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The book series Neuroscience and Respiration presents contributions by
expert researchers and clinicians in the multidisciplinary areas of medical
research and clinical practice. Particular attention is focused on pulmonary
disorders as the respiratory tract is upfront at the first line of defense for
organisms against pathogens and environmental or other sources of toxic or
disease-causing effects. The articles provide timely overviews of contentious
issues or recent advances in the diagnosis, classification, and treatment of the
entire range of diseases and disorders, both acute and chronic. The texts are
thought as a merger of basic and clinical research dealing with biomedicine
at both the molecular and functional levels and with the interactive relation-
ship between respiration and other neurobiological systems, such as cardio-
vascular function, immunogenicity, endocrinology and humoral regulation,
and the mind-to-body connection. The authors focus on modern diagnostic
techniques and leading-edge therapeutic concepts, methodologies, and inno-
vative treatments. The action and pharmacology of existing drugs and the
development and evaluation of new agents are the heady area of research.
Practical, data-driven options to manage patients are considered. New
research is presented regarding older drugs, performed from a modern
perspective or from a different pharmacotherapeutic angle. The introduction
of new drugs and treatment approaches in both adults and children is also
discussed.

Body functions, including lung ventilation and its regulation, are ulti-
mately driven by the brain. However, neuropsychological aspects of
disorders are still mostly a matter of conjecture. After decades of misunder-
standing and neglect, emotions have been rediscovered as a powerful modi-
fier or even the probable cause of various somatic disorders. Today, the link
between stress and health is undeniable. Scientists accept a powerful psy-
chological connection that can directly affect our quality of life and health
span. Psychological approaches, which can decrease stress, can play a major
role in disease therapy.

Neuromolecular and carcinogenetic aspects relating to gene polymor-
phism and epigenesis, involving both heritable changes in the nucleotide
sequence and functionally relevant changes to the genome that do not involve
a change in the nucleotide sequence, leading to disorders, are also tackled.



vi

Clinical advances stemming from molecular and biochemical research are
but possible if research findings are translated into diagnostic tools, thera-
peutic procedures, and education, effectively reaching physicians and
patients. All this cannot be achieved without a multidisciplinary, collabora-
tive, bench-to-bedside approach involving both researchers and clinicians.
The role of science in shaping medical knowledge and transforming it into
practical care is undeniable.

Concerning respiratory disorders, their societal and economic burden has
been on the rise worldwide, leading to disabilities and shortening of life-span.
COPD alone causes more than three million deaths globally each year.
Concerted efforts are required to improve this situation, and part of those
efforts are gaining insights into the underlying mechanisms of disease and
staying abreast with the latest developments in diagnosis and treatment
regimens. It is hoped that the articles published in this series will assume a
leading position as a source of information on interdisciplinary medical
research advancements, addressing the needs of medical professionals and
allied health care workers, and become a source of reference and inspiration
for future research ideas.

I would like to express my deep gratitude to Paul Roos, Tanja Koppejan,
and Cynthia Kroonen of Springer SBM NL for their genuine interest in
making this scientific endeavor come through and in the expert management
of the production of this novel book series.

Mieczyslaw Pokorski

Preface
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Abstract

The National Influenza Center (NIC) at the Department of Influenza
Research of the National Institute for Public Health—National Institute
of Hygiene (NIPH-NIH) participates in the Global Influenza Surveillance
and Response System (GISRS) and continuously coordinates epidemio-
logical and virological surveillance of influenza in Poland. The aim of this
study was to determine the regional differences of influenza activity in
Poland in the 2015/16 epidemic season. The influenza surveillance
involved 16 administrative districts in which there are Voivodeship (prov-
ince) Sanitary Epidemiological Stations set up to report influenza and
influenza-like illness among the Polish population. Over 8000 specimens
were tested in the season with regard to the respiratory viral infections in
all regions investigated. The circulation of influenza viruses A and B was
confirmed, with the subtype A/HIN1/pdm09 being predominant in the
Pomerania, Podlaskie, Subcarpathian, Lubuskie, Silesian, and Warmian-
Masuria provinces. The influenza-like virus occurred in individual cases,
except for respiratory syncytial virus that also was detected in the Greater
Poland and Warmia-Masuria provinces. The highest incidence of cases
and suspected cases of influenza was recorded in Pomerania and the
lowest one in Lubuskie provinces. The knowledge of regional differences
in influenza activity is important for streamlining the distribution of
preventive, therapeutic, and economic resources to combat the epidemic.
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Department of Influenza Research, National Influenza
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1 Introduction

Influenza viruses are the most common cause of
respiratory infections, resulting in high morbidity
and mortality (Taubenberger and Morens 2008).
Influenza is an infectious disease caused by influ-
enza virus type A or B. The occurrence of influ-
enza, whose viruses are characterized by great
seasonal antigenic changeability, may vary in
different districts of a country. In Poland, epide-
miological surveillance of influenza was
implemented in collaboration with primary care
physicians and laboratories of 16 Voivodeship
(province) Sanitary Epidemiological Station
(VSES) as of the 2004/05 epidemic season. The
information on influenza and influenza-like
infections has been gathered in all districts by
means of both Sentinel and non-Sentinel
systems. Since the 2013/14 epidemic season,
data consisting of the number of samples tested,
suspected and confirmed cases of infection,
hospitalizations, and deaths in each province
are stratified into seven age-groups (Hallmann-
Szelinska et al. 2016a, b; Bednarska et al. 2015).
These data are then further elaborated and ran-
domly checked for correctness of viral identifi-
cation in the National Influenza Center (NIC) at
the National Institute of Public Health-National
Institute of Health (NIPH-NIH 2016). The NIC
serves as a reference center for individual viro-
logical VSES laboratories of the country.

The aim of the present study was to determine
the regional differences of influenza activity in
Poland in the 2015/16 epidemic season. The
savvy of such differences might be of help in
setting apart resources for preventive and thera-
peutic actions to combat the epidemic.

2 Methods

2.1 Clinical Specimens

The study was approved by an institutional
Ethics Committee and it was conducted in accor-
dance with the Declaration of Helsinki for
Human Research. In the 2015/16 epidemic sea-
son over 8300 specimens were tested. The mate-
rial consisted of nasal and throat swabs and
bronchoalveolar lavage fluid (BALF). Clinical
specimens were collected from week 40/2015 to

week 34/2016 (October 1/2015 — August
28/2016).
2.2 Extraction of Viral RNA

Viral RNA was isolated using a Maxwell
16 Viral Total Nucleic Acid Purification Kit
(Promega Corporation; Madison, WI) from
200 pL of clinical samples in phosphate-buffered
saline (PBS) in accordance with the
manufacturer’s instructions for low elution vol-
ume cartridges. The RNA was eluted with 50 pL
of RNase-free water.

2.3 Real-Time Quantitative Reverse
Transcription Polymerase Chain

Reaction (Q-RT-PCR)

The Q-RT-PCR was used for a molecular exami-
nation of the presence of influenza viral material.
The analysis was carried out using a Light
Thermocycler 2.0 System (Roche Diagnostics;
Rotkreuz, Switzerland). The reaction proceeded
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Fig. 1 Percentage distribution of influenza and
influenza-like infections in the Polish provinces in the
2015/16 epidemic season. The province number, placed

in capillaries of 20 pL volume. Primers and
probes necessary to carry out the reaction were
obtained through the Influenza Reagent Resource
(IRR) program from the US Center for Disease
Control (CDC) The reaction mixture contained
MgSQ,, reaction buffer - bovine serum albumin
(BSA), RNase free water, and a SuperScript®
II/platinum Tag mix (Invitrogen Life
Technologies-Thermo Fisher Scientific;
Carlsbad, CA), with the addition of 5 pL of the
previously isolated RNA for each sample. The
positive control constituted the RNA strains that
were the following vaccine components for the
2015/16 epidemic season/2016: A/HIN1/pdm09
(A/California/7/2009),  A/H3N2/Switzerland/
9715293/2013, and B/Phuket/3073/2013. As for
the negative, RNase-free water was used. Before
the start of amplification, the RNA was rewritten
to obtain cDNA, using the enzyme reverse tran-
scriptase at 50 °C for 30 min. Then, samples were
analyzed as follows: initialization at 95 °C for
2 min and 45 cycles of amplification consisting
of denaturation at 95 °C for 15 s, annealing
at 55 °C for 30 s, and elongation at 72 °C for
2 min.

under each set of bars, corresponds to the numbered
names of provinces provided in the tables

3 Results

3.1 Influenza

In the 2015/2016 epidemic season in Poland over
eight thousand five hundred specimens for influ-
enza and influenza-like viruses were examined.
The presence of influenza virus was found in
over three thousand cases. The number of con-
firmed cases and share of various types of virus
are presented in Fig. 1.

The majority of confirmations of influenza
were found in the Pomeranian (72%), Masovian
(62%), and Subcarpathian (55%) provinces. In
other provinces, influenza was confirmed in less
than half specimens investigated (Fig. 1 and
Table 1).

We further found that the predominant sub-
type of influenza A virus in the 2015/16 season
was A/HIN1/pdm09 that was detected in high
percentage of influenza infection in several
provinces, such as Pomerania (80%), Podlaskie
(76%), Subcarpathia (74%), Lubuskie (71%),
Silesia, and Warmia-Masuria (69%), with a
smaller contribution from other provinces. In



two provinces, Swietokrzyskie and Greater
Poland, there was an equal frequency of type A
and B viruses. Subtype A/H3N2/ accounted for

Table 1 Confirmed influenza cases in the 2015/16 epi-
demic season in Poland

Specimens Positive

Province (n) (%)
1 | Podlaskie 137 21
2 | Kuyavia- 414 37

Pomerania
3 | Pomerania 97 72
4 | Lubuskie 243 32
5 | Silesia 815 39
6 | Swietokrzyskie 312 38
7 | Lesser Poland 1502 38
8 |Lublin 454 45
9 |Lodz 154 41
10 | Warmia—Masuria 386 25
11 | Opole 61 8
12 | Greater Poland 1515 20
13 | Subcarpathia 571 55
14 | West Pomerania 921 35
15 | Masovia 681 62
16 | Lower Silesia 279 40

Total 8542 37

K. Szymanski et al.

one percent in the Kuyavian-Pomeranian and
Masovian provinces. Apart from the two
subtypes, there were unsubtyped cases of influ-
enza infection (60%). These infections occurred
most frequently in the province of Opole
(Table 2).

Type B virus predominated in West Pomera-
nia (69% of infections) and also accounted for a
substantial share of more than one third of the
confirmed cases in Lesser Poland (Table 2).

3.2 Influenza-Like lliness
Influenza-like infections (ILI) accounted for over
20% of all infections in the Opole and Greater
Poland provinces. In other regions of the country
these infections were rather sporadic (Fig. 1).
The respiratory syncytial virus was the most
common cause of ILI. Other viruses, such as
human metapneumovirus, adenovirus, coronavi-
rus 229E/NL63, parainfluenzavirus 1-3, corona-
virus OC43, and rhinovirus A/B were identified
in individual cases.

Table 2 Percentage distribution (%) of influenza virus infections in the Polish provinces in the 2015/16 epidemic

season
Province A/HIN1/ (%) | A/HIN1/pdm09 (%) | A/H3N2/(%) | A unsubtyped (%) |B (%)
1 Podlaskie 0 76 0 3 21
2 Kuyavia-Pomerania |0 52 1 13 34
3 Pomerania 0 80 0 6 14
4 Lubuskie 1 71 0 0 28
5 Silesia 0 69 0 0 31
6 Swietokrzyskie 2 3 0 44 51
7 Lesser Poland 0 35 0 31 34
8 Lublin 0 55 0 24 21
9 Lodz 0 62 0 25 13
10 | Warmia—Masuria 1 69 0 10 20
11 | Opole 0 0 0 60 40
12 | Greater Poland 0 52 0 2 46
13 | Subcarpathia 0 74 0 17 9
14 | West Pomerania 2 21 0 8 69
15 | Masovia 4 51 1 1% 25
16 | Lower Silesia 0 67 0 8 25
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4 Discussion

In the 2015/16 epidemic season in Poland, over
three thousand respiratory virus infections were
confirmed. There were 3,864,731 cases and
suspected cases of influenza and influenza-like
illness, 15,312 hospitalizations, and 140 deaths
(NIPH-NIH 2016). Most cases and suspected
cases were reported in the Pomeranian
(765,296), Masovian (689,370), and Greater
Poland (546,357) provinces as shown in Fig. 1.
The highest incidence per 100,000 population
was in Pomerania (4383.7) and Greater Poland
(2086.2). The predominant subtype A/HIN1/
pdm09 accounted for over 70% of confirmed
cases of influenza infections. It should be noted
that the WHO provides that each year from
330 million to 1.58 billion people worldwide
suffer from influenza and influenza-like
infections (WHO 2015).

A high percentage of infection by subtype
A/HIN1/pdm09 may stem from a low level of
vaccination coverage in Poland amounting to
about 3.6% of the population (Brydak 2016).
This subtype was recommended as a component
of influenza vaccine in the 2015/16 epidemic
season (WHO 2015) and it also is going to be
included into the 2016/17 vaccine (WHO 2016).
Influenza virus type B was the most frequent in
the West Pomerianian and Swietokrzyskie
provinces, accounting for more than half of the
confirmed infections (Table 1). A similar number
of cases of influenza B and influenza-like
infections was observed in the Opole and Greater
Poland provinces, amounting to about 30% each.
The majority of deaths occurred in the region of
Silesia (33), in which the most frequently
detected virus was influenza type A. There also
were 25 deaths reported in Greater Poland, where
virus type A (39%), B (32%), and viruses causing
influenza-like illness (29%) were at a grossly
comparable level. The WHO estimates that 1 mil-
lion people die each year due to influenza infec-
tion (Brydak 2012).

The present virological data indicate the pre-
dominance of infection with influenza virus type
A in the eastern Polish provinces: Subcarpathian

(91%), Lublin (80%), and Podlaskie (74%), lying
near the border with Russia. These infection may
be related to border trafficking between the two
countries as type A virus was confirmed as pre-
dominant from week 3 of 2016 in Russia
(Kimissarov et al. 2016). However, predomi-
nance of type A virus in 2015/16 was also con-
firmed in Slovakia, Ukraine, Belarus, and
Lithuania (Flu News Europe 2016).

A decline in the number of confirmed cases of
influenza virus subtype A/H3N2/, which
accounted for only 1% in the Kuyavian-
Pomerianian and Masovian provinces, was
observed in 2015/16 compared with that in
2014/15 (Bednarska et al. 2015); a situation sim-
ilar to that also noted in Russia where this sub-
type caused only sporadic infections (Kimissarov
et al. 2016). In contrast, predominance of influ-
enza virus type B was observed the West
Pomerania that lies west of the provinces above
mentioned near Germany where type B virus was
found to predominate in the 2015/16 influenza
season (Flu News Europe 2016). Therefore, it
seems that the regional differences in the type
of influenza virus causing infections in a given
season have in all probability to do with the
epidemiological  situation in neighboring
countries.
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F. Hoffmeyer, K. Sucker, H. Berresheim, C. Monsé, B. Jettkant,
A. Beine, M. Raulf, J. Biinger, and T. Briining

Abstract

Acute effects of ethyl acrylate exposure at 5 ppm for 4 h include changes
of pH in exhaled breath condensate (EBC-pH) and exhaled nitric oxide
(FeNO). So far, few data have been reported for atopic persons or the
impact of the exposure conditions on biomarkers, e.g., constant versus
variable application of irritants. Nine atopic and eighteen healthy
volunteers without bronchial hyperresponsiveness were exposed for 4 h
to ethyl acrylate concentrations of 0.05 ppm (sham), 5 ppm (constant
concentration), and 0—10 ppm (variable, mean concentration of 5 ppm) in
an exposure laboratory. A positive atopic status was defined according to
specific IgE concentrations to common inhalant allergens (sx1 > 0.35
kU/L). Biomarker levels were assessed before and after challenge and
adjusted for levels after sham exposure (net response). Ethyl acrylate at
constant, but not at variable concentrations induced a significant change
in the net responses of EBC-pH and FeNO. Concerning FeNO, this could
be observed only for atopic persons. The changes of biomarker levels
were related to their baseline values. Biomarker responses to challenge
with ethyl acrylate may be influenced by the patterns of application as
well as baseline airway inflammation and atopic status of the volunteers.

Keywords

Atopy ¢ Ethyl acrylate ¢« Exhaled breath condensate ¢« Exhaled nitric
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1 Introduction
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a characteristic unpleasant pungent odor and is
irritating to mucosal membranes. Odor threshold
of ethyl acrylate is typically below its threshold
for irritation. These thresholds were determined
at 0.0066 ppb and 4.15 ppm, respectively (van
Thriel et al. 2006). Ethyl acrylate is a liquid and
becomes a soluble gas at room temperature. In
contact with water it forms acrylic acid and etha-
nol, which accounts for its irritancy to mucous
membranes. The first effect induced by ethyl
acrylate is irritation of eyes and upper respiratory
tract (Arts et al. 2006). Inflammatory responses
in the lower respiratory tract are characterized by
the release of reactive oxygen species, proteo-
lytic enzymes, and mediators. They are linked to
acidification in several diseases (Kostikas et al.
2002).

Information on the composition of airway lin-
ing fluid, including pH, can be non-invasively
provided by analyzing exhaled breath condensate
(EBC) (Hoffmeyer et al. 2009). EBC-pH is an
integrative measure of acids to bases ratio which
apart from an inflammatory response can also be
affected by physicochemical properties of
inhaled constituents (Davis et al. 2013). Another
non-invasive marker for the measurement of air-
way inflammation is exhaled nitric oxide (FeNO)
(Kharitonov et al. 1997). FeNO is a useful
inflammation marker of exposure to gases and
organic solvents (Maniscalco et al. 2004). In
addition to sensory irritation of eyes and nose,
we observed in our previous work a net decrease
of EBC-pH, but no change of FeNO, calculated
on the mean response after acute challenge with
ethyl acrylate at 5 ppm for 4 h (Hoffmeyer et al.
2016).

Subjects’  characteristics  contribute  to
variability of effects observed after challenge
with irritants. Some of the known and postulated
factors include age, gender, body size, exercise,
atopy, airway responsiveness, smoking, and
pre-existing respiratory disease (Utell and
Frampton 2000). Also, the circumstances of
exposure might influence a particular response.
In this line, the actual dose at the target side, e.g.,
lung epithelium or the pattern of delivery
influences the effects. Effective dose concepts
suggest that the impairment of lung function
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after ozone exposure could be described as a
function of ozone concentration (C), minute ven-
tilation (V), and duration of exposure (T) (Adams
et al. 1981). However, considerable variability in
the magnitude of response remains unexplained
when referring to a CVT model (McDonnell
et al. 2010). This variability hinders the ability
to predict different responses to equivalent doses
of ozone inhaled in different exposure patterns.
In addition, multiple effects under investigation
might be unequally influenced by susceptibility.
For instance, ozone-induced decrements in lung
function do not correlate with measures of
inflammation (Balmes et al. 1996). In stable
asthmatics, an increase in markers of neutro-
philic inflammation and oxidative stress can be
demonstrated after ozone challenge despite miss-
ing functional impairment (Vagaggini et al.
2010).

Data on the impact of internal and external
factors on EBC-pH and FeNO changes in
humans following challenge with ethyl acrylate
are lacking. With the above-mentioned
considerations on irritants in mind, we examined
responses in atopic and non-atopic subjects. In
addition, factors related to the exposure condi-
tion were studied. Ethyl acrylate was delivered in
a constant and variable pattern, both
characterized by an equivalent mean concentra-
tion of 5 ppm.

2 Methods

The study was approved by a local Ethics Com-
mittee of the Ruhr University in Bochum. All
participants gave written informed consent and
received financial compensation for their partici-
pation. The protocol was created in accordance
with the Declaration of Helsinki for Human
Reserch.

2.1 Subjects

Twenty seven volunteers (15 female, 12 male)
were recruited by advertisement and answered a
health questionnaire. Before exposures, medical
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Table 1 Subject characteristics

Non-atopic
Gender; F/M (n) 12/6
Age (year) 25 (23-27)
BMI (kg/m?) 21.0 (20.0-23.3)
sx1 (kKU/L) 0.10 (0.09-0.11)
FEV; (%predgLy) 95.5 (90.3-103.7)
Z-Score —0.38 (—0.82; 0.31)
FVC (%predgyy) 97.3 (91.3-108.0)
Z-score —0.23 (—0.72; 0.68)
FEV,/FVC (%predgy ;) 97.3 (95.5-101.8)
Z-Score —0.42 (—0.74; 0.04)

Atopic P

3/6 0.114
24 (23-27) 0.671
23.0 (21.5-24.5) 0.159
4.31 (1.3-28.7) <0.0001
97.7 (95.0-106.8) 0.287
—0.20 (—0.43; 0.57) 0.294
103.0 (97.3-110.2) 0.185
0.23 (—0.23; 0.85) 0.178
97.0 (94.4-99.6) 0.447
—0.48 (—0.78; —0.04) 0.878

Continuous variables with median and inter-quartile range (IQR);. F female, M male, BMI body mass index, sx/ IgE
antibodies to a mixture of ubiquitous allergens (atopy screen), FEV; forced expiratory volume in 1 s, FVC forced vital

capacity

examination, analyses of blood and urine, and
lung function were performed. The volunteers
were healthy non-smokers without bronchial
hyperresponsiveness in the methacholine chal-
lenge test and lung function values were within
normal limits. Predicted values of lung function
parameters and respective z-scores were derived
from healthy non-smoking Caucasian subjects
collected by the Global Lung Initiative (GLI)
(Quanjer et al. 2012). Smoking habits were
assessed by face-to-face interviews and validated
by COHb (carboxyhemoglobin) and the nicotine
metabolite cotinine in urine as previously
described (Hoffmeyer et al. 2015a). Atopy was
classified  according to  specific IgE
concentrations to common inhalant allergens
(sx1 Phadiatop; ThermoFisher Phadia AB,
Uppsala, Sweden). A positive atopic status was
assumed in case of sx1 > 0.35 kU/L and 9 out of
the 27 participants had serologically verified
atopy. Descriptive data on the 18 non-atopic
and 9 atopic participants are summarized in
Table 1.

2.2 Exposure

Volunteers were in random order exposed to
ethyl acrylate concentrations of 0.05 ppm
(sham), 5 ppm (constant concentration), or
0-10 ppm (variable, mean concentration of
5 ppm). During the variable wave-form

exposure, the concentration was increased from
0-10 ppm and then reduced back to 0 ppm each
hour (Fig. 1). The exposures were performed for
4 h at rest in an exposure laboratory (ExpoLab)
with up to four volunteers at a time as recently
published (Hoffmeyer et al. 2016). Details of the
ExpoLab have been previously reported (Monsé
et al. 2012). A mass spectroscopy in chemical
ionization mode (Model Airsense;
MS4-Analysentechnik  GmbH, Rockenberg,
Germany) was used to determine ethyl acrylate
concentrations every 2 s in the breathing zone.

23 Effect Markers

FeNO and EBC-pH were used for effect assess-
ment as previously described (Hoffmeyer et al.
2016). Briefly, FeNO was measured following
the American Thoracic Society and European
Respiratory Society recommendations
(ATS/ERS 2005) using a portable electrochemi-
cal analyzer (NIOX Mino; Aerocrine, Solna,
Sweden). EBC was sampled following general
methodological recommendations (Horvath
et al. 2005) using a temperature-controlled
device (Turbo DECCS; Medivac, Parma, Italy).
Collection was performed during tidal breathing
for 10 min at a constant device’s temperature of
—5 °C. As the partial pressure of CO, (pCO.,) is
the most important confounder of pH measure-
ment in EBC samples, we adjusted pH to a pCO,
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Fig. 1 Experimental 5ppm 10
design. Subjects were constant 8

exposed to a sham
condition (not shown) and
ethyl acrylate in a mean

(top) or variable profile
(bottom). Drops to zero
concentration (fop) are 0
artificial and result from
switching analyses between
the four breathing zones.
Due to time-consuming
measurements before and
after exposure, subjects
entered and left the
ExpoLab in pairs

5 ppm 10
variable

o N B O 0

Subjects L A

3"

of 5.33 kPa as previously reported (Kullmann
et al. 2007; Hoffmeyer et al. 2015b). Simulta-
neous measurements of pH and pCO, were done
with a blood gas analyzer (ABL800; Radiometer
GmbH, Willich, Germany). One participant was
unavailable for EBC sampling after sham expo-
sure; thus he was not included in this part of
results.

24 Data Analysis

Changes of effect markers were normalized to
the respective baseline measurements for each
exposure condition ((post-pre/pre)*100, A%).
Further, effects observed at a mean concentration
of 5 ppm (either applied in a constant or variable
profile) were adjusted by subtracting the results
obtained after sham exposure (A5 ppb% -Asham
%, net-A%). The D’ Agostino and Person omni-
bus normality test was used to assess the value
distribution. Differences in exposure conditions
were analyzed by the Wilcoxon matched-pairs
signed-rank test or paired t-test as appropriate.
Comparison of non-atopic and atopic volunteers
was based on the Mann Whitney test or unpaired
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6

4 m
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applied either via constant o
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4

t-test as appropriate. The Spearman rank or
Pearson correlation coefficient was used for anal-
ysis of correlation as appropriate. For all tests a
significance level of <0.05 was chosen. Contin-
uous variables are depicted with median and
interquartile range (IQR; 25th, 75th percentile).
Data were analyzed and visualized by using
GraphPad Prism (Version 5.01, GraphPad Soft-
ware, San Diego, CA).

3 Results
3.1 Effect Markers and Exposure
Conditions

Two challenge conditions (constant and variable)
were designed resulting in an equivalent total
amount of ethyl acrylate delivered during 4 h.
The effects were also assessed following an iden-
tical sham exposure. Table 2 summarizes the
results for the three exposures. There were no
differences in the baseline levels of either
FeNO (p = 0.685) or pH (p = 0.169) among
the three conditions.
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Table 2 Group median effect markers after exposure (post) compared to baseline (pre) for the three challenge

protocols
Sham
FeNO (ppb) | pre 116 (11-20)
| post 113 (11-18)
p | <0.001
pH | pre 15.925 (5.831-5.973)
| post 16.051 (5.980-6.084)

p | <0.001
Median and inter-quartile range (IQR)
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Constant Variable
|14 (12-20) |14 (11-18)
112 (11-19) |14 (10-15)
10.153 | <0.001

5.966 (5.874-6.032)
16.014 (5.941-6.078)

5.924 (5.845-5.968)
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Fig. 2 Net responses of FeNO (a) and pH (b) following either constant or variable ethyl acrylate challenge. Results
are adjusted for sham exposure and stratified according to non-atopics (open symbols) and atopics (solid symbols)

Compared with the baseline level, FeNO
values decreased after sham condition and fol-
lowing the constant and variable ethyl acrylate
challenges. The median FeNO changes referring
to all volunteers were —11.8% (IQR —21.4, 0.0),
—7.7% (IQR —18.1, 0.0), and —12.5% (IQR
—18.2, —0.1), respectively. After applying the
variable profile, the FeNO decline was statisti-
cally significant despite an unchanged median
level. FeNO changes in response to the two
ethyl acrylate challenges were not different
from the sham condition (constant vs. sham;
p = 0.164, variable vs. sham; p = 0.475) and
demonstrated no mean difference to each other
(constant vs. variable; p = 0.287).

In contrast to FeNO, pH increased after all
exposure conditions. With respect to all
volunteers, the changes following sham condi-
tion, constant, and variable ethyl acrylate chal-
lenge compared with the baseline levels were

significant (each p < 0.001), demonstrating an
increase of 1.83% (IQR 1.36, 2.62), 1.21% (IQR
0.44,2.01), and 1.27% (IQR 0.48, 2.69), respec-
tively. The increase after ethyl acrylate challenge
compared with the increase after sham condition
was significantly lower when applying a constant
concentration (constant vs. sham; p = 0.015, var-
iable vs. sham; p = 0.554).

3.2 Effect Markers and Atopic

Background

Changes in the biomarkers following either con-
stant or variable ethyl acrylate exposures
adjusted for the sham condition (net-response)
and stratified according to the atopic status are
illustrated in Fig. 2. No significant net-effects on
FeNO (net-AFeNO) of variable ethyl acrylate
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exposure was observed (non-atopic: 5.4%;
p = 0.269; atopic: —11.1%; p = 0.906). When
ethyl acrylate was administered in a constant
manner, a significant increase in net-AFeNO
was revealed for atopic but not non-atopic
volunteers (non-atopic: 5.8%; p = 0.999, atopic:
11.1%; p = 0.032). None of the atopic volunteers
demonstrated a net-AFeNO decline after con-
stant challenge (Fig. 2a). The net-AFeNO
increase in the atopics after constant exposure
was significantly different from the effect in
non-atopic volunteers (p = 0.048). The changes
were also significantly different from those
observed after variable exposure (p = 0.019).

In the variable ethyl acrylate challenge, there
was no significant change in the sham-adjusted
EBC-pH values (net-ApH; non-atopic: 0.30%;
p = 0.759, atopic: —0.23%; p = 0.178). The
effect of the constant challenge on net-ApH was
a decrease in both non-atopics and atopics
(non-atopic: —0.98%; p = 0.052, atopic:
—0.80%; p = 0.028). The magnitude of decrease
was similar (p = 0.636, Fig. 2b). No significant
differences in net-ApH following constant or
variable ethyl acrylate challenge were observed
either in non-atopics (constant: —0.98% vs. vari-
able: 0.30%; p = 0.175) or atopics (constant:
—0.80% vs. variable: —0.23%; p = 0.742). No
influence of the order of the three challenge
conditions or of the gender on biomarker
responses could be identified (data not shown).

3.3 Effect Markers and Baseline

Levels

All individual measurements of FeNO before and
after each of the three challenge conditions were
significantly  correlated with each other
(p < 0.001). Also, pH values before and after
sham and constant ethyl acrylate exposure were
significantly correlated (p < 0.001), whereas the
pH values after variable ethyl acrylate were not
correlated to the baseline values (p = 0.196).
Correlations between the individual baseline
values and the magnitude of change following
the exposure protocols are shown in Table 3.
Concerning FeNO, the only correlation could be
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revealed in case of atopics exposed to ethyl acry-
late in a constant manner (r = 0.758; p = 0.018;
Fig. 3a). Except for atopics exposed to ethyl
acrylate in a variable manner (p = 0.208),
correlations could be observed between changes
of pH following exposures and the respective pH
values at baseline (Table 3). Increases following
exposures showed significant inverse
correlations to the pH value before exposure;
i.e., the increases were stronger for lower base-
line pH values. As an example, the regression
lines for the results after constant challenge with
ethyl acrylate are presented in Fig. 3b.

4 Discussion

Ethyl acrylate can have odorous and also
irritating effects. In addition to sensory irritation
of eyes and nose, we have recently demonstrated
a net decrease of EBC-pH, but no change of
FeNO, in humans after acute challenge with
ethyl acrylate at 5 ppm (Hoffmeyer et al. 2016).
Now, we extend these observations regarding the
internal and external factors that might modulate
EBC-pH and FeNO following challenge with
ethyl acrylate for 4 h. Concerning the evaluation
of adverse health effects, susceptible groups in
the population like atopic subjects have to be
considered (Utell and Frampton 2000). More-
over, like in risk assessment of air pollution
(Adams 2003), experimental simulations of
occupational risk assessment need to employ
concentration profiles that mimic those encoun-
tered during a working shift. Beside a constant
background level of a substance, also variable
concentrations, e.g., due to specific operating
processes, have to be considered in the working
area. In the present study, two types of exposure
profile were applied. A usual square-wave profile
with ethyl acrylate concentration maintained
constant at 5 ppm, and a wave-form in which
the concentration was increased from zero to
10 ppm and then back to zero level during one
hour resulting in four exposure cycles with a
mean concentration of 5 ppm for each partici-
pant. The maximum concentration of 10 ppm
ethyl acrylate was chosen in accordance with the
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Table 3 Relationship between changes of effect marker and baseline values for each challenge protocol (A) and

adjusted for sham results (net—A)

A
Sham
FeNO All —0.278
(ppb) p 0.160
Non-atopic r —0.272
p 0.273
Atopic r —0.524
p 0.148
pH All r —0.692
p <0.001
Non-atopic r —0.754
p <0.001
Atopic r —0.821
p 0.013
a 501 all: R? =<0.01.p=0.801 R
40 o non-atopic: R® = 0.04.p=0.399
g 30 . atopic: R* = 0.57.p=0.018 B
2 2
2 -
< 10+ LI
0 NN :
10+ /“’—*—QOO/
~30- . ° .0 °
—40-
0 10 20 30 40

FeNO - baseline (ppb)

Fig. 3 Relationship between FeNO (a) and pH (b)
changes following constant ethyl acrylate challenge and
their respective baseline values. Results are stratified

currently adjusted short-term doubling threshold
limit value at the time of the study (MAK 2012).
Despite the fact that equivalent total inhaled
doses in both exposure profiles were delivered,
we observed differing responses. The effects
were assessed by adjusting responses observed
after a particular concentration to those observed
in an identical sham exposure as recommended
(Bartoli et al. 2013; Horstman et al. 1995). First
of all, we confirm our previous results on EBC-pH
and FeNO changes after sham exposure regard-
ing the healthy non-atopic subjects following
a challenge with ethyl acrylate at a constant
concentration of 5 ppm (Hoffmeyer et al. 2016).

net—A
Constant Variable Constant Variable
—0.051 —0.013 —0.097 —0.015
0.801 0.950 0.629 0.941
—-0.212 —0.047 —0.088 —0.007
0.399 0.852 0.728 0.977
0.758 0.056 0.682 0.074
0.018 0.885 0.043 0.839
—0.565 —0.534 —0.357 —0.666
0.002 0.006 0.087 <0.001
—0.621 —0.635 —0.459 —0.806
0.006 0.008 0.074 <0.001
—0.906 —0.464 —0.609 —0.310
<0.001 0.208 0.109 0.462
b,
< ] ]
e
z 4
g 3]
2 g
1
0
- all: R%=0.32.p=0.002
_2] o non-atopic: R*=0.39.p =0.006 s
e  atopic: R?=0.82.p<0.001
s 57 58 59 60 61 62

pH - baseline

according to non-atopics (open circles and dotted line)
and atopics (solid circles and hashed line). Regression
analyses are also shown for the total group (line)

As in other studies of the kind we focused on
younger, non-smoking participants to avoid
potential problems and confounding biomarker
responses associated with age-related morbidity
and use of medication (Koczulla et al. 2010;
Riediker and Danuser 2007; Kharitonov et al.
1995). Our investigation took place out of pollen
season and all atopic participants did not show
any symptoms, lung function impairment, or air-
way hyperresponsiveness. We did not observe
increased baseline FeNO in the atopic subjects,
which is being present in subjects with clinically
apparent atopy (Tossa et al. 2010; De Zotti and
Bovenzi 2000).



Data from the literature suggest an exposure
response model being a function of irritant con-
centration (C), minute ventilation (V), and expo-
sure time (T) (McDonnell et al. 2010). After
adjustment for the sham condition, we observed
significant effects only after exposure to a con-
stant ethyl acrylate concentration and in case of
FeNO only in atopic participants. In our experi-
mental setting, ethyl acrylate concentration was
handled in a way to deliver the same overall dose
during the challenge duration of 4 h. However,
the profile with changing concentration included
periods of lower and down to zero decreasing
content, which may have reversed the effect
induced by prior exposure.

Gases, due to their physicochemical
properties, promote biological and neural reflex
responses which could be interlinked (Briining
et al. 2014). Individuals often report ocular sen-
sation disorders in addition to sensations coming
from the upper and lower airways on exposures
to volatile irritants. Eye irritation can be
estimated by the eye blink rate. During a variable
profile of exposure to an equivalent mean con-
centration of 5 ppm ethyl acrylate, a significant
increase in eye blinking has been reported
(Blaszkewicz et al. 2010). Thus, continuous
activation of airway afferent nerves alters
responsiveness in an adaptive manner.
Concerning the airways, our previous study has
indicated that tissue irritation or inflammation is
triggered in response to ethyl acrylate-induced
changes in FeNO and pH (Hoffmeyer et al.
2016). In this respect, it has been shown that
increasing pH decreases FeNO by buffering air-
way acid (Gaston et al. 2006). In the present
study, declining FeNO values after constant
ethyl acrylate exposure were associated with
increasing pH in non-atopics. The atopic
volunteers did not demonstrate this inverse asso-
ciation. In fact, we could demonstrate a signifi-
cant increase in FeNO relating to the baseline
level, in this subgroup. FeNO is foremost consid-
ered as a measure of eosinophilic inflammation
in asthma (Ricciardolo et al. 2015). However,
there are also reports indicating that FeNO might
be a useful marker of exposure to dust and gases
(Hoffmeyer et al. 2015a; Maniscalco et al. 2004;
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Ulvestad et al. 2001). The present finding of a
predominant increase in FeNO in atopic subjects
exposed to ethyl acrylate suggests that atopy is
associated with upregulation of inflammatory
mechanisms and a greater response to ethyl acry-
late. Concerning sulfur dioxide, Nowak et al.
(1997) have reported that atopy, based on skin-
prick results to common allergens, is a predictor
of positive lung-function response. Nasal reac-
tivity to irritant provocation is also influenced by
allergy status (Shusterman et al. 2003).

Finally, our findings are in qualitative agree-
ment with experiments supporting the concept
that the baseline level of airway inflammation
indicators may be a determinant of responses to
stressors. In this respect, increased EBC-pH
could be observed after moderate exercise
corresponding to fast walking. The increase in
pH was strongest for the subjects with lowest pH
before exercise (Riediker and Danuser 2007).
Baseline FEV, and FEV/FVC (%predicted) are
indicators of the severity of asthma and are lower
in subjects demonstrating ozone-induced lung
impairment (Horstman et al. 1995).

In conclusion, we assume that rather small
changes in pH and FeNO in response to ethyl
acrylate exposure do not represent an acute
adverse effect. However, under conditions of
higher or prolonged exposure these changes
may become pronounced and indicate a sensory
or tissue irritation. Ethyl acrylate at constant, but
not at variable concentration induces significant
changes in the net response of EBC-pH and
FeNO. Concerning FeNO, this could be observed
only for atopic persons. Therefore, subjects of
clinical studies should be carefully characterized
to identify potential susceptible subgroups and to
avoid misinterpretation of responses.
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Abstract

Until recently, most studies report an increasing prevalence of allergy and
asthma. The research suggests that the increase may have to do with
changes in lifestyle and living conditions. This study seeks to determine
the prevalence and changes in allergic diseases in relation to socioeco-
nomic status (SES) 6 years apart. The research material consisted of data
collected in two cross-sectional surveys conducted among university
female students in 2009 and 2015 (respectively, 702 and 1305 subjects).
The surveys evaluated the incidence of allergic conditions and socio-
economic status. The occurrence of allergy was determined on the basis
of answers to the questions whether the allergy and specific allergens were
defined on the basis of medical work-up. The prevalence of allergic
diseases increased from 14.0% to 22.3% over a 6-year period. In both
cohorts, allergic diseases were more prevalent among females with high
SES than with low SES. In 2009, significant differences were noted in
relation to urbanization of the place of living and the number of siblings.
In 2015, all socioeconomics factors significantly bore on the prevalence of
allergy.
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1 Introduction

A rise in allergic morbidity has been observed
over the last few decades. A key role in the
process is attributed to environmental factors.
The prevalence of allergy is also influenced by
genetic factors. However, a change of the gene
pool is not likely to take place in such a short
period of time. It is also known that etiology of
allergic diseases is underlain by multiple gene
functions; therefore allergy development
depends on interactions between the genotype
and environment (Holloway et al. 2010).

The hygiene hypothesis is one of the most
popular theories explaining the widespread of
allergies, mainly in highly developed countries
(Okada et al. 2010; Strachan 1989). It assumes
that changes in lifestyle and improvements in
hygiene have caused a decrease in the prevalence
of infections, and subsequently an increase in
allergic morbidity. The mechanisms of this inter-
relation are complex. They are connected with a
decreased consumption of homeostatic factors
and immunoregulation, involving stimulation of
various regulatory T-cell subsets and Toll-like
receptors. Changes in microbiota caused by
changes in lifestyle, notably articulated, for
instance, in inflammatory bowel diseases, could
influence the processes outlined above (Okada
et al. 2010).

It is commonly known that living conditions
and lifestyle are determined by people’s socio-
economic status (SES). These conditions are usu-
ally assessed based the level of urbanization of
the living place, parents’ education, number of
siblings, earnings, including money spent on liv-
ing comfort, food, medical, and the knowledge
on disease prevention and healthy lifestyle.
Consequences of differences in SES are visible
in the ontogenetic rate in children and adoles-
cent, body build, and biological condition in

children, adolescents and adults. Generally, peo-
ple with high socio-economic status reach vari-
ous child development stages at younger ages
and are characterized by better nutrition and
health. The general morbidity is usually lower
in groups with high SES socio-economic status.
However, a reverse tendency is observed in case
of allergic diseases (Jackson et al. 2004;
Cavelaars et al. 1998; Marmot et al. 1991).
According to the hygiene hypothesis, factors
more common in groups of low SES, such as
staying in large groups of children or exposure
to infectious diseases in childhood, prevent the
occurrence of atopic diseases.

The literature demonstrates that a high SES
increases the risk of food allergies, allergic rhini-
tis, and eczema in both children and parents
(Jansson et al. 2014). We confirmed that in a
previous study conducted among university
students (Pawlinska-Chmara and Wronka
2009). However, there also are studies
demonstrating that both asthma and allergic rhi-
nitis are more often found in people of low than
high status (Uphoff et al. 2015). Due to the
existing controversies on the link between aller-
gic diseases and SES, compounded by the ever
changing socio-economic and cultural changes in
society, in the present study we seek to determine
differences in allergy prevalence with regard to
the socioeconomic status in a cross sectional
analysis of 2009 and 2015 periods.

2 Methods

The study was approved by a local Ethics Com-
mittee of the Jagiellonian University, in Cracow,
Poland and was conducted in accord with the
principles of the Declaration of Helsinki for
Human Research. The material consisted of
data collected in two cross-sectional surveys
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conducted among female university students in
2009 and 2015. In total 2007 subjects were sur-
veyed; 702 in 2008 and 1305 in 2015. The mean
age in the first cohort was 20.4 + 1.6 years
(women without allergy — 20.4 £ 1.7 years and
with allergy — 20.4 & 1.4 years) and in the second
cohort it was 20.4 £ 1.7 years (women without
allergy — 20.4 £+ 1.6 years and with allergy —
20.4 4+ 1.3 years). There were no appreciable
age-difference between allergic and non-allergic
subjects in either cohort. Each student responded
to a questionnaire. The questions concerned the
incidence of allergic conditions, SERS, age at
onset of adolescence, and the menstrual cycle
pattern.

The incidence of atopy was determined using
the response to the question ‘Have you been
diagnosed with allergy on the basis of medical
tests; if yes, which allergens you are allergic to?’.
The SES was established by means of standard
variables used in auxological studies such as:
place of residence before the university or col-
lege period, parents’ level of education, and the
number of siblings. The place of residence was
considered in three categories: village, town
(up to 100,000 inhabitants), and city (more than
100,000 inhabitants). The parents’ education was
considered as vocational, secondary, and higher.
The number of siblings was top coded at four.

On the basis of the data above outlined, a
complex SES indicator was calculated.
Participants were stratified into three groups of
low, average, and high status. This stratification
was introduced on the basis of a value of the first
component in the principal component analysis
that converts a set of observations of possibly
correlated variables into a set of values of line-
arly uncorrelated components. A Chi-squared
test was used to compare categorical variables.
Logistic regression was used to generate odds
ratios (OR) and 95% confidence intervals
(CI) to assess the overall trends set by SES. A
p-value of <0.05 was considered a cut-off level
for statistical significance. The analyses were
performed using a commercial Statistica ver.
10 packet (StatSoft Inc.; Tulsa, OK).

3 Results

The major finding was that the prevalence of
allergies significantly increased with the passing
years. The percentage of female students with
allergies was 15.0% in 2009 and 22.3% in
2015. In both cohorts, respiratory allergies were
predominant. The socio-economic factors were
connected with allergy prevalence. In 2009, sig-
nificant differences were observed regarding the
following variables: place of living before study,
number of siblings, and a socio-economic status.
No significant differences were found in allergy
prevalence in relation to mother and father’s
education, although allergy tended to be more
frequent in students whose one or both parents
had university education. In 2015, significant
associations were found between allergy preva-
lence and each of the socio-economic factors
analyzed (Table 1). In both years, the percentage
of students suffering from allergies was twice
higher in urban than rural areas. Moreover, the
higher level of parents’ education, the higher
allergy prevalence was noted.

In the cohort examined in 2015, prevalence of
allergies was higher by 7.3% than in 2009. An
increase in the prevalence of allergic diseases
between 2009 and 2015 was observed across all
categories of SES. A minimum gain was 2.2%.
The highest gains were found in the only children
(14.3%) and in students whose mothers or fathers
had higher education (10.5% and 14.8%, respec-
tively). The difference in allergy prevalence
between 2019 and 2015 in students from urban
and the rural areas was 9.3% and 4.3%, respec-
tively. The increases in the prevalence of allergic
diseases went hand in hand with a greater level of
SES (Table 2). Logistic regression analysis con-
firmed that risk of allergic diseases rose along
with SES in both cohorts (Table 3).

4 Discussion

Allergic diseases, mainly asthma, rhinitis, and
eczema, are common in both adults and children.
These diseases are not a cause of high mortality,
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Table 1 Prevalence of self-reported physician-confirmed allergic diseases in 2009 in relation to socio-economic

factors
Non allergic Allergic subjects;
subjects; n (%) n (%)
2009
Dwelling place
Rural 276 (90.8) 28 (9.2)
Urban 321 (80.7) 77 (19.4)
Mother’s education
Primary | 128 (89.5) 15 (10.5)
310 (86.6) 48 (13.4)
Secondary
159 (79.1) 42 (20.9)
University
Father’s education
Primary | 159 (86.0) 26 (14.1)
257 (86.0) 42 (14.1)
Secondary
181 (83.0) 37 (17.0)
University
Number of siblings
0 155 (79.5) 40 (20.5)
1 237 (85.9) 39 (14.1)
2 140 (87.0) 21 (13.0)
3 and 65 (92.9) 5(7.1)
more
Socio economic status
Low 208 (92.4) 17 (7.6)
220 (88.4) 29 (11.7)
Medium
High 169 (74.1) 59 (25.9)

0.003

0.072

0.603

0.033

0.001

Non allergic Allergic subjects;

subjects; n (%) n (%) p

2015

474 (86.5) 74 (13.5) <0.001
540 (71.3) 217 (28.7)

311 (87.4) 45 (12.6) <0.001
383 (78.5) 105 (21.5)

320 (69.4) 141 (30.6)

425 (83.7) 83 (16.3) <0.001
325 (79.1) 86 (20.9)

230 (68.3) 107 (31.8)

148 (65.2) 79 (34.8) <0.001
487 (77.8) 139 (22.2)

232 (80.6) 56 (19.4)

144 (89.4) 17 (10.6)

376 (88.3) 50 (11.7) <0.001
360 (80.0) 90 (20.0)

278 (64.8) 151 (35.2)

Bold type, statistically significant difference; p-value based on Chi® test

although they considerably affect the quality of
life. The literature demonstrates that prevalence
of allergic diseases varies depending on the
region and ranges from 1 to 40%. The lowest
percentage is observed in Tibet and the highest
is in highly developed countries (Asher et al.
2006). In Poland, the level of allergic diseases
is similar to that in highly developed countries
(Samolinski et al. 2009). It should be emphasized
that a significant increase in the number of aller-
gic persons has taken place in the last decades
(Duggan et al. 2012; Asher et al. 2006). Analo-
gous results were obtained in the present work.
In the International Asthma and Allergies in
Childhood (ISAAC) studies that were conducted
among 6—7 and 13—14-year-old children in more
than 106 centers in 56 countries, the results of

phase I were compared with those of phase III
performed 5 years later. It has been demonstrated
that there was an increase in symptom frequency
of at least one of the allergic diseases in the
majority of centers. The findings of the present
study, in general, confirmed those above
outlined, pointing to an increasing tendency in
the occurrence of allergy in Poland. Some studies
indicate that asthma prevalence has changed
least, the prevalence of allergic diseases actually
may not change anymore, although it remains at
a high level of 20-30%, and there are substantial
variations inter- and intra-population (Eriksson
et al. 2012).

Several works have focused on a search for
the cause of an increasing allergy trend. The
environmental risk factors of allergies include
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Table 2 Difference (A%) in prevalence of self-reported

physician-confirmed

allergic

diseases

between

2015-2009 in relation to socio-economics factors

A%

Dwelling place

Rural 4.29

Urban 9.32
Mother’s education

Primary 2.15

Secondary 8.11

University 10.50
Father’s education

Primary 2.29

Secondary 6.87

University 14.78
Number of siblings

0 14.29

1 8.07

2 6.40

3 and more 3.42
Socio-economic status

Low 4.18

Medium 8.35

High 9.32

p-values based on Chi? test

P

0.013
<0.001

0.034
0.004
0.001

0.047
0.008
<0.001

<0.001
<0.001
0.010
0.029

0.016
0.002
0.001

Table 3 Risk factors for self-reported physician-con-
firmed allergic disease in 2009 and 2015 analyzed by
multiple logistic regression

Risk factor

Dwelling place
Rural
Urban

OR (95% CI)
2009

1 — Ref
2.23 (1.12-4.36)

Mother’s education

Primary
Secondary
University
Father’s education
Primary
Secondary
University
Number of sibling
3 and more
2
1
0
Socio-economic st
Low
Medium
High

1 — Ref
1.10 (0.87-1.93)
1.40 (0.91-1.98)

1 — Ref

1.25 (0.72-2.16)
1.44 (0.68-2.01)
S

1 — Ref

1.03 (0.55-1.81)
1.46 (0.84-2.01)
1.97 (0.65-2.81)
atus

1 — Refl

1.36 (1.05-1.77)
2.03 (1.024.04)

OR (95% CI)
2015

1 — Ref
2.36 (1.49-3.79)

1 — Ref
1.61 (0.88-2.92)
1.97 (1.08-3.39)

1 —Ref
1.47 (1.10-1.96)
1.84 (0.89-3.11)

1 — Ref

0.99 (0.59-1.69)
1.61 (1.03-2.50)
2.18 (1.36-3.48)

1 — Refl
1.92 (1.30-2.82)
2.61 (1.39-4.87)

air pollution, exposure to endotoxins and
allergens at home and work, limited exposure to
microbes in the early childhood, overuse of
antibiotics, low fiber diet, sedentary lifestyle,
and stress (Hsu and Campbell 2016; Samolinski
etal. 2012; Liu 2002). All these factors are linked
to the civilization advance and socio-economic
status, and consequently a more frequent preva-
lence of allergies (Mercer et al. 2004; Chen et al.
2002; Lewis and Britton 1998; Goh et al. 1996;
Williams et al. 1994) and atopies as determined
by skin tests (Schéfer et al. 2001; Forastiere et al.
1997). However, some reports do not point to the
presence of such a relation (Nathan et al. 1997).
Discrepant data mainly refer to asthma. Mielck
et al. (1996), in a review article, have argued that
the test results indicating a positive relation
between asthma and SES are as frequent as the
ones indicating a reverse dependence, and in
some studies no relation has been found. In
Poland, significant socio-economic gradients
in allergic disease prevalence have been previ-
ously observed (Majkowska-Wojciechowska
et al. 2007) and the present study is in line with
those data. A difference between the groups
stratified by the SES level was greater in 2015
than in 2009. Differences due to the parents’
education level were not significant in 2009
either.

According to the ‘hypothesis of hygiene’, an
increase in allergy results from the elimination of
microorganisms stimulating development of
human’s immune system. Children from wealth-
ier families of higher social status tend to stay in
‘sterile development conditions’. However, eti-
ology of different allergic diseases can vary.
Additionally, there exist several factors
correlating with the prevalence of a particular
allergic disease. The ISAAC studies have
shown wide differences between medical
centers, being not due to a random sampling
variation, and hardly explicable by the action of
only one environmental factor. For example, in a
few Latin America centers and in highly devel-
oped countries a comparable high level of preva-
lence of allergy has been found despite
significant differences in SES, living conditions,
and lifestyle (Asher et al. 2000).
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The environment can influence the develop-
ment of allergic diseases at both individual and
population levels. However, the influence seems
different in developed and developing countries
and concerns not only the prevalence but also
symptoms of a disease. Symptoms and disease
course are less severe in persons of high than low
SES, which can be explained by a higher knowl-
edge on pro-health activities and the ability to
finance preventive activities or disease recur-
rence (Pawlinska-Chmara et al. 2013; Gehring
et al. 2006; Lewis et al. 2001).

The socio-economic factors connected with
risk of allergic disease include urbanization of
the place of living. Urban air pollution caused by
industry and high road traffic facilitates allergy,
whereas high endotoxin and other microbial
exposure in the early childhood resulting from
living on a farm and having contact with animals
is protective against allergy (Wennergren et al.
2010; Liu 2004). Likewise, lower risk is
observed in people who had animals at home in
childhood (Schmitz et al. 2012).

Variability of living conditions can be a prob-
lem while examining relations between SES and
allergy prevalence. The conditions can signifi-
cantly vary from childhood to adolescence and
adulthood. It is not fully explained whether an
inverse relation between the incidence of infec-
tious diseases and allergies refers only to early
childhood or to later periods of life as well (Liu
2002, 2004). That is exemplified by a relation
between exposure to endotoxins and allergy
occurrence. Such exposure prevents atopy in
early childhood, but is the cause of on-the-job
asthma while in work environment (Liu 2002;
Reed and Milton 2001).

An increased number of people with allergies
has been observed in many countries in Europe,
America and Asia in recent years (Kim et al.
2016; Wang et al. 2016; Duggan et al. 2012;
Anthracopoulos et al. 2011; Hansen et al.
2000). Allergy is often linked to westernization
of lifestyle typical for highly developed
countries. The latest studies show that a high
and increasing level of allergic diseases is also
observed in Asian and African countries with
increasing SES (Lee et al. 2016). Apparently, a
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high call social level and improved economic
status are conducive for allergic diseases (Mercer
et al. 2004). It is believed that factors affecting
the development of asthma and other allergies
can act differently in the developed and develop-
ing countries (D’ Amato et al. 2016). The key role
is played by the interaction of allergy risk factors
with socio-economic status (Asher et al. 2006).
Studies show that allergy prevalence increases
with air pollution caused mainly by road traffic
(Duggan et al. 2012), overattentiveness to
hygiene (Baurecht et al. 2007; Cork et al. 2006;
Sherriff et al. 2002), and with a decrease in
infectious illnesses. Some allergy risk factors
are also connected with cultural background.
The number of families with only child is grow-
ing, children stay home with mothers or nannies
in early years, and start attending kindergartens
at a later age with a lower number of children in
groups. Children also spend less time outdoor
and tend to have a limited contact with peers
than they used to do in former times. Conse-
quently, they are less exposed to factors
protecting against allergies, i.e., endotoxins,
microbes, and exposure to the sun that ensures a
proper vitamin D synthesis (Hwang et al. 2016).
Some studies underscore the possible links
between the increased prevalence of allergy and
climate changes, causing changes in pollen and
spores content and dispersion.

The present work underlines a growing inten-
sity of allergy in Poland. More people with
allergies were observed in all different socio-
economic groups over 5 years. In a group of
highest SES, the difference between 2009 and
2015 was highest. It can be assumed that the
prevalence of allergic diseases in Poland has
not yet reached its plateau. A further increase is
expected to occur mainly in people of a low SES
whose living conditions and lifestyle will likely
be rising. Continuous monitoring of factors
influencing allergy occurrence would help keep
this sort of disease in check through preventive
programs and appropriate healthcare.
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Abstract

Upper respiratory tract infection (URI) is a nonspecific term used to
describe acute infections involving the nose, paranasal sinuses, pharynx,
and larynx above the vocal cords. The aim of this study was to provide a
summary of the most common pathogens of URI and to compare
advantages and disadvantages of traditional and new rapid
microbiological tests used to identify them. Blood samples were simulta-
neously examined by the enzyme-linked immunosorbent assay (ELISA)
and by the FilmArray Respiratory Panel for eight different pathogens in a
total of 15 tests performed in nasopharyngeal swabs. The ELISA method
is unable to identify the pathologic agent until the host’s immune system
elicits a response. The method is readily available in many laboratories at
a low cost, which puts less strain on economic resources. The FilmArray®
Panel, on the other hand, is more expensive, but it is fast and exact in the
identification of a broad spectrum etiologic agents. Nonetheless, since
most repiratory tract infections are viral in origin and there is no treatment
available, the diagnosis provided by the FilmArray Panel does not provide
any additional clinical benefit and thus should be used only whenever
necessary on the individual basis.

Keywords

Duagnostics « ELISA method « Microbiological tests « Pathogens ¢ Rapid
detection ¢ Respiratory infections ¢ Respiratory panel

1 Introduction

Upper respiratory tract infections (URIs) involve
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respiratory passage of the nose and throat as far
as the epiglottis and vocal cords. Acute URIs
include the common cold, pharyngitis,
epiglottitis, and laryngotracheitis (Nester et al.
1995). A variety of viruses, bacteria, fungi,
and parasites can infect the respiratory tract.
Transmission of organisms occurs by aerosol
droplet or direct hand-to-hand contact with
infected secretions, with subsequent passage to
the nares or eyes. Most URIs are of viral etiology
(Dasaraju and Liu 1996). Epiglottitis and
laryngotracheitis are exceptions with severe
cases likely caused by Haemophilus influenzae
type B. Bacterial pharyngitis is often caused by
Streptococcus pyogenes. Bacterial and viral
upper respiratory infections produce highly vari-
able clinical symptoms that cannot be used to
identify the etiologic agent. Proper treatment
depends on the correct identification of a patho-
gen involved as antibiotics provide little or no
benefit with viral infections (Nester et al. 1995).

1.1 Etiology of Upper Respiratory

Tract Infections

The URIs are in 69% of viral origin (Mikeld
et al. 1998). Orthomyxoviruses (influenza A and
B), paramyxoviruses (parainfluenza and respira-
tory syncytial ~ viruses),  coronaviruses,
adenoviruses, and enteroviruses (coxsackie and
ECHO viruses) cause common cold. However,
most colds are caused by more than 89 types of
rhinoviruses (Musher 2003; Cooper et al. 2001).
More than 40 strains of adenoviruses cause phar-
yngitis resembling a strep throat. Rhinoviruses
are unresponsive to antibiotics and other
medications that control bacterial infections.
Antibiotic treatment of adenovirus infections is
of no value and sometimes can even be harmful,
because it supresses normal bacterial flora and
enables the resistant opportunistic pathogens to
grow in an uncontrolled way (Nester et al. 1995).
Different  bacteria, including Chlamydia
pneumoniae, Mycoplasma pneumoniae,
Sreptococcus pneumoniae, Bordetella pertussis,
Haemophilus influenzae, and Staphylococcus

J. Kompanikova et al.

aureus are involved with the upper respiratory
system (Murray et al. 2005). The most common
URI of bacterial origin is pharyngitis caused by
Group A beta-hemolytic streptococci, with
Streptococcous pyogenes as a main representa-
tive, which accounts for 5-10% of pharyngitides
(Poole and Portugal 2005). Streptococcus
pneumoniae and Haemophilus influenzae are
the most important bacterial pathogens in otitis
media and bacterial conjunctivitis. Less com-
monly, Mycoplasma pneumoniae,
Streptococcous pyogenes, and Staphylococcus
aureus are the causative agents in otitis media.
A study carried out in the Czech Republic in
2004/05 in 16 different cities among healthy
children aged 3-6 years show that the overall
carriage of pathogens was 62.8%, with Strepto-
coccus  pneumoniae 38.1%, Haemophilus
influenzae 24.9%, Moraxella catarrhalis 22.1%,
and Staphylococcus aureus 16% being the most
prevalent (Zemlickova et al. 2006).

1.2 Diagnostic Methods of Upper

Respiratory Tract Infections

The diagnosis of URIs is based on a review of
symptoms, physical examination, and laboratory
tests. Direct identification of bacterial pathogens
is based on routine laboratory tests, including
growing bacteria in cultures, detection of bacte-
rial metabolic activity, single enzyme tests (cata-
lase, oxidase, urease, or coagulase tests), and
molecular methods (Balentine and Siamak
2015; Harvey et al. 2007). Complement fixation
test, direct agglutination technique, latex agglu-
tination and enzyme linked immunosorbent
assay (ELISA) are traditional serological
methods used to detect antibodies in the patient’s
serum. Traditional diagnostic methods for viral
pathogens include growth of the virus in a cell
culture, observation of virus particles by electron
microscopy, and detection of viral nucleic acid or
virus-specific  antibodies in the blood
(Meneghetti 2016).
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1.3 FilmArray Respiratory Panel

The FilmArray Panel is a multiplexed nucleic
acid test intended for the simultaneous qualita-
tive detection and identification of multiple
respiratory pathogen nucleic acids in nasopha-
ryngeal swabs. This new platform combines
automated sample preparation, nucleic acid
extraction, and polymerase chain reaction
(PCR)-based detection from a single unprocessed
sample in 1 h (BioFire Diagnostics; Salt Lake
City, UT). This method allows for identification
of 21 different respiratory pathogens from a
nasopharyngeal swab, 18 of viral etiology and
three of bacterial origin (Idaho Technology
2007).

In the present study we seek to determine the
individual advantages and disadvantages of dif-
ferent diagnostic tools for pathogens underlying
the URIs, as well as under which circumstances a
specific method would have an advantage over
another one.

2 Methods

2.1 Study Design

The study was approved by the Ethics Commitee
of Jessenius Faculty of Medicine in Martin,
Slovakia. Results of FilmArray®™ Respiratory
Panel and ELISA tests performed in the Depart-
ment of Clinical Microbiology of Martin Univer-
sity Hospital were evaluated and compared for
the functionalities, advantages, and
disadvantages of these methods. We focused on
a total number of FilmArray Panel tests, the
number of positive results, and the spectrum of
pathogens detected in connection with the clini-
cal diagnosis.

2.2 Detection of Pathogens by

FilmArray Respiratory Panel

Nasopharyngeal swabs were examined using the
FilmArray® Respiratory Panel developed by

IDAHO Technology (BioFire Diagnostics; Salt
Lake City, UT) for the presence of 21 pathogens
(adenovirus, bocavirus, coronavirus HKUI,
coronavirus NL63, coronavirus 229E, coronavi-
rus OC43, human metapneumovirus, human rhi-
novirus/enterovirus, influenza A, influenza
A/H1, influenza A/H3, influenza A/H1-2009,
influenza B, parainfluenza 1-4, respiratory syn-
cytial virus, Bordetella pertussis, Chlamydophila
prneumoniae, and Mycoplasma pneumoniae). To
assess the diagnostic efficacy of this new method,
a venous blood sample was draw from two
patients and it was concurrently examined in
the same laboratory for the presence of eight

pathogens (adenovirus, influenza A,
influenza B, parainfluenza virus 1, respiratory
syncytial virus, Bordetella pertussis,

Chlamydophila pneumoniae, and Mycoplasma
pneumoniae) in 15 tests with the hitherto com-
monly used ELISA method. Additionally, a hem-
agglutination inhibition test for influenza A and
B was performed in a patient in the Department
of Virology of the Regional Institute of Public
Health in Banska Bystrica, Slovakia.

3 Results

The FilmArray Panel was performed 15 times to
identify URI pathogens in hospitalized patients
with acute respiratory infections in January 2016.
Positive results were obtained in 8 samples. Four
samples turned out positive for human rhinovi-
rus/enterovirus. The other detected pathogens
were parainfluenza virus 3, human
metapneumovirus, coronavirus 0C43,
influenza B, and adenovirus. Two different
pathogens were identified in one patient (human
rhinovirus/enterovirus and adenovirus). Positive
results of laboratory tests are summarized in
Table 1. These results corresponded with a num-
ber of respiratory infections, as diagnosed before
hand, such as URIs, pneumonia, acute inflamma-
tion of nasopharynx, acute bronchitis, hypother-
mia unrelated to external temperature, and
undefined fever.

For comparison, specimens obtained from two
patients were tested simultaneously with
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Table 1 Positive results of filmarray respiratory panel — January 2016

Patient Result Clinical diagnosis

1 Human rhinovirus/enterovirus Acute URI

2 Human rhinovirus/enterovirus and adenovirus Acute URI

3 Human rhinovirus/enterovirus Acute URI

4 Parainfluenza virus 3 Acute bronchitis

5 Coronavirus OC43 Hypothermia

6 Human metapneumovirus Pneumonia

7 Human rhinovirus/enterovirus Undefined fever

8 Influenza B Acute nasopharyngitis

URI upper respiratory tract infection

Table 2 Results of ELISA tests performed in two patients.

Patient 1 Patient 2

Pathogen Date Result Date Result Costs

Adenovirus 15.01.2013 | Negative |31.01.2013 | Negative |IgM = 1.81 €; IgA =2.07 €

Influenza A 13.01.2013 | Negative |31.01.2013 | Negative |IgM = 191 €; IgA =191€

Influenza B 13.01.2013 | Negative |31.01.2013 | Negative |IgM =191 €

Parainfluenza 1 13.01.2013 | Negative |31.01.2013 | Positive |IgM = 2.08 €

Respiratory syncytial 12.02.2013 | Negative |12.02.2013 | Negative |IgM = 1.81 €; IgA =2.07 €

virus

Bordetella pertussis 13.01.2013 | Negative |31.01.2013 | Negative |IgM = 1.99 €; IgG = 1.99 €;
IgA =199 €

Chlamydophila 18.01.2013 | Negative |31.01.2013 | Negative |IgG = 1.33 €; IgA =133 €

pneumoniae

Mycoplasma 17.01.2013 | Negative |31.01.2013 | Negative |IgG = 1.33 €; IgA =133 €

pneumoniae

Entire testing time 28 days 29 days Total cost — 165 € either patient

traditional ELISA and FilmArray Panel methods.
A venous blood sample and a nasopharyngeal
swab were taken from both patients for either
method, respectively. In one of these patients,
all results were negative and no etiologic agent
could be identied by the ELISA method. In total,
28 days were was required to obtain the full panel
of results (Table 2; Patient 1). In addition, culture
of the specimen obtained from a nasopharyngeal
swab from the same patient also was negative for
any pathogens. However, nasal swab specimen,
examined by the FilmArray Panel, yielded a pos-
itive result for human rhinovirus or human
enterovirus (Table 3; Patient 1), which was neg-
ative when with ELISA.

ELISA performed in a second patient showed
an elevation of IgG against parainfluenza virus
1 (IgG positive — 1.53, cut off — 0.709, index —
2.1). This result, however, is inconclusive

regarding an acute current infection as it rather
confirms a previous encounter with the virus. The
result regarding influenza A infection was also
negative (IgM — 0.355, cut off — 0.832, index —
0.4; and IgG — 0.083, cut off — 0.381, index — 0.2).
The testing time for all eight pathogens
amounted to 22 days (Table 2; Patient 2). The
examination with the FilmArray Panel in this
patient identified the etiologic agent as influenza
A/H1-2009 (Table 3; Patient 2). The identifica-
tion had to be confirmed with a serum hemagglu-
tination inhibition test (HIT), which was done at
the Department of Virology of the Regional
Institute of Public Health, in Banska Bystrica,
Slovakia. The HIT was performed twice
2 weeks apart to assess a possible change in
antibody titers. While in the first sample influ-
enza A and B titers were negative, there was
a significant rise in the antibody titer against
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Table 3 Results of filmarray panel performed in two patients

Pathogen Date Patient 1 Patient 2
Adenovirus 15.01.2013 Negative Negative
Bocavirus 15.01.2013 Negative Negative
Coronavirus HKU1 15.01.2013 Negative Negative.
Coronavirus NL63 15.01.2013 Negative Negative
Coronavirus 229E 15.01.2013 Negative Negative
Coronavirus OC43 15.01.2013 Negative Negative
Human metapneumovirus 15.01.2013 Negative Negative.
Human rhinovirus /enterovirus 15.01.2013 Positive Negative
Influenza A 15.01.2013 Negative Negative
Influenza A/H1 15.01.2013 Negative Negative
Influenza A/H3 15.01.2013 Negative Negative
Influenza A/H1-2009 15.01.2013 Negative Positive

Influenza B 15.01.2013 Negative Negative
Parainfluenza virus 1, 2, 3, 4 15.01.2013 Negative Negative
Respiratory syncytial virus 15.01.2013 Negative Negative
Bordetella pertussis 15.01.2013 Negative Negative
Chlamydophila pneumoniae 15.01.2013 Negative Negative
Mycoplasma pneumoniae 15.01.2013 Negative Negative

Table 4 Hemagglutination inhibition test in Patient 2

Pathogen First sample 21.01.2013 Second sample 07.02.2013 Costs
Influenza A Negative Positive titer — 1:160 Influenza A =2€x2=4¢€
Influenza B Negative Negative titer Influenza B=2€x2=4¢€

influenza A in the second sample. The HIT
assessment took 17 days in all. These results are
shown in Table 4.

Health insurance gave 600 points for each of
the 15 tests, which makes a total 9000 points,
plus 150 points for sample culture from upper
respiratory tract and 320 points for a culture form
lower respiratory tract. Each insurance point has
a value of 0.0066 €. The laboratory therefore
received 59.40 € for running the ELISA and
additionally 3.10 € for the cultures, which sums
up to a total of 62.50 € or 224% of the real
material costs. On the other hand, health insur-
ance gave 2500 points for each of the 21 pathogen
targets in the FilmArray Panel, which makes a
total of 52,500 points and comes to 346.50 € or
210% of the real material costs amounting to
165.00 € per sample. The insurance reimbursed
11.70 € for influenza A and B testing each. Each
type of influenza was tested twice giving the cost

Total cost =8 €

of 46.80 € in total. The actual laboratory costs for
all HIT tests were 8.00 €, which is about 6 times
less than the insurance reimbursement.

4 Discussion

Laboratory testing is generally not recommended
in the evaluation of upper respiratory infections.
Tests for specific pathogens are helpful when
therapy depends on the results. Targeted therapy
is not available for most viruses that cause URI.
Therefore, viral testing is rarely indicated for
uncomplicated URIs in the outpatient setting.
However, confirmation of a viral condition such
as influenza may reduce inappropriate use of
antibiotics (Balentine and Siamak 2015). Consid-
ering the benfits for patient, the speed to identify
the etiologic agent clearly favors the FilmArray
System. This method readily identified the
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etiologic agent in both patients in whom it was
applied in the present study, whereas the HIT
identified the virus only in the repeat sample of
the second patient. However, identification of the
etiologic agent did not have any benefit for the
first patient with mild symptomatology of coryza
because no targeted treatment for human rhino-
virus/enterovirus infection was needed. The
symptomatology in the second patient was severe
and the speed of pathogen identification is crucial
for the commencement of appropriate treatment,
especially in suspected cases of influenza where
early administration of neuraminidase inhibitors
significantly reduces mortality rates. In such
cases, accuratelly targeted therapy has an enor-
mous benefit for the patient. The laboratory costs
to run one examination with different methods
showed that the FilmArray multiplex PCR respi-
ratory panel is more expensive than the ELISA,
HIT, and the cultivation. One examination with
the FilmArray panel brought a 181.50 € per
patient profit for the laboratory, whereas the
profit from running ELISA together with cultiva-
tion was 34.62 €, and that from HIT was 38.80 €
per patient. Therefore, FilmArray respiratory
panel is best in terms of profit margin for the

laboratory and least favorable for health
insurance.
5 Conclusions

Serologic diagnostic methods, such as ELISA
and HIT, cannot identify the pathologic agent
until the host’s immune system elicits a response.
However, advantages of those methods are that
they are readily available in many laboratories
and are least pricey for health insurance. The
disadvantage is that the spectrum of pathogens
detected is small. A clinical benefit of the
FilmArray respiratory panel is that it is quick
and exact and may identify a broader spectrum
of possible pathogens. Since most URIs are viral
in origin and there is no treatment available, the
diagnosis provided by the FilmArray panel is not
always necessary and the method should be used

J. Kompanikova et al.

on an individual basis when clinically justified.
From the economic standpoint, FilmArray respi-
ratory panel is the most profitable for the labora-
tory. In critically ill patients, a spectrum of
diagnostic methods should be used to obtain
diagnosis as fast as possible. In patients with
minor respiratory tract infections, a more rational
approach should be undertaken since the speed
and accuracy of diagnosis are less crucial. The
decision to choose a specific diagnostic method
rests with the medical caregiving staff.
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Abstract

Bartonella species, vector-borne etiologic agents of many systemic or
self-limited infections, are responsible for a widening spectrum of
diseases in humans, including inflammatory conditions of the eye. The
aim of this study was to determine whether there is any relationship
between uveitis and the evidence of Bartonella spp. infection in
the serum, ocular fluid, and cataract mass in patients with intraocular
inflammation. Polymerase chain reaction (PCR)-based tests and DNA
sequencing were performed on surgery-extracted specimens of intraocular
fluid and lens mass of 33 patients. Sera from 51 patients and 101 control
subjects were tested for the presence of specific antibodies against
Bartonella spp. Neither IgM-class antibodies against Bartonella spp. nor
Bartonella spp. DNA were detected. A specific IgG-class antibody was
found in 33.3% of the patients with uveitis. The rate of positive Bartonella
serology was higher among the uveitis patients than that in control
subjects. This high rate may in part result from unrecognized indirect
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mechanisms rather than the immediate presence and multiplication
of Bartonella spp. in the eyeball. Nonetheless we believe that screening
for Bartonella spp. should become part of the diagnostic workup in

uveitis.
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1 Introduction

Bartonellosis is a vector-borne zoonosis caused
by various species of the aerobic Gram-negative
bacteria of the genus Bartonella. To date some
25 species of Bartonella have been described and
three of them are known to cause uveitis (Fiecek
et al. 2012, Drancourt et al. 2008). Pets (dogs,
cats) and wild animals, depending on the geo-
graphical region rabbits, moles, squirrels, deer or
coyotes are reservoirs of infection while fleas,
flies, lice, ticks, and other blood-sucking
arthropods are the vectors. Bartonella spp. are
animal pathogens and man is an accidental host.
Geographical distribution of different Bartonella
species vary, with B. henselae serologically
detected in 3.7-54.6% of cats depending on the
region. In Poland, infections are mostly caused
by B. henselae and B. quintana, with specific
antibodies present in 48% of cats in the capital
city of Warsaw region to 86% in other regions.
Infection is transmitted by a bite or scratch by an
infected cat or by contact of damaged skin or
mucous membranes with the feces of the cat
flea (Ctenocephalides felis) (Reis et al. 2011;
Podsiadty et al. 2009; Breitschwerdt and Kordick
2000).

Up to 7.5% of ticks in Austria and 4.8% in
Poland are infected by B. henselae (Miiller et al.
2016; Sytykiewicz et al. 2012). Exposure to tick
bites is a factor substantially contributing to the
preponderance of a seropositive response to
B. henselae in the forestry workers and farmers
in Poland (Zajac et al. 2015). Bartonella
penetrates the skin and infects the host cell by
sticking to epithelial cells, including vascular
endothelial cells, using trimeric autotransporter

adhesins (TAAs) secreted from the bacterial
outer membrane (Szczesny et al. 2008). The con-
tagion enters the host cell cytoplasm by phago-
cytosis, where it multiplies in phagosome
vesicles. B. henselae can also use a transport-
dependent reorganization of the host cell cyto-
skeleton, with the utilization of the Rho family of
GTPases: Cdc42, Rho, and Rac (Truttmann et al.
2011).

Typical signs of B. henselae infection include
papules or blisters at the bite or scratch site,
enlargement of regional lymph nodes, fever,
headache, and enlargement of the spleen. In
severe cases, typically in immunocompromised
patients, neurological disorders, parenchymatous
inflammation, hepatitis, osteomyelitis, encepha-
litis, glomerulonephritis, endocarditis, or pneu-
monia may develop (Maczka and Tylewska-
Wierzbanowska 2012; Zenone 2011; Podsiadty
et al. 2009). Occasionally, Bartonella infection
can mimic malignancy (Mazur-Melewska et al.
2015). Signs and symptoms of systemic disease
may be accompanied by a variety of ocular
manifestations, which are observed in 5—-10% of
patients. The most commonly reported ocular
manifestations in patients with cat scratch dis-
ease are Parinaud oculoglandular syndrome
(POGS) and optic neuritis (5% of patients), and
retinitis (2% of patients) (Cunningham and
Koehler 2000; Ormerod and Dailey 1999;
Carithers 1985). A review of the literature
shows that infection with B. henselae can cause
inflammation in various locations in the eyeball:
iritis, vitreous inflammation, posterior uveitis,
choroiditis, retinitis and retinal vasculitis
(Kalogeropoulos et al. 2011; Terrada et al. 2009;
Drancourt et al. 2008; Goldstein et al. 2001).
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This study seeks to define the prevalence of
Bartonella spp. infection in ocular uveitis and
retinitis. We addressed the issue by detecting spe-
cific I[gM- and IgG-class antibodies in the serum
and in the intraoperatively extracted specimens of
ocular fluid and cataract mass in patients. This
work is a continuation of previous studies carried
out in patients with cataract, but without associated
uveitis (Chmielewski et al. 2014).

2 Methods

The study was approved by the Bioethics Com-
mittee of the National Institute of Public Health-
National Institute of Hygiene in Warsaw, Poland.
The ocular inflammation group consisted of
51 patients with chronic uveitis or retinitis (F/M
— 36/15) of the mean age of 50.0 + 14.4 years
(range 21-71 years). The disease duration was
8 months to 10 years and some of the patients
suffered from chronic comorbidities (sarcoidosis
and arthritis in four patients each and multiple
sclerosis in two patients). The diagnosis was set
according to the Standardization of Uveitis
Nomenclature Study Group (Jabs et al. 2005).
Laboratory and imaging (fluorescein angiogra-
phy, optical coherence tomography, ultrasonog-
raphy, and plain chest X-rays) examinations
were performed in all patients to determine the
cause of uveitis or retinitis. Of the 51 patients,
33 underwent cataract phacoemulsification sur-
gery and glaucoma surgery (trabeculectomy) was
performed in three patients during follow-up.
Blood samples from patients were collected
for serological testing. The level of specific
antibodies against Bartonella spp. were
evaluated with the indirect immunofluorescence
method using Bartonella IFA IgG test (Focus
Diagnostics;  Cypress, CA), where the
B. henselae and B. quintana cultured in the
Vero cell line were used as the diagnostic
antigens. The titers of >64 were considered pos-
itive. The control group consisted of 101 blood
donors (F/M — 47/54) of the mean age of
48.5 4+ 10.4 years (range 31-65 years).
Specimens of intraocular fluid and the lens
mass removed from the eye during surgery
were tested by polymerase chain reaction (PCR)

for Bartonella DNA. Bacterial DNA from the
collected material was extracted with the
QIAamp Tissue kit (QIAGEN GmbH; Hilden,
Germany) according to the manufacturer’s
recommendations. Extracted DNA was amplified
to detect fragments complementary to NADH
dehydrogenase subunit gamma (nuoG) gene of
Bartonella spp. (amplified PCR product of
346 bp). In two patients, owners of cats, extra
material was collected from three cats, consisting
of two samples of cat saliva and one blood sam-
ple, to check for Bartonella spp. DNA. Data are
reported as means + SD. Statistical elaboration
was done with the chi-squared test. A p-value
<0.05 defines statistically significant differences.

3 Results

The ocular inflammation group included
20 patients with anterior uveitis, 21 patients
with posterior uveitis, nine patients with
panuveitis, and one patient with intermediate
uveitis. In 28 patients, uveitis was unilateral and
in 23 it was bilateral. Idiopathic uveitis was
diagnosed in 28 patients and Fuchs
heterochromic uveitis in 12 patients. Specific
Bartonella spp. antibodies were detected in
17 (33.3%) serum samples from patients (F/M —
5/12) aged 25-74 years.

Positive Bartonella serology was found in six
(40.0%) patients of the 15 patients who did not
undergo surgery and in eleven (30.5%) of the
36 patients who underwent eye-surgery. Of
those with positive Bartonella serology,
IgG-class antibody titer was 64 in nine (17.6%)
patients, 128 in six (11.7%) patients, and 512 and
1024 in one (2%) patient each. IgM-class
antibodies were not detected. Among the patients
with positive Bartonella spp. serology, nine had
cataract phacoemulsification and two had glau-
coma surgery (trabeculectomy) performed. The
results for individual patients are presented in
Table 1 and summary of patients characteristics
in Table 2.

DNA of Bartonella spp. was not detected in
the material collected during surgery from the
anterior eye chamber and lens mass. Nor was it
detected in the three cats tested either. In the
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Table 2 Patients and results

Patients (n; %)

Gender
F 15 (88.2)
M 2 (11.8)
Serologic testing (titer)
64 9 (52.9)
128 5(29.4)
256 1(5.9)
512 1(5.9)
1024 1(5.9)
Co-morbidities
No 10 (58.8)
Yes 7(41.2)
Cat owner
No 15 (88.2)
Yes 2 (11.8)
Scratches
No 14 (82.4)
Yes 3(17.6)

Table 3 Positive serology findings by surgery group

n Positive serology (n; %) p
No surgery 15 6 (40.0) 0.51
Surgery 36 11 (30.6)

control group, specific IgG-class antibodies to
B. henselae antigen were detected in one person
in titer 128. Thus, positive serology was
observed in 17/51 (33.3%) patients with chronic
uveitis and in 1/101 (1.0%) person in the control
group; the difference between the two groups
was significant (p < 0.001).

A higher percentage of patients with positive
serology was observed in a group of patients
without surgery than in those surgically treated
(40.0% vs. 30.6%), although the difference
between these two groups failed to reach statisti-
cal significance (Table 3).

4 Discussion

Bartonelloses is a group of zoonotic infectious
diseases occurring worldwide. Clinical diagnosis
may be difficult to establish because infection
manifestations may widely vary from mild
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flu-like symptoms to life-threatening conditions
such as pneumonia, myocarditis, perinephric
abscess, or encephalitis (Rising et al. 2016;
Atice et al. 2014; Rondet et al. 2012; Kaiser
et al. 2011; Boulouis et al. 2005; Eskow et al.
2001). Some patients diagnosed with cat scratch
disease do not develop fever or lymphadenopa-
thy (Robert et al. 2012; Chomel et al. 2006;
Tsuneoka and Tsukahara 2006; Kawasaki and
Wilson 2003; Carithers 1985). The disease
course depends on the immune status of the
host (Lee et al. 2015; Psarros et al. 2012; Resto-
Ruiz et al. 2003).

In spite of a considerable body of research
into Bartonella spp. as an infectious agent in
humans, relatively little is known about human
humoral and cellular immune responses trig-
gered by the exposure to the pathogen. Studies
in rodent models demonstrate asymptomatic bac-
teremia for 5-6 days after infection followed by
the formation of bacterial aggregates and the
invasion of mature erythrocytes with the
intraerythrocytic bacteremia usually subsiding
after 8—10 weeks. At that time, the immune
response occurs, both humoral (increases in
IgM and then IgG levels) and cellular (increased
T-cell counts). Studies of classical facultative
intracellular  parasites, such as Listeria
monocytogenes and Mycobacterium tuberculo-
sis, have demonstrated a major role of the cellu-
lar response in defending the host against
intracellular pathogens. The cellular response,
however, is effective only against those microbes
that parasitize the cells capable of presenting the
major histocompatibility complex (MHC) class
I-dependent pathways of antigen presentation.
The MHC class I molecules occur on the surface
of all nucleated cells, but erythrocytes do not
have nuclei and hence do not express MHC
class I molecules, although there may be some
expression of MHC class II molecules on the
surface of erythrocytes. Thus, proteinic
Bartonella antigens are protected against
sensitized T-lymphocytes with a greater role of
the humoral response manifested as increased
titers of specific IgG immunoglobulins capable
of destroying ‘free’ Bartonella forms before their
entry into erythrocytes (Harms and Dehio 2012;
Koesling et al. 2001).
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Most published studies demonstrate the asso-
ciation of B. henselae infection and various eye
disorders, including optic neuritis, uveitis, or
choroidopathy while the link with B. quintana
or B. grahami is less commonly reported
(Goldstein et al. 2001; Kalogeropoulos et al.
2011; Drancourt et al. 2008). Diagnosis of
bartonellosis or cat scratch disease is based on a
history of scratch or bite by a pet cat or a wild
animal or insect (tick, flea, or louse) bite, clinical
manifestations, and serological tests. According
to Carithers (1985), B. henselae infection most
commonly affects the lymphatic system, followed
by the eye. There are reports of patients with ocular
lesions and specific B. henselae antibodies, but in
some cases without any systemic manifestations,
who deny any contact with animals (Manousaridis
etal. 2015; Robert et al. 2012; Terrada et al. 2009;
Kawasaki and Wilson 2003; Solley et al. 1999).

Of the 51 patients with different types of
uveitis observed in the present study,
17 (33.3%) had antibodies against Bartonella
spp- and two were the cat owners for several
years and had been frequently bitten or scratched
by their pets. According to Blanco Ramos et al.
(1998) approximately 28.9% of cat owners have
positive Bartonella serology but no systemic
manifestations. In the present study, patient num-
ber 8 reported poorly healing scratches on his
hands and arms and low grade fever, cat scratch
disease was diagnosed and treatment with doxy-
cycline was instituted for symptomatic relief.
The remaining patients had sporadic contact
with animals of their neighbors or friends but
did not give a history of animal-inflicted skin
injuries. None of the patients gave a history of
tick-bite, although most could be unaware of
their potential exposure to ticks and tick-borne
infections possibly contracted during leisure
time. Patient number 13 reported that she had
been bitten by a monkey 20 years before and
the wound healed well after topical treatment.
According to Breitschwerdt and Kordick
(2000), bacteremia is observed in 50-90% of
animal populations, which may be the cause of
frequent infections transmitted to humans.

Tick bites are underestimated by both
specialists and the general public as a potential
source of infections caused by Bartonella spp. It

has been documented that from 1.7 to 4.8% of
ticks in Poland are infected with B. henselae.
Further studies are needed to establish the rate
of transmission from ticks to humans and
whether it depends on the length of time the
tick remains attached to the host’s skin. Based
on the data from a Polish study of Sytykiewicz
et al. (2012) and assuming that the rate of trans-
mission may be similar to that of Borrelia, the
number of people infected with Bartonella spp.
from ticks could equal a third of borreliosis
cases. In a study of Terrada et al. (2009) every
third patient with ocular manifestations reported
contact with animals. In patients with full-blown
cat scratch disease, ocular manifestations usually
occur within 1 to 3-8 weeks after onset of sys-
temic disease, most commonly flu-like
symptoms (Cunningham and Koehler 2000;
Wade et al. 2000; Ormerod and Dailey 1999).

Patients in the present study suffered from
chronic ocular inflammation. In none of them
were IgM-class antibodies detected by ELISA,
which might be related to the fact that all had eye
disorders for a relatively long time. IgM-class
antibodies appear immediately after infection
and persist for up to 3 months (Carithers 1985).
The first ocular manifestations of Bartonella
infection are seen late, usually approximately
8 weeks after infection and IgM-class antibodies
are seldom detected (Fiecek et al. 2012). On the
other hand, IgG-class antibodies were detected in
17 patients (33.3%) and their titers varied from
64 to 1024. Positive Bartonella serology was
found in 6 (40.0%) of the 15 patients who did
not undergo surgery and in 11 (30.5%)
eye-surgery patients. According to Sander et al.
(1998), IgG titers of >256 in patients with sys-
temic manifestations of cat scratch disease indi-
cate an active disease, as noted in two patients.
Low IgG-class antibody titers of 64-256 may
indicate the beginning of a disease or much ear-
lier exposure to the pathogen, as noted in
15 patients (Wade et al. 2000). Specific
IgG-class antibodies against Bartonella spp.
may be detected up to 2 years after infection. In
the present study, serological tests detected
Bartonella spp. antibodies more frequently in
patients with uveitis than in controls, although
the two groups differed in size.
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Of the 17 uveitis patients with positive
Bartonella serology, anterior uveitis was
diagnosed in 5 patients, including four patients
with Fuchs heterochromic uveitis. The latter is a
chronic anterior uveitis with documented viral or
protozoal etiology (Jad et al. 2013; Babu and
Murthy 2012; Kongyai et al. 2012; Liu et al.
2011). Posterior uveitis was diagnosed in the
remaining 12 patients and in seven patients it
was associated with retinal periphlebitis. Vascu-
lar changes described in patients with
bartonellosis are associated with vascular endo-
thelial damage (Eiger-Moscovich et al. 2016;
Manousaridis et al. 2015; Robert et al. 2012;
Dehio 2005). In 11 of the 17 patients with posi-
tive Bartonella serology, nine procedures of
phacoemulsification cataract extraction and two
glaucoma surgery procedures (trabeculectomy)
were performed. No Bartonella spp. DNA was
found in the intraoperative specimens removed
during cataract extraction or trabeculectomy
(anterior chamber fluid and phacoemulsified
lens material). We have previously performed a
similar study in patients with cataract without
coexisting uveititis. A total of 109 specimens of
anterior chamber fluid and phacoemulsified lens
material from the nucleus and cortex have been
examined and Bartonella spp. DNA has been
found in specimens from 2 patients. One of
them had a history of central retinal vein throm-
bosis and the other was diagnosed with common
variable immunodeficiency (Chmielewski et al.
2014).

The absence of Bartonella spp. DNA may be
due to the long-term inflammation affecting the
eye treated with the topical or systemic treat-
ment. Of the 17 patients with long-term uveitis
in the present study, only one, a cat owner, was
found to have a full-blown cat scratch disease.
Interestingly, the remaining patients had no evi-
dent systemic symptoms of bartonellosis. It can-
not be excluded, however, that they had had at
the beginning a pauci-symptomatic infection or
their symptoms were diagnosed as a generalized
seasonal infection which quickly resolved. In a
study of Drancourt et al. (2008), among 1321
patients with uveitis of unknown etiology,
which included unilateral and bilateral,
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granulomatous and non-granulomatous inflam-
mation and panuvetitis, Bartonella spp. was
found in 21 patients, which was confirmed by
the examination of ocular fluid in three patients
and by serological testing in 18 patients.
B. henselae was identified in nine, B. quintana
in seven, and B. grahami in four patients. In three
other patients, uveitis was due to undetermined
Bartonella species. In all cases of uveitis caused
by B. henselae, the Huston genotype determined
by DNA sequencing was the offending microor-
ganism. In the present study, we did not observe
any ocular manifestations typical of B. henselae
infection, such as neuroretinitis with a macular
star. A limitation of this study is a small popula-
tion of patients with positive Bartonella spp.
serology, which was borderline in a number of
cases and the fact that ocular fluid samples were
investigated in eye-surgery patients only.

5 Conclusions

We found a higher proportion of positive
Bartonella serology among uveitis patients than
in control subjects, which was also higher rela-
tive to the general Polish population. This high
prevalence of positive Bartonella serology is
likely to result from currently unrecognized indi-
rectly acting mechanisms, e.g., some degree of
immune deficiency, than from the presence and
multiplication of Bartonella spp. in the eyeball,
because its DNA was not identified in the eye-
ball. We believe that screening for Bartonella
spp. infection should be included in the diagnos-
tic workup of uveitis, even when there is no
conclusive history of infection and there are no
systemic manifestations.
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Abstract

The aim of this study was to elucidate body composition, anthropometric
indices, and hydration status in obstructive sleep apnea (OSA) patients,
taking into account different disease stages, gender, and the possibility of
the presence of cachexia. There were 98 OSA patients and 23 control
subjects enrolled into the study. All study participants underwent
polysomnography examination. Body mass index (BMI), fat mass index
(FMI), fat free mass, muscle mass, body cell mass, total body water, and
extracellular and intracellular water were evaluated. The neck, abdominal,
and waist circumference was measured. We found that overweight and
obesity were present in 96% of patients. Cachexia was present in one OSA
individual with comorbidities. Apnea-hypopnea index correlated with the
neck and waist circumference, and with BMI in OSA patients. All muscle
indices and water contents above outlined were significantly higher in
severe OSA compared with control subjects. BMI, FMI, neck circumfer-
ence, and extracellular water were greater in a subset of severe OSA
compared with a moderate OSA stage. The female OSA patients had a
higher FMI than that present in males at a comparable BMI. We conclude
that the most body composition indices differed significantly between
severe OSA patients and control subjects. A higher FMI in females at a
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comparable BMI could be due to a discordance between BMI and FMI.
Cachexia occurs rarely in OSA and seems to coexist with comorbidities.
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1 Introduction

Obstructive sleep apnea (OSA) is a disorder
characterized by repeated respiratory events dur-
ing sleep caused by obstruction of upper airways.
The occurrence of sleep-disordered breathing
leads to the destruction of sleep architecture and
desaturation events (De 2013). The incidence of
OSA is 2% in women and 4% in man. In the
obese population, the percentage of individuals
with positive diagnosis increases to over 20%
(Young et al. 2002). There are a number of risk
factors for OSA, the most important are gender
(males are more predisposed), obesity, age
between 45 and 65, smoking, consumption of
alcohol, sleeping pills, and nasal occlusion
(Plywaczewski et al. 2013; Al Lawati et al.
2009; Young et al. 2004).

Nutritional status is an integral part of the
assessment of patients with OSA. It is well
known that OSA occurs mainly in obese patients;
however, it is also diagnosed in slim individuals.
Nutritional status of OSA patients could be
linked to the inflammatory process (Tasali and
Ip 2008). The visceral fat mass in obese persons
secretes inflammatory agents, but irrespective of
obesity intermittent hypoxia can stimulate
inflammatory pathways which through other
mediators regulate appetite and body mass
(Bonsignore et al. 2012; Yin et al. 2009). In
some chronic inflammatory diseases, e.g.,
chronic obstructive pulmonary disease, heart
failure, or chronic kidney disease, inflammation
is connected with body composition changes and
can cause cachexia (von Haehling and Anker
2010; von Haehling et al. 2007). Cachexia is a

specific form of malnutrition, which is character-
istic of chronic inflammatory diseases with a
decrease in lean body mass while the fat mass
remains unchanged, which makes it relatively
higher (Evans et al. 2008). Cachectic patients
can suffer from malnutrition, be normally
nourished, or even be obese. Considering the
above facts, measurement of body composition
is necessary in a complex assessment of diseases
with inflammation.

The human body is a model built of two
compartments: fat mass (FM) and fat-free mass
(FFM). The FM constitutes about 25% of body
mass and is primarily created from adipose tis-
sue. The main component of FFM is water,
which comprises about 73% and is a component
of muscle mass (MM). The FFM weight can be
divided into extracellular (ECW) and intracellu-
lar (ICW) weight. The former is a replaceable
part of the energy while the latter are fixed
elements such as tendons, plasma, or interstitial
fluid. Bioelectrical impedance analysis (BIA) is a
reliable, non-invasive, safe, and effective tech-
nique of measuring body composition. The BIA
is based on the phenomenon of electrical resis-
tance and the difference in the electrical conduc-
tivity of human body tissues.

There have been several studies presenting a
detailed assessment of nutritional status in OSA
patients, but the occurrence of cachexia in OSA
patients has not yet been examined. In the present
study, therefore, we set out to examine the body
composition, anthropometric indices and the
hydration status in OSA patients, taking into
account the disease severity and patient gender.
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Further, the study seeks to determine whether
cachexia could be an accompaniment of OSA.

2 Methods

The study protocol was approved by the Institu-
tional Review Board at Poznan University of
Medical Sciences in Poznan, Poland (permit
no. 641/15) and all patients gave written
informed consent for the proposed procedures.

The protocol conforms to the principles of the
Helsinki Declaration of the World Medical
Association.

2.1 Patients

One hundred and twenty one adult patients
(96 males and 25 females; mean age 57.8 £ 15.2
and 61.9 & 12.9, respectively) seen in a pulmonary
outpatient clinic with symptoms pointing to the
possibility of OSA were enrolled into the study.
The symptoms consisted of overnight awakenings,
dyspnea during the night, snoring, overnight
arousals, nocturia, a feeling of suffocation or chok-
ing, daytime sleepiness, morning headaches,
fatigue, impaired intellectual function, and
problems with memory and concentration. The
patients were further referred to the Pulmonary
Department for polysomnography (PSG) and
other diagnostic tests. The presence of OSA was
confirmed in 98 patients who became the study
group. A control group consisted of 23 persons,
described as ‘simple snorers’ in whom OSA was
excluded. The OSA group was stratified into three
subsets of patients based on disease severity:
47 persons with severe, 36 with moderate, and
15 with mild OSA.

A detailed medical history was taken from all
patients on admission. Co-existing diseases were
verified based on the medical documentation. In
the OSA group, 7% of patients were treated for
heart insufficiency, 4% were diagnosed with

chronic obstructive pulmonary disease (COPD),
and 7% had chronic renal diseases.

2.2 Polysomnography
Diagnostic tests were conducted in a sleep labo-
ratory during hospitalization in the Department
of Pulmonology, Allergology and Respiratory
Oncology of Poznan University of Medical
Sciences in Poland. All study participants
underwent complete overnight, supervised
polysomnography using an Embla S4000 sleep
diagnostics setup (Natus Medical Inc.,
Pleasanton, CA). The following variables were
recorded: electroencephalogram (EEG), electro-
myogram (EMG), electrooculogram (EOGQG),
electrocardiogram (ECG), blood oxygen satura-
tion (pulse-oximetry), nasal and mouth airflows
(thermistor, nasal cannula), breathing
movements of the thorax and abdomen, sounds
while breathing (snoring), and sleep position.
Severity of OSA was determined according to
the American Academy of Sleep Medicine
(AASM) guidelines, with the apnea/hypopnea
index (AHI) > 5 adopted as the diagnostic crite-
rion. OSA severity was determined as follows:
mild — 5 < AHI < 15 (15 patients; F/M — 4/11),
moderate — 15 < AHI < 30 (36 patients; F/M —
7/29), and severe — AHI > 30 (47 patients; F/M —
7/40). The Epworth Sleepiness Scale (ESS) was
used to measure daytime sleepiness.

23 Body Composition

Body composition was evaluated by using
a bioimpedance method (AKERN BIA 101;
SMT Medical, Wuerzburg, Germany). The test
was done in the morning following the
polysomnographic examination after fasting
without beverages and physical activity for at
least 12 h before the measurement, and in a
room at controlled temperature of 21 °C. Weight
and height of each patient was taken using a
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beam scale with the accuracy of 0.1 kg and 1 cm,
respectively.

This non-invasive test involves the place-
ment of two electrodes on the person’s right
hand and right foot. Tissues that contain large
amounts of fluid and electrolytes, such as the
blood, have high conductivity; and fat and bone
slow the signal down. The flow of current is
affected by the amount of water in the body.
The device measures how the signal is impeded
through different types of tissue. The following
indices of body composition and hydration sta-
tus were determined: body mass (BM), fat mass
(FM), fat free mass (FFM), muscle mass (MM),
body cell mass (BCM), extracelullar water
(ECW), intracellular water (ICW), total body
water (TWC). The indexes of these parameters,
BMI, FMI, FFMI, MMI, BCMI, ECWI, and
ICWI, were calculated as component of body
mass/height in m?,

The BMI normal range was adopted as
18.5-24.9 kg/m*. Overnutrition was diagnosed
with 25.0 < BMI < 29.9 kg/m?. Obesity was
defined as BMI > 30 kg/m? and malnutrition as
BMI < 18.5 kg/m®> (White et al. 2012).
Cachexia was defined as FFMI < 16.0 kg/m?
for males and 15.0 kg/m® for females
(Vanltallie et al. 1990).

Neck circumference (NC), abdominal circum-
ference (AC), and waist circumference
(WC) were measured using a non-stretchable
plastic tape with the subjects standing upright.

24 Statistical Analysis

Data were expressed as means £ SD. Differences
between groups of patients were evaluated using
the Student’s #-test or Mann-Whitney U test as
required. Associations were examined using
Pearson’s or Spearman’s rank correlation
coefficients, depending on data distribution. A
p-value < 0.05 defined statistically significant
changes. The evaluation was performed using a
commercial GraphPad Prism ver. 5.0 packet.

B. Kuznar-Kaminska et al.

3 Results
3.1 Body Composition

and Hydration in OSA Patients
and Control Subjects

Patient characteristics are presented in Table 1.
The BMI in OSA patients ranged from 22.0 to
55.4 kg/m?, with the mean of 34.1 + 7.0 kg/m?.
Ninety four (77.7%) patients were overweight,
23 (19.0%) obese, and 4 (3.4%) had the BMI
within normal range. None of the patients had
underweight.

The FFMI in OSA patients ranged from 7.7 to
31.6 kg/m?, with the mean of 21.8 + 3.9 kg/m>.
The lowest FEMI of 7.7 kg/m? was present in an
overweight patient with BMI 27.2 kg/m>. This
patient suffered from COPD and chronic renal
failure. Other than that, FFMI was normal, but in
13 (13.2%) patients it was in the lower range of
values (<18 kg/m?). Among those patients, two
suffered from chronic renal failure, and one from
heart insufficiency.

Table 1 Body composition and water content
characteristics of OSA patients and control subjects
OSA Control p-value
Age (year) 58.6 = 14.8 |54.0 = 11.8 |0.059
Height (m) 1724009 |1.734+0.09 |ns
Weight (kg) 100.7 £21.1 [83.2+ 145 |<0.001
BMI (kg/m?) |34.1+7.0 278+ 4.0 |<0.001
AHI (events/h) |37.3 +23.8 <5.0 <0.001
NC (cm) 432+ 34 39.7+32 | <0.001
AC (cm) 1126 £ 155 [98.9 +12.7 | <0.001
WC (cm) 107.8 £ 13.7 [95.6 £ 11.1 | <0.001
FMI (kg/m?) 121 +£5.0 7.6 +38 <0.001
FFMI (kg/m?) |21.8 +3.9 202 +32 |ns
BCMI (kg/m?) |12.4 + 3.2 124423 |ns
MMI (kg/m?) | 152 +2.7 147435 |ns
TWCI (L/m%)  [16.7 £2.6 150 £22 |0.005
ECWI (L/m% |6.1 £0.9 73+ 1.5 <0.001
ICWI (L/m» 9.1 +2.1 94+ 1.6 ns

BMI body mass index, NC neck circumference, AC
abdominal circumference, WC waist circumference, FMI
fat mass index, FFMI fat free mass index, BCMI body cell
mass index, MMI muscle mass index, TWCI total water
content index, ECWI extracelullar water index, ICWI
intracellular water index, ns non-significant
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Body composition of OSA patients differed
significantly from that of the control subjects
with regard to fat body components. The weight,
BMLI, and FMI of OSA patients were higher than
those of ‘simple snorers’. However, indices
describing lean body mass, FFMI and MMI, did
not differ between the two groups (Table 1).

OSA patients had a larger neck, abdominal,
and waist circumferences than those in control
subjects. These circumferences were related to
AHI in OSA patients (Fig. 1a, b and ¢). The AHI
also correlated with BMI, FMI, and FFMI
(Fig. 1d, e and f). The mean TBWI and ECWI
were significantly higher in OSA patients than
those in control subjects. This relationship was
not confirmed for ICWI.

3.2 Body Composition
and Hydration with Reference

to OSA Severity

A comparison of body composition, anthropo-
metric indices, and water content between
patients of different OSA severity and control
subjects is presented in Figs. 2 and 3. There
was no difference among any of the indices

between the mild and moderate OSA groups.
There were, however, significant differences in
all indices, except for MMI and ICWI, between
severe OSA and control subjects. In addition,
indices related to fat mass such as BMI, FMI,
and NC differed significantly between severe and
moderate OSA groups. NC also differed between
severe and mild OSA. TBWI differed between
severe OSA and control subjects (p < 0.05).

3.3 Body Composition
and Hydration with Reference

to Gender

A comparison of body composition, anthropo-
metric indices, and water content in male and
female OSA patients is presented in detail in
Table 2. Both men and women were of compara-
ble age, and had a comparable AHI and daytime
sleepiness assessed with the ESS scale. On aver-
age, men’s weight was significantly greater than
that of women, at a comparable BMI. All women
(BMI range from 25.2 to 48.9 kg/m?) and 95% of
men (BMI range from 25.7 to 55.4 kg/m?) were
overweight or obese. The remaining 5% minority
of men had BMI within normal range. Body cell

a b c
1507 r=0536 _ 1507 r=0.506 _ 15079 r_0.487
= - =
< p <0.001 < p <0.001 < p < 0.001
2 100 2 100 : £ 100 .
c c . c .
g 3 g 8
e e iy ) g >
= 50 = 50 = 50 @
T T . I
< < %, < s ‘:
-
04 0 — . 0 v .
0 50 100 150 200 0 50 100 150 200
WC (cm) AC (cm)
d e f
150 1204 r=0.379 1204 r=0.466
T = 1004 p<0.001 £ 1004 p<0.001 ..
2 100 2 80 3 80 '
£ £ £ L
g g 60 g 60 I
) o D i
- 50 - 40 ~ 40 T .
= = = .
T T I
< = X <2 W L2
0+ 0+ ] 0+ = ot + ]
0 40 0 10 20 30 40
BMI (kg/m?) FMI (kg/m?) FEMI (kg/m?)
Fig. 1 Correlation between apnea-hypopnea index body mass index (BMI), (e) fat mass index (FMI), and (f)

(AHI) and (a) neck circumference (NC), (b) waist cir-
cumference (WC), (¢) abdomen circumference (AC), (d)

free mass index (FFMI) in OSA patients
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Table 2 Gender-dependent differences in body compo-
sition and water content in OSA patients

OSA men OSA women | p-value
Height (m) 1.75 £ 0.08 |1.60 +0.07 | <0.001
Weight (kg) [103.2+£21.2 |90.1 4 17.5 |0.017
BMI (kg/m?) [338+68 |3544+77 |ns
AHI (events/ |38.8 244 |30.6+20.2 |ns
h)
ESS 9.8 +5.0 83 +£5.5 ns
NC (cm) 44.0+2.8 [392+29 <0.001
AC (cm) 113.9 + 14.6 [106.5 + 182 |ns
WC (cm) 109.2 + 12.4 |[101.5 + 17.7 |0.034
FMI (kg/m?) | 1124423 162 +59 <0.001
FEMI (kg/m?) [22.4 +2.6 192427 {0.001
BCMI 127+ 2.4 11.0+£12  |0.004
(kg/m?)
MMI (kg/m?) |15.6 + 2.8 135+ 14  |0.002
TWCI (L/m%) [17.1 +£26 148419 |0.004
ECWI (L/m2) |7.5+ 14 63+ 12 <0.001
ICWI (L/m?*) [9.6 £ 1.7 85409 <0.001

BMI body mass index, AHI apnea/hyponea index, ESS
Epworth sleepiness scale, NC neck circumference, AC
abdominal circumference, WC waist circumference, FMI
fat mass index, FFMI fat free mass index, BCMI body cell
mass index, MMI muscle mass index, TWCI total water
content index, ECWI extracelullar water index, ICWI
intracellular water index, ns non-significant

mass, muscle mass and fat free mass were signif-
icantly greater in men. Likewise, water content
measured in all compartments was greater in men
than in women.

4 Discussion

In the present study, we sought to determine
body composition and water content distribution
in OSA patients with a different intensity of
disease symptoms. We also took into account
nutritional status of patients and possible
gender-dependent differences in disease presen-
tation. We found that a number of indices inher-
ent for obesity and metabolic syndrome, such as
body mass index, neck, abdomen, and waist
circumferences, muscle mass indicators were
significantly enhanced in OSA patients com-
pared with the control group consisting of ‘sim-
ple snorers’. These indices were also associated
with disease severity. The results demonstrate

that AHI was most related to cervical obesity.
These results are different than those of Lovin
et al. (2010) who have reported that abdominal
adiposity was the best predictor of OSA sever-
ity. Previous studies have confirmed that obesity
in OSA is related to inflammation. Acute sleep
deprivation  activates the  hypothalamic—
pituitary—adrenal axis, inhibits the growth hor-
mone (GH)/insulin-like growth factor-1 (IGF-1)
axis, increases proinflammatory cytokines,
induces insulin resistance, all of which
facilitates the development of metabolic syn-
drome (Kyrou et al. 2006; McEwen 2006;
Spiegel et al. 2004). On the other hand, chronic
inflammation could be connected with cachexia,
a feature of other chronic diseases (von
Haehling et al. 2007). In COPD patients, obe-
sity and co-existing cachexia have been
demonstrated (Furutate et al. 2011). Taking
that into account, some OSA patients could be
potentially predisposed to cachexia. The mean-
ing of cachexia in OSA is elusive. In the present
study, we found only one OSA patient with
decreased FFMI independently of other fat
mass indices, who was a patient with COPD
and chronic kidney disease. Thirteen (13.2%)
OSA patients had lean body mass indicators
within the limit of normal values. Among
them, three patients had co-existing chronic
diseases that could be related to cachexia.
Moreover, we show that FFMI and MMI did
not differ between OSA patients and control
subjects, although BMI and FMI were signifi-
cantly higher in OSA patients. The predomi-
nance of obesity over cachexia could be a
consequence of enhanced appetite and positive
energy balance, both of which are connected
with release of specific inflammatory factors in
response to chronic sympatho-adrenal activation
in OSA (Nadeem et al. 2013; Spiegel et al.
2004).

Apart from the little explained role of energy
balance in OSA, the role of body water content
has been studied less often. We found an
increased index of total water content, while
the extracellular water was decreased in OSA
patients. This result is different from increased
extracellular and decreased intracellular water
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content reported in a study of Kosacka et al.
(2013). Changes in body water distribution in
OSA patients could be a consequence of
increased atrial natriuretic peptide excretion
and disturbance of the renin-angiotensin-aldo-
sterone activity (O’Hearn et al. 2009; Redolfi
et al. 2009)

In the present study we demonstrate that
BMI, FMI, and neck circumference, i.e., indices
closely associated with obesity, were signifi-
cantly greater in severe than moderate OSA.
No appreciable differences were observed in
body composition and anthropometric indices
between mild and moderate OSA. The lack of
differences of indices between mild and moder-
ate OSA subsets could stem from a relatively
small number of patients classified as having
mild OSA.

Gender comparison demonstrates that there
were differences in body composition, anthropo-
metric indices, and hydration status in OSA
patients despite the matching regarding BMI
and AHI. Women had a greater fat mass with a
lower content of fat free mass and muscle mass,
which is in line with the results present in the
general population. Previous studies have shown
that a greater fat mass at a comparable BMI in
females could be due to a discordance between
fat mass and BMI present in women but not in
men, which can, in turn, result in a reduced bone
mineral density in women (Zhu et al. 2017).

Taken together, the present study confirmed
the relationship between OSA and obesity. Most
of body composition indices differed between
severe OSA and control subjects, but there were
no major differences between OSA severity
subsets. There were also gender differences,
notably characterized by BMI and muscle fat
discordance in women suffering from OSA.
Cachexia rarely occurs in OSA patients and
when it does it seems a feature of accompanying
chronic comorbidities such as COPD, renal
insufficiency, or heart failure. The possible pres-
ence of cachexia in OSA should be further
explored in another study designs.
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Introduction

Abstract

Increasing longevity, coupled with rising frailty and sarcopenia of aging,
significantly affects function and quality of life of older adults. This
review discusses the definition, assessment, and management of frailty
and sarcopenia, and examines the relationship between them. Medline,
Scopus and Psychoinfo databases were searched using the keywords
frailty, sarcopenia, aging, and functional disability. The findings are that
frailty and sarcopenia are often assessed clinically with such methods such
as DeXA, CT scan, MRI, bioelectrical impedance, or anthropometry.
Frailty and sarcopenia differentially affect older adults. Both conditions
are characterized by decreased energy reserves and resistance to external
and internal stressors, resulting in susceptibility to fatigue, comorbidity,
sedentary life style, functional decline, hospitalization, quality of life, and
even death. The estimated prevalence of frailty with sarcopenia is rela-
tively low; however, the condition requires early detection and careful
management.

Keywords
Aging ¢ Frailty « Functional disability « Lifespan ¢ Longevity * Sarcopenia

any other age group (WHO 2015). Today, life
expectancy of a 65-year old person is 3—4 years

This article reviews the body of knowledge
related to frailty and sarcopenia. According to a
recent report by the WHO, the proportion of
people aged over 65 increases faster than that of
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more than it was 20 years ago; meaning more
people are getting old, and more old people are
getting older. Aging is accompanied by gradual,
yet progressive changes in all biological systems,
and it affects physical, cognitive, psychological,
and social abilities. More specifically, the aging
process is accompanied by changes in physical
activity, decline in lean body mass, and reduced
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muscle mass and strength, leading to primary
sarcopenia (Cruz-Jentoft et al. 2014; Landi
et al. 2014).

Primary sarcopenia is an age-related syn-
drome mainly represented by a reduction in mus-
cle mass and strength and difficulties performing
daily living activities. Frailty is a physiological
decline in many biological systems resulting
in poor health, weight loss, moderate to severe
dependency in daily living activities, recurrent
hospitalizations, and death (Turner et al. 2014;
Rodriguez-Manas et al. 2013; Heuberger 2011;
Sternberg et al. 2011; Xue 2011; Lang et al.
2009; Walston et al. 2006; Fried et al. 2001;
Hamerman 1999). The link between frailty and
sarcopenia is not well-described in the literature.
The conditions are interrelated conditions and
lead to difficulties performing daily living
activities and increased disability (Peters et al.
2012; Raiche et al. 2008; Ravaglia et al. 2008;
Saliba et al. 2001). A review by McCleary et al.
(2014) has stressed that older adults with frailty
or sarcopenia are prone to complications during
cancer treatment. Guidelines published in 2010
by the American College of Surgeons indicate
the importance of assessing both frailty and
sarcopenia prior to oncologic surgery in the
elderly (Chow et al. 2012).

Despite the challenges in clarifying the defi-
nition of these conditions, assessing them is even
more complex and has less consensus. Some
studies evaluated the presence of frailty or
sarcopenia by using functional assessments,
such as the Katz Index (Figueiredo et al. 2013),
the Short Physical Performance Battery (SPPB)
(Chang et al. 2014), and the Timed Up and Go
(TUG) test (Hassani et al. 2015). Furthermore, it
has been shown that function is the most impor-
tant  prognostic measure in  predicting
co-morbidities and mortality (Inouye et al.
1998). It is also reasonable to assume the pres-
ence of a cognitive decline related to frailty with
or without primary sarcopenia (Bowen 2012;
Vermeulen et al. 2011). Therefore, assessment
of the older adult should performed be according
to The International Classification of Function-
ing, Disability and Health (ICF) (Azzopardi et al.
2016; Cao and Morley 2016). This includes
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several psychosocial, cognitive, functional, rec-
reational, and participation domains. Early
screening for frailty may be valuable for
preventing or minimizing sarcopenia and hope-
fully reversing it. The prevalence of these indi-
vidual and combined medical diagnoses is of
interest because of their association with health
prevention, prognosis, and intervention. The pur-
pose of this review is to describe frailty and
sarcopenia, define their assessment and manage-

ment, and to examine the relationship
between them.
2 Sarcopenia Definition

The term sarcopenia was first defined by Irwin
Rosenberg in 1989 (Rosenberg 1989). The cur-
rently accepted definition includes three phases
of the health condition, as introduced by the
European Working Group on Sarcopenia in
Older People (EWGSOP). This group has devel-
oped a practical clinical definition and diagnostic
criteria for age-related sarcopenia (Cruz-Jentoft
et al. 2014). The first phase is defined as
pre-sarcopenia, where a reduction in muscle
mass is observed. This is followed by decreased
muscle strength (i.e., sarcopenia), followed by
the third phase, severe sarcopenia, that occurs
when, in addition to reduction in muscle mass
and strength, physical performance declines.
Another definition of sarcopenia has been
introduced in Rome, Italy in November 2009 by
the International Working Group on Sarcopenia.
That definition emphasizes the evaluation of
walking speed and measuring muscle mass
(Fielding et al. 2011). Recently, the term muscle
quality (MQ) has been suggested in the clinical
setting to describe the ratio between muscle
power and muscle mass (Barbat-Artigas et al.
2012). Thus, MQ can be regarded as a clinical
marker of muscle efficiency. Whatever the defi-
nition, the prevalence of sarcopenia is reported as
up to one-third of older adults (Walston et al.
2006; Fried et al. 2001).
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3 Anthropometric Assessment

The most frequent methods used in clinical prac-
tice are anthropometric. These are noninvasive,
quantitative techniques for determining body
composition by analyzing specific dimensions,
such as height and weight; skin-fold thickness;
and waist, hip, and chest circumference. Body
mass index (BMI) is one of the most popular and
important indices to assess body composition
(Kulkarni et al. 2013). References for cut-off
points for low or high BMI for males and females
were established in diverse populations (Yu et al.
2015; Araujo et al. 2010). Interestingly, the
cut-off points for Caucasians are higher than for
Asians (Silva et al. 2010).

Anthropometrics are simple, clinical tools that
can be easily used for sarcopenia because they
are the most portable, commonly applicable,
inexpensive, and non-invasive techniques for
assessing the size, proportion, and composition
of the human body. However, their validity is
limited when applied to individuals due to a
large prediction errors and because the cut-off
points to identify low muscle mass still need to
be defined. Therefore, if a patient is identified as
being at-risk for sarcopenia based on
anthropometrics, additional measurements of
muscle mass with dual-energy X-ray absorptiom-
etry (DeXA) is recommended (Villani et al.
2013, 2014).

3.1 Leg and Arm Circumference
Limb circumferences correlate with appendicu-
lar muscle mass and reflect both health and
nutritional status. They also predict physical per-
formance, health and survival in older people
(Landi et al. 2010, 2014; Rolland et al. 2003).
The validity of measuring lower limb circumfer-
ence to detect sarcopenia is still debatable and
the inter-tester reliability is weak.
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3.2 Skin Fold Thickness

Loss of skin elasticity and subcutaneous fat can
provide a general idea of body composition. The
association between obesity and sarcopenia is
widely reported (Visser et al. 2002). It is
accepted that decreased muscle mass and/or mus-
cle strength occurs with adipose cell infiltration
into muscle or through lipogenesis of satellite
cells (adult stem cells) that differentiate to
adipocytes instead of myocytes (Vettor et al.
2009). A caliper is used to measure subcutaneous
tissue. The skin fold pinch can be taken at many
sites around the body. The most common are the
triceps, a site 1 cm below the inferior angle of
the scapula, and another site immediately above
the iliac crest (top of hip bone) on the most lateral
aspect. Because of high errors involved, it is
usually not appropriate to convert skin fold
measures to percentage body fat (%BF). There-
fore, it is best to use the sum of the three sites to
monitor and compare body fat measures. Inter-
estingly, a study by Tamura et al. (2012) has
suggested evaluating sarcopenia of the lingual
muscles by measuring tongue thickness. The
idea behind this is that elderly people often suffer
from malnutrition caused by dysphagia. This
often leads to sarcopenia, which may compro-
mise oral function. Thus, tongue thickness could
be related to nutritional status. However, it must
be measured using ultrasonography.

4 Muscle Mass Assessment

Decreased muscle mass is defined as a slow,
progressive reduction in the cross-sectional area
CSA) of muscle fibers (Wei et al. 2016). Initially,
the sarcoplasm volume decreases, then the fast
twitch (type II) muscle fibers get shorter,
followed by a shrinking diameter of slow twitch
(type I) muscle fibers (Drey 2011).
Corresponding to this reduction in fiber CSA, is
a progressive increase in dense interstitial colla-
gen and adipose connective tissue (Scott et al.
2015). At a later stage, termed the ultra-structural
level, sarcopenic fibers show evidence of
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disorganization, including misalignment of Z
bands, dissociation of the T system and a dis-
placement of sarcosomes due to distraction of
intermediate filaments that hold the sarcosome
in place. These changes are similar to those seen
in muscular dystrophy (Malatesta et al. 2014).
Structural changes also occur in the extracellular
matrix, including an increase in collagen concen-
tration and a change in the elastic fiber system.
These changes in the elastic fiber result in
increased tissue stiffness, which also plays a
role in the overall decrease in muscle function.
When measuring muscle mass, the cross-
sectional area, the interstitial connective tissue,
and the subcutaneous adipose tissue should all be
considered. In the absence of a gold standard, a
few general and specific outcome measures are
used to assess muscle mass. The general, indirect
tools to assess muscle mass include biochemical
markers, nutrition intake, body mass index
(BMI), and bioelectrical impedance analysis
(BIA). Tools that are more direct, yet
non-invasive include imaging techniques such
as magnetic resonance imaging (MRI), DeXA,
and computed tomography (CT) scan, as well as
anthropometrics to assess leg and arm
circumferences and skin fold thickness.

4.1 Biochemical Markers

Certain biological molecules, assessed in venous
blood serum, have been mentioned as possible
biochemical markers to detect decreased muscle
mass. These include elevated expression of
activin A (>0.35 ng/ml) (Ding et al. 2016) and
myostatin (Wang and Mitch 2014; Hittel et al.
2009), and a decreased (<4.2 ng/mL) level of
N-terminal peptide of procollagen type III
(P3NP) (Fragala et al. 2014). Although, these
molecules are being studied for their ability to
indicate reduced muscle mass, current data sug-
gest that it is premature to recommend their use
in daily practice (Beaudart et al. 2016).
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4.2 Imaging Assessment

Imaging is considered a valid tool, yet it is
expensive and not always accessible to assess
muscle mass. Techniques include MRI, DeXA,
and CT. Imaging studies allow the assessment of
body composition to be included in standard
clinical or supportive care (Mitsiopoulos et al.
1998).

4.2.1 Dual-Energy X-Ray
Absorptiometry (DeXA)

DeXA is a low-radiation technique to measure
and estimate appendicular skeletal lean mass.
Yet it cannot assess intra-muscular fat (Cruz-
Jentoft et al. 2014; Levine et al. 2000). DeXA
scan can only produce two-dimensional images
and therefore cannot distinguish between subcu-
taneous and visceral adipose tissue.

Measuring appendicular skeletal lean mass
can provide the ratio of individual body compo-
sition by calculating the sum of the non-fat and
non-bone mass of the four limbs. As proposed by
the European Society of Parenteral and Enteral
Nutrition Special Interest Group (Cruz-Jentoft
et al. 2014), two standard deviations below the
mean level of young individuals (matched for
age and gender) is considered a cut-off point for
low muscle mass due to sarcopenia (e.g., appen-
dicular mass relative to height squared, which is
<7.23 kg/m2 in men and <5.67 kg/m2 in
women). DeXA and BMI screening for muscle
mass provide valid information. They were
found to be very sensitive for estimating appen-
dicular skeletal muscle mass of the lower limbs.
Adjustment of anthropometric measurements for
age, sex, or BMI could provide a better correla-
tion with DeXA-measured lean mass (Dunsky
et al. 2014).

4.2.2 Magnetic Resonance Imaging
(MRI)

To determine whole body composition, MRI is

used to provide valid, quantified volumetric

information about soft and hard tissues such as

muscle, subcutaneous adipose, intermuscular

adipose and bone (Buford et al. 2012). The
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main advantages of MRI are that it provides
excellent spatial resolution and differentiates
body mass composition without radiation expo-
sure. However, as with CT scan, DeXA, and
BIA, MRI cannot analyze skeletal muscle qual-
ity. Yet it is more expensive compared to the
other methods and its use is limited by local
availability and technical expertise.

4.2.3 Computed Tomography (CT)

CT scan for assessing body composition has been
shown to be superior to DeXA (Levine et al.
2000). CT can provide information on specific
lean body mass, total body lean body mass, sub-
cutaneous volume, visceral fat mass, total fat
mass, subcutaneous fat-to-muscle ratio, and
visceral-to-subcutaneous adipose tissue ratio
(Mourtzakis et al. 2008). Major advantages of
CT scans are high accuracy and reproducible
results. Disadvantages, however, include radia-
tion exposure and a higher cost compared to BIA
and DeXA.

4,24 Bioelectrical Impedance Analysis
(BIA)

BIA is a widely-available, inexpensive, user-
friendly method that estimates the volume of fat
and lean body mass based on the relation
between the volume of a conductor and its elec-
trical resistance. BIA involves placing electrodes
on the hand and foot and measuring the imped-
ance of a low-level electric current. The imped-
ance is higher for fat and bone compared with
soft tissue. Impedance can be affected by hydra-
tion status and fluid intake. Measurement accu-
racy and reference values have been established
for older individuals (Reiss et al. 2016; Kim et al.
2015; Kim and Kim 2013).

5 Muscle Strength Assessment

The physiological meaning of reduced muscle
strength is a loss of force-generating capacity.
Usually, this loss is not correlated with morpho-
logical changes. In sarcopenia, mass reduction
occurs to a greater extent and faster than strength
reduction does. In clinical settings, hand or leg
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dynamometers are widely used for measuring
muscle strength.

Isokinetic machines are used for research
purposes, and in many cases isokinetic knee
extensor torque is evaluated at 60°, 90°, and
120° (Bottaro et al. 2005). Isometric leg exten-
sion torque is well-correlated with handgrip
strength and functional reach test (Jenkins et al.
2014). As with anthropometrics, this is easy to
perform, inexpensive and does not require spe-
cial training.

Isometric leg extension, to measure quadri-
ceps femoris muscle strength, should be done
while seated on a standard chair with the leg
placed at 45° in knee extension. The manual
muscle tester (MMT) is an ergonomic hand-
held device for objectively quantifying muscle
strength. The test is performed with the clinician
applying force to the patient’s limb. The clinical
objective of the test is to overcome or ‘break’ the
patient’s resistance. The MMT records the peak
force and the time required to achieve the ‘break’
point, while providing reliable, accurate, and sta-
ble muscle strength readings that conform to
most manual muscle testing protocols.

Hand grip strength should be measured while
the patient is seated on a standard chair with the
elbow flexed at 90°. Two measures should be
taken with each arm, while the individual is
encouraged to squeeze as hard as possible for
3-4 s for each trial. The higher of the two
measurements is recorded. There are several
types of hydraulic devices, such as the Jamar
dynamometer (Patterson Medical, Warrenville,
IL), which is the gold standard for this measure-
ment, and pneumatic dynamometers such as the
Martin Vigorimeter (Gebriider Martin GmbH &
Co., Tuttlingen, Germany) which is mostly used
for patients with hand deformity (e.g., rheuma-
toid arthritis).

6 Sarcopenia - Functional
Assessment

Functional performance is an integrative out-
come of the overall effect of health and it reflects
the ability of an individual to perform the



58

physical tasks necessary for activities of daily
living (Rosen and Reuben 2011). The Katz
Index is widely used in community living and
skilled nursing facilities to assess ability to dress,
shower/bathe, sit down and rise from a chair, eat,
and walk indoors (Katz 1983). The maximum
score is 15, with a score of five indicating no
functional limitations, a score of 6—10 indicating
some functional limitations, and a score of 11 or
more indicating several functional limitations.
Gait speed measurement is also frequently
used in outpatient clinics. No special equipment
is required, as it only needs a stop watch and a
flat surface. References are suggested by the
EWGSOP (Chiles Shaffer et al. 2016). In the
4-min gait speed test, men and women with a
gait speed <0.8 m/s are described as having poor
physical performance (Cuesta et al. 2015). The
International Working Group on Sarcopenia has
indicated that a diagnosis of sarcopenia is consis-
tent with a gait speed of less than 1 m/s, or less
than 400 m during a 6-min walking test (Fielding
et al. 2011). There are several gait speed tests to
use for sarcopenic individuals, but the Timed Up
and Go (TUG) test (Bijlsma et al. 2014), the
Short Physical Performance Battery (SPPB)
(Steffl et al. 2016), and the five times sit-to-
stand test (FTSST) (Lord et al. 2002) are the
most widely used. These tests best correlate
with mobility and disability. In the TUG test,
individuals are asked to rise from a standard
armchair, walk to a marker 3 m away, turn and
walk back, and sit down again. The SPPB is a
10-min test with a maximum score of 12 points.
It assesses gait speed (over 3-4 m) and
individuals with a score < 8 are characterized
as having poor physical performance. The five
times sit-to-stand test (FTSST) provides a reli-
able and valid indication of lower body strength
and is commonly used. This timed test requires
participants to rise from an armless chair, 43 cm
high without using their arms and return to the
seated position, five consecutive times. The test
begins when the participant stands up from the
initial sitting position at the go command and
ends when the participant is in the final fully
upright position at the end of the fifth stand.
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A Japanese study has developed a screening
tool to diagnose sarcopenia. The model is based
on gender, demographic variables, blood profile
especially albumin level, chronic diseases, phys-
ical activity information and anthropometrics
(Ishii et al. 2014).

6.1 Sarcopenia Management
Patient-centered care has a key role in the man-
agement of sarcopenia. Since sarcopenia is fre-
quently found in association with co-morbidities,
e.g., osteoporosis, type II diabetes mellitus,
chronic heart failure, poor balance, etc., treat-
ment of these conditions is indispensable if the
management of sarcopenia is to succeed. The
intervention should involve a combination of
physical exercises, dietary regimen, and
nutritional supplements.

6.1.1 Physical Exercises (PE)

The PE and progressive resistance training have
a strong effect on muscle strength, muscle mass,
and physical performance in older people (Reid
et al. 2015). There are no specific exercise
protocols designed for individuals with
sarcopenia. Therefore, general recommendations
and guidelines for PE for elderly people
suggested by WHO (2017) can serve as an initial
protocol. General recommendations regarding
the PE intervention in older people have also
been suggested by the Asian Working Group
for Sarcopenia (AWGS) (Chen et al. 2016b). To
improve muscle function, the intervention should
be for at least 3 months. Supervised resistance
exercise or combined exercise programs should
be recommended for sarcopenic or sedentary
community-dwelling people. Progressive resis-
tance, aerobic training predominantly effects
muscle mass and muscle strength. Yet endurance
aerobic training also is crucial to improve the
function of the capillary bed in and around the
muscle fibers and to increase local and systemic
circulation. To improve muscle function, aerobic
training should be performed least three times a
week, for at least 150 min weekly, and for 12 con-
secutive  weeks.  Supervised, progressive
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resistance exercise should be performed
2-3 times a week, for a minimum of 30 min per
week, for at least 3 months (Shad et al. 2016).

6.1.2 Diet and Nutrition

The European Union Geriatric Medicine Society
(EUGMS), in cooperation with the dietary pro-
tein aging study group (PROT-AGE Study
Group), has recently published nutritional
recommendations  for  individuals  with
sarcopenia (Bauer et al. 2013). In general, some
observational studies suggest that adequate pro-
tein intake (0.8—1.2 g/kg/day) and other dietary
supplements (e.g., long-chains (omega—3 and 6)
polyunsaturated fatty acids (PUFAs)) (Da Boit
et al. 2017), B-hydroxy pf-methylbutyrate (HMB),
creatine, and vitamin D, combined with resis-
tance exercise, may help preserve muscle mass
in healthy older people. Supplementation with
creatine, protein, or leucine, combined with exer-
cise, seems to have a positive influence on physi-
cal performance (Martone et al. 2015).

A meta-analysis on diet has suggested that
vitamin D supplementation could increase
lower limb muscle strength (Stockton et al.
2011). A diet rich in protein or protein supple-
mentation, mainly 60—90 min after physical exer-
cise, accelerates muscle absorption of amino
acids, especially leucine (Moore and Soeters
2015). Physical activity performed in the evening
expands the overnight muscle protein synthetic
response to pre-sleep protein absorption and
permits more of amino acids to be used for de
novo muscle protein synthesis during overnight
sleep in older men (Holwerda et al. 2016).

7 Role of Clinicians and Primary
Care Physicians

Despite that the definition and assessment of
sarcopenia still lacks consensus, primary care
physicians should consider a diagnosis of
sarcopenia in older individuals (>65 years)
with risk factors (e.g., diabetes, cancer, cardio-
vascular and pulmonary disease, osteoporosis,
and poor balance). The Charlson Comorbidity
Index (CCI) can be used (Perkins et al. 2004).
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The CCI uses a weighted scoring system (1-6
points) based on the presence of comorbid
diseases. For instance, myocardial infarction or
peripheral vascular disease equals 1 point, diabe-
tes mellitus equals 2 points, liver disease 3 points,
and cancer or acquired immune deficiency syn-
drome (AIDS) is 6 points.

When  considering  preventive  health
interventions, family physicians, geriatric
physicians, and clinical dieticians should address
comorbidities, functional status, activity level
and risk factors. They should also check and
inquire about caloric intake, protein quality,
minerals (e.g., iron, magnesium), and serum vita-
min B and vitamin D levels. The nutritional risk
assessment can be carried out with the Mini
Nutritional Assessment Short Form. The values
range from O to 14 points and scores <11 identify
patients at risk of poor nutrition.

8 Frailty Definition, Assessment,
and Management

The definition of frailty is even more complex,
with less consensus than sarcopenia. When Fried
et al. (2001) have described the frailty phenotype
and its association with mortality and morbidity,
they noted a potential link between frailty and
sarcopenia. However, frailty definitions vary,
and it is largely conceptualized as increased vul-
nerability across multiple systems (Sirola et al.
2011; Rockwood and Mitnitski 2007). Based on
an expert opinion statement (Rodriguez-Mafias
et al. 2013), seven variables have been selected
to define frailty: polypharmacy (Gnjidic et al.
2012), chronic heart failure (Phan et al. 2008),
diabetes mellitus (Bourdel-Marchasson and
Berrut 2005), subjective self-health assessment
(Theou et al. 2015), physical activity question-
naire (Santos et al. 2015), mini-mental status
evaluation (MMSE) (Bieniek et al. 2016), gen-
eral health questionnaire (GHQ) (Kahlon et al.
2015), and a questionnaire to measure mood or
depression (Bielderman et al. 2013). The
variables outlined above are detailed below.
Polypharmacy, excluding nutraceuticals, is
defined as the use of three or more prescribed
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medications. Chronic heart failure is reported as
an independent predictor for frailty and is
associated with other morbidities. Diabetes as a
metabolic condition is associated with frailty. A
subjective health assessment is widely used to
assess frailty. This questionnaire addresses two
main issues: (1) how is your health generally
(very good/good/not so good/not good at all/bad)
and (2) how is your health today as compared to
your health a year ago (better/the same/not as
good). Physical activity is one of the most pow-
erful predictors for disability in daily living. The
questionnaire on physical activity provides infor-
mation about physical habits, frequency, dura-
tion, and average length of activity sessions.
The MMSE is used to evaluate cognitive func-
tion ability. The maximum score is 30 and less
than 24 points is considered a deficient cognition.
The GHQ is mostly used to assess general health
and also mood or depression. A score < 4
indicates no mood disturbance, 4-8 indicates
mild disturbance, and 8—12 points a significant
disturbance.

8.1 Frailty Assessment

Frailty is measurable. It is usually assessed late in
life, in particular to evaluate the need for imme-
diate care, help, or rehabilitation. With the
worldwide increase in life expectancy, early
detection of individuals at-risk may initiate an
action to deter this health condition. To-date,
comprehensive geriatric assessment (CGA)
appears to be the most evidence-based process
to detect and assess frailty (Chen et al. 2016a).
Thus, CGA can provide a better understanding of
the complex nature of frailty and support the
development of healthcare practices to improve
outcomes.

Frailty is mostly manifested by a low body
weight, with a low hematocrit and serum albu-
min level < 3.4 g/dL (Blodgett et al. 2016).
Several indices are commonly used to assess
frailty. Woo et al. (2015) have suggested the
FRAIL scale as the initial approach in detecting
frailty in the community, enabling the targeted
intervention to retard decline and future
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disability. The Fried Index (Fried et al. 2001)
incorporates self-reported data of five criteria:
unintended weight loss, exhaustion, leisure time
activity, and some physical tests like hand grip
strength. The Gill Frailty Index (Searle et al.
2008; Rothman et al. 2008) focuses entirely on
a lower body physical performance measuring
physical ability by sit-to-stand test and 20 m
walking speed. This index, contrary to the Fried
index, only consists of observed and measured
physical performance tests. The main advantages
of these instruments are that a single clinician
can administer them with minimal safety
concerns. The time to complete and score the
Fried Index is 15-20 min and that for the Gill
Index is less than 2 min. Kim et al. (2014) have
reported an interesting observation on these two
instruments. Individuals who were frail
according to Gill Index may meet the Fried
frailty criteria. Thus, a valid and reliable tool
for frailty assessment is still an open issue that
awaits a more comprehensive approach.

The Groningen Frailty Indicator (GFI)
(Steverink et al. 2001) is a 15-item screening
instrument that assesses frailty among home-
dwelling elderly populations. It includes a com-
bination of a professional and self-assessment
questionnaire, addressing items that assess dis-
ability and can predict poor outcomes. It
incorporates grades of frailty. The GFI is widely
used in clinical practice and in clinical studies. A
score of 4 or higher out of the 15 items represents
moderate-to-severe frailty.

8.2 Frailty Management

Caring for frail elderly people is complicated and
when they become ill it is even a more challeng-
ing and frustrating task. The elderly’s illnesses
are often nonspecific, unrecognized, and poorly
documented. Treatment is complex and success
is often unclear. Moreover, frailty status often
requires end of life and sometimes palliative
care. As noted above, frail people are vulnerable
to common stressors, tend to have multiple inter-
related medical and health problems, under-
weight, muscle weakness, impaired function,
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and high risk for falls and fractures. Therefore,
the magnitude of their needs and the complexity
of their health issues, require special focus and
skills, along with a comprehensive, systematic,
geriatric assessment to meet the challenges
presented.

The basic concept of appropriate frailty man-
agement is that the clinician should move away
from organs’ impairment and pathology-based
approaches toward the International Classifica-
tion of Functioning, Disability and Health (ICF)
approach, and thus include biopsychosocial
aspects, as recommended by the French Society
of Geriatrics and Gerontology (Rolland et al.
2011). The initial treatment goal is optimal man-
agement of any underlying illness or poor health
condition that may increase frailty. Complex
alterations of pharmacokinetics and pharmaco-
dynamics occur in frail elderly patients (Cesari
et al. 2015). Thus, recommended approach is of a
kind ‘to start low and go slow’. Another impor-
tant challenge is monitoring of the progress of
interventions, particularly in frail people with
unusual disease appearances. Simple tracking of
activity level in the frail elderly may however be
helpful since when a frail person gets better he
becomes more mobile and when the situation
worsens less mobile.

8.3 Nutrition for Frailty

Although nutrition is considered a major factor in
managing frailty, evidence of the effect of nutri-
tion is often derived from short-term studies in
selected samples; large clinical trials are lacking.
Currently, there is no robust evidence for
nutritional recommendations for individuals
with frailty. To gain weight, a daily diet approach
should be first to maintain balanced nutrient
intake (Solon-Biet et al. 2015). Clinical studies
show that a low-carbohydrate diet is beneficial
for human health (Rosedale et al. 2009). A high-
fat diet is associated with increased mortality and
increased incidence of many metabolic diseases,
including sarcopenic obesity, type II diabetes and
cardiovascular problems (Baulderstone et al.
2012; Schrager et al. 2007). On the other hand,
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diets rich in unsaturated fatty acids lead to
reduced blood levels of harmful low-density
lipoproteins and increase the level of protective
high-density lipoproteins (Mensink et al. 2003).
Moreover, diets rich in natural, unsaturated fatty
acids lower blood pressure, improve insulin sen-
sitivity, and reduce the risks of cardiovascular
and metabolic diseases (Da Silva et al. 2015).
The Nutritional Geometric Framework (NGF)
indicates the effects of a nature of various nutri-
ent dimensions on lifespan and mortality
(Raubenheimer et al. 2016). However, NGF has
mostly been applied to the influence of protein
intake relative to carbohydrates. Even if the
results of randomized controlled trials are incon-
sistent regarding the effects of protein supple-
mentation on physical function, several
observational studies have suggested that
maintaining adequate protein intake may help
preserve energy in older people (Beck et al.
2016; Suominen et al. 2015). The frail elderly
who have acute or chronic diseases need a higher
dietary protein intake in a range of 1.2-1.5 g/kg/
day (Chang 2017).

Hormone replacement therapy with testoster-
one, dehydroepiandrosterone (DHEA), or growth
hormone has not proven beneficial (Morley and
Malmstrom 2013; Lunenfeld 2006; Morley et al.
2005). Some drugs, which may be beneficial for
treatment of fatigue, such as amantadine, meth-
ylphenidate, and modafinil, require further
evidence-based evaluation and exploration
(Miicke et al. 2016).

9 Relationship between Frailty
and Sarcopenia

Sarcopenia and frailty often co-exist and both
entail a physical function impairment as a core
component. As indicated, numerous tools and
instruments are available to assess sarcopenia.
However, it is important for the clinician to be
aware of which health aspects are being
measured when assessing a person for frailty.
This review stresses the importance of
distinguishing and appropriately assessing older
people who are frail from those who suffer from
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sarcopenia. The British Geriatrics Society
believes that older people should be assessed
for frailty and/or sarcopenia during all
interactions with health and social care
professionals (Turner et al. 2014). This would
allow health care professionals to examine the
benefits and risks of interventions and to allow
individuals and their care givers to make rational
decisions about the factors affecting their health.

Frailty, like sarcopenia, has been used inter-
changeably with disability (Rockwood et al.
2000). Yet despite the overlap in symptoms,
frailty may be a universal condition of whole
body wasting, including underweight and weak-
ness, that directly affects functioning and recov-
ery. Sarcopenia, on the other hand, is a more
age-related, slowly progressive decline in muscle
mass and strength, moderately affecting daily
living activities. Frailty can be reversible, but
this is not true for sarcopenia, which is a normal
physiological change. Frailty can be understood
as a continuum with two modifiable phases.
Non-frail people can become pre-frail, and later
on they become frail. There is a reverse way
possible from frailty to pre-frailty status, and
even potentially to a non-frail status. Frailty can
be described as an ‘acute’ body condition,
whereas sarcopenia is a normal, irreversible pro-
cess resulting in programmed muscle death, i.e.,
muscle apoptosis. Therefore, even though, e.g., if
an 80-year-old person in a pre-frailty condition,
deteriorated to frailty, this could be halted or
reversed, whereas for a person of the same age
who already has some degree of sarcopenia, it is
almost impossible to halt the physiological dete-
rioration due to apoptosis.

Although a link between frailty and
sarcopenia has been noted in a few studies
(Mijnarends et al. 2015; Garatachea and Lucia
2013), this review focuses on the association of
frailty and functional impairment and of
sarcopenia and functional impairment. Yet both
conditions result in disability in later life.
Although low muscle mass increases the risk
for fatigability, and low muscle strength and
endurance increase functional disability, frailty
increases the risk for underweight, functional
disability, and other outcomes such as
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osteoporosis (Rosen and Klibanski 2009). It is
well-documented that frail older adults are vul-
nerable, with minimal reserve capacity, and
increased risk for malnutrition, institutionaliza-
tion, and death (Payette et al. 2000). Sarcopenic
older adults mostly demonstrate increased risk
for gait, balance deficits, and falls. For these
reasons, frailty care has mostly focused on nutri-
tion and weight gain, whereas sarcopenia
research has concentrated on physical
interventions to increase muscle mass and
strength. The management is different for frail
versus sarcopenic older adults. Frail individuals
should consume calories to increase body
weight, sarcopenic individuals should increase
their physical activity by performing resistance
and endurance exercises. To gain weight, frail
people’s diet should include carbohydrate, lipids,
and proteins. In addition, several studies on die-
tary patterns have shown positive effects of
enhanced nutritional intake also on general
health, e.g., lower blood pressure, reduced risk
of coronary heart failure, reduced risk of type 2
diabetes, and cancers (Asp and Bryngelsson
2008). Sarcopenic people who need to gain mus-
cle mass should consume protein, particularly
1.5-2 h after performing physical exercises.
Frail people often demonstrate low body
weight or low BMI (<25 kg/m?), despite evi-
dence of abdominal obesity (Buch et al. 2016),
with a greater likelihood of functional limitations
and difficulties performing daily living activities
(Byard 2015). The mechanism of interaction of
the frail state with obesity has not been clearly
defined, but it might involve hormonal
dysregulation and inflammatory pathways, as
well as oxidative stress. Insulin resistance,
associated with abdominal obesity, may promote
abnormal ‘colonization’” and emergence of
ectopic fat in muscle, which is associated with
functional limitations (Auyeung et al. 2013). The
Foundation for the National Institutes of Health
Sarcopenia Project validated cut points and
reported that older adults with sarcopenia have
a low-to-moderate BMI, which appears to protect
against functional limitations (Batsis et al. 2015).
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10 Clinical and Practical

Recommendations

» I propose the assessment of muscle mass pri-
marily with dual-energy X-ray absorptiome-
try (DeXA). In case the technique is
unavailable, anthropometry can be easily
used in primary care settings as an initial
screening tool for patients with low muscle
mass. Patients should then be referred for
further evaluation in clinical specialty
settings.

» Physical performance should be primarily
assessed by measuring gait speed. The Short
Physical Performance Battery (SPPB) test
might be limited by administration time, but
might also be useful to identify men and
women with low physical performance.

* A comprehensive geriatric assessment (CGA)
appears the most evidence-based process for
detecting and assessing frailty.

e The Groningen Frailty Indicator, the Fried
Index, and the Gill Frailty Index are valid
and reliable tools for assessing and monitor-
ing frailty.

* Whereas further studies are required to pro-
vide a full evidence-based guidance to
clinicians, current management should
include physical activity advice, particularly
progressive resistance training, treatment and
prevention of vitamin D deficiency, and ade-
quate and balanced energy intake
emphasizing dietary protein.

» Emphasis on the importance of education and
increased awareness of clinicians concerning
the potential deleterious effects of frailty and
sarcopenia.

» Careful attention given to individuals older
than 65 years with low BMI or abdominal
obesity.

11 Summary and Conclusions

This review describes differences, similarities,
and commonalities in the definition, assessment,
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and management of frailty and sarcopenia.
Despite the similarities between the two, frailty
and sarcopenia are two separate health
conditions. Therefore, it is important to diagnose
and manage them as separate entities.

 The definition of sarcopenia is agreed upon by
the European Working Group on Sarcopenia
in Older People (gait speed, handgrip
strength, and muscle mass), and the Interna-
tional Working Group on Sarcopenia (gait
speed and muscle mass).

» The consensus definition of frailty include the
Fried phenotype (weight loss, exhaustion,
physical inactivity, handgrip strength, and
walk time) (Fried et al. 2001) and the
Rockwood phenotype (use of walking aid,
activities of daily living, incontinence, and
cognitive impairment) (Rockwood et al.
2000).

* Primary sarcopenia is age-related, but it is
frequently found in association with
comorbidities, such as osteoporosis, malnutri-
tion, and type 2 diabetes mellitus. Thus, it
should be considered a consequence of the
coexisting pathological conditions, i.e., ‘sec-
ondary sarcopenia’.

» Several tools are currently available for mea-
suring muscle mass, muscle strength, and
physical performance, which are of use for
the diagnosis and follow-up of sarcopenia.
However, these tools remain to be fully
adopted for widespread use in clinical daily
practice.

» The development of pharmaceutical therapies
for sarcopenia and frailty has been delayed, in
part because of the lack of consensus regard-
ing the definitions of the two conditions.

Physicians and other healthcare professionals
have an important role to play in the assessment
and management of sarcopenia to reduce its
impact on individuals’ well-being, the develop-
ment of disability, and on health resource utiliza-
tion. This review suggests that frailty and
sarcopenia differentially affect functional capa-
bility, morbidity, quality of life, and disability in
daily living activities. Frailty is characterized by
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low weight and reflects nutritional status,
whereas sarcopenia — the loss of muscle mass —
is more accurate and can be a quantitative, global
marker of frailty. This review also highlights the
importance of frailty and sarcopenia in
predicting post-operative outcomes among
individuals undergoing surgery for cancer.
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Abstract

Stimulating structural and functional adaptation that improves cognitive
performance in specific tasks is the major objective of therapeutic exercise
training. In this review we briefly summarize central physiological
mechanisms activated by exercise. We further discuss the influence of
different kinds of exercise on cognitive improvement. In particular, the
effects on cognitive function of aerobic endurance, resistance and respi-
ratory exercise, and combinations thereof are presented. The
accumulating evidence reinforces the position that regular aerobic, and
possibly also resistance training, offers a powerful tool to cope with
biologic aging of central nervous system functions. Nevertheless, the
potential magnitude of cognition improvement or restrain of age-related
cognition deterioration and the quantity of physical activity required to
induce meaningful responses remain to be clarified.
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1 Introduction

It is well established that regular physical activity
is beneficial for both physical and mental health
(Jackson et al. 2016; Kennedy et al. 2016). Con-
sequently it is believed that regular exercise can
counter typical brain aging effects. A nearly 40%
decline in the number of spinal cord axons and a
10% decline in nerve conduction velocity reflects
the cumulative effects of aging on central ner-
vous system function in the course of human life.
As reflexes, such as the knee-jerk, do not involve
processing in the brain, aging affects them less
than voluntary responses involving both reaction
and movement (McArdle 2001). Many studies
show that regular exercise has beneficial effects
on brain health in clinical and non-clinical
populations, but adherence to public health exer-
cise guidelines is still poor (Clarkson 1978). A
physically active lifestyle affects neuromuscular
functions positively at any age to slow the
age-related decline in cognitive performance
associated with speed of information processing
(Van Boxtel et al. 1997). Stimulating structural
and functional adaptation that improves perfor-
mance in specific tasks is the major objective of
exercise training. The relationship between
increased physical activity and reduced risk of
Alzheimer Disease (AD) as well as increased
physical activity and cognitive health have been
shown in a number of large, epidemiological
studies (Burley et al. 2016; Buchman et al.
2012). These adaptations require adherence to
the prescribed program, with attention focused
on the frequency and length of workouts, type of
training, speed, intensity, duration and repetition
of the activity, rest intervals and the appropriate
competition.

In this review we focus on particular regimes
of exercise. Physical activity can be divided, on
the basis of duration of all-out exercise and the
corresponding intracellular energy pathways,
into four types: aerobic endurance (electron-
transport oxidative phosphorylation); anaerobic
power-endurance; sustained power; and strength-
power (McArdle 2001). Other kinds of exercises
are breathing exercises or balance training. From
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a psychophysiological perspective, exercise can
be considered a voluntary and controllable
stressor with a distinct temporal profile. Exercise
activates central systems characteristic for stress
response, while at the same time it may reduce
the reactivity to other stressors (Stranahan et al.
2008). For example, it has been shown in rodents
that 6 weeks of voluntary wheel running reduces
the hypothalamic—pituitary—adrenal (HPA) axis
response to other low-intensity stressors
(Campeau et al. 2010).

In the first part of the article, central physio-
logical mechanisms activated by exercise are
presented with particular emphasis on the brain
noradrenergic system and HPA based mostly on
animal data. In the second part, the exercise
strategies that optimize neuroprotection and pre-
vent cognitive decline and neurodegenerative
disease in older age are explored. The aim of
this review is to find effective exercise interven-
tion to blunt or delay the age-related develop-
ment of cognitive impairment and to summarize
exercise interventions that have the potential for
improving brain health.

2 Central Physiological
Mechanisms Activated by
Exercise

Cooper (1973) were the first to link the increased
peripheral concentration of norepinephrine
(NE) during exercise with cognition. Those
authors hypothesized that NE, crossing the
blood-brain barrier, might affect the reticular
formation with subsequent cognition benefit.
They also were the first to point out that a mod-
erate NE increase during medium-intensity exer-
cise may have a positive effect on cognition,
while a strong NE increase during heavy exercise
exerts an opposite effect. It is currently believed
that NE actually does not need to cross the blood-
brain barrier. Peripherally circulating epineph-
rine and NE activate p-adrenoceptors of the
vagus nerve (McGaugh et al. 1996). Synaptic
communication between the vagal nerve and the
nucleus tractus solitarius (NTS) is mediated by
the excitatory neurotransmitter glutamate. As a
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High LC phasic activity
Optimal exercise strategy

Low LC tonic activity

v

Exercise duration and intensity

Fig. 1 Locus coeruleus (LC) phasic activity is associated
with good performance in tasks requiring selective atten-
tion, while LC tonic activity with poor performance in
such tasks (Rajkowski et al. 1994, Aston-Jones et al.
1998). The optimal exercise strategy, allowing for

consequence, noradrenergic cells in the NTS
stimulate the locus coeruleus (LC) to synthetize
and release NE (Miyashita and Williams 2006).
Actually, signaling from stretch receptors, in the
heart and lungs, is also relayed to the NTS via the
vagal nerve (Mravec 2006; Moor et al. 2005;
Berthoud and  Neuhuber  2000). The
glossopharyngeal and vagus nerves also relay
signals from baroreceptors to the NTS (Chiba
and Kato 1978; Chiba and Doba 1976). As
heart rate (HR), blood pressure, and tidal breath-
ing increase when exercise is initiated, the cen-
tral NE release is liable to precede the peripheral
elevation of catecholamine content (McMorris
2016). Obviously, various exercise regimes may
differ regarding the elements outlined above,
leading to a variability in central NE release.
The LC, a major noradrenergic nucleus in the
brain, is increasingly recognized as a key ele-
ment in the regulation of arousal and autonomic
activity, including cognitive functions (Atzori
et al. 2016; Chandler 2016; Feinstein et al.
2016; Braun et al. 2014; Samuels and Szabadi
2008a, b). During the wake state, LC displays
two firing patterns, tonic and phasic, following
an inverse-U shape function with respect to each
other. LC’s tonic firing is associated with arousal

efficient non-pharmacological fine tuning of high LC
phasic and low LC tonic activity, could help maintain a
high signal-to-noise ratio in the central noradrenergic
circuitry, resulting in improved task-oriented cognitive
performance

and, at the high end, limbic activation. Its phasic
firing is linked to the decision-making and atten-
tion. A low level of tonic firing does not evoke a
consistent behavioural response, intermediate
tonic levels are associated with optimal phasic
firing, and thus optimal attention and decision-
making, and high tonic levels again yield low
phasic response. The LC does not show any
substantial activity during sleep (Aston-Jones
and Waterhouse 2016; Aston-Jones and Cohen
2005; Usher et al. 1999; Aston-Jones et al. 1998;
Rajkowski et al. 1994). Thus, optimal stimula-
tion of LC function might be a crucial element to
successfully modulate cognitive function with
exercise (O’Donnel et al. 2012) (Fig. 1).
Neuroinflammation is an increasingly
appreciated feature of many pathological
conditions in the brain (Ransohoff 2016;
Winklewski et al. 2015, 2016). NE suppresses
the inflammatory gene transcription and
augments neurotrophic factor production. The
chronic activation of microglia can lead to aug-
mented inflammatory cytokine production and
subsequently chronic neuroinflammation, a
recognized risk factor for various forms of
dementia (Campbell 2004; Griffin et al. 1998;
Benveniste et al. 1995). The anti-inflammatory
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Table 1 Exercise intervention characteristics

Study Population

Baker et al. | 57-83 years old; cognitively
(2010a, b) normal

Muscari 57-83 years old; cognitively
et al. (2010) | normal

Kemoun 81.8 £ 1.8 years old; with
et al. (2010) | dementia

Makizako Mean age 76 years; with

etal. (2012)

amnestic mild cognitive
impairment

Winchester | 81 £ 11.3 years old;
etal. (2013) | cognitively normal
Chapman 74.5 £ 4.5 years old;

etal. (2013)

cognitively normal

Exercise strategy
6 months’ high-intensity
aerobic exercise

12 months’ high-intensity
aerobic exercise

15 weeks’ high-intensity
aerobic exercise

6 months’ multicomponent
exercise program

12 months’ high-intensity
aerobic exercise
12 weeks’ aerobic exercise

Strength power exercise

6 months’ high-intensity
progressive resistance

26 weeks’ aerobic exercises
6 months’ respiratory

9 weeks’ combination of
aerobic and strength training

Fallah et al. | 65-75 years old women;
(2013) cognitively normal training
Singh et al. | 70.1 £ 6.7 years old; with
(2014) mild cognitive impairment
training
ten Brinke | 70-80 years old women; with
etal. (2015) | mild cognitive impairment
Ferreira Elderly individuals;
etal. (2015) | cognitively normal training
Bossers 85.5 £ 5.1 yearsold in a
etal. (2015) | psycho-geriatric nursing
home; with dementia
Chapman 56-75 years old;, cognitively

et al. (2016)

normal

12-weeks’ aerobic training at
heart rate obtained at
50-75% VOozmax
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Effects

Improvement of executive functions
and insulin sensitivity

Increase in hippocampal volumes
Improvement in cognition

No effects on dual-task performance
assessed by reaction time

Improvement in cognition

Improvement in cognition and
cerebral blood flow, especially in
anterior cingulate region
Improvement in cognition

Improvement in global cognitive and
executive functions

Improvement in hippocampal volume
Improvement in cognition in relation

to abstraction and mental flexibility
Improvement in cognition

Improvement in cerebral blood flow
and memory

action of NE is exerted via [,-adrenergic
receptors present on microglia and astrocytes
(Hetier et al. 1991; Frohman et al. 1998). Other
anti-inflammatory effects of NE have also been
reported, including the suppression of inducible
nitric oxide synthase, interleukin-1b, tumor
necrosis factor o, and intercellular adhesion
molecule-1. Beside anti-inflammatory effects,
NE enhances brain-derived neurotrophic factor
production, which plays an important role in
neuronal  survival,  neuroplasticity, and
neurogenesis. The enhancement of brain-derived
neurotrophic factor is mediated by B1/p,, and o,-
adrenergic receptors and shares similar cellular
pathways with anti-inflammatory NE action
(Juric et al. 2008; Binder and Scharfman 2004;
Zafra et al. 1992).

The stress-induced activation of the HPA axis
and the release of glucocorticoid hormones, cor-
tisol in humans and corticosterone in rodents,
affect learning and memory via modulation of
mineralocorticoid and glucocorticoid receptors
(Roozendaal et al. 2009; Sandi Pinelo-Nava
2007; Joels et al. 2006). Stimulation of the min-
eralocorticoid receptors is beneficial to a wide
array of cognitive and affective functions. Nev-
ertheless, the precise cognitive process that
mediates such a broad range of positive effects
has yet to be elucidated. Importantly, apart from
beneficial actions, cortisol augments the
reconsolidation of fear memory, which
underscores the detrimental side of central glu-
cocorticoid receptors stimulation (Wolf et al.
2016). The influence of the stress response on
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central  physiological mechanisms highly
depends on predictability and controllability. A
stressor is ‘controllable’ if it can be initiated or
terminated by the subject. Likewise, a stressor is
‘predictable’ if it occurs at temporary intervals
that are regularly spaced. If the stressor is con-
trollable and predictable, the threat-recognition
regions, including the amygdala, change the
involvement pattern in the stress response. Vol-
untary running exercise diminishes the density of
activated noradrenergic cells in the basolateral
amygdala in rodents, and increases the density
of such cells in the central nucleus of the amyg-
dala (Burghardt et al. 2006). Apart from altering
basal patterns of activation, a sudden inability to
start wheel running activates noradrenergic cells
in the amygdala (Rhodes et al. 2003). When
translating the animal data to humans it should
be kept in mind that running is a rewarding,
voluntary form of stress for rodents. Therefore,
it may actually include the activation of the
reward system of these animals (Stranahan et al.
2008). Moreover, for obvious reasons human
studies are performed in a far less controlled
environment than in laboratory animals.

3 Exercise Strategies to Optimize
Neuroprotection in Humans

We searched ‘PubMed’ from January 1996 to
September 2016 for any clinical trials
investigating the influence of different kinds of
exercise on cognitive decline. Twelve
randomized and non-randomized trials, which
were focused preferably on the effects of physi-
cal exercise, discounting diet or other lifestyle
changes, were included in the present review.
The intervention characteristics are shown in
Table 1. A review from the Cochrane Database
was used to summarize the biological effects of
exercise (Forbes et al. 2015). None of these stud-
ies have focused on the assessment of the brain
noradrenergic system. Such an assessment has
become recently possible in humans, taking the
pupil diameter as a non-invasive surrogated of
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LC activity (Costa and Rudebeck 2016; Joshi
et al. 2016).

3.1 Aerobic Endurance - Longer-
Term High-Intensity Aerobic

Exercise

Baker et al. (2010a) have randomized 34 subjects
(57-83 years of age) with glucose intolerance
and normal cognitive status to aerobic exercise
or stretching control group. Exercise in both
groups was carried out 4 day/week for
45-60 min per session for 6 months. The first
eight sessions were supervised by a fitness trainer
and then one session/week/participant was
performed at home. Exercise duration and inten-
sity were titrated up over the first 6 weeks, until
participants in the aerobic group were at 75-85%
of heart rate (HR) reserve using a treadmill,
stationary  bicycle, or elliptical trainer.
Participants in the control group carried out a
prescribed routine of balance and stretching
exercises, maintaining HR at or below 50% HR
reserve. Aerobic exercise improved executive
function measured by Trails B, Task Switching,
Stroop, Self-ordered Pointing Test and verbal
fluency, cardiorespiratory fitness, and insulin
sensitivity. In another trial, supervised by the
same authors, the effects of aerobic exercise on
cognition and other biomarkers associated with
Alzheimer’s disease (AD) pathology were exam-
ined in 33 adults aged from 55 to 85 years, with
amnestic mild cognitive impairment (Baker et al.
2010b). The design of the exercise intervention
was like that of the trial above described. Six
months of high-intensity aerobic exercise had
sex-specific effects on cognition, glucose metab-
olism, HPA axis, and trophic activity despite
comparable gains in cardiorespiratory fitness
and body fat reduction. In women, aerobic exer-
cise improved performance on multiple tests of
executive function, increased glucose disposal
during the metabolic clamp, and reduced fasting
plasma levels of insulin-like growth factor-1 and
had a favorable effect only on Trails B
performance.
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3.2 Aerobic Endurance - Longer-
Term Moderate-Intensity

Aerobic Exercise

Muscari et al. (2010) have performed a 12-month
supervised endurance exercise training 3 h a
week in 120 healthy subjects aged 6574 years.
The authors have concluded that a 12-month
reduces the progression of age-related cognitive
decline in healthy older adults as assessed by the
Mini-Mental State Examination.

3.3 Aerobic Endurance - Longer-
Term Low-Intensity Training:

Walking

A brain health study (BHS), a sub-study within
the larger Baltimore Experience Corps Trial
(BECT), a sex-stratified randomized controlled
trial was designed to evaluate the health benefits
for older adults in 123 participants aged over
60 years. Walking activity was measured using
a step monitor. The authors found that greater
daily walking activity was associated with larger
hippocampal volumes among older women, but
no men (Varma et al. 2015). Very interesting
data on the of exercise in a group of 104 older
adults with AD aged 81 + 6.5 years were
presented by Winchester et al. (2013). After
1 year of follow-up the authors have concluded
that a sedentary lifestyle correlates with a decline
in cognitive function, a loss of vigor and
increases in the feelings of anger, confusion,
depression, and fatigue. Some level of physical
activity, especially walking, was beneficial to
cognitive function in subjects with mild-to-mod-
erate AD. Similar results concerning the effects
of a 24-month walking were obtained in the
program on 21 elderly nursing home residents
(84 £ 5 years old) with AD. The training group
showed significant improvement in the Mini-
Mental State Examination, which may indicate
that this specific walking program may stabilize
the progressive cognitive dysfunctions in such
patients (Venturelli et al. 2011). Kemoun et al.
(2010) have obtained similar results using the

D. Szalewska et al.

Rapid Evaluation of Cognitive Functions Test
in 31 subjects aged 81.8 £ 5.3 years suffering
from dementia after 15 weeks of rehabilitation,
consisting of walking, equilibrium, and endur-
ance exercise in 1-h sessions per week. Ten
Brinke et al. (2015) conducted a 26-week sin-
gle-blinded, randomized, twice-weekly program,
in which 39 women with probable mild cognitive
impairment, aged 70-80 years, were randomized
into three groups: 1) aerobic exercises (AT); 2)
resistance training (RT); or 3) balance and tone
training (BAT). The classes were 60 min in dura-
tion (10-min warm-up, 40 min of core content,
and 10-min cool down). The authors found that
both left and right hippocampal volumes
assessed by magnetic resonance imaging (MRI)
enlarged significantly over the course of the
intervention in the aerobic training group com-
pared with the BAT group. In contrast to aerobic
training, resistance training did not have a signif-
icant effect on hippocampal volume. The role of
increased hippocampal volume in response to
aerobic training remains unsettled as the
increased hippocampal volume was indepen-
dently associated with reduced verbal memory
and learning performance.

34 Aerobic Endurance - Shorter-

Term Aerobic Exercise

Chapman et al. (2016) have randomized 37 cog-
nitively normal adults aged 74.5 £ 5.8 years into
two different groups: physical training or wait-
list control. The physical training program
comprised of 150 min exercise per week, as
recommended for sedentary adults. The training
regimen lasted 12 weeks and consisted of three
60 min sessions of aerobic exercise; each session
alternating between exercise bike and treadmill.
The bike exercise included 5 min warm up at
43 watts, cycling for 50 min at a speed that
increased HR to 50-76% of the maximum
achieved on VO, max testing, and a 5 min cool
down at 43 watts. The treadmill workout
included 5 min warm up at 2 miles per hour,
walking on the treadmill for 50 min at a speed
that increased their heart rate to 50-75% of the
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maximum achieved on VO,max testing, and a
5 min cool down at 2 miles per hour. The authors
have concluded that this kind of exercise
improves cardiovascular fitness, cognition, and
regional cerebral blood flow assessed in MRI,
particularly noted in the anterior cingulate
region. In an interesting trial performed by the
same research group the effects of two training
protocols, cognitive training vs. physical train-
ing, on cognition and brain function were
evaluated in adults aged 5675 (Chapman et al.
2013). The exercise training program was the
same as that in the study above outlined. The
results were that cognitive training improved
executive function whereas physical training
enhanced memory. Subjects from the physical
training group showed higher cerebral blood
flow in the hippocampal region, an area particu-
larly vulnerable to aging and dementia.

3.5 Aerobic Exercise Vs. Respiratory

Training

Interesting data have been provided by the group
of Ferreira et al. (2015), who performed a con-
trolled study in 68 elderly individuals
randomized into three groups: aerobic exercise
group (the ‘walking’ group); respiratory training
group (the ‘breathing’ group); and the social
interaction group (the control group). The first
group followed a program of supervised walking
that lasted 6 months, three times a week, with a
duration of 40-50 min each session. The inten-
sity was moderate and was limited to a range of
60-80% of HR reserve. The second group
focused specifically on respiratory exercise with
a duration and intensity like in the ‘walking
group’, which comprised: (1) stretching
exercises for muscles of the trunk, the neck and
the upper limbs; (2) seven breathing exercises;
and (3) inspiratory muscle training with a
RESPIRON. The authors found that only the
breathing group improved cognitive function in
relation to abstraction and mental flexibility,
understood as the number of perseverative errors
in the test.
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3.6 Sustained and Strength Power -

Resistance Training

In the randomized, double-blind, double-sham
controlled trial Study of Mental and Resistance
Training (SMART) in one hundred adults with
mild cognitive impairment and a mean age of
70.1 years, 6-months’ high-intensity progressive
resistance training 2-3 times a week significantly
improved global cognitive function assessed by
Alzheimer’s  Disease  Assessment  Scale-
cognitive subscale at 6 months and executive
function measured by Wechsler Adult Intelli-
gence Scale Matrices across 18 months (Singh
et al. 2014). Fallah et al. (2013) have investigated
the effect of a targeted 60-min exercise training
on the probability of an improved, maintained, or
declined performance of executive functions in
elderly independently living women aged 65-75,
who scored >24 on the Mini-Mental State Exam-
ination and had a visual acuity of at least 20/40
without corrected lenses. Keiser-based exercises
consisted of biceps curls, triceps extension,
seated row, latissimus dorsi pull-downs, leg
press, hamstring curls, and calf raises. The inten-
sity of the training stimulus was at a work range
of 6-8 repetitions (two sets) and was subse-
quently increased. Other key strength exercises
included mini-squats, mini-lunges, and lunge
walks. The balance and tone training program
consisted of stretching exercises, a range of
motion exercises, balance exercises and func-
tional sand relaxation technique. The authors
found that the resistant training group had a sig-
nificantly higher performance on the Stroop Test
compared with balance and tone training. For
shifting and working memory there were no sig-
nificant differences between the groups.

Combination of Aerobic

and Resistance Training

and Multicomponent Exercise
Training

3.7

Bossers et al. (2015) in a group of 109 patients
with dementia from a psycho-geriatric nursing
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home (aged 85.5 &+ 5.1 years) have shown, com-
pared with non-exercising control subjects, that a
combination of aerobic and strength training is
more effective than aerobic-only training in
slowing cognitive and motor decline. It was
9-week, parallel, three-group, single-blinded,
randomized controlled trial with a follow-up
assessment at week 18. In a randomized con-
trolled trial, carried out in 50 subjects of the
mean age of 76 years, with amnestic mild cogni-
tive impairment, a 6-month multicomponent
exercise program improved only maximal walk-
ing speed, with no effects on dual-task
performances assessed by the reaction time
(Makizako et al. 2012). An interesting
randomized, controlled trial concerning the
promising effects of dance movement interven-
tion and exercise on elderly with early dementia
has been proposed by Ho et al. (2015). Another
randomized study proposed by Martinez-Velilla
et al. (2015) for hospitalized patients aged
75 years and older, who are taking part in an
exercise program composed of supervised pro-
gressive resistance training, balance training, and
walking for 5-7 consecutive days, is currently
underway. Primary outcome measures are
changes in functional status after the interven-
tion, assessed with the Mini-Mental State Exam-
ination, GDS Yesavage, and Trail Making Test.
Biological plausibility of the effects of exercise
intervention on cognitive outcomes in relation to
the kind of exercise has been clearly summarized
in the appendix of the document from the
Cochrane Library (Forbes et al. 2015).

4 Summary

4.1 Aerobic Exercise

Aerobic exercise diminishes oxidative stress,
reduces age-related microglial priming and acti-
vation, and augments microglia cells volume,
which is  protective and could aid
neuroprotection. Further, aerobic exercise
increases production improves signaling of such
growth factors as brain-derived neurotrophic fac-
tor, insulin growth factor-1, and vascular
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endothelial growth factor, which all are
associated with neurogenesis and angiogenesis.
Finally, aerobic physical activity enhances brain
insulin signaling, which has a vasodilating influ-
ence that may improve cerebral blood flow. Such
changes lead to the augmentation of the anterior
hippocampal and medial temporal lobe volumes,
increase hippocampal capillary density and
branching, and diminish extracellular amyloid-f3
deposition in the brain.

4.2 Resistance Exercise

Resistance exercise is likely to promote mainte-
nance of cerebral perfusion, increases the con-
centration of brain-derived neurotrophic factor,
insulin growth factor-1, and vascular endothelial
growth factor, all associated with neurogenesis,
and improves brain insulin signaling.

5 Conclusions

The evidence from animal studies shows that the
central  noradrenergic  system and  the
hypothalamic-pituitary-adrenal axis are
modulated by exercise. However, the difference
in the activation pattern of either by voluntary
(e.g., exercise) and involuntary (e.g., fear or anx-
iety) stressors remains obscure. Recent advances
in the field and a better understanding of central
physiological mechanisms governing stress
response clearly open new avenues for therapeu-
tic translation.

The accumulating evidence reinforces the
position that regular aerobic and, with less evi-
dence of effectiveness, resistance training offer a
powerful tool to cope with biologic aging of
selected central nervous system functions. Nev-
ertheless, the potential magnitude of cognition
improvement, or slowdown of cognition deterio-
ration, and the quantity of physical activity
required to induce meaningful responses remain
to be clarified. A large variety of cognitive tests
used to assess the response to various exercise
regimes make direct comparisons among partic-
ular experimental settings difficult. Further
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studies and randomized clinical trials are needed
to establish guidelines for using exercise as a
therapeutic option.
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Abstract

The influence of vitamin D on allergic diseases, including atopic dermati-
tis, is linked to the presence of vitamin D nuclear receptors in immune
cells. The present study seeks to determine the possible relationship
between serum vitamin D content and immune indices in children with
atopic dermatitis. The study was conducted in 19 children with atopic
dermatitis. The control consisted of 17 age-matched healthy children. A
single significant finding was a distinctly lower number of serum regu-
latory T cells in atopic dermatitis compared with controls (p < 0.00001).
There were no appreciable differences between the two groups concerning
the immunological indices such as the phenotypes: CD3, CD4, CDS,
CD4/CD8, CD19, CD16/56, natural killer T cells, and anti-CD3 human
leukocyte antigen — antigen D related cell surface receptor (HLA-DR3), or
the percentage of lymphocytes, eosinophils, and the IgE level. We also
revealed an inverse association between the serum vitamin D and the
percentage of CD8+ cells (p < 0.05; r = 0.62) in atopic dermatitis. In
conclusion, the results point to a regulatory role of T cells in the patho-
genesis of atopic dermatitis, but fail to substantiate the influence of
vitamin D on the course of the disease.
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1 Introduction

Atopic dermatitis is a chronic inflammatory skin
disease related with epidermis and dermis dys-
function. It is characterized by a chronic and
recurrent course and distinctive morphology
and location of lesions. The concept of atopic
dermatitis was introduced in 1933 by Wise and
Sulzberger (Reitamo et al. 2008), while the diag-
nostic criteria were proposed in 1980 by Hanifin
and Rajka (1980) and they are still valid (Darsow
et al. 2010). The disease usually begins in early
childhood; 60% of cases occur before one year of
age and in up to 45% of cases the first symptoms
appear before 6 months of age. The incidence of
allergic diseases, including atopic dermatitis,
increases in recent years, which is related to
civilization development. Over the past
30 years, two- or even threefold increase in the
morbidity of atopic dermatitis has been observed
in industrialized countries (Bieber 2010). The
incidence of the disease in the European popula-
tion is estimated at 10-12% (Romanski 1998),
and it reaches 15-30% in pediatric patients
(Bieber 2010). A higher percentage of cases is
observed in urban environments, which
highlights the influence of the surrounding envi-
ronment on the development and course of the
disease (Williams and Flohr 2006). Atopic der-
matitis is often the first manifestation of allergic
disease, which course has a form of so-called
atopic march. This means that symptoms of
atopic dermatitis can overtake the syndromes of
asthma and allergic rhinitis (Kapoor et al. 2008).
The main clinical symptoms of atopic dermatitis
include erythematous papules, thickened skin
with a tendency to lichenification, and severe
pruritus.

The pathogenesis of atopic dermatitis is com-
plex and not fully understood. The disease is a
result of genetic, environmental, and immune
disorders. Atopic dermatitis is a complex inflam-
matory process, in which T cells, macrophages,
eosinophils, and immunoglobulin E (IgE) play an
essential role. In the acute phase of the disease,
there is an imbalance between Thl and
Th2-responses (Boguniewicz 2014; Leung
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2000). Elevated Th2-expressing cells in the
peripheral blood cause increases in IL-4, IL-5,
and IL-13 concentration (Ong and Leung 2006).
These cytokines stimulate B cells to excessive
production of immunoglobulin E and enhance
eosinophils proliferation. Furthermore they are
capable of inhibition of the Thl cells cytokine
expression and maturation. However, in the
chronic phase there is a domination of
Thl-responses. Excessive activity of both
pathways may be inhibited by the regulatory T
lymphocytes (Treg, Fox P3), but their number
and activity is markedly reduced in atopic
dermatitis.

The pleiotropic effect of vitamin D in the
human body is widely discussed. This vitamin
also plays an important role in atopic dermatitis
(Mesquita et al. 2013). Numerous studies have
shown that the appropriate level of vitamin D can
affect the T cells activation and the number of
regulatory T cells (Vassallo and Camargo 2010).
Nowadays, deficiency of vitamin D in the
European population is commonly observed.
This is mostly caused by a change of people’s
lifestyle during last decades consisting of spend-
ing more time indoors, use of UV filters, and
dietic vitamin D deficiency.

The aim of the present study was to evaluate
the percentage of natural T regulatory cells
(nTreg, CD4*, CD25™*, FoxP3", and CD127")
and lymphocyte phenotypes (CD3*, CD4*, CD8*,
CD4/CD8 ratio, CD19* CD16*/56", and CD3"
anty-HLA-DR™") in children with atopic dermatitis.

2 Methods

2.1 Patients

The study was approved by the Ethics
Committees of the Military Institute of Medicine
in Warsaw (permit no. 123/14) and the parents of
all participants gave written informed consent.
The study group consisted of 19 children with
atopic dermatitis, with the median age of 3 years
(IQR 2-6 years). The inclusion criteria were the
age from 6 months to 15 years and the diagnosis
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of atopic dermatitis as based on the criteria of
Hanifin and Rajka (1980). A suspicion of other
skin diseases excluded patients from the study
group. Atopic dermatitis was evaluated by the
SCORAD scale, an index of its severity, which
takes into consideration the extent and severity of
lesions, and the intensity of subjective symptoms
such as itching and insomnia. The control group
consisted of 17 children with no history of atopy
and no skin lesions. The median age in this group
was 3 years (IQR 2-5 years).

2.2 Blood Lymphocyte Phenotype

Determination

Blood lymphocyte phenotypes were determined
as previously described (Kalicki et al. 2013).

Briefly, peripheral blood samples were collected
in EDTA-anticoagulated tubes. The lymphocyte
immunophenotype was determined using BD
Simultest” — IMK Plus Kit (BD Biosciences,
Warsaw, Poland). Blood samples (100 pL) were
incubated for 20 min with appropriate antibodies
and then erythrocyte lysis was performed in the
dark at room temperature for 10 min (FACS
Lysing Solution; BD Biosciences). Finally, cells
were washed twice with 2 ml of phosphate buff-
ered saline (PBS) and fixed in 200 pL of 1%
paraformaldehyde in PBS. Then, cells were
examined by flow cytometry (FACS Calibur;
BD Biosciences). Additionally, percentage dis-
tribution of white blood cells (lymphocytes,
monocytes, granulocytes, neutrophils, and
eosinophils) was assessed using CD45 FITC
and CDI14 PE antibodies, and FSC/SSC
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determination. The results of lymphocyte pheno-
type assessment are presented as mean
percentages of lymphocytes £+ SD.

To characterize T regulatory cells, whole
blood samples (100 pL) were stained with the
primary antibodies CD4-PerCP, CD25-APC, and
CD127-FITC (BD Biosciences, Warsaw, Poland)
or with an appropriate isotype control with the
addition of CD4-PerCP antibody. Blood samples
were incubated for 20 min in the dark at room
temperature and the erythrocyte lysis was
performed (BD FACS Lysing Solution). After
flushing the cells twice with PBS, they were
fixated and permeabilized in fixaton/permeabi-
lization buffer and stained with FoxP3 PE or
isotype IgG1 kappa PE antibody (45 min in the
dark at room temperature). Afterward, cells were
washed twice with PBS, fixed in 300 pL of 1%
paraformaldehyde in PBS and were examined by
flow cytometry. Ten thousand counts of CD4
PerCP positive cells finished the cytometric
acquisition. In the flow cytometry data analysis,
two gate restrictions were used: R1 — FSC/SSC
lymphocytes and R2 — CD4 PerCP positive cells
(Fig. 1a, b). Next, common parts of R1 and R2
(R1*R2) were used for the examination of the
results obtained. CD4*/CD25"%" was defined as
R3 (Fig. lc), CD4*/CD25""/CD127"°% as R4
(Fig. 1d), and finally CD4*/CD25"€"/CD127'"%/
FoxP3" (nTreg) as R5 (Fig. 1le). Lymphocyte
phenotype determination was conducted with
FACS Calibur and BD CellQuestTM PRO soft-
ware (BD Biosciences, Poland).

2.3 IgE Determination

Total IgE concentration was determined in serum
samples by a solid phase enzyme-linked immu-
nosorbent assay (ELISA) based on the sandwich
principle, calibrated with commercially available
IgE standards. Total IgE values are expressed in
IU/ml.
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2.4  Vitamin D Determination

An Dia-Sorin Liaison® analyzer (Saluggia, Italy)
was used to determine the concentration of total
25-hydroxy vitamin D. The apparatus measures
the concentration range from 4.0 to 150 ng/ml
(in the SI unit: ng/ml x 2.5 = nmol/l). Values
below 4.0 ng/ml are recorded as <4 ng/ml. The
highest recorded value without dilution is
150 ng/ml. This test is a direct competitive
assay technology using chemiluminescent
immunoassays (CLIA) to quantify the level of
25-hydroxy vitamin D in serum and plasma.
During the first incubation, 25-hydroxy vitamin
D is separated from the binding protein and com-
bined with an antibody to a solid phase. Vitamin
D marker is added after 10 min. Subsequently,
there is an incubation for 10 s, whereupon
unbound material is removed in the rinse cycle.
Then, initiating factors, which immediately
cause a chemiluminescent reaction, are added
sequentially. A light signal is measured using a
photomultiplier, in relative light units (RLU).
The signal is inversely proportional to the con-
centration of 25-hydroxy vitamin D present in
the calibrators, control, and samples.

25 Statistical Elaboration

Age of patients was given as medians with lower
and upper quartiles. Other variables, such as
vitamin D content, and percentages of
lymphocytes and white blood cells, were
presented as means + SD. Differences between
groups were evaluated with a z-test (values with
normal distribution) or Kruskal-Wallis test
(values with non-parametric distribution). An
analysis of the correlation between immunologi-
cal indices and vitamin D content or disease
severity have also been done. A p-value < 0.05
was adopted to define the level of statistical
significance.
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3 Results

Mild atopic dermatitis was diagnosed in 18% of
patients; 41% of children had an average course
of disease and 41% had severe disease.

3.1 Lymphocytes

The mean percentages of lymphocytes (atopic
dermatitis group: 44.7 £ 16.2%, control group:
39.8 £ 11.3%) and eosinophils (atopic dermatitis
group: 6.2 £+ 4.5%, control group: 3.5 £ 2.4%)
tended to be greater in atopic dermatitis, but the
differences failed to reach statistical significance
(p = 0.36 and p = 0.06, respectively). Likewise,
there was insignificant difference in total IgE
concentration between the two groups due to a
very large data scatter, although the IgE content
tended to by greater in atopic dermatitis (atopic
dermatitis: 2127.6 4+ 6736.6, control group:
70.3 £ 72.4, IU/ml; p > 0.05). However, a sig-
nificantly lower percentage of regulatory T cells
was observed in the serum of children with atopic
dermatitis compared with the control group
(p < 0.00006) (Fig. 2) There were no significant
differences concerning the other immunological
parameters: phenotype CD3, CD4, CDS,
CD4/CD8, CD19, CD16/56, natural killer T
(NKT) cells, and anti-CD3 HLA -DR3 between

Fig. 2 Regulatory T cells
in children with atopic
dermatitis and healthy
controls

Regulatory T cells (%)

the atopic dermatitis and control groups
(Table 1). The study did not reveal any associa-
tion between disease severity and the percentage
of immunological indices.

3.2 Vitamin D

The mean serum vitamin D level was similar in
the atopic dermatitis and control groups;
24.3 £ 7.0 and 24.5 + 9.1 ng/ml, respectively,
which is close to the 20 ng/ml low side limit of
what is considered adequate for healthy children.
The study revealed an inverse association
between vitamin D content and the percentage
of CDS8 cells (p < 0.05; r = 0.62) in atopic
dermatitis. The ratio of CD4/CD8 was propor-
tional to vitamin D content in atopic dermatitis
(p < 0.05; r = 0.66). However, we failed to
reveal any other associations between vitamin
D content and the other immunological indices
investigated in atopic dermatitis. Nor was there
any association between vitamin D content and
disease severity (Table 2).

4 Discussion

Numerous studies have focused on a significant
role of regulatory T cells (Tregs) in the formation
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Table 1 Content of indices investigated in atopic dermatitits and control groups

IgE total (IU/ml)

CD3 (%)

CD19 (%)

CD4 (%)

CDS8 (%)

CD4/CD8 ratio
CD16/56 (%)

NKT (%)

CD3 anty-HLADR3 (%)
Regulatory T cells (%) (CD4*/CD25"&"/CD127"°" [FoxP3*)
Lymphocytes (%)
Monocytes (%)
Granulocytes (%)
Neutrophils (%)
Eosinophils (%)

AD group Control group p-value
2127.6 £+ 6736.6 703 £ 72.4 ns

65.6 £9.7 61.3 + 10.1 ns

19.7 £9.2 26.7 £ 12.4 ns
387+ 7.6 344 1+ 8.4 ns

254 +5.6 24.8 + 10.6 ns

1.6 + 0.6 1.7+ 1.1 ns

9.6 +5.0 92+39 ns
21+ 18 14+ 14 ns
6.7+33 50+45 ns

0.41 +0.26 2.81 +2.19 0.00001
447 +16.2 39.8 +11.3 ns
74+ 1.7 8.6 +22 ns

47.1 £ 16.2 509 +11.9 ns
40.7 £ 17.2 47.1 +12.2 ns

6.2 +4.5 35+24 0.06

Data are means + SD, NKT natural killer T cells, ns nonsignificant (p > 0.05)

Table 2 Associations between vitamin D content and
immunological cellular indices in children with atopic
dermatitis

Vitamin D p-value
CD3 —0.09 ns
CD19 0.39 ns
CD4 0.31 ns
CD8 —0.62 p < 0.05
CD4/CD8 ratio 0.66 p < 0.05
CD16/56 -0.42 ns
NKT —0.39 ns
CD3 anty-HLA DR3 —0.43 ns
Tregs 0.36 ns

NKT natural killer T cells, Tregs T-regulatory cells, ns
nonsignificant (p > 0.05)

and development of allergic diseases. Regulatory
T cells CD4"CD25" are a heterogeneous subpop-
ulation of lymphocytes formed in both thymus
and peripheral tissues. These cells show the abil-
ity to suppress a variety of target cells. There are
a lot of proposed markers that could distinguish
Tregs from the lymphocyte population. The most
characteristic markers are the occurrence of
CD25 (o chain of the IL-2 receptor), Foxp3
(forkhead box P3), CD152 (cytotoxic T cell anti-
gen 4), GITR (glucocorticoid-induced TNFR
family related gene) and the lack of CD127
(receptor of IL-7) protein. In the physiological

condition, Tregs have the ability to maintain
immunological tolerance by modulation of CD4*
T cells, CD8" T cells, macrophages, NK cells,
and the dendritic cells function (Sledz-
Gawronska 2010; Bacchetta et al. 2007). In
atopic dermatitis, a decreased amount and
attenuated function of Tregs have been observed
(Lesiak et al. 2012; Samochocki et al. 2012;
Hijnen et al. 2009; Szegedi et al. 2009). Tregs’
dysfunction may be caused by mutations of the
nuclear factor Foxp3 (Lyons et al. 2015). Addi-
tionally, staphylococcal colonization of the skin
of patients with atopic dermatitis may modulate
Tregs’ function (Boguniewicz and Leung 2011).
The results of the present study confirm the partic-
ipation of regulatory T cells in allergic diseases as
the number of Tregs was significantly lower in
children with atopic dermatitis.

It is well established that activated CD4 cells,
producing Th2 cytokines such as IL-4, IL-5, and
IL-13, play a key role in allergy. These cytokines
lead to overproduction of IgE and eosinophils
(Gittler and Shemer 2012; Brandt and Sivaprasad
2011). In the acute phase of atopic dermatitis,
skin biopsies are marked by perivenular
infiltrates,  predominantly  consisting  of
lymphocytes and occasional —monocytes.
Lymphocytes are primarily CD4", CD45RO",
and CLA™, which suggests their previous contact
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with antigens (Sampson 2001). Hamid et al.
(1994) have shown the increased expression of
IL-4 and IL-13, the cytokines produced by the
CD4 cells, in skin specimens collected during the
acute phase of atopic dermatitis. In the present
study, the amount of CD4 cells also was greater
in children with atopic dermatitis, although the
increase failed to reach statistical significance.

Studies indicate a deficiency of IFN-y, a com-
ponent of the atopic dermatitis pathogenesis
(Gros et al. 2011). It is known that CD8™" cells
are a source of IFN-a (Machura et al. 2008). CD8
T lymphocytes and T helper cells have recently
been divided into two groups: the cells secreting
Thl-like cytokines, known as Tcl, and the cells
secreting Th2 cytokines, known as Tc2
(Romagnani 1997). A reduced level of Tcl
cells, which have a high cytotoxic capacity,
may be associated with enhanced propensity for
skin infections in patients with atopic dermatitis
(Lacour and Hauser 1993). In addition, Tc1 cell
deficiency leads to the overproduction of IgE due
to Tcl capacity to regulate immunoglobulins. On
the other hand, the number of Tc2 cells is not
reduced in atopic dermatitis, as the production of
Th2 cytokines, like IL-4 and IL-10, increases.
Such quantitative and functional disorders of
CD8" T cells are conducive for IgE antibody
excess and skin infections in atopic dermatitis
patients (Novak and Leung 2016; Kemeny et al.
1994). In the present study, no significant differ-
ence in the level of CD8" cells between the two
groups was reveal, which may be due to the
heterogeneity of this subpopulation of
lymphocytes and the superiority of Tc2 over
Tcl cells in atopic dermatitis.

The influence of vitamin D on atopic dermati-
tis is related to the presence of a nuclear receptor
for vitamin D in various immune-related cells.
Bikle (2009) has shown that vitamin D might
affect the expression of genes responsible for
the proliferation of dendritic cells, macrophages,
and other antigen presenting cells. In addition,
vitamin D inhibits synthesis of IL-12 and IL-23,
thereby reducing the number of Th1 cells (Baeke
et al. 2010). It has also been shown that vitamin

D increases the expression of antiphlogistic
cytokines, IL-4, IL-5, and IL-10, and leads to
the differentiation of CD4 regulatory T-cells, all
of which plays a significant role in reducing
allergic reactions. A number of studies have
demonstrated the influence of vitamin D on the
course of atopic dermatitis. The results, however,
are often contradictory. Javanbakht et al. (2011)
have demonstrated that vitamin D supplementa-
tion alleviates symptoms of atopic dermatitis
compared with placebo, using the SCORAD
index of disease severity. Likewise, a Japanese
cohort study has shown a reduced risk of atopic
dermatitis in early childhood in children of
mothers being supplemented with vitamin D dur-
ing pregnancy (Miyake et al. 2010). In contrast,
Bick et al. (2009) have shown that vitamin D
supplementation in infancy is associated with
increased risk of atopic dermatitis at 6 years
of age.

In the present study, we did not observe a
significant correlation between the serum vita-
min D content and severity of atopic dermatitis.
However, we noticed an appreciable enhancing
effect of a higher content of vitamin D on the
CD4/CD8 ratio. That effect may counter the
notion of vitamin D protection against allergic
diseases, which should be further explored in
bigger population samples.

In conclusion, this study demonstrates that
regulatory T cells were much reduced in children
with atopic dermatitis compared with healthy
population, which confirms these cells’ role in
the pathogenesis of allergy. On the other side, we
failed to confirm the beneficial influence of vita-
min D on the severity of atopic dermatitis.
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Abstract

Tumor angiogenesis is an important link in the process of tumor growth
and metastasis. A number of substances with an anti-angiogenic activity
has been described, but their efficiency remains low. Many researchers
believe that a better therapeutic effect could be achieved using a cocktail
of several anti-angiogenic agents, having different points of action. A lot
of synthetic and natural products of plant and animal origin have anti-
tumor and anti-angiogenic properties. The aim of the present study was to
evaluate the effect of some combinations of angiogenesis inhibitors on the
growth and neovascularization of murine sarcoma L-1 , and on angiogen-
esis induced in the mouse skin by grafting of human renal cancer. The
influence of theobromine, sulindac and its metabolite sulindac sulfone,
chlorogenic acid, and shark liver oil on the afferent and efferent
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angiogenesis pathways was tested. Individually, all of these substances
suppressed tumor growth and angiogenesis. Synergy was found for a
combination of theobromine, sulindac, and chlorogenic acid (L-1 sarcoma
tumor growth), and for theobromine with sulindac sulfone or with shark
liver oil, which were given to the mice grafted with human renal cancer
cells (angiogenesis). No synergistic effects were shown after
preincubation with tumor cells and inhibitors.

Keywords
Angiogenesis ¢ Anti-angiogenic agents ¢ Human renal cancer e
Metastases ¢ Murine sarcoma ¢ Neovascularization ¢ Tumor cells e

Tumor growth

1 Introduction

Tumor angiogenesis is an important link in the
process of tumor growth and metastasizing. Cells
of a growing tumor require a continuous nutrient
supply that is accomplished by an increased
blood flow. Nonetheless, central part of a grow-
ing tumor becomes hypoxic, which results in
release of hypoxia-inducible factors (HIFs) that
encode for synthesis of angiogenic growth
factors, endothelial cell activation in adjacent
blood vessels, and degradation of the extracellu-
lar matrix, as schematically shown in Figs. 1 and
2 (Saaristo et al. 2000).

Anti-angiogenic therapy represents one of the
more promising approaches to anticancer treat-
ment. As demonstrated previously, L-1 sarcoma
is a perfect experimental model that may be used
to assess the influence of various substances of
synthetic and natural origin upon the tumor
growth and its cells activity (Skopinska-
Roézewska et al. 2007). A variety of compounds
present in plant-contained foods and beverages
have anti-cancer properties (Ebrahim and El
Sayed 2016; Li et al. 2016; Sagar et al. 2006a,
b; Kandaswami et al. 2005; Kamei et al. 1996).
The cellular mechanisms of these properties con-
sist of receptors for growth factors, synthesis of
pro-angiogenic factors, and cell proliferation and
apoptosis. Vegetal inhibitors of angiogenesis,
such as catechins, gallocatechins,
methyloxantines, or triterpenoid ursolic acid are
common dietary components present in herbs,

tea, or chocolate. Fruits, e.g., grapes and apples
are rich in resveratrol. Caffeic and chlorogenic
acids are widely distributed in the plant world or
are constituents of an easily available raw mate-
rial, e.g., convallamaroside is obtained from
rhizomes of the Convallaria majalis (Lily of the
Valley) (Nartowska et al. 2005).

Skopinski et al. (2004) have demonstrated that
some of these substances suppress neovascu-
larization induced in the mouse model by intra-
dermal injection of a serum obtained from
patients with diabetic retinopathy. The strongest
anti-angiogenic effect has been observed with the
use of a mixture of a few natural components
containing a sulfone derivative of sulindac, a
non-steroid  anti-inflammatory drug. These
substances also suppress the angiogenic activity
of vascular endothelial growth factor (VEGF),
fibroblast growth factor (bFGF), and
interleukin-18 (IL-18) in experiments performed
in the same experimental model of cutaneous
angiogenesis (Skopinski et al. 2005).

One of the most widespread plant compound
is chlorogenic acid. Previously, we have
described an inhibitory effect of this polypheno-
lic acid in ex vivo angiogenic activity of human
ovarian cancer cells and in their in vitro synthesis
of bFGF and VEGF (Batan et al. 1999). More
recently, other studies have demonstrated that
this phenolic acid is a strong metalloproteinase
-9 inhibitor (Jin et al. 2005), has anti-angiogenic
effects on choroidal neovascularization (Kim
et al. 2010), decreases retinal vascular
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inducible factor-1la (HIF-1a) has a central role in induc-
ing transcription of genes that are involved in angiogene-
sis, including vascular endothelial growth factor (VEGF)
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Fig.2 Regulation of extracellular matrix degradation
in early steps of angiogenesis. EGF vascular endothelial
growth factor, FGF basic fibroblast growth factor, TGFf
transforming growth factor beta, PAl plasminogen

hyperpermeability in the diabetic rat model (Shin
et al. 2013), and suppresses angiogenesis via
inhibition of HIF-1, leading to a reduction in
VEGF expression (Park et al. 2015).

Catepsin

Plasmin

I

— o 2 antiplasmin
e 2macroglobulin
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activator inhibitor, TNFa tumor necrosis factor alpha,
TIMP tissue inhibitors of metaloproteases, PAI-1,2 plas-
minogen activator inhibitor-1 and 2, uPA urokinase-type
plasminogen activator

We have also reported that -catechins,
methyloxantines, alkyloglycerols, and some
other natural compounds, and raw materials and
remedies that contain them, have anti-angiogenic
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and growth-suppressing tumor properties
(Skopinski et al. 2013a, b; Zdanowski et al.
2012; Skopinska-Rézewska et al. 1999, 2003,
2011; Gibka et al. 2010; Pietrosiuk et al. 2004;
Barcz et al. 1998; Gil et al. 1993). A similar
effect is shown by sulindac that, not inhibiting
cyclooxygenase 1 (COX-1) and cyclooxygenase
2 (COX-2), is relatively safe for gastrointestinal
tract and kidneys (Skopinska-Rézewska et al.
1998b).

Tumor-induced angiogenesis (TTA) is an effi-
cient cutaneous test that, in our opinion, is supe-
rior to other in vivo methods used to assess
angiogenesis involving laboratory mice, such as
chorionic test, test on isolated skin flaps, test
using implanted sponge or matrigel, and a cor-
neal test. Using the TIA, we have reported the
anti-angiogenic activity of sulindac and its
metabolites, and of theobromine, catechins in
cocoa tree seeds, salidroside and rosavin
isolated from Rhodiola rhizomes, convalla-
maroside, alkyloglycerols found in the shark
liver oil, chlorogenic acid, and other substances
of natural origin. We have also shown a strong
anti-angiogenic effect of theobromine on cancer
cells (lung, ovary, kidney, and bladder) and on
tumors infiltrating leukocytes (Skopinska-
Roézewska et al. 1999, 1998a). In a model of
ovary cancer, Barcz et al. (2000) have established
that the anti-angiogenic properties of theobro-
mine are dependent on its interaction with A2
adenosine receptors and inhibition of VEGF syn-
thesis. Skopinska-Rozewska et al. (1998b) have
investigated, using the RT-PCR method, the
in vivo effect of theobromine on angiogenic activ-
ity of human urothelial cell line HCV-29,
v-raf transfected, and the in vitro effect of this
drug on VEGEF, and tissue-type (tPA) and uroki-
nase-type (uPA) plasminogen activators mRNA
expression in this cell line. Theobromine
suppresses  angiogenesis, inhibites VEGF
mRNA expression, but it has no effect on tran-
scription of uPA and tPA. Batan et al. (1999) have
presented the inhibitory activity of caffeic and
chlorogenic acids on angiogenic activity and
VEGF and basic fibroblast growth factor (bFGF)
synthesis in cultured ovary cancer cells. A key
role of VEGF and its receptors in tumor
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angiogenesis is now firmly established
(Rapisarda and Melillo 2012) and also confirmed
in the studies on new therapeutics designed to
inhibit VEGF activity (Petrelli and Giordano
2008; Cook and Figg 2010; Shi et al. 2016).

Novel angiogenesis inhibitors interfere with
various steps in this process. For example,
bevacizumab (Avastin®) is a monoclonal antibody
that specifically recognizes and binds to VEGF.
When VEGEF is attached to bevacizumab, it is
unable to activate the VEGF receptor. Other
angiogenesis inhibitors bind to tyrosine kinase
receptors on the endothelial cell surface, blocking
cellular activities. Inhibition of angiogenic tyro-
sine kinases has been developed as a systemic
treatment strategy for cancer. Three tyrosine
kinase inhibitors, sunitinib, sorafenib, and
pazopanib have been recently approved for treat-
ment of patients with advanced cancer. Other
small molecular inhibitors that target VEGF or
other pathways of angiogenesis are currently
investigated in clinical trials (Shi et al. 2016).
Nonetheless, VEGF inhibitors, wused in
monotherapy, have yielded disappointing results.
It appears that inhibition of one pro-angiogenic
factor can enhance the function of another one,
For instance, VEGF activity increases as a result
of anti-epidermal growth factor therapy or placen-
tal growth factor expression increases after anti-
VEGEF therapy. Another example may be tumor
refractoriness to anti-VEGF therapy due to
upregulation of basic fibroblast growth factor
(bFGF) (Ribatti 2016; Gacche and Meshram
2014; Alessi et al. 2009). On the other side, a
combination of chemotherapy with at least two
synthetic or biological inhibitors of angiogenesis,
which interfere with multiple pathways of cancer
growth, seem of clinical importance (Petrelli and
Giordano 2008).

Yet novel multikinase inhibitors may exert a
range of adverse effects related to the disturbance
of VEGF-dependent physiological functions in
the cardiovascular and renal systems, or having
to do with wound healing and tissue repair. The
appearance of side effects is particularly worri-
some in case of renal cell carcinoma (RCC) as
chemotherapy is of little relevance due to drug
resistance of this most common renal cancer
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(Beaumont et al. 2016; Boissier et al. 2016; Chen
and Cleck 2009). RCC constitutes about 2—3% of
all malignant tumors in adults. According to
global data, RCC is diagnosed in nearly
270,000 persons and 116,000 patients die of it
each year. In Europe, there are 65,000 new cases
and over 25,000 deaths ascribed to RCC annu-
ally. The highest rate is observed in Eastern
Europe and the lowest in Portugal and Spain.
Men fall ill with RCC two times more often
than women do. The incidence in Europe is
14.5/100,000 men and 6.9/100,000 women. In
terms of morbidity, renal cancer is in the sixth
place in men and ninth in women in Poland. RCC
runs an aggressive course and has a poor progno-
sis due to local and systemic invasions. The most
common histological type is clear cell renal can-
cer constituting 70-80% of all kidney cancers.
For limited forms of RCC, nephrectomy is pri-
mary therapy. The treatment basis for advanced
stages is angiogenesis inhibitors, although immu-
notherapy with interferon-a is also used (Rini
et al. 2016).

Systemic anti-cancer treatment with inhibitors
of angiogenesis is of rather limited value and is
reserved primarily for patients with a high base-
line severity of cancer, in which radical treatment
is impossible or not possible, or for patients with
recurrent disease (Choueiri et al. 2016; Tran et al.
2016). The aim of the present study was to eval-
uate the effects on sarcoma L-1 growth and
angiogenesis induced in the mouse skin and on
human renal cancer cells of theobromine, shark
liver oil, chlorogenic acid, and sulindac and its
metabolite sulfone in various combinations or
individually.

2 Methods

2.1 Animals and Drugs

The study protocol was approved by a local Bio-
ethics Committee and all institutional and
national guidelines for the care and use of labo-
ratory animals were followed. The study was
performed in inbred Balb/c female mice,
weighing 20-22 g, aged 8-10 weeks, delivered

from the Polish Academy of Sciences breeding
colony. The mice were housed 3—5 per cage and
maintained under conventional conditions (room
temperature of 22.5-23.0 °C, humidity of
50-70%, and a 12-h day/night cycle), with free
access to standard rodent chaw and water ad
libitum.

The following drugs were used: sulindac sul-
fone (OSI Pharmaceuticals; Melville, NY),
sulindac, theobromine, chlorogenic acid
(Sigma-Aldrich; Poznan, Poland), and shark

liver oil (Ecomer®; ExposanAB, Aneby,
Sweden).
2.2 Sarcoma L-1 Tumor Cells

Sarcoma L-1 cells from an in vitro culture stock
were delivered from Warsaw’s Oncology Center
in Poland. The cells were passaged in vivo twice
on syngeneic Balb/c mice and grafted into Balb/c
mice subcutaneously (106/0.1 ml) into the
subscapular region for the evaluation of tumor
growth or intradermally for angiogenic activity.
The mice were sacrificed with a lethal dose of
pentobarbital (Morbital®; Biowet; Putawy,
Poland) after 2 weeks, the tumors were excised,
cut into small pieces, sieved, and suspended in
5 ml of PBS. The suspension was left for 10 min
at room temperature. After sedimentation, the
supernatant was collected and centrifuged for
10 min at 300 x g. The sarcoma cells obtained
were washed once with PBS for 10 min, then
centrifuged at 300 x g and resuspended in the
Parker medium at a concentration of 10 cells/ml
for tumor growth and 4 x 10° cells/ml for tumor-
induced angiogenesis assays.

2.2.1 Subcutaneous Tumor Growth
Assay

A suspension consisting of two million sarcoma
cells was grafted subcutaneously into the mouse.
On the day of cells grafting and on the following
13 days, the mice were fed with Eppendorf
pipette-delivered theobromine 0.5 mg, or
sulindac 0.2 mg, or chlorogenic acid 0.004 mg,
or a cocktail of these drugs, or distilled water as a
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basal control. The mice were sacrificed after
2 weeks and the tumor mass was estimated.

2.2.2 Cutaneous Angiogenesis Assay
for Tumor-Induced Angiogenesis
(TIA) Test

Multiple 0.05 ml samples of 200,000 cells were
injected intradermally into a partly shaved skin
of Balb/c mice anesthetized with 3.6% chloral
hydrate in a dose of 0.1 ml per 10 g of body mass
(Sigma-Aldrich, Poznan, Poland), at least 3—4
mice per group. To facilitate the localization of
an injection site later on, the suspension was
colored with 0.1% of trypan blue. The mice
were then fed with the above outlined drugs for
3 days, after which time they were sacrificed with
a lethal dose of pentobarbital. All newly formed
blood vessels on the inner skin surface were
identified and counted in one-third of the micro-
scopic central field (a dissection microscope at
magnification of 6x). The identification was
based on the fact that new blood vessels, directed
to the site of cells injection, are thin and dis-
tinctly differ from the background vasculature
in tortuosity and divarications.

23 Cutaneous Angiogenesis
Induced in the Mouse by Cells
Isolated from Human Kidney

Cancer

Kidney cancer cells were obtained during
nephrectomy from four patients with T2G2
claro-cellular renal cell carcinoma. Five gram
of tumor tissue was dispersed mechanically,
followed by enzymatic digestion with 0.1 mg/
ml of collagenase (Sigma-Aldrich; Poznan,
Poland) and 0.001 mg/ml of DNAse (Serva Elec-
trophoresis GmbH, Heidelberg, Germany)
dissolved in PBS, in a magnetic shaker at room
temperature for 45 min. The cell suspension was
then sieved, washed twice in PBS and suspended
in the Parker medium at a concentration of 107/
ml. Viability amounted to 97% of living cells as
assessed with a 0.5% trypan blue exclusion test.
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2.3.1 Experiments with Preincubation
of Cells with Drugs

Cells, isolated as above described, in a concen-
tration of 2 X 106/ml, were suspended in the
Parker medium supplemented with
L-glutamine, Hepes buffer, streptomycin
(100 pg/ml) and penicillin (100 U/ml) in the
presence of 5% fetal bovine serum (FBS)
(Gibco™ media, Thermo Fisher Scientific,
Waltham, MA) and with or without the addition
of the following drugs: theobromine 10 and
20 pg per ml, sulindac sulfone 25, 50, and
100 pM, theobromine 10 pg/ml + sulindac sul-
fone 25 uM, and theobromine 10 pg/ml + sulindac
sulfone 50 pM. The cultures were incubated for:

* 90 min at 37°C, equilibrated with a 5% CO,/
95% air mixture. After washing, samples of
5 x 10° cells in 0.05 ml were transplanted
intradermally into the skin of Balb/c mice; at
least four grafts in one mouse and at least
3 mice for one type of culture. Three days
later the mice were euthanized and newly-
formed blood vessels were counted on the
inner skin surface, using a dissecting
microscope;

e 24 h, washed, and suspended in a fresh culture
medium without drugs and FBS. Then,
incubated for another 24 h and the cells from
supernatants were homogenized with an ultra-
sonic disrupter VirSonic 50 (Virtis; Gardiner,
NY) for 2 min at 22.5 kHz, diluted four times
with the Parker medium and multiple 0.05 ml
samples were transplanted into the skin of
Balb/c mice. Three days later, the mice were
euthanized and newly-formed blood vessels
were counted as above described.

2.3.2 Experiments without
Preincubation

Tumor cells were isolated, homogenized, and

transplanted into the skin of Balb/c mice. Then,

mice received daily for the following 3 days:
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+ theobromine 100 pg in 0.2 ml of PBS subcu-
taneously, or sulindac sulfone 25 pg in 40 pl
of distilled water by gavage, or both drugs;

» theobromine 100 pg in 0.2 ml of PBS, or
Ecomer 0.01 ml, or both drugs.

At the end of third day, mice were euthanized
and newly-formed blood vessels were counted on
the inner skin surface as described above.

24 Statistical Analysis

Data were expressed as means + SE. Statistical
evaluation was performed using an unpaired #-
tests and one-way ANOVA, followed by a post-
hoc Tukey test. An a-level of 0.05 was taken as
indicating statistically significant inter-group
differences. A Combination Index (CI) was
used as the standard quantitative measure of
drug combination effect, with CI = 1
corresponding to additive effect and CI < 1 to
synergism according to Chou (2006). A commer-
cial GraphPad Prism ver. 5 packet was used to
carry out the tests (GraphPad Software, La Jolla,
CA).

3 Results

Figures 3 and 4 demonstrate the results of
experiments performed in the sarcoma L-1
model. There was a highly significant reduction
400
300+ *% *x
200+

100

Tumor mass (mg)

0 T T T T

Number of tumors: 129

Fig. 3 Synergistic effect on tumor mass (CI = 0.73) of
daily administration of theobromine, sulindac, and
chlorogenic acid evaluated for 14 days after L-1 sarcoma
cells transplantation into syngeneic Balb/c mice. Data are

in tumor mass in the mice that received single
inhibitors of angiogenesis such as theobromine,
sulindac, and chlorogenic acid for 2 weeks, with
a synergistic effect in the mice receiving a mix-
ture thereof. Likewise, these drugs significantly
reduced the number of newly-formed blood
vessels in the cutaneous angiogenesis assay.
However, synergy after a mixture of drugs was
not observed here.

In the experiments with human renal cancer
cells, pre-incubated with sulindac sulfone or
theobromine, suppressive effect was obtained
for all concentrations applied, except sulfone
25 pM, during the shorter lasting incubation
(90 min). However, synergy was not observed
in the mice which obtained a mixture of drugs,
irrespective of incubation duration (Figs. 5 and 6)
pg/ml

The synergistic effect was obtained after
administration of a mixture of inhibitors for
3 days in post-transplant homogenates of renal
cancer cells, and after combinations of theobro-
mine with sulindac sulfone and theobromine with
Ecomer (Figs. 7 and 8).

4 Discussion

Sarcoma L-1 tumor was described in the lung of
a Balb/c mouse in 1976 and has since been
maintained in serial passages in vivo and was
also adapted to grow in vitro (Janik 1976). At
present, L-1 sarcoma cells are stored in a cell

E=3 Control

EZ8 Theobromine 0.5 mg

B Sulindac 0.2 mg

[mm Chlorogenic acid 0.004 mg

Theobromine + Sulindac + Chlorogenic acid

means £ SE; one-way ANOVA (p < 0.0001); **p < 0.01
for differences from the control value; CI combination
index
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Fig. 4 Lack of synergistic effect on the formation of
new blood vessels (CI = 1.02) of theobromine, sulindac,
and chlorogenic acid, administered for 3 days to the mice
with intradermal grafts of L-1 sarcoma cells. Data are

bank of the Oncology Center Cells Collection, in
Warsaw, Poland. Using this tumor cell line, we
have described anti-angiogenic effects of
enoxaparin, Aloe vera extracts, various Rhodiola
species, shark liver oil-based remedies, and a
number of other herbal substances. In a study
on PERVIVO, a multi-component digestive
herbal remedy, we have reported a synergistic
effect of this remedy and sulindac (Skopinski
et al. 2013b). However, in the present study
conducted in mouse L-1 sarcoma we failed to
observe synergistic inhibitory effects on angio-
genesis using a combination of several inhibitors
such as theobromine, sulindac, and chlorogenic
acid, despite a significant inhibition of angiogen-
esis exerted by each of them separately. On the
other side, synergism was observed when tumor
growth was evaluated, which is explicable by a
longer period of administration of inhibitors and
the emerging differences in the mechanisms of
their action.

The selection of angiogenesis inhibitors, used
in the present study, was guided by the results of
our and others previous work pointing to specific
sites of action. Theobromine is an inhibitor of
VEGF path and endothelial cell proliferation,
sulindac is an inhibitor of bFGF path and a stim-
ulator of apoptosis of tumor cells and endothelial
cells, chlorogenic acid is an antagonist of both
VEGF and bFGF growth factors and a metallo-9-
proteinase inhibitor (Sugimoto et al. 2014; Tonra
and Hicklin 2007; Verhoef et al. 2006; Barcz
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E= Control

B Theobromine 0.5 mg

B Sulindac 0.2 mg

mm Chlorogenic acid 0.004 mg

Theobromine + Sulindac + Chlorogenic acid

means =+ SE; one-way ANOVA (p < 0.0001);
*p < 0.05; ***p < 0.001 for differences from the control
value; TIA tumor-induced angiogenesis test, CI combi-
nation index

et al. 2000; Barcz et al. 1998; Skopinska-
Roézewska et al. 1998a; D’Angelo et al. 1997;
Gil et al. 1993; Moodie and Martin 1991;
Leitman et al. 1986). Concerning the L-1 sar-
coma mass, the strongest inhibitory effect was
obtained for theobromine, and for angiogenesis
inhibition it was for sulindac. The lack of syner-
gism is possibly explicable by the overlapping
contribution of individual inhibitors on produc-
tion and release of various factors by tumor cells
and the influence of these factors on target and
effector cells. These phenomena should be con-
sidered in case of assays using living tumor cells.
In the present study we attempted to sort out
these phenomena in the experiments where we
used the material obtained during nephrectomy
performed in patients with renal cancer cells. In
two experiments, tumor cells were incubated
in vitro with individual inhibitors or their mix-
ture. After the inhibitors were washed off, mice
were implanted intradermally with viable cells
(after 90 min incubation) or homogenate (after
24 h incubation). In these experiments, two
concentrations of theobromine and of sulindac
appreciably reduced the number of newly formed
blood vessels relative to the baseline level; how-
ever with no signs of synergism. A synergistic
effect was obtained when homogenates of kidney
cancer tissue were administered to mice that
were then treated with the inhibitors for the fol-
lowing 3 days. Synergism appeared in case of
theobromine with sulindac and theobromine with
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Number of newly formed
blood vessels

Number of cell grafts: 92
Number of recepient mice: 23

Fig. 5 Lack of synergistic effect (CI = 0.84) of theo-
bromine and sulfone on angiogenic activity of human
renal cancer cells. Cells were incubated with the drugs for
90 min, then washed and transplanted into the skin of
Balb/c mice. Three days later, the mice were euthanized

*kk

Number of TIA tests: 40

Number of newly formed
blood vessels

Fig. 6 Lack of synergistic effect (CI = 0.91) of theo-
bromine and sulfone on angiogenic activity of human
renal cancer cells. Cells were incubated with the drugs for
24 h, washed and incubated without drugs for the next
24 h. Then, cells with supernatants were homogenized,
and transplanted into the skin of Balb/c mice. Three days

Ecomer combinations. These results suggest that
theobromine, beyond the known action on the
production and release of cytokines by tumor
cells, also acts on host environment and cellular
targets in ways different from those of the other
two anti-angiogenic agents, resulting in a hyper-
additive synergism. The mechanism of theobro-
mine action could have to do with the influence
of c-AMP-dependent protein kinase A (cAMP/
PKA) on the mitogenic action of VEGF and
bFGF in endothelial cells, resulting in suppres-
sion of these cells proliferation by blocking
Raf-1 kinase activation. The cytoplasmic Raf-1
kinase is essential for mitogenic signaling by

£3 Control

EA Sulfone 25 uM

B Sulfone 50 uM

E2 Sulfone 100 uM

[0 Theobromine 10 pg/ml

Theobromine 20 pg/ml

[ED Sulfone 50 uM + Theobromine 10 pg/ml

and newly-formed blood vessels were counted on the
inner skin surface. Data are means + SE; one-way
ANOVA (p < 0.0001); **p < 0.01; ***p < 0.001 for
differences from the control value; CI combination
index

E3 Control cells

=3 Cell cultures - Theobromine 10 pg/ml
E=3 Cell cultures - Sulfone 25 uM

o Cell cultures - Theobromine + Sulfone

later, the mice were euthanized and newly-formed blood
vessels were counted on the inner skin surface. Data are
means =+ SE; one-way ANOVA (p < 0.0001);
##%p < 0.001 for differences from the control value;
TIA tumor-induced angiogenesis, CI combination index

growth factors that couple to tyrosine kinases,
and by tumor-promoting compounds that acti-
vate protein kinase C (PKC) (D’Angelo et al.
1997). The mechanism of sulindac anti-
angiogenic action, on the other side, could have
to do with blocking the bFGF pathway and
inducing endothelial apoptosis and cell cycle
arrest  via  suppression of  peroxisome
proliferator-activated receptor (PPAR) transcrip-
tional pathway (Li et al. 2013; Whitt et al. 2012;
Jakubowska-Mucka et al. 2012; Liou et al. 2008;
Flis et al. 2006; Skopinski et al. 2005; Elwich-
Flis et al. 2003; Haanen 2001; Piazza et al. 2001,
Rogala et al. 2000; Skopinska-Rozewska et al.
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Number of TIA tests: 32

Fig. 7 Synergistic (CI = 0.58) suppressive effect of
theobromine and sulfone on renal cancer cell
homogenate-induced angiogenesis. Tumor cells were
isolated, homogenized and transplanted into the skin of
Balb/c mice. The mice were injected s.c. with theobro-
mine, obtained sulfone by gavage, or both drugs, 100 and
25 pg, respectively, for the following 3 days. Then, mice

20 5

—_
[6)]
i

— [
- -

Number of newly formed
blood vessels
o

were euthanized and newly-formed blood vessels were
counted on the inner skin surface. Data are means +SE;
one-way ANOVA (p < 0.0001); ***p < 0.001 for
differences from the control value (Tukey’s post hoc
test); TIA tumor-induced angiogenesis; CI combination
index

E3 Control
EE) Theobromine 0.1 mg

&= Ecomer 0.01 ml
& Theobromine + Ecomer

*k%k

Number of TIA tests: 80

Fig. 8 Synergistic (CI = 0.78) suppressive effect of
theobromine and Ecomer on renal cancer cell
homogenate-induced angiogenesis. Tumor cells were
isolated, homogenized, and transplanted into the skin of
Balb/c mice. For the following 3 days mice were injected
s.c. with 0.1 mg theobromine, obtained 0.01 ml Ecomer
by gavage, or both drugs. Then, mice were euthanized and

1998a). Sulindac increases the level of cellular
c-GMP, activates c-GMP-dependent kinase and
JNK kinase, and inhibits ERK 1/2, a cellular
signal regulator. By modulating the activity of
kinases, sulindac may induce apoptosis of cancer
cells. Our previous study has shown that sulindac
inhibits growth of transplanted tumors, made up

newly-formed blood vessels were counted on the inner
skin surface. Data are means + SE; one-way ANOVA
(p < 0.0001); ***p < 0.001 for differences from the
control value. Theobromine vs. Theobromine + Ecomer,
p = 0.0207; Theobromine + Ecomer vs. Ecomer,
p = 0.0002 (unpaired t-test); TIA tumor-induced angio-
genesis; CI combination index

of the L-1 sarcoma cell line, after a 14-day
administration to Balb/c mice (Skopinska-
Roézewska et al. 2001). Another study has
demonstrated an inhibitory effect of sulindac
and its derivatives on tumor angiogenesis
induced by kidney cancer cells
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(adenocarcinoma) and non-small cell lung carci-
noma (Rogala et al. 2000).

In case of Ecomer, a preparation of shark liver
oil rich in alkoxyglicerols (ether lipids), anti-
angiogenic and anti-tumor effects could be
connected to growth restrain and apoptotic activ-
ity (Pedrono et al. 2004; Skopinska-Rézewska
et al. 1999, 2003; Jackson et al. 1998; Vogler
et al. 1998; Brohult et al. 1970). In the literature,
there have been reports on synergistic effects of
inhibitors of tumor growth (Pozdeyev et al. 2015;
Wang et al. 2014; Yeong et al. 2014; Chougule
et al. 2011; Li et al. 2009; Heider et al. 2008;
Santini et al. 2006; Suganuma et al. 1999). Such
studies, however, rarely tackle the issue of angio-
genesis. Yang et al. (2003) have demonstrated
that the antibiotic novobiocin has an anti-
angiogenic activity that may be enhanced by a
combination with vincristine. A synergistic
effect of the heparanase inhibitor SST0001 in
combination  with anti-angiogenic  agents
(bevacizumab and sunitinib) has been observed
in xenografts of pediatric sarcoma growth
(Cassinelli et al. 2013). The present study adds
up to those observations the synergistic anti-
angiogenic effects of theobromine combined
with sulindac sulfone and or with Ecomer.
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Abstract

Information on solitary rectal ulcer syndrome (SRUS) in children is
limited and based on case reports only. This study was undertaken with
the objective of describing the clinical history, symptoms, diagnostic
work-up, and treatment of a large case series of pediatric patients with
SRUS. The study was multi-center and retrospective. All pediatric
endoscopists in Poland were invited to participate in the study and were
asked to look through their endoscopic databases to identify SRUS cases
from the last 10 years. The charts of SRUS patients were reviewed with
respect to demographic data, and endoscopic and histological findings.
Additionally, treatment methods and outcomes were assessed. In total,
31 patients (18 males, mean age of 13 years, range 5-18 years) were
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included in the study. All patients reported rectal bleeding. Other common
symptoms included: abdominal pain (64.5%), perianal pain (54.8%), and
passage of mucus (51.6%). The diagnostic work-up lasted from 1 to
48 months. Colonoscopic findings revealed rectal ulceration in 96.8% of
patients. Therapeutic approaches included: high fiber diet (64.5%),
laxatives (54.8%), topical corticosteroids (63.3%), 5-aminosalicylates
administered orally and topically (29.1% and 96.8%, respectively),
sucralfate (9.7%), and a biofeedback training (6.6%). Endoscopic argon
plasma coagulation was performed in 2 patients and surgical intervention
was necessary in 4 of them. Treatment was unsuccessful in 36% of
patients. The findings of this study indicate that SRUS is rare in pediatric
population, its diagnosis may be considerably delayed, and the treatment

applied is often ineffective.

Keywords

Solitary rectal ulcer syndrome ¢ Children ¢ Rectal bleeding

1 Introduction

Solitary rectal ulcer syndrome (SRUS) is a rare
disease in both adults and children. Although the
pathophysiology of SRUS is unknown, there are
several factors that could explain the presence of
ulceration in the rectum. Firstly, SRUS could be
a result of paradoxical contraction of pelvic floor
(Mackle and Parks 1986). The excessive
straining generates a high intrarectal pressure
which pushes the anterior rectal mucosa into the
contracting puborectalis muscle resulting in pres-
sure necrosis of rectal mucosa. As a conse-
quence, the anterior rectal mucosa is forced into
the closed anal canal forming congestion, edema,
and ulceration. The excessive straining may also
result in local intussusceptions; another explana-
tion of SRUS creation. Secondly, external anal
sphincter may produce abnormal pressure
gradients in the opposite direction which results
in abnormal defecation leading to SRUS
(Al-Brahim et al. 2009). Thirdly, there is grow-
ing evidence demonstrating thickened internal
anal sphincter, abnormal balloon expulsion test,
and abnormal sphincter relaxation as a typical
feature in SRUS (Sharma et al. 2014; Halligan

et al. 1995). Finally, direct trauma by repetitive
self-digitation is also considered as a cause of
SRUS. Interestingly, a significant group of
patients with SRUS can benefit from behavioral
therapy, which suggests the role of psychological
factors in SRUS development. Obviously, coex-
istence of more than one of these pathogenic
factors is liable to take place.

SRUS is children an area of limited knowl-
edge that is mostly based on case reports. There-
fore, the objective of this study was to describe
the clinical history, symptoms, diagnostic work-
up, and the treatment options applied in a large
case series of pediatric patients.

2 Methods

This study was approved by the Clinical
Research Ethics Committee of the Medical Uni-
versity of Warsaw, Poland. It was a retrospective,
multi-center study. All 16 pediatric endoscopy
centers in Poland were invited to participate.
Each center received an email invitation and
was asked to examine their endoscopic databases
to identify SRUS cases in the 2005-2015 decade.
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Table 1 Symptoms of SRUS at diagnosis

Symptom n = 31(100%)
Rectal bleeding 31 (100%)
Abdominal pain 20 (64.5%)
Perianal pain 17 (54.8%)
Passage of mucus 16 (51.6%)
Constipation 14 (45.2%)
Diarrhea 14 (45.2%)
Straining at stool 14 (45.2%)
Sensation of incomplete defecation 11 (35.5%)
Rectal digitation 6 (19.4%)
Rectal prolapse 5 (16.1%)

SRUS Solitary rectal ulcer syndrome

The invitations were sent off three times at a
2-month interval. The patients’ charts were
reviewed with regard to age at diagnosis, sex,
history of illness and clinical presentation, and
the endoscopic and histological findings. Addi-
tionally, treatment methods and outcomes were
assessed.

The identified patients consisted of children
and teenagers under the age of 18 years,
inpatients or outpatients diagnosed with SRUS
and treated as such. Diagnosis of SRUS was
based on characteristic endoscopic and histolog-
ical findings. Lesions on the endoscopic findings
were divided on the basis of number as solitary or
multiple and on the basis of appearance as ulcer-
ative, polypoidal/nodular, or erythematous
mucosa only. The histological criteria included
muscularization and fibrosis of the lamina
propria with splayed smooth muscle extending
between crypts, misshapen crypts, and thickened
mucosal layer. Acute inflammation referred to
the presence of neutrophils in the lamina propria
and glands while chronic inflammation was
characterized by lymphoplasmacytic infiltrate in
the lamina propria.

3 Results

Nine out of the 16 endoscopy centers responded
to the invitation to participate in the study. In
total, 31 patients (F/M — 13/18, mean age
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13 years, range 5-18 years) were identified. All
patients reported rectal bleeding. Symptoms of
SRUS are presented in Table 1. The whole diag-
nostic work-up lasted from 1 to 48 months (mean
10 = 10(SD) months), including the time of
symptoms duration before referral to the center
where the final diagnosis was confirmed.

All children underwent colonoscopy with
multiple biopsies (Table 2). Colonoscopic
findings revealed various types of ulceration in
96.8% patients. Abnormal findings included:
plain ulcers (32.2%), polyps with ulcers
(22.6%), or a combination of different type of
lesions. Singular ulcers were present in
19 (61.3%) patients but two of them had also
polypoid lesions. Multiple ulcers (from 2 to 4)
were described in six (25.8%) patients. In one
case the only abnormality was erythema
consisting of a flat, well-separated inflamed
region. Other patients presented with a combina-
tion of different type of lesions. In all patients,
endoscopic changes were located up to the sig-
moid colon from the anal orifice, with the aver-
age distance of 8.7 cm. Biopsies showed
different histological features consistent with
diagnosis of SRUS.

In addition to colonoscopy and histological
examination, 13% of patients underwent
defecography and dynamic magnetic resonance
(MRI). Anorectal manometry was done in 23%
of patients. The results of these examinations
supported diagnosis of SRUS.

Therapeutic approaches included the follow-
ing: high fiber diet (64.5%), laxatives or stool
softeners  (54.8%), topical corticosteroids
(63.3%), sulfasalazine or mesalazine
administered orally and topically (29.1% and
96.8%, respectively), sucralfate (9.7%), and a
biofeedback training (6.6%). Endoscopic argon
plasma coagulation was performed in two
patients and surgical intervention was necessary
in four of them. Table 3 contains summary of
applied therapeutic methods and their effective-
ness. All therapeutic methods mentioned above
were used separately or in different
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Table 2 Endoscopic and histologic findings

Endoscopic findings

Location/
Symptoms | Distance
duration from anal
No. | Gender | (months) orifice (cm) Appearance Histology
1 F 18 Rectum/NA | 3 ulcers of up to 5 mm, Lamina propria fibrosis
polyp
2 M 6 Rectum/NA | 4 ulcers of up to 5 mm Lamina propria fibrosis, thickening of
muscularis mucosa, focal superficial
necrosis
3 F 2 Sigmoid 1 ulcer of 30 mm Vascular ectasia with inflammation
colon,
rectum/
10 cm
4 F 9 Rectum/NA 2 ulcers of 16 and 18 mm Surface ulceration with inflammation
5 M 24 Rectum — 2 ulcers of up to 15 mm Inflammatory infiltrate of lamina
posterior propria
wall/NA
6 M 6 Rectum/NA | 1 ulcer of 20 mm Surface ulceration with inflammation
7 M 16 Rectum/ Multiple polyps and Lamia propria fibrosis, misshapen
10 cm erosions affecting ¥ of crypts, thickening of muscularis
rectum circumference mucosa, inflammatory infiltrate of
lamia propria, focal dysplasia
8 M 6 Rectum — Longitudinal ulcer of Misshapen crypts, inflammatory
anterior wall/ | 25 mm; aggregation of infiltrate of lamina propria
NA several polyps
9 M 24 Rectum/4 cm | Several erosions affecting /2 | Misshapen crypts, inflammatory
of rectum circumference; infiltrate of lamina propria
polyp of 10 cm
10 |F 3 Rectum — 1 ulcer Mixed inflammatory infiltrate
anterior wall/
NA
11 |F 6 Rectum/8 cm | Flat, irregular ulceration Inflammatory infiltrate of lamina
propria
12 |F 1 Rectum/1 cm | Deep ulceration of 8-10 mm | Inflammatory infiltrate of lamina
propria
13 F NA Rectum/ Ulcer of 20 mm Mild inflammation
8-10 cm
14 |F 1 Rectum/ Ulcer of 5-7 mm Inflammatory infiltrate of lamina
10-11 cm propria
15 |M 24 Rectum/ Multiple polyps and Lamina propria fibrosis, misshapen
10 cm erosions affecting in crypts, thickening of muscularis
continuity of whole rectum | mucosa, inflammatory infiltrate of
circumference lamina propria. Focal mild dysplasia in
polyp
16 |F 3 Rectum/NA | Ulcer of 10 mm Inflammatory infiltrate of lamia propria
17 |M 1.5 Rectum/NA | 2 ulcers of 80 and 40 mm Lamina propria fibrosis, thickening of
muscularis mucosa, inflammatory
infiltrate of lamia propria
18 |M 12 Rectum/NA | Polyp with ulceration of Lamina propria fibrosis, inflammatory
40 mm infiltrate of lamia propria
19 |F 14 Rectum — Ulcer of 14 x 16 mm Lamina propria fibrosis, inflammatory

anterior wall/
8 cm

infiltrate of lamina propria

(continued)
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Table 2 (continued)

Endoscopic findings

3 ulcers of 10 x 8 mm, 6 x

Ulcer of 10 x 8 mm

Ulcer of 30 x 30 mm

Ulcer of 40 x 30 mm

2 polyps with ulcerations of
10 x 10 mm, 5 x 5 mm

2 ulcers of 15 x 15 mm,

1 flat lesion of 20 mm

1 ulcer of 30 x 25 mm

1 ulcer of 32 x 30 mm

Location/
Symptoms | Distance
duration from anal
No. | Gender | (months) orifice (cm) | Appearance
20 M 5 Rectum —
anterior wall/ | 8 mm, 6 x 6 mm
5cm
21 |F 10 Rectum —
anterior wall/
8 cm
22 |F 6 Rectum/NA
23 |F 4 Sigmoid
colon,
rectum/NA
24 |F 4 Rectum/NA
25 |M 18 Rectum —
posterior 10 X 5 mm
wall/NA
26 |M 48 Rectum —
anterior wall/
10 cm
27 |M 4 Rectum/ 1 ulcer of 10 mm
10 cm
28 |M 4 Rectum/8 cm | 1 ulcer of 20 mm
29 M 2 Rectum/8 cm | 1 ulcer of 15 mm
30 |M 11 Rectum —
anterior wall/
13 cm
31 M 7 Rectum —
anterior wall/
9 cm

NA data not available

Histology

Lamina propria fibrosis, misshapen
crypts, thickening of muscularis
mucosa, inflammatory infiltrate of
lamina propria

Lamina propria fibrosis, misshapen
crypts, thickening of muscularis
mucosa, inflammatory infiltrate of
lamia propria

Lamina propria fibrosis, misshapen
crypts. Granuloma

Lamina propria fibrosis, misshapen
crypts; granuloma
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Lamina propria fibrosis, inflammatory

infiltrate of lamina propria

Misshapen crypts, inflammatory
infiltrate of lamina propria

Inflammatory infiltrate of lamina
propria

Inflammatory infiltrate of lamina
propria

Thickening of muscularis mucosa,
inflammatory infiltrate of lamina
propria

Inflammatory infiltrate of lamina
propria

Inflammatory infiltrate of lamina
propria

Inflammatory infiltrate of lamina
propria

constellations. Healing was confirmed endoscop-
ically. Treatment was primarily unsuccessful or
relapse occurred in 36% of patients.

4 Discussion

Recognition of SRUS in childhood is rare in
Poland. There are no data on the prevalence of
SRUS in this population. However, taking into

consideration that between 2005 and 2015
approximately 32,000 colonoscopies were
performed in children, even though we are not
convinced we were able to report all SRUS
patients due to a retrospective design of this
study and possible misdiagnosis, we can estimate
that SRUS is diagnosed in 1 per 1000
colonoscopies (Woynarowski et al. 2008, 2013).
Other authors also underline a low frequency of
this condition among both children and adults
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Table 3 Treatments applied and their effectiveness in SRUS patients

Type of treatment

High fiber diet 20
Laxatives 17
Topical corticosteroids 19
Sulfasalazine or mesalazine topical 30
Sulfasalazine or mesalazine oral 9
Sucralfate 3
Biofeedback training 2
Endoscopic argon plasma coagulation 2
Surgical operation 4
Shortening of time in toilet 14
Avoiding of rectal digitation 5

SRUS solitary rectal ulcer syndrome

(Urganc: et al. 2013; Dehghani et al. 2012; Perito
et al. 2012; Suresh et al. 2010; Al-Brahim et al.
2009; Ertem et al. 2002). Variability of
symptoms, which obscures clinical picture and
raises diagnostic difficulties, partially contributes
to this situation. Clinical presentation often
suggests other more common conditions as con-
stipation or inflammatory bowel diseases. Differ-
ential diagnosis also includes infections, juvenile
polyps, or sexual abuse. Family doctors or even
gastroenterologists quite frequently do not sus-
pect the diagnosis of SRUS, so that the condition
may be misdiagnosed. In our group of patients,
the main reason for hospitalization was rectal
bleeding that seems the most common clinical
manifestation of SRUS (Abid et al. 2012; Kc
et al. 2008). Other symptoms such as abdominal
pain, passage of mucus, constipation, diarrhea,
straining at stool, feeling of incomplete defeca-
tion, and rectal digitation were recorded with
similar frequency as in other reports (Blackburn
et al. 2012). None of our patients were asymp-
tomatic or presented with anal fissure. Asymp-
tomatic individuals are mostly reported among
adult population, as they are incidentally
diagnosed during cancer-screening colonoscopy
(Tjandra et al. 1992). Anal fissure may occur as a
result of constipation and contribute to the blood
loss (Al-Brahim et al. 2009), but no pediatric
case report has described this complication. To
summarize, we can confirm that in children, akin
to adults, the most common symptom of SRUS is
rectal bleeding.

Patients treated (n)

Healing full or partial (n; %)
9 (45.0)
9 (52.9)
12 (63.2)
14 (46.7)
7 (77.8)
2 (66.7)
1 (50.0)
0 (0)

4 (100.0)
4 (42.8)
2 (40.0)

Both clinical symptoms and endoscopic
findings are not specific for SRUS, which
underlines the necessity for histological diagno-
sis. Although all lesions in the series of cases
herein presented were located in the rectum,
some of them spread to the sigmoid colon. More-
over, not all of them were either solitary or ulcers
as the condition name would suggest. Similar
observation have been reported by other authors
(Dehghani et al. 2012; Perito et al. 2012; Saadah
et al. 2010; Ertem et al. 2002).

Histopathological findings, such as smooth
muscle hyperplasia in lamina propria, hyperpla-
sia of muscularis mucosae, surface ulceration,
distortion of crypts architecture, or ectasia of
superficial capillaries, were consistent with
those previously described in pediatric SRUS
cases (Dehghani et al. 2012; Perito et al. 2012).
These changes are akin to those reported in the
adult population. Some authors underline the
difficulties in distinguishing SRUS from the
inflammatory bowel disease (IBD) affecting
only the distant rectum (Perito et al. 2012;
Sharara et al. 2005). In SRUS, contrary to IBD,
inflammatory infiltrate in lamina propria is not
very advanced and muscular hyperplasia is com-
mon. Histological changes may facilitate final
diagnosis, particularly in clinically atypical
patients. Misdiagnosis may lead to the unjustified
use of immunosuppressive drugs ineffective in
SRUS treatment. On the other hand, some
authors report a coexistence of SRUS and ulcer-
ative colitis (Perito et al. 2012; Arhan et al.
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2010). We failed to observe such a case in the
group of patients presented. It is noteworthy that
SRUS diagnosis, even in the absence of
symptoms, always requires a full
ileocolonoscopy with multiple biopsies.
Additional diagnostic procedures such as
defecography, transrectal ultrasonography,
dynamic MRI, or more recently endoscopic
ultrasound, are reported useful in the diagnosis
of SRUS. Both dynamic MRI and defecography
enable to detect pelvic floor dysfunction,
rectocele, and rectal intussusception or prolapse.
Completeness of stool evacuation can be
obtained only from the defecography. Anorectal
manometry and electromyography provides the
information about recto-anal inhibitory reflex,
pressure profiles, defecation dynamics, rectal
compliance, and the sensory threshold. These
studies are so far rarely performed in the pediat-
ric population. Our present retrospective study
confirmed that observation as these procedures
had been performed only in a handful of patients.
Blackbourn et al. (2012) have reported good
results of behavior modification employed as
adjunct treatment in SRUS. The improvement
observed in 88% of patients consisted of fewer
visits to the toilet, less time spend at defecation,
and the encouragement not to persist with inef-
fective straining. Those authors have speculated
that less tendency to repeatedly ineffectually
strain breaks the vicious cycle of this condition.
They also underline the need for maintaining
compliance to prevent a relapse. All of our
patients presented were advised to spend less
time at defecation and to avoid straining and
digital evacuation, but only few followed the
doctor’s instructions. The treatment, most fre-
quently, consisted of topical 5-aminosalicylates
or mesalamine. Another pharmacotherapy
consisted of laxatives and stool softeners, oral
S-aminosalicylates or mesalamine, rectal
corticosteroids, and sucralfate enemas. SRUS
treatment is often unsuccessful, treatment
modalities are not well established, and treatment
data are meager in both children and adults. Until
now, only have three prospective studies on
SRUS been performed. None of those studies
include children. Two observational studies

have involved 12 patients treated with sucralfate
enemas and 13 patients treated with a biofeed-
back (Malouf et al. 2001; Vaizey et al. 1997).
Both sucralfate enema and biofeedback seem an
effective initial treatment, but the long-lasting
effect is questionable. In the only randomized
trial to-date, 24 patients received a high-fiber
diet, biofeedback therapy, and argon plasma
coagulation (APC) or a high-fiber diet and bio-
feedback therapy alone (Somani et al. 2010). The
authors have concluded that APC contributes to
the healing process in SRUS patients.

The assessment of a specific treatment method
is difficult as the treatments were used separately
or in different combinations. Previous studies
report a relief of symptoms achieved in some
patients using a sucralfate enema (Dehghani
et al. 2008; Zargar et al. 1991; Kochhar et al.
1990). In the present series of pediatric SRUS
patients, enemas of sucralfate suspension were
used only in three cases, with a good result. A
biofeedback training, another previously
employed therapeutic method in SRUS patients
(Iwanczak et al. 2003; Vaizey et al. 1997), was
used in the present study only in two patients,
also with a good result. Endoscopic and surgical
treatment were used occasionally; the latter
provided a good effect. Although the present
study describes the biggest group of pediatric
SRUS cases yet, the number of patients remains
still too small to create any guidelines. The main
limitation of this study is a retrospective collec-
tion of data. Clinical aspects of SRUS in chil-
dren, real effectiveness of treatment, and a way
to improve the long-term follow-up care ought to
be established in carefully planned prospective
investigations; the more so that SRUS is a
difficult-to-treat condition and relapses often
occur.

In conclusion, this study demonstrates that the
diagnosis of SRUS is rare in the pediatric popu-
lation and may be considerably delayed. The
need arises to increase the awareness of
endoscopists and pathologists to consider the
presence of this entity in differential diagnosis.
There is a lack of controlled studies and
standards of therapeutic approach to SRUS in
children. Multi-center studies are required to



112

explore details of clinical course and appropriate
treatment in children suffering from SRUS.
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Abstract

Articular cartilage injuries lead to progressive degeneration of the joint
with subsequent progression to osteoarthritis, which currently becomes a
serious health and economic issue. Due to limited capability for self-
regeneration, cartilage repair remains a challenge for the present-day
orthopedics. Currently, available therapeutic methods fail to provide
satisfactory results. A search for other strategies that could regenerate a
hyaline-like tissue with a durable effect and adequate mechanical
properties is underway. Tissue engineering strategies comprise the use
of an appropriately chosen scaffold in combination with seeding cells.
Mesenchymal stem cells (MSC) provide an interesting new option in
regenerative medicine with solid preclinical data and first promising
clinical results. They act not only through direct cartilage formation, but
also due to paracrine effects, such as releasing trophic factors, anti-
inflammatory cytokines, and promoting angiogenesis. The MSC can be
applied in an allogeneic setting without eliciting a host immune response.
Out of the various available sources, MSC derived from Wharton’s jelly
of an umbilical cord seem to have many advantages over their
counterparts. This article details a novel, single-staged, and minimally
invasive technique for cartilage repair that involves dry arthroscopic
implantation of scaffold-embedded allogenic mesenchymal stem cells
isolated from umbilical cord Wharton’s jelly.
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1 Introduction

Cartilage degeneration is a significant and grow-
ing problem of modern orthopedics that creates a
serious economic burden and becomes a growing
public health issue. Even minor cartilage defects
could lead to bone-on-bone contact and knee
malalignment resulting in osteoarthritis, which
is a leading cause of pain and disability among
older population (Lawrence et al. 2008). With
longer life expectancy, aging population, and
increasing obesity, the prevalence of osteoarthri-
tis appreciably rises (Cross et al. 2014). The goal
of the successful regeneration is to preserve nat-
ural abilities of native -cartilage including
mechanical and functional properties of the
knee as a weight-bearing joint. Moreover, the
desired effect should be long-lasting. Achieving
a successful reconstruction of cartilage tissue still
remains a challenge due to its avascular and
aneural nature that highly limits intrinsic regen-
erative capacity (Leijten et al. 2013). Several
therapeutic approaches have been carried out to
address cartilage regeneration, but they fail to
fulfill clinical needs. Due to dissatisfying results,
there is a need of employing novel, more effec-
tive therapeutic techniques. Recent advances in
stem cell engineering have led to clinical appli-
cation of various cell types with different meth-
odological approaches and promising, yet
conflicting results. Herein we present a novel
method for cartilage regeneration with umbilical
cord Wharton’s jelly-derived mesenchymal stem
cells, a collagen scaffold, and dry arthroscopy
technique.

2 Scientific Rationale
2.1 Mesenchymal Stem Cells -
Definition and Properties

Mesenchymal stem cells (MSC) are considered
to be promising in tissue engineering. According
to the guidelines the International Society for
Cellular Therapy, MSC ought to be plastic-
adherent during standardized culture conditions,
express CD105, CD73, and CD90, be negative
regarding lineage antigens (CD45, CD34, CD14,
CD19, and HLA-DR), and be able to differenti-
ate  into  osteoblasts, adipocytes, and
chondroblasts (Dominici et al. 2006). They are
considered weekly or non-immunogenic due to
low expression of class I HLA and no expression
of class II HLA and co-stimulatory molecules,
and thus can be applied in an allogeneic setting
(Law and Chaudhuri 2013). A study on MSC
immunogenicity revealed that, when given
intra-articularly to S5-year-old mares as an
autologous, allogeneic, or even xenogeneic
material, they elicit a host immune response
only after re-exposure to xenogeneic cells. No
arthroscopic or histologic changes in synovium
have been detected (Pigott et al. 2013). Due to
low immunogenicity, MSC in combination
with biomaterials could constitute a tissue-
engineered product available for off-the-shelf
application.

2.2 Wharton's Jelly as Abundant
Source of Mesenchymal Stem

Cells

Wharton’s jelly is a gelatinous substance com-
posed out of high amount of extracellular matrix
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that surrounds and protects cord blood vessels
(Wang et al. 2004). Although MSC can be
isolated from various sources including bone
marrow and adipose tissue, Wharton’s jelly-
derived MSC (WJ-MSC) seem to be a preferable
source because of easiness and safety of the
harvesting procedure as well as a rich number
of cells contained in the umbilical cord.
WIJ-MSC have high proliferation and differenti-
ation capabilities, superior to adult stem cell
sources, and characteristics close to embryo-
derived stem cells, but with no risk of potential
tumorigenesis. In  contrast, regenerative
capabilities of adult stem cell sources seem to
decrease with donor’s age (Beane et al. 2014).
There is evidence that WJ-MSC are genetically

stable and retain their immature
immunophenotype, functional features, and
immunomodulatory properties during long-

lasting ex-vivo expansion (Chen et al. 2014; La
Rocca et al. 2013). Moreover, in comparison to
other sources, MSC derived from neonatal
tissues are immunologically privileged with
high expression of immunomodulatory factors
and low expression of class I HLA (Deuse et al.
2011).

Mechanism of Action
and Preclinical Data on Cartilage
Regeneration

2.3

MSC can influence cartilage regeneration trough
differentiation into chondrogenic lineage, induc-
ing proliferation and differentiation of chondro-
cyte progenitors, and modifying reaction of
endogenous cells. Paracrine mechanisms also
play an important role in enhanced regeneration,
through release of trophic factors and exertion of
anti-inflammatory effects (Toh et al. 2016).
WI-MSC down-regulate expression of matrix-
degrading enzymes released from synovium and
avert cartilage damage in the xenogeneic animal
model (Saulnier et al. 2015). The WJ-MSC
potential in treating cartilage lesions and the
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ability to differentiate into chondrogenic lineage
was confirmed in a study with type 1 collagen
hydrogel as a scaffold (Chen et al. 2013). These
investigators have demonstrated the expression
of cartilage-specific matrix proteins and a
chondrogenic transcription factor after incuba-
tion in chondrogenic medium. The WJ-MSC
capabilities to regenerate cartilage are compara-
ble, or even superior, to other sources with the
advantage of maintaining the immune-privileged
characteristics (DaniSovic et al. 2016; Liu et al.
2012; Wang et al. 2009). Both WJ-MSC and
MSC derived from adult tissues are found com-
patible with various scaffolds, which leads to
encouraging effects (Musumeci et al. 2014).
Promising results regarding cartilage repair
have already been reported in animal models
and first clinical studies (Filardo et al. 2013).

3 WJ-MSC Procedures

3.1 Cell Culture Preparation

The therapeutic medical experiment consisting
of tissue cultures of samples taken from human
umbilical cord was approved by a local Bioethics
Committee. Informed consent was obtained for
sample collection from donor mothers scheduled
for natural or cesarean delivery. Umbilical cord
tissue was transported in a controlled tempera-
ture and processed within 48 h after delivery.
Tissue fragments were washed in sterile saline
with the addition of antibiotic/antimycotic solu-
tion, cut into 2 cm pieces (Fig. 1a), and had blood
vessels removed (Fig. 1b). Subsequently,
Wharton’s jelly was sliced into 2 cm® scraps
(Fig. 1c) that were placed in a flask for MSC
growth in a xeno-free medium supplemented
with antibiotics (Fig. 1d). Cell cultures were
incubated in in the air with 5% CO, at 37 °C.
After 2-3 weeks, tissue explants were removed
and adherent cells were passaged until reaching
90% of confluence (Fig. 1e). Cells were reseeded
at 1.2 x 10%cells/cm? in culture flasks for further
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Fig. 1 Key stages of cell culturing: (a) — human
umbilical cord (~10 cm); (b) — sectioned piece of
Wharton’s jelly after washing in sterile saline with antibi-
otic/antimycotic  solution; (c¢) sectioned piece of

expansion. Viability of expanded WJ-MSC was
determined by the trypan blue exclusion in
hemocytometer, and the cells’ characteristics
were confirmed with immunophenotyping by
the presence or absence of surface markers
(CD73-, CD90-, and CDI105-positive; and
CD34-, CDI14-, CD19-, CD45, and HLA
DR-negative). A reference sample of WJ-MSC
was incubated with antibodies for 30 min in
darkness and washed with cell wash solution.
Next, cells were resuspended in cell fix solution

Wharton’s jelly sliced into 2 cm® fragments; (d) — scraps
placed in a flask with xeno-free medium for mesenchymal
stem cells (MSC) expansion; and (e) — a contrast image of
Wharton’s jelly MSC upon reaching 90% of confluence

and checked using flow cytometry with fluores-
cein isothiocyanate (FITC) and phycoerythrin
(PE) conjugated to anti-mouse IgG1 antibody as
control. The WJ-MSC intended for a therapeutic
use were suspended in a mixture of human albu-
min in a presence of 10% dimethyl sulfoxide
(DMSO), and transferred into freezing bags,
which were placed in cell containers and cooled
in a controlled rate freezer. After the freezing
process, cells were stored in liquid nitrogen at
—195 °C.



Knee Cartilage Regeneration with Umbilical Cord Mesenchymal Stem Cells. . .

117

Fig. 2 The WJ-MSC procedure. Arthroscopic visuali-
zation of the right medial compartment through
anterolateral working portal. (a) — full-thickness femoral
condyle chondral injury (arrow); (b, ¢, and d) — retracting
plate positioned to draw back capsule and adjacent syno-
vial tissue to improve access to the chondral lesion: (b) —a

3.2 Thawing and Washing

Procedure

The thawing procedure was conducted 30 min
before the estimated implantation time. The
freezing bag with WJ-MSC was quickly warmed
up in a water bath at 37 °C. The DMSO cryopro-
tectant was washed out from WJ-MSC in a
two-step dilution method with saline. The
WI-MSC were transferred to a sterile conical
tube and suspended in 50 ml of saline. The cells
were collected by centrifugation at 300 x g for
7 min at 22 °C. The supernatant was aspirated,
and the pellet fraction was resuspended in 50 ml
of saline and centrifuged again. The pellet

view after preparing a chondral defect with vertical walls,
(¢) —arubber templet positioned in the defect to check the
shape and size of the scaffold, (d) — final position of a
collagen scaffold embedded with WJ-MSC and covered
with the fibrin glue to enhance stability of WJ-MSC in the
graft

fraction consisting of WJ-MSC was resuspended
in 1 ml of saline. Finally, a suspension of
WIJ-MSC was transferred into a sterile syringe.

33 Patient Positioning
and Arthroscopic Chondral

Defect Preparation

The patient is positioned supine as for the stan-
dard knee arthroscopy. The procedure is typically
performed under general or spinal anesthesia. A
diagnostic arthroscopy is performed to visualize
the entire cartilage injury and to characterize the
lesions suitable for repair (Fig. 2a). Beside stan-
dard curettes, specially designed instruments
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Fig. 3 Chondrectomes: instruments designed for arthroscopic removal of damaged cartilage and for creation of
vertical ring surrounding the defected cartilage

(Chondrectomes Set, ATMED - Z. Rafalski,
Katowice, Poland) may help optimize access
and curettage of cartilage lesions, particularly
when a parallel approach to the chondral defect
is required (Fig. 3a, b). Loose chondral tissue
associated with the lesion is excised, and curettes
are used to create a contained lesion on the artic-
ular cartilage surrounded with a vertical border.
Care is taken to remove the calcified cartilage
layer overlying the subchondral bone, without
violating the subchondral plate.

34 Wharton's Jelly-Derived
Mesenchymal Stem Cell

(WJ-MSC) Scaffold Preparation

A template created from aluminum foil or sterile
latex dental dam (Sanctuary Dental Dam

'
—

Systems; Ipoh, Malaysia) is inserted into the
chondral defect to confirm the correct size and
shape if needed (Fig. 2c). According to the defect
dimensions, an appropriately sized implant is
fashioned from the porcine type I/II collagen
matrix (Chondrogide; Geistlich Biomaterials,
Wolhusen, Switzerland) (Fig. 2d). The trimmed
scaffold is wetted using saline and subsequently
immersed with a suspension of WJ-MSC for
5 min, creating a malleable implant.

4 Dry Arthroscopic Implantation
of WJ-MSC Embedded Scaffold

During dry arthroscopic visualization of the
lesion, exposure is manageable by the retraction
of the joint capsule and synovium, using a spe-
cially designed retracting system (Arthroscopic
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Retracting System; ATMED - Z. Rafalski,
Katowice, Poland) (Fig. 2b). When arthroscopic
fluid is sucked from the working articular space,
a skid or halfpipe has to be placed in the working
portal to maintain an open gate to equalize the
pressure in the joint. When undertaking an
arthroscopic cartilage repair of a patella, femoral
condyle, or tibial plateau, the entire cartilage
defect should be visualized. The WJ-MSC
embedded scaffold is inserted into the defect
through the halfpipe and placed in the working
portal with the use of a special inserter named
‘fork’. Subsequently, the matrix is gently slid off
from the ‘fork’ into the defect and kept in place,
while an arthroscopic hook is introduced from
the opposite portal to fit the implant into the
prepared bed by pressing it (Fig. 2d). A fibrin
glue (Tisseel Lyo; Baxter Healthcare Corp.,
Westlake Village, CA) is applied for covering
the matrix to improve stability and to prevent
WI-MSC from migration into the synovial fluid.
When the implant stability is confirmed, the
wounds are closed and the joint is immobilized
in the brace on the operating table.

4.1 Postoperative Rehabilitation

and MRI Monitoring

The knee is immobilized for 5 days after the
surgery to maintain a stable fibrin clot fully
protecting biological implant. During this period
patient is provided with muscle isokinetic train-
ing on the operated limb and exercise on the
other body parts 4 times a day. A proper use of
crutches is trained during first days after surgery.
On the sixth day, the first passive mobilization
with retracting the injured compartment is
applied, followed by further passive mobilization
2-3 times a day. The MRI examination is carried
out after the third week postoperatively to check
for the graft position. When the examination
confirms the proper status of the graft, more
intensive  mobilization is  recommended.
Weight-bearing is restricted for 3-6 weeks
depending on the localization and size of the
implanted scaffold. After 6 weeks, patient starts
with a weight-bearing training of muscle
strength, stability, and proprioception. Within

119

the next 2—4 weeks, patient progresses to normal
walk pattern without crutches. After 3 months,
unrestricted physical activity is allowed. MRI
scans are performed 1.5, 6, and 12 months after
the surgery to observe graft incorporation and
rebuilding. The early state of the chondral defect
regeneration, with comparison to preoperative
state, of the lateral compartment of a knee is
presented in Fig. 4.

5 Discussion

Mesenchymal stem cells, in combination with
biomaterials, carry a great potential that has
already been proven in animal studies and first
clinical applications. However, application of
WIJ-MSC have not yet been described in a clini-
cal setting. With hitherto unsatisfactory results
and a constantly increasing need for
unicompartmental or total knee replacement sur-
gery in case of large chondral lesions or
osteoarthritic changes (Ackerman et al. 2016), a
search for novel treatment methods has been
underway. Tissue engineering strategies could
constitute a major upturn in cartilage repair
approaches. The key for successful articular car-
tilage regeneration lies in carefully selected
components of tissue engineering: a scaffold
with an adequate biomechanical properties com-
patible with non-immunogenic seeding cells with
high chondrogenic potential, and a surgical tech-
nique adjusted for a precise graft implantation.
Dry arthroscopy technique, along with scaffold
and bone marrow-derived MSC, have been pre-
viously applied for the reconstruction of cartilage
with good results (Gobbi et al. 2016, Gobbi et al.
2014). This technique requires a precise, mini-
mally invasive surgery (Whyte et al. 2016;
Sadlik and Wiewiorski 2014). The WJ-MSC pro-
cedure can be carried out regardless of the exact
site of the knee cartilage injury due to the use of
retracting plate, chondrectomes, and a halfpipe.
The WJ-MSC is a preferable source of stem cells,
with promising preclinical data. We propose a
novel single-stage technique of cartilage regen-
eration that includes a suitably selected scaffold
for WJ-MSC and dry arthroscopy technique,
along with careful monitoring and controlled
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Fig. 4 Proton density MRI of a repaired defect
(arrows): axial scans (upper row) and sagittal scans
(lower row). (a and d — patellofemoral joint preopera-
tively: irregular cartilage defect of the trochlea (grade 3/4
according to the International Cartilage Repair Society
(ICRS) scale of osteochondritis dissecan lesions), defect
of medial femoral condyle, degenerative marginal spiking

rehabilitation. It is a challenging approach for
cartilage regeneration, especially in patients
with poor biological self-regenerative ability.
MRI scans were done to assess the potential
side effects and to evaluate the safety of pro-
posed strategy. Synovial proliferation is consid-
ered a potential adverse effect of MSC-induced
cartilage regeneration, as a large part of stem
cells home in on the synovium rather than carti-
lage tissue. In view of such a risk, Koga et al.
(2008) have suggested that MSC should be in a
direct contact with cartilage surface for about
10 min. However, their study was based on the
synovial MSC, which could have influenced the
results. In the period from July 2015 to
November 2016, we performed five surgeries,
all approved by a local Bioethics Committee
(permit no. 2015/06/25/1 BIL), in patients who
had not benefited from standard therapies for a

of the patellofemoral joint; (b and e) — regenerative tissue
after the dry arthroscopic implantation of WIJ-MSC
embedded scaffold is well visible 3 weeks postoperatively
(green arrows); (¢ and f) — after 6 weeks, regenerative
tissue abounds and is integrated with the surrounding
cartilage and subchondral lamina

knee cartilage injury. We did not observe
infections, excessive synovial proliferation,
tumor formation, graft rejection, graft versus
host reaction, or any other adverse effects. All
patients also benefited from a significant knee
pain reduction. However, long-term follow-up
is required to assess the quality of newly formed
cartilage and clinical outcomes.

This study has several limitations. A small
number of patients in the preliminary phase of
the study was a consequence of cautious patient
qualification due to previous poor clinical experi-
ence with WJ-MSC application. After the
promising results had been obtained with the
very first cases and no apparent adverse events,
the patient recruitment became more courageous.
Another limitation was the lack of a control group,
which was due to the fact that the study had been
designed to confirm the efficiency of a new
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method on the basis of clinical results and MRI
examinations. Moreover, it was a therapeutic
experiment with the goal to achieve clinical
benefits in patients who had not improved during
standard therapy; thus a control group was
unavailable. All enrolled patients met the criteria
for total or unicompartmental knee alloplasty. The
WI-MSC provided the patients a chance to post-
pone the major surgical intervention and to substi-
tute it for a minimally invasive treatment. The
method described herein may be an important
contribution to the advancement of tissue engi-
neering aiming at articular cartilage repair, espe-
cially with regard to joint degenerative changes in
elderly patients.

6 Conclusions

The aim of stem cell-enhanced cartilage repair is to
acquire a hyalin cartilage-like tissue that is indis-
tinguishable from the native one in both functional
properties and histological structure. The WJ-MSC
are promising seed cell candidates for tissue engi-
neering and cell-based cartilage regeneration.
Combined with an adequate scaffold, appropriate
surgical technique, and a careful rehabilitation,
they may hold the key for successful cartilage
regeneration, particularly in elderly patients with
poor intrinsic MSC regenerative potential. In this
study we demonstrate that WJ-MSC could be used
to induce regeneration of cartilage. To the best of
our knowledge, this is the first presentation of
clinical application of scaffold-embedded
WIJ-MSC through dry arthroscopy.

Supplementary Data Video presentation of arthro-
scopic cartilage repair of lateral compartment - https://
www.youtube.com/watch?v=FPq_JU1DOskandfeature=
youtu.be
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