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Abstract
Background: Scientific evidence support that imbalance between inflammatory and
anti-inflammatory cytokines play a critical role in preeclampsia (PE).
Objective: To investigate the relationship between the maternal serum level
of interleukin (IL)-23, a pro-inflammatory cytokine, PE and its severity risk was
investigated.
Materials andMethods: The case-control study included a total of 145women counting
75 PE cases, 35 healthy pregnant and 35 healthy non-pregnant controls from Zahedan,
southeast of Iran. The maternal levels of IL-23 in circulation were determined via
enzyme-linked immunosorbent assay.
Results: The maternal serum levels of IL-23 were increased in PE and its 2 subgroups
severe PE and mild PE, so that these increases were significant in PE and severe PE,
but not in mild PE compared with the controls (p < 0.001 and p < 0.001, p = 0.08,
respectively). Besides, the maternal IL-23 serum level was statically significant in the
early onset PE, but not in the late onset-PE group compared to healthy pregnant
controls (p < 0.001, p = 0.46 respectively).
Conclusion: The results of our study showed a positive association between IL-23 level
and PE, especially in severe type and early onset PE, which suggests that IL-23 may
be involved in the pathogenesis of this systemic syndrome.
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1. Introduction

In pregnancy, preeclampsia (PE) is considered
to be a specific disorder that can threaten
the life of both the mother and the fetus in
3-5% of pregnant women (1). The symptoms
become apparent between the second and
third trimester of gestation with a placental
disorder caused by unusual vascular reply to
placentation, which can lead to endothelial
cell dysfunction and systemic vasospasm (2).
Edema, renal failure, and hemolysis, elevated
liver enzymes and low platelets syndrome are
some of the additional symptoms that similarly
exacerbate the clinical condition. However, the
clinical signs and diagnostic standards for PE
include high blood pressure, proteinuria, abrupt
overweight, edema, liver enzymes elevation,
renal impairment, and blurred vision (1, 2). PE
causes fetal growth restriction (FGR), weight
loss, and eventually perinatal death (3). The PE
might have mild or severe symptoms with early
or late onset of clinical manifestations. Severe
cases of PE are diagnosed with symptoms such
as unbalanced liver function, thrombocytopenia,
and hemolysis, elevated liver enzymes and low
platelets syndrome. Although the etiology of PE
is not exactly identified, it is generally established
that both maternal and placental factors are
related to its etiology and pathogenesis (3,
4).

Inflammatory cytokines are recognized as
powerful stimulators of the vascular endothelium
and inflammatory mediators of endothelial cell
dysfunction (4). Briefly, placentae in stressful
circumstances release a surplus of cytokines that
play a role in maternal endothelial cell activation
and inflammatory replies that are indicators of

PE (5). Different cytokines were detected in
PE in comparison to healthy pregnant women;
therefore, the high level of cytokines include
granulocyte-macrophage colony-stimulating
factor, colony-stimulating factor-1, interleukin
(IL) 3, and IL-10 that have positive effects on
successful pregnancy, while IL-1β, IL-2, IL-6, IL-8,
IL-17, IL-27 and tumor necrosis factor-alpha (TNF-
α), and interferon-gamma (IFN-γ) contributed well
to PE (4-6).

IL-23, a pro-inflammatory cytokine, is
structurally similar to IL-6 and IL-12 which
belong to the IL-12 family. IL-23 is considered
an IFN-γ production inducer and is a crucial
cytokine in the regulation of the development
of Th17 cells, which prompts high levels of the
pro-inflammatory cytokine IL-17 (7), as well as
convinces the production of other inflammatory
cytokines, including TNF-α, IL-1, IL-6, and IL-8 (8).
Furthermore, IL-17 which is secreted via IL-23/
T-helper type 17 (Th17) axis, is suggested as a
hypertension inducer during pregnancy (9). The
important role of IL-23 has been detected in many
disorders including psoriasis, multiple sclerosis,
systemic lupus erythematosus, rheumatoid
arthritis, inflammatory bowel disease, hepatitis
C virus infection, and Coronavirus disease 2019
(10-18).

A limited recent study reported increased
levels of Th17/Treg cytokines profile, including
IL-23, in PE (19), but the association between
IL-23 levels and the presence, severity, and
onset of PE remains controversial. This study
focuses on comparing the IL-23 serum level in PE
with 2 different control groups and, investigates
the susceptibility to PE complicated by FGR in
an Iranian population for the first time in the
literature.
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2. Material and Methods

25 participants were considered as the
minimum number of participants that was
computed through a comparison of the mean
difference between the 2 groups regarding the
following assumptions: 80% power, 95% CI,
1:1 PE: controls ratio. The present case-control
study was done on 145 subjects referring to
Imam Ali hospital, Zabol, Iran from July 2017
to November 2018. The PE and controls were
112 and 70 subjects, respectively. 37 cases
were excluded from the study because of the
following reasons that were described previously
(20): twin or multiple pregnancies, tuberculosis,
leprosy, tularemia, sepsis, lyme disease, liver
diphtheria, renal disease, diabetes, hydrops
fetalis, hydatidiform mole.
The control group had a normal pregnancy

without any fetal disorders, pathological
problems, and no history of multiple births,
as well. None of the control subjects shown PE
after giving birth.
The age-matched healthy controls were

excluded due to common autoimmune diseases.
No history of hypertension was detected in the
PE and control groups.
The women with systolic blood pressure

> 140 mmHg and/or diastolic blood pressure
> 90 mmHg, and also, proteinuria > 300 mg in
a 24 hr period or > 1+, after 20 W of pregnancy
sorted in PE group. Both cases and controls
contain different subgroups, so that, on one
hand, PE is divided into 46 severe and 29 mild
PE groups. The controls comprise 35 healthy
pregnant and 35 healthy non-pregnant women
(Table I). The diagnostic criteria of severe PE,
mild PE, early and late-onset were described
in our previous works (6, 20). The PE subjects
which have high blood pressure ≥ 160 mmHg

systolic or≥ 110 mmHg diastolic and also, protein
excretion ≥ 5 g/24 hr were characterized as
severe PE. Moreover, the case group was
assigned into 2 other subgroups early-onset PE
(≤ 34 wk of gestation, n = 34) and late-onset
PE (> 34 wk of gestation, n = 41) (Tables II,
III). Blood samples were stored at -80°C until
further usage. IL-23 serum levels were measured
in PE and control women using an ELISA kit (Bio
Legend, San Diego, CA, USA), pursuant to the
manufacturer’s instruction. The sensitivity of the
IL-23 test was 4.27 pg/mL in our laboratory.

2.1. Ethical considerations

The Ethics Committees of Zabol University
of Medical Sciences, Zabol, Iran approved
this study (Code: Zbmu.1.REC.1396.25).
All subjects signed an informed
consent form before participation, as
well.

2.2. Statistical analysis

All the records obtained were mean ± SD.
The Kolmogrov-Smirnov test was recruited to
test the normal distribution of data. The ANOVA
and Student t tests statistical analysis were
performed for normally distributed data, and/or
Kruskal-Wallis and Mann-Whitney U tests were
utilized for non-normally distributed data via
GraphPad Prism (version 7.01) software package
(Graph Pad, CA, USA). The p < 0.05 was
contemplated statistically significant.

3. Results

The clinical properties of cases and controls
are summarized in table I. The average
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weekly pregnancy in the patient group was
33.71 ± 5.36, which was not significantly
different from the control group. In terms
of age and body mass index, no significant
difference was observed between healthy
and pregnant women. However, proteinuria,
systolic blood pressure, and diastolic blood
pressure were significantly different in the
healthy group and the patient group (p < 0.001).
In addition, the birth weight of the newborns in
the healthy group was higher than that of the
PE group, the result of which is shown in table
I.
Thematernal serum levels of IL-23 significantly

increased in PE and healthy pregnant groups
which compared to non-pregnant controls
(p < 0.001 and p < 0.001, respectively).
Moreover, a significantly elevated amount of
IL-23 was observed in PE women compared with
healthy pregnant women, with the median of
24.461 ± 8.027 pg/ml compared with median of
17.622 ± 6.310 pg/ml, respectively (p < 0.001).
Also, when the PE women were divided into
different severe and mild PE subgroups, the IL-
23 serum levels remained significantly higher in
severe PE than in healthy pregnant women (p <
0.001). No significant association was observed
between mild PE and healthy pregnant women
(p = 0.08).

A highly significant difference was observed
between severe PE women and mild PE groups
in IL-23 serum level: median of 26.991 ± 7.989
vs. the median of 20.448 ± 6.363 pg/ml,
respectively (p<0.001). According to the onset of
PE, a significant difference was observed in IL-23
levels between early-onset PE and late-onset PE
(p < 0.001). Moreover, when the PE women were
sorted into 2 PE women with or without FGR, the
FGR PE group showed a higher level of IL-23,
but this increase was not significant, (Table II, p
= 0.29).

Based on the PE severity, we classified early
and late-onset PE into severe and mild types.
As shown in table III, the IL-23 levels were
significantly different in early-onset PE, but not
late-onset PE compared to gestation-matched
healthy pregnant controls (p < 0.001 and
p = 0.46, respectively). A highly significant
elevation of the IL-23 serum level was found
in early-onset PE in both severe and mild
type and gestation-matched healthy pregnant
controls (p < 0.001). Interestingly, no statistically
significant association was observed in mild
and severe PE in late-onset in comparison to
gestation-matched healthy pregnant (Table III,
p = 0.92 and p = 0.22, respectively).

Table I. Demographic characteristics of the study population

Variables Healthy non-pregnant
women (n = 35)

Healthy pregnant
women (n = 35)

PE (n = 75) P-value∗ P-value∗∗

Age (yr) 26.44 ± 7.05 27.31 ± 4.82 27.93 ± 7.11 0.30 0.64
BMI (kg/m2) 24.76 ± 5.52 26.03 ± 6.14 29.19 ± 6.23 < 0.001 0.001
Gestation at sample (wk) NA 33.35 ± 3.89 33.71 ± 5.36 - 0.72
Systolic pressure (mmHg) 109.94 ± 11.34 112.62 ± 10.17 152.78 ± 13.76 < 0.001 < 0.001
Diastolic pressure (mmHg) 66.52 ± 9.45 65.21 ± 7.54 96.63 ± 9.84 < 0.001 < 0.001
Proteinuria 0 0 + or more < 0.001 < 0.001
Birthweight (g) NA 3244.61 ± 412.66 2405.13 ± 1096.51 - < 0.001
Data was presented as Mean ± SD. The results of ANOVA statistical analysis revealed that demographic data had normally
distributed, so, student t tests analysis were performed for all of them. PE: Preeclampsia, BMI: Body mass index, NA: Not
applicable, ∗Healthy non-pregnant women vs PE, ∗∗Healthy pregnant women vs PE

Page 298 https://doi.org/10.18502/ijrm.v21i4.13269



International Journal of Reproductive BioMedicine Interleukin-23 and PE risk

Table II. The serum levels of IL-23 (pg/ml) in PE and normal pregnant women

Group Number IL-23 levels P-value

Healthy pregnant women 35 17.622 ± 6.310 < 0.001

PE 75 24.461± 8.027 < 0.001

Healthy non-pregnant women 35 12.702 ± 4.155 Ref.

PE 75 24.461± 8.027 < 0.001

Severe PE 46 26.991 ± 7.989 < 0.001

Mild PE 29 20.448 ± 6.363 0.08

Healthy pregnant women 35 17.622 ± 6.310 Ref.

Severe PE 46 26.991 ± 7.989 < 0.001

Mild PE 29 20.448 ± 6.363 Ref.

Early-onset PE 34 29.532 ± 7.192 < 0.001

Late-onset PE 41 20.256 ± 6.044 Ref.

PE with FGR 17 26.841 ± 4.684 0.29

PE without FGR 58 24.669 ± 8.168 Ref.

Data was presented as Mean ± SD. The results of Kruskal-Wallis statistical analysis shown that IL-23 serum level was non-
normally distributed, so, Mann-Whitney U tests analysis were performed for all of them. IL: Interleukin, PE: Preeclampsia, FGR:
Fetal growth restriction

Table III. The serum levels of IL-23 (pg/ml) in early-onset, late-onset PE and gestation-matched normal pregnant women

Group Number IL-23 levels P-value

Early-onset PE 34 29.532 ± 7.192 < 0.001

Severe PE 20 33.450 ± 6.893 < 0.001

Mild PE 14 23.936 ± 2.126 < 0.001

Healthy pregnant women (≤ 32 wk of gestation) 16 16.138 ± 5.260

Late-onset PE 41 20.256 ± 6.044 0.46

Severe PE 23 19.074 ± 6.199 0.92

Mild PE 18 21.767 ± 5.649 0.22

Healthy pregnant women (> 32 wk of gestation) 19 18.8716 ± 8.243

Data was presented as Mean ± SD. The Kruskal-Wallis and Mann-Whitney U tests were utilized. IL: Interleukin, PE: Preeclampsia

4. Discussion

The results of the current study showed
a high level of IL-23 in severe PE women,
which is in assent with previous reports that
showed higher levels of inflammatory cytokines
in women with severe PE. Moreover, the highest
level of IL-23 was seen in early severe PE as
compared to gestation-matched healthy group,
which is consistent with some studies, but

not with others in the relationship between
inflammatory cytokines and onset of PE (4-6).
In addition, we found a significant association
in IL-23 levels between early and late-onset
PE with elevated amounts of serum level
in the severe and mild types of early-onset
PE.
PE can be assumed as a response to

the increased production of inflammatory
cytokines; one of the possible causes
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of PE increase is the imbalance of pro-
inflammatory and anti-inflammatory cytokines (1,
2). Different expression of inflammatory and anti-
inflammatory cytokines profile was reported in
PE in healthy pregnant controls (5, 6). Moreover,
it has been shown that severe PE has higher
levels of inflammatory cytokines including IL-6,
IL-12, and IL-27 along with the reduction of IL-5,
and IL-10 compared to healthy pregnant controls,
proposed that inflammatory cytokines may be
considered critical factors in the incidence and
severity of PE (4-6).

Several studies consider IL-23 as an
inflammatory cytokine that mediated various
immune disorders (10-18); thus we hypothesized
that the serum IL-23 level might be associated
with PE or its severity. In this study, we detected
a significant association between IL-23 levels of
PE and healthy pregnant women compared with
non-pregnant controls (Table II). Furthermore,
it can be proposed that the serum IL-23 levels
were positively correlated with the severity and
onset of PE. Accordingly, elevated IL-23 levels
were observed in severe type as well as early
onset PE (Table III).

IL-23, as a member of the family IL-12,
released by macrophages and dendritic cells
activated and can induce and produce IFN-
γ, but IL-23 has a distinctive capacity at IL-17
production induction in comparison with IL-12,
which happened in inflammatory diseases (7). In
addition, IL-23 is essential in the development
of Th17, as well as has a pivotal role in the
survival and expansion of pathological Th17 cells
(7, 21). Through IFN-γ production, IL-23 causes
increased activity of trophoblast CD4+ cells,
these cells produce IL-17, IL-6, TNF-α, and other
inflammatory cytokines (21, 22). Previous studies

have recognized IFN-γ as a major reason for
PE, which has a critical role in the expansion
of inflammatory cytokines. Accumulating data
propose that IFN-γ-producing cells have a pivotal
impact on immune system disorders such as PE
(8, 23). In addition, it has been confirmed that IL-
23-dependent T cells are highly pathogenic and
has an essential role in inflammatory responses
(21, 23).
The participation of TH17 cells in pregnancy-

related disorders including PE has been revealed
lately. In these conditions, TH17 cells have been
adjusted so that the prevalence of TH17 cells in
PE women can be seen (8, 19, 24, 25). As a result,
the positive induction of TH17 cells by increasing
the amount of IL-23 leads to the production of
IL-17 cytokines, further releasing other cytokines
such as IL-6 that cause systemic inflammation in
PE.
Because of the unique features of IL-23

as an important autoimmune and inflammatory
pathology agent, IL-23 can be considered as
a new therapeutic goal. Therefore, the clinical
progression of some of the IL-23 receptor
antagonists, by encouraging it, can result in
numerous autoimmune inflammatory diseases
(10-16). Our finding suggested that IL-23 might
have an important role in the development of PE,
and if these findings are confirmed with more
extensive studies, IL-23 can be considered as a
new therapeutic goal for PE.

5. Conclusion

IL-23 serum levels in PE, and also in the severe,
mild, early-onset and late-onset subgroups have
been analyzed. Our results showed a significant
association between serum levels of IL-23 and
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total PE. Furthermore, other severe and early-
onset PE subgroups revealed a significantly
increased IL-23 cytokine level. Further studies
are needed to confirm our findings; however, the
findings of our study indicate that the IL-23 level
can help PE and potentially consider it as a new
marker for its diagnosis.

Acknowledgments

This study founded by grant number 171/94
from the Zabol University of Medical Sciences,
Zabol, Iran. Writers as well as would like gratitude
of all thosewho deliberately have took part in this
research.

Conflict of Interest

The authors declare that they have no
competing interest.

References

[1] Magee LA, Nicolaides KH, Von Dadelszen P.
Preeclampsia. New Engl J Med 2022; 386: 1817–
1832.

[2] Robillard PY, Dekker G, Scioscia M, Saito S. Progress
in the understanding of the pathophysiology of
immunologic maladaptation related to early-onset
preeclampsia and metabolic syndrome related to late-
onset preeclampsia. Am J Obstet Gynecol 2022; 226:
S867–S875.

[3] Hurrell A, Duhig K, Vandermolen B, Shennan AH.
Recent advances in the diagnosis and management of
pre-eclampsia. Fac Rev 2020; 9: 10.

[4] Guan C, Zhao F, Yang Z, Tang Q, Wang L, Li X, et al. A
review of key cytokines based on gene polymorphism
in the pathogenesis of pre-eclampsia. Am J Reprod
Immunol 2022; 87: e13503.

[5] Miller D, Motomura K, Galaz J, Gershater M, Lee ED,
Romero R, et al. Cellular immune responses in the
pathophysiology of preeclampsia. J Leukoc Biol 2022;
111: 237–260.

[6] Jahantigh D, Mousavi M, Forghani F, Javan MR,
Movahedinia S, Rezaei M. Association between
maternal circulating IL-27 levels and preeclampsia.
Cytokine 2018; 102: 163–167.

[7] Abdo AIK, Tye GJ. Interleukin 23 and autoimmune
diseases: Current and possible future therapies.
Inflamm Res 2020; 69: 463–480.

[8] Li H, Tsokos GC. IL-23/IL-17 axis in inflammatory
rheumatic diseases.Clin Rev Allergy Immunol 2021; 60:
31–45.

[9] El Shahaway AA, Abd Elhady RR, Abdelrhman AA,
Yahia S. Role of maternal serum interleukin 17 in
preeclampsia: Diagnosis and prognosis. J Inflamm Res
2019; 12: 175–180.

[10] Mohanakrishnan R, Beier S, Deodhar A. IL-23 inhibition
for the treatment of psoriatic arthritis. Exp Opin Biol
Ther 2022; 22: 59–65.

[11] Atzeni F, Siragusano C, Masala IF, Antonio C, Valentina
P, D’Angelo S. IL-23 in axial spondyloarthritis and
psoriatic arthritis: A good fit for biological treatment?.
Expert Opin Biol Ther 2022; 22: 843–853.

[12] Cairns J, Monkley S, Tian S, Angermann B, Liu Z,
Öberg L, et al. DOP06 deep characterization of IL-
23 pathway in different gut segments and associated
plasma biomarkers in inflammatory bowel disease. J
Crohn’s Colitis 2023; 17 (Suppl.): i64–i67.

[13] von Essen MR, Søndergaard HB, Petersen ERS,
Sellebjerg F. IL-6, IL-12, and IL-23 STAT-pathway genetic
risk and responsiveness of lymphocytes in patients with
multiple sclerosis. Cells 2019; 8: 285.

[14] Rafat Sh, Mohamed YY, Ahmed ME, Abdelaleem
EA. Interleukin-23 serum level in systemic lupus
erythematosus patients: Relation to disease activity and
different disease parameters. Egypt Rheumatol 2022;
44: 139–143.

[15] Lee KMC, Sherlock JP, Hamilton JA. The role of
interleukin (IL)-23 in regulating pain in arthritis. Arthritis
Res Ther 2022; 24: 89.

[16] Sewell GW, Kaser A. Interleukin-23 in the pathogenesis
of inflammatory bowel disease and implications for
therapeutic intervention. J Crohn’s Colitis 2022; 16
(Suppl.): ii3–ii19.

[17] Meng P, Zhao S, Niu X, Fu N, Su S, Wang R, et
al. Correction: Ping Meng, et al. Involvement of the
interleukin-23/interleukin-17 axis in chronic hepatitis C
virus infection and its treatment responses. Int J Mol Sci
2016; 17: 1793.

[18] Abbasifard M, Arababadi MK, Bahrehmand F,
Bazmandegan Gh, Shahrbabaki ZS, Kamiab Z. Gender
affects IL23 serum levels in the hospitalized COVID-19

https://doi.org/10.18502/ijrm.v21i4.13269 Page 301



International Journal of Reproductive BioMedicine Forghani et al.

infected patients. Am J Clin Exp Immunol 2022; 11:
28–33.

[19] Eghbal-Fard S, Yousefi M, Heydarlou H, Ahmadi M,
Taghavi S, Movasaghpour A, et al. The imbalance
of Th17/Treg axis involved in the pathogenesis of
preeclampsia. J Cell Physiol 2019; 234: 5106–5116.

[20] Jahantigh D, Forghani F, Zidanloo SG. Interleukin-23
receptor (IL-23R) gene polymorphisms and haplotypes
associated with the risk of preeclampsia: Evidence from
cross-sectional and in silico studies. J Assist Reprod
Genet 2019; 36: 1523–1536.

[21] Mills KHG. IL-17 and IL-17-producing cells in protection
versus pathology. Nat Rev Immunol 2023; 23: 38–54.

[22] Hildenbrand K, Aschenbrenner I, Franke FC, Devergne
O, Feige MJ. Biogenesis and engineering of interleukin

12 family cytokines. Trends Biochem Sci 2022; 47:
936–949.

[23] dos Santos Fagundes I, Brendler EP, Nunes Erthal I,
Eder Ribeiro RJ, Caron-Lienert RS, Machado DC, et al.
Total Th1/Th2 cytokines profile from peripheral blood
lymphocytes in normal pregnancy and preeclampsia
syndrome. Hypertens Pregnancy 2022; 41: 15–22.

[24] Braga A, Neves E, Guimarães J, Braga J, Vasconcelos
C. Th17/regulatory T cells ratio evolution: A prospective
study in a group of healthy pregnant women. J Reprod
Immunol 2022; 149: 103468.

[25] Madadi S, Mohammadinejad S, Alizadegan A, Hojjat-
Farsangi M, Dolati S, Samadi Kafil H, et al. Expression
level of immune checkpoint inhibitory factors in
preeclampsia. Hum Immunol 2022; 83: 628–636.

Page 302 https://doi.org/10.18502/ijrm.v21i4.13269


