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Proton Pump Inhibitors
in the COVID-19 Pandemic

PesoMe

Be3onacHOCTb NPUMeHEeHNA MHIMGUTOPOB NPOTOHHOW oMbl (VIMT) npy KopoHasupycHol nHbekuun (COVID-19) ABSeTCA HEAOCTaTO4HO N3YYeH-

HoWi. UMMM ABAAIOTCA MOLHBIMK CyNpPeccopaMm Xeny04HON CeKpeLMn 1 BXOAAT B eCATKY Hanboee LIMPOKO MCMO/Ib3yeMbiX NpenapaTos B MUpe.
MpeanonaraeTca, 4To Npenapatbl BAUAIOT HAa BOCMPUMMHNBOCTb K BUPYCY, TAXECTb TeYEeHMA U UCXOAbl Y NauueHTos ¢ gnarHosom COVID-19. 3to
6eCrnoKoiCcTBO OCHOBaHO Ha MexaHu3Me aeicTtena UMM — noaasaeHNN KNCIOTHOCTU ey /A04HOIO COKa, KOTOPbIV CHMTaeTCA NepBol IMHUEN 3a-
WMTbl OT MHPEKLMIA. B COBOKYNHOCTM pe3y/ibTaTbl 60/IbLIMHCTBA MCCNe/0BaHNI U MeTaaHa/IM30B NOATBEPHAAI0T BO3MOXHOCTb TOTO, YTO UCMO/b-
3oBaHwue UMM MoxeT cnocobcTBoBaTh pasBuTuto 6osee Taxenon popmel COVID-19. OaHaKo y4ecTb BCe NOTeHLManbHbIe GaKTOpbl pUcKa TAXKeCTH
COVID-19 B peanbHoii KAMHWYECKOW NPaKTUKe NpeACTaBAfeTCA 3aTPYAHUTE/IbHBIM, MO3TOMY C/lefyeT C 60/1bLIOW OCTOPOKHOCTbIO OTHOCUTBLCA K
BbIBOZIaM O MPUYMHHO-C/IEACTBEHHbIX CBA3AX npuMeHeHua UMM, [lonosHnTenbHas NHTepecHas ToYKa 3peHns Ha ucnonb3osaHue MMM Bo Bpems
naHAeMUM 3aKN04aeTCA B TOM, YTO MX NPUEM MOXKET NPUBECTU K CHKEHWIO BCaCbiBaHNA HEKOTOPbIX BUTaMIHOB. C ApYroli CTOPOHbI, B MTepaType
NoABU/I0Ch HECKO/IbKO MCC/e/J0BaHUI B OTHOLLEHWM 3alLUTHBIX TepaneBTU4eckunx s¢pdpekton UMM. Bce 6onblue goka3aTebCTB UIMMYHOMOAYUPYLO-
el 1 aHTUPMEpo3HoI posn UM, 4To MOXKeT 6bITb UCNO/b30BaHO B iedeHun COVID-19. KpoMme Toro, cnocobHoCTb npenapaToB noglienayvsarb
COAEepPXMUMOe 3HA0COM M JIM30COM CAYXKUT NPenATCTBUEM A8 NPOHUKHOBEHUA BMPYCa B KNeTKWU. B npeacTaBneHHOM 0630pe npoaHannsnpoBaHbl
BO3MOXHble 3¢ pekTbl npuema MMM y nayunertos ¢ COVID-19.-
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Abstract
The safety of proton pump inhibitors (PPIs) use in coronavirus infection (COVID-19) is not well understood. PPIs are potent suppressors of gastric
secretion and become one of the ten most widely used drugs in the world. They are expected to influence virus susceptibility, severity, and

*Konrakrsl: Tarbsina EBrenpesna Kyrnep, e-mail: kugler2@mail.ru
*Contacts: Tatyana E. Kugler, e-mail: kugler2@mail.ru
ORCID ID: https://orcid.org/0000-0001-5547-6741

245



246

LECTURES The Russian Archives of Internal Medicine ® Ne 4 e 2022

outcomes in patients diagnosed with COVID-19. This concern is based on their mechanism of action — suppression of gastric acidity, which is
considered the first line of defense against infections. Taken together, the results of most studies and meta-analyses support that PPIs use has
been associated with increased risk of COVID-19 and severe outcomes. However, taking into account all potential risk factors for disease severity
seems impossible in the real world in the context of COVID-19, so conclusions about causal relationships between PPl use and COVID-19 should
be treated with great caution. An additional interesting point about the use of PPIs in the pandemic is that it reduced absorption of certain
vitamins. On the other hand, several studies have appeared in the literature regarding the protective therapeutic effects of PPIs. There is growing
evidence of an immunomodulatory and antifibrotic role of PPIs that could be used in the treatment of COVID-19. In addition, their ability to
alkalize the contents of endosomes and lysosomes serves as an obstacle to the penetration of the virus into host cells. This review analyzes the
possible effects of PPIs in patients with COVID-19.

Key words: proton pump inhibitors, COVID-19, SARS-CoV-2, pneumonia, mortality, severe outcomes, risk factors, treatment, vitamins
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Introduction

The coronavirus disease (COVID-19) pandemic,
which was first reported in December 2019 [1], was
caused by severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2). SARS-CoV-2 infection had led to
more than 5.9 million deaths from COVID-19 by early
2022 worldwide, as well as a global health crisis [2].
Although common post-COVID complications caused
by this virus include damage to the respiratory system,
SARS-CoV-2 was found to affect almost all organs,
including the gastrointestinal tract (GIT) [3]. Tian Y.
et al. (2020) [4] described gastrointestinal symptoms in
patients infected with SARS-CoV-2, with a frequency
of 3% to 79 %.

There are several confirmed risk factors for severe
COVID-19: elderly age, smoking, obesity, diabetes mel-
litus, malignant neoplasms, HIV infection, chronic dis-
eases of the lungs, kidneys, or cardiovascular system
[1]. There were also concerns over the use of different
medications in cases of COVID-19. Evidence emerged
that angiotensin-converting enzyme (ACE) inhibitors
have a possible modulating effect on disease sever-
ity [5]. However, no further evidence was obtained of
a positive or negative association with the use of ACE
inhibitors in cases of COVID-19 [6-8].

Currently, there is uncertainty regarding the safety
of using proton pump inhibitors (PPIs) in patients with
SARS-CoV-2, as available data demonstrate both pro-
tective and adverse effects. PPIs are expected to have an
effect on viral susceptibility, disease severity, and out-
comes in patients with COVID-19. This concern is due
to the mechanism of action of these agents, i.e., sup-
pression of gastric acid secretion [9]. SARS-CoV-2 is

similar to two other previously identified coronavi-
ruses, namely severe acute (SARS-CoV) and Middle
East (MERS-CoV) respiratory syndromes [10]. SARS-
CoV was reportedly inactivated under acidic conditions
(pH 1.0-3.0), while higher gastric pH, which can be
achieved with the help of PPIs, does not inactivate this
virus [11]. This seems crucial since SARS-CoV-2 can
enter the body not only through the respiratory but
also through the digestive system [3]. The virus uses
the ACE2 receptor, which is extensively expressed in
the gastrointestinal tract, for rapid entry and replica-
tion in enterocytes [12]. In addition, since the gut is the
largest immune organ and can host colonies of rapidly
replicating SARS-CoV-2, there is concern that the virus
could spread outside the gastrointestinal tract, specifi-
cally in the respiratory tract via the gut-lung axis [3,
13]. Therefore, gastric fluid is considered the first line
of defense, so the risk of viral infection increases with
hypoacidity [14].

This review analyzes the safety of using PPIs during
the COVID-19 pandemic. Studies on the link between
the use of PPIs and coronavirus infection were searched
between January 2020 and March 2022 in three elec-
tronic databases, including MEDLINE/PubMed, the
Cochrane Library, and Google Scholar.

PPIs as a risk factor
for severe COVID-19

PPIs are potent suppressors of gastric secretion and
are among the ten most widely used agents in the world.
The U.S. Food and Drug Administration (FDA) has
approved these drugs for the long-term management of
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a range of gastrointestinal conditions, including peptic
ulcer, Barrett’s esophagus, gastroesophageal reflux dis-
ease (GERD), Zollinger-Ellison syndrome, as well as
for the prevention of gastrointestinal bleedings during
the administration of non-steroidal anti-inflammatory
drugs (NSAIDs) [9]. However, in less than 30 years, PPI
use has turned into an epidemic — prescription with
no clear indications in up to 70 % of cases. According
to studies, PPIs are prescribed for 2/3 of hospitalized
patients with no corresponding indications [15]. It is
generally accepted that PPIs are relatively well toler-
ated, with most patients reporting adverse reactions
such as headache, rash, dizziness, and gastrointestinal
symptoms including nausea, abdominal pain, flatu-
lence, constipation, and diarrhea. Physicians are gen-
erally not concerned about the serious side effects of
PPIs at approved dosages for a short treatment period
of about two weeks. However, prolonged and often
unjustified use significantly increases the number of
adverse events [16, 17]. Although a large randomized
controlled trial (RCT) by Moayyedi P. et al. (2019) that
included 17,598 patients did not confirm most of the
supposed side effects, it was found that daily use of
PPIs for three years increased the possibility of intes-
tinal infection by 33 % (odds ratio (OR) = 1.33; 95%
confidence interval (CI) 1.01-1.75) [18]. This effect
was probably related to hypochlorhydria and devel-
oped due to the long-term use of PPIs, which reduced
microbial diversity in the gut, contributing to the
colonization of certain pathogenic gut bacteria [19].
However, the authors found no increased risk for the
most dangerous associations reported previously, such
as cardiovascular diseases (OR = 1.04; CI 0.93-1.15),
kidney diseases (OR = 1.17; CI 0.94-1.45), dementia
(OR=1.20; CI 0.81-1.78), pneumonia (OR = 1.02; CI
0.87-1.19), fractures (OR = 0.96; CI 0.79-1.17), malig-
nant neoplasms (OR = 1.04; CI 0.77-1.40) [18, 20].
However, not all researchers agreed with the correct-
ness of the method and the duration of this work, con-
sidering that the evidence for the long-term safe use of
PPIs was insufficient [21, 22].

In July 2020, Almario C.V. et al. [23] conducted an
online survey among the American population (n =
53,130) and identified 6.4 % of participants who tested
positive for COVID-19. Regression analysis revealed
that individuals who took PPIs once a day (OR = 2.15;
95% CI 1.90-2.44) or twice a day (OR = 3.67; 95% CI
2.93-4.60) were significantly more likely to test posi-
tive for COVID-19 than those who did not take PPIs
(Table 1). However, this study had a number of signifi-
cant shortcomings: the PPI-treated group was younger
than the overall population; the number of participants
tested for COVID-19 was not reported for either the
cohort or separate groups; it is not clear if the con-
trol group participants were tested for COVID-19 and
the results were negative, or if there were both tested
and untested participants [24]. Tarlow B. et al. (2020)
[25] also pointed out the disadvantages of the unusual

distribution of demographic data in the study con-
ducted by Almario C.V.

In contrast, Lee S.W. et al. (2021) [1] published the
results of a nationwide cohort study and reported that
short-term ongoing use of PPIs may be a risk factor
for severe COVID-19, but not for infection. Similarly,
Zhou J. et al. (2021) [26] reported a link between PPIs
and severe COVID-19 outcomes, including intensive
care unit hospitalization, intubation, or death. A retro-
spective observational study of 152 hospitalized patients
with confirmed COVID-19 performed by Luxenburger
H. et al. (2021) [27] revealed an increased risk of sec-
ondary infections (statistical significance p = 0.032)
and acute respiratory distress syndrome when taking
PPIs after considering other predisposing comorbidi-
ties. Moreover, GERD became an important indepen-
dent prognostic factor (p = 0.034), which indicates the
important role of microaspiration in the pathogenesis
of secondary infection in this category of patients.

A meta-analysis conducted by Kim H.B. et al
(2021) demonstrated a significant association between
PPIs and severe COVID-19 outcomes (including the
development of acute respiratory distress syndrome),
albeit with a high degree of heterogeneity (hazard
ratio (HR) = 1.53; 95% CI 1.20-1.95, I =74.6 %) [28].
In regard to the subgroup analysis of patients taking
PPIs, an increase in severe COVID-19 outcomes was
observed in individuals younger than 60, in the Asian
population, and during hospitalization. However, a
separate analysis with adjustment for body mass index
(BMI) or smoking status revealed no significant asso-
ciation. All studies included in the meta-analysis were
observational. Several important factors associated with
the use of PPIs in cases of COVID-19 were not con-
sidered in several studies. This includes, for example,
using concomitant medications such as ACE inhibitors,
angiotensin II receptor blockers, or statins. While other
studies with adjustment for these factors demonstrated
no significant association between PPIs and COVID-
19 severity (HR = 1.24, 95 % CI: 0.76-2.00, I*=68.7 %).

According to Israelsen S.B. et al. (2021) (n =
83,224) [29], current use of PPIs was associated with
an increased risk of SARS-CoV-2 infection and was not
associated with an increased risk of severe disease out-
comes, including intensive care unit hospitalization or
death, as reported in previous meta-analyses [30-33].
In addition, a multicenter study in North America and
a nationwide study in the United Kingdom, which were
not included in any meta-analysis, also revealed no
association between PPIs and severe COVID-19 out-
comes [34, 35].

In a meta-analysis conducted by Italian research-
ers led by Zippi M. (2021) [9], no difference in sever-
ity or mortality due to COVID-19 was found between
patients taking and not taking PPIs.

Another point of view on PPIs during the
COVID-19 pandemic is that their administration may
lead to the decreased absorption of some vitamins [36].
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Table 1. Large studies and meta-analyses examining the association between PPI use and COVID-19

Ne Author

Study design

Number of patients

Risk of COVID-19

Severe outcomes and mortality
risk of COVID-19

Almario C.V. et al.
[23]

2. LeeSW.etal. [1]

3. Zhou].etal. [26]

4.  Kim H.B. etal. [28]

Israelsen S.B. et al.
[29]

6. Kow C.S. etal. [30]

7. LiG.F. etal.[31]

Online survey

Nationwide cohort
study

Territory-wide study
Meta-analysis

Nationwide study
and meta-analysis

Meta-analysis

Meta-analysis

53130 (14 855 PPI use
once daily)

132 216 (14 163 PPI users)

4 445 (524 PPI users)

18 109 (no data about PPI
users)

83 224 (4 473 PPI users)

37 372 (14 452 PPI users)

318 261 (87 074 PPI users)

OR=2,15 (95% CI 1,90-2,44)

*OR=0,90 (95 % CI 0,78-1,01)

*OR=1,18 (95% CI 1,13-1,23)

*OR=1,26 (95% CI 0,89-1,79)

OR=1,08 (95% CI 1,03-1,13)

no data

*OR=1,33 (95 % CI 0,86-2,07)

no data

OR=1,90 (95% CI 1,46-2,77)

HR=2,73 (95% CI 2,05-3,64)

OP=1,53 (95% 1M 1,20-1,95)/
HR=1,53 (95% CI 1,20-1,95)

*OR=1,0 (95% CI 0,75-1,32)

OR=1,46 (95% CI 1,34-1,60)

OR=1,67 (95% CI 1,19-2,33)

8. KamalF.etal. [32] Meta-analysis

users)

Ta iAA. L.
9. oubasi eta Meta-analysis

[33] users)

10.  Zippi M. etal. [9] Meta-analysis

users)

21 285 (no data about PPI

195 230 (no data about PPI

42 086 (no data about PPI

OR=1,79 (95% CI 1,25-2,57) —
severe outcomes
OR=2,12 (95% CI 1,29-3,51) —
mortality

no data

*OR=1,19 (95% CI 0,62-2,28) OR=1,67 (95% CI 1,41-1,97)
*OR=1,65 (95% CI 0,62-4,35,
p=0,314) — severe outcomes
*OR=1,77 (95 % CI 0,62-5,03,
p=0,286) — mortality

no data

Notes: *study results are not statistically significant; CI — confidence interval, PPT — proton pump inhibitors; HR — hazard ratio; OR — odds ratio

PPIs reduce the bioavailability of vitamin C, which leads
to its decreased concentration [37]. This observation is
important in the context of COVID-19, considering the
data obtained by Feyaerts A.F. et al. (2020) [38] that low
doses (0.5-2 g/day) of vitamin C can be used for pre-
vention, and high doses lower the level of inflamma-
tory mediators (interleukin-6 and endothelin-1) in the
development of a severe disease. The benefits of vitamin
C in high doses for the management of COVID-19 were
also shown by Hoang B.X. et al. (2020) [39]. Regarding
the role of magnesium and vitamin D in the pathogen-
esis of coronavirus infection, hypomagnesemia should
be considered one of the side effects of PPIs. Magne-
sium is absorbed in the intestines with the help of two
proteins located on the apical membrane of entero-
cytes — TRPM6 (Transient Receptor Potential Cation
Channel Subfamily M Member 6) and TRMP7 (Tran-
sient Receptor Potential Cation Channel Subfamily M
Member 7) [40-42]. PPIs reduce the activity of TRPMS6,
which leads to decreased magnesium absorption and
hypomagnesemia [43]. Fat-soluble vitamin D requires
magnesium to turn into its active form (1,25[OH]2D)
[44]. Moreover, more and more studies are demonstrat-
ing the link between low vitamin D levels and increased
susceptibility to SARS-CoV-2 infection, as well as the
severity of the clinical course of this disease [45, 46].

It should be noted that study results can be inter-
preted in different ways. For example, the information
obtained on the decreased anti-inflammatory activity

of neutrophils when taking PPIs is regarded by some
authors as a factor of aggression, considering the
decrease in protection against infectious agents [28].
Other researchers suggest that this phenomenon is a
protective factor, since the ability of PPIs to inhibit the
production of pro-inflammatory cytokines indicates
their ability to suppress the cytokine storm associated
with COVID-19 and prevent the development of acute
respiratory distress syndrome [30].

Taken together, most of the above studies support
the possibility that using PPIs may be a risk factor for
a more severe course of COVID-19. However, study
results should be interpreted with caution, as some
studies provide limited information on the type, dose of
studied drug, duration of its administration, concomi-
tant therapy, and indications for PPIs [47]. Most studies
are retrospective observational cohorts or case-control
studies that are prone to bias even after the necessary
adjustments. For example, there is a significant risk of
protopathic bias, as in the case of the increased risk
of developing pneumonia with PPIs [48]. Protopathic
bias, or reverse causality, is a source of bias when expo-
sure conditions change in response to a demonstration
of potential consequences. Smoking, NSAIDs, and obe-
sity increase the risk of gastroesophageal reflux and the
severity of GERD. GERD patients taking PPIs are at
increased risk of developing pneumonia, so an increase
in severe COVID-19 outcomes may be due to obesity,
smoking, or NSAIDs rather than to the use of PPIs.
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It is noteworthy that all studies reporting the effect
of PPIs on the severity of COVID-19 differed signifi-
cantly in their design. First, the study populations were
heterogeneous, including different ethnicities and ages
(from young to elderly with several comorbidities),
as well as hospitalized and non-hospitalized patients.
Second, several studies had obvious shortcomings
in design. For example, many scientists [49-52] have
highlighted the questionable reliability of the sampling
method in the online survey of the American popula-
tion [23]. Based on this work, the American College of
Gastroenterology has issued an information letter for
gastroenterologists and patients. However, Tarlow B. et
al. (2020) [25], having studied the relationship between
the use of PPIs and COVID-19 using STARR Stanford
Research Repository databases, found no confirmation
of the results obtained by Almario C.V. [23]; they con-
cluded that before making changes in practical instruc-
tions, a more thorough study of the issue and indepen-
dent verification of data in reliable medical databases
that are not based on surveys is required.

In most studies, the observed associations were rela-
tively weak and were in the zone of “potential bias” (OR
< 3, according to observational studies, indicates a weak
relationship between two events, which is multifactorial
but not causal in such cases). Many factors are known
to have an effect on COVID-19 outcomes, including
the male sex, age, geographic region, and comorbidi-
ties [53], so results should be interpreted in relation to
a specific population. For example, Gao M. et al. (2021)
[54] reported that patients with BMI >23 kg/m?* have a
linear increase in the risk of severe COVID-19, lead-
ing to death. Perez-Araluce R. et al. (2021) [55] found
that adherence to a Mediterranean diet was associated
with a lower risk of COVID-19. Therefore, BMI and the
effect of a diet on risk and disease severity should not
be ignored, as has been observed in some studies.

The strongest link between PPIs and severe
COVID-19 outcomes was found in Asia. The first pos-
sible mechanism is that the use of PPIs may suppress
gastric acid secretion to a greater extent in Asians due
to lower parietal cell mass. Secondly, the frequency
of cytochrome P450 2C19 genetic polymorphism is
higher in Asians compared to the representatives of
other regions, which facilitates the slowing down of
PPI metabolism, and, therefore, inhibition of gastric
acidity may be stronger [56]. Finally, the prevalence of
Helicobacter pylori infection in Asia is higher than in
Europe or North America [57]. Therefore, PPIs may
inhibit gastric acid secretion more strongly. The study
by Mena G.E. et al. (2021) [58], which was published in
Science (Journal of the American Association for the
Advancement of Science), demonstrated that socioeco-
nomic status has an effect on COVID-19-related mor-
tality; this fact was also not considered in most of the
studies mentioned.

According to Burchill E. et al. (2021) [59], COVID-
19 has a direct or indirect effect on the gut microbiota,

suggesting a difference in immune response to the
pathogen. Wearing masks, hygiene practices, and social
distancing also affect COVID-19 outcomes. Consid-
eration of all potential risk factors, such as BMI, diet,
geographic area, socioeconomic status, gut microbiota
status, degree of reducing social interaction, and other
yet unidentified causes, seems impossible in real clinical
practice; therefore, conclusions about causal relation-
ships between the use of PPIs and COVID-19 should be
taken with caution.

PPIs do not worsen
the course of COVID-19

Several studies based on experimental data were
performed that have confirmed the benefits of using
PPIs in COVID-19 [24]. Tastemur S. et al. (2020) [60]
suggested that PPIs may play a role in the prevention
and management of COVID-19 due to their anti-
inflammatory, immunomodulatory, and antifibrotic
properties.

Ray A. et al. (2020) [61], based on available research
papers, proposed using PPIs for therapeutic purposes
in the management of COVID-19 (Fig. 1). An in vitro
study demonstrated that these drugs can inhibit the pro-
duction of pro-inflammatory cytokines such as inter-
leukin-6, interleukin-8 and tumor necrosis factor-a
[62]. In addition, there is evidence that supports the
protective role of omeprazole and lansoprazole in
reducing oxidative stress in gastric epithelial and endo-
thelial cells. Lansoprazole has been shown to reduce the
number of monocytes expressing ICAM-1 (Inter-Cellu-
lar Adhesion Molecule 1) in peripheral blood. Accord-
ing to the in vivo study, omeprazole reduced the pro-
duction of cytokines by duodenal epithelial cells [61].

PPIs can also regulate fibrogenesis, exhibiting anti-
fibrotic properties by inhibiting molecules such as
fibronectin, collagen, and matrix metalloproteinase
enzymes [63]. Many studies associate the use of PPIs
with clinical improvement in patients with idiopathic
pulmonary fibrosis. These results are important as they
involve the use of antifibrotic agents in the manage-
ment of COVID-19 [61].

Vacuolar adenosine triphosphatase (V-ATPase),
which is located on the plasma membrane and on the
surface of acidic organelles such as lysosomes and endo-
somes, is one of the key factors controlling vesicular pH
[64]. Endosomal acidification mediated by V-ATPase
is an essential step for the entry of viruses, including
coronaviruses. The use of PPIs leads to the acidifica-
tion of the cytosol and alkalinization of endolysosomes
[65]. In vitro screening of 60 FDA-approved drugs
revealed the antiviral activity of omeprazole, which
justifies its use in COVID-19 [66]. It was proved that
taking omeprazole, along with vonoprazan, is associ-
ated with increased pH within the endosomes and the
Golgi apparatus. This is thought to occur either by
blocking V-ATPase pumps or by acting as a pH buffer.
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Anti-fibrotic properties
— %p Actions on vacuolar ATPase and vesicular pH
Pump »| Targeting endosomal sorting complex required for transport
Ihibiton:s \ Beneficial effects in chronic obstructive pulmonary disease
Actions on receptor of ACE-2
New therapeutic options for the treatment of COVID-19

Figure 1. Potential beneficial effects of proton pump inhibitors. (adapt. from Ray A., et al. [61])

Notes: ACE-2 — angiotensin-converting enzyme 2, ATPase — adenosine triphosphatases

Such changes in pH will interfere with the processing of
the spike protein (S1) by endosomal proteases and limit
the spread of SARS-CoV-2 infection [61].

As mentioned earlier, SARS-CoV-2 uses ACE2 as a
receptor to enter the human body [12], while the activ-
ity of ACE2 depends on pH level. A pH in the range
of 7-7.5 is considered optimal for its functioning [67].
It is known that PPIs tend to alkalize the intraluminal
environment by inhibiting V-ATPase. Since a signifi-
cant decrease in the activity of ACE2 receptors occurs
at pH above 7.5, using PPIs that increase pH level may
prevent the penetration of SARS-CoV-2 into cells [61].

In addition to the direct antiviral activity, PPIs can
also be used together with other therapeutic agents.
In an in silico study, omeprazole increased the efficacy
of aprotinin — a serine protease inhibitor, and rem-
desivir by 2.7 and 10 times, respectively [68]. There-
fore, the combination of aprotinin and remdesivir with
omeprazole may be a potential candidate for the man-
agement of COVID-19. The combination of PPIs with
NSAIDs with antiviral properties, such as indometha-
cin, was also proposed as a new therapeutic option for
COVID-19 [69].

Therefore, the antiviral mechanism of PPIs needs
further exploration in clinical studies in order to con-
firm whether PPIs can be used in the management of
COVID-19.

Conclusion

Currently, there is uncertainty regarding the safety
of using PPIs during the COVID-19 pandemic, as
available data demonstrate both protective and adverse
effects. Taken together, most of the above studies and
meta-analyses support the possibility that the use of
PPIs may be a risk factor for a more severe course of
COVID-19. However, these results should be inter-
preted with caution and with consideration of different

study designs, limited information on concomitant
treatment, and other risk factors for disease severity,
indications for the use of PPIs, and the risk of pro-
topathic bias. There is evidence that PPIs may play
a positive role in the prevention and management of
COVID-19 due to their antiviral, immunomodulatory;,
and antifibrotic properties. To provide more convinc-
ing evidence, further randomized controlled trials and
prospective studies are required, considering that the
effects of PPIs are likely to influence clinical decision-
making in COVID-19 cases.
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Apxub BHyTpeHHE MeAMuMHbL ® Ne 4 o 2022 OB3OPHBIE CTATbMU

AnarHos 60/1eBoro CMHAPOMA, MeTOAbl BU3yaan3aLum nepesioMoB, AnddepeHumanbHas AUarHoCTUKa octeonoposa. Bo BTopoit yactu paboThbl pac-
cMaTpuBatoTCs 0cO6eHHOCTU AnddepeHLManbHOM ANAarHOCTUKM OCTEONOPETUHECKOrO NePEe/IoMa Mo AaHHbLIM BU3YyaM3UPYIOLMX METOAOB, HEMeAU-

KaMeHTO3Hble, MeANKaMEHTO3Hble€ U XUPYPrudeCcKmne MeTo/bl Ne4eHunsa.

KnrodeBbie cnoBa: ocmeonopemuyeckuii nepesom, 0cmeonopos, NEpenoM N03BOHOYHUKa

KoHbAnKT nHTepecos
ABTOpr 3aABNAKOT, YTO AaHHaA Pa6OTa, eé Tema, npeaMeT u cogepxaHue He 3aTparmBatoT KOHKYpPUPYHOLWKUX MHTepecoB

McTo4YHMKMN duHaHCUpoBaHuA
ABTOPbI 3aABNAIOT 06 OTCYTCTBUM pUHAHCUPOBAHWA NPY NPOBEAEHUN NCCNEA0BAHNA

CraTba nonyyena 06.11.2021r.
MpuHaTa K nybavkauun 04.02.2022 1.
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Abstract

Osteoporosis is a widespread metabolic disease of the skeleton among the elderly. Osteoporotic fractures are significant manifestation of the
disease, which can substantially affect the quality of life. The purpose of this article is to review approaches to the management of patients with acute
osteoporotic fracture. This article consists of two parts. The first part reviews general information about osteoporosis, clinical course of osteoporotic
fracture, differential diagnosis of pain syndrome, methods of visualization of fractures, differential diagnosis of osteoporosis. In the second part, we
discuss differential diagnosis of osteoporotic fracture according to the data of imaging methods, non-pharmacologic, pharmacologic and surgical
methods of treatment.
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25(0OH)D — 25-hydroxycalciferol, CT — computed tomography, DXA — dual energy X-ray absorptiometry, ESR — erythrocyte sedimentation rate,
GIT — gastrointestinal tract, MPS — myofascial pain syndrome, MRI — magnetic resonance imaging, OP fracture — osteoporotic fracture, STIR — Short

Tau Inversion Recovery (inversion recovery spin echo sequence, fat suppression mode)

Introduction

Osteoporosis is a metabolic disease of the skel-
eton characterized by decreasing bone mass, impaired
micro-architectonics of bone tissue and, as a result,
minimal trauma fractures [1].

Two opposite processes constantly take place in
bone tissue: bone formation by osteoblasts, and bone
resorption determined by osteoclasts. Osteoblasts are
derived from immature progenitor cells in periosteum
and bone marrow; they produce and mineralize bone
matrix composed primarily of type I collagen. Insulin-
like growth factor II and transforming growth factor-
beta stimulate the formation of bone tissue by mature
osteoblasts. Osteoblasts surrounded by matrix trans-
form into osteocytes that stop participating in the pro-
cesses of mineralization and matrix synthesis, however,
participate in the paracrine regulation of active osteo-
blasts, and also, according to some data, inhibit the

formation of osteoclasts. Osteoclasts are derived from
cells of monocyte-macrophage series. Osteoclast activ-
ity is regulated by: parathyroid hormone, calcitonin
and interleukin-6; soluble factors such as macrophage
colony stimulating factor (deficiency of this factor
causes osteopetrosis); transcription factors. Maximum
bone mass in humans is observed at the age of about
30 years; then there is a gradual decrease in bone mass
[1,2].

Dysregulated bone formation processes can result
in severe skeletal disorders characterized by decreased
(e.g., osteoporosis) or increased (e.g., osteopetrosis)
bone mass. Bone tissue remodeling depends on the
level of estrogens, the state of phosphorus and calcium
metabolism, the level of parathyroid hormone, vita-
min D, growth hormone, calcitonin, thyroid hormones,
glucocorticoids, senescence and senescence-associated
secretory phenotype, etc. [1, 3].
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Senescence and decreased gonadal function are the
most important factors in the development of osteopo-
rosis. Estrogen deficiency leads to bone loss not only
in postmenopausal women, but also in men. Results of
studies conducted revealed that the rate of bone loss
increases significantly in the first few years after meno-
pause onset. Estrogen deficiency leads to increased
number of osteoclasts and decreased number of osteo-
blasts what, in general, results in bone mass loss. The
risk of fractures in post-menopausal period is inversely
related to estrogen levels. Osteoblasts, osteocytes and
osteoclasts express estrogen receptors. In addition,
estrogen has indirect effect on bones through cytokines
and paracrine factors [3].

Senile osteoporosis is associated with both exces-
sive activity of osteoclasts and progressively decreasing
number of osteoblasts. At the age of 30+, bone resorp-
tion exceeds bone formation; it results in osteopenia
and, in severe cases, in osteoporosis. Cortical bone loss
in women amounts to 30-40 %, and cancellous bone
loss — to 50 %; these values for men are 15-20 % and
25-30 %, respectively. Senescence leads to thinning of
cortical layer, increased porosity of cortical tissue, and
thinning of trabeculae. [3]

Calcium, vitamin D and parathyroid hormone are
involved in the regulation of bone formation. Calcium
deficiency in the diet or its malabsorption in the intes-
tine can lead to secondary hyperparathyroidism. Para-
thyroid hormone is secreted in response to low serum
calcium level. It increases bone resorption (what, in its
turn, increases plasma calcium levels), reduces calcium
excretion by kidneys, and increases renal production
of 1.25-dihydroxyvitamin D (active hormonal form
of vitamin D) that increases calcium and phosphorus
absorption, and inhibits synthesis of parathyroid hor-
mone. Vitamin D deficiency is common among the
elderly and can result in secondary hyperparathyroid-
ism due to reduced intestinal absorption of calcium [3].

Generally, all effects on bone tissue metabolism are
realized via main regulation systems of osteoblastogen-
esis (canonical Wnt signaling pathway) and osteoclas-
togenesis (RANKL/RANK/OPG pathway). Changes in
the expression of molecules that regulate osteoblas-
togenesis and osteoclastogenesis due to aging and the
negative influence of other factors lead to decreased
bone strength that can have presentation as impaired
internal microarchitectonics, decreased bone mass and,
as a result, minimal trauma fractures [1].

In Russia, 34% of women and 27 % of men 50+
are diagnosed with osteoporosis, and the incidence of
osteopenia is 43 and 44 %, respectively. The incidence
of osteoporosis increases with age [4].

Osteoporosis may be primary or secondary. Pri-
mary osteoporosis develops as a separate disease that
is not associated with other causes of reduced skeletal

bone strength. 95 % of osteoporosis in postmenopausal
women (postmenopausal osteoporosis) and 80% of
osteoporosis in men 50+ are cases of primary osteopo-
rosis [5]. Primary osteoporosis also includes idiopathic
osteoporosis that develops in women before menopause,
in men under the age of 50, and juvenile osteoporosis
(in children under the age of 18). Idiopathic and juve-
nile types of primary osteoporosis are extremely rare.

Secondary osteoporosis is caused by various dis-
eases or conditions, as well as medications. The list
of possible causes of secondary osteoporosis includes
more than 70 diseases and pathological conditions and
at least 20 drug categories and separate medications.
5% of osteoporosis in women and 20 % in men corre-
spond to secondary osteoporosis [5].

Osteoporosis of mixed genesis is also possible.
For example, women with primary postmenopausal
osteoporosis may develop secondary glucocorticoid-
induced osteoporosis associated with administration of
glucocorticoids.

The most significant clinical sign of osteoporosis
is an osteoporotic fracture (OP fracture). Fractures
with underlying osteoporosis occur due to a minimal
trauma (for example, falls from standing height, weight
lifting, or even coughing, sneezing, awkward turn/flex-
ion of trunk, bumpy ride in a car, etc.), therefore, such
fractures are also called low energy, or low trauma, or
pathological. The term “pathological fracture” refers
to the fractures that result from a disease, not from a
traumatic effect, for example, a fracture in patients with
metastatic skeletal disease, Paget’s disease, etc., thus, a
fracture in osteoporosis is also a pathological one [1].

OP fractures occur most often in certain areas of the
skeleton, therefore, they are called “marker fractures”
[6]. The typical fractures in osteoporosis are those of the
proximal femur (“femoral neck”), distal radial metaph-
ysis, proximal humerus, and vertebral bodies. Fractures
of ribs, pelvic bones, and tibia are also possible. The
vertebral compression fractures are the most common
type of OP fracture. [7]. They tend to happen in the
mid-thoracic and thoracolumbar spine (Th7 — L2) [8].
Vertebral fractures due to osteoporosis are diagnosed in
7-12 % of men and 7-16 % of women 50+. According to
several reports, the incidence of such fractures reaches
30% in women 75+ [9]. A history of OP fracture is a
risk factor for subsequent fractures. Approximately
19% of patients with vertebral compression fractures
will have another fracture next year [10].

Clinical presentation
of OP vertebral fracture

There are two types of vertebral damage in osteopo-
rosis: acute compression fracture of vertebral body, and
chronic compression deformity.
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Chronic compression
deformity

Slow gradual compression of vertebrae (“delayed
fracture”) is asymptomatic or low symptomatic for a
long time. Patients complain of aching pain or a sen-
sation of heaviness in the lumbar and/or lower tho-
racic regions of moderate or slight intensity, rapid back
fatigue in a standing position [11]. As a rule, two or
three vertebrae are involved in deformation, and in
this case, there is no significant deformation of a whole
spinal column. Such fractures often become incidental
findings during imaging studies (radiography, com-
puted tomography (CT), magnetic resonance imaging
(MRI)).

Multiple compression or complete compression of
single vertebrae results in a gradual decrease in patient’s
height, development of thoracic kyphosis and other
deformities of trunk. Most patients develop more or
less significant pain syndrome and have restrictions in
daily motor performance.

Back pain in chronic compression deformity is pri-
marily represented by myotonic and vertebral pain syn-
dromes. Vertebral deformity is also accompanied by
structural changes in intervertebral discs, facet joints,
ligaments; involvement of spinal cord roots, narrowing
of spinal canal, and other disorders are also possible.
In this regard, discogenic, radicular, facet and other
pain syndromes may develop.

Acute compression
vertebral fracture

Acute compression vertebral fracture is diagnosed
mainly in women 15-20 years after menopause [11].
An acute fracture of vertebral body, like other OP
fractures, is a result of a low energy impact. Unlike OP
fractures of other localizations, most vertebral frac-
tures are caused not by a fall, but by a compression
that occurs during lifting weights, or changing body
position, or during routine daily activities; there is
often no indication of a traumatic moment [11].

Clinical presentation
of an acute fracture

This fracture is accompanied by sharp pain in
the area of damaged vertebra [6]. Vertebrae with
maximum axial load (T10-12 and L1-2) are typically
involved [11]. If thoracic vertebrae are damaged, girdle
pain is possible; if lumbar vertebrae are involved, pain
may irradiate to the anterior part of abdomen or to
the posterior superior iliac spine; it is especially typi-
cal for L1 fracture [6, 11]. Pain irradiation to the limb
caused by an OP fracture is rare, unlike pain caused by
intervertebral hernias, however, it is possible if a nerve

root is compressed by bone fragments or a simultane-
ous protrusion of an intervertebral disc.

Pain in acute fracture, as in the case of chronic
compression deformity, usually includes vertebral and
myotonic components. This pain is caused by peri-
osteal hemorrhage, a large number of simultaneously
occurring microfractures of trabeculae, and spasm of
paravertebral muscles [12]. Other types of pain are also
possible depending on the degree of damage and the
nature of the impact of damaged vertebra on the sur-
rounding structures.

Pain severity can be different: from moderate and
tolerable that resolves spontaneously to pronounced
that requires hospitalization and potent pain medica-
tions. Acute pain lasts, as a rule, for 1-2 weeks, then
it gradually decreases during 2-3 months [11]. Longer
duration of pain may indicate a non-healing fracture
and/or progressive compression.

Pain after a fracture occurred can be either acute and
paroxysmal with certain movements, or monotonous
and dull. Spinal extension, sitting position, attempts to
lie on one side from a sitting position, turning in bed,
and the Valsalva maneuver often aggravate pain and
may be accompanied by muscle spasms [8].

Palpation and/or percussion of spinous processes
and paravertebral structures may be painful [8]. Palpa-
tion is carried out with a patient standing, with moder-
ate pressure along the midvertebral line. Percussion is
also performed with a patient standing. For percussion,
a physician positions the palm of one hand over the
patient’s spine, and taps on it with the closed fist of the
other hand. Tenderness on palpation/percussion indi-
cates possible vertebral injury and is a highly specific
clinical sign.

A patient also requires neurological examination to
exclude possible compression of roots or spinal cord.
Sensory deficits and weakness in limbs may indicate
root compression or the presence of bone fragments
in spinal canal; in such cases urgent surgical treatment
may be required.

Differential diagnosis
of pain syndrome in acute
OP vertebral fracture

Vertebral and myotonic syndromes usually pre-
dominate in the clinical presentation of an acute
OP fracture [13], however, there can be other pain
syndromes that may require different treatment
approaches. Pain status of each patient should be
detailed as much as possible in order to select proper
disease management.

Three groups of pain syndromes are routinely dis-
tinguished when it comes to spine diseases: vertebro-
genic, neurological and myologic (scheme 1) [14].
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Pain syndromes in acute vertebral osteoporotic fracture
vertebrogenic neurogenic myogenic
vertebral radicular myotonic
diskogenic cauda equina syndrome myofascial
facet syndrome neurogenic lameness

Scheme 1. Pain syndromes in acute vertebral osteoporotic fracture

The term “vertebrogenic pain” describes pain associ-
ated with any pathology of the spine itself. Pronounced
structural changes in spine, in turn, can lead to neu-
rological disorders (radicular syndrome, cauda syn-
drome, neurogenic lameness, myelopathy) that are
characterized by neurological pain syndromes. It is
also reasonable to identify myogenic pain syndromes
associated with the reaction of soft skeleton to struc-
tural changes in spine.

Vertebral pain develops with the direct damage to
vertebrae. In addition to an OP-fracture, such pain can
be caused by an infectious lesion of vertebra (osteomy-
elitis, tuberculosis) or metastasis. By nature, it is pain
with a mechanical rhythm that is accompanied by ten-
derness of one or two spinous processes during palpa-
tion/percussion [8].

Discogenic pain originates from damaged inter-
vertebral disc. This pain is described as extrader-
matomal (i.e., with no definite localization in a der-
matome). Discogenic pain is most often observed in
lumbar region; its typical sign is the bilateral pain
in lumbar region that extends to buttocks [14, 15].
The pain is aggravated during spine flexion (forward
lean), rotation, prolonged sitting or standing, as well
as coughing/sneezing/straining, and is relieved in lying
position. Typical signs are pain provocation during
vibration load (tuning fork test) and the so-called “cen-
tralization” (onset/intensification of midline back pain
that is provoked by flexion) [14].

Arthrogenic (facet) pain indicates arthrosis and/or
overload of facet (zygapophyseal) joints. Its sign is a
dull monotonous diffuse pain that aggravates after
long standing, with extension and rotation of spine
(during these movements, there occurs a strong ten-
sion of joint capsules and decrease in the volume of
joint with close contact of articular surfaces), and
relieves at sitting, walking, slight bending. Facet pain

that originates from lumbar region often irradiates
to the proximal thigh mimicking radicular pain syn-
drome, however, unlike it, facet pain never extends
below the popliteal fossa. This pain may also irradi-
ate to buttocks, groin, lower abdomen, and sometimes
even to perineum [16]. Diagnostic block of facet joints
is often used for the differential diagnosis of arthro-
genic pain.

Radicular (neuropathic) pain is unilateral, with irra-
diation to leg often below the knee. This pain spreads
along the dermatome (Figure 1), is asymmetrical (uni-
lateral), is accompanied by sensory (numbness, par-
esthesia) and motor (paresis) disorders in the area of
innervation by the corresponding root. Pain in limb is
often the single sign of radiculopathy [15]. Table 1 pres-
ents the clinical features of radicular pain.

Cauda syndrome is a cauda equina syndrome. It is
characterized by severe back pain spreading to both legs
(symmetrically or asymmetrically), with the develop-
ment of weakness and impaired sensitivity in legs and
S-dermatomes (intergluteal fold), as well as impaired
pelvic functions [19].

Neurogenic lameness develops with spinal stenosis
(narrowing of spinal canal) that leads to the compres-
sion of nerve structures before their exit the interverte-
bral foramina. This causes lumbar pain; heaviness and
weakness in legs; numbness, paresthesia and weakness
in lower part of legs. Painful sensations usually appear
when walking or standing for a long time and disap-
pear after a short rest and when leaning forward [14].

Myofascial and myotonic pain syndromes. Changes
in muscles can both be a separate cause of back pain,
and accompany pain syndromes of other types what is
a very common situation. Myofascial pain syndrome
(MPS) is characterized by the formation of painful tight
areas in muscles that are a result of acute or chronic
overload of separate muscles. These areas are called
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Figure 1. Human dermatomes. According to Hawkes H.C., et al. (2019) [17]. Illustrator A.K. Rudykh

Table 1. Characteristics of radicular pain (adapted from Wolf ].K. (1981) [18], with additions).

Radix Site of pain Irradiation Sensory Disorders Muscle weakness Reflex alterations
Th Girdle pain and dysesthesia in the area of the corresponding dermatomes
L1 Below the groin fold Groin area Groin area Hip flexion Cremasteric
L2 Middle third of the Groin area, Anterior thigh Anterior thigh Hip flexion, hip adduction Adductor
anterior thigh
L3 Anterior thigh and knee  Anterior thigh, knee Distal anteromedial thigh, Lower leg extension, thigh Knee, Adductor
knee area flexion and adduction
L4 Middle part of the lower ~ Anterior thigh, knee Medial thigh Lower leg extension, thigh Adductor
leg and ankle flexion and adduction
Buttocks, posterolateral Posterolateral surface of ~ Lateral surface of the Dorsiflexion of the foot No
thigh, lower leg and foot the thigh, lateral surface lower leg, dorsum of the (flap foot) and big toe, hip
L5 of the lower leg, medial foot, I — II toes extension
edge of the foot up to
I — II fingers
Posterior surface of the leg The back of the thighand  Posterolateral surface of ~ Plantar flexion of the foot  Achilles
S1 and buttocks lower leg, lateral edge of ~ the leg, the lateral edge of ~ and toes, flexion of the

the foot

the foot

lower leg and thigh
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trigger points, or myofascial nodules; the outdated
name of “myogelosis” is also often observed. MPS is
characterized by local “spot” and/or regional pain while
its area often does not coincide with the topographic
boundaries of the trigger muscle and can extend far
beyond its limits. MPS results in asymmetric restriction
of movements. When the affected muscle is stretched,
the pain decreases. Main diagnostic method is palpa-
tion when sharply painful trigger points can be found
in certain areas of muscle. When trigger points are
stimulated, patient’s habitual pain restarts or increases
[20]. Myofascial pain can be debilitating, persisting
for many years, and has a significant impact on motor
activity and, in general, on patient’s quality of life. MPS
associated with the large square muscle of lower back
and with piriformis muscle is more often detected with
underlying structural damage of lower thoracic and
lumbar regions [21, 22].

Myotonic pain, on the contrary, is more extensive,
dull, aching, and dragging. It is triggered by movements
and increases significantly in positions when the mus-
cles surrounding the spinal column are stretched. Pain
can also increase with prolonged staying in one posture
(during driving a car, a long flight, etc.). Paravertebral
muscles are tight, tense, and painful on palpation [21].
Secondary muscle pain can become chronic and persist
independently, even after the initial cause disappears.

Diagnosis

Diagnostic search in a patient with an acute OP
fracture involves the verification and classification of
a fracture itself, as well as the differential diagnosis of
its causes.

Fracture verification

Visualization methods.

To verify an acute OP fracture, radiography, com-
puted tomography (CT) and magnetic resonance imag-
ing (MRI) are used. Use of these methods is presented
in Figures 2 and 3.

A patient with a suspected acute vertebral body
compression fracture should first have an X-ray of the
thoracic and/or lumbar spine.

X-ray is a fast, affordable, and low-cost method [23].
It allows identifying the deformity of vertebral body,
however, not the age of the fracture what is especially
important in cases when healing should be evaluated
over time, as well as in situations when the fracture
occurred with already existing multiple deformities of
other vertebrae. In addition, X-ray demonstrates only
bone structures of the spine; it does not allow assess-
ing the state of other structures (discs, ligaments, spinal
canal), roots and spinal cord.

CT is also a fast and fairly affordable method [23].
Unlike X-ray, CT provides more detailed information
about the state of the bone structures of spine, allow-
ing not only to assess the anatomical integrity, but also
to find compression deformities of a separate part of
vertebra. In addition, CT evaluates the condition of
spinal canal and its contents. Therefore, CT may be the
method of choice if a fracture is suspected. Disadvan-
tages of CT include high cost and predominant visual-
ization of bone structures.

MRI demonstrates in detail all the structures of
spine, spinal cord and roots, and also allows assess-
ing the stage and changes in fracture healing over time
based on the parameters of bone edema (Figures 2¢ and
2d) [23]. From this point of view, MRI is preferable to
radiography and CT, however, the use of MRI is lim-
ited by cost, inequal availability, and contraindications.
Moreover, one should keep in mind that spinal MRI is a
long examination that requires about 30 minutes when
a patient should be motionless in the tomograph. For
a patient in acute fracture stage and with severe pain,
this may be

Thus, X-ray and/or CT help to quickly diagnose a
vertebral fracture and to obtain approximate informa-
tion about the state of surrounding structures. If the
results of these examinations and/or clinical presenta-
tion give the reason to suspect significant damage to
intervertebral discs, nerve roots, spinal cord, etc., asso-
ciated with a fracture, then MRI is mandatory. In addi-
tion, indications for MRI include the ineffectiveness of
conservative treatment, progression of symptoms, and
the need to assess the fracture over time.

Classification
of OP fractures

Both acute and chronic OP fractures are classified
according to their shape and grade.

According to the shape, biconcave (“medium defor-
mation”), wedge-shaped (“anterior deformation”), and
compression (“posterior deformation”, “compression
deformation”) fractures are distinguished (Figure 4).
[18] Anterior wedge-shaped deformity is the most
common [8].

Depending on the decrease of vertebral height,
3 grades of fractures are distinguished: Grade 1 —
decrease in vertebral height by 20-25 %, Grade 2 — by
25-40 %, Grade 3 — >40% [18]. This classification is
convenient and illustrative, however, it gives no idea
of the changes in the spatial geometry of vertebra after
fracture, thus, creating a misleading impression of
“damage in one plane”. Besides, keep in mind the possi-
bility of combined compression and comminuted inju-
ries in acute OP fracture that can cause neurological
complications.
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Figure 2a. Digital
radiography of the
thoracic spine: acute
compression fracture of
the T8 (yellow arrow),
T9 (green arrow)
vertebrae: decrease in
the height of the ventral
part of the body, wedge-
shaped vertebral body

Picture 2. Acute compression fracture of the Th8, Th9, Th10 vertebrae

Note: CT — computed tomography, MRI — magnetic resonance imaging, WI — weighted image, STIR — short tau inversion recovery)
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Figure 26. CT of the
thoracic spine, sagittal
reconstruction. Acute
compression fracture of
the Th8 (yellow arrow)
and Th9 (green arrow)
vertebrae: decrease in the
height of the ventral part
of the bodies, wedge-
shaped shape of the
vertebral bodies, fracture
line can be traced in the
compression zone as well
as compaction of the
spongy part of the bodies,
a bony «notch» along the
ventral surface as a sign of
acute compression in the
Th8 vertebra
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Figure 26. MRI of the thoracic spine:
acute compression fracture of the

T8 (yellow arrow), T9 (green arrow)
vertebrae: decrease in the height of the
ventral part of the bodies, wedge-shaped
shape of the vertebral bodies, decreased
signal intensity in T1 WI, an increased
intensity in T2 W1, significantly
increased signal intensity in STIR mode
from the body as a manifestation of an
acute bone edema on the background
of a “fresh” fracture. Similar changes

in the body of the Th10 vertebra (blue
arrow), as a reflection of bone contusion
or incipient compression fracture.

Figure 22. MRI of the thoracic

spine 3.5 months after the fracture.
Signs of fracture consolidation

and disappearance of bone edema:
increased signal intensity from the

body in T1 WI, iso-intensive or slightly
hyperintense signal from the body in

T2 W1, iso-intensive signal from the
vertebral bodies in STIR mode as a
reflection of the of edema resolution and
replacement of this area with adipose
tissue of the bone marrow. Regression of
bone edema of the Th10 vertebra (blue
arrow), the fracture did not develop,

the vertebral body is not deformed
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Picture 3 a, b, ¢, d. MRI of the lumbar spine. Acute compression fracture of the L2 vertebral body (green arrow)

Picture 3a. Significantly decreased intensity of the signal from the vertebral body (green arrow) in the area of bone edema in T1 WL
Signal intensity in the line of bone compression and compaction of bone tissue is even lower

Picture 3b. zone of increased signal intensity from the preserved part of the vertebral body (green arrow) as a manifestation of bone
edema, significantly increased signal intensity from the fracture zone, as a manifestation of hemorrhage in the fracture zone in T2-W1I

(sagittal)

Pictures 3c and 3d. Significantly increased signal intensity from the zone of fracture (green arrow), hemorrhage and bone edema

(sagittal and frontal sections) in STIR mode

Minimal compression fracture of the superior part of the body of the L4 vertebra (blue arrow): decreased signal intensity from the
subcortical parts of the body in T1 WI, T2 WI and an increased signal intensity in STIR mode from this area

Picture 3. Acute compression fracture of the L2 vertebral body

Note: MRI — magnetic resonance imaging, WI — weighted image, STIR — short tau inversion recovery)

Differential diagnosis
of osteoporosis

A routine method for diagnosing osteoporosis is
X-ray densitometry (dual energy X-ray absorptiom-
etry, DXA). The measurement of bone density in the
region of lumbar vertebrae, as well as in proximal femur
is considered to be the most informative method. Sev-
eral parameters are calculated including the absolute
bone density value (grams per square centimeter), as
well as the T-score (difference between patient’s bone
density and the data in the reference base for the cor-
responding sex, race and age, expressed as standard
deviations). The diagnosis of osteoporosis in individ-
uals 50+ is based on the T-score that indicates how

much patient’s bone density differs from the normal
value. Osteoporosis is diagnosed if this value in L1-
L4 region and proximal femur is -2.5 standard devia-
tions and lower [1].

In the case of compression deformities, especially
multiple and accompanied by spinal curvature pro-
gressing over many years, the diagnosis of osteoporo-
sis is not a challenge: results of spinal X-ray, exami-
nation findings and history are sufficient. However,
one should understand that in patients with severe
compression deformities, DXA in lumbar region is
often false negative, i.e. bone density values are within
normal or even elevated. First of all, this is due to the
fact that the sagging vertebra becomes more compact
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Grade 0 (normal)

Anterior deformity

Grade 1(mild
fracture, <25%
loss of height)

Grade 2: moderate
fracture, 25% to 40%
loss of height

Grade 3 (severe
fracture, >40%
loss of height)

Middle deformiy

Posterior deformity

Picture 4. Classification of vertebral deformities. According to H.K. Genant (1993) [24]. Illustrator A.K. Rudykh

and is represented as an area of increased density.
Moreover, aortic calcification, endplate sclerosis, liga-
ment calcification, osteophyte proliferation, and other
morphological changes that develop with age can con-
tribute to the misrepresentation of results [23]. In such
cases, one is recommended to focus on the parameters
in the area of proximal femur or to make additional
measurements in the distal third of forearm. [6].

If the fracture occurred for the first time in a
patient with no known history of osteoporosis and
normal shape of other vertebrae, then the cause should
be established very thoroughly. It can be the following
diseases, except osteoporosis: hyperparathyroidism,
multiple myeloma, metastatic, infectious lesions and
primary vertebral neoplasias [8]. Thus, DXA plays
an important, however, not decisive role in the diag-
nostic search, since even positive results confirming
osteoporosis do not allow us to assert the absence of
other possible causes of fracture. On the other hand,
negative results of densitometry (normal or slightly
reduced bone density) does not mean the absence of
osteoporosis, as it is a highly specific but low-sensitive

test, and its result can be affected by many factors [6].
In some cases, the diagnosis of osteoporosis can be
established even with a negative DXA result, if it is
a minimal trauma fracture with all other causes that
have been excluded [6].

The following approximate examination plan is
recommended (Table 2):

The most difficult task from this list is the exclusion
of a single metastatic and myeloma lesion of vertebra,
as well as hemangioma; final diagnosis in some cases
can only be established based on biopsy results. If there
are strong suspicions of the secondary nature of ver-
tebral damage and a single lesion of this vertebra is
observed, then it is reasonable to first perform a needle
biopsy [25]. If the patient has indications for surgical
treatment of a fracture (vertebroplasty or kyphoplasty),
then these interventions are recommended to be per-
formed only after receiving the results of a histological
test. This is required because the primary biopsy may
not be informative enough; then a repeated sampling
from vertebra will be required that is impossible with
cement placed into vertebral body.
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Table 2. Differential diagnosis of osteoporosis

Examinations

Assumed diseases

Parathyroid hormone, alkaline phosphatase, total calcium (serum)
ESR, total protein, plasma protein fraction(serum)

Phosphorus, 25(0H)D

Skeletal scintigraphy, Comprehensive oncological examination
DXA

Exclusion of secondary causes of osteoporosis

Vertebral biopsy (If surgery (kyphoplasty or vertebroplasty)
is planned, vertebral biopsy is mandatory)

Hyperparathyreosis

Multiple myeloma

Oncogenic osteomalacia

Metastatic bone lesion

Osteoporosis

Endocrinological, rheumatological, gastrointestinal, renal diseases,

blood disorders, drugs (steroids, aluminum in antacids, antiepileptic
drugs, barbiturates, aromatase inhibitors), alcohol

Haemangioma, multiple myeloma, metastatic lesion, primary spine
tumor

Note: ESR — erythrocyte sedimentation rate, 25(0H)D- 25-hydroxycalciferol, DXA — Dual-energy X-ray absorptiometry

Conclusion

Back pain is a complex clinical issue; it requires
extensive differential diagnostic search. Osteoporotic
fracture is one of the most common causes of back
pain in elderly patients. Diagnosis of an osteoporotic
fracture is based on a thorough analysis of clinical
findings and laboratory test results, and also requires
the targeted use of advanced imaging methods.
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Peslome

ManonaTudeckuii erouHbin pubpos (MNJ1d) asnsertcs TAHKeNbIM NPOrpeccmpyowmnM 3a601eBaHMeM NerkUX HEM3BECTHOM 3TUONOTUM CO CPeAHEN
pacnpoctpaHeHHocTbto 15 Ha 100000 HaceneHusa B Mupe. Pa3anyatoT cnopagnyeckme, CUHAPOMasibHble U ceMelHble cayyam 6onesHn. Cnopagm-
YyecKue C/lyHam OTHOCATCA K MHOTOdpaKTOPHbIM 3a60/1eBaHMAM U aCCOLMMPOBaHbI C BO3PacTOM, BUPYCHbIMU MHPEKLMAMM, KYPEHUEM U BAbIXaHNeM
MbI/IN, KOHTAKTOM C XMMUYECKMMM peareHTaMu U 1eKapcTBaMu, ractpossodaranbHo peditoKcHol 6onesHbto. BeifiBaeHa accounauus cnopaam-
yeckoro M/1® ¢ annenbHbiMu BapnaHTamu reHoB AKAP13, ATP11A, DPP9, DSP, IVD, ILTRN, FAM13A, MUC5B, SFTPC, SPPL2C, TERC, TERT, TOLLIP.
CuHapoManbHeit NJ1® onvcan npu cuHapome lepMmaHckoro-lMyanaka. CeMeliHble cy4an 601e3HM 06yC10BNEHbI MyTaLUAMU B FeHaX, KOAWUPYIO-
wux 6enkm cypdartanTa (SFTPC), MyumHa (MUCS5B), Hykneasy aeaaeHunuposanus (PARN), ydacTeytowme B pyHKUMOHMpOBaHUK Tenomep (RTELT,
TERC, TERT). B 2000 roay AMepuKaHCKoe TopaKa/ibHOe COO6LEeCcTBO PEKOMEH/0BA/IO T/IOKOKOPTUKOUABI U LUTOCTATUKU A5 NedeHns UID ¢
Lie/Iblo BO3/eMCTBUA Ha BOCMaNNTeIbHbIM NpoLecc Npu akTueauumn ¢ubpobaacToB 1 NX aKKYMY/IMPOBAHUMN BO BHEK/JIETOYHOM MaTPUKCe JIerKUX.
OTN peKOMeHAaLUMMN A0 CUX NOP UCMONb3YOTCA NPaKTUKe, HECMOTPA Ha Ny6AMKaLMUM AOCTOBEPHbIX AaHHbIX O MOBbILEHHOW CMEPTHOCTU U CAy-
YaeB rocnuTanusauum nauneHTos ¢ NJId, npuHMMatowmx npeAHN30/I0H 1 asaTronpuH. CornacHo JaHHbIM HeaBHUX MeTaaHa/nn30B, Hanbosee
3$PeKTUBHbIMM B iedeHnn N asnsoTcs nMpdeHnaoH (MHrMbUTop cuHTesa GpakTopoB pocTa npokosnareHos | v 1) u HUHTeHaan6 (MHrM6UTOp
TUPO3MHKMHA3bI). MOCKOBKY BaXKHYIO pPO/ib B dTMOMATOreHese 601€3HM UrpaloT reHeTUYeckne GaKkTopbl, NePCeKTUBEH NOUCK METOA0B TapreT-
HOW Tepanuu C UCNo/b30BaHNEM B KayecTBe MULLeHel cneunduyeckmx Hekogmpytowmx PHK, nsmeHeHns skcnpeccum KOTOpbIX He XapaKTepHbl
ANA APYrux 6poHX0/NeroyHbix 3aboneeanuii. K HuUM otHocaTca miR-9-5p, miR-27b, miR-153, miR-184, miR-326, miR-374, miR-489, miR-630,
miR-1343 (ypOBeHb MX CHUXKaeTcA npu 60s1e3HM); MiR-340, miR-424, miR-487b, miR-493, IncRNA AP003419.16, IncRNA AP003419.16 (I'IOBbI-
WweHHasn akcnpeccus npu UD).
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Abstract

Idiopathic pulmonary fibrosis (IPF) is a severe, progressive lung disease of unknown etiology with an average worldwide prevalence of 15 per
100,000. According to the etiology, IPF is classified into sporadic, syndromic, and familial cases. Sporadic cases refer to multifactorial diseases
and are associated with age, viral infections, smoking and inhalation of dust, contact with chemicals and drugs, gastroesophageal reflux disease.
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There were revealed an association of sporadic IPF with allelic variants of the genes AKAP13, ATP11A, DPP9, DSP, IVD, ILTRN, FAM13A, MUC5B,
SFTPC, SPPL2C, TERC, TERT, TOLLIP. Syndromal IPF develops in German-Pudlak syndrome. Familial cases of the disease are caused by mutations
in the genes encoding surfactant (SFTPC), mucin (MUC5B), deadenylation nuclease (PARN), components of telomere functioning (RTELT, TERC,
TERT). In 2000, the American Thoracic Society recommended glucocorticoids and cytostatics for the treatment of ELISA in order to influence the
inflammatory process due to the activation of fibroblasts and their accumulation in the extracellular matrix of the lungs. These recommendations
are still used by many doctors, despite the publication of reliable data on the increased mortality and hospitalizations of IPF patients taking
prednisolone and azathioprine. According to recent meta-analyzes, pirfenidone (an inhibitor of the synthesis of procollagen | and Il growth
factors) and nintenadib (a tyrosine kinase inhibitor) are the most effective treatments for IPF. Since genetic factors play an important role in the
etiopathogenesis of the disease, it is promising to search for methods of targeted therapy for IPF using specific noncoding RNAs as targets, changes
in the expression of which are not specific of other bronchopulmonary diseases. These RNAs include miR-9-5p, miR-27b, miR-153, miR-184,
miR-326, miR-374, miR-489, miR-630, miR-1343 (decreased expression in IPF); miR-340, miR-424, miR-487b, miR-493, IncRNA AP003419.16,
IncRNA AP003419.16 (increased expression in IPF).

Key words: diagnosis, idiopathic pulmonary fibrosis, treatment, developmental mechanism, microRNA, heredity
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List of genes with decoding:
AKAPI13 — A-kinase anchor protein 13
AP3B1 — adaptor related protein complex 3 subunit beta 1; gene of the protein of AP-3 heterodimer complex that interacts with the scaffold protein clathrin
ATP11A — sodium/potassium/transporting ATPase subunit alpha-1; gene of the alpha-1 ATPase subunit that transports sodium and potassium
DPP9 — dipeptidyl peptidase 9; gene encoding a serine protease of the S9B family
DSP — desmoplakin gene
IVD — isovaleryl-CoA dehydrogenase
ILIRN — interleukin 1 receptor antagonist
FAMI13A — family with sequence similarity 13 member A; small GTPase-mediated signal transduction regulation gene
KANSLI — KATS8 regulatory NSL complex subunit 1; subunit gene of two protein complexes (MLL1 and NSL1) involved in histone acetylation
MUC5B — mucin 5B
PARN — poly(A)-specific ribonuclease; deadenylation nuclease gene
RTELI — regulator of telomere elongation helicase 1; gene encoding telomere elongation helicase
SFTPC — surfactant protein C; gene encoding surfactant proteins
SPPL2C — signal peptidase like 2C; gene encoding a protein involved in the proteolysis of membrane proteins
TERC — telomerase RNA component; gene involved in the functioning of telomeres
TERT — telomerase reverse transcriptase; gene encoding telomere reverse transcriptase
TOLLIP — toll interacting protein; gene for a ubiquitin-binding protein that interacts with Toll-like receptors
Qo

Introduction the risk of disease development in people 75+ increases

Idiopathic pulmonary fibrosis (IPF) is a severe pro-
gressive interstitial lung disease with average preva-
lence of 15:100,000 individuals worldwide [1]. Based
on etiology, this disease can be classified into familial,
syndromic and sporadic types. About 10-15% of all
IPF cases are familial [2]. They are caused by mutations
in genes SFTPC [3], TERC [4], TERT [5], MUC5B [6],
RTELI, PARN [7]. Syndromic IPF can develop in Her-
mansky — Pudlak syndrome (mutation in gene AP3BI)
[8]. Age-associated sporadic cases of IPF are prevail-
ing. Average age of patients with these types is 66, and

50-fold compared with the age group 18-34 [9]. Further,
IPF is associated with viral infections (Epstein-Barr
virus, cytomegalovirus, herpesviruses [10], Kaposi’s
sarcoma, and hepatitis C), as well as with smoking and
inhalation of metal [11], silicon, beryllium and coal dust;
exposure to asbestos, radiation, drugs such as antibiot-
ics (nitrofurantoin, ethambutol), cytostatics (bleomycin,
methotrexate), non-steroidal anti-inflammatory drugs
[2]; gastroesophageal reflux disease [12]. The aforemen-
tioned environmental factors cause chronic damage to
alveolar epithelium that contributes to the development
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of immune response with the release of transforming
growth factor f (TGF-P) that is a profibrotic cytokine
activating angiogenesis and the production of extracel-
lular matrix components (collagen and fibronectin) [2].
Fig. 1 is a schematic presentation of mechanisms of the
development of different IPF types.

To diagnose IPF, a clinician should consider the spe-
cific features of the clinical presentation of disease, the
results of X-ray examinations, and physiological param-
eters of patients. Surgical lung biopsy (open thoracotomy
or videothoracoscopy) is recommended for most patients
with IPE. The main objective of subsequent histological
examination is to confirm the diagnosis of IPF [13]. Basic
clinical signs of IPF include dyspnea (in 88 % of patients),
dry cough (70 %), and chest pain (24 %) [5]. In 2000, the
American Thoracic Society established major and minor
criteria for IPF. Major criteria include the following: 1)
absence of other known causes of idiopathic lung dis-
eases, such as exposure to toxic drugs and environmen-
tal factors, connective tissue diseases; 2) decreased vital
capacity (VC), often along with increased forced expira-
tory volume/VC ratio, signs of impaired gas exchange;
3) bibasilar reticular anomalies with minimal ground-
glass opacities found during the computed tomography

(CT) of thoracic organs (ThO); 4) absence of the signs
of an alternative diagnosis based on the results of trans-
bronchial lung biopsy or bronchoalveolar lavage. Minor
criteria are listed below: 1) age 50+; 2) latent onset of
unexplained dyspnea during physical exertion; 3) dis-
ease duration more than 3 months; 4) bibasilar rales on
suspended deep inspiration (dry or velcro-type) [13].
ThO CT results with subpleural honeycombing and trac-
tion bronchiectasis (Fig. 2) or specific combinations of
X-ray and histological signs in patients after surgical
lung biopsy are essential for the diagnosis [11].

Since an important mechanism for IPF development is
inflammation that leads to the activation of fibroblasts and
their accumulation in extracellular matrix, in 2000, Amer-
ican Thoracic Society (ATS) and the European Respira-
tory Society (ERS) recommended administration of glu-
cocorticoids (prednisolone at a dose of 0.5 mg per kg body
weight per day), azathioprine (2-3 mg/kg body weight) or
cyclophosphamide (2 mg/kg body weight) for the man-
agement of this disease [13]. Unfortunately, these recom-
mendations are still used by practitioners, although in
2012 there was evidence of the ineffectiveness of this treat-
ment. Moreover, patients with IPF receiving the combina-
tion of prednisolone, azathioprine, and N-acetylcysteine
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had an increased risk of mortality and hospitalization [14].
Despite ongoing treatment, survival rate in cases of IPF
is about 3 years [15]. Therefore, analysis of the molecu-
lar mechanisms of IPF development can become the basis
for new effective treatment methods. Thus, one of the

(L

Figure 2. Typical manifestations of IPF on CT sections of
the chest (the black arrow shows the «honeycomb lung»,
the white arrow shows traction bronchiectasis) [11]

approaches is to activate the expression of sirtuin (histone
acetylase) SIRT7 that reduces collagen production by lung
fibroblasts. SIRT7 levels are reduced in lung tissues of IPF
patients and experimental mice with bleomycin-induced
IPF [15]. Since up to 15% of all cases of this disease are
monogenic [2], that is, they are caused by mutations in
a specific gene, consideration of the mechanisms of their
development can become the basis for the development of
a pathogenetic therapy for patients with IPE

According to ThO CT, differential diagnosis of IPF
should be carried out with pulmonary signs of systemic
scleroderma and rheumatoid arthritis, asbestosis and
sarcoidosis. These diseases have signs that are gener-
ally similar to those of IPF on CT. However, asbestosis
is characterized by the presence of parenchymal strands
of fibrosis and pleural plaques. Laboratory blood test is
required to exclude systemic connective tissue diseases.
Similar to IPF ThO CT with reticular opacities and hon-
eycombing is observed in subacute and chronic hyper-
sensitivity pneumonitis, however, there is no typical for
IPF bibasilar predominance [13]. It should be mentioned
that risk factors for IPF development are the causes of
the development of lung diseases (Fig. 3) that were listed
in differential diagnosis [2, 11].
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Figure 3. Scheme of differential diagnosis of IPF with the definition of common causes of disease development
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Familial types of idiopathic
pulmonary fibrosis

Clinical signs of monogenic cases of IPF caused by
mutations in specific genes are characterized by ear-
lier manifestation [16], autosomal dominant inheri-
tance, and varying penetrance. These types of IPF
were described as early as 1958 [17]. Mutations are
most often (18% of all family cases) detected in the
genes encoding telomerase complex: TERT (c.97C>T,
c.430G>A, ¢.1456C>T,  ¢.2240delT, ¢.2593C>T,
c.2594G>A, «¢.3346_3522del [4]; c.1892G>A, «c.
2594G>A, ¢.2648T>G [5]) and TERC (r.37a>g) [4].
Major missense mutation 128T>A in exon 5 of the gene
SFTPC (encodes surfactant) is typical [3]. Rarer muta-
tions are c.602delG, c.1451C>T, ¢.1940C>T, ¢.2005C>T,
¢.3371A>C in the gene RTELI that encodes a helicase
that regulates telomere elongation, as well as IVS4-
2a>g, ¢c.529C>T, ¢563_564insT, c.751delA, IVS16+1g>a,
c.1262A>G mutations in the gene PARN that encodes
deadenylation nuclease [7].

It should be mentioned that sporadic cases of
IPF may be associated with allelic variants of genes
with mutations that cause familial IPE. Thus, there’s
a description of association rs12696304 in the gene
TERC, rs7725218 in the gene TERT [18], polymor-
phisms G4702C, C4859G, G4877A, G5089A, C5210A,
G5236A, G5574A, A5786C, T6108C, C6699T in the
surfactant gene SFTPC [16] with the development
of sporadic IPE. Allelic variant rs35705950 (nucleo-
tide substitution in the promoter region) in the gene
MUC5B (encodes mucin) was reported as a cause of
both familial [6] and sporadic cases of IPF [18-20].
The significance of mutations in genes TERT [4, 5],
TERC [4], RTEL1 [7] in the development of monogenic
IPF forms, as well as the association of sporadic forms
of the disease with allelic variants of genes TERT and
TERC [18], whose expression products are necessary
for the functioning of telomeres, explains the associa-
tion of IPF with aging. Genomic instability, mitochon-
drial dysfunction, cellular aging, and loss of proteosta-
sis are actually mentioned in the pathogenesis of this
disease [21].

According to the results of meta-analyzes, allelic
variants of many other IPF-associated genes were found
that are not monogenic types of this disease. Many of the
products of these genes may be involved in IPF patho-
genesis. For example, VNTR*2 haploblock in the inter-
leukin receptor gene ILIRN was significantly associ-
ated in 5 different clinical trials indicating pathological
inflammatory reactions [22]. Information on the asso-
ciation of haplotypes DRBI*15:01 and DQBI*06:02 of
major histocompatibility complex genes HLA is illus-
trative of the role of autoimmune processes [23]. The
association of allelic variants of the gene TOLLIP was

also identified; this gene encodes a Toll-interacting
protein involved in the innate immune system func-
tion (variants rs111521887, rs5743894, rs5743890)
[19]. According to the results of the genome-wide
association study (GWAS), IPF was associated with
allelic variants of genes, the role of protein products
of which was not yet determined. These include the
gene of serine protease DPP9 (rs12610495), lympho-
blastic oncogene AKAP13 (rs62023891), desmoplakin
for intercellular contacts DSP (rs2076295), component
of histone acetylation complex KANSLI, membrane
ATPase that regulates the transport of calcium ions
ATPIIA (rs9577395), isovaleryl-CoA dehydrogenase
IVD (rs59424629), hypoxia-induced gene associated
with lung cancer FAMI3A (rs2013701) [18], lysosomal
membrane protein with a conserved transmembrane
domain SPPL2C (rs17690703) [19]. Analysis of the role
of specific genes in IPF development can become the
basis for the development of both criteria for accurate
diagnosis and management of this disease.

Present-day methods of
management of idiopathic
pulmonary fibrosis

Considering the key role of fibroblasts in the
pathogenesis of IPF [15], use of antifibrotic agents for
the management of this disease seems to be the most
promising way. A 2016 meta-analysis of the results of
treatment of 2,254 patients with IPF demonstrated sig-
nificant effectiveness of pirfenidone (an inhibitor of the
synthesis of procollagen growth factors I and II) and
nintenadib (a tyrosine kinase inhibitor) in improving
reduced FVC (forced vital capacity) during 12 months.
The inefficiency of N-acetylcysteine and the devel-
opment of several adverse drug reactions during its
administration were found [24]. Similar results were
obtained in a 2021 meta-analysis that revealed greater
efficacy of pamrevlumab (a human monoclonal anti-
body that inhibits the activity of connective tissue
growth factor). However, only pirfenidone was able to
reduce overall mortality [25]. It should be mentioned
that nintedanib that is also effective in the manage-
ment of lung cancer affects the same pathways, includ-
ing MAPK, PI3K/AKT, JAK/STAT, TGF-, VEGEF, Wnt
[26] that involve miRNA (ribonucleic acid) associated
with IPF [27]. In addition to antifibrotic agents, pres-
ent-day treatment for IPF includes proton pump inhibi-
tors, oxygen therapy, and lung transplantation. In some
cases, the effectiveness of antibacterial and antiviral
agents was demonstrated due to the role of bacteria
and viruses in the development of IPF. It was found, for
example, that macrolides have immunomodulatory and
anti-inflammatory effect in IPF preventing the produc-
tion of mediators of the immune system [2].
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In addition to medications, the possibility of using
traditional medicine for IPF management is also being
considered. A Chinese herbal pulmonary rehabilita-
tion mixture (PRM) that has been used for decades
was proposed as a potential multipurpose oral agent
for IPF management. Pharmacodynamic studies have
shown that PRM affects the state of the epithelium,
endothelium, fibroblasts, platelet growth factor, toll-like
receptor-4, and fibroblast growth factor. PRM contains
8 herbs: roots of astragalus, codonopsis, ophiopogon,
pseudoginseng, anemarrhena, licorice, bulbs of Fritil-
laria thunbergii, fruits of Schisandra chinensis [1]. Com-
ponents of Hypericum longistylum demonstrated effect
on TGF-B1/Smad3 signaling pathways which indicates
their potential use for IPF management [28]. Epigallocat-
echin-3-gallate (EGCG) that is found in green tea inhib-
its the aggregation of pathological structures of SP-A2 by
increasing the instability of this protein and activating
its proteasomal degradation. Therefore, EGCG can be an
agent in the management of IPF [29].

Since genetic factors are central to the development
of this disease, finding ways to impact these IPF devel-
opment mechanisms is an important task. Investigation
of the role of epigenetic factors is the most promising
trend of studies, since these factors are reversible and can
be corrected using non-coding RNAs (ncRNAs) that are
the potential targets as well. One example is microRNA
miR-506 that specifically binds to the RNA of the
p65 NF-kB subunit gene (nuclear transcription factor for
apoptosis, cell cycle, and immune response genes) and
suppresses its expression. In IPFE, level of this miRNA is
significantly reduced; therefore, miR-506 can be used to
inhibit excessive cell proliferation and inflammation in
lung tissues [30]. Back in 2010, the efficacy of antisense
miR-21 in mice with bleomycin-induced lung fibro-
sis was described. The effect of these molecules could

Profibrotic ncRNAs

also be due to the suppression of proliferation, since
increased expression of miR-21 is typical for malignant
neoplasms, and in IPF it contributes to the pathologi-
cal activation of fibroblasts that synthesize this miRNA.
MiR-21 regulates the expression of Smad7 by influenc-
ing TGF-P1 that contributes to the hyperproduction of
extracellular matrix [31].

An inverse correlation of miR-708-3p expression with
the development of pulmonary fibrosis was found what
indicates the potential use of this miRNA in the man-
agement of IPE Direct targets for miR-708 include tran-
scripts of the genes of disintegrin and metalloproteinase
17 (ADAM17). In an animal experiment, the therapeu-
tic efficacy of this microRNA in pulmonary fibrosis was
demonstrated [32]. MiR-184 also has an antifibrotic
effect that suppresses TGFp-induced fibrotic processes
in lungs and can be considered for the targeted ther-
apy of IPF [33]. In addition to miRNAs, long ncRNAs
can be used in the management of IPE Although the
results of clinical trials have revealed decreased expres-
sion of 1,376 and increased expression of 440 different
long ncRNAs in the blood plasma of IPF patients com-
pared with healthy individuals, changes in the levels
of certain ones is more specific. These include IncRNA
AP003419.16 that is expressed at the highest level and
activates TGF-f1 signaling pathways [34]. An interfer-
ing sequence for profibrotic IncITPF (involved in TGFp
pathways) has already been used in clinical practice in
patients with IPFE. This agent called sh-IncITPF actually
reduced lung fibrosis score [35]. Antifibrotic IncRNA
PCAT29 (prostate cancer-associated transcript 29) sup-
presses TGF- and can be used to influence the TGF-$
pathway in IPF [36]. Thus, studies of ncRNAs in the
development of IPF can become the basis for both diag-
nosis and the development of more effective methods of
treatment (Fig. 4).

Antifibrotic ncRNAs 1

TGF-B

NF-kB ADAM17

7@”“?? |

Fibrosis activation

Increased pathological proliferation

Figure 4. Scheme for the use of specific non-coding RNAs (ncRNAs) in the treatment of idiopathic pulmonary fibrosis
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Table 1. IPF-specific miRNAs

miRNAs (gene localization) Expression changes specificity in IPF/ mechanism of influence Reference
miR-9-5p (5q14.3)
decreases / prevents fibrosis
miR-27b (9q22.32) [38]
miR-153 (2q35) decreases / suppresses TGF-f
miR-184 (15q25.1) decreases / suppresses TGF- and p53 [33]
miR-326 (11q13.4) decreases / prevents fibrosis [38]
miR-340 (5q35.3) increases / affects MAPK signaling [41]
miR-374 (Xq13.2) decreases / suppresses mTOR signaling, expression of MIDI ubiquitin ligase [27, 42]
miR-424 (Xq26.3) increases / stimulates fibrosis [38]
miR-487b (14q32.31) increases / suppresses IL-33 expression [36, 43]
miR-489 (7q21.3) decreases / prevents fibrosis [38]
miR-493 (14q32.2) increases / inhibits Wnt/B-catenin, Wnt/PCP, MEK/ERK, PI3K/AKT pathways [43, 44]
miR-630 (15q24.1) decreases / regulates CDH2, VIM, EZH2, SOCS2, TFG, TLR4, Smad9, EP300 gene expression [45]
miR-1343 (11p13) decreases / inhibits TGF-p receptors [40]

miRNAs as potential
diagnostic markers of
idiopathic pulmonary fibrosis

In addition to the miRNAs described above that can
be considered as targets for targeted therapy, a significant
change in the expression of miR-29, miR-21-5p, miR-
92a-3p, miR-26a-5p, and let-7d-5p was found in patients
with IPF [37]. Patients with IPF demonstrate changes
in the levels of miRNAs that activate TGF-p (miR-424)
and suppress its transcription (miR-9-5p, miR-18a-5p,
miR-26a, miR-27b, miR-101, miR-153, miR- 326, miR-
489, miR-1343) [38]. MiR-323a inhibits both TGF-f and
TGF-a signaling pathways. Expression of this miRNA is
significantly reduced in the lung tissue of patients with
IPF [39]. Fibroblasts in the lung tissue of patients with
IPF express lower levels of miR-101 [40]. In patients
with IPF have altered levels of many specific microRNAs
that may be involved in the pathogenesis of this disease
compared with healthy contret-individuals. 47 microR-
NAs were identified that are involved in the regulation
of actin cytoskeleton, in signaling pathways TGF-3, Wnt,
PI3K-Akt, Notch, HIF-1, and mitogen-activated protein
kinase [27]. Analysis of literature sources presented in
PubMed, Scopus, Web of Science databases revealed
that changes in the expression of many IPF-associated
microRNAs are also found in patients with other dis-
eases of bronchopulmonary system, such as asthma and
chronic obstructive pulmonary disease. However, the
expression of several microRNAs is detected only in
IPF (Table 1). These miRNAs can be used as diagnostic
markers of this disease, as well as for the development of
effective targeted therapy.

Conclusion

Average incidence of IPF is 1:6,500. From 10 to 15%
of cases of this disease are autosomal dominant mono-
genic diseases caused by mutations in the genes of telom-
erase complex (TERC, TERT, RTEL), surfactant (SFTPC),
deadenylating nucleases (PARN) and mucin (MUC5B).
Sporadic cases of IPF are associated with allelic variants
of different genes, the products of which may be involved
in the pathogenesis of this disease. The ineffectiveness
of IPF management with glucocorticoids and cytostat-
ics has been proven; these agents can aggravate disease
course and increase the risk of mortality. Present-day
effective methods of treatment implemented in clini-
cal practice are the use of pirfenidone (an inhibitor of
the synthesis of procollagen growth factor), nintenadib
(a tyrosine kinase inhibitor) and pamrevlumab (an anti-
connective tissue growth factor monoclonal antibody).
Promising method of laboratory tests for IPF is deter-
mining the levels of miRNAs, changes in the expression
of which is specific only for this disease. These include
miR-9-5p, miR-27b, miR-153, miR-184, miR-326,
miR-374, miR-489, miR-630, miR-1343 (decreasing
levels); miR-340, miR-424, miR-487b, miR-493 (increas-
ing level). MicroRNAs and long non-coding RNAs can
also be used in the development of targeted therapy for
IPE
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CBOeBpeMeHHOe BbifiB/IeHVEe BpadaMy 06Lieil MeULMHCKOW NPaKTUKN NCUXMYECKUX U NCUXOCOMATMYECKUX PaCcCTPOMCTB Y NaLMEeHTOK Npu NaaHu-
POBaHWM, @ TaKXKe BO BPeMs BeAeHWUs 6EPEMEHHOCTM U B NMOC/IEPOAOBbIN MEPUOA, OCTAETCA 3HAYMMOW MeAULMHCKON 3ajaqei. YacToTa BCTpeyae-
MOCTM reTepOoreHHbIX MCUXOCOMATUYECKUX PACCTPONCTB (adpPeKTUBHbIE, TPEBOXKHbIE, AUCMOPOUYECKME, COMATOBEreTaTUBHbIE, MCUXOTUYECKME) Ha
¢doHe MeHCTpyaLmii, 6epeMeHHOCTM 1 B NOCIEPOA0BOM Nepuoge gocturaet 80 %. B cBoo ouepespb, NCMXOCOMaTUYECKME PacCTPOMCTBA ABNAIOTCA
q)aKTOPaMVI PUCKa ANA OTCPOYEHHOr 0 HaCcTyn/ieHNA N COKpaLleHMA NPpoAO/NKUTENBbHOCTU MEHCTPyaU'I/Il‘/‘I, pa3BnTUA NpeAMeHCTpyasibHOro CMHAPOMa,
HeaZeKBaTHbIX 3MOLMOHA/IbHbIX PeaKLU/Iﬁ npuv MeHCTpyauuax, nepe60eB B UUKNE, CHMKEHNA PerynapHOCTU U yA0B/IETBOPEHHOCTU nos0BoK XU3HbIO,
bepTUbLHOCTY, HEBbIHALLMBAHUA 6EPEMEHHOCTM, COKPALLEHNS IAKTALMOHHOrO NeproAa, paHHEro HacTymn/eHns MeHomnayssl C 60/bLION A/IUTE/IbHO-
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Abstract

The incidence of different psychiatric disorders (affective, anxious, dysmorphic, psychotic) during menstruation, pregnancy and the postpartum
period reaches 80 %. Mental disorders are risk factors for the delayed onset and shortening of menstruations, manifestation of the premenstrual
syndrome (PMS), inadequate emotional reactions during menstruations, disruptions in the menstrual cycle, decreased regularity and satisfaction
of sexual activity, fertility, pregnancy failure, reduction of the lactation period, early onset of menopause with long duration and clinical severity of
premenopause, etc. An individual approach to treatment should take into account risk factors (heredity, comorbid disorders, sex, age, etc.) of adverse

events (AD), the balance of efficacy and safety of drugs.
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ACTH — adrenocorticotropic hormone, AE — adverse events, BDD — body dysmorphic disorder (dysmorphia, dysmorphophobia), BPAD — bipolar
affective disorder, DACH-syndrome (D — depression; A — anxiety; C — craving; H — hyperhydration), DSM — Diagnostic and Statistical Manual
of mental disorders, GABA — gamma-aminobutyric acid, ICD-11 — International Classification of Diseases, OCD — obsessive-compulsive disorder,
PMDD — premenstrual dysphoric disorder, PMS — premenstrual syndrome, PTSD — post-traumatic stress disorder, RID — relative infant dose, SNRIs —
selective serotonin and norepinephrine reuptake inhibitors, SSRIs — selective serotonin reuptake inhibitors, TCAs — tricyclic antidepressants, TSH —

thyroid stimulating hormone

Timely detection by general practitioners of mental
and psychosomatic disorders in female patients during
pregnancy planning, as well as during pregnancy and
postpartum period, remains a significant medical issue.

The objective of this review was to analyze the results
of basic research studies on the pathogenetic and clini-
cal and dynamic characteristics of the generative cycle
of a woman (menstrual cycle and pregnancy). Search

» o«

by keywords “mental disorders”,

» «

» o« .

depression”, “anxiety”,
“dysmorphic disorder”, “psychosis”, “premenstrual syn-
drome”, “pregnancy”, “lactation”, “postpartum”, “treat-
ment” was conducted in the databases of articles pub-
lished by domestic and foreign authors over last 25 years
(PubMed, eLibrary, Scopus, and ResearchGate).
According to the scientific ideas predominating at
late 20th — early 21st century, psychosomatic disorders
associated with menstruation, pregnancy and postpar-
tum period are caused by sharp and cyclic fluctuations
in the level of blood estrogen, changes in the prevalence
of estrogen receptors in brain structures associated
with affect regulation (including amygdala, hippocam-
pus, and hypothalamus), as well as suppression of the
activity of GABAergic neurons (GABA, gamma-ami-
nobutyric acid) by progesterone [1-2]. The other pos-
sible causes include decreased secretion of gonadoli-

berin, melatonin, stimulating effect of thyreoliberin on

the secretion of thyroid-stimulating hormone (TSH),
of corticoliberin on adrenocorticotropic hormone
(ACTH), and of vasopressin on cortisol [1-2].

On the other hand, the mental/psychosomatic dis-
orders in female patients are a risk factor for delayed
onset and shortening of menstruation period, devel-
opment of premenstrual syndrome (PMS), inad-
equate emotional reactions (fear, exaltation) during
menstruation, irregularities in the menstrual cycle,
decreased regularity (50.4 %) and satisfaction (62.2 %)
with sexual life, decreased fertility (decreased number
of ovulations, pregnancies, deliveries), miscarriage,
reduced lactation period, early onset of menopause
with a long duration and clinical severity of premeno-
pause, etc. [3].

The first classifications of psychiatric disorders asso-
ciated with the reproductive cycle in women included
pregnancy-related disorders; postpartum disorders
(first 6 weeks (4 weeks — 12 months) after childbirth),
and lactation disorders (starting from the week 7 after
childbirth) [4]. DSM-II (Diagnostic and Statistical
Manual of mental disorders) (1968) also included “post-
partum psychosis” as a diagnosis of exclusion. ICD-11
(International Classification of Diseases) has a separate
section “Mental or behavioral disorders associated with
the reproductive cycle”, with codes 6E20-6E21.
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Mental disorders that are most often associated with
the reproductive cycle of women and detected during
general examination, include depressive, anxiety, dys-
morphic, and psychotic complexes of symptoms.

Depressive symptoms are observed in premenstrual
syndrome in 27 % of women; premenstrual dysphoric
disorder (PMDD) with clear clinical signs — in 7 %.
Depression is diagnosed in 5-41 % of pregnant women
and in 12-22 % of women in postpartum period [5-7].

Clinical presentation of depression associated with
female generative cycle is characterized by a predomi-
nance of asthenic, or asthenic and apathetic symptoms in
combination with anxiety, phobias, dysphoria, lethargy,
tearfulness, ideas of guilt, sleep disorders (hypersom-
nia), hyperphagia, somatic symptom disorders (hysteral-
gia). Dissociated (mixed) disorders are rather common:
euphoric mood with total inactivity and motor retarda-
tion, as well as mood lability with causeless changes from
depression to mania with euphoria and anger [8-9].

Anxiety disorders, including panic, generalized,
obsessive-compulsive disorder (OCD), post-traumatic
stress disorder (PTSD), and tocophobia (pathological
fear of childbirth), are most common in pregnant women
(13%) and in women in postpartum period (up to 43 %)
[10-11].

Anxiety disorders with tropism to suspicious person-
alities, stress factors, interpersonal conflicts, complica-
tions of pregnancy (preeclampsia, etc.), are characterized
by irritability, tension, moderate autonomic disorders
(dizziness, drowsiness, lethargy) [12].

According to our observations, clinical presentation
of a body dysmorphic disorder (dysmorphia, dysmor-
phophobia, BDD) associated with the generative cycle
in 15-47% of women is heterogeneous [13-15]. The
most common symptoms include an unreasonable idea
of a defect in appearance that is objectively minimal or
even non-existent, excessive detailing of the nature of an
imagined flaw or defect, detailed presentation or, at the
contrary, inability to effectively describe a flaw in appear-
ance. Sometimes female patients feel fear that other
people will see an imagined deformation of their appear-
ance; this can result in social isolation.

Along with general medical examinations, patients
with BDD often visit aesthetic medicine specialists with
bizarre requests (for example, to perform a facial tuck-up
surgery at the age of 20-30, to achieve “perfect symme-
try” (Goldilocks syndrome), etc.) [13-15].

Other signs of BDD are either excessive mirror
gazing (“mirror symptom”) in order to find the best view
when the supposed “defect” is not visible, or to deter-
mine what kind of correction is required, or, on the con-
trary, “negative mirror symptom” when female patients
remove all mirrors and other reflective objects from their
place. Another particular sign of BDD is “negative photo
symptom” (patients categorically refuse to get their pic-
ture taken) and “defect camouflage” with clothes, hair,
make-up, and body position [15-17].

In 83 % of cases, aggression delegated to physicians
(desire for surgeries and other medical procedures) in
accompanied by a tendency to auto-aggressive behavior

[18]. In addition to numerous and persistent visits to phy-
sicians and cosmetologists, patients constantly demand
their family members to confirm (or refute) defects in
their appearance, search for information (read spe-
cial literature, popular publications) related to “defect”
correction.

The incidence of psychotic states in the postpartum
period is 1-2 per 1 thousand (3-5% of women after
childbirth) [11, 19]. Among the latter, about 43.5% of
cases are “isolated postpartum psychoses” [20]; 72-88 %
belong to the structure of bipolar affective disorder
(BPAD) type I or schizoaffective disorder [21, 22]; 12%
are within the dynamics of schizophrenia [22].

Prevalence of premenstrual syndrome (PMS/PMDD,
N94.3 in ICD-10; “Pain and other conditions associated
with female genital organs and menstrual cycle”, N94.8;
“Other specified mood [affective] disorder”, F38.8; pre-
menstrual tension syndrome, “cyclic disease”, ovarian
cyclic syndrome, premenstrual disease, premenstrual
dysphoric disorder , DACH-syndrome (D — depression;
A — anxiety; C — craving; H — hyperhydration [23]) is
25-95% among all women [24]; 62.6-80% in different
regions of Russia; 70-100 % among women with mental
disorders [23].

PMS is registered in 20 % of women under the age of
30; in 47 % of women at the age 30-39; in 55 % of women
40+ [26].

Upon that, PMS is clinically significant in 30-40 % of
female patients of reproductive age, and in 4-5 % of them
it leads to temporary disability [25].

The complex of symptoms in PMS includes more than
200 different psycho-emotional, somatic and autono-
mous, as well as metabolic and endocrine disorders with
underlying hypothalamus dysfunction (Table 1) [1, 23].

Based on the most common symptoms, several types
of PMS can be defined (Table 2), with only one of them
(edematous) that does not include psychopathological
signs [1, 25].

Specific dynamic characteristics of PMS allow identi-
tying several types of alternating premenstrual disorders.
Symptom(s) in premenstrual tension do not significantly
affect the functioning of female patients; PMS during
two menstrual cycles is characterized by at least 3 days of
worsened state of health (mental and/or physical symp-
toms) that reduces functioning; PMDD is described by
growing psychoemotional anxiety and depressive symp-
toms that affect functioning and have recurring course
during several menstrual cycles; and premenstrual
enhancement is an exacerbation of existing somatic dis-
eases and mental disorders [2]. In the latter case, we are
talking about a high comorbidity of PMS with unipo-
lar depressive disorders and BPAD (60 %), dysthymia
(53 %), anxiety disorders (80 %), and personality disor-
ders [27-29].

Pregnancy is an important factor in the natural psy-
chological development of a woman (status of maturity,
establishing social identity, fulfilling the gender role,
strengthening a marriage) [28].

General practitioners should keep in mind that some
of the chronobiological characteristics of pregnancy are
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Table 1. Psychopathological symptoms of premenstrual disphoryc disorders

«Negative»

«Positive»

Anxiety, fear or anxiety
Sadness

Tearfulness

Difficulty concentrating
Physical weakness

Disorders of appetite and thirst
Decreased libido

Headaches

Breast pain and tension

Excess energy

Widening of interests
Increased capacity for work
Frequent changes in activities
Increased social activity
Self-confidence

Increased libido

Higher than in other days satisfaction with own appearance

Table 2. Clinical variants of premenstrual disphoryc disorders

Name

Leading symptoms

Emotional-affective

Cephalgic

Crisis

Oedematous

Combined

Subdepressive mood
Dysphoria
Tearfulness

Migrainous or tension headaches
Sympathoadrenal crises like panic attacks

Swelling and soreness of the mammary glands
Facial swelling
Bloating

associated with a risk of not only somatic and/or intra-
partum, but also mental complications. According to
several studies, mother’s age under 20 or 30-34+, three
or more pregnancies, childbirth in winter or in demi-
season (winter-spring) period in the northern hemi-
sphere are comorbid with the “maternal prenatal stress”,
and with pathocharacterological or psychopathologi-
cal (anxiety, panic, depressive, dysmorphic, psychotic)
disorders in mothers [29-33]. At the same time, most
female patients with severe prenatal stress (3.5-5% of
6 %) have to take selective serotonin reuptake inhibitors
(SSRIs) [34].

Development of prenatal stress during pregnancy is
facilitated by hyperactivation of hypothalamic-pituitary-
adrenal system [35], high levels of cortisol and pen-
etration of 10-20 % of its amount through the placental
barrier [35, 36], increased level of catecholamines (adren-
aline, norepinephrine) in sympathoadrenal system [11],
vasospasm of placenta, decreased uteroplacental blood
flow and development of hypoxia in fetus [37], impaired
neuronal proliferation and migration in fetus [34].

The prevalence of severe (high) prenatal stress reaches
6 % among all pregnant women [38]; 11.8 % in women at
the 18th week of pregnancy, and 13.5% in those at the
32nd week [39].

The established negative consequences of prenatal
stress include increased risk of miscarriage, premature
birth, obstetric problems, low birth weight of the child,
impaired maternal interaction with child, development
of somatic diseases (asthma, hyperlipidemia, diabe-
tes mellitus, obesity, hypertension) in adolescence and
adulthood [32, 40-43]. Several girls born in the setting
of prenatal maternal stress have impaired ovulatory
cycle, ability to conceive and carry a pregnancy, labor,
lactation, development of postpartum depression; sev-
eral boys have feminization and impaired spermatogen-
esis [43].

One of the complications of prenatal stress in 40 % of
women is the persistent mental disorders after childbirth
[10, 11], as well as the development of mental diseases
in a child (delayed speech development, attention defi-
cit hyperactivity disorder, behavioral, affective, cognitive
disorders, autism, and schizophrenia) [42-43].

Psychosomatic disorders in postpartum period
have been studies for quite along period'. Despite this,
there is still no single idea about the duration of post-
partum period: it is estimated as 3 weeks, or 4 weeks, or
12 months [20-22].

The most common mental disorders in postpartum
period are anxiety (15-80 %) [11, 22], affective (10-33 %

! Hippocrates (400 BC) described a case of “puerperal delirium” with severe insomnia and restlessness that developed in a woman during a week after the
delivery of twins. T. Ruggier (11th century) reported of “involuntary crying” in women after childbirth; he associated it with “the excessive moisture of
the uterus” E. Plater (16th century) described delirium and anger in postpartum period. In the 18th century, E Osiander, obstetrician, observed postpar-
tum mania with rapid onset and increasing symptoms in the form of intense excitement, agitation, disorganized speech, as well as abnormal thoughts
about motherhood (“the baby is still in the womb”, “the baby is Jesus Christ”, “the baby can fly”). L. Berger explained such symptoms as headache or stupor
in postpartum period by “the irritating effect of breast milk on the brain” J. Esquirol, on the contrary, argued that the development of mental disorders

is due to the suppression or impossibility of lactation [97-99].
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of depressive, up to 20% of hypomanic), and dysmor-
phic disorders [13-17, 44]. At the same time, symp-
toms of depression develop in 40 % of female patients
during pregnancy [10, 11]. Postpartum depression
increases the risk of depression in future, therefore, it is
regarded as a marker of general susceptibility to affective
disorders [18].

Management of psychosomatic
disorders during menstrual
cycle, pregnancy and lactation
at general medical level

Analysis of literature sources revealed that the issue
of pharmacological management of PMS and premen-
strual enhancement remains debatable. To eliminate
the physiological decrease in serotonin level in the
luteal phase of cycle that is associated with decreased
concentration of sex steroids, hormone replacement
therapy (combined oral contraceptives, long-acting
gonadotropin-releasing hormone agonists) are con-
sidered in combination with “general tonic” agents,
vitamins, dietary supplements, physiotherapy [45,
46]. As an alternative option, decreased level of sero-
tonin may be effectively compensated by short-term
administration of its agonists, antidepressants of SSRI
group [45].

Data on the psychopharmacotherapy of mental dis-
orders in pregnant women are based not on the results
of evidence-based clinical trials (that are difficult to con-
duct due to ethical issues and legal restrictions), but on
the accumulated information on cases of self- or medical
prescription of drugs due to the severe mental state of a
woman.

The main principle for deciding whether to use drug
treatment is the evaluation of benefit/risk ratio for mother
and fetus in case of increased severity or recurrence of
a mental disorder in the absence of proper pharmaco-
therapy. Psychotropic agents are used only in cases when
the risk of persisting and developing mental disorder is
clearly and significantly higher than the risk of adverse
events (AEs). In particular, the choice of any medication

Table 3. Neonatal Adverse Events of Antidepressants

should be based on the fact that all agents, in various
amounts, penetrate the placental barrier. Effect of a drug
product on fetus depends primarily on gestational age.
In particular, in early pregnancy (up to 12 weeks), there
is a possibility of developing severe structural anomalies,
i.e. embryopathies [46].

We present data on the results of the administration
of different groups of psychotropic agents by pregnant
women.

8.7% of women in the United States of America
receive antidepressants during pregnancy [47]. In the
world, the use of treatment with antidepressants during
pregnancy increased 3-fold in the period from 1995 to
2005 [47]. At the same time, 57 % of women who stopped
taking antidepressants due to pregnancy have to restart
treatment for worsening mental state [47].

Pregnant women most often take thymoleptics of
SSRI group. Experiments on mice/rats revealed that
SSRIs reduce fetal body weight, slow down the develop-
ment of motor reflexes, physical growth, impair learn-
ing ability, increase head circumference, cause anxiety,
depression and mortality rate [10, 48].

Comparison of the range of neonatal AEs conducted
by M.P. Marachev (2018) in children who were exposed
to antidepressants during their mothers’ pregnancy is
presented in Table 3 [49].

Literature data demonstrated that the assertions
about the teratogenic potential of antipsychotic agents
have no evidence [49, 50]. However, the incidence of
other neonatal AEs during administration of antipsy-
chotics during pregnancy ranges from 15.6 to 34 %
(Table 4).

It should be noted that in these studies, no evaluation
of the presence of other potential factors for the devel-
opment of these AEs was performed (hereditary back-
ground, ethnicity, smoking, substance abuse, obesity,
diabetes mellitus, socioeconomic status, additional drug
treatment) that were associated with them in the studies
on other patient populations.

Normotimics have a negative impact on the develop-
ment of fetus and children of mothers who used these
agents in 2-8.6 % of cases (Table 5) [49].

Drugs

Adverse Event

TCA:
Clomipramine

SSRI:
Paroxetine

SNRI:
Venlafaxine

Duloxtine

OTHER:
Mirtazapine
Trazodone

Increased risk of cardiovascular defects

Cardiovascular malformations

Persistent pulmonary hypertension, respiratory distress
Tremor

Hypoglycemia (19 %)

Relatively safe

Insufficient data

Insufficient data

Note: TCA — tricyclic antidepressants, SSRIs — selective serotonin and noradrenaline reuptake inhibitors, SSRIs — selective serotonin and noradrenaline reuptake inhibitors
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To assess the effect of medications on a child in post-
partum period (period of breastfeeding), the parameter of
“relative infant dose” (RDI) is used, i.e. dose received by
the child with breast milk in relation to the maternal dose
and expressed as a percentage. For example, SSRI antide-
pressants (citalopram, escitalopram, fluoxetine) pass well
through the placental barrier and into breast milk [49-51].

The dose is considered “relatively safe” for the child
with RDI <10 % (Table 6) [49-51].

Table 4. Neonatal Adverse Events of Antipsychotics

Psychotherapy of psychosomatic disorders of the
reproductive cycle in female patients is aimed at build-
ing constructive psychological defense (in particular,
self-control and responsibility) and adaptive coping
strategies (reattribution with a decrease in the threaten-
ing meaning of somatized symptoms, development of
conviction in the absence of a life-threatening physical
disease, adequate assessment of a real-life situation, and
refusal to manipulate) [51].

Group /Drugs
Traditional Atypical
Haloperidol Aripiprazole
Adverse Events (frequency) Flufenazine
Quetiapine
Clozapine
Olanzapine
Risperidone
Obstetrical (34 %) Preterm birth
Neonatal (15,6-21,6 %) Prematurity

Neurodevelopmental delay

Central neurology system abnormalities
Respiratory

Cardiology (heart defects)
Gastrointestinal pathology

Low body weight

Diabetes mellitus

Table 5. Neonatal Adverse Events of Mood Stabilizers

Drugs

Neonatal Adverse Events, frequency (%)

Lithium

Valproates

Carbamazepine

Lamotrigine

4,1-8%
Cardiovascular abnormalities, Epstein’s abnormality, arrhythmia, hypoglycemia, non-sugar diabetes, thyroid
dysfunction, goiter, dullness, lethargy, liver abnormalities, and respiratory disorders

4,5-8,6 %

Congenital defects (interventricular septal defect, roto-facial defects, hypospodias, abnormal upper limb bone
structure, hypoplasia of finger phalanges, neural tube defects)

The neuro-psychic development disorders

Behavioral

4-5%
Congenital malformations (spina bifida, single ventricle and atrioventricular septal defect, atrial septal defect,
cleft palate, hypospadias, poplidactyly, craniosynostosis)

2-5,6%
Isolated cleft palate or cheiloschisis

Table 6. Relative Infant Dose (RID) of Psychotropic Drugs

Drugs RID <10 % «relatively safe», % RID>10%
Antidepressants SSRI Sertraline Citalopram
Paroxetine Excitalopram
Fluvoxamine Fluoxetine
Antidepressants TCA Amitriptyline (1,5 %)

Mood Stabilizer

Clomipramine (2,8 %)
Imipramine (0,15 %)

Valproates
Carbamazepine

Lamotrigine (9,2-18,3 %)
Lithium (12-30,1%)

Note: RID — relative infant dose, TCA — tricyclic antidepressants, SSRIs — selective serotonin and noradrenaline reuptake inhibitors, SSRIs — selective serotonin and noradrenaline

reuptake inhibitors
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Conclusion

Thus, psychosomatic disorders associated with abnor-

mal menstrual cycle, pregnancy and lactation period,
have a significant negative impact on the social function-
ing of a woman and the mental and somatic health of a
fetus and child. Diagnosis, management and prevention
of these disorders is a complex multidisciplinary chal-
lenge that requires the involvement of both general prac-
titioners and specialists (i.e., gynecologist, psychiatrist,
neurologist).
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Abstract

The incidence of ulcerative colitis has been increasing in recent years, and its manifestation at a young age has become a trend that is prognostically
unfavorable. The clinical picture of ulcerative colitis is often vague, which leads to an initially erroneous diagnosis. One of the main problems is to
assess the effectiveness of treatment and the risk of recurrence of ulcerative colitis, which requires invasive intervention. The aim of the study was
to analyze the data of modern scientific literature on noninvasive biomarkers of ulcerative colitis. The data of foreign and domestic articles on the
research topic published in Pubmed and eLibrary over the past 5-10 years are analyzed. Biomarkers of neutrophil origin are a promising direction in
the primary diagnosis and assessment of ulcerative colitis activity.
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Introduction

Ulcerative colitis (UC) is one of the two primary sub-
types of inflammatory bowel disease (IBD). The aver-
age prevalence of UC is 50-230 cases per 100,000 indi-
viduals, and its annual increase amounts to 5-20 per
100,000, with an upward tendency in all age groups [1].
The pathogenesis of UC is not completely studies; new
studies on the development of new diagnostic tech-
niques are performed which is especially important in
view of the chronic and unpredictable course of UC.
Spontaneous healing and persistent remission of UC
with no drug treatment is rare; repeated ulceration and
constant renewal of the epithelium increase the risk
of colorectal neoplasia and cancer [2]. The healing of
mucosa is a key therapeutic target in cases of inflam-
matory bowel disease (IBD), including UC, with endos-
copy being the gold standard for diagnosis and treat-
ment. [3]. However, this examination is invasive and
stressful for patients, with monitoring of the mucous
membrane condition required at different stages of the
disease. In view of this fact, the search and implementa-
tion of new effective and minimally invasive UC activ-
ity markers remain relevant. Therefore, the objective of
our review was to analyze the current literature data on
potential biomarkers and their possible prognostic sig-
nificance associated with UC.

Risk factors

for the development

and progression of UC

The etiology of this disease is currently not com-
pletely investigated. UC has historically been a disease

of the population of European countries, however, in
recent years there has been an increased incidence

among non-European population groups, including
African American and Asian, so, it was the reason for
investigating the genetic determinants of IBD devel-
opment [1, 4]. Results of studies have revealed about
200 susceptibility loci for IBD in the European popula-
tion and at least 35 loci in the Asian population; some
of the latter were identified as Asian-specific ones [4].
Many genetic tests resulted in the identification of
IBD gene polymorphisms, including NOD2/CARDI15,
IL-10, IL23R [4]. Impaired intestinal homeostasis is
currently considered as the main factor contributing to
the pathogenesis and progression of intestinal inflam-
mation associated with IBD [5]. Recent studies dem-
onstrated that special genetic features contribute to the
impairment of intestinal microbiome. So, prostaglan-
din EP4 receptor encoded by PTGER4 gene is necessary
to maintain the integrity of epithelial barrier, and its
impaired structure is associated with the development
of IBD [5].

Interaction of genetic and environmental risk fac-
tors is certainly important for the development of IBD.
Thus, Min Zhao et al. in their review (2022) analyzed
255 studies and defined 25 risk factors of IBD devel-
opment; seven of these factors were relevant to both
eastern and western populations: family history of CD
or UC, history of smoking, appendectomy, tonsillec-
tomy, diet that includes meat and meat products, vita-
min D deficiency [6]. Other factors, that is, living in
an urban area, current smoking, use of antibiotics and
oral contraceptives, caesarean section, use of isotreti-
noin, obesity, diet that includes fat, eggs, and non-
alcoholic products, were associated with an increased
risk of IBD in only one of these populations. Risk fac-
tors for IBD development in the eastern population
were the following: diet that includes eggs, increased
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consumption of fat and fatty acids (both monounsatu-
rated and polyunsaturated) [6]. At the same time, the
authors identified more than 20 protective factors in
relation to IBD; eight of them became common for the
eastern and western populations: contact with domes-
tic and farm animals, many births, physical activity,
history of breastfeeding, H. pylori infection, current
smoking status, and coffee consumption [6]. It should
be mentioned that the protective role of H. pylori was
also previously demonstrated in a meta-analysis by
Y. Zhong (2021): negative correlations were obtained
between H. pylori and the prevalence of IBD, H. pylori
had a protective effect against IBD, and according to
the results of meta-analysis, eradication of H. pylori
contributed IBD relapse [7].

A recent meta-analysis of 19 studies demonstrated
the important role of nutrition in the development of
IBD [8]. The objective of this paper was to summa-
rize data on the daily diet of adults with IBD com-
pared with healthy individuals of the same age and
sex. It was discovered that adults with IBD do not get
enough energy, fiber, fat-soluble vitamins, as well as
important nutrients such as folic acid, vitamins B1, B2,
B3, B6, potassium, magnesium and phosphorus. The
adults with UC have been found to consume signifi-
cantly more fat and copper, and CD patients consume
significantly less protein, iron, and fiber compared
to healthy controls. Another important result of this
review was that the consumption of basic products
that are considered to form the basis of a healthy diet,
such as cereals, legumes, fruits, vegetables and dairy
products, was found to be insufficient for people with
IBD [8]. Based on the above, it is possible to define
the groups of individuals with high risk of UC in order
to provide earlier diagnosis of this disease, including
non-invasive methods.

Instrumental
examinations in UC

The preferred method for UC confirmation is
endoscopic examination that allows to directly observe
its macroscopic signs, as well as to obtain material for
histological examination [9]. Endoscopic findings in
UC include mucosal edema, loss/decrease of vascu-
lar pattern, pseudopolyps, loss of haustration, diffuse
hyperemia, and mucosal granularity [2]. It should be
mentioned that the aforementioned endoscopic signs
can be observed in other colitis; therefore, differential
diagnosis essentially depends on the type of endoscopic
findings and the nature of their generalization in the
intestine rather than on their range [3]. The histologi-
cal findings typical for this disease include basal plas-
macytosis and the altered structure of mucosa and/or
crypts. The altered structure of mucosa and crypts
includes several signs: crypt branching, changed size of
crypts, atrophy and irregularity of mucous membrane.
The abovementioned signs indicate the chronicity

of the inflammatory process in colon mucosa; they
appear when the underlying inflammation lasts more
than 4 weeks and remain during remissions [3, 10].
The other signs of inflammation in the patients with
UC exacerbation are: the groups of neutrophils are
found in the lamina propria of the mucosa; neutro-
phils invade the superficial epithelium and the crypt
epithelium with the development of “crypt abscesses”;
erosions and granulation tissue are visualized. These
signs indicate the active process; they are observed in
the exacerbation phase with underlying signs of chro-
nicity and resolve in inactive UC [11].

The ongoing clinical trials routinely include endo-
scopic evaluation of healing as an endpoint, and expert
consensus recommends it as an important treatment
goal in clinical practice. [11]. Despite progress in the
drug treatment of UC, a significant part of patients
have disease relapse [3, 11]. This is due to the fact that
patients who have achieved mucosal healing according
to endoscopy usually have active microscopic inflam-
mation of colonic mucosa [12]. Many studies demon-
strated persistent microscopic inflammation in most
patients with the endoscopic diagnosis of remission
what allows suggesting that the level of inflamma-
tion with underlying UC can not be fully character-
ized using just endoscopic evaluation [13, 14]. Thus, it
is reasonable to assume that histological remission is
associated with improved clinical outcome, and it is the
parameter that may be the ultimate therapeutic goal in
the management of UC.

The role of neutrophils
in the pathogenesis of UC

Patients with UC have massive neutrophil infiltra-
tion of the intestinal wall followed by the production
of reactive oxygen species and release of serine prote-
ases, matrix metalloproteinases, and myeloperoxidase
[15]. It has been established that neutrophils express
more than 1,200 cellular proteins; 400 of these proteins
are located in secretory vesicles, and almost 300 — in
granules [16]. Disease activity corresponds to progres-
sive neutrophil infiltration, crypt involvement, and
neutrophil exudation, ranging from minimal inflam-
matory activity to severe ulceration [15, 16]. Thus,
neutrophil infiltration is a special histopathologic fea-
ture of UC that indicates the central role of neutrophils
as effector cells in mucosal damage [17]. Neutrophil
infiltration into epithelium and lamina propria is the
essential component in assessing the severity of UC,
in particular, in its histological assessment using Riley
and Geboes scores, as well as in the recently proposed
Nancy histological index [17]. Neutrophil infiltration
of mucosa correlates with the endoscopic severity of
UC and such systemic indicators of inflammation as
C-reactive protein (CRP) level in blood serum [16,
17]. Patients with UC also have altered neutrophil
apoptosis that may be associated with the release of
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anti-apoptotic cytokines, such as granulocyte-macro-
phage colony-stimulating factor (GM-CSF) that pro-
longs the life span of granulocytes during mucosal
inflammation [14]. Uncontrolled accumulation of neu-
trophils and their persistence in the intestinal mucosa
in cases of active UC may delay timely improvement
of intestinal inflammation [14-17]. Therefore, neu-
trophils are important in the pathogenesis of UC; they
are also a valuable marker in defining disease activ-
ity/severity, as well as a potentially attractive drug
target for therapeutic intervention.

Non-invasive biomarkers
of neutrophilic origin
in cases of UC

At present, the following faecal markers of neutro-
philic origin are the most widely studied as potential
non-invasive markers of UC activity: faecal calprotec-
tin (FC) and lactoferrin (LF) [18].

Faecal calprotectin (FC) is a 36 kDa zinc- and cal-
cium-binding protein. It is located mainly in neutro-
phils and, to a lesser extent, in monocytes and mac-
rophages. Calprotectin makes up 60% of the soluble
cytosolic proteins of neutrophils and is used as a marker
of neutrophil turnover. It can be found in different bio-
logical fluids, such as blood serum, saliva and urine,
feces [18]. FC concentration in feces is proportional
to the neutrophil migration into gastrointestinal tract;
thus, calprotectin is the most widely used faecal marker
[18, 19]. FC measurement is used in clinical practice for
the differentiation between functional bowel disorders,
mainly, irritable bowel syndrome and inflammatory
bowel diseases [18]. It is used as a valuable non-invasive
method for monitoring disease activity in patients with
IBD [20].

Lactoferrin is an 80 kDa iron-binding protein that
was first found in milk and is present in many other
secretions of human body. Lactoferrin is released from
secondary granules in neutrophils upon activation
and has many functions. In addition to its antibacte-
rial properties, it is involved in immune response, cell
growth, and cell differentiation [14].

Several clinical trials were conducted concerning
the usefulness of FC and LF in the differential diagno-
sis of IBD and irritable bowel syndrome (IBS), as well
as for predicting relapse, and as a biomarker of dis-
ease activity in patients with UC [21, 22]. The recent
ACERTIVE multicentre cross-sectional study that
included 371 patients demonstrated that FC levels were
statistically higher in patients with endoscopic and his-
tological activity, and cut-off level of 150-250 pg/g was
proposed [23]. The results of a large study conducted
in 2013-2017 that involved 185 patients revealed that
FC levels 2170 pg/g were a predictive factors of endo-
scopic activity, and FC levels 2135 pg/g predicted his-
tological activity [24]. Therefore, lower threshold FC
values may be chosen to optimize the identification

of patients with persistent endoscopic and histologi-
cal disease activity in clinical practice. A systematic
review of FC and LF as surrogate markers for endo-
scopic monitoring in patients with UC performed
by M.N. Mosli et al. (2017) demonstrated their high
sensitivity and specificity (0.88 and 0.73 for FC and
0.82 and 0.79 for LF, respectively) [16]. In other publi-
cations, FC and LF sensitivity and specificity vary from
70 % to 90 % [25].

FC value in the patients with UC correlated with
endoscopic disease activity with higher accuracy,
reaching 89 %, in comparison to clinical activity index,
increased CRP, and leukocytosis (overall accuracy:
73 %, 62 % u 60 %, respectively) [26]. Moreover, FC is
used to differentiate the severity of colitis (sensitivity:
84 %, specificity: 88 %, AUC: 0.92) [27]. FC is a prog-
nostic factor for assessing the management and the
progress of disease (relapse and postsurgical relapse),
remission (sensitivity: 92.3%, specificity: 82.4 %,
AUC=0.924) and exacerbation of UC (sensitivity 76 %,
specificity 85%) [28]. Decreased FC level in patients
with UC treated with infliximab was a prognostic factor
for disease remission [29, 30]. FC is used for the com-
prehensive evaluation of patients in clinical trials con-
ducted to test new drugs [23-26].

LF was also used to predict UC relapse. LF cut-
off value of 140 pg/g of feces predicted relapse with
a sensitivity of 67 % and a specificity of 68 % [29, 30].
W.A. Faubion et al. (2018) performed a comparative
assessment of biomarkers in patients with UC and
CD compared with endoscopic parameters [31]. The
markers that feature with the closet association with
the endoscopic pattern included FC, LE, and lipocalin
[31]. A systematic review conducted by Y. Wang et al.
(2015) demonstrated that LF in feces is a sensitive and
specific marker that can help to differentiate IBD from
IBS, at least, at the cohort level [32]. The highest levels
of LF were observed in patients with UC. At the same
time, the informative value of LF as a biomarker of UC
was questioned by D. Turner et al. (2010) due to the
fact that LF has demonstrated limited value in predict-
ing sensitivity to corticosteroids in severe pediatric
UC [30].

Considering the strong association with IBD, FC
is currently a common secondary endpoint in clini-
cal interventional trials. M.T. Ostermann et al. (2014)
found that increased doses of mesalazine resulted in a
consistent decrease in FC levels what correlated with
a lower relapse rate [33]. Several studies by R. Molan-
der et al. (2013) demonstrated that normalization of FC
levels after infliximab induction therapy predicts sus-
tained clinical remission [34].

It is important to realize that both LF and FC are
derived from activated neutrophils (as well as macro-
phages), and their levels correlate well with the amount
of neutrophils in the intestine [35]. Both markers
have antimicrobial properties including iron binding
that is essential for bacterial replication and binding
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of lipopolysaccharides [19, 21]. These proteins can be
used as biomarkers is due to their resistance to proteo-
lytic cleavage and stability in feces [23].

Other biomarkers of
neutrophilic origin
in the diagnosis of UC

Neutrophils are multifunctional cells that coordi-
nate and initiate host immune response to an infectious
agent or tissue damage. During the degranulation of
activated neutrophils, leukocyte proteases are released
on the cell surface and into extracellular space; they
regulate the interaction of innate and adaptive immune
systems by modulating the expression and activity of
cell receptors produced by different cytokines [35].
Sensors for leukocyte and bacterial proteinases are pro-
teolytically activated receptors expressed on the surface
of platelets, blood leukocytes and macrophages, as well
as of epithelial, endothelial, mast, dendritic and other
cells involved in the development of inflammation and
immune response [36]. Evaluation of the intensity of
neutrophil degranulation can be important with regard
to the pathogenesis of many diseases, as well as the
assessment of the properties of immunostimulating
agents.

The family of matrix metalloproteinases (MMPs)
includes 24 zinc-dependent endopeptidases that are
involved in the destruction of extracellular matrix in
normal physiological processes [37]. Their activity is
regulated by a tissue inhibitor of MMPs (TIMPS1-4)
[38]. One of the most well-studied MMP enzymes is
MMP-9 (matrix metalloproteinase-9, gelatinase B, or
92-kDa gelatinase) that is increased in serum and intes-
tinal mucosa in patients with active UC [38]. In a study
that involved 85 patients with UC, 64 patients with CD,
and 27 control individuals, serum MMP-9 levels were
positively correlated with disease activity and were sig-
nificantly higher in patients with active IBD compared
with inactive IBD, as well as in patients with active UC
compared with those with active CD [39]. MMP-9 level
demonstrated positive correlation with serum IL-6 level,
platelet and WBC count in cases of UC. It was found
that MMP-9 levels in feces significantly correlate with
total Mayo score and serum levels of CRP and FCP [39].
Reported results of a phase I clinical trial concerning
GS-574 (anti-MMP-9 antibody) demonstrated a clini-
cal response rate of 43 % for patients with UC vs 13 %
in placebo group [40].

In patients with active UC and CD, serum levels
of neutrophil gelatinase-associated lipocalin (NGAL)
are increased compared with controls what indicates
its potential as a biomarker of UC activity [38]. M.
de Bruin et al. in their two recent trials investigated
MMP-9/NGAL complex as a surrogate marker of
mucosal healing in both UC and CD [41]. They mea-
sured serum MMP9/NGAL levels in two independent
infliximab-treated UC cohorts and observed that the

decrease in MMP-9/NGAL levels found in the subjects
could predict mucosal healing with specificity as high
as 91 % [41].

Elafin (a peptidase-3 inhibitor, or antileukopro-
tease) is a neutrophil elastase inhibitor with broad
spectrum antimicrobial activity. J. Wang et al. dem-
onstrated that elafin levels in colon bioptates were
increased in the presence of strictures in patients with
IBD; this fact, according to the authors, demonstrated
the altered balance of proteases and antiproteases
[42]. However, W. Zhang et al. in a recently published
paper demonstrated a statistically significant decrease
in elafin mRNA in active UC and its increase during
remission [43]. The relative expression of elafin mRNA
in peripheral blood leukocytes in UC negatively cor-
related with erythrocyte sedimentation rate, C-reactive
protein level, and modified Mayo score, and in patients
with CD it negatively correlated with clinical activity
index [43].

Human neutrophil elastase (HNE) of serine prote-
ases family, stored in azurophilic granules of neutro-
phils has broad substrate specificity and can degrade
structural proteins, including elastin, collagens, and
proteoglycans [44]. Alongside with elafin, HNE extra-
cellular activity is controlled by many other endog-
enous protease inhibitors, such as al-antitrypsin (al-
AT), secretory leukoprotease inhibitor (SLPI), and
a2-macroglobulin [45]. According to some authors,
human neutrophil elastase level is increased in the
mucosa of patients with UC, so it can be used as the
disease activity biomarker [46].

The presence of autoantibodies against neutrophil
cell proteins is a specific feature of many autoimmune
diseases. A number of published papers include the
description of different anti-neutrophil cytoplasmic
antibodies (ANCA) that are biomarkers for the diag-
nosis and prognosis of UC [47, 48]. In particular, anti-
proteinase-3 ANCA is significantly more common in
UC than in CD patients [48]. This allows suggesting a
possible role of anti-proteinase-3 ANCA as a serologi-
cal biomarker not only for diagnosis but also for differ-
entiating UC and CD.

Cat-G is another serine protease associated with
UC. Cat-G expression was found to be higher in colon
and stool samples of UC patients compared to healthy
individuals in control group [48]. In these samples,
PAR4 expression is not only higher but is also local-
ized mainly in crypts. On the contrary, in samples of
healthy volunteers, PAR4 expression is observed in the
cytoplasm of non-epithelial cells [48].

Neutrophil surface markers

CD16,CD177,CD64

The outer surface of neutrophils expresses mol-
ecules that can be biomarkers or drug targets. Thus, the
potential significance of these molecules as biomark-
ers is extremely important [35, 36]. These molecules
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are not just markers on the surface of neutrophils, they
are also involved in the regulation of cellular functions.
For example, CD16, or Fc gamma receptor IIIb that was
found on the surface of neutrophils, as well as on the
natural killer cells and monocytes/macrophages, is a
Fc receptor with low affinity to IgG [36, 49]. In vitro
studies demonstrated that CD16 was involved in the
activation of neutrophils by immune complexes, how-
ever, takes no part in other neutrophil functions such
as phagocytosis or bacterial killing. This makes CD16 a
particularly attractive potential therapeutic target in
inflammatory diseases, since its inhibition would not
compromise host defense against infection [50]. Neu-
trophilic CD16 is also involved in therapeutic response
in IBD [36, 49]. There is information in literature
sources on infliximab-induced neutrophil-specific
CD16-related autoantibodies [50].

CD177 is another surface marker that is selectively
expressed by a distinct subset of neutrophils. It is inter-
esting that CD177 expression on neutrophils was asso-
ciated with clinical response to treatment with cortico-
steroids in severe UC [50]. CD177 transcript doubled
in patients with UC with no response to systemic cor-
ticosteroid therapy; it became one of the top 10 indi-
cators of steroid resistance in these patients during
the test for prognostic value [50]. CD64 expression is
relevant for the management of UC, as CD64 upregu-
lation correlates with loss of infliximab efficacy, and
CD64 mRNA expression in colon is increased in inflix-
imab non-responders.

Conclusion

Neutrophil infiltration is central in the pathogenesis
of UC. Currently available information on the role of
biomarkers of neutrophilic origin in the diagnosis of
UC is extremely vast and is of potential research and
practical interest. The main challenges for their use at
present are the variety of cut-off values, methods and
timing of feces sampling, high cost of diagnostic tests.
Further improvement in the understanding of patho-
physiology and increased validation of biomarkers of
neutrophilic origin are likely to help in the develop-
ment of an optimal procedure that includes a number of
clinical and laboratory markers and will help to reduce
the need for invasive diagnostic procedures in routine
practice.

Bknap aBTOpOB:

Bce aBTOpbI BHEC/IW CYLLECTBEHHbIV BK/1aZ, B MOArOTOBKY paboThl, NpOY/In
1 0406punK GUHabHYIO BEPCUIO CTaTbk nepes nybankauuen

BonoTosa E.B. (ORCID ID: https://orcid.org/0000-0001-6257-354X):
pesaKTUpOBaHMe TeKcTa

tOMmyksaH K.A.: (ORCID ID: https://orcid.org/0000-0001-9825-7610):
c6op MaTepnana 1 aHanM3 NONYYEHHbIX aHHbIX, HanncaHue TekcTa
Ayanvkosa A.B.: (ORCID ID: https://orcid.org/0000-0003-2601-

7831): aHa/M3 pe3y/bTaToB, HaNMCaH1e TeKCTa

Author Contribution:

All the authors contributed significantly to the study and the article, read
and approved the final version of the article before publication

Bolotova E.V.: (ORCID ID: https://orcid.org/0000-0001-6896-877X):
text editing

Yumukyan K.A. (ORCID ID: https://orcid.org/0000-0002-9377-5213):
collection of material, analysis of the received data, writing text
Dudnikova A.V. (ORCID ID: https://orcid.org/0000-0003-2601-
7831): analysis of the received data, writing text

Cnucok nutepaTypbl/ References
1. Ng SC, Shi HY, Hamidi N, et al. Worldwide incidence and

prevalence of inflammatory bowel disease in the 21st century:
a systematic review of population-based studies. Lancet. 2018;
390(10114): 2769-2778. doi: 10.1016/5S0140-6736(17)32448-0

2. Maes WN.B., Wenbirnx KO.A., Ckanunckaa M.U., n gp. Mato-
Mop$03 BoCNannTe/IbHbIX 3a60/1eBaHMNIi KULLEYHMKA. BeCTHUMK
Poccuiickoi akageMun MeAnLMHCKMX HayK. 2020; 75(1): 27-35.
doi:10.15690/vramn1219
Maev IV, Shelygin Y.A., Skalinskaya M.1., et al. The pathomorphosis
of inflammatory bowel diseases. Annals of the Russian academy
of medical sciences. 2020; 75(1): 27-35 doi:10.15690/vramn1219
[In Russian]

3. Teptbiunbiii A.C., Axpuesa X.M., Maes /.B., ap. Mpo6nemsi
AMArHOCTUKMU FUCTONIOTMYECKON PEMUCCUM Y 60JIbHBIX C BOCMA/IN-
Te/IbHbIMU 3a60/1eBaHMAMU KMLeYHMKa. ApxuB natonoruun. 2017;
79(3): 3-9. doi:10.17116/patol20177933-9
Tertychny A S, Akhrieva Kh M, Maev | V et al. Diagnostic problems of
histological remission in patients with inflammatory bowel disease.
Arkhiv Patologii. 2017; 79(3): 3-9 doi:10.17116/patol20177933-9
[In Russian]

4. TangL, Xu M. Candidate polymorphisms and susceptibility
to inflammatory bowel disease: A systematic review and
meta-analysis. Gene. 2020; 30; 753: 144814. doi: 10.1016/].
gene.2020.144814

5. Wu PB, Qian R, Hong C, et al. Association between
PTGER4 polymorphisms and inflammatory bowel disease risk
in Caucasian: A meta-analysis. Medicine (Baltimore). 2020;

99(34): e19756. doi: 10.1097/MD.0000000000019756.

6. Zhao M, FengR, Ben-Horin S, et al. Systematic review with meta-
analysis: environmental and dietary differences of inflammatory
bowel disease in Eastern and Western populations. Aliment
Pharmacol Ther. 2022; 55(3): 266-276. doi: 10.1111/apt.16703

7. ZhongY, Zhang Z, Lin Y, Wu L. The Relationship Between
Helicobacter pylori and Inflammatory Bowel Disease. Arch Iran
Med. 2027; 1; 24(4): 317-325. doi: 10.34172/aim.2021.44

8. LambertK, Pappas D, Miglioretto C et al. Systematic review
with meta-analysis: dietary intake in adults with inflammatory
bowel disease. Aliment Pharmacol Ther. 2021; 54(6): 742-754.
doi: 10.1111/apt.16549

9. Xanu¢ NN, Wanuna M.B., fonoserko A.O., n ap. TedeHne XpOHU-
YeCKUX BOCMANNTENbHbIX 3a60/1€BaHUI KMLIEYHUKA U METOAbI UX
NleveHuns, npuMeHneMsble B Poccuiickoii Pegepauum (pesyabratsl
MHOTOLEHTPOBOrO MNONY/ALUOHHOrO OHOMOMEHTHOrO Hab/1t0-
[aTe/IbHOr0 NCCeA0BaHNA). POCCUMICKMIA KYpPHA racTpo3HTe-
PONIOTUM, FrenaTonoruu, Kononpoktonorum. 2018; 28(3): 54-62.
doi:10.22416/1382-4376-2018-28-3-54-62




Apxub BHyTpeHHE MeAMuMHbL ® Ne 4 o 2022

OB3OPHBIE CTATbHU

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Khalif IL, Shapina MV, Golovenko AO, et al. Chronic inflammatory
bowel diseases: the course and treatment methods in Russian
Federation (Results of multicenter population-based onestage
observational study). Russian Journal Gastroenterology,
Hepatology, Coloproctology. 2018; 28(3): 54-62.
doi:10.22416/1382-4376-2018-28-3-54-62 [In Russian]

Rath T, Atreya R, Neurath MF. Is histological healing a feasible
endpoint in ulcerative colitis? Expert Rev Gastroenterol Hepatol.
2021; 15(6): 665-674. doi: 10.1080/17474124.2021.1880892
Solitano V, D'Amico F, Allocca M., et al. Rediscovering histology:
what is new in endoscopy for inflammatory bowel disease?
Therap Adv Gastroenterol. 2021; 14: 17562848211005692.

doi: 10.1177/17562848211005692

Arkteg CB, Wergeland Serbye S, Buhl Riis L, et al. Real-life
evaluation of histologic scores for Ulcerative Colitis in remission.
PLoS One. 2021; 16(3): e0248224. doi: 10.1371/journal.
pone.0248224

Shah J, Dutta U, Das A, et al. Relationship between Mayo endoscopic
score and histological scores in ulcerative colitis: A prospective
study. JGH Open. 2019; 4(3): 382-386. doi: 10.1002/jgh3.12260
Muthas D, Reznichenko A, Balendran CA, et al. Neutrophils

in ulcerative colitis: a review of selected biomarkers and their
potential therapeutic implications. Scand ] Gastroenterol. 2017,
52(2): 125-135. doi: 10.1080/00365521.2016.1235224.

Singh UP, Singh NP, Murphy EA, et al. Chemokine and cytokine
levels in inflammatory bowel disease patients. Cytokine. 2016;
77:44-49.doi:10.1016/j.cyt0.2015.10.008

Arkteg CB, Wergeland Serbye S, Buhl Riis L, et al.Real-life evaluation
of histologic scores for Ulcerative Colitis in remission. PLoS One.
2021; 16(3): €0248224. doi:10.1371/journal.pone.0248224

Ayling RM, Kok K. Fecal Calprotectin. Adv Clin Chem. 2018;
87:161-190. doi: 10.1016/bs.acc.2018.07.005

Drury B, Hardisty G, Gray RD, Ho GT. Neutrophil Extracellular
Traps in Inflammatory Bowel Disease: Pathogenic Mechanisms
and Clinical Translation. Cell Mol Gastroenterol Hepatol. 2021,
12(1): 321-333. doi: 10.1016/j.jcmgh.2021.03.002

FuY, Wang L, Xie C, et al. Comparison of non-invasive biomarkers
faecal BAFF, calprotectin and FOBT in discriminating IBS from IBD
and evaluation of intestinal inflammation. Sci Rep. 2017; 7(1): 2669.
doi: 10.1038/541598-017-02835-5

Nemakayala DR, Cash BD. Excluding inflammatory bowel

disease in the irritable bowel syndrome patient: how

far to go? Curr Opin Gastroenterol. 2019; 35(1): 58-62.

doi: 10.1097/MOG.0000000000000493

Magro F, Lopes S, Coelho R et al. Portuguese IBD Study Group
[GEDII]. Accuracy of Faecal Calprotectin and Neutrophil Gelatinase
B-associated Lipocalin in Evaluating Subclinical Inflammation in
UlceRaTIVE Colitis-the ACERTIVE study. ] Crohns Colitis. 2017;
11(4): 435-444. doi: 10.1093/ecco-jcc/jjw170

Hart L, Chavannes M, Kherad O, et al. Faecal Calprotectin
Predicts Endoscopic and Histological Activity in Clinically
Quiescent Ulcerative Colitis. ] Crohns Colitis. 2020; 14(1): 46-52.
doi: 10.1093/ecco-jcc/jjz107

MH, Zou G, Garg SK, et al. C-Reactive Protein, Fecal Calprotectin,
and Stool Lactoferrin for Detection of Endoscopic Activity in
Symptomatic Inflammatory Bowel Disease Patients: A Systematic
Review and Meta-Analysis. Am | Gastroenterol. 2015;

110(6): 802-19; quiz 820. doi: 10.1038/ajg.2015.120

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Frin AC, Filippi ], Boschetti G, et al. Accuracies of fecal calprotectin,
lactoferrin, M2-pyruvate kinase, neopterin and zonulin to predict
the response to infliximab in ulcerative colitis. Dig Liver Dis. 2017,
49(1): 11-16. doi: 10.1016/.dld.2016.09.001

Sakuraba A, Nemoto N, Hibi N, et al. Extent of disease

affects the usefulness of fecal biomarkers in ulcerative colitis.
BMC Gastroenterol. 2021; 21(1): 197. doi: 10.1186/s12876-021-
01788-4

Grabherr F, Effenberger M, Pedrini A, et al. Increased

Fecal Neopterin Parallels Gastrointestinal Symptoms in
COVID-19. Clin Transl Gastroenterol. 2021; 12(1): €00293.

doi: 10.14309/ctg.0000000000000293

Jangi S, Holmer AK, Dulai PS, et al. Risk of Relapse in Patients With
Ulcerative Colitis With Persistent Endoscopic Healing: A Durable
Treatment Endpoint.] Crohns Colitis. 2021; 15(4): 567-574.

doi: 10.1093/ecco-jcc/jjaal84

Langhorst J, Boone J, Lauche R, et al. Faecal Lactoferrin,
Calprotectin, PMN-elastase, CRP, and White Blood Cell Count as
Indicators for Mucosal Healing and Clinical Course of Disease in
Patients with Mild to Moderate Ulcerative Colitis: Post Hoc Analysis
of a Prospective Clinical Trial, Journal of Crohn's and Colitis. 2016;
10(7): 786-794. doi: 10.1093/ecco-jcc/jjw044

Rubio MG, Amo-Mensah K, Gray JM, et al. Fecal lactoferrin
accurately reflects mucosal inflammation in inflammatory bowel
disease. World ] Gastrointest Pathophysiol. 2019; 10(5): 54-63.
doi: 10.4291/wjgp.v10.i5.54

Turner D, Leach ST, Mack D, et al. Faecal calprotectin,

lactoferrin, M2-pyruvate kinase and ST00A12 in severe ulcerative
colitis: a prospective multicentre comparison of predicting
outcomes and monitoring response. Gut. 2010; 59(9): 1207-12.
doi: 10.1136/gut.2010.211755

Faubion WA Jr, Fletcher JG, O'Byrne S, et al. EMerging BiomARKers
in Inflammatory Bowel Disease (EMBARK) study identifies fecal
calprotectin, serum MMP9, and serum IL-22 as a novel combination
of biomarkers for Crohn’s disease activity: role of cross-sectional
imaging. Am ] Gastroenterol. 2018; 108(12): 1891-900.

doi: 10.1038/ajg.2013.354

Wang Y, Pei F, Wang X, et al. Diagnostic accuracy of fecal lactoferrin
for inflammatory bowel disease: a meta-analysis. Int J Clin Exp
Pathol. 2015; 8(10): 12319-32

Osterman MT, Aberra FN, Cross R, et al. Mesalamine dose
escalation reduces fecal calprotectin in patients with quiescent
ulcerative colitis. Clinical Gastroenterology and Hepatology. 2014;
12(11): 1887,1893.e3.

Molander P, Sipponen T, Kemppainen H, et al. Achievement of
deep remission during scheduled maintenance therapy with
TNFa-blocking agents in IBD. ] Crohn's Colitis. 2013; 7(9): 730-5.
doi:10.1016/j.crohns.2012.10.018

Hecrteposa W.B, KonecHnkosa H.B., Yyannosa L A., n ap.
HeWTpodubHble rpaHyNOLMTbI: HOBBIN B3rAA/4 Ha «CTapbixX
MrPOKOB» Ha UMMYHO0rNYecKoM nose. MiMMyHonorus. 2015;
4:257-263

Nesterova I.V., Kolesnikova N.V., CHudilova G.A., et al. Neutrophil
granulocytes: a new look at the “old players” in the immunological
field. Immunology. 2015; 4: 257-263 [In Russian]

O'Sullivan S, Gilmer JF, Medina C. Matrix metalloproteinases in
inflammatory bowel disease: an update. Mediators Inflamm. 2015;
2015:964131. doi: 10.1155/2015/964131

291



292

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 4 e 2022

37.

38.

39.

40.

41.

42.

43.

Sandborn W), Bhandari BR, Fogel R, et al. Randomised

clinical trial: a phase 1, dose-ranging study of the anti-matrix
metalloproteinase-9 monoclonal antibody GS-5745 versus placebo
for ulcerative colitis. Aliment Pharmacol Ther. 2016; 44(2): 157-69
Thorsvik S, Damas JK, Granlund AV, et al. Fecal neutrophil
gelatinase-associated lipocalin as a biomarker for inflammatory
bowel disease. ] Gastroenterol Hepatol. 2017; 32(1): 128-135.

doi: 10.1111/jgh.13598

de Bruyn M, Arijs |, De Hertogh G, et al. Serum

Neutrophil Gelatinase B-associated Lipocalin and Matrix
Metalloproteinase-9 Complex as a Surrogate Marker for Mucosal
Healing in Patients with Crohn's Disease. ] Crohns Colitis. 2015;
9(12): 1079-87. doi: 10.1093/ecco-jcc/jjv148

Wang J, Ortiz C, Fontenot L, et al. High circulating elafin levels

are associated with Crohn's disease-associated intestinal
strictures. PLoS One. 2020; 15(4): €0231796. doi: 10.1371/journal.
pone.0231796

Zhang W, Teng G, Wu T, et al.Expression and Clinical Significance
of Elafin in Inflammatory Bowel Disease. Inflamm Bowel Dis. 2017;
23(12): 2134-2141. doi: 10.1097/MIB.0000000000001252

Barry R, Ruano-Gallego D, Radhakrishnan ST, et al. Faecal
neutrophil elastase-antiprotease balance reflects colitis severity.
Mucosal Immunol. 2020;13(2):322-333. doi: 10.1038/541385-
019-0235-4

Jakimiuk K, Gesek J, Atanasov AG, et al. Flavonoids as inhibitors

of human neutrophil elastase. ] Enzyme Inhib Med Chem. 2021;
36(1): 1016-1028. doi: 10.1080/14756366.2021.1927006

44,

45.

46.

47.

48.

49.

50.

Curciarello R, Sobande T, Jones S, et al. Neutrophil Elastase
Proteolytic Activity in Ulcerative Colitis Favors the Loss of Function
of Therapeutic Monoclonal Antibodies. ] Inflamm Res. 2020;
13:233-243. doi: 10.2147/JIR.S234710

Mizuochi T, Arai K, Kudo T, et al. Diagnostic accuracy of serum
proteinase 3 antineutrophil cytoplasmic antibodies in children with
ulcerative colitis. ] Gastroenterol Hepatol. 2021; 36(6): 1538-1544.
doi: 10.1111/jgh.15296.

Xu'Y, XuF, Li W, et al. The diagnostic role and clinical association

of serum proteinase 3 anti-neutrophil cytoplasmic antibodies

in Chinese patients with inflammatory bowel disease. Scand |
Gastroenterol. 2020; 55(7): 806-813. doi: 10.1080/00365521.2020.
178192

De Bruyn M, Ceuleers H, Hanning N, et al. Proteolytic Cleavage

of Bioactive Peptides and Protease-Activated Receptors in

Acute and Post-Colitis. Int ] Mol Sci. 2021; 22(19): 10711.

doi: 10.3390/ijms221910711

Malech HL, DeLeo FR, Quinn MT. The Role of Neutrophils in the
Immune System: An Overview. Methods Mol Biol. 2020; 2087: 3-10.
doi: 10.1007/978-1-0716-0154-9_1

Fujita M, Kawabata H, Oka T, et al. Rare Case of Adult Autoimmune
Neutropenia Successfully Treated with Prednisolone. Intern Med.
2017; 56(11): 1415-1419. doi: 10.2169/internalmedicine.56.7619
Planell N, Masamunt MC, Leal RF, et al. Usefulness of Transcriptional
Blood Biomarkers as a Non-invasive Surrogate Marker of Mucosal
Healing and Endoscopic Response in Ulcerative Colitis. ] Crohns
Colitis. 2017; 11(11): 1335-1346. doi: 10.1093/ecco-jcc/jjx09




Apxub BHyTpeHHE MeAMuMHbL ® Ne 4 o 2022 OB3OPHBIE CTATbMU

DOI: 293-301. DOI: 10.20514/2226-6704-2022-12-4-293-301 YK 616.12-008.46-085.361
EDN: DXUZOX

n.C. Aonrononos'!, M.1O. PoikoB*'2, B.A. Ocagumnin’3

'— ®IrbOY BO «TBepcKo rocyapCcTBEHHbI MeAULMHCKNIA YHUBEPCUTET»
Mun3apasa Poccuu, Teepsb, Poccusa

2— MeanUMNHCKana KaMHuka «HAK®®», MockBsa, Poccusa

*—TBY3 TO «KnuHunyeckas 60bHMLLA CKOPOI MEeANLIMHCKON noMowm», Teepb, Poccus

PETEHEPATUBHA A TEPAIINA

[TPU XPOHUYECKOV CEPAEYHON
HEAOCTATOYHOCTMU: MEPCIIEKTUBBI
UCITOAB30OBAHMUS KAETOUYHBIX

M BECKAETOYHbIX TEXHOAOT U

I.S. Dolgopolov’, M.Yu. Rykov*'Z2, V.V. Osadchij"?

'— Tver State Medical University, Tver, Russia
2 — Medical clinic “NAKFF", Moscow, Russia
3 — Clinical Emergency Hospital, Tver, Russia

Regenerative Therapy

for Chronic Heart Failure:
Prospects for the Use of Cellular
and Acellular Technologies

Pestome

XpoHuyeckas cepgedHas HegocTaTouHoCTb (XCH) siBnsieTcs 0AHOM M3 Hambonee pacrmpoCTPaHEHHBIX U TAKe/bIX GOPM MLWEMUYECKOWH 60n1e3HN
cepaua (MBC), Ha GpoHe KOTOPOI CYLLECTBEHHO CHUMXAETCA MPOAOMKUTE/ILHOCTb M KA4eCTBO XKMU3HM NauyeHToB. [prMeHsieMble B HACTOALLee BpeMs
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OHHBIMU U TEXHUYECKUMU CIOXKHOCTAMM, BO3HMKAIOLMMU MPU BbINOJIHEHUW 3TOrO ONEepaTUBHOMO BMELLATE/IbCTBA, @ TaKXKe He0CTaTOYHOM A0CTYnN-
HOCTbIO JOHOPCKMUX OPraHoB. VI3BeCTHO, YTO NOTeHLMaN KNEeTOK M1OKapAa K penapauun HeBenuK, No3TOMy pereHepaTUBHaA Tepanua MOXeT 6biTb
BOCTpebOBaHa, Kak HOBOE NepcrekTUBHOe Hanpas/eHue nevyeHna XCH.

CylecTBYeT HeCKO/IbKO HarpaB/IeHWUI KeTOYHOWM Tepanum, CnocobCTBYOLLel YNyYLIeHWIo NPOLECCOB penapauun Muokapaa. OfHUM U3 HUX ABAA-
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Abstract

Cardiovascular diseases are the second leading cause of death and disability worldwide after malignancies. Heart failure (HF) has a large impact not only
on the economics of healthcare but also on the quality of life, functionality and life expectancy of patients. Pharmacological and non-pharmacological
therapies have been developed, but these medical therapies have limited effects to cure patients with severe CH. Heart transplantation is limited
due to the low number of donor organs. Human cardiac potential for spontaneous repair is insignificant, so regenerative therapy is in great demand
as a new treatment strategy. Currently, there are several strategies for heart regeneration. Transplantation of somatic stem cells was safe and
modestly improved cardiac function after myocardial infarction and in patients with CF mainly through paracrine mechanisms. Alternatively, new
cardiomyocytes could be generated from induced pluripotent stem cells (iPSCs) to transplant into injured hearts. However, several issues remain to
be resolved prior to using iPSC-derived cardiomyocytes, such as a potential risk of tumorigenesis and poor survival of transplanted cells in the injured
heart. Recently, direct cardiac cell-free reprogramming has emerged as a novel technology to regenerate damaged myocardium by directly converting
endogenous cardiac fibroblasts into induced cardiomyocyte-like cells to restore cardiac function.

Many researchers have reported direct reprogramming of the heart in vivo in animal and human cells. In this review, we review the current status of

cardiac cell-based and cell-free regenerative technology, a great hope to treat cardiovascular diseases in clinical practice.

Key words: chronic heart failure, regenerative cell therapy, cell and cell-free technologies, cardiomyocytes, fibroblasts
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Introduction

Ischemic heart disease (IHD) is reasonably con-
sidered the leading cause of disability and death in
most countries of the world. IHD leads to the devel-
opment of chronic heart failure (CHF) that is a global
problem of present-day society, dramatically reduces
the duration and quality of life of the population, and
increases medical care economic burden. More than
40 million adults worldwide suffer from CHF. By 2030,
its prevalence is supposed to increase by no less than
45-50 %. The incidence of detection of circulatory fail-
ure increases with population aging and is approaching
a critical value of 10 per 1,000 individuals in the age
group 65+.

The pathogenetic basis of CHF is primarily
impaired systolic function of the myocardium of left
and right ventricles. As a result, the volume of inter-
cellular fluid increases, congestion develops in pulmo-
nary and systemic circulation, perfusion of organs and
tissues worsens, and multiple organ failure gradually

develops. Classifications of circulatory failure that are
currently widely used in clinical practice define the
need for mechanical support of blood circulation and
heart transplantation as the basic criteria for assessing
disease severity, along with the degree of limitation
of patient’s functional activity, severity of congestive
changes and their resistance to ongoing therapy. This
need is due to a sharp decrease in the left ventricle (LV)
ejection fraction (EF) in the vast majority of patients
hospitalized for decompensated CHE. Moreover, the
analysis of the prevalence of decreased LV contractile
function reveals a number of significant racial and
gender differences. Thus, the highest incidence of CHF
is observed in African American male patients; it is
accompanied by significantly decreased EF in approx-
imately 70 % of cases. On the contrary, in Caucasian
female patients, EF in 60 % of cases is slightly reduced
or within normal [1, 2].

Management of CHF mainly includes pathogen-
esis-targeted combined drug therapy. The optimal
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treatment, first of all, contributes to maintaining LV
myocardium contractile function, reducing pulmo-
nary hypertension, eliminating congestive changes,
suppressing excessive activity of humoral regulatory
systems, in particular, renin-angiotensin-aldosterone
system that causes generalized disorders in electro-
lyte balance. However, the options of drug treatment,
especially after the development of severe congestive
circulatory failure, are often limited what results in
high mortality rate in such patients. One of the most
important reasons for the low efficiency of conserva-
tive treatment is the constant degradation and death of
cardiomyocytes, their gradual replacement with fibro-
blasts that are not able to ensure the proper functional
activity of ventricles. Surgical treatment can be con-
sidered as an alternative to the drug therapy of termi-
nal CHF, the options are coronary artery bypass graft-
ing, atrioventricular annuloplasty, valve replacement,
aneurysmectomy, etc. However, their practicability
and effectiveness are ambiguously assessed by differ-
ent authors. Heart transplantation is considered to be
the most effective procedure, however, it is limited by
severe shortage of donors, stringent criteria for select-
ing patients, and high risk of surgical intervention.
Thus, currently available pharmacological and surgical
methods of CHF treatment are in some cases not effec-
tive enough and require further improvement.

One of the promising areas for the treatment of
CHF patients can be considered regenerative cell-
based and cell-free therapy that allows potentiating the
processes of myocardial repair and thereby increasing
the duration and quality of life of patients. It is gen-
erally assumed that mammalian cardiomyocytes are
terminally-differentiated cells. As a result, mammals
are not able to spontaneously restore the myocardium
damaged by one or another pathological factor, unlike,
for example, amphibians or fish that demonstrate
stable regenerative reactions of myocardial after trau-
matic injury. However, neonatal mice demonstrated
their ability to regenerate significant parts of heart
muscle after its partial surgical resection [3]. Results
of studies conducted by a group of researchers from
Karolinska Institute revealed that the pool of cardio-
myocytes is renewed during life, in humans at a rate of
0.5-1 % of the entire population per year [4]. However,
the regenerative capacity of human cardiomyocytes is
not sufficient enough and is not able to ensure the res-
toration of a more or less significant area of myocar-
dium. At the initial stage, there were attempts of heart
muscle regeneration using bone marrow mononuclear
cells (MNCs). Although early clinical trials have dem-
onstrated improvement in myocardial contractility,
results of subsequent studies were less encouraging
[5]. With the development of cellular technologies
and the ability to obtain in vitro cardiomyocyte pro-
genitor cells (CMPCs) that are able to proliferate and
differentiate into mature specialized myocardial cells,
there was a start of new stage of regenerative cell

therapy [6]. Use of autologous CPC culture resulted in
some improvement in myocardial contractile function
and appeared to be safe. However, the survival rate of
transplanted cells remains low, and their ability to dif-
ferentiate into mature cardiomyocytes is very limited.
Positive effects observed with the use of MNC and
CPC cell therapy are most likely associated with para-
crine effects on functioning cardiomyocytes than with
their regeneration [7]. Use of cardiomyocytes derived
from allogeneic pluripotent stem cells, such as embry-
onic stem cells (ESCs) and induced pluripotent stem
cells (iPSCs), has also demonstrated its effectiveness.
However, the use of these cell sources is limited due
to the low rate of engraftment, as well as their poten-
tial oncogenicity, risk of graft rejection, and ethical
reasons. Currently, cell-free regenerative methods are
also developed. Stem cell therapy and reprogramming
of resident fibroblasts into cardiomyocyte-like cells
performed directly in vivo by transduction of certain
cardiac-specific factors is one of the newest technolo-
gies aimed at the regeneration of cardiomyocytes and
the restoration of myocardial functional performance
(8, 9].

This review summarized achievements of present-
day medical science and practice in investigating the
options for regeneration of highly specific heart cells,
as well as possibilities and issues of the use of cell-
based and cell-free technologies in the clinical practice
of CHF management in the near future.

Regenerative cell therapy
for myocardial damage

Use of adult somatic stem
cells and embryonic cells

At the early stages of regenerative medical trials,
bone marrow MNCs generated considerable interest,
as they demonstrated cardiogenic potential in vitro, as
well as effectiveness in rodent models of myocardial
infarction [5, 10]. Results of small clinical trials of var-
ious routes of administration of MNCs to humans have
demonstrated moderately increased ejection fraction
and several positive changes in the area of focal scar
myocardial changes. However, subsequent numerous,
randomized and double-blind clinical trials resulted in
failure to reproduce previously obtained results [5, 11].
Bone marrow mesenchymal stem cells (MSCs) have
also demonstrated in vitro cardiogenic potential and
improved cardiac function in animal models of myo-
cardial infarction. However, results of multicentre clin-
ical trials such as POSEIDON revealed only moderate
improvement in cardiac function, and further studies
demonstrated that MSCs have no ability to differenti-
ate into fully mature cardiomyocytes [12, 13].

Interest of researchers in cardiomyocyte progeni-
tor cells (CMPCs) was driven by the report that these
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cells are able to differentiate in three types required
for the regeneration of myocardial structures, that is,
cardiomyocytes, smooth muscle cells, and endothelial
cells. In vitro experiments revealed the role of one of
the hematopoietic markers on the surface of CMPCs.
In several preclinical trials, c-kit (the gene encoding
kit protein tyrosine kinase receptor) positive CMPCs
demonstrated regenerative potential in small and large
animal models [14]. First clinical trials, SCIPIO, when
patients with ischemic cardiomyopathy received intra-
coronary autologous c-kit (+) CMPCs, revealed a slight
increase in ejection fraction and a decrease in the size
of cardiosclerosis area [15]. In the following study,
CADUCEUS, a mixed CPC population, with c-kit (+)
cells and cardiospheres, was used [7]. It was found that
intracoronary infusion of autologous CMPCs during
post-infarction period is safe, technically realizable
and effective. In particular, there was a significant
reduction in scar mass, increase in viable heart mass,
and improvement in local contractility compared to
the control group. However, there was no significant
difference in changes in ejection fraction and end sys-
tolic and diastolic volume of LV during treatment with
autologous CMPCs in treatment and control groups.
More recent animal studies demonstrated that only
small amount of c-kit (+) CMPCs is transformed into
cardiomyocytes, they were mainly transformed in
endothelial cells [16].

According to the results of preclinical studies of cell
cultures, skeletal muscle precursor cells localized under
the basal lamina of muscle fibers were also considered
as a source for myocardial regenerative therapy. How-
ever, experiments in animal models and small clinical
trials in humans revealed high incidence of ventricular
arrhythmias that increased the possibility of develop-
ing sudden coronary death [17]. Pathophysiological
basis for abnormal ventricular extrasystoles and epi-
sodes of paroxysmal ventricular tachycardia was the
absence of electromechanical connection between
transplanted cells and host cells [18]. The results of
MAGIC study demonstrated no effectiveness of the
use of skeletal muscle cells in ischemic cardiomyop-
athy, either in the near or in the long term [19, 20].
A meta-analysis of 667 patients from 11 studies who
received autologous MNCs for non-ischemic dilated
cardiomyopathy demonstrated good results, mainly for
increasing LV ejection fraction and reducing LV end-
diastolic volume. Moreover, the group of patients after
MNC transplantation demonstrated improvement in
the results of six-minute walk test compared with the
control group [21].

A number of studies have reported the successful
use of CD34+ hematopoietic autologous stem cells
derived from peripheral blood along with granulo-
cyte colony-stimulating factor mobilization in patients
with dilated cardiomyopathy (DCM). Thus, accord-
ing to the results of a randomized study that involved
110 patients with DCM, in treatment group there was

a significant increase in LVEF, increase in walking dis-
tance in 6-minute walking test, and decreased level of
N-terminal pro B-type natriuretic peptide that is one
of the reliable markers of hypervolemia in CHE. Dura-
tion of follow-up for such patients was at least 5 years.
Their five-year survival was 2.3-fold higher than in the
control group. The increased LV EF directly correlated
with the dose of CD34+ cells transplanted into myo-
cardium [22]. However, in contrast to the fairly good
results of cell therapy in DCM, its effectiveness in the
management of myocardial infarction, focal or diffuse
cardiosclerosis is highly controversial. In particular,
method of administration of stem cells and their doses
require further investigation. It also seems that there
is a careful selection of patients in treatment groups
considering rigorous criteria for inclusion in protocols
[23].

Good results were obtained with intramyocardial
use of CD34+ MNCs in patients with exertional angina
of 3-4 functional class that is resistant to combined
antianginal therapy. A meta-analysis of randomized,
double-blind, phase 1 and phase 2 ACT-34 study and
phase 3 RENEW study during long-term follow-up
demonstrated improved exercise tolerance, decreased
intensity and incidence of chest pain, as well as sig-
nificantly reduced incidence of myocardial infarction
and clinically significant CHF in patients who received
cell therapy [24]. In regard to the pathogenetic basis
of such a good therapeutic effect, the authors mention
that cells with CD34+ receptor on their surface are able
to trigger the processes of angiogenesis and neovas-
cularization of heart tissues via several mechanisms.
First, CD34+ MNCs differentiate into smooth muscle
cells and endothelial cells that are the basic structural
components of the inner walls of blood vessels. This, in
turn, leads to vascular re-endothelialization and myo-
cardial revascularization [25]. Secondly, these cells
perform paracrine regulation by producing factors that
stimulate angiogenesis and suppress apoptosis of endo-
thelial cells and cardiomyocytes. In addition, factors
released by CD34+ MNCs contribute to extracellular
matrix remodeling and mobilization of additional pro-
genitor cells [25, 26]. The pro-angiogenic mechanism
of cell therapy with CD34+ MNC:s is also mediated by
the production of so-called exosomes, i.e. membrane-
bound nanobubbles. Exosomes carry pro-angiogenic
miRNAs that activate the processes of division and dif-
ferentiation of stem cells [27].

The concept of using embryonic stem cells (ESCs)
is attractive due to their pluripotency and ability to dif-
ferentiate in any type, including functional cardiomyo-
cytes [28]. However, the clinical use of ESCs is limited
by ethical issues, as well as by the fact that they are
highly immunogenic and can cause rejection reactions.
In addition, there is an open question concerning the
potential genetic instability of these cells and the devel-
opment of benign, and possibly malignant neoplasms
from them [29, 30].




Apxub BHyTpeHHE MeAMuMHbL ® Ne 4 o 2022

OB3OPHBIE CTATbHU

Cardiomyocytes derived from
induced pluripotent stem cells

(iPSCs)

Another therapeutic approach involves the use
of functional cardiomyocytes obtained in vitro from
autologous or allogeneic iPSCs [31]. This treatment
method was developed after the publication of the
results of studies conducted by Takahashi K. et al. [32,
33] on the potential to directly reprogram mouse and
human fibroblasts using a combination of four tran-
scription factors: Oct 4, Sox 2, Klf 4 and c-Myc, also
known as Yamanaka factors. iPSCs obtained that way
share basic morphological and functional characteris-
tics with ESCs and demonstrate the expression of genes
of the same type; all this makes them a good alterna-
tive to embryonic cells [32-34]. Thus, the discovery of
iPSCs helped to solve the existing ethical issues and
has great potential for the development of cell regen-
erative therapy in the time of personalized medicine.
Treatment with autologous fibroblasts reprogrammed
into cardiac-specific iPSCs also seems to be promis-
ing. A group of Japanese researchers reported that
transplanted cardiomyocytes derived from allogeneic
iPSCs were able to persist in heart tissues in immu-
nosuppressed monkeys for up to 12 weeks. Upon
that, improved myocardial contractile function and
increased LV EF were observed [35]. During evalua-
tion of adverse effects, the researchers observed high
incidence of ventricular arrhythmias that were most
likely associated with different degrees of maturity
and functional activity of the transplanted cardiomyo-
cytes. Despite the fact that the results of further studies
have demonstrated the possibility of obtaining a more
mature and homogeneous cell population, the hetero-
geneity of cardiomyocytes obtained from iPSCs can
be one of the significant obstacles to the implementa-
tion of this technique in clinical practice [36]. Another
challenge is that iPSCs demonstrate pronounced
genetic instability and the ability to develop teratomas
in vivo [37].

Direct reprogramming
of myocardial cells

Direct reprogramming of resident scar-forming
fibroblasts into cardiomyocytes can change approach
to cell therapy for cardiovascular diseases, primarily,
myocardial infarction (Figure 1).

It was demonstrated that a combination of sev-
eral cardiac-specific factors, such as Gata4 (the gene
encoding proteins for “zinc fingers” binding to the
“GATA” DNA sequence and playing a role in the differ-
entiation of myocardial cells), Mef2c (the gene encod-
ing myocyte-specific enhancer binding factor 2C), and
Tbx5 (the gene encoding T-box transcription factor 5),
is able to directly convert fibroblasts into heart muscle
cells without passing through stem cell stage [9, 38].

This method allows circumventing the limitations
associated with the requirements for the number of
transplanted cells, their survival rate and significantly
reducing the risk of teratoma development. During the
experiment on animals, reprogrammed cardiomyo-
cytes demonstrated good intercellular interaction and
structural organization, had global gene expression
profiling similar to natural heart muscle cells, as well
as electrophysiological potentials and spontaneous
contractions. Unfortunately, this combination of fac-
tors was found to be insufficient in the studies with
human cells [39]. However, despite the low efficiency
of reprogramming and the absence of spontaneous
beating, these cells demonstrated the ability to mature
and contract synchronously when co-growing with
mouse cardiomyocytes. Cao N. et al in their papers
have demonstrated that human fibroblasts were able to
transform into cardiomyocyte-like cells using a com-
bination of nine different chemical compounds [40].

During direct reprogramming of cardiac cells, the
following different signaling pathways interact with
each other: transforming growth factor-p (TGF-p),
Rho-associated kinase (ROCK), WNT pathway pro-
teins (Wnt signaling pathway is one of the mamma-
lian intracellular signaling pathways that regulates
embryogenesis and differentiation cells), Notch (trans-
membrane proteins that regulate cell differentiation
and interaction of adjacent cells), and Akt (protein
kinase B family proteins). Influence on these pathways
at different stages can alter the effectiveness of therapy.
It is notable that TGF-p pathway is one of the active
pathways in fibroblasts as well. Inhibition of TGF-p
and WNT pathways was shown to increase the effi-
ciency of reprogramming [41, 42]. Cellular signals that
ensure the normal functioning of fibroblasts probably
act as a barrier during attempts to transform them into
other cell types and should be suppressed for success-
ful reprogramming. Epigenetic barriers are another
obstacle to the direct reprogramming process, in addi-
tion to the typical for fibroblasts signaling pathways.
For successful reprogramming, cells should be able
to use genes that are inactive in a given cell popula-
tion. Epigenetic factors control their activity with the
help of histone methylation, acetylation, and ubiquiti-
nation [9]. Research group of Zhou Y. et al. obtained
Bmil (B cell-specific Moloney murine leukemia virus
integration site 1), a protein from the group of proteins
that can remodel chromatin that is a critical epigenetic
barrier for direct reprogramming of fibroblasts into
cardiomyocytes [43]. The authors demonstrated that
Bmil regulates key cardiogenic genes through direct
binding of these loci in fibroblasts, and inhibition of
Bmil contributes to their activation.

The overall goal of direct reprogramming is to
restore damaged myocardium and to improve its
functional state by converting endogenous fibroblasts
into cardiomyocytes. The authors of several studies
reported in vivo direct reprogramming by delivering a
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Figure 1. Strategies for regeneration of damaged myocardium
Note: MSC-mesenchymal stem cells, iPSCs — induced pluripotent stem cells

set of required factors to the ischemic myocardium of  changes after myocardial infarction, the use of retro-
mice [44, 45]. Clone tracing was carried out to dem-  viral and lentiviral vectors for the delivery of cardio-
onstrate the origin of these cardiomyocytes from resi-  specific factors to cells has prevented large-scale clini-
dent cardiac fibroblasts; it allowed to confirm that the cal trials. Viral vectors can randomly insert in DNA,
obtained cell population was not the result of a fusion ~ change its sequence and contribute to insertional
with existing myocardial cells. Results of these studies =~ mutagenesis. Before the implementation of the meth-
demonstrated that induced cardiomyocytes developed  ods of direct cardiac cell reprogramming in clinical
in vivo are more similar in regard to their morpho-  practice, one should develop methods for controlling
logical and physiological parameters to endogenous  these cells that exclude viral integration into DNA.
cardiomyocytes in comparison with those obtained  An interesting approach was proposed by a group of
in vitro. This may be the result of exposure to factors  Japanese researchers who developed the Sendai poly-
of natural microenvironment, such as extracellular  cistronic viral vector (mouse parainfluenza virus) that
matrix, secreted proteins, and intercellular interac-  expressed the cardiospecific factors Gata4, Mef2c and
tions. Although in vivo reprogramming may improve  Tbx5 (SeV-GMT). Effectiveness of SeV-GMT was
cardiac function and reduce the severity of fibrotic =~ demonstrated in experiments in vitro and in vivo on
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animal models [46]. Sendai virus is a non-segmented
RNA virus of the paramyxovirus family that replicates
only in cytoplasm and does not integrate into the host
genome. It should be mentioned that the use of the
new technology resulted in a significant improvement
in the contractile function of heart and decreased
severity of myocardial scar changes in mice during
post-infarction period in comparison with the group
of animals that received conventional retrovirus-based
treatment.

Conclusion

Known therapeutic approaches to the management
of myocardial damage that leads to CHF develop-
ment cannot completely prevent the development of
fibrotic changes in ischemic areas of cardiac muscle
and restore their normal functional activity. Cell ther-
apy was proposed for clinical practice as a promising
approach to heart muscle regeneration. However, the
results of clinical trials in regard to somatic stem cells
revealed their moderate effect on contractile function.
One of the reasons for this result may be associated
to the low engraftment of transplanted cells. Further
work on the determination of the optimal doses of cells
and the time of their transplantation, routes of admin-
istration, as well as the development of new technolo-
gies, such as biomatrix-based cell delivery systems
and tissue engineering methods, can probably help to
overcome these issues. Direct reprogramming of myo-
cardial cells can become one of the main directions of
regenerative treatment in chronic circulatory failure.
Since the discovery of cardiac-specific factors, the
technologies of direct reprogramming of cardiac cells
have made a significant progress towards its clinical
use. However, several issues should be addressed prior
to start clinical trials. First, the efficiency of repro-
gramming remains low, and generated cardiomyocytes
demonstrate heterogeneous maturity. Reprogramming
efficiency can be increased by identifying additional
transcription factors, miRNAs, finding new active
chemical compounds, and developing methods for
modifying epigenetic mechanisms of gene regulation.
Second, there is a need to develop a standard optimal
protocol for cardiomyocyte generation that will allow
obtaining comparable research results in this area.
Finally, experiments should be conducted directly on
CHF models. Almost all experiments and preclinical
studies on reprogramming of cardiac cells in vivo were
carried out in the acute period of myocardial infarc-
tion. We do not know whether in vivo reprogramming
can be applied to CHF models when there is a high
demand for regenerative technologies. Regenerative
medicine is a high-potential method for the manage-
ment of chronic circulatory failure, and the widespread
use of various types of cell therapy could significantly
improve its short- and long-term results and reduce
the mortality rate associated with this disease.
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Symptoms in the Long Period
after the Coronavirus Infection:
Results of Long-Term Follow-Up

Peslome

BeegeHue: faHHbIe O BUAE, H4acTOTe U NPOAO/HKUTENbHOCTU OCTaTOYHbIX cuMnToMoB nocae COVID-19 HeoAHOPOAHbI, YTO CBA3aHO C MeTO/A0-
NOrNYeCKNMU 0CO6EHHOCTAMM NPOBEAEHNA NCCAeA0BaHUN. Lienb: oLleHKa 4acTOThl U BbIPaXeHHOCTU CUMMTOMOB B OT/Aa/leHHOM Nepuoje nocie
nepeHeCceHHON HOBON KOPOHaBMPYCHOW NHdeKunn. MaTepuanbl n MeToabl: NposeaeH TenedOHHbIN ONPOC NaLUEHTOB, FOCMUTaAN3NPOBaHHbIX
B JIPLL M3 P® B ceasm ¢ COVID-19 B nepuog 13.04.2020-10.06.2020: 195 naumeHTos (58,2 % BbinucaHHbIX) Yyepes 143 (131-154) gHeit nocre
Ae6toTa 3a6onesanus 1 183 (54,6 % BbinucaHHbIx) Yepes 340 (325-351) gHein. PeaynbTaTbl: Cy6beKTUBHAA OLEHKA COCTOSHUA CBOEro 340pOBbsA
no 100-6an/1bHO WKasne 4o 1 nocne nepeHeceHHoro COVID-19 Ha nepeom onpoce coctaeuaa 95 (80-100) u 80 (70-96) 6annoe (p <0,001 ans
CpPaBHEHUM OLEHKM A0 M nocae 3a6oneBanus), Ha BTopoM — 90 (80-100) u 80 (60-90) 6annos, (p <0,0071 ANA CpaBHEHWM OLLEHKM 40 U nocsie
3a60/1€BaHNA U ANA CPABHEHUSA OLEHKW COCTOAHMA 340poBbsA nocne COVID-19 Ha AByx 3Tanax ornpoca). PasHoo6pasHble ano6bl BbisABAEHbI Y
63 % OMpOLWEeHHbIX Ha NepBOM 3Tare ny 75 % — Ha BTOPOM, KOJIMYECTBO BbISIB/IEHHBIX CUMMNTOMOB cocTaemo 2 (0-6) u 4 (1-8) cooTBeTCTBEHHO.
Haum6osee yacTbiMu anobamm 6bian cnaboctb/yTomnseMoctb (31,3 1 47,5 % onpolueHHbix), 60au B cyctasax (31,3 1 47,5 %) v oabiwKa/4yBCTBO
HexBaTKM Bo3ayxa (31,3 u 43,2 %). PocT 3TUX MoKasaTesieil MOXHO CBA3bIBAaTb C M3MEHEHWEM METOAMKM OMpoca. BbIpaeHHOCTb IMAMPYIOWMX
CMMMTOMOB Ha BTOPOM OTPOCE MpU OLEHKE MO AeCATUOaNNIbHOM WKane 6bli1a HU3KOI: yToMaseMocTb 3 (0-6) 6a10B, 60/1b B CycTaBax, cn1abocTb
n oabiwka — 0 (0-5) 6ans0B, 4yBCTBO HexBaTKU Bo3gyxa — 0(0-3) 6anna. 3akntoueHMe: CHUKEHME CAMOYYBCTBUS COXPAHAETCA B TEYEHWE A/U-
Te/IbHOTrO BPeMEeH) Noc/ie NepeHeceHHoN KOPOHaBMPYCHOW MHOEKLMM Y 3HAYNTEIbHON 0/IM MaUNEHTOB, OIHAKO BbIPAXE@HHOCTb NNANPYHOLNX
CMMNTOMOB K 12 MecALy HabNloAeHNA 40CTaTOYHO HU3Ka.
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Abstract

Background: assessment of type, prevalence and duration of residual symptoms after COVID-19 in recent studies is controversial because of
differences in design. Aim: to assess the prevalence and severity of symptoms in the long-term period after COVID-19. Materials and methods:
patients hospitalized with COVID-19 in the period 13.04.2020-10.06.2020 were interviewed by phone: 195 (58,2 %) convalescents at 143 (131-154)
days after disease onset and 183 (54,6 % ) of them at 340 (325-351) days. Results: The subjective assessment of health status with 100-point scale
before and after the COVID-19 was 95 (80-100) and 80 (70-96) points, p <0,001, at first interview; 90 (80-100) and 80 (60-90) points, p <0,001,
at second one. Various complaints were detected in 63 % of respondents at the first interview and in 75 % at the second, the number of identified
symptoms was 2 (0-6) and 4 (1-8) respectively. The most frequent complaints were weakness/fatigue (31.3 and 47.5 % of respondents), joint pain
(31.3 and 47.5 %) and dyspnoe/shortness of breath (31.3 and 43.2 %). The growth of these indicators can be associated with a change in the interview
methodology. The severity of the symptoms at second interview was low: fatigue — 3 (0-6) points, shortness of breath — 0 (0-3) points; joint pain,
weakness and dyspnoe — 0 (0-5) points each. Conclusion: a decrease of health status can sustain for a long time after COVID-19. Symptoms persist

in a significant proportion of convalescents, but their severity in the end of follow-up is quite low.
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Introduction

Analysis of the long-term consequences of COVID-
19 is important for understanding the course of this
disease, evaluation of individual and population-wide
need for rehabilitation, predicting the impact of this
disease on patients and public health.

Despite a growing number of published papers on
residual post-COVID-19 symptoms, data about their
types, incidence, duration, and predictors is hetero-
geneous due to methodological differences between
studies. Foreign researchers described the prevalence
and characteristics of the consequences of coronavirus
infection during different follow-up periods, mainly
up to six months: 2 weeks [1], 1-3 months [2-12],
3-6 months [13-18], 6-12 months [19-21]. Results
of the largest study comparing the incidence of clini-
cal and laboratory signs in 73,435 patients who recov-
ered from COVID-19 with a cohort of those who had
no such disease (n = 4,990,835) during 6 months of
follow-up demonstrated high incidence of the signs of

respiratory, nervous, articular disorders, as well as a
wide variety of other signs of the post-COVID-19 syn-
drome. These signs caused a significant increase in the
administration of drug products, including pain medi-
cations and antidepressants. The highest severity of
the consequences was described in patients who were
hospitalized in Intensive Care Units in the acute phase
of COVID-19, however, the signs of post-COVID-19
syndrome are also observed in the patients who have
recovered from mild coronavirus infection [22].
Russian researchers have developed the register
named “Analysis of Chronic Non-infectious Diseases
Dynamics After COVID-19 Infection in Adult Patients”
(ACTIV) in order to study the condition of patients
who have recovered from COVID-19 in the Eurasian
region. It includes published data on the comorbidity
over time and the detection rate of symptoms 3 and
6 months after discharge [23]. A number of differences
were reported in the state of Russian patients who
recovered from COVID-19 that were possibly related
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to the demographic profile of the population, specific
features of the organization of medical care, and media
representation during the pandemic.

The objective of this study was to assess the inci-
dence and severity of symptoms during the long-term
period after new coronavirus infection.

Materials and methods

354 patients received treatment at the Federal State
Autonomous Institution “Treatment and Rehabilitation
Center” of the Ministry of Health of Russia (TRC) for

suspected coronavirus infection or confirmed COVID-19
during the period from 13 APR 2020 to 10 JUN 2020.
Data on age, sex, BMI, comorbidities, date of disease
onset, results of laboratory tests and instrumental exam-
inations, specific features and treatment duration were
retrospectively obtained from medical records. The data
on four patients with excluded COVID-19 based on the
results of follow-up and on two patients who were hos-
pitalized in the period of long-term effects after previous
coronavirus infection were not used in further analysis.
14 patients died during hospital treatment, including one
patient with excluded COVID-19.

Table 1. Main characteristics of patients included in the study

Hospitalized due to COVID-19

1st interview 2nd interview

n 348 195 183
Interview timing, day after COVID-19 debut 143 (131-154) 340 (325-351)
Age, years 58,9 (49-70) 56,2 (44,9-64,7)* 56,2 (44,9-65,3)*

Number (%) of women

BMI, kg/m2

Day of illness at the time of hospitalization
Length of stay in hospital (bed days)

Number (%) of patients with a positive PCR test
Hypertonic disease

Diabetes

IHD

Atrial fibrillation

Chronic heart failure

cognitive decline

Postponed stroke

Hypothyroidism (medicated compensated)
COPD or bronchial asthma

Active cancer

Cancer in the past

Number (%) of patients treated in the ICU
Number (%) of patients receiving oxygen therapy
Number (%) of patients receiving high-flow oxygen therapy
Number (%) of patients receiving ALV
Hydroxychloroquine

Azithromycin

Antibiotics other than azithromycin
Antibiotics, including azithromycin

UFH or LMWH

Lopinavir/ritonavir

Glucocorticosteroids

Tocilizumab

Sarilumab

Baricitinib

28,4 (24,9-32,1)

197 (57 %) 105 (53,8 %) 101 (55,2 %)

29,7 (26,0-32,8)* 29,7 (26,2-33,0)*

8 (6-11) 9 (7-11) 9 (7-11)
17 (14-20) 16 (13,5-19) 16 (13-19)
246 (71 %) 138 (71,1 %) 127 (69,8 %)

149 (42,8 %) 86 (44,1 %) 82 (44,8 %)

44 (12,6 %) 29 (14,9 %) 28 (15,3 %)

27 (7,8 %) 14 (7,2%) 14 (7,7 %)
18 (5,2%) 10 (5,1 %) 8 (4,4%)
7 (2,0%) 3 (1,5%) 3 (1,6%)
16 (4,6 %) 11 (5,6 %) 11 (6,0%)
12 (3,5%) 5 (2,6 %) 5(2,7%)
22 (6,3 %) 9 (4,6%) 9 (4,9%)
12 (3,5%) 7 (3,6%) 7 (3,8%)

45 (12,9 %) 20 (10,3 %) 19 (10,4 %)

9 (2,6%) 5(2,6%) 5 (2,7 %)

59 (17,0 %) 29 (14,9 %) 27 (14,8 %)

26 (7,5) 14 (7,2%) 14 (7,7 %)
9 (2,6%) 5(2,6%) 4(2,2%)
24 (6,7 %) 10 (5,1%) 9 (4,9%)
260 (80 %) 144 (77,8 %) 134 (76,6 %)
233 (71 %) 130 (70,3 %) 121 (69,1 %)

231 (80 %) 134 (83,2 %) 125 (82,8 %)

295 (95 %) 178 (96,2 %) 169 (96,6 %)

267 (82%) 149 (81,4%) 140 (80,9 %)
10 (3,1%) 5(2,7%) 5 (2,9.%)
38 (12%) 23 (12,8 %) 21 (12,4 %)
21 (6%) 13 (7,0%) 10 (5,6 %)
7 (2%) 3 (1,6%) 3 (1,7%)
13 (4%) 10 (5,3 %) 9 (5,1 %)

Note: IHD — ischemic heart disease, ALV- artificial lung ventilation, BMI — body mass index, UFH — unfractionated heparin, LMWH — low molecular weight heparin,
ICU — intensive care unit, PCR — polymerase chain reaction, COPD — chronic obstructive pulmonary disease
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As a pilot study, we conducted a telephone survey
of 195 (58.2%) discharged patients 143 (131-154) days
after disease onset. In addition to those who died in hos-
pital, patients with known mental disease or dementia,
patients who lived in nursing homes, and patients who
refused telephone interview were also excluded.

Patients were asked to respond (yes/no) to a question
about whether they had the following symptoms: dys-
pnea, feeling short of breath, feeling of not getting enough
air, cough, sputum production, weakness, fatigue, chest
pain, lack of smell, lack of taste or abnormal taste, loss of
appetite, joint pain, muscle pain, nasal congestion, nasal
discharge, headache, dizziness, diarrhea, eye redness,
dry eyes, fever, anxiety, low mood, hair loss. For further
analysis, the number of symptoms present was used.

We also asked patients to evaluate their general state
of health before and after the coronavirus infection using
a 100-point scale.

340 (325-351) days after the disease onset, we re-
interviewed 183 (54.6 %) discharged patients (93.9 % of
those interviewed at the first stage). At the second stage
of this study, we detalized the answers to the questions
by asking patients to assess the severity of each symp-
tom using a 10-point scale. To compare the data obtained
with the results of the previous survey, an answer was
considered positive if the patient assessed symptom
severity as >1 point. For the analysis, we used the number
of symptoms present and the sum of points, as well as
a 100-point assessment of general state of health before
and after COVID-19.

The results obtained were processed using Excel
and Jamovi software. Median and interquartile range
were used to describe continuous variables. In case of
incomplete data, the exact number of patients with a
known value of parameter (n) is specified. Independent

quantitative variables were compared using Mann-Whit-
ney test (p, ), qualitative variables — using x2 test (p, ),
dependent variables — using Wilcoxon test (p,,).

Results

Basic characteristics of enrolled patients are pre-
sented in Table 1. Diagnosis of COVID-19 was con-
firmed by at least one positive nasopharyngeal PCR
for SARS-CoV-2 RNA during the period of disease
in 71% of hospitalized patients. The presence of CHD
was determined by convincing signs of past myocardial
infarction, revascularization, high pretest probability, or
verified coronary atherosclerosis; CHF was detected by
decreased left ventricular ejection fraction of less than
40 %, or by laboratory tests that confirmed the diagnosis
before coronavirus infection. High frequency of onco-
logical comorbidity was due to the fact that 39 patients
were transferred to LRC from another medical institu-
tion where they received chemotherapy and/or radiation
therapy for malignant neoplasms.

There were no significant differences in the age of
male and female patients during three stages of the study.
The respondents were younger compared with the rest of
hospitalized patients and also had high BMI; otherwise,
the interviewed sample was representative in regard to
the inception cohort of hospitalized patients.

Figure 1 presents the results of patients’ subjective
evaluation of their health state using a 100-point scale
before and after COVID-19 during the first and second
surveys. There was a statistically significant decrease
in scores after the disease that worsened by the time of
the second survey. At the same time, assessments of the
baseline state of health at different stages of the survey
did not differ significantly.

pw<0,001
pw-0,486 ‘
- -
- L]
Pw<0,001 e
[Jo COVID-19/ Mocne COVID-19/ [Jo COVID-19/ Mocne COVID-19/
Before COVID-19 After COVID-19 Before COVID-19 After COVID-19
95 (80-100) 80 (70-96) 90 (80-100) 80 (60-90)
n=188 n=192 n=183 n=183

Mepebiii onpoc/
Firstinterview

Bropoii onpoc/
Second interview

Figure 1. The subjective assessment of health status with 100-point scale before and after the COVID-19 at first and second

interview

Note: pW- Wilcoxon method, Covid-19 — new coronavirus infection
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Figure 2. Prevalence of symptoms at first and second interview
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Figure 3. Number and proportion of interviewed patients with different number of symptoms at first and second interview

306




Apxub BHyTpeHHE MeAMuMHbL ® Ne 4 o 2022

OPUTMHAABHBIE CTATHU

Ytomnaemoctb/Fatigue

Bonb 8 cycrasax/Joint pain

CnabocTtb/Weakness

Oapbiwka/Dyspnoe

Bonb B mbiwwax/Muscle pain

MoaasneHHoe HacTpoeHue/Depressed mood

YyscTBO HexBaTKu Bo3ayxa/Shortness of breath

Tpesora/Anxiety

3anoxeHHocTb Hoca/Nasal stuffiness

lonosHasa 6onb/Headache

FonosokpyeHue/Dizziness

Otgensemoe u3 Hoca/Running nose
YyBCTBO 3aN103KeHHOCTH B rpyaun/Chest...

MokpoTa/Sputum

MokpacHeHue Eye redness

BbinageHue sosoc/Hair loss

Kawenb/Cough

Bonb 8 rpyam/Chest pain

Cyxoctb rnas/Xerophtalmia

Duapes/Diarrhea

OrtcyTcraue o6oHaHuaA/Loss of smell

CHwxeHune annetuta/Deacreased appetite
OTcyTCTBME UM HapyLWeHue BRyca/Taste...

MNosblweHue Temnepatypbl/High temperature
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Figure 4. The average severity of symptoms identified in the second interview (on a 10-point scale). The numbers indicate

the median and interquartile range of symptom severity

Detection rate of symptoms during two stages of
the study is presented in Figure 2. Detection rate values
for dyspnea/feeling of not getting enough air, weak-
ness/fatigue, and cough/sputum production were com-
bined for visual convenience because the symptoms are
interchangeable to a high degree.

The most common complaints were weakness/fatigue
(31.3 and 47.5% of participants in two surveys, respec-
tively), joint pain (31.3 and 47.5 %), and dyspnea/feeling
of not getting enough air (31.3 and 43.2 %).

Figure 3 presents the number of patients with dif-
ferent number of complaints. As one can see, 37 % of
patients at the first stage of the survey had no symptoms,
as well as 25 % at the second stage. The number of symp-
toms identified in the respondents was 2 (0-6) at the first
stage and 4 (1-8) at the second one.

A marked increase in the detection rate of almost all
symptoms during the second survey can be explained by
a change in the survey method from binary design to a
more sensitive ten-point scale. In this regard, no analysis
of the statistical significance of differences in the inci-
dence of symptoms at the two stages of the study was
performed.

As one can see from Figure 4, the severity of the most
common symptoms (fatigue/weakness, dyspnea/feeling
of not getting enough air, pain in joints and muscles)
assessed by patients using a 10-point scale during the
second survey, was quite low.

Discussion

A statistically significant and clinically noticeable
decrease in the subjective assessment of one’s health
using a 100-point scale was revealed that persisted for
a year after the recovery from COVID-19. The results
of this assessment technique on a similar sample were
quite similar: The patients who received treatment for
confirmed coronavirus infection on an outpatient basis
and in hospital (age 48 (37-57), 44 % female patients)
assessed their health at baseline as 85 (75-90) points;
at week 16 of follow-up (n = 117) — as 80 (70-90) points;
at week 32 (n = 66) — as 80 (75-90) points [24].

63% of respondents had various complaints 143
(131-154) days after the disease onset, and 75% — 340
(325-351) days after the disease onset. The most frequent
complaints were weakness/fatigue (31.3 and 47.5%),
joint pain (31.3 and 47.5%) and dyspnea/feeling of not
getting enough air (31.3 and 43.2% of respondents);
these results may indicate persistent respiratory failure
and asthenia.

When comparing our results with the data of foreign
observational studies and the ACTIV register [1-23],
one can observe a fairly large range of the incidence
of the main detected symptoms (Figure 5). This is due
to significant differences in the design of these studies
(number, age of patients, part of female patients, part
of patients with confirmed diagnosis, part of patients
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Figure 5. Frequency of detection and duration of post-COVID symptoms. Comparison of own data (yellow markers)
with the results of foreign studies and data from the AKTIV register (green markers) [1-23]

who required hospitalization in the acute phase of
COVID-19, methods for symptom detection, comorbid-
ity of participants). However, it is clear that significant
part of patients can demonstrate different of symptoms
that worsen state of health for at least 12 months after
coronavirus infection.

Enrolled patients received treatment during the acute
phase of COVID-19 in one health care facility, and this
fact may limit extrapolation of results.

Our study has several limitations associated with the
telephone survey design that is characterized by the sub-
jectivity of the self-assessment of symptom severity by
patients, and possible variations in the interpretation of
the names of these symptoms. In particular, the younger
the respondents were, the easier was communication.
However, the sample of respondents was representative
of all hospitalized patients by sex, the frequency of con-
firmed coronavirus etiology of the disease, comorbidities
and use of various groups of drugs, duration of hospital-
ization and stay in ICU.

An increase in the detection rate of almost all symp-
toms during the second survey can be explained by a
change in the survey method from binary design to a
more sensitive ten-point scale. Low severity of the symp-
toms identified during the second survey indicates a crit-
ical attitude to their clinical significance.

One can not state that the symptoms identified
during the interviews are a direct consequence of a past
coronavirus infection and are not associated with pres-
ent comorbidities, since no comparisons were made with
a sample of patients comparable in terms of sex, age and
comorbidity and who had no COVID-19. In addition, it
is not known whether the interviewed patients had any
complaints of any severity prior to COVID-19. We were
able to partially overcome this limitation in our research

due to a retrospective self-assessment of the state of
health of patients before coronavirus infection using a
100-point scale. These limitations can be eliminated only
within a large prospective comparative study with the
participation of patients comparable in terms of sex, age
and comorbidity and who had no COVID-19. Under the
current circumstances, no such study can be expected.

Spread of new strains, as well as mild course of the
disease in vaccinated people can significantly affect the
incidence, severity, and characteristics of post-COVID
symptoms [25].

Conclusion

Decreased self-assessment of the state of health due
to different symptoms persists for a long time after past
coronavirus infection in a significant part of patients,
however, the severity of the most common symptoms
was quite low by month 12 of follow-up. The data
obtained on the nature, prevalence, and duration of
post-COVID-19 symptoms generally correspond to the
results of previous studies.
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The Level of IgA Antibodies to CD74
in Patients with Spondyloarthritis

and Degenerative-Dystrophic Diseases
of the Spine

Pestome

Mo AaHHbIM NUTepaTypbl ayToaHTMTena IgA Kk aHTureHy CD74 paccmaTpuBaloTCA B Ka4eCTBe BO3MOXHOMO MapKepa ANA AMarHOCTUKM aKcUabHbIX
crioHannoaptTputos (CnA). Y nauneHToB ¢ 60/bl0 B CMIVHE B CBSA3M C AereHepaTMBHO-AUCTPOdUYECKUMM 3a601eBaHMAMM No3BOHOYHMKA (A/43M)
ypoBeHb ayToaHTuten Kk CD74 He n3yyanca. lNpeacTaBnfeT MHTepec conocTaB/leHne ypoBHA ayToaHTutena IgA k aHtureHy CD74 y naumeHToB
XPOHUYeCKON 60/1bl0 B CMUHE MPU pa3/IMyHbIX 3a6oneBaHuAX. Llenb HacTosAwero ncciefoBaHns — cpaBHeHWe ypoBHel ayToaHTuTena IgA K aHTu-
reHy CD74 y nauuentos co CnA u A/13M. MaTepuasbl u MeToAbl. B 1ccneaoBaHnm BKAtoYeHO 87 nauueHToB (55 Myx)unH, cpegHnii Bospact 41 [29;
49] net) co CnA, oTBeYaOWMX KPUTEPUSAM aKCUabHOMO CrioHannoapTpuTta Assessment of Spondyloarthritis International Society (2009), n 39 na-
LMeHTOB (25 My»4MH, cpeaHuii BospacT 45 [34; 53] net) ¢ 431, BepudnumpoBaHHbix HeBposorom (Kogsl MKB-X — M 51.1 u M 54.4). MeTtogoM
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KO/IMYeCTBEHHOr0 UMMYHOMEPMEHTHOIO aHa/IM3a U3MEepPA/IN CofepaHue ayToanTuTen IgA k CD74 B obpasuax CbiBOPOTOK Yy nauymeHTos co CnA n
A/A3M. PeaynbTtatbl. CpeaHuin ypoBeHb ayToaHTuTen IgA k CD74 y naumneHTos co CnA coctaswn 11,3 [5,4; 19,4] Ea/mn, y nauymenTos ¢ 443N — 6,9
[4,5; 13,7] Ea/mMn (p=0,024). KoHueHTpauma aytoaHTuTena IgA Kk aHTureHy CD74, npeBblwatolyas NOporoBoe 3HayeHwe, BbiaBaeHa y 58 (66,7 %)
nauueHToB co CnA u Tonbko y 11 (28,2 %) naumnenTos ¢ /131 (p<0,001). ¥ nauventos ¢ /31 nossiweHne ypoeHs ayToaHTuten IgA k CD74 Bbi-
aneHo y 10 (40 %) us 25 MyxunH ny 1(7,1%) u3 14 weHwuH (p = 0,029, x? = 4,785). Boioabl. Y 2/3 nauueHTos co CnA ycTaHOB/IEHO MOBbILLEHWE
ypoBHsa ayToaHTuten IgA k CD74. MNpu 3TOM y NaLMeHTOB CO CMOHANN0APTPUTAMMN 3HAYMMO NOBbILWEHA KOHLLeHTpauua ayToaHTuTen IgA k CD74 no
CcpaBHeHMIo ¢ naumenTamm ¢ 44301,

KnroueBbie cnoBa: igA anmumena k CD74, cnondunoapmpum, dezeHepamusHo-0ucmpoguyeckue 3a60/1e8aHuUs NO3BOHOYHUKA

KoHbAnKT nHTepecos
ABTOpr 3aABNAKOT, YTO AaHHaA Pa6OTa, eé Tema, npeaMeT u cogepxaHue He 3aTparmBatoT KOHKYpPUPYHOLWKUX MHTepecoB

McTo4YHMKMN duHaHCUpoBaHuA
ABTOPbI 3aABNAIOT 06 OTCYTCTBUM pUHAHCUPOBAHWA NPY NPOBEAEHUN NCCNEA0BAHNA

CraTba nonyyera 06.12.2021r.
MpuHaTa K ny6avkauum 05.05.2022 r.

Ana unTUpoBaHuA: Pebpos A.MM., Taligykosa W.3., AnapkuHa A.B. u ap. YPOBEHb IGA AHTUTE/ K CD74 Y MALIMEHTOB CO CMOHAMIO-
APTPUTAMUN U AETEHEPATUBHO-ANCTPOOUNYECKMMUM 3ABONIEBAHUAMN TO3BOHOYHMKA. ApxvBb BHyTpeHHeln MeauuuHbl. 2022;
12(4): 310-315. DOI: 10.20514/2226-6704-2022-12-4-310-315. EDN: AZTSGS

Abstract

Background. According to the scientific literature, anti-CD74 IgA antibodies (IgA anti-CD74) are considered as a possible marker for the diagnosis of
axial spondyloarthritis (SpA). The level of IgA anti-CD74 in patients with back pain due to degenerative spine disease has not been studied. Therefore,
it could be interesting to compare the serum levels of IgA anti-CD74 in patients with chronic back pain in various diseases. Aim: to compare the levels
of IgA anti-CD74 in patients with SpA and degenerative spine diseases. Material and methods. A total of 87 SpA patients (55 male, mean age 41
[29; 49] years) fulfilling the Assessment of Spondyloarthritis International Society (2009) criteria for Axial SpA, and 39 patients (25 male, mean age
45 [34; 53] years) with neurologist-verified degenerative spine diseases (ICD 10 codes — M 51.1 and M 54.4) were enrolled to the study. The serum
levels of IgA anti-CD74 were analyzed by enzyme-linked immunosorbent assay (ELISA) in all patients. Results. The median levels of IgA anti-CD74 in
patients with SpA were 11.3 [5.4; 19.4] U/ml, in patients with degenerative spine disease — 6.9 [4.5; 13.7] U/ml (p=0.024). IgA anti-CD74 serum
levels were above the cut-off value in 58 (66.7 %) patients with SpA and only in 11 (28.2%) patients with degenerative spine disease (p<0,001).
The elevated serum levels of IgA anti-CD74 were detected in 10 (40 %) of 25 male patients and in 1 (7.1%) of 14 female patients (p = 0.029, 2 =
4.785) with degenerative spine disease. Conclusion. Serum levels of IgA anti-CD74 were increased in two-thirds of patients with SpA. IgA anti-CD74
was significantly higher in SpA patients compared to patients with degenerative spine disease.

Key words: IgA antibodies to CD74, spondyloarthritis, degenerative-dystrophic diseases of the spine
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ASDAS — the Ankylosing Spondylitis Disease Activity Score, BASDAI — the Bath Ankylosing Spondylitis Disease Activity Index, CRP — C-reactive
protein, DDDS — degenerative and dystrophic diseases of the spine, ESR — erythrocyte sedimentation rate, SpA — spondyloarthritis

Introduction There are several known types of autoantibodies with

Spondyloarthritis (SpA) is a group of chronic inflam-
matory diseases of spine, joints, and entheses that are
characterized by common clinical, X-ray and/or MRI
signs and genetic features [1]. The pathogenesis of SpA
is not fully understood. According to current concepts,
investigation of the pathogenesis of SpA is based on the
theory of the autoimmune nature of this disease, how-
ever, no autoantibodies were found that could be used to
diagnose this disease, to assess SpA activity, and, in the
long term, the effectiveness of ongoing treatment [2].

not finally determined role in SpA: autoantibodies to
beta-2-microglobulin, mutated citrullinated vimentin,
sclerostin, CD74, etc. [3]. Over recent years, research-
ers turned their attention to analysis of the role and
diagnostic value of anti-CD74 IgA autoantibodies in
patients with SpA. Anti-CD74 autoantibodies that were
first identified in 2014 by N.T. Baerlecken et al. [4],
are currently considered as a candidate biomarker for
the diagnosis of axial SpA, in particular, of non-radio-
graphic axial SpA.
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Currently, literature sources have no definitive infor-
mation about the role and significance of anti-CD74 auto-
antibodies in the patients with SpA. Thus, a higher diag-
nostic significance of the combination of HLA-B27 and
CD74 for the diagnosis of early axial SpA was observed
in the European population compared to the determina-
tion of HLA-B27 alone [5]. According to the literature
sources, anti-CD74 IgA autoantibodies may become a
possible immunological biomarker for the diagnosis
of axial spondyloarthritis [6]. However, according to
Liu Y. et al., the ambiguity of the data obtained and the
discrepancy between the results of studies conducted
may be due to ethnic differences in the studied groups
of patients, or errors in laboratory tests (perhaps, stor-
age time or the fact of sample freezing) [3]. At the same
time, we found no data in available literature on the level
of anti-CD74 autoantibodies in patients with back pain
caused by degenerative and dystrophic diseases of the
spine (DDDS). The use of anti-CD74 IgA autoantibodies
level for early diagnosis of SpA, as well as for differential
diagnosis of diseases in patients with chronic back pain
is of undoubted academic and practical interest. This
paper is a pilot study on the comparison of the level of
anti-CD74 IgA autoantibodies in the patients with SpA
and DDDS.

The objective of this study was to compare the level
of anti-CD74 autoantibodies in the patients with SpA
and DDDS.

Materials and methods

This study included in total 126 patients aged 28-55,
with chronic back pain of different origin. All patients
were hospitalized in the Rheumatology or Neurology
Department of Saratov Regional Clinical Hospital during
the period of 2017-2019 due to persistent intense back
pain that could not be managed at the outpatient stage of
treatment. All patients signed an informed consent form
to enter the study. This study was approved by the Ethics
Committee of V.I. Razumovsky Saratov State Medical
University of the Ministry of Health of Russia. Patients
with oncohematological, rheumatic diseases (except
for SpA), acute chronic pathologies, patients with inju-
ries, mental diseases, drug or alcohol abuse, infections
(HIV/viral hepatitis), as well as pregnant women were
excluded from the study.

The group of patients with SpA included 87 patients
(55 men, average age 41 [29; 49]) who were hospital-
ized in the Rheumatology Department and participated
in PROGRESS prospective cohort single-center study
(PROGram for monitoRing the activity and functional
status of patiEnts with Spondyloarthritis in the Sara-
tov region; registration on the website www.citis.ru,
No. 01201376830 from 09 DEC 2013). All patients with
SpA met the criteria for axial spondyloarthritis estab-
lished by the Assessment of Spondyloarthritis Interna-
tional Society (2009). The group of patients with DDDS

included 39 patients (25 men, average age 45 [34; 53]); the
diagnosis was confirmed by a neurologist (codes M.51.1
and M.54.4 in ICD-10). SpA group included 32 female
and 55 male patients; DDDS group — 14 female and
25 male patients. SpA and DDDS groups were compara-
ble in terms of sex, age, and disease duration. SpA activity
was assessed by calculating the ASDAS-CRP (Ankylosing
Spondylitis Disease Activity Score) and BASDAI (Bath
Ankylosing Spondylitis Disease Activity Index) activ-
ity scores [7, 8]. Erythrocyte sedimentation rate (ESR)
and highly sensitive C-reactive protein (CRP) levels were
determined in all patients. To determine the amount of
anti-CD74 (IgA) autoantibodies in the obtained serum
samples of patients, a quantitative enzyme immunoas-
say technique was used using AESKULISA" SpAdetect
reagents (AESKU, Germany) according to the instruc-
tions attached to the kit (threshold value of normal level
was 12 U/mL).

Duration of SpA was 10 [7; 20] years; the age of dis-
ease onset was 31.5 [27; 42] years. In patients with DDDS,
disease duration was 8 [5; 18] years; the age of disease
onset was 36.5 [34; 45] years. Description of patients
with SpA and DDDS is presented in Table 1; p >0.05 for
all parameters. Cardiovascular risk was comparable in
patients with SpA and with DDDS.

Statistical processing of obtained data was carried
out using Microsoft Office Excel 2007 (Microsoft Corp.,
USA) and STATISTICA 8.0 (StatSoft Inc, USA). The
nature of data distribution was assessed by a graphical
method and using Shapiro — Wilk test. Descriptions of
parameters other than the normal distribution are pre-
sented as Me [Q1; Q3], where Me is the median, Q1 and
Q3 are the first and third quartiles. If data distribution
was other than normal, nonparametric methods were
used: Mann-Whitney test, Wald-Wolfowitz runs test,
X° test, Fisher’s test, Wilcoxon test.

Results

Average ESR in patients with SpA and DDDS was
11 [6; 20] mm/h and 7 [2; 9] mm/h, respectively (p =
0.0001). CRP level in patients with SpA was 10.5 [4.0;
20.0] mg/mL, in patients with DDDS — 4.0 [3.4; 6.5]
mg/mL (p = 0.0001). The average level of anti-CD74 IgA
autoantibodies in patients with SpA was 11.3 [5.4; 19.4]
U/mL, in patients with DDDS — 6.9 [4.5; 13.7] U/mL
(p = 0.024). Increased concentration of anti-CD74 IgA
autoantibodies above the threshold value was found in
58 (66.7 %) patients with SpA and only in 11 (28.2%)
patients with DDDS (p <0.001), Fig.1.

Concentration of anti-CD74 IgA autoantibodies
exceeded the threshold value with the same frequency
in male and female patients with SpA: in 36 (65.5%)
male and 22 (68.8 %) female patients. Analysis of data
revealed a trend towards increased incidence of elevated
levels of anti-CD74 IgA autoantibodies in 10 (40 %) male
patients compared with 1 (7.1%) female patient with
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Table 1. The main clinical and demographic parameters and characteristics of drug treatment in patients with
spondyloarthritis and degenerative spine diseases, included in the study

Patients with spondyloarthritis

Patients with degenerative spine diseases

Parametr (n=87) (n=39)
Me [Q1; Q3] / n (%) Me [Q1; Q3] / n (%)
Age, years 43 [36; 51] 47 [38; 55]
Age of onset of the disease 31,5 [27; 42] 36,5 [34; 45]
Men 55 (63,2) 25 (64,1)
Women 32 (36,8) 14 (35,9)
Duration of the disease, years 10 [7; 20] 8 [5; 18]
BMI, kg/m? 24,2 [18; 32] 25,1 [19; 34]
Obesity 14 (16,1) 7 (17,9)
Totalcholesterol, mmol/L 4,8 [4,0; 5,8] 4,9 [4,1; 6,0]
Arterial hypertension 25 (28,7) 11 (28,2)
Therapy

NSAIDs 85 (97,7) 39 (100)
Glucocorticoids 12 (13,8) -
DMARSs, including:
Methotrexate 2(2,3) -
Sulfasalazine 1(1,1) -
bDMARDs 2(2,3%)

Notes: BMI — body mass index, NSAIDs — non-steroidal anti-inflammatory drugs, DMARs — disease-modifying antirheumatic drugs, bDMARDs — biological disease-modifying

anti-rheumatic drugs

DDDS (p = 0.070). Men with DDDS and the level of
anti-CD74 IgA autoantibodies above the threshold value
demonstrated significantly increased concentration of
CRP compared to this parameter in men with DDDS
and the level of anti-CD74 IgA autoantibodies below the
threshold value (5.8 [4.4; 7.5] and 2.4 [2.2; 4.2] mg/mL,
respectively, p = 0.038).

Discussion

Differential diagnosis of chronic back pain is a chal-
lenge in clinical practice [9]. Insufficient effectiveness of
conventional instrumental examinations and laboratory
tests for diagnosing SpA, especially at the early stages
of this disease, is the reason for searching new immu-
nological markers for differential diagnosis in patients
with back pain [10]. According to research findings,
anti-CD74 autoantibodies have the highest clinical and
diagnostic significance in SpA [11, 12, 13]. At the same
time, anti-CD74 IgA autoantibodies were not studied in
patients with DDDS and chronic back pain. Interleukin
6 levels, the activity of cathepsin B, and hyaluronic acid
in blood serum were studied as biomarkers of inflam-
mation in patients with DDDS [14, 15]. Results of these
studies revealed that patients with DDDS have slightly
increased levels of interleukins. In our research, we have
found that the concentration of anti-CD74 IgA autoanti-
bodies was significantly higher in patients with SpA than
in patients with DDDS. These results are comparable with
the results obtained by foreign researchers that demon-
strated high sensitivity and specificity of anti-CD74 IgG

in patients with SpA what confirms clinical, pathogenetic
and diagnostic significance of anti-CD74 autoantibodies
in this disease.

Besides, a higher level of CRP was observed in men
with DDDS and increased concentration of this immu-
nological marker, than in men with DDDS and the level
of anti-CD74 IgA autoantibodies below the threshold
value. The data obtained raise questions about the rea-
sons for such a combination in patients with DDDS,
as well as about the nature and characteristics of the
pathological process, and the need for additional special
examination in order to exclude or confirm SpA in this
group. Unfortunately, so far, SpA is often diagnosed with
delay [9]; the patients with early onset of chronic pain
are for a long time treated for DDDS by many doctors,
whereas SpA is diagnosed with 7-10 years delay or even
later. Such patients suffer from chronic pain, lose work-
ing capacity; moreover, they have to undergo repeated
resultless examinations with different specialists, as well
as diagnostic procedures, including computed tomogra-
phy; however, SpA is diagnosed only by a rheumatolo-
gist. One of the most urgent issues of today is the timely
diagnosis of SpA to use “the window of opportunity” and
provide time therapy. In this regard, the results obtained
are of undeniable academic and practical interest. These
data certainly do not allow drawing definite and far-
reaching conclusions, however, they allow suggesting
that the determination of anti-CD74 IgA autoantibodies
can be used in the future in differential diagnostics of
patients with chronic back pain, if sufficient evidence is
collected.
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Figure 1. The patients with spondyloarthritis and degenerative spine diseases with a concentration of IgA to CD74

above and below the threshold level

Limitations

This study was conducted on a small sample of
patients that were included in the study along with dif-
ferent concomitant treatment. Extrapolating the results
of this study to all patients with SpA and DDDS should
be done with caution.

Conclusion

2/3 of patients with spondyloarthritis demonstrated
increased level of anti-CD74 IgA autoantibodies. More-
over, the concentration of anti-CD74 IgA autoantibod-
ies in patients with spondyloarthritis was significantly
increased in comparison with patients with DDDS.
Determination of the level of anti-CD74 IgA autoanti-
bodies in combination with conventional laboratory
tests and instrumental methods of examination seems to
be high-perspective for differential diagnosis in patients
with chronic back pain; larger studies with specific design
are required, with follow-up of patients at the early stages
of disease development, i.e. patients with chronic back
pain and increased levels of anti-CD74 IgA autoantibod-
ies and CRP.
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PesomMe

CuHgpoM Takouy6o (CT) npeactaeaseT co6oil OCTPOIO 06paTUMyto AMCHYHKLMIO MUOKApAA /1EBOTO XKe/lyA04Ka, BbI3BaHHYIO SMOLMOHA/IbHBIM
nan pusmnyecknm Tpurrepom. B nepnonepaumornHom neproge CT B HEKOTOPbIX CAyHaax MHAYLMPYETCA Pa3/IMYHbIMU NCUXONOTMYECKMMMN PaKTOo-
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Abstract

Takotsubo syndrome (TS) is an acute reversible left ventricular myocardial dysfunction caused by an emotional or physical trigger. In the perioperative
period, TS is in some cases induced by various psychological factors, such as stress before/after surgery, and non-psychological factors, such as drug
administration. This article describes the clinical observation of takotsubo syndrome that developed in the early postoperative period of rhinoplasty.
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Introduction

Takotsubo syndrome (TS) is an acute reversible heart
disease with clinical presentation and results of labora-
tory tests and instrumental examinations similar to acute
coronary syndrome. A prior significant stressor is a typi-
cal feature of TS. According to the International Takot-
subo Registry (InterTAK Registry), TS in most cases
(36 %) develops as a result of exposure to the so-called
“physical” stress: somatic diseases, medical interven-
tions, use of drug products [1]. Emotional stress due to
various life situations, both negative and positive, is a less
common TS trigger; it is found in 27.7 % of patients; in
other cases, TS is either of mixed origin (7.8 %) when
a patient had experienced both physical and emo-
tional stress, or a definite trigger cannot be established
(28.5%) [1]. Among the “physical” factors acute respira-
tory failure is the most common — 20.2 %, with surgical
interventions and injuries occupying the second posi-
tion — 18.4% [1]. The studies conducted by Guzzo G.
et al. (2021) demonstrated that among 305,906 patients
who have undergone various types of surgeries in the
hospital of Buenos Aires in the period of 2008-2017, TS
developed in 21 patients: it occurred during surgery in
6 (29 %) patients, within the first 72 hours in 7 (33 %)
patients, and on day 4 and later in 8 (38 %) patients; TS in
the perioperative period developed more often in men.
Moreover, the author emphasizes the fact that 13 sur-
geries (60 %) were elective, and 10 surgeries (49 %) were
deemed as low or medium risk of TS [2, 3]. According
to Brooks JK et al., the literature sources for the period
from 1991 to 2018 describe 28 TS episodes that devel-
oped during surgical interventions in maxillofacial
region, with atypical TS forms in several cases [4]. This
article presents a clinical case of inverted (reverse) vari-
ant of TS that developed in a 38-year-old man during
elective rhinoplasty.

Case report

Patient P., 38 years old, diagnosed with “deviated
nasal septum, nasal obstruction syndrome”, was admit-
ted to an inpatient department in St. Petersburg for elec-
tive rhinoplasty. Pre-operative examinations, as well
as laboratory test results, chest X-ray, electrocardiog-
raphy (ECG), presented no abnormalities. According
the patient’s history, he had a well-controlled intermit-
tent asthma, chronic gastritis with no exacerbation; no

known hereditary diseases; no history of allergies, or
epidemiological anamnesis without abnormalities; the
patient denied bad habits.

Surgery was performed on the scheduled day under
general anesthesia, fentanyl, esmeron and propofol were
administered in standard doses without abnormalities,
hemodynamics was stable, the patient was intubated.
Septoplasty with left sinusectomy was performed. At the
final stage of the surgery, in order to prevent postop-
erative bleeding and edema, 1 mL of 0.1 % adrenaline
diluted in 20 ml of saline was injected into the submu-
cosal layer of the nasal septum of the patient. The total
duration of the surgical intervention was 1 hour 45 min-
utes. 20 minutes after adrenaline injection, an increase in
blood pressure (BP) up to 210/120 mm Hg was observed,
at this time, cardiac monitor demonstrated no rhythm or
conduction abnormalities; no changes in repolarization
processes, ST segment deviation, or QT interval prolon-
gation were observed. This situation was regarded as an
acceptable short-term effect of the local administration
of adrenaline. During the next 5 minutes, the patient’s
blood pressure returned to acceptable values, the patient
was extubated (total duration of anesthesia was 2 hours
35 minutes). The patient in clear consciousness was
transferred to the intensive care unit (ICU) for follow-up.

In the ICU, the patient almost immediately started
to complain of feeling of not getting enough air and
constricting discomfort in chest. Physical examination
revealed the following: BP 90/60 mm Hg, regular pulse
with VCR 100 bpm;RR 20 per minute; heart tones are
muffled, no murmurs, harsh breathing, no rales; exami-
nation of other organ systems presented no abnormali-
ties. 10 minutes after transfer to the ICU, the patient
developed syncope, BP was 80/50 mm Hg, due to uncon-
sciousness and unstable hemodynamics, the patient was
re-intubated. ECG demonstrated sinus tachycardia with
HR 100 bpm, ST elevation in leads I, IT, aVL, V3-V6, cor-
rected QT prolongation (Bazett’s formula) up to 465 ms
(Fig. 1).

Taking into account the clinical presentation and ECG
results, the patient’s condition was regarded as an acute
coronary syndrome with ST elevation complicated by car-
diogenic shock, therefore, the patient was urgently trans-
ferred to the vascular unit for cardiac ventriculography
(CVG). CVG results demonstrated no hemodynamically
significant stenosis of coronary arteries, however, 30 %
reduction of left ventricular ejection fraction (LV EF)
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and akinesia of all basal segments, as well as hypoaki-
nesia of all midline LV segments were observed (Fig. 2).
In view of the persistently severe patient’s condition,
he was transferred to ICU for further treatment; due
to persistent severe hypotension, inotropic support was
administered (adrenaline 0.01 pg/kg/min, noradrenaline
0.3 pg/kg/min).

CVG results were in line with of echocardiography
(echo) findings: akinesia of all basal segments, hypo-
akinesia of all LV midline segments, LVEF calculated
by Simpson’s method was 35%, with no significant
changes in heart valvular apparatus. Complete blood
count was indicative of neutrophilic leukocytosis: WBC
33.9x1079/L, neutrophils 30.9x10A9/L. Among blood
chemistry parameters, there was increased troponin I
up to 10,376.0 pg/mL (normal up to 26.0 pg/mL), cre-
atine phosphokinase up to 346 U/L (30-200), aspartate
aminotransferase up to 43 U/L (5-34), lactate dehy-
drogenase to 238 U/L (125-220), total bilirubin up to
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Figure 1. ECG in the ICU
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29.7 umol/L (3.4-20.5), glucose up to 15.6 mmol/L (3.9-
5.5), creatinine up to 90 pmol/L and C-reactive protein
up to 9.17 mg/dL (reference range 0-0.5). Coagulogram
parameters and blood electrolytes were within reference
range, urinalysis presented no abnormalities.

The patient’s condition on day 2 in the course of
ongoing inotropic support (dopamine 4.5 pg/kg/min;
noradrenaline 0.15 ug/kg/min) continued to be severe,
hemodynamics was unstable (severe hypotension). Echo:
EF 46 %, hypokinesia of LV basal segments persisted;
ECG: sinus rhythm with HR 66 bpm, QRS axis in normal
position, corrected QT 413 ms, ST elevation in chest
leads significantly decreased and was regarded as an
early repolarization syndrome, no pathological Q waves,
negative T waves were detected in leads I, aVL (Fig. 3);
chest (ThO) X-ray: no focal or infiltrative changes, signs
of pulmonary interstitial edema; MSCT of the chest: no
data for pulmonary embolism; signs of bilateral pulmo-
nary edema.
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Figure 2. Coronary ventriculography: a — diastole; b — systole (arrows indicate akinesia of all basal segments,
hypo-akinesia of all median LV segments)
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Figure 3. ECG on day 2

Figure 4. EchoCG on day 9 (left-systole; right-diastole). Absence of local impairment of LV contractility

Starting from day 3 of hospitalization, due to the
suspicion of TS, vasopressors administration was dis-
continued (dopamine 5 pg/kg/min; noradrenaline
0.18 upg/kg/min); levosimendan (0.1 pg/kg/min) was
prescribed as inotropic support (0.1 pg/kg/min), due to
this measure, BP was normalized; on day 4 of the dis-
ease, levosimendan was discontinued due to the patient’s
stabilization.

Over time, on day 9 of hospitalization, all blood
parameters returned to normal; chest X-ray demonstrated

resolution of interstitial edema; ECG: sinus rhythm with
HR of 65-75 bpm, normal position of ORS axis, shorten-
ing of corrected QT interval to 350 ms, moderate signs of
the early repolarization syndrome of ventricles in chest
leads; echo: EF 65 %, restoration of the kinetics of all LV
walls (Fig. 3).

Considering clinical signs (dyspnea, chest pain);
ECG results (ST elevation in leads I, aVL, V3-V6 with
no reciprocal changes); no damage of coronary arter-
ies according to CVG; impaired myocardial kinetics
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according to ventriculography and echo-akinesia of all
basal segments and hypo/akinesia of all midline seg-
ments, followed by normalization of ECG parameters
and complete restoration of myocardial contractility
by day 9 (Fig. 4), as well as the presence of a provoking
stress factor (surgery and adrenaline administration),
the patient was diagnosed with inverted TS.

A month after discharge from the hospital, the patient
felt good, there were no complaints, no decrease in toler-
ance to physical activity, results of the examinations of
organ systems were within normal. 2 months after TS
development, the patient underwent a follow-up echo
(EF 63 %, no local contractility impairment was found)
and contrast-enhanced cardiac MRI (no impairment of
LV myocardial kinetics, no areas of pathological accu-
mulation of a contrast agent were found).

Discussion

In the presented clinical case, both emotional stress
reaction to the planned surgical treatment, and all stages
of surgery — from anesthesia up to surgical incision —
could have triggered TS development. Adrenaline injec-
tion into the submucosal layer of the nasal cavity on its
own could precipitate the development of TS. Litera-
ture describes about 40 cases of adrenaline-induced TS
[5-8], in should be noted that adrenaline dose was often
relatively low — from 0.3 mg to 1 mg [7].

According to the patient, he did not fear the upcom-
ing surgery; the surgery proceeded smoothly until the
injection of adrenaline into submucosal layer of the
nasal cavity, therefore, in the presented case, it was
probably the local administration of adrenaline that
caused TS.

This clinical case demonstrates once again that local
administration of adrenaline, even at low doses, should
be performed with caution, with thorough monitoring
of the patient’s the vital functions. If the patient devel-
ops sudden hemodynamic disorders following adrena-
line administration, ECG demonstrates ST deviation,
negative T waves and prolonged QT interval, high tro-
ponin and, more typically, proBNP/BNP level, the cli-
nicians should consider the possibility of TS develop-
ment. In such event, echo as early as practicable and
visualization of typical TS presentation will provide
early diagnosis and determine patient management
approach. The use of vasopressors in TS, including
cases of hypotension, should be avoided; the drug of
choice is levosimendan [9].
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