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Simvastatin increases cell viability and suppresses the expression
of cytokines and vascular endothelial growth factor
in inflamed human dental pulp stem cells in vitro
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Address for correspondence Abstract
Dai Xue
E-mail: Z_BJ2014@163 Background. In recent years, simvastatin has been demonstrated to be capable of inducing odontogenic

differentiation in human dental pulp stem cells (DPSCs), which makes it a promising source for endodontic
treatment in pulpitis. However, a comprehensive understanding of how simvastatin affects the behavior
of DPSCs and its potential in pulpitis is still lacking.
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Conflict of interest Objectives. In this study, we investigated the effects of simvastatin on the viability of inflamed DPSCs.
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The expression of cytokines and vascular endothelial growth factor (VEGF) was also studied in response
to simvastatin treatment.
Received on May 12, 2017 Material and methods. We characterized the cell viability, inflammatory reactions and the production
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of VEGF in inflamed DPSCs, induced by lipopolysaccharides (LPS). The methylthiazolyldiphenyl-tetrazolium
bromide (MTT) assay, cell cycle, apoptosis analysis, quantitative reverse transcription polymerase chain
reaction (RT-PCR), enzyme-linked immunosorbent assay (ELISA), and western blot analyses were performed.
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Results. We observed that a low dosage of simvastatin accelerated cell proliferation, whereas its high dosage
(>15 ug/mL) suppressed propagation. A simvastatin dose of 8 ug/mL was sufficient to promote cell growth
and cell cycle progression in DPSCs treated with LPS. Meanwhile, simvastatin induced apoptosis. The ex-
pression of multiple cytokines, including interleukins (IL)-1, /-4 and /[-1B, and especially interferon-gamma
(IFN-y) and tumor necrosis factor-alpha (T/NF-a), was significantly suppressed. Moreover, the protein secretion
and mRNA transcription of VEGF was observed to be markedly inhibited by simvastatin by inactivating
mitogen-activated protein kinase (MAPK) signaling.

Conclusions. Taken together, these results suggested that simvastatin might be a potent ingredient to en-
hance cell proliferation, alleviate inflammation response and attune vasculogenesis in pulpitis.

Key words: cytokines, vascular endothelial growth factor, simvastatin, dental pulp stem cell, pulpitis
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Introduction

Pulpitis is a quite commonly occurring inflammation
in the dental pulp tissue, which is characterized by in-
creased sensitivity to stimuli, specifically hot and cold
stimuli.! Following the inflammation, some fundamental
alterations have also been reported, such as an increase
in blood flow, enhanced capillary permeability, the diffu-
sion of vascular fluid into intercellular spaces, and the im-
migration of granulocytes and monocytes.? Tissue injury
caused by trauma, bacterial infection, chemical substances,
contusion, etc. is the main cause of pulpitis.® The correla-
tion between the invasion of Gram-negative bacteria and
their product, lipopolysaccharides (LPS), and the symp-
toms of pulpitis has been investigated.**

The dental pulp contains connective tissue, lymphatic
tissues, blood vessels, neural fibers, and dental pulp stem
cells (DPSCs), and its main functions are to produce dentin
and to maintain the biological and physiological vitality
of the dentin.®” Within the dental pulp, DPSCs provide
a promising source of cells for applications in regenera-
tive medicine. By their nature, DPSCs have the potential
through the production of odontoblasts to create reparative
dentin in response to injury.® Although DPSCs comprise
only 1% of the total cell population of the pulp, they play
crucial roles in the process of dentin regeneration in both
acute and chronic pulpitis.>°

In pulpitis, oral antibiotics having bacteriostatic or bac-
tericidal properties are widely used to control or eliminate
the attacking bacteria.! However, systematic antibiotics
showed poor outcomes in some cases of pulpitis.!? In re-
gard to regenerative medicine, DPSCs demonstrated strong
potential to regenerate the dentin with the aid of recombi-
nant human bone morphogenetic protein 2.>!* In recent
years, a lipid-lowering medication, simvastatin, has been
demonstrated to be capable of inducing odontogenic differ-
entiation of human DPSCs in vitro and in vivo,and of pro-
moting pulp regeneration.!>~7 Until now, studies on how
simvastatin affects DPSCs have been limited. In this study,
we investigated the effects of simvastatin on the viability
of inflamed DPSCs, and the underlying mechanism.

Material and methods

Isolation and culture
of dental pulp stem cells

Six impacted 3'¢ molars were removed by an oral sur-
geon from 5 teenage subjects with irreversible pulpitis.
Dental pulp stem cells were isolated as previously de-
scribed.!® Briefly, the dental pulp was harvested and im-
mersed in a-modified minimal essential medium (a-MEM)
(Sigma-Aldrich, Burlington, USA) containing 3 mg/mL
of type I collagenase and 4 mg/mL of dispase at 37°C for 1 h.
After enzymatic disaggregation, the pulp was dissociated

D. Xue, et al. Simvastatin increases viability in DPSCs

and the cell suspension was then plated in a 25 cm? flask, and
maintained in Iscove modified Dulbecco medium (IMDM)
(Thermo Fisher Scientific, Waltham, USA), supplement-
ed with 10% fetal calf serum (FCS) (Gibco, New York,
USA), 2 mM of L-glutamine, 100 U/mL of streptomycin,
and 100 U/mL of cell colony formed on approx. day 7.
Then, it was picked, resuspended and plated in a new flask.
Dental pulp stem cells were expanded upon reaching 70%
confluency for further study. The study was approved
by the Ethics Committee of Wuxi Children’s Hospital
(China) and written informed consent was obtained from
all the enrolled subjects and their parents before admit-
tance to the study.

Cell viability assay

To test the effect of simvastatin on cell proliferation,
DPSCs were cultured in 96-well plates, in media contain-
ing various concentrations, ranging from 0 to 20 ug/mL
(0,2,4, 8,10, 15,and 20 pg/mL). Additionally, cell viability
in LPS challenging conditions was also measured by ran-
domly assigning the cells into the control group (not treat-
ed), the simvastatin (8 pg/mL) group, an LPS (60 pg/mL)
group, and an LPS + simvastatin group. Cell viability was
measured by using methylthiazolyldiphenyl-tetrazolium
bromide (MTT) purchased from Thermo Fischer Scien-
tific (Waltham, USA). Following exposure to simvastatin
or LPS, 10 pL of MTT solution (5 mg/mL) was added
to each well, and the plates were incubated for 3 h at 37°C.
After removing the medium, the formazan was dissolved
in 200 pL of dimethyl sulfoxide (DMSO) (Sigma-Aldrich)
in each well. Absorbance was read at 5 nm using a micro-
plate reader (Bio-Rad Laboratories, Hercules, USA).

Cell cycling analysis

The DNA contents of each cell cycle phase was reflected
by variations in the propidium iodide (PI) fluorescence in-
tensities, and the distribution of cell cycle phases was ana-
lyzed by flow cytometry following PI staining as previously
described.” In brief, DPSCs were washed with ice-cold phos-
phate-buffered saline (PBS), suspended in approx. 0.5 mL
of 70% cold ethanol and kept at 4°C for 30 min. The cells
were subsequently treated with 100 mg/mL of DNase-free
RNase (Sigma-Aldrich) and incubated for 30 min at 37°C
prior to the addition of PI (50 mg/mL; Sigma-Aldrich) di-
rectly into the cell suspension. The suspension was filtered
through a 50 mm nylon mesh, and a total of 10,000 stained
cells were subjected to flow cytometric analysis (FACSCali-
bur; BD Biosciences, San Jose, USA).

Assessment of apoptosis
Dental pulp stem cells were stained with an Annexin

V-FITC apoptosis detection kit (Sigma-Aldrich) to deter-
mine whether the cells underwent apoptosis. Propidium
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iodide staining was used as a control to differentiate cells
undergoing necrosis. Dental pulp stem cells were seeded
in tissue culture slides and allowed to attach for 24 h. Sub-
sequently, the cells were resuspended in 500 pL of binding
buffer, 5 uL of Annexin V-FITC and 5 pL of PI were added,
and the cells were incubated for 5 min at 37°C in the dark.
Flow cytometry analysis was performed to evaluate
the apoptosis of DPSCs. Three independent trials were
conducted.

Analysis of expression of cytokine genes

Quantitative real-time PCR (qPCR) was performed
to quantify the expression of interleukin (IL)-1, IL-4, IL-6,
IL-1f, interferon-gamma (/FN-y) and tumor necrosis fac-
tor-alpha (I'NF-a). Dental pulp stem cells were lysed with
TRIzol reagent (Thermo Fischer Scientific) and the total
RNA was extracted. Afterwards, cDNA was synthesized
using a PCR kit (Becton-Dickinson, Franklin Lakes, USA).
In the quantification of mRNA expression, 1 uL of cDNA
was applied on an ABI 7500 real-time machine (ABI, Ca-
marillo, USA), using a SYBR Green reagent (Takara Bio,
Kusatsu, Japan). The primer pairs are listed in Table 1.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
employed as an internal control and used for the normal-
ization of cycle threshold (Ct) values. Experiments were
carried out in triplicate.

Enzyme-linked immunosorbent assay
for vascular endothelial
growth factor secretion
An enzyme-linked immunosorbent assay (ELISA) kit

(R&D Systems, Minneapolis, USA) was used to quan-
tify the vascular endothelial growth factor (VEGF)

Table 1. Primers used in the study
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concentration in the medium, strictly following the manu-
facturer’s instructions. Briefly, standards and samples were
diluted on 96-well plates, and 50 uL of conjugate solution
was added to each well. After incubation at room tem-
perature for 2 h, the wells were washed with PBS solution
3 times. Then, 200 pL of substrate solution was added.
The plate was incubated for 10—15 min and the color de-
velopment was stopped. The absorbance of each well was
determined at 450 nm in a microplate reader (BioTeke,
Beijing, China). A standard curve was constructed by plot-
ting the absorbance of standards against the known con-
centration. The VEGF concentration was deduced from
the standard curve.

Western blot analysis for mitogen-
activated protein kinase signaling

Dental pulp stem cells were lysed and the total protein
was extracted using RIPA lysis buffer (Beyotime Biotech-
nology, Shanghai, China). Electrophoresis was performed
on a 12% sodium dodecyl sulfate-polyacrylamide gel loaded
with 20 pg of total protein. The proteins were then trans-
ferred to a nitrocellulose membrane, followed by block-
ing with 5% defatted milk at 4°C overnight. Subsequently,
the membrane was washed with PBS and incubated with
primary antibodies (anti-p38 and anti-phosphorylated
P38, 2000x dilution; anti-ERK1/2 and anti-phosphorylat-
ed ERK1/2, 1000x dilution; anti-ACTIN, 1000x dilution),
and consecutively with peroxidase-conjugated secondary
antibodies — goat anti-mouse immunoglobulin G (IgG), di-
luted 1:5000 (Santa Cruz Biotechnology, Santa Cruz, USA).
Chemiluminescence reagents (Thermo Fisher Scientific)
were used to visualize the proteins, and the protein bands
were exposed onto an X-ray film in a darkroom. Beta-actin
served as an endogenous control.

Gene name Forward (5'-3') Reverse (5-3') Temperature [°C] Product [bp]
CD73 AGCAGCATTCCTGAAGATCCA TTCCAGAACATTTCATCCGTGT 59 212
CD90 GATCCTAGCCTCACCCGTCA TGTTTTTTGCAGCCTTGGCT 60 228
CD166 GATACCATTATCATACCTTGCCG CTGTCTTCTGAAATGCAGTCACC 60 377
CD14 TCATCAGGACACTGCCAGGA GCTTCCAGGCTTCACACTTG 60 240
CD34 CTTGGAAGTACCAGCCTGCA AGGCAGATGCCCTGAGTCAA 60 374
IL-1 TGAGCTCGCCAGTGAAATGA CATGGCCACAACAACTGACG 59 199
IL-4 GTGCACCGAGTTGACCGTA CGTACTCTGGTTGGCTTCCT 58 256
IL-6 TCAATATTAGAGTCTCAACCCCCA AGAAGGCAACTGGACCGAAG 60 161
IL-1B8 CCTGAGCTCGCCAGTGAAAT CATGGCCACAACAACTGACG 60 201
IFN-y GCAGCTAAAACAGGGAAGCG CTTGCTTAGGTTGGCTGCCT 60 349
TNF-a CTGGGCAGGTCTACTTTGGG CTGGAGGCCCCAGTTTGAAT 60 272
VEGF CTCACCAAGGCCAGCACATA GGCTCCAGGGCATTAGACAG 60 201
GAPDH TTGTCATCAATGGAAATCCCAT CCAGTAGAGGCAGGGATGATGT 60 436

IL — interleukin; IFN-y — interferon-gamma; TNF-a — tumor necrosis factor-alpha; VEGF — vascular endothelial growth factor;

GAPDH - glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 1. Characterization of isolated DPSCs
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A) morphological analysis of DPSCs; B) expression of mesenchymal markers in DPSCs. DPSCs — dental pulp stem cells; GAPDH — glyceraldehyde 3-phosphate
dehydrogenase; GAPDH was used as an endogenous control; experiments were carried out in 4 independent trials.

Statistical analysis

SPSS v. 19.0 software (IBM Corp., Armonk, USA) was
used for the statistical analysis. After confirming a normal
distribution, the data was presented as means + standard
deviation (SD). A 2-tailed t-test was performed to compare
the meansbetween the 2 groups. One asterisk (*) indicates a sta-
tistical difference complying with p < 0.05, and 2 asterisks (**)
indicate p < 0.01.

Results

Characterization
of isolated dental pulp stem cells

The cells from the dental pulp were isolated and cultivated
in cell dishes. These cells showed the typical morphology
of mesenchymal stem cells (MSCs) (Fig. 1A). To determine
whether these cells were mesenchymal, the cell surface mark-
ers considered important stemness determinants associated
with DPSCs — CD73, CD90and CD166 — were characterized.?°
In Fig. 1B, these 3 molecules were depicted as highly expressed
by using the reverse transcription PCR (RT-PCR) method.
Meanwhile, the hematopoietic markers CD14 and CD34 were
also examined. A negative expression was observed (data not
shown). These results proved that DPSCs were successfully
isolated and could be used in further research.

Simvastatin-promoted proliferation
of dental pulp stem cells

To explore the effects of simvastatin on the viability of DP-
SCs, the cells were cultured with gradient concentrations
of simvastatin ranging from 0 to 20 pg/mL (0, 2, 4, 8, 10, 15, and
20 pug/mL) and a Cell-Counting Kit-8 (CCK-8) (Sigma-Aldrich)
assay was performed. It was observed that cells challenged with
a low concentration of simvastatin (2, 4, 8, or 10 pg/mL) propa-
gated faster than untreated ones. High concentrations (15 and
20 pg/mL), however, reduced proliferation. Importantly, 8 pug/mL
of simvastatin induced the fastest cell growth (Fig. 2A).

Lipopolysaccharides were considered to be a potent
inducer of pulpitis, and they were also reported to in-
hibit the proliferation of DPSCs.?22 Here we investigated
whether simvastatin could promote cell proliferation under
the conditions of LPS challenging. Compared to the con-
trols, DPSCs treated with 60 pg/mL of LPS showed inhib-
ited proliferation, whereas simvastatin (8 pug/mL) restored
a high growth rate in the LPS + simvastatin group (Fig. 2B).
These results indicated that simvastatin could stimulate
the proliferation of DPSC under both normal and inflam-
matory conditions.

simvastatin
A 280 concentration:
—o—0 pg/mL
240
—_ 0 —e—2 ug/mL
X
E —e—38 ug/mL
-S 160 1 -o-10 pg/mL
3 ——15 pg/mL
S 120 -
—8—20 ug/mL
80 T T T T T
0 2 4 6 8 10
days after treatment
B 280 -
**  —a—control
o *% --—| pS
g e ipc .
> 200 | *k LPS + simvastatin
% —8—simvastatin
S 160 by
T
v
120 -
80

0 2 4 6 8 10
days after treatment

Fig. 2. Analysis of cell viability of DPSCs

A) proliferation of DPSCs treated with different concentrations of simvastatin;
** 1 < 001; cell exposure to 8 ug/mL vs 0 ug/mL of simvastatin; B) proliferation
of DPSCs treated with LPS or simvastatin; ** p < 0.01; LPS + simvastatin group
vs LPS group. DPSCs — dental pulp stem cells; LPS - lipopolysaccharides.
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Simvastatin-promoted cell cycling

In order to investigate the effects of simvastatin on the cell
cycling progression of DPSCs, flow cytometry was performed
to measure the distributions of each phase. Figure 3B illus-
trates the mean percentage values of cycling phases in cells
treated with LPS or simvastatin. The proportion of the G1
population increased from 71.34 +1.76% of the control
group to 81.04 +2.43% of the LPS group, while it fell back
to74.12 £1.12% of the LPS + simvastatin group. These results
indicate that LPS arrested DPSCs at the G1 phase, while sim-
vastatin promoted cell cycling progression to the S phase.

undergoing apoptosis or necrosis. As shown in Fig. 4, cells
died in response to LPS treatment (8.74 +2.4% in the LPS
group vs 2.49 +1.3% in the control group). Simvastatin caused
aslight increase in the number of apoptotic cells compared
to the control group (p > 0.05). However, in combination
with LPS challenging, there was a significantly elevated rate
of apoptosis (p < 0.01). This data demonstrates that simvas-
tatin promotes the apoptosis of DPSCs in LPS stimulation.

Simvastatin-suppressed
inflammatory response

The inflammatory response in the dental pulp is mediated
by various cytokines, including IL-1, IL-4, IL-6, IL-1(, IFN-y,
and TNF-a.2 The expression of these genes was quantified



1620
A control simvastatin
10 10
2.49% 3.57%
10°4 i’ 1034
1074 T10%
10' 4 10’
10° ; i i 10°4 3 i .
10° 10" 10> 10® 10° 10° 10 102 10°  10°
annexin annexin
. LPS LPS + simvastatin
10 10*
8.74% 18.13%
10%4 1034
_10% 1024
Q. a
10" 10"+
R ol - 10°4+22 o
10° 10" 10* 10° 10* 10° 100 10> 10*  10*
annexin annexin
B 25 - * % * %
1
20
g
a 15 4
w
2]
o
)
2 10 A
o
v
G
7] 5
0 T
& & K =
S X &
C’O 4@ 4’0
,_,\6‘ é\@
")X
N

Fig. 4. Effects of simvastatin on cell apoptosis of DPSCs

A) flow cytometry graphs in cells treated with LPS or simvastatin;

B) mean values of apoptosis rate in untreated cells, cells treated with
simvastatin, with LPS, and with LPS + simvastatin; ** p < 0.01; n = 6.
DPSCs — dental pulp stem cells; LPS - lipopolysaccharides;

Pl - propidium iodide.

by qPCR and it was found that LPS induced the upregu-
lated expression of IL-1, IL-4, IL-6, IL-1f3, IFN-y, and TNF-a,
of which IL-1f5 and TNF-a exhibited the highest alterations,
with fold changes of 7.84 and 12.17, respectively. By contrast,
simvastatin suppressed the genes of increased expression,
except for IL-6. Compared to the LPS group, the exposure
to simvastatin caused a 3.2-fold decrease of IL-1 expression
and a 3.5-fold decrease of TNF-a (Fig. 5). The decreased ex-
pression of cytokines indicates that simvastatin suppressed
the inflammatory response in inflamed DPSCs.

D. Xue, et al. Simvastatin increases viability in DPSCs

Simvastatin-downregulated vascular
endothelial growth factor expression
via inhibiting p38 mitogen-activated
protein kinase signaling

During pulpitis, angiogenic growth factor is the crucial
element for vasculogenesis, as well as a part of the associ-
ated inflammation.?* Among various factors, the most
potent is VEGEF, which is responsible for angiogenesis and
the development and permeation of new blood vessels.?®
In this study, we evaluated the effects of LPS and simvas-
tatin on VEGF production. The secretion of VEGF was de-
termined by ELISA. Simvastatin dramatically suppressed
VEGF secretion, induced by LPS. A reduction was also
observed in the expression of the VEGFE gene (Fig. 6A).

VEGF expression was demonstrated to be induced
by LPS, depending on mitogen-activated protein kinase
(MAPK) activation.?® To reveal the pathway on which
simvastatin attenuated VEGF expression, we examined
the activity of MAPK signaling by western blot. Lipopoly-
saccharides were found to increase the phosphorylation
levels of P38 and ERK1/2, in line with a previous study.?
Of note, simvastatin markedly decreased P38 and ERK1/2
phosphorylation in both control and LPS-treated cells
(Fig. 6B). These results indicate that simvastatin attenu-
ates VEGF expression via blocking p38 MAPK signaling.

Discussion

Dental pulp stem cells are regarded as a subpopula-
tion of MSCs, possessing the property of self-renewal,
the expression of multiple MSC surface markers, and dif-
ferentiation into various cell types, such as odontoblasts,
adipocytes, cardiomyocytes, osteoblasts, chondrocytes,
liver cells, etc.?” Their natural capacity for producing odon-
toblasts to create reparative dentin attracts researchers
for applications in the regeneration of tooth structures.
In vitro studies showed that DPSCs played important role
in the dentin/pulp complex generation and immunoregu-
lation.?82° Dental pulp stem cells can be readily isolated
from the healthy dental pulp tissue of human impacted
3" molars, which are naturally lost during childhood or re-
moved during routine dental procedures.?® Considering
the superior property and convenient handling, DPSCs are
considered a valuable source of cells utilized in regenera-
tive therapies for various diseases, including dental pulp
regeneration, tooth reconstruction, bone tissue engineer-
ing, and other applications in cell therapy.”

Dental pulp stem cells are able to respond to specific ex-
tracellular excitatory signals and play a crucial role in den-
tin regeneration after injury in acute and chronic pulpitis.'°
Simvastatin, a semisynthetic lipophilic 3-hydroxy-3-meth-
ylglutaryl-coenzyme A reductase (HMGCR) inhibitor, was
extensively used as a well-established cholesterol-lowering
drug, able to inhibit cholesterol synthesis, and showed
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Fig. 5. Expression of cytokines treated with LPS or simvastatin

LPS - lipopolysaccharides; IL — interleukin; IFN-y — interferon-gamma; TNF-a — tumor necrosis factor-alpha; GAPDH - glyceraldehyde 3-phosphate
dehydrogenase; experiments were carried out in triplicate; gene expression was normalized by GAPDH; ** p < 0.01.
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Fig. 6. Effects of simvastatin on VEGF expression

A) simvastatin decreased VEGF secretion (left) and gene expression (right); B) simvastatin-inhibited phosphorylation of p38 and ERK1/2 in MAPK
signaling examined by western blot; VEGF - vascular endothelial growth factor; MAPK — mitogen-activated protein kinase; LPS - lipopolysaccharides;
p - phosphorylation; ACTB — 3-actin; ACTB was used as an internal control; experiments were run in triplicate; ** p < 0.01.

potent effects on cell proliferation, cell cycling and apop-
tosis.3132 Besides, simvastatin was demonstrated to be
able to induce human DPSCs differentiation into odon-
toblasts and to promote pulp regeneration.!>!¢ This study
was aimed at investigating how simvastatin affects DPSCs
under the conditions of inflammation caused by LPS.

The results showed that low concentrations of simvastatin
accelerated the proliferation of DPSCs, while high concen-
trations of simvastatin (>15 pg/mL) exhibited a suppres-
sive effect. Treatment with LPS also inhibited cell growth,
and combinatory stimulation with simvastatin recovered
a high proliferation rate. Furthermore, we performed
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fluorescence-activated cell sorting (FACS) to character-
ize the cell cycling and apoptosis in DPSCs treated with
simvastatin or LPS, and found that simvastatin promoted
cell cycling into phase S, and induced apoptosis as well.
These results collectively indicate that simvastatin en-
hances the proliferation of DPSCs by promoting cell cy-
cling progression and apoptosis (Fig. 2—4).

An inflammatory response is very common during pul-
pitis caused by carious bacteria and their products, and
is mediated by cytokines, such as IL-1, IL-4, IL-6, IL-1j,
IFN-y, and TNF-a.2®> Mesenchymal stem cells, including
DPSCs, have the capacity to receive inflammatory signals
and to express a large number of cytokines. Conversely,
chronic exposure to these cytokines potentially affects
the activity of DPSCs, leading to impairment in immuno-
modulatory and anti-inflammatory roles, and to suppres-
sion of the differentiation ability of DPSCs.?*34In our study,
we observed that simvastatin suppressed the expression
of the examined cytokines, with the highest alterations
in IL-13 and TNF-«a (Fig. 5), suggesting that simvastatin was
capable of relieving the inflammatory response. In a previ-
ous study, TNF-a was found to stimulate the proliferation
of DPSCs by regulating the Akt/GSK-3p/cyclin D1 signal-
ing pathway.* Lipopolysaccharides significantly promoted
TNF-a expression (Fig. 5), while the growth rate of DPSCs
was suppressed (Fig. 2B), inferring that some unknown
factors (except for TNF-a) affected cell proliferation.

Vascular endothelial growth factor has been found to be
strongly expressed in teeth with irreversible pulpitis, and
it can increase and extend the severity of the inflammatory
processes because of an increased transport of nutrients,
oxygen and inflammatory cells to the site of inflamma-
tion, and thus it affects dentinogenesis and progresses
to necrosis.?**¢ In in vitro cells, the upregulation of VEGF
during inflammation was demonstrated to significantly
contribute to the pathogenesis associated with the survival
and differentiation of DPSCs.?” Expression of VEGF was
previously shown to be induced through MAPK signaling,
which was confirmed by the upregulated phosphoryla-
tion levels of P38 and ERK1/2 (Fig. 6B).2° Notably, our re-
sults also showed that in inflamed DPSCs, characterized
by an elevated expression of various cytokines, augmented
VEGF expression and secretion (Fig. 6A) were accompa-
nied by decreased cell viability (Fig. 2). In contrast, sim-
vastatin significantly inhibited VEGF synthesis and pro-
moted cell proliferation. Considering the fact that VEGF
was induced by MAPK signaling (Fig. 6B), it is rational
to speculate that simvastatin counteracted the effects
of LPS on VEGF expression and MAPK signaling, and
thus enhanced the proliferation of DPSCs.

In conclusion, we found that simvastatin promoted cell
proliferation, cell cycling and apoptosis in inflamed DPSCs
induced by LPS. Moreover, the expression of multiple cy-
tokines and VEGF was observed to be significantly inhib-
ited. Vascular endothelial growth factor was demonstrated
to be regulated through the blocking of MAPK signaling.

D. Xue, et al. Simvastatin increases viability in DPSCs

Collectively, simvastatin was shown to enhance cell vi-
ability, perhaps via the MAPK/VEGF axis, and to relieve
inflammation response as well. This study provided some
evidence to support the hypothesis that simvastatin might
be a potent therapy for pulpitis.
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Abstract

Background. Age-related changes in the properties of tendon stem cells (TSCs) may play a role in the pro-
gressive degeneration and increased risk of injury to tendon tissue. Recent reports have demonstrated
that a decellularized extracellular matrix (DECM) can provide an appropriate niche to maintain the proliferation
and differentiation capacity of adult stem cells.

Objectives. We investigated the biological effects of DECM obtained from young TSCs on the proliferation,
stemness, senescence, and differentiation of the aged TSCs.

Material and methods. Tendon stem cells were isolated from rat patellar tendons and the DECM was
collected. The proliferative capacity, B-galactosidase activity, stem cell marker expression, and tenogenic
differentiation potential of TSCs were assessed.

Results. Our results showed that DECM from young TSCs enhanced the proliferation and tenogenic dif-
ferentiation of aged TSCs. Moreover, the senescence-associated B-galactosidase activity of aged TSCs was
decreased by young DECM. After being cultured on the young DECM, the expression of stem cell markers
by aged TSCs was more extensive. The young DECM preserved stem cell properties of aged T5Cs.

Conclusions. Taken together, the impaired capacity of aged TSCs can be rejuvenated by exposure to young
DECM. The positive results in our study suggest that young TSC-derived DECM may provide a novel approach
for the prevention and treatment of age-dependent tendon disorders.

Key words: proliferation, aging, extracellular matrix, differentiation, tendon
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Tendon disorders, such as injury and tendinopathy, pose
a critical challenge for sports medicine. It was suggested
that the rupture of a tendon often occurs in aged tendons
which are weakened by overuse or degeneration.! Age-
-related changes in the structural and functional proper-
ties of tendon tissue contribute to the progressive degen-
eration and an increased risk of injury.>3 Tendon injuries
and tendinopathy cause physical frailty in old age with
a general reduction in quality of life. There are chang-
es in the number and activity of tendon cells observed
with aging.*®> Moreover, aging has been postulated to ex-
ert a negative effect on the proliferation and synthesis
of tenocytes.® Thus, tendon injuries in a geriatric patient
are believed to regenerate more slowly.

The ultimate goal of treating tendon injury is to regener-
ate tissues. Cells in tendon tissue that produce and organize
extracellular matrix (ECM) are very important in main-
taining the homeostasis of tendons. More recently, it was
reported that tendon tissues contain a minor population
of cells with stem cell properties, called tendon stem cells
(TSCs).”® Moreover, the application of these stem cells
has been considered a promising approach for the resto-
ration of structure and function after tendon injury.”1
However, the negative effects of increased age on the prop-
erties of TSCs and tenocytes have also been reported.®
These age-related changes in TSCs would seriously affect
the regeneration of tendons.

Studies have demonstrated that TSCs need a specific
microenvironment, the so-called stem cell niche, in order
to keep their stemness or to orient tenogenic differentia-
tion.1%1! It has been reported that the structure and ECM
protein expression levels in aged tendons are different
from those found in young ones.? Recent studies have also
demonstrated that the decellularized stem cell matrix can
provide an appropriate niche in which adult stem cells can
greatly expand, delay replicative senescence and restore
their differentiation capacity.!>!3 We hypothesize that de-
cellularized extracellular matrix (DECM) derived from
young TSCs can modulate the properties of aged TSCs.
Based on this hypothesis, the present study was designed
to investigate the biological effect of DECM of young TSCs
on the proliferation, stemness, senescence, and differentia-
tion of aged TSCs.

Material and methods
Isolation and culture of rat

All experiments in this study were performed in ac-
cordance with the guidelines for animal research from
the National Institutes of Health (Bethesda, USA) and were
carried out under the Rules and Regulations of the Animal
Care and Use Committee at Shanghai Jiao Tong University
School of Medicine, China. Ten young (2-month-old) and
10 old (24-month-old) Sprague-Dawley male rats were used
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for the isolation of TSCs. Tendon stem cells were isolated
from rat patellar tendons. The procedures for the isola-
tion and culture of TSCs have been established.® The mid-
substance of the patellar tendon was removed, cut into
small sections and minced. The tissues were digested with
type I collagenase (3 mg/mL; Sigma-Aldrich, St. Louis,
USA) and dispase (4 mg/mL; Stem Cell Technologies, Van-
couver, Canada) at 37°C for 1 h. The fragments were then
passed through a 70-mm cell strainer (Becton Dickinson,
Tokyo, Japan) to yield a single-cell suspension. The iso-
lated cells were resuspended in Dulbecco’s Modified Eagle
Medium (DMEM), 10% fetal bovine serum (FBS), and 1%
penicillin and streptomycin. After 8—10 days in culture,
TSCs formed colonies on the culture plates and were col-
lected through the local application of trypsin and mixed
together as passage 0. The stem cell identities of TSCs
were routinely confirmed by the expression of stem-cell-
related surface markers, clonogenicity and multilineage
differentiation potentials before being used in this study.

Preparation of decellularized extracellular
matrix generated by young or aged
tendon stem cells

Decellularized extracellular matrix was obtained using
the previously described method.** Six-well plates were
precoated with 0.2% gelatin (Sigma-Aldrich) at 37°Cfor 1 h
and young or old TSCs at passage 2 were plated at a density
of 4000 cells/cm?. L-ascorbic acid phosphate (50 mg/mL)
(Sigma-Aldrich) was added to the medium for 8 days after
the cells reached 90% confluence. The deposited ECM
by TSCs was incubated with 0.5% Triton X-100 (Sigma-
-Aldrich) containing 20 mM of ammonium hydroxide
for 5 min at 37°C followed by treatment with 100 U/mL
of DNase at room temperature for 1 h. Then, the matrix
was stored in phosphate-buffered saline (PBS) containing
antibiotics at 4°C for subsequent cell culture experiments.

Tendon stem cells grown on decellularized
extracellular matrix

Aged and young TSCs at passage 2 were plated at a den-
sity of 3000 cells/cm? in 6-well plates coated with or with-
out DECM. There were 4 groups, including a young TSC
group, an aged TSC group, an aged TSC + aged DECM
group, and an aged TSC + young DECM group. The TSCs
were cultured in DMEM containing 10% FBS and antibi-
otics for 7 days at 37°C under 5% CO,. The medium was
changed every 3 days.

Cell proliferation assay

To assess the effect of DECM on the proliferation of aged
TSCs, cell numbers were counted and the population dou-

bling time (PDT) of each group was estimated as previously
described.®
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Senescence-associated B-galactosidase
activity assay

The senescence-associated [B-galactosidase activity was
determined as described previously.!> A sample of 50 mg
of protein from TSCs in each group (HT) and TDSCs
(CI) at P5 was used to assess the senescence-associated
[-galactosidase activity by using a Pierce Mammalian
[B-Galactosidase Assay Kit (Thermo Scientific, Inc., Rock-
ford, USA). Absorbances were measured at 405 nm using
a plate-reading spectrophotometer.

Immunostaining of stem cell markers

Immunocytochemistry was used to examine the fol-
lowing stem cell markers: octamer-binding transcription
factor 4 (Oct-4) and stage-specific embryonic antigen-4
(SSEA-4). The TSCs were fixed with freshly prepared 4%
paraformaldehyde for 30 min and then permeabilized with
0.1% Triton X-100 (Sigma-Aldrich) for 20 min at room tem-
perature. After being washed with PBS 3 times, they were
incubated with the primary antibody monoclonal mouse
anti-Oct-4 (1:350). After the cells were washed with PBS,
Cy3-conjugated secondary antibody (1:500) was applied
for 1 h at room temperature in the dark. For the staining
of SSEA-4, the cells were fixed with 4% paraformalde-
hyde. Cells were then incubated with mouse anti-SSEA-4
antibody (1:350) for 2 h at room temperature. After wash-
ing, a secondary antibody (1:500) conjugated with fluo-
rescein isothiocyanate (FITC) was applied for 1 h at room
temperature in a darkened humidified chamber. Finally,
the samples were washed with PBS and mounted in nuclear
staining reagent Hoechst fluorochrome 33342 (1 mg/mL;
Sigma-Aldrich). Each tissue section was observed un-
der a fluorescence microscope. Twenty-five views from
all 6 samples per group were obtained. Fifty cells were
counted in 1 view and the percentage of stem cell marker-
positive cells was analyzed for each staining.

Expression of tenogenic markers

At day 7, the cells were harvested and the expression
of tenogenic markers, including tenomodulin (Tnmd)
and scleraxis (Scx), were evaluated using quantitative re-
verse transcription polymerase chain reaction (QRT-PCR).
The mRNA was reverse transcribed to cDNA using a First
Strand Kit (Invitrogen, Carlsbad, USA). The qRT-PCR was
carried out with a QuantiTect SYBR Green RT-PCR kit
(Qiagen, Hilden, Germany). Two microliters of total cDNA
from each sample were amplified in a 25-pL reaction mix-
ture. The cycling conditions were as follows: denaturation
at 65°C for 5 min, snap cooling at 4°C for 1 min, 42°C
for 50 min, and finally at 72°C for 15 min. The expression
of the target gene was normalized to that of the glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH). The relative
gene expression was calculated using the 22T formula.
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Rat-specific primers were used for Tnmd, Scx and GAP-
DH as follows: 5-CCATGCTGGATGAGAGAGGTTAC-3’
(forward) and 5’CACAGACCCTGCGGCAGTA-3’ (re-
verse) for Tnmd; 5-AACACGGCCTTCACTGCGCTG-3’
(forward) and 5-CAGTAGCACGTTGCCCAGGTG-3’ (re-
verse) for Scx; 5-TGACTCTACCCACGGCAAGTTCAA-3
(forward) and 5~ ACGACATACTCAGCACCAGCATCA-3’
(reverse) for GAPDH.

Statistical analysis

The data is presented as mean + standard deviation (SD).
One-way analysis of variance (ANOVA) with the Student-
Newman-Keuls test was used for multiple comparisons.
Statistical analyses were carried out with SPSS v. 11.0 sta-
tistical package (IBM Corp., Armonk. USA). All p-values
<0.05 were accepted as statistically significant.

Results
Proliferative capacity of tendon stem cells

The proliferation of TSCs was determined by PDT.
The young TSCs grew faster than the aged TSCs when
cultured on a plastic surface. Decellularized extracellular
matrix from young and aged donors enhanced the pro-
liferation of aged TSCs. It was observed that the PDT
of TSCs was significantly lower in the aged TSC + young
DECM and aged TSC + aged DECM groups compared
to the aged TSC group (Fig. 1; p < 0.05). These find-
ings indicated that aging can decrease the proliferation
of TSCs and that this feature could be altered by expo-
sure to DECM. Unexpectedly, we found that there was
no significant difference in the PDT of aged TSCs after
culturing on young DECM and aged DECM.

Senescence-associated B-galactosidase
activity assay

There was significantly higher p-galactosidase ac-
tivity in aged TSCs compared to young TSCs when
cultured on plastic (Fig. 2; p < 0.05), indicating
that the $-galactosidase activity increased with age. Aged
TSCs cultured on young DECM exhibited significantly
lower levels of B-galactosidase activity when compared
to those cultured on aged DECM or on plastic (Fig. 2;
p < 0.05).

Stem cell marker expression

Immunofluorescence staining for Oct-4 and SSEA-1
showed that the fluorescent density of stem cell mark-
ers was more extensive in young TSCs (Fig. 3,4). There
were significant differences in the percentage of positive
cells among the 2 groups (Fig. 5; p < 0.05). These findings
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Fig. 1. The population doubling time (PDT) of TSCs on plastic, Y-DECM
and O-DECM. The PDT of aged TSCs on plastic was significantly higher
when compared to other groups

*p < 0.05; Y-DECM - young decellularized extracellular matrix;
O-DECM - old decellularized extracellular matrix; TSCs — tendon stem cells.
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Fig. 2. The senescence-associated 3-galactosidase activities
of TSCs in different groups. The Y-DECM significantly decreased
the B-galactosidase activity of aged TSCs

*p < 0.05; Y-DECM - young decellularized extracellular matrix;
O-DECM - old decellularized extracellular matrix; TSCs — tendon stem cells.

suggest that the decreased stem cell marker expression
in aged TSCs may contribute to reduced stemness with
age. After being cultured on young DECM, the expres-
sions of Oct-4 and SSEA-1 by aged TSCs were more exten-
sive than those expressed by aged TSCs cultured on aged
DECM or on plastic.

Tendon-related marker expression

The results indicated that the expression of tendon
lineage-specific genes, Tnmd and Scx, were lower in aged
TSCs than in young cells (Fig. 6; p < 0.05). It was also
found that expressions of Tnmd and Scx were significantly
enhanced in the aged TSC + young DECM group when
compared to that of the aged TSCs cultured on aged DECM
or on plastic (Fig. 6; p < 0.05).

D. Jiang, B. Xu, P. Gao. Effects of ECM on aged tendon stem cells

Young Aged
Plastic Plastic

Aged Aged
O-DECM Y-DECM

Fig. 3. The expression of octamer-binding transcription factor 4 (Oct-4)
was evaluated by immunofluorescence assay. The density of Oct-4

in young TSCs was higher than in aged TSCs. After being cultured

on the Y-DECM, the expression of Oct-4 by aged TSCs was upregulated.
Original magnification is x200

Y-DECM - young decellularized extracellular matrix; O-DECM - old
decellularized extracellular matrix; TSCs — tendon stem cells.
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Fig. 4. The expression of stage-specific embryonic antigen-4 (SSEA-4) was
evaluated by immunofluorescence assay. The density of SSEA-1 in young
TSCs was higher than in aged TSCs. After being cultured on the Y-DECM,
the expression of SSEA-1 by aged TSCs was upregulated. Original
magnification is x200

Y-DECM - young decellularized extracellular matrix; O-DECM - old
decellularized extracellular matrix; TSCs — tendon stem cells.
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Fig. 5. The percentage of stem cell marker-positive cells. There were significant differences in the percentage of stem cell marker-positive cells among
young and aged TSCs. After being cultured on the Y-DECM, the percentages of octamer-binding transcription factor 4 (Oct-4) (A) and stage-specific

embryonic antigen-4 (SSEA-4) (B) in aged TSCs were increased

*p <0.05; Y-DECM - young decellularized extracellular matrix; O-DECM — old decellularized extracellular matrix; TSCs — tendon stem cells.
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Fig. 6. The expression of tenocyte-related genes was evaluated by quantitative reverse transcription polymerase chain reaction (qRT-PCR).
The mRNA of Tnmd (A) and Scx (B) were significantly upregulated in TSCs after treatment with Y-DECM. The expression level was normalized

to that of glyceraldehyde-3-phosphate dehydrogenase (GAPDH).

*p < 0.05; Y-DECM - young decellularized extracellular matrix; O-DECM - old decellularized extracellular matrix; TSCs — tendon stem cells.

Discussion

Tendon stem cells can form a colony, self-renew and dif-
ferentiate into multiple cell lineages.”® Moreover, as tendon-
specific stem cells, they can differentiate into tenocytes
by default.!® As a result of these capabilities, TSCs play
an important role in the continuous maintenance and re-
generation of injured tendons.*!® Recently, it was reported
that the number and function of TSCs decrease with advanc-
ing age, which may affect the structure and function of ten-
don tissue.” It remains to be determined whether these age-
related changes can be reversed. Thus, we examined whether
properties of aged TSCs would be altered by exposure to ECM
produced by young TSCs.

In this study, we showed that the deleterious effect of ag-
ing on the TSCs was remarkable when the cells were cul-
tured on plastic. As previously reported, a higher prolifera-
tion potential of TSCs from young donors was observed
when compared to that of aged donors.” It also corroborated
the results obtained from periodontal ligament stem cells

and tenocytes.>!” These results suggest a significant impact
of aging on TSCs, ligament stem cells and tenocytes in terms
of proliferative activity and differentiation potential. In addi-
tion to the effect of donor age on the proliferation of TSCs,
we investigated its effects on the senescence-associated
B-galactosidase activity. As a marker of aging, increased
B-galactosidase activity was observed in aged TSCs. However,
the surface expressions of Oct-4 and SSEA-4 in aged TSCs
were downregulated in our study. These may reduce the pool
of TSCs for the regeneration of aged tendons after injury. It was
also observed that tenogenic activity was reduced in aged
donors. This result was supported by the tendon lineage-
specific gene expression, which revealed age-related declines
in the expression of Tnmd and Scx. The loss of tenogenic dif-
ferentiation potential with aging was also reported in a previ-
ous study.® This implies that there are fewer stem cells with
tenogenic potential in aged donors than in younger donors.

Tendon stem cells are surrounded by ECM in tendon tis-
sue, which form a microenvironment or niche. Recent stud-
ies have demonstrated the importance of extrinsic ECM
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on the rejuvenation of stem cells.!>!® For example, aged
mesenchymal stem cells can continue to function without
any decline in function when cultured on a young ECM.!8
These findings made us question whether aged TSCs can be
influenced by the ECM obtained from young donors. In this
study, we successfully developed DECM scaffold using TSCs
in vitro. It was found that DECM prepared from young and
aged TSCs significantly promoted the proliferation of aged
TSCs. It indicated that DECM of TSCs might provide a proper
microenvironment that can mimic the niche that TSCs reside
in. This feature of ECM obtained from TSCs is similar to a re-
cent finding that ECM deposited by human bone marrow
stromal cells (BMSCs) facilitates the proliferation of BMSCs."”

Our study also provided evidence that young DECM pre-
served the stem cell properties of aged TSCs. We measured
several stem cell markers such as Oct-4 and SSEA-4; Oct-4
is essential for maintaining undifferentiated pluripotent
stem cells, while SSEA-4, originally identified as an early
embryonic glycolipid antigen, is a molecule characteris-
tic of undifferentiated pluripotent human stem cells.?%!
Our data revealed that the proportion of those positive
cells was significantly higher in aged TSCs when treated
with young DECM. Moreover, the senescence-associated
[-galactosidase activity of aged TSCs was decreased by young
DECM. It was suggested that high quality of stem cells from
aged TSCs was enriched by exposure to a young DECM.

In parallel with determining the effects of young DECM
on cell proliferation and stemness, we also examined
the effect of young DECM on the tenogenic differentiation
potential of aged TSCs. Young DECM had significantly in-
creased the mRNA expression of tenogenic markers, such
as Tnmd and Scx. Our data provided evidence that young
DECM enhanced the tenogenic differentiation potential
of aged TSCs. Together, this data demonstrates that young
DECM is capable of rejuvenating the altered biological
activities of aged TSCs.

It was reported that compositions of ECM deposited
by young and old cells are different.!® Another study also
suggested that tissue-specific stem cells could retain
their intrinsic capacity even when old, but the aged niche
in which stem cells reside inhibit the signal pathway acti-
vation of these cells.?? Thus, aged TSCs, as a surrounding
environment, may be the major determinant causing aging
of cells.!'® The composition of DECM from young or aged
TSCs should be different. However, we did not compare
the composition of these 2 ECMs in this study. Moreover,
a signal mechanism might contribute to the rejuvenation
of aged TSCs by young DECM. Further studies are required
to investigate these problems.

Conclusions

We have shown that the aging process induces senes-
cence and a decline in the proliferation, stemness and
tenogenic differentiation of TSCs. Moreover, the impaired
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capacity of aged TSCs can be improved by exposure
to young DECM, thereby improving the effectiveness
of aged TSCs. The positive results of our study suggest
that the use of young DECM could be promising in the pre-
vention and treatment of age-dependent tendon disorders.
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Abstract

Background. Atherosclerosis (AS) is one of the most prevalent causes of death around the world. Since there
are different types of risk factors, different types of medications focus on preventing atheromas and plaques
from establishing or on preventing established plaques from growing.

Objectives. The aim of this study was to evaluate the effect of all-trans retinoic acid (atRA) on ASin a rabbit
model of fat-induced AS.

Material and methods. Atherosclerosis was induced by a high-fat diet (HFD) for 75 days. Thirty rabbits
were randomly divided into 5 groups. Group 1 was the negative control group and received a normal diet.
The animals in the other groups were fed a HFD. Group 2 (the AS positive control group) received no drugs,
Group 3 received atorvastatin orally (20 mg/kg/day), Group 4 received atRA (5 mg/kg/day, orally), and Group 5
received both drugs. All medications were started on day 45 and continued until the end of the study. Fasting
blood samples were obtained for lipid profile evaluation. The aorta sections were evaluated for maximum
wall and intima thickness.

Results. Oral administration of atRA, atorvastatin or their combination significantly improved serum lipid
profile (p < 0.001). Atorvastatin and atRA significantly decreased serum total cholesterol and LDL-cholesterol
levelsin HFD (p < 0.001). No difference was found in serum HDL-cholesterol levels among the studied groups.
The HFD group (Group 2 — positive control) showed significant intima irreqularities with fat deposition
and foamy macrophage accumulation (atheroma). Administration of atRA and atorvastatin significantly
decreased the size of atherosclerotic plaques (intima thickness). The maximum vessel wall and intima thick-
ness were significantly decreased after atRA and atorvastatin administration (p < 0.001). No difference was
found between atRA and atorvastatin effectiveness, but combination therapy significantly decreased AS size
in comparison to using either of the drugs alone (p < 0.001).

Conclusions. In reducing AS plaque size, atRA is as effective as atorvastatin. Additionally, the combination
therapy of atRA and atorvastatin decreased AS size much more effectively, showing their synergistic effect.
atRA can also improve the serum lipid profile.

Key words: atherosclerosis, high-fat diet, all-trans retinoic acid
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Introduction

Atherosclerosis (AS) is one of the most prevalent causes
of death around the world.! The formation and progres-
sion of atherosclerosis is a long-term process which begins
with an accumulation of fat within the vessel walls. The fat
accumulation triggers an inflammatory process as well
as platelet activation and accumulation, which subsequently
leads to the formation of an atherosclerotic plaque.>? There
are some traditional risk factors involved in the initiation
or progression of plaques. Hypertension, smoking, diabetes
mellitus (DM), obesity, hyperlipidemia, and infections are
some well-known risk factors.* Since there are different
types of risk factors, different types of medications are used,
but most of therapy methods have focused on preventing
atheromas and plaques from establishing and on preventing
established plaques from growing.

All-trans retinoic acid (atRA) is derived from vitamin
A through an enzymatic process.® It has antioxidant ac-
tivity and is involved in cellular development, growth
and differentiation.®=® It is also known that atRA acts
as an anti-inflammatory agent and can inhibit platelet
function.? Recent studies have uncovered some protective
effects of atRA on the cardiovascular system.”!° It has also
been shown that atRA and its derivatives can inhibit DM
development, and decrease body weight and lipid produc-
tion by regulating fat metabolism in various organs.>-12
Considering the effects of atRA on DM and lipid metabo-
lism, as well as its anti-inflammatory and anti-platelet ac-
tivation effect, we hypothesized that atRA can be useful
in the treatment of AS.

The aim of this study was to evaluate the effect of atRA
on AS in a rabbit model of fat-induced AS and to compare
the results with atorvastatin as a control drug.

Material and methods
Animals

Thirty male New Zealand rabbits were included
in the present study. All animals were housed for 1 week
in a temperature- and humidity-controlled vivarium
(22 £2°C, 30-60%) with a light/dark cycle of 10 h/14 h
and access to a standard diet and water.

Table 1. Serum lipid levels in the studied groups [mg/dL]

Group 1

Group 2

Group 3

L. Zarei, et al. atRA improves fat-induced atherosclerosis

All animal procedures were performed in accordance
with the Guide for the Care and Use of Laboratory Ani-
mals (National Institutes of Health (NIH) US publication
No. 85-23, revised 1985). All experiments were performed
in agreement with the ethical considerations recommended
by the Pasteur Institute of Iran in Tehran, and the study
protocol was reviewed and approved by the Ethical Com-
mittee of the Urmia University of Medical Sciences, Iran.

Drug administration

The rabbits were randomly divided into 5 groups. Each
group contained 6 rabbits. Group 1 was treated as a nega-
tive control group and was fed a normal diet for 75 days.
The animals in Groups 2—5 were fed a high-cholesterol
(fat) diet (HFD; 1% of body weight) for 75 days. Group 2
served as the AS positive control group and was not treat-
ed with any drugs, Group 3 received atorvastatin orally
(20 mg/kg/day) starting on day 45 for 30 days (until the end
of the study), Group 4 received atRA (5 mg/kg/day, orally)
starting on day 45 for 30 days (until the end of the study),
and Group 5 received both atorvastatin (10 mg/kg/day)
and atRA (2.5 mg/kg/day) starting on day 45 for 30 days
(until the end of the study).

At the end of the experiment, the rabbits fasted for 12 h
prior to anesthesia and peripheral blood samples were
obtained from the marginal vein of their ear. Then, se-
rum samples were separated and analyzed for total
cholesterol (TC), triglyceride (TG), high-density lipopro-
tein (HDL), and low-density lipoprotein (LDL) counts.
Finally, the rabbits were sacrificed and the aorta of each
rabbit was carefully resected as previously described. 3

Biochemical measurement

Blood samples were centrifuged at 3000 rpm for 10 min
and serum samples were separated. Serum levels of TC,
TG, LDL, and HDL were measured using an autoanalyzer
(BT 4500; Biotecnica Instruments, Rome, Italy).

Tissue preparation
The aorta, including the ascending and descending

parts, was excised and totally immersed in phosphate
buffered formalin (PBF) for at least 24 h for fixation. After

Group 4 Group 5

(negative control) (positive control) (atorvastatin) (atRA¥) (atRA + atorvastatin) p-value**
TC 36.5+20 1,966.2 +330% 147.5 £102 621 +259 153.8 +61 <0.001
TG 136 +44 68.5 +45 75.5 47 145.2 +73 54.3 £30 >0.05
HDL 15£1.5 3245 392420 65 +34 30.6£5 >0.05
LDL 135 916 +42 102.7 £100 462.5 +99 119 £32 <0.001

TC - total cholesterol; TG - triglyceride; HDL - high-density lipoprotein; LDL — low-density lipoprotein; * atRA — all-trans retinoic acid;

** p-value <0.05 is significant.
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Fig. 1A. Aortic tissue (muscular wall) of a rabbit not receiving a high-fat
diet (HFD) (negative control — Group 1) (hematoxylin and eosin (H&E)
staining, x10 magnification)

Fig. 1B. Aortic tissue of a rabbit receiving a high-fat diet (HFD) without any
drug administration (positive control — Group 2). A large atherosclerotic
plaque composed of foamy macrophages (clearly stained area marked
with *) is seen attached to the vessel wall (marked with a black square),
(hematoxylin and eosin (H&E) staining, x40 magnification)

fixation, the samples were embedded in paraffin. Then,
5 um sections were obtained from each paraffin block
and stained with hematoxylin and eosin (H&E). The maxi-
mum wall thickness of the aorta and the intima thickness

Fig. 1C. Aortic tissue of a rabbit treated with atorvastatin (Group 3),
with smaller atherosclerotic plaque (area marked with *) compared
to the positive control (Group 2) in Fig. 2. The vessel wall is marked
with a black square (hematoxylin and eosin (H&E) staining,

%20 magnification)

Fig. 1D. Aortic tissue of a rabbit receiving atRA (Group 4), with smaller
atherosclerotic plaque (area marked with *), compared to the positive
control (Group 2) in Fig. 2. The vessel wall is marked with a black square.
The black circle shows the vessel serosa (hematoxylin and eosin (H&E)
staining, X20 magnification)

(plaque size) of each sample were measured using an im-
age evaluation program (Optika, Vittorio Veneto, Italy)
and were compared with other samples.

Statistical analysis

The results are expressed as mean + standard error
of the mean (SEM). Statistical analysis was performed
using SPSS v. 16.0 (SPSS Inc., Chicago, USA). Statistical
evaluation of the data was performed using an analysis
of variance (ANOVA). The normality of data was evaluated
with the Kolmogorov-Smirnov test; p-values <0.05 were
considered statistically significant.
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Results
Serum lipid profile

Levels of LDL, HDL, TG, and TC were significantly high-
er in the HED positive control group (Group 2) compared
to the negative control group (Group 1) (p < 0.001). Our
data showed that oral administration of atRA or atorv-
astatin, or their combination, significantly decreased TC
and LDL serum levels (p < 0.001). Additionally, we found
that atorvastatin reduced serum TC and LDL levels more
effectively than atRA (p < 0.001), but their combination
therapy showed no significant difference in effectiveness
compared to atorvastatin alone (p = 0.21). No statistical
difference was found in serum HDL levels among the stud-
ied groups. The details of the serum lipid profiles are in-
cluded in Table 1.

Histopathological evaluation

The sample from each rabbit’s aorta was evaluated us-
ing a light microscope (Olympus BH-21; Olympus, Tokyo,
Japan). In the negative control group no atheromas were
identified, but the HFD group (Group 2 — positive con-
trol) showed significant irregularities on the inner sur-
face of the aorta (intima), with fat deposition and foamy
macrophage accumulation (atheroma). Oral administra-
tion of atRA and atorvastatin significantly decreased
the size of the atherosclerotic plaques and intima thickness
(Fig. 1A-D, 2). The maximum vessel wall and intima thick-
ness were measured in each group and showed a significant
decrease after atRA, atorvastatin or their combined ad-
ministration (p < 0.001). No difference was found between
atRA and atorvastatin in reducing AS size, but the com-
bination therapy of atRA and atorvastatin significantly
decreased AS size in comparison to using either drug alone
(p < 0.001), (Fig. 3A, 3B).

Discussion

Derived from vitamin A, atRA is involved in some cell
regulatory processes, including cell migration, healing
and differentiation.?!3 Recent studies have revealed the ef-
fects of atRA on the cardiovascular system. It was shown
that atRA can inhibit restenosis of a coronary artery after
angioplasty.* In this study, we demonstrated that oral ad-
ministration of atRA in a rabbit model of fat-induced AS im-
proved the serum lipid profile and also decreased the size
of atherosclerotic plaques. We observed similar results with
atorvastatin, which was used in our study as a control drug.
Atorvastatin is one of the main drugs widely used to lower
serum lipids levels in clinical practice.”>17

In this study, we found atRA very effective in decreasing
the size of AS. Although we found no superiority for atRA
over atorvastatin in reducing AS, there are some studies

Fig. 2. Aortic tissue of a rabbit receiving both atorvastatin and atRA
(Group 5). There is a small plaque (area marked with *) attached

to the vessel wall (area marked with a black square) (hematoxylin
and eosin (H&E) staining, x40 magnification)

which have shown that atRA is much more effective than
atorvastatin.? The benefits of atRA can be related to the fol-
lowing mechanisms: reducing lipotoxicity-induced oxida-
tive stress, inhibiting the production of reactive oxygen
species (ROS), enhancing fatty acid oxidation, activating
macrophages, reducing inflammation, and inhibiting
coagulatory factors.>13-22 As a novel finding, we found
that combination therapy of atRA and atorvastatin de-
creased AS size more effectively than administering either
one alone. These findings suggest that atRA and atorvas-
tatin act through different mechanisms and that their com-
bination therapy has a synergistic effect on AS treatment.

We also found that atRA can reduce serum TC and
LDL-cholesterol levels, although we found atorvastatin
to be more effective in reducing serum TC and LDL-
cholesterol levels than atRA. We also found no difference
between atorvastatin and its combination therapy with
atRA in lowering serum TC and LDL-cholesterol levels.
These findings are in line with other studies on this topic.>
We also found no differences in serum HDL-cholesterol
levels in the compared groups.

Our study had some limitations. We did not explore
the underlying mechanisms through which atRA could
reduced atheroma size or serum lipid levels. Some stud-
ies have explored the role of inflammation and stated
that atherosclerosis is an inflammatory process.?* Others
have shown that macrophage activation by retinoic acid
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Fig. 3A. Aortic maximal wall thickness in rabbits. The wall thickness
analysis showed that all-trans retinoic acid (atRA) and atorvastatin can
both reduce the wall thickness and that their combination therapy
had the most effective results (p < 0.001). There was no difference

in effectiveness between atRA and atorvastatin, but as this figure
shows (p = 0.3), combination therapy showed a significant difference
in effectiveness with both atRA and atorvastatin (* p < 0.001)
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Fig. 3B. Aortic intimal thickness. The results were similar to wall
thickness analysis as both all-trans retinoic acid (atRA) and atorvastatin
significantly decreased the intima thickness (p < 0.001). Combination
therapy decreased the intima thickness more effectively than either
of the drugs alone (* p < 0.001). No difference in effectiveness was
found between atRA and atorvastatin (p = 0.24)

receptors, which leads to improved antiapoptotic activity
of the macrophages, can increase removal of apoptotic cells
in AS plaques.?® In another study by Bilbija et al., an over-
expression of retinoic acid target genes was shown in coro-
nary artery disease (CAD).2 Bilbija et al. also reported
that atRA has antiproliferative effects on cardiomyocytes
and cardiofibroblasts and concluded that the antiprolifera-
tive effects of atRA may be beneficial because it may be
used to delay cardiomyocyte remodeling, reduce restenosis
and preserve the functions of the cardiovascular system.?*
But in none of the related studies are the underlying signal
transduction pathways, which lead to AS reduction and in-
hibition, clearly defined.

We found that atRA can reduce AS plaque size as ef-
fectively as atorvastatin. Additionally, their combination
therapy improved their power and decreased AS size much
more effectively. Our study is a novel experiment which
studied the combination effect of atRA and atorvastatin
on both AS and serum lipid profile. This combination ef-
fect has not been evaluated in any other study. We found
that combined administration of atRA and atorvastatin
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had a synergistic effect only in reducing AS plaque size, but
not in lowering serum lipids levels. This finding may sug-
gest a mechanism other than lowering serum lipids levels
in reducing AS plaque size. We also showed a lipid-lower-
ing effect for atRA, although it was less effective than ator-
vastatin. Our results nominate atRA as a potential thera-
peutic agent in the treatment of AS and subsequent CAD.
We suggest performing further studies to find out oth-
er therapeutic and adverse effects of atRA, as well as its
mechanism of action, the optimal dosage and the route
of administration. This may lead to its use in a combina-
tion therapy with statins in patients with CAD to better
control the disease and reduce ischemic attacks in future.
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Abstract

Background. Adropin, a secreted protein, is encoded by the energy homeostasis-associated gene (FNHO).
Itis expressed by a variety of tissues and cells. It has been implicated in several physiological and pathological
processes, such as angiogenesis and apoptosis.

Objectives. The aim of the present study was to investigate the ENHO gene expression and serum adropin
levels in patients with rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE).

Material and methods. The study included 36 patients with RA, 22 patients with SLE and 20 healthy
controls (HC). Patients with a disease activity score-28-erythrocyte sedimentation rate (DAS28-ESR) >2.6
inthe RA group and an SLE disease activity index (SLEDAI) >6 in the SLE group were accepted as active. Serum
adropin levels were analyzed with the enzyme-linked immunosorbent assay (ELISA) method. The ENHO gene
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene expressions in peripheral blood mononuclear
cells were analyzed with real-time polymerase chain reaction (PCR).

Results. The FNHO gene mRNA expression was significantly higher in the RA group than in the HC group
(p =0.024), although it was similar between the SLE and HC groups (p = 0.920). On the other hand, there
were no significant differences among the study groups in terms of serum adropin levels (p > 0.05 for all).
Moreover, there was no significant difference in terms of the FNHO expression and serum adropin levels
between active and inactive RA and SLE patients.

Conclusions. Although the ENHO gene expression is increased, serum adropin level is not altered in RA.
Similarly, adropin seems not to be associated with SLE. However, the potential link between adropin and
inflammatory diseases need to be tested in further studies.

Key words: rheumatoid arthritis, systemic lupus erythematosus, adropin, energy homeostasis-associated gene
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Introduction

Rheumatoid arthritis (RA) is a chronic inflamma-
tory disease characterized by synovitis and damage
to the joints. Its prevalence in the general population
is around 1%.! Although the pathological immunologi-
cal process of the disease is uncertain, many immune
cells, such as lymphocytes, macrophages, and leukocytes,
and many other molecules, such as cytokines and che-
mokines, have been shown to play a role in this process.!
Angiogenesis also plays a prominent role in pannus tis-
sue formation in RA.! It has been shown that adipocyto-
kines in the peptide structure are associated with many
signaling pathways and that pro-inflammatory cytokine
release is involved in the pathogenesis of RA.2~* More-
over, they may influence disease phenotype and the course
of the disease.?™*

Adropin, encoded by the energy homeostasis-associated
(ENHO) gene, is a secretory protein playing an active role
in energy homeostasis.”> The ENHO gene has been deter-
mined to be expressed in many organs besides endothe-
lial cells, such as the liver, the brain, the pancreas, and
the kidneys.*” Adropin affects the regulation of glucose
and lipid metabolism, energy homeostasis and the modula-
tion of insulin sensitivity.>~

In addition to the metabolic effects, adropin has been
shown to have many non-metabolic effect potentials re-
lated to angiogenesis, apoptosis and inflammation.>¢8
Adropin has been demonstrated to have an effect on vas-
cular endothelial growth factor receptor (VEGFR), intra-
cellular pathways like PI3K-Akt and ERK1/2, and local
and systemic mediators like interleukin 6 (IL-6), which
are also effective in RA pathogenesis.>®° In addition, while
adropin stimulates the critical stages of angiogenesis, such
as proliferation, migration and tube formation, it reduces
the apoptosis of endothelial cells and vascular permeabil-
ity. Furthermore, adropin therapy has been shown to ame-
liorate endothelial function.®

These effects of adropin suggest that it may play an active
role in the pathophysiology of inflammatory rheumatic
diseases. The aim of this study was to evaluate serum
adropin levels and the ENHO gene expression in RA and
systemic lupus erythematosus (SLE).

Material and methods

The study included 36 patients with RA, 22 patients with
SLE, and 20 healthy controls (HC). The patients fulfilled
the established classification criteria.!®!! Participants un-
der the age of 18 years or above the age of 80 years, those
with signs of infection, and pregnant women were excluded
from the study. The protocol of this study was approved
by the institutional Ethics Committee, and all the par-
ticipants gave informed consent before being enrolled
in the study. Detailed histories of all the participants were

S. Yolbas, et al. Serum adropin level in rheumatoid arthritis

obtained, and systemic and rheumatological examinations
were performed. The clinical process and treatments for all
participants were also recorded.

Disease activity and/or severity scores were determined
by the disease activity score (DAS)-28-erythrocyte sedi-
mentation rate (ESR) in the RA group (patients with
a DAS28-ESR score >2.6 were considered active); the SLE
disease activity index (SLEDAI) and the Systemic Lupus
International Collaborating Clinics/American College
of Rheumatology damage index (SLICC/ACR) were used
in the SLE group (patients with an SLEDAI score >6 were
considered active).!2-1

Blood samples were drawn from all the participants, af-
ter fasting overnight. Erythrocyte sedimentation rate and
C-reactive protein (CRP) levels were assessed by the classic
Westergren and immunoturbidimetric methods, respec-
tively. Routine laboratory evaluations of complete blood
count, creatinine and total creatinine kinase levels were
assessed in all the participants, using standard laboratory
methods. Rheumatoid factor (RF) and anti-cyclic citrul-
linated peptide (anti-CCP) antibody levels were analyzed
in the RA group, and RF and anti-CCP titers higher than
15 IU/mL were considered positive. In addition, autoanti-
body work-ups (antinuclear antibody — ANA, anti-double
stranded DNA (anti-dsDNA) and anti-Sm antibodies)
were studied with standard methods in the SLE group
on the same day. Antinuclear antibody was detected
by the indirect immunofluorescence antibody (IFA) test.
Anti-dsDNA and anti-Sm antibodies were measured
by the enzyme-linked immunosorbent assay (ELISA), using
suitable commercial kits (Euroimmun, Liibeck, Germany).

Serum adropin levels were analyzed by the ELISA meth-
od, using an appropriate commercial kit (Cusabio Biotech
Co., Wuhan, China).

Total RNA was prepared from peripheral blood cells
by the use of a QIAamp RNA Blood Mini kit (Qiagen,
Hilden, Germany). Equal amounts of RNA from these sam-
ples were reverse transcribed to cDNA, using a Superscript
First-Strand cDNA Synthesis Kit (Invitrogen, San Diego,
USA). The mRNA expression of ENHO (Qiagen) was quan-
tified and normalized against glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). The levels of ENHO and GAPDH
were measured by the Rotor-Gene SYBR green-based real-
time polymerase chain reaction (PCR), using a real-time
PCR system (Rotor-Gene Q; Qiagen). Gene expression
was determined by the 2-AACt methodology, normal-
ized against the reference gene GAPDH. Changes in gene
expression are represented as a fold change relative to 1,
where the control equals 1.

Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences (SPSS) v. 21.0 (IBM,
Chicago, USA). Results were given as mean + standard
deviation (SD). The normal distribution of the variables
was evaluated by the Kolmogorov-Smirnov test, and loga-
rithmic transformations were performed to normalize
data with a skewed distribution before statistical analysis.
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Statistical differences among the groups
were identified with one-way analysis
of variance (ANOVA), followed by Tukey’s

post hoc test for parametric data and Age [years]
the Mann—\X/hitneZy U test for nonpara- Sex (F/M)
metric data. The x?* test was done to com- BMI [kg/m?)

pare the categorical variables. Correlation
analysis was performed using Pearson’s
correlation coefficient. Analysis of covari-
ance (ANCOVA) was also used to adjust
the variables for age, body mass index (BMI)

Variables

Disease duration [years]
Smoking (n)

GC usage (n)

GC dose [mg/day]*
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Table 1. The demographics in all the study groups

SLE (n =22) ‘

RA (n=36) HC (n=20) p-value
49.6 +1591 31.1 £8.8** 442 £129 <0.001°
8/28 1/21 3/17 0.193°
274 +6.2" 237 +4.8 271 +4.8 0.025°
10.6 +94 4.7 £59 = 0.008¢

3 4 2 0.506°

29 18 - 0.821¢

45 %37 6.0+52 - 0.261¢

and current drug usage. The p-values <0.05
were considered significant.

Data expressed as mean =+ standard deviation (SD). RA — rheumatoid arthritis; SLE - systemic
lupus erythematosus; HC — healthy control; F — female; M — male; BMI — body mass index;

GC - glucocorticoid. * The dose of glucocorticoid is equivalent to prednisolone.
The p-values of 2ANOVA, ° %, and < Student’s t-tests are given. When compared

Results

The demographic and clinical data
of the study group are summarized in Table 1.

to the HC group: ** p < 0.01. When compared to the SLE group: "p < 0.05 and "'p < 0.001.

Table 2. Laboratory parameters in all the study groups

Variables RA (n =36) SLE (n =22) HC (n =20) p-value
The mean DAS28-ESR score was 3.1 £1.6 ESR [mm/h] 3274250% | 38342957 | 1724116 0.007°
in the RA group. The mean SLEDAI and CRP [mo/dl] s 06414 0340 0.040°
SLICC/ACR indices in the SLE group were o S o '
11.3 +10.6 and 1.7 +1.5, respectively. There WBC 1074 734211 >3 +2 6314 000t
were 17 and 13 active patients in the RA and PLT [10%uL] 28064778 | 244741021 | 27114795 | 0271°
SLE groups, respectively. In the RA group, Hb [g/dL] 12.5 +1.5% 1134175 | 135412 <0.0012
the mean swollen, tender and deformed TG [mg/dLl 92.6 £48.5** | 112.6 £65.9 150.3 £79.6 0.003?
joint counts were 2.5 +4.7, 3.8 +6.7, and TC [mg/dL] 1633 +385% | 151.5+32.8** | 191.1 £50.5 0.002?
1.1 +2.7, respectively, and the mean morn- LDL-C [mg/dL] 1042+326% = 969+243* | 1204+438 | 0002
ing Stifff‘ess duration was 60.1 £76.2 min, HDL-C [mg/dL] 4864132 | 4814177 476116 0.964°
In adfhtlon, the mean titers of RF and anti- Serum adropin [ng/mL] 1.1 +09 1.1 £0.6 0.8 +£0.5 0.190°
CCP in the RA group were 73.2 +93.3 U/mL ,
ENHO gene expression [AU] 1.25 £0.11* 119 +0.12 118 £0.10 0.036P

and 363 £50.8 U/mL, respectively, and 19 and

26 RA patients were positive for RF and
anti-CCP, respectively. In the SLE group,
anti-dsDNA was 78.8 5.3 IU/mL, and
14 and 6 patients were positive for dAsSDNA
and anti-Sm antibody, respectively.

There was no significant difference among
the groups in terms of serum adropin level
(p > 0.05 for all). The ENHO gene expression was signifi-
cantly higher in the RA group when compared to the HC
group (1.25 £0.11 AU vs 1.18 £0.10 AU; p = 0.024). There
was no significant difference between the HC and SLE
groups in terms of the ENHO gene expression (p = 0.921)
(Table 2).

There was no significant difference between active
and inactive RA groups in terms of serum adropin and
the ENHO gene expression levels (p > 0.05 for all, data not
shown). There was no significant difference between RA
patients using and not using glucocorticoid (GC), metho-
trexate, sulfasalazine, hydroxychloroquine (HCQ), and
leflunomide in terms of serum adropin levels or the ENHO
gene expression. In addition, serum adropin levels and
the ENHO gene expression were similar in the patients
positive and negative for RF and anti-CCP (p > 0.05).
Furthermore, serum adropin levels and the ENHO gene

Data expressed as mean + standard deviation (SD). RA — rheumatoid arthritis;

SLE - systemic lupus erythematosus; HC — healthy controls; ESR — erythrocyte
sedimentation rate; CRP — G-reactive protein; WBC — white blood cell count; PLT — platelet
count; Hb — hemoglobin; TG - triglyceride; TC - total cholesterol; LDL-C - low-density
lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol. The p-values

of 2 ANOVA and P Kruskal-Wallis tests are given. When compared to the HC group: * p < 0.05,
**p <001 and *** p < 0.001. When compared to the SLE group: "p < 0.05 and ' p < 0.01.

expression were not significantly correlated with DAS28-
ESR, ESR, and CRP levels, or RF and anti-CCP titers
in the RA group (p > 0.05).

There was no significant difference between the active
and inactive SLE subgroups in terms of serum adropin
levels and the ENHO gene expression (p > 0.05 for all, data
not shown). In the SLE group, there was no significant
difference between the patients with and without renal
involvement and ANA positivity in terms of serum adropin
levels and the ENHO gene expression. Moreover, there was
no significant difference between patients using and not
using GC, azathioprine and HCQ in terms of serum adro-
pin levels or the ENHO gene expression (p > 0.05 for all,
data not shown). However, in the SLE group, the ENHO
gene expression was negatively correlated with hemoglobin
(r = -0.430; p = 0.046) and low-density lipoprotein (LDL)
cholesterol levels (r = —0.465; p = 0.029).
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Discussion

The current study evaluated serum adropin levels and
the ENHO gene expression in RA and SLE, which are
chronic inflammatory diseases. There was no significant
difference among the groups in terms of serum adropin
levels. However, significantly higher ENHO gene expres-
sion was observed in RA. On the other hand, the ENHO
gene expression was similar between the SLE and HC
groups.

Adropin is a molecule in the structure of the peptide
and has been shown to act on many chronic pathological
processes. Plasma adropin levels increase in patients with
heart failure, characterized by chronic, low-grade inflam-
mation.’ Furthermore, plasma adropin level shows a posi-
tive correlation with IL-6.2 On the other hand, Lovren et al.
reported that in vitro adropin administration increased
Akt and ERK1/2 phosphorylation.® Akt was also shown
to interact with several intracellular pathways like GSK3,
p21/p27, EDG-1, and FOXO, which were increased as a re-
sult of the inflammatory process.® We found increased
ENHO gene expression in RA, but not in SLE in our study.
Serum adropin levels were not significantly altered in RA
and SLE, although they are chronic inflammatory diseases.

Adropin stimulates critical neovascularization process-
es, including proliferation, migration and capillary-like
tube formation. Lovren et al. reported that in vitro adro-
pin administration increased the level of VEGFR2 pro-
tein.® Also, an increase in capillary density was observed
in the adropin-administered group in a mouse hind limp
ischemia model.® Moreover, a low adropin level was shown
to be associated with a decrease in vascular microcircu-
lation.’>!¢ In the present study, high levels of the ENHO
gene expression in the RA group may suggest that adropin
could be associated with pannus formation in RA. In con-
trast to RA, similar ENHO gene expression between SLE
patients and healthy volunteers may be caused by a lack
of pannus formation in SLE.

Cardiovascular morbidity and mortality are higher
in RA and SLE.1”" The pathogenesis of increased athero-
sclerosis cannot be explained by common cardiovascular
risk factors, such as age, sex, obesity, smoking, hyperlip-
idemia, hypertension, and diabetes. Inflammation is one
of the important non-conventional reasons of increased
cardiovascular risk in these inflammatory diseases. In ad-
dition, insulin resistance is one of the most important
triggering risk factors in the development and progression
of atherosclerotic cardiovascular diseases. Adropin is re-
lated to metabolic diseases and atherosclerosis.® Increased
adipocytes, dyslipidemia, impaired glucose tolerance, and
insulin resistance were demonstrated in adropin knock-
out mice.?’ Conversely, systemic treatment or transgenic
overexpression of adropin were shown to improve obesity,
hepatosteatosis and insulin resistance.®?!2 It were shown
that a low serum adropin level is associated with endo-
thelial dysfunction and that this dysfunction improves
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with adropin treatment.®2!22 Increased adropin levels are
expected in RA and SLE due to their inflammatory nature.
However, in our study, this level was not higher in RA and
SLE. It suggests that the adropin level which is not in-
creased may be one cause of the increased metabolic and
atherosclerotic complications of RA and SLE.

Liver ENHO gene expression was documented to be
affected by changes in one’s energy balance, the content
of one’s diet and the presence of obesity.> While a short-
term diet with a high fat content increases the ENHO gene
expression, chronic exposure, through obesity, for exam-
ple, decreases its expression.® Serum adropin level is high
in the case of chow diets and decreases in hunger and di-
et-induced obesity. While the adropin level is high when
fed with a high-fat and low-carbohydrate diet, the adropin
level is lower when fed with a low-fat and high-carbohy-
drate diet.?’ Additionally, liver ENHO mRNA expression
is regulated by liver X receptors o (LXRa) and peroxisome
proliferator activated receptor-y (PPAR-y), which is an in-
sulin sensitizer, playing a role in cholesterol and triglyc-
eride metabolism.” The nuclear receptor families, LXR«
and PPAR-y, playing a role in energy homeostasis, were
shown to be higher in RA fibroblast-like synoviocytes and
synovial fluid. Also, an increase in LXRa and PPAR-y was
demonstrated to be related with a decrease in the ENHO
gene expression and the adropin level.>?-2¢ Thus, it can
be concluded that one cause of the adropin level that is not
increased may be the possible suppressive effect of LXRx
and PPAR-y on adropin production.

Similarly, leptin may suppress adropin production in RA
and SLE. A decreased adropin level was observed to be as-
sociated with an increased leptin level.>?” The leptin level
significantly increases RA and SLE.?$%

There are some limitations of this study. Foremost,
the sample size is relatively small. The analysis of the ENHO
gene expression by peripheral blood mononuclear cells
may be another limitation of the present study. It could
be analyzed by liver tissue or any affected tissue. Thirdly,
another limitation may be that the mean ages of the study
groups are significantly different in our study. However,
this is difficult to correct, since RA and SLE affect and
start at different ages. The differences for data were also
analyzed with ANCOVA to adjust.

In conclusion, the ENHO gene expression is increased
in RA but not in SLE. However, the adropin level does not
change in RA and SLE, which are chronic inflammatory
diseases. Consequently, adropin may not be directly related
to these diseases. However, further studies are needed
to draw a more precise conclusion.
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Abstract

Background. Oxidative stress and interleukin-1 beta (IL-1B) have been reported to play a role in the patho-
genesis of nephrotoxicity induced by cisplatin.

Objectives. The objective of this study was to investigate the effect of anakinra, which is an IL-1B receptor
antagonist, on cisplatin-induced nephrotoxicity in rats, through biochemical, gene expression and histo-
pathological analyses.

Material and methods. The study was designed with 4 groups. For 1 week, the control group (C) and
the cisplatin (Cis) group received distilled water, while the cisplatin + anakinra 50 (Cis + ANA50) group
and the cisplatin + anakinra 100 (Cis + ANA100) group were intraperitoneally administered 50 mg/kg and
100 mg/kg of anakinra, respectively. The Cis, Cis + ANA50 and Cis + ANAT00 groups were intraperitoneally
injected witha 2.5 mg/kg dose of cisplatin for 7 days. After sacrifice, the kidney tissue of each rat was extracted
forthe assessment of the malondialdehyde (MDA) and total glutathione (tGSH) levels, and for gene expression
analyses of /[-18. The kidney tissues were histopathologically evaluated. Statistical analyses of the data were
performed using one-way analysis of variance (ANOVA).

Results. The administration of cisplatin (the Cis group) yielded a higher level of MDA (4.75 +0.25 nmol/mL;
p < 0.001) and lower levels of tGSH (1.80 +0.35 mg/L; p < 0.001) compared to other groups. Cisplatin also
increased /-8 gene expression (6.33 +0.27 gene expression levels; p < 0.001) compared to other groups.
The impact of anakinra on the MDA and tGSH levels, and on /[-15 gene expression induced by cisplatin was
observed as a reversal of these findings (p < 0.05). Anakinra better prevented an increase of the levels of MDA
and |11 at a dose of 100 mg/kg compared to a 50 mg/kg dose.

Conclusions. Anakinra prevents oxidative kidney damage induced by cisplatin in a dose-dependent man-
ner. This result suggests that anakinra may be useful in the treatment of cisplatin-induced kidney damage.

Key words: rats, cisplatin-nephrotoxicity, anakinra
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Introduction

Cisplatin is a platinum-derived anticancer drug which
is widely used in chemotherapy. Since cisplatin is a non-
cell-cycle specific chemotherapeutic agent, it is a broad-
spectrum drug, commonly used in the treatment of various
solid cancer types (stomach, testicular, ovarian, bladder, kid-
ney, uterocervical, head and neck).! However, nephrotoxicity
during cisplatin chemotherapy makes it necessary to use
cisplatin in limited doses, and sometimes even to discon-
tinue the treatment.? While the administration of cisplatin
at low doses causes necrosis in the tubule cells of the kidney;,
high doses lead to apoptosis. Cisplatin has been reported
to cause severe damage, especially in the epithelial cells
of the proximal tubule of the kidney.* Free oxygen radicals
have been demonstrated to play a role in cellular death due
to the use of cisplatin.” On the other hand, interleukin-1 beta
(IL-1p) has been reported to play a crucial role in the patho-
genesis of nephrotoxicity induced by cisplatin.® These re-
sults suggest that antioxidants and IL-1 antagonists may
be beneficial in the prevention of cisplatin nephrotoxicity.
Anakinra, which we tested against cisplatin nephrotox-
icity in the present study, is a recombinant human IL-1f
receptor antagonist and the first biological agent which has
been demonstrated to block pro-inflammatory effects in pa-
tients with rheumatoid arthritis.” Hasturk et al. reported
on the antioxidant activity of anakinra in animals.® There
are studies which associate the protective effect of anakinra
with antioxidant activity resulting from the blockage of IL-f3
receptors.” Anakinra has also been reported to protect
the ovarian tissue from ischemia-reperfusion injury by an-
ti-inflammatory and antioxidant activity.!” It was found
that anakinra suppressed hyperalgesia by preventing an in-
crease in the malondialdehyde (MDA), myeloperoxidase
and IL-1P levels, and a decrease in the total glutathione
(tGSH) levels.! In the literature, there have been no studies
on the use of anakinra, taking into consideration both its
antioxidant and IL-1B-antagonist properties against cis-
platin nephrotoxicity. Therefore, the objective of this study
was to investigate the effect of anakinra against cisplatin-
induced nephrotoxicity in rats, through biochemical, gene
expression and histopathological analyses.

Material and methods
Animals

A total of 40 male albino Wistar rats, each weighing 220—
230 g, were randomly chosen. Prior to the experiment, the rats
were divided into 4 groups, with 10 rats per group. The rats
were kept and fed in the pharmacology laboratory at normal
room temperature (22°C). The animal experiments were per-
formed in accordance with the National Guidelines for the Use
and Care of Laboratory Animals, and approved by the lo-
cal animal ethics committee (No. 179, November 27, 2015).
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Chemical substances

Cisplatin, ketamine hydrochloride and anakinra were
purchased from Kogak Farma Drug Industry (Istanbul,
Turkey), Pfizer Drugs, Ltd. (Istanbul, Turkey) and Swedish
Orphan Biovitrum AB (Stockholm, Sweden), respectively.

Experimental groups

The experimental animals were divided into control (C),
cisplatin (Cis), cisplatin + anakinra 50 (Cis + ANA50), and
cisplatin + anakinra 100 (Cis + ANA100) groups.

Experimental procedure

The Cis + ANA50 and Cis + ANA100 groups were in-
traperitoneally administered 50 mg/kg and 100 mg/kg
of anakinra, respectively. As in the previous studies,
anakinra was given intraperitoneally. In addition, the ef-
fects of anakinra on antioxidants and cytokines had been
investigated previously at these dosages.!? Distilled water
was given to the Cis and C groups as a solvent in the same
way. Since anakinra is a solution dissolved in distilled water,
we also used distilled water as a solvent. One hour after
anakinra was administered, the Cis, Cis + ANA50 and Cis +
ANA100 groups were injected with a 2.5 mg/kg dose of cis-
platin intraperitoneally. In the literature, drugs that have
been investigated for protective effects against cisplatin
toxicity are generally given to experimental animals 1 h
before cisplatin.!? In our preliminary study, administering
cisplatin at a dose of 2.5 mg/kg for 1 week resulted in signifi-
cant nephrotoxicity in the animals. These procedures were
repeated once a day for 7 days. At the end of this period, all
the rats were sacrificed with high-dose ketamine hydro-
chloride anesthesia and their kidney tissues were removed.
Following the macroscopic evaluation of the kidney tissues,
the MDA, tGSH and IL-1f5 gene expression levels were deter-
mined. In addition, the kidney tissues were histopathologi-
cally evaluated. The results obtained from the Cis + ANA50,
Cis + ANA100 and C groups were evaluated in comparison
with the Cis group.

Biochemical analysis
Malondialdehyde analysis

According to the method defined by Ohkawa et al.,
MDA forms a pink complex with thiobarbituric acid (TBA)
at 95°C, which can be measured using spectrophotometry
at a wavelength of 532 nm.!* A sample of 25 mg of tissue was
homogenized using a solution of 1.15% KCI. Homogenates
were centrifuged at 5000 g for 20 min, and the superna-
tants were used to determine the amount of MDA; 250 puL
of homogenate, 100 pL of 8% sodium dodecyl sulfate (SDS),
750 uL of 20% acetic acid, 750 pL of 0.08% TBA, and 150 pL
of purified water were pipetted into capped test tubes and
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vortexed. The mixture was left for incubation at 100°C
for 60 min before 2.5 mL of n-butanol was added to it, and
then spectrophotometric measurement was conducted.
The amounts of red color formed were read at 532 nm, us-
ing cuvettes of 3 mL, and, taking into account dilution coef-
ficients, the MDA amounts in the samples were determined,
using the standard chart. The standard chart created using
MDA stock solution was prepared before.

Total glutathione analysis

The amount of GSH in the total homogenate was mea-
sured according to the method of Sedlak and Lindsay with
some modifications.!* The sample was weighed and ho-
mogenized in 2 mL of 50 mmol/L Tris—HCI buffer, con-
taining 20 mmol/L of ethylenediaminetetraacetic acid
(EDTA) and 0.2 mmol/L of sucrose at pH 7.5. The homog-
enate was immediately precipitated with 0.1 mL of 25%
trichloroacetic acid (TCAA), the precipitate was removed
after centrifugation at 4200 rpm for 40 min at 4°C, and
the supernatant was used to determine the GSH level.
A total of 1500 uL of measurement buffer (200 mmol/L
of Tris—HCl buffer, containing 0.2 mmol/L of EDTA at pH
7.5), 500 pL of the supernatant, 100 uL of 5,5-Dithiobis
(2-nitrobenzoic acid) (DTNB), and 7900 pL of metha-
nol were added to a tube and vortexed, and incubated
for 30 min at 37°C. DTNB was used as a chromogen and
it formed a yellow-colored complex with sulfhydryl groups.
The absorbance was measured at 412 nm, using a spectro-
photometer (Beckman DU 500; Beckman Coulter, Inc.,
Brea, USA). The standard curve was obtained by using
reduced glutathione.

Superoxide dismutase analysis

The superoxide dismutase (SOD) activity was based
on the generation of superoxide radicals, produced by xan-
thine and xanthine oxidase, which reacts with nitro blue
tetrazolium to form formazan dye. The SOD activity was
then measured at 560 nm by the degree of inhibition of this
reaction.!®

Interleukin-1 beta quantity measurement

The tissue homogenate IL-1p concentrations were mea-
sured using a rat-specific sandwich enzyme-linked im-
munosorbent assay Rat Interleukin-1p ELISA Kit (Cat.
No. YHBO0616Ra; Shanghai LZ Biotech Co., Ltd., Shang-
hai, China). The analyses were performed according
to the manufacturers’ instructions. Briefly, a monoclonal
antibody specific for rat IL-1p was coated onto the wells
of microplates. The tissue homogenate, standard solutions,
biotinylated spesific monoclonal antibody and streptavi-
din-HRP were pipetted into these wells, and then incubat-
ed at 37°C for 60 min. After washing, chromogen reagent
A and chromogen reagent B were added, which were acted
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upon by the bound enzyme to produce a color. The mix-
ture was incubated at 37°C for 10 min. Then, a stop so-
lution was added. The intensity of this colored product
was directly proportional to the concentration of rat IL-1f3
present in the original specimen. At the end of the course,
the well plates were read at 450 nm via a microplate reader
(BioTek, Winooski, USA). The absorbance of the samples
was estimated with formulas that used standard graphics.

Gene expression of IL-10
RNA isolation

RNA was isolated from the homogenized kidney tissue
samples using a Roche Magna Pure Compact LC device
with a MagNA Pure LC RNA Kit (Roche Diagnostics GmbH,
Mannheim, Germany). The quantity and quality of the iso-
lated RNA was assessed with a nucleic acid measurement
device (MaestroNano; Nucleotest Bio Ltd., Budapest, Hun-
gary). The 50 pL RNA samples were stored at -80°C.

Complementary DNA synthesis

Complementary DNA (cDNA) was synthesized from
the isolated RNA samples using a Transcriptor First Strand
c¢DNA Synthesis Kit (Roche Diagnostics GmbH). For each
subject, 1 uL of ddH,O, 10 pL of RNA and 2 pL of random
primer were combined and incubated in a thermal cycler
for 10 min at 65°C. After incubation, 4 pL of reaction buffer,
0.5 uL of RNAase, 2 puL of deoxynucleotide mix, and 0.5 puL
of reverse transcriptase were added. The reactions were
incubated for 10 min at 25°C, for 30 min at 55°C, for 5 min
at 85°C, and then they were held at 4°C. At the end of in-
cubation, 1 pL of RNase H was added. The reaction was
stopped by allowing the polymerase chain rection (PCR)
device to stand for 20 min at 37°C. The prepared product
was stored at —80°C.

Quantitative gene expression evaluation
with real-time polymerase chain reaction

For each cDNA sample, the gene expression of IL-1 and
the reference gene (G6PD) was analyzed, using a Roche
LightCycler 480 II Real-Time PCR instrument (Roche
Diagnostics GmbH). The PCR reactions were recorded
in a final volume of 20 pL, including 5 pL of cDNA, 3 pL
of distilled water, 10 uL of LightCycler 480 Probes Mas-
ter (Roche Diagnostics GmbH), and 2 pL of primer-probe
set (Real-Time Ready single assay; Roche Diagnostics
GmbH). The cycle conditions of the relative quantitative
PCR (qPCR) were preincubation at 95°C for 10 min, fol-
lowed by 45 amplification cycles of 95°C for 10 s, at 6°C
for 30 s and at 72°C for 1 s, followed by cooling at 40°C
for 30 s. The qPCR analysis and the calculation of quanti-
fication cycle (Cq) values for relative quantification were
performed with the LightCycler 480 Software, v. 1.5 (Roche
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Diagnostics GmbH). Relative quantitative amounts were
calculated by dividing the target genes by the expression
level of the reference gene. The reference gene was used
for the normalization of the target gene expression.

Histopathological examination

The renal tissues taken from the rats were fixed in 10%
formalin for 24 h. Following the routine processing of tis-
sue-embedded paraffin sections, 4 pm slices were obtained
from the paraffin blocks. After deparaffinization and rehy-
dration, the slices were stained with hematoxylin and eosin
(H&E). The stained slices were evaluated under a light mi-
croscope (Olympus BX 52; Olympus, Tokyo, Japan) by a pa-
thologist who did not know the applied treatment protocol.
To assess inflammation and histopathological damage,
some symptoms were examined, such as glomerular and
tubular necrosis, dilatation and congestion in the blood
vessels, and edema and hemorrhage in the interstitial area.

Statistical analysis

Statistical analyses were performed using the Statistical
Package for Social Sciences, Windows v. 19.0 (SPSS Inc.,
Chicago, USA). Descriptive statistics for each variable were
determined. The normality of data distribution was assessed
by the Kolmogorov-Smirnov test. The results for continu-
ous variables were demonstrated as mean + standard error
of the mean (mean +SEM). The significance of differences
between the groups was determined using the one-way
analysis of variance (ANOVA) test followed by Tukey’s
analysis. The results obtained from the drug-treated groups
were evaluated in comparison with the Cis and C groups.
A p-value <0.05 was considered significant.

Results
Biochemical results

The MDA level was significantly higher (p < 0.001)
in the Cis group (4.75 £0.25 nmol/mL) than that of the Cis +
ANAS50, Cis + ANA100 and C groups (2.93 £0.08 nmol/mL,
1.93 +0.14 nmol/mL and 2.03 +0.39 nmol/mL, respec-
tively). As seen in Fig. 1, the amount of MDA was sig-
nificantly higher in the kidney tissue of the Cis group rats
than in the C group (p < 0.001). The level of MDA was
significantly lower in the kidney tissue of the Cis + ANA50
and Cis + ANA100 groups compared to the Cis group
(p < 0.001). There was a significant difference in the MDA
levels between the Cis + ANA50 and C groups (p < 0.01),
while the levels of MDA were almost the same between
the Cis + ANA100 and C groups (p > 0.05).

The tGSH level in the Cis group (1.80 +0.14 mg/L) was
significantly lower than that of the Cis + ANA50, Cis
+ ANA100 and C groups (3.15 +0.18 mg/L; p < 0.005,
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5.03 £0.29 mg/L; p < 0.001 and 5.47 +0.27 mg/L; p < 0.001,
respectively). The level of tGSH was significantly higher
in the kidney tissue of the Cis + ANA50 and Cis + ANA100
groups than in the Cis group (p < 0.001). There was a signifi-
cant difference between the tGSH levels in the Cis + ANA50
and C groups, while the levels of tGSH were almost
the same between the Cis + ANA100 and C groups (Fig. 2).

The SOD activity measured in the kidney tissue
of the Cis group rats was 8.57 +0.26 U/g protein, and
the SOD activity in the Cis + ANA50, Cis + ANA100 and
C groups were 5.55 £0.34 U/g protein, 3.8 £0.3 U/g protein
and 3.4 +0.22 U/g protein, respectively (Fig. 3).

The quantity of IL-1p was measured as 5.3 +0.19 pg/mL
in the kidney tissue of the Cis group. However, the amount
of IL-1B was calculated as 3.1 +0.16 pg/mL, 1.9 +0.09 pg/mL
and 1.6 +0.13 pg/mL in the Cis + ANA50, Cis + ANA100
and C groups, respectively (Fig. 4).

6
0
£
)
£ 4
£
K]
>
K
< 2
o
] ' - -
0
Cis Cis + ANA50 Cis + ANA100
groups

Fig. 1. The MDA levels in the study groups

MDA — malondialdehyde; Cis — group receiving cisplatin only;

Cis + ANA50 — group receiving cisplatin and 50 mg/kg of anakinra;
Cis + ANA100 - group receiving cisplatin and 100 mg/kg of anakinra;
C - control group, receiving no drugs; * p < 0.001 compared with
the C group; ** p < 0.01 compared with the C group.
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Fig. 2. The tGSH levels in the study groups

tGSH - total glutathione; Cis — group receiving cisplatin only;

Cis + ANA50 — group receiving cisplatin and 50 mg/kg of anakinra;

Cis + ANA100 — group receiving cisplatin and 100 mg/kg of anakinra;

C - control group, receiving no drugs; * p < 0.001 compared with the C group.
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Interleukin-1 beta gene expression results

The IL-1f5 gene expression level was significantly higher
(p < 0.001) in the Cis group (6.33 +0.27) than in the Cis
+ ANAS50, Cis + ANA100 and C groups (3.63 +0.20,
2.62 £0.18, and 2.22 +0.21, respectively). As seen in Fig. 5,
the gene expression level of IL-15 was significantly higher
in the kidney tissue of the Cis group rats compared to other
groups (p < 0.001). There was no statistically significant
difference between the Cis + ANA100 and C groups re-
garding the /L-1f3 gene expression levels (p > 0.05).

Histopathological results

Histopathological examination of the renal tissue of the C
group showed normal glomerular structure, Bowman’s cap-
sule and Bowman’s space (Fig. 6A). However, a wide hem-
orrhagic area, dilated and congested blood vessels, and
interstitial inflammation were observed in the Cis group
(Fig. 6B). Moreover, in the renal tissue of the Cis group, hem-
orrhage was accompanied by glomerular and tubular dam-
age, edema (circle arrow), and interstitial hemorrhage areas
(Fig. 6C). Tubular necrosis, interstitial infiltration, and di-
lated and congested blood vessels were observed in the renal
tissue of the Cis group (Fig. 6D). A near-normal appearance,
mildly persistent tubule irregularities, and hemorrhage were
found in the kidney glomeruli of the Cis + ANA50 group
rats (Fig. 6E), whereas protected near-normal glomerulus,
proximal and distal tubules were observed in the renal tissue
of the group administered 100 mg/kg of anakinra (Fig. 6F).

Discussion

In this study, the effect of anakinra on cisplatin-induced
nephrotoxicity in rats was investigated through biochemi-
cal and histopathological findings, and through gene ex-
pression analysis. Cisplatin increased the levels of MDA
and IL-1P, and decreased the levels of tGSH in the renal
tissue of rats. Anakinra prevented an increase of MDA
and IL-1 B, and a decrease of tGSH due to cisplatin. Ad-
ditionally, the histopathological examination of anakinra
used at a dosage of 100 mg/kg was found to improve renal
damage which occurred due to cisplatin.

The pathogenesis of the nephrotoxic effect of cisplatin
has not been fully elucidated; however, it has been argued
in previous studies that the increase in the production
of reactive oxygen species (ROS) leads to nephrotoxic-
ity.1® As is known, ROS play a key role in the pathogenesis
of cellular damage. As it is understood from the results
of our biochemical experiment, the amount of MDA was
increased and the amount of tGSH was decreased in the re-
nal tissue of the rats administered cisplatin. It has also been
reported that cisplatin causes oxidative damage to the kid-
neys by increasing the amount of MDA.!” The increase
in the MDA level, the end product of lipid peroxidation
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Fig. 3. The SOD levels in the study groups
SOD - superoxide dismutase; Cis — group receiving cisplatin only;
Cis + ANA50 - group receiving cisplatin and 50 mg/kg of anakinra;
Cis + ANAT00 - group receiving cisplatin and 100 mg/kg of anakinra;
C - control group, receiving no drugs; * p < 0.001 compared
with the C group.
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Fig. 4. The -1 levels in the study groups

IL-1B - interleukin-1@; Cis — group receiving cisplatin only;

Cis + ANA50 — group receiving cisplatin and 50 mg/kg of anakinra;

Cis + ANA100 — group receiving cisplatin and 100 mg/kg of anakinra;

C - control group, receiving no drugs; * p < 0.001 compared with the C group.
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Fig. 5. The /-3 gene expression levels in the study groups

IL-1B — interleukin-1p; Cis — group receiving cisplatin only; Cis + ANA50 —
group receiving cisplatin and 50 mg/kg of anakinra; Cis + ANA100 - group
receiving cisplatin and 100 mg/kg of anakinra; C — control group, receiving
no drugs; * p < 0.001 compared with the C group; ** p < 0.005 compared
with the C group.
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Fig. 6A. A section showing normal glomerular structure, Bowman'’s
capsule and space, and proximal and distal tubules in the renal tissue
of the control group (H&E, X200 magnification)

G - glomerulus; B - Bowman’s capsule; P — proximal tubule;
D - distal tubules; H&E — hematoxylin and eosin staining.

e
Fig. 6C. A section showing hemorrhage accompanied by glomerular damage

(line arrow), diffuse tubular damage, edema (circle arrow), and an interstitial
hemorrhage area (square arrow) in the Cis group (H&E, X400 magnification)

Cis — group receiving cisplatin only;
H&E — hematoxylin and eosin staining.

Fig. 6B. A section involving a wide hemorrhage area (square arrow),
a dilated, congested blood vessel (straight arrow) and interstitial
inflammation in the Cis group (H&E, X200 magnification)

Cis — group receiving cisplatin only;
H&E — hematoxylin and eosin staining.

in the tissues, is indicative of the increased ROS.!® It has
also been documented that oxidative stress and inflam-
mation are important factors in the development of cis-
platin-induced nephrotoxicity.!? In our study, significant
increases in the amount of MDA, as well as in the pro-
inflammatory /L-18 gene expression and amounts, were
noted in the kidneys of animals receiving cisplatin.

Fig. 6D. A section involving tubular necrosis (straight arrow), interstitial
infiltration (circle arrow) and dilated, congested blood vessels (square
arrow) in the renal tissue of the Cis group (H&E, X400 magnification)

Cis — group receiving cisplatin only;
H&E — hematoxylin and eosin staining.

Interleukin-1 beta has a number of functions, including
the oxidative burst of neutrophils via the signaling mol-
ecules of inflammation and the release of free radicals.?’
The increased expression and amount of IL-1p we found
supports the direct association between IL-1p and oxi-
dative stress in the renal tissue with high MDA and low
tGSH and SOD levels. Additionally, it has been stated
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Fig. 6E. A section involving a near-normal appearance (square arrow), mildly
persistent tubular irregularities (line arrow) and hemorrhage areas (circle arrow)
in the kidney glomeruli of the Cis + ANA50 group (H&E, X200 magnification)

Cis + ANA50 — group receiving cisplatin and 50 mg/kg of anakinra;
H&E — hematoxylin and eosin staining.

Fig. 6F. A section showing a near-normal glomerulus (circle arrow),
proximal tubule (line arrow), and distal tubule (square arrow)
in the renal tissue of the Cis + ANAT00 group (H&E, X200 magnification)

Cis + ANA100 - group receiving cisplatin and 100 mg/kg of anakinra;
H&E — hematoxylin and eosin staining.

with histopathological examinations that cisplatin leads
to renal damage by increasing the levels of oxidants and
of IL-1P. Cisplatin is known to cause interstitial inflam-
mation, dilated and congested blood vessels, hemorrhage,
and edema in the kidneys.?'"2® Furthermore, it has been
argued that the serious side effects of cisplatin, such as tu-
bular necrosis, are caused by the induction of cytokine

production.?* In our experimental results, we also found
that there was evidence of inflammatory markers (hemor-
rhage, dilated and congested blood vessels, interstitial in-
flammation, and edema), glomerular damage and tubular
necrosis in the kidney tissues of the cisplatin group, whose
MDA and IL-1f gene expression levels increased signifi-
cantly. These biochemical and histopathological findings
suggest that oxidative stress develops in the kidney tissue
when we administer cisplatin.

There are endogenous antioxidant defense systems
against ROS in living tissues. However, an overproduction
of ROS leads to the consumption of the antioxidant defense
system and also to oxidative stress.? In our current study,
the levels of non-enzymatic and enzymatic antioxidants,
such as tGSH and SOD, in the kidney tissue of the cisplatin
group (in which the above-mentioned histopathological
damage was observed) was decreased. There are stud-
ies showing that a significant reduction in the amount
of tGSH is associated with oxidative stress in cisplatin
nephrotoxicity.?® It has also been reported that the SOD
activity decreases in the kidney tissue with tubular dam-
age, apoptosis and inflammation due to cisplatin treat-
ment.”” These results support the hypothesis that cisplatin
nephrotoxicity is associated with oxidative stress.

This information has led to the testing of anti-inflam-
matory and antioxidant drugs against cisplatin nephro-
toxicity. The IL-1P receptor antagonist anakinra, which
is used against the nephrotoxicity of cisplatin, has been
found to prevent the increase in MDA and IL-1f, caused
by cisplatin, and also to decrease the tGSH and SOD levels
in the kidney tissue. The antioxidant and anti-inflamma-
tory features of anakinra are believed to protect the renal
tissue against the oxidative damage of cisplatin.”® In ad-
dition, there are studies associating the protective effect
of anakinra with the antioxidant activity resulting from
the blockage of IL- receptors.” Severe pathological find-
ings were observed in the renal tissue of the Cis group with
significantly increased levels of oxidants and IL-1p, such
as wide hemorrhage areas, dilated and congested blood
vessels, interstitial inflammation, glomerular and tubu-
lar damage, edema, and tubular necrosis. However, while
mildly persistent tubule irregularities and hemorrhage were
seen in the Cis + ANA50 group with high amounts of tGSH
identified, the glomerulus, proximal tubule and distal tu-
bule were evaluated as healthy in the Cis + ANA100 group,
in which the amount of tGSH was found to be higher. There
are studies in the literature which histopathologically dem-
onstrate that hemorrhage areas were developed in the renal
tissues of animals treated with cisplatin.?!

The formation of congested blood vessels due to cispla-
tin has also been shown in previous studies.?? In addition,
cisplatin leads to interstitial inflammation and edema
in the kidneys.??® It has been stated that cisplatin causes
more severe damage in the kidney tubules, such as ne-
crosis.?? The role of free oxygen radicals has also been
demonstrated in cellular death due to cisplatin.’®
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As a result, severe histopathological damage was de-
veloped in the kidney tissue of the cisplatin group, which
had high levels of the oxidant MDA and of gene expres-
sion, and high amount of pro-inflammatory IL-1f3, but also
had a low amount of the antioxidant tGSH. It was found
that the increase in MDA and IL-18 gene expression and
amount as well as the decrease in tGSH due to cisplatin
in the kidney tissue were significantly inhibited by anakin-
ra at a dose of 100 mg/kg compared to a dose of 50 mg/kg.
It was observed that histopathologically, anakinra at a dose
of 100 mg/kg better protects the renal tissue against the ox-
idative damage of cisplatin and more efficiently suppresses
the production of MDA and IL-1p. This information sug-
gests that anakinra may be useful in clinically reducing
the toxic effect of cisplatin on the kidneys.
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Background

Tobacco smoking is one of the most serious contempo-
rary threats to civilization. According to the World Health
Organization (WHO), tobacco smoking kills around
5.4 million people every year.! Without any action, by 2030
the number of deaths caused by tobacco smoking will ex-
ceed 8 million per year. More than 80% of those deaths
will occur in developing regions.!

Tobacco smoking is a major risk factor for cardiovascular
and respiratory diseases, as well as for cancer.!

Tobacco consumption is believed to be a risk factor for
6 out of the 8 most common causes of death in the world,
i.e.,ischemic heart disease, cerebrovascular disease, lower
respiratory infection, chronic obstructive pulmonary dis-
ease (COPD), tuberculosis, as well as tracheal, bronchial
and lung cancer. Smokers usually die of tracheal, bronchial
or lung cancer, COPD, and ischemic heart disease.!

Despite regular preventive actions, an average of 67,000
people per year dies in Poland on account of smoking
(51,000 men and 16,000 women).? The dominant causes
of death among Poles are cardiovascular diseases and cancers.

In 2010, cardiovascular diseases claimed the lives of 174,003
people in Poland; they caused 456 deaths per 100,000 people.?
Cardiovascular diseases accounted for around 46% of deaths
in 2010 and 45.5% in 2011. They are also the main cause
of premature death (before the age of 65).4 It is estimated that
with currentincidence trends and the rate of aging of the Pol-
ish population, the number of deaths due to cardiovascular
diseases will exceed 200,000 in 2020.5

The most common life-threatening types of malignant
tumors among the Polish population are tracheal, bronchi-
al and lung cancer, which claimed the lives of 22,374 people
in 2010, i.e., 24% of all deaths due to malignant tumors.?
In 2010, lung cancer accounted for 31.2% of deaths due
to cancer among men and 15% of deaths among women.®
In 2013, similarly, the largest percentage of cancer deaths
among men and women were due to lung cancer — 30.6%
and 15.9%, respectively.”

According to an analysis conducted by the WHO, there
would be around 80% fewer cases of cardiovascular dis-
eases, strokes and type 2 diabetes, and around 40% fewer
cancer cases if we managed to eliminate the major risk
factors, including tobacco smoking.®

In light of the data presented above, an assessment of the
implementation of health policy programs aimed at re-
ducing tobacco smoking in the Polish population seems
appropriate.

Objectives

The aim of the study was to evaluate how local govern-
ments addressed the health needs of their citizens by an-
alyzing the health policy programs concerning tobacco
product consumption completed in Poland between 2009
and 2014.

A. Augustynowicz, A. Czerw, A. Deptata. Anti-smoking health policy programs

Methods

The study was based on desk research. The data was
sourced from the annual reports submitted by voivodes
to the Minister of Health on the health policy programs
implemented by local governments. The analysis covered
all anti-smoking health policy programs completed from
2009 to 2014 — 1,482 programs in total.

The analysis covered programs whose name, objective
or description of tasks indicated that they had concerned
tobacco smoking. The programs were classified into one
of 3 groups: preventive programs, diagnostic and therapeu-
tic programs, and preventive, diagnostic and therapeutic
programs. The classification into particular groups was
based on the objective specified by the given local govern-
ment, the type of program and the description of actions
taken within the program. The analysis of the differences
in the number of programs between voivodeships and the
number of programs completed in particular years was
based on a one-sample X2 test. The differences in terms
of the number of programs completed between 2009 and
2014 by municipalities, counties and voivodeships were
analyzed with Cochran’s Q test, just as the differences
in terms of specific programs completed in particular
years. The differences in terms of the costs of programs
realized depending on the type of program and the type
of local government that implemented the program were
analyzed by two-way analysis of variance (ANOVA). One-
way ANOVA was applied for the evaluation of differences
in the average values of expenditure on the programs
in voivodeships in particular years.

Results

Based on a x? test for 1 sample, statistically signifi-
cant differences concerning the number of programs
implemented in particular voivodeships were found
(x? [15] = 791.68, p < 0.001).

The largest number of programs was implemented
in West Pomeranian, Warmian-Masurian and Masovian
voivodeships. The smallest number of programs was
carried out in Kuyavian-Pomeranian, £6dz and Opole
voivodeships (Fig. 1).

Based on a X2 test for 1 sample, statistically significant
differences in terms of the number of programs imple-
mented in the subsequent years were found (x2[5] = 24.34,
p < 0.001).

The number of programs implemented between 2013
and 2014 was higher than the number of programs imple-
mented between 2009 and 2012 (Fig. 2).

Statistically significant dynamics of change were found
in the number of programs implemented in subsequent
years in Lower Silesian, Lublin, Lesser Poland, Masovian,
Subcarpathian, Pomeranian, Silesian, Warmian-Masurian,
Greater Poland, West Pomeranian, and Lubusz voivode-
ships. Such statistically significant dynamics of change
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in particular voivodeships between 2009 and 2014
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Fig. 2. Frequency distribution — the number of programs implemented
between 2009 and 2014

were not found in the number of programs implemented
in Kuyavian-Pomeranian, £.6dz, Opole, Podlaskie, and
Swietokrzyskie voivodeships (Table 1).

The number of programs implemented in subsequent
years grew in Lower Silesian, Masovian, Warmian-Ma-
surian, West Pomeranian, Greater Poland, and Lubusz
voivodeships. The number of programs implemented
in £.6dz, Opole, Silesian, and Swie;tokrzyskie voivodeships
dropped. The number of programs implemented in Lublin,
Podlaskie, Pomeranian, and Subcarpathian voivodeships
was found to have dropped, but then it increased (Table 1).

Based on Cochran’s Q test, statistically significant dif-
ferences in the number of programs implemented by par-
ticular local government units were found (Q(2) = 670.07,
p < 0.001).

The largest number of programs were implemented
by municipalities, followed by counties. The smallest num-
ber of programs was conducted by voivodeships (Fig. 3).

A statistically significant increase in the number of pro-
grams implemented by municipalities in subsequent years
was found. No statistically significant changes were found
in the number of programs implemented by counties and
self-governments of the voivodeships (Table 2).

The analysis covered the variation of programs in terms
of the type: preventive programs, diagnostic and therapeu-
tic programs, or preventive, diagnostic and therapeutic
programs (Fig. 4).

Based on Cochran’s Q test, statistically significant differ-
ences in the number of programs implemented by particular
local governments were found (Q(2) = 1,964.98, p < 0.001).

The number of preventive programs was significantly
higher compared to diagnostic and therapeutic programs,
and to preventive, diagnostic and therapeutic programs.

A statistically significant increase in the number of pre-
ventive programs implemented in subsequent years, and

Table 1. Frequency distribution — programs implemented in subsequent years in particular voivodeships

Variables
Voivodeship
Lower Silesian 5 15 10 21
Kuyavian-Pomeranian 7 7 3 3
Lublin 15 2 7 14
tédz 7 5 1 1
Lesser Poland 17 13 7 1
Masovian 25 24 35 27
Opole 3 5 2 3
Subcarpathian 2 5 13 23
Podlaskie 7 5 3 6
Pomeranian 19 22 17 1
Silesian 44 10 24 19
Swietokrzyskie 20 15 15 13
Warmian-Masurian 21 26 26 43
Greater Poland 8 19 28 10
West Pomeranian 23 29 27 39
Lubusz 3 5 8 22

23 21 16.22% 5 0.006
3 2 596 5 0.310
10 10 11.72* 5 0.039
4 1 10.37 5 0.065
3 3 27.73%%% 5 0.000
49 38 14.12* 5 0.015
2 1 3.50 5 0.623
8 4 33.04%%* 5 0.000
4 12 8.24 5 0.143
24 25 21.75%* 5 0.001
8 4 59.05%** 5 0.000
10 7 760 5 0.180
56 56 32.89%%* 5 0.000
18 26 18.10** 5 0.003
60 51 28.32%%* 5 0.000
13 21 27.33%** 5 0.000

¥’ — chi-squared test; df — degree of freedom; p - statistical significance; *p < 0.05; **p < 0.01; ***p < 0.001.
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Table 2. Frequency distribution — programs implemented in subsequent years by local governments, with x? test values for 1 sample

Local government unit

Year

2009 2010 2011
Municipality n7z 103 129
County 72 >
Self-governments of the voivodeships ‘ 14 ‘ 12 ‘ 5

2012 | 2013 | 2014
153 176 173 3210 5 0.001
& | M2 | 104 | 85 5 019

o | 7 | 5 | 80 | 5 | 01%

X’ — chi-squared test; df — degree of freedom; p - statistical significance; **p < 0.01.

Table 3. Frequency distribution — preventive programs, diagnostic and therapeutic programs, and preventive, diagnostic and therapeutic programs
implemented in subsequent years by local governments, with x* test values for 1 sample

Program type
Preventive 166 161 185
Diagnostic and therapeutic ‘ 19 ‘ 14 ‘ 15
Preventive, diagnostic and therapeutic ‘ 39 ‘ 32 ‘ n

231 275 263 s7g1 | s 0000
0 1 9 | s12 5 | 0401
3 | 4 | 0 7015 s | 0000

X’ — chi-squared test; df — degree of freedom; p - statistical significance; ***p < 0.001.

Table 4. The number of preventive programs, diagnostic and therapeutic programs, and preventive, diagnostic and therapeutic programs implemented

by municipalities, counties and voivodeships

Local government unit

county

Program type
municipality
Preventive 759
Diagnostic and therapeutic ‘ 42 ‘

Preventive, diagnostic and therapeutic

499

voivodeship
22 654.92%** 2 0.000
‘ 11 ‘ 17.73%%% ‘ 2 ‘ 0.000
19 ‘ 12.79%* ‘ 2 ‘ 0.002

Q - Cochran’s Q test value; df — degree of freedom; p — statistical significance; **p < 0.01; ***p < 0.001.

municipality/
town: 850

county/town:
566

local government unit

number of programs

self-government
of the voivodeship: 52

|

Fig. 3. Frequency distribution — the number of programs implemented
between 2009 and 2014 by local governments

a statistically significant decrease in the number of pre-
ventive, diagnostic and therapeutic programs were found
(Table 3).

The associations between the types of programs (pre-
ventive programs, diagnostic and therapeutic programs,
and preventive, diagnostic and therapeutic programs) and
the type of local government (municipality, county and
voivodeship) were also analyzed (Table 4).

It was found that the greatest number of programs, re-
gardless of the type, were implemented by municipalities,
while the smallest number of them were implemented
by self-governments of the voivodeships.

number of programs

diagnostic and
therapeutic: 78

program type

preventive, diagnostic
and therapeutic; 93

Fig. 4. Frequency distribution — the number of preventive programs,
diagnostic and therapeutic programs, and preventive, diagnostic and
therapeutic programs implemented between 2009 and 2014

The analysis also covered the variation of programs
in terms of the population covered by a given program.
The authors checked how many programs were aimed at
children and teenagers, and how many at adults, as well as
how many programs were dedicated to women, and how
many to men (Fig. 5).

Based on Cochran’s Q test, statistically significant differ-
ences in the number of programs aimed at adults, children,
women, and men were found (Q(3) = 2,527.56, p < 0.001).

The largest number of programs were aimed at children.
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children: 1,188

adults: 685

number of programs

women: 6 men: 2

addressees

Fig. 5. Frequency distribution — the number of programs addressed
to adults, children, women, and men implemented between 2009
and 2014

Table 5. Mean value of overall costs (in PLN) of preventive programs,
diagnostic and therapeutic programs, and preventive, diagnostic and
therapeutic programs in municipalities, counties and voivodeships

Variables Local government unit
Program type municipality county voivodeship
Preventive 6,982.47 51,653.32 28,332.94
bl s T crad 2,885.02 8915712 216,189.17
therapeutic
Preventive, diagnostic | /cg ¢ 2832978 168,732.58

and therapeutic

There were fewer programs dedicated to adults. Only
6 programs were aimed specifically at women, and 2 were
dedicated to men. Some programs were dedicated both
to children and adults, which is why they were classified
into both groups.

The analysis also covered the total costs of preventive
programs, diagnostic and therapeutic programs, and pre-
ventive, diagnostic and therapeutic programs in munici-
palities, counties and voivodeships (Table 5).

Based on the analyses conducted under two-way ANOVA,
statistically significant differences in terms of the costs
of programs implemented by particular local governments
were found (F(2.587) = 3.16, p < 0.05, n*> = 0.01). No statis-
tically significant differences were found in terms of the
costs depending on the type of program (F(2.587) = 1.28,
p > 0.05), nor in terms of the costs depending on the type
of program implemented by a municipality, county or
voivodeship (F(4.587) = 0.78, p > 0.05).

The programs implemented by voivodeships entailed the
highest costs. The programs implemented by counties cost
less, while the programs implemented by municipalities
cost the least (Fig. 6).

Based on the results of a one-way ANOVA, no statisti-
cally significant differences in the mean values of expen-
diture on anti-smoking programs in particular years were
found (F(1.592) = 0.70, p > 0.05) (Table 6).

Based on the results of one-way ANOVA, statistically
significant differences were found in the mean values of ex-
penditure on anti-smoking programs in the Lublin were to
implemented in particular years (F(5.38) = 3.23, p < 0.05,
n? = 0.30) (Table 7).

voivodeship:

125,141.90

county:
52,859.79

total cost

municipality:
7,071.43

I

local government unit

Fig. 6. Mean value of costs (in PLN) of programs implemented
by municipalities, counties and voivodeships

Table 6. Mean value of expenditure (in PLN) on anti-smoking programs
in particular years

2009 46,488.30 405,518.95 187
2010 33,414.05 173,804.10 105
2011 90,754.79 52914792 68
2012 549941 17,326.73 84
2013 24,135.07 104,926.08 82
2014 25,507.68 107,811.46 72
Total 37,87741 302,283.12 598

M — mean value; SD - standard deviation; n — number of programs.

The expenditure in 2010 was statistically higher than
the expenditure incurred in the other years.

There were statistically significant differences in the
mean values of expenditure on anti-smoking programs
in £.6dZ Voivodeship implemented in particular years
(F(4.11) = 25.02, p < 0.001, n?> = 0.90) (Table 8).

The expenditure in 2014 was statistically higher than
the expenditure incurred in the other years.

There were statistically significant differences in the
mean values of expenditure on anti-smoking programs
in Subcarpathian Voivodeship implemented in particular
years (F(4.20) = 16.80, p < 0.001, n?= 0.77) (Table 9).

Table 7. Mean value of expenditure (in PLN) on anti-smoking programs
in Lublin Voivodeship in particular years

2009 10,869.93 23,710.77 14
2010 113,900.00 158,533.34 2
201 770.00 625.81 7
2012 903.35 1,109.70 8
2013 25,319.69 65,039.83 7
2014 794.14 1,094.89 6
Total 13,059.06 43,785.53 44

M — mean value; SD - standard deviation; n — number of programs.
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Table 8. Mean value of expenditure (in PLN) on anti-smoking programs
in £6dz Voivodeship in particular years

Year | M | SD | n
2009 21,636.31 48,202.18 6
2010 1,710.30 730.63 4
201 65,000.00 . 1
2012 - - -
2013 12,789.50 15,614.60 4
2014 357,750.00 . 1
Total 38,160.44 91,190.50 16

M — mean value; SD - standard deviation; n — number of programs.

Table 9. Mean value of expenditure (in PLN) on anti-smoking programs
in Subcarpathian Voivodeship in particular years

Year | M | SD | n
2009 105,219.90 35,666.32 2
2010 66,839.43 80,383.09 2
2011 - - -
2012 571.38 1,149.19 16
2013 570.00 . 1
2014 152.50 153.05 4
Total 14,177.63 37,534.09 25

M - mean value; SD - standard deviation; n — number of programs.

The expenditure in 2009-2010 was statistically higher
than the expenditure incurred in the other years.

Discussion

The results of research conducted in recent years point
to a reduction in the spread of tobacco smoking in Po-
land. In 2004, the percentage of smokers was 30.1%, while
in 2009 it was 29.2%.%1° Over the next 5 years, the per-
centage of smokers dropped by more than 3% and reached
26.1% in 2014.!* The reduction in the consumption of to-
bacco is a consequence of legislative actions and all kinds
of activities carried out at the national, regional and lo-
cal levels. This positive trend should be continued in the
future.

For cardiovascular diseases, there was the National Pro-
gram of Prevention and Treatment of Cardiovascular Dis-
eases for 2003-2005, 2006—-2008, 2009, and 2010-2012,
as well as the National Program of Equal Access to Pre-
vention and Treatment of Cardiovascular Diseases for
2013-2016.12-1¢ The programs provided education aimed
at the entire society and focused on raising the aware-
ness of risk factors for cardiovascular diseases, includ-
ing tobacco smoking. For cancers, there was the National
Cancer Control Programme, in effect from 2005 to 2015."
This program continues as the National Cancer Control
Programme for 2016—2024.!8 Those programs provide for
actions aimed at health promotion and cancer prevention,
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including actions focused on the reduction of tobacco
smoking. According to the assumptions of the programs,
they should be supported by regional and local initiatives,
scientific associations, and non-government organizations.

The implementation of local government health policy
programs concerning tobacco smoking is an example
of regional and local actions. In the period covered by this
analysis, the most health policy programs were imple-
mented by municipalities and the fewest by voivodeships.
The greatest expenditure on the implementation of anti-
smoking programs was incurred by voivodeships, while
municipalities spent the least. The structure of expendi-
ture incurred by particular local governments may sug-
gest that the funds are first of all allocated for fulfilling
the obligatory health protection tasks defined by law.19-2!

Most of the programs implemented by local governments
from 2009 to 2014 were preventive programs. In 2002, the
WHO estimated the proportional contribution of particu-
lar risk factors in the overall number of deaths in European
countries. Tobacco smoking proved to be a major risk fac-
tor in Poland.??-%* According to the estimates made by the
WHO, risk factors accounted for around 55% of deaths
in Poland and nearly 40% of years that could have other-
wise been lived in health.? In this context, the implemen-
tation of preventive programs by local governments, and
the statistically significant annual increase in the number
of preventive programs implemented in subsequent years,
should be viewed as positive. The implementation of pre-
ventive programs remains in line with the guidelines for
effectively fighting tobacco smoking listed in the World
WHO’s MPOWER policy. The policy aims to protect peo-
ple from tobacco smoke and to warn them about the dangers
of tobacco smoke.! The implementation of preventive pro-
grams by local governments is in line with the guidelines
set forth in the Strategy for Fighting Cancer in Poland for
2015-2024-and the White Book report.2>2¢ One of the objec-
tives of the strategy is to prevent cancers caused by tobacco
smoking by disseminating information on the negative ef-
fects of smoking, specifically among minors.

In the period covered by this analysis, the greatest
number of anti-smoking health policy programs were
implemented in West Pomeranian, Warmian-Masurian
and Masovian voivodeships, while the smallest number
of such programs were implemented in Kuyavian-Pomer-
anian, £6dz and Opole voivodeships. Taking into account
the territorial variation, one can conclude that the few-
est regular smokers live in Subcarpathian and Lesser Po-
land voivodeships — around 18% of the adult population.
The greatest number of smokers live in Lower Silesian,
Kuyavian-Pomeranian, Lubusz, and West Pomeranian
voivodeships, where the percentage of regular smokers
is 10% higher.® Among the voivodeships with the highest
percentage of smokers, only West Pomeranian Voivode-
ship properly addressed the health needs of its inhabit-
ants arising from tobacco consumption. In the period
covered by this analysis, the voivodeship implemented
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the most anti-smoking health policy programs: 229. From
2009 to 2014, Lower Silesian Voivodeship implemented 95
programs, Lubusz 58, and Kuyavian-Pomeranian only 25.
In those voivodeships, the health needs of the inhabitants
were not addressed properly.

The analysis also covered the implementation of health
policy programs in terms of satisfying the health needs
of the inhabitants arising from diseases caused by tobacco
smoking.

In 2009 and 2010, the mortality rates due to cardiovas-
cular diseases were the highest in Swietokrzyskie (over
397/100,000), £.6dz (over 374/100,000) and Lublin voivode-
ships. The lowest mortality rates were recorded in Pomer-
anian (over 281/100,000), Podlaskie (over 304/100,000)
and Greater Poland (323/100,000) voivodeships. From
2000 to 2010, the mortality rates due to cardiovascular
diseases in Poland dropped by 21%, and the decrease was
the most significant in Pomeranian (by 30%) and Silesian
(by 29%) voivodeships. The least significant improvement
was recorded in Warmian-Masurian (by only 2%) and
in Swietokrzyskie (by 6%) voivodeships.? In 2012, the high-
est mortality rates due to cardiovascular diseases were re-
corded in Silesian, Swietokrzyskie and Lublin voivodeships
(over 490/100,000), and the rate was around 25% higher
than in Podlaskie Voivodeship, where the lowest rates were
recorded (394/100,000).> Although the mortality rates
in Swietokrzyskie and £6dz voivodeships ranked among
the highest, local governments did not increase the num-
ber of anti-smoking health policy programs in subsequent
years. A downward trend was observed in Swigtokrzyskie
and L6dz voivodeships from 2009 to 2014. Those voivode-
ships failed to properly address the health needs of their
inhabitants. The actions taken by the local governments
of Lublin and Warmian-Masurian voivodeships must be
viewed as positive.

The greatest incidence of lung cancer in 2009 was re-
corded in Warmian-Masurian, Pomeranian and Kuyavian-
Pomeranian voivodeships for men, and in Pomeranian,
Warmian-Masurian and Kuyavian-Pomeranian voivode-
ships for women (63/100,000 and 20/100,000, respec-
tively).?” In 2012, the highest incidence among men was
recorded in Warmian-Masurian, Kuyavian-Pomeranian
(over 65/100,000) and Pomeranian (over 58/100,000)
voivodeships; the highest incidence among women was
found in Warmian-Masurian (over 24/100,000) and Kuy-
avian-Pomeranian voivodeships (over 23/100,000).28 Local
governments in West Pomeranian and Warmian-Masurian
voivodeships addressed the health needs of the inhabit-
ants most effectively. The activity of local governments
in Kuyavian-Pomeranian Voivodeship, who implemented
only 25 programs despite high incidence rates, should be
viewed as negative. One could also expect a higher number
of anti-smoking health policy programs in Pomeranian
Voivodeship.

The highest mortality rates due to tracheal, bron-
chial and lung cancer in 2009-2010 were recorded
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in Warmian-Masurian, Lubusz (over 195/100,000), £.6dZ
(over 204/100,000), and Kuyavian-Pomeranian
(209/100,000) voivodeships. The most favorable situations
were recorded in Subcarpathian (over 160/100,000), Opole,
Swigtokrzyskie, and Lesser Poland (over 168/100,000)
voivodeships. In Podkarpackie Voivodeship, where the re-
corded mortality rates due to tracheal, bronchial and lung
cancer in 2000-2001 and 2009-2010 were the lowest in the
country, the mortality was 25% lower than the national av-
erage, and 42% lower than in Warmian-Masurian Voivode-
ship.® In 2012, the highest standardized mortality ratios
due to lung cancer among men were recorded in Warmian-
Masurian (over 68/100,000), Kuyavian-Pomeranian (over
62/100,000) and Masovian (over 58/100,000) voivodeships,
whereas among women the highest standardized mortal-
ity ratios due to lung cancer were recorded in Warmian-
Masurian, West Pomeranian and Kuyavian-Pomeranian
voivodeships (over 20/100,000).28 The greatest mortality
among the general population due to respiratory diseases,
including chronic lower respiratory diseases, from 2000
to 2010, was recorded in Warmian-Masurian Voivodeship.
The significant increase in mortality rates between 2000
and 2010 recorded in this voivodeship — which reached
40% of the general population — was alarming. In this con-
text, Warmian-Masurian, West Pomeranian and Masovian
voivodeships, which from 2009 to 2014 implemented the
most anti-smoking health policy programs, addressed the
health needs of inhabitants most effectively. It was quite
the contrary in Kuyavian-Pomeranian Voivodeship. This
was one of the 3 voivodeships that implemented the few-
est anti-smoking health policy programs between 2009
and 2014.

The analysis also covered the mean value of expendi-
ture on anti-smoking programs in particular voivode-
ships. It was found that there were significant differences
in this respect in Lublin, £.6dZ and Subcarpathian voivode-
ships in the period covered by our analysis. The lowest
force of mortality in Poland due to tracheal, bronchial
and lung cancer in 2009-2010 was recorded in Subcar-
pathian voivodeship. A reasonably favorable situation
in this respect was also observed in Lublin Voivodeship:
the mortality rates in 2009-2010 were lower than the
national average. The significantly higher expenditure
from 2009 to 2014 in Lublin and Subcarpathian voivode-
ships — in the context of attempting to further decrease
mortality rates due to cardiovascular diseases — should
be viewed as positive. The highest expenditure on anti-
smoking health policy programs in £.6dZ Voivodeship
was incurred in 2014. The increase in the expenditure
in Lublin Voivodeship in 2010 and in £.6dZ Voivodeship
in 2014 seems justified in view of the high mortality rates
due to cardiovascular diseases. In 2009-2010, the high-
est mortality rates due to cardiovascular diseases were
recorded in Swigtokrzyskie, 1.6dz and Lublin voivodeships.

The analysis also covered the number of health policy
programs dedicated to children and teenagers. The most
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serious aspects of tobacco smoking in Poland include the
decreasing age of children who experiment with cigarettes,
some of whom become regular smokers, the steady number
of female smokers, including pregnant women and young
mothers, and passive smoking, specifically among children.
That final aspect becomes even more serious when one
considers that, according to recent data, inhaling tobacco
smoke is just as dangerous — or even more dangerous — than
active smoking.? The scale of passive exposure of children
to tobacco smoke in Poland is massive: every day around
4 million Polish children inhale tobacco smoke at home
or in public places.?’ According to 2009 data, nearly 1/4
of children aged 0—14 were exposed to tobacco smoke. One
third of young people aged 15—29 were exposed to passive
smoking.3® The results of a study of 2003 indicate that 64%
of boys and 53% of girls aged 13-15 have smoked at least
once in their life, while 30% of boys and 21% of girls had
tried smoking before they reached the age of 10.%° In 2009,
11.8% of people aged 15-19 admitted that they smoked,
and 7.3% of them smoked every day.?° In the period covered
by the analysis, the number of anti-smoking health policy
programs aimed at children reached 1,188. There were 685
programs aimed at adults. This structure seems reasonable,
taking into consideration the growing problem of tobacco
smoking among children and teenagers and the exposure
of this group to tobacco smoke.

The experience of other EU member states demon-
strates that the best effects are obtained by a long-term
policy implemented on many levels. It covers legislative,
preventive and controlling actions, as well as addiction
therapy.! These actions require the interaction of many
entities — central authorities, local governments and non-
government organizations. The highest smoking cessation
success rates (>45%) were recorded in Sweden, UK, the
Netherlands, Belgium, and France. Those are the coun-
tries that have a well-developed smoking restriction policy.
The smoking cessation success rates were relatively low
(<30%) in Lithuania and Latvia. The smoking restriction
policies that most frequently led to smoking cessation in-
cluded a pricing policy and a ban on the advertising of to-
bacco products.?? On the other hand, as a result of the
long-term prevention of cancer in some EU member states,
there is a high incidence of smoking-related diseases arising
from high cancer detection rates, low or medium mortal-
ity, high 5-year survival rates, and high prevalence. This
applies to France, Germany, Norway, Italy, Switzerland,
and the UK. In Finland and Sweden, the low risk of lung
cancer results from successful long-term anti-smoking
campaigns.?! Europe’s experience demonstrates that anti-
smoking programs of a preventive nature should be imple-
mented on a micro-, macro- and meso-level. In the first
step, factors which encourage young girls and boys or men
and women to smoke must be identified. Preventive health
policy programs, potentially dedicated to a specific sex,
should then be aimed at eliminating that factors.
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Conclusions

The growing number of anti-smoking programs imple-
mented from 2009 to 2013 is one of the factors that led
to a decrease in tobacco smoking in Poland. In terms
of mortality rates due to cardiovascular diseases, local
governments in Lublin and Warmian-Masurian voivode-
ships addressed the health needs of the local population
most effectively. In terms of mortality rates due to tracheal,
bronchial and lung cancer, the health needs of the inhabit-
ants of Warmian-Masurian and West Pomeranian voivode-
ships were addressed most effectively. The anti-smoking
programs addressed the problem of the growing incidence
of tobacco smoking mainly among children and teenagers.
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Abstract

Background. The use of an exoskeleton elbow is considered an effective treatment in several patholo-
gies, including post-stroke complications, traumatic brain injury (TBI) and spinal cord injury (SCl), as well
asin patients with neurodegenerative disorders. The effectiveness of rehabilitation is closely linked to a suit-
ably chosen therapy. The treatment can be performed only by specialized personnel, significantly supported
with the use of automated devices.

Objectives. The aim of this study was to present a novel exoskeleton for elbow rehabilitation without
a complicated control system.

Material and methods. Single-degree-of-freedom (SDOF) solution in constructing the prototype of an
elbow exoskeleton for rehabilitation purposes has been applied. The simplicity of the actuation mechanism
was set as one of the priorities in the design; thus, a single-axis stepper motor with a controller was found
to be adequate for providing a reliable and precise source of motion for the exoskeleton.

Results. Technological development may provide novel solutions, such as an exoskeleton — a wearable,
external structure which supports or (in selected applications) even replaces the muscle actuation in the pa-
tient. The reported advantages of the proposed exoskeleton reflect current state-of-the-art. The proposed
control strategy relies on closed-loop position control, performance, low manufacturing cost, and predicted
performance in a rehabilitation scenario. All these factors play an important role in establishing the direc-
tions for further research, e.q., an integrated force sensor in the device, measurements of torque interactions
on the elbow joint, and assessment and response to an overload of articulation.

Conclusions. This study suggests not only the clinical but also the possible economic and logistical
advantages offered by the portability of the system, and its effective support for therapists applying an elbow
exoskeleton.

Key words: rehabilitation, assistive technology, elbow, exoskeleton, upper limb exoskeleton
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Introduction

In Western countries, elderly people will suffer from
a growing number of neuromotor disorders each year, and
this age group is at greatest risk for disability. In that popu-
lation, it is important that physically weak people are able
to take care of themselves.! The question of the superiority
of robot training of the upper limbs over classical therapies
in neuromotor disorder patients remains controversial.>~*
During the subacute stage, upper limbs training is likely
to be the most useful.

Advances in technology have led to the development
of a variety of robotic devices for the use in rehabilitation.
Robotic devices have been progressively included in neu-
rorehabilitation programs.>—8 Exoskeletons are wearable
robots which exhibit a close cognitive and physical inter-
action with the human user. They are robotic exoskeletal
structures that typically operate alongside human limbs.’
Scientific and technological work on exoskeletons began
in the early 1960s, but only recently they have been applied
to rehabilitation and functional substitution in patients suf-
fering from motor disorders.!®!! The effectiveness of reha-
bilitation is closely linked with the suitability of the chosen
therapy.!>!3 Robotic techniques allow the precise recording
of movements and the application of forces to the affected
limb using visual cues; they convert repetitive movement
practice into a useful task within everyday activity.!* Cur-
rent state-of-the-art of robotic systems and their prospec-
tive function in the post-stroke rehabilitation of the upper
limbs is presented in the studies conducted by Fausti et
al.,'? Bishop and Stein,'” Hochstenbach-Waelen et al.,'
Loureiro et al.,!” Lu et al.,'8 Maciejasz et al.,'* and Morales
et al.2 The application of robotics in neurorehabilitation
is promising, but is still not widely used in clinical settings.

The aim of this study was to present a novel exoskel-
eton for elbow rehabilitation without a complicated control
system.

Challenges and requirements

We took into consideration the needs and preferences of pa-
tients, their families and caregivers, and therapists when de-
signing a robot supporting upper limb rehabilitation. A study
by Lu et al. showed the main requirements for an upper limb
rehabilitation device, including the following:

— facilitating a variety of arm movements;

— being usable in a seated position;

— giving feedback to clients;

— including virtual activities specific to daily living;

— being useful at home;

— having adjustable resistance, and

— costing less than 6000 USD.18:2!

To sum up, based on the classification proposed by Ma-
ciejasz et al.,'” we proposed a novel exoskeleton for upper
limb rehabilitation purposes in low- and middle-income
countries, with the following features:

T. Mikotajczyk, et al. Design of system for elbow rehabilitation

— application field: supporting basic activities of daily
living (ADL), neurological rehabilitation and ortho-
pedic rehabilitation;

— target group: patients with severe neurological deficits,
including post-stroke patients, those with traumatic
brain injury (TBI) or spinal cord injury (SCI), geriatric
patients with neurodegenerative disorders, and people
who need similar solutions for functional support dur-
ing recovery only (e.g., for avoiding physical effort after
cardiopulmonary diseases);

— type of assistance: active device and elbow strength
assistance;

— mechanical design: exoskeleton-based arm with a sin-
gle one-degree-of-freedom (SDOF) stepper motor and
control system;

— control strategy: a mix of kinematic and dynamic; and

— clinical evaluation: experimental study, further re-
search and a randomized controlled trial.

The most common symptoms in elbow functional defi-
cits are weakness, loss of joint control, excessive muscle
contraction, spastic co-contraction, and pathological
synergies.?>~>” The most recent, state-of-the-art advances
in the area of the elbow exoskeletons has been presented
by Vitiello et al.?®

An elbow exoskeleton combines motor (re)learning
principles. It should provide repetition of task-related
movements, tailored to the patient and the patient’s goals,
in a meaningful context, with associated variability and
increasing levels of difficulty in exercises. The hardware
and software should allow for easy use (including prepara-
tion for the exercises), and easy adjustment to individual
patients’” health status, needs and change over time (recov-
ery or relapse). The important features are safety, price,
proven efficacy, and motivation to exercise.

Safety precautions

An elbow exoskeleton supports physiological move-
ments, taking into consideration the current health sta-
tus of the patients, the goals of the therapy, etc. The most
important factors which influence patient and therapist
safety that we took into consideration during the develop-
ment of the elbow exoskeleton were as follows:

— the method of wearing and repeatedly fixing the exo-
skeleton to the arm and elbow joint in order to avoid
injuries;

— limitations of the personal range of motion (ROM);

— regulation and limitation of personal speed of movement;

— an emergency switch;

— protection against unauthorized use;

— safety alerts, low-battery and error signals; and

— online help desk and availability of service.

The potential for robots constraining the natural
movement of the shoulder joint to cause subluxation
at the shoulder was described by Jeong-Ho et al., but this
does not apply in the case of an elbow exoskeleton.?”
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An important issue, especially in elderly patients,
is the acceptance of advanced devices by the patients, their
families and caregivers. It should be facilitated by reason-
able and patient-adjusted learning of novel technologies.

Material and methods
Design of elbow exoskeleton

It has been decided that it will be sufficient to use
a SDOF solution in constructing the prototype of an el-
bow exoskeleton for rehabilitation purposes. The simplicity
of the actuation mechanism was set as one of the priorities
in the design; thus, a single-axis stepper motor with a con-
troller was found to be adequate for providing a reliable and
precise source of motion for the exoskeleton, in contrast
to the bionic model of the human arm, which requires
an antagonistic actuator control, resulting in a much more
complex control system and possibly also a heavier device.

This paper presents 2 solutions for an elbow exoskeleton
for rehabilitation:

— asymmetrical with a 1-side drive system (Fig. 1,2)%%;

— symmetrical with a 2-side drive system (Fig. 3,4).

The asymmetrical design of the upper limb exoskeleton
(ULE) was presented as a virtual prototype (Fig. 1) and
a functional prototype of ULE (Fig. 2). In order to ensure

Fig. 1. Asymmetric upper limb exoskeleton (ULE) with a 1-side drive system:
the virtual model made in Solid Edge (Siemens PLM Software, Plano, USA)

Fig. 2. Prototype of an asymmetrical upper limb exoskeleton (ULE)
with a 1-side drive system

Fig. 3. Virtual model of a symmetrical upper limb exoskeleton (ULE) with
2-side drive system: upper arm (1) and wrist (2) supports

astrong and lightweight support structure, the exoskeleton
frame was manufactured from aluminum.

Design work showed that locating the motor close
to the elbow should provide the optimal functionality
of the exoskeleton. A standard NEMA 23 stepper mo-
tor (MOONS’, Shanghai, China) with a 1.8° step size and
a nominal torque of 1 Nm was chosen for this project.
To increase the torque, the motor was equipped with
a helical gearbox with a 1:5 gear ratio, which effectively
increased the available torque to 5 Nm. This provided
for low weight and sufficient torque for joint actuation.
The maximum peak torque output of 5 Nm needs to be im-
proved because it does not seem high enough to mobilize
patients with no residual mobility. Spasticity can generate
articulation torque higher than 5 Nm, preventing passive
mobilization from the robot.

A virtual model of a symmetrical device is presented
in Fig. 3. Its architecture consisted of 2 vertical side plates
fixed to a base support, between which, in the lower part,
a rotary motor is located. In the upper part of the plates,
2 parallel rods are hinged, which are able to link with
the appendix to support the wrist.

As shown in Fig. 3, the patient puts his/her upper arm
into the support positioned at the rear of the device
and, using a special orthopedic glove, engages the wrist
to the support positioned in front of the device. The wrist
support has a semicircular guide and can rotate around its
own axis, so as to allow the pronation—supination move-
ment of the hand.

Integration (Fig. 4) of the symmetrical device was done
by adopting 3D-printed polymeric materials to create an er-
gonomic interface with the patients and by transferring
the exoskeleton architecture around the arm of the patient
to align the rotary joint of the device with the biomechanical
rotary joint associated with the elbow of the patient.
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Fig. 4. Prototype of a symmetrical device with 2-side drive system: a) view
of the device, b) view of 3D-printed ergonomic elements

Exoskeleton control system

The idea of the ULE control system is an asymmetrical
design (Fig. 1,2). The exoskeleton control was created us-
ing a TB6560, a single-axis stepper motor driver control
unit (Toshiba, Minata, Tokyo, Japan) (Fig. 5,6A) connected
to the computer through an LPT port (Fig. 6B). A limit

| ,— |
1 1
| Step2Cne |

Stepper
motor \‘

Fig. 5. Upper limb exoskeleton (ULE) control system with a single-axis stepper motor

Ky — rotary encoder for stepper motor; Step2CNC — software for the controller;

TB6560 - single-axis stepper motor driver control unit.

switch was used for reliable system start-up with a known
position (Ky).

The system is powered with an industrial 600 W power
supply (Power Control Systems, Veneto, Italy) providing
aregulated output voltage up to 36 V and an output current
of 16 A. A Dell GM 520 computer (Dell Computer Corpo-
ration, Round Rock, USA) (Fig. 6B) was used for control
because of its available LPT port. In addition, this com-
puter model has many USB ports, which makes it suitable
for interfacing with other hardware. A touch LED screen
(Fig. 6C) was used for easy interfacing with ULE.

The software interface for the controller was provided
by Step2CNC v. 2.51 (Akcesoria CNC Elzbieta Taraszkie-
wicz, Augustéw, Poland).?° It is mainly designed for nu-
merical controlling of machining stations utilizing stepper
motors. The main screen of the application is presented
in Fig. 7. This software allows for both manual and auto-
matic control using G-code. G-code can be imported from
an external file or it can be edited directly in the Step2CNC
software.?32 The software was calibrated to use angular
position as input. The position and the speed of movement
can be controlled. G-code simplifies the creation of even
complex motion patterns for training.

Using Step2CNC software enables complex control
of the position and velocity of the motion path throughout
the whole range. Motion can be prescribed as a function
of f, which can later be converted to G-code. Position-
ing accuracy is dependent on the stepper motor step size.
For a standard 1.8° step size, 200 steps per revolution allow
for more than sufficient control accuracy for a human—
machine interaction. The gearbox used in the design with
a 1:5 gear ratio allowed the positioning accuracy to be in-
creased to 0.36° in full-step mode. The controller we used
also allows operation in micro-stepping modes up to 1/16
of a step. Step division can be selected using jumper switch-
es available inside the casing. Figure 8 illustrates the po-
sitioning accuracy which can be obtained using different
step size settings with and without an external gearbox.

Results

This study presents the original concept of an automatic
control system based on Step2CNC software for the ULE
(Fig. 7). The system consists of a limited number of commands
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Fig. 6. Mobile control system

a — interior of the stepper motor controller; b — stepper motor controller and PC connection; ¢ — complete station.

used to describe the movement trajectory and speed in an ab-
solute coordinate system. The software includes visualization
of the movement as a function of time. The limit switch posi-
tion is also visualized. Despite the limitations of the visualiza-
tion, the software is useful for the ULE control.

The following actions are possible for the ULE:

— clockwise motion of the motor (arm flexion);

— counterclockwise rotation of the motor (arm extension);

— stoppage of the motor for a specified time.

Figure 9 presents a definition of the control parameters
of arm rotation.

Forearm motion speed can be individually predefined
for each motion segment, which can be defined as fast
movement speed or exercise speed. In case of exercise
speed, it can be adjusted freely. Fast movement is per-
formed at 1 predefined speed.

The following G-codes are used for the proposed system:

— GO0 - fast motion with 1 predefined speed;

— GO1 — exercise motion — the speed of motion can be

freely defined on the control panel;

— G04 Hpar — a break in motion for a defined length

of time, for instance, G04 H200 stops motion for 200 ms;

— MO04 - works analogically to G04, using 0 as a delay

parameter: the program is stopped until the “continue”
key is pressed on the software interface;
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Fig. 7. Step2CNC user interface

— commands GO0 and GO1 can accept the following
parameters:
« Xpar — 15t axis coordinate;
o Ypar — 27 axis coordinate;
« Fpar — speed setting in mm/min.
— M30 — ends the program;
— G90 — enables absolute positioning;
— G91 - switches to relative positioning;
— G28 - returns to the home switch position.
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Fig. 8. Influence of step size on theoretical positioning accuracy with and
without a gearbox

forearm

a=180°
Y =180°-a

Fig. 9. Angle computation for the Step2CNC

Y —the angle parameter.

Even though only a single axis is controlled, the X pa-
rameter is used for visualization of the movement
on the software interface. The G04 command can be used
to pause the motion to let the patient rest between exercise
sequences.

The velocity of the motion, fy, can be defined using
the following relationship:

Dy
==X 60,
Jy =

where Dy is the rotation angle of the forearm and T
is the rotation time in seconds. Break time, T, which
is a parameter of the G04 and M04 commands, needs to be
expressed in miliseconds, thus:

T, =T x 1000,

where T is the break time expressed in seconds.

Exemplary G-code is presented in Table 1. The sample
code does not include the X parameter used only for visu-
alization of the movement.

The presented code has been tested with the forearm
exoskeleton. The formation of motion loops requires
the same code fragment to be copied multiple times. Based
on the example G-code and available commands, an auto-
matic G-code generator was created according to the al-
gorithm presented in Fig. 10.

T. Mikotajczyk, et al. Design of system for elbow rehabilitation

insert setup data

G90
G28
L] end
define ULE motion trajectory > append M30
Ya, Yb[°] <
> Tab [s] N
Stop [s] <

append G04 HStop |

append GO1 Hfy YYb |
A

fy =abs(Yb - Ya)/Tab - 60|

Fig. 10. Simplified algorithm of G-code generation

Ya, Yb - initial and final angles, Stop — pause time, Tab — motion time,
fy — motion speed; ULE — upper limb exoskeleton.

The algorithm has been implemented in the custom Vi-
sual Basic 6 (Microsoft Corp., Redmond, USA) code Code-
Malke software (Fig. 11). The tool allows for simple G-code
generation based on an input motion pattern. The software
visualizes computation results and G-code output during
operation. The text field in the software allows for easy copy-
pasting of the code into Step2CNC. In addition, the generat-
ed code can be saved in a file. The CodeMake software con-
tains a preview from a USB camera. It also has the “on top”
feature, which locks the window in front of other windows,
including Step2CNC. Such a configuration is convenient
while using the remote control of Step2CNC, for instance,
TeamViewer or Remote Desktop.?

Table 1. Example of G-code

G-code | Description

file header - lines preceded with a semicolon are

ULE control file
treated as comments

G90 switches on absolute positioning mode

homing the arm unit limit switch is reached

G8Y to initialize the system with the arm position

rotates the forearm 100%min until reaching

T IFIBONS an absolute position of 150°

pauses the program execution until

G04HO the “continue” button is pressed

GO F20 Y60 slow motion vv!th a veIoclt.y of 20%/min until
an angular position of 60° is reached

GO4 H2000 pauses program for 2's and then continues
automatically

GO1 F50 Y0 sets. rfnot|ozw gt a velocity of 50%/min until initial
position (0°) is reached

M30 ends program

ULE - upper limb exoskeleton.
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Step2CNC settings ~G-Code_File-
& 2 ‘e e & | - ULE control file 12:35:59
1 12 14 18 1716 GOTF 300 Y 45
s GO4 H 4000
GOTF 225 ¥ 90
ULE G04 H 2000
GO1 F 300 Y 150
~Yend o ~Ystat 0-
[150 [150
~Stop s G f odmin -
o 12 |300
G-Code
{ |GO1 F300 ¥ 150
T — Undo |
G-code Copy | EndFile | G-Code Save |

[ ULE G-Code generator o| =] =
Camera
Step2CNC seltings ~G-Code_File
LY OO 10 - ULE control file 12:33:53
1172 14 18 1716 GO1 F 300 Y 45
’ | |Go4H 4000
GO1F 225 Y 90
ULE GO4 H 2000
GO1 F 300 Y 150
G04 H 5000
GO1 F 150 Y 120
GO F 150 Y 90
Yend o ~Ystat 0- | |GO4H 4000
GO1F450 YO
0 [o 30

‘CodeMake (=%

Copy and paste the file into the Step2CNC

Stops— rTs
‘70 !12

T R—

( [M30
G-Code Generalion |
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Fig. 11. Main window of the CodeMake tool: a) during control code generation; b) when the G-code is ready

During remote operation (Fig. 12,13), there is an option
of adjusting the camera resolution to provide smooth im-
age transmission even in the case of slow Internet con-
nection. Remote operation mode allows the user to create
exercise programs and to supervise exercise performance
even if the patient and the operator are at distant locations.

Quantitative analysis showed significant benefits from
an economic point of view (lower price and wider acces-
sibility) and from a logistical one (easier manufacturing,
3D-printing potential and reverse engineering for custom-
ized solutions).

Discussion

Despite several decades of work on exoskeletons, signifi-
cant scientific contributions in the applications of rehabili-
tation and functional compensation and substitution have
only begun to appear in the last 10 years. As exoskeletons
are characterized by close cognitive and physical interaction
with the human user, the requirements applied to the cog-
nitive interaction are strict. As technological advances are
made, there is much potential for growth in this field.

The evidence supporting the upper limb rehabilitation
using robotics to facilitate therapeutic process makes ro-
botic control systems a significant emerging field in robot-
ics, biocybernetics, rehabilitation engineering, and clinical
medicine. It becomes more complex and integral, taking
into consideration the International Classification of Func-
tioning (ICF) perspective to correctly evaluate the dis-
abling effect of neuromotor disorders. Prior to the year
2000, there was a paucity of high-quality evidence regard-
ing the management of neuromotor disorders with elbow

EE)EE]
o] ® ezl

Marzna | Ghod | Ustaini sternrika | Opci konwer 4 >
T s kaanicowek o

ﬁ ﬁ Zl Inerus prcuricia

Ximm) [1000 B

€ 8D o W

M!‘ Ziwm) [1000 B0

Afmm) [f000 [

Rluch pracy GOT. 602

Stercwarie gcane.

Preview OnTop NononTop Copy AR

@RRAFBLLeLL Y

2oz,
Zeud
P Pokaz X2
I~ Symuacia

Koloy podgiad  rachon

Poret20 W] 600 [T =] 601,602 B =] Poco M <] 7 POetch

7 ko podgad pocy
N e W i 298 e wsketkpond 02

Fig. 12. Remote view of the Step2CNC and CodeMake window on top
with a live preview of upper limb exoskeleton (ULE)

Fig. 13. System setup for upper limb exoskeleton (ULE) remote control

Ky — Ky encoder for motor control purposes.

exoskeletons. At one time, practitioners might have be-
lieved that elbow neurorehabilitation with such an exoskel-
eton was not effective because of the lack of empirical evi-
dence. Robot-aided rehabilitation of the upper limbs is still
a complementary therapy method, even as a home-based
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rehabilitation treatment. There is still a lack of evidence
that robotic therapy is more effective than traditional
face-to-face treatment. Strong evidence can be obtained
using randomized controlled trials, large patient samples
and a control group for comparison. However, shortages
in the area of specialized personnel (including physicians,
physiotherapists, nurses, etc.) make the robotic solution
cheaper and more accessible. Easily transportable, wear-
able devices could improve rehabilitation after discharge
as well, in outpatient or home-based settings. Efforts are
being made to establish the ideal type of treatment, length
of training and patient’s characteristics for a successful
treatment of this type. Cost-effective solutions, reduced
effective hospitalization, early discharge, and home-based,
long-term rehabilitation make robotic systems a new, basic
and cheaper modality.3*3°

The advantages of the proposed exoskeleton reported
here reflect current state-of-the-art. A proposed control
strategy relies on a closed-loop position control, perfor-
mance, low manufacturing costs, and predictable perfor-
mance in a rehabilitation setting. All these factors play
an important role in establishing the directions for further
research, e.g., integrated force sensors in the device, mea-
surements of torque interactions on the elbow joint, and
assessment and response to an overload of articulation.

The aforementioned issues describe the main limitations
of the current study.

Based on a literature review and our own experience du-
ring working on the proposed system, we can formulate
the following conclusions.

The designed actuation system utilizing a stepper motor
and a special gearbox provides precise positioning and repeat-
ability of movement (angular accuracy within 0.18-0.36°),
a wide range of speeds, and full torque availability even
at 0 speed (as long as there is power in the windings).

Step2CNC software offers a simple software—hardware
interface, providing G-code interpretation and control strat-
egy; it also allows the user to edit G-code, thus providing
an option for code sequence generation. The aluminum con-
struction of the exoskeleton yields a strong and lightweight
system (2 kg).

The prototype consisted of easily obtainable compo-
nents, with a simple and off-the-shelf control system.

The prepared Code-Make software allows for cam-
era image previews, useful for remote operation, as well
as for straightforward G-code generation concerning de-
sired positions and delays in the exercise program.

Remote operation of the system is possible and easy
to implement using Remote Desktop or Team Viewer.

The control system presented above uses a standard
G-code implementation as well as a typical Computer Nu-
merical Control (CNC). Therefore, it is possible to expand
this system by adding additional degrees of freedom.

The limitations of the study are the imperfections observed
in the construction of the exoskeleton and its shortcomings
in terms of mapping all the movements of the elbow and

T. Mikotajczyk, et al. Design of system for elbow rehabilitation

forearm. In this respect, the exoskeleton must be improved.
Another limitation is the fact that this is only a theoreti-
cal paper with no clinical studies. Further research should
include deeper clinical studies on large samples of patients.
Such an approach allows for further compartmental stud-
ies and better fulfillment of the needs of the patients, their
families and caregivers, as well as therapists.

Conclusions

The current study suggests that choosing an elbow
exoskeleton may have not only clinical but also possible
economic and logistical advantages. In the future, exo-
skeleton-based rehabilitation of upper limb function may
constitute the most promising therapeutic tool which can
meet the increasing demand for therapy.

The design of ULE presented here is a good solution
for the rehabilitation of the patient. The components
of the control system are easy obtainable and can be
used for control of a ULE by the available application,
Step2CNC. CodeMake software allows for a camera image
preview, is useful for remote operation and can generate
G-code straightforwardly.
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Abstract

Background. Hemolysis during cardiopulmonary bypass may lead to acute kidney injury caused by an exces-
sive amount of iron. The clinical usefulness of the measurement of total iron concentration in the urine with
the use of the atomic absorption spectrometry method for early identification of patients with postoperative
acute kidney injury is not well-established.

Objectives. An observational, prospective study was conducted on a group of 88 pre-selected adult patients
undergoing a planned coronary artery bypass grafting (CABG) procedure.

Material and methods. The amountand concentrations of total iron, creatinine and neutrophil gelatinase-
associated lipocalin (NGAL) were evaluated in urine samples. A comparative analysis of the evaluated bio-
chemical parameters was performed in regard to the occurrence of acute kidney injury 48 h postoperatively.

Results. Patients in the acute kidney injury group presented more advanced age (p = 0.01), preoperative
myocardial infarction (p = 0.02), diuresis reduction (p = 0.04), and lower total iron levels in the 48-hour
urine sample (p = 0.01). There was no difference when considering iron concentration in single urine samples
in the study group.

Conclusions. The sole result of total iron concentration in single urine samples is unreliable for the diagnosis
ofacute kidney injury after cardiac surgery. Decreased excretion of iron in the urine seems to be an important
additional element in the multifactorial pathogenesis of acute postoperative kidney failure.

Key words: iron, acute kidney injury, atomic absorption spectrometry
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Cardiac surgery-associated acute kidney injury (CSA-AKI)
isanimportant clinical problem. Kidney injury usually occurs
following a cardiac surgery procedure.!® The pathomecha-
nism of acute kidney injury (AKI) after cardiac surgery proce-
dures performed with cardiopulmonary bypass (CPB) is com-
plex and multifactorial. It involves several injury pathways:
endogenous and exogenous toxins, ischemia and reperfusion,
metabolic factors, inflammation, and oxidative stress.*®

Undoubtedly, an important and frequently underlined
factor increasing the negative effect of cardiopulmonary
bypass on kidney function is oxidative stress.®~ The gen-
eration of free oxygen species is catalyzed by free iron
ions (Haber-Weiss and Fenton reactions), which are espe-
cially active in acidic environments.!® It has been shown
in experimental studies that strategies targeting iron
toxicity and renal protection using iron-chelating agents
have a positive effect on pigment nephropathy and acute
myocardial infarction.!*'? Until recently, there has been
no official recommendations toward their routine use.

It is a fact that nephron overload due to an excessive
amount of iron released during hemolysis initiates a vi-
cious cycle, where progressive oliguria makes it impos-
sible to excrete excess iron, thus leading to a prolongation
of the toxic effect of iron. On the other hand, there is some
data indicating that urine iron is bound by urine neutrophil
gelatinase-associated lipocalin (NGAL), or if unbound,
could be reabsorbed at the Henle’s loop.!* Akrawintha-
wong et al. reported the clinical usefulness of urine (not
plasma) iron concentration in a pilot study. They suggested
that there is an overspill mechanism from hemolysis com-
bined with overwhelming iron reabsorption at the tubules
and collecting ducts and decreased reabsorption of iron
in the tubules as AKI develops. The authors concluded
that baseline and postoperative serial urine catalytic iron
measurements are valuable indicators of AKI after open
heart surgery.!® A question arises of whether perioperative
determination of total iron level in the urine could serve
as a good marker for the diagnosis of CSA-AKI. To date,
there has been no definitive answer to that question.
Therefore, any additional element helpful in the under-
standing of reasons for postoperative kidney failure enables
the establishment of proper therapeutic procedures.

This research paper assessed the clinical utility of the de-
termination of total iron level in the urine, using atomic ab-
sorption spectrometry for the identification of patients with
postoperative AKIL Our study was concentrated on assessing
the utility of urine iron at 1 h postoperatively in the early AKI
detection. We also analyzed the dynamism of urine iron level
changes within the first 24 h after a cardiac procedure.

Material and methods

This observational, prospective study was conducted
in a group of 88 Caucasian patients over the age of 18 years
after signing an informed consent form.

J. Biernawska, et al. Urinary iron in patients with AKl after CABG

All patients underwent a planned procedure of cardi-
ac artery bypass grafting (CABG) with the use of CPB
in the Department of Cardiac Surgery of the Pomerani-
an Medical University in Szczecin (Poland). The study
protocol was approved by the local Ethical Committee
of the Pomeranian Medical University in Szczecin, Poland
(KB - 0012/146/10).

The inclusion criteria of the study covered a planned
operation of CABG with the use of CPB. Exclusion criteria
regarding the preoperative period were defined as:

— emergency operations or re-operations;

— aknown pathology of the urinary tract or renal failure;

— chronic use of the following medications: iron, non-
steroidal anti-inflammatory drugs (NSAIDs), immu-
nosuppression, or steroids in the preoperative period;

— polycythemia, porphyria or pathological hemoglobin
species in anamnesis;

— preoperative signs of hepatic failure;

— active autoimmune or neoplastic diseases, active
infection;

— anticipated significant bleeding (anti-platelet agents),
suggesting the use of blood-derived products during
the operation and afterward.

The study population was divided into 2 groups regard-
ing postoperative AKI: group “non-AKI” (n = 75), aged
62 +7 years, 61 men (81%) and group “AKI” (n = 13), aged
70 £6 years, 9 men (69%).

Acute kidney injury was defined according to Acute
Kidney Injury Network (AKIN) criteria.

Before the cardiac operation, full physical examina-
tions were performed to assess the patients’ clinical status
and to qualify them for the study. In the operating room,
standard patient monitoring was initiated and general
anesthesia was induced using fentanyl, etomidat, pan-
curonium (doses calculated according to body weight), and
sevoflurane. Electrocardiography (ECG), invasive blood
pressure monitoring, central venous pressure, deep body
temperature, and mechanical ventilation parameters were
monitored continuously; diuresis and fluid balance were
evaluated on an hourly basis, during the operation and
for the first 24 h postoperatively, after that time, every 12 h.
Metabolic monitoring was performed with a blood gas and
electrolyte analysis in arterial blood using a GEM 3000 ma-
chine (Instrumentation Laboratory, Bedford, USA). Plasma
iron concentration was measured on the day of the op-
eration. Iron was determined with an atomic absorption
spectrometer which had been calibrated using standard
solutions. Measurements were made in an air-acetylene
flame against the corresponding lamps at a wavelength
of 248.3 nm.

Serum creatinine levels and other standard laboratory
parameters were evaluated on the day of the operation and
24 h and 48 h postoperatively.

Additionally, we measured NGAL level in the urine using
a commercially available enzyme-linked immunosorbent
assay (ELISA) kit (Human Lipocalin-2/NGAL Quantikine
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ELISA Kit; R&D Systems, Minneapolis, USA) with a mi-
croplate reader ELx808 (BIO-TEK Instruments, Inc., Win-
ooski, USA), according to the manufacturer’s instructions.
The time-points for NGAL measurement were 1 h after CPB
(post-op sample) and 24 h from the beginning of the opera-
tion (postoperative day 1, POD 1 sample).

Moreover, an analysis of total iron concentration in single
urine samples was performed. The method for performing
the biochemical studies is presented below. After collection,
the urine was centrifuged (1850 g, 10 min, 4°C). The super-
natant was immediately frozen to —80°C until the analysis
was performed. Iron level in the urine was evaluated using
mass atomic absorption spectrometry by means of an ab-
sorption meter (PU 9100X; Philips, Cambridge, England).
The applied wavelength was 248.3 nm. Without any inter-
vention, the normal value for total iron in the 24-hour urine
was set at 40—150 pg (0.71-2.68 pumol). The normal value
for total iron in the 24-hour urine of cardiac surgery patients
(after CPB as an intervention) is unknown. The time-points
for urine total iron concentration measurement were pre-
operative (zero sample), 1 h after CPB (post-op sample),
and over 24 h from the beginning of the operation (POD 1
sample). Plasma-free hemoglobin concentration was mea-
sured in a reaction with Drabkin’s reagent. The change of ab-
sorbance was noticed at wavelengths of 540 nm and 680 nm.
The normal value is 5-40 mg/dL.

Cardiopulmonary bypass was performed using a non-
pulsatile pump (Maquet, Hirrlingen, Germany) and
a membrane oxygenator (Terumo Cardiovascular Systems,
Ann Arbor, USA) primed with 1000 mL of Ringer’s lactate,
500 mL of Gelofusine, 60 mEq of sodium bicarbonate, and
4 mg/kg of heparin. An individual CPB flow was calcu-
lated on the basis of 2.5 L/min/m? and systemic arterial
blood pressure was maintained between 50 and 70 mm Hg,.
If the systemic perfusion pressure decreased, CPB flow was
increased up to a maximum of 130% of the calculated flow.

Table 1. Demographic data and comorbidities of the study population

Characteristics Non-AK|
n=75

Age [years], mean +5D 62 7 70 £6
BMI [kg/m?], mean +SD 28.02 £3.71 31.20 +3.98
LV EF [%], mean +SD 53.52+£9.57 | 46.85£12.79
EuroScore [points], mean £SD 2.36 £191 3.77 £2.62
Gender [male], n [%] 61 (81) 9 (69)
Left ventricular dysfunction NYHA >, n [%] 48 (64) 11 (84)
Myocardial infarction, n [%] 31 (41) 10 (76)
Arterial hypertension, n [%)] 64 (85) 11 (84)
Diabetes mellitus, n [%] 23 (30) 8(61)
Peripheral vascular disease, n [%] 74 (98) 13 (100)
Atrial fibrillation, n [%] 4(5) 1(7)
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If the systemic pressure decrease could not be compen-
sated for by increasing CPB flow, a norepinephrine infusion
was used. The operation was performed in normothermia.

Statistical analysis included evaluating the changes of se-
rum creatinine concentration and the biochemical param-
eters in the urine (total iron and creatinine) in relation
to the occurrence of AKI according to the AKIN criteria
up to 48 h postoperatively.

Statistical analysis

All results are presented as mean + standard deviation
(SD). The Shapiro-Wilk test was used to check for normali-
ty of the sample data. To determine the differences between
the AKI group and the non-AKI group, the Mann-Whitney
U test was used for quantitative variables and Pearson’s
x? test was used for qualitative variables. A logistic re-
gression model was performed to predict whether urine
iron concentration at defined time-points is a postopera-
tive AKI risk factor based on the patient’s age (covariate).
The independent variables were urine iron concentration
and age. The analysis was done using STATISTICA v. 10
software (StatSoft, Krakéw, Poland). Statistical signifi-
cance was set at p < 0.05.

Results

Early postoperative kidney failure based on the AKIN
criteria was diagnosed in 13 patients (14%) during the first
48 h postoperatively. In all of the cases, the AKIN diuresis
criteria were equivalent to the AKIN creatinine criteria.
Cardiac surgery-associated acute kidney injury was di-
agnosed in 6 patients within the first 6 h postoperatively
(AKIN stage 1, next progression to stage 2 based on oli-
guria) and in 7 patients within the 48-hour period after
the procedure based on oliguria and serum cre-
atinine level (AKIN stage 2). The characteristics
of the patient population are shown in Table 1.

When comparing the time of CPB, minimal
mean arterial pressure, the need for vasopressors

<0.01 or inotropes, and minimal body temperature,
001 there were no differences between the 2 sub-
008 groups in the intraoperative period. In the study
67 group, none of the patients needed periopera-
03 tive transfusion of blood products. Selected data
from the intraoperative period and the first 24 h

053 postoperatively are presented in Table 2.
002 There were no statistically significant differ-
046 ences in the concentration of plasma iron or se-
0.07 rum and urine creatinine, nor in the urinary iron
033 concentration in the preoperative period (zero
075 sample) or directly after the CPB (POD 1 sample).

AKI - acute kidney injury; BMI - body mass index; LV EF — left ventricle ejection fraction
before procedure; EuroScore — European System for Cardiac Operative Risk Evaluation;

NYHA — New York Heart Association.

There were differences in diuresis in the intraop-
erative and postoperative periods, though. There-
fore, the excretion of total iron was not only shown
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Table 2. Interventions and clinical outcomes of the study population

Characteristics (mean +SD)

Interventions

Cardiopulmonary bypass time [min] 48 £13 48 +15
Aorta cross-clamp time [min] 29 +7 29 +8
Surgical procedure time [min] 167 £28 165 £24
Minimal value of MAP (CPB) [mm Hg] 68 +8 64 +6
Urine output during a surgical procedure [mL] 659 +389 453 +368
Fluid balance during a surgical procedure [mL] 715 £569 530 765
Urine output [mL]* 32154799 2607 +£460
Fluid balance [mL]* -627 1204 -584 +780

J. Biernawska, et al. Urinary iron in patients with AKl after CABG

Discussion

The pathomechanism of pigment nephropa-
thy after cardiac surgery is based on kidney

07 injury secondary to the influence of free he-
o1 moglobin released from erythrocytes during
082 CPB.” Active free iron ions are generated during
024 erythrocyte damage and hemolysis by the CPB
004 set. A sudden increase in the amount of iron
033 can exceed the iron binding capacity. As a re-
<001 sult, it can be observed that many changes
087 occur within the epithelium of the tubular

AKI - acute kidney injury; MAP — mean arterial pressure; CPB — cardiopulmonary bypass;
SD - standard deviation; * from the beginning of the operation to 24 h thereafter.

as the concentration in a single sample, but also as the total
amount of iron in the urine collected 24 h postoperatively.
A comparison of creatinine, total iron and NGAL excretion
in the urine in pre-defined time-points is shown in Table 3.

We compared the changes of free hemoglobin (plasma)
concentration in 65 patients (no-AKI group) and 13 pa-
tients (AKI group) at defined time-points. There were
no significant differences.

The logistic regression model showed that the patient’s
age (covariate) is not a factor determining postoperative
AKTI. This result was observed in all variables in the study.

Table 3. Perioperative values of serum and urine parameters in the study population

Non-AKI
n=75

Characteristics (mean +SD)

cells. Previous studies confirmed iron toxicity
in the case of acute and chronic kidney failure,
acute cardiac ischemic injury and neurodegen-
erative diseases.® 101415 There is evidence from
animal studies that iron is involved in a variety of models
of AKI. However, there is limited data from human studies
to support our study.

An important human defense mechanism in the case
of iron overload is iron excretion in the urine. One can
imagine that the assessment of iron excretion in the urine
would be an ideal marker of this pathomechanism. How-
ever, one must take into account the fact that a reduction
of diuresis and increased NGAL concentration (an impor-
tant iron-translocating compound) can modify final iron
excretion. The result of our study was that patients with AKI
showed significant differences
in total iron levels in the urine
collected 24 h postoperatively,
as assessed by atomic absorp-
tion spectrometry. Urine iron

Preoperative (zero sample) level was assessed in the first
012 +0.06 0.14+0.07 24 h only because we defined
Iron concentration [mg/L™"] (urine) OR=45x10"5 007 0.07 this as an early marker. In our
95% Cl: 8.15 x 10719-2.5 : opinion, a decrease of urine
Iron concentration [mg/dL™] (plasma) 130.8 £27.21 1239 +6.1 092 output as a clinical manifesta-
Creatinine [mg/dL] (serum) 0.88£0.19 096 +0.28 047 tion of AKI might cause a de-
1 h after the end of CPB (post-op sample) crease in the iron-excreting
0.08 +0.05 0.0 £0.06 ?blhty én tlbe AI;I group. This
Iron concentration [mg/L "] (urine) OR=93x10* , 0.29 actunder .1nesF € 1mpoFtance
95% Cl 6,28 % 10-9—138.9 0.24 of actual diuresis apd fluld bal-
NGAL [ng/mL"] (urine) 3124720 93041378 <001 ance when the purifying func-
— - tion of the kidneys is analyzed.

24 h after the beginning of the operation (POD 1 sample) .

In our study, total iron ex-
| ' e 012£005 009006 000 creted with the urine was ele-
fon concentration [mg/L] (urine) OR =320.74 038 : vated in all patients in the study

95% Cl: 5.58 x 1074-1.8 x 10* .
. ' group. However, to date no vali-
Total iron (urine) 407 £191.01 268 £120.74 <0.01 dated “normal values” for car-
Creatinine [mg/dL"] (serum) 0.86 £0.22 1.29 £0.38 <0.01 diac surgery patients have been
NGAL [ng/m L] (urine) 1219 £11.76 25.02 £11.89 <0.01 determined. The most impor_
48 h after the beginning of the operation (POD 2 sample) tant conclusion of this study
Creatinine [mg/dL""] (serum) 0.84 +0.25 167 +0.55 <001 is that the single result of total

AKI - acute kidney injury; CPB — cardiopulmonary bypass; POD - postoperative day; NGAL — neutrophil
gelatinase-associated lipocalin; OR — odds ratio; Cl — confidence interval; SD — standard deviation; * the mean
+SD of total iron (ug/day) excreted in the urine during the 1°' postoperative day (urine collected for 24 h).

iron concentration in a single
urine sample is unreliable
for AKI diagnosis after cardiac
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surgery. This result is opposite to the findings of the sole hu-
man pilot study.!® The authors of that trial noticed increased
levels of urine catalytic iron at the same time as urine NGAL.
In our opinion, this difference is caused by the very small
sample size. In our unpublished data, we observed a similar
trend in the first few results. In the current study, we ob-
served a rise of urine NGAL at 1 h and 24 h postoperatively.
However, when we considered the values of serum creati-
nine levels and urine NGAL levels in individual patients,
we detected some differences. Regarding serum creatinine,
we diagnosed 13 AKI cases within the first 48 h after opera-
tion. However, an elevated NGAL level was observed in 5
of 13 patients and in 4 cases without AKI. To date, NGAL
is not a criterion in the recognizing and staging of AKI.
Akrawinthawong et al. showed the results of serial urine
catalytic iron measurements, but urine catalytic iron and
NGAL were first measured 8 h postoperatively. We cannot
compare our results because in our study the time-point
was different (1 h after the end of CPB).!?

A decrease in diuresis is a clinical manifestation of re-
nal tubule insufficiency. This fact underlines the need
for the purifying function of the kidneys in the con-
text of actual diuresis and fluid balance, as the changes
in the amount of iron are usually minimal and the clini-
cal implications are very important. Acute kidney injury
occurred more frequently in patients with a past medi-
cal history of myocardial infarction. This fact could be
explained as follows: oxygen free radicals are generated
as a consequence of oxidative stress related to myocar-
dial infarction and this process is catalyzed by iron ions.
These free radicals cause organ damage, including the kid-
neys. The presence of another damaging factor, i.e., CPB,
leads to an increase of the previously subclinical kidney
damage.

Iron measurement methods

The question is: what should we measure — plasma
or urine iron? Leaf et al. showed that increased plasma
catalytic iron in patients might mediate AKI and death
following cardiac surgery.'®* However, plasma catalytic
iron concentration may increase due to reduced filtra-
tion. In the study by Leaf et al.,, urine output was not
assessed. They did not use oliguria as an AKI criterion.
In the available literature, the measurement of urine out-
put regarding its purifying role is crucial. The amount
of urine output during CPB can be a simple method
to predict the development of AKI after cardiac surgery.!”
The population analyzed by Leaf et al. was heterogenic
(the majority of patients had valve or mixed procedures).
More than 30% of the procedures were urgent or re-oper-
ations. The mean CPB time was 3-fold longer than in our
study. All these factors are important regarding hemolysis,
load of iron, the staging of cardiac surgery-related AKI,
and the need for renal replacement therapy in the case
of postoperative AKI. However, the authors did not show
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a comparison among the group regarding these factors, so
we cannot compare results to our “isolated CABG group.”
In our study, the population is homogenic. The variation
in urine iron excretion is also noticeable, but statistically
insignificant among the study group.

The role of iron as a mediator of CSA-AKI is still not fully
appreciated; therefore, the methods of iron measurement
are not widely used in clinical practice. The chemical iden-
tification of the labile iron pool is difficult due to the va-
riety of iron ligands present in cells.!® Atomic absorption
spectrometry is an analysis technique which enables iron
determination in liquid, solid and gas samples. The analy-
sis is based on the absorption of radiation at a specific
wavelength by free iron atoms, evaluation of its absorbency;,
and therefore its ion concentration. This method enables
the detection of even minimal quantities of the metal
in a sample. This is especially important in patients after
CABG, because perioperative hemodilution leads to a situ-
ation where the amount of iron in the analyzed sample
is minimal. The clinical utility of this method and the in-
dications for its routine use require further studies.

One source of iron is hemolysis. Hemolysis is a recog-
nized consequence of CPB. It has been shown to increase
with complex procedures (CABG + valve surgery) be-
cause of longer perfusion times.!® Hemolysis during car-
diac surgery may be diagnosed and monitored by plasma
extracellular (free) hemoglobin and plasma haptoglobin
(the physiological intravascular free hemoglobin scaven-
ger) concentration, assessed at regular time-points. How-
ever, there were no significant differences in our results.

One limitation of the current study is the lack of plasma
iron concentrations at 1 h and 24 h postoperatively. An-
other limitation is the lack of plasma and urinary iron
measurements 48 h postoperatively.

In conclusion, the presented study confirms that the sole
result of total iron concentration in a single urine sample
is unreliable in the diagnosis of AKI after cardiac surgery.
This study indicates that decreased iron excretion with de-
creased urine volume seems to be an important additional
element in the multifactorial pathogenesis of acute post-
operative kidney failure. It is possible that in the future,
iron-chelating compounds or elective intraoperative hemo-
filtration will be used as a method of targeted preventive
therapy. In the early postoperative period, the interpreta-
tion of biochemical parameters in the context of current di-
uresis and fluid balance seems to be of critical importance.
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Abstract

Background. Overlap syndrome (0S) describes the association of obstructive sleep apnea (OSA) and chronic
obstructive pulmonary disease (COPD) in a single individual. Subjects with OS have increased cardiovascular
mortality which is presumed to be inflammation-mediated. As a clinical biomarker, an increased neutrophil
count correlates with the severity of coronary artery stenosis.

Objectives. As little is known about the role of neutrophils in the underlying inflammatory mechanisms
in 0S, we aimed to assess the percentage of peripheral neutrophils (PPN) in OS vs in COPD alone.

Material and methods. A cross-sectional study of patients with COPD and severe comorbidities, as defined
by a Care Assessment Need score over 95, were seen in the Pulmonary Tele-Health Clinic at the Salem Vet-
eran Affairs Medical Center, USA, over a 1-year period. Demographic and polysomnographic data, FEV1 and
the Charlson Comorbidity Index (CCl) were extracted from the Electronic Medical Records. Obstructive sleep
apnea was defined according to the American Academy of Sleep Medicine (AASM) quidelines. Serum inflam-
matory markers (PPN, CRP. fibrinogen and procalcitonin) were obtained after the Tele-Health appointment.

Results. Out of the 38 subjects with COPD, 17 (44%) had 0S. Compliance with continuous positive airway
pressure therapy (CPAP) was excellent in 7 S subjects (419%). There was a significant difference in the PPN
of subjects with 0S vs COPD alone, regardless of whether they were compliant (p = 0.03) with the CPAP
therapy or not (p=0.005). No differences in the severity of COPD, baseline comorbidity, smoking, or inflam-
matory markers were found between the 0S and COPD-only subjects. Body mass index (BMI), COPD severity,
smoking, and home oxygen therapy (HOT) use were not associated with PPN (p > 0.2).

Conclusions. Overlap syndrome subjects have higher PPN than those with COPD alone, regardless of their
(PAP compliance. Our results could be used to motivate 0S subjects to improve their lifestyles and to comply
with drug therapies aimed at reducing cardiovascular disease (CVD).

Key words: obstructive sleep apnea, chronic obstructive pulmonary disease, cardiovascular, systemic in-
flammation, neutrophils
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Introduction

Chronic obstructive pulmonary disease (COPD), a dis-
ease characterized by irreversible airflow limitation, and
obstructive sleep apnea disease (OSA), a disease charac-
terized by intermittent collapse of the upper airway, are
each responsible for major morbidity, mortality and eco-
nomic burden.! The term “overlap syndrome” (OS) was
introduced to describe the association of both conditions
in a single patient. Given the high prevalence of both COPD
and OSA, it is expected that up to 29% of OSA subjects
could be affected by OS.2 Although the evidence suggests
that the increased mortality in OS subjects is primarily
cardiovascular, the exact mechanisms remain unclear.!
It is likely, though, that cell-mediated inflammation plays
an important role given the shared systemic inflam-
mation pathways in COPD, OSA and atherosclerosis.®
The possible biological pathways by which neutrophils
might influence the development of cardiovascular dis-
ease (CVD) are protean and include an increased adher-
ence of platelets to subendothelial collagen and the release
of leukotriene, superoxide and inflammatory mediators.*~°
As a clinical biomarker, increased neutrophil count cor-
relates with the severity of coronary artery stenosis and
survival in subjects with stable coronary artery disease
and demonstrates good specificity as a prognostic marker
for acute coronary syndrome when the electrocardiogram
was nonspecific.”8 McNicholas suggested that COPD and
OSA are systemic disorders that can cause or worsen CVD,
one of the mechanisms related to the chronic intermit-
tent hypoxia that stimulates the inflammatory cytokines
in which neutrophils participate. Despite these findings,
the abovedescribed findings were not demonstrated in OS
and little is known about the role of neutrophils in the un-
derlying mechanisms of increased mortality in these sub-
jects. We therefore aimed to assess peripheral neutrophils
in OS subjects compared to COPD-only subjects with
a similar degree of comorbidity. In addition, as it is has
been suggested that the current standard therapy for OSA,
i.e., continuous positive airway pressure (CPAP), could
alter the inflammatory markers in OSA, we evaluated
the inflammatory response in both CPAP-compliant and
noncompliant OS subjects as compared to COPD-only
subjects.

Material and methods

The study is a cross-sectional retrospective evalua-
tion of subjects with COPD and severe comorbidities se-
lected from subjects followed for routine primary care
at the community-based outpatient clinics (CBOC)
satellite to the Salem Veterans Affairs Medical Center
(VAMC), USA, over 1 year. The severity of comorbidity
was assessed by the Care Assessment Need Score (CAN),
which indicates how a given patient compares to other
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individuals in terms of the likelihood of hospitalization
or death. Higher CAN scores reflect an increased number
of healthcare providers, medications and mental health
diagnoses.” Subjects with a CAN score greater than 95
were eligible for the study and their charts were screened
for a pulmonary function test (PFT) that showed COPD
according to American Thoracic Society (ATS) guidelines.
Three hundred and fifty-three subjects with a CAN score
over 95 were identified in the CBOC; 150 of these subjects
were diagnosed with COPD. Thirty-eight of the COPD sub-
jects were evaluated in the Pulmonary Tele-Health Clinic,
out of which 17 had a diagnosis of OSA prior to this study
and were defined as cases of OS. Demographic, clinical
and medication data (inhaled and oral corticosteroid) were
extracted from the Electronic Medical Records (EMR).
The Charlson Comorbidity Index (CCI) and the Framing-
ham (FH) 10-year cardiovascular risk score were calculated
based on EMR data.!®!! Dyspnea severity was assessed us-
ing the Medical Research Council Scale.!? The study was
approved by the Salem VAMC Review Board as quality
improvement data.

Among the COPD participants, a chart review was
performed for a diagnosis of OSA. The inclusion of OSA
subjects was done based on a diagnostic polysomnogram
completed prior to our study (SensorMedics, Sunnyvale,
USA). The stages of sleep were identified using 2-channel
electroencephalogram (C4—A1, C3—-A2), chin electromyo-
gram, and left and right electrooculograms. Thoracoab-
dominal movements were monitored with thoracic and
abdominal strain gauges. Airflow was monitored with
an oronasal thermistor per the clinical protocol. Arte-
rial oxyhemoglobin saturation was recorded with the use
of a pulse oximeter. Electrocardiogram, snoring and body
position were also recorded. Recordings were manually
scored according to the standard criteria.!® An episode
of obstructive apnea was defined as an absence of airflow
for at least 10 s, in the presence of rib cage and abdominal
excursions. Hypopnea was defined as a discernible reduc-
tion in airflow lasting 10 s or longer and associated with
at least a 4% decrease in arterial oxyhemoglobin saturation,
an electroencephalographic arousal, or both. The number
of episodes of apnea and hypopnea per hour was referred
to as the apnea hypopnea index (AHI). The mean and mini-
mal oxygen saturation for the entire night was estimated,
along with the duration of stages 1, 2, 3, and rapid eye
movement (REM) of sleep; sleep fragmentation was as-
sessed using the arousal index (AI). The sleep parameters
were scored and OSA was defined according to the criteria
established by the American Academy of Sleep Medicine
Manual for Scoring Sleep and Associated Events.!?

Morning blood samples were collected for white blood
cell count (WBC) with the percentage of peripheral neu-
trophils (PPN), C-reactive protein (CRP), fibrinogen,
and procalcitonin, from subjects who attended the Tele-
Health appointment. Assays were performed in a single
run by the Salem VAMC laboratory.
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The normality of continuous variables was evaluated
by the Shapiro-Wilk test. Comparison of continuous
data between the OS and COPD-only groups was per-
formed using a t-test for data with normal distribution.
Peripheral neutrophils, systolic blood pressure and serum
procalcitonin had a skewed distribution and the differ-
ence between groups was tested by the Wilcoxon-Mann-
Whitney test. Since BMI has a known association with OS
and chronic inflammation, stratified analysis by obesity
(BMI >30 kg/m?) was performed to assess for potential
confounding. A 2-sided p-value <0.05 was considered
statistically significant. All analyses were performed us-
ing STATA v. 11.0 software (Stata Corporation, College
Station, USA).

Results

Thirty-eight subjects with confirmed COPD were in-
cluded in the study and 17 (44%) of these were classified
as OS. Seven out of the 17 subjects with OS had an excel-
lent CPAP compliance as defined by Medicare guidelines,
i.e., the use of CPAP devices for 4 or more hours per night
on 70% of nights.'* The subjects’ baseline characteristics
are detailed in Table 1. The 112 subjects who were eligible
for the study (CAN score >95 and a diagnosis of COPD)
but could not be reached by phone or who declined par-
ticipation in the Tele-Health appointments were not demo-
graphically different from those included in the analysis.

All OS subjects had an AHI greater than 5, except 1 pa-
tient whose AHI was 4.7. This patient was diagnosed with
OSA and therefore classified as OS as well, due to the evi-
dence of snoring with arousals during REM sleep, desatura-
tions (at least 4%) and symptoms suggestive of OSA, such
as excessive daytime sleepiness. The Al, as well as mean
and lowest oxygen saturations during the sleep study are
described in Table 2. There was a significant difference
(p=0.002) in PPN values in OS patients (73 £9.3) vs COPD-
only patients (60 £14.9), regardless of whether OS subjects
were compliant with the CPAP therapy (p = 0.03) or not
(p = 0.005). There was no difference in the PPN values
between CPAP-compliant and noncompliant OS subjects
(p = 0.91). The association of PPN and OS remained sig-
nificant for obese subjects (p = 0.04) and non-obese sub-
jects (p = 0.03). The serum inflammatory markers, WBC,
CRP, fibrinogen, and procalcitonin were similar between
the OS subjects and COPD-only subjects (Table 3), re-
gardless of their compliance (p > 0.11) or noncompliance
(p > 0.17) with the CPAP therapy. No differences in the se-
verity of COPD, baseline comorbidities, smoking, or home
oxygen therapy (HOT) use (at night, during the day or con-
tinuously) were found between OS subjects and COPD-only
subjects (Table 1). Body mass index was higher in the OS
group (Table 2). Body mass index, COPD severity, smoking,
and HOT use (diurnal, nocturnal or continuous) were not
associated with PPN (p-values >0.2).
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Table 1. Subjects’ baseline characteristics

COPD-only
Variable OB e group p-value

(mean +SEM) (mean +SEM)

Number 17 21 NS
Demographics

age [years] 69 £1.3 74 £19 NS
active smoking [%] 23 33 NS
BMI [kg/m?] 3219 27 £1.3 0.02

Hemodynamics
systolic blood pressure

[mm Hg] 131 +49 128 +71 NS

diastolic blood pressure

[mm Hg] 7442 69 +3 NS

heart rate [beats/min] 77 £3 81le NS
CCl Score 6 +0.31 5+0.53 NS
Framingham Score 23£14 26 £1.7 NS

OS - overlap syndrome; CCl - Charlson Comorbidity Index; COPD - chronic
obstructive pulmonary disease; BMI — body mass index; SEM — standard error
of the mean; NS — not significant.

Table 2. Description of the severity of COPD and OSA disease

COPD-only
. OS group
Variable (mean +5D) group p-value
- (MEEESD)]
COPD
FEVT [L] 1.6 £0.6 1.6 £0.5 NS
FEVT [%] 48 +£17 52 13 NS
mild [%] 43 60 NS
moderate [%)] 43 30 NS
severe [%] 12 10 NS
OSA
AHI 17 £6 NA
CPAP compliant, n 7 NA
arousal index [events/h] 286 +16 NA NA
mean oxygen saturation [%)] 81 +6.3 NA
lowest oxygen saturation [%] 91 +1.7 NA
MRC Dyspnea Score 2.8+1.2 29 +1 NS
BMI 32 4811 27 £64 NA
HOT
diurnal [%] 35 38 NS
nocturnal [%] 35 38 NS
continuous [%)] 0 0 NS
Steroid use
inhaled, n 10 9 NS
oral steroid, n 2 0 NS

COPD - chronic obstructive pulmonary disease; FEV1 (L) — forced expiratory
volume in T min in liters; FEV1 (%) - forced expiratory volume in 1 min

as a percentage compared to controls; OSA — obstructive sleep apnea;

AHI - apnea-hypopnea index; CPAP - positive airway pressure therapy;
MRC Dyspnea Score — Medical Research Council Dyspnea Score;

BMI - body mass index; HOT — home oxygen therapy; SD - standard
deviation; NS — not significant; NA — not applicable.

Discussion

In a clinic-based sample of community-dwelling subjects
with a high level of overall comorbidity, we found that PPN
is higher in OS subjects compared to COPD-only subjects,
regardless of their compliance with the CPAP therapy.
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Table 3. Description of the inflammatory markers
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OS group (mean £SD)

Inflammatory marker

CPAP compliant

White blood cells [cells/mm?] 8.8 +4.1
PPN [%] 72 £1.7%
Creactive protein [mg/L] 9.6 +49
Fibrinogen [mg/dL] 403 £58
Procalcitonin [mg/mL] 0.06 £0.03

COPD-only (mean £SD) p-value
CPAP noncompliant
87+23 78 +1.8 NS
73 £9.5%* 60 +14.9 <0.03
57+38 924124 NS
442 £114 397 £70.6 NS
0.07 £0.04 0.05 +0.007 NS

*PPN in CPAP compliant vs COPD subjects, p = 0.03; ** PPN in CPAP noncompliant vs COPD subjects, p = 0.005); OS — overlap syndrome;
COPD - chronic obstructive pulmonary disease; PPN — peripheral neutrophils; CPAP — positive airway pressure therapy; SD - standard deviation.

The severity of COPD was similar between groups and,
moreover, was not associated with PPN. These results
suggest that the additive adverse effect of OSA is associ-
ated with increased PPN in OS and they support further
research on neutrophil-related inflammation and cardio-
vascular disease (CVD) in these subjects.

The role of increased inflammation in sleep disordered
breathing (SDB) has been receiving increased attention
recently. Systemic inflammation measured by standard
inflammatory markers such as CRP and interleukin-6
(IL-6) has been studied in both COPD and OSA and sup-
ports causation between inflammation and early ath-
erosclerosis and association between inflammation and
worse outcomes.!>~7 Data on the inflammatory response
in OS is currently limited to only a few studies to date.
Nural et al. demonstrated that the serum CRP level was
higher in the OS group than the COPD-only or OSA-
only groups.!® Mansour et al. showed that nasal CPAP
decreased levels of TNF-a, CRP and IL-6 in these sub-
jects.? While no direct link has yet been demonstrated
between inflammation and CVD in OS subjects, Marin
et al. reported a higher number of cardiovascular deaths
in subjects with untreated OS compared to treated OS,
and a higher number of deaths than in those with COPD
only.! Although the concept of inflammation-related
CVD in SDB is largely accepted,the evidence support-
ing it is difficult to find as the typical inflammatory
markers, such as CRP and IL-6, are heavily confounded
by obesity and smoking status.?’ Therefore, other serum
markers, such as neutrophils, are worth exploring given
their lack of a strong connection with BMI (less than
10% of the variance of change).?! Moreover, the neutro-
phil count is inexpensive, reliable, easy to interpret, and
ordered routinely in inpatient and outpatient settings.
Whether neutrophils are different in obesity or not
is controversial, as both increased percentages in Afri-
can-American children and unchanged numbers in men
have been reported.?>?3 In addition, Dixon et al. showed
that even when neutrophils change with BMI in adults,
this change was small and accounted for less than 10%
of the variance of baseline counts.?! In our study, OS sub-
jects had a significantly higher BMI than the COPD-only
subjects, but BMI was not associated with PPN.

The detailed mechanism by which neutrophils con-
tribute to inflammation-mediated CVD is yet unknown,

but possibly related to an abnormal antiapoptotic re-
sponse as a response to hypoxia, with increased neu-
trophil survival, migration towards endothelial injury
and augmentation of the atherosclerotic nidus.?* Recent
evidence suggests that hypoxia is associated with de-
layed apoptosis of neutrophils in COPD and decreases
apoptosis in OSA subjects, a process that may induce
vascular damage through the previously mentioned bio-
chemical and hematological mechanisms.?*2> Overall,
the apoptosis of neutrophils represents a fundamental
and intricate process of intracellular death/survival sig-
naling pathways whose overall balance aims at containing
the inflammatory response.?*In OSA and COPD subjects,
antiapoptotic myeloid cell leukemia 1 (Mcl-1) is upreg-
ulated and the proapoptotic Bax or Bak molecules are
downregulated.?*?” This concept becomes especially im-
portant for OS subjects who have both COPD and OSA.
In addition to these quantitative changes, in both OSA
and COPD, the neutrophils undergo qualitative changes
being “primed” for an enhanced respiratory burst and
ROS production, thus activating the inflammatory cas-
cade and leading to the development of impaired endo-
thelial function.?8-3° These findings suggest congruently
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< p=0.005

p=0.03

0 1 2

60

mean of v0 neutrophil
40

20

Fig. 1. Peripheral neutrophils (PPN) in subjects with OS vs COPD-only

OS - overlap syndrome; CPAP — positive airway pressure therapy;

COPD - chronic obstructive pulmonary disease; group 0 — OS subjects
noncompliant with CPAP; group 1 - OS subjects compliant with CPAP;
group 2 — COPD-only subjects; PPN was higher in subjects with OS than
COPD regardless of CPAP compliance.
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that the study of neutrophils in OS is clinically significant
given their participation in the pathophysiology of CVD
and the minimal confounding effects of obesity.

To the best of our knowledge, our study is the first
to compare PPN in OS subjects to COPD-only subjects,
thus providing important clinical results that invite larger
studies on neutrophil-related inflammation in these sub-
jects. One benefit of the study is that both groups of sub-
jects were followed in the same outpatient clinic and had
a similar degree of comorbidity (CCI and FH score), smok-
ing and corticosteroid use (inhaled and oral). The severity
of COPD was not different between the groups and was
not associated with PPN.

To date, the only 2 randomized, controlled studies
that explored the effect of CPAP therapy on systemic in-
flammation disagreed on their conclusions.3'~33 Drager
et al. showed that the systemic inflammation in moderate
to severe OSA was not influenced by short-term CPAP
therapy.®? Although our study did not show a difference
in PPN between CPAP-compliant and noncompliant OS
subjects, it also had the same limitations as the other previ-
ous studies, i.e., a small sample size and variation in CPAP
therapy duration and compliance.

Our study has a few other limitations. Firstly, we in-
cluded subjects who were on HOT for chronic hypoxia
or CPAP therapy for OSA. However, treatment with oxy-
gen would bias the results against an association with
PPN between the OS and COPD-only subjects. Secondly,
since we used the CAN score as a screening tool, our
study included a population that had other complex
chronic illnesses and, as such, our results might not be
applicable to all OS subjects. However, as the CAN score
refers to the likelihood of hospitalization or death of a pa-
tient within a 1-year period, our results are applicable
to the large population of high-risk OS subjects. In addi-
tion, our subjects were evenly distributed between the se-
verity levels of COPD disease, with a majority of those
having mild to moderately severe OSA, thus matching
a large cohort of subjects with OS. Because we limited
participants to those with COPD and a high CAN score,
our study resulted in a small sample size. For this rea-
son, these findings cannot be generalized to the broader
community-based sleep subjects. Comparison to CRP
was limited due to the lack of a high-sensitivity CRP
(hs-CRP) assay.

In conclusion, our study of a small sample of subjects
with COPD and severe comorbidities suggests that those
with OS have higher PPN than those with COPD alone,
regardless of their compliance status with the CPAP ther-
apy. Future research in neutrophil-related inflammation
and CVD inalarger and more diverse group of OS subjects
is needed. If our results are confirmed in a larger study,
they could be used to motivate OS subjects to improve
their lifestyles (e.g., smoking cessation, dietary modifica-
tion, exercise, and weight loss) or to comply with drug
therapies aimed at reducing CVD.
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Abstract

Background. Richter's syndrome (RS) is a rare complication with an unfavorable prognosis, in which
chroniclymphocytic leukemia (CLL) or small lymphocytic lymphoma (SLL) transform into a more aggressive
type of lymphoma, most commonly into diffuse large B cell lymphoma (DLBCL) or less often into Hodgkin's
lymphoma (HL).

Objectives. The objective of this research paper was to present a retrospective analysis of patients with CLL/SLL
whose disease transformed into RS.

Material and methods. The study included 217 patients (100 women and 107 men) with CLL/SLL di-
agnosed in the years 2006—2015 at the Department of Hematooncology and Bone Marrow Transplantation
of the Medical University of Lublin, which transformed into RS. We analyzed clinical, laboratory, immuno-
phenotypic (ZAP-70 and (D38 expression), histopathological, and genetic data (del(17p), del(11q)), which
was collected at the time of CLL/SLL diagnosis, and some which was collected at the time of transformation.

Results. Richter’s syndrome was diagnosed in 4.6% of all CLL and SLL patients. The group of patients
with RS consisted of 9 patients with primary CLL and 1 patient with a diagnosis of SLL (8 patients
with transformation into DLBCL and 2 patients with transformation into HL). Leukemic lymphocytes
showed evidence of peripheral blood lymphocyte membrane expression of ZAP70*/(D38" (1 patient),
of ZAP-70*/CD38" (3 patients), of ZAP-70~/CD38~ (1 patient), and of ZAP-70~/CD38™ (5 patients). The deletion
of 11q (del(11q)) was documented in 2 patients. In 4 cases, the location of RS was extremely rare (the thyroid
gland, liver, skin, bladder, and central nervous system).

Conclusions. Richter’s syndrome is a rare, but probable complication of CLL/SLL with an unfavorable
prognosis, and it should be taken into account at every stage of the disease, particularly when the course
of the disease is aggressive.

Key words: chronic lymphocytic leukemia, Richter's syndrome, small lymphocytic lymphoma
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Introduction

Chronic lymphocytic leukemia (CLL) is the most com-
mon type of leukemia in adults in the Western Hemisphere.
The clinical course is heterogenic in nature. In many pa-
tients, the disease follows an indolent course and it does
not require cytostatic treatment.!

Richter’s syndrome (RS) has been defined as a separate
clinical condition, which may occur following the trans-
formation from chronic lymphocytic leukemia/small lym-
phocytic lymphoma (CLL/SLL) into an aggressive form
of non-Hodgkin lymphoma (NHL), most commonly into
diffuse large B cell lymphoma (DLBCL), particularly into
the ABC subtype (DLBCL-RS) or less commonly into
Hodgkin's lymphoma (HL) — a Hodgkin variant of RS,
HvRS.? Research carried out over the last few years has
shown that in the majority of cases (80%), a more ag-
gressive subtype of DLBCL is clonally related to DLBCL.
In the remaining group of patients, it is clonally indepen-
dent of the DLBCL clone.? At the same time, patients with
CLL and SLL are at a higher risk of developing secondary
malignancies, arising outside of the hematopoietic system.*

The term RS also refers to the transformation of indo-
lent NHL outside of CLL/SLL; hence, it has been observed
in 11-30% of patients with follicular lymphoma (FL), in 13%
of patients with lymphoplasmacytic lymphoma (LPL) and
in 11% of patients with marginal zone lymphoma (MZL).>”7

Objectives

The objective of this research paper was to present a ret-
rospective analysis of patients with CLL/SLL whose disease
underwent RS and who were treated at the Department
of Hematooncology and Bone Marrow Transplantation
of the Medical University of Lublin (Poland) between 2006
and 2015.

Material and methods

The analysis included patients with CLL/SLL diagnosed
in the years 2006—2015, which transformed into RS.

In this timeframe, 217 CLL/SLL patients were hospital-
ized at the Department of Hematooncology and Bone Mar-
row Transplantation of the Medical University of Lublin
(Poland). Apart from the patients with RS, 100 women
and 107 men at a median age of 64.2 years (34—86 years),
Rai stage 0—4 and Ann Arbor clinical stage II-IV were
observed or treated.

Clinical, laboratory, immunophenotypic (ZAP-70 and
CD38 expression), histopathological, and genetic data (de-
letion of 17p — del(17p) and deletion of 11q — del(11q)) was
collected at the time of CLL/SLL diagnosis, and some was
collected at the time of transformation (genetic testing was
repeated in 8 patients). Due to logistical reasons, the IgVH
mutational status was not assessed.

E. Wasik-Szczepanek, et al. Richter’s syndrome

The expression of ZAP-70 and CD38 was considered pos-
itive if it was present in more than 20% of leukemic cells.
The diagnosis of RS was confirmed in every patient on the ba-
sis of a lymph node biopsy, bone marrow trephine or histo-
pathology assessment of the extralymphatic system organs.
Survival time was defined as the time from RS diagnosis until
death or until the last follow-up of the patient. Tables 1 and
2 present the clinical characteristics, and the immunologi-
cal and genetic parameters of all patients with CLL/SLL and
patients with RS at the time of CLL/SLL diagnosis.

The current study was approved by the Ethics Commit-
tee of the Medical University of Lublin (Poland).

Results

The study group included 9 patients with primary CLL
and 1 patient with a diagnosis of SLL. The patients’ cohort
included 6 women and 4 men with a median age of 65.4 years
(54-81 years), Rai stage 0—4 and Ann Arbor stage II. Leu-
kemic lymphocytes showed evidence of peripheral blood
lymphocyte membrane expression of ZAP70*/CD38* (1 pa-
tient), of ZAP-70*/CD38~ (3 patients), of ZAP-70-/CD38~
(1 patient), and of ZAP-70-/CD38" (5 patients). The del(11q)
was documented in 2 patients. Richter’s syndrome was diag-
nosed in all patients on the basis of the lymph node biopsy
of and/or a histologically proven biopsy of infiltrated tissue
(8 patients with DLBCL and 2 patients with HL) involved
in the pathology. The analyzed group represented 4.6% of all
CLL and SLL patients treated at the Department of Hema-
tooncology and Bone Marrow Transplantation of the Medi-
cal University of Lublin (Poland) in the years 2006-2015.

In most cases (9 patients), RS occurred during progres-
sion in the CLL/SLL phase, while in 1 patient, the disease
developed at the moment of leukemia diagnosis. Systemic
symptoms and increased activity of lactate dehydrogenase
(LDH) were found in 9 patients.

The time from the diagnosis of CLL/SLL to the transfor-
mation ranged from 0 to 111 months (median: 42 months).
Usually, 1-5 cycles of chemotherapy were administered
before Richter’s transformation occurred. The drugs used
in chemoimmunotherapy consisted of purine analogs, al-
kylating agents, rituximab, ibrutinib, and idelalisib.

Five patients died during the study. Three of them did
not receive cytostatic treatment due to their very poor
clinical state. They survived from 2 weeks to 2 months.

The following 2 patients did not respond to chemoim-
munotherapy (the disease remained active and the survival
time was 1-2 months). The survival time of the remaining
patients who were observed until the end of the study was
5-18 months (median: 13 months).

The treatment resulted in complete remission (CR) in 1
patient, partial remission (PR) in 2 patients and stable dis-
ease (SD) in 2 patients. The clinical characteristics of pa-
tients at the time of RS diagnosis and during transforma-
tion is presented in Tables 3 and 4.
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Table 1. Clinical characteristics, and immunological and genetic parameters of patients with CLL/SLL and RS transformation at the time of CLL/SLL diagnosis

. . Median age | Raiclinical | Ann Arbor Immunophenotyping of leukemic del(11q) del TP53
Fatients F/ ratio [years] stage stage lymphocyte (ZAP70/CD38) [%] [%] [%]
ZAP70*/CD38*33.8
N -
CLL/SLL (207) 093 64.2 0-4 -1V ZAP/OT/CD38 155 34 7.2

ZAP70-/CD38* 174
ZAP707/CD38733.3

ZAP70+/CD38* 10
ZAP70+/CD38- 30
RS (10) 15 654 0-4 Il ZAP70-/CD38" 50 2 0

ZAP707/CD38™ 10

CLL - chronic lymphocytic leukemia; SLL — small lymphocytic lymphoma; RS — Richter’s syndrome; del — deletion; F — female; M — male.

Table 2. Clinical characteristics and immunological and genetic parameters of patients with RS at the time of CLL/SLL diagnosis

Patient Age [years) \ e | ympnocyie EAPIOCDR | sbromaliies | ssem
No. 1 F 70 0 ZAP707/CD38" del(11q) no
No. 2 F 67 2 ZAP70/CD38~ no yes
No. 3 F 58 I ZAP70*/CD38" no yes
No. 4 M 71 3 ZAP70-/CD38* no yes
No. 5 M 70 2 ZAP70-/CD38* no yes
No. 6 F 60 1 ZAP70*/CD38* no yes
No.7 M 63 2 ZAP70~/CD38* del(11q) yes
No. 8 M 54 2 ZAP707/CD38* no yes
No.9 F 60 4 ZAP70~/CD38* no yes
No. 10 F 81 3 ZAP70-/CD38~ no yes

RS - Richter's syndrome; CLL — chronic lymphocytic leukemia; SLL — small lymphocytic lymphoma; F — female; M — male; del — deletion; * Ann Arbor staging.

Table 3. Clinical characteristics of patients at the time of RS diagnosis

Rai clinical B-symptoms LDH
stage ymp

L Phase of CLL [months]

Patient

No. 1 2 yes 0 progression
No. 2 2 no T progression
No. 3 v yes 0 progression
No. 4 3 yes T progression
No. 5 4 yes T progression
No. 6 2 yes T progression
No.7 4 yes 0 progression
No. 8 2 yes N progression
No. 9 2 yes T progression
No. 10 3 yes T at the time of diagnosis

el il Treatment of CLL abr?oirrf;:icties
26 B, BR del(11q)
12 without treatment no
88 FC, CHOP, BR, ibrutynib no
48 FC no
36 R-CHOP no
1 FC, B, CHOP, ibrutynib no
22 R-CHOP, F, FC, BR ND
71 COP, CHOP, FC, F, ofatumumab + idelalisib ND
92 chip no
0 without treatment no

RS - Richter's syndrome; LDH - lactate dehydrogenase; CLL - chronic lymphocytic leukemia; T - increases; N — normal; B — bendamustine;
R - rituximab; F - fludarabine; C - cyclophosphamide; H — doxorubicin; O — vincristine; P — prednisone; Chl — chlorambucil; del - deletion;

ND - not done; * Ann Arbor staging.

In 6 patients, the disease involved extranodal sites
(the bone marrow, skin, pleura, urinary bladder, thyroid
gland, liver, and central nervous system). In patient No. 9,
abdominal computed tomography (CT) revealed a consid-
erably enlarged liver with irregular borders. The liver pa-
renchyma, with a density of 40 HU, was almost completely
infiltrated with numerous round areas of normal density
and up to 70 mm in size, which showed smaller contrast

enhancement (Fig. 1). At the same time, an ultrasound
scan showed a hyperechoic, solid tumor of the left lobe
and isthmus of the thyroid gland. Assessment of the bi-
optic material obtained from the liver and thyroid gland
confirmed histologically proven DLBCL.

In patient No. 7, CT revealed an infiltrative lesion
of the urinary bladder. Specimens were obtained from
the trigone and neck of the bladder during cystoscopy.
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Table 4. Clinical characteristics of patients with RS diagnosis

E. Wasik-Szczepanek, et al. Richter’s syndrome

Histological Treatment Response RS SEL BT
Patient 9 Location Symptoms/tests suggesting RS P duration | last observation
type of RS to treatment .
[months] (alive: yes/no)
No. 1 DLBCL skin lumpy lesions on the skin, fever BR progression 2 no
No. 2 DLBCL lymph nodes progressive lymphadenopathy, fever R-CHOP PR 13 yes
lymph nodes, bone ) without
No. 3 HL marrow progressive lymphadenopathy, fever treatment NA 2 no
No. 4 HL lymph nodes progressive Ixmphadenopathy, e ABVD progression 1 no
night sweats
progressive lymphadenopathy, B+ Bleo
No.5 DLBCL lymph nodes, pleura dyspnoea, cough/chest CT scan intrapleural PR 18 yes
No.6 BLBCL lymph nodes POgESRE WPRe B | e D 5 yes
sweats
No. 7 DLBCL urinary bladder fever, abdominal pain/abdominal without NA . no
CT scan treatment
No. 8 DLBCL central nervous system d|sturbance§ @ comeoUTEss e NA 0.5 no
cranial CT scans treatment
No.9 DLBCL lymph nodeg, thyroid weight loss, abdqmmal pain/chest R-CHOP R 13 yes
gland, liver and abdominal CT scan
No. 10 DLBCL lymph nodes progressive ‘ymssvhez(fse“‘)pathy' i cop D 5 yes

RS = Richter’s syndrome; DLBCL - diffuse large B cell lymphoma; HL — Hodgkin's lymphoma; CT - computed tomography; B — bendamustine; R — rituximab;
C - cyclophosphamide; H — doxorubicin; O - vincristine; P — prednisone; A — adriamycin; V - vinblastine; D — dacarbazine; Bleo - bleomycin; CR — complete

remission; PR — partial remission; SD — stable disease; NA — not applicable.

Fig. 1. Computed tomography (CT) scan of the liver of patient No. 9

Histopathological assessment of the obtained material
confirmed the diagnosis of DLBCL. Patient No. 8 presented
with a neurological deficit, so a head and skull CT scan
was performed. The scan revealed an 18 x 16 mm lesion
with evidence of contrast enhancement in the right cavern-
ous sinus. The diagnosis of DLBCL was made on autopsy.
In patient No. 1, physical examination revealed red, lumpy
lesions on the skin of the eyelids (Fig. 2), forearms and ab-
domen (Fig. 3). Histology skin specimens were obtained,

following assessment by a dermatology consultant. A his-
topathological examination of the biopsy specimen results
showed RS disease transformation.

Discussion

Richter’s syndrome is a rare complication which was first
described by Maurice Richter in 1928.% The incidence of RS
in patients with CLL has been estimated to be between
2% and 10%.° In our study, the incidence of the disease
was 4.6%. This remarkable discrepancy of the data may
be due to patient selection of different referral centers
and to the high heterogeneity of the patient groups, which
probably included both patients with histopathologically
confirmed disease and patients with clinically suspected
RS0

Clinical studies, the source of information about RS, do
not always deliver reliable data on the incidence of the dis-
ease, as they usually describe only selected patient groups
(of a certain age, clinical status or history of chemothera-
py). They usually include patients with progressive forms
of the disease who require intensive treatment.!'-4

Contrary to the opinion that RS usually starts after
a few years of CLL, Parikh et al. showed in their study
that the median time to transformation was only 1.8 years.
The authors of the publication suggest that the predisposi-
tion to RS may be congenital.’®

The TP53 and CDKN2A mutations were found in about
50% of patients with RS, while the trisomy 12 and NOTCH1
mutations were identified in 30% of patients.’® The genetic
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instability and loss of cell cycle control, related to c-MYC
abnormalities, may explain the mechanisms of transfor-
mation. Infection with the Epstein-Barr virus is indicated
as the factor dysregulating the immune system in patients
with HVRS.Y”

There are numerous controversies over the impact
of previous therapies on the clonal selection process. Some
cytostatic agents may be considered triggers in the de-
velopment of RS. Patients with CLL/SLL are usually ad-
ministered many different types of chemotherapy, which
means that it is difficult to identify which drug is of par-
ticular significance for the RS disease transformation.
Treatment with a combination of purine analogues and
alkylating agents has been reported to have an adverse
effect on the development of the disease, whereas the risk
of RS did not appear to be increased in patients exposed
to only 1 of these drug classes.!> On the other hand, Cato-
vsky et al. and Solh et al. did not observe this effect in their
studies. 1

Little is known about the role of the small molecules,
such as ibrutinib, idelalisib, BCL-2, and GDC-199 antago-
nists. In the study by Woyach et al., who investigated ibru-
tinib used in monotherapy and in combination with ofatu-
mumab, RS developed in 6% of patients (in 2/3 of them, RS
occurred within the 1% year of the treatment).!8

In our study group, RS was found in 2 patients receiving
ibrutinib and developed after 4—5 months of the therapy.
It appears that it is not possible at the moment to sug-
gest the impact of the drug on the development of RS.
The mechanism of clonal evolution should also be taken
into account. In cases where the duration of treatment was
short, it is also possible that transformation started before
the therapy was initiated. An increased risk of RS is associ-
ated with adverse prognostic factors, which include genetic
aberrations such as del(11q), del(17p), unmutated immu-
noglobulin heavy chain variable region genes (IGHV), and
a high expression of ZAP-70, CD38 and CD49d at the mo-
ment of CLL diagnosis.!>!2° Recent studies have also sug-
gested the significance of the NOTCHI mutation, which
considerably increases the risk of transformation (20-30%
in patients with the mutation vs 5% in patients without
the mutation). It has also been proven that it concerns only
the cases of clonally related RS.2:22

In our study, del(11q) was found in 2 patients, whereas
leukemic B-cells showed expression of ZAP-70 and CD38
in 9 patients. It appears that not all adverse prognostic fac-
tors correlate with the development of RS. Rossi et al. proved
that biological and molecular pathways leading to RS trans-
formation and to the aggressive course of CLL differ from
one another. They showed in their study that the SF3B1
mutation, which is the latest marker of CLL progression,
did not have any impact on RS transformation.??

An additional argument supporting this hypothesis
is the fact thatin 1 of our patients, RS developed at the mo-
ment of CLL diagnosis, when the disease was in the stable
stage. The clinical course of RS is usually aggressive and

.I‘bv)

Fig. 3. Changes on the skin of the forearms and abdomen of patient No. 1

extremely rapid. The clinical picture of DLBCL-RS is simi-
lar to that of HVRS. More than half of the patients (59%)
present with fever, considerable weight loss and drenching
night sweats. Progressive lymphadenopathy, usually of 1
region, is observed in 64% of patients, while elevated LDH
levels and monoclonal gammopathy are observed in 82%
and 44% of patients, respectively.?3?*Hypercalcemia is also
sometimes observed.?’ These symptoms are not specific
to RS and they may be associated with CLL progression.
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One examination which helps to diagnose RS is positron
emission tomography (PET). A maximum standard up-
take value (SUV,,,,) >5 indicates the potential location
of the transformation, but it still requires confirmation
by a histopathological examination, due to the need to ex-
clude prolymphocytic leukemia, a coexisting lymphoma
of different histology, the lymph node involvement by in-
flammation, or an unrelated malignancy.2%?’

Richter’s syndrome most often affects lymph nodes and
bone marrow. The disease is located extranodally in 41%
of patients. The prognosis for patients with CLL/SLL who
were diagnosed with RS is extremely poor. It concerns typi-
cal DLBCL transformation as well as HVRS.2* At the same
time, there are some differences in the clinical course
of the disease depending on which risk group, defined
by Tsimberidou et al., the patient belongs to.? The “Richter
score” was based on the platelet levels, LDH levels, East-
ern Cooperative Oncology Group (ECOG) performance
status, a tumor size >5 cm, and more than 1 prior cycle
of chemotherapy. However, it did not take into account
genetic aberrations which often occur during the course
of the disease or clonality, which are probably the most im-
portant factor. The prognosis of the less common clonally
unrelated RS seems to be significantly better.? An extrano-
dallocation of the disease also appears to be an important
factor in prognosis. In our study, the disease was found
in the central nervous system — a particularly poor prog-
nostic location. The evaluation of clonality requires precise
testing methods. The examination of the rearranged IGVH
VH-D-JH nucleotide sequence by polymerase chain reac-
tion and sequencing is currently considered the best one.
It is not possible, however, to perform these tests in every
healthcare center."”

The studied group included 130 patients with CLL/SLL
diagnosed within the 5-year period (2012-2016) in the De-
partment of Hematooncology of the Oncology Center
in Brzozéw (Poland) and followed by one of the research-
ers from our team. Out of this group, 4 patients with CLL
suffered transformation into RS.

A poor prognosis in RS mainly results from the resis-
tance to chemotherapy, which is often caused by genetic
aberrations, particularly those acquired during the course
of the disease. There are no prospective studies of patients
with RS and it considerably complicates the development
of effective treatment regimens. The results of the molecu-
lar studies which provide an explanation of the transforma-
tion mechanisms are not sufficiently used for therapeutic
purposes. The most commonly used treatment regimen
for DLBCL-RS is R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, prednisone), whereas for HVRS
it is ABVD (adriamycin, bleomycin, vinblastine, and da-
carbazine) and less frequently MOPP (mechlorethamine,
oncovin, procarbazine, and prednisone).?82°

Recently, more attention has been paid to new mol-
ecules. It is especially true in regard to ibrutinib, which
could be used in transplant-eligible patients with RS who
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showed resistance to previous chemoimmunotherapy.3°
New antibodies are also promising. One clinical study
(MC1485), which evaluated the efficacy of PD-1 antibod-
ies in resistant and recurrent forms of CLL and low-grade
B-NHL, showed good response to the treatment in pa-
tients with RS.3! In patients with the location of the dis-
ease in the central nervous system or with other solitary
lesions, radiotherapy should be taken into consideration.
An autologous or allogeneic stem cell transplant may also
be considered.

Summary

Richter’s syndrome is an uncommon complication
of CLL/SLL with an unfavorable prognosis. Richter’s
syndrome should be considered at any time of the dis-
ease presentation, even at diagnosis — particularly when
the course of the disease is aggressive (severe general
symptoms, massive lymphadenopathy and internal or-
gan involvement). There is currently no clear therapeu-
tic algorithm for the treatment of the disease. Richter’s
syndrome occurs most often in elderly patients suffer-
ing from comorbid conditions and it often develops after
a few cycles of chemotherapy. Treatment of active and ag-
gressive forms of the disease is particularly difficult and
cumbersome. Targeted therapies, based on the knowledge
of the mechanisms of transformation, seem to give hope
for the future. The RS treatment process requires further
intensive research.
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Abstract

Background. Carotid endarterectomy (CEA) and carotid artery stenting (CAS) are the 2 current standard
treatments for carotid artery stenosis. Thereis still no well-defined consensus with regard to their superiority.
However, the minimally invasive nature of endovascular treatment makes CAS increasingly popular among
vascular surgeons.

Objectives. The aim of the study is to compare the safety and efficacy of CEA and CAS in patients with
symptomatic and asymptomatic carotid artery stenosis.

Material and methods. A single-center, retrospective analysis of patients who were treated for carotid
artery stenosis using CAS or CEA between January 2014 and December 2015 was carried out. There were
471 patients (266 CEA and 205 CAS) who were eligible for inclusion. The vast majority of the patients had
significant (>70%) stenosis of the internal carotid artery (92.1% of CEA and 87.8% of CAS). The occlusion
of the contralateral carotid artery was observed in 9.8% of all cases (2.6% of CEA vs 17.7% of CAS).

Results. The occurrence of complications, such as stroke, myocardial infarction (MI) and death, did not vary
statistically between the groups. There were 9 events of stroke in the CEA group (3.4%) and 8 in the CAS
group (3.9%), 3 of which were fatal. There were no significant differences between the 2 groups (y* = 0.76;
p > 0.05). There was no higher risk of mortality in any group (Fisher's exact test; p = 0.08). Symptomatic
patients had a higher incidence of stroke than asymptomatic patients across both groups (y = 6.36; p < 0.05;
hazard ratio 3.03 (1.26—7.33)).

Conclusions. Carotid endarterectomy is equally effective as CAS in stroke prevention, but is associated
with a higher incidence of cranial nerve palsy, access site hematoma and other non-stroke complications.
Symptomatic patients had a higher incidence of stroke, regardless of the treatment method.

Key words: carotid artery stenting, carotid endarterectomy, carotid artery stenosis



1692

Introduction

Stroke is a major cause of disability in elderly patients
and is the 3" most common cause of death in developed
countries. Approximately 75—80% of all strokes are of isch-
emic etiology, and 20% of ischemic strokes are secondary
to extracranial cerebrovascular disease.! Atherosclerosis
is responsible for carotid artery stenosis in more than 90%
of patients. Endarterectomy of the carotid artery (CEA)
was the gold standard for treatment of carotid artery steno-
sis until the introduction of carotid artery stenting (CAS)
in the 1980s. Despite numerous multicenter, randomized
clinical trials, it still remains unclear which of the 2 meth-
ods is superior. The aim of this study was to assess the ef-
ficacy and safety of CAS vs CEA in patients with symp-
tomatic and asymptomatic carotid artery stenosis.

Material and methods

This is a single-center, retrospective study of patients treat-
ed for carotid artery stenosis in the Department of Vascular
Surgery, 4" Military Teaching Hospital in Wroctaw (Poland)
between January 2014 and December 2015. Symptomatic pa-
tients were eligible for inclusion if there was 50—99% carotid
artery stenosis, while asymptomatic patients were eligible
if there was 70—99% carotid artery stenosis. Carotid steno-
sis is considered symptomatic when patients experienced
a stroke, a transient ischemic attack (TIA) or amaurosis
fugax in the last 6 months. Patients with a carotid artery
aneurysm or carotid artery dissection were excluded from
this study. For the assessment of carotid artery stenosis, each
patient underwent duplex ultrasound examination prior
to CAS or CEA. Patients were allocated to the study groups
by the surgeon. There was no randomization since it was
a case-control study. Directly before the procedure (both
CAS and CEA), each patient was administered intravenously
16 mg of dexamethason, 40 mg of pantoprazol, 12 g of pirace-
tam, and 10 mg of vinpocetine. Each patient was provided
with 24-hour medical supervision after the procedure.

All patients provided written informed consent to hav-
ing their data included in this study. This study was ap-
proved by the Medical University of Lodz Ethics Committee
(No. 204/2015). All procedures performed in studies involv-
ing human participants were in accordance with the ethical
standards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Carotid artery stenting

Every CAS procedure was performed by an experienced
vascular surgeon, i.e., one who performs approx. 100 such
procedures yearly. Each patient was given dual antiplatelet
therapy the day before the procedure (clopidogrel and aspi-
rin, except for patients with contraindications). Additionally,
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an intravenous injection of 5,000 UI of unfractionated hepa-
rin was performed several minutes before stent implantation
and low-molecular-weight heparin was administered in ther-
apeutic doses for at least 24 h postoperatively. The common
femoral artery access was used in all the procedures. Abbot
Xact® (Abbott Laboratories, Lake Bluff, USA) and Boston
Scientific Carotid Wallstent® (Boston Scientific, Marl-
borough, USA) were the stents used. Abbott Emboshield
NAVA® (Abbott Vascular, Lake Bluff, USA) and Boston Sci-
entific Filter Wire® (Boston Scientific, Marlborough, USA)
were the distal neuroprotection devices used. Pre- and post-
dilatation were performed when needed. In the case of bra-
dycardia, atropine was given intravenously. Dual antiplatelet
therapy was continued for 3 months unless contraindicated.

Carotid endarterectomy

The surgeries were performed under local anesthesia.
The surgical technique (patch, shunt or suture) was chosen
by the operating surgeon. Directly before carotid artery
clamping, a 5,000 Ul infusion of unfractionated heparin
was administered.

Statistical analysis

Data analysis was performed using IBM SPSS v. 23.00
for Macintosh (IBM, Armonk, USA). Quantitative data,
presented as mean values and standard deviations, was
compared using a t-test. A x? test was used to analyze nom-
inal variables. The strength of the relationship between
variables was calculated with the mean square contingency
coefficient and the assessment of relative risk. Pearson’s
product — moment correlation coefficient was used to ana-
lyze correlations. Statistical test results were recognized
as significant when the p-value was <0.05.

Endpoints

Patients were evaluated for perioperative stroke, death
and myocardial infarction (MI) during 7 days of postopera-
tive follow-up. Stroke was defined as a sudden deterioration
in neurological condition, lasting for at least 24 h and con-
firmed by a cranial computer tomography (CT) scan. Severe
stroke was defined as a stroke that led to death within 72 h
of occurrence, or when the score in the modified Rankin
scale was 3 points or more. Myocardial infarction diagnosis
was based on clinical symptoms, the dynamic elevation
of troponin levels and electrocardiography (ECG) changes.

Results

Four hundred seventy-one patients with internal ca-
rotid artery (ICA) stenosis were eligible for analysis. Two
hundred sixty-six of them underwent classic CEA and
205 of them underwent CAS. Age was similar in both
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groups (69.9 +8.8 years in the CEA group vs 68.7 +9.6 years
in the CAS group; p > 0.05). There were slightly more male
patients in the CAS group (52.2% males in CEA vs 61.4%
males in CAS; p < 0.05). Elderly patients (>80 years old)
constituted 16.9% of the CEA group and 17.1% of the CAS
group. The vast majority of patients had significant (>70%)
stenosis of the internal carotid artery (92.1% of CEA and
87.8% of CAS). The occlusion of the contralateral carotid
artery was observed in 9.8% of all cases (2.6% of CEA vs
17.7% of CAS). Diabetes was more prevalent in the endo-
vascular stenting group (29.3% of CAS vs 23.3% of CEA),
while dyslipidemia was more frequent in the endarterec-
tomy group. Other risk factors for cardiovascular diseases
were distributed similarly in both groups (Table 1). A dis-
tal neuroprotective device was used in 96.6% of patients
in the CAS group. Table 2 shows the number of complica-
tions during 7 days of postoperative follow-up. The occur-
rence of complications, such as stroke, MI and death, did
not vary statistically between the groups. We observed such
complications in 8 patients (3.9%) after CAS and in 9 patients
(3.4%) after CEA (Fisher’s exact test; p = 0.08). Nine strokes

Table 1. Baseline characteristics of the study population

o CEA CAS
Characteristic (n = 266) (n = 205)
Age [years] 699+88 | 687196
Male sex [%] 52.2 614
Diabetes mellitus [%)] 233 293
Dyslipidemia [%)] 18.2 19.1
ICA stenosis
<70% 5.6 12.2
>70% 92.1 87.8
kinking 23
Occlusion of the contralateral ICA [%)] 26 177
Symptomatic patients [%] 395 293
Treatment technique [%]
continuous stitch 86.1 -
vascular patch 139 -
eversion 6.0 -
shunt 3.8 -
Distal neuroprotection during procedure [%)] - 96.6

CEA - carotid endarterectomy; CAS — carotid artery stenting;
ICA —internal carotid stenosis.

Table 2. Complications during 7 days of postoperative follow-up

Perioperative

symptomatic

total CEA total CAS

complications . (F:]a:ig; i
Death 0 0 3(1.5%)
Stroke 9 (3.4%) 5 (4.8%) 5 (2.4%)
MI 0 0 0

Total 9 (3.4%) 5 (4.8%) 8 (3.9%)

symptomatic
patients
(n=60)
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were observed in the CEA group, 8 of which were of isch-
emic etiology and 1 was caused by a intracerebral hematoma.
In the CAS group, 3 out of 8 strokes that occurred were fatal.
Myocardial infarction did not occur in any patient. This
data did not lead to the conclusion that there was a higher
risk of mortality in any group (Fisher’s exact test; p = 0.08).

Symptomatic vs asymptomatic patients

The study showed a statistically significantly higher in-
cidence of perioperative complications in symptomatic
patients (x* = 6.36; p < 0.05). The evaluation of the relative
risk (symptomatic patients vs asymptomatic ones) of stroke
during the perioperative period was 3.03 (1.26-7.33).
The occurrence of other complications, such as death
or MI, did not differ between the 2 groups. The study did
not reveal a correlation between age and the carotid artery
stenosis percentage (r = —0.79; p > 0.05) or between age
and the incidence of endpoint.

Table 3 shows additional adverse events. They oc-
curred more frequently in the CEA group than in the CAS
group (14.6% vs 4.39%; p < 0.05). In the CEA group,
12 patients (4.5%) required reoperation because of a hemato-
ma at the site of the incision. One case of hematoma turned
out to be a pseudoaneurysm due to the unsealing of the ar-
teriotomy suture, which led to ischemic stroke. Wound in-
fections, pulmonary edema and the inferior branch retinal
artery embolism were complications observed exclusively
in CEA patients.

The small number of additional complications among
patients that underwent endovascular treatment is note-
worthy. Only 3 (1.4%) out of 205 patients in the CAS group
required surgery due to a pseudoaneurysm after punctur-
ing the common femoral artery (AFC).

Perioperative transient central nervous system ischemia
symptoms occurred in both groups with a comparable fre-
quency during the procedure (4.1% CEA vs 5.4% CAS) and
in the first 24 h after the surgery (3.0% CEA vs 2.4% CAS).

Discussion

Stroke prevention is the main purpose of the treatment
of carotid artery stenosis. Despite numerous papers from
recent randomized studies comparing CAS and CEA,
including the International Carotid Stenting
Study (ICSS), Carotid Revascularization End-
arterectomy vs Stenting Trial (CREST) and
Carotid and Vertebral Artery Transluminal
Angioplasty Study (CAVATAYS), it still remains
unclear which of the 2 methods is superior.

0

) One of the first major clinical trials compar-

0 ' ing CAS and CEA was the Endarterectomy
vs Angioplasty in Patients with Symptom-

2(3.3%)

atic Severe Carotid Stenosis (EVA-3S) trial.

CEA - carotid endarterectomy; CAS - carotid artery stenting; MI — myocardial infarction.

They found that the cumulative 4-year risk
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Table 3. Additional adverse events
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However, a substudy of the ICSS
showed that patients who under-

Perioperative complications (continued) | CAS | CEA
Laryngeal nerve palsy 0 3(113%) went CAS had new ischemic brain
lesions about 3 times more often
Pharyngeal and laryngeal hematoma 0 3 (1.13%) .
) _ than patients after CEA and, sur-
Arytenoid cartilage edema 0 1 (0.38%) ..
prisingly, they were more frequent
Paralysis of the marginal mandibular branch of the facial nerve 0 2(0.75%) when cerebral protection devices
Reinke’s edema 0 1(0.38%) were used.’
Reoperations due to The incidence of neurologi-
hematoma in the site of incision 0 12 (4.5%) 1 . . .
mplications in our rt-
pseudoaneurysm 3(1.47%) 0 ca CO‘ P .CaF ons ou depa (E
ICA intravascular thrombosis 0 3 (1.13%) ment is within the target of <6%
Wound infection 0 1(0.38%) fOI‘bSyn;pK)matlc artery SACIerOSIS
set by the American Heart Associa-
Pulmonary edema 0 1(0.38%) . Y K L.

_ _ tion/American Stroke Association
Epilepsy after local anesthetic 0 1 (0.38%) guidelines and <3% for asymptom-
POt 1A 5 (2t 52 atic patients set by the Therapeu-
Postoperative psychotic symptoms requiring drug administration 1(0.49%) 3 (1.13%) tics and Technology Assessment
Total 9 (4.39%) 39 (14.6%) Subcommittee of the American

CAS - carotid artery stenting; CEA — carotid endarterectomy; ICA — internal carotid stenosis;

TIA - transient ischemic attack.

of fatal or disabling stroke did not differ significantly be-
tween the CAS and CEA groups (6.3% vs 4%).! The CREST
showed that the safety and efficacy of CAS and CEA were
similar among patients with symptomatic and asymp-
tomatic carotid artery stenosis. The CREST indicated
that the risk of stroke, MI and death is similar in these 2
groups (5.2% CEA vs 4.5% CAS). However, it demonstrat-
ed a higher periprocedural risk of stroke and death after
a CAS procedure.?* The ICSS results published in “Lan-
cet” in February 2015 did not provide a definitive answer
to the question of superiority, either. The primary endpoint
was fatal or disabling stroke in any territory. According
to the ICSS, stenting is as effective as endarterectomy
in the prevention of fatal or disabling stroke (6.4% vs 6.5%,
respectively). In the ICSS and in the CREST, carotid artery
stenting was associated with a higher procedure-related
and long-term risk of non-disabling stroke, but the neu-
rological outcomes were not different.>®

Our study does not prove the superiority of CAS
over CEA, either, though the number of complications
is lower. We might relate this to the high number of pro-
cedures performed, the frequent application of neuro-
protection devices (96.6%) and the extensive experience
of the surgeons.®

Due to constant technological progress, the re-
sults of the trials published may not be accurate today.
In these studies, some of the patients in the endovascular
group were treated without stent placement, and embolic
protection devices were not available.” These factors might
have a significant impact on the number of procedure-
related complications. The availability of new, improved
proximal and distal neuroprotection devices and new
mesh-covered stents may reduce the number of disabling
strokes.®

Academy of Neurology.!

Our study failed to show a cor-
relation between patients’ age
and the risk of post-procedural
neurological complications. On the contrary, the ICSS,
the CREST and the Stent-Protected Angioplasty vs Ca-
rotid Endarterectomy (SPACE) trial proved that CAS
is associated with better outcomes when performed
on younger patients, while CEA is better in older pa-
tients. The cut-off point was the age of 70 years.2*!!
This is thought to be caused by increased vasa tortuos-
ity and more calcified atherosclerotic plaques in elderly
patients.!?13

Limitations of the study

The patients should preferably be observed for 30 days,
but in our study they were followed-up for only 7 days af-
ter surgery, so restenosis and delayed neurological events
were omitted. Our study is retrospective and represents
only a single institution’s experience with a small number
of patients. There was no randomization, so the results may
be influenced by the tendency of operators to surgically
treat more sick patients.

Conclusions

Our analysis showed that CEA is as effective as CAS
in stroke prevention, but is associated with a higher in-
cidence of cranial nerve palsy, access site hematoma and
other non-stroke complications. Symptomatic patients
had a higher incidence of stroke, regardless of the treat-
ment method. A new multi-center, randomized trial with
methodology carefully determined by advocates of both
CAS and CEA should be conducted in order to provide
a final conclusion for this long-lasting dispute on which
method is better.
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Abstract

Background. This study was performed to better understand the best surgery timing for gallbladder
polyps (GP).

Objectives. The objective was to determine the potential for malignant transformation and the best timing
for surgery in GP, based on an assessment of the clinical symptomatology and on the results of the imaging
and histopathological examinations.

Material and methods. Age, gender, clinical symptoms, preoperative ultrasound findings, and the results
of the postoperative histopathological examination were retrospectively assessed in a total of 2,656 patients
undergoing cholecystectomy in Department of General Surgery, Hitit University School of Medicine, Corum,
Turkey, between 2008 and 2013.

Results. From a total of 2,656 patients undergoing cholecystectomy in our unit between 2008 and 2013,
96 subjects were found to have the following types of GP: 66.6% (n = 64) had cholesterol polyps, 13.54%
(n = 13) had adenomyomatous polyps, 8.33% (n = 8) had adenocarcinoma, 7.2% (n = 7) had inflamma-
tory polyps, and 4.16% (n = 4) had hyperplastic polyps. Also, 85.4% of these patients (n = 82) had a single
polyp only, while 14.6% (n = 14) had 2 polyps. The polyp size in patients with adenocarcinoma was 9 mm,
10mmand 12mmin 2, 4 and 2 patients, respectively. The mean age of patients with adenocarcinoma was
60 years (55—74), all of whom had solitary polyps.

Conclusions. In patients over 50 years of age with co-existent cholelithiasis and GP exceeding 10 mm,
surgical treatment should be undertaken due to the risk of malignancy. Other patients with polyps less than
10 mm in size should be followed up in 6-month intervals using ultrasound examination.

Key words: gallbladder polyp, malignancy potential, surgery timing, ultrasonographic finding, gallbladder
adenocarcinoma
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Introduction

Gallbladder polyps (GP), occurring in 0.3—-12% of healthy
individuals, arise from the mucosal layer and disrupt the
integrity of the mucosa.> Although their exact prevalence
is currently unknown, an increase has been observed in the
number of patients diagnosed with this condition, mainly
due to the advances in diagnostic methods, to the increase
in the proportion of individuals with access to healthcare
facilities, and to the more widespread availability of ul-
trasound imaging. The majority of GP are asymptomatic
and are diagnosed coincidentally during an abdominal
ultrasound examination performed for other reasons. Gall-
bladder polyps may either be pseudo-polyps or true polyps.
True polyps are further subdivided into benign (adenoma),
pre-malignant (dysplastic) or malignant (adenocarcinoma)
polyps. On the other hand, all types of pseudo-polyps are
benign and are classified as inflammatory, hyperplastic,
adenomatous, adenomyomatous, cholesterolotic, and cho-
lesterol polyps.3 Cholesterol polyps are the most common.
Although the prevalence of gallbladder cancer may reach
up to 27% in individuals over 50 years of age, these lesions
may be readily confused with benign polyps in ultrasound
examination, especially in the early stages. Previous stud-
ies have suggested that polyps greater than 10 mm in size
in patients over 50 years of age may pose an increased
risk of malignancy.*~® Ultrasound represents the most
frequently used diagnostic imaging modality in the di-
agnosis of GP. However, since ultrasound does not always
enable the examiner to differentiate between benign and
malignant lesions, further imaging with advanced mo-
dalities, such as computed tomography (CT), endoscopic
ultrasound (EUS) or magnetic resonance imaging (MRI),
may be necessary.’

In this study, patients who had undergone cholecystecto-
my in the Department of General Surgery, Hitit University
School of Medicine, Corum, Turkey, were retrospectively
examined with respect to the incidence of GP, polyp type
and the occurrence of malignancy, as documented by the
histology report.

Material and methods

Patients who had undergone cholecystectomy in our unit
between 2008 and 2013 were retrospectively assessed with
regard to the frequency of GP, polyp type, the frequency
of malignancy, and the histopathological examination
results. The study protocol was approved by the Institu-
tional Review Board of Hitit University School of Medicine,
Corum, Turkey.

The structure, dimensions and number of polyps were
evaluated using histopathological examination, and the
polyps were sub-classified as pseudo-polyps (hyperplastic,
inflammatory, adenomatous, adenomyomatous, choles-
terolosis,, and cholesterol polyps) or true polyps (adenomas

|. Sahiner, M. Dolapgi. The significance of size in gallbladder polyps

and adenocarcinomas). Also, the malignancy potential
was examined on the basis of pathological examination.
All clinical and demographic data was statistically evalu-
ated using the SPSS software package v. 22 (IBM Corp.,
Armonk, USA). Frequency, minimum-maximum and
mean values were recorded.

Results

A total of 2,656 cholecystectomies were performed in the
Department of General Surgery, Hitit University School
of Medicine, Corum, Turkey, between 2008 and 2013.
The mean age of the patients was 52 years (12-90); 79.3%
(n = 2,106) were female and 20.7% (n = 550) were male.
Laparoscopic or open cholecystectomy was performed
in 88% (n = 2,338) and in 12% (n = 318) of the patients,
respectively.

All patients underwent ultrasound examination prior
to surgery and the results are shown in Table 1.

Clinical symptoms included food intolerance in 10.6%
of the patients (n = 282), nausea and vomiting in 11.9%
(n = 318), right upper quadrant pain in 18.2% (n = 480),
and dyspepsia in 59.3% (n = 1,576).

Table 1. Results of pre-operative ultrasound examination

Result of pre-operative hepatobiliary

ultrasound examination

Acute calculous cholecystitis 345 13
Acute cholecystitis 66 2.5
Chronic cholecystitis 40 1.5
Chronic calculous cholecystitis 164 6.2
Cholelithiasis 1,859 70
Gallbladder polyp 159 6
Gallbladder sludge 23 0.8

n - number of patients.

Table 2. Results of pathological examination

Results of postoperative pathological

examination

Acute cholecystitis 66 2.5
Acute calculous cholecystitis 180 6.82
Chronic cholecystitis 536 20.2
Chronic calculous cholecystitis 1,726 65
Cholesterol polyp 64 24
Adenomyomatous 13 04
Xanthogranulomatous cholecystitis 34 1.3
Hyperplastic polyp 4 0.15
Adenomatous polyp 8 0.30
Inflammatory polyp 7 0.26
Adenocarcinoma 18 0.67

n - number of patients.
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Table 3. Pathological results of postoperative pathological examination
of the polyps

Results of postoperative pathological

examination of the polyps

Cholesterol polyp 64 66.6
Hyperplastic polyp 4 416
Adenomatous polyp 13 13.54
Inflammatory polyp 7 7.29
Adenocarcinoma 8 833

n - number of patients.

The results of postoperative pathological examination
of all subjects are shown in Table 2. A total of 96 subjects
were found to have the following type of GP: cholesterol
polyps in 66.6% of the patients (n = 64), adenomyomatous
polyps in 13.54% (n = 13), adenocarcinoma in 8.33% (n = 8),
inflammatory polyps in 7.29% (n = 7), and hyperplastic
polyps in 4.16% (n = 4) (Table 3). Also, 85.4% of these pa-
tients (n = 82) had solitary single polyp only, while 14.6%
(n = 14) had 2 polyps.

Table 4 shows the polyp size as determined by the path-
ological examination. The size of the polyp was 9 mm,
10 mm and 12 mm among 2, 4 and 2 patients diagnosed
with adenocarcinoma, respectively. All adenocarcino-
ma patients had solitary polyps and their mean age was
60 years (range: 55—74 years).

Table 4. Polyp size as stated in the pathology report

Polyp size [mm] 4 5 7 9 10 12

Number of patients (n) 14 63 11 2 4 2

[%] 1458 | 6562 @ 1145 | 208 @ 416 @ 2.08
Discussion

Polyps commonly occur in the gallbladder and their
clinical significance arises from their potential for malig-
nant conversion. The reported incidence of GP varies be-
tween 0.3% and 12%.% A retrospective examination of the
2,656 patients undergoing cholecystectomy between 2008
and 2013 in the Department of General Surgery, Hitit Uni-
versity School of Medicine, Corum, Turkey, showed the
presence of GP in 96 individuals (3.6%), which is consistent
with literature data.

Some previous reports suggested that certain demo-
graphic characteristics, such as age or gender, may have
an impact on the incidence of GP.8-1° Although gender was
not found to have a significant effect on the occurrence
of polyps in certain studies, others have generally reported
a higher incidence among men. Notably, of the 96 patients
with GP among the 2,656 individuals undergoing chole-
cystectomy, 73 (76.04%) were female. While this observa-
tion may be due to the higher occurrence of GP among
women, it may also be due to the fact that more women
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(n =2,016, 79.3%) in our unit underwent cholecystectomy,
which confirms the fact that gallbladder diseases are more
common among women. A total of 52 patients (54%) with
GP were over 50 years of age, which is in line with data
from previous publications.

Ultrasound is the most commonly used diagnostic mo-
dality in the diagnosis of GP. In the current study, all in-
dividuals (n = 2,656) had preoperative ultrasound exami-
nation, but only 159 (6%) were sonographically diagnosed
with GP. However, histopathology confirmed GP in only 96
individuals (3.6%). This difference may be due to the level
of expertise of the sonographer or to the small size of the
polyps. Although polyps greater than 5 mm in size are
more likely to be diagnosed by ultrasound, a size exceeding
10 mm greatly increases the chance of identification. Also,
an accumulation of cholesterol and triglycerides on the
gallbladder wall or the lamina propria by macrophages
may give a false impression of polyps on the ultrasound.
Table 3 shows the data from 96 patients with polyps as-
sessed in our study. As the results suggest, there is a false
positivity rate associated with the use of ultrasound in the
detection of polyps.!!

Another important criterion used when assessing GP
is the size of the polyp. Literature data suggest an increased
risk of malignancy in polyps larger than 10 mm, with
an even more marked increase in those over 12 mm, though
Kim et al. reported that a polyp size 215 mm is the stron-
gest predictor of a neoplastic polyp with ultrasound and
that the rate of malignancy is low even in polyps 10 mm or
larger (15.1%).%*12 Consistent with previous publications,
only 2 of our patients with adenocarcinoma had polyps
9 mm in size, while the remaining patients had a polyp
size ranging between 10 and 12 mm. Similarly to the cur-
rent study, Dorobisz et al. researched incidental gallblad-
der cancer after cholecystectomy. They performed 7,314
cholecystectomies (1990-2014) and found among them 84
cases (0.87%) of incidental gallbladder carcinoma.'

Conclusions

In conclusion, we recommend surgery for all asymp-
tomatic patients over 50 years of age who have GP greater
than 10 mm in size, with or without cholelithiasis, because
of the increased risk of malignancy. Other asymptomatic
patients with polyps smaller than 10 mm should be fol-
lowed up by ultrasound in 6-month intervals. An increase
in the size or number of polyps or the emergence of symp-
toms during this period should prompt the consideration
of surgery.

References

1. Hayashi Y, Liu JH, Moriguchi H, et al. Prevalence of polypoid lesions
of the gallbladder in urban and rural areas of Japan: Comparison
between 1988 and 1993. J Clin Gastroenterol. 1996;23(2):158-159.

2. Pandey M, Khatri AK, Sood BP, Shukla RC, Shukla VK. Cholecysto-
sonographic evaluation of the prevalence of gallbladder diseases.
A university hospital experience. Clin Imaging. 1996;20(4):269-272.



1700

Babu BI, Dennison AR, Garcea G. Management and diagnosis of gall-
bladder polyps: A systematic review. Langenbecks Arch Surg. 2015;
400(4):455-462.

Inui K, Yoshino J, Miyoshi H, Yamamoto S. Epidemiology of gallblad-
der carcinoma [in Japanese]. Nihon Rinsho. 2015;73(Suppl 3):541-544.
Jessurun J, Mendez-Sanchez N, Lopez-Acuna MP, Hernandez-Avila M,
Uribe M. Epidemiology and various etiologic considerations in rela-
tionto carcinoma of the gallbladder [in Spanish]. Rev Gastroenterol Mex.
1991;56(3):197-200.

Wang JH, Liu BJ, Xu HX, et al. Clinical, pathological and sonographic
characteristics of unexpected gallbladder carcinoma. IntJ Clin Exp Med.
2015;8(7):11109-11116.

Vijayakumar A, Vijayakumar A, Patil V, Mallikarjuna MN, Shivaswamy BS.
Early diagnosis of gallbladder carcinoma: An algorithm approach.
ISRN Radiol. 2013;2013:239424.

. Sahiner, M. Dolapg. The significance of size in gallbladder polyps

Jo HB, Lee JK, Choi MY, et al. Is the prevalence of gallbladder polyp
different between vegetarians and general population? Korean J Gas-
troenterol. 2015;66(5):268-273.

Sarkut P, Kilicturgay S, Ozer A, Ozturk E, Yilmazlar T. Gallbladder pol-
yps: Factors affecting surgical decision. World J Gastroenterol. 2013;
19(28):4526-4530.

. Ito H, Hann LE, D’Angelica M, et al. Polypoid lesions of the gallblad-

der: Diagnosis and follow-up. JAm Coll Surg. 2009;208(4):570-575.

. FultzPJ, Skucas J, Weiss SL. Comparative imaging of gallbladder cancer.

J Clin Gastroenterol. 1988;10(6):683-692.

. Kim JS, Lee JK, Kim Y, Lee SM. US characteristics for the prediction

of neoplasm in gallbladder polyps 10 mm or larger. Eur Radiol. 2016;
26(4):1134-1140.

. Dorobisz T, Dorobisz K, Chabowski M, et al. Incidental gallblad-

der cancer after cholecystectomy: 1990 to 2014. Onco Targets Ther.
2016;9:4913-4916. doi: 10.2147/0TT.5106580



Original papers

The relationship between IFN-y and TNF-a gene polymorphisms
and brucellosis: A meta-analysis

Ebrahim Eskandari-Nasab"*~t, Mehdi Moghadampour®A-f

TDepartment of Clinical Biochemistry, School of Medicine, Zahedan University of Medical Sciences, Iran
2 Department of Microbiology, School of Medicine, Isfahan University of Medical Sciences, Iran

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2018;27(12):1701-1709

Address for correspondence
Mehdi Moghadampour
E-mail: mehdimoghadampoor@yahoo.com

Funding sources
None declared

Conflict of interest
None declared

Received on October 9, 2016
Reviewed on December 4, 2016
Accepted on July 12, 2017

DOI
10.17219/acem/75869

Copyright

© 2018 by Wroclaw Medical University

Thisis an article distributed under the terms of the
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abstract

Background. Brucellosis is an infectious disease and one of the major public health problems worldwide.
Several current studies have provided data that polymorphisms in the interferon-gamma gene (/FN-y) and
tumor necrosis factor-alpha gene (TNF-a) are related to brucellosis.

Objectives. The aim of this study was to investigate the relationship between IFN-y +874 A/T, IFN-y
UTR5644 A/T, TNF-a —308 G/A, and TNF-a —238 G/A single nucleotide polymorphisms (SNPs) and brucel-
losis risk by meta-analysis.

Material and methods. We performed a comprehensive search of the PubMed, MEDLINE, EMBASE, Web
of Science, and Elsevier Science Direct databases. Crude odds ratios (ORs) with 95% confidence intervals (Cls)
were used to measure the strength of association between [FN-y and TNF-a polymorphisms and brucellosis risk.

Results. A total of 17 studies including 1,904 cases and 2,233 controls fulfilled the inclusion crite-
ria. Our pooled analysis demonstrated that the IFN-y +874 AT vs AA genotype in a codominant model
may confer an increased risk of brucellosis in the overall population (p = 0.001; OR = 0.51). Regarding
TNF-a—308 G/A, our pooled analysis revealed that the AA vs GG 4 GA (recessive) genotype increased the risk
of brucellosis (p = 0.02; OR = 2.00).

Conclusions. In summary, our pooled analysis suggested that the IFN-y +-874 AT vs AA as well as the TNF-a
—308 AA vs GG + GA genotypes demonstrated a trend for the association with a higher risk of brucellosis.

Key words: [FN-y, TNF-a, gene polymorphism, brucellosis, meta-analysis
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Introduction

Brucellosis is a chronic granulomatous infection and
the most frequent bacterial zoonotic disease worldwide.!?
The causative agent of brucellosis, Brucella spp., is a strain
of facultative intracellular bacteria that infect over half
a million humans annually.? Patients with active brucel-
losis have symptoms such as fever, headache, sweating,
weakness, weight loss, persistent joint pain, endocarditis,
neurological complications, and testicular or bone abscess
formation.*® Brucella spp. invade reticuloendothelial sys-
tem cells and can reproduce in these cells, and escape from
the host’s immune system.®~®

Cytokines are key mediators responsible for the regulation
of immune and inflammatory responses.>° Brucella spp.
can stimulate the secretion of inflammatory cytokines,
e.g., interleukins (ILs), interferon-gamma (IFN-y) and tu-
mor necrosis factor-alpha (TNF-a).21%! [FN-y is a cru-
cial cytokine for the control of Brucella infection in hosts
and is also a significant mediator in conferring protection
against Brucella infection. The ultimate result of the ac-
tivation of macrophages with IFN-y, which is secreted
by T helper-1 cells, is suppressing the reproduction of in-
tracellular Brucella organisms and restoring the patient
to health.? Tumor necrosis factor-alpha is a proinflam-
matory and immunoregulatory cytokine that is produced
by a variety of cells including neutrophils (polymorpho-
nuclear leukocytes — PMN cells), natural killer (NK) cells,
macrophages, lymphocytes, and fibroblasts. Like IFN-y,
TNF-a also is a vital mediator for the clearance of brucel-
losis infection from a host.!!

Genetic polymorphisms in cytokine genes can poten-
tially modify the expression and/or biological activity
of cytokines. Studies conducted to date have confirmed

E. Eskandari-Nasab, M. Moghadampour. /FN-y and TNF-a polymorphisms in brucellosis

the connection between cytokine gene polymorphisms
and brucellosis disease status in various populations.>1-16
The IFN-y +874 A/T (rs2430561) and UTR5644 A/T poly-
morphisms, as well as the TNF-a -308 G/A (rs1800629)
and -238 G/A (rs361525), are 4 SNP loci which affect
the transcriptional regulation of IFN-y and TNF-a.
These 4 SNPs have been investigated for their association
with the occurrence of brucellosis in different popula-
tions.>!1-1%16 However, due to the relatively small sample
size of individual studies, the results have been incoher-
ent and contradictory. A wide retrieval of the pertinent
literature is required to reach a more precise estimation
of the association with disease susceptibility. Therefore,
in the current study, we performed a meta-analysis to col-
lect the available data and to examine whether these 4
polymorphisms of IFN-y (+874 A/T (rs2430561) and
UTR5644 A/T) and TNF-a (-308 G/A (rs1800629) and
-238 G/A (rs361525)) genes are associated with suscepti-
bility to brucellosis.

Material and methods
Literature search

We performed a comprehensive literature search using
the electronic databases PubMed, EMBASE and MED-
LINE. The comprehensive search strategies included
the mesh term and keywords (“interferon gamma” or “in-
terferon-gamma” or “interferon y” or “interferon-y” or “IFN
gamma” or “IFN-gamma” or “IFN y” or “IFN-y”), (“tumor
necrosis factor alpha” or “tumor necrosis factor-alpha”
or “tumor necrosis factor a” or “tumor necrosis factor-o”
or “TNF alpha” or “I'NF-alpha” or “TNF a” or “ITNF-a”),

Table 1. Main characteristics of studies included in a meta-analysis of IFN-y gene polymorphisms and brucellosis

. Year | Country | Ethnicity Sample Allele frequency Genotype frequency HWE
size A T AA AT TT (CREID)

o | om | spen w1, | 2% | 9 0B | re | rn [ o

E Budak'® 2007 | Turkey | Caucasian E 2(9) Egg E 2? E 12? CP; PCL? E 822

S o ow weoae | O 07|t ea [ ex | ew | o

= Karaoglan® 2009 = Turkey = Caucasian E Zg CP]9029 E 2? E g; E i? PCZ: Eg?g

Eskandari-Nasab? 2013 Iran Asian EB‘;’ ?9435 21?3 Eﬁj EZ; Ezi Eggg

T Dmowd® 206 kA GG (i Cw ce | Cs e Cooo
3

% Hedayatizadeh-Omran' | 2010 Iran Asian E ;gz E 3215 E ]WZ PC192]5 CP]9013 gii E%?g

g Eskandari-Nasab? 2013 Iran Asian EB‘Z 21217 219195 Eg EZ Eéj 28817

IFN-y — interferon-gamma; SNP - single nucleotide polymorphism; HWE — Hardy-Weinberg equilibrium.
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(“polymorphism” or “variant” or “genotype” or “SNP”
or “mutations”), and (brucellosis). The search was con-
ducted through July 2, 2016. Eligible studies were retrieved
and examined carefully. Review articles and bibliographies
of other relevant studies identified were manually searched
to find additional eligible studies.

Data collection

The articles were screened by 2 separate reviewers (Me-
hdi Moghadampour and Ebrahim Eskandari-Nasab) to ap-
praise the fitness of the articles selected by using a stan-
dardized protocol and data collection form. The inclusion
criteria were: original data; a study which assessed the as-
sociation of IFN-y +874 A/T, IFN-y UTR5644 A/T, TNF-a
-308 G/A, and TNF-a -238 G/A and the risk of brucel-
losis; and a comparison between brucellosis patients and
controls. The exclusion criteria were: non-human stud-
ies, abstracts only, comments, reviews, editorials or let-
ters, mechanism studies, and studies that lacked controls;
family-based design or sibling pair studies; studies with
insufficient information for data extraction; and unpub-
lished data.

The following information was extracted from each
study: authors, year of publication, country, ethnicity,
sample size, allele and genotype frequency distribution,
and Hardy-Weinberg equilibrium (HWE). Discrepancies
about the inclusion of studies and the interpretation of data
were solved by discussion.

Statistical analyses

A quantitative meta-analysis was executed using Review
Manager Software, v. 5.3 (the Cochrane Collaboration,
Oxford, UK). Crude ORs with 95% CIs were used to mea-
sure the strength of association between the IFN-y +874
A/T, IFN-y UTR5644 A/T, TNF-a -308 G/A, and TNF-«
-238 G/A polymorphisms and brucellosis risk. The signifi-
cance of the pooled ORs was defined by the Z-test, and
p < 0.05 was considered statistically significant.

The pooled ORs for IEN-y polymorphisms (+874 A/T
and UTR5644 A/T) and brucellosis risk were assessed
for the codominant (AT vs AA and TT vs AA), dominant
(AT+TT vs AA) and recessive model (TT vs TA+AA), and
for the allele comparison (T vs A). The integrated ORs
for TNF-a polymorphisms (-308 G/A and -238 G/A)
and brucellosis risk were calculated for the codominant
(AA vs GG and GA vs GG), dominant (GA+AA vs GG)
and recessive model (AA vs GG+GA), and for the allel-
ic contrast (A vs G). Forest-plot graphs were produced
in order to estimate the combined association between
the IFN-y +874 A/T, IEN-y UTR5644 A/T, TNF-a -308
G/A, and TNF-a -238 G/A polymorphisms and brucel-
losis risk. Heterogeneity among the studies was assessed
by Cochran's Q test and I measurement, which was inter-
preted as the proportion of total discrepancy among study
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variants. A p-value <0.05 and an I? value >50% showed
significant heterogeneity. A random-effect model was used
in cases of significant heterogeneity; otherwise, a fixed-ef-
fect model was applied. Sensitivity analysis was conducted
to evaluate the validity and reliability of the primary meta-
analysis, and to determine the effects attributed to any
particular study.

Results
Study characteristics

In this meta-analysis, a total of 17 studies involving 1,904
cases and 2,233 controls met the inclusion criteria for both
IFN-y and TNF-a SNPs in brucellosis. Five studies as-
sessed the association between the IFN-y +874 A/T poly-
morphism and the risk for brucellosis; 3 studies assessed
the association between the IFN-y UTR5644 A/T poly-
morphism and the risk for brucellosis; 6 studies examined
the association between the TNF-a —308 G/A variation and
the risk for brucellosis; and 3 studies examined the associa-
tion between the TNF-a -238 G/A variation and the risk
for brucellosis. Baseline characteristics of the included
studies on IFN-y and TNF-a SNPs on brucellosis are pre-
sented in Tables 1 and 2, respectively.

IFN-y +874 A/T polymorphism
and susceptibility to brucellosis

Five studies including 555 brucellosis patients and
454 controls assessed the association between the IFN-y
+874 A/T polymorphism and susceptibility to brucellosis.
In all studies, the distributions of genotypes in the control
subjects were in HWE (Table 1). Figure 1 demonstrates
the forest plot and results of the meta-analysis of asso-
ciations between the IFN-y +874 A/T polymorphism and
the risk for brucellosis, using the codominant, dominant
and recessive models. The results showed that the T al-
lele vs A was not associated with the risk of brucellosis
with an overall OR of 0.90 (p = 0.55; 95% CI = 0.64-1.27).
In the codominant model, the pooled evidence sug-
gested that the distribution of the AT vs AA genotypes
between the groups was different and that the associa-
tion was statistically significant (p = 0.001; OR = 0.51;
95% CI = 0.37-0.71). In contrast, the general difference be-
tween the groups for the TT genotype compared to the AA
one did not reach the level of statistical significance, using
the codominant model with an overall OR of 0.82 (p = 0.63;
95% CI = 0.36-1.87). In the dominant model, the AT+T'T
genotype vs the AA genotype was not associated with
an increased risk of brucellosis with an overall OR of 0.82
(p = 0.47; 95% CI = 0.47-1.42). Likewise, in the recessive
model, the TT genotype vs the TA+A A one was not associ-
ated with an increased risk of brucellosis with an overall
OR of 1.22 (p = 0.47; 95% CI = 0.71-2.11).
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Fig. 1. Forest plot for the association of the IFN-y +874 A/T polymorphism and brucellosis
(T allele vs A allele, AT vs AA, TT vs AA, AT+TT vs AA, and TT vs TA+AA)
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IFN-y UTR5644 A/T polymorphism
and susceptibility to brucellosis

Three studies including 454 brucellosis patients and
527 controls evaluated the association between the IFN-y
UTR5644 A/T polymorphism and susceptibility to bru-
cellosis. In all studies, the distributions of genotypes
in the control subjects were in HWE (Table 1). Figure 2
presents the forest plot and results of the meta-analysis
of associations between the IFN-y UTR5644 A/T poly-
morphism and the risk for brucellosis using codominant,
dominant and recessive models. The results indicated
that the T allele vs the A allele was not associated with
the risk of brucellosis with an overall OR of 0.85 (p = 0.09;
95% CI = 0.70-1.03). None of the codominant (p = 0.12 and
0.22), dominant (p = 0.09) or recessive (p = 0.44) models
showed a significant association between genotype distri-
bution and an increased risk of brucellosis.

TNF-a —308 G/A variation
and the risk for brucellosis

Six studies including 640 patients and 802 controls
assessed the association between the TNF-a -308 G/A
variation and brucellosis. In all studies, the distribu-
tions of genotypes in the control subjects were in HWE
(Table 2). The pooled analysis revealed that the A allele vs
the G allele was not associated with the risk of brucellosis
with an overall OR of 1.02 (p = 0.94; 95% CI = 0.59-1.77).
In the codominant model, the pooled evidence suggested
that the AA genotype vs the GG genotype distribution
between the groups was not different and that there was
no statistically significant association (p = 0.06; OR = 1.74;
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95% CI =0.98-3.11). Additionally, the general difference be-
tween the groups for the GA genotype compared to the GG
one did not reach the level of statistical significance, us-
ing the codominant model with an overall OR of 0.98
(p = 0.96; 95% CI = 0.48-1.99). In the dominant model,
the GA+AA genotype vs the GG genotype was not associ-
ated with an increased risk of brucellosis with an overall
OR 0f0.99 (p = 0.98; 95% CI = 0.52-1.91). However, the re-
cessive model suggested that the AA genotype compared
to the GG+GA genotype increases the risk of brucellosis
with an overall OR of 2.00 (p = 0.02; 95% CI = 1.14—3.50).
Figure 3 presents the forest plot and results of the meta-
analysis of associations between the TNF-a —-308 G/A poly-
morphism and the risk of brucellosis, using codominant,
dominant and recessive models.

TNF-a —238 G/A polymorphism
and susceptibility to brucellosis

Three studies including 255 brucellosis patients and 450
controls evaluated the association between the TNF-«
-238 G/A polymorphism and susceptibility to brucellosis.
In all studies, the distributions of genotypes in the control
subjects were in HWE (Table 2). Figure 4 demonstrates
the forest plot and results of the meta-analysis of associa-
tions between the TNF-a -238 G/A polymorphism and
the risk of brucellosis, using codominant, dominant and re-
cessive models. The results showed that the A allele vs the G
allele was not associated with the risk of brucellosis with
an overall OR of 0.66 (p = 0.36; 95% CI = 0.27-1.60). In none
of the models included — codominant (p = 0.34), dominant
(p = 0.34) or recessive — was there a significant association
between genotype distribution and the risk of brucellosis.

Table 2. Main characteristics of studies included in a meta-analysis of TNF-a gene polymorphisms and brucellosis

Author Year | Country | Ethnicity Sasrir;zle A!“ﬂe f’eque”:)’ - Genotypz;recauency — (p:\;\/lie)
Caballero™ 2000 Spain Caucasian (?15690 E ]222 E ]22 CPW4314 E ]Zj Eg E 81‘2
Dwoudl® 05w A GG Cn o (n | cwo | e o | com
<
§ Budak'® 2007 Turkey | Caucasian 24518 Eg?) E;) Eéz EEL Eg 28?7
LZLC‘Ij Karaoglan® 2009 = Turkey = Caucasian Egg E Ei E 116 E ;? CP192 E 12 E%ﬁ‘
£
et 200 | w50 S Cpa | s | ces | cn | cons
Eskandari-Nasab'' 2016 Iran Asian EE; Eéii E?g E”Z E?g 2(23 Egg?
% Caballero™ 2000 Spain Caucasian (?15690 E ]222 E ]22 CP]4372 E ;2 (PI?) E gig
I IR - - SR R A R < R
LEL Eskandari-Nasab"! 2016 Iran Asian Eg; gg; Eij chf E? Eg Eg”

TNF-a — tumor necrosis factor-alpha; SNP - single nucleotide polymorphism; HWE — Hardy-Weinberg equilibrium.
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Fig. 2. Forest plot for the association of the IFN-y UTR5644 A/T polymorphism and brucellosis (T allele vs A allele, TA vs AA, TT vs AA, AT+TT vs AA, and TT vs TA+AA)

Sensitivity analysis
and the test for heterogeneity

Our pooled data showed the occurrence of heterogeneity
in some genetic models (I*> 50%). Sensitivity analyses for both
IFN-y and TNF-a were performed to estimate the stability
of the results; specifically, a single study in the meta-analysis
was removed each time to observe the impact of the individ-
ual data set on the overall OR. Sensitivity analysis indicated
that no single study influenced the pooled OR qualitatively,
suggesting that the results of this meta-analysis are stable.

Discussion

Seventeen studies were included in the present meta-
analysis. Five studies in this meta-analysis were processed
for the association between the IFN-y +874 A/T poly-
morphism and brucellosis. Our pooled evidence suggests
that the AT genotype vs AA genotype was associated with
an increased risk of brucellosis overall. Similarly to our
findings, Karaoglan et al. suggested that the TT geno-
type of IFN-y +874 was associated with an increased risk
of brucellosis.'* However, Bravo et al.,'? Rasouli and Kiany,’
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Fig. 3. Forest plot for the association of the TNF-a —308 G/A polymorphism and brucellosis (A allele vs G allele, AA vs GG, GA vs GG, GA+AA vs GG, and AA vs GG+GA)
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Fig. 4. Forest plot for the association of the TNF-a =238 G/A polymorphism and brucellosis (A allele vs G allele, GA vs GG and GA+AA vs GG)

and Eskandari-Nasab et al.? reported that individuals with
the wild-type (AA) genotype of IFN-y +874 A/T compared
with the mutant (TT) genotype were susceptible to an in-
creased risk of brucellosis.

Concerning the IFN-y UTR5644 A/T polymorphism and
susceptibility to brucellosis, 3 studies were processed in this
meta-analysis. Our results showed that the UTR5644 poly-
morphism was not associated with the risk of brucellosis
overall, using any models. In agreement with our find-
ings, Davoudi et al.,!> Hedayatizadeh-Omran et al.,'” and
Eskandari-Nasab et al.? also found no association between
this polymorphism and the risk for brucellosis.?1>1

IFN-y is an essential cytokine for host control of intra-
cellular pathogens, such as Brucella spp. This cytokine
increases macrophage activation, promotes cellular immu-
nity responses and contributes to the clearance of brucel-
losis infection.!® One of the risk factors that may increase
the host’s vulnerability to brucellosis is genetic polymor-
phisms in the form of SNPs in the components of the im-
mune system. Several SNPs, including +874 A/T and
UTR5644 A/T in the coding region of the IFN-y gene, have
been shown to affect the expression of this cytokine.!?!
Previous evidence has indicated that the +874 (A/T)
AA genotype correlates with low production, the AT geno-
type with intermediate production, and the TT genotype
with high production of IFN-y.? With respect to the IFN-y
UTR5644 A/T polymorphism, it has been revealed that ho-
mozygosity for the T allele is associated with increased

production of IFN-y compared to other genotypes
(AT or AA)."> Our pooled evidence concurs with sever-
al reports demonstrating that TNF-a and IFN-y induce
cell-mediated resistance against Brucella spp. infection.?°
TNF-a exerts its antibacterial activity against Brucella spp.
through the stimulation of IFN-y production.!

Six studies were analyzed in this meta-analysis of the as-
sociation between the TNF-a —-308 G/A variation and sus-
ceptibility to brucellosis. Our pooled evidence indicated
that in the recessive model, the AA genotype compared
to the GG+GA genotype increased the risk of brucellosis
overall. However, the A allele, AA or GA vs GG genotype
in a codominant model and the GA+AA vs GG genotype
inadominant model were not associated with the risk of bru-
cellosis overall. Our findings regarding the TNF-a —308
G/A polymorphism supports those of Reza et al., who
found a relationship between —308 A A homozygosity and
increased risk of brucellosis.?? In contrast, Davoudi et al.
reported that individuals carrying the GG genotype were
associated with a higher risk of brucellosis.'®

Three of the studies processed in this meta-analysis con-
cerned the TNF-a -238 G/A polymorphism and susceptibil-
ity to brucellosis. Our results demonstrated that the TNF-«
-238 G/A variation was not associated with the risk of bru-
cellosis at both the genotype and allele level, which supports
the findings of Caballero et al.,'* Davoudi et al.'> and Eskan-
dari-Nasab et al.,!! who reported that this polymorphism
was not associated with an increased risk of brucellosis.
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Our pooled survey suffers from a few limitations.
The first is high genetic heterogeneity among the included
studies, which may have resulted from the relatively small
sample size of the studies included or from the insuffi-
cient amount of data. Our meta-analysis only included
published studies, excluding some important relevant
abstracts or unpublished studies. Thus, we were aware
that these factors might result in high heterogeneity. Fur-
ther large-scale studies are warranted to confirm the ef-
fect of IFN-y and TNF-a gene polymorphisms on the risk
of brucellosis.

Conclusions

Our meta-analysis demonstrated a significant association
between the IFN-y +874 AT and TNF-a -308 GG + GA
genotypes and a higher risk for brucellosis. However,
we found no relationship between the IFN-y UTR5644 A/T
and TNF-a —238 G/A SNPs and brucellosis.
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Abstract

Background. Chlamydia infection is the most frequently reported infectious, sexually transmitted disease
(STD). Generally, Chlamydia trachomatis (C. trachomatis) infection of neonates is the result of perinatal exposure
to the mother’s infected cervix.

Objectives. The aim of the study was to estimate the frequency of infection caused by C. trachomatis
in newborn infants. In this study of C. trachomatis perinatal infection, 107 infants born at the Wroclaw Medical
University Clinic of Gynecology and Obstetrics (Poland) were tested to investigate whether (. trachomatis
was present in swabs taken from the eyes and throats of children.

Material and methods. Each specimen was tested using the direct immunofluorescence test (DIF) and
the nested polymerase chain reaction (PCR) method.

Results. The presence of C trachomatis, irrespective of the origin of the swabs (ocular or from the throat), was
confirmed in 62 newborns, amounting to 57.6% of the tested population. The occurrence of . trachomatis
in ocular swabs was confirmed in 35 children (32.7%). In the material taken from the throat, there were
48 newborns considered chlamydia-positive (44.9%). In the specimens taken from both the ocular and
pharyngeal locations, there was a higher proportion of positive results while using the nested-PCR method
in comparison to the DIF test. The specificity of the DIF method with reference to the nested-P(R was 67.9%
for ocular swabs. In the material taken from the throat, the sensitivity of the DIF method with reference to
the nested-PCR was 75.0% and the specificity was 62.1%.

Conclusions. Because of the importance of perinatal infections, it is recommended to perform a study
among a larger group of patients in order to gain more reliable results.

Key words: Chlamydia trachomatis, infection, newbomn
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Introduction

Infections of Chlamydia trachomatis (C. trachomatis),
caused by oculogenital serotypes D-K, are among the most
common sexually transmitted diseases (STDs). It is estimat-
ed that there are approx. 100 million new cases of C. tracho-
matis infection every year worldwide.! Aslong as chlamydia
is the most commonly reported STD in the United States,
itis recommended that annual screening examinations are
carried out there in sexually active women under the age
of 25 years, or in older women who are at an increased risk
of infection.>~* Moreover, it is suggested that pregnant
women in this age group undergo testing for C. trachomatis
during their 3" trimester of pregnancy.*

The oculogenital serovars (D-K) of C. trachomatis in new-
born infants may be responsible for developing conjunctivitis
and interstitial pneumonia, with conjunctivitis occurring more
frequently. These include perinatal infections that take place
during the passage of the newborn infant through the infected
mother’s cervix.>® However, 1 case of C. trachomatis conjunc-
tivitis was reported in a newborn infant delivered by cesar-
ean section, which argues in favor of intrauterine infection
by the continuity of tissues.® The risk of C. trachomatis perina-
tal infection in newborn infants is estimated at approx. 30%.”

A chlamydial etiology should be considered if the mother
was infected in the past. Neonatal conjunctivitis occurs
in 18—-50% of children of infected mothers, with frequent oc-
currence in preterm infants, who are at risk, since chlamydia
infections may cause premature labor.” The infection devel-
ops up to 3 weeks after birth and may become chronic. Its
characteristic symptoms include mucopurulent discharge
from the conjunctival sac with accompanying swelling and
redness, but the infection can also be asymptomatic. Con-
junctivitis, if left untreated, may lead to blindness.®

Chlamydia trachomatis conjunctivitis and pneumonia
coexist in up to 1/2 of ill newborn infants. Interstitial
pneumonia develops between the 3" and the 12" week
of age, and can vary in intensity. In most cases, the dis-
ease is mild, but breathing disorders may at times require
oxygen therapy. High levels of eosinophils can be reported
in the blood. A large number of B lymphocytes and plasma
cells in the blood, which is characteristic for C. trachomatis
pneumonia, results in high levels of immunoglobulin M
(IgM) antibodies in the blood. The changes can be seen
in spirometry and in radiological examination. The symp-
toms include a dry cough, a low-grade fever and rapid
breathing.®”? It is suspected that C. trachomatis infection
may be related to sudden infant death syndrome (SIDS).”1

Infrequently, C. trachomatis in newborn infants can cause
infections of the vagina, rectum, nasopharynx, or middle ear.

Aim of the study

The aim of the study was to estimate the frequency of in-
fection caused by C. trachomatis in newborn infants.

M. Frej-Madrzak, et al. . trachomatis infection in neonates

Material and methods

The experimental material consisted of swabs collected
from newborn infants at the 15 Department and Clinic
of Gynecology and Obstetrics (Wroclaw Medical Uni-
versity, Poland). A total of 109 children were tested. Four
swabs were collected from every newborn infant: 2 from
the eye and 2 from the throat. We used a direct immuno-
fluorescence test (DIF) — Chlamydia Pathfinder (Bio-Rad
Laboratories, Marnes-la-Coquette, France) and the nest-
ed polymerase chain reaction technique (nested-PCR)
— PCR-Chlamydia trachomatis test (DNA Gdarisk, Poland)
in order to detect chlamydia infection. Two hundred and
eighteen tests were conducted by DIF (109 eye swabs and
109 throat swabs), and the same number of tests was done
by nested-PCR. All tests were performed in the Chlamydia
Research Laboratory, Department of Basic Sciences, Wro-
claw Medical University, Poland.

The quality of the tested material is of great diagnostic
importance in the case of C. trachomatis. Due to the fact
that chlamydiae are obligate intracellular parasites, the ob-
tained material must contain epithelial cells. Detecting
bacteria in the absence of epithelial cells provides unreli-
able results. Neither eye fluid nor saliva constitute suitable
test material.

Since epithelium was not detected in the swabs taken
from 2 patients, we did not take into account the results
from these samples. Altogether, we analyzed 428 results.

The swabs were collected by authorized personnel in ac-
cordance with the appropriate procedures.

The analysis of results was performed using the statisti-
cal package PQStat v. 1.6.0.428 (PQStat Software, Poznan,
Poland).

Comparing the results of the eye swabs to those
of the throat swabs, the measure of compliance was
applied. Comparing the results of the DIF method
in reference to the gold standard — the PCR method
— the results of compliance, sensitivity, specificity, and
positive and negative predictive value were specified, and
95% confidence intervals (CI) were estimated for these re-
sults. Compliance measurements were also analyzed
with McNemar’s test.

A probability of p < 0.05 was determined to be significant
and a level of p < 0.01 was determined to be highly significant.

Results

We found chlamydia in both the eye and throat in 19.6%
of all newborn infants (21 patients). Chlamydia was not
detected at all in 42.1% of newborn infants (45 patients).

In the material taken from both the eye and throat,
there was a significantly higher percentage of positive re-
sults obtained by nested-PCR (34/107 for the eye, 45/107
for the throat) than by DIF (1/107 for the eye; 12/107
for the throat) (Table 1).
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Table 1. Test results for the presence of Chlamydia trachomatis
by the method used and the source location of the sample

Positive results
Number of samples
n

Sample type
DIF - eye 107 1
DIF - throat 107 12
Nested-PCR - eye 107 34
Nested-PCR — throat 107 45

DIF — direct immunofluorescence test; PCR — polymerase chain reaction.

The presence of C. trachomatis in eye swabs was re-
ported in 35 newborns, i.e., in 32.7% of patients. There was
only 1 positive result in DIF. In this sample, the nested-
PCR results were negative, which is equivalent to the lack
of consistently positive results in eye swabs. We reported
72 consistently negative results (68.2%) and 35 inconsis-
tently negative results (32.7%) (Table 2).

Table 2. Consistency of results obtained by nested-PCR and DIF

Consistent
negative

Consistent

positive Inconsistent

Number results

Sample

type | of samples results results

Eye 107 0 0.0 72 67.3 35
Throat 107 9 84 59 551 39

DIF — direct immunofluorescence test; PCR — polymerase chain reaction.

We detected C. trachomatis in throat swabs of 48 new-
borns (44.9%). Consistently positive results were obtained
from 9 patients (8.4%), whereas consistently negative re-
sults were found in 59 patients (55.1%). There were 36.4%
of inconsistent results (39 patients) (Table 2).

In the medical interview, the respondents reported
the occurrence of additional factors that could increase
the likelihood of neonatal chlamydia. Newborn infants
without such additional factors accounted for 57.0%
of all patients (61 patients). We isolated several groups
on the basis of a history of diabetes in the mother
or the occurrence of specific symptoms accompanying
chlamydia infection in the child (or even previously con-
firmed C. trachomatis infection). Among participants
with no family history, chlamydia was reported in 36 pa-
tients (33.6%).

In the medical interview, 17 mothers of newborn infants
(15.9%) who were tested during pregnancy or before preg-
nancy reported previous C. trachomatis infection. Chla-
mydia was detected in newborns in 23.5% of cases, whereas
in 3 out of 4 cases, positive results were obtained from
both the eye and throat, but only by nested-PCR (Table 3).

We reported symptoms of respiratory tract infections
in 7 newborn infants, including 42.9% (3 newborns) with
positive nested-PCR results taken from the throat, and -
in 1 case — from the eye. In 3 newborns, we did not report
C. trachomatis in either the eye or throat.

Table 3. The presence of the risk factors of Chlamydia trachomatis
infection in the tested material and the incidence of positive results

Number Positive

of samples results

Risk factor

Presence of C. trachomatis infection

. 17 4
in the mother

Symptoms of the respiratory system 7 4
Symptoms of the eye 6 4
Check tests 16 9
Lack of load 61 36

In 6 newborn infants, we reported symptoms related
to eye infection, whereas in 3 newborns (50.0%), we re-
ported positive results from the eye, and in 1 case from
the throat alone. In 2 patients, we found negative results
despite the occurrence of symptoms.

In patients with eye or respiratory symptoms, we ob-
tained positive results mainly by nested-PCR. In most
of these cases, in both the throat and eye, DIF testing gave
negative results (in all 6 newborns with ocular symptoms
and in 6 out of 7 newborns with respiratory symptoms).

We carried out a follow-up examination in 16 newborn
infants (15.0%). Chlamydia trachomatis was confirmed
in 9 cases (56.3%) by nested-PCR, while there were no posi-
tive DIF results.

The compeatibility (accuracy) of diagnosis for both meth-
ods equaled 87.85% (95% CI = 80.12-93.37%), which re-
fers only to the “negative” results. However, in any case,
the “positive” results were not consistent in both measure-
ments. This is mainly due to the fact that the DIF method
for eye swabs showed only 1 positive result. Among the re-
sults obtained by the DIF method for the throat, 12 positive
results were reported. The results of McNemar’s com-
pliance test indicated a significantly high level of incon-
sistency of the results for both measurements (x> = 7.69;
degree of freedom (df) = 1; p = 0.0055) (Table 4).

The compatibility (accuracy) of diagnosis for both meth-
ods equaled 65.42% (95% CI = 55.61-74.35%), and this re-
sult is the sum of consistent negative results (45.79%) and
consistent positive results (19.63%). The results of McNe-
mar’s compliance test indicated an insignificant level
of differences in both measurements (x> = 2.70; df = 1;
p = 0.1002), so both measurements can be considered com-
patible (Table 5).

The compatibility (accuracy) of diagnosis for both meth-
ods equaled 67.29% (95% CI = 57.54-76.05%), which re-
fers only to the “negative” results. However, in any case,
the “positive” results were not consistent in both measure-
ments. This is mainly due to the fact that the DIF method
for the eye swabs showed only 1 positive result. Among
the results obtained by the PCR method for the eye, there
were 34 positive results. Accordingly, the sensitivity
of the DIF method for the eye compared to the PCR meth-
od for the eye equaled 0%; the specificity equaled 98.63%
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Table 4. Summary of the results of DIF — eye and DIF - throat

Table 6. Summary of the results of DIF — eye and PCR - eye

Results of DIF - eye DIF - throat Results of DIF - eye PCR - eye
Total Total
and DIF - throat 1 0 and PCR - eye 1 0
quantity (n) 0 1 1 quantity (n) 0 1 1
: % of line 0 100 - : % of line 0 100 -
% of column 0 1.05 - % of column 0 1.37 -
% of total 0 093 0.935 % of total 0 093 0.935
DIF —eye DIF —eye
quantity (n) 12 94 106 quantity (n) 34 72 106
0 % of line 11.32 88.68 - 0 % of line 32.08 6792 -
% of column 100 98.95 - % of column 100 98.63 -
% of total 11.21 87.85 99.065 % of total 3178 67.29 99.065
quantity (n) 12 95 107 quantity (n) 34 73 107
Total Total
% of total 11.215 88.785 100 % of total 31.776 68.224 100

DIF — direct immunofluorescence test.

Table 5. Summary of the results of PCR - eye and PCR - throat

DIF - direct immunofluorescence test; PCR — polymerase chain reaction.

Table 7. Summary of the results of DIF - throat and PCR - throat

Results of PCR - eye PCR - throat Results of DIF - eye PCR - throat Total
and PCR - throat 1 0 and PCR - throat
quantity (n) 21 13 34 quantity (n) 9 3 12
% of line 61.76 38.24 — % of line 75 25 -
1 1
% of column 46.67 2097 - % of column 20 4.84 -
% of total 19.63 12.15 31.776 % of total 841 2.8 11.215
PCR - eye DIF —throat
quantity (n) 24 49 73 quantity (n) 36 59 95
0 % of line 32.88 67.12 - 0 % of line 37.89 62.11 -
% of column 53.33 79.03 - % of column 80 95.16 -
% of total 2243 45.79 68.224 % of total 33.64 55.14 88.785
quantity (n) 45 62 107 quantity (n) 45 62 107
Total Total
% of total 42.056 57944 100 % of total 42.056 57944 100

PCR - polymerase chain reaction.

(95% CI = 92.60-99.96%). The positive predictive value was
0% and the negative predictive value was 67.92% (95% CI =
58.16—76.66%). The results of McNemar’s compliance test
indicated a significantly high lack of consistency of results
for both measurements (x* = 29.26; df = 1; p < 0.0001).

The compeatibility (accuracy) of diagnosis for both meth-
ods equaled 63.55% (95% CI = 53.69-72.64%), and this result
is the sum of consistent negative results (55.14%) and con-
sistent positive results (8.41%). The sensitivity of the DIF
method for throat swabs comparing to the reference meth-
od (PCR) was 20% (95% CI = 9.58—34.60%) and the speci-
ficity was 95.16% (95% CI = 86.50-98.99%). The posi-
tive predictive value was 75% (95% CI = 42.81-94.51%)
and the negative predictive value was 62.10% (95% CI =
51.57-71.86%). The results of McNemar’s compliance test
indicated a significantly high lack of consistency of re-
sults for both measurements (x? = 26.26; df = 1; p < 0.0001)
(Table 7). When testing the sensitivity and specificity, PCR
and DIF methods were compared, the compliance of posi-
tive and negative results obtained with these methods in
the same patients.

DIF — direct immunofluorescence test; PCR — polymerase chain reaction.

Discussion

Researchers rarely raise the subject of the occurrence
of C. trachomatis in newborn infants, but studies carried
out on newborn infants born to healthy mothers are even
less frequent. This may result from the fact that conjunc-
tivitis, the most common form of chlamydia in newborn
infants, usually presents mild symptoms and can resolve
spontaneously. Another reason may be associated with
the reluctance of some parents to take material from their
children if there is no such need. Swabs, washes or aspi-
rates from the nasopharynx and eyes are commonly used
in diagnosing C. trachomatis infections in children. Com-
petent eye or throat swabbing, even if it causes the child’s
discomfort, is necessary to achieve research reliability.

In 2012 and 2013, in order to diagnose perinatal infec-
tions, Frej-Madrzak et al. examined the material collected
from 55 children.! The authors chose DIF as the research
technique. The material included 33 eye swabs, 19 throat
swabs and 11 urethra swabs. The authors reported 1 posi-
tive result in the throat swab (1.8%).
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In Buenos Aires, between July 1995 and December 1998,
Di Bartolomeo et al. examined 332 newborns diagnosed
with conjunctivitis.!?> The chosen method of research was
the enzyme-linked immunosorbent assay (ELISA) tech-
nique. Positive results were confirmed by nested-PCR.
The authors detected C. trachomatis in 7.8% of cases,
which was the only pathogen detected in 22 out of 26
children. The authors detected other bacteria in 4 cas-
es, but they did not have any significance as to the type
of infection. The authors reported decreased occurrence
of chlamydial conjunctivitis throughout the study period;
in 1995, this number amounted to 4.4 cases per 1,000 live
births, and in 1998 to only 0.8 cases per 1,000 live births.

In studies carried out in Iran from 2007 to 2008 in a group
of 223 newborn infants with symptoms of conjunctivitis,
the authors confirmed positive results with the ELISA
study method and by the indirect immunofluorescence
test.!> There were 22 newborn infants, representing 13.6%
of the whole study group, who tested positive for [gM against
C. trachomatis. The authors reported bacteria in 8.0% of pa-
tients (18 of 223 newborns) in the confirmation test.

Bekler et al. conducted a study in a group of 56 new-
borns, including 35 premature and 21 term-born infants.!*
The authors applied the DIF method and cultured the cell
samples shortly after birth. Additionally, in the 2"¢and 6"
week of age, the authors examined the sera for immuno-
globulin A (IgA) and IgM class antibodies with ELISA.
Neither method revealed the presence of C. trachomatis
in term-born children. In premature infants, the bacteria
were reported in the throat of 10 out of 35 children (28.6%).

In a group infected with C. trachomatis, a higher preva-
lence of conjunctivitis (60.0% compared to 24.0% in healthy
subjects) was reported. Similarly, a lower prevalence of con-
junctivitis was observed in the children of healthy moth-
ers (14—18.3% compared to 45-47% in infected mothers).
Neonatal pneumonia did not develop in the study groups.
The DIF sensitivity amounted to 40.0%, i.e., much lower
than the sensitivity of the cell culture method (70.0%).

Yu et al. examined 300 pregnant women and 305 new-
borns using the nested-PCR method.!> The test material
taken from the women consisted of cervical swabs, and na-
sopharyngeal swabs were taken from the newborn infants.
In the group of pregnant women, the authors reported
positive test results in 11.0% of cases. In 24.2% of children
of infected mothers (8 out of 33 newborns), the authors
detected the presence of C. trachomatis in nasopharyngeal
swabs. It should be noted, however, that 2 newborns with
positive test results were born by cesarean section.

In our own research, which studied newborn infants
at the 15t Department and Clinic of Gynecology and Ob-
stetrics of Wroclaw Medical University, we reported a very
high percentage of patients (57.9%) with positive laboratory
test results for C. trachomatis.

When analyzing the test results from throat and
eye swabs, we noted that chlamydiae were slightly
more frequently detected in the throat. We reported
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that C. trachomatis was found more frequently by nested-
PCR than by DIF.

At the time of carrying out this review, we did not find
any new data on the subject regarding simultaneous ex-
amination of throat and eye swabs with the same research
techniques. Therefore, we found it difficult to refer to in-
dividual authors.

Considering the importance of this subject, we suggest
conducting studies on a larger group of patients in order
to draw statistically relevant conclusions.

Conclusions

The detection of 48 cases of C. trachomatis infection
in swabs from the throat and 35 cases in swabs from
the eye by the PCR method suggests that tests detecting
C. trachomatis in pregnant women should be included
in routine diagnosis before giving birth. These examina-
tions should be applied also to newborns whose moth-
ers were diagnosed with chlamydia in the past in order
to avoid the complications of perinatal infection by this
pathogen.

In summary, the results obtained by the DIF method
are not compatible with the reference results obtained
by the PCR method. The DIF method is not diagnosti-
cally reliable.
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Abstract

Background. Osteoporosis is a systemic bone disease which leads to a reduction in bone mass. Many
studies have shown that up to 80% of bone mineral density (BMD) variations are attributed to genetic
factors. Arachidonate 12-lipoxygenase enzyme, encoded by the ALOX12 gene, produces lipid peroxides as
reactive oxygen species (R0S), leading to oxidative stress and the development of osteoporosis. Selenium
(Se) is incorporated into selenoproteins, which may reduce the risk of osteoporosis.

Objectives. We aimed to investigate the association of 2 ALOX72 single nucleotide polymorphisms (SNPs) and
serum Se level with lumbar spine and femoral neck BMD among elderly individuals living in Amirkola, Iran.

Material and methods. The study consisted of 180 individuals aged >60 years (90 healthy and 90
osteoporotic patients). We examined the effect of 2 ALOX12 SNPs (rs2292350 and rs9897850), using the
polymerase chain reaction — restriction fragment length polymorphism (PCR—RFLP) on both BMD regions
measured by dual energy X-ray absorptiometry (DXA). Serum Se level was measured using an atomic absorp-
tion spectrophotometer PGGI90 AAS (PG Instruments Ltd., Lutterworth, USA).

Results. Thers2292350 SNP showed a significant association with femoral neck BMD (p = 0.04). Moreover,
interms of serum Se level, a significant difference was found between the patient group (57.58 +25.54 ug/L)
and the control group (81.09 £25.58 pg/L) (p < 0.001). In addition, individuals with higher serum Se levels
also had higher BMD of the lumbar spine (= 0.392; p < 0.001) and the femoral neck (* = 0.478; p < 0.001).

Conclusions. The results suggested that genetic variation in ALOX12 might influence BMD variations in our
recruited participants. As for the patients with lower serum Se levels, it was observed that serum Se deficiency
was accompanied by some ALOX72 variation, contributing to the development of osteoporosis.

Key words: osteoporosis, single nucleotide polymorphism, bone mineral density, ALOX12, selenium
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Introduction

Osteoporosis is a systemic bone disease mostly occurring
in elderly individuals. In this disease, disturbance in bone
remodeling (bone resorption and formation) leads to a bone
mass reduction, bone fragility, and eventually, to fracture.
Osteoporotic fracture may cause disability, decreased qual-
ity of life, and ultimately, mortality — it affects all aspects
of the patient’s life.! It has been estimated that over 200 mil-
lion people suffer from osteoporosis worldwide.? There have
also been studies reporting the rate of this disease in a local
region; for example, in 2009, an Iranian multi-center study
indicated that 70% of women and 50% of men aged =50 years
suffered from osteoporosis or osteopenia.?

Peak bone mineral density (BMD) as a major determi-
nant of bone strength achieved in early adulthood plays
an important role in the prediction of osteoporotic fracture
in later life.! In addition to many confirmed factors, such
as race, sex, age, nutrition, hormonal status, menopausal
state, smoking, alcohol intake, and physical activity, there
are many studies that support the remarkable influence
of genetic factors on bone strength. Studies show that up
to 80% of BMD variation is attributable to genetic factors.*~7

A link between hip, spine and wrist BMD and the ara-
chidonate 12-lipoxygenase (ALOX12) gene has been re-
ported, and some researchers have suggested that ALOX12
is a susceptible gene for BMD variation. ALOX12 belongs
to the arachidonate lipoxygenase enzyme super-family,
which catalyzes the insertion of molecular oxygen into
polyunsaturated fatty acids, such as arachidonic acid.®’

The product of ALOXI2 activity, i.e., 12-hydroperoxyeico-
satetraenoic acid (12-HPETE), serves as an endogenous ligand
for the peroxisome proliferator-activated receptors (PPARs),
which inhibit osteoblastogenesis and increase adipogenesis
from a common progenitor — the mesenchymal stem cells
(MSCs) of bone marrow.°-1? Therefore, ALOXI12 activation
could result in the upregulation of the pathway of PPARs, sub-
sequently decreasing osteoblastogenesis and BMD.!31* Ac-
cordingly, several single nucleotide polymorphisms (SNPs)
in ALOX12have been suggested as being associated with BMD
variations in humans, but the results are controversial 14>715

Selenium (Se) is an essential trace element that incor-
porates into selenoproteins as selenocysteine — the 21°
amino acid. Various members of the glutathione peroxi-
dase (GPx) family (including phospholipid hydroperoxide
glutathione peroxidase — PHGPx) are well-known sele-
noproteins with antioxidant capacity that play an impor-
tant role in the scavenging of lipid peroxide products.'®”
Therefore, 12-HPETE serves as a reactive oxygen species
(ROS), quickly converting to 12-hydroxyeicosatetraenoic
acid (12-HETE) by peroxidase 2, 4. Therefore, a decrease
of Se can interfere with the turnover of lipid peroxidation,
resulting in ROS accumulation that leads to cellular and
extracellular damage in bone turnover, such as inhibition
of osteoblastic differentiation, which is a major contributor
to the development of osteoporosis.!®1
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Although there is no clear mechanism indicating a rela-
tionship between the Se status and osteoporosis develop-
ment, reports show that antioxidant supplementation reduc-
es the risk of osteoporosis via an improvement in antioxidant
capacity.!®18202! Furthermore, Se intake would reduce the
risk of osteoporotic hip fracture in a population-based case-
control study and Se deficiency also resulted in a reduction
in femur and tibia BMD in rats. Therefore, Se deficiency
can be considered a putative risk factor of osteoporosis.?>%3

To the best of our knowledge, there have been no reports
on the status of ALOX12 polymorphisms and Se in os-
teoporotic individuals in our area. Therefore, we aimed
to investigate the association of 2 ALOX12 polymorphisms
(rs2292350 and rs9897850) and serum Se with lumbar
spine and femoral neck BMD in this population.

Material and methods
Participants

From among 1,616 elderly participants in the Amirkola
Health and Aging Project (AHAP), we randomly selected
90 out of 558 osteoporotic individuals (45 males and 45 fe-
males) as the study group and 90 out of 326 age- and gen-
der-matched individuals (45 males and 45 females) as con-
trol subjects.?* The remaining participants had osteopenia.
Informed consent was obtained from each participant and
the study was approved by the Zanjan University of Medi-
cal Sciences (Iran) Ethics Committee. The osteoporosis
status was determined by BMD measurement. All selected
participants were >60 years old and they had never taken
any medication related to BMD or bone turnover, or Se
supplementary drugs, and they were all non-smokers. None
of the participants had renal or metabolic bone disease.

Bone mineral density measurement

Bone mineral density [g/cm?] of the lumbar spine (L1-
L4) and proximal femur were measured by a dual energy
X-ray absorptiometry (DXA) densitometer, using a Lexxos
densitometer (DMS, Montpellier, France). According to the
World Health Organization (WHO) criteria, the partici-
pants were categorized into 2 separate groups, osteoporotic
and normal. Subjects with a BMD of 2.5 standard devia-
tions (SD) or below the average value for young healthy
adults (i.e., a T-score of <=2.5 SD) were considered osteo-
porotic patients, and subjects with a T-score of >—1.0 SD
were considered normal subjects.?

Serum selenium measurement

Serum Se levels were measured by an atomic absorption
spectrophotometer PG990 AAS (PG Instruments Ltd., Lut-
terworth, USA) equipped with a graphite furnace. Each se-
rum sample was first diluted with deionized water (1:1); then,
10 pL of each diluted sample was injected into the graphite
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furnace. The working standard solution was prepared from
stock standards of Se, according to Standard Reference Mate-
rial (SRM) from National Institutes of Standards and Tech-
nology (NIST); 1000 mg/L for AAS (selenium dioxide in nitric
acid 0.5 mol/L (Merch KGaA, Darmstadt, Germany)). The op-
erating parameters for measuring serum Se levels were set
as recommended by the manufacturer (wavelength: 196 nm;
bandwidth: 0.4 nm; and lamp current: 5 mA).

Genotyping

Polymorphism selection

Using extensive literature searches, among all known poly-
morphisms of ALOX12, 2 SNPs (rs9897850 and rs2292350)
were selected on the basis of other researchers’ findings.» 457
Both SNPs were listed in the National Center for Biotechnol-
ogy Information (NCBI) SNP database and happened to be
very common (minor allele frequencies >0.35).

Polymerase chain reaction

Genomic DNA was extracted from whole blood us-
ing a QIAamp DNA Blood Mini Kit (QIAGEN Korea Ltd.,
Seoul, Korea) and stored at —20°C. The polymerase chain
reaction (PCR) was performed using 2 pairs of forward
and reverse primers (CinnaGen, Tehran, Iran) as follows:
forward — 5AGTGTTCTCATCTATGTTCGC3, reverse
— 5CCCAGACTAGCCCAAACCST for rs9897850 targeting
the promoter region, and forward - SAGTAGGTGTAGGTG-
TATAGGTGACS3) reverse — 5 TGTGGTTAGCCGTATTCC3’
for rs2292350 targeting the intron 2 region of the ALOX12 gene.

The PCR was carried out using a PCR Master Mix 2X
(CinnaGen) according to the manufacturer’s protocol, ad-
justed to a total reaction mixture of 25 uL, containing 50 ng
of total DNA template. Amplification was performed using
a DNA thermal cycler (Analytik Jena AG, Jena, Germany)
for 35 cycles (93°C, 60s; 57°C, 60 s; 72°C, 60 s) with an initial
heating at 95°C for 5 min and a final extension for 5 min at
72°C. The PCR products were analyzed by 1% agarose gel
electrophoresis and visualized with a gel documentation
and analysis system (Gel Doc™ EZ System; Bio-Rad Labo-
ratories, Hercules, USA) after staining by DNA safe stain

Table 1. The general characteristics of participants

Participants

Gender male female

Number of patients 45 45

Age [years] 68.11 £6.36" 64.93 +4.69
Height [cm] 164.93 £5.30* 154.04 £5.82*
Weight [kg] 77.58 £10.88* 76.30 £9.89*
BMI [kg/m?] 28.50 +3.62* 32.18 £3.96*
Lumbar spine BMD [g/cm?] 1.12 £0.12#* 1.04 +£0.09*
Femoral neck BMD [g/cm?] 1.05 £0.11%* 0.98 +0.07*
Serum Se [ug/L] 87.15 +£26.08"* 73.68 £23.19%

Normal controls
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(CinnaGen). The PCR product size was 215 bp for rs9897850
and 300 bp for rs2292350.

Restriction Fragment Length Polymorphism (RFLP)

Each PCR product in a dose of 10 uL was digested using
5 U of HinfIl (BIORON GmbH, Ludwigshafen, Germany)
and Pscl (Pcil) (Thermo Scientific, Waltham, USA) restric-
tion enzyme per 20 pL of reaction mixture at 37°C for 3 h.
The digestion products were analyzed by 1.5% agarose gel
electrophoresis after staining by DNA safe stain, and were
then visualized using UVdoc.

Statistical analysis

Statistical analysis was performed using SPSS 16.0 (SPSS
Inc., Chicago, USA). The genotype frequencies of both
SNPs were estimated by allele counting for all participants,
and the Hardy-Weinberg equilibrium (HWE) was assessed
using the x? test.26 The linkage disequilibrium (LD) and
haplotyping were analyzed using CubeX online software
(www.oege.org/software/cubex) (Gaunt et al.; licensee
BioMed Central Ltd., London, UK).?” Values of p < 0.05
were considered statistically significant.

Differences in the frequency of genotypes between the
osteoporotic patients and the gender-matched normal
controls were tested using x? tests. The correlation of the
genotypes and lumbar spine or femoral neck BMD adjusted
for age and gender was analyzed using a one-way analysis
of variance (ANOVA) followed by Tukey’s test.

In the next step, differences in serum Se level between
the patients and the controls were tested using an indepen-
dent sample t-test. In addition, the correlation between Se
level and lumbar spine or femoral neck BMD was evaluated
using Pearson’s bivariate correlation.

Results
Clinical characteristics

A total of 90 individuals with osteoporosis (45 males and
45 females) were recruited as the study group and 90 aged-

Osteoporotic patients

total male female total
90 45 45 90

66.52 +5.78 69.73 +6.83" 66.04 +4.88 67.89 £6.19
15949 +7.78% 158.52 £7.08 15041 £6.07 154.47 +7.72
76.94 £10.36* 5841 +£10.58 63.56 +11.84 60.98 +£11.46
30.34 +4.20* 23.20 £3.71 28.02 £4.60 25.61 £4.81

1.08 £0.11* 0.70 £0.13 0.67 £0.12 0.69 £0.12

1.02 +0.10% 0.69 £0.11 0.73 £0.12 0.71 £0.12
81.09 +25.58* 62.14 +28.66" 5491 £23.55 57.58 £25.54

Data is presented as mean + standard deviation (SD); BMI - body mass index; BMD — bone mineral density; * statistical significance between normal
controls and osteoporotic patients; * statistical significance between males and females of each group.
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-matched normal participants (45 males and 45 females)
were selected to be the control group. Table 1 represents
the demographic and morphometric characteristics and
the BMD values of all participants.

Allelic frequencies and haplotype structure

Two SNPs (rs9897850 and rs2292350) in the ALOX12
gene were genotyped using the polymerase chain reac-
tion — restriction fragment length polymorphism (PCR-
RFLP). Neither SNP was found to be in HWE due to high
p-values of the x? test. The genotype characteristics of the
participants are outlined in Table 2. The 2 SNPs analyzed
in ALOX12 -rs9897850 and rs2292350 — are located in the
promoter region and in the intron 2 region of chromosome
17p13, respectively. The LD was calculated for the ALOX12
gene polymorphisms (rs9897850 and rs2292350) for the
whole population (D’ = 0.305; r? = 0.0628). There was no
significant correlation between any of the 4 possible hap-
lotypes and the risk of disease.

Association between single nucleotide
polymorphisms and bone mineral density
variations

The effect of each SNP genotype on the lumbar spine
and femoral neck BMD parameters was examined using
ANOVA. For rs9897850, there was no significant differ-
ence in either lumbar spine or femoral neck BMD, but
a marginal trend was observed involving rs2292350.

The rs2292350 SNP showed the most significant associa-
tion for femoral neck BMD (p = 0.04), as individuals ho-
mozygous for the G allele at rs2292350 had 0.17 +0.7 g/cm?
higher mean femoral neck BMD than those homozygous
for the A allele (p = 0.037) (Table 3).

Table 2. The genotype properties of ALOX12 gene SNPs

Serum selenium concentration

A significant difference was found between the os-
teoporotic patients (57.58 +25.54 ug/L) and the controls
(81.09 £25.58 pg/L) in terms of serum Se levels (p < 0.001).
However, the mean Se concentration in male subjects
happened to be significantly higher compared to females
(p =0.002). Individuals with higher Se levels also had high-
er BMD of the lumbar spine (r> = 0.392; p < 0.001) and the
femoral neck (r?= 0.478; p < 0.001), but no association was
found for genotype frequency of either SNP.

Discussion

Previous studies have shown a linkage between hip,
spine and wrist BMD and the 17p13 chromosomal region
where the ALOX12 gene has been mapped to.#? 12-hydro-
peroxyeicosatetraenoic acid, i.e., the product of ALOX12
activity, serves as an endogenous ligand for PPARs, which
inhibits osteoblastogenesis.!"'> Therefore, ALOX12 has
been considered a candidate gene for the development
of osteoporosis and several SNPs in the human ALOX12
gene have been suggested as being associated with BMD
in humans.145>715

In the present study, 2 polymorphisms (rs9897850 and
rs2292350) of ALOX12 were investigated for a probable as-
sociation with BMD in the elderly population of Amirkola,
Iran. None of the mentioned polymorphisms were found
to be in HWE. Deviations from HWE may have happened
as aresult of a new mutation, inbreeding, selective mating,
or a genotyping error.82°

The rs2292350 polymorphism was significantly associ-
ated with reduced femoral neck BMD in both genders.

Common Hz Het Rare Hz Overall p-value OR
Variable n (% within n (% within n (% within Zp rare Hz vs common Hz (Cl),
for x2 test
the group) the group) the group) p-value
rs9897850 c/C c/T A 085
normal controls 24(26.7) 50 (55.6) 16 (17.8) 0.784 (0.33-2.15),
osteoporotic patients 23 (25.6) 54 (60) 13 (14.4) bizes
152292350 G/G G/A A/A 915
normal controls 34 (37.8) 55 (61.1) 1(1.1) 0.054 (1.06-79.11),
osteoporotic patients 26 (28.9) 57 (63.3) 7(7.8) 0.044

SNPs - single nucleotide polymorphisms; Hz — homozygote; Het — heterozygote; N — number of patients; OR — odds ratio; Cl — confidence interval.

Table 3. The association of ALOX12 genotypes with BMD

Genotype

rs9897850

rs2292350

0.74 £0.18 0.19
0.72£0.13 0.04

0.88 £0.23
0.87 £0.19

0.88 £0.23
0.85+0.18

091 £0.23 0.84
09=+0.22 044

090 +0.23
0.90+0.18

0.88 £0.23
0.86 £0.19

Lumbar spine

Femoral neck

Data is presented as mean + standard deviation (SD); BMD - bone mineral density.
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Our results showed that individuals homozygous for the
A allele of this polymorphism had the lowest BMD values.
Similarly to our findings, it was found by Mullin et al.
that rs2292350 was significantly associated with spine and
various hip BMD parameters in postmenopausal women;
however, they report that homozygotes for the A allele
of rs2292350 had significantly higher spine BMD compared
with the heterozygous group, as opposed to our results.”

Harslof et al. reported that heterozygous individuals
for both polymorphisms (rs9897850 and rs2292350) had
lower lumbar spine BMD and an increased risk of ver-
tebral fractures compared with homozygous individuals
for either allele.* In addition, Xiao reported the rs2292350
polymorphism to be significantly associated with BMD
in the lumbar spine, the femoral neck and the total hip
in Chinese families.®

In another study, Ichikawa et al. investigated the rela-
tionship between 12 SNPs in ALOX12 and BMD variations
in the hip and the spine in a healthy American population.
They observed that up to 3% of the spine BMD variation
in men and 0.8% of that in women is due to genetic varia-
tions in ALOXI12. Both rs9897850 and rs2292350 were
associated with lumbar spine BMD in both genders, but
the most significant association was found with rs9897850
in men.!

Neither SNP in our study was in a haplotype block due
to a weak LD with each other. Therefore, we did not ob-
serve any association of the abovementioned SNPs with
lumbar spine or femoral neck BMD in the haplotype analy-
sis, but Ichikawa et al. reported that a common haplotype
containing both rs9897850 and rs2292350 was associated
with high lumbar spine BMD in women and low lumbar
spine BMD in men.!

The inhibition of osteoblastic differentiation of bone
MSCs due to oxidative stress is a major contributor to the
development of osteoporosis.!”3°-3% Basu et al. found that
the levels of 8-iso-PGF2a (a major F2-isoprostane) as a bio-
marker of oxidative stress negatively correlated with BMD.
They concluded that an increase in oxidative stress was re-
lated to a reduction in BMD values.3*

Experimental evidence suggests that Se might decrease
the risk of osteoporosis via incorporating into selenopro-
teins, such as GPx, and can act as an antioxidant against
oxidative damage.?>3> Chen et al. in their study on hu-
man epidermoid carcinoma cells observed that GPx and
PHGPx activity decreased with a lowering of the glutathi-
one (GSH) content.? In another study, this team observed
that an overexpression of the Se-dependent PHGPx en-
zyme could reduce ALOX12 activity, and in this manner
it was possible to decrease the risk of developing osteopo-
rosis.?”38 Besides, Liu et al. showed that selenite (Na,SeOs3),
as a selenium supplement, could increase the activity and
gene expression of GPx. This Se supplementation is able
to reverse the reduced antioxidant capacity and GSH,
in addition to its ability to suppress the ROS production
in H,O,-treated MSCs.!8
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Odabasi et al. measured the Se concentration in plasma
and red blood cells in postmenopausal women with osteo-
porosis in comparison with BMI-matched healthy post-
menopausal women. They did not observe any significant
difference between the 2 groups.* In another study, Arikan
etal. investigated serum Se levels in postmenopausal women
with osteoporosis or osteopenia and healthy controls, and
did not find any correlation between Se and lumbar spine
BMD.* In contrast, in this study we observed higher serum
Se levels in the controls than in the osteoporotic patients
(p < 0.001), and individuals that had higher Se levels had
higher BMD in the femoral neck and the lumbar spine.

Conclusions

The effect of 2 SNPs in ALOX12 on the BMD of both
the lumbar spine and the femoral neck was investigated
in the present study. Our findings suggest the significance
of ALOX12 in both BMD variations and in the develop-
ment of osteoporosis. In addition, the antioxidant effect of
PHGPX, which is due to Se as an essential trace element acting
as a cofactor, may be able to reduce ALOX12 activity. The re-
sults of this study can open the door to a better understanding
of the mechanism of Se action in osteoporosis. Surely, further
investigation into this area would be needed in order to im-
prove our knowledge of osteoporosis development.
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Abstract

Background. In recent years, pulmonary artery blood flow acceleration time (AT) has been believed to be
applicable in the examination of fetal lung development.

Objectives. This study aims to evaluate the clinical significance of pulmonary artery blood flow AT as
a parameter in monitoring of fetal pulmonary artery pressure.

Material and methods. A total of 31 fetuses in mid- or late-term pregnancy with tricuspid requrgitation
were set as the study group (congenital heart disease with a tricuspid requrgitation pressure difference of more
than 20 mm Hg was excluded). A total of 68 normal fetuses in mid- or late-term pregnancy were selected as
the control group (strictly screened for tricuspid requrgitation, congenital heart disease and other congenital
diseases before inclusion). The average ATs of both groups were calculated. Correlations of pulmonary artery
systolic pressure (PASP) and AT, as well as the ratio of AT to right ventricular ejection time (ET) (AT/ET ratio)
of both groups were investigated by T-way analysis of variance (ANOVA).

Results. The average AT of the study group was significantly lower than that of the control group (p < 0.0001).
In the study group, AT negatively correlated with PASP (r=—0.52; p < 0.01), AT/ET ratio negatively correlated
with PASP (r=—0.52; p < 0.07) and both showed statistical significance.

Conclusions. The results indicated that fetuses in the study group showed lower ATs and AT/ET ratios than
the control group. Acceleration times and AT/ET ratios decreased as PASP increased. Thus, AT and AT/ET ratio
can be used clinically as new parameters for the qualitative and — to some extent — quantitative evaluation
of fetal pulmonary artery pressure.

Key words: pulmonary artery systolic pressure, fetal ultrasonic cardiogram, pulmonary artery blood flow
acceleration time
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Introduction

In recent years, Schenone et al. have introduced the de-
termination of pulmonary artery blood flow acceleration
time (AT) into the research on the development of fetal
pulmonary tissues for the first time.! Acceleration time
is believed to be applicable to the examination of fetal lung
development. Kim et al. have managed to examine neona-
tal respiratory distress syndrome.? Previous studies have
reported an association of AT and AT/ejection time (ET)
ratio with the Doppler flow curve of the fetal pulmonary
artery.2=® Till now, no report has been published on the
association between AT and pulmonary artery pressure.
The present study is an investigation on using AT and
AT/ET ratio as new parameters for monitoring fetal pul-
monary artery pressure, based on the study of the AT of fe-
tuses in mid- or late-term pregnancy with simple high
pulmonary pressure.

Material and methods
Patients

Information and ultrasonic cardiograms from the reg-
ular fetal ultrasonic cardiogram examinations of over
26,000 pregnant women, carried out between June 2011
and December 2013, were collected from the Ultrasonog-
raphy Department of Provincial Hospital, the Maternal
and Child Health Center of Jinan, the Ultrasonography
Department of the Fourth People's Hospital of Jinan, and
Maternity and Child Healthcare Hospital of Shizhong Dis-
trict, Jining (China) (Table 1).

Trial grouping

Study group consisted of 31 subjects and included 8 mid-
-term pregnant women aged 28 +4 years (gestational age:
26 +1 weeks) and 23 late-term pregnant women aged
28 +4 years (gestational age: 33 5 weeks). The inclusion
criteria were: 1. enlarged right atrium or ventricle; 2. me-
dium or severe tricuspid regurgitation; 3. tricuspid regurgi-
tation pressure difference <20 mm Hg; and 4. no tricuspid
regurgitation induced by vascular deformity in congenital
heart disease.

The control group consisted of 68 subjects, including 33
mid-term pregnant women aged 27 +5 years (gestational

Table 1. Subjects’ characteristics

Average age

H. Zhan, et al. Monitoring pulmonary artery blood

age: 26 +1 weeks) and 35 late-term pregnant women aged
29 16 years (gestational age: 33 +5 weeks). None of the
pregnant women habitually used tobacco or alcohol, and
none of them had a history of chronic diseases, includ-
ing pulmonary tuberculosis or rheumatic heart diseases.
Their fetuses were normal according to physical exami-
nation; fetal deformity screening was strictly conducted
to exclude heart deformity. The inclusion criteria were:
1. normal cardiac cavity sizes; 2. no tricuspid regurgita-
tion; and 3. no vascular malformation caused by congenital
heart diseases.

Methods of ultrasonographic examination

“Fetal heart” mode was selected. The standard sections
of fetal ultrasonic cardiograms recommended by the
American Society of Echocardiography were employed,
and a regular fetal examination was conducted by a cra-
nial side-deviated 4-chamber view.® The pregnant women
assumed a supine or lateral position. At first, the position
of the fetal heart was detected, then the angles of examina-
tion and other parameters (depth, gain, focus, etc.) were
optimized based on the conditions of the mother and the
baby in order to obtain a standard and clear long-axis view
of the pulmonary artery.” The pulsed-waved Doppler (PW)
sampling spot was set at 3 mm over the pulmonary valve.
A recording rate of 100 cm/s was selected for better ac-
curacy and blood spectrum performance. Acceleration
time (Fig. 1A) and ET were recorded, and AT/ET ratio was
calculated. Acceleration time is the time interval from the
start of blood flow spectrum of the right ventricle contrac-
tion phase to the time-point of max contraction velocity.
Ejection time is the time interval from the start of right
ventricular contraction to the end of right ventricular con-
traction. In a standard 4-chamber view, the max velocity
of tricuspid regurgitation and the pressure difference were
determined by continuous-wave Doppler (CW) (Fig. 1B).
All data was presented as the average value of 3 measure-
ments. The angle between the directions of blood flow
and the acoustic beam was kept within 20° to assure the
accuracy of blood flow velocity and the pressure difference.

Calculation of pulmonary artery
systolic pressure

Pulmonary artery systolic pressure (PASP) is the right
ventricular pressure (Fig. 1A) + the tricuspid regurgitation

Range of gestational age | Average gestational age

Pregnancy type ‘

-_ Mid-term pregnancy 8
tudy group
Late-term pregnancy 23
Mid-term pregnancy 33

Control group
Late-term pregnancy 35

[years] [weeks] [weeks]
28 +4 24-27 26 %1
28 +4 28-39 3345
27 £5 26-27 26 1
29 6 28-38 3345
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Fig. 1. Blood flow spectrum and tricuspid regurgitation
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A - blood flow spectrum of the fetus (AT was from the start to the peak); B — determination of the max velocity of tricuspid regurgitation and the pressure

difference; AT — acceleration time

pressure difference (Fig. 1B). The right ventricular pressure
of the fetuses was calculated based on the right ventricular
pressure of an adult (5 mm Hg in mild tricuspid regurgita-
tion, 10 mm Hg in moderate tricuspid regurgitation and
15 mm Hg in severe tricuspid regurgitation) and was set as
follows: 3 mm Hg in mild tricuspid regurgitation, 6 mm Hg
in moderate tricuspid regurgitation and 11 mm Hg in severe
tricuspid regurgitation. Further, the tricuspid regurgitation
pressure difference was considered to be 2 mm Hg in mild
tricuspid regurgitation, 3 mm Hg in moderate tricuspid
regurgitation and 5 mm Hg in severe tricuspid regurgitation.

The severity of tricuspid regurgitation was graded as
follows: none (grade 0), no regurgitant jet; mild (grade 1+),
a jet area <20% in the right atrial area; moderate (grade
2+), ajet area of 20-33% in the right atrial area; and severe
(grade 3+), a jet area >33% in the right atrial area.

Statistical analysis

SPSS v. 17.0 (SPSS Inc., Chicago, USA) was employed
in the statistical analysis; all values were presented as
mean + standard deviation (SD). Student’s t-test was used
in intergroup comparison. Multiple factors of the obser-
vation group were analyzed with bivariate correlation.
Pearson’s correlation coefficient was verified by t-statistics.
A p-value <0.05 was considered statistically significant.

Results

The average AT of the study group was 47.6 +5.0 ms,
whereas the average AT of the control group was 54.3 £9.8 ms,
and the difference was very significant (p < 0.0001).

The average AT/ET ratio of the study group was 0.24 +0.02,
the average AT/ET ratio of the control group was 0.27 +0.04
and the difference was statistically significant (p < 0.01)
(Table 2).

The results indicated that AT negatively correlated with
PASP (r = —0.52; p < 0.01) (Fig. 2); AT/ET ratio negatively
correlated with PASP (r = —0.52; p < 0.01) (Fig. 3).

The results indicated that the AT values of the fetuses
with increased pulmonary artery pressure were signifi-
cantly lower than those of normal fetuses. Meanwhile, AT
decreased as pulmonary artery pressure increased.

Discussion

In 1987, the negative relationship between pulmonary
artery pressure and pulmonary artery blood flow AT was
discovered in the correlative analysis on the pulmonary
artery blood flow AT of adults and the average pulmo-
nary artery pressure determined by cardiac catheter,
conducted by Dabestani et al., where an increase in pul-
monary artery pressure resulted in shortened pulmo-
nary artery blood flow AT.® Average pulmonary artery
pressure was 0.79 — (0.45 x AT) mm Hg, based on the
reported data.” As reported by Chaoui et al., pulmonary
hypertension in adults can lead to increased pulmonary
vascular resistance, showing an abnormal blood flow
spectrum similar to the aorta; in their study, AT was
shortened and the peak appeared earlier, and the extent
of increase correlated to the severity of pulmonary hy-
pertension.? Kitabatake et al. revealed that when average
pulmonary artery pressure was <20 mm Hg in an adult,
AT was 137 £24 ms, and when average pulmonary artery

Table 2. Comparison of ATs and AT/ET ratios of the study group and the control group of mid- and late-term pregnancy fetuses

Pulmonary artery blood flow AT [ms]

Ratio of AT and right ventricular blood ET (AT/ET)

Study group Control group
476 £5.0 543 £9.8 <0.01
0.24 +0.02 0.27 £0.04 <0.01

AT — acceleration time; ET — ejection time.
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Fig. 2. A negative correlation was shown in the correlation analysis of AT
and PASP (r=-0.52; p < 0.01)

AT — acceleration time; PASP — pulmonary artery systolic pressure.
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Fig. 3. A negative correlation was shown in the correlation analysis of AT/ET
ratio and PASP (r=-0.52; p < 0.01)

AT — acceleration time; ET — ejection time; PASP — pulmonary artery
systolic pressure.

pressure was >20 mm Hg, AT was 97 +20 ms.? Never-
theless, the accuracy of pulmonary artery pressure de-
termination can be affected by the operator’s expertise,
the selection of sections, and the angle between the sonic
beam and blood flow. Granstam et al. have elucidated the
clinical significance of the determination of blood AT
in the systolic phase at the pulmonary valve in the clas-
sification of pulmonary hypertension.!® Acceleration times
of 70—90 ms, 50-70 ms and <50 ms corresponded to mild,
medium and severe pulmonary hypertension, respectively.
Kim et al. prognosed neonatal respiratory distress syn-
drome using pulmonary artery AT and AT/ET ratio as pa-
rameters, and their research proved that AT was a prospec-
tively useful index in the prognosis of neonatal respiratory
distress syndrome, but no correlative study was included

H. Zhan, et al. Monitoring pulmonary artery blood

on pulmonary artery pressure.? Pavankumar et al. reported
the significance of mid- to late-term functional pulmo-
nary hypertension; they revealed that a pressure difference
in severe tricuspid regurgitation in fetuses >70 mm Hg
indicated that PASP of the fetus can be >70 mm Hg,
in which case right ventricular failure may occur, leaving
the fetus with a potentially fatal outcome if elective prema-
ture delivery is not conducted.!* All the abovementioned
reports have shown that studies on pulmonary artery pres-
sure from different points of view are drawing more and
more attention in clinical practice.

As discovered through years of clinical practice, tricus-
pid regurgitation is very common among fetuses in mid- or
late-term pregnancy; mostly this is physiological regurgi-
tation, and the incidence is approx. 6.0%.1>!3 Pathologi-
cal or high-speed regurgitation accounts for about 0.12%.
The possible explanations for this condition are likely to
be the increased resistance along with the growth of the
fetus and the compressed vascular cavity, strengthened by
the contractility of the artery or resistance in pulmonary
arteries. Increased pulmonary artery pressure can lead
to increased systolic pressure of the right ventricle, and
eventually to tricuspid regurgitation. The higher pulmo-
nary artery pressure, the greater regurgitation volume.
Severe pulmonary hypertension and tricuspid regurgita-
tion can result in right ventricular failure manifested by an
increased ventricular rate, a significantly enlarged right
heart, or signs such as pericardium, peritoneal or pleural
effusion. Therefore, it is critical to monitor the pulmonary
artery pressure in the etiological analysis of right heart
enlargement and tricuspid regurgitation in fetuses. In the
fetal period, the only determination method for pulmonary
artery pressure is non-invasive Doppler ultrasonography.'4
Currently, the commonly used method is to calculate the
right ventricular systolic pressure by adding the right ven-
tricular pressure to the measured value of tricuspid regur-
gitation pressure difference; the right ventricular systolic
pressure is equal to PASP when no pulmonary stenosis
is present. By the same method, pulmonary artery diastolic
pressure (PADP) can be calculated from the pulmonary
valve regurgitation.

However, in some cases, tricuspid or pulmonary valve
regurgitation was too mild to be detected, or difficult
to detect due to the position of the fetus.!® Determina-
tion of the ratio of pulmonary artery blood flow AT and
ET is a novel approach for monitoring pulmonary artery
pressure. The results of this study indicated that AT was
negatively correlated with PASP, and that increased PASP
could lead to a decrease in AT. Thus, AT can be used as
a more accessible parameter in measuring pulmonary ar-
tery pressure. Especially when pulmonary artery pressure
increases, and no tricuspid or pulmonary valve regurgita-
tion is detected, AT and AT/ET ratio are more convincing
in signifying pulmonary artery pressure.

Acceleration time and AT/ET ratio are semi-quantitative
parameters in pulmonary artery pressure determination
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that can be used in the approximate evaluation of pulmo-
nary hypertension; whether “average pulmonary artery pres-
sure = 0.79 — (0.45 x AT) mm Hg” — a rule for calculating
adult pulmonary pressure — is applicable in the quantitative
determination of fetal pulmonary artery pressure, still needs
more clinical evidence and more specific research.!®

Although this study produced some interesting findings,
there were also a few limitations. Firstly, the foramina ovale
(FO), which has a significant influence on the diameters
of right ventricle and right atrium, will finally result in
changes in PASP. Therefore, the FO is important for evalu-
ating cardiac function, which should be investigated in fur-
ther studies. Secondly, the numbers of patients involved
in the study group and the control group were relatively
small, though over 26,000 pregnant women were examined
through regular ultrasound in this study. In future studies,
we would involve a larger number of patients.

In conclusion, for fetuses of mid- or late-term pregnancy,
AT and AT/ET ratio are closely related to PASP, especially
for those showing no signs of tricuspid regurgitation; thus,
AT and AT/ET ratio can be used as qualitative and semi-
-quantitative parameters in the determination of fetal pul-
monary artery pressure, based on which a new method
for pulmonary artery pressure determination has been
proposed for clinical diagnosis.
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Abstract

Background. Photodynamic therapy (PDT) is a noninvasive method for the treatment of premalignant
lesions, such as leukoplakia and lichen planus (LP). These lesions are very irregular. In the case of such ir-
reqular lesions, fractal dimension analysis (FDA) is very helpful. Photodynamic diagnosis (PDD) enables the
visualization of irregular lesion shapes more precisely than a classical white-light examination.

Objectives. In our study, we tried to distinguish oral leukoplakia and LP, using FDA in a classical examination
with white light and PDD. Lesions treated using PDT were histopathologically verified.

Material and methods. We enrolled 35 patients in our study. Fractalyse software v. 2.4 (University of
Franche-Comté, Besancon, France) was used to count fractal dimensions (FDs). Photodynamic therapy and
PDD were mediated with 20% delta-aminolevulinic acid (5-ALA).

Results. Fractal dimensions of leukoplakia foci of the tongue in a white-light examination were significantly
lower than in PDD. In the case of LP, a significant difference of FDs was observed between lesions in the cheek
and in the alveolar ridge region. Differences in FDs were observed between leukoplakia foci of the alveolar
ridge, tongue and palate. A complete response of leukoplakia foci to PDT was observed in 10 out of 34 le-
sions, partial remission occurred in 20 lesions and a total lack of response was noted in 4 lesions. Generally,
LP was completely treated in 7 out of 14 cases, a partial response was observed in 5 lesions and a failure
of PDT treatment was noted in 2 cases.

Conclusions. Fractal dimension analysis may be a useful method in the comparison of complicated shapes
of such lesions as LP or leukoplakia, but our study did not confirm that this method may be used to distinguish
LP and leukoplakia without a histopathological examination. Photodynamic therapy is an effective treatment
method in the case of LP and leukoplakia of the oral cavity.

Key words: photodynamic therapy, lichen planus, leukoplakia, fractal dimension analysis, photodynamic
diagnosis
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Introduction

Photodynamic therapy (PDT) is a noninvasive treat-
ment method for premalignant and malignant lesions.
This therapy is commonly used in dermatology for the
treatment of solar keratosis, actinic keratosis, Bowen’s dis-
ease, and basal cell carcinoma.!~* Photodynamic therapy
is composed of 2 main agents: light and a photosensitizer
(PS). It has to be emphasized that the doses of light and
PS are too weak to manage the clinical effect separately;
only the combination of these 2 agents is responsible for
the effect of the treatment. One of the most important
features of PS is an affinity for cells with higher metabo-
lism. After penetrating the cell membrane, PS accumu-
lates in the target cells. Delta-aminolevulinic acid (5-ALA)
is one of the most commonly used precursors of PS in PDT.
After penetrating the cells, 5-ALA passes into the bio-
chemical pathways of heme. Protoporphyrin IX (PPIX)
is the effect of these reactions; it is also a proper photosen-
sitizer. Protoporphyrin IX has few peaks in the spectrum
of absorption. The first and the highest peak of absorp-
tion — at the 405 nm wavelength — is called Sorret’s band.
Itis used during the procedure of photodynamic diagnosis
(PDD). The irradiation of PPIX in Sorret’s band leads to red
fluorescence and phosphorescence inside the cells. This
phenomenon is used during PDD. Unmetabolized 5-ALA
is unable to fluoresce after 405 nm excitation. It prevents
false-positive trials during PDD. Higher wavelengths are
used in the case of PDT, because skin and mucous mem-
brane penetration by light increases along with the longer
waves of light in the visible and near infrared (vis—NIR)
electromagnetic spectrum. Because of this function, red
light (635—650 nm) is used during PDT.

Photodynamic diagnosis very often enables the visu-
alization of irregular lesion shapes more precisely than
a classical white-light examination.>® In the case of hyper-
keratotic lesions, during PDD, the fluorescence of healthy
background tissue is higher than the fluorescence of patho-
logical lesions due to the thicker layer of the epithelium;
thus, in these cases a negative image of the examined lesion
is observed.

Leukoplakia and lichen planus (LP) are mucous mem-
brane lesions which are very difficult to treat when they are
large or multifocal; these 2 lesions are also precancerous
stages. The classic World Health Organization (WHO)

Cantor set Koch snowflake
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definition of leukoplakia from 1978 characterizes it as
“a white patch or plaque that cannot be characterized clini-
cally or pathologically as any other disease”.” The etiol-
ogy of leukoplakia is multifactorial. The most important
factors are cigarette smoking, alcohol consumption, poor
oral hygiene, sharp edges of the teeth, defective fillings,
electrogalvanic currents (due to various metals in the oral
cavity, i.e., amalgam, gold or nickel), food irritation, or the
oral mucosa.

Since 2002, it has been recommended to make a distinc-
tion between a provisional clinical diagnosis of oral leuko-
plakia and a definitive one. A provisional clinical diagnosis
is made when a lesion at the initial clinical examination
cannot be clearly diagnosed as either leukoplakia or any
other disease.?

The etiology of LP is still not fully known. According
to the most common theories, it is a chronic, probably
autoimmune, mucocutaneous, psychosocial disease that
usually presents in middle-aged females and primarily
affects the oral mucosa, skin, genital mucosa, scalp, and
nails. Oral LP can clinically present in various forms, in-
cluding reticular, papular, plaque-like, atrophic, erosive,
and bullous types.’

The characteristic feature of both abovementioned le-
sions is a very irregular shape, therefore it is very hard
to measure the area of these lesions. In the case of such
irregular lesions, fractal dimension analysis (FDA) is very
helpful. Fractal dimension analysis is a very promising
method which is widely used to describe complicated
shapes when the classical methods fail.

The term “fractal” refers to a shape which is described
by potentially simple mathematic formulas. If these formu-
las are iterated into infinity, they may create shapes which
we are able to magnify indefinitely and each time we can
see infinite numbers of details of the shape — it has the
feature of self-similarity. In classical Euclidean geometry,
dimension is an integer — it is a number of coordinates
which we need to describe the point inside the shape. For
example, a point has no dimension, so it equals 0; to de-
scribe a straight line we need only 1 dimension (length);
the main features of a rectangle are its length and width;
a 3-dimensional shape needs to have width, length and
height. Classic examples of fractals are Cantor set, Koch
snowflake and Sierpinski triangle (Fig. 1).

The fractal dimension (FD) of Cantor set equals approx.

Sierpinski triangle

Fig. 1. Examples of fractals
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0.631. This means that this shape is something between
a point and a line. Koch snowflake, with a FD ~ 1.262,
is a shape which is closer to a line than to a flat figure,
in contrast to Sierpinski triangle, with a FD =~ 1.585, which
is nearly halfway between a line and a flat figure.

Some natural shapes may be considered fractals, e.g.,
coast lines, trees, clouds, and mountains. Examples
of fractals in living organisms include nerves and branch-
es of blood vessels, the structure of brain neurons and
the structure of bone. These shapes are too complicated
to measure or compare between each other using tradition-
al methods based on Euclidean geometry. In such cases,
FDA is non-substitutable.

It is important to mention that FDA offers the ability
to compare complicated shapes. The value of FD describes
only the distribution of points (on a surface or in space)
which create these shapes, as opposed to traditional ways
of physically describing the dimension of a shape.

Fractal dimension analysis can be very useful in medi-
cine; examples of FDA usage in medicine are mammo-
graphic image analysis, or estimation of tumor neoangio-
genesis or of the pattern of coronary vessels.1°-12 Fractal
dimension analysis of jaw bone cone beam computed
tomography (CBCT) images is useful in the diagnosis
of osteoporosis.'3

In our study, we tried to distinguish oral leukoplakia and
LP using FDA with a classical white-light examination and
PDD. Lesions treated using PDF were histopathologically
verified.

Material and methods
Patients

We enrolled patients (20 females and 15 males) in our
study. The mean age of the study group was 58 years (range:
32-81 years). The total number of patients suffering from
leukoplakia was 26, while 9 patients suffered from LP. Each
lesion was histopathologically examined after taking the
specimen from pathologically changed oral mucosa under
local anesthesia (a classical examination with hematoxy-
lin and eosin (H&E) staining). Leukoplakia foci occurred
at the same rate in females and males. In the case of LP,
females suffered from lesions more frequently than males
(77.8% vs 22.2%, respectively). All procedures were con-
ducted after obtaining the approval of the Ethics Com-
mittee of Wroclaw Medical University, Poland (approval
No. KB-367/2014).

Leukoplakia foci were estimated using van der Waal
classification. This classification is based on 3 parameters:
L, Cand P. The L parameter describes the size of the lesion:
1 — focus <2 cm; 2 — a lesion size 2—4 ¢cm; and 3 — a le-
sion size >4 cm. Ly refers to an unspecified size. C is the
clinical appearance of the lesion: 1 — homogenic; 2 — non-
homogenic. P describes the occurrence of dysplasia (P;)
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in a histopathological examination or a non-dysplastic
lesion (Py). Py is the absence or presence of epithelial dys-
plasia not specified in the pathology report. According
to these properties, van der Waal distinguishes 4 stages
of leukoplakia: stage I (L;Po); stage II (L,Py); stage 111 (L3P,
or L;L,P,); or stage IV (L3P;). In our study, we admitted
only patients with homogenic leukoplakia without dys-
plasia (L;Py, LyPy, or L3Py). Other patients were treated
by surgery. In the case of erosive LP, the patients were
excluded from the study. All LP lesions were classified
as reticular.

Photodynamic therapy
and photodynamic
diagnosis procedure

A solution 0of 20% 5-ALA (Sigma-Aldrich, St. Louis, USA)
was dissolved in an eucerin base directly before each pro-
cedure. Delta-aminolevulinic acid was applied to lesions
and covered by an occlusive dressing (gelatinous sponge
flakes). After 2 h, PDD was performed. A Viofor-PDT lamp
(Med & Life, Komordw, Poland) was used as the
source of light. To excite the photoensitizer, we used
a 405-nanometer wavelength with 250 mW of power.
Photos were taken using the same parameters: Canon
EOS 500D (Canon Inc., Tokyo, Japan), a 13-millimeter
intermediate ring, a 50-millimeter lens, orange and UV-
cut filters, an ISO of 1600, f-stop of 1/9, and exposure
time of 1/50 s. Photo resolution was 4752 x 3168 pixels.
After the PDD procedure, the 5-ALA ointment was ap-
plied again with an occlusive dressing for 2 h. Next,
PDT was performed using red light (635 nm, a Viofor
PDT lamp) in a total dose of 120 J per lesion. All PDT
procedures were repeated every 3 weeks for each patient.
Patients were observed 3, 6 and 12 months after their
last photodynamic procedure.

Image preparation

All graphical operations were performed in GIMPv.2.8.0
(GNU Image Manipulation Program; www.gimp.org).
In the center of the lesion, a square with 300 pixels per
side was selected. Prepared image selection was cropped
from the original photo. A high pass filter was applied
and the Levels tools were used to equalize the histogram
of the image. Next, the images were converted into a gray-
scale and then converted into bitmap images (with a 50%
threshold). The file was saved in TIFF format without
any compression algorithms. All graphical operations for
white-light photos are shown in Fig. 2. The PDD photos
were prepared in the same way, but after the last bitmap
transformation, color inversion was applied (Fig. 3). Dur-
ing PPD, hyperkeratotic lesions are darker than healthy
mucosa, so color inversion was necessary to obtain pic-
tures analogous to the white-light ones. These prepared
files were the basis for FDA.
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Fig. 2. Preparation of images during a white-light examination
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Fractal dimension analysis

We used the computer program Fractalyse v. 2.4 (Univer-
sity of Franche-Comté, Besangon, France). Fractalyse enables
the user to measure FDs using the box-counting method.
The fractal dimension (Dy) is counted using the formula
below!:

where D, — the fractal dimension; € — the length of the
box which creates a mesh covering the surface with the
examined pattern; N(¢) — the minimal number of boxes
required to cover the examined pattern.

conversion

Final bitmap
conversion

Fig. 3. Preparation
of PDD images

PDD - photodynamic
diagnosis.

High pass
filter applied

Final color
inversion

Statistical analysis

GraphPad Prism v. 6.01 (GraphPad Software, La Jolla,
USA) was used for the statistical analysis. The Shapiro-Wilk
test was applied to check for normality. Due to the lack
of normal distribution in the examined samples, we used
anon-parametric test. The Mann-Whitney test was applied
to compare 2 values of FD. In the cases of more than 2 FD
values, we used the Kruskal-Wallis test with Dunn’s multiple
comparisons test. The significance level was set at 0.05.

Results

The most frequent location of lesions was the mucous
membrane of the cheeks: for leukoplakia, 15 lesions were
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located there and for LP there were 6 lesions. Another 5 le-
sions of LP occurred in the alveolar ridge. The floor of the
oral cavity was affected by LP in 2 cases. Lichen planus very
rarely occurred on the tongue — only 1 lesion — and was
not observed in the region of the lips or the hard palate.
Leukoplakia lesions occurred in the tongue area in 7 cases
and in 5 cases, in the alveolar ridge. Leukoplakia was very
rarely observed in the region of the hard palate (3 lesions),
the floor of the oral cavity (2 lesions) or the lips (2 lesions).

Stage L2 was most commonly observed (41.2%), L1 le-
sions occurred in 35.3% of cases and L3 occurred least
often (23.5%).

The differences between the FDs of leukoplakia and
LP in a white-light examination and the PDD procedure
are shown in Tables 1 and 2. It is important to note that
in the case of leukoplakia, the FD of lesions in the tongue
in a white-light examination was significantly lower than
during PDD. This means that lesions in PDD seem to be
larger in both dimensions. No other FDs show statistically
significant differences.

There were no significant differences observed between
the FDs of leukoplakia and LP in the case of a white-light,
classical examination or PDD. These results are shown
in Tables 3 and 4.

Table 1. Fractal dimension values of leukoplakia in a white-light examination and the PDD procedure (Mann-Whitney test)

Leukoplakia
 wwee [ wo
median median
Cheek 1.780 1.793 0.029 1.808 1.795 0.049 0.271
Alveolar ridge 1.805 1.81 0.027 1.857 1.854 0.01 0.057
Palate 1.746 1.718 0.049 1.634 1.640 0.144 0.600
Tongue 1.744 1.744 0.009 1.773 1.769 0.014 0.026
All locations 1773 1.774 0.042 1.782 1.780 0.084 0.162

PDD - photodynamic diagnosis; SD — standard deviation.

Table 2. Fractal dimension values of lichen planus in a white-light examination and the PDD procedure (Mann-Whitney test)

Lichen planus

white light
median median
Cheek 1.760 1.766 0.029 1783 1.778 0.008 0.195
Alveolar ridge 1.823 1.819 0.023 1.806 1.803 0.005 0.314
All locations 1.780 1.787 0.038 1.787 1.787 0.016 0914

PDD - photodynamic diagnosis; SD — standard deviation.

Table 3. Values of fractal dimension of leukoplakia and lichen planus during a white-light examination (Mann-Whitney test)

White light
leukoplakia lichen planus
Cheek 1.780 1.793 0.029 1.760 1.766 0.029 0.068
Alveolar ridge 1.805 1.811 0.027 1.823 1.819 0.023 0.629
All locations 1.773 1.774 0.042 1.780 1.787 0.038 0452

SD - standard deviation.

Table 4. Values of fractal dimension of leukoplakia and lichen planus during PDD (Mann-Whitney test)

leukoplakia lichen planus

median median
Cheek 1.808 1.795 0.049 1.783 1.778 0.008 0.196
Alveolar ridge 1.857 1.854 0.0Mm 1.806 1.803 0.005 0.057
All locations 1.782 1.780 0.084 1.787 1.787 0.016 0.899

PDD - photodynamic diagnosis; SD — standard deviation.
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Table 5. Differences in fractal dimension of lichen planus between the cheek and the alveolar ridge during a white-light examination and PDD

(Mann-Whitney test)

Lichen planus

Diagnostic method

White light 1.760 1.766 0.029
PDD 1.783 1778 0.008

1.823 1.819 0.023 0.019
1.806 1.803 0.005 0.036

PDD - photodynamic diagnosis; SD — standard deviation.

Table 6. Statistical differences between foci of leukoplakia in various locations according to the examination method (Dunn’s multiple comparisons test)

Leukoplakia

Dunn’s multiple comparisons test White light

mean rank diff.

significant: yes or no

mean rank diff.

significant: yes or no

Cheek vs alveolar ridge -295
Cheek vs palate 10.88
Cheek vs tongue 1013
Alveolar ridge vs palate 13.83
Alveolar ridge vs tongue 13.08
Palate vs tongue -0.75

no -7.80 no
no 7.87 no
yes 5.87 no
yes 15.67 yes
yes 13.67 yes
no -2.00 no

In the case of LP, a significant difference in FD was ob-
served between lesions in the cheek and the alveolar ridge
region. The values of FD were greater in the region of the
alveolar ridge in both white-light and PDD examination.
These results are shown in Table 5.

Differences in the FD were observed between the leuko-
plakia foci of the alveolar ridge, the tongue and the palate.
These differences occurred in both white-light and PDD.
Different values of FD were observed between cheek and
tongue lesions in a white-light examination, in contrast
to PDD, where the values were similar. The results of the
Kruskal-Wallis and Dunn’s multiple comparisons tests are
shown in Table 6.

In all leukoplakia foci, in the region of the palate and
the floor of the mouth, we observed a complete response.
In the region of the tongue, a complete response was ob-
served in 4 lesions and a partial response in 3 lesions.
Leukoplakia of the alveolar ridge was completely treated
in the case of 2 lesions, a partial response was achieved
in 2 lesions and a lack of therapeutic effect was observed
in the case of 1 lesion. Lesions in the region of the cheeks
were the most resistant to PDT. Only in the case of 2 le-
sions we observed a complete response, a partial response
was observed in the case of 11 lesions and a lack of thera-
peutic results occurred in the case of 2 lesions. Overall,
a complete response of leukoplakia foci to PDT observed
in 29.4% cases, a partial remission occurred in 58.8% cases
and a total lack of treatment was noted in 11.8% cases.

Complete treatment was achieved in the case of 1 LP
lesion in the tongue area. In the alveolar ridge, 4 out of 5
lesions were completely treated and 1 was partially treated.
In the region of the floor of the mouth, a complete response
was noted in the case of 1 lesion and a partial response

occurred in 1 lesion. The most resistant areas to PDT
treatment were the cheeks, where complete response was
seen in 1 lesion, a partial response was observed in 4 le-
sions and a lack of treatment effects was seen in 1 lesion.
Generally, LP was completely treated in 50% of all cases
(7 lesions), a partial response was observed in 35.7% of cas-
es (5 lesions) and failed PDT treatment was noted in 14.3%
of cases (2 lesions). After PDT application, symptoms of LP,
such as a burning pain, sensitivity to spicy foods and dis-
comfort during speaking, disappeared in all of our pa-
tients, even if the lesion did not respond or only partially
responded to the treatment.

Discussion

The diagnosis and treatment of leukoplakia and LP as
premalignant lesions are important therapeutic problems.
Photodynamic diagnosis allows the visualization of lesions
in much more detail than a normal white-light examina-
tion. In many cases, the actual size and range of lesions
are larger during a PDD session. This is particularly im-
portant in neoplasm lesions, where a margin of healthy
tissue should be preserved. Due to the complicated shapes
of leukoplakia and LP, FDA appears to be the most efficient
method for estimating the size of these lesions. Fractal di-
mension analysis may be useful to check the microvascular
pattern of LP in various locations of the oral cavity. Luc-
chese et al. showed that the FD of LP microvascular pat-
tern is higher in buccal mucosa (1.167) and in the tongue
mucosa (1.196) in comparison to healthy mucosa (1.123).1°

No statistical differences were found in our study be-
tween the FDs of leukoplakia and LP. However, statistical
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differences within the groups were observed. The value
of FD in a white-light examination and in PDD was lower
in the cheek region than in the alveolar ridge. This means
that lesions in the cheek region were smaller in 1 dimen-
sion (width or height) than in the alveolar ridge. Differ-
ences in the FD of leukoplakia were mainly observed in the
tongue region during both white-light examination (1.744)
and PDD examination (1.773). This suggests that tongue
lesions during PDD are larger and that the shape is more
complicated than during a classical examination. Fractal
dimension analysis may be a useful method for comparing
complicated shapes, such as those of LP or leukoplakia,
though our study did not confirm the usefulness of this
method for distinguishing LP and leukoplakia without a
histopathological examination.

The clinical detection of leukoplakia facilitates auto-
fluorescence, chemiluminescence or vital staining with
toluidine blue, though these methods have relatively low
specificity and are not recommended for distinguishing
leukoplakia from other lesions.!® Another option is opti-
cal coherence tomography (OCT), which detects dyspla-
sia by the fluctuation of light scattering due to random
cellular changes in dysplastic tissues in comparison
to normal mucosa.'” Another study proved that narrow-
band imaging (NBI) demonstrating an intraepithelial
papillary capillary loop (IPCL) pattern destruction or
a twisted elongation are indicative of histological changes
in oral leukoplakia.!® Application of 5% Lugol’s solution
aids in the featuring of suspicious lesions. Normal mu-
cosa stains brown because of the high glycogen content,
whereas leukoplakia appears pale compared to the sur-
rounding normal tissue.?

Biopsy of the lesion and a histopathological examination
still remains the standard diagnostic procedure for suspi-
cious lesions. One of the possible features of leukoplakia
is dysplasia, which manifests as architectural changes
within the epithelial strata, combined with cellular atypia
due to inappropriate differentiation.

The diagnostic process of LP is similar to the previously
described diagnostic process of leukoplakia; it involves a
provisional clinical diagnosis and histopathological con-
firmation. Lichen planus clinically presents mostly as one
of 2 forms: reticular or erosive.?’ The reticular form occurs
more frequently and is usually asymptomatic. The erosive
form is less common, but is more symptomatic. Symptoms
may range from a slight discomfort to an intense pain
that interferes with chewing.?%2! Our study revealed that
after PDT application, these symptoms disappeared in all
patients, even when the lesion did not respond or only
partially responded to treatment.

Lichen planus and leukoplakia very frequently occur
on a large area of the mucous membrane, which leads
to complicated surgical treatment and requires reconstruc-
tion of the mucosa after complete excision. Surgical exci-
sion creates contracted scars, which may decrease patients’
comfort. Photodynamic therapy as a noninvasive procedure
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is more frequently used for the treatment of leukoplakia
and LP.2>-%

Maloth et al. revealed that in their study, in the leukopla-
kia group, 17% of cases showed a complete response, 66%
showed a partial response and 17% of the lesions did not
respond to the treatment. In the LP group, 80% of the le-
sions showed a partial response and 20% did not respond.?®
Those results are similar to our study in the case of leu-
koplakia, in contrast to the lower effectiveness of PDT
in LP found in our study. Pietruska et al. used chlorin-e6-
mediated PDT, and their results were similar to 5-ALA-
mediated PDT.? In the case of leukoplakia, the results were
as follows: 27.3% of cases with a total response, 50% of cases
with a partial response and 22.7% with no effect.”” A study
by Semkin et al. demonstrated that laser ablation may be
another treatment method; successful results were seen
in 42% of cases, but a recurrence of lesions was observed
in 58% of cases.3¢

Photodynamic therapy and cryotherapy appear to be
comparative treatment methods that may both serve as
alternatives for the traditional surgical treatment of oral
leukoplakia. The advantages of PDT are its minimal inva-
siveness and localized character, which prevents damage
of collagenous tissue structures. Photodynamic therapy
is more convenient for patients, less painful and more es-
thetically pleasing.3!

Conclusions

Fractal dimension analysis may be a useful method for
the comparison of complicated shapes, such as those of
LP or leukoplakia, but our study did not confirm that this
method may be used to distinguish LP and leukoplakia
without a histopathological examination.

Photodynamic therapy is a promising, noninvasive treat-
ment method of leukoplakia and LP in the region of the
oral cavity.

After PDT application, symptoms of LP, such as a burn-
ing pain, sensitivity to spicy foods and discomfort during
speaking, disappeared in all of our patients, even when
the lesion did not respond or only partially responded
to treatment.
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Abstract

Background. The basophil activation test (BAT) is an effective diagnostic tool in mold allergy, which is still
not sufficiently known.

Objectives. The aim of our study was to assess the degree of annexin V binding to the surface of the
basophil cell membrane after stimulation with anti-immunoglobulin £ (anti-IgE) and Alternaria alternata
allergenic extract.

Material and methods. Alternaria alternata allergic patients (n = 32) and healthy volunteers (n = 33) were
evaluated using skin prick tests (SPT), quantification of specific IgE (slgE) and the BAT. Basophil activation
was detected as a percentage degree of annexin V binding to the surface of the basophil cell membrane.

Results. Receiver operating characteristic (ROC) curve analysis yielded a threshold value of 4.95% of activated
basophils when the tested group and control group were studied, with a sensitivity and specificity of 100%
(area under curve (AUC) = 1; p=0.00000) for 100 SBU/mL Alternaria alternata allergen extract. The threshold
value was 10.28% with a sensitivity of 93.8% and specificity of 100% (AUC = 0.98958; p = 0.00000) for
10 SBU/mL mold extract, and 9.37% with a sensitivity of 90.3% and speificity of 100% (AUC = 0.96307;
p = 0.00000) for T SBU/mL Alternaria alternata allergen extract. The method was least efficacious in anti-
|gE stimulation, where the threshold value was 5.48% with a sensitivity of 90.6% and specificity of 30.3%
(AUC=046780; p = 0.67039).

Conclusions. The BAT with annexin V and slgk measurement aqainst Alternaria alternata increase the
capability of a diagnostic laboratory for detecting mold sensitization. Both methods may certainly replace
SPT, which are currently routinely used in allergy diagnosis. Annexin V may be considered a new basophil
activation marker with an efficacy comparable to that of (D63 or (D203c.

Key words: Alternaria alternata allergy, basophil activation test, specificimmunoglobulins E, flow cytometry,
receiver operating characteristic curve
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Introduction

The basophil activation test (BAT) is a modern and
promising research tool in the field of medical immunol-
ogy. It was introduced to flow cytometry in 1994 by Sainte-
-Laudy et al.! The assessment of basophil activity dur-
ing stimulation with an allergen or other causative agent
is an in vitro method that raises special interest among
scientists. The BAT uses various markers for the identi-
fication and activation of basophils. Currently, the gold
standard in this field is the evaluation of CD63 expres-
sion as a de novo molecule after antigen activation.??
The CD63 antigen was used in studies with various in-
halant allergens: mites, grasses,animal dander,in allergy
to insect venom and to drugs.*'* CD203c is the second
antigen used in scientific research as a double marker
of both identification and activation of basophils, oc-
curring constantly on its surface.!>'7 Other antigens,
such as CD13, CD45, CD107a, and CD164, are also well-
-known and used in scientific experiments.'®!° However,
no objective studies have so far compared the properties
and diagnostic efficacy of most of these markers. Although
the BAT has been used in allergology for over 20 years,
work continues on improving the protocols for basophil
identification. The lack of standardization of experiments
using various antigens remains the main problem, causing
discrepancies and fundamental differences in test results.
In the area of laboratory research, a constant search con-
tinues for new and effective markers which could improve
modern allergy diagnostics. Cytometry studies may pro-
vide an opportunity to develop mold allergy detection,
including Alternaria alternata hypersensitivity. Although
Alternaria allergies are fairly frequent, with an occurrence
of 3-20% in Europe and 47% in the Polish population,
knowledge about molecular mold allergy detection is still
insufficient.?°

In this paper, we investigated if annexin V may be con-
sidered a new basophil activation marker, useful in Alter-
naria alternata allergy detection.

Basophil activation was demonstrated by using the phe-
nomenon of basophil membrane reorganization under the
influence of applied stimuli. In this process, phosphatidyl-
serine, as the main constitutive phospholipid, is displaced
from the cytosolic to the basophil external membrane site.
Using annexin V bound to fluorochrome, which is the
ligand for phosphatidylserine, it was proven that a colored
complex forms, which may be depicted in a flow cytometer.
The only fluorescent cells were those bounded to annexin 'V,
i.e.,, activated basophils.

Our studies are a reference to the experiments conduct-
ed by Sainte-Laudy and Ouk, who demonstrated changes
in the conformation of the basophil membrane after acti-
vation with specific and nonspecific stimuli.?!

E. Krélewicz, et al. Basophil activation test (BAT) with annexin V

Material and methods
Patients and controls

A total of 32 patients (17 males and 15 females) aged from
17 to 42 years (median: 25 years) with seasonal allergic
rhinitis and positive skin prick tests (SPT) to the Alternaria
alternata allergen mix (Allergopharma, Joachim Ganzer
KG, Reinbek, Germany) were included in the study. Con-
trol group consisted of 33 healthy volunteers (9 males and
24 females) aged from 19 to 54 years (median: 23 years)
with no allergic symptoms and with negative SPT results.
All the procedures were performed in accordance with the
ethical standards of the Helsinki Declaration. The study
was approved by the Ethics Committee of Wroclaw Medi-
cal University, Poland. Informed consent was obtained
from all the enrolled individuals.

Skin prick tests

Skin prick tests were performed according to the standard
procedure, using the panel of inhalant allergen extracts
(Allergopharma, Joachim Ganzer KG). The kit of reagents
contained Alternaria alternata, Cladosporium herbarum,
Aspergillus fumigatus, and Penicilium notatum extracts at
a concentration of 10,000 SBU/mL, histamine hydrochlo-
ride 1.7 mg/mL and sodium chloride 9 mg/mL were used as
a positive and negative control. The SPT results were read
after 15 min and considered positive if the wheal diameter
was >3 mm.

Specificimmunoglobulins E measurement

Specific immunoglobulins E (sIgE) against the Alternaria
alternata allergen mix mé6 were determined by the Immu-
noCAP FEIA system measurements (Thermo Fisher Scien-
tific Inc., Uppsala, Sweden) according to the manufactur-
er’s instruction. The detection range was 0.35-100 kU/L.
Values 20.35 kU/L were considered positive.

Basophil activation test protocol

Blood specimens were collected into K-EDTA venipunc-
ture tubes (Sarstedt AG & Co, Niumbrecht, Germany) and
used for cell stimulation in BD Falcon Round Bottom Tubes
(BD Biosciences, San Diego, USA). Testing samples were
performed for each patient as the patient background (Pb),
positive (stimulation) control (Pc) with Polyclonal Rabbit an-
ti-Human IgE antibody at a final concentration of 10 pg/mL
(Dako Denmark A/S, Glostrup, Denmark) and with the
Alternaria alternata allergen mix used in SPT at the 3
final concentrations of 100, 10 and 1 SBU/mL, identified
as C;, Cyand Cs.
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Sample preparation and analysis

At the beginning of the experiment, 50 puL of stimula-
tion control anti-Human IgE and 50 pL of corresponding
Alternaria alternata allergen solution was added to 100 puL
of stimulation buffer and marked as Pc, C;, C,, and C;
probe. Only 150 pL stimulation buffer was added to the
background probe Pb. In the next step, 50 pL of the pa-
tient’s whole blood was added to each tube and gently
mixed. To analyze basophil activation, cells were stained
with 5 pL of annexin V-FITC (BD Biosciences) and 5 pL
of anti-CCR3-PE (R&D Systems, Minneapolis, USA), and
the samples were incubated for 15 min at 37°C. Then, stim-
ulation was terminated by adding 2 mL of Lysing Solution
(BD Biosciences) after which the mixing tubes were incu-
bated at room temperature for 10 min. After centrifugation
(5 min, 500 g), supernatants were decanted and cell pellets
were resuspended in 300 pL of Cell Wash (BD Biosciences)
and gently mixed. A total amount of 100,000 cells were
acquired per sample using the FACScan flow cytometer
(BD Biosciences).

The data was analyzed using CellQuest flow cytometry
analysis software (BD Biosciences) according to the manu-
facturer’s instructions. Basophils were identified following
the CCR3"eh/SSClov BAT protocol (Fig. 1).

The percentage degree of annexin V binding to the sur-
face of the basophil cell membrane after stimulation with
anti-Human IgE and Alternaria alternata allergenic ex-
tract was defined as basophil activation. The calculation
of the percentage of annexin V binding expression was
detected as brightly fluorescent fluorescein isothiocyanate
(FITC) (Fig. 2). The activated cells were identified by com-
parison of their number to the total amount of basophil
population gated (Fig. 1). The results were presented after
subtracting patient background values.
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Fig. 2. The number and percentage of activated basophils in each probe
in selected individuals in the study group

FITC - fluorescein isothiocyanate; Pb — patient background; Pc — positive
control; Al. - allergen; C;, C,, G5 — the concentrations of the Alternaria
alternata allergen mix (100, 10 and 1 SBU/mL, respectively).

Statistical analysis

Statistical analysis was performed with the use of STA-
TISTICA v. 12.5 software (StatSoft, Krakéw, Poland).
The distribution of data was performed using the Sha-
piro-Wilk test. Due to the lack of a normal distribution,
the nonparametric Mann-Whitney test was used for the
comparison of 2 independent samples. Probability values
p < 0.05 were considered significant. The optimal cut-off
values for allergen stimulation, sensitivity and specificity
were determined using receiver operating characteristic
(ROC) curve analysis.??

Results
Skin prick tests

The results of the SPT with histamine hydrochloride
in the study group (n = 32) ranged from a 3 mm toa 6 mm
wheal diameter (median: 4 mm). In the control group
(n = 33), the results were within the 3—5.5 mm range
(median: 3.5 mm). There were no statistically significant
differences in SPT with histamine hydrochloride between
the groups (p = 0.12721).

The results of SPT with Alternaria alternata extract
in the control group were completely negative and reached
0 mm for each volunteer, while in the study group the
results ranged from 3.5 mm to 11 mm (median: 6.5 mm).
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Specificimmunoglobulins E

Specific immunoglobulins E concentration to the
Alternaria alternata allergen mix mé6 in the control group
(n = 33) were within the range of 0—0.06 kU/L (median:
0.01 kU/L). In the case of patients with mold allergy (n = 32),
the results obtained were in the range of 0.002-28.2 kU/L
(median: 5.47 kU/L).

Specific IgE concentrations acquired in kU/L were quali-
fied for assigned classes from 0 to 6 according to the manu-
facturer’s instruction. A result was considered positive
if the concentration of sIgE was >0.35 kU/L, which was
interpreted as a low result in class 1.

In the study group (n = 32), 27 positive and 5 negative
results of sIgE to Alternaria alternata were obtained
(Table 1).

Table 1. Specific immunoglobulins E (IgE) concentration to Alternaria
alternata in the study group (n = 32) by grade of CAP classes

slgE concentration

(KU/L] CAP class Study group (n = 32)

>100 6 0

From 50 to <100 5 0

From 17.5 to <50 4 3 (9.38%)

From 3.5t0 <175 3 15 (46.88%)
From 0.7 to <3.5 2 7 (21.88%)
From 0.35 to <0.7 1 2 (6.25%)

<0.35 0 5 (15.63%)

slgE — specific immunoglobulin E.

Flow cytometry studies

Basophil number
The number of basophils identified in the whole tested pop-
ulation (n = 65) ranged from 108 to 872 cells (median: 488).

Basophil activity

The activity of basophils in each probe was determined
as the percentage of active cells of the whole identified
basophil population.

Patient background

The median of Pb in the tested population (n = 65) was
1.75% (min 1.33%, max 1.98%; standard deviation (SD): 0.14%).
The mean value of Pb increased by a value of 2 SD (X + 2 x SD)
was adopted as the cut-off point and reached 2.04%.

Positive control

In the study group (n = 32), the percentage degree of an-
nexin V binding to the surface of the basophil cell mem-
brane after stimulation with anti-Human IgE was 14.26%
(min 2.95%, max 76.01%). The results of Pc in the healthy

E. Krélewicz, et al. Basophil activation test (BAT) with annexin V

volunteers were slightly higher than in the patients. After
anti-Human IgE stimulation, the median of basophil ac-
tivation reached 21.69% (min 2.08%, max 83.68%), but the
difference was not statistically significant (p = 0.66025).

Stimulation using
Alternaria alternata extract

In the group of Alternaria alternata allergic patients
(n = 32), the median percentage of basophil activation
at the highest concentration, C; = 100 SBU/mL, was 20.42%
(min 6.73%, max 74.70%). At the intermediate concen-
tration of mold allergen extract, C, = 10 SBU/mL, the
median expression of annexin V binding reached 21.89%
(min 3.14%, max 85.92%). Stimulation at the lowest con-
centration of Alternaria extract, C3= 1 SBU/mL, gave the
highest median of basophil activation, 29.41% (min 2.31%,
max 88.55%). In the control group, the results of the BAT
were considerably lower. The highest Alternaria alternata
extract concentration (C,) resulted in a median at the level
of 2.31% (min 1.04%, max 5.48%). Stimulation by the C,
concentration resulted in a median of basophil activation
equal to 2.46% (min 1.51%, max 4.83%). In the case of mold
allergen extract at the C; concentration, the median ofan-
nexin V binding to the basophil surface reached 2.54%
(min 1.06%, max 5.96%). There were statistically significant
differences in basophil activity between the 2 tested groups
in C;, Cyand C; probes (p < 0.05). The cut-off value for anti-
IgE, and allergen stimulation positivity and specificity was
determined on the basis of ROC curves and reached 5.45%
for anti-IgE, 4.95% at the C; concentration, 10.28% at the C,
concentration, and 9.37% at the C; concentration (Fig. 3).

Sensitivity and specificity

Based on ROC curves, it was demonstrated that the
method achieved its lowest effectiveness for the Pc sample.
The sensitivity and specificity evaluated together were
120.9%.

The highest sensitivity and specificity of the BAT was
achieved for the highest concentration of Alternaria alter-
nata extract, C; = 100 SBU/mL. In this case, the sensitivity
and specificity evaluated together were 200%.

The analysis of ROC curves for the allergen stimulat-
ed probes was carried out on the basis of the calculated
significance level (p) and area under ROC curve (AUC).
A comparison of the results is demonstrated in Table 2.

The dependence of activated basophil
percentage on the concentration
of Alternaria alternata allergen extract

It has been shown that in both tested groups and in the con-
trol group, the highest mean value and median of activated

basophils was achieved by stimulation with the lowest concen-
tration of Alternaria alternata extract, C;= 1 SBU/mL (Fig. 4).
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Fig. 3. Receiver operating characteristic (ROC) curves with cut-off value for basophil stimulation with anti-immunoglobulin E (@nti-IgE) and Alternaria
alternata allergen extract

Gy, G, G5 - the concentrations of the Alternaria alternata allergen mix (100, 10 and 1 SBU/mL, respectively).

Table 2. The comparison of sensitivity, specificity, p-value, and AUC for the allergen-stimulated probes

The sum of sensitivity

Sensitivity [%] Specificity [%] gty T
Pc 90.6 30.3 1209 0.67039 0.46780
G 100 100 200 0.00000 1
G 93.8 100 193.8 0.00000 0.98958
G 90.6 100 190.6 0.00000 0.96307

Pc - positive control; C;, C,, C3 — the concentrations of the Alternaria alternata allergen mix (100, 10 and 1 SBU/mL, respectively); AUC — area under receiver
operating characteristic curve.

Discussion replace the antigens commonly used in cell tests, such as
CD63 or CD203c.

The aim of this study was to evaluate and optimize the The studies were performed in a group of 65 people,

diagnostic usefulness of the BAT in Alternaria alternata of whom 32 patients were sensitized to Alternaria

allergies. We also investigated if annexin V could be con- alternata; they had positive results of SPT and presented

sidered a new basophil activation marker and if it might clinical symptoms. The remaining 33 healthy volunteers
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(100, 10 and 1 SBU/mL, respectively).

had totally negative results of the SPT and did not present
symptoms of allergy-based diseases.

The results of specific IgE measurement directed against
the Alternaria alternata allergen extract mé6 were interest-
ing. Out of 32 patients allergic to Alternaria mold with posi-
tive SPT results, as many as 5 persons had a sIgE anti-m6
result <0.35 kU/L, i.e., below the lower limit of concentra-
tion at which the result is considered positive and qualified
as class 1 sIgE. In the tested group, in more than 15% of al-
lergic patients, the concentration of sIgE was in class 0 and
the remaining more than 84% of patients were in classes
1-4. The highest percentage of patients sensitized to Alter-
naria had a high level of IgE, qualified as class 3, and they
accounted for over 46% of the studied group. After a com-
parison between the results of SPT and sIgE values, it was
observed that the sIgE class is not correlated to the size
of the wheal, the diameter of which is interpreted in SPT.
In some respondents, the SPT result with the Alternaria
alternata extract was 12 x 10 mm, in others it was 6 x 7 mm
or 5 x 5 mm, but in each case, the sIgE value was qualified as
class 3. Moreover, there were allergic patients in the tested
group for whom the results of the SPT reached 8 x 7 mm,
while the sIgE value was qualified as class 0. In the whole
control group, the result was negative, as the concentra-
tion of sIgE against Alternaria alternata was <0.35 KU/L.
It was proven that the concentration of sIgE anti-mé6 in the
studied group was significantly higher than in the con-
trol group, where the min, max and median were equal
to 0 mm (p = 0.00000). The results of Alternaria alternata
sIgE quantification demonstrated a sensitivity of 90.6% and
aspecificity of 100%. Currently, in order to increase the sen-
sitivity and specificity of IgE measurement, shifting of the
lower concentration of sIgE from 0.35 kU/L to 0.1 kU/L
is contemplated. However, according to the instructions for
interpreting the results of the InmunoCAP FEIA system
(Thermo Fisher Scientific Inc.), the value of 0.35 kU/L is still
regarded as the threshold.

E. Krélewicz, et al. Basophil activation test (BAT) with annexin V

The first parameter analyzed in the cytometry studies
conducted was the number of cells identified as basophils.
Bithlmann Laboratories AG (Schénenbuch, Switzerland)
notes that in cell tests, the number of gated basophils
should be within the range of 200-600. In the experi-
ment, the median of identified basophils (median: 488)
in each sample in the tested and control group (n = 65) was
contained in the range specified by the manufacturer, but
in some unstimulated and stimulated samples, less than
200 or more than 600 of basophils were collected.

The main objective of the cytometry study was to dem-
onstrate that the binding of annexin V depends on the acti-
vation of basophils after stimulation with anti-IgE and the
Alternaria alternata allergen extract. The displacement
of phosphatidyl serine as a ligand for annexin V from the
cytosolic to the basophil external membrane site occurs
only under the influence of applied stimuli.

The median of basophil activity in unstimulated samples,
Pb, was similar in the tested group (1.77%) and in healthy
volunteers (1.75%). These results are comparable to the
values obtained by De Weck et al., who indicated that the
basophil activity at rest is generally below 5%.1

No statistically significant differences between the
groups studied were observed after anti-Human IgE stim-
ulation (p = 0.66025). The positive control stimulation
gave median results equal to 14.26% in the tested group
vs 21.69% in the control group.

Receiver operating characteristic curve analysis was
performed to determine the cut-off value of the percent-
age of activated basophils between Alternaria alterna-
ta-sensitized patients and controls. The positive control
stimulation with anti-IgE gave unsatisfactory results, be-
cause the specificity reached only 30.3% and the sensitiv-
ity was 90.6% (AUC = 0.46780; p = 0.67039). Among the
participants there were 6 persons with a negative reaction
to anti-IgE below the cut-off value of 5.48%. The thresh-
old was established at 4.95% for C; = 100 SBU/mL mold
extract concentration with a sensitivity and specificity
of 100% (AUC = 1; p = 0.00000). The analysis of the data
obtained with C, = 10 SBU/mL allergen extract defined
a cut-off value of 10.28% activated basophils with a sensi-
tivity of 93.8% and a specificity of 100% (AUC = 0.98958;
p = 0.00000). Sensitivity reached 90.3% with a specificity
of 100% concerning C; = 1 SBU/mL Alternaria alternata
allergen extract with a threshold of 9.37% (AUC = 0.96307;
p =0.00000). In all healthy volunteers (n = 33), the results
of stimulation with the mold allergen extract were negative.

In the BAT, the dependence between the degree of IgE-
dependent activation and the value of the concentration
of a specific stimulus was variable between individuals.
It was assumed that each allergen is characterized by the
curve of the dependence of its concentration on the degree
of basophil activation. Kleine-Tebbe et al. demonstrated
that in the initial phase of the experiment, an increase
in the concentration of the allergen causes an increase
of basophil activation. Then there is a plateau on the curve,
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after which a further increase in the concentration of the
allergen causes a decrease of basophil activation.? It has
been proven that in the tested and control group, the high-
est percentage of activated basophils was observed at the
lowest concentration of the mold allergen extract C; = 1
SBU/mL (Fig. 4). In the tested group, the basophil activa-
tion in each of the 3 concentrations of the Alternaria alter-
nata extract was in the range from a dozen to several dozen
percent, while in the control group it extended slightly
above or below 1%. The mold allergen extract caused ba-
sophil activation only in people allergic to Alternaria.

Currently, only a few works describe the BAT performed
with mold allergens. Not all researchers have utilized stan-
dardized and calibrated allergens in cell tests. Although
they are free from preservatives and other cytotoxic ad-
ditives, their use is expensive. In our studies, we used the
Alternaria alternata allergen extract intended for SPT.
Therefore, a comparison of the results of our studies with
the effects of the experiments presented in the literature
is possible only to a limited extent. In the paper presented
by Mirkovi¢ et al., a CD203c marker was used for Aspergillus
fumigatus allergy detection and for allergic bronchopul-
monary aspergillosis diagnosis in cystic fibrosis patients.?*
However in this study, the sensitivity and specificity of the
BAT were not appointed. It has been proven that the com-
bination of BAT with CD203c and routine measurement
of total and specific IgE increases the correct classification
of patients into subgroups of unsensitized persons, allergic
to Aspergillus and aspergillosis-affected.

The results obtained may be compared to the results
of experiments with other allergens and basophil acti-
vation markers. Sanz et al., in a protocol of BAT using
anti-IgE/anti-CD63, mite allergen Dermatophagoides pter-
onyssinus and grass fodder Lolium perenne obtained a sen-
sitivity equal to 93.3% and a specificity of 98.7%.% Gonzalez-
Muiioz et al. also conducted research in the direction of flow
cytometry to detect mite allergy, using anti-CD123/anti-
-CD63. For allergens at a higher concentration (16 pg/mL)
they received sensitivity and specificity of 100%, and
in the case of a lower concentration (1.6 pg/mL), sensitiv-
ity reached 83% and specificity did not change.?

The BAT with annexin V, anti-CCR3 and the Alternaria
alternata allergen extract presented in this paper has
a sensitivity and efficiency comparable to CD63, which
is considered the gold standard in the in vitro cell tests
used in allergology. It also has a higher diagnostic value
than CD203c. Undoubtedly, the advantage of the flow cy-
tometry study with annexin V is the cost, which is much
lower than in the case of other markers used in research
work. Developing experiments using this protein is there-
fore encouraging. Further work using the BAT with dif-
ferent markers and mold allergens is necessary in order
to validate the method.
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Abstract

Background. Despite continuous research, an improved understanding of the pathophysiology of hyper-
tension and the development of new antihypertensive therapies, hypertension is still the most prevalent
chronic cardiovascular disease (CVD) among adults in Western societies. Stress is a common factor related
to cardiovascular morbidity. An increase in blood pressure is one of the most common reactions to stress.
(Chronicand acute stress have also been related to cardiovascular disorders. Polyunsaturated fatty acids (PUFAs)
have attracted considerable interest as potential complementary therapy for the treatment of CVD, including
hypertension. Egg yolk, rich in PUFAs and phospholipids, might be a good source of phospholipids and PUFAS.

Objectives. The current study was aimed at investigating the potential effect of the phospholipid fraction
of eggs on blood pressure changes in spontaneously hypertensive rats (SHRs) as a response to acute stress.

Material and methods. Male, 7-week-old SHRs received dietary phospholipid fraction for 12 weeks.
The control animals received standard feed. At the end of the treatment, they were exposed to 40 min of white
noise in order to induce acute stress. Then, blood pressure measurements were carried out under normal condi-
tions for 12 h before and during the acute stress procedure. Blood pressure was measured using telemetry.

Results. Diastolic, systolic and mean blood pressure were significantly lower in the SHRs treated with
phospholipid fraction than in the control group. The acute stressor caused a significant increase in diastolic,
systolicand mean blood pressure in both the treated and untreated animals, but the increase in blood pressure
as aresponse to the stressor was significantly less pronounced in the rats treated with phospholipid fraction
than in control rats. These results show that egg phospholipids can limit a stress-induced rise in blood pressure.

Conclusions. The results of this research show that phospholipid fraction derived from egg yolk reduces
stress-induced increases in blood pressure.

Key words: stress, hypertension, phospholipid fraction, hen eggs
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Introduction

Eggs are an inexpensive and low-calorie food source which
contains many substances indispensable for the develop-
ment of a young organism, including minerals, proteins,
n-3 polyunsaturated fatty acids (PUFAs), and phospholipids.
However, eggs are also a source of cholesterol; therefore,
the relationship between egg consumption and the risk
of cardiovascular disease (CVD) remains controversial.
Recently, the remarkable role of PUFAs in the prevention
and treatment of CVD, including hypertension, has been de-
scribed. The consumption of n-3 PUFAs reduces heart rate
and systolic and diastolic blood pressure.? The consump-
tion of freshwater fish (300—600 g daily) is associated with
increased plasma concentrations of n-3 PUFAs, lower blood
pressure and lower plasma lipid concentrations.? A meta-
analysis of the effect of n-3 PUFAs in fish oil on blood pres-
sure concluded that a higher consumption of n-3 PUFAs
was associated with a higher reduction in blood pressure,
particularly in hypertensive subjects and those with lipid
disorders and atherosclerosis.* Also, n-3 PUFA consump-
tion improves endothelial function.® The reduction in blood
pressure may result from increased nitric oxide produc-
tion, a reduced vasoconstrictive response to catecholamines
and angiotensin I, improved vasodilatory responses, arterial
compliance,®’” and reduced oxidative stress.

Hypertension is the most common chronic CVD
in adults®® and according to the WHO, it is the leading
cause of death worldwide.!*!! Known hypertension risk
factors include age, gender, obesity, lifestyle (diet and physi-
cal activity),'>!® and additional cardiovascular risk factors
(e.g,, diabetes, dyslipidemia or insulin resistance).**> Chron-
ic stress is linked to all cardiovascular disorders, including
hypertension. Through the repeated occurrence of acute
stressors and the activation of physiological stress-mediating
systems, including the autonomic system, hypothalamic—
pituitary—adrenal axis and immune system, chronic stress
causes an elevation in circulating catecholamine and corti-
sol levels. Circulating catecholamines acutely elevate blood
pressure and contribute to vascular stiffening and cardiac
hypertrophy.!® A stimulation of adrenergic activity increases
sodium resorption, promoting blood pressure elevation.!”
Elevated levels of cortisol additionally activate the renin—
angiotensin—aldosterone system, contribute to insulin re-
sistance and hyperinsulinemia, and suppress nitric oxide,
kallikrein and prostacyclin production.

Despite the progress in pharmacotherapy, hypertension
treatment is still insufficient and the majority of patients
worldwide have inadequately controlled blood pressure.!®
Although antihypertensive drugs play a fundamental role
in blood pressure management, they may cause side ef-
fects; therefore, a number of studies have searched for food
substances that can help reduce or prevent hypertension.
In recent years, functional foods have attracted considerable
interest as potential complementary therapies for the treat-
ment of hypertension. The aim of this study was to evaluate
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the impact of a diet enriched with phospholipid fraction
obtained from hen egg yolk on blood pressure in sponta-
neously hypertensive rats (SHRs) exposed to acute stress.

The study was conducted within the project “Innovative
Production Technologies of Biopreparation Based on New
Generation Eggs (OVOCURA)”. We report here the pri-
mary findings of OVOCURA.

Material and methods

Male SHRs were purchased from Charles River Labo-
ratories (Hamburg, Germany) and maintained under
specific pathogen-free conditions in a temperature-con-
trolled room (22 +2°C) with a 12-hour light/dark cycle.
All rats had ad libitum access to food and drinking water
throughout the experiments. The experiments on animals
were performed in accordance with relevant guidelines
and regulations, and were conducted with the approval
of the Local Ethical Commission at the Institute of Immu-
nology and Experimental Therapy of the Polish Academy
of Sciences in Wroclaw, Poland (approval No. 48/2012).
Male, 7-week-old SHRs were divided into 2 groups: a study
group on a supplemented diet (SHR/E group; n = 8)
and a control group on a standard Labofeed B diet (SHR/C
group; n = 8). The rats from the SHR/E group were given
the supplemented diet for 12 weeks.

In our study, we used phospholipid fraction obtained
from hen eggs and enriched naturally through feeding
the hens substances such as PUFAs (DHA, for exam-
ple); in this way, the yolk phospholipids were improved.
The composition of the fraction was analyzed by gas
chromatography/mass spectrometry (GC/MS). The egg
phospholipid fraction is a mixture of phosphatidylcho-
line and phosphatidylethanolamine (the composition
is detailed in Table 1). The diet of the study group after
enrichment with phospholipid formulation contained
5% phosphatidylcholine, 0.65% omega-3 fatty acid and 0.95%
omega-6 fatty acid, calculated globally.

Table 1. Composition [%)] of fatty acids in the phospholipid fraction of egg yolk

Composition of supplement | [%]
PC 81.72
PE 18.27
Fatty acid profile [%]
w-3 10.82
w-6 15.79
w6/w3 146
Saturated 41.05
Unsaturated 58.95
MUFA 32.34
PUFA 26.61

PC — phosphatidylcholine; PE — phosphatidylethanolamine;
MUFA — monounsaturated fatty acid; PUFA — polyunsaturated fatty acid.
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Spontaneously hypertensive rats
(age of 15 week) were fitted with
DSI telemetry devices (PA11P-
C40, Data Sciences International,
St. Paul, USA) at the 8t week of diet
supplementation. The animals were
anesthetized with isoflurane (2—3%)
through inhalation with a flow
rate of 1.5 L/min. For all animals,
the isoflurane concentration was

Measured

parameters

Pressure [mm Hg]l

Heart rate [bopm]

Systolic pressure [mm Hg]
Diastolic pressure [mm Hg]

Pulse pressure [mm Hg]
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Table 2. The mean pressure, systolic pressure, diastolic pressure, pulse pressure, and heart rate under normal
conditions and under acute stress in both groups: the control group (SHR/C) and the study group (SHR/E)

12 h, normal acute stress 12 h, normal acute stress
conditions conditions conditions conditions
14510 £1.19 181.96 £3.69* 132.05 £1.66 15547 £5.49%*
173.75 £1.95 213.77 £3.96* 158.96 £2.19 18391 £6.16**
11740 £1.10 151.83 £3.73% 10641 £1.78 12841 +£4.70**
56.35 £1.68 61.94 £1.36* 52.55 +£2.06 55.50 £2.29
27845 £4.21 37816 £19.17% 27441 £495 36790 £13.63**

adjusted by decreasing the dose
to the minimum which would pro-
vide analgesia. An aseptic laparoto-
my was performed to expose the ab-
dominal aorta. A catheter tip was inserted into the aorta
and secured with medical glue. The body of the telemetry
device was left inside the abdominal cavity and secured
to the abdominal wall during suture closure of the incision.
The system was programmed to collect data on systolic,
mean and diastolic pressure.

Following the 12" week of study, blood pressure was
measured. The blood pressure measurements were taken
before the stress procedure under normal conditions in each
animal for 12 h. Subsequently, a model of acute stress with
white noise was used. Blood pressure measurement was car-
ried out during the exposure to stress. One 40-minute cycle
of blood pressure monitoring in the presence of a stressor
was carried out in each subject.

White noise was emitted at 100 dB through speakers locat-
ed 30 cm above the cage. Blood pressure was measured simul-
taneously. The volume of sound was monitored by a decibel
meter. After pressure measurement, the rats were anesthe-
tized with isoflurane and sacrificed by cervical dislocation.
Differences between the parameters under stress and before
the procedure of acute stress (A) were calculated. Changes
in the cardiovascular parameters (A) caused by acute stress
were used as an indicator factor of stress level.

Statistical analysis

The data is expressed as mean + standard error
of the mean (SEM) for each parameter and group. The dif-
ference between means for independent variables was ana-
lyzed using the Student’s t-test or Mann—Whitney U test,
while differences within one group (dependent variables)
were analyzed using the dependent Student’s t-test or Wil-
coxon test. A p-value <0.05 was considered statistically
significant. The statistical analysis was performed with
STATISTICA v. 10.0 software (StatSoft Inc., Tulsa, USA).

Results

Twelve-hour measurement intervals under normal
conditions showed that the mean pressure, systolic
pressure and diastolic pressure were significantly lower

*p < 0.05; statistically significant difference in comparison to normal conditions for SHR/C.
** p < 0.05; statistically significant difference in comparison to normal conditions for SHR/E.

in the SHRs fed an enriched diet than in the control group
(159/106 mm Hg vs 174/117 mm Hg). In all groups,
the acute stress exposure evoked a significant increase
in mean pressure, systolic pressure, diastolic pressure,
and heart rate, whereas pulse pressure significantly in-
creased only in the control group (Table 2). Moreover,
a stress-induced increase in mean pressure (AP) and sys-
tolic pressure (ASP) was significantly lower in the study
group than in the control group (AP: 23.42 mm Hg vs
36.86 mm Hg; ASP: 24.95 mm Hg vs 40.02 mm Hg). The in-
crease in these parameters caused by stress was less pro-
nounced in rats fed a diet enriched with PUFAs. However,
the difference in stress-induced diastolic pressure changes
(ADP) between groups did not reach statistical significance
(p = 0.07) due to the small number of animals (Table 3).

Discussion

There has been an increased focus on identifying the nat-
ural components of foods which could be used in the pre-
vention and treatment of hypertension. Grains, vegetables,
fruits, dairy products, meat, chicken, eggs, fish, soybean,
tea, wine, mushrooms, and lactic acid bacteria are vari-
ous natural food sources with potential antihypertensive
effects.!? Blood pressure is regulated through complex
mechanisms, including the modification of angiotensin-
converting enzyme (ACE) activity and changes in oxidative

Table 3. Stress-induced increase of mean pressure (AP), systolic pressure
(ASP), diastolic pressure (ADP), pulse pressure (APP), and heart rate (AHR)
in the control group (SHR/C) and study group (SHR/E)

Calculated

parameters
AP [mm Hgl 36.86 +3.73 2342 +4.27%
ASP [mm Hg] 40.02 +4.02 24.95 +4.23%
ADP [mm Hg] 3443 £3.72 22.00 £4.10**
APP [mm Hg] 5.58 £1.16 296 £0.97
AHR [bpm] 99.71 £20.10 93.49 +13.37

*p < 0.05; statistically significant difference in comparison to SHR/C.
**p =0.07 in comparison to SHR/C. A — difference between parameter
under stress and parameter before acute stress procedure.
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status. Antioxidants may decrease arterial blood pressure
by decreasing oxidative stress, thus preserving the activity
of nitric oxide synthase (NOS) and increasing nitric ox-
ide bioavailability. It was previously demonstrated that egg
consumption may decrease oxidative stress levels; thus, our
results are in agreement with those reported by Jahandideh
et al.2% Peptides obtained from egg white, such as novokinin,
may act as a potent hypotensive factor through the AT(2)
receptor.?! Fatty acids from fish oil are known to decrease
blood pressure.?? It has been shown in clinical trials that n-3
PUFAs reduce the incidence of CVD and sudden cardiac
death, and they decrease blood pressure.? It has been dem-
onstrated that dietary compounds rich in PUFAs reduce
pressor responses of the mesenteric artery to norepineph-
rine.?* It is well-established that egg yolk contains peptides
that demonstrate antioxidant, ACE-inhibitory and antidia-
betic (a-glucosidase and DPP-1V inhibitory) activities.?®

However, there has not been any clinical experience
with the use of phospholipid fraction obtained from hen
egg yolk as a mean to control blood pressure. Hen eggs
are a relatively inexpensive source of not only fatty acids
but also of amino acids and arginine, a precursor to nitric
oxide.?® In our study, rats fed a diet enriched with phos-
pholipid fraction obtained from egg yolk had decreased
blood pressure compared to the control group. The de-
crease in blood pressure was even more significant in rats
exposed to acute stress.

Stress has become a prevalent part of people’s life-
style; therefore, the effect of stress on blood pressure
is of increasing relevance and importance. We used noise
as a stressor because it is a constant component of modern
life and is considered to be a hypertensive factor. For what
is likely the first time, advanced cardiovascular telemetry
devices were utilized to evaluate the response to stress.
The use of a modern experimental model which allows
blood pressure monitoring in conscious rats via telemetry
seems to be an important step in identifying the effects
of phospholipid fraction on stress and blood pressure.
It is well-known that acute stress causes a rise in blood
pressure and heart rate. This new method of stress level
evaluation might be used in the pre-clinical selection
of bioactive products with the highest anti-stress potential.

Our results showing the influence of PUFAs on blood pres-
sure are in agreement with the data of Jayasooriya et al., who
showed that PUFA supplementation reduces hypertension
in rats (animals with high ANG IL activity).?” Thus, our find-
ings in this study expand on existing evidence that PUFAs
decrease blood pressure.?® Moreover, we observed that a diet
enriched with PUFAs reduces the increase in blood pressure
evoked by acute stress. We observed that phospholipid frac-
tion obtained from hen egg yolk rich in PUFAs acts as a hy-
potensive agent and that it could be used in the prevention
or treatment of hypertension evoked or exacerbated by acute
stress. This finding suggests that egg phospholipid fraction
could play an important role in the prevention of blood pres-
sure rise related to stress.
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Moreover, if we suppose that blood pressure change
is an indicator of stress level, this study would suggest
that phospholipids demonstrate anti-stress activity.
The use of a hypertensive animal model probably en-
hances this effect. However, further studies with dif-
ferent stressors and stress models are needed in order
to confirm these early results. In the last decade, there
has been increasing interest in foods that promote health
and could prevent hypertension and CVD. Chicken eggs
have been demonstrated to decrease blood pressure; there-
fore, they can be considered hypotensive agents because
they may become a part of a daily diet as functional food.

Conclusions

The results of this study indicate that the phospholipid
fraction rich in fatty acids which is obtained from egg yolk
reduces the negative response of the cardiovascular sys-
tem to acute stress in SHRs. Since the study demonstrated
the beneficial effects of phospholipid fraction on blood
pressure in rats exposed to stress, the implications for pa-
tients need to be tested in further studies.
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