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The rapid development of molecular biology, genetics
and genetic engineering, in particular hybridoma technol-
ogy that occurred in the last decades of the last century,
and in the beginning of this century, has led to remark-
able progress in understanding pathophysiological and im-
munopathological mechanisms of occurrence of bronchial
asthma (asthma), and determining the characteristics of its
progress, as well as revolutionary advances of pharmaco-
therapy of this disease. Currently, a wide range of drugs
used in the treatment of asthma, in addition to glucocor-
ticosteroids (GCS), [3,-agonists short and long acting, cro-
mona, theophyllines, statins and anticholinergic drugs in-
clude the so-called biological molecules — a new class
of drugs, dominated by monoclonal antibodies (MCAB):
leukotriene receptor antagonists, monoclonal antibodies
against immunoglobulin E (IgE), blockers of some inter-
leukins (IL-2, IL-4, IL-5, IL-9, IL-13), inhibitors of tu-
mor necrosis factor alpha (TNF-a), and the like. Today,
they form the basis of so-called targeted therapies aimed
at specific biological target involved in the pathogenesis
of asthma [12], [49], [50], [56], [57], [58]. However, the
use of the latest developments in the treatment of asthma
in a significant proportion of patients still does not provide
sufficient control of the disease, which involves the follow-
ing (GINA 2014 [55]):

— achieving and maintaining adequate controllability
of asthma symptoms for a long time;

— minimizing fixed airway obstruction;

— minimizing undesirable side effects of therapy;

— minimizing the risk of future asthma exacerbations.

According to expert estimates among patients with
asthma, its non-controlled progress in industrialized coun-
tries is 40% — 67% of cases (in the USA and Western
Europe), and 80% — 90% in the Russian Federation,
Ukraine and other countries of the former Soviet Union.
Among them, only 8.0% — 20.0% of patients show true
treatment resistance to anti-asthma drugs, while in others
non-controlled asthma is caused by inadequate treatment

© Y.I. Feshchenko, I.E Illyinskaya, 1.V. Arefieva, 1. M. Kuryk, 2018

www.search.crossref.org
DOI: 10.31655/2307-3373-2018-3-24-33

ACTMA TA AJIEPTIA, Ne3 - 2018

(due to violation by the patient of inhalation technique,
doses and regimens of drugs, incorrect assessment of the
severity of the disease by the physician), by the presence
of comorbide pathology and triggers (Smoking, presence
of allergens, etc.) [10], [14], [51], [60].

It is known that non-controlled asthma presents various
clinical, functional and pathophysiological phenotypes and
endotypes (brittle or fragile, nocturnal asthma, steroid-sen-
sitive and steroid-resistant asthma, asthma with fixed bron-
chial obstruction, premenstrual, acute severe asthma, sta-
tus asthmaticus, fatal asthma, etc.). It is caused by different
mechanisms of its formation [5], [14], [45], [59], [62] and
therefore requires different approaches to diagnosis and
forecasting.

Based on the components of asthma controllability
stated by GINA, in order to determine the controllabil-
ity, it is necessary to evaluate asthma symptoms and air-
way obstruction, as well as the risk of unwanted side ef-
fects of therapy and future exacerbations of the disease (i.e.,
forecasting).

As a rule, for evaluation of asthma symptoms, standard
questionnaires are usually used: c-ACT in children aged
from 4 to 11 years, c-ACT in children aged from 12 years
and adults, a questionnaire on asthma controllanility —
ACQ-5 (table). To assess the risk of asthma exacerbations,
an analysis of independent risk factors is used, such as in-
tubation or asthma treatment in the ICU, or one or more
exacerbations of the disease during the last 12 months.
Among the risk factors for asthma exacerbations they dis-
tinguish those that are potentially modifiable, namely:

« the presence of symptoms of non-controlled asthma,

« excessive use of P,-agonists short-term acting (more
than 1 inhaler of 200 doses for a month),

« inadequate therapy with inhaled GCS, where there was
an improper technique of inhalation, or poor compliance
of the patient, or when these drugs were not prescribed for
the patient because of any reason,

« low rate of FEV, especially if it is less than 60,0%
of reference value,

« significant psychological or socio-economic problems
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- action of triggers (contact with allergens, smoking and
the like),

« the presence of comorbide disease (allergic rhinitis, si-
nusitis, non-controlled chronic gastroesophagal reflux dis-
ease, hormonal disorders, atopic dermatitis, obesity, etc.)

- pregnancy

- sputum and/or blood eosinophilia.

The presence of at least one of these factors increases
the risk of asthma exacerbations even if symptoms are well
controlled.

Risk factors of the development of fixed airway obstruc-
tion are:

- lack of or inadequate treatment with inhaled cortico-
steroids,

« exposure to tobacco smoke, noxious chemicals or pro-
fessional agents

« low baseline of FEV,

« chronic hypersecretion of mucus,

- sputum and/or blood eosinophilia.

Risk factors for the development of unwanted side ef-
fects of drugs are:

« frequent use of systemic GCS,

« long-term use of high doses or potent inhaled corti-
costeroids,

« the use of P450 inhibitors,

« poor inhalation technique.

It shall be noted that even a week with fever should be re-
garded as a week with non-controlled asthma, and requires
an assessment of the adequacy of maintenance therapy and
its adjustment [11], [48].

Numerous studies have shown that validated question-
naires such as c-ACT questionnaire and ACQ-5 test pro-
vide standardized quantitative assessment of control-
lability of asthma, correlated with the GINA criteria,
instrumental methods of examination of patients with
markers of inflammation: clinical test for the assessment
of controllability of asthma ACQ-5 provides best results
in short term (weeks), and ACT — in long term (a month
or more) [4], [5], [7], [11], [16], [49].

Other anamnestic data are also used extensively for
diagnosis and forecasting of non-controlled progress
of asthma both independently, and in combination with
other parameters. V.T. Burlachuk, A.V. Budnevsky and
L.V. Tribuntsova predict non-controlled asthma by eval-
uating the following history data: age, sex of the patient,
the frequency of routine and emergency hospital admis-
sions, ambulance calls (EMS), frequency of doctor visits.
Thus, the age is established as the completed years at the
time of examination, the sex is determined in the following
way: 0 — female, 1 — male, planned hospitalizations — the
number of planned admissions in the previous year, emer-
gency hospitalizations — the number of emergency hospi-
talizations in the previous year, visits to the doctor — the
number of outpatient doctor visits in the previous year,
EMS calls — the number of EMS calls in the previous year.
Controllability of asthma (CBA) shall be calculated accord-
ing to the formula:

(CBA) = 24,434—0,0672748 x age —1,72615 x sex —
0,87602 x planned hospitalization— 0,414709 x emergency
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hospitalization — 0,340425 x visits to the doctor — 0,61832 x
EMS calls,

and, if CBA is equal to 19 or less, non-controlled prog-
ress of asthma is predicted [27].

The airway obstruction shall be detected by carrying
out spirometry, peakflowmetry and pneumotachography
with the identification of indicators of external respira-
tion function and their changes after physical load, prov-
ocation tests, and after bronchodilatatory test (32-agonists
short acting) or tests with other pharmacological agents.

Spirography is a graphic method of registering the volume
of the lungs during breathing. Spirography characteristic
signs of disturbances of bronchial patency in patients with
asthma are: decrease in forced expiratory volume in first
second (FEV)), forced vital capacity (FVL), as well as the
decline in Tiffeneau index (the ratio of forced expiratory
volume in 1 second to forced vital capacity — FEV /FVC).

Peakflowmetry is a method of measurement of maxi-
mum (peak) flow rate of air during forced exhalation after
a full breath (peak expiratory flow rate — PEFR). It shall
be carried out several times a day, before and after appli-
cation of bronchodilators, and the results shall be registered
by the patients into the diary for self-assessment of asthma
symptoms.

Pneumotachography is a measurement in twocoordinate
system of a loop «flow-volume» the rate of expiratory air
flow in the area of 25—75% FVL, that is in the middle of ex-
halation. By using this method, it is possible to calculate the
peak flow rate (PFR), maximum flow rate at 25, 50, 75%
FVC (MFR25, MFR50, MFR75) and average flow rate
25—75 AFR. According to pneumotachography, it is pos-
sible to diagnose bronchial obstruction at the level of large,
medium or small bronchi.

The definition of these parameters is widely used for
diagnostics and forecasting of non-controlled progress
of asthma. N.S. Bezrukov et al. define the parameters
of daily peakflowmetry (morning and evening peak expi-
ratory flow, its variability during the day, reaction to bron-
chial spasmolytic in the morning and evening, and enter-
ing these data by authors in the software (sub-system) for
forecasting non-controlled progress of asthma within the
package «Medical Toolbox», which automatically detects
the prognostic risk factors of non-controlled progress of the
disease and determines their reliability [15].

Ya.l. Zhakov et al. monitor the child patient with asthma
by keeping by their parents a diary of symptoms, periodic
study of indicators of external respiration function, par-
ticularly, peak expiratory flow (with the help of peakflow-
meter), and carry out pharmacological tests with broncho-
dilators. Peakflowmetry data taken before and after each
pharmacological effects are reflected graphically; they carry
out computer processing of obtained curves, and represent
the area between them in a numerical form for the visual-
ization of «area of inadequate control of asthma». It helps
to identify possible triggers of acute asthma, and to assess
the degree of their influence on the severity and duration
of broncho-obstructive syndrome [35].

D. L. in patients with persistent light or moderate prog-
ress of the disease, D.L. Nachamchen et al. determine
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the standard deviation (SD) of duration of respiratory
cycle during quiet breathing for 3 minutes, and the de-
gree of change (%) in instantaneous flow rate of forced
expiration at 50% of vital capacity of lungs (MFR50%)
in response to the introduction of B,-agonist short acting
(200 pg of Salbutamol or 200 pg of Fenoterolum), and cal-
culate a discrimante equation:
D = 0,923 x MFR50% + 68,766 x CKB,

where D is discriminant function, boundary value
of which is 77,0, and when D is equal to or exceeds bound-
ary values (77,0), the authors predict a failure of asthma
controllability after 6 months of standard therapy [38].

0.K. Koloskova et al. assess syptoms in school-age chil-
dren with early-onset asthma according «<ACT» question-
naire, and carry out a study of spirographic indices, and
then calculate the coefficient of controllability of the dis-
ease as the ratio of bronchial lability, which is character-
ized by their hypersensitivity, against the sum of the scores
of the questionnaire «<ACT» questionnaire; and non-con-
trolled progress of asthma is diagnosed at the coefficient
of 0.7 RU and more [21]. A.A. Savysko, M.M. Batushyn
and A.A. Lebedenko in children with bronchial asthma
define the parameters of external respiration function, the
amount of treatment, the spectrum of sensitization of the
child, individual anthropometric characteristics of the pa-
tient and their parents, the presence of concomitant atopic
diseases, assess the factors of heredity, etc. The above
is followed by a discriminant analysis with the calculation
of K coefficient; and if its value exceeds 0.8, non-con-
trolled progress of the disease is predicted [31].

Some experts, in order to determine the level of asthma
controllability and/or forecast its loss, assess respiratory
function and carry out additionally other non-invasive
methods of research. Thus, in order to predict control-
lability of asthma after the childbirth, Russian scientists
L. G Nachamchen, Yu.M. Perelman and I.M. Gorykov
propose to carry out zonal rheography of the lungs in preg-
nant women suffering from this disease, in addition to spi-
rography with the definition of peak expiratory flow rate
(PEFR, 1/s) and to evaluate the breathing capacity of the
lower zone of the right lung (Dor, Ohm), and then calcu-
late discrimante equation according to the obtained results:

D = -5,999 x MFRpeak—7,491 x DOr,,

where D is discriminant function, boundary value is —
48,39. Non-controlled progress of asthma is forecast
by these authors when D is less —48,39. According to their
reports, the indicator of the sensitivity of this forecasting
amounts to 87.8%, specificity — to 83,3%, and accuracy —
to 84.7% [37].

Yu.M. Perelman et al. determine by method of spirog-
raphy the forced expiratory volume in first second (FEV))
in% of the proper value, the change of forced expiratory
volume in first second (AFEV)) after bronchial provoca-
tion test with 3-minute isocapnic hyperventilation with
cold air in% from the initial value, determine the coeffi-
cient of variation (v) between densitometric indices of six
lung regions in inspiratory phase of respiration, the total
difference (RSO) between densitometric indicators in the
middle zones of both lungs on the inhale and the exhale
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up to densitometric increased inspiratory indice (expressed
in percentage), by means of computer tomography of lung
with inspiratory-expiratory test, and then solve a discri-
mante equation:

D = 1287 v + 213 RSO + FEV, + 1,25 AFEV,

and if the value of D is less 139.2, non-controlla-
bility of asthme rogress shall be predicted in remote
(12—14 months) period of time [1], [39].

Noteworthy is the fact that «routine» monitoring of con-
trollability of asthma is mainly based on the assessment
of clinical symptoms and indicators of external respiration
function, and that studies of these parameters are regulated
by international and national guidelines for the manage-
ment of patients with asthma. At the same time, these doc-
uments do not provide for definition of the characteristics
of inflammatory process in airways, their remodeling and
hyperresponsiveness, although they characterize the most
important pathogenetic mechanisms in asthma, and are
important in the development of its non-controlled prog-
ress. It was proved the importance of atopy in the patho-
genesis of severe non-controlled asthma, but its different
phenotypes, the role of this mechanism in the development
of treatment resistance was mixed: the most important oc-
curred in patients with unstable asthma; the least — in the
case of chronic asthma with persistent bronchial obstruc-
tion. It was also revealed that regardless of clinical phe-
notype of severe asthma, low sensitivity to therapy is as-
sociated with progressive persisting inflammation in the
respiratory tract. Given this, studies of various biomark-
ers of inflammatory process such as effector cells of al-
lergic inflammation, cytokine profile, metabolism of nitric
oxide, oxidative stress, acidification of airway are widely
used in the diagnosis and forecasting of non-controlled
asthma [14].

0.K. Koloskova et al. determine in school-age chil-
drenthe risk of loss of controllability of asthma ac-
cording to the nature of the inflammatory response
of bronchi, namely, they calculate the absolute content
of eosinophilic and neutrophilic granulocytic cells in pe-
ripheral blood; and at its values for eosinophilic granu-
locytic cells of 250 cells/mm?® and/or neutrophilic cells
of 5000 cells/mm?* or more they diagnose hypergranulo-
cytic pattern of inflammatory response associated with
a significant risk of loss of controllability of asthma [22].
J. Casciano et al. suggest using the definition of the content
of eosinophils in peripheral blood and comorbidity index
of Charlson for predicting non-controlled progress of se-
vere asthma (Charlson Comorbidity Index — CCI [51]).
These authors developed a new scale of assessing the risk
of development of non-controlled asthma based on read-
ily available medical information and routine laboratory
data: a high risk of non-controlled progress of the disease
is forecast by the authors at higher levels of eosinophils
in the blood > 400 cells / pl, and the result of assessment
of CCI > 0 [61].

Yu.V. Zakharov et al. carry out diagnosis of non-con-
trolled progress of asthma in patients receiving baseline anti-
inflammatory therapy with combination inhaled cortico-
steroids and 3,-agonists long acting by GINA 2006 criteria
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and quantitative levels of the various lymphocyte subpop-
ulations in the peripheral blood, which are determined
by them by means of indirect immunofluorescence:
CD4+lymphocytes (T-helper cells), CD20+lymphocytes
(B-cells) and CD25+Iymphocytes (regulatory T-cells). The
authors consider the progress of asthma as non-controlled
if the relative number of CD4-+lymphocytes exceeds 44%,
CD20+lymphocytes exceeds16%, CD25+lymphocytes ex-
ceeds 11% [9], [28], [32], [29].

To assess the efficiency of standard basic ther-
apy in patients with bronchial asthma, Russian inven-
tors L.M. Ogorodova define the generally accepted clin-
ical and functional parameters before and after treatment,
and examine the levels of IL-5 and IL-4 in blood serum,
and in the absence of dynamics or increase in these in-
dicators compared to the initial values assess the stan-
dard basic therapy as ineffective [36]. At the same time,
[.A. Solovyova and co-authors forecast the effectiveness
of therapy of severe asthma by integrated cytokine index
defined by them as the sum of the arithmetic mean value
of indexes of proinflammatory cytokines and the arithmetic
mean value of indexes of anti-inflammatory cytokines; cy-
tokine concentration is examined twice: during exacerba-
tion of severe asthma and after its elimination. For allergic
steroid-dependent severe asthma Pro-inflammatory cyto-
kines 1L-2, 1L-4, IL-6, IL-8, TNF-o, INF-y and anti-in-
flammatory 1L-10 are determined; for non-allergic asthma
the levels of proinflammatory cytokines IL-2, IL-6, IL-8,
TNF-a, INF-y and anti-inflammatory IL-4 and IL-10 are
determined. They compare integral cytokine indexes cal-
culated at exacerbation of severe asthma and after its elim-
ination, and if the difference between them is less 1 RU,
they forecast low efficiency of the basic anti-inflammatory
therapy for severe asthma, that is non-controlled progress
of the disease [45].

G.P. Pobedionna et al. propose also to determine before
and after treatment the content of proinflammatory cyto-
kines IL-1b, TNF-a and IL-8 for monitoring the effective-
ness of treatment of patients with severe asthma and asthma
of moderate severity; however not in serum, but in con-
densate of exhaled air [23].

One of indirect methods of assessment of inflamma-
tion in the bronchi in asthma is identification of bronchial
hyperresponsiveness in metacholine (or histamine) test.
On this basis, L.O. Bezrukov et al. carried out tests with
dosed physical load in school-age children with asthma,
according to the results of which they determine the index
of bronchospasm. Also they carry out bronchoprovocation
test with histamine (PC20H), in order to create dose-de-
pendent curve reflecting the hyper-reactivity of respiratory
tract. While the index of bronchospasm exceeds 7.0%, and
dose-dependent curve exceeds 2.4 RU — they diagnose
non-controlled progress of asthma [20].

Numerous studies have shown involvement of non-
immune mechanisms in the etiopathogenesis of asthma,
in particular those due to the functioning of the vascu-
lar endothelium. This is the basis of the use of parameters
characterizing the state of endothelial cells for diagnosis
of non-controlled progress of the disease [17]. N.A. Orlova
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et al. patented two methods of assessment of the efficiency
of basic anti-inflammatory therapy of bronchial asthma
in children, in which in the absence of normalization of in-
dicators of peakflowmetry an additional criterion of non-
controlled progress of the disease shall be a negative dy-
namics of endothelemia (that is, the number of circulating
endothelial cells in peripheral blood) [34], as well as neg-
ative dynamics of the level of serum endothelin-1 in the
patient after three months of treatment with inhaled cor-
ticosteroids [33].

0.K. Koloskova et al. perform diagnosics of the condi-
tion of the bronchi for predicting non-controlled progress
of asthma in schoolchildren, given the markers of their re-
modeling, namely in terms of lability of bronchial tubes,
and vascular endothelial growth factor (VEGF) of sputum
in supernatant fluid, a mitogenic peptide playing a key
role in neovascularization of the bronchial mucosa. Non-
controlled progress of bronchial asthma in schoolchildren
is predicted by these authors when the VEGF concentra-
tion of exceeds 120 PG/ml, and index of lability of the
bronchial tubes in FEV | is less than 10% [24].

M.T. Lutsenko et al use radioaerosol method for fore-
casting of non-controlled asthma by which they determine
the rate of bronchial mucociliary clearance (MCC) of ra-
diotracer in% per 1 hour, and then they solve a discri-
mante equation:

D =-0,6 ..MCC,

and when the value D exceeds15,51, they predict unsta-
ble progress of asthma [41].

Many scientists have demonstrated that chronic inflam-
mation in the respiratory tract of patients with asthma
led to significant changes in the composition of exhaled
air. Therefore, these parameters are also used for diagno-
sis and forecasting non-controlled progress of the disease.
Russian scientists L.O. Krasnobaeva et al. use laser spec-
troscopy of exhaled air as an additional criterion for the as-
sessment of effectiveness of therapy in patients with severe
asthma [8]. While P.A. Selivanova et al. predict non-con-
trolled progress of severe asthma according to the results
of ACT, parameters of external respiration function (PFR,
FVL, MFR25, MFR50, MFR75, FEV, and FEV, after the
salbutamol test and AFEV,) and concentrations of gases
in exhaled air (CO, NO, NO,); based on these data, with
certain mathematical formulas, the authors calculate the
likelihood of assigning the patient to a group with high
(R1) and low (R2) risk of non-controlled progress of severe
asthma; and if R1 > R2 they predict a high risk of the de-
velopment of non-controlled progress of the disease, which
gives the opportunity to develop the best management plan
for each patient [40].

Tsyplenkova S.C. and Myzernytsky Yu. L. study in chil-
dren patients with bronchial asthma the level of nitric ox-
ide in the condensate of exhaled air (NOex), determine
the levels of total IgE, circulating immune complexes
(CIC) and precipitating serum antibodies; and at the de-
tection of NOex within the normal range, or slightly ele-
vated at normal levels of total IgE, high CEC and precip-
itating serum antibodies they suggest that the effectiveness
of basic therapy is low, indicating inability to control the




ornan NMITEPATYPU

progress of asthma and a low informative monitoring
of Noex level [44].

At the same time, T.1. Eliseeva et al. developed and pub-
lished in an open access computer program (http://clma.
nnov.ru/files/-badiagnostics2013.xIs), which allows to se-
curely verify the level of controllability of asthma on the
basis of the analysis of objective studies (spirometry param-
eters, and results of the assessment of bronchial patency
variability), organspecific inflammatory markers (pH and
total content of metabolites of nitric oxide in the conden-
sate of exhaled air), and oxidative stress (parameters of che-
miluminescent saliva) [13, [18], [7]. These authors have
convincingly demonstrated that combined (comprehen-
sive) methods of assessment of controllability of asthma
based on functional and biometric approaches, surpass
the information content of isolated techniques and dem-
onstrate a higher level of statistical significance [9].

L.L. Gurieva et al. predict non-controlled progress
of atopic asthma in children according to the level of ni-
tric oxide in the blood serum, the sex and the age of the
child: the probability (P) of non-controlled progress of the
disease is calculated by the authors according to the for-
mula developed by them and, if P exceeds 0.60 in chil-
dren with mild asthma, and asthma of moderate sever-
ity, they predict the probability of non-controlled progress
of the disease and the lack of efficacy of low-dose inhaled
corticosteroids. High informative value of this forecast,
according to the authors, allows to differentially predict
non-controlled progress of atopic asthma, and to choose
an individual program of basic therapy and the schedule
of monitoring the patients [40].

S.V. Kovalenko and O.I. Fediv, in the period between
attacks in moderate and severe asthma, use cytochemical
method for determining the number of catecholamines
in an ordinary erythrocyte, and with the growth of cate-
cholamines compared with the age norm they predict semi-
controlled asthma [23].

Unstable progress of bronchial asthma, according
to Yu.O. Krylov et al., is predicted by integral assessment
of the functional state of the pulmonary microcirculation,
pressure in the pulmonary artery and reactivity of the re-
spiratory tract. For this purpose they explore the original
value of the functional reserve capacity of pulmonary cap-
illary blood flow in%, average pressure in the pulmonary
artery (AvPPA) in mm Hg. St. and daily variability of peak
volumetric expiration rate (APFR) in%, and solve a discri-
mante equation:

A=+ 1,376 + FEV-2,087 « AvPPA-1,023 « APFRex.

And when the value D exceeds 25,71, they predict un-
stable bronchial asthma and the lack of control of the dis-
ease [42].

O. Yu. Pozdnyakova, V.A. Baturin and A.P. Bayda
proposed a method for forecasting non-controlled
asthma, which involves performing spirometry, peak-
flowmetry, additional collection of medical history, lab-
oratory studies, analysis of obtained data and identifica-
tion of risk factors: family history, comorbid disease, the
presence of bacterial and fungal infection, sensitization,
smoking, treatment with glucocorticoids for more than
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10 years, exposure to adverse environmental factors —
poor living conditions and hazardous work, the presence
of pets, age older than 50 years, the use of B,-agonists
short acting up to 6 times per day, the level of material
income less than 20 thousand per month, and indicators
of external respiration function (ERF) — FIL, FEV ,
PFR under 60% ofnormal value, SARS, bronchitis more
often 5 times a year. The authors assign 1 point to each
of these factors, tabulate the total points, and at the to-
tal points from 9 to 12 predict a very high risk of non-
controlled asthma, at 6 to 8 — high risk, at 3 to 5 — mild
risk, and at 0 to 2 — low risk [43].

Currently, the most promising direction of research
that expand the understanding of pathogenetic mech-
anisms of the development of therapeutic resistance
in asthma, and are used for the development of new
diagnostic tests with high sensitivity and specificity, are
considered genetic research. Asthma is one of the first
diseases for which the genom-wide analysis of genetic
associations was carried out. Now, over twelve genom-
wide studies confirmed association of asthma with the
loci where genes-candidates of this disease are localized,
such as (5q23-31, 5pl5, 5q31.1-33, 6p12—21.2, 11p13,
11ql2—13, 12ql4—24.1, 13qll-14, 13q21.3, 14qll.2—13,
16pl12.1—-11.2, 17pl 1.1-ql 1.2, 19913, 21g2) and others.
They have allowed to determine 15 loci on 10 different
chromosomes associated with the risk of asthma, and
features of its progress. According to experts, it is the
genetic determinism that causes 60% — 80% of vari-
ations in the response of patients to asthma medica-
tions [2], [3], [10], [14], [46], [49], [54]. In this re-
gard, the study of polymorphism of target genes for
drug is of particular urgency — pharmacogenetic stud-
ies. During their conduct, genes encoding the «target
molecules» of drugs (receptors, enzymes of metabo-
lism and transport of drugs, johnny channels) are ex-
amined, as well as genes whose products are involved
into pathogenetic processes in asthma: cytokines, tran-
scription factors and others. In recent years, the rela-
tionship between pharmacokinetics and pharmacody-
namics of drugs with gene polymorphism of transporters
of organic anions (OATP-C, OAT-1, OAT-3) and cat-
ions (OCT-1) are actively explored, as well as gene
of transport protein Pgp-170, which is encoded by the
MDRI1 gene. Also, a group of genes encoding en-
zymes of biotransformation of drugs is actively studied,
in particular, isozymes of cytochrome P-450 (CYP2EI1,
CYP1A1, CYP2C19) and enzymes of the phase
II of biotransformation (N-acetyltransferase, glutathi-
one SH-S-transferase and others). GSTP1 gene, encod-
ing glutathione S-transferase, is considered the most at-
tractive gene candidate for asthma and atopy, because
it is more highly expressed in the lung tissue and lo-
cated in the locus 11ql3 for which traction with atopic
symptoms has been proven [2], [3], [10], [14], [46].
Enzymes controlled by these genes are responsible for
the metabolism of all xenobiotics, including a variety
of pharmacological agents. Genes associated with resis-
tance to GCS in asthma include the cluster identified
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in 5q31—32-chromosome, which among other includes
glucocorticoide receptor gene (NR3C1), and the genes
of receptors for 1L-3, IL-4, IL-5, IL-9, 1L-13, GM-
CSF (32-blockers (ADRB2) for biosynthesis of of leu-
kotrienes [2].

It is demonstrated that mutations leading to the replace-
ment of one amino acid in B,-adrenoreceptor (ADRB2)
predetermine severe progress of asthma, reduce therapeu-
tic response and accelerate processes of desensitisation
of receptors. Currently, the most studied and the most
common is polymorphism with GIn27Glu amino acid
replacement, which is associated with a reduction in the
number of receptors on the cell surface of the bronchial
tubes after the interaction with ,-agonists, and con-
tributes to the development of bronchial hyperreactivity
(BHR). It is established that carriers of Glu27Glu geno-
type of ADRB2 gene show more likely a non-controlled
progress of asthma, a more pronounced bronchial ob-
struction and often use beta-blockers short acting, when
compared to carriers of GIn27GIn and GIn27Glu geno-
types [2], [3] [10], [14], [47], [49], [59], [62].

Pharmacogenetic studies have been increasingly in-
cluded in clinical practice of an allergist, including for
the diagnosis and forecasting of progress of asthma.
0.K. Koloskova et al. predict non-controlled bron-
chial asthma in schoolchildren in the presence of de-
leted polymorphism in glutathione-S-transferase T1 and
M1, defined by them by the method of multiplex poly-
merase chain reaction, and index of controllability ac-
cording to GINA clinical-scale — 17 points or more [26];
in the presence of deleted polymorphism in glutathione-
S-transferase T1 and M1 and lysis of azo-albumin in the
condensate of exhaled air exceeding 1.56 ml/h. [20].
These authors argue that the identification of dele-
tions in the genes of glutathione-S-transferase T1 and
M1 in asthma in schoolchildren can also be used to pre-
dict the lack of effectiveness of standard maintaining
therapy [25].

L.M. Ogorodova et al., 3 months after the start
of treatment of patients with asthma, determine the

levels of INC2, INC3, GJAS, SV2 gene expression
in DNA of blood lymphocytes by using Affymetrix mi-
croarrays. After conducting genotyping, they expect the
probability of assigning an individual to the group with
high (R1) and low (R2) risk of treatment resistance
by the formula:
R1 =-351,966—48,274 x INC2+46,608 x
INC3+129,530 x GLAS + 105,438 x SV2A
where: 48,274; 46,608; 129,530; 105,438 are numer-
ical values being coefficients; (—351,966) is a constant
for patients with asthma with a high risk of treatment
resistance; INC2, INC3, GJAS, SV2 are genotypes.
R2 =—403,217-64,874 x INC2+55,603 x
INC3+141,648 x GJA8 +116,342 x SV2A
where: 64,874; 55,603; 141,648; 116,342 are numer-
ical values being coefficients; (—403,217) constant for
individuals with high risk of the development of asthma
and if R1 > R2 they predict high risk, while if R1 <
R2 they predict low risk of therapeutic resistance in the
patient with bronchial asthma [43].

Korean scientists use polymorphism of eotaxin
genes that contains the EOT2+1265A>G as a cri-
terion for the diagnosis and prediction of non-con-
trolled asthma, which is associated with the occurrence
of asthma, and EOT1+123A1a>Thr, which is associ-
ated with high IgE levels. Researchers from the United
States D. Gudbjartsson, U. Bjornsdottir and P. Sulem
invented a method in which they use polymorphic
variants of genes containing rs1420101, rs3939286,
rs2416257 and rs9494145h for diagnosing asthma and
predicting its progress, the genes are associated with
high levels of eosinophils in asthma, myocardial infarc-
tion and hypertension. The authors believe that such
polymorphic genetic markers can be used to predict
and evaluate an individual’s probable response to ther-
apy [55].

In fact, modern research has formed a new direction
of strategy of diagnosis and prediction of non-controlled
progress of asthma, based on the determination of ge-
netic factors. Their study forms the future of medicine;

Table 1. Controllability of bronchial asthma (GINA, 2016)

Controllability
Control of symptoms of the disease Resr o:;sg
CONIOIC Semicontrolled Non-controlled
In the progress of 4 last weeks, the patient showed:
YES
Daytime symptoms more often 2 times a week
NO
YES
Night waking due to the asthma
NO
Nothing of listed 1-2 of listed 3-4 of listed
The need for drugs to relieve symptoms more YES
than twice a week NO
YES
Any limitation of activity due to asthma
NO
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a personalized medicines that takes into account spe-
cific component in the forecast of the tendency to the
disease and its phenotypic manifestations. But molecu-
lar-genetic and pharmacogenetic studies require a sig-
nificant financial outlay (expensive equipment and re-
agents, software), highly qualified specialists, and are
not available neither for medical, nor for patients. There
are certain methodological limitations. Thus, the value
of pharmacogenetic information may vary considerably
and this is due to many factors, in particular, the prev-
alence of alleles in the population, the expressiveness
of association between the polymorphism and phar-
macogenetics effect. As well, many associations de-
termine only a small part of the variability of response
to drugs. For example, CRHRI1 gene variability is less
than 3%. Pharmacogenetics regulation depends on sev-
eral or many loci acting together via complex intragenic
interaction [10], [14].

A separate issue is the use of pharmacogenetic in-
formation for combined preparations, for example,
if the patient is a carrier of alleles that determine a re-
duced response to [,-agonists, and at the same time,
of CRHR1 gene polymorphism associated with bet-
ter response to IGCS, it will be difficult to predict re-
sponse to a combination of f,-agonist long-acting and
IGCS. It is also necessary to consider the characteristics
of the patient population with asthma involved in the
study (severity, level of control, the severity of clinical
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manifestations, etc.), on the basis which effects were
identified. For example, pharmacogenetic information
obtained from a cohort of severe asthma, is not always
suitable for patients with moderate severity and patients
with mild forms of the pathology [14].

Thus, monitoring and predicting of controllability
of asthma remain one of central problems in the man-
agement of patients. For this purpose, validated and
customized questionnaires are used, as well as data
of spirography, peakflowmetry, pneumotachography and
other functional tests, definition of subpopulation com-
position of lymphocytes is carried out, pro- and anti-
inflammatory cytokines and other inflammatory mark-
ers in blood, sputum, or condensation of exhaled air
and study of its gas composition and content of certain
substances are performed, as well as genotyping. Each
of these methods has its advantages and disadvantages,
but none of them is multifunctional, due to the het-
erogeneity of pathogenetic mechanisms in asthma and
the diversity of the pheno- and endotypes. This requires
the use of complex (combined) methods as diagnosis
and predicting of non-controlled progress of the disease,
and also dictates the necessity of its improvement [4].
Further development and use in practice of methods
of individual long-term prediction of non-controlled
progress of asthma will contribute to the improvement
of providing patients with this disease with medical care
and improvement of their quality of life.
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ONATHOCTUKA U MPOrHO3UPOBAHUE HEKOHTPOJIMPYEMOW EPOHXUAJIBHOWN ACTMbI

10.U. ®emenxo, U. ®@. Unbunckas, JI.B. Apednesa, JI. M. Kypuk

Pesiome

OcyiecTBeHEe MOHUTOPUHTA U TTPOTHO3MPOBAHUSI KOHTPOJUPYEMOCTH OPOHXMATIBHOM aCTMBbI OCTAETCS OTHOM M3 LIEHTPAJIbHBIX MPO0OJIeM
BeJCHUs MalueHToB. HeKoHTpoaupyeMasi OpoHXualbHas acTMa IMpeacTaBieHa pa3IuYHbIMU KJIMHUYECKUMU, (PYHKIMOHAIbHBIMU M MATO-
¢dbusnonornyeckuMu HEeHOTUNIAMK M SHAOTHIIAMHU, YTO OOYCIOBICHO Pa3IMYHBIMKU MEXaHU3MaMK ee (hOPMUPOBAHUSI U TTOTOMY TpebyeT pas-
JIMYHBIX MOAXO0O0B K €€ TUAarHOCTUKE U ITPOTrHO3UPOBAHUIO.

Jns onpeneneHUs] KOHTPOJUPYEMOCTH OPOHXUAIbHON aCTMbI HY>KHO TTPOBECTU OLIEHKY €€ CUMITTOMOB, OOCTPYKILIMU IbIXaTeIbHBIX MyTEH,
pUCKa HeXelaTebHbIX TTOOOUHBIX 3(h(MEKTOB Tepanuu 1 Oyaylmx o00cTpeHuil 60e3Hu. 1 3TOro UCIONb3YIOTCS BaJUAN30BaHHbBIC M aB-
TOPCKHE OMPOCHUKM, TaHHBIe criuporpadun, MUKGIOyMeTprr, MHEBMOTaxorpad®uu U Apyrux GyHKIMOHAIBHBIX TECTOB, MPOBOAUTCS OMpe-
JieJieHue CyonomyJIsilIMOHHOrO COCTaBa JIMM(MOLUTOB, MPO- U MPOTUBOBOCIAIUTEIbHBIX LIMTOKMHOB U APYIMX MapKepOB BOCIIAJIEHUS] B KPOBH,
MOKpOTe MJIM KOHJIEHCATEe BBIABIXaeMOr0 BO3/yXa, MCCIIELYETCsl €ro Ta30Bblid COCTAB 1 COepXaHKe ONpeAeseHHbIX BeliecT. Takxke MpoBo-
JUTCA Tr€HOTHUITUPOBAHNEC OOJBHBIX 6p0waam>H0171 ACTMOIA.

B cratpe IpeaCTaBJICHO KPAaTKOE OIIMCAaHUEC DTUX IMOAXOI0B. Ka)KIIBIﬁ M3 HUX UMECT CBOM MPEUMYIICCTBA U HEAOCTATKW, HO HU OIUWH HE SAB-
JIA€TCS YHUBEPCAJIbHBIM. 9T10 O6yCJIOBJII/IBa€T L[eJICCOO6paSHOCTb IIPUMEHEHUA KOMIUIEKCHBIX (KOM6I/IHI/IpOBaHHI>IX) METOOOB KaK AMarHo-
CTUKU, TaK M MPOTHO3MPOBAHUSI HEKOHTPOJIMPYEMOro TeUeHHUsI OPOHXMAIBbHOIM aCTMBbI, a TaKXe AUKTYET HEOOXOIMMOCTh MX MaJbHEMIIero
COBCPILICHCTBOBAHUA U BHCAPCHUA B MPAKTUUYCCKYIO ACATCIbHOCTD MEIAUIIMHCKUX y‘ipemeﬂnﬁ MMYJIBMOHOJIOTMYECKOro 1 ajJieprojioruyc-
ckoro npoduisi. ITo GyIeT CrocoOCTBOBATh YIYUIIEHHIO TIPEAOCTABICHHUsI 3TON KaTeropuy MaleHTOB MEAMLIMHCKOM TOMOIM U YiIydiie-
HHUIO Ka4yeCTBa UX XKNU3HU.

KioueBbie ciioBa: 6p0HXI/IZUIbHaH aCTMa, KOHTPOJIMPYEMOCTb, TMAarHOCTHUKA, ITPOrHO3UPOBAHUE.
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JESAKI MAXOAN A0 AIATHOCTUKU TA NPOrHO3YBAHHSI HEKOHTPOJIbOBAHOI BPOHXIAJIbBHOI ACTMU

10. 1. ®emenko, 1. ®. Inpinceka, JI. B. Aped’esa, JI. M. Kypuk

Pe3iome

3ailicCHEHHSI MOHITOPUHTY Ta MPOrHO3yBaHHSI KOHTPOJIbOBAHOCTI OPOHXiaJIbHOT aCTMM 3aJIMIIAETHCS OAHIEIO 3 LIEHTPAJIbHUX MPOOJieM Be-
JIEHHS TalieHTiB. HeKoHTposboBaHa OpoHXiajlbHa acTMa MpeACTaBIeHa Pi3HUMU KJIiHIYHUMU, (PYHKUIOHAIBHUMU Ta MaTtodizioNorivHuMu
deHoTUNIaMM i €eHIOTUIIaMHU, 1110 OOYMOBJIEHO Pi3HUMHU MeXaHi3MaMu ii (hopMyBaHHS i TOMY MOTpeOye Pi3HUX MiAXOMIB M0 ii MiarHOCTUKUA
Ta MPOTHO3YBaHHS.

Jnst BUBHAUEHHSI KOHTPOJbOBAHOCTI OPOHXiaJIbHOI aCTMM MOTPiOHO MPOBECTH OLIIHKY ii CUMIITOMIB, OOCTPYKIiT AUXaJIbHUX IILJISIXiB, pU-
3UMKYy HebaxXaHuX MoOiyHMX edeKTiB Teparii i MailOyTHiX 3arocTpeHb XBOpoOu. sl 1ii€l MeTH BMKOPMCTOBYIOTh BasliM30BaHi i aBTOPCHKi
OIMUTYBAJIbHUKM, JaHi criiporpadii, mikdioymerpii, mHeBMoTaxorpadii Ta iHIIMX (PYHKIIIOHAJIBHUX TECTiB, MPOBOAUTHCS BU3HAYEHHS Cy0-
TOMYJISAUIMHOTO CKJIamy JiM(pOIUTIB, MPo- i MPOTU3aNaTIbHUX LUTOKIHIB Ta iHIIKMX MapKepiB 3aMajJeHHs] B KPOBi, MOKPOTMHHI a00 KOHIECH-
caTi TIOBITPSI, 1110 BUIMXAETHCS, MOCIIDKYETHCS OTO Ta30BUI CKJIaJ i BMICT BU3HAUEHUX PEUYOBUH. TaKOX MPOBOIUTHCSI TEHOTUITYBAHHS XBO-
puX Ha OPOHXiaJTbHY acTMYy.

Y cTarTi MogaHO KOPOTKUI OMUC IUX MiaxodiB. KoxXeH 3 HUX Mae CBOi mepeBaru i HeIOJiKU, ajie XXOACH 3 HUX He € YHiBepCaJlbHUM.
Lle 0O0yMOBITIOE AOLIIBHICTh 3aCTOCYBAaHHSI KOMIUIEKCHUX (KOMOiHOBaHMX) METO/IB SIK AiarHOCTUKMU, TaK i MPOTHO3yBaHHS HEKOHTPOJIbOBA-
HOro Tepebiry OpoHXiaJbHOI aCTMU, a TAKOX TUKTYE HEOOXiIHICTh iX HACTYITHOrO BAOCKOHAJIEHHS i BIIPOBAIXKEHHSI B PAKTUYHY HiSTIBHICTh
MEIUYHUX YCTAHOB ITYJIbMOHOJIOTIYHOTO Ta aJieproJIoTiYHOTO MPodisio, IO CIPUSITUME TTOJIMIIIEHHIO HaTaHHST MEIUTHOI TOTTOMOTH IIili Ka-
Teropii MAaILlEHTIB i MOJIIMIIEHHS SIKOCTi iXHbOTO XUTTSI.

Kiouosi cioBa: 6poHxiasibHa acTMa, KOHTPOJIbOBAHICTh, JiaTHOCTUKA, TTPOTHO3YBaHHSI.
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