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ABSTRACT
Background  Synchronised physiological adaptations 
occur during pregnancy to achieve systemic, immune and 
neuroendocrine equilibrium in the mother’s body, allowing 
semiallogenic fetal growth.
Main text  Depending on the cytokine profile alterations 
occurring through pregnancy, the latter can be divided 
into three distinct phases. In the first immunological 
phase of pregnancy, proinflammatory cytokines promote 
inflammatory reactions needed for implantation. In the 
second phase, a possible change from proinflammatory 
to anti-inflammatory cytokines creates a symbiosis 
between maternal and fetal components, ensuring fetal 
development. In the third phase, inflammatory and cytolytic 
cytokines operate again to reinforce an inflammatory 
environment for parturition. The article offers a detailed 
account of immune adaptations during pregnancy and 
highlights the distinctive cytokine profiles that mark each 
phase.
Conclusion  By providing a simplified depiction of 
pregnancy phases based on cytokine profiles, the article 
aims to inspire more research in reproductive immunology 
and improve the management of pregnancy-related 
inflammation and infection.

INTRODUCTION
Pregnancy presents a complex physiological 
condition which is meticulously regulated. 
Inflammatory and anti-inflammatory immune 
factors have major functions in the instituting, 
maintenance and completion of pregnancy. 
Inflammatory reactions aid the process of 
implantation and parturition, while immuno-
logical tolerance is necessary to maintain the 
semiallogenic fetus healthy and developing. 
Perinatal depression, preterm birth and pre-
eclampsia are just some of the pregnancy-
related diseases that have been linked to an 
abnormal immune profile in women.1

Pregnancy may be classified into three 
distinct immunological stages based on how 
various sets of cytokines control it.2 3 The 
initiation of inflammatory reactions, which 
are important to implant trophoblast cells 
into the endometrium, occurs during the first 
trimester of pregnancy. The second phase is 
characterised by a requisite anti-inflammatory 
state which is indispensable for facilitating 
symbiotic maternal–fetal cohabitation. This 

anti-inflammatory condition is crucial not 
only for maintaining a harmonious in utero 
environment that supports the collaborative 
existence of mother and fetus but also for 
ensuring the appropriate growth and devel-
opmental progression of the latter entity.

Immune cells that are active during various 
gestational phases, including B cells, T cells, 
macrophages and natural killer (NK) cells, 
among others, coordinate harmoniously. It is 
believed that pregnancy is accompanied with 
polarised immune responses, with T cells 
playing a significant orchestrating role.4 The 
two kinds of T helper cells (CD4+) are known 
as T helper 1 cells (Th1) and T helper 2 cells 
(Th2), and they differ from one another in 
terms of their capacity to generate cytokines. 
Activated Th1 cells secrete proinflammatory 
cytokines, such as interferon-gamma (IFN-γ) 
and tumour necrosis factor-alpha (TNF-α). 
In contrast, activated Th2 cells release anti-
inflammatory cytokines, including inter-
leukin-10 (IL-10), IL-4 and IL-13, which 
facilitate wound healing and immune toler-
ance.5 Wegmann and colleagues presented 
the idea of pregnancy-related cytokine shift 
from a Th1 cascade to a Th2 cascade in order 
to promote immune suppression and toler-
ance towards the semiallogenic fetus, while 
simultaneously encouraging development of 
the latter.6 The fetal blastocyst invades the 
uterine endometrium, inducing damage to 
the maternal tissue underlying. This process 
involves disruption of maternal blood vessels 
to secure an adequate blood supply essen-
tial for fetal development. Consequently, 
successful embryonic attachment to the 
uterine wall ensues. To safeguard the healing 
system of the uterus and to make it easier 
for damaged maternal cells to be evacuated 
from the uterus, these invasive physiological 
processes cause a maternal inflammatory 
response.3

Various endocrinological, physiological 
and immunological factors play a role in 
preventing infections during normal preg-
nancy. Some infections are common in preg-
nancy and occur more frequently as they have 
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such serious clinical repercussions for the fetus.7 8 Under-
standing the immunological alterations of pregnancy may 
be crucial for formulating the best plans for administering 
vaccinations, such as those for pertussis and influenza, 
which serve as prophylactic measures safeguarding both 
maternal and fetal health during gestation.9 This manu-
script elucidates the three immunological regulatory 
phases inherent to pregnancy, delineated by the opera-
tive functions of proinflammatory and anti-inflammatory 
cytokines, in a manner that is both clear and comprehen-
sible. It is important for mothers and clinicians to have 
a thorough understanding of the immunological adapta-
tions that occur at various gestational phases to alleviate 
the physiological burden of pregnancy and give the fetus 
a healthy onset in life.

OVERVIEW OF IMMUNE ADAPTATIONS IN PREGNANCY
To safeguard the mother and unborn child from infec-
tions while preventing deleterious immune responses 
towards the allogeneic fetus, significant immunological 
modifications occur within the maternal immune system 
throughout gestation. Despite insufficient evidence 
supporting a global immunosuppressive effect during 
pregnancy, heightened susceptibility to specific infec-
tions indicates noteworthy qualitative changes in immune 
function.10

The interplay between systemic immune adaptations 
and localised alterations within the female reproduc-
tive tract is complex. Specifically, as systemic immune 
responses in the peripheral blood undergo modifica-
tions to safeguard both the mother and fetus, there is 
a concurrent transformation in the local environment 
of reproductive tract. This transformation facilitates 
fetal implantation and growth. These adaptive changes, 
evident at varying pregnancy stages, collectively establish 
an environment optimised for fetal development and the 
maintenance of maternal health. It is noteworthy that the 
three distinct phases of pregnancy, elaborated upon in 
the Cytokine profile demarcating the phases of pregnancy 
section, manifest unique immune signatures that impact 
both the systemic circulation and the reproductive tract.

Neutrophils constitute a crucial component of the 
innate immune system, using mechanisms such as 
phagocytosis, inflammatory mediator secretion, neutro-
phil extracellular trap deployment and reactive oxygen 
species (ROS) generation for effective pathogen 
neutralisation.11 From the first trimester, neutrophils 
rise steadily.12 13 Pregnancy also increases bone marrow 
neutrophil-producing cytokines granulocyte colony-
stimulating factor (G-CSF) and granulocyte-macrophage 
colony-stimulating factor (GM-CSF).12 As the pregnancy 
progresses, the neutrophil functions get altered. Neutro-
phils’ activity requires high energy and thereby needs 
high production of ATP through glycolysis and conserves 
oxygen for mitochondrial ROS and nitrogen species 
synthesis. The hexose monophosphate shunt facilitates 
the transformation of glucose into nicotinamide adenine 

dinucleotide phosphate, serving the metabolic demands 
associated with oxidative bursts. In the presence of meta-
bolic stimuli, neutrophils instigate the activation of respec-
tive enzymes, engendering the formation of enzyme 
conglomerates along the cellular membrane, thereby 
enhancing anabolic processes. Notably, throughout gesta-
tion, there is observed retrograde transport of metabolic 
enzymes towards centrosomes within neutrophils, indic-
ative of a potential suppression of metabolic augmenta-
tion.14 15 Neutrophils express less CD10 and more CD15 
in pregnancy, most prominently in the third trimester.16 
Enhanced populations of myeloid-derived suppressor 
cells (MDSCs)—a heterogeneous assembly of cells, 
encompassing both mature and immature monocytic or 
granulocytic phenotypes possessing immunosuppressive 
functions—are observed concomitantly. These augmen-
tations in MDSC levels are speculated to play a pivotal 
role in sustaining the immunosuppressive milieu imper-
ative for maternal–fetal tolerance. Notably, diminished 
concentrations of MDSCs during gestation are associated 
with an elevated risk of miscarriage.17

During gestation, there is a noted augmentation in 
complement system activity, as evidenced by elevated 
plasma levels of C3a, C4a, C5a, C4d, C3, C9 and SC5b.18 19 
Concurrently, a surge in regulatory proteins such as factor 
H, an inhibitor of alternative C3 convertase, occurs, 
serving as a counterbalancing mechanism.20 Further-
more, gestation induces an increment in the concentra-
tion of decay-accelerating factor within peripheral blood 
mononuclear cells.21 This particular complement inhib-
itor impedes the activation of downstream complements 
through the inhibition of C3 convertases. There is also a 
significant increase in the levels of pregnancy-associated 
plasma protein A, another inhibitor of C3, during the 
second and third trimesters of pregnancy.22 Both pre-
eclampsia and premature delivery have been associated 
with heightened complement activity,23 underscoring 
the imperative of maintaining complement activation 
equilibrium for the assurance of favourable pregnancy 
outcomes.24

Approximately 80% of all monocytes in peripheral 
blood of healthy people are classic monocytes (CD14high 
CD16−), which perform phagocytic activities. Adults with 
chronic or acute inflammatory conditions have been 
found to have high numbers of non-classic monocytes 
(CD14low CD16high), which are proinflammatory.25 Inter-
mediate monocytes (CD14high CD16intermediate) may be 
a stage in transition since they have the ability to both 
inflame and phagocytose.25 Pregnancy causes an increase 
in monocytes, starting in the first trimester.26 27 While 
classic monocytes decline and the fraction of non-classic 
monocytes remains the same, this rise is mostly caused by 
greater levels of ‘intermediate’ monocytes.28 29 Elevated 
production of IL-12 and TNF-α in response to stimulation 
in monocytes derived from pregnant women throughout 
gestation, along with observed phagocytic dysfunction,30 31 
may be attributable to an augmentation in intermediate 
monocytes.32
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During the initial trimester of gestation, the placental 
decidua harbours distinctive NK cells that are indispens-
able for the development of the spiral artery and the 
process of fetal implantation.33 Conversely, limited knowl-
edge exists pertaining to the influence of pregnancy on 
the prevalence of circulating NK cells. Although a dimi-
nution in NK cell counts has been observed,34 35 prepon-
derance of studies yields no substantial disparities in NK 
cell subsets, invariant NK T cells and type II non-classic 
NK T cells within peripheral blood between pregnant and 
non-pregnant females.36 37

In a typical human pregnancy, there are several 
different approaches of coping with the semiallo-
genic fetus, which include changes in the adaptive 
immune responses as well.38 B cell lymphocytopenia and 
decreased reactivity to infectious pathogens are charac-
teristics of pregnancy.39 Beyond this notion of old age, a 
number of studies support the notion that B cells execute 
pivotal functions during gestation, undergoing a series of 
modifications influencing their proliferation dynamics. 
These alterations encompass transitions among distinct 
subtypes, fluctuations in antibody secretory profiles, 
cytokine balance modulation and the orchestration 
of the activity of additional immune cellular compo-
nents.40–43 By creating shielding antibodies in response 
to the foreign paternal antigens, B cells create a tolerant 
environment throughout pregnancy.44–46 To support a 
normal pregnancy, regulatory B cells have taken on anti-
inflammatory traits. Additionally, synchronous changes 
in the interactions between pregnancy hormones and B 
cells are one of the immense physiological changes that 
occur throughout pregnancy.40

A lot of research supports the idea that pregnancy is 
characterised by a predominant Th2 cell immunological 
profile, which is anti-inflammatory in nature, as opposed 
to a Th1 cell proinflammatory milieu,6 47 48 but contra-
diction exists.49 Anti-inflammatory cytokines are present 
at higher levels during pregnancy, which is consistent 
with research demonstrating that during gestation, Th1 
and Th17-associated autoimmune conditions exhibit 
amelioration, while autoimmune disorders related to 
Th2 experience exacerbation.50 Early stages of pregnancy 
are characterised by a progressive shift from cellular-
mediated, proinflammatory Th1 responses to humoral, 
anti-inflammatory Th2 cell responses.51 52 By 4 weeks after 
delivery, this pregnancy-related Th2 phenotype disap-
pears.53 In a recent study, there was no observed alter-
ation in CD4+ T cells producing IL-4. However, there was 
a reduction in the proportion of CD4+ cells producing 
IFN during the third trimester.54 A steady percentage of 
CD3+ CD8IFN−+ cells throughout gestation and no alter-
ations in Th1/Th2 cells throughout pregnancy have been 
seen in other investigations.55 However, a recent study 
found that compared with other trimesters, the post-
partum phase had decreased plasma IL-2 levels, which are 
suggestive of Th1 cells.56

CYTOKINE PROFILE DEMARCATING THE PHASES OF 
PREGNANCY
Proinflammatory cytokines regulating the implantation phase
Proinflammatory refers to substances or processes that 
promote inflammation. Proinflammatory cytokines 
serve a crucial function in the immune response by safe-
guarding the body against microbial invasion and tissue 
damage. Ensuring the protection of the developing fetus 
from infection has significant importance. During the 
course of pregnancy, it is important to participate in tissue 
remodelling of the uterus and placenta to facilitate the 
accommodation of the developing fetus. It facilitates the 
degradation of the endometrium and stimulates angio-
genesis.57 58 Seminal plasma serves a critical immunoreg-
ulatory role and triggers an inflammatory response in the 
endometrium during the post-coitus stage of pregnancy. 
Due to this, a range of immune effector cells are drawn to 
the implantation site. It is now recognised that cytokines, 
prostaglandins and other steroid-binding proteins all play 
a role in this inflammatory response, even if the exact 
mediators are still unclear.59 The key regulator in the 
inflammatory state is transforming growth factor-beta 1 
(TGF-β1), which is found in seminal plasma. The human 
semen contains a wide range of cytokines that include 
TNF-α, IFN-γ, vascular endothelial growth factor (VEGF), 
IL-1a/b, IL-2, 4, 6, 8, 11 and 12, monocyte chemotactic 
and activating factor. These are secreted and regulated 
on activation and expression of T cells.59 Various other 
mediators may also bear immunoregulatory functions 
in the post-coital uterus, like the macrophage inflamma-
tory proteins, eotaxin, keratinocyte-derived chemokine, 
monocyte chemotactic protein-1 and IL-9.60 Primary 
cytokines exert regulatory control over uterine immune 
mechanisms, encompassing the trafficking, recruitment 
and activation of granulocytes, alongside processing 
and presentation of paternal antigens. Such regulatory 
mechanisms facilitate immunosurveillance, thereby 
fostering conditions conducive to embryonic implanta-
tion and pregnancy establishment, while simultaneously 
promoting sperm survival and subsequent expulsion 
from the female reproductive tract59 61 (figure 1).

The inflammatory stage is required to cleanse the 
wound of debris and dead tissue and to prepare the 
location for healing. It happens immediately after an 
injury and is characterised by the production of proin-
flammatory cytokines and chemokines. These signalling 
molecules attract immune cells to the site of damage and 
stimulate the creation of more inflammatory mediators. 
The inflammatory stage is required to cleanse the wound 
of debris and dead tissue and to prepare the location for 
healing.62 Comparable inflammatory responses to open 
wounds are seen during implantation, placentation, and 
the first and early second pregnancy trimesters. The 
endometrial tissue is damaged when the blastocyst first 
penetrates the epithelial lining of the uterus and implants 
itself. For optimal haematological sustenance, the tropho-
blast of the blastocyst supplants the uterine endothelium 
and maternal vascular smooth muscle arteries during 
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the secondary phase of embryonic development.63 A 
protracted inflammatory response is required to ensure 
the healing of the damaged uterine epithelium as 
well as to remove the debris left behind by these activ-
ities. During this period, the mother’s body is trying to 
immunologically adapt to the fetus and the body expe-
riences numerous other physiological changes including 
endocrine modulation.64–66 A variety of cytokines (IL-6, 
epidermal growth factor (EGF), basic fibroblast growth 
factor) are produced by pre-implanted embryos, which 

aid in the integration of the embryo and the mother at 
the implantation sites. The uterine epithelium, which 
is also important for blastocyst growth, is said to secrete 
heparin-binding EGF at the time of blastocyst attachment 
to the uterine wall. Key cytokines, such as leukaemia 
inhibitory factor (LIF)-like cytokines and components of 
the IL-1 system, mediate the implantation process and are 
implicated in the immunological response.67 The process 
of tissue differentiation is aided by various cytokines 
to promote cellular differentiation, like activin A, LIF, 

Figure 1  Phases of pregnancy marked by regulatory cytokine profile. This figure depicts the phases of pregnancy, delineated 
by unique cytokine regulations and immune states. Phase I: covers fertilisation, implantation and decidualisation. Driven by 
cytokines, prostaglandins (PG) and steroid-binding proteins, this inflammatory phase recruits immune cells to the implantation 
site, facilitating embryo and placenta integration. A balanced proinflammatory response is pivotal for implantation and placental 
growth. Phase II: centres on embryonic development, establishing a mother–fetus symbiosis via the placenta, promoting 
an anti-inflammatory state essential for pregnancy. The placenta manages hormone, immune cell and cytokine exchanges, 
ensuring immunological tolerance, uterine growth and fetal development. Phase III: marked by renewed inflammation 
preceding childbirth. Uterine and cervical inflammations intensify, impacting labour onset. Rising PG levels and a balance of 
cytokines play key roles. Fetal cortisol spurs organ maturation and initiates labour, with cytokines and PG influencing fetal 
development and childbirth. bFGF, basic fibroblast growth factor; CSF, colony-stimulating factor; EGF, epidermal growth 
factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN, 
interferon; IL, interleukin; LIF, leukaemia inhibitory factor; MCAF, monocyte chemotactic and activating factor; MCP, monocyte 
chemoattractant protein; MMP, matrix metalloproteinases; NK, natural killer cells; ox-R, oxytocin receptor; P4, progesterone; 
PlGF, placenta growth factor; RANTES, regulated upon activation, normal T cell expressed and secreted; SCF, stem cell 
factor; SP-A, surfactant proteins A; TGF, transforming growth factor; TH, T helper; TNF, tumour necrosis factor; VEGF, vascular 
endothelial growth factor.
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IL-11 and monoclonal non-specific suppressor factor-b.68 
Precise modulation of cytokine secretion within the 
endometrial tissue is imperative for the recruitment 
of maternal uterine NK cells and macrophages. This 
recruitment is mediated through chemotactic signals and 
L-selectin expression, facilitating an orchestrated inflam-
matory response. Such inflammation is crucial for the 
invasive process of fetal trophoblasts into the decidua and 
uterine vasculature. Throughout gestation, these tropho-
blasts undergo differentiation, culminating in a structure 
that mimics endothelial tissue. This pseudoendothelial 
layer plays a pivotal role in the reconstitution of maternal 
spiral arteries, thereby ensuring efficient nutrient and 
oxygen delivery to the developing fetus69 (figure 1).

Furthermore, development of the placenta is mostly 
cytokine dependent, regulated by the IL-12/IL-15/IL-18 
system, VEGF and placental growth factor, which play a 
role in tissue remodelling and angiogenesis among other 
regulatory functions.70 71 It is critical to strictly regu-
late the activity of uterine NK cells, because the IFN-γ 
produced by these cells aids in trophoblast invasion by 
inducing apoptosis. Activated leucocytes recruited to the 
decidua generate a spectrum of regulatory cytokines, 
further enriching the pre-existing inflammatory micro-
environment therein.68 Consequently, the procedures of 
implantation and placentation inherently embody proin-
flammatory processes, orchestrated by an array of growth 
factors and proinflammatory cytokines.

The proinflammatory response is required for tissue 
remodelling and angiogenesis, but it must be strictly 
managed to avoid embryo and placental rejection. It is 
linked to hormone regulation, cell regulation and cyto-
kine control. Progesterone suppresses the proinflam-
matory response and promotes the anti-inflammatory 
response during implantation. NK cells aid in the remod-
elling of the endometrium and the promotion of angio-
genesis. Macrophages aid in the recruitment of other 
immune cells to the site of implantation and promote 
tissue remodelling. During placentation, progesterone 
and oestrogen continue to play an essential function in 
regulating the immune response. Progesterone inhibits 
the proinflammatory response while promoting the anti-
inflammatory response. Oestrogen aids in the recruit-
ment and activation of regulatory T cells (Tregs), which 
are essential for maintaining immune tolerance. NK cells 
aid in the protection of the placenta from infection and 
the maintenance of immune tolerance. Macrophages 
aid in placental remodelling and promote angiogenesis. 
Tregs assist in suppressing the activity of other T cells and 
preventing placental rejection. The same cytokines that 
play a role in modulating the immunological balance 
during implantation also play a role in placentation.72–74

The differentiation between immunological alterations 
in the peripheral blood and those within the female 
reproductive tract becomes increasingly pronounced 
upon analysis of the cytokine profiles throughout various 
stages of gestation. For example, while systemic modifi-
cations are pivotal for safeguarding maternal health and 

thwarting infections, the predominant role of the repro-
ductive tract is to enable successful implantation and 
nurture an environment conducive to fetal development. 
These immunological adaptations are intricately aligned 
with the sequential phases of gestation, ranging from 
implantation to placentation, culminating in parturition. 
The synergistic coordination of these systemic and local-
ised immunological shifts is fundamental to ensuring a 
successful gestation.

Concurrently, a regulatory mechanism operates within 
the maternal decidua inflammatory response, where 
select leucocytes activate immunotolerant NK cells, 
CD14+ monocytes and additional cell types. These cells 
subsequently produce anti-inflammatory mediators, 
including G-CSF and IL-6, among others75 (figure 1).

Phase of symbiosis between mother and fetus
The second gestational immune phase is regarded to be 
a calming period. This is the time of pregnancy when 
the fetus grows rapidly and establishes a symbiotic rela-
tionship with the mother components. As a result, the 
mother, placenta and fetus become acclimated to one 
another, and the major immune processes work to create 
an anti-inflammatory state in the mother and child. The 
placenta regulates the exchange of hormones, immune 
cells and cytokines between the mother and the fetus. 
The placenta also generates hormones and cytokines that 
aid in the maintenance of the symbiotic relationship. The 
regulation of exosomes produced from placental cells has 
been seen to be influenced by variations in oxygen tension 
and glucose content. In addition, it has been shown that 
maternal exosomes had the capacity to induce the secre-
tion of cytokines from endothelial cells.76 The presence 
of maternal decidual stromal cells, invasive placental 
trophoblast cells and maternal immune cells is essen-
tial for the effective establishment and maintenance of 
pregnancy. Nevertheless, there are still several unresolved 
issues that need to be addressed. Once maternal immune 
cells have reached the maternal–fetal interface, cues from 
the placenta cause their specialisation77 (figure 1).

A prolong anti-inflammatory milieu is associated with 
the preservation of early pregnancy, while a dramatic 
proinflammatory change was found as early as day ET+16 
in women who later miscarried.78 Conventionally, the 
described anti-inflammatory condition is characterised 
by a transition in cytokine profile from proinflammatory 
Th1 cytokines to anti-inflammatory Th2 cytokines. This 
shift is consequent to the modulation of NK cells and 
lymphokine-activated killer cells.51 Modulatory cytokines 
(IL-3, IL-4, IL-5 and IL-10) are found at the fetomaternal 
interface, which help to reduce Th1-type responses79 and 
increase Th2-type responses. The non-lymphoid tropho-
blast and placental/decidual tissues are responsible for 
the majority of the Th2-type cytokines produced in this 
gestational second phase.80

Additionally, cytokines released during this phase aid in 
the establishment of immunological tolerance to the fetal 
allograft and the promotion of uterine growth. Due to the 
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mechanical stretch caused by the developing gestational 
sac, cytokines (such as TGF-β3) may be produced, which in 
turn may speed up uterine growth and development.81 82 
IL-1a, IL-1b, IL-6 and IL-8 are also produced by the endo-
metrium during this expanding phase, which is necessary 
for the maintenance of an anti-inflammatory condition as 
well as the growth of uterine and fetal tissue.82 A consider-
able assortment of cytokines, including but not limited to 
TGF-β, have been implicated in the regulation of embry-
onic and fetal development through mechanisms such as 
the epithelial–mesenchymal transition. These cytokines 
play a pivotal role in various developmental processes, 
including erythropoiesis, cardiovascular formation, skel-
etal development, craniofacial morphogenesis and axial 
patterning83–85 (figure 1).

Phase renewed inflammation and onset of parturition
Inflammation must be carefully managed throughout 
the remainder of the pregnancy in order to forestall the 
onset of labour too soon. There is a rise in inflammation 
in the uterus and cervix in the weeks coming up to partu-
rition. It is believed that this inflammation contributes 
to the commencement of labour. In the weeks before 
parturition, prostaglandin levels rise in the uterus and 
cervix. This rise in prostaglandin levels is considered to 
contribute to the start of labour. It is critical to maintain 
a balance of proinflammatory and anti-inflammatory 
cytokines during parturition.86 The fetus also regulates 
the commencement of parturition. Cortisol, a hormone 
produced by the fetal adrenal glands, aids in the matura-
tion of the lungs and other organs of the fetus. Cortisol 
also contributes to the commencement of labour.87

Completion of fetal development and pregnancy is 
marked by the last immunological phase of pregnancy. 
This means that the mother must undergo parturition, 
a process characterised by intermittent inflammatory 
episodes, for the delivery of the offspring. Concurrently, 
the initiation of labour and delivery precipitates a reversal 
of the anti-inflammatory immunological state previously 
present.51 Although the particular immunological mech-
anisms that regulate labour are not totally understood, 
it has been established that the presence of an inflam-
matory sequence caused by the coordinated synthesis of 
cytokines and prostaglandins is a common occurrence.88 
First and foremost, the use of IL-6 and GM-CSF in late 
pregnancy may be beneficial in the latter stages of fetal 
lung maturation.82 Increased levels of phospholipid and 
surfactant protein-A (SP-A) are associated with a decrease 
in maternal levels of progesterone and fetal lung matu-
ration. SP-A may cause IL-1b production by stimulating 
fetal amniotic macrophages that migrate to the uterine 
wall. This causes the release of inflammatory and prosta-
glandin molecules, which triggers uterine contractility.89 
Invasion and migration of myometrial leucocytes lead 
to the generation of the inflammatory and chemotactic 
cytokines IL-1, IL-6 and IL-8.82 In human myometrial cells 
in vitro, cytokines have been shown to raise intracellular 
phospholipase activity and calcium concentration, and 

induce the production of oxytocin and prostaglandin 
receptors, and thus it is clear that cytokines play a role 
in increasing uterine smooth muscle contraction during 
the process of parturition.82 Furthermore, cytokines 
(IL-1 and TNF-α) promote arachidonic acid release, 
which lead to an elevated prostaglandin production.90 
The chorioamniotic membranes are also affected by 
the inflammatory process that has begun at this stage.91 
Cytokine synthesis augmentation within gestational 
membranes elevates matrix metalloproteinase (MMP) 
expression levels, a critical agent facilitating extracel-
lular matrix remodelling and destabilisation through the 
activation of collagen decomposition processes.92 This 
cascade precipitates the ensuing rupture and detach-
ment of fetal membranes. Within the cervical epithelium, 
a plethora of cytokines—encompassing M-CSF, TGF-b1, 
IL-1a/b, IL-6, IL-7, IL-8 and RANTES (regulated upon 
activation, normal T cell expressed and secreted)—are 
secreted, maintaining susceptibility to exogenous IFN-γ 
and TNF-α.82 Concurrently, during this pivotal phase, 
fibroblasts instigate cervical remodelling through a 
cytokine-mediated inflammatory cascade, predominantly 
characterised by the overexpression of IL-6 and IL-8, 
MMP-1 and MMP-3, concomitantly with the inhibition 
of tissue inhibitors of metalloproteinases.92 This coordi-
nated response culminates in the immune cell infiltration 
within the myometrium, inducing an inflammatory reac-
tion that subsequently triggers uterine contractions, fetal 
expulsion and placental rejection, collectively facilitating 
the parturition process64 88 (figure 1).

During pregnancy, alterations in the immune system 
can profoundly influence the course and outcome 
of concomitant diseases. Pre-eclampsia, a notable 
pregnancy-associated complication, is characterised by 
elevated blood pressure and the presence of protein-
uria. Its aetiology is believed to result from a combina-
tion of factors, with inflammation playing a pivotal role. 
Women with pre-eclampsia demonstrate elevated concen-
trations of proinflammatory cytokines coupled with a 
decrease in anti-inflammatory cytokines.93 Similarly, a 
miscarriage is defined as the spontaneous termination 
of a pregnancy before 20 weeks of gestation. Women 
who undergo a miscarriage exhibit elevated levels of 
proinflammatory cytokines and reduced levels of anti-
inflammatory cytokines.94 Gestational diabetes, which 
emerges during pregnancy, is postulated to be caused by 
a combination of genetic predisposition, weight gain and 
hormonal changes. Women diagnosed with gestational 
diabetes demonstrate an upregulation of proinflamma-
tory cytokines and a downregulation of anti-inflammatory 
cytokines.94

During gestation, females exhibit increased vulnera-
bility to particular infections, such as urinary tract infec-
tions and influenza. This heightened susceptibility is 
attributed to the natural immunosuppression that occurs 
during pregnancy, which serves to prevent fetal rejection. 
Nonetheless, an oversuppressed immune response can 
elevate the risk of acquiring infections. Intriguingly, this 
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immunosuppressive state can lead to the alleviation of 
certain autoimmune disorders, including lupus and rheu-
matoid arthritis. In contrast, conditions such as multiple 
sclerosis and type 1 diabetes may exhibit exacerbation 
during pregnancy.95 Emerging evidence increasingly 
suggests a potential association between intrauterine 
adhesions and the immunological mechanisms of 
pregnancy.96

CONCLUSION
Gestation is characterised by a dynamic interplay between 
proinflammatory and anti-inflammatory immunological 
responses, with the predominance of each contingent 
upon the specific gestational phase under consideration. 
Throughout the gestational period, a myriad of immu-
nomodulatory cytokines is synthesised. These bioactive 
proteins play pivotal roles in orchestrating a spectrum 
of physiological processes including, but not limited to, 
gametogenesis, the acquisition of uterine receptivity, 
the inception and unfolding of implantation reactions, 
embryonic development, fetal maturation and the initia-
tion of parturition.

Cytokines exert their influence either by establishing 
a state of immune tolerance, which is indispensable for 
fostering a favourable gestational milieu, or by instigating 
inflammatory cascades that are instrumental during 
various stages of pregnancy. The gestational continuum 
can be stratified into three cardinal phases, each demar-
cated by distinctive immunological adjustments and 
corresponding cytokine profiles that oversee these 
modulations.

It is imperative to underscore the significance of cyto-
kines in meticulously regulating the immune equilibrium 
during gestation. These cytokines are crucial during the 
incipient phase of pregnancy where there is an incep-
tive inflammatory response facilitating the infiltration 
of semiallogenic fetal cells into the endometrial cellular 
matrix. Subsequently, as gestation progresses, cytokines 
are integral in engendering a harmonious symbiotic 
relationship between the fetus and the mother. This is 
achieved by promoting tolerance to the fetal allograft. In 
the terminal stages of pregnancy, cytokines once again 
spearhead inflammatory processes, crucially contributing 
to the separation and expulsion of fetal tissues from the 
maternal counterpart.

In an endeavour to facilitate a more coherent under-
standing of the intricate network of cytokines, which 
seamlessly coordinate to regulate physiological activities 
inherent to each gestational phase, the present discourse 
offers a simplified, yet comprehensive, conceptual 
framework.

Acknowledgements  This study was supported by research project FRGS/1/2019/
SKK08/MAHSA/03/2, under Fundamental Research Grant Scheme, Ministry of 
Higher Education, Malaysia.

Contributors  SD and PS designed and planned the research. SD, PS and FFL wrote 
the article and made the final revisions. The final corrections and adjustments have 
been made by SD and PS. All authors have read and approved the manuscript.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Pallav Sengupta http://orcid.org/0000-0002-1928-5048

REFERENCES
	 1	 Gilman-Sachs A, Dambaeva S, Salazar Garcia MD, et al. 

Inflammation induced preterm labor and birth. J Reprod Immunol 
2018;129:53–8. 

	 2	 Mor G, Koga K. Macrophages and pregnancy. Reprod Sci 
2008;15:435–6. 

	 3	 Mor G. Pregnancy reconcieved. Nat Hist 2007;116:36–41.
	 4	 Reid TM. Striking a balance in maternal immune response to 

infection. Lancet 1998;351:1670–2. 
	 5	 Mosmann TR, Sad S. The expanding universe of T-cell subsets: Th1, 

Th2 and more. Immunol Today 1996;17:138–46. 
	 6	 Wegmann TG, Lin H, Guilbert L, et al. Bidirectional cytokine 

interactions in the maternal-fetal relationship: is successful 
pregnancy a Th2 phenomenon Immunol Today 1993;14:353–6. 

	 7	 Schnarr J, Smaill F. Asymptomatic bacteriuria and symptomatic 
urinary tract infections in pregnancy. Eur J Clin Invest 
2008;38 Suppl 2:50–7. 

	 8	 Sheffield JS, Cunningham FG. Community-acquired pneumonia in 
pregnancy. Obstet Gynecol 2009;114:915–22. 

	 9	 Abu Raya B, Edwards KM, Scheifele DW, et al. Pertussis and 
influenza Immunisation during pregnancy: a landscape review. 
Lancet Infect Dis 2017;17:e209–22. 

	10	 Kourtis AP, Read JS, Jamieson DJ. Pregnancy and infection. N Engl 
J Med 2014;370:2211–8. 

	11	 Kolaczkowska E, Kubes P. Neutrophil recruitment and function in 
health and inflammation. Nat Rev Immunol 2013;13:159–75. 

	12	 Belo L, Santos-Silva A, Rocha S, et al. Fluctuations in C-reactive 
protein concentration and neutrophil activation during normal human 
pregnancy. Eur J Obstet Gynecol Reprod Biol 2005;123:46–51. 

	13	 Luppi P, Haluszczak C, Betters D, et al. Monocytes are progressively 
activated in the circulation of pregnant women. J Leukoc Biol 
2002;72:874–84.

	14	 Kindzelskii AL, Huang J-B, Chaiworapongsa T, et al. Pregnancy alters 
glucose-6-phosphate dehydrogenase trafficking, cell metabolism, 
and oxidant release of maternal neutrophils. J Clin Invest 
2002;110:1801–11. 

	15	 Kindzelskii AL, Ueki T, Michibata H, et al. 6-Phosphogluconate 
dehydrogenase and glucose-6-phosphate dehydrogenase 
form a supramolecular complex in human neutrophils that 
undergoes retrograde trafficking during pregnancy. J Immunol 
2004;172:6373–81. 

	16	 Blazkova J, Gupta S, Liu Y, et al. Multicenter systems analysis of 
human blood reveals immature neutrophils in males and during 
pregnancy. J Immunol 2017;198:2479–88. 

	17	 Nair RR, Sinha P, Khanna A, et al. Reduced myeloid-derived 
suppressor cells in the blood and endometrium is associated with 
early miscarriage. Am J Reprod Immunol 2015;73:479–86. 

	18	 Richani K, Soto E, Romero R, et al. Normal pregnancy is 
characterized by systemic activation of the complement system. J 
Matern Fetal Neonatal Med 2005;17:239–45. 

	19	 Derzsy Z, Prohászka Z, Rigó J Jr, et al. Activation of the complement 
system in normal pregnancy and preeclampsia. Mol Immunol 
2010;47:1500–6. 

	20	 Sarma JV, Ward PA. The complement system. Cell Tissue Res 
2011;343:227–35. 

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://gocm

.bm
j.com

/
gocm

: first published as 10.1136/gocm
-2024-000011 on 1 A

pril 2024. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1928-5048
http://dx.doi.org/10.1016/j.jri.2018.06.029
http://dx.doi.org/10.1177/1933719108317253
http://dx.doi.org/10.1016/S0140-6736(98)22023-X
http://dx.doi.org/10.1016/0167-5699(96)80606-2
http://dx.doi.org/10.1016/0167-5699(93)90235-D
http://dx.doi.org/10.1111/j.1365-2362.2008.02009.x
http://dx.doi.org/10.1097/AOG.0b013e3181b8e76d
http://dx.doi.org/10.1016/S1473-3099(17)30190-1
http://dx.doi.org/10.1056/NEJMra1213566
http://dx.doi.org/10.1056/NEJMra1213566
http://dx.doi.org/10.1038/nri3399
http://dx.doi.org/10.1016/j.ejogrb.2005.02.022
https://pubmed.ncbi.nlm.nih.gov/12429709
http://dx.doi.org/10.1172/JCI15973
http://dx.doi.org/10.4049/jimmunol.172.10.6373
http://dx.doi.org/10.4049/jimmunol.1601855
http://dx.doi.org/10.1111/aji.12351
http://dx.doi.org/10.1080/14767050500072722
http://dx.doi.org/10.1080/14767050500072722
http://dx.doi.org/10.1016/j.molimm.2010.01.021
http://dx.doi.org/10.1007/s00441-010-1034-0
http://gocm.bmj.com/


8 Dutta S, et al. Gynecol Obstet Clin Med 2024;4:e000011. doi:10.1136/gocm-2024-000011

Open access�

	21	 Nowicki S, Izban MG, Pawelczyk E, et al. Preterm labor: Cd55 in 
maternal blood leukocytes. Am J Reprod Immunol 2009;61:360–7. 

	22	 Bischof P, Geinoz A, Herrmann WL, et al. Pregnancy-associated 
plasma protein A (PAPP-A) specifically inhibits the third component 
of human complement (C3). Placenta 1984;5:1–7. 

	23	 Salmon JE, Heuser C, Triebwasser M, et al. Mutations in 
complement regulatory proteins predispose to preeclampsia: 
a genetic analysis of the PROMISSE cohort. PLoS Med 
2011;8:e1001013. 

	24	 Denny KJ, Woodruff TM, Taylor SM, et al. Complement in pregnancy: 
a delicate balance. Am J Reprod Immunol 2013;69:3–11. 

	25	 Mukherjee R, Kanti Barman P, Kumar Thatoi P, et al. Non-classical 
monocytes display inflammatory features: validation in sepsis and 
systemic lupus erythematous. Sci Rep 2015;5:13886. 

	26	 Koldehoff M, Cierna B, Steckel NK, et al. Maternal molecular features 
and gene profiling of monocytes during first trimester pregnancy. J 
Reprod Immunol 2013;99:62–8. 

	27	 Veenstra van Nieuwenhoven AL, Bouman A, Moes H, et al. 
Endotoxin-induced cytokine production of monocytes of 
third-trimester pregnant women compared with women in the 
follicular phase of the menstrual cycle. Am J Obstet Gynecol 
2003;188:1073–7. 

	28	 Melgert BN, Spaans F, Borghuis T, et al. Pregnancy and preeclampsia 
affect monocyte subsets in humans and rats. PLoS One 
2012;7:e45229. 

	29	 Groen B, van der Wijk A-E, van den Berg PP, et al. Immunological 
adaptations to pregnancy in women with type 1 diabetes. Sci Rep 
2015;5:13618. 

	30	 Sacks GP, Redman CWG, Sargent IL. Monocytes are primed to 
produce the Th1 type cytokine IL-12 in normal human pregnancy: an 
intracellular flow cytometric analysis of peripheral blood mononuclear 
cells. Clin Exp Immunol 2003;131:490–7. 

	31	 Germain SJ, Sacks GP, Sooranna SR, et al. Systemic inflammatory 
priming in normal pregnancy and preeclampsia: the role of circulating 
syncytiotrophoblast microparticles. J Immunol 2007;178:5949–56. 

	32	 Lampé R, Kövér Á, Szűcs S, et al. Phagocytic index of neutrophil 
granulocytes and monocytes in healthy and preeclamptic pregnancy. 
J Reprod Immunol 2015;107:26–30. 

	33	 Moffett A, Colucci F. Uterine NK cells: active regulators at the 
maternal-fetal interface. J Clin Invest 2014;124:1872–9. 

	34	 Zhang J, Shynlova O, Sabra S, et al. Immunophenotyping and 
activation status of maternal peripheral blood leukocytes during 
pregnancy and labour, both term and preterm. J Cell Mol Med 
2017;21:2386–402. 

	35	 Veenstra van Nieuwenhoven AL, Bouman A, Moes H, et al. Cytokine 
production in natural killer cells and lymphocytes in pregnant women 
compared with women in the follicular phase of the ovarian cycle. 
Fertil Steril 2002;77:1032–7. 

	36	 Burke SD, Seaward AVC, Ramshaw H, et al. Homing receptor 
expression is deviated on Cd56+ blood lymphocytes during 
pregnancy in type 1 diabetic women. PLoS One 2015;10:e0119526. 

	37	 Meggyes M, Miko E, Polgar B, et al. Peripheral blood TIM-3 positive 
NK and Cd8+ T cells throughout pregnancy: TIM-3/Galectin-9 
interaction and its possible role during pregnancy. PLoS One 
2014;9:e92371. 

	38	 Piccinni M-P, Robertson SA, Saito S. Adaptive immunity in 
pregnancy. Frontiers Media SA 2021:770242. 

	39	 Lima J, Martins C, Leandro MJ, et al. Characterization of B cells 
in healthy pregnant women from late pregnancy to post-partum: 
a prospective observational study. BMC Pregnancy Childbirth 
2016;16:1–13. 

	40	 Dutta S, Sengupta P, Haque N. Reproductive immunomodulatory 
functions of B cells in pregnancy: B cells are critical players 
in pregnancy that fine-tune immune tolerance and response, 
by crosstalks with gestational hormones. Int Rev Immunol 
2020;39:53–66. 

	41	 Muzzio D, Zenclussen AC, Jensen F. The role of B cells in pregnancy: 
the good and the bad. Am J Reprod Immunol 2013;69:408–12. 

	42	 Rolle L, Memarzadeh Tehran M, Morell-García A, et al. Cutting edge: 
IL‐10‐producing regulatory B cells in early human pregnancy. Am J 
Reprod Immunol 2013;70:448–53. 

	43	 Vickers NJ. Animal communication: when I’m calling you, will you 
answer too? Curr Biol 2017;27:R713–5. 

	44	 Dutta S, Sengupta P. Functions of follicular and marginal zone B cells 
in pregnancy. Asian Pac J Reprod 2018;7:191. 

	45	 Fettke F, Schumacher A, Costa S-D, et al. B cells: the old new 
players in reproductive Immunology. Front Immunol 2014;5:285. 

	46	 Margini RA, Paz CB, Cordal ME. Immunochemical behaviour of 
sheep non-precipitating antibodies isolated by Immunoadsorption. 
Immunochemistry 1976;13:209–14. 

	47	 Wegmann TG. Foetal protection against abortion: is it 
immunosuppression or immunostimulation Annales de l’Institut 
Pasteur / Immunologie 1984;135:309–12. 

	48	 Saito S. Cytokine network at the feto-maternal interface. J Reprod 
Immunol 2000;47:87–103. 

	49	 Mor G, Cardenas I. The immune system in pregnancy: a unique 
complexity. Am J Reprod Immunol 2010;63:425–33. 

	50	 Jara LJ, Medina G, Cruz-Dominguez P, et al. Risk factors of 
systemic lupus erythematosus flares during pregnancy. Immunol Res 
2014;60:184–92. 

	51	 Raghupathy R. Th1-type immunity is incompatible with successful 
pregnancy. Immunol Today 1997;18:478–82. 

	52	 Raghupathy R, Makhseed M, Azizieh F, et al. Cytokine production 
by maternal lymphocytes during normal human pregnancy and 
in unexplained recurrent spontaneous abortion. Hum Reprod 
2000;15:713–8. 

	53	 Sykes L, MacIntyre DA, Yap XJ, et al. The Th1:Th2 dichotomy of 
pregnancy and preterm labour. Mediators Inflamm 2012:967629. 

	54	 Saito S, Sakai M, Sasaki Y, et al. Quantitative analysis of peripheral 
blood Th0, Th1, Th2 and the Th1:Th2 cell ratio during normal human 
pregnancy and preeclampsia. Clin Exp Immunol 1999;117:550–5. 

	55	 Lissauer D, Goodyear O, Khanum R, et al. Profile of maternal Cd4 
T-cell effector function during normal pregnancy and in women with a 
history of recurrent miscarriage. Clin Sci 2014;126:347–54. 

	56	 Aghaeepour N, Ganio EA, Mcilwain D, et al. An immune clock of 
human pregnancy. Sci Immunol 2017;2:15. 

	57	 Dutta S, Sengupta P. Defining pregnancy phases with cytokine shift. 
J Pregnancy Reprod 2017;1:1–3. 

	58	 Piccinni M-P, Raghupathy R, Saito S, et al. Cytokines, hormones and 
cellular regulatory mechanisms favoring successful reproduction. 
Front Immunol 2021;12:717808. 

	59	 Gopichandran N, Ekbote UV, Walker JJ, et al. Multiplex 
determination of murine seminal fluid cytokine profiles. Reproduction 
2006;131:613–21. 

	60	 Robertson SA, Mau VJ, Hudson SN, et al. Cytokine-Leukocyte 
networks and the establishment of pregnancy. Am J Reprod Immunol 
1997;37:438–42. 

	61	 Denison FC, Grant VE, Calder AA. Seminal plasma components 
stimulate Interleukin-8 and Interleukin-10 release. Mol Hum Reprod 
1999;5:220–6. 

	62	 Rodrigues M, Kosaric N, Bonham CA, et al. Wound healing: a cellular 
perspective. Physiol Rev 2019;99:665–706. 

	63	 Dekel N, Gnainsky Y, Granot I, et al. Inflammation and implantation. 
Am J Reprod Immunol 2010;63:17–21. 

	64	 Mor G, Abrahams VM. Immunology of implantation. Immunol Allergy 
Clin North Am 2002;22:545–65. 

	65	 Dutta S, Sengupta P. Yoga escalates female reproductive health 
during pregnancy. J Pregnancy Reprod 2017;1. 

	66	 Sengupta P. The bliss yoga Inculcates during the different stages of 
pregnancy. Int J Pharm Pharm Sci 2014;6:86–7.

	67	 Sharkey A. Cytokines and implantation. Rev Reprod 1998;3:52–61. 
	68	 Salamonsen LA, Hannan NJ, Dimitriadis E. Cytokines and 

chemokines during human embryo implantation: roles in implantation 
and early placentation. Semin Reprod Med 2007;25:437–44. 

	69	 Zhou Y, Genbacev O, Fisher SJ. The human placenta remodels 
the uterus by using a combination of molecules that govern 
vasculogenesis or leukocyte extravasation. Ann N Y Acad Sci 
2003;995:73–83. 

	70	 Torry DS, Hinrichs M, Torry RJ. Determinants of placental vascularity. 
Am J Reprod Immunol 2004;51:257–68. 

	71	 Králíčková M, Šíma P, Rokyta Z. Role of the leukemia-inhibitory factor 
gene mutations in infertile women: the embryo-endometrial cytokine 
cross talk during implantation--a delicate homeostatic equilibrium. 
Folia Microbiol 2005;50:179–86. 

	72	 Shah NM, Lai PF, Imami N, et al. Progesterone-related immune 
modulation of pregnancy and labor. Front Endocrinol 2019;10:198. 

	73	 Sojka DK, Yang L, Yokoyama WM. Uterine natural killer cells. Front 
Immunol 2019;10:960. 

	74	 Rao VA, Kurian NK, Rao KA. Cytokines, NK cells and regulatory T 
cell functions in normal pregnancy and reproductive failures. Am J 
Reprod Immunol 2023;89:e13667. 

	75	 Engert S, Rieger L, Kapp M, et al. Profiling chemokines, cytokines 
and growth factors in human early pregnancy decidua by protein 
array. Am J Reprod Immunol 2007;58:129–37. 

	76	 Adam S, Elfeky O, Kinhal V, et al. Fetal-maternal communication via 
extracellular vesicles–implications for complications of pregnancies. 
Placenta 2017;54:83–8. 

	77	 Tong M, Abrahams VM. Immunology of the placenta. Obstet Gynecol 
Clin North Am 2020;47:49–63. 

	78	 Zhao Y, Man GCW, Zhang R, et al. A prospective study comparing 
the inflammation-related cytokine and chemokine profile from 

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://gocm

.bm
j.com

/
gocm

: first published as 10.1136/gocm
-2024-000011 on 1 A

pril 2024. D
ow

nloaded from
 

http://dx.doi.org/10.1111/j.1600-0897.2009.00702.x
http://dx.doi.org/10.1016/s0143-4004(84)80044-2
http://dx.doi.org/10.1371/journal.pmed.1001013
http://dx.doi.org/10.1111/aji.12000
http://dx.doi.org/10.1038/srep13886
http://dx.doi.org/10.1016/j.jri.2013.07.001
http://dx.doi.org/10.1016/j.jri.2013.07.001
http://dx.doi.org/10.1067/mob.2003.263
http://dx.doi.org/10.1371/journal.pone.0045229
http://dx.doi.org/10.1038/srep13618
http://dx.doi.org/10.1046/j.1365-2249.2003.02082.x
http://dx.doi.org/10.4049/jimmunol.178.9.5949
http://dx.doi.org/10.1016/j.jri.2014.11.001
http://dx.doi.org/10.1172/JCI68107
http://dx.doi.org/10.1111/jcmm.13160
http://dx.doi.org/10.1016/s0015-0282(02)02976-x
http://dx.doi.org/10.1371/journal.pone.0119526
http://dx.doi.org/10.1371/journal.pone.0092371
http://dx.doi.org/10.3389/978-2-88971-772-9
http://dx.doi.org/10.1186/s12884-016-0927-7
http://dx.doi.org/10.1080/08830185.2019.1674299
http://dx.doi.org/10.1111/aji.12079
http://dx.doi.org/10.1111/aji.12157
http://dx.doi.org/10.1111/aji.12157
http://dx.doi.org/10.1016/j.cub.2017.05.064
http://dx.doi.org/10.4103/2305-0500.237058
http://dx.doi.org/10.3389/fimmu.2014.00285
http://dx.doi.org/10.1016/0019-2791(76)90217-2
http://dx.doi.org/10.1016/S0769-2625(84)81196-4
http://dx.doi.org/10.1016/S0769-2625(84)81196-4
http://dx.doi.org/10.1016/s0165-0378(00)00060-7
http://dx.doi.org/10.1016/s0165-0378(00)00060-7
http://dx.doi.org/10.1111/j.1600-0897.2010.00836.x
http://dx.doi.org/10.1007/s12026-014-8577-1
http://dx.doi.org/10.1016/s0167-5699(97)01127-4
http://dx.doi.org/10.1093/humrep/15.3.713
http://dx.doi.org/10.1155/2012/967629
http://dx.doi.org/10.1046/j.1365-2249.1999.00997.x
http://dx.doi.org/10.1042/CS20130247
http://dx.doi.org/10.1126/sciimmunol.aan2946
http://dx.doi.org/10.15761/JPR.1000124
http://dx.doi.org/10.3389/fimmu.2021.717808
http://dx.doi.org/10.1530/rep.1.00959
http://dx.doi.org/10.1111/j.1600-0897.1997.tb00257.x
http://dx.doi.org/10.1093/molehr/5.3.220
http://dx.doi.org/10.1152/physrev.00067.2017
http://dx.doi.org/10.1111/j.1600-0897.2009.00792.x
http://dx.doi.org/10.1016/S0889-8561(02)00009-7
http://dx.doi.org/10.1016/S0889-8561(02)00009-7
http://dx.doi.org/10.15761/JPR.1000114
http://dx.doi.org/10.1530/ror.0.0030052
http://dx.doi.org/10.1055/s-2007-991041
http://dx.doi.org/10.1111/j.1749-6632.2003.tb03211.x
http://dx.doi.org/10.1111/j.1600-0897.2004.00154.x
http://dx.doi.org/10.1007/BF02931563
http://dx.doi.org/10.3389/fendo.2019.00198
http://dx.doi.org/10.3389/fimmu.2019.00960
http://dx.doi.org/10.3389/fimmu.2019.00960
http://dx.doi.org/10.1111/aji.13667
http://dx.doi.org/10.1111/aji.13667
http://dx.doi.org/10.1111/j.1600-0897.2007.00498.x
http://dx.doi.org/10.1016/j.placenta.2016.12.001
http://dx.doi.org/10.1016/j.ogc.2019.10.006
http://dx.doi.org/10.1016/j.ogc.2019.10.006
http://gocm.bmj.com/


9Dutta S, et al. Gynecol Obstet Clin Med 2024;4:e000011. doi:10.1136/gocm-2024-000011

Open access

the day of blastocyst transfer to 7 weeks of gestation between 
pregnancies that did or did not result in a miscarriage. J Reprod 
Immunol 2022;154:103755. 

	79	 Carp H. Cytokines in recurrent miscarriage. Lupus 2004;13:630–4. 
	80	 Chaouat G, Cayol V, Mairovitz V, et al. Localization of the Th2 

cytokines IL-3, IL-4, IL-10 at the fetomaternal interface during human 
and murine pregnancy and lack of requirement for Fas/Fas ligand 
interaction for a successful allogeneic pregnancy. Am J Reprod 
Immunol 1999;42:1–13. 

	81	 Shynlova O, Tsui P, Dorogin A, et al. The expression of transforming 
growth factor beta in pregnant rat myometrium is hormone and 
stretch dependent. Reproduction 2007;134:503–11. 

	82	 Orsi NM, Tribe RM. Cytokine networks and the regulation of 
uterine function in pregnancy and parturition. J Neuroendocrinol 
2008;20:462–9. 

	83	 Barnett JV, Desgrosellier JS. Early events in valvulogenesis: a 
signaling perspective. Birth Defects Res 2003;69:58–72. 

	84	 Serra R, Chang C. TGF-beta signaling in human skeletal and 
patterning disorders. Birth Defects Res2003;69:333–51. 

	85	 Nawshad A, LaGamba D, Hay ED. Transforming growth factor 
beta (Tgfbeta) signalling in palatal growth, apoptosis and epithelial 
mesenchymal transformation (EMT). Arch Oral Biol 2004;49:675–89. 

	86	 Olson DM, Ammann C. Role of the prostaglandins in labour and 
prostaglandin receptor inhibitors in the prevention of preterm labour. 
Front Biosci 2007;12:1329–43. 

	87	 Arrowsmith S. Multiple pregnancies, the myometrium and the role of 
mechanical factors in the timing of labour. Curr Res Physiol 2023;6. 

	88	 Romero R, Espinoza J, Kusanovic JP, et al. The preterm parturition 
syndrome. BJOG 2006;113:17–42. 

	89	 Condon JC, Jeyasuria P, Faust JM, et al. Surfactant protein 
secreted by the maturing mouse fetal lung acts as a hormone 
that signals the initiation of parturition. Proc Natl Acad Sci U S A 
2004;101:4978–83. 

	90	 Molnár M, Romero R, Hertelendy F. Interleukin-1 and tumor 
necrosis factor stimulate arachidonic acid release and phospholipid 
metabolism in human myometrial cells. Am J Obstet Gynecol 
1993;169:825–9. 

	91	 Haddad R, Tromp G, Kuivaniemi H, et al. Human spontaneous labor 
without histologic chorioamnionitis is characterized by an acute 
inflammation gene expression signature. Am J Obstet Gynecol 
2006;195:394. 

	92	 Cockle JV, Gopichandran N, Walker JJ, et al. Matrix 
metalloproteinases and their tissue inhibitors in preterm perinatal 
complications. Reprod Sci 2007;14:629–45. 

	93	 Meyyazhagan A, Kuchi Bhotla H, Pappuswamy M, et al. 
Cytokine see‐saw across pregnancy, its related complexities and 
consequences. Int J Gynaecol Obstet 2023;160:516–25. 

	94	 Kyozuka H, Murata T, Isogami H, et al. Preconception dietary 
inflammatory index and risk of gestational diabetes mellitus based 
on maternal body mass index: findings from a Japanese birth cohort 
study. Nutrients 2022;14:4100. 

	95	 Ding J, Maxwell A, Adzibolosu N, et al. Mechanisms of immune 
regulation by the placenta: role of type I interferon and Interferon‐
stimulated genes signaling during pregnancy. Immunol Rev 
2022;308:9–24. 

	96	 Zhao X, Liu Y, Zhang A, et al. Logistic regression analyses of factors 
affecting fertility of Intrauterine adhesions patients. Ann Transl Med 
2020;8:49. 

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://gocm

.bm
j.com

/
gocm

: first published as 10.1136/gocm
-2024-000011 on 1 A

pril 2024. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.jri.2022.103755
http://dx.doi.org/10.1016/j.jri.2022.103755
http://dx.doi.org/10.1191/09612033043lu1091oa
http://dx.doi.org/10.1111/j.1600-0897.1999.tb00459.x
http://dx.doi.org/10.1111/j.1600-0897.1999.tb00459.x
http://dx.doi.org/10.1530/REP-07-0004
http://dx.doi.org/10.1111/j.1365-2826.2008.01668.x
http://dx.doi.org/10.1002/bdrc.10006
http://dx.doi.org/10.1002/bdrc.10023
http://dx.doi.org/10.1016/j.archoralbio.2004.05.007
http://dx.doi.org/10.2741/2151
http://dx.doi.org/10.1016/j.crphys.2023.100105
http://dx.doi.org/10.1111/j.1471-0528.2006.01120.x
http://dx.doi.org/10.1073/pnas.0401124101
http://dx.doi.org/10.1016/0002-9378(93)90011-7
http://dx.doi.org/10.1016/j.ajog.2005.08.057
http://dx.doi.org/10.1177/1933719107304563
http://dx.doi.org/10.1002/ijgo.14333
http://dx.doi.org/10.3390/nu14194100
http://dx.doi.org/10.1111/imr.13077
http://dx.doi.org/10.21037/atm.2019.11.115
http://gocm.bmj.com/

	Cytokine landscapes of pregnancy: mapping gestational immune phases
	Abstract
	Introduction
	Overview of immune adaptations in pregnancy
	Cytokine profile demarcating the phases of pregnancy
	Proinflammatory cytokines regulating the implantation phase
	Phase of symbiosis between mother and fetus
	Phase renewed inflammation and onset of parturition

	Conclusion
	References


