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Aims and Scope

Journal of Immunology and Clinical Microbiology;

* Increasing scientific research and publication literacy,

*Ensuring the sharing of qualified and original research results in accordance with scientific norms and
scientific ethics,

*In addition, it aims to improve health-related issues globally, to protect and develop public health, to strengthen
the medical profession, to increase awareness of holistic treatments and microbiota, nutrition among health
professionals.

*The journal gives priority to publication of studies on immunology and clinical microbiology.

*The primary target audience of the journal is physicians in all branches.

*Continues its publication life with the aim of developing and strengthening communication on the scientific
platform.

o[t is Turkey’s first text and video magazine.

+JICM aims to serve as a free scientific journal in all fields related to immunology, microbiology, rheumatology
and pathogenesis, diagnosis, treatment of infectious diseases and general medicine.

Open Access Policy

Journal of Immunology and Clinical Microbiology is an open access journal, which means that all content is
freely accessible to the user or institution.

Users are permitted to read, download, copy, print, search or link the full text of the articles, or use them for
any other lawful purpose, without prior permission from the publisher or author.

This is in line with the Budapest Open Access Initiative (BOAI).

(https://budapestopenaccessinitiative.org/)

Peer-Review Policy

Double-blind refereeing system is applied in JICM Journal, and studies are sent to at least three referees unaware of
each other.

In the process, none of the authors and referees can have information about the others. Descriptive information about
the author(s) in the work file sent by the author is removed and uploaded to the system only by including it on the cover
page. If this information is forgotten in the full text, this information is removed by the editors and then sent to the
referees.

The studies sent to the journal are evaluated within 15 days at the latest and the author is informed. At the point of
publication of the study, the article may be rejected with the opinion of the journal editor and assistant editors at the
article submission stage.

The time given to the referees for evaluation is 30 days. Referee evaluations are shared with the author in accordance
with the blindness system. Authors are given 4 weeks for minor and major referee suggestions. If the responsible author
of the article is informed three times about the technical correction and spelling rules, if the requested correction is not
made, the article is removed from the evaluation process and this issue is conveyed to the author. becomes the referee
to evaluate.

In all articles that have undergone peer-review, the referee’s opinions are conveyed to the author in accordance with
the double-blind system, whether the article is accepted or rejected. For an article to be accepted for publication, it is
sufficient to receive an “accept” answer from at least two (2) referees. If two of the three referees decide to reject and one
to accept, major or minor revision, the article is rejected. If a referee decides to reject, both major, minor or accept, the
article is sent back to the referees. While responding to the referees on the Dergipark page, the authors are requested to
upload the article revision response letters to the system by specifying these referees in a different color for each referee
and in the relevant correction text.

Instructions for Authors
Writing rules of the journal, announcements about the journal, publication policy, etc. It is
available on our journal’s page and is available at https://dergipark.org.tr/tr/pub/jicm




Amag¢ Kapsam

Immiinoloji ve Klinik Mikrobiyoloji Dergisi;

*Bilimsel arastirma ve yayin okur yazarligin arttirma,

*Bilimsel normlara ve bilim etigine uygun, nitelikli ve 6zgiin arastirma sonuglarinin paylagilmasini saglama,
*Ayrica, kiiresel anlamda saglikla ilgili konularin iyilestirilmesi, toplum sagligin korunmasi ve gelistirilmesi
ve hekimlik mesleginin gii¢lenmesini, biitiinciil tedaviler ve mikrobiyota, beslenme konularinin saglik
profesyonelleri arasinda bilinirliginin artirilmas1 amaglamaktadir.

*Dergide immiinoloji ve klinik mikrobiyoloji ile ilgili caligmalarin yayimlanmasina oncelik verilmektedir.
*Derginin oncelikli hedef kitlesi tiim branglarda hekimlerdir.

*Bilimsel platformda iletisimi gelistirme ve gii¢lendirme amaci ile yayin hayatin siirdiirmektedir.
*Tiirkiye’nin ilk metin ve video dergisi’dir.

«JICM, immiinoloji, mikrobiyoloji, romatoloji ve patogenez, tani, bulasici hastaliklarin tedavisi ve genel tipla
ilgili tiim alanlarda ticretsiz bilimsel dergi olarak hizmet sunmay1 amaglamaktadir.

Acik Erisim Politikasi

Immiinoloji ve Klinik Mikrobiyoloji Dergisi, tiim igerigi iicretsiz olarak kullaniciya veya kurumuna iicretsiz
olarak erisilebildigi anlamina gelen acik erisimli bir dergidir.

Kullanicilarin, yaymcidan veya yazardan 6nceden izin almaksizin makalelerin tam metinlerini okumasina,
indirmesine, kopyalamasina, yazdirmasina, aramasina veya baglant1 vermesine veya baska herhangi bir yasal
amag i¢cin kullanmasina izin verilmektedir.

Bu, Budapeste Acik Erisim Girisimi’ne (BOAI) uygundur.

(https://budapestopenaccessinitiative.org/)

Hakem Degerlendirme Politikasi

JICM Dergisinde ¢ift kor hakemlik sistemi uygulanmakta olup ¢alismalar birbirinden habersiz en az {i¢ hakeme
gonderilir.

Siirecte yazar ve hakemlerden higbirisi digerleri ile ilgili bilgi sahibi olamaz.Yazar tarafindan gonderilen caligma
dosyasindaki yazar(lar) ile ilgili tanimlayici bilgiler ¢ikarilip yalnizca kapak sayfasinda yer verilerek sisteme yiiklenir.
Bu bilgiler tam metin igerisinde unutulmus ise editorler tarafindan bu bilgiler ¢ikarilir ve ardindan hakemlere gonderilir.
Dergiye gonderilen ¢aligmalar en ge¢ 15 giin igerisinde 6n degerlendirmeye alinarak yazara bilgilendirme yapilir.
Calismanin yayinlanabilirligi noktasinda makale gonderim asamasinda dergi editor ve editor yardimcilarinin goriisii ile
makale red edilebilir.

Degerlendirme i¢in hakemlere verilen siire 30 giindiir. Hakem degerlendirmeleri korliik sistemine uygun bigimde yazar
ile paylasilir. Minor ve major hakem Onerileri i¢in yazarlara 4 hafta siire verilir. Makalenin sorumlu yazarina teknik
diizeltme ve yazim kurallari ile ilgili ii¢ kere bilgi verildigi halde istenilen diizeltme yapilmazsa makalesi degerlendirme
siirecinden ¢ikarilir ve bu konu yazara iletilir. Yayin siirecine kabul edilen makale i¢in belirlenen hakemlerde iki kez
degisiklik yapildiysa boliim editorii {igiincii kez baska bir hakeme gondermeden ilgili makaleyi degerlendirmek igin
hakem olur.

Hakem degerlendirmesine girmis tiim makalelerde hakem goriisleri makale kabul edilse de reddedilse de ¢ift kor sisteme
uygun bicimde yazara iletilir. Bir makalenin yayina kabul edilmesi i¢in en az iki (2) hakemden ‘’kabul” cevab1 alinmasi
yeterlidir. Ug hakemden ikisi red biri kabul, major ya da mindr revizyon karar1 verirse, makale red edilir. Bir hakem
red, ikisi major, minor ya da kabul karar1 verirse, makale tekrar hakemlere gonderilir. Yazarlardan Dergipark sayfasinda
hakemlere yanit verirken her bir hakem i¢in ayr1 renkte ve ilgili diizeltme metninde bu hakemleri belirterek makale
revizyon cevap mektuplarini sisteme yiliklemeleri istenmektedir.

Yazarlar icin Talimatlar
Derginin yazim kurallari, dergi ile ilgili duyurular, yayin politikasi vb.
dergimizin sayfasinda https://dergipark.org.tr/tr/pub/jicm adresinde mevcuttur.




Journal of Immunology and Clinical Microbiology
Immiinoloji ve Klinik Mikrobiyoloji Dergisi

Cilt / Volume:10 ICINDEKILER / CONTENTS Say1/ Issue:1

1-10

11-22

23-35

ARASTIRMA MAKALESI/ ORIGINAL ARTICLE

Diizeltilmis makale: Novel microbiome friendly purifying oil cleanser formulation with oil-soluble postbiotics
Yagda ¢ozilinen postbiyotiklerle yeni mikrobiyom dostu temizleyici yag formiilasyonu
Ismail Aslan, Leyla Tarhan Celebi, Ertugrul Osman Bursalioglu, Bekir Cakici, Mehtap Arslan Aydin, Bashar Ibrahim, Ahmet Arif Kurt

Prediction of high-risk human papillomavirus after conization by machine learning methodsKonizasyon
operasyonu sonrasinda yiiksek riskli HPV kaliciliginin makine grenme yontemi ile 6n goriilmesi

Erol Ozcekic, Akin Usta, Duygu Lafci, Orkun Cetin, Yener Ozel, Gokberk Kozak
DERLEME/ REVIEW

Transplantasyonda Tolerans Olusturma Stratejileri ve immiin Mekanizmalar
Strategies and Immun Mechanisms for Inducing Tolerance in Transplantation
Sule Tuygun, Sevgi Kalkanl Tas




] Immunol Clin Microbiol Journal of Immunology and Clinical Microbiology
Available online at: https://dergipark.org.tr/tr/pub/jicm

DOI: 10.58854/jicm.1580770

ORIGINAL ARTICLE / OZGUN MAKALE

Novel microbiome friendly purifying oil cleanser formulation with oil-soluble
postbiotics

Yagda ¢6zilinen postbiyotiklerle yeni mikrobiyom dostu temizleyici yag formiilasyonu

I

Leyla TARHAN GELEBI*?, Ertugrul Osman BURSALIOGLU3* %" Bekir CAKICI'25, "/%" Mehtap ARSLAN AYDIN®

Ahmet Arif KURT’, “*' Bashar IBRAHIM®, "= ismail ASLAN'2?

! SFA R&D Private Health Services, Teknopark Blv, No:1 3A Z01, Teknopark Istanbul, Pendik, Istanbul, Tiirkiye

2 ATA BIO Technologies, Teknopol Istanbul, istanbul, Tirkiye

3 Department of Medical Services and Techniques, Vocational School of Health Services, Sinop University, Sinop, Tiirkiye

* Department of Medical Services and Techniques, Vocational School of Health Services, Sakarya University, Sakarya, Tiirkiye

5 Vocational School, istanbul Kent University, [stanbul, Tiirkiye

SEVLY Pharma Cosmetics Trade Co., Department of 360 -Research and Development, Serifali mah. Séylesi Sk 41/A Umraniye Istanbul/Tiirkiye

7 Stileyman Demirel University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Isparta, Tiirkiye

8Siileyman Demirel University, Faculty of Pharmacy, Department of Pharmaceutical Microbiology of Pharmaceutical Technology, Isparta, Tiirkiye
9 Department of Pharmaceutical Technology, Hamidiye Faculty of Pharmacy, University of Health Sciences, istanbul, Tiirkiye

Gelis: 31.12.2024, Kabul: 14.02.2025

4 )
Abstract

Objective: In recent years, the field of preventive cosmetic care has gained importance alongside the established
effectiveness of nutrition in preventing diseases. Within the scope of this preventive approach, the microbiota has
been a focal point in numerous studies, with its state being associated with a range of health concerns, including
inflammation, metabolic diseases, dermatological diseases, and neurodegenerative diseases.The present study aims
to investigate the positive effects of a cleanser formulated with a postbiotic raw material dissolved in oil on skin
microbiota and cells. In this study, the skin cleansing oil containing 2% postbiotic LTO 35 was utilised as a skin
microbiota simulation (Lactobacillus crispatus LTC-KC24011, Staphylococcus epidermidis ATA-LSE 0198052) and
normal keratinocytes (HEKA 500K CELL), Staphylococcus aureus ATA-LTCA 011204, Staphylococcus capitis ATA-
LSC 0201201, Propionibacterium acnes ATA-LPC 0204221, Streptococcus pyogenes ATA-TCSP 210911, and Candida
albicans ATA-LTCA 0504212. The results demonstrated that the cleanser did not cause harm to keratinocytes,
maintained microbiota balance, and promoted cellular repair.The objective of this study was to investigate the
positive effects of a cleanser made using oil-solubilised postbiotic raw material on skin microbiota and cells.
Material&Method: In this study, a skin cleansing oil containing 2% postbiotic LTO 35 was utilised to simulate
normal keratinocytes (HEKA 500K CELL) and skin microbiota (Lactobacillus crispatus LTC-KC24011, Staphylococcus
epidermidis ATA-LSE 0198052, Staphylococcus aureus ATA -LTCA 011204, Staphylococcus capitis ATA-LSC 0201201,
Propionibacterium acnes ATA-LPC 0204221, Streptococcus pyogenes ATA TCSP 210911, Candida albicans ATA-LTCA
0504212.Thebacteria utilised in the simulation and the postbiotic employed in the formulation (LTO 35 Streptococcus
thermophilus ATA-LTC St140700, Bifidobacterium animalis ATA-BSLA0310, Lactobacillus acidophilus ATA-LAP1201
ferment extract in oil lysate) were obtained from the ATA BIO Technology culture collection. The simulation contact
time was applied as 1 hour.

Results: The Purifying Oil Cleanser with Postbiotics sample examined in this study was found to be microbiologically
suitable. The equilibrium test yielded a positive result, and it was observed that the sample did not change in the
direction of pathogens. According to the analyses, it can be concluded that the Purifying Oil Cleanser with Postbiotics
sample does not harm the diversity of skin microbiota and is microbiome-friendly.

Conclusion: Upon evaluation of the results, it was observed that the substance did not cause harm to keratinocytes,
it maintained microbiota balance, and it promoted cellular repair.

Keywords: Probiotic, Postbiotic, Microbiota Friendly, Oil Cleanser, Cosmetic
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Purifying oil cleanser formulation with postbiotics
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Amag: Son yillarda hastaliklardan korunmada beslenmenin etkinliginin yaninda koruyucu kozmetik bakim da giderek
o6nem kazanmistir. Koruyucuyaklasimda 6zellikle mikrobiyotanin etkinligi pek cok calismada yer almistir. Mikrobiyotanin
durumu, viicuttaki enflamasyon, cesitli metabolik hastaliklar, dermal hastaliklar, n6rodejeneratif hastaliklar veya dermal
hastaliklarla iligkilendirilmistir. Bu ¢alismada, yag i¢inde ¢oziindiirtilmiis postbiyotik hammadde kullanilarak yapilan
temizleyicinin cilt mikrobiyotasina ve hiicre iizerine olumlu etkilerinin arastirilmasi amag¢lanmistir. Bu ¢alismada, %?2
postbiyotik LTO 35 igeren cilt temizleyici yagin, normal keratinositler (HEKA 500K CELL) ve cilt mikrobiyota simiilasyonu
(Lactobacillus crispatus LTC-KC24011, Staphylococcus epidermidis ATA-LSE 0198052, Staphylococcus aureus ATA-
LTCA 011204, Staphylococcus capitis ATA -LSC 0201201, Propionibacterium acnes ATA-LPC 0204221, Streptococcus
pyogenes ATA TCSP 210911, Candida albicans ATA-LTCA 0504212) iizerindeki etkileri degerlendirilmistir. Sonuclar
degerlendirildiginde, keratinositlere zarar vermedigi, mikrobiyota dengesini korudugu ve hiicresel onarima destek
oldugu goriilmistiir. Bu calismada, yag icinde ¢oziindiiriilmiis postbiyotik hammadde kullanilarak yapilan temizleyicinin
cilt mikrobiyotasina ve hiicre iizerine olumlu etkilerinin arastirilmasi amag¢lanmistir.

Yontem: Bu calismada, %2 postbiyotik LTO 35 iceren cilt temizleyici yagin, normal keratinositler (HEKA 500K CELL)
ve cilt mikrobiyota simiilasyonu (Lactobacillus crispatus LTC-KC24011, Staphylococcus epidermidis ATA-LSE 0198052,
Staphylococcus aureus ATA-LTCA 011204, Staphylococcus capitis ATA -LSC 0201201, Propionibacterium acnes ATA-LPC
0204221, Streptococcus pyogenes ATATCSP 210911, Candida albicans ATA-LTCA 0504212) kullanilmistir. Simiilasyonda
kullanilan bakteriler ve formiilasyon i¢inde kullanilan postbiyotik (LTO 35 Streptococcus thermophilus ATA-LTC
S$t140700, Bifidobacterium animalis ATA-BSLA0310, Lactobacillus acidophilus ATA-LAP1201 ferment ekstrakt in oil
lizat) ATA BIO Teknoloji kiiltiir koleksiyonundan temin edilmistir. Simiilasyon kontak siiresi 1 saat olarak uygulanmistir.
Bulgular: Bu c¢alismada kullanilan Purifying Oil Cleanser with Postbiotics numunesi, mikrobiyolojik a¢idan uygun
olarak degerlendirilmistir. Denge testi olumlu bulunup, patojen yoniinde degismedigi gozlenmistir. Yapilan analizlere
gore; Purifying Oil Cleanser with Postbiotics numunesinin cilt mikrobiyotasi ¢esitliligine zarar vermedigi ve mikrobiyom
dostu oldugu ifade edilebilir.

Sonug: Sonuglar degerlendirildiginde, keratinositlere zarar vermedigi, mikrobiyota dengesini korudugu ve hiicresel
onarima destek oldugu gorilmiistir.

Anahtar Kelimeler: Probiyotik, Postbiyotik, Mikrobiyota Dostu, Yag Temizleyici, Kozmetik

INTRODUCTION ingredients that support the growth or

activity of the microbiota (2). Postbiotics are

[n recent years, research has increasingly metabolic products of cellular components

highlighted the role of cutaneous microbiota produced or secreted by probiotic

in skin health and disease. Historically, microorganisms that do not require the

cosmetic products were formulated for . : .
presence of live microorganisms and

objectives such as cleansing, hydration, provide benefits to the host (3). Postbiotics

or protection against external factors; offer amore stable, standardisable, and safer

however, contemporary approaches  that alternative to the use of probiotics (3, 4).

target the maintenance or enhancement of
. . . .. D Paraprobiotics (also termed inactive
skin microbiota are gaining significance (1).

. . ) robiotics or “ghost” robiotics) and
In this context, the use of microbiota-focused p & p )

) . . . ostbioticsrepresentalternative approaches
ingredients such as prebiotics, probiotics, P P PP

e . : to traditional probiotic use. Paraprobiotics
and postbiotics is of interest in the cosmetics p P

are inactivated microbial cells or cell
sector.

lysates that can provide host benefits when

Probioticsaredefinedaslivemicroorganisms . .
administered at adequate concentrations,

that provide benefits to the host, while while postbiotics are bioactive. Postbiotics

prebiotics are  selectively  fermentable are bioactive molecules (e.g., metabolites
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and cellular fractions) synthesized by

probiotic microorganisms that confer
physiological benefits to the host. These
approaches aim to overcome the limitations
related to the viability, stability, and safety
profile of probiotics and offer the potential

for microbiome-targeted interventions (5,6).

The benefits of using postbiotics can be direct
or indirect. For instance, postbiotics have
been shown to maintain microecological
and immune homeostasis by enhancing
the interaction of the human organism
with the microbiota (7, 8). Furthermore,
positive effects on mental health can be
achieved by improving the functioning of
the brain-gut-microbiota axis. Postbiotics
have also been demonstrated to exert direct
benefits on host cells, while indirect benefits
include the promotion of probiotics and
the inhibition of pathogen growth. As with
prebiotics, the effects of postbiotics vary
depending on the type, strain and metabolic
product of the microorganism (9). The
most important effects of the postbiotic
product SCFA are its anti-inflammatory and
antioxidant properties. The present study
sought to evaluate the effects of postbiotic
LTO 35, obtained from S. thermophilus, B.
animalis and L. acidophilus lysates used
in an oil-based cleanser formulation, on
human keratinocyte cells and simulated skin

microbiota in in vitro models.

A study conducted by Aslan & Tarhan
Celebi (2023)
postbiotics

demonstrated that
specifically inhibit odour-
causing microorganisms while concurrently
supporting and balancing the natural
axillary microbiota. The findings revealed
that formulations containing Lactobacillus

ferment lysate extract were effective in

JICM 2024;9(4)

reducing unpleasant odours by normalising
the microbiota (10). In a study conducted
by Gokg¢e and Aslan on the pharmaceutical
applications of postbiotics, the antimicrobial
potential of liposomal postbiotics in
gel formulations was investigated. The
optimised gel (LG1) demonstrated effective
antimicrobial activity that was comparable
to that of free postbiotics against various
pathogens, while providing advantages such
as controlled release, stability and improved
usability. These findings emphasise the
potential of liposomal postbiotics for
pharmaceutical applications (11). In a study
by Tarhan Celebi et al., the treatment of colon
cancer by postbiotic substances is examined.
The viability of normal colon fibroblast
cells damaged by TTX 100 is restored by
buttermilk enriched with the postbiotic LTW
35, and the viability of colorectal cancer cells
is reduced in a concentration-dependent
manner, showing both reparative and
anticancer effects. The observed decrease
in Cal9-9 tumour marker levels further
emphasises its potential to reduce tumour
activity (12).

A plethora of academic studies have been
conducted in the domain of nutricosmetics
and cosmetics, encompassing a wide range
of natural sources (13,14), essential oils
(15) from hair care to skin care (16, 17).
Moreover, evenin the field of baby care, there
exist studies that utilize natural sources and
investigate their antimicrobial properties
(18, 19). In addition to natural products,
safety studies such as ADME (absorption,
distribution, metabolism, excretion) of
many semi-synthetic and fully synthetic
active substances (20, 21) and studies on
antibacterial activity have been conducted

(22). However, these studies do not address

3



Purifying oil cleanser formulation with postbiotics

the subject of microbiome-friendly research

on intestine, skin and skin microbiota.

Theskin,thelargestorganofthehumanbody,
is colonised by a variety of microorganisms.
The majority of these microorganisms are
harmless and even beneficial to their hosts.
This colonisation is driven by the ecology
of the skin surface, which is highly variable
depending on environmental factors. In
addition, the microbiota also functions in
the education of the immune system (23).
Keratinocytesin the skin representa cellular
compartment that is constantly renewed
and the wound healing process is dominated
by the interaction of keratinocytes with
fibroblasts (24,25,26).

The practice of cleaning is an important
daily activity that is associated with both
skin diseases and general health. It is a
relatively modern concept, coinciding with
the mass use of commercial soap from the
early 20th century (27). It is estimated
that the bacteria in the human body far
outnumber the human cells in an individual,
and this community is termed the human
microbiome. According to another view,
various microbial communities that have
fundamental roles in human health and
disease are present in the human body (28).

The present study set out to evaluate the
effects of postbiotic LTO 35, obtained from S.
thermophilus, B. animalis and L. acidophilus
lysates used in an oil-based cleanser
formulation, on human keratinocyte cells
and simulated skin microbiota in vitro

models.

JICM 2024;9(4)

METHODS

In this research, a skin cleansing oil
containing 2% postbiotic LTO 35 was
utilised to simulate normal keratinocytes
(HEKA 500K CELL) and skin microbiota
LTC-KC24011,
Staphylococcus epidermidis ~ ATA-LSE
0198052, Staphylococcus aureus ATA-
LTCA 011204, Staphylococcus capitis ATA
-LSC 0201201, Propionibacterium acnes
ATA-LPC 0204221, Streptococcus pyogenes
ATA TCSP 210911, Candida albicans ATA-
LTCA 0504212). The bacteria utilised in the

simulation and the postbiotic employed

(Lactobacillus  crispatus

in the formulation (LTO 35 Streptococcus
thermophilus ATA-LTC St140700,
Bifidobacterium animalis ATA-BSLA0310,
Lactobacillus  acidophilus ATA-LAP1201
ferment extract in oil lyzate) were obtained
from the ATA BIO Technology -culture
collection in Turkiye. The duration of contact
in the simulation was set at one hour.
MTT (In vitro cytotoxicity fest)

Tetrazolium salts, such as MTT, are
frequently utilised in cell proliferation tests,
which are based on the measurement of
metabolic activity. The underlying principle
is based on the measurement of the colour
change in the absorption spectrum by an
ELISA reader or a spectrophotometer, as
a result of the increased dehydrogenase
enzyme activity of proliferating cells. In
this process, tetrazolium (MTT: yellow) is
used to produce formazan (purple) dye. The
cells will be cultured in Dulbecco’s modified
Eagle’s medium (DMEM, Gibco) containing
10% fetal bovine serum (FBS, Gibco) and
1% penicillin/streptomycin in an oven
with 5% CO2Z maintained at 37°C. When
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cells reach 80% proliferation, they will be
washed with phosphate-buffered saline
(PBS) and trypsinized with 0.25% Trypsin-
EDTA for passaging and seeding each time.
Cells reaching sufficient proliferation will be
used in the subsequent toxicity tests.

Table 1. Microorganisms representing Artificial

Skin Microbiota and amount of utilisation.

Microorganism inoculum
Lactobacillus crispatus ATA-LTC
240522 3.50E+02
Staphylococcus epidermidis ATA-LSE
Staphylococcus aureus ATA-LTCA
011204 3.50E+02
Staphylococcus capitis ATA -LSC
Cutibacterium (Propionibacterium)
acnes ATA-LPC 0204221 3.50E+02
Streptococcus pyogenes ATA TCSP
210911 3.50E+02
Candida albicans ATA-LTCA 0504212  3.50E+02

The environment has been modified to
be conducive to the presence of artificial
microbiomes.

Microbiological analyses

The formulation developed for
microbiological analysis within the scope of
the study was disinfected with 70% ethanol.
To dissolve the product, 5 g/L polysorbate
80 was added to 90 ml TSP (Buffered Sodium
Chloride Peptone), 10 g of sample was added
and left to dissolve in a water bath for 10-
15 minutes. Serial dilutions (102, 103, 10%)
were prepared by transferring 1 mL of the
sample suspension to 9 mL of TSP using
the pour plate method. The dilutions were
repeated twice by inoculating 1 mL of the
diluted tubes into a 90 mm petri dish. Then
15-17 mL of agar medium cooled to 45°Cina
water bath was poured into the petri dishes
and left to freeze. Tryptic Soy Agar (TSA)

JICM 2024;9(4)

was used for the total number of aerobic
mesophilic microorganisms which were left
at 30-35°C for 3-5 days. SDA medium was
used for total yeast and mould counts and
the media were incubated at 20-25°C for
5-7 days. In case of growth, the calculation
formula is used to count colonies visible to
the naked eye. This formula is as follows:

CFU/ml = Total number of colonies obtained
x dilution factor/ Sample volume
Enrichment

10 g of the sample dissolved in buffered
sodium chloride peptone was transferred
to 90 mL of Tryptic Soy Broth (TSB). This
medium contains lecithin and polysorbate
required for neutralisation and is a general
producer medium. After thorough shaking,
the medium was incubated at 30-35°C for
18-24 hours (maximum 72 hours). After
incubation, a selective medium was used.
Enrichment was performed for E. coli, P.
aeruginosa and S. aureus. For C. albicans,
10 mL (1 g or mL) of the sample dissolved
in TSP was transferred to 90 mL Sabouraud
Dextrose Broth (SDB). After shaking well,
it was incubated at 30-35°C for 72 hours
(maximum five days). After incubation, a
selective medium was used.

Investigation of Aerobic Mesophilic
Bacteria
After enrichment, 1 mL of TSB medium was
taken and placed in sterile petri dishes. 5 mL
of medium was added to Tryptone Glucose
Extract Agar (TGEA) medium cooled to
45°C, mixed and inoculated with the sample
in duplicate and allowed to solidify. After
solidification, it was incubated at 37°C for
48 hours. In case of growth at the end of
incubation, the number of colonies formed
is calculated taking into account the dilution

factor.
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Investigation of The Presence of
Escherichia Coli
After enrichment, 1 mL of TSB medium was
taken and placed in sterile petri dishes. Then
5 ml of medium was added to Macconkey
Agar (MCA) medium, mixed and the medium
was inoculated with the sample in duplicate
and allowed to solidify. Incubated at 30-35°C
for 24 hours (maximum 48 hours).

Investigation for The Presence of
Staphylococcus Aureus
After enrichment, 1 mL of TSB medium was
taken and placed in sterile petri dishes. 5 ml
of medium was added to Mannitol Salt Agar
(MSA) medium cooled to 45°C, inoculated

with the sample in duplicate and allowed to
solidify. Incubated at 30-35°C for 24 hours
(maximum 48 hours).

Investigation of The Presence of
Pseudomonas Aeruginosa
After enrichment, 1 mL of TSB medium was
taken and placed in sterile petri dishes. 5
mL of medium was added to Cetrimide Agar
(CA) medium cooled to 45°C, mixed and the
medium was inoculated with the sample
in duplicate and allowed to solidify. Plates
were incubated at 25°C for 5 to 7 days.

RESULTS

Microbiological analyses

Table 2. Microbiological compliance results applied to the samples taken into the study

Purifying Oil Cleanser with %2 Postbiotics

Analyze Result Limit for eye contour Limit for other Evaluation
(cfu/g) products and products for products
use in children under 3 years
of age
Aerobic Mesophilic Colony <1.0E+1 1.00E+02 1.00E+03 Suitable
Count
P. aeruginosa Not Detected Must not be found Must not be found Suitable
Escherichia coli Not Detected Must not be found Must not be found Suitable
Candida albicans Not Detected Must not be found Must not be found Suitable
S. aureus Not Detected Must not be found Must not be found Suitable
Total Mould - Yeast Count <1.0E+1 1.00E+02 1.00E+03 Suitable
Cell viability Lo
o 100%
Relative viability % 98%
o 96%
- o E o
2 oo%
> 88%
86% 3,50E+02 3,40E+02
84%
0 82%
80%
Control SFAP231312
Purifying Oil Cleanser with
N 12 Postbiotics
g 2 Fa Staphylococcus epider midis m Staphylococcus aureus
2 @ §3
: i
5 Figure 2. Pathogen non-pathogen balance graph

Figure 1. Cellular viability graphics.

According to the graphical data, the cleanser
product containing 2% postbiotic did not
show any cytotoxic effect on keratinocytes.

JICM 2024;9(4)

of 2% postbiotic containing cleanser product in

microbiota simulation test.
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Microbiome & Microbiota Friendly
Studies

Table 3. Table of microbiological diversity results

in absence of sample (control)

1 1
It was hypothesised that the equilibrium C(OPnBtg CFPn];g())

Mi .
test would demonstrate a preponderance feroorganisim cfu/ml logl0

of S. epidermidis. As this was observed, the
study was continued. S. epidermidis is the
indicator microorganism that suppresses the
excessive increase of S. aureus species. The

maintenance of a balanced microbiota is key

w

to the suppression of infection. According to
the graph, the tested product did not disturb

Candida albicans 3.78E+02 2,58

the balance in favour of the pathogen.

3,5E+02

cfu/ml

2,59 2,57 2,56 2,58 2,60 2,55 2,58
N

I I 3,5E202
I :[ 71 l 3,56+02 I ‘ 1 ‘
356402 ‘T I } } i
356202
\\\\\ N O R W« U \\\\5 ‘ ‘ ‘
& o & & & 8 W 356202
d R & & R ¢ &
W & o o & ® oy
& ® o o o o & SaEz
& & N o o W [N ‘ ‘ ‘
W & g o® Ry & 3,56+02

) QN
c,\‘\\ Control SFAP231312

]

m St
u Pro,

Figure 3. Plot of microbial diversity in the absence of

samples. . o o
Figure 4. Microbial diversity graph of Purifying oil

The graph indicates that the initial diversity cleanser product containing 2% postbiotic.
was determined in the analysis conducted

The results of the study, as presented in the
without the addition of the tested product.

graph, indicate that the product containing
2% postbiotic did not result in any adverse
effects on the diversity of microbiota.

Table 4. Table of microbiological diversity results in the presence of sample

Microorganism Inoculum Control SFAP231312- Purifying Control SFA]_JZZ?lSl?'
0il Cleanser with (!)l::;lrg:ll'gw ?tl:l
(cfu/ml) (cfu/mD Postbiotics (log10) Postbintics
(cfu/ml) (log10)

Lactobacillus crispatus 3.50E+02 3.5E+02 3.5E+02 2.5 2.5
Staphylococcus epidermidis 3.50E+02 3.5E+02 3.5E+02 2.5 2.5
Staphylococcus aureus 3.50E+02 3.5E+02 3.5E+02 2.5 2.5
Staphylococcus capitis 3.50E+02 3.5E+02 3.5E+02 2.5 2.5
Propionibacterium acnes 3.50E+02 3.5E+02 3.5E+02 2.5 2.5
Streptococcus pyogenes 3.50E+02 3.5E+02 3.5E+02 2.5 2.5
Candida albicans 3.50E+02 3.5E+02 3.5E+02 2.5 2.5

Theincorporation ofthe sample did notresult
in any impairment to the microbiological

diversity. The study evaluated the change in

JICM 2024;9(4)

microorganisms contacted with the sample
in comparison to the control. The results
demonstrated that the samples exhibited
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no biocidal effect on microorganisms.
The study’s hypothesis was based on the
principle that the difference between the
initial amount and the amount after contact

would not exceed 60%.

DISCUSSION

Inrecentyears, there has been a marked shift
in emphasis towards personalised medicine
and preventive healthcare. This has resulted
in a significant increase in consumer interest
in natural-based cosmetics and personal
care products. In the context of this paradigm
shift, the importance of the skin microbiota
is increasingly recognised due to its central
role in mediating and regulating skin
homeostasis (29). In conventional wisdom,
the employment of live microorganisms
has been a staple approach to promoting
dermal health. However, the formulation
and stability of these microorganisms
can pose substantial challenges. Recent
research has garnered mounting attention
on the potential benefits of postbiotics,
defined as metabolic byproducts secreted
by microorganisms, particularly probiotic
bacteria (30). Postbiotics are increasingly
being recognised as promising ingredients
for topical cosmetic formulations. They offer
several advantages, including stability, safety
and the ability to penetrate the skin barrier.
Postbiotics have been shown to help maintain
the body’s homeostasis and aid in cellular
repair. Furthermore, postbiotics have been
demonstrated to enable microorganisms to
function better (31). This research study
investigates the safety and potential benefits
of a new oil-based cleanser formulation,
which contains a postbiotic in oil-soluble
form as its unique feature. The results

demonstrate that the formulation does not
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harm human keratinocytes and maintains
a robust balance between pathogenic
and commensal species in an in vitro skin
microbiota simulation. Furthermore, cell
viability tests show that the formulation
does not cause significant adverse effects
on the viability of human keratinocytes.
This finding suggests that the formulation
does not possess intrinsic toxicity, which
is a significant indication in the field. It is
particularly noteworthy that the majority
of cosmetic products, notably cleansing
formulations, are intended for long-term
or frequent use. Therefore, it is imperative
to preserve the integrity of keratinocytes,
as elevated levels of toxicity can result in
the disruption of skin barrier function,
inflammation, and adverse reactions.In this
context, the formulation appears to be safe
for maintaining the health of epidermal cells.

The present study demonstrated that
the ratio between non-pathogenic and
pathogenic bacteria in an in vitro skin
microbiota simulation, a community found
in human skin, remained unaltered without
compromising the balance. A healthy skin
microbiota has been shown to assist in
resisting pathogen colonization of human
skin, modulating immune function, and
maintaining the skin barrier. Numerous skin
diseases are characterised by microbiota
imbalance or overgrowth of certain
pathogenic species, in contrast to the
relative abundance associated with healthy

microbiota.

The formulation that was the subject of this
investigation has been shown to preserve
microbial balance and to promote a healthy
microbiota profile. This suggests that it
has the potential to provide effective yet

gentle cleansing without disrupting skin
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barrier integrity or homeostasis.The benefits that
were observed - specifically, the stimulation of
beneficial species and suppression of pathogenic
growth - are likely to be mediated by the inclusion
of the postbiotic LTO 35, a metabolite derived from
Streptococcus thermophilus. Postbiotics, defined
as bioactive compounds produced by microbial
fermentation (e.g., cell-free supernatant, enzymes,
or organic acids), are increasingly recognised for
their dermatological applications.In this context,
the S. thermophilus-derived postbiotic contains a
synergistic blend of metabolites, including lactic
acid, bacteriocins, short-chain fatty acids (SCFAs),
and hydrolytic enzymes, each contributing to skin
health through distinct mechanisms: Lactic acid
and organic acids lower cutaneous pH, creating
an inhospitable environment for pathogens while
enhancing ceramide synthesis, which reinforces
stratum corneum cohesion. Bacteriocins exhibit
dual functionality: (i) direct antimicrobial activity
against pathogens (e.g., Staphylococcus aureus) and
(ii) immunomodulatory effects via interactions
SCFAs

(e.g., acetate, propionate) regulate epidermal

with keratinocyte toll-like receptors.

differentiation and attenuate inflammatory
cascades by modulating dendritic cell signalling

(32).

The present findings are consistent with the
evidence that postbiotic metabolites derived from
probiotic strains, in particular lactic acid bacteria,
exert pleiotropic benefits on cutaneous health
without compromising commensal microbiota
diversity (33). The formulation’s selectivity - in
other words, its capacity to inhibit pathogens
while fostering symbionts - underscores its
potential as a topical agent that is compatible with

the microbiome.

JICM 2024;9(4)

CONCLUSION

The study demonstrated that the purifying oil
containing 2% postbiotic LTO 35,
preserves the diversity of the skin microbiota,

cleanser,

does not cause pathogenic dominance, does not
damage keratinocyte cells and promotes cellular
repair. Furthermore, microbiological balance
tests revealed that the product has microbiome-
friendly properties while protecting the skin
barrier. These findings suggest that postbiotic-
based formulations may play an effective role in

protective dermocosmetic products.
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Abstract

Objective: This study aimed to use machine learning, a branch of artificial intelligence, to predict the persistence of
high-risk HPV in women who have undergone conization surgery.

Materials and Methods: This retrospective study was conducted between 2018 and 2023 in the Gynecology and
Obstetrics Clinic of Balikesir University Health Practice and Research Hospital. A dataset of 69 female patients between
the ages of 23-67 years; for the prediction of HPV status 1 year after the conization operation, the patients’ data were
recorded according to the criteria we determined, and these data were analyzed and classified using machine learning
methods. Various Machine Learning methods such as Gradient Boosting, Support Vector Machine (SVM), Catboost,
Random Forest (RF), and Naive Bayes (NB) are used here.

Results: We found the highest accuracy rate in Random Forest, and Catboost with 76 %. Gradient Boosting followed
with a score of 67%, and Naive Bayes and Support Vector Machine (SVM) performed considerably lower, with scores of
48% and 43%, respectively.

Conclusions: Our results show that machine learning, a novel use of artificial intelligence, is effective in predicting the
persistence of high-risk HPV. Further studies with more data will be a promising and useful tool for HPV and cervical
cancer screening in the future.

Keywords: Cervical intraepithelial neoplasia, Human papillomavirus, Artificial intelligence, Machine learning method
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a )
0z

Amag: Bu ¢alisma, konizasyon ameliyati geciren kadinlarda yiiksek riskli HPV’nin kaliciligini tahmin etmek i¢in
yapay zekanin bir dali olan makine 6grenimini kullanmay1 amagladi.

Gereg ve Yontem: Bu retrospektif calisma 2018-2023 yillar1 arasinda Balikesir Universitesi Saglik Uygulama ve
Arastirma Hastanesi Kadin Hastaliklar1 ve Dogum Kliniginde gerceklestirildi. 23-67 yas arasi 69 kadin hastadan
olusan veri seti; Konizasyon operasyonundan 1 yil sonra HPV durumunun tahmini i¢in hastalarin verileri
belirledigimiz kriterlere gore kayit altina alind1 ve bu veriler makine 6grenmesi yontemleri kullanilarak analiz
edildi ve siniflandirildi. Burada Gradient Boosting, Support Vector Machine (SVM), Catboost, Random Forest (RF)
ve Naive Bayes (NB) gibi ¢esitli Makine Ogrenimi yéntemleri kullanilmaktadir.

Bulgular: En yiiksek dogruluk oranini %76 ile Random Forest ve Catboost’ta bulduk. Bunu %67 puanla Gradient
Boosting takip ederken, Naive Bayes ve Support Vector Machine (SVM) sirasiyla %48 ve %43 puanlarla oldukca
diisiik performans gosterdi.

Sonuglar: Bu ¢alisma, yapay zekanin yeni bir kullanimi olan makine 6greniminin, yiiksek riskli HPV’nin kaliciligini
tahmin etmede etkili oldugunu géstermektedir. Daha fazla veri igeren ileri calismalar gelecekte HPV ve rahim agzi
kanseri taramasi icin umut verici ve faydal bir ara¢ olacaktir.

Anahtar Kelimeler: Servikal intraepitelyal neoplazi, insan papilloma viriisii, Yapay zeka, Makine 6grenme yontemi

INTRODUCTION

Papillomaviruses are small, non-enveloped
viruses with an approximately 8 kb circular
double-stranded DNA genome containing a
non-coding regulatory long control region
and eight open reading frames (1). Human
papillomavirus (HPV) represents the most
common sexually transmitted infectious
agent globally. The virus, which has
approximately 220 different subtypes, can
infect the skin and mucous membranes (2,3).
Of these, 40 subtypes have the potential to
infect the anogenital tract and especially
subtypes 16 and 18 have been identified as
critical high-risk types for the development
of cervical cancer (CC) (4).

In 2020, 604,000 new cases of CC were
diagnosed, 342,000 of which resulted in
death. It is recognized as the fourth leading
cause of cancer deaths in women (5). Almost
all CC cases (99.7%) can be attributed to
the presence of HPV(6). The development

JICM 2025;10(1)

of CC is significantly influenced by
persistent infections from high-risk human
papillomavirus (HR-HPV) strains (7,8).
Fourteen HR-HPV types(16,18,31,33,35, 39,
45, 51, 52, 56, 58, 59, 66, 68) are associated
with CC (9,10). The most common types of
HR-HPV are HPV-16 and HPV-18. In our
country, where HPV-based cervical cancer
screening has been implemented since
2014, women between the ages of 30-65
are screened. Colposcopy is recommended
for women who are HPV 16 and/or 18
positive, regardless of cytology. In other
high-risk HPV-positive women, co-testing is
recommended after 1 year in the presence
of normal cytology. At the same time,
colposcopy is recommended in the presence
of abnormal cytology (11). Conization is
the process of cone-shaped removal of the
cervix by covering the transformation zone
according to the colposcopy result.

While cervical cancer screening protocols
are increasingly moving towards HPV-based
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tests, the accuracy of abnormal cytological
findings in the detection of dysplastic lesions
is still of great importance. Conventional
cervical cytology and colposcopy show
higher accuracy rates as the grade of lesions
increases. Detection of HPV may help to
avoid unnecessary surgical procedures,
especially in the case of ASCUS (12).

Our aim in this study is to develop a new
strategy to minimize the wunnecessary
administration of treatments, such as
colposcopy and conization. The new
prediction strategy will reduce high
healthcare costs and maximize the benefits
of CC screening worldwide. Based on
this knowledge, we aimed to predict the
recurrence and persistence of HPV in HPV-
positive patients using machine learning
methods, a branch of artificial intelligence
(AD).

MATERIAL AND METHODS

Study design

This study included 69 female patients
betweentheagesof23and 67 years(mean26)
who applied to the Obstetricsand Gynecology
Outpatient Clinic of xxx University Health
Practice and Research Hospital for routine
gynecological examination or gynecological
complaints between 2018 and 2023.

Demographic data such as age, BMI,

blood group, gravida, parity, abortion
history, smoking, history of use of oral
contraceptives or intrauterine device,
and HPV vaccination [GARDASIL (types
6,11,16,18) and GARDASIL-9 (types
6,11,16,18,31,33,45,52,58)] were obtained
from the file archive.

Table 1 Demographic data of the patients

Age 43%* (23-67)
BMI 26,6* (17,2-37,2)
Gravide 3% (0-8)
Parity 3% (0-5)
Abortion 1* (0-5)
(*median)

Age, BM], gravida, parity, and abortion were
entered into the artificial intelligence model
with the patients’ exact values (Table 1).

Patients’” ABO-Rh values were trained as
group 1 (A Rh+), group 2 (0 Rh+), group 3
(B Rh+), group 4 (A Rh-), group 5 (0 Rh-),
group 6 (AB Rh+), group 7(no data) in the
artificial intelligence system. Smoking was
classified as minimum 5 pack/year smokers
(group 1), non-smokers (group 2), and no
data (group 3). Patients with Gardasil-4
vaccines were classified as Group 1, patients

Table 2 Demographic data of patients (each section is grouped separately in the

artificial intelligence)

Group ABO-Rh Smokers HPYV vaccination OC or IUD
1 20(ARh+) 26(+) 5 (Gardasil4) 13 (+)
4
2 17(0Rh+) 23(-) (Gardasil9) 36(-)
3 13(BRh-) A 40 (no vaccination) 20(no data)
data)
4 10(Arh-) 20(no data)
5 4(0Rh-)
6 3(ABRh+)
7 2(no data)

(HPV: Human papillomavirus, OC: Oral Contraceptive, [IUD: Intrauterine device)
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with Gardasil-9 vaccines as Group 2, those

with no HPV vaccination as Group 3, and
those with no data as Group 4. Patients
with any history of oral contraceptives or
intrauterine device use or with use for less
than 5 years were classified as group 1,
those with a history of use for more than 5
years were classified as group 2 and no data
was group 3 (table 2).

Additionally, values included in the artificial
intelligence evaluation were the HPV results
before conization and the histopathological
examination results following conization.

HPV results before conization were
classified as HPV 16-18 positive group 1,
HR-HPV other types (HPV 31, 33, 35, 39, 45,
51, 52, 56, 58 and 59) positive group 2, and
HR-HPV negative group 3. Patients with no
data were classified as group 4 and patients
who were positive for HR-HPV 16-18 and
others together were classified as group 5
(Table 3).

The colposcopic biopsy results were
categorized by the artificial intelligence
system as follows: HPV 16-18 positive

group 1, HR-HPV (other types, including
HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, and
59) positive group 2, and HR-HPV negative
group 3 (Table 4).

The conization pathology results were
classified as CIN 1 (Group 1), CIN 2 and/
or CIN 3 (Group 2), and negative Group 3
(Table 5).

Demographicdataforsomepatientswerenot
available; however, their age and BMI values
were included in the artificial intelligence
models, calculated using the median value,
and the remaining demographic data were
coded as unavailable.

Random Forest, Gradient Boosting, SVM,
CatBoost, and Naive Bayes were used as
artificial intelligence models for the study.
All models aimed to predict the HPV results
in 1 year after conization. HPV values one
year later were coded as HPV 16-18 class 1,
HPV other class 2, and HPV negative class
3 in the artificial intelligence system. After
1 year, there were no patients with HPV
16-18 and the other group together, so no
additional class was created.

Table 3 Distribution of HPV types before conisation operation

Number of Observation Group
Observations Percentage entry to Al

1

HPV-16-18 22 31,8%
HPV other 24 34,7% 2
Negative 11 15,9% <
No data 5 7.2% 4
HPV 16-18 and R

7 10,1%

others

Table 4 Distribution of colposcopic biopsy results before conisation operation

CIN Types Number of Observations Observa:;(;Iel Percen- Grotl:)p:;l fry
CIN-I 31 44,9% 1
CIN-II-III 23 47,8% 2
Negative 5 7,2% 3
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Table 5. Distribution of conisation histopathological results results

CiNTypes  humberof | Observation  B10% V0
CIN-I 13 18,8% L
CIN-I1I-111 23 23% 2
Negative 24 34,7% e

In conclusion, HPV results before conization,
conization pathology results, and the
demographic data listed above were used
to train the artificial intelligence to assess
the predictability of HPV results 1 year after
conization.

2.2. DNA Isolation

The presence and genotype distribution
of HPV-DNA in cervical swabs were
investigated by real-time PCR (RT-PCR).
Swab samples obtained from the patients
during gynecological examination were
transferred to a Digene HC2 DNA collection
device (Qiagen, Germany), a liquid-
based transport medium, and sent to the
microbiology laboratory. DNA isolation from
these cervical swab samples was performed
using the EZ1 Advanced XL isolation robot
(Qiagen, Germany) with the EZ1 virus
mini kit, following the manufacturers
instructions.

2.3. Detection of HR-HPV Positivity by
Real-Time PCR

The presence of HPV-DNA was first detected
with the QiaScreen commercial kit (Qiagen,
Germany) on the Qiagen Rotor-Gene Q
device (Qiagen, Germany). HPV 16, 18, and
other HPV types (31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 66, 68) were detected in DNA
samples isolated with this kit.

2.4. Patient Selection in Colposcopic
Examination

CC  screening involved  colposcopic
examination in patients with HPV16 and
18, who were grouped as high-risk HPV
(HPV subgroups associated with CC) and
other HR-HPV-positive patients with
abnormal cytological findings in cytological
examinations. In colposcopy, firstly, the
mucus in the cervix was cleared, and then
3% acetic acid was applied for at least 30
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seconds, followed by treatment with Lugol
solution. The cervix was initially examined
classically using low  magnification.
Colposcopy, columnar epithelium, squamous
epithelium, and transformation zone were
evaluated. BX specimens were taken from
the areas with leukoplakia, hyperkeratosis,
aceto-white epithelium, fine or coarse
punctuation, atypical vascularity, and
mosaicism and subjected to histological and
immunohistochemical examination.

2.5. Conization

Treatment of CIN lesions involves ablation
or excision of the cervix to include the site
of transformation, followed by histologic
evaluation and assessment of lesion
margins. In the conization procedure, the
bladder is emptied to prevent bladder
injury in anesthetized patients. Following
appropriate wiping and draping, the cervix
was held with a tenaculum to facilitate
cervical movement. With the help of a
scalpel and cautery, the cervical lesion was
excised in a cone shape at least 5-7 mm deep
from the surface of the CIN, including the
cervical lesion and the transformation site.
The material was subjected to histologic and
immunohistochemical examination (13).

2.6. Statistical Analysis

Machine learning is a set of statistical
techniques that imitate the human mind,
analyze data, and develop correlations to
facilitate decision-making when it is difficult
or impractical to perform the necessary
procedures (14). In this study, Gradient
Boosting (GB), Support Vector Machine
(SVM), Catboost, Random Forest (RF), and
Naive Bayes (NB) algorithms were used
for various methods, including artificial
intelligence, machine learning, and deep
learning.
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2.6. Processing of data with machine
learning methods

Our computer system that we utilize has the
following specifications: Intel® Core™ i5-
9400F CPU (2.9 GHz, 9 MB cache, 6 cores),
16 GB RAM, and Windows 10 Pro 64-bit
operating system. The data was transferred
to a computer program in MATLAB (The
MathWorks Inc., MATLAB version: 9.13.0
R2022b) to perform several machine
learning methods.

GB is an algorithm for finding the minimum
of the function concerning the gradient
model parameter by taking the derivative
of the loss function with respect to the
predicted value (15).

CatBoost is an algorithm that is a member
of the Gradient Boosted Decision Trees
family, which enables the use of categorical,
heterogeneous data by using big data content
in machine learning studies (16). SVM is a
method developed to perform both linear
and non-linear multivariate classification
tasks. SVM transforms the input vectors
into a high-dimensional feature space and
generates a linear decision boundary to
distinguish between different classes of data
points. SVM is highly effective in processing
small and limited datasets (17). The essence
of the random forest algorithm is that it
creates many decision trees and tries to
aggregate the predictions on the trees. It
is used in the field of machine learning for
classification, regression, and other tasks.
Naive Bayes, which works with Bayesian
theory, is a probability-based algorithm that
calculates the probability of belonging to a
particular class. It is used for classification
and other tasks in the field of machine
learning (18).

TP (true positive) signifies the count of
samples accurately predicting the positive
category, TN (true negative) represents the
count of samples accurately predicting the
negative category, FP (false positive) denotes
the count of samples incorrectly predicting
the positive category, and FN (false negative)
indicates the count of samples incorrectly
predicting the negative category (19).

The classification status was analyzed by
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using the findings such as accuracy recall,
precision, and F1 score related to the
classification prediction. Accuracy is the
proportion of accurate predictions out of
the total number of predictions. Precision
is the ratio of positive predictions that truly
belong to the positive class to all positive
predictions. Recall is the portion of positive
examples in the dataset predicted as
positive. The F1 Score is a machine learning
evaluation metric used to evaluate the
performance of a classification model. The
F1 Score is defined as the harmonic mean of
precision and recall (19,20). The formulas
used to calculate these metrics are listed in
the range of Equation 1 - Equation 3 (22,23).

Equations;
1-Accuracy=(TP+TN)/(TP+TN+FP+FN)
2-Precision=TP/(TP+FP)

3-F1Score=2x((PrecisionxSensitivity)/
(Precision+Sensitivity))

RESULTS

69 patients were included in the study,
22 (31,8%) of them were positive for HPV
types 16-18, 24 (34,7%) of them for other
HR-HPV types, and 7 (%10,1) patients for
HR-HPV types 16-18 and others. 11 (15,9%)
patients were negative for HR-HPV types.
In other words, HR-HPV was positive in 62
(89.85%) and negative in 7 (10.15%) of 69
patients before the conization operation.
In 5 patients, the HPV result could not be
obtained before the conization operation.
The distribution of HPV types is shown in
Table 3.

The histopathological colposcopic biopsy
results before the conization operation
were evaluated, 31 (44.9%) of 69 patients
had CIN-I (LSIL- Cervical intraepithelial
neoplasia), 33 (47.8%) had CIN II and/or
[IT (HSIL- High grade cervical intraepithelial
lesion), 5 (7.2%) of the patients had no
cytology. The distribution of histopathology
biopsy values is summarised in Table 4.

For predicting the HPV result, the
histopathological evaluation result of
conization was also taken into consideration.
Ofthe 69 patients who underwent conization
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operation, 13 (18.8%) had CIN 1, 32 (46.3%) other hand, Naive Bayes and Support Vector
had CIN II and/or III, and 34 (24,7%) had Machine (SVM) performed considerably
negative results. This distribution is shown lower, with scores of 0.48 (48%) and
in Table 5. 0.43 (43%), respectively. These results

suggest that tree-based ensemble methods,
particularly Random Forest and CatBoost,
are more effective for this classification
task, while linear models, such as SVM, and
probabilistic models, like Naive Bayes, may
not capture the underlying patterns in the
dataset as effectively (Figure 6).

The confusion matrices obtained as a
result of the classification of the dataset
by Random Forest, GradientBoosting, SVM,
Catboost, and Naive Bayes methods are
shown in Figure 1-5.

Regardingmodel performance,bothRandom
Forest and CatBoost demonstrated superior
predictive capabilities, achieving scores of As a result of the analyses performed, the
0.76 (76%) each. Gradient Boosting followed precision, recall, and F1 score performance
with a score of 0.67 (67%), indicating solid criteria values of each class are shqwn in
but slightly less robust performance. On the Table 6, Table 7, and Table 8, respectively.

Table 6 Class 1 HPV16-18

Figure 1 Support Vector Machine (SVM
Model Precision  Recall F1 Sc.

Confusion Matrix

SVM 0.00 0.00 0.00

GB 0.00 0.00 0.00 . 0 1 3

RF 0.00 0.00 0.00

NB 0.00 0.00 0.00

cB 1.00 0.25  0.40 ;. 1
4

Model  Precision Recall F1 Sc. 2

SVM 0.69 0.56 0.62

GB 0.88 0.88 0.88 : o :

RF 0.80 1.00 0.89 Figure 2 Naive Bayes

NB 0.75 0.56 0.64 S—

CB 0.83 0.94 0.88 .

Model  Precision Recall F1 Sc. )

SVM  0.00 0.00 0.00 e '

GB 0.00 0.00 0.00

RF 0.00 0.00 0.00

NB 0.11 1.00 0.20

CB 0.00 0.00 0.00 i 2 3
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Figure 3 Random Forest

Conbasion Matrix

Figure 4 Gradient Boosting

Confusion Matrix

Sctual

DISCUSSION

CC is a severe health problem that affects
approximately 500,000 women worldwide
every year. Among the risk factors for the
development of CC, the leading risk factor
is exposure to HPV. Nearly all cases of CC
are attributed to HPV, a virus that can be
transmitted from one person to another
through sexual activity. Several variations of
HPV exist. Certain strains of HPV can induce
alterations in a woman»s cervix, potentially
progressing to CC, whereas other types
can result in the development of genital or
skin warts (24). In the majority of women,
HPV typically resolves on its own; however,
if it persists, there is a potential risk of it
progressing to CC over time. The virus is
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mainly acquired through sexual activity.
Moreover, an elevated risk of developing
CC is associated with long-term use of birth
control pills (5 years or more), having given
birth to 3 or more children, having multiple
sexual partners, smoking, and immune
system disorders (25).

The PAP Smear Test, the most commonly
used screening method, is a cytological
screening test based on the collection and
examination of cervical cells. After this scan,
the doctor will visualize the cervix with a
colposcopy device. This cytological screening
test detects precursor cervical lesions.
With cancer treatment at this stage, cancer
development can be prevented before the
cells turninto cancer. The PAP test, employed
for early diagnosis, is a readily applicable,
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cost-effective, non-invasive, highly sensitive
screening method that minimizes mortality,
morbidity, and the burden of treatment
(26,27). Another important method for early
diagnosis and screening of CC is the HPV
DNA test. Of all available cervical screening
tests, the HPV test is the most objective and
reproducible. The association between the
HPV DNA test and CC has been established,
with the presence of HPV DNA demonstrated
in 99.9% of CC patients (27).

Cytological evaluation of cervical smears
and simultaneous HPV DNA testing of the
same sample is called «co-test». Co-testing is
currently the mostwidely accepted screening
method for women over 30 years of age
(28). American Society of Colposcopy and
Cervical Pathology and American College of
Obstetricians and Gynecologists recommend
that women aged 30-65 years should be
screened every five years with a co-test.
Since HPV infections in people under the
age of thirty are quite transient, a standard
test is not recommended for this age group.
Therefore, screening with cytology only is
recommended every three years between 21
and 30 years of age (27).

Previous studies have shown that HPV
persistence persists for a long time in 10-
20% of patients and results in cervical
squamous intraepithelial lesions (SIL). HSIL
has a high carcinogenic risk and should be
treated on time for viral DNA integration,
while unnecessary screening and treatment
should be avoided as LSIL is mostly
associated with transient HPV infection, and
60% of these are known to resolve within 1
year (29,30).

Artificial intelligence is a field of computer
science that focuses on analyzing complex
medical data and can be used to predict
diagnosis, treatment, and outcomes in
a variety of clinical situations (28) [35].
Artificial intelligence applications such
as machine learning methods have been
widely used in medicine and significant
gains have been achieved. Research on using
artificial intelligence applications in HPV
screening methods has started to appear
in the literature (31). Xue et al. stated that
the diagnostic performance of the artificial
intelligence-assisted liquid-based cytology
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(AI-LBC) triage approach was compared
with cytologist evaluations and HPV16/18
genotyping, and the sensitivity of AI-LBC was
found to be similar to that of cytologists, but
significantly higher than HPV16/18 typing
in CIN II+ detection (23). It is reported that
AI-LBC reduced the colposcopy rate by 10
% compared to cytologists. Colposcopy
diagnosis and referral to biopsy are essential
components of CC screening programs (22).
However, the performance of these programs
is limited by the need for experienced
colposcopists. Xue et al. developed an Al-
assisted colposcopic companion diagnostic
system to grade colposcopic impressions
and guide biopsies by processing colposcopic
images, clinical information, and pathology
results of 19,435 patients to train the Al
algorithm, evaluate its performance, and
validate the results. The concordance
between colposcopic impressions graded by
their Al algorithm and pathology findings was
higher than that of colposcopies interpreted
by colposcopists. It showed higher sensitivity
than colposcopists for detecting pathologic
high-grade squamous intraepithelial lesions
or worse (HSIL+) (22).

Another wuse of artificial intelligence
applications in cervical cancer screening is to
analyzecervical cytologyonhistopathological
images. Tan et al. and Bumrungthai et al.
stated that by collecting cytological test
images diagnosed by pathologists from
several partner hospitals in differentregions,
a deep convolutional neural network model
that can assist pathologists in cervical
cancer screening is designed (24,32). The
images were divided into a training dataset
(13,775 images), a validation dataset (2301
images), and a test dataset (408,030 images
from 290 scanned replicates) for training
and impact evaluation of the faster region-
based convolutional neural network system.
It has been reported that the system has
a sensitivity of 99.4 % and specificity of
34.8%, can distinguish between negative
and positive cells, and has high sensitivity in
the evaluation of ASCUS, LSIL, and HSIL (24).

Ali et al. stated that various machine
learning algorithms such as Instance-Based
K-nearest neighbor (IBK), KStar, Split-Point
and Attribute Reduced Classifier (SPAARC),
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Random Tree (RT), and Random Forest
(RF) are used to detect early-stage cervical
cancer (25). The input features of the study
include parameters such as the patients
age, number of sexual partners, age at first
sexual intercourse, and gestational age. The
output features of the study are positive or
negative biopsy, cytology, Hinselmann’s
and Schiller’s results (26). As a result of the
analyses performed in Ali et al.’s study, the
performance of the methods was measured
with the help of accuracy, precision,
sensitivity, F1 score, and specificity metrics
(25). Among all the applied classifiers, the
best classifiers for the accuracy metricare RT
for biopsy and cytology, RF for Hinselmann,
and IBK for Schiller. The best sensitivity,
precision, and F1 score values were obtained
with RT for biopsy and cytology, RF for
Hinselmann, and IBk for Schiller. The best
values for specificity were obtained with
RF for biopsy, Hinselmann and Schiller, and
SPAARC for cytology(25).

Using machine learning methods to detect
cervical cancer, prediction models are
developed in Lilhore et al’s study (33).
In these models, SVM, RF, DT, and Boruta
Analysis methods were used to search for
the model that provides the most effective
feature selection and classification service
for cervical cancer datasets. As a result
of the study, Boruta analysis and random
forest methods performed better than other
methods in terms of accuracy, precision, and
other parameters in determining the risk
and type of cervical cancer.

Currently, there has been extensive research
and advances in machinelearningalgorithms
for diagnosing, predicting, and forecasting
the onset of numerous diseases.

In this study, both Random Forest and
CatBoost showed superior prediction
abilities with 76% prediction rate in
predicting HPV persistence using machine
learning methods of Al. Machine learning, a
branch of Al, can predict HPV persistence 1
year later based on age, smoking, pregnancy
history, BMI, baseline HPV status, and
colposcopic and conization histopathology
results. These results suggest that the
machine learning method of Al can be used
to develop an effective prediction strategy
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for the incidence of persistence in high-risk
HPV-positive women.

Our study included a relatively small sample
size of 69 patients, and both the missing
data and the small number of patients
result in less reliable and less generalizable
findings. Therefore, prospective and more
comprehensive studies on this topic are
needed to evaluate the performance of Al
strategies. For the first time in the literature,
we evaluated the predictive performance of
machine learning methods in screening for
human papillomavirus (HPV) persistence
after a conization operation. If we expect
high-risk CIN after the following HPV result,
planned conization can be performed
more thoroughly by gynecologists to
reduce recurrences. Adopting this method
can not only increase the success of the
final cervical conization but also reduce
overtreatment procedures and unnecessary
deep conizations. This Al-linked strategy
maximizes the benefits of CC screening
while minimizing potential unnecessary
healthcare costs globally. CIN is a disease
that patients are concerned about, and Al
is creating a method that enables more

objective  counseling about patients»
prognosis.
CONCLUSION

Our results demonstrate that machine
learning, a novel application of artificial
intelligence, is effective in predicting
the persistence of high-risk human
papillomavirus (HPV). Further studies with
more data will be a promising and useful
tool for HPV and cervical cancer screening in
the future.
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Abstract

Organ and tissue transplantation is a life saving procedure for various end stage diseases. However, the recipient can
develop a rejection process that attacks and destroys the donated foreign organ or tissue. To reduce this rejection risk,
the recipient may need to use lifelong immunosuppressive drugs. The requirement for lifelong immunosuppressive
drug usage comes with a series of side effects, such as infection, neoplasm development and organ toxicity. Therefore,
minimizing or discontinuing immunosuppressive drugs is the primary goal in transplantation. This goal has been
achieved in patients who have developed tolerance to grafts. Immune tolerance or immunological tolerance, is a
condition in which the immune system of an organism loses its capacity to mount an immune response against a specific
substance or tissue. In this review, we will examine the latest developments in the search for tolerance mechanisms.
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Strategies and Immun Mechanisms for Inducing Tolerance in Transplantation

Oz

Doku ve organ nakli, ¢esitli son evre hastaliklar i¢in hayat kurtaran bir prosediirdiir. Ancak, alicida bagislanan
yabanci organa veya dokuya saldiran ve yok eden bir reddetme siireci yaratabilir. Bu reddetme riskini azaltmak i¢in
alic1 miir boyu immunosupresif ilaclar1 kullanmak zorunda kalabilir. Omiir boyu immunosupresif ila¢ gereksinimi;
enfeksiyon, neoplazma gelisimi, organ toksisitesi gibi bir dizi yan etkiyle birlikte gelir. Bu nedenle immunosupresif
ilaglarin en aza indirilmesi veya kesilmesi transplantasyonda en 6nemli hedeftir. Greftlere karsi tolerans gelistirilmis
olan hastalarda bu hedefe ulasilmistir. Bagisiklik toleransi veya immiinolojik tolerans, bir organizmada bagisiklik
sisteminin, belirli bir madde veya dokuya kars1 bagisiklik tepkisi olusturma kapasitesinin kayboldugu bir durumdur.
Bu derlemede, tolerans mekanizmalari arayisindaki en son gelismeleri gozden gecirecegiz.

Anahtar Kelimeler: Transplantasyon, Bagisiklik Toleransi, Tolerans Mekanizmalari

\

GIRIS

Operasyonel tolerans, “Immiinosiipresif
ilaclarin yoklugunda histolojik ret belirtisi
olmayan, immiin sistemi yeterli bir konakta
iyi isleyen bir greft” olarak tanimlanir (1,2).

Allojenik transplantasyon yapilan birgok
merkezde transplant hastalarinin tam veya
kismi tolerans durumlarini indiiklemeye
yonelik klinik c¢alismalar yiritiilmektedir.
Immiinsupresyon yapan ilaglarin devam
olarak kullanimina gerek kalmadan iyi
bir sekilde fonksiyon goren allogreftin
stiresiz olarak hayatta kalmasini saglamak
arastirmacilarin baslica hedefidir. Bununla
birlikte, nakilden sonra immiinostpresif
tedavinin tamamen Kkesilmesiyle ortaya
¢ikan nadir operasyonel tolerans vakalari da
bildirilmistir (3,4).

Transplantasyon toleransini  basarmak
icin iki zorunlu bilesen bulunmaktadir.
Bunlar, alloreaktif konvansiyonel T
(Tconv)  hiicrelerinin  azaltilmas1  ve
alloreaktif regiilator T (Treg) hiicrelerinin
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diizenlenmesidir.  Greft tahribat1 ile
diizenleme arasindaki denge, Tconv
hiicrelerinin aktivitesini inhibe etme ve/
veya alloantijen-reaktif Treg hiicrelerinin
goreceli  sikhigini veya  fonksiyonel
aktivitesini artirma stratejileri kullanilarak
degistirilebilir. Ila¢ tabanhi tedavilerin
basarisiz  oldugu durumlarda, karisik
kimerik ve hiicresel tolerojenik terapiler
denenmektedir (5,6).

GELISME

Greft kaybinin nedenleri ili¢ katagoriye
ayrilabilir:

1- Greft dokularina karsi inflamasyonu
indiikleyen reaksiyonlar (6zellikle iskemi-
reperfiizyon hasari),

2- Greft dokularina karsi immun aracili
reaksiyonlar,

3- Immiinsupresif ilaglarin sebep oldugu
organ toksisitesi.

Alloantijen tanindiginda; dogal ve adaptif
(edinsel) bagisiklik sistemleri, kontak
bagimh T hiicresi sitotoksisitesi, yardimci
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T hiicreleri 1 (Thl) veya yardimca T
hiicreleri 2 (Th2) kokenli sitokinlerle
grantlosit aktivasyonu, Naturel Killer (NK)
hiicresi aktivasyonu, alloantikor iiretimi
ve kompleman aktivasyonu gibi yollar
araciligiyla allogrefti reddetmek icin sinerjik
olarak yanit verirler (7).

Bu sebeple transplantasyon toleransini
indiiklemek icin gelistirilecek stratejiler,
viicudun bagisiklik diizenleme
mekanizmalarini kullanir. Transplantasyon
tolerans indiiksiyon stratejileri iceren ana
basliklar sunlardir:

1)Dogalbagisikliksistemininmanipiilasyonu
2) Timik egitimi

3) Lenfodepletif strateji

4) Diizenleyici T hiicreleri (Tregs)

5) Diizenleyici B hiicreleri (Bregs)

6) Kostimiilasyon blokaji

7) Kimerizm

8) Tolerojenik dendritik hiicreler (tolDC’ler)
9) T hiicre anerji indiiksiyonu

Bu derlemede tolerans indiiksiyon
stratejilerini iceren bu bashklar dogal
bagisiklik ve edinsel bagisiklik olmak iizere
sirayla incelenecektir.

1. Dogal Bagisikhik
Manipiilasyonu

Sisteminin

Toll-benzeri  reseptorler (TLR), iskemi-
reperflizyon (I-R) yaralanmasinin bir pargasi
olarak dogal bagisiklik tepkilerini yonlendirir
ve bu ardisik adaptif alloimmiin tepkilerin
baslamasina neden olur; bu nedenle TLR
adaptér protein MyD88 eksikligi, dondr
antijenine Ozgii toleransa yol acar. MyD8&8
eksikligi, toleransi tesvik eden Treg’lerin Tconv
hiicreleri iizerinde degisen dengeye neden olur.
Bu durum reddetme yerine toleransi destekler
(8).

2. Timik Egitimi

Timus, kendinden olani ve kendinden olma-
yani ayirma islevinin merkezi organi olarak
hizmet eder. Timositler, pozitif ve negatif se-
cilim siireclerinden gecerler, bu da yabanci

antijenlere genis bir reaktiviteye sahip an-
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cak kendi antijenlerine reaktif olmayan T
hiicreleriyle sonuglanir. Timus ayni zaman-
da, negatif secilmeyi atlayan T hiicre klon-
larinin oto reaktivitesini inhibe eden Treg
hiicrelerinin bir alt kiimesinin kaynagidir.
Timustaki bu islevler bircok hayvan mode-
linde de toleransin indiiksiyonu i¢in 6nemli
oldugu gosterilmistir. Kemik iligi, dendritik
hiicre (DC) veya solid organ nakillerini ta-
kiben timusta uygun donor antijen sunumu,
allogreftlere karsi toleransin indiiksiyonunu
gosterir. Pozitif-negatif secilim ve Treg hiicre
gelisiminin molekiiler mekanizmalari, te-
rapotik bir midahale icin etkin bir sekilde
uygulanacaksa tolerans indiiksiyonu iyi an-
lagilmalidir (9).

Fonksiyonel tolerans, iki koordine siirecten
olusur: Bunlardan birincisi; olgunlasma sii-
recinde, olgunluga erismeden 6nce santral
lenfoid organlarda oto reaktif lenfositlerin
silinmesi, ikincisi ise; eliminasyondan kacan
oto reaktif lenfositlerin periferide fonksiyo-
nel baskilanmasidir. Bu iki siireg, santral ve
periferik tolerans olarak adlandirilir. Nihai
amag, nakil hastalarinda belirli bir dokuya
veya organa zarar vermeden dondr spesi-
fik alloreaktif lenfositleri geri kalan home-
ostatik mekanizmalara miidahale etmeden
silmektir. Hastalarda tolerans indiiksiyonu
protokolii tasarlamak i¢in, self-antijenleri ta-
nima ve yabanci antijenlere karsi reaktivite-
yi stirdirme konusundaki mevcut bilgilerin

bilinmesi énemlidir (9).

Timusu manipiile etmek, T hiicrelerini do-
nor antijenlerine karsi toleransi tesvik ede-
cek sekilde egitmek potansiyel bir strateji
olabilir. Timik egitim, nakil toleransi igin
karmasik bir arastirma alani olup etkili ve
guvenilir sonuglara ulagsmak hala biiytik bir

zorluk olarak devam etmektedir. Bununla

25



birlikte, bu stireci anlama ve manipiile etme,
genis capli immiinostpresif ilaglara ihtiyag
duymadan nakledilen dokulara kars1 bagi-
siklik tepkilerini en aza indirmek igin yeni-
likci stratejiler gelistirmek icin yapilan calis-
malar umut vaat etmektedir.

3. Lenfodepletif Strateji

Lenfosit sayisini azaltan veya lenfosit aktivi-
tesini baskilayan bir stireci ifade eder. Alici-
daki immiin sistemi baskilamak veya kont-
rol etmek amaciyla lenfositlerin azaltilmasi

veya etkinliklerinin kisitlanmasi gerekebilir.

Lenfodeplesyon, “indiiksiyon terapisi” ola-
rak bir organ nakli sirasinda alloreaktif
Tconv hiicrelerinin prekiirsor sikligini ele
alma ve akut allogreft reddini 6nleme ko-
nusunda etkili bir stratejidir. Bununla bir-
likte, post-delesyonel hiicre repopiilasyonu
sirasinda devam eden idame ila¢ tedavisi
retten kaynaklanan T hafiza hiicrelerinin ve
alloantikorlarin olusumlarinin tetiklemesini

Oonlemek icin gerekmektedir (10).
4. Diizenleyici T Hiicreleri (Tregs)

Treg hiicreleri, periferik toleransa aracilik
eden T hiucrelerinin kritik bir alt kiimesidir.
iki tiir Treg bulunmaktadir. Bunlar; timiis-
te gelisen dogal Tregler (nTregs) ve perife-
ride naif CD4(+) T hiicrelerinden tiireyen
indiiklenmis Treglerdir (iTregs). Tregler,
potansiyel olarak otoimmiin T hiicrelerinin
periferik devamlilig1 i¢in kritik 6Gneme sahip
olmalarina ragmen, etkili antitimor yanitla-
rinin engellenmesine sebep olabilirler. Treg-
ler, bagisiklik yanitini1 baskilamak i¢in cesitli

mekanizmalar kullanir (11).

Bagisiklik toleransi icin kritik olan Treg
hiicrelerinin popiilasyonunu genisletmek,

bagisiklik regiilasyonu durumunu tesvik
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edebilir ve immiinosiipresif ila¢ ihtiyaci-
ni azaltabilir. Tregs'in immiin diizenleyici
ozelliklerini kullanmak, nakil toleransini
indiiklemekicin stratejiler gelistirmede aktif
bir arastirma alanidir. Treg hiicrelerinin
kontrollii genislemesi veya indiiksiyonu
araciligiyla bagisiklik tepkisini dengeleme,
immiinostipresif ilaclara olan bagimlilig
azaltmak ve organ nakillerinin uzun vadeli
basarisini artirmak i¢in umut verici bir yol

sunar.

Treglerin cesitli hastaliklardaki rolleri ile
nTreg ve iTreg gelisimi ve baskilama igin
kullandiklar1 mekanizmalar asagidaki gibi-
dir;

4.1 Dogal Tregs (nTregs)

Dogal veya timik Tregs (nTregs) olarak bi-
linen Treg'ler, T hiicrelerinin normal olgun-
lasma siireci sirasinda timusta gelisir ve pe-
riferik dokulara yayilarak efektor hiicrelerin
aktivasyonunu bastirabilirler. Bu Treg'ler
Hiicre yilizeyinde CD4+ CD25+ FoxP3+
reseptorleri tasirlar ve biiyiik miktarda in-
terlokin-10 (IL-10) tretirler (11). Bunlar,
self antijenleri tanirlar. Potansiyel olarak
zararhl bagisiklik tepkilerini baskilayarak
bagisiklik toleransini siirdiirmeye yardim-
c1 olurlar. Nakil baglaminda ise bu Treg'ler

reddin onlenmesine katkida bulunabilirler.

Dogal CD4+, CD25+, Foxp3+ diizenleyici
veya baskilayic1 Treg hiicreleri, baskilayici
CD4+ T hiicrelerinin en ¢ok c¢alisilan alt
grubudur. Bu hiicreler, immiin tolerans
kontrolii, allojenik greft reddi ve alerjide
rol alirlar. Ayn1 zamanda enfeksiyonlar ve
tiimoral olgularda etkileyici islevlerin inhi-
bisyonunda 6nemli rolleri vardir. Hayvan

deneyi c¢alismalarinda normal kemirgen-
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lerden Treg hiicrelerinin ¢ikarilmasi otore-
aktif immiin hiicrelerinin aktivasyonunu ve
cogalmasini aktif olarak baskilamalari nede-
niyle ¢esitli otoimmiin hastaliklarin gelisimi-

ne yol actig1 gosterilmistir (11).
4.2 indiiklenmis Treg'ler (iTregs)

Tolerans ayrica periferik mekanizmalar yo-
luyla da saglanabilir. Bircok ¢alisma, T hiicre
reseptoriiniin (TCR) antijenle baglanmasi ve
dontstirici bliytime faktori-p (TGF-) var-
liginda Foxp3’iin CD4+Foxp3- T hiicrelerin-
de de indiikleyebilecegini gdstermistir; boy-
lece iTreg'ler olusturulmustur. iTreg'lerin,
artmis miktarlarda IL-10 ve TGF-f urettik-
leri ve hem temas bagimli hem de bagimsiz
yollarla T hiicre ¢cogalmasini baskilayabildik-
leri gosterilmistir (12).

4.3 Antijen-Spesifik Baski

Treg hiicreleri, baskilayici etkilerini antijen-
spesifik bir sekilde uygular. Treg’ler, nakle-
dilen dokularla ilgili belirli antijenleri tanir,
bu da onlara bu antijenlere kars1 bagisiklik
tepkilerini secici bir sekilde baskilamalarini
saglar, ancak tehdit olmayan diger antijenle-

re karsi tepkisizliklerini korurlar.

Cesitli Treg’ler tarafindan immiin efektor
hiicrelerin baskilanmasi, periferal toleransta
ana mekanizmadir. Daha 6nce uyarilmis bir
immun yanitin antijene 6zgu baskilanmasi,
immiinoterapi i¢in biiyiik bir zorluktur. Ay-
rica, mevcut otoimmiin veya diger immiin
yanitlarin kontrolii icin antijen sunan hiicre-
ler (APC) tarafindan antijen sunumunun dii-
zenlenmesinin ana belirleyicilerini anlamak
da 6nemlidir (13).

Treg  hiicreleri araciligiyla  saglanan
toleransta, CD4+ Foxp3+ Treg hiicreleri ti-

musta T hiicre gelisimi sirasinda ayr1 bir
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hiicre soyundan tiireyen timik veya nTreg
hiicreleri ile uzmanlasmis ekstra-timik nis-
lerde Tconv hiicrelerinden farklilagsan peri-
ferik veya iTreg hiicrelerini icerir. Self-an-
tijenlerin immiinolojik olarak taninmasina
nTreg hiicreleri yatkinken; iTreg hiicreleri,
Tconv hiicrelerinden turetildiklerinden ken-
dine 6zgli olmayan antijenlerin taninmasina
yatkindirlar. Bu iki alt tip, periferal toleran-
sin saglanmasinda birbirini tamamlayici rol

oynarlar (14).

Antijen spesifik Treg’lerin torerans olustur-

mada kullandiklari mekanizmalar:

1) Treg'ler antijen taninmasiyla aktive ol-
duklarinda; antijen sunan hiicrelerde
CD80/86 ekspresyonunu CTLA-4 araci-
ligiyla baskilayarak yanit veren T hiicre-
leri icin ortak uyar1 molekiillerinin mev-
cudiyetini azaltirlar. CD80/86’nin aktive
edici kostimiilatér CD28 ilgisi, siipresif
etkili CTRLA-4’e gore ¢ok daha az oldu-
gundan, hiicre aktivasyonu yerine siip-
resyona ugrar. CD80’in baskilanmasiyla
CD80’e bagh Programlanmis Hiicre
Olimii Ligandi-1’i (PD-L1) ayrilir ve
Programlanmis Hiicre Oliimii-1 (PD-1)
eksprese eden efektor T hiicreleriyle et-

kilesime giren serbest PD-L1’i artar.

2) Treg'ler, ylksek afiniteli IL-2 reseptor-
lerinin ekspresyonu yoluyla cevredeki
IL-2’yi emerler ve yanit veren T hiic-
relerinden IL-2’yi mahrum birakirlar.
Boylece efektor T hiicrelerini apopitoza
tesvik ederek onlarin inhibisyonlarina
yol acarlar.

3) Treg'ler IL-10, TGF-f3 ve IL-35 gibi im-
miinosiipresif sitokinler salgilar ve
CD39/CD73 araciligiyla adenozin treti-

mini katalizlerler. Bu ¢6ziintr faktorler,
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APC’lerin aktivasyonunu/olgunlasmasi-
n1 ve yanit veren T hiicrelerinin aktivas-

yonunu engelleyebilirler.

4) Treg'lerin APC’lerin CD80/86 ekspres-
yonunu baskiladigi durumda, ytlksek
afiniteli TCR’lere sahip Tconv’ler apop-
toz ile oliir, orta afiniteli TCR’lere sahip
olanlar anerjiye yonlendirilir ve diisiik
afiniteli TCR’lere sahip olanlar naif

Tconv’ler olarak hareketsiz kalirlar (15).

5) Treg hiicreleri efektor T hiicrelerinin
apoptozuna neden olabilecek granzyme

B salgilayabilmektedirler.

6) Ayrica, Treg hiicrelerinin, efektor T hiic-
relerinin inhibisyonu i¢in hiicreler arasi
baglantilar (gap junctions) araciliiyla T
hiicrelerine aktarilabilen yiiksek lokal
Siklik Adenozin Monofosfat (cAMP) se-
viyeleri tirettigi de gosterilmistir (16).

4.4 Homeostazin Korunmasi

Tregs'ler, asir1 veya uygun olmayan bagisiklik
tepkilerini 6nleyerek bagisiklik sistemi ho-
meostazina katkida bulunur. Nakilde, nak-
ledilen organ veya dokunun reddine neden
olabilecek bagisiklik reaksiyonlarini baski-
layarak toleransin siirdirilmesine yardimci

olurlar.

Genel olarak, insan T hiicreleri antijen sunu-
mundan sonra CD25 ve Foxp3 eksprese eder
ve hiicre aktivasyonu gerceklesir. Buna kar-
silik, Treg hiicreleri timustan go¢ ederken bu
aktivasyon reseptorlerini ylksek diizeyde
eksprese eder ve periferal bolgede stirekli
proliferasyonu siirdiiriirler. Homeostazda-
ki bu ayirt edici 6zellik, Treg hiicrelerinin
kiigciik cevresel degisikliklere duyarh bir
sekilde yanit vermesini saglayarak gerekli ve
yeterli immiin baskiy1 uygular (17).
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Ayrica, DC’lerin, ortak uyarici ve humoral
faktorlerin de Treg homeostazinda 6nemli
rolleri vardir ve bu mekanizmalarin fark-
Ii Treg popilasyonlarinin homeostazini
stiirdiirmesindeki katkilar1 vardir (18).

4.5 Terap6tik Infiizyon

Treg hiicreleri hastadan izole edilebilir, ge-
nisletilebilir ve ardindan hastaya geri infiize
edilebilir. Bu terapoétik yaklasim, Treg po-
piillasyon miktarini ve baskilayic islevlerini
artirmay1 amaclar, boylece nakil toleransinin

olusumunu tesvik eder.

Treg'ler, donorden, alictdan hatta tglinci
taraflardan (raf uriinii) izole edilebilir. Bu
izolasyon alanlarn periferik kan monontik-
leer hiicreler (PBMC’ler), gobek kordonu
kan1 (UCB) ve pediatrik timustur. In vivo ve
ex vivo genisletilmis poliklonal Treg’lerden
in vitro uyarilmis antijen 6zgiil ve genetik
olarak modifiye edilmis Treg’lere kadar uza-
nan 6n klinik ¢alismalar, immiinostipresyon
tedavisinin en aza indirgenmesi baglaminda
uzun vadeli greft sagkaliminin iyilestirilme-
si icin umut verici sonuglar saglamistir. Su
anda insan deneylerinde etkinlik ve giivenlik
acisindan degerlendirilen ¢esitli Treg tabanli
tedavi yaklasimlar1 bulunmaktadir (19).

Transplantasyondabenimsenen Treg hiicresi
etkinliginin klinik olarak dogrulanmasi
zorlu bir stirectir. Ancak, inflizyonla Treg
uygulamasi, organ naklinde regiilatuar im-
miin hiicre tedavisini test etmede onci
konumdadir. Memeli modellerde, Treg'lerin
patojenik T hiicrelere oranini arttirmanin T
hiicresi toleransini saglayacagini ve immii-
nostipresif ila¢ tedavisine olan bagimliligi

azaltacagini desteklemistir (20).

Otoimmiin karaciger hastaliklarinda, infiize

edilen Treg'lerin neredeyse dortte biri kara-
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cigere yonelir ve doku hasarina neden olan
efektor T hiicrelerini baskilar. Dolayisiyla,
Treg'ler erken donem otoimmiin karaciger
hastaliklari i¢in potansiyel olarak iyilestirici

bir immiin hiicre tedavisidir (21) .
5. Diizenleyici B Hiicreleri (Bregs)

B hiicrelerinin immiinolojik toleransta dii-
zenleyici bir rol oynadig1 bilinmektedir.
Ancak Treg'lerin aksine, B regiilator hiic-
releri (Breg) tanimlamak i¢in dogrulanmis
molekiiler veya fenotipik belirtegler bu-
lunmamaktadir; bu nedenle su anda IL-10
lretimine dayali olarak fonksiyonel olarak
tanimlanmaktadirlar (22). Ozellikle B hiicre
alt grubundan, transisyonel B hiicrelerinin
rolii 6nemlidir ve artan IL-10 iretimlerine
dayali olarak diizenleyici bir B hiicre popti-
lasyonunu temsil ederler. Ayni zamanda sag-
likli kontrollerle karsilastirildiginda B hiicre
alt gruplar arasinda, inhibe edici sitokinler
(IL-10 ve TGFp) arasinda fark bulunmadigi
gorillmiistiir (23). Ote yandan, B hiicreleri,
donor ozgu alloantikorlara bagh kronik ret
ve uzun vadeli greft basarisizliklarinda rol
oynamaktadirlar (24-27). Geleneksel immii-
noterapiyi B hiicrelerini azaltan antikorlar
kullanarak uzun vadeli allogreft kabulii elde
etmek miimkiindiir (28). B hiicrelerinin ha-
yatta kalmasi, ¢ogalmasi ve olgunlagmasiyla
ilgili bir rol oynayan B hiicre aktivasyon fak-
tori (BAFF), artan Panel Reaktif Antikorlar
(PRAs), Donor Spesifik Antikorlar (DSA), B
hiicre repopiilasyonu ve C4d+ renal allogreft
reddi ile iliskilendirilmistir (29-31). insan
rekombinant mAb Belimumab’in kullanimiy-
la BAFF’1n bloke edilmesi, fare modellerinde
toleransin desteklendigini gostermistir. Etki
yollar1 ise asagidaki gibidir:

1. Folikiiler ve alloreaktif B hiicrelerini azalt-

ma
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2. Immatiir/transisyonal B hiicre fenotipini

tesvik etme
3. Alloantikor yanitini iptal etme

4. Dizenleyici sitokin ortamini sirdiirme
(32,33)

6. Kostimiilasyon Blokaji

Alloreaktif T hiicre aktivasyonu i¢in sinyal-1
ve sinyal-2 gereklidir (34). Sinyallerle akti-
vasyon yolaklar1 aktif hale gelir. Kostimiilas-
yonun bloke edilmesi etkili bir sekilde T hiic-
re aktivasyonunu ve allogreft reddini 6nler.
Boylelikle T hiicreleri anerjik hale gelir ve
indiiklenebilir Kostimiilatér (ICOS) eksprese
eder. Boylelikle duizenleyici bir rol oynarlar.
CD28:B7 (CD80/86) ve CD40:CD40Lnin kos-
timiilasyon sinyalleri kostimiilasyon blokaji
icin en onemlileridir. CTLA-4, B7’ye baglana-
rak T hiicre aktivasyonunu inhibe eder. Ayni
zamanda bu baglanma, CTLA-4 diizenleyi-
ci CD4+ hiicrelerde immiinostipresif faktor
olan indoleamine 2,3-dioxygenase’yi (IDO)
indiikler. Kostimiilasyon blokajinda CD28:B7
(CD80/86) sinyal yolaginda etkili ajanlar
olan Abatacept ve Belatacept kullanilmakta-
dirlar ve bunlar CTLA-4 ve IgG1’'in birlesim
proteinlerinden olusan flizyon proteinleridir.
Alloreaktif T hiicre tepkilerini gli¢li bir se-
kilde inhibe ederler. Belatacept, Abatacept’e
kiyasla daha etkilidir (35). Ancak, belatacept
ile tedavi edilen hastalarda lenfoprolifera-
tif bozukluklara, kalsinorin blokerlerinden

daha fazla rastlandig1 gorilmistiir (36-38).
7. Kimerizm

Bu yaklasim, siirekli immiinostipresyon ge-
rektirmeyen dengeli bir bagisiklik sistemi

olusturmay1 amaglar.

Kimerizm tabanl yaklasimlar farklh do-

nor kokenli hucrelerin alict hicrelerle
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ayni organizmada bir arada var olabilme
konseptidir. Kimerizm, “Karisik” veya “mik-
rokimerizm” ve “tam” veya “makrokime-
rizm” olarak ayrilabilir. Karisik kimerizm
(mikrokimerizm); alict kemik iliginde hem
donor hem de alic1 hiicre hatlarinin bir ara-
da bulunmasi olarak tanimlanir. Tam kime-
rizm (makrokimerizm); alici hematopoetik
hatlarinin tamamen ortadan kaldirilmasini
ve alic1 kemik iliginin %100 donor hiicreleri
ile doldurulmasini ifade eder (39). Ana he-
def, aliciya saldirabilecek ve Greft Versus
Host Hastaligina (GVHD) neden olabilecek
donor hiicrelerinin ortadan kaldirilmasi,
ayni zamanda enfeksiyonlara karsi savunma
yapabilen alicinin bagisiklik popilasyon-
larin1 koruma ihtiyacidir. Mikrokimerizm
alicinin T hiicrelerinin kismi radyasyonu ile
alicinin kemik iliginin donér ve alici hema-
topoetik hiicrelerinin gelismesine ve donor
dokusuna toleransin indiiklenmesine izin
verildiginde gerceklestirilebilir ve de tam
miyeloablasyon gerekli olmadan gercgeklese-
bilir (40-42).

8. Tolerojenik Dendritik Hiicreler (tolD-
C'ler)

Dendritik hiicreleri immunojenik olmaktan
cok tolerojenik olacak sekilde degistirmek,
bagisiklik toleransini tesvik edebilir. Boyle-
ce, tolerojenik DC'ler (tolDC’ler), antijenleri
bagisiklik tepkisi yerine tolerans indiikleye-

cek sekilde sunar.

DC'ler, memelilerin bagisiklik sisteminde
savunmanin ilk basamaginda gorev alan ve
antijen sunan immiinojenik veya tolerojenik
dogal hiicrelerdir. Bunlar antijenleri yakala-
yip, isleyip T hiicrelerine sunabilirler. Pato-
jen ya da tlimor hiicresi gibi yabanci hiicre-
lere kars1 immiin yanit1 baslatirlar. Dentritik

hiicrelerin son zamanlarda immiin toleran-
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sin diuzenlenmesinde 6nemli rol oynadikla-
1 gozlenmistir. Yeni ¢calismalardaki verilere
gore DC’lerin allo- veya oto-antijenlerin to-
leransinin indiiklenmesinde ve hatta korun-
masinda da yer aldiklari bildirilmistir. Ayrica
bazi ¢alismalarda DC’lerin, immiinostipresif
tedavi yoklugunda gerceklestirilen organ
nakli sonrasinda Major Histokompatibilite
Kompleks (MHC) engeline ragmen sagka-
Iim siiresini uzattig1 tespit edilmistir. DC alt
gruplarindan tolDC’lerin terap6tik uygulama
potansiyeline sahip oldugu ortaya cikaril-
mistir (43).

Cesitli mekanizmalarla dentritik hiicreler to-

lerojenik olarak islev gortrler:

DC'lerin T hiicrelerini etkili bir sekilde uya-
rarak immiin yanitlara yol agmasi, DC'lerin
0zel patern tanima reseptorleri araciligiyla
proinflamatuar ¢evreden ek sinyaller almay1
gerektirir; bunlar TLR’ler araciligiyla olgun
DC'ler (mDC’ler) tarafindan algilanabilir.
Buna karsilik, proinflamatuar uyaricilarin
yoklugunda T hiicrelerinin uyarilmasinin ek-
sikligi, DC'lerin baslangicta duragan durum
kosullarinda potansiyel olarak tolerojenik
olgunlasmamis yan irlnler olarak ortaya
cikmalarina yol acar (olgunlasmamis DC'ler;
iDC’ler). Apoptotik hiicreler tarafindan
indiiklenen yari-toleransh DC'ler, 6zel bir si-
tokin c¢evresi (6rnegin IL-10 ve TGF-$3) veya
farmakolojik ajanlar tarafindan da tolero-
jenik oOzellikler gosterebilir. Viicuttaki tolD-
C'ler, merkezi ve periferik toleransta 6nemli
rol oynarlar, bu da devam eden immiin ya-
nitlarin ¢éziilmesine ve otoimmiiniteye karsi
korunmaya destek olur. DC’ler; merkezi tole-
ransin kazanilmasi sirasinda timusta oto re-
aktif T hiicrelerinin negatif sec¢ilimi ve Treg
hiicrelerinin olusturulmasi yoluyla immiin

toleransi tesvik ederler. Ayrica cesitli meka-

30



nizmalarla, periferde effektér T hiicrelerinin
farklilasmasini sinirlar ve Treg'lerin olus-
masini tesvik ederler. Tolerojenik DC’ler, im-
miinomodiulatér molekiilleri eksprese eder
ve IL-10, TGF-f, IL-35 ve IDO gibi immiino-
stupresif faktorler tretirler, bu da T hiicresi
anerjisi ve apoptozunu ve Treg'lerin indtksi-

yonunu saglar (44).

Anerji; CD80/CD86'nin  baglanmasindan
kaynaklanan kostimiilatuar sinyallerin ol-
mamaslt durumunda antijeni taniyan T hiic-
relerinde indiiklenir. Sonug olarak, IL-2 iire-
timi engellenir ve T hiicreleri ayn1 antijene

yanit veremezler (44).

Ayrica anerji, PD-1 reseptorii ve sitotoksik
T lenfosit antijeni 4 (CTLA-4) gibi koinhibi-
tor sinyaller tarafindan da olusabilir. PD-1,
DC’ler iizerindeki PD-L1 ve PD-L2’ye bagla-
nirken, CTLA-4 ise DC’ler tizerindeki CD80/
CD86 ile etkilesime girerek anerjiye sebep
olur (44).

TolDC popiilasyonu, olgunlasmamis DC’ler
yani iDC’ler ve indiiklenebilir olarak aktivas-
yonla kars1 karsiya kalan DC'ler (yari-olgun)

olmak tuzere iki gruba ayrilir (44) .

iDC'lerin temel 6zelligi, siirekli olarak dura-
gan durumda gerceklesen yabanci antijenler
ve apoptotik hiicreler de dahil olmak iizere
endositoz ve fagositoz kapasiteleridir. Ol-
gunlasmay1 saglayan uyaricilarinin eksikligi
nedeniyle DC'lerin olgunlasmamis bir halde
tutulmasi, T hiicre silinmesi, anerji ve diizen-
leyici bir fenotipe dogru polarizasyon yolu
toleransa yol acar (44).

Tolerojenik DC’ler, CD80/CD86, ICOS-L, ILT3
ve ILT4 gibi birkag¢ ylizey molekiilii araciligiy-
la Treg olusturabilirler. DC’lerin, MHC sinif I1
antijenini CD80/CD86 ve ICOS-L gibi ek kos-

timulatuar sinyaller olmaksizin PD-L1/2 ve
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ILT3/4 gibi bir koinhibitér sinyal ile birlikte
sunarak toleransi indiikleyebilecegi bilin-
mektedir. Ayrica, CTLA-4 tarafindan CD80/
CD86'nin baglanmasi1 Treg diferansiyasyo-
nunu tesvik ederken, CD80/CD86'nin CD28
tarafindan yetersiz baglanmasi tolerans in-
diiksiyonuna yol acar. DC'ler tarafindan eks-
prese edilen ICOS-L, T hiicrelerindeki resep-
toriine baglanir ve Treg’lerin homeostazini

sturdiriilmesine katki saglarlar (44).

9. T Hiicre Anerji indiiksiyonu

T hiicresi anerjisinin, T hiicresi toleransinin
korunmasinda oynadig rol tam olarak acik
olmasa da, otoimmiin hastaliklarin onlen-
mesinde, asi reddinin 6nlenmesinde ve tii-
morlerin bagisiklik tahribatindan kagma ye-
tenegini kolaylastirmada rol oynayabilecegi
gosterilmistir (45). T hicre anerjisinde rol
oynayan bircok mekanizma ortaya konmus-

tur. Bunlar:

1) Anerji, T hiicrelerinde, TCR sinyalinin ve
IL-2 ekspresyonunun aktif baskilanmasi
ile ortaya ¢ikan, uzun streli tepki vermeme
durumudur. Anerjinin g¢esitli bigimleri ta-
nimlanmis ve son birka¢ yilda artan sayida
“anerjik faktor” giin 1s181na ¢ikarilmistir. Ya-
kin zamanda mTOR, diger ilgili metabolik
sensorler ve diizenleyicilerin roliiniin ortaya
konulmasiyla anerjiyi indiikleyen sinyallere
iliskin goriisiimiizii genisletmemiz gerektigi-

nin 6nemi artmistir (45).

2) T hiicresi klonal anerjisinin, CD28 ligasyo-
nunun aracilik ettigi ikinci bir kostimiilator
sinyalin yoklugunda, sinyal 1 olarak adlan-
dirillan antijene spesifik reseptorii yoluyla
T hiicresi aktivasyonunun sonucu olarak
tanimlanmistir. Ote yandan, yalmzca sinyal
1’i iceren T hiicresi aktivasyonu, yetersiz

IL-2 transkripsiyonuna ve Kalsinorin (CaN)/
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NFAT yolaginin aktive edilmemesi sonucu T

hiicre anerjisi gerceklesir (46).

3) T hiicre klonal anerjisinin belirgin 6zellik-
lerinden biri, tekrar tetiklenme durumunda,
rasMAP-kinaz yolaklarinin aktivasyonunda
bir engel olusturmasidir. Bu durumun en
dikkat ¢ekici yonlerinden biri de uzun 6miir-
lii olmasidir. Yani, ilk uyaridan bir hafta ila
10 giin sonra, tekrar tetiklenme durumunda,
anerjik T hiicreleri normal Ca++ ve NF-KB
aracili sinyalizasyona sahip olmalarina rag-
men azalmis ERK fosforilasyonu sergilerler
ve anerjik olmaya devam ederler (45).

4) Baskin negatif baskilama da, anerjiyi uy-
gulamanin bir yolu olarak 6nerilmistir; Aner-
jiden kaynaklanan bir baskilayicinin, anerjik
T hiicreleri ile 61timsiizlestirilmis bir T hiicre
hatt1 olan Jurkat hiicreleri arasinda hetero-
karyonlar olusturularak, anerjik hiicrelerden
elde edilen bir baskilayicinin Jurkat kaynakl
IL-2 {retimini inhibe edebilecegi gosteril-
mistir (45).

5) Anerjik T hiicreleri, indtiklenebilir Treg
hiicrelerinin bir havuzunu olusturabilir.
Anerji ile Treg hiicreler arasindaki kesin
baglant1 hala biraz tartismali olmasina rag-
men, hem in vitro hem de in vivo ortamlarda
olusturulan Treg hiicrelerinin anerjik oldu-
gu gosterilmistir. Treg hiicrelerinin antijene
yanit olarak proliferasyon yetenegine sahip
oldugu modellerde bile, bu hiicrelerin fonk-
siyonel olarak anerjik oldugu ortaya kon-
mustur. [L-2 ve IFN-g liretememeleri bunun
gostergesidir. Bu nedenle, T hiicresi kostimii-
lasyon eksikliginde antijenle karsilastiginda
veya [L-10 ve TGF-3 varliginda yalnizca aner-
jik hale gelmekle kalmayabilir, indiiklenebi-
lir Treg hiicresi haline de gelebilir (45).

Anerjinin oynadig1 kesin rol ne olursa olsun,
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in vivo anerji modelleri, potansiyel farmako-
lojik hedefler agisindan 6nemli kavramlar
sunmaktadir. Otoimmiinite ve nakil duru-
munda amag T hiicresi aktivasyonunu inhi-
be etmek ve ayni zamanda TCR tarafindan
indiiklenen tolerans indiiksiyonuna izin ver-
mektedir (45).

SONUC

Doku ve organ nakli, son evre hastaliklar i¢in
hayat kurtarici bir ¢6ziim sunarken, bu sii-
recte bagisiklik sisteminin verdigi tepkiler
nedeniyle bir¢ok zorlukla karsilasilmakta-
dir. Bagisiklik sistemi, yabanci dokuya karsi
tepki gostererek grefti reddedebilir ve bu da
hastalarin yasam boyu immiinostipresif ilag

kullanmasini gerektirebilir.

Bu derleme, bagisiklik toleransi mekaniz-
malarina odaklanarak, tolerans indiiksiyon
stratejilerindeki gelismeleri kapsamli bir se-
kilde ele almistir. Greft toleransini artirmayi
amagclayan dogal bagisiklik sisteminin mani-
piilasyonu, timik egitim, lenfodepletif strate-
ji, diizenleyici T ve B hiicreleri, kostimiilas-
yon blokaji, kimerizm, tolerojenik dendritik
hiicreler ve T hiicre anerjisi gibi birgok farkl

yaklasim incelenmistir.

Ozellikle diizenleyici T hiicreleri (Tregs)
ve tolerojenik dendritik hiicrelerin (tolD-
C'ler) immiunolojik toleransin saglanmasin-
da onemli roller oynadig1 ve bu hiicrelerin
klinik uygulamalarda potansiyel tedavi se-
cenekleri sundugu gorilmektedir. Ayrica, T
hiicre anerjisi gibi mekanizmalar da immiin
yanitin kontroliinde 6nemli bir rol oynayabi-

lir.

Tim bu stratejiler, immiinosiipresif ilaglara
olan bagimhlig1 azaltma ve organ nakli son-
rasit uzun vadeli basar1 oranlarini artirma

potansiyeline sahiptir. Gelecekteki arastir-
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malar, bu stratejilerin klinik uygulamalara
entegrasyonu ve hastalar tizerindeki etkile-
rini daha da derinlestirmeye yonelik olacak-
tir. Organ nakli alaninda bu tiir gelismeler,
hastalarin yasam kalitesini artirmak ve nakil
sonrasit komplikasyonlar1 en aza indirmek

adina buyiuk bir umut vaat etmektedir.
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