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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 (109/L); HGB (g/dL) and RBC (1012/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 

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, TLR5, TLR6, and 
TLR11) and intracellular (TLR3, TLR7, TLR8, 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-

40 and the light path length were automatic. After the device 
cover was opened, 2 μl 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 μl 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 μl 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 μl 50-500 μg/reaction
dNTP (10M) 1 μl 500 μM
Oligo (dT) (10 μM) 1 μl 0,5 μM
Random Hexamer (10 
μM) 1 μl 0,5 μM

Nuclease-free H2O
Complete up to 14,5 
μl -

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 μl 1X
OneScript Plus RTase (200 U/µl) 1 μl 200 U / reaction
RNaseOFF Ribonuclease Inhibitor 
(40 U/µl) 0,5 μl 20 / reaction

20 μl 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 2-(ΔΔCt) 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-(ΔΔCt) 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 (X̄)±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 1012/L and 12.7±8.67 
109/L, respectively; in the control group, it is 10.1±1.59 g/dL, 
3.1±0.471012/L and 13.6±8.45 109/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 -0.24±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 

Primer Name Sequence (5'->3') Length Tm
°C Amplicon length

TLR2-hsa-Algn-F ACTGGACAATGCCACATACTT 21 bp 57 °C 99 bpTLR2-hsa-Algn-R CACAAGACAGAGAAGCCTGAT 21 bp
TLR4-hsa-Algn-F AATAGCAACCAACAGTGT 18 bp 57 °C 190 bpTLR4-hsa-Algn-R CAAGGAGGAAGCATGATT 18 bp
ACTB_ej_hsa_F TGAAGATCAAGATCATTG 18 bp 57 °C 179 bpACTB_ej_hsa_R TAACGCAACTAAGTCATA 18 bp

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

Variables Patient (n:42) Control (n:8) p
Mean±SD Mean±SD

Birth weight (g) 1673.1±546.96 1782.5±610.22 0.613
Gestational age (week) 32.4±2.77 32.7±3.33 0.772
Mother’s age (year) 29.6±7.43 30.0±7.07 0.888
Father’s age (year) 33.7±6.69 30.0±3.16 0.285
HGB (g/dL) 12.7±2.96 10.1±1.59 0.040
RBC (1012/L) 3.9±0.75 3.1±0.47 0.005
WBC (109/L) 12.7±8.67 13.6±8.45 0.771

Table 4. Some characteristics of neonates.

p<0.05; Independent Sample T-Test
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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-α, interleukin-1, and 
interferon-γ [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 
of lipopolysaccharide 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 (Th1) 
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 (2^-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 

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 

Patient (n:42) Control (n:8) p
TLR4 -2.20±3.98 0±2.78 <0.001
TLR2 -2.84±3.45 0±2.75 <0.001

Patient (n:24) Control (n:5) p
Body weight above 1500 g

TLR4 -0.24±2.65 0±3.59 0.891
TLR2 -1.22±2.58 0±3.59 0.375

Patient (n:18) Control (n:3)
Body weight below 1500 g

TLR4 -4.81±4.01 0±1.07 <0.001
TLR2 -5.11±3.27 0±0.78 <0.001

Table 5. TLR2 and TLR4 relative gene expression levels of neonates (log2).
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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 (5106 
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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