
Introduction

Cytokines are a group of immunomodulatory
proteins leading a variety of immune reactions in
the human body, which play a significant role in the
development of appropriate immune responses
against Toxoplasma gondii [1]. The majority of
women infected with toxoplasmosis have
asymptomatic; primary infection during pregnancy
can result in disease transmission through the
placenta and lead to hazardous consequences such
as abortion, stillbirth, mental or physical
retardation, hydrocephalus, and blindness [2].
Strikingly, cytokines are among a large number of

miscarriage-related factors, those involved in
abnormal immune reactions [3].

IL-27 is secreted by antigen-presenting cells and
has been shown to regulate inflammation during
pregnancy to control the intensity and duration of
immune responses and to induce Th1 differentiation
of  CD4+ T cells, while attenuating proin flammatory
cytokine production through STAT (Signal
transducer and activator of transcription)
transcription factors [4]. Further, signaling of IL-27
enhances a subset of T regulatory cells that restrict
intestinal pathology and ameliorate host survival in
T. gondii infection [5]. With consideration, the
cytokines are undergoing genetic controls, and
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genotype showed significant differences comparing to healthy and pregnant women (P<0.05). In conclusion, the level
of IL-27 in recurrent abortion women with toxoplasmosis was higher than the recurrent abortion women, which may be
due to the inflammatory response to toxoplasmosis. SNP of IL-27 has not represented as a risk factor in recurrent
abortion women with toxoplasmosis.
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recent studies suggest that genetic polymorphisms of
cytokines have a functional role in regulating the
levels of cytokine gene expression and their receptor
[6]. Moreover, single nucleotide polymorphisms
(SNPs) are predictive markers in diseases like a
differential response to therapy [7]. Recently, it has
been notified that mutations of IL-27 were shown to
be susceptible to a diversity of diseases, such as
asthma, colorectal cancer, rheumatoid arthritis,
ovarian cancer, Crohn’s disease, esophageal cancer,
and nasopharyngeal carcinoma [8–10]. 

This study aimed to investigate the serum levels
of IL-27 and its polymorphism in spontaneous
abortion women with toxoplasmosis. 

Materials and Methods

The samples collection and study groups design 

The women’s blood of 200 samples were
collected from November 2019 until March 2020
from Al-Alawiya Maternity Teaching Hospital/
Baghdad/Iraq. The study groups were designed into
two main groups, 100 samples of patients and 100
samples of controls for Iraqi women; these main
groups divided into four subgroups. The control
were divided to 50 healthy women (non-pregnant)
and 50 healthy pregnant women. While the patient
groups were divided into 50 recurrent abortion
women without toxoplasmosis and 50 recurrent
abortion women with toxoplasmosis (which
diagnosed previously with anti-Toxoplasma IgG and
IgM). According to a pre-prepared questionnaire,
information was collected about control and patients
group. The inclusion criteria were a woman age
(more and and equal 35 and less than 35), number of
miscarriages, number of abortion, children number.
The exclusion criteria were autoimmune
dysfunction, genetic anomalies, inflammatory
disease, and other systemic disorders.

Detection of IL-27 serum level

IL-27 was detected in human serum depending
the manufacturer instructions of kit (Abcam, USA,
catalog number: ab83695).

Genetic analysis

Frozen whole blood in EDTA tube was utilized
for extraction DNA by using Quick-gDNA™
MiniPrep Zymo kit. The allelic specific
discrimination of SNP IL-127 (rs153109) was
conducted via the use of TaqMan custom SNP
genotyping assay from Thermo Fisher Scientific

Company, USA (Catalog No. 4351379; Assay ID:
C_176104812_10). In addition, TaqMan master mix
used from Kapa Biosystems Company, USA
(Catalog No: KK4702). SNP estimated by using
Real-Time PCR System (Real-time thermal cycler
Sa Cycler-96, Sacace Bio technologies, Italy). 

Statistical analysis

The outcomes conducted with Graph Pad Prism
version 8.0.1 for Windows (GraphPad Software,
San Diego, California, USA). The concentration of
IL-27 was presented as mean ± standard deviation
and significant differences were analyzed by one-
way ANOVA analysis. The genotype and alleles
frequencies for SNPs were calculated directly
counting method. Hardy-Weinberg equilibrium
(HWE) for SNP was investigated via the use of the
online calculator of Michael H. Court (2005–2008).
Where if P-value more than 0.05, the population
consistent with HWE. Whereas the odds ratio (OR)
was estimated for evaluating the risk related to
genotypes and alleles; it is calculated by chi-square,
and Fischer’s exact probability via utilizing the
statistical software epidemiological (WINPEPI)
version 11.65. Also, P-values are statistically
significant when less than (0.05).

Ethical approvals

The assent was obtained from the participants,
and also the study was consented by ethical
committees of Biology Department/College of
Science/University of Baghdad and was approved
for collection of blood by the ethics committee of
the Iraqi Ministry of Health and Environment.

Results 

Serum level of IL-27 in the studied groups

The results pointed to significant differences in
recurrent abortion with toxoplasmosis group
comparing with healthy women, pregnant women,
and recurrent abortion with probability (P<0.05).
Additionally, recurrent abortion had significant
differences when compared to healthy women, and
pregnant women P<0.05) as shown in table 1.

SNPs of IL-27 in the studied groups

The results of the genotypic frequencies of IL-27
are demonstrated in Tab. 2. There was appeared
genotypic distributions of IL-27 (rs153109T/C)
accommodated to Hardy-Weinberg equilibrium in
healthy women, pregnant women, recurrent
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abortion and recurrent abortion women with
toxoplasmosis. The results showed that genetic
models appeared no significant association between
patients and controls (Tab. 3). Furthermore, the
polymorphic genotypes TT, TC, CC have been
shown no significant difference in recurrent
abortion and recurrent abortion with toxoplasmosis

comparing to healthy women and pregnant women
as shown in the tables 4–8. In regard to the
distribution of genotypes polymorphism for IL-27
by maternal age (Tab. 9), there were no significant
differences between the genotypes and maternal age
progressed and also no appeared relevant with the
risk of progressed age. 
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Table 1. Comparison serum level of IL-27 among the studied groups (mean±SD)

Explanations: P-value <0.05 mean significant; NS: non-significant

Groups Concentration of IL-27
P-value with healthy

women
P-value with pregnant

women
P-value with recurrent

abortion

Recurrent abortion
with toxoplasmosis

243.1±27.73 <0.0001 <0.0001 0.0206

Recurrent abortion 215.1±36.52 <0.0001 0.0182 –

Pregnant women 186.5±10.08 0.1219NS – –

Healthy women 165.4±15.53 – – –

Table 2. The percentage frequencies of genotype and Hardy-Weinberg Equilibrium (HWE) of IL-27 (rs153109) in the
studied groups

Groups
Genotype frequency  

TT TC CC   HWE (P≥0.05)

Controls (N=100) Observed N 45 45 10 0.8   

% 45 45 10

Expected N 45.6 43.9 10.6

% 45.6 43.9 10.6

Healthy women (N=50) Observed N 18 26 6 0.464

% 36 52 12

Expected N 19.2 23.6 7.2

% 38.4 47.2 14.4

Pregnant women  (N=50) Observed N 27 19 4 0.799

% 54 38 8

Expected N 26.6 19.7 3.6 

% 53.2 39.4 7.2

Patients (N=100) Observed N 49 39 12 0.34

% 49 39 12

Expected N 46.9 43.2 9.9

% 46.9 43.2 9.9

Recurrent abortion  (N=50) Observed N 26 19 5 0.585

% 52 38 10

Expected N 25.2 20.6 4.2

% 50.4 41.2 8.4

Recurrent abortion with
toxoplasmosis (N=50)

Observed N 23 20 7 0.442 

% 46 40 14

Expected N 21.8 22.4 5.8

% 43.6 44.8 11.6
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Table 5. Comparison of the genotype and allele frequency of IL-27 (rs153109) between healthy women and recurrent
abortion 

Explanations: OR: Odds ratio; CI: Confidence interval; P-value <0.05

Table 4. Comparison of the genotype and allele frequency of IL-27 (rs153109) between healthy women and recurrent
abortion with toxoplasmosis

Explanations: OR: Odds ratio; CI: Confidence interval; P-value <0.05

Genotype Recurrent abortion with toxoplasmosis Healthy women P-value OR (CI: 95%)

TT 23(46%) 18(36%) 0.416 1.5(0.68–3.35)

TC 20(40%) 26(52%) 0.316 0.62(0.28–1.35)

CC 7(14%) 6(12%) 1 1.19(0.38–3.80)

Total 50 50

Allele Recurrent abortion with toxoplasmosis Healthy women P-value OR (CI: 95%)

T 66(66%) 62(62%) 0.659 1.19(0.67–2.11)

C 34(34%) 38(38%) 0.659 0.84(0.47–1.49)

Total 100 100

Genotype Recurrent abortion Healthy women P-value OR (CI: 95%)

TT 26(52%) 18(36%) 0.158 1.9(0.87–4.26)

TC 19(38%) 26(52%) 0.228 0.57(0.26–1.24)

CC 5(10%) 6(12%) 1 0.81(0.23–2.83)

Total 50 50

Allele Recurrent abortion Healthy women P-value OR (CI: 95%)

T 71(71%) 62(62%) 0.231 1.5(0.83–2.70)

C 29(29%) 38(38%) 0.231 0.67(0.37–1.20)

Total 100 100

Table 3. The genetic model of the association for alleles and genotypes of IL-27(rs153109) in co-dominant, dominant,
recessive, and overdominant models

Explanations: OR: Odds ratio; CI: Confidence interval; P-value <0.05

Genetic model Genotype and allele  Patients (N=100) Control  (N=100) OR (CI: 95%) P-value

Codominant TT ref 49(49%) 45(45%) 1(0.57–1.77) 1

TC 39(39%) 45(45%) 0.8(0.44–1.43) 0.5

CC 12(12%) 10(10%) 1.1( 0.44–2.78) 1

Dominant TT ref 49(49%) 45(45%) 1(0.57–1.77) 1

TC/CC 51(52%) 55(55%) 0.85(0.49–1.48) 0.7

Recessive TC/TT ref 88(88%) 90(90%) 1(0.66–1.51) 1

CC 12(12%) 10(10%) 1.23( 0.51–2.97) 0.8

Overdominant TT/CC ref 61(61%) 55(55%) 1(0.60–1.67) 1

TC 39(39%) 45(45%) 0.78(0.45–1.37) 0.5

Allele T ref 137(68.5%) 135(67.5%) 1.1(0.71–1.40) 1

C 63(31.5%) 65(32.5%) 0.96(0.63–1.45) 0.9



The association between serum levels for IL-27 and

SNP (rs153109)

The results demonstrated the distribution of
serum levels for IL-27 by SNP (rs153109) as shown
in table 10. The genotypes TT, TC, and CC in the

patient groups had significant differences with high
serum level for IL-27 comparing to these genotypes
in the control groups. Whilst there were no
differences between genotypes within each group.
Moreover, the results in table 11 showed significant
differences in the genotypes TT, TC, and CC where

Association between 439

Table 6. Comparison of the genotype and allele frequency of IL-27 (rs 153109) between healthy women and pregnant
women

Explanations: OR: Odds ratio; CI: Confidence interval; P-value <0.05

Table 7. Comparison of the genotype and allele frequency of IL-27 (rs153109) between pregnant women and
recurrent abortion with toxoplasmosis

Genotype Pregnant women Healthy women P-value OR (CI: 95%)

TT 27(54%) 18(36%) 0.107 2.09(0.94–4.62)

TC 19(38%) 26(52%) 0.228 0.57(0.26–1.24)

CC 4(8%) 6(12%) 0.741 0.64(0.17–2.38)

Total 50 50

Allele Pregnant women Healthy women P-value OR (CI: 95%)

T 73(73%) 62(62%) 0.131 1.66(0.91–3.01)

C 27(27%) 38(38%) 0.131 0.6(0.33–1.09)

Total 100 100

Genotype Recurrent abortion with toxoplasmosis Pregnant women P-value OR (CI: 95%)

TT 23(46%) 27(54%) 0.549 0.73(0.33–1.58)

TC 20(40%) 19(38%) 1 1.09(0.49–2.41)

CC 7(14%) 4(8%) 0.525 1.87(0.52–6.76)

Total 50 50

Allele Recurrent abortion with toxoplasmosis Pregnant women P-value OR (CI: 95%)

T 66(66%) 73(73%) 0.357 0.72(0.39–1.31)

C 34(34%) 27(27%) 0.357 1.39(0.76–2.54)

Total 100 100

Table 8. Comparison of the genotype and allele frequency of IL-27 (rs153109) between pregnant women and
recurrent abortion

Genotype Recurrent abortion Pregnant women P-value OR (CI: 95%)

TT 26(52%) 27(54%) 1 0.92(0.42–2.01)

TC 19(38%) 19(38%) 1 1(0.45–2.22)

CC 5(10%) 4(8%) 1 1.28(0.33–5.00)

Total 50 50

Allele Recurrent abortion Pregnant women P-value OR (CI: 95%)

T 71(71%) 73(73%) 0.875 0.91(0.49–1.67)

C 29(29%) 27(27%) 0.875 1.10(0.60–2.04)

Total 100 100
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Table 11. Distributions of serum level for IL-27 in healthy women, pregnant women, recurrent abortion and recurrent
abortion toxoplasmosis by SNPs genotypes

Explanations: mean with different capital letter within each row and different small letter within each column are
significantly different (P<0.05); means with similar capital letter within each row and similar small letter within each
column are non-significantly different (P>0.05)

Table 9. Distribution of genotypes of SNP IL-27 (rs153109) by maternal age

OR: Odds ratio; CI: Confidence interval; P value <0.05

Table 10. Distributions of serum level for IL-27 in patients and controls by SNPs genotypes

Explanations: means with different letter within each column are significantly different (P<0.05); means with similar
letter within each row are non-significantly different (P>0.05)

Groups SNP genotypes

TT TC CC

Controls 181.8±15.28 A 171.1±18.77 A 175.2±15.51 A

Patients 230.1±27.82 B 230.6±25.53 B 225.6±22.19 B

Groups SNP genotypes 

TT TC CC

Healthy women 170.9±14.05Aa 156.8±16.28Aa 168.6±17.78Aa

Pregnant women 192.6±5.731Aad 185.4±4.658Ab 181.8±10.05Aa

Recurrent abortion 213.1±12.83Abd 218.6±20.01Ac 212.1±4.734Ab

Recurrent abortion with toxoplasmosis 247.0±28.94Ac 242.6±25.84Ad 239.0±24.90Ac

Age  Groups  
Genotype 

TT CT CC Total  

Age ≤35 Patient  45 31 11 87   

Control 42 38 9 89   

OR(CI:95) 1.2(0.67–2.16) 0.7(0.41–1.36) 1.4(0.54–3.5)    

P-value 0.651 0.385 0.635   

Age >35 Groups  Genotype

CC CT TT Total   

Patient  5 7 1 13   

Control  4 5 2 11

OR(CI:95) 1.09(0.22–5.4) 1.4(0.30–6.54) 0.38(0.03–4.3)

P-value 1 1 0.576

Overall Groups Genotype

CC CT TT Total

Patient 50 38 12 100

Control 46 43 11 100

OR(CI:95) 1.2(0.68–2.04) 0.8(0.46 –1.43) 1.1(0.46– 2.6)

P-value 0.671 0.565 1



it was observed elevation serum level of IL-27 in
recurrent abortion with toxoplasmosis in contrast to
healthy women, pregnant women, and recurrent
abortion. Also, in recurrent abortion the level of IL-
27 for TC, and CC genotype showed significant
differences comparing to healthy and pregnant
women whereas genotype TT in recurrent abortion
had no significant differences comparing to
pregnant women. Besides, pregnant women have
shown a significant difference in the genotype TC
comparing to healthy women.

Discussion

One of the studies suggested an elevated level of
IL-27 in usual miscarriage women in comparison to
healthy pregnant with significant differences
(P<0.05), therefore, it was observed the synchronic
raise in the level of anti-inflammatory and pro-
inflammatory cytokines. This can be interpreted
through a raise in immune response and stimulation
of fetal defense mechanism. Imbalance of cytokines
leads to developing the loss of actual pregnancy in
women with usual miscarriage [18]. Consequently,
the results of serum level for IL-27 in this study have
agreed with another study in the elevated level of IL-
27 in aborted women infected with toxoplasmosis
compared with recurrent abortion women which are
infected with another microorganism with a P-value
of 0.016 [19].

Dogruman-Al et al. [20] demonstrated that
Toxoplasma infection relies on the balance of
signals between pro-inflammatory cytokines (IL-12,
IFN-γ, TNF-α), and anti-inflammatory cytokines
(IL-10, lipoxin A4, IL-27) that repress the
proliferation of parasite and the control of an
inflammatory response. In addition, it has been
observed that the levels of IL-27 are elevated through
the interactions of the host cell with a virus, bacteria,
and parasites [21]. Likewise, the signaling of IL-27
inhibits the neurological harm development during
chronic toxoplasmosis [22]. On the other hand,
another study indicated an increase in the level of IL-
27 in healthy pregnant and women with preeclampsia
comparing to healthy women (non-pregnant), the
raise was significantly different in preeclampsia cases
(P-value <0.05) [23]. As well as, studies showed
that a pregnancy’s success is reliant on immune
balance, involving the immune response, immune
tolerance, and proportional cytokine levels [24]. 

Through the results of this study, it was found
that they agreed with some studies and contradicted

other studies, and this may be due to ethnic
differences and the hereditary predisposition to
some diseases. One of the studies performed on the
aborted Iraqi women showing there are significant
differences in the association between SNP of IL-27
(−964A>G) and recurrent abortion [11]. While
another study indicated that no significant
differences between genetic polymorphisms of IL-
27 (−964A>G) and recurrent miscarriage in Iranian
women [12].

Recent studies of genetic correlations have
evidenced that polymorphism of IL-27 (rs153109)
influences the expression of mRNA and affects
patients susceptibility to different inflammation
associated of diseases [13–16]. Liu et al. [17]
suggested that CC genotype of rs153109 was a risk
factor in preeclampsia cases (OR=1.54), whilst CT
genotype was a protective factor in preeclampsia
cases (OR=0.74).

Nevertheless, it appears in other studies for SNP
rs153109 of IL-27 and another SNP rs17855750 that
the rs17855750 was related to IL-27 levels in bladder
carcinoma. The genotype GG recorded a minimum
level for IL-27 than the detecting threshold. While the
genotype of the IL-27 (rs153109) not recorded
significant differences with plasma levels of IL-27
[25]. Where the SNP (rs17855705) has located in the
region of missense codon, which changes the allele T
to G lead to the alteration of the amino acid (serine to
alanine), whereas SNP (rs153109) in the IL-27 gene
has existed in the promoter region. The promoter
region has a critical role in regulating the process of
transcription and the expression of a protein [26]. In
addition, it has been observed no significant
relevance between mRNA expression of IL-27 and
genotype of SNPs (rs153109 and rs17855750) in
carcinoma of epithelial ovarian for the Chinese
population, also the diminished mRNA expression of
IL-27 may point to the antitumor efficacy for this
cytokine [10]. 

It was noted that the level of IL-27 in recurrent
abortion women with toxoplasmosis was higher
than the recurrent abortion women, which may be
due to the inflammatory response to toxoplasmosis.
The SNP of IL-27 has not appeared as a risk factor
in recurrent abortion women with toxoplasmosis
despite appeared significant differences in the
concentration of IL-27 in the genotypes. Although,
serum level of IL-27  elevated in recurrent abortion
with toxoplasmosis in contrast to healthy women,
pregnant women, and recurrent abortion  in the
genotypes TT, TC, and CC.  
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