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ABSTRACT

Bronchial asthma (BA) and obesity are common diseases with a tendency to a steady and progressive increase in
the number of patients. A combination of these diseases is one of the major problems of modern medicine, requiring
close attention due to a decrease in the quality of life, poor control over the course of the primary disease, and an
increase in the frequency and duration of hospitalization. The association between asthma and obesity is obvious.
However, detailed mechanisms underlying it require further investigation. In the last decade, in the formation of
the phenotype of BA combined with obesity, much attention has been paid not only to the immune, but also to the
neurogenic mechanisms of inflammatory response. It is known that the functioning of all parts of the nervous system
can be controlled by neurotrophic growth factors due to their ability to influence many signaling mechanisms.
Currently, there is evidence that neurotrophic factors are involved in the pathogenesis of bronchopulmonary and
metabolic diseases. The review is devoted to detailed investigation of the mechanisms of neurogenic inflammation
in obesity and asthma with participation of neurotrophic factors that may play a significant role in the formation of
the obese—asthma phenotype. The study of new mechanisms involved in the pathogenesis of asthma and obesity
will make it possible to find common therapeutic targets for this asthma phenotype.

Key words: obesity, bronchial asthma, neurotrophic factors.

Conflict of interest. The authors declare the absence of obvious or potential conflict of interest related to the
publication of this manuscript.

Source of financing. The authors state that they received no funding for the study.

For citation: Kytikova O.Yu., Novgorodtseva T.P., Antonyuk M.V., Gvozdenko T.A. The role of neurotrophic
growth factors in the pathophysiology of bronchial asthma associated with obesity. Bulletin of Siberian Medicine.
2021;20 (1): 158-167. https://doi.org/10.20538/1682-0363-2021-1-158-167.

Po/b HelpoTpoduuecknx ¢pakTopoB pocTa B NaTOPU3N0/10rum 6poHXMa/IbHOM
aCTMbl, COMETAaHHOM C OXXUPEHUEM

KbiTukosa O.10., Hosropopuesa T.I1., AHTOHIOK M.B., I'BO3a€HKO T.A.

Braousocmoxckuil punuan «/lanvresocmounviili HayuHwlil yeHmp gusuosocuu u namono2uu ovixarnusy (JHL]

@I1]]) — Hayuno-uccaedosamenbCkull UHCMUMym MeOUyUHCKol KIUMAamono2uu U 60CCMAHOBUMENbHO20 TeUeHUS
(HUUMKHUBJI)
Poccus, 690105, 2. Braousocmok, ya. Pycckas, 732

DL Kytikova Oksana Yu., e-mail: kytikova@yandex.ru.

158 Bulletin of Siberian Medicine. 2021; 20 (1): 158-167



Reviews and lectures

PE3IOME

BponxuansHas actma (BA) 1 oxupeHne SBISIOTCS IIUPOKO PACTIPOCTPAHEHHBIME 3200JICBAaHUSMHE C TEHACHIHEH K
HEYKJIOHHO IIPOTPECCHPYIONIEMY yBENNUSHHMIO Ynciia 00abpHbIX. CodeTaHHOE TeUeHHe JaHHBIX 3a001eBaHui mpe-
CTaBIIsIET COOOM OJIHY M3 CEPhEe3HBIX MPOOIEM COBPEMEHHOCTH, TPEOYIOIINX MPHUCTAIFHOTO BHUMAHUS B CBSI3H CO
CHIDKEHHEM KadeCTBa XKH3HH, yXyAIIEHHEM KOHTPOJISI TE€Y€HHsI OCHOBHOTO 3a00JI€BAHMS, TIOBBIIICHUEM JaCTOTHI
U JUINTENBHOCTH rociuTann3anui. Ecian B3anMocBs3p Mexkay BA 1 oxupeHneM o4eBHIHA, TO JeTaln3aIys JaH-
HBIX MEXaHH3MOB HAaXOIUTCS B CTAAWH m3ydeHHs. B mocnennee necstunetne B popmupoBannu (erorumna BA,
COYETaHHOM C OJKHPEHUEM, IPUCTAIFHOE BHUMAHHE YACISACTCS HE TOJTbKO NMMYHHBIM, HO M HEHPOT€HHBIM MeXa-
HHU3MaM BOCTIAUTENBHOM peaknuu. V3BecTHO, 9TO KOHTPONIb HaJ (PyHKIIMOHMPOBAHHEM BCEX OTJEIIOB HEPBHOU
CHCTEMBI CIIOCOOHBI OCYHIECTBIIATh HEMpoTpodryueckne GakTopsl pocTa Oraromapst UX CIOCOOHOCTH BIUATH Ha
MHOKECTBO MEXaHM3MOB CHTHaNM3anuy. B HacTosmiee BpeMss UMEIOTCsl JaHHBIE 00 yJacTHn HeHpoTpohHIecKnx
(hakTOpOB B mMaToreHe3e OPOHXOJETOYHBIX U METa0ONINIecKuX 3a0o0aeBanuit. Q030D MOCBSIICH NETATH3AUH Me-
XaHW3Ma HEHPOTCHHOTO BOCIIANICHUS MPU OKUPEHHH U BA ¢ ydacTneM HeipoTpodudeckux (pakTopoB, KOTOPHIE
MOTYT UTPAaTh CYIIECTBEHHYIO poiib B popmupoBannu GpeHoruna BA, coueranHoii ¢ oxxuperneM. M3ydeHue HOBBIX
MEXaHI3MOB, BOBJICUCHHBIX B MaTorene3 bA m 0xupeHHs1, HO3BOINT HAUTH O0IIHE TeparneBTHIeCKHe MUIIESHH TS

nmarHOTO (peHoTHna BA.

KawueBble ciioBa: o)xUpeHre, OpOHXHATBHAS aCTMa, HEUPOTPOPHUECKHE HaKTOPBI.

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaNKeil HACTOSIICH CTaThH.

Hcrounuk puHAHCHPOBaHMSA. ABTODHI 3asBIAIOT 00 OTCYTCTBUHM (UHAHCHPOBAHHUSL.

Jast uutupoBanms: Keirukosa O.10., Hosropoauesa T.I1., Aurontok M.B., I'Bozaenko T.A. Poinb Heiiporpo-
(udeckux (HhakToOpoB pocta B MaTo(GU3NOIOTHU OPOHXUAILHON acTMbI, COYCTAHHOU C OXKHPEHUEM. broiemens
cubupcroii meouyuns. 2021; 20 (1): 158-167. https://doi.org/10.20538/1682-0363-2021-1-158-167.

ASTHMA AND OBESITY

Asthma is a widespread disease with a tendency
to a steady increase in the number of patients, which
is a serious medical and social problem. Globally,
about 300 million people suffer from asthma, which
accounts for 4-8% of the world population [1]. The
number of asthma patients in the world is expect-
ed to increase to 400 million within the next five
years. High prevalence of this pathology is associ-
ated with a decrease in the quality of life of patients,
difficulties in controlling the symptoms of the dis-
ease, and high treatment costs [2]. According to the
International Primary Respiratory Group (IpCRg),
one of the reasons for the lack of asthma control is
the presence of concomitant pathology, in particular
obesity [3].

According to M. Ng et al., more than 600 mil-
lion adults are obese (BMI > 30 kg / m?) and about
2.1 billion are overweight (BMI > 25 kg / m?) [4].
It is predicted that obesity will be diagnosed in
18% of working age population by 2025 [5]. The
growing prevalence of obesity and overweightness
[6] is observed in both developed and developing
countries [7], which harms the global economy.

The prevalence of adult obesity has increased from
15.1% in 1980 to 20.7% in 2015; the prevalence of
childhood obesity has increased from 4.1% to 4.9%
over the same period. In 2015, 417,115 deaths and
14,448,548 disability-adjusted life years (DALYSs),
years of life changed or lost due to disability, asso-
ciated with obesity were registered, which accounts
for about 10% of the total number of deaths and
6.3% of DALY's among people of all age groups [8].
Despite the progress in studying the etiopathogene-
sis of obesity and development of new approaches
to its treatment, this pathology remains one of the
most serious modern problems that resulted in the
World Health Organization (WHO) statement on
the need to stop the pandemic by 2025 [9].
Overweightness and obesity occur twice more
frequently in asthma patients than in the general
population [10]. Asthma associated with obesity is
one of the urgent medical and social problems re-
quiring particular attention because of a decrease
in the quality of life of patients, poor control over
the course of the primary disease, and an increase in
the frequency and duration of hospitalization [11].
A close relationship between obesity and asthma
allows to consider their combination not only as a
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comorbid condition but also as an independent phe-
notype of the disease [12]. This relationship is obvi-
ous; however, detailed mechanisms underlying it are
still being studied [13]. Several concepts have been
proposed to explain the existing relationship [14].
The leading ones are immunological and hormonal
concepts revealing the role of systemic inflamma-
tion in obesity in the pathogenesis of asthma [15,
16]. At the same time, there has been a growing in-
terest in the role of the nervous system in the patho-
physiology of these diseases and its contribution to
development of the obese-asthma phenotype.

In the vast majority of cases, asthma is an aller-
gic disease and the immune system plays an impor-
tant role in its development. A relevant and pro-
mising direction of modern research is the study of
the neurogenic component of the inflammatory re-
sponse in this pathology and the role of the nervous
system in the development of allergic reactions in
asthma [17, 18]. Bidirectional communication be-
tween neurons and immune cells was detected. An
imbalance in the immune-neuronal communication
results in the initiation of neurogenic inflammation.
The immune system activates sensory neurons,
thereby mediating bronchial hyperresponsiveness,
while the interaction between neurons and immune
cells results in the development of Th2-mediated
immune response [19, 20].

There is increasing evidence that the associa-
tion between obesity and neurological disorders af-
fects both the peripheral (PNS) and central (CNS)
nervous systems [21]. One of the new research
directions is focused on studying the neural regu-
latory mechanism of metabolism in the white adi-
pose tissue [22, 23]. Adipose tissue hormones are
responsible for energy homeostasis in the body;
therefore, excessive fat accumulation leads to im-
pairment of metabolic processes in various or-
gans and tissues [15, 24]. Obesity is associated
with the development of non-insulin-dependent
(type 2) diabetes [25], metabolic syndrome [26],
neuropathy [27], and several other diseases. Using
a mouse model of diabetic neuropathy (leptin-de-
ficient BTBR ob/ob mouse) [21], the role of dysli-
pidemia accompanying obesity in the development
of nervous system dysfunction was demonstrated
[28]. Metabolic inflammation in CNS was observed
in high-fat diet-induced obesity models [29]. The
increased expression of microglia and astrocyte

markers in the brain was demonstrated [30]. The
same diet-initiated inflammation in the hypotha-
lamus during the first day had persisted for a long
period [31]. Currently, metabolic inflammation is
being studied in close connection with neurological
disorders in obesity [32—-34].

Following the presented data, it is clear that the
study of new mechanisms in the pathophysiolo-
gy of asthma and obesity will make it possible to
find promising therapeutic targets for treatment of
asthma associated with obesity. Neurotrophic fac-
tors (NTFs) control the functioning of all parts of
the nervous system due to their ability to modulate
many signaling mechanisms [35]. Currently, there
is evidence that neurotrophic factors are involved
in the pathogenesis of neurodegenerative, skin,
cardiovascular, psychiatric, bronchopulmonary,
and metabolic diseases. Detection of neurotrophins
and their receptors in the lungs attracted great at-
tention of researchers to the study of their role in
asthma pathophysiology [36, 37]. The involvement
of NTF-signaling in the innervation of airways, epi-
thelium, and smooth muscles as well as its presence
in immune cells was established. A large body of
data emphasizes the key role of sensory neurons in
NTF-mediated bronchial hyperresponsiveness. At
the same time, studies on the role of neurotrophic
factors in the pathophysiology of obesity are few
and focused mainly on their role in maintaining en-
ergy balance [38].

The review is devoted to detailed investigation
of the mechanism of neurogenic inflammation in
obesity and asthma with the participation of neu-
rotrophic factors that can play a significant role in
the development of asthma associated with obesity.

NEUROTROPHIC GROWTH FACTORS

Neurotrophic factors are a large group of poly-
peptide compounds. These factors play an im-
portant role in the development and functioning
of the central and peripheral nervous systems, as
well as the immune system. NTFs are involved in
regulation of cell growth and differentiation by ac-
tivating mitogen-activated protein kinases (MAP
kinases).

Neurotrophic factors include several families
and biomolecules with common properties. The
main classification system is based on amino acid
sequence homology of neurotrophic factors and in-
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cludes four families (neurotrophins, the CNTF (cil-
iary neurotrophic factor) family, the MANF (mes-
encephalic astrocyte-derived neurotrophic factor)
family, and the GDNF (glial cell line-derived neu-
rotrophic factor) family). However, there are dif-
ferences in the existing classification among some
authors, which makes it possible to differentiate a
larger number of families and biomolecules that
also belong to neurotrophic factors [39].

Neurotrophins are the neurotrophic growth fac-
tor family that include neurotrophin-3 (NT3), neu-
rotrophin-4/5 (NT4/5), brain-derived neurotrophic
factor (BDNF), and nerve growth factor (NGF).
The family of ciliary neurotrophic factors, or neuro-
kines (neuropoietic cytokines), includes CNTF, leu-
kemia inhibitory factor (LIF), interleukin-6 (IL-6),
cardiotrophin-1, cardiotrophin-2, prolactin, growth
hormone, leptin, interferons-o/f/y, and oncosta-
tin M. The MANF family includes MANF (argi-
nine-rich, mutated in early-stage tumors (ARMET))
and cerebral dopamine neurotrophic factor (CDNF).

Another family of neurotrophic growth factors
is called glial cell line-derived neurotrophic fac-
tors (GDNF-family ligands) and includes GDNF,
neurturin (NRTN), artemin (ARTN), and persephin
(PSPN). There is a family of neurotrophic factors
that consists of epidermal growth factor (EGF),
neuregulin, and transforming growth factors alpha
and beta (TGFa and TGFp). The ephrin family con-
tains several members (ephrin A1, A2, A3, A4, AS,
B1, B2, and B3).

In addition, some biomolecules were also iden-
tified as neurotrophic factors, such as insulin-like
growth factor-1/2 (IGF1/2), vascular endotheli-
al growth factor (VEGF), fibroblast growth factor
(FGF), platelet-derived growth factor (PDGF), in-
terleukin-1, -2, -3, -5, -8 (IL-1, -2, -3, -5, -8) and a
number of others.

This review summarizes the available literature
data on neurotrophins, the most studied family of
neurotrophic growth factors, and describes their
role in the pathophysiology of asthma and obesity.
Special attention is paid to insulin-like neurotrophic
factors, the role of which in asthma and obesity is
being actively studied today in connection with the
emergence of new data on the mechanisms of their
action. Based on analysis of the available literature
data, it was shown that further study of neurotroph-
ins and insulin-like neurotrophic growth factors is

promising as a therapeutic target in asthma associ-
ated with obesity.

THE FAMILY OF NEUROTROPHINS AND
THEIR ROLE IN THE PATHOPHYSIOLOGY
OF ASTHMA ASSOCIATED WITH OBESITY

Neurotrophins (NTFs) are ligands for high-affi-
nity protein tyrosine kinase receptors (TrkA, TrkB,
TrkC) that interact with the low-affinity non-tyro-
sine kinase receptor p75SNTR. The p75NTR recep-
tor belongs to TNF receptors. The interaction of
NGF with this receptor induces apoptosis at certain
stages of cell development. Other functions of NTFs
are realized through protein tyrosine kinase recep-
tors. The Trk receptors impact on survival, differ-
entiation, and functional properties of neurons. In
particular, the TrkB receptor initiates phosphoryla-
tion processes, which leads to an increase in synap-
tic plasticity. Each of the receptors interacts with a
specific site of the neurotrophin molecule triggering
a respective signaling cascade [40].

Neurotrophins are produced by smooth muscle
and neuroendocrine cells of the lungs. Therefore,
NTFs can be involved in the asthma pathogenesis
both through interaction with Trk receptors and
through an alternative pathway modulating allergic
inflammation and airway dysfunction by influen-
cing airway innervation.

In addition to the known effect of neurotrophins
on the nervous system, a wide range of regulato-
ry effects of these growth factors on the immune
system are described in the literature [35]. Immune
cells synthesize NTFs that can bind to receptors ex-
pressed by the same cells, influencing the activity
of immune system cells through autocrine and / or
paracrine interactions [39]. Several types of im-
mune cells (including dendritic cells, mast cells, eo-
sinophils, macrophages, and T and B lymphocytes)
are the main source of NTFs in the development of
inflammation, in particular, allergic inflammation in
asthma.

It is known that CD4" and CD8* T lymphocytes
express NGF, BDNF, and their receptors. NTFs and
their receptors are also found on T helper 1 and T
helper 2 cells. It was shown that B lymphocytes syn-
thesize NGF and NT3. Macrophages were reported
to have the ability to produce NGF, BDNF, and
NT4. It was found that monocytes are able to ex-
press protein tyrosine kinase receptors (TrkA), and
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polymorphonuclear eosinophils in the bone marrow
produce TrkB and TrkC receptors. Eosinophils can
not only express neurotrophin receptors but also can
store these mediators. The exposure to the allergen
from bronchoalveolar lavage fluid (BALF) was ac-
companied by an increase in NTF receptor expres-
sion on eosinophils. In addition, members of the
NTF family have the ability to increase the viability
of endobronchial eosinophils [40]. Therefore, NTFs
not only play an important role in the functioning of
the central and peripheral nervous systems, but also
have an immunoregulatory effect in allergic disea-
ses, in particular, asthma.

Brain-derived neurotrophic factors

BDNF is produced by epithelial cells, smooth
muscle cells, sensory neurons, and some immune
cells, such as T cells, macrophages, and mast cells
[36,40]. BDNF stimulates growth of neurons, axons,
and dendrites and affects cell apoptosis. The ac-
tion of this factor is mediated by the ERK signal-
ing pathway (mitogen-activated protein kinase
(MAPK) signaling pathway), which is named after
ERK (extracellular signal-regulated kinase), the
central MAP-kinase, and PI3K/AKT/mTOR signa-
ling pathway, the components of which are enzymes
phosphoinositide 3-kinase (PI13K), AKT, and mTOR
kinases, that are responsible for proliferation of
smooth muscle cells [41]. It was shown that BDNF
interacts with TrkB and p75NTR receptors. TrkB
expression was found on CD45" lymphocytes, mast
cells, alveolar type 2 cells, and eosinophils [42].

Trigger factors of bronchopulmonary diseases
increase BDNF expression by smooth muscle cells
[43]. The expression of this factor was found in the
airway epithelium [42]. The elevated expression of
BDNF is observed in asthma [44], which suggests its
involvement in the processes of bronchial remode-
ling and hyperresponsiveness. It was established
that patients with severe asthma have higher levels
of mature BDNF isoforms [45]. V. Aravamudan
et al. found that type 2 cytokines can regulate the
BDNEF level in asthma [40]. The relevance of further
study of BDNF effects in the airways is undoubted.

The neurotrophic activity of BDNF and its role
in inflammation, metabolism, and pathogenesis of
cardiometabolic diseases are summarized by the
term “triact” that explains the interactions between
the brain, the immune system, and the adipose tissue

[46]. There is evidence that the level of this factor is
closely associated with increased body weight, obe-
sity, type 2 diabetes, and development of metabo-
lic syndrome [47]. Under experimental conditions,
it was demonstrated that the elevation of BDNF
level improves metabolic regulation by influencing
insulin sensitivity in hepatocytes and the function
of pancreatic beta cells [48]. It was found that de-
creased activity of BDNF and its TrkB receptor in
the hypothalamus leads to a significant increase in
body weight in rodents [49]. However, some results
indicate a complex and contradictory relationship
between obesity and BDNF levels in children [50].
According to L. Sandrini et al., obesity is not as-
sociated with lower circulating BDNF levels [51].
It should be noted that the mechanisms of the de-
velopment of neurological disorders in obesity are
not completely understood. New strategies targe-
ted at BDNF are being developed for treatment of
obesity, diabetes, and neurological disorders [52]. It
was shown that therapeutic interventions aimed at
increasing BDNF expression can have a beneficial
effect on the metabolic function, thereby improving
neurocognitive parameters in patients with obesity
or type 2 diabetes [53]. Obviously, BDNF may be
a promising therapeutic target in asthma associated
with obesity.

Neurotrophin-3 and neurotrophin-4

Recently, much attention has been paid to the
role of NT3 and NT4 in the pathophysiology of
bronchopulmonary diseases. Mast cells and eos-
inophils synthesize NT3. Alveolar macrophages
constitutively express NT3 and produce BDNF and
NGEF in response to allergic stimuli, while intersti-
tial macrophages constitutively express only BDNF.
The NT4 factor is involved in the innervation of the
lungs [42]. The TrkB receptor has the highest af-
finity for NT3 and NT4. The TrkC receptor is only
activated by NT3. Both NT3 and BDNF, acting
through TrkB and TrkC, are able to induce nitric
oxide production, thereby facilitating bronchodila-
tion. Patients with asthma exhibit an increased NT3
level in BALF [42, 54]. In a rodent model of al-
lergic asthma, it was demonstrated that the use of
NT3 results in switching from noncholinergic in-
nervation to cholinergic one [55]. At the same time,
the role of NT3 and NT4 in obesity as well as their
contribution to the pathophysiological mechanism
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of development of asthma associated with obesity
has not been studied.

Nerve growth factors

NGEF is one of the most studied members of the
protein family of neurotrophic factors. The TrkA
receptor has the highest affinity for NGF. The pre-
sence of p75NTR is necessary to increase the af-
finity of TrkA for neural growth factor. This factor
is synthesized by astrocytes and has a neurotrophic
effect. In addition to the ability of NGF to stimulate
the survival of neurons and their repair after damage
described by R. Levi-Montalcini [56], it is involved
in the control of the main cellular processes, such as
oxidative stress, apoptosis, and neurogenesis. Data
are indicating that NGF regulates the survival and
activity of immune cells, fibroblasts, cardiomyo-
cytes, epithelial cells, mast cells, and adipose tissue
cells [57], which makes the study of its role in the
pathophysiology of asthma and obesity relevant.

The results of experimental studies carried out
on rodent models indicate the relationship between
the enhanced NGF level and the development of
allergic inflammation. For example, exposure to
tobacco smoke was accompanied by an increase
in NGF expression [58]. Asthma patients are cha-
racterized by an elevated NGF level [59] that cor-
relates with the level of eosinophils, the main effec-
tor cells in this pathology [60]. There is evidence
of a simultaneous increase in the number of mast
cells and NGF levels in chronic inflammation [61].
NGF is produced by both CD4" and CD8" T lym-
phocytes. Under experimental conditions, the role
of NGF in modulating the balance of Th1 and Th2
responses of T cells in asthma was shown [62]. En-
hanced NGF secretion by Th2 cells was identified,
which may be directly related to allergic asthma.
In addition, NGF is involved in airway remodeling
in asthma [59]. Genomic studies revealed the rela-
tionship between NGF, rs6330, and TrkA rs6334 in
asthma patients [54].

It should be noted that the role of NGF in the
pathophysiology of chronic inflammation in asthma
remains to be investigated. The modulation of NGF
level affecting the activity of immune cells will
make it possible to correct intersystem relationships
in asthma. It is one of the topical research fields fo-
cused on the search for a new strategy for treating
this pathology.

Recent study results have shown that the levels
of two neurotrophic factors, NGF and BDNF, are
altered in cardiometabolic diseases (atherosclero-
sis, obesity, type 2 diabetes, metabolic syndrome).
These observations have underlain the hypothesis
of metabotropic deficiency of NGF/BDNF that
plays an important role in the pathogenesis of car-
diometabolic diseases [38, 46]. The concept of NGF
metabotrophicity is based on the fact that two neu-
rotrophic factors, NGF and BDNF, can act as me-
tabotrophins due to their involvement in maintai-
ning cardiometabolic homeostasis [38].

The data presented above confirm that further
studies on the role of these factors in the develop-
ment of asthma associated with obesity are required.

THE ROLE OF INSULIN-LIKE
NEUROTROPHIC FACTORS IN THE
PATHOPHYSIOLOGY OF ASTHMA
ASSOCIATED WITH OBESITY

The system of insulin-like neurotrophic factors
includes ligands (IGF-1 and IGF-2), high-affinity
proteins (IGFBP 1-6) that bind them, and receptors.
This hormonal network is involved in the processes
of cell proliferation, differentiation, and apoptosis.

IGF-1 synthesized by hepatocytes is the most im-
portant mediator of the biological action of growth
hormone. IGF-1 is one of the proinflammatory me-
diators involved in the pathogenesis of various dis-
eases, in particular metabolic disorders, inflamma-
tory bronchopulmonary pathology, and lung cancer
[63, 64]. The expression of IGF-1 signaling com-
ponents was observed in the cells of the respiratory
tract, smooth muscles, lung parenchyma, and in al-
veolar macrophages. H. Lee et al. demonstrated that
IGF-1 and IGFBP-3 signaling pathways contribute
to the pathogenesis of asthma [65]. The mechanism
of action of corticosteroids in asthma therapy ap-
pears to be associated with inactivation of IGF-1/
IGF-1R signaling [66, 67]. Due to the existing rela-
tionship between IGF-1 and Th2 and Th17 cells in-
volved in asthma pathogenesis, the immunoregula-
tory role of IGF-1 in this pathology is being actively
studied [68]. S.R. Kim et al. showed that IGFBP-3
reduces allergic inflammation and airway hyperres-
ponsiveness in asthma by inhibiting IGF-1 activity
[69]. The role of IGF-1/IGF-1R in the regulation of
phagocytic activity of airway cells in asthma was
revealed [70].
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IGF-1 has an insulin-like metabolic effect and
does not affect lipolysis or lipogenesis. In contrast
to insulin, the biological activity of IGF is regulated
by high-affinity binding proteins that influence the
metabolic homeostasis and can directly participate
in the molecular regulation of insulin signaling.
Currently, IGFBP-1 and IGFBP-2 are considered
as biomarkers and promising therapeutic targets
in obesity and diabetes [71]. Therefore, this proin-
flammatory mediator can be a novel promising tar-
get for therapeutic measures in asthma associated
with obesity.

CONCLUSION

Asthma and obesity are common diseases and a
combination of these diseases is one of the press-
ing global problems because of the decrease in the
patients’ quality of life and the increase in the fre-
quency and duration of hospitalization. Detailed
mechanisms underlying the relationship between
these diseases and a pathogenetic target for their
effective therapy have been actively studied. In the
last decade, along with the immune component of
the inflammatory response, attention of researchers
has been focused on studying the role of the neuro-
genic component in the pathophysiology of asthma
associated with obesity.

Over the past 30 years, the role of neurotrophic
growth factors has been to the largest extent stud-
ied in diseases of the nervous system, and a search
for a potential therapeutic target is extremely urgent
at present. At the same time, NTFs are expressed
by many cells and involved in the pathogenesis of
bronchopulmonary and metabolic diseases. There-
fore, these factors can play a significant role in the
development of asthma associated with obesity.
However, there are few research works regarding
the role of neurotrophic factors in the pathophys-
iology of asthma and obesity; moreover, there are
no data on their contribution to the development of
asthma associated with obesity. We hope that this
review will draw attention to the complex relation-
ship between neurotrophins, nerve, and immune
cells in respiratory diseases, in particular, asthma
associated with obesity.

REFERENCES

1. Global strategy for asthma management and prevention (2016
update). URL: http://ginasthma.org/2016-gina-report-glob-
al-strategyfor-asthma-management-and-prevention.

2. Israel E., Reddel H.K. Severe and difficult-to-treat asthma
in adults. N. Engl. J. Med. 2017; 377 (10): 965-976. DOI:
10.1056/NEJMra1608969.

3. Pinnock H., Thomas M., Tsiligianni I., Lisspers K., @strem A.,
Stéllberg B., Yusuf O., Ryan D., Buffels J., Cals J.W., Chavan-
nes N.H., Henrichsen S.H., Langhammer A., Latysheva E., Lio-
nis C., Litt J., van der Molen T., Zwar N., Williams S. The Inter-
national primary care respiratory group (IPCRG) research needs
statement 2010. Prim. Care Respir. J. 2010; 19 (1): S1-20.

4. Ng M. Global, regional, and national prevalence of over-
weight and obesity in children and adults during 1980-2013:
a systematic analysis for the Global Burden of Disease Study
2013. Lancet. 2014; 384 (9945): 766-781. DOI: 10.1016/
S0140-6736(14)60460-8.

5. Collaboration NCDRF. Di Cesare M., Bentham J. et al. Trends
in adult body-mass index in 200 countries from 1975 to 2014:
a pooled analysis of 1698 population-based measurement stud-
ies with 19.2 million participants. Lancet. 2016; 387 (10026):
1377-1396. DOI: 10.1016/S0140-6736(16)30054-X.

6. Stevens G.A., Singh G.M., Lu Y. et al. National, regional,
and global trends in adult overweight and obesity prevalenc-
es. Popul. Health Metr. 2012; 10 (1): 22. DOI: 10.1186/1478-
7954-10-22.

7. Popkin B.M., Adair L.S., Ng S.W. Global nutrition tran-
sition and the pandemic of obesity in developing coun-
tries. Nutr. Rev. 2012; 70 (1): 3-21. DOI: 10.1111/5.1753-
4887.2011.00456.x.

8. GBD 2015 Eastern Mediterranean Region Obesity Collabora-
tors. Burden of obesity in the Eastern Mediterranean Region:
findings from the global burden of disease 2015 study. Int. J.
Public Health. 2018; 63 (1): 165-176. DOI: 10.1007/s00038-
017-1002-5.

9. Follow-up to the political declaration of the high-level meet-
ing of the general assembly on the prevention and control of
non-communicable diseases; Geneva. World Health Assembly.
2019. URL: https://apps.who.int/gb/ebwha/pdf filessWHA72/
A72 19-en.pdf

10. Claessen H., Brenner H., Drath C., Arndt V. Repeated mea-
sures of body mass index and risk of health related outcomes.
Eur. J. Epidemiol. 2012; 27 (3): 215-224. DOI: 10.1007/
$10654-012-9669-7.

11. Kim S.H., Sutherland E., Gelfand E. Is there a link between
obesity and asthma? Allergy Asthma Immunol. Res. 2014; 6
(3): 189-195. DOI: 10.4168/aair.2014.6.3.189.

12. Huang F., Del-Rio-Navarro B.E., Torres-Alcantara S.,
Pérez-Ontiveros J.A., Ruiz-Bedolla E., Saucedo-Ramirez O.J.,
Villafaia S., Sanchez Muioz F., Bravo G., Hong E. Adi-
pokines, asymmetrical dimethylarginine, and pulmonary func-
tion in adolescents with asthmaand obesity. J. Asthma. 2017,
54 (2): 153-161. DOI: 10.1080/02770903.2016.1200611.

13. Santamaria F., Montella S., Greco L., Valerio G., Franzese A.,
Maniscalco M., Fiorentino G., Peroni D., Pietrobelli A., De
Stefano S., Sperli F., Boner 4.L. Obesity duration is associated
to pulmonary function impairment in obese subjects. Obesity.
2011; 19 (8): 1623-1628. DOI: 10.1038/0by.2011.1.

14. Shore S.A. Obesity and asthma: possible mechanisms. J. Aller-
gy Clin. Immunol. 2008; 121(5): 1087-1093. DOI: 10.1016/;.
jaci.2008.03.004.

164 Bulletin of Siberian Medicine. 2021; 20 (1): 158-167



Reviews and lectures

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Huh J.Y., Park Y.J., Ham M., Kim JB. et al. Crosstalk between
adipocytes and immune cells in adipose tissue inflammation
and metabolic dysregulation in obesity. Mol. Cells. 2014; 37
(5): 365-371. DOI: 10.14348/molcells.2014.0074.

Wang M., Wang C., Han R.H., Han X. Novel advances in
shotgun lipidomics for biology and medicine. Prog. Lipid.
Res. 2016; 61: 83—108. DOI: 10.1016/j.plipres.2015.12.002.
Barnes P.J. Neurogenic inflammation in the airways. Respir.
Physiol. 2001; 125 (1-2): 145-154. DOI: 10.1016/s0034-
5687(00)00210-3.

Canning B.J., Woo A., Mazzone S.B. Neuronal modulation
of airway and vascular tone and their influence on nonspecif-
ic airways responsiveness in asthma. J. Allergy. 2012; 2012:
108149. DOI: 10.1155/2012/108149.

McAlexander M.A., Gavett S.H., Kollarik M., Undem
B.J. Vagotomy reverses established allergen-induced air-
way hyperreactivity to methacholine in the mouse. Respir.
Physiol. Neurobiol. 2015; 212-214: 20-24. DOI: 10.1016/j.
resp.2015.03.007.

Trankner D., Hahne N., Sugino K., Hoon M.A., Zuker C.
Population of sensory neurons essential for asthmatic hyper-
reactivity of inflamed airways. Proceedings of the National
Academy of Sciences of the United States of America. 2014;
111 (31): 11515-11520. DOI: 10.1073/pnas.1411032111.
O’Brien Phillipe D., Hinder Lucy M., Callaghan Brian C.,
Feldman Eva L. Neurological consequences of obesity. Lan-
cet Neurol. 2017; 16 (6): 465-477. DOIL: 10.1016/S1474-
4422(17)30084-4.

Nguyen N.L., Randall J., Banfield B.W., Bartness T.J. Central
sympathetic innervations to visceral and subcutaneous white ad-
ipose tissue. Am. J. Physiol. Regul. Integr. Comp. Physiol.2014;
306 (6): R375-386. DOI: 10.1152/ajpregu.00552.2013.

Zeng W., Pirzgalska R.M., Pereira M.M., Kubasova N., Ba-
rateiro A., Seixas E., Lu Y.H., Kozlova A., Voss H., Martins
G.G. et al. Sympathetic neuro-adipose connections medi-
ate leptin-driven lipolysis. Cell. 2015; 163 (1): 84-94. DOIL:
10.1016/j.cell.2015.08.055.

Bays H.E., Toth P.P., Kris-Etherton P.M., Abate N., Aronne
L., Brown W.V., Gonzalez-Campoy M., Jones S., Kumar R.,
La Forge R., Samuel V.O. Obesity, adiposity, and dyslipid-
emia: a consensus statement from the national lipid associ-
ation. Journal of Clinical Lipidology. 2013; 7 (4): 304-383.
DOI: 10.1016/j.jacl.2013.04.001.

Guariguata L., Whiting D., Weil C., Unwin N. The Inter-
national Diabetes Federation diabetes atlas methodology
for estimating global and national prevalence of diabetes in
adults. Diabetes Res. Clin. Pract. 2011; 94 (3): 322-332. DOL:
10.1016/j.diabres.2011.10.040.

Samson S.L., Garber A.J. Metabolic syndrome. Endocrinol.
Metab. Clin. North Am. 2014; 43 (1): 1-23. DOI: 10.1016/j.
ecl.2013.09.009.

Callaghan B.C., Xia R., Reynolds E., Banerjee M., Burant C.,
Rothberg A., Pop-Busui R., Villegas-Umana E., Feldman E.L.
Better diagnostic accuracy of neuropathy in obesity: A new
challenge for neurologists. Clin. Neurophysiol. 2018; 129 (3):
654-662. DOI: 10.1016/j.clinph.2018.01.003.

Vincent A.M., Callaghan B.C., Smith A.L., Feldman E.L.
Diabetic neuropathy: cellular mechanisms as therapeutic tar-

bionneteHb cMbupckoi meanumHebl. 2021; 20 (1): 158-167

29.

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42

43.

gets. Nat. Rev. Neurol. 2011; 7 (10): 573-583. DOI: 10.1038/
nrneurol.2011.137.

Mathis D., Shoelson S.E. Immunometabolism: an emerging
frontier. Nat. Rev. Immunol. 2011; 11 (2): 81. DOI: 10.1038/
nri2922.

Pistell P.J., Morrison C.D., Gupta S., Knight A.G., Keller J.N.,
Ingram D.K. et al. Cognitive impairment following high fat
diet consumption is associated with brain inflammation. J
Neuroimmunol. 2010; 219 (1-2): 25-32. DOI: 10.1016/].
jneuroim.2009.11.010.

Thaler J.P., Yi C.X., Schur E.A., Guyenet S.J., Hwang B.H.,
Dietrich M.O. et al. Obesity is associated with hypothalamic
injury in rodents and humans. J. Clin. Invest. 2012; 122 (1):
153-162. DOI: 10.1172/JCI59660.

Gautron L., Elmquist J.K., Williams K.W. Neural control of
energy balance: translating circuits to therapies. Cell. 2015;
161 (1): 133—145. DOI: 10.1016/j.cell.2015.02.023.

Myers M.G.Jr., Olson D.P. Central nervous system control
of metabolism. Nature. 2012; 491 (7424): 357-363. DOI:
10.1038/nature11705.

Hur J., Dauch J.R., Hinder L.M. et al. The metabolic syndrome
and microvascular complications in a murine model of type 2
diabetes. Diabetes. 2015; 64 (9): 3294-3304. DOI: 10.2337/
db15-0133.

Aravamudan B., Thompson M., Pabelick C., Prakash Y.S.
Brain-derived neurotrophic factor induces proliferation of hu-
man airway smooth muscle cells. J. Cell Mol. Med. 2012; 16
(4): 812-823. DOI: 10.1111/j.1582-4934.2011.01356.x.
Prakash Y.S., Thompson M.A., Meuchel L. Neurotrophins in
lung health and disease. Expert Rev. Respir. Med. 2010; 4 (3):
395-411. DOI: 10.1586/ers.10.29.

. Barrios J., Ai X. Neurotrophins in asthma. Curr. Aller-

gy Asthma Rep. 2018; 18 (2): 10. DOI: 10.1007/s11882-018-
0765-y.

Chaldakov G. The metabotrophic NGF and BDNF: an emerg-
ing concept. Arch Ital. Biol. 2011; 149 (2): 257-263.
Voutilainen M.H., Arumae U., Airavaara M., Saarma M.
Therapeutic potential of the endoplasmic reticulum located
and secreted CDNF/MANF family of neurotrophic factors in
Parkinson’s disease. FEBS Lett. 2015; 589: 3739-3748. DOI:
10.4449/aib.v149i2.1366.

Aravamudan B., Thompson M.A., Pabelick C.M., Prakash Y.S.
Mechanisms of BDNF regulation in asthmatic airway smooth
muscle. Am. J. Physiol. Lung Cell Mol. Physiol. 2016; 311 (2):
L270-279. DOI: 10.1152/ajplung.00414.2015.

Vohra P.K., Thompson M.A., Sathish V., Kiel A., Jerde C.,
Pabelick C.M., Singh B.B., Prakash Y.S. TRPC3 regulates
release of brain-derived neurotrophic factor from human air-
way smooth muscle. Biochim. Biophys. Acta. 2013; 1833 (2):
2953-2960. DOTI: 10.1016/j.bbamcr.2013.07.019.

. Barrios J., Patel K.R., Aven L., Achey R., Minns M.S.,

Lee Y. et al. Early life allergen-induced mucus overproduction
requires augmented neural stimulation of pulmonary neuro-
endocrine cell secretion. FASEB J. 2017; 31 (9): 4117-428.
DOI: 10.1096/£j.201700115R.

Sathish V., Vanoosten S.K., Miller B.S., Aravamudan B.,
Thompson M.A., Pabelick C.M., Vassallo R., Prakash Y.S.
Brain-derived neurotrophic factor in cigarette smoke-induced

165



Kytikova O.Yu., Novgorodtseva T.P., Antonyuk M.V. et al.

The role of neurotrophic growth factors in the pathophysiology

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

166

airway hyperreactivity. Am. J. Respir. Cell Mol. Biol. 2013;
48(4): 431-438. DOTI: 10.1165/rcmb.2012-01290C.
Andiappan A K., Parate P.N., Anantharaman R., Suri B.K.,
Wang de Y., Chew F.T. Genetic variation in BDNF is asso-
ciated with allergic asthma and allergic rhinitis in an ethnic
Chinese population in Singapore. Cytokine. 2011; 56 (2): 218—
223. DOI: 10.1016/j.cyt0.2011.05.008.

Watanabe T., Fajt M.L., Trudeau J.B., Voraphani N., Hu H.,
Zhou X., et al. Brain-derived neurotrophic factor expression
in asthma. Association with severity and type 2 inflammatory
processes. Am. J. Respir. Cell Mol. Biol. 2015; 53 (6): 844—
852. DOTI: 10.1165/rcmb.2015-00150C.

Singh R.B., Takahashi T., Tokunaga M., Wilczynska A.,
Kim C.J., Meester F.D., Handjieva-Darlenska T., Cheema
S.K., Wilson D.W., Milovanovic B., et al. Effect of brain
derived neurotrophic factor, in relation to diet and lifestyle
factors, for prevention of neuropsychiatric and vascular
diseases and diabetes. Open Nutr. J. 2014; 7: 5-14. DOI:
10.2174/1876396001407010005.

Fonseca-Portilla R., Krell-Roesch J., Shaibi G.Q., Caselli R.J.
brain-derived neurotrophic factor and its associations with
metabolism and physical activity in a latino sample. Metab.
Syndr. Relat. Disord. 2019; 17 (2): 75-80. DOI: 10.1089/
met.2018.0028.

Jiménez-Maldonado A., Virgen-Ortiz A., Melnikov V.,
et al. Effect of moderate and high intensity chronic exer-
cise on the pancreatic islet morphometry in healthy rats:
BDNF receptor participation. Islets. 2017; 9 (1): 1-10. DOI:
10.1080/19382014.2016.1260796.

Ozek C., Zimmer D.J., de Jonghe B.C., Kalb R.G., Bence K.K.
Ablation of intact hypothalamic and/or hindbrain TrkB sig-
naling leads to perturbations in energy balance. Molecular.
Metabolism. 2015; 4 (11): 867-880. DOI: 10.1016/j.mol-
met.2015.08.002.

Roth C.L., Elfers C., Gebhardt U., Miiller H. L., Reinehr T.
Brain-derived neurotrophic factor and its relation to leptin in
obese children before and after weight loss. Metabolism. 2013;
62 (2): 226-234. DOI: 10.1016/j.metabol.2012.08.001.
Sandrini L., Di Minno A., Amadio P., Ieraci A., Tremoli E.,
Barbieri S.S. Association between obesity and circulating
brain-derived neurotrophic factor (bdnf) levels: systematic re-
view of literature and meta-analysis. Int. J. Mol. Sci. 2018; 19
(8): €2281. DOI: 10.3390/ijms19082281.

Briana D.D., Malamitsi-Puchner A. Developmental origins of
adult health and disease: The metabolic role of BDNF from
early life to adulthood. Metabolism. 2018; 81: 45-51. DOI:
10.1016/j.metabol.2017.11.019.

Walsh J.J., Tschakovsky M.E. Exercise and circulating BDNF:
mechanisms of release and implications for the design of exercise
interventions. Applied Physiology, Nutrition, and Metabolism.
2018; 43 (11): 1095-1104. DOIL: 10.1139/apnm-2018-0192.
Szczepankiewicz A., Rachel M., Sobkowiak P., Kycler Z.,
Wojsyk-Banaszak 1., Schoneich N. et al. Neurotrophin serum
concentrations and polymorphisms of neurotrophins and their
receptors in children with asthma. Respir. Med. 2013; 107 (1):
30-36. DOI: 10.1016/j.rmed.2012.09.024.

Pan J., Rhode H.K., Undem B.J., Myers A.C. Neurotransmitters
in airway parasympathetic neurons altered by neurotrophin-3

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

and repeated allergen challenge. Am. J. Respir. Cell Mol. Biol.
2010; 43 (4): 452-457. DOLI: 10.1165/rcmb.2009-01300C.
Levi-Montalcini R. The nerve growth factor: 35 years later.
Science. 1987; 237(4819): 1154-1162. DOI: 10.1126/sci-
ence.3306916.

Lam N.T., Currie P.D., Lieschke G.J., Rosenthal N.A., Kaye
D.M. Nerve growth factor stimulates cardiac regeneration
via cardiomyocyte proliferation in experimental heart fail-
ure. PLoS One. 2012; 7 (12): €53210. DOI: 10.1371/journal.
pone.0053210.

Wu Z.X., Hunter D.D., Batchelor T.P., Dey R.D. Side-stream
tobacco smoke-induced airway hyperresponsiveness in
early postnatal period is involved nerve growth factor. Re-
spir. Physiol. Neurobiol. 2016; 223: 1-8. DOI: 10.1016/j.
resp.2015.11.009.

Renz H., Kili¢ A. Neurotrophins in chronic allergic airway in-
flammation and remodeling. Chem. Immunol. Allergy. 2012;
98: 100-117. DOI: 10.1159/000336504.

Kim J.S., Kang J.Y., Ha J.H., Lee H.Y., Kim S.J., Kim S.C.,
Ahn J.H., Kwon S.S., Kim Y.K., Lee S.Y. Expression of nerve
growth factor and matrix metallopeptidase-9/tissue inhibitor
of metalloproteinase-1 in asthmatic patients. J. Asthma. 2013;
50 (7): 712-717. DOIL: 10.3109/02770903.2013.808664.
Bradding P., Arthur G. Mast cells in asthma-state of the
art. Clin. Exp. Allergy. 2016. 46 (2): 194-263. DOI: 10.1111/
cea.12675.

Yang Y.G., Tian W.M., Zhang H., Li M., Shang Y.X. Nerve
growth factor exacerbates allergic lung inflammation and air-
way remodeling in a rat model of chronic asthma. Exp. Ther.
Med. 2013; 6 (5): 1251-1258. DOI: 10.3892/etm.2013.1284.
Nurwidya F., Andarini S., Takahashi F., Syahruddin E., Taka-
hashi K. Implications of insulin-like growth factor 1 receptor
activation in lung cancer. Malaysian Journal of Medical Sci-
ences. 2016; 23 (3): 9-21.

Trueba-Saiz A., Fernandez A. M., Nishijima T., et al. Circu-
lating insulin-like growth factor i regulates its receptor in the
brain of male mice. Endocrinology. 2017; 158 (2): 349-355.
DOI: 10.1210/en.2016.1468.

Lee H., Kim S.R., Oh Y., Cho S.H., Schleimer R.P., Lee Y.C.
Targeting insulin-like growth factor-I and insulin-like growth
factor-binding protein-3 signaling pathways: A novel thera-
peutic approach for asthma. American Journal of Respirato-
ry Cell and Molecular Biology. 2014; 50 (4): 667-677. DOL:
10.1165/rcmb.2013-0397TR.

Frystyk J., Schou A.J., Heuck C. et al. Prednisolone reduces
the ability of serum to activate the IGF1 receptor in vitro with-
out affecting circulating total or free IGF1. European Journal
of Endocrinology. 2013; 168 (1): 1-8. DOI: 10.1530/EJE-12-
0518.

Gobbato N.B., De Souza F.C.R., Fumagalli S.B.N. et al. Anti-
leukotriene reverts the early effects of inflammatory response
of distal parenchyma in experimental chronic allergic inflam-
mation. BioMed Research International. 2013;2013: 523761.
DOI: 10.1155/2013/523761.523761.

Yao X., Wang W., Li Y. et al. IL-25 induces airways angio-
genesis and expression of multiple angiogenic factors in a mu-
rine asthma model. Respiratory Research. 2015; 16 (1): 39.
DOI: 10.1186/s12931-015-0197-3.

Bulletin of Siberian Medicine. 2021; 20 (1): 158-167



