ISTANBUL
UNIVERSITY

Volume/Cilt 9 Issue/Sayl 3 December/Aralik 2019

»

»

»

»

»

»

Expression Levels of Inflammasome Complexes in Experimental
Autoimmune Myasthenia Gravis Mouse Model (EAMG)

Ceyda Nur Baltaci, Vuslat Yilmaz, Canan Ulusoy, Erdem Tuzin, Burcak Vural

Correlation Between Salivary Anxiety Markers and Salivary
Biochemical Markers in Children with Primary and Mixed
Dentition

Sehkar Oktay, Sezin Demirel, Unsal Veli Ustiindag, Betil Korkmaz, Gizem Eskiocak,
Serap Akylz, Ebru Emekli Alturfan

Investigation of The Vitamin D Receptor (VDR) Gene
Polymorphisms in Lumbar Disc Herniation in Turkish Patients
Bahar Toptas Hekimoglu, Hakan Eraltan, Hidayet Sari, Mehmet Tolgahan Hakan,
Dilara Sdnmez, Cem Horozoglu, Umit Zeybek, Arzu Ergen, ilhan Yaylim, Turgay isbir

Preliminary Study: DNA Repair Gene Polymorphisms (RRM1,
RRM2, ERCC2) In Left Ventricular Hypertrophy

Fatma Tuba Akdeniz, Seda Giile¢ Yilmaz, Cemil Selim Isbir, Yasar Birkan, David Sinan
Esensoy, Gozde Ozcan, Atike Tekeli Kunt, Turgay isbir

B Cell Immunophenotyping and Expression Analysis of B Cell

Specific Molecules of Patients with Benign Multiple Sclerosis
Melis Sen, Ece Akbayir, Recai Turko§lu, Erdem Tuzun, Vuslat Yilmaz

Allergic Rhinitis and Eczema in a Population of School Children

from the City of Gjilan in Kosovo
Valbona Gashi, Luljeta N. Ahmetaj, Bekim Ahmeti

experimed.istanbul.edu.tr E-ISSN 2667-5846



E)dDERIMED

HONORARY ADVISORY BOARD/
ONURSAL DANISMA KURULU

Aziz Sancar

Department of Biochemistry and Biophysic, North Carolina

University School of Medicine, Chapel Hill, NC,

North Carolina Universitesi Tip Fakiltesi Biyokimya ve Biofizik

Bélimd, Chapel Hill, NC, ABD

EDITORS/EDITORLER

Giil Bakirer Oztiirk

Department of Laboratory Animals Science,
istanbul University, Aziz Sancar Institute of
Experimental Medicine, istanbul, Turkey
Istanbul Universitesi, Aziz Sancar Deneysel
Tip Arastirma Enstitiist, Laboratuvar Hayvanlar
Bilimi Anabilim Dali, Istanbul, Tiirkiye

Mehves Poda

Department of Genetics, istanbul University,
Aziz Sancar Institute of Experimental Medicine,
Istanbul, Turkey

Istanbul Universitesi, Aziz Sancar Deneysel
Tip Arastirma Enstitdst, Genetik Anabilim Dall
Istanbul, Tirkiye

EDITORIAL BOARD/ YAYIN KURULU

Abid Hussaini

Department of Pathology and Cell Biology,
Columbia University, Taub Institute, New York, USA

Columbia Universitesi, Taub Enstittisti, Patoloji
ve Hiicre Biyolojisi Anabilim Dali, New York, ABD

Ahmet Gill
Department of Internal Medicine, istanbul
University School of Medicine, Istanbul, Turkey

Istanbul Universitesi, Istanbul Tio Fakiiltesi Ic
Hastaliklar Anabilim Dall, Istanbul, Tiirkiye

Ali &nder Yildinm

Department of Lung Biology and Diseases,
Helmholtz Zentrum Minchen, Minchen,
Germany

Helmholtz Zentrum Mdinchen, Akciger Biyolojisi
ve Hastaliklar Bolimd, Mdinih, Almanya

EDITOR IN CHIEF/BAS EDITOR
Bedia Cakmakoglu

USA

Department of Molecular Medicine, istanbul Uniyersit\/,
Aziz Sancar Institute of Experimental Medicine, Istanoul, Turkey

Istanbul Universitesi, Aziz Sancar Deneysel Tipo Arastirma

Enstitiisti, Molektiler Tip Anabilim Dali, Istanbul, Tiirkiye

Metin Yusuf Gelmez

Department of Immunology, istanbul University,
Aziz Sancar Institute of Experimental Medicine,
Istanboul, Turkey

Istanbul Universitesi, Aziz Sancar Deneysel Tio
Arastirma Enstitcisti, Immiinoloji Anabilim Dal,
Istanbul, Tiirkiye

Umut Can Kiiciiksezer

Department of Immunology, istanbul University,
Aziz Sancar Institute of Experimental Medicine,
Istanbul, Turkey

Istanbul Universitesi, vAz/z Sancar Deneysel Tip
Arastirma Enstitist, Immdnoloji Anabilim Dall,
Istanbul, Ttirkiye

Batu Erman
Department of Molecular Biology, Genetics and
Bioengineering, Istanbul, Turkey

Sabanci Universitesi, Molekiiler Biyoloji,
Genetik ve Biyomtihendislik BSlimdi, Istanbul,
Tlrkiye

Cagla Eroglu
Department of Cell Biology, Duke University,
North Carolina, USA

Duke Universitesi, Hicre Biyolojisi Anabilim
Dall, Kuzey Carolina, ABD

Ebba Lohmann

Department of Neurodegenerative
Diseases, Tubingen University, Tubingen,
Germany

Tiibingen Universitesi, Nérodejeneratif
Hastaliklarr Anabilim Dali, Ttibingen, Almanya

Vuslat Yilmaz

Department of Neuroscience, istanbul
University, Aziz Sancar Institute of Experimental
Medicine, Istanbul, Turkey

Istanbul Universitesi, Aziz Sancar Deneysel Tio
Avrastirma Enstittsd, Sinirbilim Anabilim Dal,
Istanbul, Tirkiye

Elif Apohan ‘
Department of Biotechnology, Inénl University
School of Science, Malatya, Turkey

Inenii Universitesi, Fen Edlebiyat Fakiiltesi, Biyoloji
Bolimd, Biyoteknoloji Anabilim Dali, Malatya, Tirkiye

Erdem Tiizlin

Department of Neuroscience, istanbul
University, Aziz Sancar Institute of Experimental
Medicine, istanbul, Turkey

Istanbul Universitesi, Aziz Sancar Deneysel Tio
Aragt/rma Enstitusd, Sinirbilim Anabilim Dal),
Istanbul, Ttrkiye

Gokge Toruner
Department of Hematology, MD Anderson Cancer
Center, Houston, Texas, USA

MD Andlerson Kanser Merkezi, Hematoloji
Anabilim Dali, Houston, Teksas, ABD

Publisher
[orahim KARA

Publication Director
Ali SAHIN

Editorial Development
Gizem KAYAN

Finance and Admipistration
Zeynep YAKISIRER UREN

AAVES

Deputy Publication Director

Project Coordinators

Address: Bliytkdere Cad. No:

Gokhan CIMEN Sinem KOZ 105/9 34394 Mecidiyekdy, Sisli,
Publication Coordinators Dogan ORUG Istanbul-Turkey

Betiil CIMEN Graphics Department Phone: +90 212 21717 00
Ozlem CAKMAK Unal OZER Fax: +90 2129179299

Okan AYDOGAN Deniz DURAN E-mail: info@avesyayincilik.com
irem SOYSAL Beyzanur KARABULUT

Arzu YILDIRIM


https://orcid.org/0000-0001-7960-9131
https://orcid.org/0000-0003-0185-8239
https://orcid.org/0000-0002-1957-6072
https://orcid.org/0000-0002-5279-0855
https://orcid.org/0000-0002-5358-5570
https://orcid.org/0000-0002-4809-2966

E)d’ERIMED

Gunnur Deniz

Department of Immunology, Istanbul University,
Aziz Sancar Institute of Experimental Medlicine,
[stanbul, Turkey

Istanbul Universitesi, ‘Az/z Sancar Deneysel Tip
Arastirma Enstitdst, Immdnoloji Anabilim Dall,
[stanbul, Tirkiye

Giirol Tungman
Department of Genetics and Complex Diseases,
Harvard University, Massachusetts, USA

Harvard Universitesi, Genetik ve Karmasik
Hastaliklar Anabilim Dali, Massachusetts, ABD

Hannes Stockinger
Molecular Immunology Unit, Vienna School of
Mediicine, Pathophysiology Center; Vienna, Austria

Vivana Tip Fakiiltesi, Patofizyoloji Merkezi,
Molektiler Immiinoloji Unitesi, Vivana, Avusturya

Hiilya Yilmaz

Department of Molecular Medicine, Istanbul
University, Aziz Sancar Institute of Experimental
Mediicine, Istanbul, Turkey

[stanbul Universitesi, Aziz Sancar Deneysel Tip
Arastirma Enstitdsd, Molekdler Tip Anabilim
Daly, Istanbul, Tiirkiye

ihsan Giirsel
Department of Molecular Biology and Genetics,
Bilkent University, Ankara, Turkey

Bilkent Universitesi, Molektiler Biyoloji ve
Genetik Bolimd, Ankara, Tirkiye

Melih Acar
Texas University Pedliatric Research Institute,
Dallas, Texas, USA

Teksas Universitesi Cocuk Arastirmalari Enstitcist,
Dallas, Teksas, ABD

Numan Ozgen
Department of Pathology and Immunolosy,
Baylor University School of Mediicine, Texas, USA

Baylor Universitesi Tip Faktiltesi, Patoloji ve
Immtinoloji Anabilim Dali, Texas, ABD

Serhat Pabuccuogiu

Department of Reproduction & Artificial
Insemination, stanbul University-Cerrahpasa
School of Veterinary, Istanbul, Turkey

Istanbul Universitesi, Cerrahpasa Veteriner
Fakiiltesi, Dolerme ve Suni Tohumlama Anabilim
Daly, Istanbul, Tiirkiye

Siihendan Ekmekgcioglu
Texas University, MD Anderson Cancer Center,
Houston, Texas, USA

Teksas Universitesi, MD Anderson Kanser
Merkezi, Houston, Texas, ABD

Yusuf Baran

Department of Molecular Biology and
Genetics, [zmir Institute of Technology,
[zmir, Turkey

[zmir Yiiksek Teknoloji Enstittist],
Molekiiler Biyoloji Ve Genetik Bolimd,
[zmir, Tirkiye

LANGL]AGE ED]TORSI
DIL EDITORLERI

Alan James Newson
istanbul Universitesi

Dorian Gordon Bates
istanbul Universitesi

STATISTICS EDITOR/
ISTATISTIK EDITORU
Sevda OZEL YILDIZ

istanbul Tip Fakiiltesi Biyoistatistik Anabilim Dali,
istanbul, Turkiye

PAST EDITORS/
ONCEKi EDITORLER
Erdem Tiiziin

Ugur Ozbek




E)d:’ERIMED

CONTENTS
ORIGINAL ARTICLES

79 Expression Levels of Inflammasome Complexes in Experimental Autoimmune Myasthenia Gravis Mouse Model
(EAMG)

86

93

29

105

113

120

130

138

Ceyda Nur Baltaci, Vuslat Yilmaz, Canan Ulusoy, Erdem Tuiziln, Burcak Vural

Correlation Between Salivary Anxiety Markers and Salivary Biochemical Markers in Children with Primary and Mixed

Dentition
Sehkar Oktay, Sezin Demirel, Unsal Veli Ustiindag, Betiil Korkmaz, Gizem Eskiocak, Serap Akyiiz, Ebru Emekli Alturfan

Investigation of The Vitamin D Receptor (VDR) Gene Polymorphisms in Lumbar Disc Herniation in Turkish Patients
Bahar Toptas Hekimoglu, Hakan Eraltan, Hidayet Sari, Mehmet Tolgahan Hakan, Dilara Sénmez, Cem Horozoglu, Umit Zeybek, Arzu
Ergen, ilhan Yaylim, Turgay isbir

Preliminary Study: DNA Repair Gene Polymorphisms (RRM1, RRM2, ERCC2) In Left Ventricular Hypertrophy
Fatma Tuba Akdeniz, Seda Giile¢ Yilmaz, Cemil Selim isbir, Yasar Birkan, David Sinan Esensoy, Gézde Ozcan, Atike Tekeli Kunt, Turgay Isbir

B Cell Immunophenotyping and Expression Analysis of B Cell Specific Molecules of Patients with Benign Multiple

Sclerosis
Melis Sen, Ece Akbayir, Recai Tiirkoglu, Erdem Tiizin, Vuslat Yilmaz

Allergic Rhinitis and Eczema in a Population of School Children from the City of Gjilan in Kosovo
Valbona Gashi, Luljeta N. Ahmetaj, Bekim Ahmeti

REVIEWS
Mesenchymal Stem Cell Signaling Pathway and Interaction Factors
Gllsemin Cicek, Selcuk Duman, Tahsin Murad Aktan

Wound Repair and Experimental Wound Models
Gul Baktir

The Effects of Rifampicin on Neuronal Survival
ilknur Yurtsever, Ebru Emekli Alturfan



E)d:’ERIMED

iCINDEKILER
ORIJINAL ARASTIRMALAR
79 Deneysel Otoimmiin Miyastenia Gravis Fare Modelinde inflamazom Komplekslerinin Ekspresyon Seviyesi

86

93

29

105

113

120

130

138

143

Ceyda Nur Baltaci, Vuslat Yilmaz, Canan Ulusoy, Erdem Tiizln, Burcak Vural

Sut ve Karisik Dislenme Donemindeki Cocuklarda Tiikiiriik Anksiyete Belirtegleri ve Tiikiiriik Biyokimyasal Belirtecler
Arasindaki Korelasyon
Sehkar Oktay, Sezin Demirel, Unsal Veli Ustiindag, Betiil Korkmaz, Gizem Eskiocak, Serap Akyiiz, Ebru Emekli Alturfan

Lomber Disk Hernisi Tanisi Konan Tiirk Hastalarda Vitamin D Reseptor (VDR) Gen Polimorfizmlerinin Arastirilmasi
Bahar Toptas Hekimoglu, Hakan Eraltan, Hidayet Sari, Mehmet Tolgahan Hakan, Dilara Sénmez, Cem Horozoglu, Umit Zeybek, Arzu
Ergen, ilhan Yaylim, Turgay isbir

Sol Ventrikil Hipertrofisinde (RRM1, RRM2, ERCC2) DNA Tamir Gen Polimorfizmleri
Fatma Tuba Akdeniz, Seda Giile¢ Yilmaz, Cemil Selim isbir, Yasar Birkan, David Sinan Esensoy, Gézde Ozcan, Atike Tekeli Kunt, Turgay Isbir

Benign MS Hastalarinin B Hiicre immiinfenotiplemesi ve B Hiicresine Ozgii Molekiillerin Expresyon Analizi
Melis Sen, Ece Akbayir, Recai Tiirkoglu, Erdem Tuiziin, Vuslat Yilmaz

Kosova Gjilan Sehrindeki Okul Cagi Cocuklarini iceren Popiilasyonda Alerjik Rinit ve Egzamanin incelenmesi
Valbona Gashi, Luljeta N. Ahmetaj, Bekim Ahmeti

DERLEMELER
Mezenkimal Kok Hiicre Sinyal Yolaklari ve Etkilesim Faktorleri
Gllsemin Cicek, Selcuk Duman, Tahsin Murad Aktan

Yara lyilesmesi ve Deneysel Yara Modelleri
Gul Baktir

Rifampisinin N6ronal Sagkalim Uzerine Etkileri
ilknur Yurtsever, Ebru Emekli Alturfan

Reviewer List




Experimed 2019; 9(3): 79-85

ORIGINAL ARTICLE
ORIJINAL ARASTIRMA

DOI: 10.26650/experimed.2019.19020

Expression Levels of Inflammasome Complexes
in Experimental Autoimmune Myasthenia Gravis

Mouse Model (EAMG)
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ABSTRACT

Objective: Despite the clues that myasthenia gravis (MG) disease
may be associated with inflammasomes, there are no studies in the
literature on MG disease and inflammasome complexes. Hence, to
address this question, we investigated the possible participation
of inflammasomes in experimental autoimmune myasthenia gra-
vis mouse model (EAMG).

Material and Method: EAMG was induced in mouse using ace-
tylcholine receptor (AChR) protein, and Anti-AChR IgG antibody
levels detected by ELISA in the experimental group confirmed our
model. Levels of CASPT, IL-1B, NLRP3, P2X7R, and AKT1 of the exper-
imental and control (complete Freund’s adjuvant -CFA immunized)
groups were measured by qRT-PCR.

Results: After immunization, the AChR IgG antibody levels were
significantly higher in the AChR-immunized group than in the
control group (p=0.042). IL-18 levels in the experimental group
were significantly higher, compared to the control group (p=0.01).
CASP1, NLRP3, and P2X7R levels were also higher compared to the
control group. However, these differences did not attain statisti-
cal significance (p>0.05). AKT1 levels were lower compared to the
control group. There was no correlation between serum antibody
concentration and gene expression levels.

Conclusion: Our results suggest that there might be inflam-
masome involvement in the pathology of MG disease. Increase
in IL-18 levels indicates the importance of the inflammatory re-
sponse; however, further studies are necessary to confirm this.

Keywords: Experimental autoimmune myasthenia gravis mouse
model, inflammasome, myasthenia gravis
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Amag: Myastenia Gravis (MG) hastaliginin inflamazomlarla iliskili
olabilecegine dair ipuglarina ragmen literatiirde MG hastaligi ve
inflamazomlarla ilgili bir arastirma yer almamaktadir. Bu ¢alismada,
inflamazom kompleksinde yer alan genler ile hastaliktaki inflama-
tuvar yanit arasindaki iliskinin belirlenmesi hedeflenmistir.

Gereg ve Yontem: Deneysel otoimmiin myastenia gravis (DOMG)
modeli farelerde asetil kolin reseptor-(AChr) proteini kullanilarak
olusturuldu ve deney grubunda ELISA ile saptanan anti-AChR
Ig seviyeleri modelimizi dogruladi. Deney ve kontrol (complete
Freund’s adjuvant-CFA) immiinize grubunda CASP1, IL-18, NLRP3,
P2X7R ve AKT1 gen ekspresyonu seviyeleri qRT-PCR ile incelendi.

Bulgular: immiinizasyon sonrasi AChR IgG antikor diizeyleri ACh-
R-immiinize grupta kontrollere gére anlamli derecede yiiksek
belirlendi (p=0,042). Deney grubunda IL-18 seviyelerinin, kontrol
grubuna kiyasla anlamli derecede yiiksek bulunmustur (p=0,01).
CASP1, IL-1B, NLRP3 ve P2X7R seviyelerinin de kontrol grubuna
gore arttigi fakat istatistiksel anlamliliga ulasmadigi tespit edilmis-
tir (p>0,05). AKT1 seviyelerinin ise kontrol grubuna kiyasla azaldig
gorilmustir. Serum antikor diizeyleri ve gen ekspresyon seviyeleri
arasinda ise korelasyon saptanmamistir.

Sonug: Bulgularimiz MG hastaliginin patogenezinde inflamazom
komplekslerinin rolu olabilecegini gostermistir. IL-18 ekspresyon
diizeyindeki anlamli artis inflamasyon yanitinin nemine isaret et-
mektedir, fakat kesin bir kaniya varabilmek icin bu konuda daha
ileri calismalar yapilmasi gerektigi sonucuna ulagsmisiltir.

Anahtar Kelimeler: Deneysel otoimmiin myastenia gravis fare
modeli, inflamazom, myastenia gravis
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INTRODUCTION

Myasthenia Gravis (MG) is a rare chronic autoimmune disorder
caused by an autoimmune attack against the postsynaptic part
of the neuromuscular junction (NMJ). The main characteristic
feature of MG is muscle weakness, which can lead to death in
its severe forms (1, 2). In MG disease, anti-AChR antibodies are
targeted mostly at the acetylcholine receptor (AChR), which
results in neuromuscular transmission failure. Anti-AChR anti-
bodies are produced by B lymphocytes, but the exact cause of
the autoimmune response in MG is still not known (3, 4).

Due to its economic and social burden, MG poses a significant
health issue. Thus, treatments that contribute to the preven-
tion and progression of MG are substantial. Current treatment
is aimed at reducing symptoms. In this context, immunosup-
pressive drugs, plasmapheresis, thymectomy and supportive
therapies are in use. However, these treatment methods cause
adverse effects, such as opportunistic infections, osteoporosis,
diabetes mellitus, and 2-3% of MG patients die due to these
adverse effects. Therefore, there is a need for new treatment
approaches with a more favorable adverse effect profile and a
much more specific mechanism of action (5).

Inflammasomes are multimeric protein complexes that regu-
late the activation of caspase-1 (CASPT) and cause an inflam-
matory response. Inflammasomes act by activating caspase-1,
which converts pro-inflammatory cytokine interleukin -1 (/L-
1) into its active form (6).

The experimental animal models generated by immunizations
exhibit close clinical and histopathological similarities to MG.
Hence, they are suitable for enlightening the pathogenesis of
this autoimmune disease (7).

Despite the clues that (MG) disease may be associated with
inflammasomes, there are no studies in the literature on MG
disease and inflammasome complexes. Hence, to address this
question, we investigated the possible participation of inflam-
masomes in EAMG pathogenesis.

MATERIAL AND METHOD

Mouse and Experimental Set-up

Mouse were obtained from Istanbul University, Aziz Sancar
Institute of Experimental Medicine, Department of Labora-
tory Animal Science, and their diet and care were carried out
under the routine control in the barrier system chambers in
this department. Ethics committee approval was given for
this study by the Istanbul University Animal Experiments Lo-
cal Ethics Committee (Decision No: 10.07.2017). We generated
two groups of mouse; one group immunized with AChR and
complete Freund’s adjuvant (CFA) (n=8), and the other group
immunized using only CFA as a control group (n=7).

Induction of EAMG
The AChR protein we used in this study was purified by affinity
chromatography from Torpedo Californica, and supplied by Dr.

Baltaci et al.
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Premkumar Christadoss from Texas University. The purity of the
protein before immunization was controlled using gel electro-
phoresis. Before the immunization procedure, propofol dilut-
ed with PBS (1:5) was administered intraperitoneally at 20 pl/g
per mouse as an anesthetic. The basal weights of all animals
before each immunization were recorded, and their weights
were measured once a week until the mouse were sacrificed on
the termination day. To mimic MG disease in 8 week old male
C57BI/6J (B6) mouse, a mixture of 40 ug of AChR protein (in 100
pl phosphate buffer) and CFA containing 100 ug of Mycobac-
terium butyricum (100 pl) was prepared, and this 200 pl emul-
sion was injected subcutaneously into one side of the leg and
shoulder on the day 0. The same protocol was applied to the
control group with CFA-only immunized mouse. The mouse
were monitored. All animals were immunized three times in
four weeks. A small amount of blood was withdrawn from the
tail vein of the mouse after each immunization, and antibod-
ies in the sera were detected using ELISA. Blood was collected
from mouse 10 days after the lastimmunization, and the serum
was stored at -80°C until used.

ELISA

Serum samples were collected after the second and third im-
munizations, and Anti-AChR IgG antibody levels of AChR-im-
munized mouse and CFA-only immunized mouse were evalu-
ated by ELISA, using a previously described method (3).

RNA Isolation

RNA was isolated from lymph nodes using RNAzol°RT (MRC,
Cincinnati, USA). RNA concentrations, and quality and quantity
of all samples were measured by Thermo Scientific Nanodrop
2000 at 260/280 and 260/230 wavelengths. RNAs were stored
at -20°C prior to use.

cDNA Synthesis and gRT-PCR (Quantitative Real Time PCR)
cDNA synthesis was performed using commercial Jena Biosci-
ence script cDNA synthesis kit (Jena Bioscience, Jena, Germa-
ny), according to manufacturer’s instructions. 2 pl of extracted
RNA reverse-transcribed into cDNA using reverse transcriptase
in a final reaction volume of 20 pl, and amplified respectively
for 1 hour at 50°C, 10 minutes at 42°C, 10 min at 70°C and 33
min at 4°C using thermal cycler (Bio-Rad, California, USA).

gRT-PCR was performed to determine the expression levels of
CASP1, IL-18, NLRP3 (NLR family pyrin domain containing 3),
P2X7R (P2X purinoceptor 7 receptor), and AKT1(RAC-alpha ser-
ine/threonine-protein kinase) genes using qPCR GreenMaster
with UNG/lowROX kit (Jena Bioscience, Jena, Germany). Ampli-
fication was performed using the CFX Connect Real-Time PCR
Detection System (Bio-Rad, California, USA). Data was normal-
ized to GADPH. The 222" method was used for relative quan-
tification. Gene-specific primers for gRT-PCR were designed
using NCBI Primer Blast tool, and synthesized as the sequences
listed in Table 1.

Statistical Analysis

Antibody and gene expression levels were compared by stu-
dent’s t-test, and correlation analysis was done by Pearson test.
p<0.05 was considered as statistical significant.
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Table 1. The forward and reverse primer sequences used for gqRT-PCR

Gene name Forward primer Reverse primer
AKT1 5'TAGGCCCAGTCGCCCG 3’ 5" AGGTGCCATCGTTCTTGAGG 3’
P2X7R 5'CCTAGGTGAGGGTTTGCTGT 3’ 5'GGTGTGCACGGAGCTGATAA 3’
CASP1 5'GGACCCTCAAGTTTTGCCCT 3’ 5'GCAAGACGTGTACGAGTGGT 3’
IL-1B 5'TGTCTTTCCCGTGGACCTTC 3’ 5'TCATATGGGTCCGACAGCAC 3’
NLRP3 5'TCCCAGACACTCATGTTGCC 3; 5'GTCCAGTTCAGTGAGGCTCC 3’
GAPDH 5’AGCTACTCGCGGCTTTACG 3’ 5’AATCCGTTCACACCGACCTT 3’
a b
0.5 p=0.0426 0.6- p=0.0426
0.4+ 0.4+
- 0.3 - 0.34
= 0.2 e 0.24
0.1+ — 0.14 —
0.0- T T
?cFQ' & &
1/500 dilution 1/1000 dilution
Figure 1. a, b. The AChR IgG antibody levels measured by ELISA
RESULTS DISCUSSION

ELISA results of Experimental Autoimmune Myasthenia
Gravis Mouse Model

The AChR IgG antibody levels were determined at two differ-
ent concentrations as 1/500 and 1/1000, respectively. These
two concentrations were consistent. After the second and the
third immunization, AChR IgG antibody levels were significant-
ly higher in the AChR-immunized group than in the control
group for both dilutions (p=0.042) (Figure 1. a, b).

Expression Levels of CASP1, IL-1B, NLRP3, P2X7R and AKT1
genes

The expression of the IL-18 gene showed a statistically signifi-
cant difference between the experimental and control groups
(Figure 2) (p=0.015). Nevertheless, CASP1, NLRP3, and P2X7R
genes showed trends towards higher expression levels in the
AChR-immunized mouse, whereas AKT1 gene expression levels
were higher in the CFA group (Figure 3-6).

There was no correlation between expression and antibody
levels.

In this study, expression levels of CASP1, IL-18, NLRP3, P2X7R,
and AKTT genes in EAMG were investigated for the first time to
elucidate the role of inflammasome complexes in the patho-
genesis of MG.

The anti-AChR IgG antibody detection in the sera of the exper-
imental group immunized with AChR showed that we success-
fully induced the EAMG model in mouse. The mean value of
serum acetylcholine IgG (AChR) in this experimental group was
significantly higher than in the control group.

Many studies suggest the presence of a genetic relationship
between autoimmune diseases and variations in genes encod-
ing inflaimmasome components. However, no such study has
been conducted so far in MG disease. IL-1§ is a pro-inflamma-
tory cytokine produced by activated macrophages, endothelial
cells, B cells and fibroblasts. IL-18 elicits immune and inflamma-
tory response (8). The caspase-1 inhibitor significantly amelio-
rates the symptoms of the disease in the EAMG via the IL-13
and IL-17 pathway. This finding suggests that CASP1 fulfils an
important role in the etiology of the disease (9).
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Considering that the inflammasomes act by activating CASP1T,
which converts IL-18 to its active form, an increase in the ex-
pression of IL-13 and CASP1 is expected in EAMG. Consistently,
the significant increase in the expression level of IL-18 (p=0.01)
in EAMG compared to the control group indicates the impor-
tance of the inflammation response. Furthermore, we detected

the increase in the levels of CASP1, NLRP3 and P2X7R; whereas
decrease in the levels of Akt-1 in the EAMG model compared to
the control group. There was no correlation between serum an-
tibody concentration and the expression levels of any gene that
were used in this study. Unlike IL-18, the increase in the genes of
CASP1, NLRP3, and P2X7R did not attain statistical significance,
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which may have occurred due to the low number of mouse
included in our study. IL-18 activity is mainly mediated by four
cellular signaling pathways. Three of these belong to the MAP
kinase (MAPK) pathway. This pathway is mediated by three ma-
jor enzymes: c-Jun NH2-terminal kinase (JNK) 1/2 (jun kinases),
38-kd protein kinases (p38) and (ERK) 1/2. The fourth signaling
pathway that mediates IL-18 is the NF-kB pathway (10).

The fact that the expression levels of inflammasome complexes
did not increase as much as IL-18 levels indicate the involve-
ment of other signaling pathways that activate this cytokine

should be taken into account. Moreover, it is known that NF-«kB
signals regulate the immune response in MG disease, and the
PI3K/Akt pathway activates these signals. The PI3K/Akt path-
way is important for up-regulation of P2X7R expression, which
is known to activate caspase-1 (11). A study showed that P2X7R
expression was increased in blood samples of MG patients
which was consistent with our finding (12).

As it is well known, the Akt pathway plays a role in muscle
physiology (13). In our study, AKTT gene expression levels were
decreased in the AChR-immunized group. One possible expla-
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nation for the decrease in AKT1 levels may be due to compen-
sation for the inflammation process. This study might highlight
the significance of inflammasome complexes in the pathogen-
esis of MG, and shed light into other studies in this field.
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ABSTRACT

Objective: Anxiety due to the dentist and dental treatment is a
problem encountered in many children. The aim of the present
study is to determine salivary nitric oxide, lactoferrin, a-amylase
and cortisol levels of children in primary and mixed dentition, and
to evaluate their relation with stress due to dental treatment.

Material and Method: The study consisted of 50 children in pri-
mary and mixed dentition. The children were evaluated clinically
and according to Frankl Behavior Rating Scale. Salivary flow rate
was calculated, and nitric oxide, lactoferrin, a-amylase and cortisol
levels were measured in saliva.

Results: 68% percent of the children were found to be negative
according to the Frankl Behavior Rating Scale (category 2), and
significantly decreased salivary flow rate was evident in these chil-
dren when compared with children that were categorized as com-
pletely negative (category 1). The DMFT+dft index was 7.56+4.29,
and positive correlations were found between DMFT+dft indices
and salivary nitric oxide, lactoferrin, cortisol and a-amylase levels
(p<0.05). These parameters were not different between genders.
Positive correlations were found between salivary nitric oxide and
a amilase, cortisol and a amilase, cortisol and lactoferrin; and also
between a-amilase and lactoferrin levels (p<0.05).

Conclusion: Salivary lactoferrin, a-amylase and cortisol may be
suggested as important parameters of oral health.

Keywords: Anxiety, biochemical markers, saliva

0z

Amag: Dis hekimi ve dis tedavisine bagl anksiyete bircok cocukta
karsilasilan bir sorundur. Bu ¢alismanin amaci, stt ve karisik dis-
lenme donemindeki ¢ocuklarda tuikurik nitrik oksit, laktoferrin,
a-amilaz ve kortizol seviyelerini tespit etmek ve dis tedavisinden
kaynaklanan stresle iliskilerini degerlendirmektir.

Gereg ve Yontem: Calisma siit ve karisik dislenme donemindeki
50 cocuktan olugmaktadir. Cocuklar klinik olarak ve Frankl Davranis
Degerlendirme Olcegine gére degerlendirildi. Tiikiiriik akis hizi he-
saplandi ve tukurikte nitrik oksit, laktoferrin, a-amilaz ve kortizol
seviyeleri olculdu.

Bulgular: Cocuklarin %68'i Frankl Davranis Degerlendirme Ol-
cegine gore negatif (Kategori 2) olarak bulundu ve bu ¢ocuk-
larda, tamamen negatif olarak siniflandirilan cocuklarla karsi-
lastinldiginda (Kategori 1) anlaml derecede azalmis tukirik
akis hizi belirlendi. DMFT + dft indeksi 7,56+4,29 idi ve DMFT +
dft indeksleri ile tukrik nitrik oksit, laktoferrin, kortizol ve a-a-
milaz seviyeleri arasinda pozitif korelasyon bulundu. Bu para-
metreler cinsiyetler arasinda farkl degildi. Tukurik nitrik oksit
ile amilaz, kortizol ve amilaz, kortizol ve laktoferrin ve ayrica
a-amilaz ve laktoferrin seviyeleri arasinda pozitif korelasyon
bulundu.

Sonug: Tikuriuk laktoferrin, a-amilaz ve kortizol, agiz saghgi ve
anksiyete icin dnemli parametreler olarak onerilebilir.

Anahtar Kelimeler: Anksiyete, biyokimyasal belirtecler, tiiktrik
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INTRODUCTION

The importance of saliva as a non-invasive diagnostic fluid
has increased in recent years. Accordingly, there is constantly
increasing evidence supporting the use of saliva as a non-in-
vasive tool for monitoring biomarkers in health and patholog-
ical human status (1). Saliva has unique functions to maintain
dental health and in protecting against the harmful effects of
microorganisms.

The composition of saliva consists of hormones, peptides,
electrolytes, mucus, antibacterial compounds and different
enzymes, as well as organic and inorganic compounds (2).
Cortisol is one of the most important steroid hormones de-
tectable in saliva (2). Lactoferrin and a-amylase, together with
immunoglobulins, are the markers of mucosal immunity that
are detectable in saliva. Lactoferrin is available in a variety of
body fluids, including saliva. It is an iron-binding glycoprotein
and protects the organism from infectious diseases by direct-
ly passing pathogens such as bacteria through the oral cavity
viruses. Lactoferrin is present in the first line of defense in the
face of pathogens in the mouth mucosa (3).

Nitric oxide (NO) is a short-lived gas that acts as a strong re-
active radical, NO takes part in the defensive mechanisms of
the oral cavity. Accordingly, antimicrobial effects of salivary NO
metabolites, nitrates and nitrites, on protection against oral
diseases, have been shown in recent years (4).

Cortisol, the main glucocorticoid of the organism, is an import-
ant component of the reactions called ‘stress response; and can
be reliably detected in saliva. Salivary cortisol is measured and
used as a biomarker of psychological stress. On the other hand,
salivary cortisol does not only reflect the hypothalamus-pi-
tuitary-adrenal axis (HPAA); different factors regulating HPAA
reactivity such as the hippocampus, hypothalamus, pituitary
and adrenals, as well as their modulators, receptors, or binding
proteins, have all been reported to affect salivary cortisol mea-
surements (5).

a-Amylase is an enzyme found in saliva that digests starch.
Salivary a-amylase has also been shown to play a role in the
digestive function, as well as the ability to fight bacteria in the
mouth (6). In recent years, salivary a-amylase has been shown
to be closely related to stress like cortisol, and has been sug-
gested to increase in patients with chronic psychosocial stress,
and may be used as a biomarker of chronic stress (7).

Dental anxiety, which is a major problem in pediatric dentistry,
is more specific and important than general anxiety, and is a
reaction to bad dental experiences. Dental fear and anxiety are
problems that affect large populations, especially children (8).
Avoidance of treatments and dental care may lead to serious
consequences that adversely affect the oral health of the pa-
tients. It is important for dentists to identify the fearful patient
group and patients who need special attention. Children ex-
press their anxiety in different ways, and dental anxiety in chil-
dren should be assessed as early as possible (8).
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Many methods have been developed for evaluating dental fear,
in order to obtain the feelings hidden unconsciously. Detecting
the anxiety level of patients and treating them accordingly, will
have a positive effect on the patient’s treatment experience
and dental health (9). We hypothesized that biochemical pa-
rameters, such as cortisol, a-amylase, lactoferrin and nitric ox-
ide, might be related to anxiety levels in children.

In this study, we aimed to evaluate the levels of salivary NO,
lactoferrin, a- amylase and cortisol in children with primary and
mixed dentition, and to assess the link between their behavior,
evaluated according to the Frankl Behavior Rating Scale.

MATERIAL AND METHOD

Subject Population

The study consisted of 50 children (30 girls and 20 boys), in pri-
mary (n=25, aged 5-7 years) and mixed (n=25, aged 9-11 years)
dentition, who visited the Department of Pedodontics in Mar-
mara University School of Dentistry. Children who did not have
past systemic illness and undergoing any dental treatment, nor
were taking drugs at least 6 months, were included the study.

Calculation of DMFT+dft Index

According to the clinical examination conducted at Marmara
University School of Dentistry Pedodontic Clinic, for the perma-
nent teeth of children; DMFT index was calculated by number
of decayed, missing and filled permanent teeth, and dmft for
number of decayed, missing and filled primary teeth. The chil-
dren that were selected for this study at the Pedodontics clinic
had not started treatment yet, had no systematic disease, and
had not used antibiotics for the last month.

Frankl Behavior Rating Scale
Behavior assessment of the children was done using the Frankl
Behavior Rating Scale (10).

Category 1: Absolutely negative: The child refuses treatment
fearfully and shows a marked negative.

Category 2: Negative: The child is reluctant to accept treatment
and there is a sign of negative attitude although it is not evi-
dent.

Category 3: Positive: The child accepts the treatment but there
is a sign of being undecided. They listen to the dentist’s mes-
sage, but there are some suspicions.

Category 4: Absolutely positive: The child is in good agreement
with the dentist and is involved in the dental procedures.

Collection of Saliva

Two hours before salivary collections, the children were re-
quested to avoid eating food and drinking beverages. Whole
saliva was collected by spitting into a tube. Saliva samples
which were collected from children with dental examinations
done by a pedodontist, were stored at-20°C until analyses were
made in the Basic Medical Science, Department of Biochemis-

try.
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Salivary Flow Rate Measurement

The salivary flow rate of the samples was calculated as saliva
volume (mL) collected per minute, using saliva collection vol-
ume and saliva collection time.

Determination of Nitric Oxide

Nitric oxide (NO) determination is based on reducing nitrate to
nitrite by vanadium (lll) chloride. In an acidic media, nitrite and
sulfonylamide reacted with N-(1-Naphtyl) ethylenediaminedihy-
drochloride, and complex diazonium compound was formed.
The colored complex was measured at 540 nm by a spectropho-
tometer, and the results were expressed as pmol NO/dL (11).

Determination of Lactoferrin

The salivary lactoferrin level was measured by ELISA commer-
cial kit, using lactoferrin- specific polyclonal antibody (Catalog
no: EL 2011-1 AssayMax Human Lactoferrin ELISA KIT 96 Test
Assaypro, St. Charles, MO, USA). The process followed the man-
ufacturer’s instructions. Briefly, standard and diluted samples
were adsorbed in a polystyrene 96 well microplate and incu-
bated for 2h at 25°C. After five-times repeated washing of wells
with wash buffer, a biotinylated lactoferrin antibody was added
to each well, and incubated for 1h.

After washing the microplate, 50 pl of streptavidin-peroxidase
conjugate was added per well, and incubated for 30 min. Sub-
sequently, the third washing was applied. 50 pl chromogenic
substrate was used per well for detection, and incubated for 15
min. After 50 pl of stop solution was added, the plate was read
at a wavelength of 450 nm, using on a microplate reader.

Determination of a-Amylase

The a-amylase assay was performed using a commercial kit
(Catalog no: 1-1902 Salivary Alpha-amylase kinetic Research,
Salimetrics, LLC, USA). The process followed the manufacturer’s
instructions. Briefly, the plate reader was set to incubate at 37°C.
Controls and samples were adsorbed in 96 well microtiter plates.
320 pl of the preheated (37°C) a-Amylase Substrate was added
to each well simultaneously, using a multichannel pipette.

Then, a timer was started immediately, and mixed (500 rpm) at
37°C.The plate was transfered to the reader in time, the Optical
Density (OD) was read at a wavelength of 405 nm exactly 1 min.

After saving the 1 min. OD readings, the plate was transfered to
the reader again, the OD was read at a wavelength of 405 nm
exactly 3 min., and saved.

Table 1. The results of the Frankl Behavior Scale

Category %
1 10% (n=5)
2 68% (n=34)
3 22% (n=11)
4 0
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Determination of Cortisol

The Cortisol level in saliva was assessed using the commercial
kit by EIA (Enzyme Immun Assay) method (Catalog No:1-3102
Salivary ER Cortisol EIA Kit Diagnostic, Salimetrics, State Col-
lege, PA). All reagents were brought to room temperature and
mixed before use. Standards and samples were adsorbed in 96
well microtiter plates, then 200 pl of diluted enzyme conjugate
were added to each well. After, the plate was mixed on a plate
rotator for 5 min. at 500 rpm, and incubated at room tempera-
ture for 1h. After washing the plate 4 times, 200 pl of TMB Sub-
strate Solution were added to each well and mixed on a plate
rotator for 5 min. at 500 rpm, then, the plate was incubated in
the dark (covered) at room temperature for 25 min. After 50 pl
of stop solution were added, the plate was mixed on a plate
rotator for 3 min. at 500 rpm, and read at a wavelength of 450
nm, using on a microplate reader.

Statistical Analysis

For all statistical analysis, GraphPad Prism 5.0 (GraphPad Soft-
ware, San Diego, USA) was used. All data were expressed as
mean = standard deviations (SD). The Kruskal Wallis test was
used for the comparison of groups of data, followed by Dunn'’s
multiple comparison tests. An unpaired, two tailed Student's T
Test was used to compare two independent groups. Correla-
tion analysis of clinical and laboratory data was performed by
Spearman test. A value of p<0.05 was considered significant.

RESULTS

Anxiety Results

The results of the Frankl Behavior Rating Scale, which assessed
fear situations of the children participating in the study before
and during dental procedures, are shown in Table 1.

According to Frankl Behavior Rating Scale results, category 1 (ab-
solutely negative) is 10%, category 2 (negative) is 68%, category
3 (positive) is 22% and category 4 (absolutely positive) is 0%.

Clinical and Biochemical Results

The salivary flow rate and DMFT+dft index, NO, lactoferrin,
a-amylase and cortisol values of the children participating in
the study are given in Table 2. The children’s salivary flow rate
averaged 0.57 + 0.34 ml/min and the DMFT+dft index aver-
aged 7.56 + 4.29. The lowest value of these parameters was 0,
the highest were 1.5 and 17, respectively. The average, lowest
and highest levels of NO (umol/dL): 193.0+55.09; 122.26 and
286.78 respectively, lactoferrin (ng/mL): 8.93+3.75; 3.73 and
16.26 respectively, a-amylase (U/mL): 57.37+30.33; 22.30 and
123.3 respectively, and cortisol (ug/dL): 0.64+0.22; 0.25 and
0.99 respectively. There was no significant difference between
girls and boys in terms of the parameters examined (Table 2).

The comparative results of salivary flow rate, DMFT-dft index
and salivary nitric oxide, cortisol, a-amylase and lactoferrin
values of children participating in the study, according to the
Frankl Behavior Rating Scale, are given in Figure 1. Salivary flow
rate decreased significantly in the Frankl 2 group compared to
the Frankl 1 group (p=0.004) (Figure 1a).
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Table 2. The salivary flow rate and DMFT+dft index, nitric oxide, lactoferrin, a-amylase and cortisol values of the children

Average Lowest Level Highest Level Girls Boys
(n=50) (n=50) (n=50) (n=30) (n=20)
Salivary flow rate (mL/min) 0.57+0.34 0 1.5 0.53+0.35 0.63+0.34
DMFT+dft 7.56+4.29 0 17 7.87+4.31 7.1£4.33
Nitric oxide (umol/dL) 193.0+55.09 122.26 286.78 191.0£57.73 190.5+52.63
Lactoferrin (ng/mL) 8.93+£3.75 3.73 16.26 8.97+3.54 8.87+4.16
A-Amylase (U/mL) 57.37£30.33 22.30 123.3 58.05+32.62 56.35+27.32
Cortisol (ug/dL) 0.64+0.22 0.25 0.99 0.65+0.23 0.62+0.21

Table 3. The results of correlation between the parameters examined

Salivary flow rate Nitric Oxide Lactoferrin  a-Amilase Cortisol
(mL/min) DMFT-dft (umol/dL) (ng/mL) (U/mL) (ug/dL)
Salivary flow rate (mL/min) -0.106 -0.066 -0.094 -0.163 -0.035
DMFT-dft -0.106 0.902* 0.890* 0.884* 0.882*
Nitric Oxide (umol/dL) -0.066 0.902* 0.105 0.937* 0.204
Lactoferrin (ng/mL) -0.094 0.890*% 0.105 0.820* 0.810%
a-Amilase (U/mL) -0.163 0.884* 0.937* 0.820* 0.849*
Cortisol (ug/dL) -0.035 0.882* 0.204 0.810* 0.849*
p<0.001
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Figure 1. The comparative results of salivary flow rate, DMFT-dft index and salivary nitric oxide, lactoferrin, a-amylase and cortisol val-
ues of children according to the Frankl Behavior Rating Scale.***p<0.01 compared with the Frankl 1 group
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Except that, there was no significant difference between sali-
vary parameters according to the Frankl 1, 2 and 3 scale. Ac-
cording to the Frankl Behavioral Rating Scale, there are no chil-
dren in the definite positive group (Frankl 4), therefore, they are
not included in the table. No significant difference was found
between the groups when the examined parameters were clas-
sified for the Frankl Behavioral Rating Scale (p>0.05).

The results of correlation between the parameters examined
are given in Table 3. There was a significant and positive cor-
relation between DMFT+dft and salivary NO, lactoferrin, a-am-
ylase and cortisol values (r=0.902, r=0.890, r=0.884, r=0.882,
p<0.001). In addition, there was a significant and positive cor-
relation between salivary nitric oxide and a-amylase (r=0.937,
p<0.001), between cortisol and a-amylase (r = 0.884, p<0.001),
between cortisol and lactoferrin (r=0.810, p<0.001) and be-
tween a-amylase and lactoferrin (r=0.820, p<0.001).

DISCUSSION

The results of the Frankl Behavior Rating Scale showed that
the highest ratio of children is in category 2, which means the
majority of the children participating in the study (68%) were
reluctant to accept treatment and they were showing a sign of
negative attitude, although not obvious.

This negative attitude may be related to the high DMFT+dft in-
dex and low salivary flow rate in this group, compared with the
Frankl 1 group.

The results of our study also showed significant correlations
between salivary NO, lactoferrin, cortisol, a-amylase levels and
DMFT+dft indexes in children. It was shown that dental caries
affect the immune system by causing inflammation, and lead
to increase in various salivary biomarkers (12). The correlation
between DMFT+dmft indices and salivary proteins in our study
is consistent with this information. Salivary flow rate, NO, lacto-
ferrin, a-amylase and cortisol levels were not different between
girls and boys. As supported by the results of our study, anxiety
due to the dentist and dental treatment is a common problem
in children. As completely negative children would be expect-
ed to have more decreased salivary flow rate than negative
children, the low number of children in category 1 and catego-
ry 2 may have caused this finding. According to our literature
search details, in the present study, the relationship between
dental anxiety and salivary NO was investigated for the first
time in the literature. There was no correlation between the re-
sults of the Frankl Behavioral Rating Scale and the salivary NO
levels of the children participating in the study. The low num-
ber of patients participating in the study may be the reason for
no significant correlation between saliva NO and anxiety. It was
reported that NO is one of the agents involved in neurotrans-
mitter dysfunction during anxiety and depression, and if anx-
iety and depression are an adaptation, NO may be involved
during this adaptation (13). Also, it was shown that salivary NO
levels of patients with periodontitis were higher than healthy
individuals (14).
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Because of individual differences in salivary secretion rates
and gingival health, salivary antimicrobial factors show indi-
vidual differences. There was a positive and strong correlation
between saliva lactoferrin levels and the DMFT+dft index in
our study. Felizardo et al. reported that 58.8% of the children
did not have decay in their teeth and 63.3% of them had car-
ies experience, and their lactoferrin concentration correlated
positively with both DMFT and restored teeth number (15).
Sikorska et al. (16) determined saliva lactoferrin levels in chil-
dren aged 15 years, and reported that there was a significant
relationship between caries surface index and saliva lactoferrin
levels. As one of the defence factors in saliva, the direct bac-
teriostatic effect of lactoferrin, is not only depriving the most
important elements necessary for bacteriological growth by
binding the bacterium, but it is also achieved by destroying the
outer membrane of the bacterium and building up NO in the
macrophages (16).

It has been shown that a high a-amylase concentration in sa-
liva affects oral health positively, and is associated with both
physical and physiological stress conditions (6). In our study, it
was found that salivary a-amylase correlates strongly with the
DMFT-dft index and salivary NO. It was reported that a-amylase
may play a role in plaque formation (17). Plaque formation and
damage caused by bacteria may lead to increase NO in oral tis-
sue. This relationship may be the cause of salivary a-amylase
DMFT-dft index and NO correlation.

Collection of saliva is easier and less invasive than blood collec-
tion in children. The determination of salivary cortisol can pro-
vide great convenience, especially in field studies, large cohort
studies and studies with children, due to stress-free collection
and working conditions. Considering the correlation between
saliva and blood, saliva can be used as an alternative to blood
in free cortisol measurements (18).

In our study, cortisol levels in saliva samples collected from
children participating in the study were examined to investi-
gate the stress that the dental examination environment cre-
ated. Sadi et al. (19) did not find any relationship between sal-
ivary cortisol levels and the patient’s anxiety levels, also there
was no correlation between salivary cortisol levels and those
determined by the Frankl Behavior Rating Scale in this study.
The lack of correlation between the Frankl Behavior Rating
Scale and salivary cortisol and a-amylase may depend on the
measurement method used to determine stress. The Frankl Be-
havior Rating Scale method is open to interpretation since it is
observational. The grouping may vary according to the observ-
er (20). Since children cannot express themselves as clearly as
adults, the grouping of their current situation may vary.

A positive correlation between salivary cortisol levels and DM-
FT+dft indeces was found in our study. Rai et al. evaluated sali-
vary cortisol levels in children with rampant caries (21).

These children reported acute pain and distress prior to dental
treatment, and an increased level of cortisol was recorded in
their saliva. Also, after dental treatment, a decreased level of sal-



Oktay et al.
Salivary Markers and Anxiety in Children

ivary cortisol, which was attributed to the absence of pain and
reduced level of stress, was observed in their study. Additionally,
Patil et al. (22) found a correlation between salivary cortisol and
stress in dental procedure of healthy children undergoing rou-
tine dental procedures. Dental treatment is generally considered
stressful and anxiety producing. These emotional states lead
biochemical changes, such as elevation of salivary cortisol. Also,
this may affect dental fear, and lead to the refusal of dental treat-
ment, which may cause an increase in caries. Measurement of
salivary cortisol is an accurate way of measuring adrenocortical
function, and may be used as an index for stress (23).

Additionally, in the present study, a significant and positive cor-
relation was found between salivary cortisol and a-amylase val-
ues. The role of salivary a-amylase in stress was investigated, and
it was demonstrated that stress causes a significant increase in
salivary a- amylase levels (24). Dental treatment itself can induce
anxiety and fear in children, and these emotions cause signifi-
cantly increased levels of salivary a-amylase immediately after
dental treatment (25). Also salivary a-amylase was suggested as
a marker of the autonomic nervous system response to stress in
youth and adults (26). Unlike most salivary analytes that are ac-
tively transported or passively diffused into saliva from plasma,
salivary a-amylase is locally produced in the oral mucosa of the
salivary glands. The salivary glands are innervated by sympa-
thetic and parasympathetic nerves, and salivary secretions from
the glands arise in response to neurotransmitter activation. This
suggests that salivary a-amylase may be a noninvasive marker of
psychosocial stress autonomic activity (27).

A significant and positive correlation detected between a-am-
ylase and lactoferrin is another important finding of our study.
Lactoferrin is an important constituent of the innate immune
system. Stressful conditions can affect the immune response,
and stress may lead to physiobiochemical alterations in the
constituents of saliva (28). Furthermore, dental caries may be
suggested as being a triggering factor for a nonspecific im-
mune response, and may lead to an increase in levels of these
salivary proteins (29).

The limitation of the present study is the lack of children in cat-
egory 4 according to the Frankl Behavior Rating Scale. Finding
a study group as ‘positive children” was not very applicable.
It was very difficult to find enough children to make up this
group because a ‘completely positive group’ means that the
children loved the dentist treatment.

CONCLUSION

Our findings show the potential of salivary nitric oxide, lacto-
ferrin, cortisol and a-amylase to reflect oral health. However,
more studies are needed to prove the interaction of these pa-
rameters with dental anxiety in children.
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ABSTRACT

Objective: Lumbar disc herniation (LDH) is a common degener-
ative disease. It is still not clear if there is a possible association
between the vitamin D pathway and the etiopathogenesis of the
disease. In this study, we investigated certain VDR polymorphisms
which are known to affect vitamin D levels in patients with lumbar
disc herniation.

Material and Method: Tagl (rs731236) and Fok-I (rs2228570) poly-
morphisms were studied by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) in 72 LDH patients and
81 healthy controls.

Results: After evaluation of our results, the frequency of LDH pa-
tients who have VDR Tag-I Tt genotype was significantly higher than
the controls and carriers of Tag-1 Tt genotype and t allele who had
an increased risk for lumbar disc hernia cases, respectively p=0.002,
OR:1.688, 95%Cl:1.206-2.360; p=0.006, OR:1.420, 95%Cl:1.104-1.825.
VDR Fok-I genotypes did not differ significantly between lumbar
disc herniation and control cases. (p=0.079). But, Ff genotype and
f allele carriers had a higher risk for lumbar disk hernia than those
with other genotypes, respectively p=0.025, OR:1.594, 95%Cl:1.052-
2.414; p=0.037, OR:1.514, 95%Cl:1.019-2.250.

Conclusion: Our study contributes to the identification of genetic
risk factors for specific subgroups of patients with LDH, and em-
phasizes the contribution of these biomarkers to the detailed clin-
ical evaluation of patients with genetic biomarkers.

Keywords: Vitamin D receptor, polymorphism, lumbar disc herni-
ation

0z

Amag: Lomber disk hernisi (LDH) yaygin bir dejeneratif hastalik-
tir. D vitamini yolu ile hastaligin etyopatogenezi arasinda olasi bir
iliskinin varligi calismalarda tam olarak gosterilememistir. Bu calis-
mada LDH hastalarinda D vitamini diizeyini etkiledigi bilinen VDR
polimorfizmlerini arastirdik.

Gereg ve Yontem: Taql (rs731236) ve Fok-l (rs2228570) polimor-
fizmleri 72 LDH hasta ve 81 saglikli kontrol 6rneginde polimeraz
zincir reaksiyonu- restriksiyon fragman uzunluk polimorfizmi (PC-
R-RFLP) yontemi kullanilarak incelendi.

Bulgular: Elde edilen bulgularin degerlendirilmesi sonrasi VDR
Tag-1 Tt genotipine LDH hastalarinda gorilme sikligi kontrollerden
anlamli olarak yiiksek oldugu ve Tag-I Tt genotip ve t alel tastyici-
larinin  LDH vakalari icin yiksek risk tastyicisi oldugu tespit edil-
di, sirastyla; p=0,002, OR: 1,688,% 95Cl: 1,206-2,360; p=0,006, OR:
1,420,% 95Cl: 1,104-1,825. VDR Fok-I genotipleri LDH ve kontrol
vakalar arasinda degerledirildiginde anlamli farklik g6zlemlen-
memistir (p=0,079). Ancak, Ff genotipi ve f allel tasiyicilari LDH has-
talari icin diger genotiplere gore daha ytiksek bir risk tasimaktadir.
Sirasiyla; p=0,025, OR: 1,594, %95 Cl: 1,052-2,414; p=0,037, OR:
1,514, %95 Cl: 1,019-2,250.

Sonug: Calismamiz, LDH'li hastalarin belirli alt gruplari icin genetik
risk faktorlerinin tanimlanmasina katkida bulunmaktadir ve gene-
tik biyobelirteclerin hastalarin ayrintili klinik degerlendirmesine
katkisinin 6nemini vurgulamaktadir.

Anahtar Kelimeler: D vitamini reseptort, polimorfizm, lomber
disk hernisi
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INTRODUCTION

The intervertebral disc, a bond between two adjacent verte-
brae, contributes to the flexibility of the spine (1, 2). An in-
tervertebral disc disorder involves several pathological con-
ditions such as, deterioration, herniation, or other defects of
intervertebral discs. Degenerative changes of a disc lead to
several symptoms. Generally, these disorders are usually char-
acterized by low back pain (LBP). (1). More than 80% of peo-
ple suffer from LBP during their life time (3). LBP has been de-
fined as one of the most common musculoskeletal disorders
in the world, especially in the working population (4, 5) and
affects up to 50-80 % of people at least once during their life-
time (4). Studies have shown that lumbar disc degeneration
(LDD) is associated with LBP. The etiology of LDD has com-
plex features (4, 5). According to the general opinion, there
are several potential risk factors for a lumbar disc herniation,
such as, age, weight, gender, occupation and smoking, and
probably contribute to the genesis or to the acceleration of
spinal degeneration (1, 4). The etiology of disc degeneration
is based on environmental factors as well, as recent studies
have shown that the physiological, molecular and genetic
characteristics of herniated intervertebral disc tissues play a
very important role in explaining the pathogenesis of human
diseases (6, 7). Recent studies have demonstrated that, the
effect of genetic factors was found to be more important in
the progression of the lumbar disc hernias (1). Moreover, it is
also proposed that intervertebral disc disease is very similar
to complex disorders with multiple genetic forms. In the stud-
ies conducted so far, some genes were analyzed in the patho-
genesis of lumber disc disease. Previous studies implied that,
many genes are connected with lumbar disc disease, such as
collagen IX (COL9A2), matrix metalloprotease-3 (MMP-3), vi-
tamin-D receptor (VDR), estrogen receptor (ER) genes. These
genetic factors have been reported to influence the regener-
ation and degeneration degree of the spine (1, 8).

Vitamin D is one of the critical determinants involved in bone
metabolism and development (6, 9). The VDR gene, one of
the top members of the nuclear receptor family, is encoded
by chromosome 12 (8, 10). VDR are expressed in the growth
plate of the bone and cartilage cells osteoblastic cells (11).
Several studies determined that VDR play an important func-
tion in healthy bone structure. Therefore, VDR gene variants
were thought to be related with various bone diseases, such
as osteoporosis, osteoarthritis and degenerative disc disease
(1, 11). The VDR gene has been investigated as a genetic fac-
tor according to development of spine pathologies since
1998 (12). Recent studies have shown that VDR gene poly-
morphisms have an effect on the development of various de-
generative disc diseases (8). The Fok-I (rs10735810, merged
into rs2228570) polymorphism, one of the most important
variants in the VDR, is located on exon 2, and known as the
main responsible agent for creating an alternative transcrip-
tion initiation region that leads to alterations in the activity
of the VDR protein. Because of the replacement of cytosine
(C) by thymine (T), the Fok-I polymorphism causes differ-
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ent translation initiation sites to occur. These variations are
associated with a different capacity to induce transcription
of the VDR gene and VDR related genes (12). The VDR Fok-I
polymorphism prompts a change translation promoter site,
prompting the formation of a longer than wild VDR isoform.
As predicted, this caused it to be less active (7, 13). In the
end of the studies that have examined the relationship be-
tween LDD and the Fok-1 polymorphism have presented
conflicting data. For this reason, studies to be carried out in
different populations are important (7, 14, 15). Another sig-
nificant SNP of the VDR gene, the the Tag-l (rs731236T / C)
polymorphism is caused by a switch from ATT to ATC, which
leads to a synonym change in codon 352 (isoleucine) (12, 16,
17).In arecent study by Toktas et al., the intensity level of disk
degeneration has been shown to be enhanced by Tag-I. This
study suggests that the Tag-I SNP variant is associated with
the severity and development of intervertebral disc degen-
eration (IVDD) (18).

The aim of this study was to determine any relationship tween
the Tag-l and Fok-I polymorphisms of the VDR gene in lumbar
disc hernias.

MATERIAL AND METHOD

Subject selection: In our study, in 72 patients with lumbar disc
herniation, we analyzed the Tag-l and Fok-l gene polymor-
phisms in the VDR gene, and in 81 healthy individuals who ap-
plied to the Department of Neurosurgery of istanbul University
Cerrahpasa School of Medicine. The mean age between the
groups of the patients and the control group was 44.75+15.63
and 47.22+10.63 years, respectively. Samples from both groups
were taken after the informed consent form was signed, and
the study was conducted prospectively. istanbul Medical Fac-
ulty Clinical Research Ethics Committee approved our study.
The protocol followed during the study is consistent with the
Declaration of Helsinki World Medical Association (Ethical Prin-
ciples for Medical Research Involving Human Subjects).

Polymorphism Analysis

All blood samples were collected in tubes containing EDTA,
and DNA was taken from whole blood using the salting-out
method (19). Genotyping by polymerase chain reaction (PCR)
and restriction fragment length polymorphism (RFLP) was per-
formed using these methods (Table 1).

Statistical Analysis

Statistical analysis was performed using the Statistical Package
for Social Sciences version 21.0 (IBM Corp.; Armonk, NY, USA)
revision software package. Clinical laboratory data, which are
expressed as mean + SD, were compared between the pa-
tients and the control group by the unpaired Student's t test.
The differences in the distribution of VDR genotypes or alleles
between the patient and the controls were tested using chi-
square statistics. VDR alleles frequencies were calculated by
gene counting methods. p<0.05 was considered statistically
significant.



Toptas Hekimoglu et al.
Vitamin D Receptor Genetic Variants in Lumbar Disc Herniation Experimed 2019; 9(3): 93-8

Table 1.Tag-1 / Fok-I RFLP methods

PCR reaction Restriction

Gene Primers mixture Enzym Genotype PCR conditions
Taqg-l Forward:5’ 3mMMgCl,  Taql(65°C) TT (490,245 Initial denaturation
polymorphism CAGAGCATGGACAGGGAGCAAG 0,2mM dNTP, bp) Tt (490, step of 94°C for 4 min
3’; Reverse:5’ 0.2mM 290, 245, followed by 5 cycles of
GCAACTCCTCATGGGCTGAGGTCTCA 3’ primers 205 bp)tt  94°C for 45 sec, 64°C
0.2mM Taq (290,245,  for 60 sec and 72°C for
polymerase 205 bp) 2 min; and a further,
(ina50pl 25 cycles of 94°C for
reaction 30 sec, 64°C for 30 sec
volume for 1x and 72°C for 45 sec.
polymerase
chain
reaction)
Fok-I Forward :5’ 3mM Mgdl, Fok-1 (37°C) FF (272) Initial denaturation
polymorphism GATGCCAGCTGGCCCTGGCACTG 0.2mM Ff (272, step of 94°C for 4 min
3’; Reverse: dNTP 0.25 198, 74) followed by 5 cycles
5’ATGGAAACACCTTGCTTCTTCTCCCTC 3"  mM primer Ff (198,74) of 94°C for 45 sec,
0.25mM Taq 64°C for 60 sec and
polymerase 72°C for 2 min; and
(ina50pl a further, 25 cycles of
reaction 94°C for 30 sec, 64°C
volume for 1x for 30 sec and 72°C for
polymerase 45 sec. For Fok-I; initial
chain denaturation of 4 min
reaction) at 94°C, followed by

30 cycles of 94°C for

1 min, annealing at
60°C for 1 min and
extension at 720C for 1
min. A final elongation
step occurs at 72°C for
4 minutes.

RESULTS

Table 2. Allele and genotype frequencies of lumbar disc

The analysis included 72 lumbar disc hernia patients (32 female hernia cases and controls

and 40 male) and 81 healthy controls (47 female and 34 male). Controls Lumbar disc
The patient and control groups had similar distributions for (n=81) hernia (n=72)
age and sex differences. The genotype and allele frequencies of SNP n (%) n(%) p

the VDR polymorphisms (Fok-I and Tag-l) of lumbar disc herni-

ation patients and controls are demonstrated in Table 2. After ~Fok- Genotype

evaluation of our results, a significant difference was found in FE 55 (67.9) 37 (51.4) 0.079
Taqg | genotype distribution of VDR between patients and the

control group (p=0.006) (Table 2). The VDR Tag-l Tt genotype  Ff 24.(29.6) 34 (47.2)

was significantly higher in lumbar disc hernia patients (60.9%) f s 101.4)

compared with controls (39.2%), and carriers of the Tag-l Tt
genotype and the t allele had an increased risk for lumbar disc ~ Tag-l Genotype
hernia cases, respectively, as shown in the clinical features of the
study groups (p=0.002, OR:1.688, 95%Cl:1.206-2.360; p=0.006,
OR:1.420, 95%Cl:1.104-1.825). VDR Fok-I genotype frequencies Tt 30(37) 45 (62.5)
did not differ significantly between lumbar disc herniation and
control cases. (p=0.079). But, Ff genotype and f allele carriers

1T 39 (48.1) 19 (26.4) 0.006

tt 12(14.8) 8(11.1)
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Table 3. Lumbar function assessment test results in patient
group

Std.

Mean Deviation
VAS (Visual Analog Scale) 6.4559 1.59695
SLR - Right (Straight Leg Raise) 59.4444  20.13320
SLR - Left (Straight Leg Raise) 60.1786 17.55418
LFA (Lumbar Flexion Angle) 50.5147 19.41571
LFA-ROM
(Lumbar Flexion-Range of Motion)  4.6812 1.42066

Table 4. Comparison of homozygous genotypes according
to VDR Tag-l Polymorphism with lumbar function tests

Std.

Taqg-1 Mean Deviation P
TT Genotype 6.1111 1.32349

VAS 0.617
tt Genotype 6.4286 1.61835
TT Genotype 2.1765  0.72761

LFA-ROM 0.534
tt Genotype 2.3750  0.74402
TT Genotype 63.9286 20.20839

SLR - Right 0.125
tt Genotype 47.0000 19.87461
TT Genotype 67.1875 18.43626

SLR - Left 0.025*
tt Genotype 46.6667 15.05545
TT Genotype 51.7647 22.28657

LFA 0.824
tt Genotype 50.0000 17.32051

*p<0.05

had a higher risk for lumbar disk hernia than those with other
genotypes (p=0.025, OR:1.594, 95%Cl:1.052-2.414; p=0.037,
OR:1.514, 95%Cl:1.019-2.250, respectively). In our study, ac-
cording to gender, there is not any statistical significance of the
genotypes distribution. In addition, according to lumbar flexion
degrees in lumbar disc herniation patients compared to the dis-
tribution of VDR Tag-l and Fok-I polymorphisms genotypes, the
Fok-I polymorphisms genotypes for the ff genotype in individ-
uals (73.3+£16.9) were determined to be statistically significant-
ly higher than the Fok-l Ff genotype in individuals (48.4+15.3);
(p=0.018). Functional lumbar evaluation tests (Table 3) applied
in the diagnosis and evaluation process of our patient group
were evaluated for VDR Tag-l and VDR Fok-I polymorphisms. SLR-
Left who have Taql TT genotype was found to be 1.44 times than
patients with tt genotype (Table 4; p=0.025). For the Fok-I poly-

Table 5. Comparison of f allele carriage or FF genotype
carriage with lumbar function tests in VDR Fok-I
polymorphism

Std.
Fok-I1 Mean Deviation p
fallele 6.8485  1.62252
VAS 0.048*
FF genotype 6.0857  1.50238
fallele 59412 251857
LFA-ROM 0.386
FF genotype 3.4571 1.37528
SLR - Right fallele 63.3333  20.39833
(Straight Leg 0.113
Raise) FF genotype 54.5833 19.10592
fallele 60.9259 15.13002
SLR - Left 0.762
FF genotype 59.4828 19.79109
fallele 48.1818 16.94745
LFA 0.340
FF genotype 52.7143 21.50044
*p<0.05

morphism, the VAS value was found to be 1.14 times statistically
higher in patients with the f allele than in patients carrying the
FF genotype (Table 5; p=0.04). The lumbar functional evaluation
data of the patient group are presented in Table 4.

DISCUSSION

Some of the polymorphisms in the VDR gene encoding vitamin
D, which is an important factor in the regulation of cell divi-
sion and differentiation, were investigated for their functional
significance and potential effects on disease sensitivity (20).
Several studies have shown that cellular effects of VDR may be
associated with cell proliferation of disc cells. In addition, ex-
pression rates of matrix genes are related to specific cytokines
and protein production (21, 22). Despite the recent research
on lumbar disc disease, knowing that genetic factors play a
critical role as the VDR gene, these genes have not yet been
fully described (23). Researchers have rapidly turned to poly-
morphisms of these genes to determine the expression and
effects of the full functions of these genes (23). In our study,
although there was no statistically significant difference in
terms of genotype distribution according to sex, we found a
positive correlation between Tag-l genetic variant of VDR gene
and lumbar disc herniation. We also determined that the VDR
Tag-l Tt genotype might affect the development of lumbar disc
hernia. These results are correlated with the work of Toktas et
al. (18). At the same time, this work constitutes evidence for the
suggestion of Taql SNP, which Tag-I SNP of VDR could be associ-
ated with both escalated developing IVDD and violent IVDD, in
the compilations of Martrosyan et al. (3) in 2016.
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Another gene associated with the VDR in our study, Fok-I poly-
morphism FF genotype, could be a less active variant, there-
fore, this alternation may lead to a more aggressive disease
prognosis (24, 25). In several studies, the association of the
Fok-l polymorphism in the VDR with the hernia, disc degener-
ation in different ethnic groups or lumbar spinal stenosis was
analyzed (12). Colombini et al. According to the data obtained
from the study, VDR Fok-I polymorphism in Italian population
reported that there is no correlation with the risk of lumbar
spine disease (12). In addition, several studies have determined
similar results according to various types of disc pathologies
(26). On the other hand, several previous studies have report-
ed a relationship between the Fok-l polymorphism in VDR and
the specific signs of disc degeneration in different populations
such as Turkish (14), Brazilian (13) and Finnish (27). But some
studies with Italian (12) and Mexican Mestizo patients (28), and
a study of Norway case/control found an association with Fok-I
genotypes (7). According to the findings of our studies, the in-
dividuals who have the genotype Ff and ff are associated with
a worse prognosis than the individuals having the genotype FF.

The results of VDR Fok-I polymorphism in Italian athletes
showed that f allele carrying was associated with LBP (29).
However, it has been shown in the Italian population that the
F allele is associated with a two-fold increase in risk for lumbar
spine pathologies. In addition, the protective effect of f allele
was emphasized (12). In our results, f allele carriage and Ff gen-
otype carriage were associated with lumbar disc hernia. At the
same time, the f allele was found to be associated with pain
scores (VAS). This may be due to allele frequency differences
between populations. In terms of VDR Tag-I polymorphism,
SLR-Left was found to be higher in TT genotype than tt geno-
type in our study. The fact that this data have not been report-
ed in different populations and similar spectrum of diseases is
unique in terms of its contribution to the literature.

We observed a positive correlation between the levels of Vita-
min D in lumbar disk degeneration patients. But these genetic
polymorphisms play two important roles in regional disparities
of race and ethnicity. Some polymorphisms tend to be more
potent or less effective in some races, and there are two im-
portant genetic polymorphism aspects that occur in variations
originating from race and ethnic origin. Fok-1 SNP, for example,
has been associated with more intervertebral disk degenera-
tion risk in Hispanics than in Asian populations, but no associ-
ation with intervertebral disk degeneration has been found in
Caucasians (3, 30).

Our limitation is small size of the sample. A stronger statistical
result and our findings are needed to verify the number of pa-
tients with more advanced studies.

Ethics Committee Approval: Ethics committee approval was received
for this study from the Clinical Research Ethics Committee of istanbul
University School of Medicine (2009/1861).

Experimed 2019; 9(3): 93-8

Informed Consent: Written informed consent was obtained from the
patients who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - T.,, I.Y,; Supervision - T, LY, Mate-
rials - H.E., H.S.; Data Collection and/or Processing - B.T.H., M.T.H., C.H.;
Analysis and/or Interpretation - C.H., LY, AEE., U.Z; Literature Search -
B.T.H., D.S. M.T.H.; Writing - B.T.H., C.H,; Critical Reviews - H.S., .Y, B.T.H.

Conflict of Interest: The authors have no conflict of interest to declare.

Financial Disclosure: This study was funded by Scientific Research
Projects Coordination Unit of istanbul University (Project number:
4364).

Etik Komite Onayi: Bu calisma icin etik komite onayi istanbul Universi-
tesi Tip Fakdltesi Klinik Arastirmalar (2009/1861) alinmistir.

Hasta Onamu: Yazil hasta onami bu calismaya katilan hastalardan alin-
mistir.

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilan: Fikir - T.i,, .Y Denetleme - T, L.Y,; Gerecler - H.E, H.S;
Veri Toplanmasi ve/veya islemesi - BT.H., M.TH., CH.; Analiz ve/veya
Yorum - C.H,, LY, AE, U.Z,; Literatlir Taramasi - B.T.H., D.S. M.T.H.; Yazan
-B.TH., C.H, Elestirel inceleme - H.S., I.Y,, B.T.H.

Cikar Catismasi: Yazarlar ¢ikar catismasi bildirmemislerdir.

Finansal Destek: Bu calisma Istanbul Universitesi Bilimsel Arastir-
ma Projeleri Koordinasyon Birimi tarafindan desteklenmistir (Proje
No:4364).

REFERENCES

1. Zhang, Sun Z, Liu J, Guo X. Advances in susceptibility genetics
of intervertebral degenerative disc disease. Int J Biol Sci 2008; 4:
283-90. [CrossRef]

2. Paesold G, Nerlich AG, Boos N. Biological treatment strategies for
disc degeneration: potentials and shortcomings. Eur Spine J 2007;
16: 447-68. [CrossRef]

3. Martirosyan NL, Patel AA, Carotenuto A, Kalani MYS, Belykh E,
Walker CT, et al. Genetic Alterations in Intervertebral Disc Disease.
Front Surg 2016; 3: 59. eCollection 2016. [CrossRef]

4.  Colombini A, Cauci S, Lombardi G, Lanteri P, Croiset S, Brayda-Bru-
no M, et al. Relationship between vitamin D receptor gene (VDR)
polymorphisms, vitamin D status, osteoarthritis and interverte-
bral disc degeneration. J Steroid Biochem Mol Biol 2013; 138: 24-
40. [CrossRef]

5. EskolaPJ,Lemmeld S, Kjaer P, Solovieva S, Mannikkdé M, Tommerup
N, et al. Genetic association studies in lumbar disc degeneration:
a systematic review. PLoS One 2012; 7: e49995. doi: 10.1371/jour-
nal.pone.0049995. [CrossRef]

6. Zawilla NH, Darweesh H, Mansour N, Helal S, Taha FM, Awadal-
lah M, et al. Matrix metalloproteinase-3, vitamin D receptor gene
polymorphisms, and occupational risk factors in lumbar disc de-
generation. J Occup Rehabil 2014; 24: 370-81. [CrossRef]

7. Taha MM, Sabbah NA, Rezk NA, Mansour H. Vitamin D Receptor
Expression in Lumbar Disc Degeneration Patients. Open J Mod
Neurosurg 2017; 7: 19-33. [CrossRef]



https://doi.org/10.7150/ijbs.4.283
https://doi.org/10.1007/s00586-006-0220-y
https://doi.org/10.3389/fsurg.2016.00059
https://doi.org/10.1016/j.jsbmb.2013.03.001
https://doi.org/10.1371/journal.pone.0049995

https://doi.org/10.1007/s10926-013-9472-7
https://doi.org/10.4236/ojmn.2017.72003

Experimed 2019; 9(3): 93-8

Kalichman L, Hunter DJ. The genetics of intervertebral disc degen-
eration.Familial predisposition and heritability estimation. Joint
Bone Spine 2008; 75: 383-7. [CrossRef]

Vuolo L, Di Somma C, Faggiano A, Colao A. Vitamin D and can-
cer. Front Endocrinol (Lausanne) 2012; 3: doi: 10.3389/fen-
d0.2012.00058. eCollection 2012. [CrossRef]

Mittal RD, Manchanda PK, Bhat S, Bid HK. Association of vitamin-D
receptor (Fok-1) gene polymorphism with bladder cancer in an In-
dian population. BJU Int 2007; 99: 933-7. [CrossRef]

Amizuka N, Kwan MY, Goltzman D, Ozawa H, White JH. Vitamin
D3 differentially regulates parathyroid hormone/parathyroid hor-
mone-related peptide receptor expression in bone and cartilage.
J Clin Invest 1999; 103: 373-81. [CrossRef]

Colombini A, Brayda-Bruno M, Lombardi G, Croiset SJ, Vrech
V, Maione V, et al. Fokl polymorphism in the vitamin D receptor
gene (VDR) and its association with lumbar spine pathologies
in the Italian population: a case-control study. PLoS One 2014;
9: €97027. doi: 10.1371/journal.pone.0097027. eCollection 2014.
[CrossRef]

Vieira LA, De Marchi PL, dos Santos AA, Christofolini DM, Barbosa
CP, Fonseca FLA, et al. Analysis of Fokl polymorphism of vitamin D
receptor gene in intervertebral disc degeneration. Genet Test Mol
Biomarkers 2014; 18: 625-9. [CrossRef]

Eser B, CoraT, Eser O, Kalkan E, Haktanir A, Erdogan MO, et al. Asso-
ciation of the polymorphisms of vitamin D receptor and aggrecan
genes with degenerative disc disease. Genet Test Mol Biomarkers
2010; 14:313-7. [CrossRef]

Eskola PJ, Kjaer P, Daavittila IM, Solovieva S, Okuloff A, Sorensen JS,
et al. Genetic risk factors of disc degeneration among 12-14-year-
old Danish children: a population study. Int J Mol Epidemiol Genet
2010; 1: 158-65.

Bhanushali AAT1, Lajpal N, Kulkarni SS, Chavan SS, Bagadi SS,
Das BR. Frequency of fokl and taql polymorphism of vitamin
D receptor gene in Indian population and its association with
25-hydroxyvitamin D levels. Indian J Hum Genet 2009; 15: 108-
13. [CrossRef]

Xu G, Mei Q, Zhou D, Wu J, Han L. Vitamin D receptor gene and
aggrecan gene polymorphisms and the risk of intervertebral disc
degeneration - a meta-analysis. PLoS One 2012; 7: e50243. doi:
10.1371/journal.pone.0050243. [CrossRef]

Toktas ZO, Eksi MS, Yilmaz B, Demir MK, Ozgen S, Kili¢ T, et al.
Association of collagen |, IX and vitamin D receptor gene poly-
morphisms with radiological severity of intervertebral disc de-
generation in Southern European Ancestor. Eur Spine J 2015; 24:
2432-41. [CrossRef]

Miller SA, Dykes DD, Polesky HF. A simple salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids Res
1988; 16: 1215. [CrossRef]

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Toptas Hekimoglu et al.

Vitamin D Receptor Genetic Variants in Lumbar Disc Herniation

Toptas B, Kafadar AM, Cacina C, Turan S, Yurdum LM, Yigitbasi N,
et al. The vitamin D receptor (VDR) gene polymorphisms in Turk-
ish brain cancer patients. Biomed Res Int 2013; 2013: 295791. doi:
10.1155/2013/295791. [CrossRef]

Colombini A, Brayda-Bruno M, Lombardi G, Croiset SJ, Vrech
V, Maione V, et al. Fokl polymorphism in the vitamin D receptor
gene (VDR) and its association with lumbar spine pathologies
in the Italian population: a case-control study. PLoS One 2014;
9: €97027. doi: 10.1371/journal.pone.0097027. eCollection 2014.
[CrossRef]

Colombini A, Lanteri P, Lombardi G, Grasso D, Recordati C, Lovi A,
et al. Metabolic effects of vitamin D active metabolites in mono-
layer and micromass cultures of nucleus pulposus and annulus
fibrosus cells isolated from human intervertebral disc. Int J Bio-
chem Cell Biol 2012; 44: 1019-30. [CrossRef]

Rajasekaran S, Kanna RM, Senthil N, Raveendran M, Ranjani V,
Cheung KMC, et al. Genetic susceptibility of lumbar degenerative
disc disease in young Indian adults. Eur Spine J 2015; 24:1969-75.
[CrossRef]

Yaylim-Eraltan i, Arzu Ergen H, Arikan S, Okay E, Oztiirk O, Bayrak
S, et al. Investigation of the VDR gene polymorphisms association
with susceptibility to colorectal cancer. Cell Biochem Funct 2007;
25:731-7. [CrossRef]

Neyestani TR, Djazayery A, Shab-Bidar S, Eshraghian MR, Kalayi
A, Shariatzadeh N, et al. Vitamin D Receptor Fok-I polymorphism
modulates diabetic host response to vitamin D intake: need for a
nutrigenetic approach. Diabetes Care 2013; 36: 550-6. [CrossRef]
Omair A, Lie BA, Reikeras O, Brox JI. An Association Study of Inter-
leukin 18 Receptor Genes (IL18R1 and IL18RAP) in Lumbar Disc
Degeneration. Open Orthop J 2012; 6: 164-71. [CrossRef]
Videman T, Leppavuori J, Kaprio J, Battié MC, Gibbons LE, Peltonen
L, et al. Intragenic polymorphisms of the vitamin D receptor gene
associated with intervertebral disc degeneration. Spine (Phila Pa
1976) 1998; 23: 2477-85. [CrossRef]

Cervin Serrano S, Gonzalez Villareal D, Aguilar-Medina M, Rome-
ro-Navarro JG, Romero Quintana JG, Arambula Meraz E, et al.
Genetic polymorphisms of interleukin-1 alpha and the vita-
min d receptor in mexican mestizo patients with interverte-
bral disc degeneration. Int J Genomics 2014; 2014: 302568. doi:
10.1155/2014/302568. [CrossRef]

Cauci S, Migliozzi F, Trombetta CS, Venuto |, Saccheri P, Travan L, et
al. Low back pain and Fokl (rs2228570) polymorphism of vitamin
D receptor in athletes. BMC Sports Sci Med Rehabil 2017 9: 4. doi:
10.1186/513102-017-0069-x. eCollection 2017. [CrossRef]

Zhao J, Yang M, Shao J, Bai Y, Li M. Association Between VDR Fokl
Polymorphism and Intervertebral Disk Degeneration. Genomics
Proteomics Bioinformatics 2015; 13: 371-6. [CrossRef]


https://doi.org/10.1016/j.jbspin.2007.11.003
https://doi.org/10.3389/fendo.2012.00058
https://doi.org/10.1111/j.1464-410X.2007.06657.x
https://doi.org/10.1172/JCI3265
https://doi.org/10.1371/journal.pone.0097027
https://doi.org/10.1089/gtmb.2014.0030
https://doi.org/10.1089/gtmb.2009.0202
https://doi.org/10.4103/0971-6866.60186
https://doi.org/10.1371/journal.pone.0050243
https://doi.org/10.1007/s00586-015-4206-5
https://doi.org/10.1093/nar/16.3.1215
https://doi.org/10.1155/2013/295791
https://doi.org/10.1371/journal.pone.0097027
https://doi.org/10.1016/j.biocel.2012.03.012
https://doi.org/10.1007/s00586-014-3687-y
https://doi.org/10.1002/cbf.1386
https://doi.org/10.2337/dc12-0919
https://doi.org/10.2174/1874325001206010164
https://doi.org/10.1097/00007632-199812010-00002
https://doi.org/10.1155/2014/302568
https://doi.org/10.1186/s13102-017-0069-x
https://doi.org/10.1016/j.gpb.2015.11.003

Experimed 2019; 9(3): 99-104

ORIGINAL ARTICLE
ORIJINAL ARASTIRMA

DOI: 10.26650/experimed.2019.19024

Preliminary Study: DNA Repair Gene
Polymorphisms (RRM1, RRM2, ERCC2) In Left

Ventricular Hypertrophy

Sol Ventrikdl Hipertrofisinde (RRM1, RRM2, ERCC2) DNA Tamir Gen

Polimorfizmleri

Fatma Tuba Akdeniz’
David Sinan Esensoy?

, Seda Giile¢ Yilmaz’
, Gozde Ozcan’

, Cemil Selim isbir?
, Atike Tekeli Kunt* ©, Turgay isbir?

, Yasar Birkan? ©,

Department of Molecular Medicine, Yeditepe University Institute of Health Sciences, istanbul, Turkey

“Department of Cardiovascular Surgery, Marmara University Pendik Training and Research Hospital, istanbul, Turkey
*Department of Medical Biology, Yeditepe University School of Medicine, istanbul, Turkey

‘Department of Cardiovascular Surgery, Ankara Numune Training and Research Hospital, Ankara, Turkey

Cite this article as: Akdeniz FT, Gillec Yilmaz S, Isbir CS, Birkan Y, Esensoy DS, Ozcan G, et al. Preliminary Study: DNA Repair Gene
Polymorphisms (RRM1, RRM2, ERCC2) In Left Ventricular Hypertrophy. Experimed 2019; 9(3): 99-104.

ABSTRACT

Objective: Left ventricular hypertrophy (LVH) accounts for one of
the most important independent risk factors for cardiac diseases.
In the present study, we investigate the relationship of DNA repair
gene polymorphisms and LVH.

Material and Method: DNA samples isolated from peripheral
blood were genotyped with real-time polymerase chain reaction
(RT-PCR) for RRM1 (rs12806698), RRM2 (rs6859180) and ERCC2
(rs13181) genes.

Results: Although there were no significant differences for RRM2
(p=0.365) and ERCC2 (p=0.740) genes. RRM1 (A>C) CC genotype
was significantly higher in the LVH than control groups (p=0.018).
RRM1gene wild type A allele carriers were significantly higher in
the healthy controls than the LVH group (p=0.029).

Conclusion: RRM1 gene CC genotype could be a risk factor, where-
as the RRM1 gene AC genotype and the A allele might play a pro-
tective role against LVH.

Keywords: LVH, DNA repair genes, polymorphism

INTRODUCTION

During mammalian organogenesis heart is the first functionally
formed organ. Each year approximately one million newborns
are known to be born with heart defects, and one in every three
people die because of heart diseases, thus cardiovascular dis-
eases are becoming the leading cause of global mortality (1).

Left ventricular hypertrophy (LVH) is responsible for a com-
pensatory mechanism to keep normal wall tension and to
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Amag: Sol Ventrikiil Hipertrofisi (SVH) kardiak hastaliklar icin
stk gorilen bir risk faktoradir. Bu calismada DNA tamir gen
polimorfizimleri ve sol ventrikil hipertrofisi arasindaki iliskiyi
arastirdik.

Gereg ve Yontem: Periferik kandan izole edilen DNA ornekleri
RRM1 (rs12806698), RRM2 (rs6859180) ve ERCC2 (rs13181) genleri
icin Gercek Zamanli Polimeraz Zincir reaksiyon (GZ- PZR) ile geno-
tiplendirildi.

Bulgular: Kontrol ve hasta gruplari arasinda RRM2 (p=0,365) ve
ERCC2 (p=0,740) genleri icin 6nemli fark olmamasina ragmen,
RRM1 (A>C) CC genotip frekansi SVH hastalarinda kontrol grubuna
gore anlamli sekilde yiiksek olarak bulundu (p=0,018). RRM1 geni
yabani tip A allel tastyicilari saglikli kontrolde SVH li hastalara gore
anlamli sekilde yuksek olarak tespit edildi (p=0,029).

Sonug: RRM1 CC genotipi SVH'ne karsi bir risk faktori olabilirken
RRM1 AC genotipi ve A alleli koruyucu role sahip olabilir.

Anahtar Kelimeler: SVH, DNA tamir genleri, polimorfizm

maintain cardiac output. When the left ventricle contracts,
oxygenated blood is distributed to the body through the
aortic valve. If hypertension exists making it difficult for
blood to spread throughout the body, the left ventricle will
strain to send the blood. This leads to an abnormal increase
in the left ventricular (LV) mass, which is called LVH (2). LVH
can occur because of hypertension, aortic valvular stenosis,
aortic regurgitation, mitral regurgitation, and hypertrophic
cardiomyopathy (3). Patients with LVH may experience car-
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diac failure, coronary artery disease, peripheral arterial disease
and sudden death. Stroke risk is increased six-fold in LVH cases

(4).

Ribonucleotide reductase (RR) is an enzyme catalyzing the con-
version of Adenosine diphosphate (ADP) into Deoxyadenosine
diphosphate (dADP) by removing the hydroxyl group from the
second position of the ribose ring. Then, dADP is converted to
Deoxyadenosine triphosphate (dATP) with the help of creatine
kinase (5). The RR enzyme is required for the synthesis of de-
oxyribonucleotides, it is the rate-limiting step in DNA synthesis
and it has two protein subunits important for its activity (6). Ri-
bonucleotide reductase protein M1 (RRM1), is a catalytic activa-
tor, and ribonucleotide reductase protein M2 (RRM2), is a free
radical-containing subunit (7, 8). Cardiac muscles prefer dATP
as a more effective substrate than ATP for contraction, and with
an increase in dATP levels, force generation, cross bridge cy-
cling, and calcium sensitivity in the myocardium are known to
be increased (9, 10). Excision Repair Cross-Complementing 2
(ERCC2) gene is a nucleotide excision repair mechanism (11).

There are only few studies examining the association between
DNA repair genes and cardiovascular diseases. In this study, we
aimed to investigate some DNA repair gene polymorphisms
(RRM1, RRM2, ERCC2) and discuss their possible roles in the
molecular mechanism of LVH.

MATERIAL AND METHOD

Study participants

All participants were selected from Marmara University Car-
diovascular Surgery Department after detailed clinical exam-
inations. All individuals signed an informed consent which was
conducted in accordance with the ethical principles stated in
the “Declaration of Helsinki”. The study consisted of 15 patients
with LVH and 24 healthy individuals. Echocardiographic param-
eters were measured using standard methods. Left ventricular
systolic functions were estimated by measuring the Ejection
Fraction (LVEF, %).

Genotyping

Blood samples from all participants were collected in ED-
TA-tubes and DNA isolations were performed using Invitrogen
iPrep Purification Instrument and Invitrogen iPrep Pure Linkg
DNA Blood Kits (Invitrogen, Life Technologies, Carlsbad, CA,
USA). DNA concentrations and optical density ratios were mea-
sured using NanoDrop 2000 (Thermoscientific, Waltham, MA,
USA). Genotyping was performed using Applied Biosystems
Fast Real-Time polymerase chain reaction (RT-PCR) instrument
and TagMan reagents primer-probe sets designed for RRM1
gene (rs12806698), RRM2 gene (rs6859180) and ERCC2 gene
(rs13181) polymorphisms (Applied Biosystems, Foster City, CA,
USA).

LDL-HDL subfraction analysis: Serum samples were analyzed for
LDL and HDL subfractions with the LIPOPRINT SYSTEM (Quan-
timetrix, CA, USA). This system is performed using high-reso-
lution, polyacrylamide gel electrophoresis to separate lipo-
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protein particles into various fractions on the basis of size and
density. LDL was analyzed with 7 subfractions including Large
LDL (1 to 2) and Small LDL (3 to 7), while HDL was separated
into 10 subfractions with Large HDL (1 to 3), Intermediate HDL
(4 to 7) and Small HDL (8 to 10).

Statistical Analysis

Statistical analyses were performed using the Statistical Pack-
age for Social Sciences version 23 software (IBM Corp.; Armonk,
NY, USA). Significant differences between groups were deter-
mined using the Student’s t-test and demographic information
was compared using Chi-square and Fisher’s exact tests. Risk
estimations were examined with Odds Ratio (OR) at 95% Con-
fidence Interval (Cl). p<0.05 was denoted as statistically signif-
icant.

RESULTS

The demographic characteristics of the study population are
given in Table 1. This study was conducted 39 samples; 4 fe-
male, 11 male in LVH group and 10 female 14 male in healthy
control group. There were no statistically significant differ-
ence between healthy group and LVH group as demograph-
ic characterization (p=0.359). The mean ages of the patients
with LVH and the healthy control groups were 66.87+10.63.
and 62.46+5.97 (p=0.105). Systolic Blood Pressures (BP) were
significantly higher in patients with LVH than the healthy con-
trol group (p=0.017). However there were no significantly dif-
ference between the groups, LDL-HDL Subfractions values are
given as demographic information and were not associated
with polymorphism.

Echocardiographic parameters of LVH patients and healthy
control group are given in Table 2. Genotype and allele fre-
quencies between LVH patients and the healthy controls are
listed in Table 3. Although there were significant differenc-
es for neither RRM2 (A>G) gene (p=0.365) nor ERCC2 (G>T)
(p=0.740) genes, RRM1 (A>C) gene was significantly different
in the LVH and control groups (p=0.018). RRM1 heterozygote
AC genotype was significantly higher in the healthy control
group (p=0.008), but homozygote mutant CC genotype was
higher in the LVH group (p=0.029). Regarding RRM1 (A>C)
polymorphism, in the patient group the percentage of wild-
type A allele was 30% while mutant C allele was 70%. RRM1 A
allele carriers were significantly higher in the healthy control
group (p=0.029), moreover RRM1 A allele carriers had a ~4.5-
fold decreased risk for LVH (OR=0.22, 95%C|=0.056-8.889). Our
results indicated that RRM1gene CC genotype carrying might
increase the risk of LVH, whereas the RRM1 gene AC genotype
may decrease the risk, and the A allele might have a protective
role against LVH.

Although there was no statistically significant difference be-
tween the echocardiographic parameters and the RRM1 allele
group, the echocardiographic parameters in the RRM1 A allele
carrier group were lower than the non-A allele carrier group
and the RRM1 C allele carrier group was higher than the non-C
allele carier group (Table 4).
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Table 1. Demographic characteristics and clinical values for the patients with LVH and healthy control groups

95% confidence interval (Cl)

LVH Healthy Control

(n=15) (n=24) P Lower Upper
Sex (n) (Female/Male) 4/11 10/14 0.359 0.551 0.794
Age (year) 66.87+10.63 62.46+5.97 0.105 -12.071 0.004
Height (cm) 165.67+8.46 168.73£7.50 0.199 -7.775 1.658
Weight (kg) 83.93+£14.95 81.23+£12.80 0.508 -5.435 10.851
BMI (kg/m?) 30.83+6.49 28.67+5.23 0.208 -1.23880 5.55830
BSA(m?) 1.91£0.17 1.91+£0.155 0.997 -0.09612 0.09646
Systolic BP (mmHg) 137.33+19.35 124.75+15.80  0.017* 2.370 22.796
Diastolic BP(mmHg) 83.67%6.11 81.63+10.883 0.497 -3.940 8.024
Total Cholesterol (mg/dL) 186.13+45.41 186.90+42.14 0.953 -26.902 25.368
TC (mg/dL) 157.33+48.79 157.93+103.0 0.983 -56.467 55.284
LDL (mg/dL) 118.27+40.32 114.78+42.15 0.783 -21.819 28.802
HDL (mg/dL) 38.13+6.08 42.20+12.23 0.225 -10.717 2.584
Large LDL (mg/dL) 53.93+19.98 53.66%15.00 0.957 -9.837 10.388
Small LDL (mg/dL) 8.20+8.66 4.11+6.11 0.058 -0.136 8.326
Large HDL (mg/dL) 10.21+4.44 12.44+4.371 0.117 -5.033 0.580
Intermediate HDL (mg/dL) 22.93+6.28 21.68 +3.78 0.399 -1.708 4.212
Small HDL (mg/dL) 6.43£3.13 8.15+.767 0.139 -4.019 0.582
VLDL (mg/dL) 30.93+£9.65 30.95+20.086 0.998 -10.904 10.871

Demografic and clinical laboratory data were expressed as mean + standard deviations (SD). LVH: left ventricular hypertrophy; n: number of individuals; BMI: body mass
index; BSA: body surface area; BP: blood pressure; TC: triglyceride; LDL: low density lipoprotein; HDL: high density lipoprotein; VLDL: very low density lipoprotein

*statistically significant difference (p<0.05).

Table 2. Echocardiographic parameters of patients with LVH and control groups

LVH Healthy Control
(n=15) (n=24) p
Interventricular Septum Wall Thickness (mm) 1.56+0.27 0.95+0.11 0.000*
LVH end diastolic diameter (mm) 5.58+0.47 4.09+0.23 0.000*
LVH Mass (9) 583.48+132.13 218.85+33.00 0.000*
LVH Mass Index (g/m?) 310.98+71.67 118.51+23.41 0.000*

Data were expressed as mean * SD. LVH: left ventricular hypertrophy; n: number of individuals
*statistically significant difference (p<0.05)

DISCUSSION investigated. The AC genotype of RRM1 gene was higher in the

) ) ) . . . control group, indicating that the AC genotype decreases the risk
Despite advances in ventricular dysfunction epidemiology, the

mechanism of genotypic and phenotypic variations remains un-
clear. In this study, the relationship of RRM1 (rs12806698), RRM2
(rs6859180) and ERCC2 (rs13181) polymorphisms on LVH were

of LVH; The CC genotype was in a high proportion in LVH patients,
so carrying the A allele could lower the risk for LVH as its frequency
was higher in the healthy control group than in the LVH patients.
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Table 3. Genotype and allele frequencies between patients with LVH and the healthy controls

95% confidence interval (Cl)

LVH Healthy Control
Polymorphism n (%) n (%) P Odds ratio (OR) Lower Upper
RRM1 (rs13181) n=15 n=24 0.018*
AA 3(20.0) 2(8.3) 0.354 2.750 0.402 18.804
AC 3(20.0) 16 (66.7) 0.008* 0.125 0.027 0.573
CC 9 (60.0) 6 (25) 0.029* 4.500 1.125 17.993
Allelic count Allelic count
A 9 (30) 20 (41.6) 0.029* 0.222 0.056 0.889
C 21(70) 28 (58.4) 0.354 0.364 0.053 2.487
RRM2 (rs13181) n=15 n=16 0.365
AA 12 (80.0) 11 (68.8) 0.685 1.818 0.350 9.455
AG 3(20.0) 3(18.7) 0.930 1.083 0.182 6.439
GG 0(0) 2(12.5) 0.484 0.875 0.727 1.053
Allelic count Allelic count
A 18 (85.7) 25(78.1) 0.484 0.194 0.054 0.691
G 3(14.3) 7(21.9) 0.685 0.848 0.188 3.823
ERCC2 (rs13181) n=15 n=24 0.740
GG 4(26.7) 5(20.8) 0.711 1.382 0.305 6.255
GT 5(33.3) 11 (45.8) 0.440 0.591 0.155 2.258
T 6 (40) 8(33.3) 0.673 1.333 0.350 5.076
Allelic count Allelic count
G 13 (43.3) 21 (43.75) 0.673 0.750 0.197 2.855
T 17 (56.7) 27 (56.25) 0.711 0.724 0.160 3.276

LVH: left ventricular hypertrophy; n: number of individuals
*statistically significant difference (p<0.05)

Table 4. The relationship between the echocardiographic parameters of patients with LVH according to RRM1 allele carriers

RRM1 A allele RRM1 non-A RRM1 C allele RRM1 non-C
carriersn=6 allele carriern=9 carriersn=12 allele carrier n=3

Interventricular Septum Wall Thickness ~ (mm) 1.53+0.35 1.64+0.12 1.65+0.13 1.36+0.45
LVH end diastolic diameter (mm) 5.23+0.41 5.46%0.25 5.43+0.25 5.13+0.56
LVH Mass (9) 577.51+£87.35 629.81+£85.84 629.15+75.94 526.13+94.43
LVH Mass Index (g/m?  262.64+122.67 335.43+£55.49 333.52+48.99 285.01+£52.12

Data were expressed as mean + SD. LVH: left ventricular hypertrophy; n: number of individuals

The clinical and laboratory studies showed that dATP actsasa  dATP can be synthesized through a reductive reaction cata-
substrate for de-membranated cardiac muscle contractionand  lyzed by the RRM1 enzyme. Furthermore it has been asserted

PR is a more effective substrate than ATP. It increases left ventric-  that RR inhibition could be a therapeutic target of atheroprolif-
ular contractions both in normal and infarcted heart regions.  erative disorders (12).
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Unrepaired DNA base damage triggers apoptotic pathways
(13) and apoptosis accelerates myocyte loss and causes myo-
cardial dysfunctions (14). Apoptosis-induced myocyte dam-
age causes abnormal loading and increased wall stress which
results in heart failure. In spite of compensatory mechanisms,
insufficient DNA repair could lead to myocyte apoptosis that
begins at the onset of hypertrophy (14).

The RRM1 gene, is a molecular target of gemcitabine, and
has very important roles. Increased RRM1 expression levels
were correlated with longer survival rates, while it is a disad-
vantage to have high levels of RRM1 expression because of a
decreased efficacy of chemotherapy. Two single nucleotide
polymorphisms were discovered upstream of the first exon
of the RRM1 gene. They are an adenine/cytosine change at
(-) 37 nucleotide position and a cytosine/thymidine change
at (-) 524 nucleotide position. These polymorphisms affect
promoter activity highly associated with overall survival
(15).

Ribonucleotide reductase activity has a role not only in cell
cycle but also in the proper functioning of myocytes. RR over-
expression increases dATP, affecting the contractility of cardio-
myocytes. Elevated cardiomyocyte dATP levels via RR protein
increases muscle contractility, subsequently basal cardiac func-
tion increases by actin-myosin binding and cycling. Thus, even
in cardiac overload, myocytes could maintain normal myocar-
dial energetics (9). Furthermore, it has been claimed that cardi-
ac-specific RR gene therapy may reverse cardiac dysfunction.
In the animal model, heart failure treated with the RR gene was
inducing myosin activation (10).

According to analysis of sex differences, genders may ac-
count for the risk of cardiovascular diseases. In terms of car-
diac adaptation, the left ventricular dimensions are smaller
and left ventricular performance is higher in women com-
pared to men. Sex differences can play a role in LVH howev-
er, in this study, there was no statistical significance related
to gender and LVH (16).

One of the most important factors in the pathogenesis of LVH
is systolic BP. It has been shown that there is a direct relation-
ship between the incidence of LVH and the level of the systol-
ic BP. Our study supports this finding due to the fact that the
difference in the systolic BP between the groups is statistically
significant and the mean is higher in patients with LVH than
the healthy control group (17).

CONCLUSION

DNA repair mechanisms have important roles in the molecular
mechanisms of LVH. Our results showed that there was a rela-
tionship between RRM1 gene polymorphism and LVH risk. To
clarify and confirm this association, further studies on larger
populations are required. If future studies continue to support
the current findings, RRM1 gene could be considered as a ther-
apeutic decision target.
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ABSTRACT

Objective: Multiple Sclerosis (MS) is a progresive and an immune
mediated inflammatory central nervous disease. The focus of this
study was to determine the possible relationship between B cell
immunophenotypes and related gene expressions in the benign
MS (BMS) group with disease and cognitive processes.

Material and Method: Twenty BMS patients, 16 non-BMS and 28
healthy volunteers were included in the study. Gene expression
was performed by real-time PCR (RT-PCR). Immunophenotyping of
peripheral B cells was also evaluated by flow cytometry. The rela-
tionship between cognitive functions and gene expression levels
and B cell subtypes was investigated.

Results: It was observed that naive (CD19* IgD*CD27) cells were
higher in the BMS group compared to the healthy group (HC),
and memory B cells showed opposite changes. Un-switched
memory B cells(CD19*IgD*CD27*) were found to be higher in the
benign group than in the HC. The expression of BANK and BLNK
was found to be lower in both MS groups than in the HC. As a
result of neuropsychological examinations and cognitive tests; it
was observed that motor processes in BMS were better protected
than Non-BMS.

Conclusion: These findings support that B cell functions may
have molecular and cellular effects, and may lead to regression in
inflammation and clinical progression. Molecules showing signifi-
cant changes in our study may play a role as prognostic biomarkers
in MS.

Keywords: Benign Multiple Sclerosis, B cell,immunophenotyping,
gene expression

0z

Amag: Multipl Skleroz (MS), aksonal dejenerasyona, demiyelini-
zasyona ve inflamasyona bagli gelisen, merkezi sinir sistemini et-
kileyen progresif bir hastaliktir. Bu calismada benign MS (BMS) gru-
bunda periferik kan B hiicre immiinofenotiplerinin ve B hiicresi ile
iliskili gen ekspresyonlarinin hastalik ve bilissel stireclerle iligkisinin
arastirilmasi hedeflenmistir.

Gereg ve Yontem: Yirmi BMS hastasi, 16 benign olmayan MS (Non-
BMS) hastasi ve 28 saglikli gondlli calismaya dahil edildi. Daha
once periferik kan hicrelerinde yapilan gen mikroarray calismasi
ile gruplar arasinda ekspresyonu degisikligi gézlenen genlerin va-
lidasyonu gercek zamanh PZR ile yapildi. Periferik B hiicrelerinin
immunofenotiplemesi akim sitometrisi ile degerlendirildi. Bilissel
fonksiyonlar ile gen ekspresyon seviyeleri ve B hiicre alttipleri ara-
sindaki olasi iliski arastirildi.

Bulgular: Naif (CD19* IgD*CD27") B hucrelerinin BMS grubunda
saglikhlara gore yuksek oldugu, hafiza B hicrelerinin zit yonde
degisiklik gosterdigi gozlendi. Donlismemis hafiza B hiicreleri-
nin (CD19*IgD*CD27*) ise benign grupta saglkllara gore yiiksek
oldugu belirlendi. BANK ve BLNK gen ekspresyonlari her iki MS
grubunda da sagliklilardan distk olarak belirlendi. Noropsikolojik
incelemeler ve kognitif testler sonucunda, BMS'te motor stireclerin
Non-BMS'ye gore korundugu gozlendi.

Sonug: Bu bulgular B hiicresi islevlerinin molekdler ve hiicresel et-
kileri olabilecegi ve inflamasyon ile klinik progresyonda gerileme-
ye yol acabilecegi yonuindeki gorusleri desteklemektedir. Degisik-
lik gosteren molekdllerin MS hastaliginda prognostik biyobelirte¢
olarak rol oynamasi da mumkinddir.

Anahtar Kelimeler: Benign Multipl Skleroz, B hiicresi,immiinfeno-
tipleme, gen ekspresyonu
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INTRODUCTION

Multiple sclerosis (MS) is a multifactorial chronic demyelinating
disease that affects the patient’s quality of life, and the exact
cause of disease is unknown. It is a disease characterized by
repetitive demyelination in the central nervous system (CNS),
with autoimmunity in the pathophysiology (1). Although the
pathogenesis of MS is not fully known, migration of autore-
active lymphocytes through the blood brain barrier into the
CNS is thought to initiate the inflammation process (2). Clinical
subtypes of MS; attacks (RRMS), primary progressive (PPMS),
secondary progressive (SPMS), progressive-recurrent and be-
nign MS (BMS) are classified as (3). BMS is a retrospective di-
agnosis characterized by low lesion burden on MRI, which is
characterized by rare attacks without serious sequelae. Patients
with EDSS scores < 3-15 years after the onset of the disease are
considered BMS (3, 4). Although a relatively slow progression is
observed in the somatic neurological findings of BMS patients,
other nervous system functions may be severely impaired (5).

T lymphocytes have played a major role in MS immunopatho-
genesis until recently. Autoreactive T lymphocytes and anti-
bodies that develop against CNS elements in MS cases play a
role in the formation of tissue lesion and inflammation, and T
lymphocytes react to myelin by causing demyelination (6, 7).
However, recent studies also have shown the importance of B
cells in the pathogenesis of MS. There is evidence that B cells
have different effects other than antibody production, such
as antigen uptake and presentation, stimulation of T lympho-
cytes, cytokine, chemokine and neurotropic factors. Treatment
approaches for the removal of antibodies from the circulation
leads to improvement in MS, and is an indication that B cells
play an active role in the pathogenesis of the disease (7). The
fact that monoclonal antibody-based treatment methods tar-
geting B cells are effective in stopping the progression of the
disease suggested that B cells also play a role in the develop-
ment of disability (8, 9).

Cognitive impairment is frequently seen in MS and affects 70%
of patients. Cognitive functions are affected in the late and ear-
ly stages of the disease (including clinically isolated syndrome),
and impairments in the course of the disease may occur. There
are many studies showing that cognitive findings deteriorate
in BMS cases (5).

The aim of our study was to evaluate the role of peripheral
blood B cells in the BMS group, which had not previously been
studied in the literature. Immunophenotyping of B cells and
their subgroups (plasma, plasmablast, naive, memory and reg-
ulatory), and expression of genes associated with B cells, are
aimed to determine the possible relationship with cognitive
processes. In light of this information, the goal of this research
was to determine the importance of B-cell immunopheno-
typing in BMS and the importance of B-cell-related genes in
expression analysis, and the possible relationship of MS sub-
groups to cognitive processes.
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MATERIAL AND METHOD

Study Groups

A total of 36 multiple sclerosis patients (BMS, n=20 and non-Be-
nign MS (Non-BMS), n=16), who were followed up from the Mul-
tiple Sclerosis Outpatient Clinic of Neurology Department of Is-
tanbul Medical Faculty, and age/sex-matched healthy individuals
as the control group (n=28) were included in the study. All pro-
cedures performed in studies involving human participants were
in accordance with the ethical standards of istanbul University,
istanbul School of Medicine, Clinical Research Ethical Committee
(Project Number 2018/449). Participants were selected from pa-
tients who were over 18 years of age, diagnosed according to the
revised McDonald criteria for 2017, and had no attacks in the last
three months, and the healthy control group was selected from
participants who were over 18 years of age, had no neurological
and autoimmune disorders, had no infectious diseases in the last
3 months, and had not used immunosuppressive drugs (Table 1).

Isolation of Peripheral Blood Mononuclear Cells

Peripheral blood mononuclear cells (PBMC) were isolated us-
ing the gradient method. For this purpose, donor blood collect-
ed in EDTA containing tubes was diluted with the same volume
of phosphate buffered saline (PBS) and added slowly to Ficoll
(Lympho-paque). Tubes were centrifuged at 3000 rpm for 20
minutes at 20°C with brake. In the resulting cell gradient, the
mononuclear cell layer was collected, centrifuged at 1800 rpm
for 10 minutes at 4°C by adding the same volume of PBS and
the supernatant was removed. The viability of the cells was de-
termined by trypan blue and freezed in -80°C with 1x10° cells in
fetal bovine serum (FBS) with 10% Dimethyl sulfoxide (DMSO).

Immunophenotyping

Frozen cells were dissolved in a water bath that sets at 37°C and
centrifuged in medium (RPMI 1640 and 10% FBS) at 1800 rpm at +
4oC for 10 minutes. Then, cells were stained with anti-human mono-
clonal CD19-APC, CD24-PerCP, IgD-APC/Cy7, CD138-PE, CD27-FITC,
and CD38-Alexa fluor 700 (Biolegend) conjugates for 30 min at 4
°C, then, washed with PBS and resuspended in PBS. Immunofluo-
rescence staining was performed (BD FACS Aria Il), and data were
analyzed using the FlowJo software.

RNA Isolation and Determinating Target Genes

For identification of candidate genes, a microarray assay was
performed. RNA expression profiles obtained from PBMCs of 16
participants, 5 RRMS, 6 BMS and 5 healthy control groups, were
determined with the Sureprint G3 Human Gene Expression V3
microarray (MA) system. In this context, a total of 26083 Entrez
genes were evaluated, and microarray analysis determined the
target genes that showed changes between the groups.

In order to do validation of these candidate genes, RNA isola-
tion from PBMC was performed according to the instructions
of the QIAGEN RNeasy Mini kit (Hilden, Germany). The quality
and quantity of the obtained RNA were evaluated spectropho-
tometrically. For the purity of RNA, the OD value at 260 nm/280
nm between 1.9 and 2.1 were included in the study.
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Table 1. Clinical and demographic data

BMS (n=20) Non-BMS (n=16) Healthy Control (n=28) P
Sex (F/M) 17/3 10/6 18/10 0.221
Age (years) 40.5+9.54 47.1+8.4 39.3+8.7 0.024
Age at disease onset (years) 25.3+8.39 32.4+9.36 0.022
Disease duration (years) 13.5+4.35 14.1+4.12 0.69
EDSS score 2.42+0.52 5.1£0.95 <0.0001
Total Attack Scores 7.75+4.33 7.3£4.25 0.76
Table 2. RT-PCR programme Table 3. Target genes and primers
Temperature Time Gene Primer Sequence
Program (°C) (h:min:sec) Cycle
BLK_Frw TAGATCACAGGGTCG-GAAGG
Pre-incubation 95 00:08:00 1
BLK_Rev GGCAGCGGATCTTATAGTGC
Amplification 95 00:00:15 40
TGFB1_Frw GTACCTGAACCCGTGTTGCT
55 00:00:05
TGFB1_Rev CAACTCCGGTGACATCAAAA
72 00:00:10
ATP1B3_Frw CAGTCTGTCCTGATGGAGCA
Melting Curve 95 00:00:05 1
ATP1B3_Rev TGGCACTCCTTCAGGCTTTA
65 00:01:00 1
BANK1_Frw GTTCAGACCCCGCACATATT
97 Continuous 1
BANK1_Rev CCTTCCCCTTCCATTTCATT
Cooling 4 00:00:20 1
BLNK_Frw GAGCAGTGGTCCGATGACTT
Synthesis of cDNA and real-time PCR Studies BLNK_Rev TGGGCTTACTGGGAAGTGTC
cDNA synthesis was carried out with the Transcriptor First
Strand cDNA Synthesis Kit (Basel, Switzerland), according to the HCGEZ [y CICIEEEEACIETTIEE e
manufacturer’s instructions. All samples were prepared with 10 FCRL2_Rev GGTTGGGCTTGAATAGGTGA
ng / del cDNA in the tubes. real-time PCR (RT-PCR) reactions
were performed on the LightCycler 480 instrument, and follow- SWAP70_Frw CGGTGCTGAAGGTTCCTCAT
ing the instructions of the Fast Start DNA Master SYBR Green | SWAP70_Rev GACACAGAGGGTCCAACACA
kit (Roche, Basel, Switzerland). Gene-specific reverse and for-
ward primers were used at a concentration of 600-800 nM. CCL19_Frw CCTGCTGGTTCTCTGGACTT
For cDNAs, the glyceraldehyde 3-phosphate dehydrogenase CCL19 Rev GTGAACACTACAG-CAGGCAC
(GAPDH) gene, which is expressed in equal amounts in each =
tissue and responsible for basic cellular functions (house-keep- GAPDH_Frw CCATCAATGACCCCTTCATT
ing gene, reference gene), was used. cDNA samples 100ng and GAPDH Rev TTGACGGTGCCATGGAATTT

forward / reverse primers (Table 2) 600-800 nM were used and
the program in Table 3 was applied. Amplification curves and
melting peaks were evaluated after the procedure.

Cognitive Tests

Based on the literature findings, a test battery has been created
for attention, memory, processing speed and executive function
areas, which are reported to be the most impaired in MS. The neu-
ropsychological tests to be performed accordingly are Rey audito-
ry and verbal learning, number index, WAIS-R’s password subtest,
verbal fluency, Wisconsin card matching and Stroop tests. The
cognitive tests applied in the study are shown in Table 4.

Statistical Analysis

ANOVA test was used for parametric data, to compare the
clinical and demographic characteristics of the patients and
healthy control subjects, and paired comparisons between
the disease subgroups were performed by the Student t-test
or Mann-Whitney U test. Nonparametric data were compared
with the chi-square test. Flow cytometry and RT-PCR results
were compared with ANOVA and Tukey’s post-hoc test in cases
with more than two groups, and Student’s t-test in cases with
more than two groups. Relative quantification of target genes
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was performed by 2-AACT method using the glyceraldehyde
3-phosphate dehydrogenase (GAPDH) as the reference gene.
Pearson correlation test was used for correlation analysis, sta-
tistical significance was defined as p value less than 0.05, and
a analysis was performed using the SPSS 21.0 program. The
GraphPad Prism 5 program was used for the graphs.

RESULTS

Clinical and Demographic Features

The age, onset age, duration of disease, EDSS and number of
attacks of the BMS, Non-BMS MS and healthy control subjects
were compared. BMS patients’age, disease onset age and EDSS
scores were significantly lower than respectively Non-BMS pa-
tients (p=0.002, p=0.022 and p<0.0001). Duration of disease
and total number of attacks were not different between the

Table 4. Cognitive tests

Related to Cognitive

Cognitive Test Process

Selective Reminding Test (Srttl) Verbal Memory Acquisition

Spatial Recall Test (Sparttl) Visual Memory Acquisition

Sustained Attention and Speed

of Information Processing Executive Functions

Symbol Digit Modalities Test

(SDMT) Executive Functions

Controlled Oral Word

Association Test (COWAT) Executive Functions

9-Hole Peg Test Motor Functions

Timed 25-Foot Walk Test Motor Functions

Beck Test Depression
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groups (p=0.69 and p=0.76). All MS cases included in the study
were under an immunomodulatory treatment (inferferon-beta,
glatiramer acetate or fingolimod) (Table 1).

Comparison of Peripheral Blood Mononuclear Cell Phenotypes

Distribution of Peripheral Blood B, T and Natural Killer Cells
Peripheral blood mononuclear cell (PBMC) groups of 20 BMS
and 16 Non-BMS cases and 28 healthy control donors were
evaluated. When the PBMCs of all the subjects were evaluat-
ed; the percentage of CD19 expressing B cells was not found
to be different between the groups, but CD3* T cell (p=0.0019)
and CD3-CD16* CD56* natural killer (NK) cell (p=0.0349) groups
were found to be different. CD3* T cells were significantly low-
er in both the BMS group (p<0.01) and the Non-BMS group
(p<0.05) compared to healthy subjects. When NK cells were
evaluated, it was determinated that these cells were signifi-
cantly higher in the Non-BMS group than in the healthy ones
(p<0.05) (Figure 1).

Distribution of Peripheral Blood B Cell Immunophenotypes
Between Groups

In immature (CD19*IlgD"CD27") subgroup of immature B cells
that did not encounter antigen, there was no difference be-
tween the study groups, whereas the percentage of naive
(CD19*1gD*CD27) cells was higher in the BMS group com-
pared to healthy subjects (p<0.05). In contrast, memory B cells
showed significant changes in the opposite direction. Un-
switched memory B cells (CD19*IgD*CD27*) were found to be
higher in the benign group than in healthy subjects (p <0.01).
The switched (CD19*IgD"CD27%) (p=0.05) memory B cells were
found to be lower in both patient groups compared to healthy
subjects (p<0.05). However, there was no difference between
the MS subgroups. Plasmablasts (CD19*CD38**CD138), which
are antibody-producing B cell precursors, had similar per-
centages in the groups. However, it was observed that anti-
body-producing B cells, plasma cells (CD197CD38*CD138")

Table 5. Distribution of cognitive tests in disease groups

Healty p value p value p value
Non-BMS Control (BMS vs. (BMS vs. (non-BMS

BMS (n=20) (n=16) (n=28) ANOVAp  non-BMS) HC) vs. HC)
Verbal Memory Test 8.1£1.5 7.1£1.61 9.2+1.3 <0.0001 <0.05 <0.001
Visual Memory Test 4.7+1.83 4+1.68 6.2+1.5 <0.0001 <0.01 <0.001
PASAT Test 38.4+13.2 333+11.7  48.68+7.67 <0.0001 <0.01 <0.001
SDMT Test 37.5£14.7 27.1+£11.8  53.6+19.27 <0.0001 <0.01 <0.001
9-Hole PegTest 20.8+2.63 30+6.19 18.63+2.15 <0.0001 <0.001 <0.001
Timed 25-Foot Walk Test 6.81£1.13 15.13+£7.94 6.1+1.48 <0.0001 <0.001 <0.001
COWAT Test 55.9+20.19  45+22.96  75.6+17.48 <0.0001 <0.01 <0.001
Stroop Test 56.95+31.9 68.15+32.82 36.8+14.7 0.0002 <0.05 <0.001
Beck Test 13.55£7.69 13.57+7.67 7£5.72 0.0005 <0.01 <0.01
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tended to be lower in the BMS group than in the non-benign
group. In the regulatory B cells (Breg, CD19*CD24+*CD38*)
which had the feature of immune suppressor cells, a significant
increase was detected in the BMS group compared to healthy
subjects (p<0.05) (Figure 2).
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CD19*IgD'CD27" CD19*IgD*CD27"

4= 01435 Immature B cells p= 0.0376 Naive B cells
80 150-
p<0.05
o 120-
60+ °
L . .
< 40 . 4 .0 oeo, o
°® o . . E)
07 s, - b oo 00
. ——
A ey ] : o
ol o
benign non-benign HC benign non-benign HC
CD19'IgD*CD27" CD19'IgD"CD27"
o= 0.0080 Unswitched Memory B cells 00171 Switched Memory B cells
80+ 80. <0.05
p<0.01 p<0.05
60 60
o
=R 401 [ R 40 o
. o g0
o om0 . o, Og
. . o ° ®e 0q090
e
1‘5‘}5‘7 (R 900° °gess e, i
benign  non-benign HC benign  non-benign HC
CD19°CD38**CD138" CD19°CD38*CD138*
0.3780 Plasmablast 0.2168 Plasma cells
o=
304 30
o .
20 20
° o ° b4 o,
= . ® o o, 00°
. . .o 04 .
10 o L) I b4 0030
B N —93g o
-l M 00
*3ele ee®ee B8 ecoee ®ee® 9
benign  non-benign He benign  non-benign HC
CD19°CD24**CD38**
0.0418 Breg cells
254
p<0.05
204
®oe
15 .
N .
< o
. .
10 o
o
i : 00
-’f.-o-‘ L0 88%80
pis vems :
benign  non-benign HC

Figure 2. Distribution of peripheral blood B cellimmunopheno-
types in the study groups
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Validation of Genes by RT-PCR

Quantitative PCR primers were designed to validate the ex-
pression patterns of target genes determined by microarray
data analysis in PBMCs of the study group. First, the sequences
of the target genes were reached from http://www.ncbi.nim.
nih.gov/gene, and then, the appropriate primer sequences
were designed with the help of http://www.bioinformatics.
nl/cgi-bin/primer3plus/primer3plus.cgi (Table 2). Cases with
sufficient RNA samples (13 BMS and 12 non-BMS, 10 healthy
control) were studied in duplicate for all genes.

Expression analysis of the TGFB1, BANK1, BLNK, FCRL2, CCL19
and BLK genes related to B cell subtypes and ATP1B3, SWAP70
genes related to both T and B cell subtypes were performed.
Expression of BLK (p<0.05), TGFB (p<0.05) and FCRL (p<0.01)
genes was significantly lower in non-benign MS patients than
in healthy subjects. However, expression of KCNS was found
significantly higher in the non-BMS group. In the BANK and
BLNK genes (p<0.01 and p<0.05, respectively), significant-
ly lower expression was detected in both MS groups than in
healthy subjects (Figure 3).

In particular, its association with B cell functions as a candidate
gene supports B cell contribution in the pathogenesis of MS. The
genes that have changed as a result of microarray analysis are as
follows: BLK (Proto-Oncogene, Src Family Tyrosine Kinase) triggers
B cell activation signal after the antigen interacts with the B cell.
TGFB is produced by Breg cells and has supressive effects. BANK1
(B Cell Scaffold Protein with Ankyrin Repeats) provides the mobili-
zation of calcium from the stores during B cell receptor interaction.
KCNS (Potassium Voltage-Gated Channel Modifier Subfamily S
Member 1) are associated with the regulation of the resting mem-
brane potential and the control of the shape and frequency of ac-
tion potentials. FCRL2 (Fc Receptor Like A 2) mediate the destruc-
tion of IgG-coated antigens and of cells induced by antibodies.

There was no correlation between gene expression levels and
demographic data, B cell subtype rates and gene expression
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Figure 3. Distribution of gene expression in the study groups
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levels, but inverse correlations were determined between
BANK1 and executive functions tests (respectively p=0,028 R=-
0,439 ve p=0,0086 R=-0,51).

Cognitive Analysis

As a result of neuropsychological examinations and cognitive
tests; motor processes in BMS patients were better preserved
than in non-BMS. When the cognitive parameters were evaluat-
ed, it was found that BMS cases showed the worse performance
in all cognitive functions compared to healthy subjects and no
significant difference was found in non-BMS BMS comparisons.
Beck depression inventory scores were also significantly lower
in the benign and non-BMS groups compared to the healthy
group (Table 5).

DISCUSSION

Multiple sclerosis is an autoimmune, progressive disease of the
CNS with progressive demyelination, inflammation and axo-
nal degeneration (1). In the later stages of the disease, lesions
developing due to demyelination in CNS are spread to certain
regions of the optic nerves, brain stem, cerebellum and white
matter (12). These highly complex etiologic factors of MS (such
as autoimmunity, genetic factors, infectious agents, vitamin D,
smoking, stress, sleeplessness, drug use) may also vary with
age, gender, and ethnicity (13).

The discovery of the key role of B cells in recent years, and the
fact that these cells are involved in autoimmune diseases such
as MS, also supports the relationship between MS and the
interaction with T cells (14). In addition, antibody-producing
plasma cells and anti-neuronal antibodies have been reported
to play an important role, but B cells with antigen uptake and
presentation, stimulation of T lymphocytes and cytokine pro-
duction have been reported to be effective in the pathogenesis
of the disease (6).

In MS, plasmablasts pass to the periphery and migrate to in-
flamed brain tissue. In this case, plasmablast and plasma cell
production in lymphoid tissue is increased or memory cells in
brain tissue start to produce pathogenic antibodies (6). There-
fore, the most common B cell subtype found in MS plaques is
a long-lasting plasma cell (11, 15). The fact that monoclonal
antibody-based treatment methods targeting B cells are ef-
fective in stopping the progression of the disease suggested
that B cells also play a role in the development of disability
(8,9).

In this study, benign MS cases considered to be a good prog-
nostic type of MS because of their low disability despite long
disease duration were studied. The data obtained from these
cases were compared with those of patients with a higher dis-
ability level during the same disease period. The main goal of
the study was to determine the importance of B-cell immuno-
phenotyping in BMS patients, and the importance of B-cell-re-
lated genes in the expression analysis, and the possible rela-
tionship of MS subgroups to cognitive processes.
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As a result of immunophenotyping studies, unswitched and
switched memory cells of effector B cells, which have an im-
portant role in the pathogenesis of autoimmune diseases due
to their pro-inflammatory properties, were suppressed in MS
groups. Among these, unswitched memory B cells were lower
in BMS patients than in non-benign ones. Plasma cells, an-
other effector B cell group, likewise tended to be low in BMS
cases. Regulatory B lymphocytes with immunosuppressive
properties were significantly higher in the BMS group com-
pared to the other study groups. These findings suggest that
one of the factors that may cause MS to remain at a low level
of disability over a long period of illness may be the change
in inflammatory memory B and anti-inflammatory regulatory
B cell ratios.

In a previous microarray study, it was shown that suppression
of the RNA-polymerase 1 pathway, which is associated with cell
survival in BMS cases, causes the effector lymphocytes to easi-
ly develop apoptosis and have a short survival (10). This study
showed that mechanisms controlling B cell activity suppress MS
progression, thus identifying a mechanism that has not been
previously described in the literature. Consistent with the results
of our study, another study found that the risk of developing MS
was low in patients with clinically isolated syndrome with low
memory B lymphocyte ratios in peripheral blood (16). Thus, B
cell subtypes have been shown to play a role in preventing the
progression of the disease in both early and advanced stages
of MS. As an important finding, suppression of T cells and some
B cell subtypes was found in benign and non-BMS cases com-
pared to healthy subjects. It is possible that this finding is due
to the effect ofimmunomodulatory therapy, and suppression of
memory B cells may be a treatment side effect. In this case, the
higher level of suppression of memory B cells observed in BMS
may be due to the stronger and more effective response of im-
munomodulatory therapy to this MS subtype.

There was no significant difference between the groups in RT-
PCR analysis due to the low number of cases. However, similar
to phenotyping studies, anti-inflammatory TGFf levels were
found to be higher in benign MS cases. In addition, disability
levels of patients with high TGF( levels were found to be low.
TGF is a well-known cytokine with anti-inflammatory effects
in the pathogenesis of MS. In both MS cases and animal models
of MS, a relationship was found between TGFf3 and disability
levels. The association of this cytokine with regulatory B lym-
phocyte levels is also known (17, 18). However, there are no
studies on the effect of TGF(3 in BMS. It is possible that the high
regulatory B percentage in BMS is one of the factors that deter-
mine low memory B cell ratios.

Verbal response test results were found to be high in cases
with no expression level change between benign and non-BMS
cases, and low levels of expression of BANK1 gene (11) which
had an effect on B lymphocyte proliferation. The association of
this factor with B cell functions is well known, but there are no
studies showing its association with MS. It will be appropriate
to test expression levels of all the genes studied with a higher
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number of cases and to determine whether these factors may
be a predictor of MS prognosis.

Another interesting feature of our study is related to cognitive
tests. It was shown that somatic neurological findings (motor,
sensory, vision, balance) are preserved in BMS, but cognitive
and limbic networks are affected and therefore, the definition
of BMS is a deceptive diagnosis. In addition, the lack of correla-
tion between B cell subtype rates and B cell gene expression
levels and cognitive test scores suggests that B cells play a role
mostly in the progression of physical disability, but different
factors are effective in the progression of cognitive findings.

The use of total peripheral blood mononuclear cells instead of
isolated B cells in the expression studies is a limitation of the
study. In addition, the determination of intracellular cytokine
levels in addition to surface markers during immunophenotyp-
ing could contribute to a better understanding of the immuno-
logical mechanisms.

In conclusion, it was shown that anti-inflammatory B cells were
increased, the levels of genes supporting B cell development
were decreased, and B cell suppressed genes were increased
in a group of MS patients with close clinical and demographic
characteristics. These findings support the view that B cell func-
tions may have molecular and cellular effects, and may lead to
regression in inflammation and clinical progression. In addi-
tion, it is possible that molecules showing significant changes
in our study may play a role as prognostic biomarkers in MS.
In future studies, validation of the value of BLK, TGFB, BANK,
KCNS, FCRL and BLNK gene expressions in isolated peripheral
B cells as a biomarker to determine the effect of B cells in the
pathogenesis of MS is planned in a wider patient population.
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ABSTRACT

Objective: The goal of this study was to investigate the gender
difference in manifestation of clinical symptoms related to allergic
rhinitis and eczema in a population of school children aged 13-14
years from the city of Gjilan in Kosovo.

Material and method: About 1200 school children aged between
13-14 years, from randomly selected schools, were included in the
study, once the passive consent of their parents/guardians had
been received. This study covers the data analysis from the ques-
tions related to the nose and skin problems (14 out of 53 ques-
tions).

Results: Prevalence related to allergic rhinitis; a) sneezing, or a run-
ny or blocked nose ever was 34.20% and in the last 12 months it
was 25%; and b) hay fever ever was 14.5%. Prevalence related to
eczema,; a) itchy rash at any time in the past 12 months was 7.5%;
and b) eczema ever in life was 4.2%.

Conclusion: This study found a higher prevalence of allergic rhi-
nitis symptoms in female children comparing to male, while no
significant connection was found between gender and eczema
symptoms.

Keywords: School children, allergic rhinitis, eczema, gender, prev-
alence

INTRODUCTION

Allergic diseases are serious public health problems
throughout the world, and they have an economic impact,
both in terms of direct medical costs and indirect costs
(school absenteeism and work absenteeism) and also with
a negative impact on the quality of life of the affected per-
sons (1).

The prevalence of allergic diseases in the last few decades
has risen dramatically (2-6). In 2015, the European Acade-

0z

Amag: Calismada Kosova Gjilan sehrindeki okullarda 13-14 yas-
larindaki ¢ocuklardan olusan poptlasyonda, alerjik rinit ve egza-
ma klinik semptomlarinin cinsiyet farklihg agisindan arastiriimasi
amaglanmistir.

Gereg ve Yontem: Ebeveynlerin/velilerin pasif onayi alinarak, yaslar
13-14 arasinda degisen 1200 cocuk farkli okullardan secilerek ¢alis-
maya dahil edilmistir. Calisma burun ve deri problemleri ile iliskili so-
rulari kapsayan verilerin analizinden olusmaktadir (53 sorudan 14'4).

Bulgular: Alerjik rinit iliskili yayginhklar; a) Hapsirma, burun akin-
tist veya tikali burun gibi durumlar poptlasyon genelinde %34,20
olarak saptandi. Bunlardan son 12 aydir bu sikayetlere sahip olan-
larin %25'lik dilimi olusturdugu gorildi. b) Bahar nezlesi ise %14,5
olarak bulundu. Egzama iliskili yayginliklar; a) Kasintili dokiintdler
son 12 aylik dénemde incelendiginde %7,5 olarak gorildu. b) Ya-
sami boyunca az bir kere egzama gorilenlerin %4,2’'lik dilimi olus-
turdugu belirlendi.

Sonug: Alerjik rinitle iliskili belirtiler kiz cocuklarinda erkeklere oran-
la daha yuksek bir yatkinlikla iliskili bulunurken, egzama belirtileri ve
cinsiyet arasinda istatiksel olarak anlamli bir iliski bulunamadi.

Anahtar Kelimeler: Okul cocuklar, alerjik rinit, egzama, cinsiyet,
yayginlik

my of Allergy and Clinical Immunology (EAACI) reported
that more than 150 million Europeans suffer from allergic
diseases and the prediction is that by 2025 half of the entire
European Union (EU) population will be affected.

Allergic rhinitis is among the most frequent disorders
during childhood. Although it is not considered to be a se-
rious disease, it has a significant impact on the quality of
life of the patient. Allergic rhinitis is a chronic disease char-
acterized by inflammation and swelling of the inner parts
of the nose after inhalation of allergens. Symptomatology
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of allergic rhinitis is quite specific, with sneezing, runny nose,
itching, and nasal congestion. Also, it is often associated with
ocular symptoms such asitching, redness or tearful eyes, aller-
gic rhinoconjunctivitis. Allergic rhinitis is a recognized risk fac-
tor for the development of asthma, with about 40% of patients
with allergic rhinitis reporting for asthma symptoms while 80%
of asthmatic patients have symptomatic allergic rhinitis (7-10).
In addition, allergic rhinitis is also risk factor for asthma control,
and uncontrolled rhinitis exacerbates co-existing asthma (11,
12). According to the World Health Organization, 400 million
people in the world suffer from allergic rhinitis and 300 million
from asthma (13).

Atopic dermatitis (eczema) affects up to 20% of children and
often precedes allergic rhinitis and asthma, a relationship
known as “atopic march” (14-16). It is an inflammatory skin
disorder, mostly localized on the flexural parts, characterized
by itching of these regions that may result in skin damage and
secondary infection. In addition, it can result in sleep loss and a
serious reduction on the quality of life not only for the affected
persons, but also their families (17-19).

Allergies are progressive diseases and neglecting their symp-
toms may lead to their deterioration (20, 21). Therefore, in
the management of allergies it is important to raise the pop-
ulation’s awareness of the disease, to identify the risk factors
and to take appropriate strategic measures. Genetic predispo-
sitions, environmental factors, and social behavior interact in
allergic disease manifestation (7-9).

Certain clinical and epidemiological studies have shown gen-
der differences in the prevalence of allergies (22, 23). According
to these, the ratio between age and the incidence of allergies
is higher in boys before puberty and in girls after puberty. Re-
search related to gender differences in atopic diseases gives
the opportunity to investigate the factors responsible for the
occurrence and course of these diseases and would improve
the ability to effectively manage allergies in clinical practice.

The aim of this study was to investigate the gender difference
in manifestation of clinical symptoms related to allergic rhini-
tis and eczema in a population of school children aged 13-14
years from the city of Gjilan in Kosovo.

MATERIAL AND METHOD

The analytical cross-sectional study was carried out in the city
of Gjilan, a municipality located in southeast Kosovo, during
the year 2018, as a part of the Project of Global Asthma Net-
work (GAN) Phase .

Sample of the Study

In the study 1200 school children were included, from both
genders, aged between 13-14 years. They were from randomly
selected schools in the city of Gjilan, and the passive consent
of their parents/guardians was received before the research
started.
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Study Instrument

In accordance with GAN, standardized self-administrated ques-
tionnaires of ISSAC (International Study of Asthma and Aller-
gies in Childhood) Phase Il were used, after being translated
into the Albanian language and validated, with no additional
questions added. The pilot study for evaluation of the trans-
lated questionnaire was applied on 50 randomly selected
children. All received remarks were incorporated into the final
version of the questionnaire. This study covers the data analysis
from the questions related to the nose and skin problems (14
out of 53 questions).

In accordance with the study protocol, assessment of the prev-
alence of rhinitis and eczema was made based on the average
prevalence of positive answers on the core questions. Preva-
lence of allergic rhinitis symptoms was determined through
questions “In the past 12 months, have you had a problem with
sneezing, or a runny or blocked nose when you did not have a
cold or the flu?”,“In the past 12 months, has this nose problem
been accompanied by itchy-watery eyes?” and “Have you ever
had hay fever?”. Prevalence of eczema symptoms was deter-
mined from questions “Have you ever had a an itchy rash which
was coming and going for at least six months?, “Have you had
this itchy rash at any time in the past 12 months’, “Has this itchy
rash at any time affected any of the following places: the folds
of the elbows, behind the knees, in front of the ankles, under
the buttocks, or around the neck, ears or eyes?” and “Have you
ever had eczema?”.

Implementation of the Study

Initially, we measured the weight and height of the children.
During the measurements the children were wearing light
clothing and were bare footed. Then the questionnaires were
given to the children to be filled out, under the supervision of
trained representatives from the project team. About 60-90
minutes were given for completing the questionnaire. Children
were told to feel free to ask questions related to possible di-
lemmas.

The Ethics Committee of the Ministry of Health and the Minis-
try of Education and Science, Kosovo, approved the implemen-
tation of the GAN Phase One in Kosovo.

Statistical Analysis

Data was statistically analyzed in Statistical Package for So-
cial Sciences software package, version 22.0 for Windows
(IBM Corp.; Armonk, NY, USA). According to The International
Study of Asthma and Allergies in Childhood (ISAAC) recom-
mendation, missing or “any other” responses were part of the
denominator for the calculation of allergic rhinitis and eczema
prevalence figures (ISAAC Phase Il Newsletter. Auckland, New
Zealand, December 2001). The qualitative series were pro-
cessed by determining the coefficient of relations, proportions,
and rates, and were shown as absolute and relative numbers.
Quantitative series were analyzed with measures of central ten-
dency (average, median), as well as with dispersion measures
(standard deviation, standard error). Pearson Chi-square test,
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Yates corrected, Fischer exact test, and Fisher Freeman Halton
exact test were used to determine the association between
certain attributive dichotomies. A two-sided analysis with a
significance level of p<0.05 was used to determine the statis-
tical significance.

RESULTS

The sample of 1200 school children aged 13-14 was shown
in the study. About 618 (51.5%) were male and 582 (48.5%)
were female with relation between the genders of 1:1.1. The
percentage difference between the genders in the sample,
for p>0.05, was not statistically significant (Difference test:
Difference 3% [(-0.99-6.99) Cl 95%]; Chi-square=2.159; df=1
p=0.1417). Mean age was 13.4+0.51 with median IQR=13 (13,
14).

Prevalence of rhinitis according to gender

Related to nose problems a total of 7 questions were analyzed.
The problem with sneezing or a runny or blocked nose when
no cold or flu detected was found:

a) In the category ‘ever in life, occurrence was, significantly,
1543 times more frequent in females [OR=1.543 (1.21-1.96)
95% ClJ; b) In the category ‘last 12 months’ occurrence was,
significantly, 1467 times more frequent in females [OR=1.467
(1.13-1.91) 95% Cl]. A nose problem accompanied by an
itchy nose in the last 12 months was 1554 times significant-
ly more frequent in females [OR=1.554 (1.09-2.22) 95% CI]. A
nose problem accompanied by itchy-watery eyes in the last
12 months was 1494 times significantly more frequent in
females [OR=1.494 (1.04-1.14) 95% Cl]. Also, the life experi-
ence of hay fever was found 1.525 times significantly more
often in female than in male school children [OR=1.525 (1.10-
2.11) 95% Cl]. Incidents of hay fever confirmed by a doctor
occurred in 76 (6.3%) of the school children. No significant
association (p>0.05) was found between gender and the an-
swers to all other questions related to nose problems (Table
1). Prevalence related to: a) sneezing, or a runny or blocked
nose ever was 34.20% and in the last 12 months it was 25%; b)
a nose problem accompanied by itchy-watery eyes in the last
12 months was 11.3% and accompanied by itchy nose was
11.7% and c) hay fever ever was 14.5%.

Prevalence of Eczema According to Gender

Analysis of skin problems covered 7 questions. No significant
association (p>0.05) was found between gender and the an-
swers to all questions related to skin problems presented in
Table 2. Prevalence of positive answers related to: a) itchy rash
ever which was last for 6 months was 11.8% and at any time in
the past 12 month sit was 7.5%; b) itchy rash at any time affect-
ed any of the following places: the folds of the elbows, behind
the knees, in front of the ankle, under the buttocks or around
the neck, ears or eyes was 4.3%; c) itchy rash cleared complete-
ly at any time during last 12 months was 5.8% and d) eczema
ever in life was 4.2%. Eczema confirmed by a doctor occurred in
20 (1.7%) of the school children.
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DISCUSSION

This is the first study on this topic conducted in Kosovo, there-
fore the obtained data can be used as a baseline for assessment
of future analysis of prevalence and other epidemiological char-
acteristics of these diseases. Prevalence of allergic rhinitis symp-
toms in the last 12 months in our study was 25%, whereas preva-
lence of rhinoconjunctivitis symptoms in the last 12 months was
11.3%. In relation to gender there is a higher prevalence of symp-
tomatology of rhinitis in female children compared with male.
Prevalence of eczema symptoms in the last 12 months was 7.5%
with no significant association between genders.

Whereas in the past it was thought that the prevalence of aller-
gic diseases was higher in developed countries, from the first
global reporting by ISAAC, it is apparent that the prevalence of
these diseases was similar or even higher in low-income coun-
tries than developed countries, with higher degree of variabili-
ty at regional and country level (24).

Average global prevalence of current symptoms of rhinocon-
junctivitis in children registered during ISAAC Phase Il was
14.6%, with the highest rates observed in Africa (18.0%) and
Latin America (17.3%) and the lowest in Northern and Eastern
Europe (9.2%) (25). Prevalence of current symptoms of eczema
was 7.3%, with ranging values from 0.9% in China to 24.6% in
Columbia, with the highest values in Africa and Latin America
(26). In Europe, the lowest prevalence of symptoms of eczema
was found in Northern and Eastern Europe, with intermediate
values in Western Europe (24).

In neighboring countries a relatively low prevalence of respi-
ratory allergic disorders has been registered, with average
values of prevalence of rhinoconjunctivitis symptoms of 5.5%
in Albania and the Republic of Macedonia, 7.6% in Serbia and
Montenegro, 8.4% in Bulgaria (25), whereas the prevalence of
eczema symptoms was 2.0% in Albania, 2.7% in the Republic of
Macedonia, 5.6% in Serbia and Montenegro, 3.0% in Bulgaria
(26).There were more girls than boys with symptoms of both
conditions, and this held true for most regions.

Afemale higher prevalence of allergies from puberty and there-
after, including hay fever and eczema is reported by Osman et
al. (27), also Frohlichet al. (28) showed sex-related differences
in rhinitis prevalence as well for asthma in a global systematic
review with meta-analysis with a prevalence shift from male to
female at around puberty. Austin et al. (29) showed gender dif-
ferences in occurrence of allergic rhinitis symptomatology and
eczema with predominate of female children, suggesting that
this reverse ratio may be present as early as 12-14 years of age.
More frequent occurrences of rhinitis and eczema in girls than
in boys also was reported by Arrais et al. (30), in a study of 13-14
years old children.

The main possible mechanisms responsible for the high preva-
lence of allergies to female gender compared with male gender
during and after puberty are suggested to be because female
sex hormones increase atopic predispositions, whereas male
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hormones have a protective effect (31). In the homeostasis of
immunity, the function of sexual hormones is very important
(32). Estrogens and progesterone stimulate Th2 response and
suppress Th1 response in females, whereas testosterone sup-
presses Th2 response in males (33). The effect of estrogens on
the activation of mastocytes and the development of allergic
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sensitization has been demonstrated in experiments on ro-
dents, as well as the action of progesterone in the suppression
of release of histamine on one side and the strengthening
of IgE induction on the other side (32). Testosterone inhibits
group 2 innate lymphoid cells (ILC2s), which are potent pro-
moters of Th-2 responses (34).

Table 1. Analysis of questions related to nose problems that occur when there is no cold or flu according to gender

Gender

Questions

male female total P

Have you ever had a problem with sneezing or a runny or blocked nose when you DID NOT have cold or flu (n=1200)

n

182 228 410

Pearson Chi-square: 12.604;

Yes
%

29.45 39.18 34.20 df=1; p=0.0004*

In the past 12 months, have you had a problem with sneezing or a runny or blocked nose when you DID NOT have a cold or the

flu? (h=1200)

n

133 167 300

Pearson Chi-square: 8.225;

Yes
%

21.52 28.69 25 df=1; p=0.0041*

In the past 12 months, has this nose problem been accompanied by an itchy nose? (n=1200)

n

59 82 141 .
Pearson Chi-square: 5.964;

Yes
%

9.55 14.09 11.75 df=1; p=0.0146*

In the past 12 months, has this nose problem been accompanied by itchy-watery eyes? (n=1200)

n

58 78 136

Pearson Chi-square: 4.813;

Yes
%

9.39 13.40 11.33 df=1; p=0.0282*

In the past 12 months, how much did this nose problem interfere with your daily activities? (n=1200)

n 537 478 1015
Not at all
% 86.89 82.13 84.58
n 67 80 147
A little
% 10.84 13.75 12.25 Fisher Freeman Halton exact
n 13 19 32 test: p=0.0630
A moderate amount
% 2.10 3.26 2.67
n 1 5 6
Alot
% 0.16 0.86 0.50
Have you ever had hay fever? (n=1200)
n 74 100 174 )
Yes Pearson Chi-square: 6.4991;
% 11.97 17.18 14.50 df=1; p=0.0104*
Was your hay fever confirmed by a doctor? (n=1200)
n 32 44 76 .
Yes Pearson Chi-square: 2.867;
% 5.18 7.56 6.33 df=1; p=0.0904

*significant for p<0.05
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Our results are consistent with previous research demonstrating
the impact of gender in the prevalence of allergies, except for
eczema symptoms where no significant differences have been
found between genders. Here we must consider the impact of
various environmental factors, apart from gender and also sev-
eral limitations of the study. Some children can poorly perceive
their allergic symptoms, others can exaggerate them, and there
may be those who even try to dismiss the disease. Also, a part of
this symptomatology may not be of allergic origin and, in addi-
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tion, itchy skin conditions such as scabies or helminth infesta-
tions, should be considered as common problems in developing
countries that also can contribute to higher eczema estimates.

CONCLUSION

This study found a higher prevalence of allergic rhinitis symp-
toms in female children when compared with male children.
No significant association was found between gender and

Table 2. Analysis of questions related to skin problems according to gender

Questions

Gender

Male female total P

Have you ever had an itchy rash which was coming and going for at least six months? (n=1200)

. o 67 75 142 Pearson Chi-square: 1.201;
% 1084 1289  11.85 df=1; p=0.2729

Have you had this itchy rash at any time in the past 12 months? (n=1200)

. n 42 48 20 Pearson Chi-square: 0.910;
% 6.80 8.25 7.50 df=1; p=0.3401

Has this itchy rash at any time affected any of the following places: the folds of the elbows, behind the knees, in front of the
ankle, under the buttocks or around the neck, ears or eyes? (n=1200)

n

20 32 52 Pearson Chi-square: 3.699;

Yes
%

df=1; p=0.0544

3.24 5.50 433

Has this itchy rash cleared completely at any time during the past 12 months? (n=1200)

n

32 38 70 Pearson Chi-square: 0.996;

Yes
%

df=1; p=0.3182

5.18 6.53 5.83

In the past 12 months, how often on average, have you been kept awake at night by this itchy rash? (n=1200)

n 602 564 1166
Never
% 97.41 96.91 97.17
. n n 12 23 Pearson Chi-square: 0.293;
Less than one night per week df=2: p=
% 1.78 2.06 1.92 =2;p=0.8637
n 5 6 11
One or more nights per week
% 0.81 1.03 0.92
Have you ever had eczema? (n=1200)
n 19 31 50 .
Yes Pearson Chi-square: 3.8069;
% 3.07 5.33 417 df=1; p=0.0514
Was your eczema confirmed by a doctor? (n=1200)
n 8 12 20 .
Yes Pearson Chi-square: 1.077;
% 1.29 2.06 1.67 df=1; p=0.2993

*significant for p<0.05
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symptoms of eczema. Taking into account that this is the first
study of this type in Kosovo, further more extensive research is
needed to examine this problem.
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ABSTRACT

Stem cells are self-renewing and undifferentiated cells with poten-
tial to transform into different types of functional cells. These cells
can be classified into two types based on their roots; embryonic
stem cells that originate from the inner cell mass of preimplanted
embryos and can structure the tree germinal layers and, mature
stem cells that have the potential to differentiate into at least one
type of functional structure. Both types of the stem cells present
their own characteristics and capacities by using their own sig-
nal pathways in the presence of very different interaction factors.
Knowing the characteristics of those stem cells in detail will impor-
tantly contribute to therapeutics.

Keywords: Stem cell, signal pathway, interaction factors

INTRODUCTION

Cells respond at the receptor level to the signals coming
from other cells or to the signals that are produced by
themselves. This intercellular communication is called “cell
signaling’, and it is necessary for the functional regulation
and integration of the organism. Signal mechanisms can
be through endocrine, paracrine, autocrine, neurotrans-
mitter or neuroendocrine ways (1). These signaling
mechanisms are found in both embryonic stem cells and
somatic cells (for ex. interleukin secretion of fibroblasts
and stromal cells of the bone marrow). Mature stem cells,
especially mesenchymal stem cells (MSCs), produce and
secrete a large variety of cytokines, chemokines, growth
factors, and they stimulate neighboring cells by a variety
of mechanisms. While progenitor cells are being stimu-
lated for proliferation and differentiation by the received
signals, they also show anti-inflammatory and immune
modulator effects by secreting growth factors and me-
diators (2). It is important to show the secretion of active
mediators and their expressions biologically, in order to

0z

Kok hiicreler, farkl tip fonksiyonel hiicrelere dontisme potansiyeli-
ne sahip, kendi kendini yenileyebilen ve farklilasmamis hiicrelerdir.
Bu huicreler, kokenleri temel alinarak iki ana tip olarak siniflandiri-
labilir: Preimplante embriyonun i¢ hiicre kitlesinden koken alan ve
3 germ yapradini da yapilandirabilecek embriyonik kok hiicreler ile
farkli doku ve organlarda bulunan, en az bir tip fonksiyonel yapiya
farklilasabilme kapasitesine sahip eriskin kok hicreler. Bu her iki
kok hiicre tipi de cok farkh etkilesim faktorleri varliginda kendi sin-
yal yollarini kullanarak kendi 6zelliklerini ve kapasitelerini sunar. Bu
kok hicrelerin 6zelliklerini ayrintili olarak bilmek, terapotik madde-
lere 6nemli katki saglayacaktir.

Anahtar Kelimeler: Kk hiicre, sinyal yolagy, etkilesim faktorleri

understand the biology of stem cells. The organization of
the secretion of paracrine cytokines occurs by the influ-
ence of the microenvironment or by their impact on the
microenvironment of the stem cell niches. Additionally,
paracrine mediators have a role in pathological cases. The
secretion of the paracrine factors as a response to tissue
injury, activates the endogenous repair and regeneration
mechanisms, and affects the cell survival. Stem cells and
progenitor cells protect the tissue for their continuation
of life by providing balance between proliferation and dif-
ferentiation.

Secreted factors of the mature stem cells play an import-
ant role in the regenerative process seen after stem cell
mobilization, while the proves supporting this hypothe-
sis are increasing. MSCs, that are identified to be safer in
the clinical use, are multipotent cells and they are easily
obtained and produced. Treatments on the cellular level
is mostly done by using autologous bone marrow MSC
and fat tissue which reserves a large number of MSC
when compared to bone marrow (3). A large part of the
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stem cells in the adipose tissue are located in the perivas-
cular region (4), and they have a unique capacity for prolif-
eration and transdifferentiation (5). MSCs have the capaci-
ty to differentiate into adipocyte, osteocyte, chondrocyte,
myocyte and neuronal cell lines. This multipotent differen-
tiation potential is achieved by effect of the large number
of secreted cytokines and growth factors (6). Extracellular
vesicles (EV) based on the MSCs are structures having thera-
peutic characteristics for many of the diseases. EVs secreted
by the cells are generally called microvesicles, cellular based
vesicles, microparticles, secreted vesicles and exosomes.
EVs are important mediators of intercellular communica-
tion, both in physiological and pathological cases. Vesicle
substance varies by cell types and physiological conditions;
EVs contain various proteins, lipids and nucleic acids (7).
Microvesicles are secreted by the activation of various cells
like thrombocytes, endothelial cells, erythrocytes, mono-
cytes, lymphocytes and leucocytes, or by apoptosis. EVs of
50-200 mm in diameter are called exosomes and, exosomes
play an important role in intercellular communication (8).
In addition to this, alterations in the cytokines and growth
factors secreted by the MSCs can affect the (nhon-migratory)
functions of the cell located in the tissue; those effects can
even exist after the disappearance of MSCs (9). EVs include
the proteins, RNAs and some undefined proteins in their
structure, just like a cargo. The content of EV supports the
proliferation of the cells, and also provides the inhibition
of apoptosis by affecting intracellular signal pathways (8).
The first study where this theory became true showed the
effect of paracrine factors based on MSC on the myocardial
ischemia reperfusion damage (10, 11). It showed that MSC
exosomes from autologous origin are effective in enhancing
the left ventricular diastolic function in myocardial dam-
age (12). Zhang et al. (13) reported that EVs based on MSCs
stimulate the proliferation of epidermal cells in burned skin.
An important example is mRNAs of EV secreted from MSCs
shown to have therapeutic effect on tissues that have acute
renal damage. The mRNA shows its effect here by helping
proliferation, transcription regulation and immune mod-
ulation (14, 15). Another example is the demonstration of
mMRNA transfer in the healing of acute lung injury. The mRNA
of EVs with KGF (keratinocyte growth factor) is transferred to
type Il alveolar epithelium from bone marrow stem cells, and
they are passed to the protein of type Il alveolar epithelium.
Increase of KGF protein in type Il epithelium turns into an
immune modulator effect and, its protective effect in acute
lung injury takes place (16).

Various signal pathways are defined as the organizers of self-re-
newing and stemness in stem cells (Figure 1). Exosomes of the
MSCs play an active role in the preservation of the characteris-
tics, like differentiation capacity, self-renewing, stemness and
prevention of early differentiation. Those characteristics of the
stem cells are essential in development of cell-based therapies.
However, it is necessary to optimize the differentiation poten-
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Figure 1. Main signal pathways having role on self-renewal and
stemness of stem cell

tial and proliferation rate of MSCs in order to provide the thera-
peutic efficiency of MSCs.

While signal pathways, epigenetic modulators, cell cycle
regulators and transcription factors regulate the balance be-
tween self-renewing and differentiation, reorganization for
the repair will be shaped. There are many points and signal
pathways defined in the human stem cells for stemness and
self-renewing.

While the self-renewing concept of stem cells is defined by
the continuity of proliferation, differentiation inhibition and
apoptosis inhibition, signals related to this include chemical
regulators (ex: Prostaglandins, retinoic acid), developmental
regulators (ex: BMP- bone morphogenic protein), and signal
pathways (ex: Wnt, Notch, Hedgegod signal pathways) (17). The
stemness concept is regulated by extrinsic and intrinsic stimuli
in stem cells (18). In the meantime, the achievement of the bal-
ance between self-renewing and differentiation in stem cells is
carried out by the combination of asymmetric and symmetric
cell division. Symmetrical division gives rise to two identical
cells, while asymmetrical division gives rise to one stem cell
and one progenitor cell (19). This discrepancy is also of special
importance in embryonic development and cellular treatment
periods.

Molecules having a central role in providing the stemness con-
cept, which is predestinating the stem cell, are Oct4, SOX2,
NANOG (20). These are main transcription factors regulating
the pluripotentiality and self-renewing in the embryonic stem
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cell (21). Expression of Nanog is governed by Oct4 , SOX2 (22).
Oct4 is expressed highly in embryonic internal cell mass (23).
SOX2 stimulates the differentiation in the neuronal ectoderm
germ layer (21).

TGF- B Signalling Pathway

The transforming growth factor (TGF)-B superfamily has
more than 30 members. It plays a critical role in the regula-
tion of cell growth, development and differentiation (24). It
has 3 different subgroups: TGF-31, TGF-B2 and TGF-f33. TGF-3
superP family includes TGF-B and nodal pathways, which
have the characteristics of self-renewal and stemness of stem
cell and also, the BMP pathway which induces differentiation
(25-27). The signal starts with the lig and based oligomeri-
zation of the serin/treonin receptor kinase. Together with
the companionship of general signal transduction provid-
er Smad4 to this phosphorylation, the SMAD molecules are
translocated to the nucleus, and transcription factors are se-
creted. Smad4 regulates the transcription of the target genes
in the nucleus (28). The main transcription factors of embry-
onic stem cells in self-renewing and differentiation are Oct4,
SOX2 and NANOG.

Activin A is another member of TGF-B family. it is necessary
in pluripotentiality and self-renewing of embryonic stem
cells. It induces Oct4, NANOG, Nodal, Wnt3, basic fibroblast
growth factor (bFGF) and FGF8 and represses the BMP sig-
nals. Recently, TGF-B activin sensitive SMADs which bind to
the Nanog promoter region and increase Nanog promoter
activity have been demonstrated. So these SMADs play an
essential role in maintaining human embryonic stem cell
self-renewing (27).

Wingless-Wnt Signalling Pathway

Whnt ligand Low density lipoprotein-related protein (LRP) 5/6
is a secreted glycoprotein which binds to serpertine receptors
of the Frizzled family, forming complexes in the cell surface
(26). In embryonic stem cells, Wnt signal pathways have an
important role in controlling the cell transcription while pro-
viding the cell with polarity and enhancing proliferation also
in embryonic stem cells differentiation and cell migration is
supported by Wnt signals. In hematopoietic stem cell and
progenitor cells, there is accumulating knowledge that Wnt
signaling mechanisms are necessary for the self-renewal pro-
cesses (29, 30).

Whnt cascade affects cells as three pathways, whom are:
1. Canonical Wnt pathway (B-catenin pathway)

2. Noncanical Wnt pathway (Planar cell polarity pathway)
3. Wnt calcium pathway

In the active canonical Wnt signal pathway, the dephospho-
rilization of 3-catenin is a key process by keeping -catenin
stable in the nucleus.Through embryonic development, the
Wnt/ B-catenin signal pathway regulates the proliferation,
and predestinates the embryonic neural stem cells. The ca-
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nonical Wnt/ B-catenin pathway has an important role in
neurogenesis. When the Wnt signal pathway is activated,
B-catenin is not phosphorylated, and it accumulates in cyto-
sol. This accumulation enables 3-catenin to pass the nuclear
site. By B-catenin enterance transcription of target genes
(Oct4, SOX2, NANOG) start. When Wnt inactive, 3-catenin
gets phosphorylated and binds to the destructive complex.
Destruction of B-catenin suppresses the transcription of tar-
get genes (31, 32). Any defects in the regulation of the Wnt
signal pathway can cause many abnormalities and diseas-
es, such as abnormal activation of the Wnt B catenin signal
pathway that leads to a disorder called FAP (Familial Ade-
numatous Polipozis), which shows polyps in the colon and
rectum (31).

Notch Signalling Pathway

The notch signalling pathway is important in predestination,
and also in the continuity of embryonic and mature stem cells.
It is necessary for self-renewal and stemness concepts of he-
matopoietic stem cells (29, 33). There are four types of notch
receptor isoforms (Notch1-4). The canonical notch ligands are
Jagged and Delta ligand families (Jag1, Jad2, DII1,DII3, DIl4)
(34). The notch signal pathway plays a role in the self-renew-
al of stem cell, and provides the antineurogenic signal during
CNS development (35). Notch 1 signals have a critical role in
cardiac development and life, in differentiation of cardiogen-
ic stem and progenitor cells and, mutations in Notch1 cause
structural abnormalities in the heart, like bicuspid aortic valve
(34).

LIF-Stat3 Signalling Pathway

LIF belongs to the IL-6 cytokine family. It binds to the low af-
finity LIF receptor and the heterodimeric receptor composed
of GP130 (36). This formed complex activates JAK (tyrosine
kinasenound to Janus). LIF activates 3 pathways in the stem
cell:

1-  MAPK- differentiation
2-  JAK/STAT- self-renewing
3-  PI(3)K- surviving (37)

Activation of LIF activates STAT3, and it provides, by affect-
ing the target genes of embryonic stem cells (Oct4, NANOG,
c-myc), the reproduction and self-renewal of the cell without
differentiation. The Jak/STAT pathway also supports the self-re-
newal of hematopoietic stem cells. STAT3 contributes to the
stemness and self-renewal of pluripotent stem cells by the
transcription of target cells (38).

Hippo Signalling Pathway

Hippo signal pathway is important in the balancing of the pre-
serving organ enlargement, cell self-renewing and cell prolif-
eration. Deregulation of this pathway is related to the cancer
development (39). It consists of serintreonin kinase MST1/2
(mammalian Ste-2 like kinase) and LATS1/2. The activation of
the hippo pathway leads to the inactivation of YAP (Yes-asso-
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Table 1. Some environmental effects on MSC fate

Environmental Factors Some Effects on MSC

Geometry Mechanic Stress

+ Cell actin distribution cell elasticity

+ partial loss of multipotentiality

High glucose level

+ markers of stemness are increased

+ proliferation is decreased

+ neurogenic differentiation in mature stem cell is significantly increased

+ autophagia and senescence was induced in bone marrow derived MSCs

Ascorbic Acid

+ derivation to osteoblasts, adipocytes, chondrocytes and in vitro odontoblasts

+ acceleration of DNA synthesis

+ in high concentrations are cytotoxic, may cause the suppression of proliferation and apoptosis

Freezing&Thawing

+ degenerated immune modulator characteristics and their inflammation rate is higher

+ affects the immune modulator response

+ heat shock protein (HSP) levels increase

+ responds to inflammatory conditions decrease

+ increase their immune modulator characteristics as a reply to inflammation

Hypoxia

+ potent stimulus invoking chondrogenesis

+ stimulating therapeutically angiogenesis

+ directly promotes wound healing

ciated protein). This YAP results in the direct phosphorylation
ser-127. YAP and TAZ are co-activators of transcription. When
LATS1/2 is dephosphorylated, YAP/TAZ is carried to the cell
nucleus; it communicates with the transcription factors and
induces the inhibition of cell proliferation and apoptosis. Em-
bryonic stem cells YAP/TAZ directly supports stemness (40, 41).
TAZ is connected to the Smad2,3,4 proteins in embryonic stem
cells, thus it is effective in the self-renewal and proliferation of
stem cells. Deletion of YAP leads to myocardial hypoplasia, loss
of its function leads to cell death and early neuronal differen-
tiation (41).

Hedgehog Signalling Pathway

This pathway is effective in self-renewal and regeneration of
embryonic stem cells and mature stem cells. Hedhedog pro-
teins have 3 different types of isoforms: Sonic (Shh), Desert
(Dhh), Indian (Ihh). It is an active pathway both in embryon-
ic and mature life (32). It plays a role in the proliferation and
differentiation of embryonic stem cells, and in plerosis and
regeneration of mature stem cells. It has a positive effect on
osteogenic differentiation, and a negative effect on adipogenic
differentiation (32, 42). Regulation of this pathway is responsi-
ble from holoprosencephaly and other developmental malfor-
mations (42).

Mesenchymal Stem Cell and Interaction Factors

In vivo MSCs are surrounded with extracellular matrix, which is
composed of collagen, adhesion proteins, proteoglycans and
growth factors called “niche”. Besides the importance of molec-
ular structures, physicochemical properties of microenviron-
ment are also important in the differentiation of the stem cells.
Some environmental effects are summarized, as seenin Table 1.
Stem cells not only answer to the paracrine signals in their local
microenvironment, but also undergo changes by being reacti-
vated together with various matrix components, proteases and
growth factors secreted from the medium. Matrix proteins play
a role in cell adhesion, migration, differentiation and survival.
Three dimensional matrix culture systems involving various
growth factors in vitro are developed by mimicking in vivo sys-
tems (43). For example, the mesenchymal stem cell goes into
osteogenic differentiation in a microenvironment with firmer
elasticity and, goes into neuronal differentiation in a looser
microenvironment (44). Niches for differentiation have been
developed by considering these characteristics. It is supported
in the studies that stem cells respond to the mechanical signals
presented by the local extracellular matrix. Cells remember the
previous mechanical signals, and this memory continues even
after the translocation, and predestinates the long term (45). It
is reported that with the important communication between
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extracellular matrix medium and intracellular signals, YAP and
TAZ, by being located in the nucleus and by regulating the
MRNA expression, turns the physical information into protein
expression (46, 47).

MSCs are mechanosensitive cells. For example: meeting of
MSCs with systemic circulation causes them to be exposed to
flow stress, and this extracellular matrix mechanical stimulus is
perceived by the sensors of the cell membranes; cell behavior
is affected rapidly. G-protein coated receptors, intercellular and
inter matrix proteins, integrines, and ion channels are mech-
anoreceptors playing a role in the intracellular kinase activity
and the organization of the actinin cytoskeleton. Laminar flow
is a type of flow that is unidirectional, stable, with various ve-
locities and different from the flow in humans which is directed
by the heart beats. Oscillatory flow and pulsatile flow are in the
same direction, and their oscillations are at the same ampli-
tude, but the mean rate of the pulsatile flow is higher than the
rate of oscillatory flow. Oscillatory flow stress (0.5 + 4 dyn/cm?)
affects the regulation of B-catenin and induces the reorganiza-
tion of f-actin, and predestinates the stem cell. 30 minutes after
oscillatory stress, f-actinindepolimerization and p-catenin in-
crease make an adjuvant effect on the factors that inhibits the
Whnt. After one hour of oscillatory stress, MSCs continue their
fibroblast like appearance but the actin cytoskeleton organiza-
tion changes. When the effect of oscillatory stress on stemness
is searched by measuring the SOX2 , Oct4 and NANOG levels,
NANOG and SOX2 expressions were increased, and Oct4 ex-
pression was unchanged. Oscillatory stress promotes the adi-
pogenic differentiation of MSCs (48).

Geometry and Stem Cell Interaction

Multipotentiality and self-renewal capacities of MSCs that
are often used in clinical practice are important. The spread
process of the stem cells in vitro culture decreases the mul-
tipotent capacity, and this limits the application in clinical
practice. Geometric and mechanic control of stem cell spread
regulates the differentiation and progression of stem cells
(49). Culture size and geometric shape affect the stemness
and the cytoskeleton and, the cellular stress formed in this
structure affects the multipotentiality of the stem cell (49,
50). Many studies showed that cells respond to the reorgani-
zation of the cytoskeleton by biophysical stimulus (51). Cel-
lular stress related to the cytoskeleton is important for the
protection of stem cell multipotentiality. Cell elasticity is an
important biomechanical parameter that is determined by
the existence, number and distribution of specific organelles
and by the organization and character of the cytoskeletal
elements. Elasticity changes according to the cell functions.
For example, fibroblasts have a high elasticity, and chondro-
cytes have a low elasticity. Elasticity of mature MSCs changes
during differentiation (52). If actin structure is highly regular
in the cell, elasticity becomes high. Sphere embryonic stem
cells present higher Oct4 and NANOG expressions than squa-
mous cells as a result of the loosened membrane-cytoskele-
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ton bounds. While a limited diffusion area has been shown
to be helpful to save the undifferentiated form of embryonic
stem cells, it has been identified that undifferentiated MSCs
have lower contractility than differentiated osteogenic cells.
So, this shows that a lower cytoskeletal stress is needed in
order to protect the cell multipotentiality. It has also been
shown that as the cell’s area of diffusion enlarges, the cell’s
nuclear activity also increases. Parallel stress fibers formed in
the slim shaped cells renders the elasticity of MSCs. In dif-
ferent geometric areas (e.g. square, triangle, polygon) MSCs
in their center have shown an interrupted actin form which
causes low elasticity. Cell diffusion showed similar respons-
es in different geometric areas, if the distribution area is the
same. High elasticity of MSCs always exists with low expres-
sion of surface molecules, and this shows the partial loss of
multipotentiality (49).

Culture and Stem Cell Interaction

The culture medium necessary for feeding and growing of
the stem cell is very important in order for them to release
their biological effects. Gas percentages (0,-CO,-N) and the
composition of culture medium (e.g. ph, glucose concentra-
tion), cell number in every cm? passage time and number, are
some important parameters. Fetal Bovine Serum (FBS) has a
risk of virus and prion contamination between media, so al-
ternatively, serum-free media are produced with growth fac-
tors additions (53). Yet, medium prepared with serum based
on autologous source is a good alternative for MSC cultures.
The main problem is the identification of serum percentages.
Platelet lysate, which is rich in cytokines and growth factors
invitro MSC cultures, is a candidate for the usage of FBS (54).
Various molecules are stored in platelet granules. Some of
these are lysosomal enzymes (elastase, collagenase, catep-
sine), coagulation factors (factor V, XI, XIll, antithrombin, pro-
thrombin), immunological molecules (IgG, factor D, platelet
factor H, C1 inhibitor), adhesion molecules (P selectin, fibrin-
ogen, VWF), chemokines (IL8, RANTES, NAP2), growth and
angiogenesis regulators (55). Enriched platelet products like
Platelet rich plasma (PRP), Platelet lysate (PL) or platelet gel
include various growth factors like platelet derived growth
factors (PDGFs), TGF-(3, epidermal growth factor (EGF) and
bFGF. These growth factors influence MSCs to mitosis. It is
shown that cells obtained at the end of cultures stimulate
invivo angiogenesis, and play a key role in tissue repair and
regeneration (56, 57).

MSCs are traditionally isolated from bone marrow and adi-
pose tissue, and they form fibroblast like cell colonies sticking
the plastic in 2-dimensional in vitro cultures. While 2-dimen-
sional cultures are artificial and less physiological, 3-dimen-
sional spheroid shaped cultures save more physiological fea-
tures. Anti-inflammatory, angiogenic, repair and regeneration
effects of MSCs are more expanded in spheroid cultures than
in 2-dimensional cultures. Oxygen reaches inside the spher-
oids with only diffusion, which causes the inner cell mass of
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the spheroid hypoxic. This condition activates the pathways
connected to hypoxia (58). Also, upregulation of the genes
showing pluripotentiality enhances multidifferentiation po-
tentiality together with the slowing of the senescence, in-
creases stemness.

Culture and High Glucose Level

Glucose is the vital energy source which is critically import-
ant for the biological functions of the cells in culture media.
Diabetic hyperglycemic medium is a phenomenon which
induces the differentiation in MSCs. Oct4, SOX2 and NANOG
gene expressions, which are the markers of stemness, are in-
creased under prolonged high glucose conditions, and their
proliferation is decreased. This may be due to reactive oxygen
species (ROS) increase, and cultures with low glucose level
demonstrated decreased stemness and increased prolifera-
tion. Even though diabetic mature stem cells are not the ideal
autologous cell therapy because of its degenerated neovas-
cular structure, stemness and differentiation capacities of the
mature stem cells in hyperglycemic media are still researched.
The inhibition of stemness and proliferation induced by high
glucose level is thought to be inhibited by ROS in the envi-
ronment and, this effect is tried to be decreased by the add-
ed antioxidants to the medium. But, this also decreased the
positive effects of high glucose on the stemness of stem cell.
It is observed that the ratio of neurogenic differentiation in
mature stem cell is significantly increased in a high glucose
medium, but the potential of adipogenic and osteogenic
differentiation does not change. High glucose level, just like
hypoxia, medium deprivation and low temperature, is a cel-
lular stress condition which increases the stemness capacity
(6). MSCs based on adipose tissue advances adipogenesis
more in a high level glucose medium than in a low level glu-
cose medium. In MSCs treated with a high glucose culture, it
was shown that chondrogenesis was modulated by ensuring
the regulation of TGF-f3 and protein kinase C (59). While the
chondrogenic capacity increases, the adipogenic capacity de-
creases. In another study (60), MSCs treated with a high level
glucose medium (4.5 gr/L) for 28 days and it was shown that
autophagia and senescence were induced in bone marrow
derived MSCs.

Culture and Ascorbic Acid

Cell metabolism in microenvironment is closely related to the
metabolic interactions between different types of cells. When
cells are isolated in their actual tissues and cultured, their nu-
trient needs change, and this need is different for every cell.
Ascorbic acid (AA) increases the stimulation effect of in vitro
cells for intercellular matrix production, and it is understood
that it has an important role as a cofactor for the posttrans-
lational modification of AA collagen molecules. It is known
that AAs modulates the proliferation of many mesenchymal
derived cells including osteoblasts, adipocytes, chondrocytes
and in vitro odontoblasts. AA works as a growth support-
er for the proliferation of the cells and acceleration of DNA
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synthesis, when it is added to the cultural medium in defined
concentrations. But, prominently high concentrations are cy-
totoxic, and may cause the suppression of proliferation and
apoptosis. This relation between cytotoxicity and ascorbic
acid is defined by the medium related factors like type of the
medium and CO, ratio (61). AAs, while increasing the regu-
lation of embryonic stem cell pluripotent markers (Oct4 and
SOX2), also induce the proliferation of MSCs based on adipose
tissue and, this in vitro proliferation expansion is necessary for
their use in stem cell therapy (62). Performed studies showed
that Vitamin C is a necessary agent for the proliferation of
both embryonic and mature stem cells (63).

The Effect of Freezing and Thawing on Stem Cells

With the usage of MSCs in the treatment of degenerative
and immunological diseases, further research studies are
being conducted for effective treatment methods. After the
culture diffusion and isolation of MSCs, they are frozen un-
til brought into use. This process is called cryopreservation.
Phenotypical and functional characteristics of the cells are
important for the effectiveness and safety of stem cell ther-
apy. After the freezing-thawing process, some characters of
MSCs may change. Expected results of in vitro and preclini-
cal studies do not always coincide with clinical practices. This
may be due to various reasons. Cultured MSCs may not always
be compatible with human blood, and when applied intra-
venously, it may trigger sudden inflammation. As a result of
this, on one hand cell survival is conceded, and on the oth-
er hand the beneficial paracrine effects increase. MSCs that
come directly from a culture flask, frozen and thawed just
before usage, show significant differences. Freeze&thawed
MSCs have degenerated immune modulator characteris-
tics, and their inflammation rate is higher (64). It is observed
that in the first 24 hours of thawed MSCs, heat shock protein
(HSP) levels increase, and the response to inflammatory con-
ditions decreases (65). It is shown that the cryopreservation
process has a little effect on gene expressions. Unlike tradi-
tional medical therapies metabolized by the recipient, cells
responding to the microenvironment may undergo dramatic
changes in MSC therapy. Freezing&Thawing affects the im-
mune modulator response in MSCs. MSC functions have been
completely saved after 24 hours of culture period. After one
week of the thawing process, minimal changes in MSC gene
expressions have been identified. Cytoskeletal reorganization
has occurred and genes including natural immune pathways
have undergone changes. Frozen cells have been kept for
one week after thawing, and the induction of the increase in
cytoskeletal protein expression became possible. The essen-
tial question is how this phenotypical changes affecting the
functions of MSCs occur. As it is known, MSCs increase their
immune modulator characteristics as a reply to inflammation.
Increase in the expression of cytokine families, respectively
IL11, IL33, IL6 and IL1, is proof of the activation of immuno-
logical signal pathways (9).
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Figure 2. The self renewal and proliferation of stem cells themselves is effected by the signaling pathways of environmental factors

Hypoxia

Oxygen concentration is a very important factor for the main-
tenance, differentiation and function of stem cells. Oxygen has
various effects on embryonic and mature stem cells. Hypoxia
plays a role in growth, pluripotentiality, differentiation and
growth factor production. Molecular oxygen has characteris-
tics of being a signal molecules and metabolic substrat, both
in vivo and in vitro. The effects of oxygen, self-renewing, differ-
entiation and final function are not completely understood,
astheir effects modify according to the cell type and oxygen
level. In some mature cell types, a low oxygen level stimulates
in vitro proliferation and multipotentiality. Low oxygen level is
a potent stimulus invoking chondrogenesis in stem cells and in
a clinical course, and it is important for functional cartilage pro-
duction in engineering. Hypoxia also plays an important role
in therapeutic angiogenesis by stimulating cytokine produc-
tion. When stem cells are exposed to hypoxia, it is shown that
growth factor, and especially VEGF production, increase. An-
giogenesis formed by hypoxia can be both by differentiation
of cells directly, or by cytokine production indirectly. In order
to understand and optimize the growth functions of the stem
cells, it is important to know specific microenvironment condi-
tions in vivo. Interpreting in vitro experiments containing stem
cells shows the need for a minute oxygen level (19). Embryonic
stem cell lives under low oxygen levels in the beginning of im-
plementation and during fetal growth. Blocking to reach ma-
ternal circulation during embryo implementation results in a
hypoxic environment. Uterine surface oxygen concentration is
at around 2% level during early the pregnancy period. When
the embryo connects with the maternal vessels, the oxygen
level rises to approximately 8%. That is why normal physio-
logic conditions of the embryonic stem cells are more hypoxic

compared to in vitro conditions. Oxygen is an important signal
molecule that stimulates cellular activity. Hypoxia increases
the specific gene expressions (Glut-1,EPOVEGF) comprising
glycolysis, erythropoiesis and angiogenesis. VEGF produced
by stem cell in hypoxic environment directly affects the sur-
rounding environment (66). Highly perfused organs (e.g. lungs,
kidney and liver) have oxygen levels between 4 and 14%. But
this level is low in bone marrow (between 0 and 4%). It is es-
pecially lower than 3% in adipose tissue. Mature stem cells are
located in anatomical regions which have relatively poor levels
of oxygen. Both mature and embryonic stem cells express sur-
face markers (Oct4, rex-1 and SOX2) at least for ten passages.
Mature stem cell expresses different surface molecules; these
are adhesion molecules, receptor molecules, surface enzymes,
extracellular matrix proteins and glycoproteins (67). Hypoxia,
by some paracrine mechanism which increases the secretion
of defined growth factors, advances neoangiogenesis in ma-
ture stem cells. The primary mediator of hypoxic adaptation
is Hypoxia inducible factor (HIF). It is from transcription factor
family and has two subunits: alpha subunit (HIF-1 a and HIF-2
a) and beta subunit (HIF-1 B).HIF-1 B is physically connected
to the intracellular region of notch molecule and it is an im-
portant component in order to protect undifferentiated stem
and progenitor cell populations which are providing an im-
pressive molecular connection between hypoxia and stemness
(68). HIF-2 is the transcriptional regulator in embryonic stem
cell pluripotentiality and it has a connection with Oct4. HIF-2
a directly connects to Oct4, SOX2, hypoxic response elements
(HRE) in the Nanog promoter region in hypoxic conditions (69).
Alpha subunit of HIF-1 is stabilized under low oxygen levels
and by regulation VEGF expression, it provides functional har-
mony and characteristics which are necessary for new vascular
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growth and maturation. At the same time HIF-1 a, increases
dramatically by hypoxia, enhances angiogenic and antiapop-
totic growth factors, and this directly promotes wound healing.
HIF-1 arising related increase of Myc, which is a transcriptional
factor, affects metabolism with the increase of pleiotropic, pro-
liferative and cell growth factors (70). HIF-1 a directly affects
the Wnt/ beta-catenin pathway, and so presents its effect on
both embryonic and mature stem cells (68).

CONCLUSION

This article reviews the current knowledge of the mesenchymal
stem cell signaling pathways and interactions of stem cells with
each other in culture. The more cell culture parameters can be
optimized; the better the intercellular signaling pathways will
work (Figure 2). Although this requires further investigation, it
is essential to achieve the desired success in cell culture tech-
niques. The parameters of cell culture to be considered are
much more than what we describe in this paper.
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Yara iyilesmesi hiicresel, biyokimyasal ve sistemik proseslerde
travma ile baslayan bozulmanin yeni doku olusumu ile normal
haline dénduriilmesidir. Akut yaralar belirli bir stire icerisinde do-
kunun normal anatomik ve islevsel butlinligiine geri donebildigi
yaralar olup tedavisi nisbeten problemsizdir. Kronik yaralar ise
akut yaralarin aksine, genellikle altta yatan bir hastalik nedeniyle
yara iyilesme slireglerinin kesintiye ugramasi sonucu anatomik ve
islevsel butlinligin saglanamadigi yaralardir. Kronik yaralar ge-
lismis Ulkelerde niifusun 6nemli bir bolimini etkileyen, yasam
kalitesini duistiren 6nemli bir saglik sorunu olmasinin yani sira,
yara tedavisi saglik sistemlerine ciddi bir mali ylk getirmektedir.
Son yillardaki teknolojik gelismelerle birlikte, yara tedavisinde
kullanilan ilaglar ve tibbi cihazlar bakimindan 6nemli ilerlemeler
kaydedilmistir, ancak bu gelismelere ragmen, yara iyilesme siireg-
lerindeki karmasik yapi ve hasta cesitliligi nedeniyle yara tedavisi
alanindaki deneysel arastirmalar, hala nemini korumaktadir. Bu
derlemede, yara iyilesmesi ve deneysel yara modellerine odakla-
nilarak temel kavramlar ve arastirmada kullanilan glincel uygula-
malar ele alinmistir.

Anahtar Kelimeler: Yara, yara iyilesmesi, deneysel yara modelleri
GiRiS

Yaralar siyrik, kesik, batma, ezik, yanik gibi fiziksel travmalar
veya hastaliklar gibi bir¢ok farkli nedenle cilt veya mukoza-
nin doku bitiinliglnin bozulmasi sonucu olusur ve ayni
zamanda damarlar, kas ve sinir gibi yapilarla birlikte i¢ or-
gan ve dokulari da etkileyebilir. Cilt/mukoza butlnliguniin
tamamiyla bozulmadigi “kapali yaralar” ezilme, burkulma
veya cikik gibi nedenlerle meydana gelirken, kesik, batma,
delinme gibi etkenlerle doku bitinliginin bozulmus ol-
dugu yaralara “acik yaralar” denir. Yatalak hastalarda goéri-

len basi yarasi gibi durumlarda ise baslangicta kapali olan
yara, acik yara haline donusebilir.

Akut yaralar belirli bir siire icerisinde belli asamalardan geg-
tikten sonra dokunun normal anatomik ve islevsel bitiinli-

ABSTRACT

Wound healing is the restoration of distorted cellular, biochemical
and systemic processes with trauma to normalization with new tis-
sue formation. Acute wounds are wounds in which the tissue can
return to normal anatomical and functional integrity over a period
of time, and treatment is relatively problem-free. Chronic wounds,
on the other hand, are wounds in which anatomic and function-
al integrity cannot be achieved as a result of disruption of wound
healing processes due to an underlying disease. Chronic wounds
are a major health problem that affects a significant proportion of
the population and reduces the quality of life. Moreover, wound
care creates a significant financial burden on health systems in de-
veloped countries. With the technological advances in recent years,
significant progress has been made in terms of drugs and medical
devices used in wound treatment, however, despite these devel-
opments, experimental research in the field of wound therapy re-
mains important due to the complex structure in wound healing
processes and patient diversity. In this review, basic concepts and
current applications used in wound research are discussed focus-
ing on wound healing process and experimental wound models.

Keywords: Wound, wound repair, experimental wound models

gune geri donebildigi yaralardir. Kronik yaralar (basi yarala-
r, venoz staz Ulserleri, diyabetik yaralar, iskemik yaralar vb.)
ise akut yaralarin aksine belirli dénemlerden ge¢cmeyen,
altta yatan bir hastalik nedeniyle yara iyilesme sireclerinin
kesintiye ugramasi sonucu anatomik ve islevsel butlnligun
saglanamadigi yaralardir. Boyle durumlarda basit bir fiziksel
travma bile bir tirll iyilesemeyen kronik bir yaraya sebep
olabilir. Normal yara iyilesme suirecinin desteklenerek doku
onariminin hizlandiriimasi icin dncelikle altta yatan hastali-
gin teshis ve tedavi edilmesi gerekir.

Kronik yaralar gelismis tilkelerde niifusun énemli bir b&Iumini
etkileyen, yasam kalitesini bozan dnemli bir saglik sorunu ol-
masinin yani sira tedavisi ciddi bir mali yiik getirmektedir (1, 2).

Son yillarda, biyofilm gelisiminin yara kroniklesmesinin te-
mel nedeni oldugu anlasiimistir. Yara biyofilmi, yara ylize-
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yine tutunan, polisakkarit matrise yerlesmis polimikrobiyal bir
kolonidir. Yara icinde kronik enflamatuvar bir duruma sebep
olan enzim ve toksinler Gretmeleri, antibiyotiklere direncli kro-
nik yara enfeksiyonuna sebep olmalari, hastalar icin hastanede
uzun yatis suireleri, saghk sistemi icin ise yliksek maliyet demek-
tir. Yara biyofilmlerine yonelik yeni tedavilerin gelistirilmesi,
kronik yaralarin tedavi edilebilme umudunu artirarak bircok
hastanin hayatini kurtaracaktir (3). Diger taraftan son yillarda
yara iyilesmesini hizlandirmak ve hastanin yasam kalitesini ar-
tirmak amaciyla elektrik akimi, lazer 1sin1, radyo dalgalari ve ult-
rason uygulamasini da kapsayan yeni teknolojiler Gizerinde de
yogun olarak calisilmaktadir (3, 4).

KLIiNiK VE ARASTIRMA ETKILERI

Yara lyilesmesi

Yara iyilesmesi hiicresel, biyokimyasal ve sistemik proseslerde
travma ile baslayan bozulmanin yeni doku olusumu ile normal
haline dondurilmesidir. Yaranin bulundugu boélge ile bu bdl-
gedeki kan akimi, sitokinler ve biylime faktorleri, genetik ve
imminolojik bozukluklar, diyabet, radyoterapi, kemoterapi,
uygun olmayan beslenme, steroid ilag kullanimi gibi faktorler
yara iyilesmesini etkiler. Saglkl yara iyilesmesi yeterli doku per-
flzyonu, oksijenizasyonu ve epitelizasyonu yaninda, dokunun
iyi beslenmesi ve nemlenmesi ile saglanir (3). Yara iyilesmesi
sirasinda gerceklesen bu sireclerin baglica amaci yara gerilim
kuvvetinin normal diizeyine getirilmesidir.

Yara iyilesmesinde cesitli sitokinler ve biiylime faktorleri rol
oynar. Sitokinler viicutta hiicreler arasi iletisimi saglayan, hiicre
gelisimini, olgunlasmasini ve fonksiyonlarini etkileyen protein
yapisinda molekiiller olup biylime faktorleri sitokinlerin alt
grubunu olusturur. Sitokinler kemotaktik etki ile inflamatuvar
hicreler ve fibroblastlarin yara bolgesine goci ile hiicre proli-
ferasyonunu saglarlar, anjiogenezi aktive ederler, ekstraseliler
matriks yapilanmasini saglarlar (5).

Yara iyilesmesinde rol oynayan sitokinler:

. PDGF (Platelet derived growth factor) - Trombosit kaynakli
blytme faktora

«  FGF (Fibroblast growth factor) - Fibroblast blyime faktori

- TGF-Beta (Transforming growth factor) - Transforme edici
blylme faktoru

- EGF (Epidermal growth factor) - Epidermal biiyiime fakto-
rd

. IGF (Insulin-like growth factor) - insiilin benzeri biyiime
faktoru

«  GM-CSF (Granulocyte-macrophage colony-stimulating fa-
ctor) - Granulosit makrofaj koloni stimiile edici faktor

« IL 1 (Interleukin-1), IL 2 (Interleukin-2) - interldkinler

- TNF alfa (Tumor necrosis factor) -TUumor nekroz faktori alfa

YARA iYILESMESININ EVRELERI

Hemostaz ve inflamatuvar Faz
Bu evre damarlarda daralma ile kisa siireli hemostazin saglan-
mastyla baslar. Doku hasari sonrasi sitokinler hemen salinarak
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iyilesme surecini yonlendirirler. Damar duvari zedelendiginde
trombositler agilan damar duvarindaki kollajenle temas ederek
gecici pihti olusturur ve hemostaz saglanir ve inflamatuar hiic-
reler yara alanina dogru gogerek apoptotik hiicreleri ve bakteri-
leri yara bolgesinden uzaklastirmaya baslar. Yara alaninda infla-
masyonun klinik belirtileri olan lokalize 6dem, agr, kizariklik ve
sicaklik gozlenir. Bu faz, genellikle 1-4 giin icinde tamamlanir (6).

Proliferasyon Fazi (Kollajen Sentezi Fazi)

Yaralanma sonrasi 2. glin baslayan ve 3 hafta kadar devam eden
bir strectir. Bu safhada temel olarak gecirgen bir bariyer olus-
turulur, reepitelizasyon ve kontraksiyon gelisir, kan destegi icin
mikro dolasim diizenlenir ve doku gliclendirilir (6). Yara bolge-
sindeki inflamatuar hiicrelerden salinan sitokinler ve buylime
faktorlerine cevap olarak fibroblastlar yeni ekstraseltler matris
ve olgunlasmamis Tip Il kollajen sentezlemeye baslar. Kollajen
birikimi yaranin gerilmeye karsi direncini hizla artirir. Yara kenar-
larindaki bazal tabakadan kdken alan epitel hiicreleri yaranin
Uzerinde yeni bir ylizey olusturur. Yara kontraksiyonu, fibroblast-
larin bir kisminin miyofibroblastlara dontisim sonucu, yaranin
derinligine ve konumuna bagli olarak meydana gelir.

Remodelizasyon (Matiirasyon) Fazi

Proliferasyon safhasindan sonra 3. haftada baslayan bu evrede
yara bolgesindeki fibroblast sayisi azalir, kollajen Uretimi den-
geye ulasir ve epitelizasyon tamamlanir. Remodelizasyon, kol-
lajen liflerinin yeniden sekillenmesidir. Bu asamada yumusak ve
jelatin6z yapidaki tip Ill kollajen daha siki olan tip | kollajene
donisir. Kontraksiyonun bir kismi da bu asamada gelisir. Yara
yaklasik 6 hafta sonra baslangictaki glictiniin % 80-95 ini kaza-
nir. Yara alaninin renginin soluklastigi, yara gerilim direncinin
arttigr ve skar dokusunun (Sekil 1) olustugu bu evre 6-12 ay,
hatta 24 aya kadar devam eder (6, 7).

Yara iyilesme streci ile ilgili veriler in vitro deneyler yaninda
hayvan deneylerine veya 6zel teknikler gerektiren modellere
dayanmaktadir. Hayvanlarda olusturulan deneysel yara mo-
dellerinde insanda meydana gelen yaralara benzer kosullar
saglanabilmekteyse de, fizyopatolojik farkhliklar bulunmak-
tadir. Hayvan modelleri, incelenecek iyilesme prosesine gore
de degismektedir. Bu derlemede hayvan modelleri iki bolim
altinda toplanmistir. ilk bélimde epitelizasyon, skar olusumu
ve daralma gibi farkli yara iyilesme bicimlerine odaklanan yara
modelleri, ikinci bélimde ise bozulmus doku onarimina odak-
lanan modeller yer alacaktir.

IN VITRO MODELLER

in vitro yara modelleri daha cok hiicreler arasi ve hiicre ici sin-
yal iletimini degerlendirmek icin kullaniimakta, ancak fizyolojik
kosullari saglayamamaktadir. in vitro modeller hiicre ve doku
kiltarleri ile 3D matrisleri kapsar (8). Hiicre kilttri ortaminda
bir veya birka¢ hiicre tipinin belirli uyaranlara verdigi cevap
kaydedilebilir. Hiicre kiltirleri endotel, fibroblast ve keratinosit
hicreler ile bunlarin kombine olarak kullanildigr kiilturleri kap-
sar. Blyume faktorlerine karsi fibroblastlardan salinan kollajen
tipi ve miktari, endotel proliferasyonu, fibroblast kontraksiyonu
gibi surrecler incelenebilmektedir (9, 10). Ancak hiicrelerin bazi
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uyaranlara tek basina verdikleri cevap, diger hiicrelerle birlik-
te iken verdikleri cevaptan farkli oldugundan yara iyilesmesi
arastirmalarinda in vivo sartlara daha yakin olan organ ve doku
kilturd modelleri de kullanilmaktadir (11, 12). 3D Matrisler ise
hiicre go¢liniin in vitro olarak t¢ boyutlu yara bolgesinde de-
gerlendirilmesini saglar (13).

In vitro yara iyilesme modellerinde kisith sayida uyarana kisith
sayida hicre tipinin verdigi yanitlar incelenirken, in vivo mo-
dellerde normal yara iyilesmesinin farkli asamalarinda oynayan
hiicre tiplerine ek olarak ekstraseliiler matriks, sitokinler, bi-
ytme faktorleri, pH, oksijenlenme, sicaklik, beslenme ve genel
saglik durumu gibi faktorlerin doku onarimina etkisini incele-
mek mumkinddr.

IN Vivo DENEY HAYVANI MODELLERI

In vivo (deney hayvani) yara modelleri, yara olusumunu ve
doku onarimini fizyolojik yonden en iyi taklit edebilen komp-
leks kosullan sagladiklari icin halen yara iyilesmesini inceleme-
de kullanilan en fazla tercih edilen modellerdir.

Hayvan modellerinde kemirgenler, domuz, kdpek, tavuk, ko-
yun gibi hayvanlar kullanilsa da tirler arasinda histolojik fark-
lihklar gorulmektedir. Epidermis/dermis kalinhgr insana yakin
oldugundan yara iyilesmesinin incelenmesi bakimindan insana
en yakin deney hayvani domuzdur. Kemirgen derisi insan deri
ozelliklerine yakin olmasa da, calisilmasi pratik, kolay bakilabilir
ve dayanikli hayvanlar olmalari nedeniyle kicik hayvan mo-
delleri oldukga sik tercih edilmektedir. Fareler tizerinde genetik
mudahale yapmak mimkiindir ve ¢ok sayida transjenik fare
modeli bulunmaktadir.

Domuzlarda papillalar, subdermis, kil siklusu, hipodermis ka-
inhdr insana benzemektedir. Ekrin ter bezleri sadece insanlar-
da gorulirken apokrin ter bezleri insanda perine ve aksillada,
domuzlarda ise tim viicut bolgelerinde yer alir (14-16). Yara
iyilesme fare ve sican gibi kemirgenlerde kontraksiyonla gelisir-
ken, domuz ve insanlarda graniilasyon ve epitelizasyon hakim

mekanizmadir. Kemirgenlerin yara modellerinde kullanimina
iliskin en 6nemli dezavantaj yara iyilesme prosesinin farkli ol-
masidir. Bu dezavantaji yenmek icin bu modellerde ¢esitli mo-
difikasyonlar yapilmistir (17).

Granuloma Modelleri

Granuloma modelleri deney hayvaninin enflamatuvar bir yanit
uyarma yetenegini ve kollajen serbestleme derecesini incele-
mek ve 6l¢cmek icin kullanilir. Bu amacla hiicrelerin, sivi ve eks-
traselller matriksin toplanmasini saglayan polivinil alkol veya
selliloz stinger implantlar (18, 19) hayvanin deri alti dokusuna
yerlestirilir ve gesitli zamanlarda toplanan érnekler analiz edi-
lir. Kolajen birikimi, en sik incelenen parametre olup, genellikle
kolajen icin spesifik bir olan amino asit hidroksiprolin seviyeleri
tespit edilerek tahmin edilir. Diger bir nondinamik yontemde
politetrafluoroetilen endovaskiler stent graft (ePTFE; Imp-
ra®) ve silikon (silastik) rezervuarlar kullaniimaktadir (20-22).
Granulasyon dokusunun toplanmasini saglayan baska bir
non-dinamik yontem de celik kafes seklinde gézenekli silindir
“Hunt-Schilling” chamber (23, 24) implantasyonudur. Dinamik
yontemler ise viskoz selliloz stinger (21) ve mikrodiyaliz icin yar
gecirgen membran problarin implantasyonudur.

insizyonel Yara Modelleri

Uzun yillardir bilinen, sik kullanilan bir yara modeli de insizyo-
nel yara iyilesmesi modelidir. Yara gerim giiciiniin incelenmesi
icin en sik kullanilan yéntemdir. Modelde cilt insizyonunu taki-
ben yara ya acik birakilir ya da primer suture edilir. islem sonra-
sinda belirlenen zaman araliklarinda insizyon bélgesinden blok
cikartilir ve gerim glicli 6lcmek icin tasarlanmis bir cihazda yara
kenarlarinin birbirinden ayrilmasi icin gerekli kuvvet saptanir.
Histopatolojik 6rnekler alinabilir, sistemik veya topikal yara iyi-
lestirici ajanlarin etkileri kantitatif olarak 6lcilebilir (10). Daha
cok kemirgenler icin kullanilmis olsa da, domuz veya farkli hay-
vanlarda kullanilabilecek modelleri tanimlanmistir (25, 26).

Eksizyonel Yara Modelleri
En sik kullanilan ve en basit yara modelidir, acik bir yara olus-
turulur ve yaranin zamana bagli kapanma orani kaydedilir.
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Grantlasyon olusumu, kollajen birikmesi, reepitelizasyon ve
konstriksiyon bu modelle arastirilabilir. Yaralar farkli derinlik
ve buyukliklerde, tam kat (eksizyonel) ya da kismi kalinlikta
olusturulabilir (27). Ayni deney hayvaninda birkag yara acila-
rak farkli ajanlarin etkileri incelenebilir. Yara ylzey alani dijital
fotograflar ve bazi yazilimlar araciligiyla takip edilmektedir.
Yaralarin histolojik degerlendirmesi ve eksize edilen dokularda
molekdler biyolojik analizlerin (mRNA, protein, apoptoz) yapil-
masi da kolaydir. Dikkat edilmesi gereken en 6nemli konu, bazi
turlerin acgik yaralarinin, graniilasyon ve yeniden epitelizasyon
olusumuna kiyasla daha ziyade kontraksiyon ile iyilestirmesidir
(6rn. basta fare olmak tizere kemirgenler) (8).

Yanik Modelleri

Yara iyilesmesini ve termal yaralanmaya sistemik yaniti incele-
mek icin kullanilan pek cok yanma modeli tarif edilmistir. Tam
veya kismi kalinlikta yanik olusturmak miimkindir. Yanik yara-
sinin kalinhgi, yanma derinligini belirleyen faktérlere baghdir:
temas eden maddenin sicakhgi, temas siresi, cilt kalinhgr ve
kanlanma. Eger kismi kalinlikta yanik isteniyorsa diisiik derece-
le bir sicaklik kisa siire ve daha kalin ciltlere uygulanmalidir. Te-
mas yanigi olusturmak icin alev veya kaynar suya yerlestirilmis
metal gibi yontemler kullanilir. Haglanma, alev, sicak cisim gibi
modellerin yani sira elektrik yanigi, yanik yarasi kaynakl sepsis
gibi yanik modelleri tanimlanmistir (28).

Kemirgenlerde yanik modellerinin 6nemli dezavantajlarindan
biri, yanik kaynakli travmaya verilen cevabin siddetli olmasi ve
hayvanlarin arastirma bitmeden kaybedilmesidir. Diger fak-
torler, farkli hayvan tirlerin viicut ylizey alanlarinin orantisal
olarak insanlardan farkli olmasi, hayvanda olusturulan belirli
boyuttaki bir yaranin insandaki buiylk yaniklarda meydana ge-
len sistemik degisikliklerin aynisini meydana getirip getirmedi-
ginin tam olarak kestirilememesidir (8).

Donuk Modelleri

Yanik yara iyilesme modelleri kadar yaygin olmasa da, donma
yaralarini inceleme amaciyla da modeller gelistirilmistir. Bu mo-
dellerde temel yontem asiri sogutulmus bir cismi belirli stireler-
le hayvan derisine temasta tutmak ve bununla baglantili doku
hasarini 6lcmektir (29).

YARA iYILESMESININ BOZULMUS OLDUGU
DURUMLAR/HASTALIKLAR iCiN UYGULANAN
MODELLER

insanda yara iyilesmesini bozan baslica faktrler arasinda mal-
nitrisyon, diyabet, iskemi, yara enfeksiyonu, steroid ve kemo-
terapotik kullanimi, radyasyon sayilabilir. Bu faktorleri deney
hayvanlarinda incelemek icin ¢esitli modeller kullaniimaktadir.
Bunun yani sira basi yarasi, vendz Ulser, hipertrofik skar ve ke-
loid gibi 6zel yara modelleri de sik goriilen bazi klinik durumlar
icin modellemektedir.

Malniitrisyon

Kotl beslenmenin iyilesmeyi engelleyen bir faktor oldugu,
beslenme bozukluklarinin yara iyilesmesi yaninda genel olarak
hastaliklarin iyilesmesini de kisitladigi iyi bilinmektedir. Diyette
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protein aliminin sinirlandidi cesitli hipoproteinemi modelleri
bulunmaktadir.

Yeterli kalori saglayan fakat protein icerigi acisindan sinirli olan
diyetler de dokularin onarilmasini ve yara iyilesmesini kisitla-
maktadir.

C vitamini, A vitamini, tiamin, ¢inko, bakir, metiyonin, sistein,
arjinin, esansiyel yag asitleri gibi spesifik bir besin maddesinin
kisitlanmasi da iyilesmenin bozulmasina veya gecikmesine ne-
den olmaktadir (30, 31).

Enfeksiyon

Bakteri kolonizasyonu veya zayif bir enfeksiyon gelismesi enfla-
matuar suirecleri hizlandirarak yara iyilesmesini desteklemekte-
dir. Makrofajlar iyilesme stirecinin temel diizenleyicileri olup bu
hiicrelerin uyarilmasi doku onarimini uyararak hizlandirir (32).
Buna karsin, yara ozellikle virllan bakteriler ile kaplanmissa
bakteri enzimlerinin olumsuz etkileri nedeniyle yara iyilesme
stireci bozulur. Enfeksiyon modelleri lokal veya sistemik olarak
gelistirilebilir. Lokal enfeksiyon modeli ile ¢alismak basittir ve
tekrarlanabilir sonuclarin elde edilmesini saglar; mikroorganiz-
manin bilinen konsantrasyonda yaraya lokal olarak uygulan-
masindan ibarettir (33).

Sistemik enfeksiyon gelistirme yontemlerinden en iyi bilineni
deney hayvanlarina intravendz veya intraperitoneal Escherichia
coli infizyonudur. Diger bir yontem, ¢cekal ligasyon ve perforas-
yon (CLP) yontemiyle olusturulan deneysel peritonit modelidir.
Kemirgenlerde polimikrobiyal abdominal sepsis olusturmak
icin kullanilan oldukga standart diger bir model asendan kolon
stent peritoniti (CASP) modelidir. Bu modelde kiiciik bir stentin
sican veya farenin asendan kolonuna cerrahi olarak yerlestiril-
mesi periton bosluguna stirekli olarak bagirsak bakterilerinin
sizmasina yol acar. Bu silire¢ peritonit, sistemik bakteriyemi,
bagirsak bakterilerinin yol actigi organ enfeksiyonu, lokal ve
sistemik olarak proinflamatuar ve antiinflamatuar sitokinlerin
salinimi ile sonuglanir (34).

iskemi

Zayif kan akimi, doku ve deride oksijen eksikligine , dolayisiyla
dokularda hasar gelismesine, mevcut yaralarin da zor iyiles-
mesine neden olur; bacaklarda goriilen, iyilesip tekrar olusan
kronik yaralar gibi. iskemik yara iyilesmesi olusturmak icin kul-
laniimakta olan “flep modeli” ve “damar ligasyonu modeli” ve
“tavsan kulagi damar ligasyon modeli” olarak bilinen birkag
model mevcuttur (36, 37).

Diyabet

Diyabetin 6nemli komplikasyonlari olan ateroskleroza yol acan
makrovaskdler bozukluk, lokal kan dolasimini sinirlayan mikro-
vaskiler bozukluk, ciltte his kaybina yol acan néropati, enfek-
siyonla savasabilme yeteneginin zayiflamasi diyabette yara iyi-
lesmesini geciktiren temel faktorlerden olup kigik bir yaranin
bile ciddi bir enfeksiyona yol agmasi ve sonunda ampitasyona
sebep olabilir. Ek olarak, hiperglisemi ile ilgili bircok metabolik
degisiklik de yara iyilesmesini etkilemektedir (38).
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Diyabet modelleri instiline bagimli (tip 1) veya insuline direncli
(tip 2) diyabeti temsil etmek Uzere gelistirilmistir. Deney hay-
vanlarina cesitli ilaglar uygulayarak veya genetik degisiklikler
yoluyla diyabet olusturulabilmektedir. Ancak baslica dezavan-
tajlar, hiperglisemi derecesinin hayvandan hayvana degismesi
ve kullanilan ilaglarin T hiicre fonksiyonunda degdisme ve fago-
sitozda azalma gibi yara iyilesmesinde bozulmaya yol acabilen
diger etkenlere yol acabilmesidir.

Deneysel diyabet olusturulmasinda basta findik faresi, sican
gibi kemirgenler yaninda tavsan, primatlar gibi pek cok hayvan
turd kullanilmaktadir. Genetik olarak diyabetik olan farelerin
bircok susu vardir. En sik kullanilan tur, diyabetik “db / db” fare-
dir (C57BL / KsJdb /db veya C57BL / KsJ er~/t<pr) (39, 40).

Homozigot mutant (db/db) farelerde leptin reseptori yoktur
ve dolayisiyla leptine yanit alinamadigindan bu hayvanlarda tip
2 diyabet gelisir. Bu model biylime faktorleri ve matris meta-
loproteinazlar gibi yara iyilesmesinde rol oynayan maddelerin
incelenmesi icin iyi bir aractir. “Ob/ob” faresinde ise leptin geni
yoktur ancak‘db/db” farelerine kiyasla bu farelerde diyabet
daha zayif derecede gelisir (41).

insiiline direncli diyabet gelistiren ve doku onariminin bozul-
mus oldugdu sican (rat) tiirleri ise Zucker “fatty”, JCR: LP-cp’ dir.
insiiline direncli diyabet gelistiren diger fare tiirleri Agouti, Yeni
Zelanda Obez ve Spiny’ dir, fakat bu hayvanlarda yara iyilesme-
si test edilmemistir. insiilin eksikligine bagh diyabet gelistiren
baska hayvan tirlerine ait genetik varyantlar da bulunmak-
tadir: Obez olmayan diyabetik fareler, BB Wistar sicanlari, Cin
hamsterleri, Yucatan minyatir domuzu ve bazi kdpek ve primat
trleri.

ilaclarla diyabet olusturmada kullanilan (diabetojenik) ajanlar
arasinda ditizon, monosodyum glutamat, altin tiyoglukoz, fruk-
toz ve glukoz ylikleme ve anti-insilin serumu bulunmaktadir.
Tip 1 diyabet olusturan alloksan ve streptozotosin ise yillardan
beri yaygin olarak kullanilan diyabet modelleridir (42). Strepto-
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zotosin veya alloksan’in neonatal sicanlara uygulanmasi erigkin
hayvanlarda Tip 2 diyabet olusturur. Diger taraftan eriskin si-
canlara streptozotosini takiben nikotinamid adenin dinikleo-
tid (NAD) uygulanmasiyla tip 2 diyabet olusmaktadir.

Cerrahi diyabet modellerinde ise pankerasin rezeksiyonunu ta-
kiben Tip 1 diyabet olusturmak mémkuinddir.

Basi Yaralari

“Yatak yarasi” veya “decubitus Ulseri” olarak da bilinen basi ya-
ralar, viicudun fazla basinca maruz kalan kisimlarinda olusur.
Sikhkla yatalak hastalarda, fakat uzun sireli basinca maruz ka-
lan her viicut bolgesinde, 6rnegin tekerlekli sandalyeye bagli
kisilerde oturma kemikleri Gizerinde gelisebilir (Sekil 2).

Literatirde sican, tavsan, kobay, kopek ve domuzlarda gelis-
tirilmis basi yarasi modelleri tanimlanmistir (43-45). Ornegin
yaranin altina, kasin lizerine gelecek sekilde bir bariyer yerlesti-
rerek yarayi «germek» (27), cilt altina bir parca paslanmaz celik
ve ardindan metal plaka tzerine bir miknatis yerlestirerek cilde
baski olusturmak (46) veya plakayi kas altina yerlestirerek “basi
yarasi” olusturma gibi metodlar uygulanmistir.

Hipertrofik Skar ve Keloid

Hipertrofik skar, yara iyilesmesi stirecindeki bozukluk nedeniyle
asin hicre Gretimi sonucu anormal nedbe dokusu olusmasidir.
Normalde yara iyilesme siireci tamamlandiginda doku onarimi
durur. Hipertrofik skarda ise, bag dokusu olusma miktarini di-
zenleyen lokal hormon/enzim mekanizmalarindaki bozukluk
sonucu Uretimin devam eder, kollajen asin miktarda olusur
ve kabarik bir nedbe dokusuna sebep olur. Hipertrofik skarlar
baslica g6gulis, omuzlar, kulak memeleri, Gst kol ve yanaklarda
olusur, en sik cerrahiden (%40- 70) ve yanik yaralarindan (%90)
sonra gozlenir, genellikle yara bolgesiyle sinirhdir.

Keloid ise normal olarak ve tamamen iyilesmis bir yara izinde, iyi-
lesmeyi takip eden 6 ay 1 sene sonra, kasinti ve agriile birlikte bag
dokusu (kollajen) tretiminin yeniden baslamasiyla olusur. Keloid-
de olusan nedbe dokusu yara sinirlari icinde kalmayip cevreye ya-
yilir. Keloidin kanserden farki, kanser dokusunda hiicre sayisi artis
gosterirken keloidde bag dokusu artisi olmasidir (47).

Hipertrofik skarlari arastirmak amaciyla bir modelde bagisiklik
yetersizligi olan atimik (“ciplak”) farelere insan hipertrofik skar-
lart nakledilmis, bir digerinde iskemik tavsan kulagi modelinde
kronik yara olusturulmus, ancak skarlar kalici olmadigindan iki
modelde de basarili olunamamistir. “Kirmizi Duroc Domuz” larda
ise ylizeysel yaralar iz birakmaz, ancak derin bir yara olustugunda
iyilesme gecikir ve hipertrofik skar belirtileri gdzlenir. En basaril
model ise 3D matrislerde Uretilmis keratinosit kilturlerine insan
kaynaklt mezenkimal kok hiicre eklenmesini icerir (48).

Steroidlerin, Kemoterapétiklerin ve Radyasyonun Yara
lyilesmesine Etkileri

Akut veya kronik steroid ilag uygulamasi hemen hemen her tiir
iyilesme prosesini bozmak icin kullanilabilir (49). Steroidlerin il-
tihabi baskilayici, hiicre cogalmasini engelleyici ve doku rejene-
rasyonunu bozucu etkileri A vitamini ve bazi biiyiime faktorleri
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ile reversibldir. Kemoterapotik ilaglar ise hizli cogalan hiicreleri
oldurerek etki ederler; bu arada yaranin iyilesmesi icin elzem
olan rejeneratif hiicrelerin yaraya go¢linii ve proliferasyonunu
da dnlediklerinden yara iyilesmesini geciktirici ve bozucu tesir-
leri asikardir. Radyasyon da kemoterapiye benzer sekilde hiicre
proliferasyonunu, dolayisi ile doku onarimini engeller (50).

iNSANLARDA DOKU ONARIMI MODELLERI

insan fetiisiinde doku onariminin belirgin yara izi birakmadan
gerceklesmesi, fetal hayvan modellerinin gelistiriimesine yol
acmistir: tavsan (51), fare (52), koyun (53). Bazi hayvan model-
leri arasinda fetal ciltteki yara iyilesme 6zelliklerinde farkhlik-
lar oldugu, bu nedenle insandaki duruma ekstrapolasyonun
giiclestigi gorilmiistir. Ornegin fetal koyun eksizyonel cilt
yaralari kontrakte olarak iyilesir, fetal tavsan eksizyonel yara-
lari iyilesmez, fetiis blyudiikce genislemeye devam eder. Etik
kisitlamalar nedeniyle insan fetal cilt yara iyilesmesi calismalari
yapilamadigindan, atimik (nu/nu) “ciplak” farelere yerlestirilen
insan fetal cilt greftleri kullanilarak bir yara iyilesmesi modeli
gelistirilmistir (54). insan fetis cilt greftlerinin yetiskin “ciplak”
farelere subkitan olarak aktarildiktan sonra olusturulan yara-
nin iz birakmadan iyilesebildigi, skarsiz yara iyilesmesinin fetis
serumu ya da intrauterin amniyon sivisina bagli olmadigi ve
subkitan greftlerin aksine, kiitanoz fetal cilt greftlerin skar bi-
rakarak iyilestigi gozlenmistir. Bu model ile hem subkiitan hem
de kutan greftlerdeki spesifik biytime faktorlerinin ve ekstra-
seltler matriks bilesenlerinin ekspresyonunu sistematik olarak
calismak mimkinddr.

Diger modellerde insan fetislerinden elde edilen dokular
kullanilmaktadir. “Fetal doku arastirmalari”’nda, hicre hatlar
olusturmak veya bunlari transplantasyon materyali olarak kul-
lanmak amaciyla 6lii fetiislerden alinan hiicreler kullanilir. Fetal
dokularin baslica kaynagi indiiklenmis veya dogal distklerdir.

Deneysel ve klinik kanitlar, fetiisiin yara olusumuna eriskinde-
kinden farkli sekilde yanit verdigini gdstermektedir. Akut infla-
masyon neredeyse hic gelismez, hyaluronik asit, yara matrisinin
onde gelen bilesenidir, kollajen ise bol miktarda birikir, doku
belirgin yara izi kalmadan onarilir. Yetiskin memelilerde ise sa-
dece oral mukozada minimal veya hi¢ skar olusumu olmadan
rejeneratif iyilesme gerceklesir. Skar ve fibroz, pek ¢ok hasta-
higin ortak sorunu oldugundan, fetal yara iyilesmesini kontrol
eden biyolojik mekanizmalar tanimlanarak yetiskin yara iyiles-
me siirecini moddle etmek icin bu bulgulardan yararlanilmaktir.

Son yillarda fetal ve saglam erigskin dermisi iceren veya taklit
eden drinler, umut verici klinik sonuclarla “yara iyilesmesi pa-
zar1” na sunulmaktadir (55).

iNSAN VE HAYVANDA ORAL MUKOZA MODELI

Fets cildine benzer sekilde, insanda oral mukozada yara iyiles-
mesi cilttekine nazaran daha hizli ilerler ve mukozal yaralarda
nadiren skar olusur. Bu ilging bulguyu aciklayabilmek amaciyla
Wong JW ve ark (56), yaptiklar deneylerde kirmizi Duroc do-
muzlarin oral mukoza ve derilerinde yara iyilesmesi ve skar
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gelisimini karsilastirmis, ayrica domuzlardaki oral mukozal yara
iyilesmesini insanlarda olusturulan benzer yaralarla kiyaslamis-
lardir. Bulgular, cilt ile karsilastirildiginda yara olusumundan 49
glin sonra domuz oral mukozasinda hem klinik hem de histolo-
jik dlizeyde skar olusumunda azalmaya isaret etmistir. Skarlar-
da tip | prokollajen immiinopozitif hiicre ve fibronektin icerigi
onemli 6lclide artmis, oral mukozal yaralarda uzun siireli tenas-
cin-C birikmesi gdzlenmistir (57).

Domuz oral mukozal yaralari insan oral mukozal yaralarina
molekiiler kompozisyon, klinik ve histolojik skar skorlari baki-
mindan benzediginden, domuz oral mukozasinin skarsiz yara
iyilesmesini saglayan biyolojik stirecleri incelemek icin uygun
bir model oldugu dustintlmektedir.

SONUC

Kronik iyilesmeyen yaralar, cok sayida hastay etkileyen, ge-
rek hastaya, gerekse saglik sistemine ciddi finansal yik getiren
onemli saglk sorunlaridir. Kronik yaralar siiregelen iltihaph bir
durum icinde olmalarina ragmen, dinamik 6zellik tasirlar ve uy-
gun yara ve skar tedavisi, anomalitelerin tanimlanmasini, uygun
ilaglarin ve blylime faktorlerinin uygulanmasini ve cevresel ko-
sullarin yonetimini gerektirir. Yara tedavisi teknolojileri, ilag ve
tibbi cihaz pazarinin icin biyuk bir bolimuni olusturur; yara iyi-
lesmesinde/kapanmasinda yer alan Urlinlerin pazardaki paylari
15 milyar dolari asmis, yara izi énleme ve giderme uriinlerinde
ise bu pay 12 milyar dolara ulagmistir (58). Son zamanlarda, yara
tedavisindeki teknolojik gelismelerle birlikte &nemli ilerlemeler
kaydedilmistir, ancak bu gelismelere ragmen yara tedavisi ala-
nindaki deneysel arastirmalar, yara iyilesmesindeki karmasik yapi
ve hasta cesitliligi nedeniyle hala dnemini korumaktadir.
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ABSTRACT

Neurodegenerative diseases are characterized by the formation
of insoluble aggregates of misfolded proteins in the central ner-
vous system. The B-amyloid protein in Alzheimer's disease and
a-synuclein formation in Parkinson's disease (PD) may be given as
examples. In addition to a-synuclein accumulation in Parkinson's
disease, mechanisms such as oxidative stress, dysfunction of mito-
chondria, inflammation response, and apoptosis are known to be
involved in the disease process. Since the mechanisms underlying
these diseases are partially known, the drugs developed are in-
tended to slow the disease process rather than cure them. Rifampi-
cin is an antibiotic commonly used in humans and known to easily
penetrate into the brain after oral intake. Studies have shown that
rifampicin suppresses mitochondrial oxidative stress, eliminates
a-synuclein fibrils and inhibits inflammation in in vitro and in vivo
disease models. In this study, we reviewed recent studies on the
neuronal protection of rifampicin and the effects of rifampicin on
the pathophysiological mechanisms of PD.

Keywords: Parkinson’s disease, rifampicin, a-Synuclein, SUMOyla-
tion, inflammation, autophagy

INTRODUCTION

Although rifampicin is a widely used antibiotic in the
treatment of tuberculosis and leprosy, studies have in-
creasingly shown that rifampicin has therapeutic benefits
for acute brain injury and chronic neurodegenerative dis-
eases (1-5). Among the neurodegenerative diseases, Par-
kinson’s disease (PD) and Alzheimer’s disease are the two
major diseases where the therapeutic benefits of rifam-
picin have been shown. PD is the second most common
neurodegeneration disease in the world and is caused
by the loss of dopaminergic neurons in the substantia
nigra compacta region of the brain. Many pathologi-
cal mechanisms proposed for PD include mitochondrial
dysfunction, increased oxidative stress, protein misfold-
ing-aggregation, apoptosis, inflammatory response and
glutaminergic excitotoxicity, and nitrosative stress (6).

0z

Norodejeneratif hastaliklar, merkezi sinir siteminde yanlis katlan-
mis proteinlerin ¢déziinmeyen agregatlarinin olusumu ile karak-
terizedir. Bunlara 6rnek olarak; Alzheimer hastaliginda -amyloid
protein ve Parkinson hastaliginda a-sinliklein olusumu verilebi-
lir. Parkinson hastaliginda a-siniiklein agregasyonuna ek olarak,
oksidatif stress, mitokondri fonksiyon bozuklugu, inflamatuvar
cevap, apoptoz gibi mekanizmalarin hastalik sirecine katildig
bilinmektedir. Bu hastaliklarin altinda yatan mekanizmalar tam
olarak bilinmedigi icin, hastaliga iliskin gelistirilen ilaclar, hastali-
g1 iyilestirmekten ok, hastaligin seyrini yavaslatma egilimindedir.
Rifampisin insanlar tarafindan sikca kullanilan bir antibiyotiktir ve
agiz yoluyla alindiktan sonra beyne kolaylikla penetre olmaktadir.
Rifampisinin in vivo ve in vitro hastalik modellerinde mitokondriyal
oksidatif stresi baskiladigi, a-sintiklein fibrillerini ayristirdigi, infla-
masyonu inhibe ettigini gdsteren ¢ok sayida ¢alisma mevcuttur. Biz
bu ¢alismada, rifampisinin néronal korunumu tzerine raporlanan
calismalari ve Parkinson hastaligi'nin patofizyolojik mekanizmalari
lzerine rifampisinin etkilerini derledik.

Anahtar Kelimeler: Parkinson hastaligi, rifampisin, a-Sintklein,
SUMOlasyon, inflamasyon, otofaji

There are studies showing that rifampicin significantly in-
creases the viability of neurons in in vitro models of PD
(7). However, rifampicin inhibited apoptosis in neurons
by activating glucose-regulated protein 78 (GRP78), an
endoplasmic reticulum stress marker, and inhibiting the
expression of a-synuclein multimers (8, 9). There are also
studies showing that rifampicin has the ability to suppress
inflammation by inhibiting the nuclear transfer of Nf-kB
and the release of IL-1B3, TNF-a and other inflammato-
ry factors in microglia (10). Accordingly, rifampicin has
been shown to protect neurons by different mechanisms
including its effects on oxidative stress, autophagy, and
mitophagy, a-Synuclein aggregation and SUMOylation
(Figure 1). Here, we have reviewed recent studies on the
effects of rifampicin on the mechanisms involved in the
pathophysiology of PD.
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Figure 1. Rifampicin has been shown to protect neurons by
different mechanisms including its effects on oxidative stress,
autophagy, and mitophagy, a-Synuclein aggregation and SU-
MOylation

Rifampicin and Oxidative Stress

Researchers have shown that mitochondrial dysregulation
plays an important pathological role in dopamine loss in vari-
ous PD models (11, 12). It is known that PD-causing chemicals,
such as rotenone and MPTP, inhibit mitochondrial complex |
in dopaminergic neurons, reduce ATP production, and cause
increased reactive oxygen species (ROS), as well as oxidative
stress (13-16). Mitochondrial dysfunction can result from both
increased damage and a reduced ability to repair or clear dam-
aged mitochondria (17).

One of the common ways described in experimental models
of neurodegenerative diseases is oxidative/nitrosative stress
(OS/NS). This event triggers a series of harmful actions involv-
ing the primary formation of reactive oxygen and nitrogen
species (ROS/RNS), affecting the structure and function of dif-
ferent biological molecules, leading to specific toxic process-
es that endanger cell redox status (18, 19). Mitochondria have
been shown to be the main source of ROS and responsible
for oxidative stress-induced cell death in neurodegeneration
(20, 21).

Being the first-line antituberculosis, rifampicin is recommend-
ed by the World Health Organization (WHO). However, hepa-
totoxicity which is the main limiting factor for eliminating the
clinical use of rifampicin is accepted to be the major side effect
in the treatment of tuberculosis. Although rifampin alone has
low hepatotoxicity it may show additive/synergistic hepato-
toxicity when it is used with isoniazid during the treatment of
tuberculosis (22). Accordingly, rifampicin has been shown to
cause liver damage through the induction of cholestasis, with
a serious increase in serum bilirubin levels. As oxidative stress is
sometimes related to cholestasis and suggested to have a role
in the endocytosis of envelope proteins; rifampicin has also
been related to oxidative stress in the liver (23). Moreover, Xu et
al. showed that rifampicin decreased multidrug resistance-as-
sociated protein 2 levels through the induction of oxidative
stress in HepG2 cells (23).
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In contrast, rifampicin has been shown to act differently in
the neuronal system. It has been shown that rifampicin-treat-
ed animals had decreased oxidative stress in the nigrostriatal
dopaminergic neuronal pathways and provided neuronal pro-
tection (24). As rifampicin has been reported to reduce ROS re-
lease and secondary brain injury in Streptococcus pneumoniae
meningitis, it can be a potential treatment for the disease (25).
In in vitro studies, rifampicin pretreatment protected PC12 cells
against rotenone-induced cell death and inhibited the forma-
tion of a-synuclein multimers as well. Qualitative and quanti-
tative analyses showed that rifampicin significantly prevented
rotenone-induced apoptosis by relieving mitochondrial oxida-
tive stress (26). As the oxidative process changes mitochondri-
al respiration and leads to changes in the permeability of the
transition pores in the mitochondria of the brain; prevention of
oxidative stress by rifampicin may have important functions for
the development of new treatment strategies.

Rifampicin and Autophagy

Mitochondrial dysfunction is related very closely with the
pathogenesis of PD. It may be the result of impaired mitochon-
drial biogenesis, high ROS formation, impaired mitophagy and
electron transport chain dysfunction as well as alterations in
the dynamics of mitochondrial functions and calcium homeo-
stasis. Neuroinflammation is a mitochondrial and autophagic
dysfunction, associated with the pathophysiology of PD. In
order to remove damaged proteins and the mitochondria, a
very well regulated lysosomal-mediated autophagy pathway
is needed. This autophagy pathway integrates various signals
including nutrient availability, cellular stress and oxidized pro-
teins and lipids (27).

Rifampicin inhibits the formation of a-synuclein multimers and
neuronal apoptosis by the activation of GRP78 via the PERK-
elF2a-ATF4 pathway (8, 9). Furthermore, rifampicin administra-
tion is useful for lipopolysaccharide (LPS) -stimulated microg-
lia-damaged neurons by suppressing the nuclear factor kappa
B activation, phosphorylation of MAPKs and the toll-like recep-
tor-4 (TLR-4) pathway (10, 28).

Studies have shown that inhibition of autophagy, in particu-
lar, mitophagy, leads to a reduced degradation of damaged
mitochondria and an increased production of ROS (29). Previ-
ous studies have shown that pre-administration of rifampicin
inhibits neuroinflammation by the suppression of 26S protease
regulatory subunit 7 (MSS1). Thus, the production of inducible
nitric oxide synthase, TNF-a and IL-1§3 are reduced (30). Chlo-
roquine treatment, an autophagy inhibitor, inhibits the effect
of rifampicin pretreatment on rotenone-stimulated IL-1 and
IL-6 secretion. This indicates that rifampicin inhibits inflamma-
tion by modulating autophagy (31). In recent studies, various
effects of rotenone have been shown on autophagy depend-
ing on the different dosages used and the cellular systems
analyzed. In one study, rotenone reduced all autophagy but
increased mitophagy in neurons (32), while in another study it
was shown that rotenone increased autophagy and stimulated
ROS induced autophagic cell death (33).
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Removal of damaged mitochondria is necessary to protect
cells from ROS and pro-apoptotic molecules released by dys-
functional mitochondria. In a study, it was found that pre-treat-
ment of rifampicin partially reduced mitochondrial membrane
potential (MMP) induced by rotenone and partially reversed
ROS production. Moreover, the protective effect of rifampicin
on mitochondrial function is suppressed after the addition of
the autophagy inhibitor. These results convince us that rifampi-
cin leads to a reduction in ROS production through a tendency
towards mitophagy (31).

Rifampicin, a-Synuclein Aggregation, and SUMOylation
a-Synuclein is the main protein component of Lewy Body in PD
brains (34, 35) and is a protein of 140 amino acids. a-Synuclein
aggregation is a critical step in the pathogenesis of PD. There is
a strong association between a-synuclein upregulation and in-
creased cytotoxicity and neurodegeneration (36). The aggrega-
tion of a-synuclein has been suggested to be one of the mech-
anisms linking mitochondrial dysfunction, another important
pathway leading to PD pathogenesis (37).

Pathological forms of a-synuclein, which are spread in the pa-
renchymal tissue of the brain, can contribute to the disease
process by stimulating inflammatory-type reactions through
microglial cells (38). In one study, by using pure microglial cell
culture, the inflammatory potential of three different forms of
a-synuclein was tested and TNF-a and IL-6 release as inflam-
mation markers were examined (39). As a result, a fibril form
of a-synuclein was found to be the most inflammatory form of
protein. This result shows us that the inflammatory potential
of a-synuclein is dependent on the aggregation state of the
protein.

In another study, a-synuclein fibrils were reported to activate
the THP-1 monocyte cell line and activate the release of IL-1f
by TLR-2 and NLRP3 activation (40). In another study, a-synucle-
in fibrils in microglial BV-2 cell culture were shown to be more
effective in increasing the production and release of proinflam-
matory cytokines than in monomeric and oligomeric species
(41). In previous studies, it has been shown that rifampicin can
increase neuronal survival by inhibiting the inflammatory pro-
cess induced by LPS-activated microglial cells (10, 28). Recent
studies have shown that posttranslational modification by the
small ubiquitin-like modifier called SUMOylation regulates mi-
tochondrial dynamics. This mechanism is accepted to be one
of the underlying mechanisms of PD (42, 43). Some of the pro-
teins encoded by the genes involved in genetic changes in PD
are regulated by SUMO.

Covalent binding of SUMO protein to the lysine residue of
the target protein is an important control process in eukary-
otic cells and regulates the function of hundreds of proteins
in many different pathways. SUMOylation causes different
results depending on the pathway in which it is located, but
the basic principle is to change the interactions between
substrate proteins for the molecule and between molecules
(protein or DNA). Thus, it regulates the activities, localization,
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and stability of the substrates (44, 45). SUMO also affects cyto-
plasmic and membrane proteins, including ion channels and
receptors (46-48), so that SUMOylation not only acts in the
nucleus but also in different cellular processes including cell
signaling, plasma membrane depolarization and signal trans-
duction (45, 49).

SUMOylation of proteins has been shown to play an important
role in synaptic transmission, plasticity and neuron conserva-
tion (50). Decreasing solubility and pathological accumula-
tion of specific disease-related proteins such as a-synuclein is
a common feature among neurodegenerative diseases such
as PD. Cytoplasmic filamentous inclusions, whose main com-
ponent is a-synuclein (51), are abundant in the neurons of PD
patients that exhibit other important pathological features. In
PD brains and Lewy Body disease (LB) with dementia, SUMO-1
is located in the outer part of LB, which is colocalized by a-sy-
nuclein (52). a-synuclein is a SUMO target and SUMOylation oc-
curs on 2 lysine residues K96 and K102 on the protein, this was
confirmed by transgenic mice expressing His6-tagged SUMO-2
(53). Reduced a-synuclein SUMOylation by mutation of SU-
MO-modified lysines, has been found to increase a-synuclein
aggregation and toxicity in heterogeneous cells and in dopa-
minergic neurons of substantial nigra in PD rat models (53).

In a different study, the relationship between rifampicin and
SUMOlation was evaluated. It was reported that rotenone-stim-
ulated PC12 cells were prevented from increased apoptosis by
increasing the SUMOylation of a-synuclein by pretreatment of
rifampicin. In this study, pretreatment of rifampicin caused an
early increase in SUMOylation, thereby increasing the solubility
of a-synuclein, aggregates-prone neurodegeneration-related
proteins. Subsequent treatment of rotenone-stimulated cells
with rifampicin resulted in less formation of damaged and mis-
folded a-synucleins. However, the late generation of SUMOyla-
tion in cells has been found to cause a more difficulties in the
reversal of toxicity from a-synuclein accumulation (54).

Rifampicin (Rif) and its Oxidated Product (RifQ)

Although many studies have shown the anti-inflammatory
effects of rifampicin, there have been only a few studies per-
formed using the oxidative product of rifampicin. It was found
that when rifampicin was dissolved in aqueous solution, as a
result of the spontaneous oxidation reaction, different oxidized
species are produced - such as the rifampicin quinone (RifQ).
This molecule differs from rifampicin in that the naphthyl core
structure is converted into a naphthoquinone (Figure 1). This
confers to the molecule’s distinctive biochemical properties.

Rifampicin is defined as a potential immunosuppressive agent
in rats, but these effects were obtained only with stocked solu-
tions of the antibiotic, not with freshly prepared solutions.
Therefore, the anti-inflammatory effects of rifampicin are at-
tributed to the oxidant product RifQ of rifampicin (55). In addi-
tion, other studies have indicated that the oxidation product of
rifampicin inhibits a-synuclein fibrillation and strengthens the
disaggregation of formed fibrils (56).
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Rifampicin and its oxidized derivative, RifQ, have been shown
to inhibit the activation of primary microglial cells induced by
a-synuclein fibrils, which are inflammatory factors in PD (39,
57). RifQ has been shown to have the potential to inhibit neu-
rotoxic effects induced by microglial cells activated by a-synu-
clein fibrils.

CONCLUSION

Numerous in vivo and in vitro studies suggest that rifampicin
may have therapeutic effects in PD treatment. These results
suggest that rifampicin may slow down the process by reduc-
ing oxidative stress, inhibiting inflammation, inhibiting the for-
mation of a-synuclein aggregates, and separating the resulting
aggregates and providing neuronal protection. Thus, rifampi-
cin may be a novel method of therapy in the treatment of PD
and may be used in the treatment of neurodegenerative dis-
eases which have similar mechanisms.
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INSTRUCTIONS TO AUTHORS

Context

Experimed is an international, scientific, open access periodical
published in accordance with independent, unbiased, and dou-
ble-blinded peer-review principles. The journal is the official on-
line-only publication of istanbul University Aziz Sancar Institute of
Experimental Medicine and it is published triannually on April, Au-
gust, and December. The publication languages of the journal are
Turkish and English.

Experimed aims to contribute to the literature by publishing manu-
scripts at the highest scientific level on all fields of basic and clinical
medical sciences. The journal publishes original articles, case re-
ports, reviews, and letters to the editor that are prepared in accor-
dance with ethical guidelines.

Editorial Policy

The editorial and publication processes of the journal are shaped in
accordance with the guidelines of the International Council of Med-
ical Journal Editors (ICMJE), the World Association of Medical Edi-
tors (WAME), the Council of Science Editors (CSE), the Committee
on Publication Ethics (COPE), the European Association of Science
Editors (EASE), and National Information Standards Organization
(NISO). The journal conforms to the Principles of Transparency and
Best Practice in Scholarly Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the most
important criteria for a manuscript to be accepted for publication.
Manuscripts submitted for evaluation should not have been previ-
ously presented or already published in an electronic or printed
medium. The journal should be informed of manuscripts that have
been submitted to another journal for evaluation and rejected for
publication. The submission of previous reviewer reports will expe-
dite the evaluation process. Manuscripts that have been presented
in a meeting should be submitted with detailed information on the
organization, including the name, date, and location of the orga-
nization.

Peer-Review Policy

Manuscripts submitted to Experimed will go through a double-blind
peer-review process. Each submission will be reviewed by at least
two external, independent peer reviewers who are experts in their
fields in order to ensure an unbiased evaluation process. The edito-
rial board will invite an external and independent editor to manage
the evaluation processes of manuscripts submitted by editors or by
the editorial board members of the journal. The Editor in Chief is the
final authority in the decision-making process for all submissions.

Ethical Principles

An approval of research protocols by the Ethics Committee in
accordance with international agreements (World Medical As-
sociation Declaration of Helsinki “Ethical Principles for Medical
Research Involving Human Subjects,” amended in October 2013,
www.wma.net) is required for experimental, clinical, and drug
studies and for some case reports. If required, ethics committee
reports or an equivalent official document will be requested from

the authors. For manuscripts concerning experimental research
on humans, a statement should be included that shows that writ-
ten informed consent of patients and volunteers was obtained
following a detailed explanation of the procedures that they may
undergo. For studies carried out on animals, the measures tak-
en to prevent pain and suffering of the animals should be stated
clearly. Information on patient consent, the name of the ethics
committee, and the ethics committee approval humber should
also be stated in the Materials and Methods section of the manu-
script. It is the authors’ responsibility to carefully protect the pa-
tients’ anonymity. For photographs that may reveal the identity
of the patients, signed releases of the patient or of their legal
representative should be enclosed.

Plagiarism

Experimed is extremely sensitive about plagiarism. All submissions
are screened by a similarity detection software (iThenticate by
CrossCheck) at any point during the peer-review or production
process.Even if you are the author of the phrases or sentences,
the text should not have unacceptable similarity with the previously
published data.

When you are discussing others’ (or your own) previous work,
please make sure that you cite the material correctly in every in-
stance.

In the event of alleged or suspected research misconduct, e.g.,
plagiarism, citation manipulation, and data falsification/fabrication,
the Editorial Board will follow and act in accordance with COPE
guidelines.

Authorship

Each individual listed as an author should fulfill the authorship crite-
ria recommended by the International Committee of Medical Jour-
nal Editors

(ICMJE - www.icmje.org). The ICMJE recommends that authorship
be based on the following 4 criteria:

1  Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for
the work; AND

2  Drafting the work or revising it critically for important intellec-
tual content; AND

3 Final approval of the version to be published; AND

4 Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and re-
solved.

In addition to being accountable for the parts of the work he/she
has done, an author should be able to identify which co-authors
are responsible for specific other parts of the work. In addition,
authors should have confidence in the integrity of the contributions
of their co-authors.
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All those designated as authors should meet all four criterias for
authorship, and all who meet the four criteria should be identified
as authors. Those who do not meet all four criterias should be ac-
knowledsged in the title page of the manuscript.

Experimed requires corresponding authors to submit a signed and
scanned version of the authorship contribution form (available for
download through http://experimed.istanbul.edu.tr/en/_) during
the initial submission process in order to act appropriately on au-
thorship rights and to prevent ghost or honorary authorship. If the
editorial board suspects a case of “gift authorship,” the submission
will be rejected without further review. As part of the submission
of the manuscript, the corresponding author should also send a
short statement declaring that he/she accepts to undertake all the
responsibility for authorship during the submission and review stag-
es of the manuscript.

Conflict of Interest

Experimed requires and encourages the authors and the individuals
involved in the evaluation process of submitted manuscripts to dis-
close any existing or potential conflicts of interests, including finan-
cial, consultant, and institutional, that might lead to potential bias
or a conflict of interest. Any financial grants or other support re-
ceived for a submitted study from individuals or institutions should
be disclosed to the Editorial Board. To disclose a potential conflict
of interest, the ICMJE Potential Conflict of Interest Disclosure Form
should be filled in and submitted by all contributing authors. Cases
of a potential conflict of interest of the editors, authors, or review-
ers are resolved by the journal’s Editorial Board within the scope of
COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and complaint
cases within the scope of COPE guidelines. In such cases, authors
should get in direct contact with the editorial office regarding their
appeals and complaints. When needed, an ombudsperson may be
assigned to resolve cases that cannot be resolved internally. The
Editor in Chief is the final authority in the decision-making process
for all appeals and complaints.

Copyright and Licensing

Experimed requires each submission to be accompanied by a
Copyright License Agreement (available for download at http:/
experimed.istanbul.edu.tr/en/_). When using previously published
content, including figures, tables, or any other material in both print
and electronic formats, authors must obtain permission from the
copyright holder. Legal, financial and criminal liabilities in this regard
belong to the author(s). By signing the Copyright License Agree-
ment, authors agree that the article, if accepted for publication by
the Experimed, will be licensed under a Creative Commons Attribu-
tion-NonCommercial 4.0 International License (CC-BY-NC).

Disclaimer

Statements or opinions expressed in the manuscripts published in
Experimed reflect the views of the author(s) and not the opinions
of the editors, the editorial board, or the publisher; the editors,
the editorial board, and the publisher disclaim any responsibility or
liability for such materials. The final responsibility in regard to the
published content rests with the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICM-
JE-Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals (updated in
December 2015 - http://www.icmje.org/icmje-recommendations.
pdf). Authors are required to prepare manuscripts in accordance
with the CONSORT guidelines for randomized research studies,
STROBE guidelines for observational original research studies,
STARD guidelines for studies on diagnostic accuracy, PRISMA
guidelines for systematic reviews and meta-analysis, ARRIVE guide-
lines for experimental animal studies, and TREND guidelines for
non-randomized public behavior.

Manuscripts can only be submitted through the journal’s online
manuscript submission and evaluation system, available at http://ex-
perimed.istanbul.edu.tr/en/_. Manuscripts submitted via any other
medium will not be evaluated.

Manuscripts submitted to the journal will first go through a technical
evaluation process where the editorial office staff will ensure that
the manuscript has been prepared and submitted in accordance
with the journal’s guidelines. Submissions that do not conform to
the journal’s guidelines will be returned to the submitting author
with technical correction requests.

Authors are required to submit the following:

e  Copyright Agreement Form,

e |ICMJE Potential Conflict of Interest Disclosure Form (should be
filled in by all contributing authors)

during the initial submission. These forms are available for down-
load at http://experimed.istanbul.edu.tr/en/_.

Preparation of the Manuscript

Title page: A separate title page should be submitted with all sub-

missions and this page should include:

e  The full title of the manuscript as well as a short title (running
head) of no more than 50 characters,

e Name(s), affiliations, ORCID IDs and highest academic de-
gree(s) of the author(s),

e Grant information and detailed information on the other
sources of support,

e Name, address, telephone (including the mobile phone number)
and fax numbers, and email address of the corresponding author,

e  Acknowledgment of the individuals who contributed to the
preparation of the manuscript but who do not fulfill the au-
thorship criteria.

Abstract: A Turkish and an English abstract should be submitted
with all submissions except for Letters to the Editor. Submitting a
Turkish abstract is not compulsory for international authors. The ab-
stract of Original Articles should be structured with subheadings
(Objective, Material and Method, Results, and Conclusion). Please
check Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a minimum
of three to a maximum of six keywords for subject indexing at the
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end of the abstract. The keywords should be listed in full without
abbreviations. The keywords should be selected from the National
Library of Medicine, Medical Subject Headings database (https:/
www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript Types

Original Articles: This is the most important type of article since it
provides new information based on original research. The main text
of original articles should be structured with Introduction, Material
and Method, Results, and Discussion subheadings. Please check Ta-
ble 1 for the limitations for Original Articles.

Statistical analysis to support conclusions is usually necessary. Statis-
tical analyses must be conducted in accordance with international
statistical reporting standards (Altman DG, Gore SM, Gardner MJ,
Pocock SJ. Statistical guidelines for contributors to medical jour-
nals. Br Med J 1983: 7; 1489-93). Information on statistical analyses
should be provided with a separate subheading under the Materi-
als and Methods section and the statistical software that was used
during the process must be specified.

Units should be prepared in accordance with the International Sys-
tem of Units (SI).

Editorial Comments: Editorial comments aim to provide a brief criti-
cal commentary by reviewers with expertise or with high reputation
in the topic of the research article published in the journal. Authors
are selected and invited by the journal to provide such comments.
Abstract, Keywords, and Tables, Figures, Images, and other media
are not included.

Review Articles: Reviews prepared by authors who have extensive
knowledge on a particular field and whose scientific background
has been translated into a high volume of publications with a high
citation potential are welcomed. These authors may even be invit-
ed by the journal. Reviews should describe, discuss, and evaluate
the current level of knowledge of a topic in clinical practice and
should guide future studies. The main text should contain Introduc-
tion, Clinical and Research Consequences, and Conclusion sections.
Please check Table 1 for the limitations for Review Articles.

Case Reports: There is limited space for case reports in the journal
and reports on rare cases or conditions that constitute challeng-
es in diagnosis and treatment, those offering new therapies or re-
vealing knowledge not included in the literature, and interesting

and educative case reports are accepted for publication. The text
should include Introduction, Case Presentation, Discussion, and
Conclusion subheadings. Please check Table 1 for the limitations
for Case Reports.

Letters to the Editor: This type of manuscript discusses important
parts, overlooked aspects, or lacking parts of a previously pub-
lished article. Articles on subjects within the scope of the journal
that might attract the readers’ attention, particularly educative cas-
es, may also be submitted in the form of a “Letter to the Editor.”
Readers can also present their comments on the published manu-
scripts in the form of a “Letter to the Editor.” Abstract, Keywords,
and Tables, Figures, Images, and other media should not be includ-
ed. The text should be unstructured. The manuscript that is being
commented on must be properly cited within this manuscript.

Tables

Tables should be included in the main document, presented after
the reference list, and they should be numbered consecutively in
the order they are referred to within the main text. A descriptive
title must be placed above the tables. Abbreviations used in the
tables should be defined below the tables by footnotes (even if
they are defined within the main text). Tables should be created
using the “insert table” command of the word processing software
and they should be arranged clearly to provide easy reading. Data
presented in the tables should not be a repetition of the data pre-
sented within the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as sep-
arate files (in TIFF or JPEG format) through the submission system.
The files should not be embedded in a Word document or the main
document. When there are figure subunits, the subunits should not
be merged to form a single image. Each subunit should be submit-
ted separately through the submission system. Images should not
be labeled (a, b, ¢, etc.) to indicate figure subunits. Thick and thin
arrows, arrowheads, stars, asterisks, and similar marks can be used
on the images to support figure legends. Like the rest of the sub-
mission, the figures too should be blind. Any information within
the images that may indicate an individual or institution should be
blinded. The minimum resolution of each submitted figure should
be 300 DPI. To prevent delays in the evaluation process, all submit-
ted figures should be clear in resolution and large in size (minimum
dimensions: 100 x 100 mm). Figure legends should be listed at the
end of the main document.

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit  Reference limit Table limit Figure limit
Original Article 3500 250 (Structured) 30 6 7 or total of 15 images
Review Article 5000 250 50 6 10 or total of 20 images
Case Report 1000 200 15 No tables 10 or total of 20 images
Letter to the Editor 500 No abstract 5 No tables No media
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All acronyms and abbreviations used in the manuscript should be de-
fined at first use, both in the abstract and in the main text. The abbre-
viation should be provided in parentheses following the definition.

When a drug, product, hardware, or software program is men-
tioned within the main text, product information, including the
name of the product, the producer of the product, and city and
the country of the company (including the state if in USA), should
be provided in parentheses in the following format: “Discovery St
PET/CT scanner (General Electric, Milwaukee, WI, USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the order
they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original articles
should be mentioned in the Discussion section before the conclu-
sion paragraph.

References

While citing publications, preference should be given to the lat-
est, most up-to-date publications. Authors are responsible for the
accuracy of references. References should be prepared according
to Vancouver reference style. If an ahead-of-print publication is cit-
ed, the DOI number should be provided. Journal titles should be
abbreviated in accordance with the journal abbreviations in Index
Medicus/ MEDLINE/PubMed. When there are six or fewer authors,
all authors should be listed. If there are seven or more authors,
the first six authors should be listed followed by “et al.” In the main
text of the manuscript, references should be cited using Arabic
numbers in parentheses. The reference styles for different types of
publications are presented in the following examples.

Journal Article: Rankovic A, Rancic N, Jovanovic M, Ivanovi¢ M, Ga-
jovi¢ O, Lazi¢ Z, et al. Impact of imaging diagnostics on the budget
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delphia: Lippincott Williams; 2004.p.2290-308.
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Editor(s) as Author: Huizing EH, de Groot JAM, editors. Functional
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Conference Proceedings: Bengisson S. Sothemin BG. Enforcement
of data protection, privacy and security in medical informatics. In:
Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92.
Proceedings of the 7th World Congress on Medical Informatics;
1992 Sept 6-10; Geneva, Switzerland. Amsterdam: North-Holland;
1992. pp.1561-5.

Scientific or Technical Report: Cusick M, Chew EY, Hoogwerf B,
Agrén E, Wu L, Lindley A, et al. Early Treatment Diabetic Retinopathy

Study Research Group. Risk factors for renal replacement therapy in
the Early Treatment Diabetic Retinopathy Study (ETDRS), Early Treat-
ment Diabetic Retinopathy Study Kidney Int: 2004. Report No: 26.

Thesis: Yilmaz B. Ankara Universitesindeki Ogrencilerin Beslenme
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Manuscripts Accepted for Publication, Not Published Yet: Slots
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Dent Res. 1974.

Epub Ahead of Print Articles: Cai L, Yeh BM, Westphalen AC, Rob-
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YAZARLARA BiLGi

Icerik

Experimed; istanbul Universitesi Aziz Sancar Deneysel Tip Arastirma
Enstittst’niin cift-kor hakemli, elektronik, acik erisimli bilimsel yayin
organidir. Dergi Nisan, Agustos ve Aralik aylarinda olmak Uizere, yilda
3 sayl olarak yayinlanir. Yayin dili Tiirkge ve ingilizce’dir.

Experimed, temel ve klinik tip bilimlerinin tum alanlarinda orijinal
arastirma, olgu sunumu, derleme ve editore mektup tirlerinde ma-
kaleler yayinlamaktadir.

Yayin Politikasi

Derginin editdryel ve yayin surecleri International Committee of Me-
dical Journal Editors (ICMJE), World Association of Medical Editors
(WAME), Council of Science Editors (CSE), Committee on Publicati-
on Ethics (COPE), European Association of Science Editors (EASE),
ve National Information Standards Organization (NISO) organi-
zasyonlarinin kilavuzlarina uygun olarak bicimlendirilmistir. Experi-
med'’in editdryel ve yayin surecleri, Principles of Transparency and
Best Practice in Scholarly Publishing (doaj.org/bestpractice) ilkeleri-
ne uysun olarak yuruttlmektedir.

Ozgiinliik, yiksek bilimsel kalite ve atif potansiyeli bir makalenin
yayina kabull i¢in en énemli kriterlerdir. Gonderilen yazilarin daha
dnce baska bir elektronik ya da basili dergide, kitapta veya farkli
bir mecrada sunulmamis ya da yayinlanmamis olmasi gerekir. Daha
dnce baska bir dergiye gdénderilen ancak yayina kabul edilmeyen
yazilar hakkinda dergi dnceden bilgilendirilmelidir. Bu yazilarin eski
hakem raporlarinin Yayin Kuruluna gonderilmesi degerlendirme su-
resinin hizlanmasini saglayacaktir. Toplantilarda sunulan calismalar
icin, sunum yapilan organizasyonun tam adl, tarihi, sehri ve Ulkesi
belirtilmelidir.

Degerlendirme Siireci

Experimed’e gonderilen tum makaleler cift-kor hakem degerlendir-
me surecinden gecmektedir. Tarafsiz degerlendirme siirecini sagla-
mak icin her makale alanlarinda uzman en az iki dis-bagimsiz hakem
tarafindan degerlendirilir. Dergi Yayin Kurulu Uyeleri tarafindan gén-
derilecek makalelerin degerlendirme surecleri, davet edilecek dis
bagimsiz editorler tarafindan yonetilecektir. Butlin makalelerin karar
verme sureclerinde nihai karar yetkisi Bag Editor'dedir.

Etik ilkeler

Klinik ve deneysel calismalar, ilag arastirmalari ve bazi olgu sunum-
lan icin World Medical Association Declaration of Helsinki “Ethical
Principles for Medical Research Involving Human Subjects”, (amen-
ded in October 2013, www.wma.net) cercevesinde hazirlanmig
Etik Komisyon raporu gerekmektedir. Gerekli gortlmesi halinde Etik
Komisyon raporu veya esdegeri olan resmi bir yazi yazarlardan talep
edilebilir. insanlar tizerinde yapilmis deneysel calismalarin sonucla-
rini bildiren yazilarda, calismanin yapildi§i kisilere uygulanan prose-
durlerin niteligi tumuyle agiklandiktan sonra, onaylarinin alindi§ina
iliskin bir agiklamaya metin icinde yer verilmelidir. Hayvanlar lzerin-
de yapilan calismalarda ise agri, aci ve rahatsizlik veriimemesi igin
yapilmis olanlar acik olarak makalede belirtiimelidir. Hasta onamlari,
Etik Kurul raporun alindi§i kurumun adi, onay belgesinin numara-

si ve tarihi ana metin dosyasinda yer alan Yontemler basligi altinda
yazilmalidir. Hastalarin kimliklerinin gizliligini korumak yazarlarin so-
rumlulu§undadir. Hastalarin kimligini agiSa cikarabilecek fotograflar
icin hastadan ya da yasal temsilcilerinden alinan imzal izinlerin de
gonderilmesi gereklidir.

Dergiye gonderilen makaleler, hakem degerlendirme surecinde ya
da yayina hazirlik asamasinda herhangi bir noktada bir benzerlik
tespit yazilimi (CrossCheck, iThenticate) tarafindan taranmaktadir.
Cumleler ve ifadeler yazar olarak size ait olsa dahi, metnin daha
dnce yayinlanan verilerle kabul edilemez bir benzerligi olmalidir.

Bagskalarinin 6nceki galismalarini (veya kendi calismalarinizi) tartisir-
ken, lutfen materyali her durumda dogru bir sekilde alintiladi§iniz-
dan emin olunuz.

Yayin Kurulu, dergimize génderilen calismalar hakkindaki intihal, atif
manipulasyonu ve veri sahteciligi iddia ve supheleri karsisinda COPE
kurallarina uygun olarak hareket edecektir.

Yazarlhik

Yazar olarak listelenen herkesin ICMJE (www.icmje.org) tarafindan
onerilen yazarlik kriterlerini karsilamasi gerekmektedir. ICMJE, yazar-
larin asagidaki 4 kriteri karsilamasini dnermektedir:

1. Calismanin konseptine/tasariming; ya da c¢alisma icin verilerin
toplanmasina, analiz edilmesine ve yorumlanmasina Snemli
katkr saglamis olmak; VE

2. Yaz taslagini hazirlamis ya da énemli fikirsel icerigin elestirel
incelemelerini yapmis olmak; VE

3. Yazinin yayindan énceki son halini gézden gecirmis ve onayla-
mis olmak; VE

4. Calismanin herhangi bir boéliminin gegerliligi ve dogruluguna
iliskin sorularin uygun sekilde sorusturuldugunun ve ¢éziimlen-
diginin garantisini vermek amaciyla calismanin her yoniinden
sorumlu olmayi kabul etmek.

Bir yazar, calismada katki sagladigi kisimlarin sorumlulugunu almasina
ek olarak, diger yazarlarin calismanin hangi kisimlarindan sorumlu
oldugunu da teshis edebilmelidir. Ayrica, yazarlar birbirlerinin katki-
larinin blttinltgune gliven duymalilardir.

Yazar olarak belirtilen her kisi yazarligin dort kriterini karsilamalidir
ve bu dort kriteri karsilayan her kisi yazar olarak tanimlanmalidir.
Dért kriterin hepsini karsilamayan kisilere makalenin baslik sayfasin-
da tesekkur edilmelidir.

Yazarlik haklarina uygun hareket etmek ve hayalet ya da lutuf ya-
zarligin onlenmesini saglamak amaciyla sorumlu yazarlar makale
ylukleme stirecinde http://experimed.istanbul.edu.tr/tr/_ adresinden
erisebilinen Yazar Katki Formu’nu imzalamali ve taranmis versiyonu-
nu yaziyla birlikte gondermelidir. Yayin Kurulu’'nun génderilen bir
makalede “lituf yazarlik” oldu§undan siuphelenmesi durumunda
s6z konusu makale degerlendirme yapilmaksizin reddedilecektir.
Makale gonderimi kapsaminda; sorumlu yazar makale génderim ve
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degerlendirme surecleri boyunca yazarlik ile ilgili tim sorumlulugu
kabul ettigini bildiren kisa bir 6n yazi géndermelidir.

Cikar Catismasi
Experimed; gonderilen makalelerin degerlendirme slrecine da-
hil olan yazarlarin ve bireylerin, potansiyel ¢ikar ¢atismasina ya da
onyargiya yol acabilecek finansal, kurumsal ve diger iligkiler dahil
mevcut ya da potansiyel ¢ikar catismalarini beyan etmelerini talep
ve tegvik eder.

Bir calisma icin bir birey ya da kurumdan alinan her tirll finansal
destek ya da dier destekler Yayin Kurulu’na beyan edilmeli ve po-
tansiyel cikar catismalarini beyan etmek amaciyla ICMJE Potansiyel
Cikar Catismalari Formu katki saglayan tim yazarlar tarafindan ayr
ayri doldurulmalidir. Editérler, yazarlar ve hakemler ile ilgili potansi-
yel ¢ikar ¢atismasi vakalari derginin Yayin Kurulu tarafindan COPE ve
ICMJE rehberleri kapsaminda ¢6zilmektedir.

Derginin Yayin Kurulu, itiraz ve sikayet vakalarini, COPE rehberleri
kapsaminda isleme almaktadir. Yazarlar, itiraz ve sikayetleri icin dog-
rudan Editoryel Ofis ile temasa gecebilirler. ihtiyac duyuldugunda
Yayin Kurulu’nun kendi icinde ¢ézemediSi konular igin tarafsiz bir
temsilci atanmaktadir. itiraz ve sikayetler icin karar verme stireclerin-
de nihai karari Bas Editor verecektir.

Telif ve Lisans

Experimed, ilk gdnderim sirasinda http://experimed.istanbul.edu.
tr/tr/_adresinden indirilebilen Telif Hakki Lisans Soézlesmesinin
imzalanarak makale ile birlikte derginin ¢evrimici degerlendirme
sistemine yuUklenmesini zorunlu tutar. Yazarlar, Telif Hakki Lisans
SAzlesmesini imzalayarak, makalenin Experimed tarafindan ya-
yinlanmak Uzere kabul edilmesi durumunda Creative Commons
Atif-GayriTicari 4.0 Uluslararasi Lisansi (CC BY-NC) kapsaminda li-
sanslanacagini kabul ederler.

Yazarlar, basili ya da elektronik formatta yer alan resimler, tablolar
ya da diger her turlu igerik dahil daha dnce yayinlanmis icerigi kulla-
nirken telif hakki sahibinden izin almalilardir. Bu konudaki yasal, mali
ve cezai sorumluluk yazarlara aittir.

Sorumluluk Reddi

Dergide yayinlanan makalelerde ifade edilen gorusler ve fikirler
Experimed, Bas Editor, Editorler, Yayin Kurulu ve Yayincrnin desil,
yazar(lar)in bakis acilarini yansitir. Bag Editér, Editérler, Yayin Kurulu
ve Yayinci bu gibi durumlar igin hicbir sorumluluk ya da yuktmlalik
kabul etmemektedir. Yayinlanan icerik ile ilgili tum sorumluluk ya-
zarlara aittir.

MAKALE HAZIRLAMA

Makaleler, ICMJE-Recommendations for the Conduct, Reporting,
Editing and Publication of Scholarly Work in Medical Journals (up-
dated in December 2015 - http://www.icmje. org/icmje-recommen-
dations.pdf) ile uyumlu olarak hazirlanmalidir. Randomize calismalar
CONSORT, gozlemsel calismalar STROBE, tanisal degerli calismalar
STARD, sistematik derleme ve meta-analizler PRISMA, hayvan deneyli
calismalar ARRIVE ve randomize olmayan davranis ve halk sagligiyla
ilgili calismalar TREND kilavuzlarina uyumlu olmalidir.

Makaleler sadece http://experimed.istanbul.edu.tr/tr/_ adresinde
yer alan derginin online makale ylikleme ve degerlendirme sistemi
Uzerinden gonderilebilir. DiSer mecralardan génderilen makaleler
degerlendiriimeye alinmayacaktir.

Gonderilen makalelerin dergi yazim kurallarina uygunlugu ilk olarak
Editoryel Ofis tarafindan kontrol edilecek, dergi yazim kurallarina
uygun hazirlanmamis makaleler teknik diizeltme talepleri ile birlikte
yazarlarina geri génderilecektir.

Yazarlarin; Yayin Hakki Sézlesmesi Formu, Yazar Katki Formu ve IC-
MJE Potansiyel Cikar Catismalari Formu’nu (bu form, tUm yazarlar
tarafindan doldurulmalidir) ilk génderim sirasinda online makale
sistemine ylklemeleri gerekmektedir. Bu formlara http://experimed.
istanbul.edu.tr/tr/_ adresinden erisilebilmektedir.

Baslik sayfasi: Gonderilen tim makalelerle birlikte ayrn bir bashk
sayfasl da gonderilmelidir. Bu sayfa;

- Makalenin bashgini ve 50 karakteri gegmeyen kisa basligini,

- Yazarlarin isimlerini, kurumlarini, ORCID numaralarini ve egitim
derecelerini,

- Finansal destek bilgisi ve diger destek kaynaklari hakkinda de-
tayl bilgiyi,

- Sorumlu yazarin ismi, adresi, telefonu (cep telefonu dahil ve
e-posta adresini,

- Makale hazirlama slirecine katkida bulunan ama yazarlik kriter-
lerini karsilamayan bireylerle ilgili bilgileri icermelidir.

Ozet: Editére Mektup tiirlindeki yazilar disinda kalan tiim makale-
lerin Turkce ve Ingilizce dzetleri olmalidir. rijinal Arastirma makalele-
rinin &zetleri “Amag”, “Gerec ve Yontem”, “Bulgular” ve “Sonug” alt
basliklarini icerecek bicimde hazirlanmalidir.

Anahtar Sozciikler: Tum makaleler en az 3 en fazla 6 anahtar keli-
meyle birlikte génderilmeli, anahtar sdzcukler ézetin hemen altina
yazilmalidir. Kisaltmalar anahtar sézctik olarak kullaniimamalidir. Anah-
tar s6zcukler National Library of Medicine (NLM) tarafindan hazirla-
nan Medical Subject Headings (MeSH) veritabanindan secilmelidir.

Makale Tiirleri

Orijinal Arastirma: Ana metin “Giris”, “Gerec ve Yontem”, “Bulgular”
ve “Tartisma” alt bagliklarini icermelidir. Ozgiin Aragtirmalarla ilgili ki-
sitlamalar icin lUtfen Tablo 1°i inceleyiniz.

Sonucu desteklemek icin istatiksel analiz genellikle gereklidir. istatis-
tiksel analiz, tibbi dergilerdeki istatistik verilerini bildirme kurallarina
gore yapilmalidir (Altman DG, Gore SM, Gardner MJ, Pocock SJ.
Statistical guidelines for contributors to medical journals. Br Med J
1983: 7; 1489-93). istatiksel analiz ile ilgili bilgi, Yontemler bAlumu
icinde ayn bir alt baslik olarak yazilmali ve kullanilan yazilim kesin-
likle tanimlanmalidir.

Birimler, uluslararasi birim sistemi olan International System of Units
(Sl)’a uygun olarak hazirlanmadir.

Editoryel Yorum: Dergide yayinlanan bir arastirmanin, o konunun
uzmani olan veya Ust diizeyde degerlendirme yapan bir hakemi ta-
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rafindan kisaca yorumlanmasi amacini tasimaktadir. Yazarlar, dergi
tarafindan secilip davet edilir. Ozet, anahtar sézciik, tablo, sekil,
resim ve diger gorseller kullaniimaz.

Derleme: Yazinin konusunda birikimi olan ve bu birikimleri uluslara-
ras! literatlire yayin ve atif sayisi olarak yansimis uzmanlar tarafindan
hazirlanmis yazilar degerlendirmeye alinir. Yazarlar dergi tarafindan
da davet edilebilir. Bir bilgi ya da konunun klinikte kullaniimasi icin
vardigi son diizeyi anlatan, tartisan, degerlendiren ve gelecekte ya-
pilacak olan c¢alismalara yon veren bir formatta hazirlanmalidir. Ana
metin “Giris”, “Klinik ve Arastirma Etkileri” ve “Sonuc¢” bdélUmlerini
icermelidir. Derleme turundeki yazilarla ilgili kisitlamalar icin lUtfen
Tablo 1’i inceleyiniz.

Olgu Sunumu: Olgu sunumlari icin sinirli sayida yer ayrilmakta ve
sadece ender gorilen, tani ve tedavisi gli¢ olan hastaliklarla ilgili,
yeni bir ydntem 6neren, kitaplarda yer verilmeyen bilgileri yansitan,
ilgi cekici ve 68retici 6zelligi olan olgular yayina kabul edilmektedir.
Ana metin; “Girig”, “Olgu Sunumu”, “Tartisma” ve “Sonu¢” alt baslik-
larini icermelidir. Olgu Sunumlariyla ilgili kisitlamalar icin litfen Tablo
1’i inceleyiniz.

Editore Mektup: Dergide daha énce yayinlanan bir yazinin dnemini,
gozden kagan bir ayrintisini ya da eksik kisimlarini tartisabilir. Ay-
rica derginin kapsamina giren alanlarda okurlarin ilgisini ¢cekebile-
cek konular ve 6zellikle egitici olgular hakkinda da Editére Mektup
formatinda yazilar yayinlanabilir. Okuyucular da yayinlanan yazilar
hakkinda yorum iceren Editére Mektup formatinda yazilarini suna-
bilirler. Ozet, anahtar sdzciik, tablo, sekil, resim ve diger gérseller
kullanilmaz. Ana metin alt basliksiz olmalidir. Hakkinda mektup yazi-
lan yayina ait cilt, yil, sayi, sayfa numaralari, yazi bashgi ve yazarlarin
adlari agik bir sekilde belirtiimeli, kaynak listesinde yazilmali ve me-
tin icinde atifta bulunulmalidir.

Tablolar

Tablolar ana dosyaya eklenmeli, kaynak listesi sonrasinda sunulmali,
ana metin icerisindeki gecis siralarina uygun olarak numaralandiril-
madir. Tablolarin tzerinde tanimlayici bir baslk yer almall ve tablo
icerisinde gecen kisaltmalarin acilimlarn tablo altina tanimlanmalidir.
Tablolar Microsoft Office Word dosyasi icinde “Tablo Ekle” komutu
kullanilarak hazirlanmali ve kolay okunabilir sekilde duzenlenmeli-
dir. Tablolarda sunulan veriler ana metinde sunulan verilerin tekrar
olmamali; ana metindeki verileri destekleyici nitelikte olmalilardir.

Resim ve Resim Altyazilari
Resimler, grafikler ve fotograflar (TIFF ya da JPEG formatinda) ayri

dosyalar halinde sisteme yuklenmelidir. Gorseller bir Word dosyasi
dokimani ya da ana dokiiman icerisinde sunulmamalidir. Alt birim-
lere ayrilan gorseller oldu§unda, alt birimler tek bir gorsel icerisinde
verilmemelidir. Her bir alt birim sisteme ayri bir dosya olarak yuklen-
melidir. Resimler alt birimleri belli etme amaciyla etiketlenmemelidir
(a, b, c vb.). Resimlerde altyazilari desteklemek icin kalin ve ince
oklar, ok baslari, yildizlar, asteriksler ve benzer isaretler kullanilabilir.
Makalenin geri kalaninda oldugu gibi resimler de kor olmalidir. Bu
sebeple, resimlerde yer alan kisi ve kurum bilgileri de korlestirilmeli-
dir. Gorsellerin minimum ¢ézunurligt 300DPI olmalidir. Degerlendir-
me surecindeki aksakliklari dnlemek icin génderilen butlin gorselle-
rin ¢6zuUnurligu net ve boyutu blyik (minimum boyutlar 100x100
mm) olmalidir. Resim altyazilari ana metnin sonunda yer almalidir.

Makale icerisinde gecen tim kisaltmalar, ana metin ve ozette ayri
ayri olmak Uzere ilk kez kullanildiklar yerde tanimlanarak kisaltma
tanimin ardindan parantez icerisinde verilmelidir.

Ana metin icerisinde cihaz, yazilim, ilac vb. Urtinlerden bahsedildi-
ginde Urunun ismi, Ureticisi, Uretildigi sehir ve Ulke bilgisini iceren
Urtin bilgisi parantez icinde verilmelidir; “Discovery St PET/CT scan-
ner (General Electric, Milwaukee, WI, USA)”.

Tum kaynaklar, tablolar ve resimlere ana metin icinde uygun olan
yerlerde sirayla numara verilerek atif yapilmalidir.

Ozgiin arastirmalarin kisitlamalari, engelleri ve yetersizliklerinden
Sonug paragrafi dncesi “Tartisma” boliminde bahsedilmelidir.

Kaynaklar

Atif yapilirken en son ve en giincel yayinlar tercih edilmelidir. Kay-
naklarin dogrulugundan yazarlar sorumludur. Kaynaklar Vancouver
referans stiline uygun olarak hazirlanmalidir. Atif yapilan erken
cevrimici makalelerin DOl numaralari mutlaka saglanmalidir. Dergi
isimleri Index Medicus/Medline/PubMed’de yer alan dersi kisaltma-
lan ile uyumlu olarak kisaltiimalidir. Alti ya da daha az yazar oldu-
gunda tum yazar isimleri listelenmelidir. ESer 7 ya da daha fazla
yazar varsa ilk 6 yazar yazildiktan sonra “et al” konulmalidir. Ana
metinde kaynaklara atif yapilirken parantez icinde Arabik numa-
ralar kullaniimalidir. Farkl yayin turleri icin kaynak stilleri asagidaki
orneklerde sunulmustur:

Dergi makalesi: Blasco V, Colavolpe JC, Antonini F, Zieleskiewicz L,
Nafati C, Albanése J, et al. Long-term outcome in kidney recipients
from donors treated with hydroxyethylstarch 130/0.4 and hydrox-
yethylstarch 200/0.6. Br J Anaesth 2015; 115: 797-8.

Tablo 1. Makale tirleri icin kisitlamalar

Makale tiirii Sozciik limiti  Ozet sézciik limiti  Kaynak limiti  Tablo limiti Resim limiti

Ozgiin Arastirma 3500 250 (Alt baslikli) 30 6 7 ya da toplamda 15 resim
Derleme 5000 250 50 6 10 ya da toplamda 20 resim
Olgu Sunumu 1000 200 15 Tablo yok 10 ya da toplamda 20 resim
Editére Mektup 500 Uygulanamaz 5 Tablo yok Resim yok
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Kitap boliimii: Sherry S. Detection of thrombi. In: Strauss HE, Pitt
B, James AE, editors. Cardiovascular Medicine. St Louis: Mosby;
1974.p.273-85.

Tek yazarh kitap: Cohn PF. Silent myocardial ischemia and infarcti-
on. 3rd ed. New York: Marcel Dekker; 1993.

Yazar olarak editor(ler): Norman |J, Redfern SJ, editors. Mental he-
alth care for elderly people. New York: Churchill Livingstone; 1996.

Toplantida sunulan yazi: Bengisson S. Sothemin BG. Enforcement
of data protection, privacy and security in medical informatics. In:
Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors. MEDINFO 92.
Proceedings of the 7th World Congress on Medical Informatics;
1992 Sept 6-10; Geneva, Switzerland. Amsterdam: North-Holland;
1992.p.1561-5.

Bilimsel veya teknik rapor: Smith P. Golladay K. Payment for du-
rable medical equipment billed during skilled nursing facility stays.
Final report. Dallas (TX) Dept. of Health and Human Services (US).
Office of Evaluation and Inspections: 1994 Oct. Report No: HHSI-
GOE 169200860.

Tez: Kaplan SI. Post-hospital home health care: the elderly access
and utilization (dissertation). St. Louis (MO): Washington Univ.
1995.

Yayina kabul edilmis ancak heniiz basiimamis yazilar: Leshner Al.
Molecular mechanisms of cocaine addiction. N Engl J Med In press
1997.

Erken Cevrimici Yayin: Aksu HU, Ertirk M, Gul M, Uslu N. Succes-
sful treatment of a patient with pulmonary embolism and biatri-
al thrombus. Anadolu Kardiyol Derg 2012 Dec 26. doi: 10.5152/
akd.2013.062. [Epub ahead of print]

Elektronik formatta yayinlanan yazi: Morse SS. Factors in the emer-
gence of infectious diseases. Emerg Infect Dis (serial online) 1995

Jan-Mar (cited 1996 June 5): 1(1): (24 screens). Available from:
URL: http:/ www.cdc.gov/ncidodIEID/cid.htm.

REVIiZYONLAR

Yazarlar makalelerinin revizyon dosyalarini génderirken, ana metin
Uzerinde yaptiklari degisiklikleri isaretlemeli, ek olarak, hakemler
tarafindan one surtlen onerilerle ilgili notlarini “Hakemlere Cevap”
dosyasinda géndermelidir. Hakemlere Cevap dosyasinda her hake-
min yorumunun ardindan yazarin cevabi gelmeli ve degisikliklerin
yapildig satir numaralari da ayrica belirtiimelidir. Revize makaleler
karar mektubunu takip eden 30 gin igerisinde dergiye gonderil-
melidir. Makalenin revize versiyonu belirtilen sure icerisinde ytklen-
mezse, revizyon secenesi iptal olabilir. Yazarlarin revizyon igin ek
sureye ihtiyag duymalari durumunda uzatma taleplerini ilk 30 gln
sona ermeden dergiye iletmeleri gerekmektedir.

Yayina kabul edilen makaleler dil bilgisi, noktalama ve bigim agisin-
dan kontrol edilir. Yayin stireci tamamlanan makaleler, yayin planina
dahil edildikleri sayiyla birlikte yayinlanmadan 6nce erken ¢evrimici
formatinda dergi web sitesinde yayina alinir. Kabul edilen makale-
lerin baskiya hazir PDF dosyalar sorumlu yazarlara iletilir ve yayin
onaylarinin 2 guin icerisinde dergiye iletiimesi istenir.

Bas Editor: Prof. Dr. Bedia Cakmakog§lu

Address: istanbul Universitesi, Aziz Sancar Deneysel Tip Arastirma
Enstitisti, Vakif Gureba Caddesi, 34093, Capa, Fatih, istanbul, Tiirkiye
Phone: 0212-4142000-33305

Fax: 0212-5324171

E-mail: bedia@istanbul.edu.tr

Publisher: AVES

Address: Buyukdere Cad. 105/9 34394 Mecidiyekdy, Sisli, istanbul,
Turkey

Phone: +90 212 217 17 00

Fax: +90 212 217 22 92

E-mail: info@avesyayincilik.com

avesyayincilik.com



