-1 [9].

Genetic disorders, specifically the 2184insA mutation,
are associated with increased susceptibility to infections:
P. aeruginosa and S. aureus, and less so to H. influenzae
[9].

A significant aspect in various clinical forms of
cystic fibrosis is the alteration of inflammatory nature,
activation of reactive oxygen species (ROS) — products of
neutrophil granulocytes, which cause a destructive effect
on pathogenic flora and also activate survival pathways
of the secretory epithelium in this disease [19, 20, 21].
The consequences of impaired tissue regeneration
include fibrotic changes, which underlie the irreversible
aggressive impact of cystic fibrosis on the human body
and the development of fatal organ failure.

The main treatment approaches for CF include
gene correction, transcript and protein modulation
(CFTR modulators), and stimulation of alternative ion
transport pathways [4]. Oxygenation plays a crucial role in
overcoming the critical effects of mucociliary dysfunction
in the pulmonary form of CF [4, 6, 11].

This clinical case is related to the short duration
of the patient’s stay (2 days), due to the progressive
deterioration of her condition. The inflammatory process
in the lung alveoli (bacterial pneumonia) impaired the
gas exchange function of the organ at the alveolar level,
causing severe pulmonary acidosis (due to impaired
carbon dioxide removal during respiration (hypercapnia)).
The compensatory factor in the buffer system was
bicarbonate (HCOs~), which increased in the patient’s
peripheral blood.

Clinically, tachypnea and tachycardia were observed
without signs of arrhythmia; involvement of accessory
muscles in breathing; auscultation revealed diminished
breath sounds, and dry and moist fine crackles in the
lungs.

The aforementioned signs indicate a pulmonary type
of terminal condition that developed in the patient and
caused acute respiratory failure, which was the direct
cause of death.

The development of the terminal condition was based
on parenchymal pneumonia against a background of
airway obstruction by mucus, atelectasis in a patient with
CF.

The manifestation of insufficient pancreatic function,
which underlies digestive disturbances in the intestine
and changes in metabolic processes due to the atrophy of
the islet apparatus, includes clinically diagnosed delayed
physical development of the child, somatogenic dwarfism,
thoracic kyphosis, and weight deficiency. a-Amylase and
lipase are produced in an activated state, and thus, in the
event of secretory stasis, can cause damage to the duct
wall of the gland. The disruption of bicarbonate (HCO;")
flow into the secretions in the intralobular ducts impedes
the maintenance of their pH at a level optimal for enzyme
activation. This also worsens the neutralizing effect on
HCI of the gastric chyme by pancreatic secretions in the
duodenum, with a risk of developing ulcerative defects.
Insulin deficiency underlies the development of diabetes
mellitus, which was present in the patient and required
insulin replacement therapy.

The manifestation of CF in the respiratory system
includes disturbances in the hydration and drainage of
secretions from the glands of the terminal bronchi and
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bronchioles, with the molecular mechanism associated
with the morpho-functional pathology of CFTR channels
in the epithelial cells of bronchial glands. The impairment
of the drainage function, combined with the acidification
of the secretions, creates favorable conditions for
microorganisms. The disruption of mucociliary clearance,
which physiologically underpins the removal of
environmental dust and cells to be disposed of from the
respiratory tract, promotes the activation of pathogenic
and opportunistic microflora, leading to intoxication and
damaging effects on the respiratory tissue, as indicated by
other researchers [7, 18, 22].

The aforementioned events cause alteration changes
in the terminal bronchi, an inflammatory reaction that
has become aggressive, leading to pneumonia.

The prolonged course of these changes results in
fibrosis and atelectatic changes in lung tissue, impairing
its respiratory function. This, in turn, has a generalized
impact on the child’s body in the form of chronic hypoxia.
Clinical symptoms of the latter include the presence of
«clubbed fingers» and «watch-glass» appearance in the
upper limbs of the patient.

Neutrophilic exudate in the alveolar lumen, along
with bacterial toxins, are damaging factors for the
respiratory parenchyma of the lungs. They led to
progressive disruption of the lung buffer system with CO2
accumulation in peripheral blood, a critical shift in the
body’s acid-base balance towards acidosis, development
of seizures, and loss of consciousness.

Atelectatic changes in lung tissue and fibrosis, as
complications of the pulmonary manifestation of cystic
fibrosis, increased the load on the right side of the heart
and venous congestion in the inferior vena cava and,
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correspondingly, in the central veins of the liver lobules.
Hypoxic alteration of hepatocytes around these veins
resulted in their fatty degeneration and disruption of the
lobular architecture.

Pathohistological changes in the wall of the small
intestine, such as dystrophy and necrobiosis of the mucus-
secreting epithelium of the acini in the submucosal
glands, were consequences of defects in CFTR channels
in the cytoplasmic membrane of cells. In response, an
inflammatory reaction occurred with the formation
of reactive oxygen species, leading to the failure of
the regenerative function of the epithelial cells of the
glandular structures of the organ. As a result, hyalinization
of arteriolar walls, fibrosis of arteries occurred,
contributing to the development of chronic hypoxia and
local replacement of intestinal parenchyma with fatty
tissue. This results in impaired digestive function of the
intestine.

Conclusions.

Multiorgan failure in cystic fibrosis is linked to the unity
of the mechanism regulating the electrolyte and mineral
composition of secretions in target organ glands, with
a single gene-CFTR, located on chromosome 7, and its
variant mutations being indirectly involved. CFTR channels
in cell membranes, associated with the development of
cystic fibrosis, are organ non-specific, localized in epithelial
intra-acinar ducts, and are involved in the hydration of
secretions and their buffering properties.

Prospects for further research.

Further study of the clinical and morphological
manifestations and pathogenesis of cystic fibrosis will
allow us to improve the methods of treatment of this
disease.
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B ocHO8i po38umKy MyKosicyudo3y nexums cradKosa Namosozia yHieepcanbHOi MOAeKyAAPHOI cmpykmypu
KaHanie CFTR 8 membpaHax 3as103uUcmoz2o enimenito. Pi3HOMAHIMHICMb cucmemMHUX MpPOABI8 3aX80PHOBAHHA
B8UMQ20E KOMI/1eKCHO20 0ia2HOCMUYHO020 nioxody. Memoto nposedeHo20 00CNiOHeHHSA € MOKPAUW,EeHHA 0id2HOCMUKU
MYKOBICYu003y WAAXOM PEMPOCHEKMUBHO20 KAIHIKO-Namomopgon02iyHo20 00CAiOHEHHA 1emasnbHO20 8UNaoKy
30X80PHOBAHHA MA 8UCBIMAEHHA CYYACHUX HAYKOBUX 3HAHbL MPO NamozeHe3 30X80PHBAHHA HA MO/EKYAAPHOMY
pigHi. [posedeHo 027140 nimepamypu 3 OaHOI namonoeii, pempocnekmusHuUl aHani3 MPOMOKOaAY PO3MUHY Mma
MIKpOCKOMIYHUX Mnpenapamie 8HympiWHix opaaHis, 306apseaeHuUx 2eMamoKCUniHOM ma eo3UHOM, MomMepsol
10-piyHOi QuMUHU, AKA cMpPax0aana Ha MyKosicyudo3 3 NAHKPeamu4yHoo HedocmamHicmio. bys0 8cmaHoeneHo,
W0 NPUYUHO CMepMi 8 UbOMY KAiHIYHOMY 8UnadKy cmas nezeHesgul ayudos. /leceHesuli ayudo3 BUHUK BHACMIOOK
rnopyweHHs 2a3006MiHy Ha G/168€0/8PHOMY PiBHI, CIpU4YUHeHo20 6baKkmepiaabHOK MHEe8MOHIE. BMOpuHHI 3MiHU 8
ocmpisyesomy anapami niowsnyHKo8oi 3a103u rnpussesnu 0o po3sumKy yykposozo diabemy. [epekm CFTR-KaHanis
Y 30/1030X CMIHKU MOHKOI KUWKU rpu3eie 00 nopyweHHs mpasHoi ma pezeHepamusHoi (pyHKuii. Cnocmepieanocsa
B802HUWEBE 3AMIU,EeHHA MAPEHXIMU HUPOBOH MKAHUHOM, apmepionapHuli 2ianiHo3s, ¢ibpos cmiHok apmepiti.

Knro4voei cnosa: mykosicyudos, CFTR-kaHas, neceHesuli ayudos, ¢ibpo3 ma Kicma nidwsayHKosoi 3a103u.

38’A30K ny6niKauii 3 NNaHOBMUMM HAyKOBO-AOCNIA-
HUMK poboTamm.

Pobota € ¢pparmeHTOM HayKoBO-A4OCAiAHOI pPoboTH
Kadeapu aHaTOMIi 3 KNiHIYHOKO aHAaTOMIEID Ta onepaTus-
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HOIO Xipyprieto «llaToreHeTUYHI MexaHi3amu MoCTCTpeco-
BMX PO3/1aJiB B YMOBaX €K30reHHMX BNAMBIB i dpaKTopiB
BOEHHOIO Yacy Ta MOLWIYK METOAIB iX KopeKuii». Homep
LeprkaBHOI peecTpauii 0124U003313.
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Bcryn.

[iarHocTMKa NyXAMHHOI Ta HEenyXJMHHOI NaToNOrii,
LLIO 3arpoXKyOTb KUTTIO — aKTyasibHe 3aBAaHHA MeguLm-
HW 3arasiom Ta MeaiaTpii 30Kkpema Ana nonepeaxeHHA
CMepTHOCTI B auTadomy Biui [1, 2]. OgHieto 3 Takmx naTto-
noriit € mykosicumzos (MB), abo KictosHul ¢ibpos.

MB LWMPOKO PO3NOBCIOAMKEHUI HA KOHTUHEHTaxX be3
CYTTEBOI pacoBoi Kopensuii. HaluyacTiwe mykosicumaos
3yCTPIYAETbCA B NiBHIYHIN EBpONI, NiBHIYHI AMepuLi, AB-
cTpanii, ae npnbamsHo 1 3 20 Ntogei € HOCIEM reHeTUYHOI
natonorii MB, a 1 3 3500-5000 HOBOHaPOAXKEHUI CTPAXK-
AOa€ BiA Ti npossis [3, 4].

AK BigoMo, MB € reHeTUYHO-06yMOBAEHMM 3aXBOpPIO-
BaHHAM 3 ayTOCOMHO-PELECMBHUM MEXaHi3MOM ycrnag-
KyBaHHAM. [lepegaya 3ailcHIOETbCA Big, HaTbKa-HOCIA
MYTOBAHOIO reHy, Lo Koaye 6inokK y cknagi CFTR-KaHanis
MeMbpaH KAITUH, BUKANKAOYM NMOPYLUEHHS TpaHCMeMb-
pPaHHOro MpoBeAeHHA BOAW Ta eNeKTPONIiTiB. 3axBopto-
BaHHA 3MiHIOE Pi3MKO-XiMiUYHI BACTUBOCTI CEKPETY KNITUH,
NPUBOANTb A0 PO3nady APEHAKHOI PYHKLIT yparkeHoro
opraHy [5, 6]. MexaHiYHUI TUCK KiCTO3HO-PO3LINPEHUX
3a/103 i3 C/IMN30M Ha KPOBOHOCHI CYAMHM NOTiPLUYE OKCure-
HaLLito TKAHWHW, BUKMKatoUM il anbTepalLito Ta 3anasnbHuin
npovuec, iHAyKye po3BUTOK ¢ibpo3y, nopyLuye cneundivuHy
OdYHKLit0 opraHy. YHiBepCaibHICTb MOIEKYISPHOI CTPYK-
TYPU XJIOPHUX KaHaniB, WO 3a3HaAN CTPYKTYPHUX 3MiH,
€ MPUYMHOIO CUCTEMHOTO XapaKTepy PO3MOBCIOAMKEHHA
OaHOI naTtosiorii B opraHiami ntoaunHu. JlereHeBa Heno-
CTATHICTb, Po3naam QYHKLi LWAYHKOBO-KMLLIKOBOrO TPaK-
Ty, HaBiTb CEpPLEBOro M'A3y — NPUYMHA NETaNbHOCTI cepes,
NaLiEHTI AUTAYOrO BiKY.

3 MeTolo nonepesyKeHHA NeTanbHUX BUMNAAKIB B AW-
TAYOMY BiLLi AOLIZIBHUM CTano 3aCTOCYBaHHA LUMPOKOTO
CMEKTPY AiarHOCTUYHMX 3aX04iB i Hacamnepes, reHeTuy-
HOT KOHCy/bTaLii MpU NAaHyBaHHI CiM'i, CKPUHIHT aiTent 3
rpynu pUsKUKy, KNiHiYHI meToam aiarHOCTMKK. HagcyvacHa
TaKTUKa nonepeaeHHA MyKOBiCLMAO03Y Ta BeAEHHA Nna-
LiEHTIB, CTaBMUTb HOBI 3aBAAHHA — He /NLle NOAOBXKEHHSA
KUTTE3ZATHOCTI NHOAMHM, @ 1 NAaHYBaHHA MOro BAACHOI
cim’i B maibyTHbOMY.

Merta gocnigKeHHs.

MpoBecT peTpoCnekTUBHUIN aHaNi3 SIeTaNbHOro BU-
nagKy BHac/igoK Tybynonartii cnagKoBoro xapakTepy, Lo
Mana Micue Y NalieHTKM AUTAYOro BiKy, Ta Nos’s3aHa 3
ANCOHYHKLIE IOHHUX KaHaniB KAITUHHOT MembpaHu.

06’eKT i meTOoAM pOCNigIKEHHA.

byno BMKOpUCTaHO Taki meToam:

1) peTpocneKkTMBHUI aHaNi3 NPOTOKOAY PO3TUHY MO-
Mep/I0i XBOPOI Bi, MyKOBICLMA03Y 3 MAHKPEATUYHOI He-
[OCTaTHICTHO;

2) peTpoCneKTUBHWUIA aHani3 MikponpenapaTiB BHY-
TPILWHIX OpraHiB TOBLYMHOK 5 MKM MiC/IA 3aCTOCYBaHHA
0rNAA0BOI MiKpOCKoNii ricTonoriyHmx 3pisis, nodpapbosa-
HUX FeMaTOKCUNIHOM Ta €03MHOM.

Pesynbtat pocnigyKeHHs.

[OunTrHa xiHo4oi ctaTi 10 pokis, WO mellKana 3 6atb-
KamMM B CiNIbCbKilA MicLLeBOCTI, MOCTynMAa 3a HanpaBieH-
HAM PalOHHOI NiKapHi 40 BigAineHHs aHecTesionorii Ta
iHTEHCMBHOI Tepanii MiCbKOI AUTAYOI NiKApHI 3 giarHO30M:
«MyKoBicUMA03 3 NAHKPEaTUYHOK HEeAOCTaTHICTIO, BaXK-
KMl nepeobir, nepios, 3arocTpeHHs. 3aTpuMKa ¢isMyHoro
po3BUTKY». [locTaBneHa 6puragoto LWBMAKOI JOMOMOrK
Ha KUCHEBIN NigTpuMUu,. 3 aHaMHe3y 3aXBOPHOBAHHA: AM-
TMHa 3axBopina 10 gHiB Tomy, Koaun 3’sBUAACH rinepTep-
mis go 39°C, 3agyxa, Lo HapocTana. Micnsa 3BepHeHHnA 40
NiKaps, NpM3HaYeHo AeKcameTasoH, eydiniH. Ha momeHT
rocnitanisauji: temnepatypa — 36.8°C, YCC — 145/xs.., AT —

110/ 70 mm.pr.cT. SpO, — 90%, HYAP — 26-28/xB. BukoHaHo
Ma30K 3 HocornoTku Ha SARS-CoV-2 — pe3ynbTaT Heratus-
HWI. NlepBMHHUI OrNsg, Nikapa-aHecTesionora: ckapru Ha
MOMEHT OrA4y — 3a4yXa, Kalwesb 3 NYCTUM MOKPOTUH-
HAM.

OUTHa npuTomHa, MAABa, AOCTynHA BepbanbHomy
KOoHTaKTy. LLKipa Ta can3osi nokpusu 6aigoro Konbopy,
Typrop 36epexeHuin, HabpsaKWM BiACYTHi. BigmiuaeTbes
aedopmauia nanbuis obox pyK 3a TMNom «b6apabaHHMX
NasMyoK» Ta 3MiHa HIrTiB 3@ TMNOM «FOAMHHUKOBI CKeNb-
usa». AKcunapHa Temnepatypa niasuweHa — 37,6-38,2 °C.
[unxaHHA camocTillHe, AiBYMHKa KMCHEeBO3aeXHa, 36epi-
raeTbCA TaxinHoe, BigMiuyatoTbCs BTAXKIHHA MiKpebepHux
NPOMIXKKIB Ta y4acCTb AOMOMIXKHOI MYCKynaTypu B aKTi
OUXaHHA. BigmivaeTbca Kawenb 3 BUAINEHHAM TrycToro
MOKPOTUHHA KOPUYHEBOIO Konbopy. MpoBoaunack iHra-
NALIA 3BONIOXKEHUM KMCHEM 4Yepe3 HOCOoBi KaHtoni, YAP
—48-50 3a xB. SpO, — 84-87%. AyCKyNbTaTUBHO: Haf fiere-
HAMM OMXAHHSA KOPCTKE, Pi3Ko ocsiabsieHe Hag, HUXKHIMK
BiAAiNamn NpaBol fereHi, BUCYXOBYOTbLCA BONOT BENU-
KOMyXMpLeBi Ta NPOBiAHI Xxpunu. Toro » AHA BBeYepi npm
HAPOCTaHHI ABMLL, ANXaNbHOI HEAOCTAaTHOCTI, AUTUHI NPO-
BOAMTbCA pecnipaTopHa NiATPMMKa anapaTtom «Hamilton
C3». lemogmHamika cTabinbHa, cepLeBi TOHU NPUIYLLEH-
Hi, puTMiuHi, YCC — 167- 180 3a 1 xB., AT — 148/92 mm.pT.
CT, 3 TeHAEHLIE A0 rinepTeHsii. EHTepanbHO BUroaoBy-
BaHHA 3aCBOOE, 6/110BOTU He Byno. [iypes 36epekeHni,
ceya KOHLLeHTpOBaHa.

[aHHi NnabopaToOpPHOro 06CTEKEHHS.

1) 3aranbHuii aHani3 Kposi: Hb — 128 r/n, eputpouuti
— 5.15x10%, TpoMmboUUTM — 667 TUC/KYD.MM., NENKOLUTA
—31,7x10°, LUOE — 22 mm/rof., Mannyko aaepHi HenTpo-
binn — 13%, cermeHToaaepHi HelTpodinnm — 75%, nimdo-
umtn — 10%, moHoumTtn — 2%.

2) 3aranibHuWIA aHani3 ceyi: KoMip — CBITN0-KOBTUI, NK-
Toma Bara— 1014, 6inok — 0,02 r/n, rtoKko3a — 2 MMOAb/ A,
KETOHU — +++, epuTpoumnTn — 0-1 KNITUH/MKA, NeiKkounuTn
— 2-3 KNITUH/MKA.

3) bioximiuHuin ananis Kkposi: pH-7,45; PCO, — 44
Mm.pT.cT; HCO,— 31,2 Mmonb/n, BEb-6,2, cevosmHa — 4,3
MMOJIb/N, KpeaTuHiH — 56,0 MKMoAb/A, 3aranbHuin 6inoK
—10,9 r/n, K* — 4,82 mmonb/n, Na* — 126 mmonb/n, Ca* —
2,56 mmonb/n, ClI— 100,0 mmonb/n, acnaptaTamMiHOTPaH-
chepasa — 38, C-peakTmBHUI Binok — 24 mr/n, roKosa
— 16,3 mmonb/n.

PeHTreHorpama opraHis rpy4Hoi KAiTKN: YNCAEHHI BOT-
HULLEBI TiHi 060X IereHb, CUHYCK BislbHi.

BcTaHOBNEHWUI KAiHIYHMI pgiarHo3: MyKosicumaos 3
NMaHKpeaTUYHOI HELOCTATHICTIO, TAXKKMI nepebir, nepiog,
3arocTpeHHA. bBpoHxoekTaTMyHa xBopoba. BpoHxoek-
Tasn 060x nereHb. XpoHiyHa AuxanbHa HeaocTaTHicTb
CTyneHA. XpOHiYHa KONMOHI3aLiA CUMHErHIMHOI NafnyKKM Ta
ctadinokoky. Llykposuii giabet, nos’a3aHuin 3 MyKOBIC-
LMA030M, ONTUMA/IbHUNA FNiKEMIYHUI Npodinb. BTopuH-
Ha nereHesa rineptesis Il cT. Cepuesa HegocTaTHICTb Il A.
BiacTaBaHHA ¢isnyHoro po3suTKy. CybHaHi3M comaToreH-
Hui. Kidos rpyaHoro Biaainy xpebta. Jediuunt Barv Tina.

MauieHTui 6yno npusHayeHe NikyBaHHA BiAMNOBIAHO
[0 NPOTOKOANY npoTe ii CTaH NPOrpecMBHO NOTipLLYBaBCA
[0 cTaTycy, wo signosigae Knacy ASA lll. byno supiweHo
nposecTn 6poHxocKonito nicna crabinisauji ctaHy auTu-
HW. Y 3B’A3KY i3 HAPOCTaHHAM AMXaNbHOI HeAOCTAaTHOCTI,
caTypaujeto go 70%, ANTUHaA 3aiHTyboBaHa Ta nepeBese-
Ha Ha LWTY4YHY BEHTUAALO NereHb anapatom «Hamilton
C3» B pexkmmi PSIMV. 3 Tpaxei caHyBanaca BenuKa Kinb-
KiCTb FHIMHOro B’A3KOro MOKPOTUHHA Byporo Konbopy.
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PUCYHOK 1 — JlereHeBi ycKNaAHEHHA Npu myKoBicunaosi. 3a6aps-
JIEHHA: reMaTOKCUANIH Ta e03uH. 36inblieHHA: x100.

HesBakatoum Ha npoBeaeHe NiKyBaHHA, CTaH AUTUHN
Pi3KO NOripLIMBCA 32 PaXyHOK PO3BUTKY CMHAPOMY MONi-
OpPraHHOi HeAOCTAaTHOCTI Ta NOCUIEHHA ANXaNbHOI Heao-
CTaTHOCTI | ANTMHA nocepna.

Pe3synbtat  matonoroaHaTOMIYHOTrO  AOCAIAMKEHHSA.
MpOCBIT BEPXHIX AUXAaNbHUX LUAAXIB 3aNOBHEHWUIA TYCTUM
YKOBTMM C/IM30M. JlereHi 36inblueHi, Ha AOTUK Wi/IbHI, TeM-
HO-BULUHEBOrO KONMbOPY, MOBEPXHA PO3TUHY 3E€PHUCTA, 3
APIOHUX BPOHXIB BUAINAETLCA IyCTUI 3e1eHWl THIK. JaHi
PeTPOCNEeKTUBHOIO MIKPOCKONIYHOrO AOCAIAKEHHA: eKCY-
4aT y NPOCBITi aNbBEON, LLO CKA3AABCA 3 HEMTPODINbHMX
rPaHY/IOLMTIB 3 JOMILLKOM C/N3Y; NOPYLIEHHA CTPYKTYpW
a/IbBEONAPHNX MEPETUHOK; KPOBOBU/IMBU B PECMiPATOPHY
napeHximy; BPOHXM 3amMoBHEHI ryCTUMWU e03UMHObINbHU-
MW FOMOTeHHMMW Macamm, NOBHOKPOB'S CyAUH CM30BOI
000/10HKW; aTeNeKTasmn nereHeBoi TKaHnHM (puc. 1).

NiglwnyHKoBa 3a103a MaKpPOCKOMIYHO Mana BUIMAL,
¢ibpo3HOro TAXKa, nNapeHxima He pospisHsanacb. Mi-
KPOCKOMIYHO B TKaHWHI MiALWNYHKOBOI 3271031 BUABEHO
NOOAMHOKI ocTpiBLi JlaHrepraHca cepeg, Andy3HOro pos-
pocTaHHA $iBPO3HOT TKAHMHKU. TaKOXK 3yCTpivYatoTbCA Ki-
CTO3HO-PO3LINPEHI MiXKYACTOYKOBI Ta BHYTPILUHbOYACTOY-
KOBIi NPOTOKM, BUCTENIEHi KyBiYHUM eniTeniem, 3anoBHeHi
ryCTUMU €03MHOQINBHUMM FTOMOreHHUMM Macam. CTiHKa
OCTaHHIX 4acTKOBO 3pyiHOBaHa. CTiHKM KPOBOHOCHMX
CYZMH MOTOBLLEHI 3a paxyHOK ¢ibpo3y; aumHycKn 3a103u
Ha B6inbLOCTI ricTONOrYHMX 3pi3ax BiACYTHI. BeHO3Hi cyau-
HW NOBHOKPOBHI (puc. 2a). EniTenilt ocTpisLis JlaHrepraH-
ca B cTaHi rigponiuyHoi anctpodii (puc. 2b).

MeuiHka po3mipamu 36inblieHa, Kancyna rmagka, na-
PEeHXiMa LWiNbHO-eNaCTUYHOI KOHCUCTEHL,i, TeMHO-KO-
PUYHEBOrO KO/IbOPY, OAHOPIAHA, MOBHOKPOBHA. Mpu mi-
KPOCKOMIYHOMY [OCAiAXKEHHI: MOBHOKPOB’'A CUHYCOIAiB
i LEeHTpaNnbHUX BEH; 3MillaHMI TUN *KMUPOBOI AUcTpodii
renaToLMTiB NepeBaXHO TPETbOI 30HN NEYiHKOBOI YacTou-
KK, 6anovHa gUCcCKoMnaeKcauis.

BMICT TOHKOTO | TOBCTOIO KMLLIEYHUKA HE3HAYHWN, BiA-
noBiAae MOro aHaTOMiYHUM Bigainam, cansosa 060/10HKa
CKnapyacta, 6nigo-poxkeBoro Konbopy. MikpockoniyHo
BUABNAETLCA AECKBAMALLA eniTenito ANCTanbHUX BigAiNis
KULLIKOBWX KPUMT; NEMNKOAUTAPHA 3ananbHa iHdinbTpauia
TKaHWHWM BNACHOT NJIACTUHKM CNM30BOT 060NOHKM pa3om
i3 KpMnTamu, ii NOBHOKPOB'A. BiAcyTHICTb aLMHYCIB KMLL-
KOBMX KPWUMT MifCc/IM30BOI OCHOBM Ta PO3POCTAHHA B Hii
YKMPOBOIi TKAaHWHU, apTepii MatoTb NOTOBLUEHY CTiHKY, ap-
Tepionu — rianiHisosaHi; ricronoriyHa byaoBa m’s30Boro
wapy 36epexeHa.

Cepue chopmoBaHO  MpaBW/IbHO,  PO3Mipamu:
8x6,5x4cm, Baroto — 60r. MaricTpanbHi cyamHu BiaxoaaTb
BiJ, BiANOBIAHMX MOPOXHWUH. EMiKapg, TOHKWIA, rNaakui.
MopOoXKHWHA NPABOro LUIYHOYKA MICTUTb TEMHO-4YEepPBOHiI
3ropTKM KpoBi. EHAOKapA, KnanaHu cepus i CYAuH TOHKI,
rnagki. Miokapg, Ha pPO3TUHI POXKEBOro KOAbOpy, MPYXK-
HWIM, OgHOPIAHMA. TOBLUMHA CTIHKM NiBOTO LUAYHOYKA —
0,8cm, npasoro — 0,2cm, WKMpPKHA NereHeBOoi apTepii Ha
piBHi KnanaHis — 4,8cm, aoptn — 4,5cm. KopoHapHi cyau-
HW TOHKOCTIHHi.

MiKpocKoniYHO: BEHO3He MOBHOKPOB'A; MepuBacKy-
NAPHUI HabpsK; ocepefKkn dparmeHTaLii Kapgiomioum-
TiB.

O6roBopeHHs pe3ynbTaTiB JOCNIAKEHHS.

Bnepwe B icTopii 3ragka Npo MyKoBiCLLMA03 — XBOPO-
Oy, fIKa 3araikoBUM LUNSAXOM 3abUPaE KUTTA aitei byna
ony6nikoBaHa B 1955 pouj AoKTopom meauumHu JopoTi
AHAepcoH. B Tomy x poui, Jopic TynbumH Ta YiHH Wapnac
3acHyBann PoHa 60poTbOU 3 MyKOBICLMAO030M. 3rooMm,
y 1989 pouj, 3a niaTpumkn ®oHAy BCTaHOBNEHO Aedek-
THUI reH Cystic Fibrosis Transmembrane Conductance
Regulator (CFTR) kicto3Horo ¢ibposy, Ta ioro 6inkosui
NPOAYKT, WO CTas10 NiAFPYHTAM PO3YMiHHA OCHOBHOI NpK-
UYMHU 3aXBOPHOBAHHSA [6].

P0O3BMTOK XBOPObHW y AUTUHM MOB’A3aHUI 3 HOCIK-
CTBOM MYTOBAHOro reHy o6oma 6aTbkamu, abo Kosm obu-
ABa xBopitoTb Ha MB. [eHeTUYHOI OCHOBOK 3aXBOpPHO-
BaHHA € MyTaLii B CbOmin xpomocomi, a came CFTR-reHi
(7931.2), wo obymoBneHo genewjero MOro reHeTUYHOro
maTepiany, BUKAMKaoun aediuut monekyn deHinanaHi-

PucyHok 2 — MatomopdonoriyHi 3miHM NigWAyHKOBOI 321031 NPU MYKOBICLMA03i: @ — MyKOBICLMAO3 NiALWAYHKOBOI 3a103U (36inblueHHs
x40); 6 — ocTpiBLEBUIA anapaT NigLWAYHKOBOI 3a/103U NPU MyKoBicLMA03i (36inblieHHA x400). 3a6apBaeHHA: reMaTOKCUAIH Ta €03UH.
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HY Ta BTPATy YYT/IMBOCTI 40 KOHTPOO 3 BOKY LMKAIYHOT
AMO® [3, 6, 7, 8]. BepudikosaHo ao 2000 BapiaHTiB MyTa-
Ui aaHoro reHy. BctaHoBieHo 3aranbHi aneni reHy-CFTR
Ta reorpadiyHo-cneymndiyHi: TpaHc-anenb F508del — 3a-
XiiHa YKpaiHa (0bymoBtoe KnacuuHy dopmy MB 3 Buco-
KO KOHUeHTpauieto xnopuais (ClI) y nori) [9]; A1006E-
pwCF — cepeaHb0O3eMHOMOPCbKI paioHu Icnanii Ta Itanii
(bopma MB 3 nepeBaskHUM ypaxKeHHsM MigLnyHKOBOT
3an03n, nerkuii nepebir) [110]; p.Gly473GlufsX54 po-
miHye B Cayaiscbkili Apasii; p.Phe508del — JlaTUHCbKIM
Amepuui [111], Ta iHwWwi. PopmyBaHHSA CTIMKUX BapiaHTIB
MyTaUii reHy 3 reorpadiyHoto cneumdivHicTio obymosne-
HO cnopigHeHnmu watobamm [9, 10, 12].

Bax/MBUM MeTOAOM AjarHOCTUMKM € NMOBHE CEKBEHY-
BaHHA reHy CFTR. BigKpuTTA YMCNeHHWUX BapiaHTiB Moro
MYTaLi, NOB’A3aHUX 3 AENeLiErd YacCTUHU XPOMOCOMM
abo [HK, eK30HiB Ta iHTPOHIB, CMOHYKAaEe 4O BNpPOBa-
[OXEHHA PI3HUX BapiaHTIB NiIKyBaHHA HA MOJIEKYAAPHOMY
piBHi i PO3POBKM HOBMX TepaneBTUYHUX TexHonorin [3,
11, 13, 14, 15]. TaKO*K 3aCTOCOBYETbCA MYALTUMNEKCHUI
annenb-cneymoivHmn NMUP meTtoa — BUABNEHHA MyTaLin
reHy 3 BMKOPUCTaHHAM anenbcneundiuHnx npanmepis
— NoYaTKOBUX NYHKTIB pennikauii AHK 3 6aratopasosum
NOABOEHHAM BW3HAYeHoro ¢parmeHTy. MynbTUNNEKCHA
nirasHoszanexkHa amnnidikauia (MLPA Tect) nosBonse
BUABUTM PO36iXKHOCTI B KiZIbKOCTI KON B AOCNIAXKYBaHIN
AinAxui reHomy [16].

leorpadiyHy crneumodiyHicTb XBOPOOO-yTBOPHOHOUMX
annenein npu MB BUKOPUCTOBYIOTb A1 BUAB/IEHHA MYy-
TaUin cneundiyHMX ANA OKPEMUX YYTIMBUX MOMYAALIN.
Tak myTauia 2184insA, LWo BMABIEHA B 3axXigAHUX perioHax
YKpaiHM po3noBCIOAMKEHA | Ha MiBHIYHO-CXigHI TepuTopii
YropLumHuK, 3BigKM M Ha3Ba — yropcbKa myTauia. [iarHoc-
TUYHOMY TECTYBAHHIO B BiLLi 40 2 pOKiB nignAarae >75% ma-
JIIOKiB B ycbomy cBiTi [17].

3a BigcyTHOCTI MyTaLil, peanisauia reHeTUYHoi iHpop-
MaLii BifOyBa€ETbCA Yepes CMHTe3 NPOTeiHIB, L0 BXOAATb
00 cknagy ioHHux CFTR-KaHaniB membpaHu cekpetop-
HUX eniTeniaNbHUX KNITUH. B 3an03i BMBeAEHHA cekpe-
Ty PO3MOYMHAETLCA 3 aLMHApPHOro enitenito. Pasom 3
Na*-2Cl-K*-nepeHocHMKamm (KaTioHn K* noBepTatoTbea o
LuMTONNa3MK), Ta Yepes anikanbHO-PO3TALIOBAHI KAITUH-
Hi Cl'kaHanu (aHioHu CI- TpaHCnopTyOTbCA A0 aniKanbHOI
NoBEpPXHi KNITMHW HA30BHi), yTBOPIOHOYM BiA EMHUI TPaH-
CMeMbBpPaHHUI eNeKkTPUYHUI noTeHLian. OCTaHHE Cnpuse
nacusHomy BuseAeHHIo H,0 Ta kaTioHis Na* Aki npuesHy-
I0TbCA 0 KOMMOHEHTIB CEKPETY Y MPOCBITi aLUMHYCy 3a/10-
3U. YTBOPIOETBCA CEKpeT, Ymi PisnKo-XimidHi BNaACTMBOCTI,
[03BONAOTb 3A4iMCHIOBATM MOro nacaX Mo MpPOTOKOBIM
cuctemi Ta obymosatoBatu i cneymdivyHy QyHKUito. Eni-
Tenito BHYTPILWHbOYACTKOBMX MPOTOK BAACTUBMIA CiMnop-
Tep CI‘/HCO3', O BWMKOHYE 3BOPOTHY OYHKUj0. TaK, B
NiALWAYHKOBIN 3a103i ioHn HCO, B 0bmiH Ha CI BxoaaTb
[0 CKNaay cekpeTty, 36iNblyouM MOro OCMOSPHICTL Ta
npueaHytoun ao cebe H,0 ta Na*, Takum unHom 3abes-
neyvyeTbeca MOro NyxHe cepeaosuile. NoseptaHHa Cl o
LUMTONNA3MM KNiTMHM 3abe3neyvyoTb MembpaHHi KaHa-
nm ORCC-tuny (Onward Rectifying CI- Channel) Ta CFTR.
Kpim TOro 6inok, kogosaHuit CFTR-reHom, 3abe3neyye
BHYTPILWHbO- Ta MNO3aKNITUHHUI BOAHO-ENEKTPONITHUI
6anaHc WAAXOM BMAMBY Ha eniTeniafbHUM KaHan-TpaH-
cnoptep Na* Ta 3a3Hae BnmBy Ca-3aneXHUX KiHa3. PyHK-
uin CFTR-kaHaniB perynboBaHa ¢ochopuitoBaHHAM Ta
UAM®-3anexxkHMMK bocdokiHazamu [5, 6].

B nigwnyHKoBil 3ano3i CFTR-TMN KaHaniB BigKpuBa-
€Tbcs ioHam CI™ nig BnAMBOM ceKpeTuHy. MonekynspHa
CTPYKTYpa Ta ¢yHKUia CFTR-KaHaniB 06yMoBtoe X GyHK-

Lito He3anexkHo Big, NoKanisauii. Enitenil, uma cekpetop-
Ha ¢yHKLin 3abe3nevyeTbca CFTR-KaHanamu, BXOAUTb 40
CKNAZly eK30KPUHHUX 32103 ANXANbHUX LWAAXIB, LWTYHKY,
KULIEYHMKA Ta iHWWX opraHiB. Buxig HeraTMBHO 3aps-
ApreHnx ioHis Cl' Ta HCO,” Ao nosakniTMHHOrO npoctopy
Ta BXiZ, KaTioHiB Na* 0 UuMTONAA3MM KAITUHK 36i1bLUyOTb
OCMOANAPHICTL CeKpeTy Ta NpuTArye Ao Heoro H,0 [6, 7].

Hacnigkom reHeTMYHO-06ymMoBIEHOTO Po3naay GyHK-
uii CFTR-KaHanie € 610KyBaHHA TpaHCMeMbpaHHOro ne-
pemiweHHs aHioHiB CI~ B cekpeTopHomy eniTenii. OcTaH-
HE NPUBOAMUTL A0 3MiHWU i3UKO-XiIMIYHUX BAACTMBOCTEN
CEKPEeTy Y BUMAAi NigBULLEHHSA Oro B'A3KOCTI i nopyLuye
OPeHaXKHy yHKLj0 3a1031. BuiesasHayeHi 3miHn oby-
MOB/IEHI HEBIAKPUTTAM NPOCBITY KaHany ana Cl~ Ta nos’s-
3aHi 3 nopyweHHAM GochopUNtOBaHHA B HEMOBHOLLHHIM
CFTR-monekyni nig iHiLitolo4Mm BNIMBOM NPOTEiHKIHA3M
A. Hacnipgok - 3aTpumka Cl,, monekyn Bogu B LuTOnnas-
Mi eniTenito, NOPyWEeHHA HAaCMYEHHA PISMHOK CEKpeTy.
Mpuyomy B KAITUHAX eniTenito BHYTPILHbOYACTOYKOBOI
NPOTOKM BIOKYETLCA MPOLEC TPAHCMEMBPAHHOTO TPaH-
cnoptyBaHHa CI go uuTonnasmu enitenito y obmiH Ha
Buxig HCO3". JaHuii po3nag npu3BOAMTb A0 3HUMKEHHSA
NYKHUX BNACTMBOCTEM ceKpeTy. 3acTili i HaKonmuuyeHHs
CEKPETY CMPUYMHAE KiCTO3HE PO3LIMPEHHA aLMHYCIB Ta
NPOTOK; FMOKCit0 TKAHWHU HABKOJULIHBbOTO iIHTEPCTULLiIO
i po3BMTOK ¢ibpo3y cnonyyHOi TKAHWHWU. 3acTii cekpe-
Ty 337103 CYNpPOBOAMKYETbCA aKTMBaLli€t0 baKTepiasbHOI
dnopu, po3BMTKOM 3ananeHHs [6, 11].

YHiBepCcasibHICTb MeXaHi3my TPaHCNOPTYBaHHA pigun-
HUW Ta CUCTEMHICTb po3TallyBaHHsA CFTR-KaHanis obymos-
NIIOKOTb CXOXKUI MONEKYNAPHUIA MEXaHi3M PO3BUTKY Na-
TONOrii B OpraHax-milleHsax, O NOPYLUYE iX CEKPETOPHY
dYHKLUItO, a ii cneumdivHicTb BNIMBAE Ha 0cobAMBICTb Na-
TOMOPGOOTYHMUX 3MiH. TaK, B KMLWIEYHUKY BigbyBa€eTbCA
NepepoCTArHEHHS MOro CTiHKM BHACNIAOK HENPOXiAHOCTI,
PO3BUTOK CMHAPOMY Manbabcopbuii; y 6poHxianbHOMy
OepeBi — OBCTPYKTUBHI 3MiHM, 3amasieHHs; B neviHui —
NopyLeHHA BMBEAEHHSA KOBYI, LMPO3; B MigLNYHKOBIN
3a/103i — NOPYLUEHHA eK30KPUHHOT QYHKLi, LyKpOBUiA Ai-
aber.

Bigomi gaHHi M Npo yparkeHHA cepLeBo-CyANHOI cuc-
TEMM Yy XBOPUX Ha MB, W0 0BYMOBNEHO KOMMIEKCHUM
BMN/IMBOM Ha CEPLEBUIA M'A3, @ TAKOXK HasABHICTIO i30dop-
mu npoteiHy CFTR B capKkonemi KapigomioumTis WAyHOY-
KiB [5].

HaltyacTiwoto i %utreBo-HebesneyHoro popmoto MB
€ nereHesa. OcTaHHA 0ByMOBNEHA MOPYLUIEHHAM MYKO-
LMNIapPHOro KNipeHcy, 3HEeBOAHEHHAM MOBEPXHi CAM30-
BOi 060/10HKM BPOHXiIaIbHOTO AepeBa, 3aCTOEM B'A3KOro
CNn3Y, OBCTPYKLLIEID MNPOCBITY ANXANbHUX LWAAXIB Ta aKTU-
BaLjieto iHpeKu;i [18].

Mizo3pa Ha MB BMHWMKaE Npu NiaBULLEHIM NITANBOCTI
naujieHTa Ta 36inbleHHs KinbkocTi Cl” B ceKpeTi noTy (Kpu-
Tepiem € nokasHuK >30-60 mamonb/n) [4, 14, 18]. Y 50-
70% nnoAiB MOXNMBE BUABAEHHS MiABULLEHOT EXOreHo-
CTi KMLUIEYHWKA NPU yIbTPa3BYKOBOMY AOCAIAMKEHHI, WO
NoB’sA3yt0Tb 3i 3MiHOK KOHCUCTEHLLIT MEKOHIO BHACAIAOK
NOpYyLUEHHA TPaB/IeHHA, @ came Ninigis, CIPUYNHEHOTO
NOpPYLUEHHAM CeKpeTopHOI GYHKLi NigLayHKOBOI 3an0-
31. HepocTaTHICTb eKCKPeTOpHOI YHKLii opraHy Takox
NPU3BOANTb [0 KUPOBOI Aiapel, AK HACNIA0K NOPYLUEHHA
BCMOKTYBaHHSA XMUPIiB Ta }KMPOPO3YMHHMX BiTamiHis [11].
MNiaTBepaKeHHAM HeAOoCTaTHOCTI eK30KPUHHOI yHKLT
NigWAYHKOBOI 3371031 € aHani3 Ha ¢peKkanbHy enacrasy-1
[9].

3 po3nagamm Ha reHeTUYHOMY PiBHi, a came 3 My-
Tauieto 2184insA, noB’A3ylOTb NiABULLEHY YYTIMBICTb
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0o iHdekuii: P. Aeruginosa Ta S. aureus i meHwe fo H.
Influenzae [9]. aHa myTauia We BiAOMA K BEHrepCbKa,
OCKIi/IbKM NoLlumMpeHa B 3axiaHin YkpaiHi Ta BeHrpii.

Bennke 3HayeHHA Npu pPisHUX KAiHIYHKUX dopmax
MYKOBICUMA03y NPUAINAETbCA anbTepauii 3ananbHOro
XapaKTepy, aKkTuBaLii peakTMBHUX Gopm KucHio O, —
NPOAYKTY HENTPOGDINbHUX TPAHYNOUUTIB, WO BUKIUKAE
PYMHIBHMIA edeKT naToreHHoi GaopK, a TaKOXK aKTUBYE
LWNAXM BUKMBAHHA CEKPETOPHOTO eniTenito npu JaHomy
3axBoptoBaHHi [19-21]. Hacniaku nopylueHoi pereHe-
paLii TKaHMHM — iT GiIBPO3HI 3MiHK, AKi NIeKaTb B OCHOBI
HEe3BOPOTHOIO arpecuBHOrO BMJIMBY MYKOBICLMAO3Y Ha
OpraHiam NIOAMHU Ta PO3BUTKY JIeTasIbHOI OPraHHOI He-
[0CTaTHOCTI.

OCHOBHi HanpAMKK NlikyBaHHA MB — KopekKuia reny,
TpaHcKpunTy, 6inka (Mogynatopu CFTR), CTUMYNHOBAHHA
aNbTePHATUBHUX LUNAXIB iIOHHOrO TpaHcnopTy [4]. Baxk-
ZINBA POJIb OKCUFiHALT ANA 3001aHHA KPUTUYHUX HAcNia-
KiB MyKoumniapHoi anchyHKuii npu nereHesinn popmi
MB [4, 6, 11].

JaHnit KNiHIYHWMIA BUNAZOK NOB’A3aHMIA 3 KOPOTKO-
YaCcHMM nepebyBaHHAM NaLieHTKM (2 4o6M), Wwo obymos-
JIEHO NPOrpPecyYMM NoripweHHAM Ti cTaHy. 3ananbHui
npoLec B asibBeoNax sereHb (baktepiasibHa NHEBMOHIfA)
NMoOpYLLMB Ha PiBHI a/IbB€0J1 ra3006MiHHY QyHKL,it0 opra-
HY BUK/IMKABLUM TAMXKKUI NereHeBuUi aumaos (BHacnigoK
noripweHHA BUBEAEHHA NPW AUXaHHI BYrNeKUCcAoTu (ri-
nepkanHin). KomneHcytounm daktopom bydepHoi cuc-
Temu cnyryBas H6ikapboHat HCO3', 3pocTaHHA AKOro cno-
cTepiranock B nepudepuyHili KpoBi NaLLiEHTKN.

KniHiuHO cnocTepiranncb TaxinHoe Ta Taxikapain 6e3
ABULY, apUTMIi; y4acTb AOMNOMIXKHOI MyCKynatypu B Au-
XaHHi; ayCKyNbTaTMBHO — ocnabneHe AMXaHHA, cyxi Ta
BOJIOTi APIOHONYXMPYACTi XPUNU B SIETEHSIX.

BuwienepeniyeHi 03HaKM CBig4aTb MPO /JiereHeBui
TUM TEPMIHANbHOTO CTaHy, WO PO3BHYBCA Y NALLIEHTKM Ta
BMK/IMKAB rOCTPY AMXa/ibHY HEAOCTATHICTb, AKa € 6e3no-
cepenHbor NPUUYNHOK CMEPTI.

B ocHOBi po3BUTKY TepMiHanbHOro cTaHy byna na-
peHximaTo3Ha NHEeBMOHIA Ha GOHi 06TypaLii AuxanbHUX
LIAAXIB C/IM30M, aTeNeKTasiB y nauieHTa 3 MB.

MNpoaBom HeaocTaTHbOI GYHKUII NiAWNYHKOBOI 3a-
N03M1, WO /A0 B OCHOBY MOPYLUEHHA TpaB/JeHHA B
KMLIEYHUKY Ta 3MiHM OBMIHHUX npoueciB y 3B'A3KY
aTpoodieto ocTpiBLEBOro anapaTty, € KAiHiYHO-AiarHoc-
TOBaHi 3aTpMMKa i3UYHOTO PO3BUTKY AUTUHMU, CybHa-
Hi3M comaToreHHWi, Kipo3 rpygHoro Biadiny xpebra,
nediunT Barv Tina. a-aminasa Ta Ninasm yTBOPHOTHCA
B aKTMBOBAHOMY CTaHi, TOMy Npu 3aCTOi CEeKpeTy cnpwu-
YMHAIOTb MOLUKOAMKEHHSA CTIHKM NPOTOKM 3an103u. MNopy-
WeHHA HaaxokeHHs BikapboHaty HCO, fo cekpety y
BHYTPILWHbOA0/IbKOBMX NPOTOKAX 3aBaKa€ NiATpUML, ix
pH 3HAYeHHA Ha piBHi, ONTUMANbHOMY ANA aKTMBI3aLil
depmeHTiB. TaKoXK NoripLIye HEWTPanis3yoUmnii edpekT Ha
HCI wnyHKOBOro xapyoBoro xiMycy NaHKpeaTUYHUM ce-
KpeTom B LMBYNHI ABaHAALATMNANOT KMLIKWN 3 PUSUKOM
pO3BUTKY BMpaskoBoro gedekty. Jediunt yTBOpeHHA
iHCYNiHY NeXWTb B OCHOBI PO3BUTKY LlYKPOBOrO AjabeTy,
AKiIN MaB micLLe y NaLieHTKK, Ta NoTpebyBaBs 3amicHOI Te-
panii iHcyniHOM.

Mpossom MB 3 60Ky AMXasIbHOI CUCTEMM € NOPYLUEH-
HA rigpaTayii Ta BUBEAEHHA CEKPEeTy 33103 TepMiHa/b-
HUX BPOHXiB Ta BPOHXION, YMIA MONEKYNAPHUIA MEXaHi3M
nos’asaHuit 3 Mopdo-dyHKLUiOHaNbHOW NaTONOTIE
CFTR-KkaHaniB enitenito 6poHxianbHMX 3an103. MopyleH-
HA APEeHaXKHOT PYHKL,i, L0 pa30Mm 3 3aKMCNEHAM CeKpe-
TY, CTBOPWAO CNPUATAMNBI YMOBU ONA MIKPOOpPraHiamis.

MopyLlweHHs GYHKLIT MYKOLWUAIApPHOrO KAipeHcy, AKUMI
®i3i0N0riYHO NEXUTb B OCHOBI OYMLLEHHA AMXaNbHUX
WANAXIB Big, MWy HAaBKONMLLHBOIO CepeaoBuULLa, KNITUH,
O NigNAraroTb YTUAI3aLLIl, CNPMAB aKTMBALLl NaTOreHHOoT
Ta YMOBHO-MATOreHHOi MiKpodaopu, PO3BUTKY IHTOKCHU-
Kauii Ta € daKTOPOM MOLIKOAMKYIOUOro BM/IMBY Ha TKAHU-
HY pecnipaToOpHOro BigAiNy AMXanbHUX LWAAXIB, HA LLO
BKa3ytoTb i iHWIi gocnigHuku [7, 18, 22].

BuwesasHayeHi noAii € NPUYMHOIO anbTepaTUBHUX
3MiH TepMiHanbHMUX BPOHXiB, 3aNa/sibHOI peaKLiii, Wo Ha-
6yna arpecMBHOrO XapakTepy 3 PO3BUTKOM MHEBMOHIi.

[osroTpuBanunii nepebir BuwWE3asHaYeHUX 3MiIH —
npuvynHa po3suTKy ¢ibpo3y Ta aTenekTaTUUYHWUX 3MiH
NereHeBoi TKAHMHM 3 MOpPYyLEHHAM ii pecnipaTopHOi
dyHKUji. 3BigcK i reHepanisoBaHM BNAWB Ha OpraHiam
OVUTUHU Y BUTAAAI XPOHIYHOI rinoKcii. KAiHiYHMMmKn cmmn-
TOMaMM OCTaHHbOIO € BWM3HAYeHUIM cumnTom «bapa-
6aHHUX NaNNMYOK» Ta KFOAUHHUKOBUX CTEKO/I» NasbLiB
BEPXHiX KiHLIiBOK NALLiEHTKMN.

HeilTpodinbHMN eKcyaaT B NPOCBITi anbBeon nopas 3
6aKTepialbHUMM TOKCUHAMM — NMOLLKOAMKYOUI YNHHUKM
ONA pecnipaTopHOi NapeHXximu nereHb. BoHn npusenu
00 MPOrpecyryoro MNopyllieHHs nereHeBoi 6ydpepHoi
cMCTeMM 3 HakonuyeHHam CO, B nepudepuuHii Kposi,
KPUTUYHOTIO 3CYBY KUCNOTHO-Y}KHOTO HasiaHCy opraHis-
My y BiK Moro aumaosy, po3BUTKY CyOM, BTPATU CBifO-
MOCTI.

ATeneKkTaTMYHI 3MiHW nereHeBol TKaHMHM Ta $ibpos3,
AK YCKNAJHEHHA JlereHeBOro MpoABY MYKOBICLMAO3Y,
CNpuAAM NiABULLEHHIO HAaBaHTA*KEHHA HAa MpaBi BiaAdi-
NN cepuA Ta BEHO3HOMY MOBHOKPOB't0 B MOPOXKHUCTIN
BeHi i, BiANOBIAHO, B LEHTPa/ibHUX BEHAX MeYiHKOBUX
YacTo4ok. [NoKcMYHa anbTepalia renaTouuTiB HaBKONO
OaHWX BeH 3aBeplunaach ix KMpoBow aucTpodieto Ta
nopyLeHHAM 6aN04YHOT apXiTEKTOHIKMN.

MaToricTonoriyHi 3MiHN CTIHKM TOHKOI KULUKW Y BW-
rnagi  Anctpodii Ta  HeKpobiosy C/AM3YTBOPHOKOYOTO
eniTenieto auMHyciB 3a103 NiACAM30BOro LWapy, CTaam
Hacnigkom pedekty CFTR-kaHaniB uutTon/sasmaTUYHOl
membpaHu KnituH. Y Bianosiab Biabysanacb 3anasnbHa
peakLia 3 yTBOPEHHAM aKTUBHUX GOPM KUCHIO, LLLO NpU-
3B€/10 0 HECIPOMOXHOCTI pereHepaTopHOi PpyHKLi eni-
TeNito 3a7103UCTUX CTPYKTYP AAHOr0 opraHy. AK HacnigoK
—rianiHo3 cTiHOK apTepion, ¢ibpos apTepii, Wo cnpuano
PO3BUTKY XPOHIYHOI FiNOKCIi i IOKaAbHOMY 3aMilLeHHI0
NapeHxiMn KULIEeYHMKA Ha XXUPOBY TKaHMHY. Hacnigkom
€ NOPYLUEHHS MOro TPaBHOI PYHKLLT.

BucHoBKM.

MoniopraHHa HeAOoCTaTHICTb NPU  MYKOBICLLMAO3I
nos’A3aHa 3 EAHICTIO MEXaHi3My perysioBaHHA enek-
TPONITHOTO Ta MiHEPAZIbHOIO CKNAZy CEeKpeTy B 3a/103ax
OpraHiB-MilleHiB, B 4YOMy OMocepenKOBaHO MNPUIAMAE
yyacTb eaMHU reH — CFTR, po3TalloBaHuii B 7-miit xpo-
MOCOMiI Ta 1oro BapiauiviHi myTauii. CFTR-kaHanu memo6-
paH KAiTWH, acouiioBaHi 3 PO3BUTKOM MYKOBICLMAO3Y,
oraHoHecneuundiyHi, 0Kani3oBaHi B enitenianbHii BHy-
TPiLWHbOALMHAPHUX NPOTOK, 3a4iAHi B rigpaTaLii cekpe-
Ty Ta Moro 6ydepHUx BNacTMBOCTAX.

MepcnekTMBM NOAANBLUNX [OCNIAKEHD.

Mopanble BMBYEHHA KAiHIKO-mopdonoriyHmMx npo-
ABIB Ta MaToreHe3y MyKOBICLMA03Y [03BO/NUTb YA0CKO-
HAZINTU METOAM NTiIKYBAHHA LLbOr0 3aXBOPIOBAHHA.
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MYKOBICLUMAO03 VY CBIT/II CYYACHUX MEANKO-TEHETUYHUX AOCATHEHD (KIHIYHUA NPUKNAL)
Hikonenko A. €., MpuayybKuii O. K., PuneHko b. M., fiaueHko /. B.,
MpunyuybKa H. O., CtapueHKo . I., Poiiko H. B., MpockypHsa C. A.

Pe3stome. B 0OCHOBI pO3BUTKY MYKOBICLMA03Y IEXKMTb CMAAKOBA NATOJOrNiA YHiBEPCaIbHOI MONEKYNIAPHOI CTPYKTY-
pu KaHanis CFTR y membpaHax 3ani3uctoro enitenito. Pi3HOMaHITHICTb CUCTEMHMX NPOSBIB 3aXBOPIOBAHHSA NOTpebye
KOMMJIEKCHOTO AiarHOCTUYHOTO NiaxXoay.

Mema 0ocnidreHHA — NOKPaLWMUTU AiarHOCTUKY MYKOBICLMAO3Y LUAAXOM PETPOCMEKTUBHOIO KNiHiIKO-NnaTomop-
dbonoriyHoro focNiAKEeHHA NeTanbHOro BUNALAKY 3aXBOPHOBAHHA Ta BUCBIT/IMTU Cy4acHi HAyKOBI 3HaHHA Npo naTore-
He3 3aXBOPIOBAHHA HAa MOJIEKYIAPHOMY PiBHi.

06’ekm | memoOdu 0ocnioxeHHA. NpoBeAeHO ornag, NiTepaTypun 3 NaToorii, PeTPOCNEKTUBHUI aHani3 NpoTo-
KOJly PO3TUHY Ta MIKPOCKOMiIYHMX NpenapaTiB BHYTPILIHiX opraHiB, nodpapboBaHNX reMaTOKCUMAIHOM Ta €03MHOM,
nomepnoi 10-piyHOT AUTUHM, KA CTPaXKAana Ha MyKOBICLMA03 3 HEAOCTATHICTIO MiALWNYHKOBOI 3a/103U.

Pe3ynemamu 0ocindxeHHA. BcTaHOBNEHO, WO NPUYMHOK CMEpPTi B A@aHOMY KAiHIYHOMY BMNAAKY CTaB fiereHe-
BUI aumMao03. J/lereHeBUi aLMa03 BUHUK YHACNiIAOK NOPYLIEHHA ra3006MiHy Ha a/ibBEONAPHOMY PiBHi, CMPUYNHEHO-
ro 6akTepianbHOI MHEBMOHiEH. PO3BUTOK MHEBMOHIi MOCU/IOBANOCA BPOAXKEHO NATONOFE XNOPUAHUX KaHaniB
CFTR 6poHXianbHMX 330103, WO NPMU3BOANIO A0 NOPYLIEHHA ApeHaxKHOI GyHKLii BpOoHXiB Ta akTMBaLi Mikpodiopu.
OuncoyHKuia eniTenianbHMUX iIOHHUX KaHaiB NPOTOK MiZLWAYHKOBOI 321031 BUABM/IACA 3aTPMMKOH PO3BUTKY MaL,i€H-
Ta, WO Npu13Bena A0 COMaTOreHHOI KapanKoBOCTI. MpUYMHOI 6yN0 ynoBilbHEHE NPOXOAXKEHHA TPAaBHUX depmeH-
TiB i, NEBHOKO MipotO, X aKTUBALLA Yepes NopyLUEeHHS rigpaTauii cekpeTy Ta 1oro 6ydepHux BAacTMBOCTEl, cCnpu-
YMHEHWX BHYTPILHBbOKNITUHHO 3aTpumKoto ioHiB Cl- Ta bikapboHaTiB y NpoOTOKOBIl cucTemi 3a1031. Pibpos Ta
YTBOPEHHA KicT 6y/1M pe3ynbTaTOM XPOHIYHOT 3MiHWM TKaHWH. MobiYHI 3MiHKM B OCTpiBLLEBOMY anapaTi NigLwayHKoBOT
3371031 NpU3BEAN 40 PO3BUTKY LyKpoBoro aiabety. ledekt CFTR-KaHaniB y 3a/103ax CTiIHKM TOHKOI KMLIKK NPU3BiB
00 NopyLIeHHA TPaBHOI Ta pereHepaTUBHOI PyHKLii. CnocTepirannca ocepeakose 3aMilLleHHA NAapPeHXiMU KMUPOBOHO
TKaHWHOIO, riafiHO3 apTepion Ta ¢ibpo3 CTiHOK apTepii.

BucHosKu. NoniopraHHa HeAOCTaTHICTb MPY MYKOBICLMA03i NOB’I3aHa 3 €AHICTIO MeXaHi3My perynsuii enexkTpo-
NITHOTO Ta MiHEPaNbHOrO CKNAAyY CeKpeLuii B 3a103ax opraHiB-miweHel 3 eAMHUM reHom — CFTR, po3TalloBaHUM Ha
XPOMOCOMI 7, i MOro BapiaHTHUMM MyTaLLisMM, AKi onocepeaKkoBaHo 3anyyeHi. KaHanu CFTR y KAITUHHUX membpa-
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Hax, NOB’A3aHi 3 PO3BUTKOM MYKOBICLMA03Y, € OpraHoHecneundivHMMK, I0KaNi3yTbCa B eniTeniaibHUX iHTpaaum-
HapHWX NpoToKax i bepyTb yyacTb y rigpaTauii cekpeTiB Ta ix bypepHUx BnacTMBocTax.
KnrouoBsi cnosa: mykosicumaos, CFTR-KaHan, nereHeBnin aumaos, ¢ibpos Ta Kicta niglunyHKoBoi 3a1034.

CYSTIC FIBROSIS IN THE LIGHT OF CONTEMPORARY MEDICAL-GENETIC ADVANCES (A CLINICAL CASE STUDY)
Nikolenko D. E., Prylutskyi O. K., Fylenko B. M., Dyachenko L. V.,
Prylutska N. O., Starchenko I. I., Roiko N. V., Proskurnia S. A.

Abstract. The development of cystic fibrosis is based on a hereditary pathology of the universal molecular
structure of CFTR channels in the membranes of glandular epithelium. The variety of systemic manifestations of the
disease requires a comprehensive diagnostic approach.

The aim of the study is to improve the diagnosis of cystic fibrosis through a retrospective clinical and
pathomorphological investigation of a fatal case of the disease and to highlight current scientific knowledge of the
disease’s pathogenesis at the molecular level.

Object and research methods. A literature review on the pathology was performed; a retrospective analysis of
the autopsy protocol and microscopic preparations of internal organs, stained with hematoxylin and eosin, was
conducted on a 10-year-old deceased child who suffered from cystic fibrosis with pancreatic insufficiency.

Research results. 1t was established that pulmonary acidosis was the cause of death in this clinical case.
Pulmonary acidosis resulted from impaired gas exchange at the alveolar level, caused by bacterial pneumonia.
The development of pneumonia was potentiated by the congenital pathology of the CFTR chloride channels of
the bronchial glands, leading to impaired bronchial drainage function and activation of microflora. Dysfunction
of the epithelial ion channels in the pancreatic ducts manifested in the patient’s developmental delay, leading
to somatogenic dwarfism. The cause was the delayed passage of digestive enzymes and, to some extent, their
activation due to impaired secretion hydration and its buffering properties, caused by intracellular retention of CI-
ions and bicarbonates in the ductal system of the gland. Fibrosis and cyst formation were the result of chronic tissue
alteration. Secondary changes in the islet apparatus of the pancreas led to the development of diabetes mellitus.
The defect of CFTR channels in the glands of the small intestine wall resulted in impaired digestive and regenerative
function. Focal replacement of parenchyma with adipose tissue, arteriolar hyalinosis, and fibrosis of the arterial
walls were observed.

Conclusions. Multiorgan failure in cystic fibrosis is linked to the unity of the mechanism regulating the electrolyte
and mineral composition of secretions in target organ glands, with a single gene-CFTR, located on chromosome 7, and
its variant mutations being indirectly involved. CFTR channels in cell membranes, associated with the development
of cystic fibrosis, are organ non-specific, localized in epithelial intra-acinar ducts, and are involved in the hydration
of secretions and their buffering properties.

Key words: cystic fibrosis, CFTR-channel, pulmonary acidosis, fibrosis and pancreatic cyst.
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