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Abstract  

Pregnancy results in an increase in immune cells, especially monocytes, which enhances the innate 
immune system. The increase of inflammatory cytokines in pregnant women's amniotic fluid, can 
cause uterine contraction, is linked to preterm labor. These inflammatory responses are controlled 
by Toll-like receptors (TLRs), which are largely expressed on neutrophils and monocytes. This study 
aimed to determine the role of neutrophils and monocyte subsets, as well as their expression of TLR-
2 and TLR-4 in women with preterm and full-term delivery. The study involved a total of 74 women, 
comprising of 29 preterm labor, 25 full-term labor, and 20 non-pregnant women. The distribution of 
three monocyte subsets, namely (CD14++CD16-), (CD14+CD16+), and (CD14-/dim CD16++) was 
measured. Also, the expression of TLR2 and TLR4 in monocytes and neutrophils was analyzed using 
flow cytometry. Non-classical monocytes and intermediate monocytes were significantly higher in 
the preterm group than the control and full-term groups (p=0.041, p=0.043, and p=0.004, p= 0.049, 
respectively). Women in the preterm group showed significantly TLR2 expression on nonclassical 
monocytes compared to the control and full-term groups (p=0.002, and p=0.010, respectively). Also, 
preterm group expression of TLR4 was significantly higher in classical monocytes and nonclassical 
monocytes in comparison to the control group (p=0.019, and p≤0.0001, respectively). Besides, TLR4 
expression was significantly up regulated in the preterm group compared to full-term in non-classical 
monocyte subset (p<0.0001). Moreover, the expression of TLR-4 in neutrophils from the preterm 
group was statistically higher than expression from the full-term labor and control groups (p<.0001 
for both). Such findings highlight the important role of monocyte subsets and neutrophils in 
activating the innate immune system and initiating strong pro-inflammatory responses that induce 
preterm labor. Additionally, TLR4 and TLR2 expressions on non-classical monocytes may be used as a 
marker to assess the probability of preterm labor. 
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Introduction 

The incidence of preterm birth, defined as 
delivery before 37 weeks of gestation, has 
become a cause for concern due to its 
significant impact. It stands as the primary 
contributor to both perinatal morbidity and 
death in nations across the spectrum of 
development.1 Babies born prematurely often 
face immediate and lasting negative effects, 
alongside a rise in healthcare expenses.2 

Delivery, whether at full term or 
prematurely, involves a physiological response 
characterized by the presence of inflammatory 
substances. It has been suggested that preterm 
labor occurs due to excessive inflammation, 
overriding the natural signals of fetal organ 
readiness for birth. Around half of preterm 
births are linked to infections and inflammation 
within the amniotic sac. Evidence from tissue 
analysis and microbial studies suggests that 
localized infection and inflammation could be 
key factors in causing preterm birth.3 

Elevated levels of inflammatory cytokines 
such as tumor necrosis factor alpha (TNF-α), 
interleukin 1 (IL-1), IL-6, and IL-8 have been 
observed in the amniotic fluid of pregnant 
women undergoing preterm labor, leading to 
the degradation of amniotic membrane 
integrity, uterine contractions, and cervical 
ripening.4 

Pregnancy results in an increase in immune 
cells, especially monocytes. The International 
Union of Immunological Societies' 
Nomenclature Committee divided human 
monocytes into three categories, which are 
determined by the expression of CD14 and 
CD16. These subsets are classical (CD14+CD16−), 
intermediate (CD14highCD16+), and non-classical 
(CD14lowCD16+) cells.5, 6 

Classical monocytes have specialized 
functions in phagocytosis, reactive oxygen 
species (ROS) production, and release of 
inflammatory cytokines a reaction to ligand 
binding, such as lipopolysaccharide (LPS) to Toll-
like receptors (TLRs).7 Intermediate monocytes 
display activated cell properties, including 
enhanced expression of the major 
histocompatibility (MHC) class II antigens and 
intracytoplasmic TNF-α.8 

In contrast, non-classical monocytes do not 
produce ROS and have limited phagocytic 
activity. However, upon activation by ligands 
such as LPS, viruses, or nucleic acids binding to 
TLRs, they release a lot of pro-inflammatory 
cytokines, including TNF-α and IL-1.9 

Research studies suggested that TLRs, 
predominantly expressed on neutrophils and 
monocytes, regulate inflammatory responses 
when infection primes the immune system.10, 11 
TLR-4 has obtained attention, as it is playing a 
crucial role in host cell reactions to LPS from 
gram-negative bacteria. TLR-2, on the other 
hand, has broad specificity and can identify 
peptidoglycan, lipoteichoic-acid, lipoproteins 
and fungal-cell wall. When exposed to 
interferon (IFN) and granulocyte macrophage-
colony stimulating factor (GM-CSF), both 
neutrophils and monocytes have been observed 
to exhibit increased gene expression of TLR-2 
and TLR-4.12 

During the initial stages of pregnancy, 
monocytes in circulation migrate to the decidua 
and differentiate into either macrophages or 
dendritic cells.13 Consequently, the production 
of decidual immune effectors can affect the 
composition of peripheral blood monocytes. 
The majority of studies that have investigated 
levels of TLR expression throughout normal and 
difficult pregnancies have concentrated on the 
cells and tissues that make up the maternal-
fetal interface, including the trophoblast, 
decidua and amniochorionic membranes.14, 15 

The aim of this research was to explore 
whether variations in the distribution of 
monocyte subsets and neutrophils or the 
expression of TLR-2 and TLR4 could be 
indicative of preterm labor. 

Patients and Methods 

The study included a total of 74 women divided 
in three groups. Group 1 (the preterm group) 
involved 29 pregnant women who arrived in 
early labor and preterm delivery from 27 to less 
than 37 weeks “gestation". Group 2 full-term 
labor group (the term group) included 25 
pregnant women who completed 37 weeks 
gestation and were in labor. Twenty normal 
non-pregnant women not complaining from any 
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medical condition made up the third control 
group. 

Pregnant women who were preterm and had 
multiple pregnancies, fetal abnormalities, 
diabetes, hypertension, placenta previa, or 
intrauterine growth restriction were not 
included in the study. However, preterm and 
full-term pregnant women, had a single 
pregnancy, and did not have any chronic or 
gestational medical problems were eligible to 
be included in the study. 

The study collected basic obstetric and 
clinical information from all study pregnant 
women, and calculated gestational age based 
on the first day of their last menstrual period. 
Additionally, a blood sample (5 ml) was taken 
from each participant and placed into tubes 
containing EDTA, processed within three hours 
of collection for complete blood count (CBC) 
and flow cytometric assessment.  

Flow cytometric detection of monocytes subsets 
and their expression of TLR2 and TLR4  

To detect monocyte subsets in blood samples, a 
process involved staining and incubation with 
specific monoclonal antibodies was performed. 
Specifically, a blood sample (100 µl) from each 
study participant was mixed with 10 µl of 
fluorescein isothiocyanate (FITC)-conjugated 
CD282 (TLR2), phycoerythrin (PE)-conjugated 
CD284 (TLR4), peridinin-chlorophyll-protein 
(Per-CP)-conjugated anti-CD16, and 
allophycocyanin (APC)-conjugated anti-CD14. All 
monoclonal antibodies were obtained from 
Becton Dickinson (BD) Biosciences, San Jose, 
USA, with the exception of CD284, which was 
obtained from eBiosciences, Thermo Fisher 
Scientific, San Diego, USA. The mixture was then 
incubated for 15 minutes at room temperature 
in the dark. Following this, red blood cells were 
lysed, and the cells were washed and 
resuspended in phosphate buffer saline (PBS). 
Finally, flow cytometric analysis was performed 
using an automated flow cytometry machine 
(BD FACS Calibur, BD Biosciences, USA) with Cell 
Quest software (BD Biosciences, USA). About 
50,000 events were acquired. An isotype-
matched negative control using anti-human IgG 
was employed for each sample. The granulocyte 

(neutrophils) and monocyte population were 
defined using forward and side scatter 
histogram. The expression of CD14 and CD16 
was then evaluated within the monocyte 
population. As the next step, the classical 
monocytes (CD14++CD16-), intermediate 
monocytes (CD14+CD16+) and non-classical 
monocytes (CD14-/dim CD16++) were gated. 
Following this, the study evaluated the 
expression of TLR2 and TLR4 on granulocytes, 
classical monocytes, intermediate monocytes, 
and non-classical monocytes. The expression 
was reported as a geometric mean of 
fluorescence intensity (MFI) as shown in Figure 
1. 

 

Figure 1. Detection of monocyte cells subtype 
by Flow cytometry. A: Forward and side scatter 

histogram was used to define the monocytes population 
(R3). B: cells were plotted for their CD14 and CD16 
expression, after which three distinct subpopulations of 
monocytes were defined: CD14

++
CD16

-
 cells, CD14

+
CD16

+
 

cells and CD14
-/dim

 CD16
++

 cells. 
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Statistical Analysis 

The Statistical Package for Sciences software 
(SPSS), version 20.0, was used to conduct the 
statistical analyses. For continuous variables, 
the results are shown as means ± standard 
deviation (SD). Differences between two groups 
were examined by independent Sample T-test, 
while One Way ANOVA was employed to 
analyze continuous variables in more than two 
groups. A p value of less than 0.05 was 
considered statistically significant. 

Results 

Basic obstetric and clinical characteristics of the 
laboring women and the controls 

The mean age did not significantly differ 
between the groups. Also, group1 (preterm 
labor) and group 2 (full-term labor) had 
significantly different gestational ages at the 
time of inclusion (p< 0.0001) as shown in Table 
1. 

Table 1. Characteristics of monocytes, monocyte subsets and neutrophils in laboring women in labor 
and the controls. 

p value Group 3 

(non-pregnant 

control) (n=20) 

Group 2 

(full-term labor) 

(n=25) 

Group 1 

(preterm labor) 
(n=29) 

 
p 3 p 2 p1 

NS NS NS 29.55±9.15 29.52±4.69 28.20± 5.93 Age (years) 

<0.0001    37.84±.850 30.20± 3.17 
Gestation age 

(weeks) 

0.010 0.021 <0.0001 7.01± 1.94 8.61± 2.44 11.11± 4.12 Monocytes (%) 

0.045 NS 0.030 85.09± 3.99 84.61± 4.56 81.37± 6.65 
Classical 
monocytes (%) 

0.043 NS 0.041 8.10±0.909 8.30±1.14 10.04±4.04 
Non classical 

Monocytes (%) 

0.049 0.016 0.004 6.04± 1.29 7.17±1.64 8.89± 3.99 
Intermediate 
monocytes (%) 

0.009 0.008 <0.0001 46.11±16.44 60.92± 18.50 72.30± 12.10 Neutrophils (%) 

p1: group1 vs. group3; p2: group2 vs. group3; p3: group1 vs. group2. Data represented as means ± SD. 

p > 0.05 is not significant (NS). 

 

Analysis of the frequency of monocytes and 
monocyte subsets in study and control groups 

Data in Table 1 show that the mean percentage 
of monocytes was significantly higher in 
preterm and term groups than in the non-
pregnant control group. Also, a significant 
difference in monocyte percentage was 
observed between the preterm and the full-
term group. The mean percentage of classical 
monocytes represented the largest mean within 
monocytes population. As the non-pregnant 
control group was the highest followed by term 

group with significant high difference between 
each group and preterm group. Non classical 
monocytes were significantly higher in the 
preterm group than the other two groups. The 
mean percentage of intermediate monocytes 
was significantly higher in the preterm and term 
groups than the non-pregnant control women. 
Also, the mean percentage of intermediate 
monocytes showed a significantly higher 
difference in preterm group than the term one. 



165  The Egyptian Journal of Immunology 

Expression of TLR-2 and TLR-4 on the surface of 
different subsets of monocytes in study and 
control groups 

We did not find any statistically significant 
difference in TLR2 expression neither on 
classical monocytes nor on intermediate 
monocytes among the three groups (p=0.104 
and p=0.740, respectively). By contrast, a 
significant difference was detected in TLR2 
expression on nonclassical monocytes among 
the three groups (p= 0.001). Consequently, this 
expression of TLR2 on nonclassical monocytes 
was significantly up regulated in the preterm 
group compared to term and control groups 

(p=0.010 and p=0.002, respectively). 
Additionally, TLR4 expression in each monocyte 
subset was significantly different among the 
three groups as shown in Figure 2. In the 
preterm group, the expression of TLR4 was 
significantly higher in classical monocytes and 
non-classical monocytes in comparison to the 
control group (p=0.019 and p< 0.0001, 
respectively). Besides, the expression of TLR4 in 
nonclassical monocyte subset was significantly 
up regulated in the preterm compared to the 
term group (p<0.0001). In contrast, 
intermediate monocytes, TLR4 expression in the 
term group was significantly higher in 
comparison to the control group (p=0.002). 

 

 

Figure 2. Expression of TLR-2 and TLR-4 on the surface of monocyte subsets in women in labor and 
controls. 

 

Frequency and expression of TLR-2 and TLR-4 on 
the surface of neutrophils 

Data in Table 1, show that in the preterm group 
the mean percentage of neutrophils was 
significantly higher than in the term and control 
groups. Moreover, the neutrophils mean 
percentage in term group was significantly 
higher than in the control group. The TLR4 

expression in neutrophils was significantly 
different among the three groups (p<0.0001). 
The expression of TLR-4 in neutrophils from the 
preterm group was statistically higher than such 
expression from the term and control groups 
(p<0.0001 for both). We noted that the 
difference in the expression of TLR-2 in 
neutrophils was not statistically significant 
between any groups as shown in Figure 3.
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Figure 3. Expression of TLR-2 and TLR-4 on the surface of neutrophils in women in labor and controls. 

Discussion 

Despite progress in handling high-risk 
pregnancies, including those complicated by 
preterm birth, the occurrence of these issues 
remains elevated, and understanding the 
underlying mechanisms remains obscure. Our 
study was carried out to determine the role of 
neutrophils and monocyte subsets or their 
expression of TLR-2 and TLR4 in preterm labor.  

The study revealed that the average 
percentage of monocytes was significantly 
higher in both preterm and term groups 
compared to the control group. As adaptive 
immunity is known to be diminished during 
pregnancy, the increased activation of innate 
immunity in the peripheral blood may be a 
necessary counterbalancing mechanism to 
ensure protection against infection.16 

Our study found that classical monocytes 
were the predominant subset of monocytes, 
which is consistent with findings of the previous 
study by Kim et al., 2012.17 In our study, we 
observed a significant decrease in classical 
monocytes in the preterm group compared to 
the non-pregnant control groups, which agreed 
with the findings of a study by Melgert et al., 
2012 who reported that pregnant women had 
lower percentages of classical monocytes when 
compared to non-pregnant controls.18 This may 
be due to the specialization of classical 
monocytes in phagocytosis, and the reduced 
phagocytic role of monocytes during pregnancy 
which can be a protective mechanism for the 
allogeneic fetus.7, 19 However, the study by Al-
Ofi et al., 2012 reported that pregnant women 

had more classical monocytes than non-
pregnant women.20 

Intrauterine infection has been closely linked 
with preterm birth.21 Despite the thought that 
localized intrauterine infection is frequently 
asymptomatic, it has the potential to attract 
and activate monocytes as well as produce 
proinflammatory cytokines IL-1β and TNFα in 
response to bacterial products.22 Our study 
found that the average percentage of 
intermediate monocytes was significantly higher 
in both preterm and term groups compared to 
the control group, with a higher difference 
observed in the preterm group. This is 
consistent with a previous study that reported a 
higher percentage of this subset in the preterm 
group compared to the full-term and pregnant 
control groups.17 Additionally, evidence from 
other inflammatory diseases supports the 
existence of the intermediate subset (CD14 high 
CD16+), in large numbers.8 

According to our research, the preterm 
group had a much larger percentage of non-
classical monocytes than the other two groups. 
This finding is consistent with the analysis of an 
animal model, which showed a higher 
proportion of non-classical monocytes in 
pregnant rats than in non-pregnant rats.18 
However, another study reported a decreased 
number of non-classical monocytes in pregnant 
women compared to non-pregnant women.20 A 
research study has shown that the non-classical 
monocyte subset has poor phagocytic function, 
despite producing significant amounts of pro-
inflammatory cytokines such as TNF-α and IL-
1β.9 
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A previous research study has demonstrated 
that intermediate/non-classical monocytes, 
which express CD16, are more pro-
inflammatory than the classical subset.23 The 
available data support the idea that preterm 
labor is a pro-inflammatory condition and that 
the activation of CD16+ monocytes in response 
to infectious stimuli may trigger the maternal 
pro-inflammatory response, ultimately leading 
to preterm labor. Furthermore, the high 
expression of the chemokine receptor CX3CR1 
on CD16+ monocytes enable these cells to have 
a strong affinity for endothelial cells, facilitating 
their rapid extravasation in response to 
inflammatory stimuli.24,25

 

TLRs are primarily expressed on monocytes 
and are believed to regulate the maternal pro-
inflammatory response,26, 27 which is linked to 
early activation of the parturition pathway after 
TLR involvement.28 Ilievski et al., 2007 
demonstrated that TLR-2 ligands, such as 
lipoteichoic acid or peptidoglycan were 
sufficient to induce premature delivery in 
healthy pregnant mice.29 Our research revealed 
that TLR-2 expression was significantly 
upregulated on non-classical monocytes in the 
preterm group compared to the term and 
control groups, as opposed to other monocyte 
subsets. This finding further supports the notion 
that these unique monocyte subsets may play a 
role in the initiation of labor.  

This study found a significant difference in 
TLR4 expression among the three groups in 
each monocyte subset. Moreover, the preterm 
group had a higher percentage of TLR4 
expression in both classical and non-classical 
monocyte subsets compared to the control 
group. These findings agreed with those of a 
study by Pawelczyk et al., 2010 which reported 
a significant increase in frequency of TLR4-
positive monocytes and TLR4 mRNA expression 
in women in preterm labor.27 Additionally, 
murine studies have demonstrated that LPS 
stimulates monocytes, leading to preterm labor 
via TLR4 interaction.30 Conversely, blocking TLR4 
to inhibit monocyte activation could 
significantly reduce LPS-induced preterm 
labor.31 

Furthermore, in the present study, the 
preterm group showed significantly upregulated 

TLR4 expression on non-classical monocytes 
compared to the term group. The increased 
expression of TLR4 in monocytes of preterm 
women may signal the start of an inflammatory 
response in response to potential infectious 
stimuli, which could be associated with 
probable preterm labor. This is supported by 
findings of a study by Tang et al., 2015 which 
reported that TLR4 triggers genes that encode 
pro-inflammatory cytokines.32  

In the present study, the expression of TLR-4 
on neutrophils in the preterm group was 
significantly higher than in the term and control 
groups, while there was no statistically 
significant difference in the expression of TLR-2 
among all groups. The study by Moço et al., 
2018 found that the level of TLR-2 protein 
expression on neutrophils did not differ 
between preterm and non-laboring pregnant 
women. Furthermore, consistent with our 
results, TLR-4 protein expression was increased 
in maternal neutrophils during preterm labor.10 
The various bacterial species found in the 
amniotic cavity may be the cause of the 
difference in TLR-2 and TLR-4 expression by 
maternal neutrophils during preterm.10 

In conclusion, our study findings together 
with the previously mentioned data, suggests 
that the non-classical monocyte subset together 
with TLR2 and TLR4 expression are specifically 
increased in preterm labor. This underscores 
the significant involvement of both monocytes 
and neutrophiles in triggering the innate 
immune system and instigating robust pro-
inflammatory reactions leading to preterm 
labor. Moreover, the expression of TLR4 and 
TLR2 on non-classical monocytes could serve as 
an indicator for evaluating the likelihood of 
preterm labor. 
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