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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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articles. Tables and graphs must be headed.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Objective: Necrotizing enterocolitis (NEC) is a leading
cause of morbidity and mortality in preterm infants. Despite
significant advances made in the prevention and treatment of
disease so far, there has not been much change in the rate of
mortality and morbidity associated with NEC. Although the
factors affecting the development of necrotizing enterocolitis
are not yet known precisely, prematurity is thought to be the
most important risk factor for the development of NEC. This
study aims to determine toll-like receptor (TLR) 2 and TLR4
expression levels in preterm neonates.

Methods: A total of 50 preterm infants (patient: 42, control: 8)
were included in the study. TLR2 and TLR4 expression levels
were analysed by the RT-qPCR method.

Results: While there was no difference in infants’ birth weight
(g), gestational age (months), mother’s age (years), father’s age
(years), and WBC ([J10%L); HGB (g/dL) and RBC ([110'%/L)
were found to be significantly higher in the group with NEC
(p<0.05). When TLR2 and TLR4 relative gene expression
levels of neonates were evaluated (log2), it was determined
that there was a significant difference between the two groups
(below 1500 g) (p<0.001). TLR4 relative expression (2°-ddCt,
above 1500 g) was higher in the NEC group than in the healthy
group, while TLR2 relative expression (2"-ddCt, above 1500 g)
was higher in the healthy group.

Conclusions: TLR2 and TLR4 have been shown to have
prominent roles in the development of NEC in experimental
animal models and it would be significant to support this with
human studies/animal models for a better understanding of the
disease. Thus, it is recommended that future studies be carried
out on experimental models that better replicate the human
body, and dietary factors should be examined in detail.

Key words. Necrotizing enterocolitis, toll-like receptors,
immune system, preterm, neonatal.

Introduction.

Necrotizing enterocolitis (NEC), a serious gastrointestinal
system (GIS) disease, is characterized by intestinal inflammation
and necrosis [1-3]. NEC is frequently encountered in preterm
and has a high mortality and morbidity rate. Also, it is the
leading cause of death because of gastrointestinal disease in
preterm newborns and affects 5-12% of very-low-birth-weight
newborns [4]. Despite the fact that there have been significant
developments in neonatal care and treatment, there has not
been a considerable change in the rate of NEC-related mortality
and morbidity [5]. The incidence of NEC has been reported to
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be in the range of 1-5%, the mortality rate as 10-30% and the
morbidity rate as 20-40% in neonatal intensive care units [6,7].

Many factors are thought to play a role in the development
of necrotizing enterocolitis; however, its exact etiology is
not yet fully known [8]. Nonetheless, prematurity is the most
important risk factor for the development of NEC, and it is
frequently encountered in infants with a birth weight of fewer
than 1000 grams [9]. In addition, intestinal ischemia, immature
intestinal structure, bacterial proliferation, and formula and
enteral nutrition are reported to be associated factors in the
development of NEC [10]. The immature intestine leads to
a weakened intestinal epithelial barrier, an underdeveloped
immune defence, and altered vascular development and tone.
The epithelial barrier and underdeveloped immune system can
lead to intestinal inflammation and sepsis when exposed to
the luminal microbiota shaped by formula feedings, antibiotic
exposure, and caesarean section [11]. Therefore, intestinal
maturation and colonization (dysbiosis) in preterm infants are
considered to be critical factors in the development of NEC
[12]. Altered intestinal colonization (especially gram-negative
bacteria), which initiates an unstable proinflammatory response
in preterm infants, leads to the breakdown of the intestinal
mucosal barrier resulting in intestinal necrosis, which is thought
to be one of the pathways leading to NEC [13]. The development
of NEC is almost exclusively limited to babies born prematurely
[14]. NEC usually occurs 8-10 days after birth when gram-
negative bacteria and other microorganisms colonize the gut of
the premature baby [15]. In addition, infants with NEC have
reported lower microbiota diversity and abnormal bacterial
colonization [16].

Toll-like receptors (TLRs) are important components of
the innate immune system, as they recognize pathogen-
associated molecular patterns originating from a variety of
microbes. These receptors are examined in two subgroups
as transmembrane (TLR1, TLR2, TLR4, TLRS, TLR6, and
TLR11) and intracellular (TLR3, TLR7, TLRS, and TLR9) [16-
18]. TLRs have the unique capacity to detect initial infection
and are the most potent inducers of inflammatory responses
[19]. These molecules have significant roles in the development
of various diseases [16]. While TLR4 has critical roles in host
defence against inflammation caused by lipopolysaccharides
found in most gram-negative bacteria, lipopeptides and other
components of gram-positive bacteria have been shown to signal
predominantly via TLR2 (along with TLR1 or TLR6) [20].

Studies have shown that TLRs, especially TLR2 and TLR4,
have main roles in the pathogenesis of NEC [16,21]. TLR4 is
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one of the most important pathways playing a key role in the
pathogenesis of NEC and mediates the balance between damage
and repair in the premature gut. The TLR4-mediated imbalance
between proinflammatory and anti-inflammatory signaling in
the premature intestinal epithelium is thought to lead to the
development of NEC [22]. TLR4 expression levels decrease
shortly after birth in term infants. TLR4 level in term infants
does not cause a pro-inflammatory response but allows normal
adaptation of small intestinal bacteria in the environment of
microbial colonization [23]. In premature infants, however,
TLR4 levels remain elevated both before and after birth, due to
the normal ontogeny of gene expression. This causes bacterial
translocation, systemic sepsis, and NEC development in infants
with NEC [23, 24].

Although it is emphasized in the literature that TLR2 and TLR4
are effective in the pathogenesis of infants with NEC, studies are
very limited and mostly focused on TLR4. Therefore, this study
aimed to determine and compare TLR2 and TLR4 expressions
in preterm neonates (with NEC) with healthy preterm neonates.

Materials and methods.

Subjects:

A total of 50 preterm neonates (before 37 weeks of pregnancy
and <2500 g), including 42 neonates with NEC and 8 healthy
neonates, were included in the study. All the examined neonates
were divided into 2 groups: the patient and the control group.
They, in turn, were divided into 2 subgroups, children with a body
weight of more than 1500 g and a weight of less than 1500 g.

The patients were selected from children undergoing treatment
in the Department of Anesthesiology, Resuscitation and
Intensive Care of New-borns and department of Premature
babies of the Scientific Research Institute of Paediatrics named
after K. Farajova between February 2022 and July 2022. The
control group were selected from Maternity Hospital No. 7
based on the consultation by responsible medical doctors that
they were healthy. Considering the premature birth of children
under our control, the volume of blood taken was 0.5 ml. Genetic
tests were carried out at the Institute of Genetic Resources in
Baku and in a private laboratory.

The study protocol was approved by the Ethics Committee
of a university on 04.02.2022 (report number: 22). In addition,
consent was received from the families.

The determination of TLR2 and TLR4 expression levels:

Expression levels of genes were determined by the Real time-
polymerase chain reaction (RT-qPCR) method by following the
steps below. All stages were carried out by taking into account
the principles of temperature and contamination.

RNA isolation: A total RNA isolation kit was used to ensure
high quality total RNA extraction (miRNeasy Serum/Plasma
Kit, Qiagen, Germany). The procedures were carried out
following the manufacturer’s protocol.

The nucleic acid loads (ng values) of the samples obtained
from the total RNA extraction process are fixed at 1000
ng to be used in the next steps of the study. The total RNA
amounts of the samples were determined using a microvolume
spectrophotometer device (Colibri Titertek Berthold, Germany).
After the device was started, the nucleic acid tab was selected,
and the parameters were adjusted so that the sample type RNA-
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40 and the light path length were automatic. After the device
cover was opened, 2 pl of the elution buffer (Vivantis Total
RNA Extraction Kit, Malaysia) was added and blanking was
performed. The RNA measurement process was completed
by taking 2 pl of the samples, respectively, and using the
measurement option.

Reverse transcriptase process (cDNA): The reverse
transcriptase process was performed with Oligo (dT) and
Random Hexamer primers for the detection of pre-mRNA and
mature-mRNA structures. By means of these primers, both
mature and immature mRNA chains are synthesized by the
Reverse Transcriptase enzyme from the opposite copy of the
mRNA sequence.

OneScript Plus Reverse Transcriptase (ABMgood, Canada)
was used for cDNA processing with total RNA from all samples.
Using 11.5 pl of each of the total RNAs, cDNA processing was
performed in accordance with the following protocol.

For the first step, the components given in Table 1 were
prepared in a sterile tube on ice.

Table 1. cDNA reaction mixture.

Components Quantity Final concentration
Total RNA 2 ul 50-500 pg/reaction
dNTP (10M) 1 ul 500 uM

Oligo (dT) (10 uM) 1l 0,5 uM

Random Hexamer (10 Il 0,5 UM

1M)
Nuclease-free H,0 EIO mplete up to 14,5

The primer was denatured for 5 min at 65°C. Tubes removed
from the device were incubated on ice for 1 min and a short
spin was performed. The remaining components were added as
given in Table 2.

Table 2. Reverse transcriptase mixture.

Components Quantity Final concentration
5X RT buffer 4 ul 1X

OneScript Plus RTase (200 U/ul) |1 pl 200 U / reaction
RNaseOFF Ribonuclease Inhibitor 0.5l 20 / reaction

(40 U/pl)

20 pl of mRNA component was incubated at 50 °C for 15
minutes. At the end of the reaction, the enzyme was inactivated
at 85 °C for 5 minutes, and the cDNA products were stored at
-20 °C.

SybrGreen-based RNA gene expression: The cDNA chains
created with mRNA sequences were used in relative expression
analysis. For each of the samples belonging to the patient and
control groups, the relevant mRNA and the sequences of the
appropriate reference gene are reproduced with an RT-PCR
device. As a result of the process, the data received from the
device is evaluated by the 2449 method. In studies performed
over 40 cycles, the threshold value (Ct, Cp, Cq) taken from the
point where the fluorescence value exceeded the threshold value
(intersects the threshold line) was used in the calculations.

Genes (TLR2 and TLR4) to be used in the study were supplied
ready-made (Biomers, Germany) and beta-actin (ACTB)
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(Biomers, Germany) was used as a housekeeping gene. In
order to determine the gene expression levels, the binding
temperatures were determined by optimizing the primer sets of
which ABI 7500 FAST (Thermo USA) designs were completed
using BrightGreen qPCR MasterMix (ABM, Canada) (Table 3).
Appropriate Tm setups were performed for each gen region and
cycle curves and melting curve data were examined. The data
obtained after completing the cycle were evaluated using the
2-(AACt) method relative to the housekeeping gene ACTB [25].

Statistical analyses: The data obtained from the study were
analysed using the SPSS 23.0 program (Statistical Package for
Social Sciences, Inc., Chicago, IL, USA). Results are shown as
mean (X)+standard deviation (SD). Statistical significance level
was accepted at the 95% confidence interval, p<0.05.

Based on the normality tests for gene expression levels, within-
group distributions were examined, and it was determined that
the distribution was not normal in all gene groups. However,
the characteristics of neonates were normal according to
the normality test. Therefore, the Mann Whitney U Test and
Independent Sample T-Test were used for pairwise comparisons
of the groups.

Results.

A total of 50 neonates (21 boys, 29 girls) 42 with NEC and
8 healthy, were included in this study. Some characteristic
information of neonates was given in Table 4. The birth
weight of the neonates in the control group (1782.5+610.22 g)
was higher than the patient group, but this difference was not
statistically significant (p>0.05). The gestational ages of both
groups were close to each other (p>0.05), and there was no
difference between the groups in terms of mother’s and fathers’
ages (p>0.05). HGB, RBC, and WBC levels of neonates with
NEC were 12.7+2.96 g/dL, 3.9+0.75 [110'¥L and 12.7+8.67
[110%L, respectively; in the control group, it is 10.1+1.59 g/dL,
3.1£0.470110'%/L and 13.6+8.45 [110°/L, respectively. While

there was no significant difference between the two groups in
terms of WBC values, the RBC HGB values of neonates with
NEC were found to be higher than those without NEC (p<0.05).

Almost half of the neonates (42%) were born from the
first pregnancy, and 58% of them were born from repeated
pregnancies. Seven (14%) pregnancies occurred as a result of
extracorporeal insemination after long-term infertility. While
24 (48%) neonates were born by vaginal delivery, the other
neonates were born by caesarean delivery. Breast milk began
to be given to 19 neonates in the I stage on average on the 5th
day, 7 neonates in the II stage on the 8th-9th day, and 4 children
in the III Stage (57 %) after the 9th day. It was found that 29
neonates (58%) with NEC were fed with formula from the first
days of their life. The number of babies receiving only breast
milk from the first day of their life was only 2 (5%) (These data
are not shown in the table).

Real-time PCR analyses were performed for TLR4 and TLR2
gene regions in subgroups above 1500 g and below 1500
g of NEC and control groups (Table 5). While TLR4 gene
expression level was -0.244+2.65 in neonates above 1500 g in
the NEC group, it was 0£3.59 in the control group (p>0.05).
It was observed that TLR2 gene expression level was higher
in the control group, but this difference was not statistically
significant (p>0.05). In the group below 1500 g, both TLR4 and
TLR2 gene expression levels were found to differ between the
groups (p<0.05). TLR4 gene expression level was -4.81+4.01 in
the patient group and 0+1.07 in the control group. TLR2 gene
expression level was -5.11£3.27 in the patient group and 0+0.78
in the control group (p<0.05).

Discussion.

According to our best knowledge, this is the first study
that evaluates the relationship between NEC and TLR2 and
TLR4 in preterm neonates. TLRs are members of the type-
1 transmembrane receptor family and were first described

Table 3. Primers were used in the study and their annealing temperatures.

Primer Name Sequence (5'->3")

TLR2-hsa-Algn-F
TLR2-hsa-Algn-R

ACTGGACAATGCCACATACTT
CACAAGACAGAGAAGCCTGAT

TLR4-hsa-Algn-F AATAGCAACCAACAGTGT
TLR4-hsa-Algn-R CAAGGAGGAAGCATGATT
ACTB ¢j hsa F TGAAGATCAAGATCATTG
ACTB_ej hsa R TAACGCAACTAAGTCATA

Table 4. Some characteristics of neonates.

Variables Patient (n:42)
Mean+SD
Birth weight (g) 1673.1+£546.96
Gestational age (week) 32.4+2.77
Mother’s age (year) 29.6+7.43
Father’s age (year) 33.7+6.69
HGB (g/dL) 12.7+2.96
RBC ([110'%/L) 3.9+0.75
WBC ([110°/L) 12.7+8.67

p<0.05; Independent Sample T-Test
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Length ;l“(rjn Amplicon length
21 bp o
21 bp 57°C 99 bp
18 bp
° 1
18 bp 57°C 90 bp
18 bp R
18 bp 57°C 179 bp
Control (n:8) P
Mean+SD
1782.5+610.22 0.613
32.7+3.33 0.772
30.0+7.07 0.888
30.0+3.16 0.285
10.1£1.59 0.040
3.1+0.47 0.005
13.6+8.45 0.771
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Table 5. TLR2 and TLR4 relative gene expression levels of neonates (log2).

Patient (n:42)
TLR4 -2.20+3.98
TLR2 -2.84+3.45

Patient (n:24)

Body weight above 1500 g
TLR4 -0.24+2.65
TLR2 -1.2242.58

Patient (n:18)

Body weight below 1500 g
TLR4 -4.81+4.01
TLR2 -5.11+£3.27

in humans in the 1990s [26]. TLR2 and TLR4, which are
important members of this family, have been shown to have
important roles not only in NEC but also in the pathogenesis
of other diseases [27]. However, the mechanisms behind the
pathogenesis of NEC and its association with TLR2 and have4
has not been fully understood yet.

TLR4 can recognize bacterial lipopolysaccharide, and its
activation mostly results in the synthesis of pro-inflammatory
cytokines and chemokines such as TNF-a, interleukin-1, and
interferon-y [28,29]. On the other hand, TLR-2 can identify
gram-positive bacteria’s peptidoglycan and lipoteichoic acid.
Also, its co-expresses with CD14, improving the identification
oflipopolysaccharide in gram-negative bacteria’s cell walls [30].
Synthetic TLR agonists have recently emerged as a potential
therapeutic aim for preferentially stimulating T-helper 1 (Thl)
or Th2 immune responses [26]. With these developments,
the functions of these receptors related to human health are
gaining importance day by day. Therefore, in this study, TLR2
and TLR4 gene expression levels of preterm neonates with or
without NEC were studied.

The expression of TLR2 and TLR4 in intestinal epithelial cells
after mucosal injury was studied in the rat NEC model [21].
TLR2 and TLR4 mRNA expressions increased in rats with
NEC, the combination of immaturity, protein-rich formula,
and a hypoxia-reoxygenation procedure was found to cause
pathological mucosal damage consistent with NEC, as well as
TLR-2 overexpression correlated with the severity of mucosal
damage [21]. Similarly, Zhou et al. [31] investigated the mRNA
expression of TLR-2 and TLR-4 in the neonatal rat model of
NEC. The NEC neonatal rats demonstrated mucosal injury and
upregulated mRNA and protein expression of TLR-2, TLR-4,
and caspase-3 in the ileum and colon when compared to the
normal control. In a different rat model of NEC, the researchers
have shown that the expression of TLRs and cytokines (both
pro-inflammatory and anti-inflammatory) in the intestine
precedes histological injury in the group with NEC [32]. So,
it has been clarified that TLR-2 and TLR-4 have a significant
role in NEC as well as intestinal immune activation precedes
tissue injury [32]. In our study, as a result of the analysis of
relative expression (27-ddCt) of TLR2 and TLR4 (above
1500 g), we found that neonates with NEC had higher TLR4
expression than healthy neonates but TLR2 expression was
higher in healthy neonates. It has been stated that prematurity
may have an initiating role in NEC with the immaturity of the
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Control (n:8) p
0+2.78 <0.001
0+2.75 <0.001
Control (n:5) p
0+3.59 0.891
0+3.59 0.375
Control (n:3)

0+1.07 <0.001
0+0.78 <0.001

mucosal barrier [21]. The fact that the number of neonatal in
the control group in our study was not sufficient however, since
both groups consisted of premature neonates, the results of the
analysis might have been similar.

TLR2 and TLR4 are overexpressed in human fetal enterocytes,
while expression of TLR2 and TLR4 is very low or absent in
healthy adult intestinal epithelium [33]. It has been reported
that the expression of TLR2 and TLR4 is altered in infants with
NEC [34]. On the other hand, in a study, nine single nucleotide
polymorphisms in eight important genes in TLR signalling
including TLR2 and TLR4 were analysed in premature infants.
Authors reported that there was no significant association
between single nucleotide polymorphisms (in TLR2 and TLR4)
and NEC [35].

While a well-functioning immune system is essential for
surviving, optimal nutrition has very specific roles in developing
and maintaining an effective immune system throughout life
[36]. All cells, including those in the immune system, require
adequate and proper nutrition to function optimally [36]. It has
been reported that some foods (formula) or nutrients (saturated
and long-chain omega 3 polyunsaturated fatty acids) can
interfere with TLR2 and TLR4 activation and thus improve/
badly affect the inflammatory signal induced by TLR2 and TLR
[31,32,37]. While saturated fatty acids can induce inflammation
by activating the TLR4 signaling pathway, on the contrary, long-
chain omega 3 polyunsaturated fatty acids (eicosapentaenoic
acid and docosahexaenoic acid) can show anti-inflammatory
effects by inactivating the TLR4 signaling pathway [37].

A couple of studies examined the effect of different components
such as probiotics, glutamine, breastmilk, and formula on the
TLRs expression [32] Liu et al. [32] reported that cow milk
formula feeding is a proinflammatory stimulation, but formula
feeding had a small impact on TLRs expression. On the other
hand, in a study comparing different feeding methods in rats with
NEC, the most severe gross lesions (necrosis) were observed in
rats fed protein-rich formula, while it was reported that although
there were haemorrhages in the intestinal wall, there was no
necrosis in the rat-milk fed group [21]. The same study showed
that there was a gradual decrease in TLR4 expression level in
rat-milk-fed rats compared to formula [21]. Glutamine may
protect the intestinal tract of preterm neonatal rats with NEC
by downregulating the expression of TLR-2 and TLR-4 in the
intestines [31]. According to reports published, Bifidobacterium
bifidum has significant roles not only in the prevention of NEC
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but also in improving some parameters related to the disease
[38,39]. TLR-2 was activated in the intestinal epithelium of
neonatal rats with NEC after B. bifidum OLB6378 (511106
CFU) is taken orally [39]. It is emphasized that probiotics can
be effective in reducing both mortality and incidence in infants
with NEC, especially for ones below 1500 g, but further studies
are needed to understand the mechanism of probiotics in NEC
[40]. Considering the significant roles of breastfeeding, formula,
and other nutrients in TLR signaling, it is recommended that
future studies should focus on these topics in detail.

Conclusion and Study Limitations.

In the present study, we could not follow up on the
breastfeeding and formula intake status of neonates in detail,
which is one of the most important limitations of our study.
Additionally, the number of neonates in the control group was
insufficient owing to limited hospital access. Hence, the sample
size is small, and some differences may have been missed due to
lack of statistical power. For this reason, it is recommended that
future studies should be conducted with a larger sample along
with the nutritional status. On the other hand, most of the studies
in literature were carried out in animal models. This study was
successfully conducted in a vulnerable group (preterm neonates
with NEC), and we believe that it will contribute to the literature.

Although the information obtained in recent studies on
understanding the pathogenesis of NEC is promising, there
are still many points that need to be clarified such as diagnosis
and treatment. Especially the data obtained in experimental
animal models show that many factors may play a role in the
pathogenesis of NEC. In addition, it is known that diet-related
modulations can positively alter the expression of TLRs. In this
context, the most emphasized dietary components are fatty acids
(especially omega 3) and probiotics. In addition, NEC may result
in changes in the intestinal microbiota by causing dysbiosis
or barrier dysfunction. It has been known for many years that
the most effective factor to modulate intestinal microbiota is
diet. Considering both the inflammatory parameters and their
impacts on the intestinal microbiota, it is obvious that future
research should focus, especially on the nutritional dimension.
Finally, it is recommended to create NEC experimental animal
or in vitro models that more closely resemble and accurately
replicate the organism in order to better understand NEC.
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