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Abstract

Objectives: Immune thrombocytopenia (ITP) is an acquired autoimmune bleeding disease characterized by thrombocytopenia. This
review will examine the Notch-aromatic hydrocarbon receptor (AhR)-interleukin-22 (IL-22) signaling pathway regulatory mechanisms
in ITP to generate ideas for the pathogenesis and etiological investigation of the disease. Mechanism: Studies had shown that an
abnormal imbalance of immune cells and immune factors is associated with ITP pathogenesis. The Notch-AhR-IL-22 signaling pathway
disrupts the immune microenvironment in vivo, which contributes to the pathogenesis of ITP. Findings in Brief: Several studies have
suggested that the pathogenesis of ITP may be mediated by multiple pathways, such as Notch signaling that induces AhR to increase
direct secretion of IL-22 from CD4+T cells or the Notch-AhR pathway that induces differentiation of CD4+T cells into Th22 cells to
enhance IL-22 expression. However, the precise pathogenic mechanisms are still unknown. Conclusions: ITP pathogenesis is complex,
the Notch-AhR-IL-22 signaling pathway may be involved in the pathogenesis of ITP, and further research into the relationship between
ITP and this signaling pathway is needed.
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1. Introduction
Immune thrombocytopenia is an autoimmune disease

characterized by a platelet count below <100 × 109/L [1].
According to foreign research, the incidence of immune
thrombocytopenia (ITP) in adults ranges from 1.6 to 3.9/per
100,000, with a prevalence of about 1/10,000 [2]. Un-
certainty surrounds the etiology of ITP, which is closely
linked to immune intolerance brought on by an immune
cell and immune factor imbalance in addition to autoan-
tibody factors [3]. By controlling the differentiation and
homeostasis of immune cells and immune factors, it has
been shown that the Notch-aromatic hydrocarbon receptor
(AhR)-interleukin-22 (IL-22) signaling pathway can be in-
volved in the regulation of various inflammatory responses
and immune diseases, such as hepatitis B [4], gastric can-
cer [5], and lung adenocarcinoma [6]. Recently, it has been
proposed that Notch signaling may help ITP develop by in-
creasing the production of IL-22 in CD4+T cells through
AhR [7]. In this paper, we review the mechanisms of the
Notch-AhR-IL-22 signaling pathway to set the groundwork
for understanding the pathogenesis of the disease and to
provide novel insights into ITP therapy.

2. Pathogenesis of Immune
Thrombocytopenia

ITP is an autoimmune condition with a compli-
cated etiology, and anti-platelet autoantibodies may con-
tribute to excessive platelet destruction by the mononu-

clear macrophage system [8]. The pathogenesis of ITP is
related to the overproliferation of helper T cell (Th) sub-
populations such as Th1, Th2, Th17, Th22, and regula-
tory T cells (Treg), regulatory B cells (Breg), bone marrow-
derived suppressor cells and other immunosuppressive cells
decreased, and dysfunction of dendritic cells and natural
killer cells [9–11], where abnormal B and T cells are the
main features of the disease.

Naive CD4+T cells are stimulated to differentiate into
Th1 cells by IL-12 and gamma interferon (IFN-γ), and Th1
cells produce cytokines like IFN-γ, tumor necrosis factor-
α (TNF-α), IL-2, and IL-22 that encourage B cell differ-
entiation and proliferation. Th2 cells are induced by IL-4
and differentiated from naive CD4+T cells, secreting cy-
tokines IL-4, IL-6, and IL-10 that can synergistically con-
trol B cells with Th1 cells [12]. Sun et al. [13] discov-
ered increased serum levels of Th1 cells and associated cy-
tokines and decreased levels of Th2 cells and associated cy-
tokines in ITP patients, indicating that an imbalance in the
ratio of Th1/Th2 cells may exist be crucial in the patho-
genesis of ITP. Activation of AhR can greatly promote the
differentiation of CD4+T cells into the Th22 cell popula-
tion, a subpopulation of CD4+T cells that mainly secrete
cytokines such as IL-22, IL-13, IL-26, and TNF-α. In ad-
dition to cooperating with Th17 and Th1 cells in ITP, Th22
cells can also contribute to the pathophysiology of ITP by
secreting IL-22 [14]. The findings from Jernas et al. [15]
showed that elevated plasma IL-22 levels in children with
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ITP are associated with Th22 and Th1 cells, suggesting that
Th22 cells and IL-22 may play a key role in the pathogen-
esis of ITP in children. Th17 cells are a subset of pro-
inflammatory lymphocytes differentiated by CD4+T cells
under the combined action of transforming growth factor-β
(TGF-β) and IL-6, which work together to mediate inflam-
matory responses and autoimmune diseases by secreting IL-
17, IL-21, IL-22, and other cytokines, with IL-17 serving as
a marker for pro-inflammatory factors [16]. An imbalance
in the expression of Th17 cells may work in concert with
Th22 and Th1 cells to mediate the pathogenesis of ITP, ac-
cording to a research by Zhan et al. [17] who discovered a
significant increase in serum Th17, Th1, and Th22 cells in
ITP patients and a positive correlation between Th17 and
Th1 and Th22 cells.

Treg is a subpopulation of T cells that specifically
exerts immunosuppressive effects and is distinguished by
high levels of CD25 and the forkhead/winged helix tran-
scription factor (Foxp3) on CD4+T cells [18]. Treg cells
exert immunosuppressive effects through the secretion of
IL-10, TGF-β, and IL-35, and they can also inhibit T cell
activity by expressing cytotoxic T lymphocyte antigens on
their surface [19]. Treg and Th17 cells are functionally
regulated by one another, and Zhou et al. [20] found that
in the peripheral blood of ITP patients, the levels of Treg
cells and TGF-β, which play an inhibitory role, were sig-
nificantly decreased, while the levels of Th17 cells and
IL-17, which play a pro-inflammatory role, were signifi-
cantly increased. This finding suggests that the imbalance
of Th17/Treg cells was one of the causes of ITP. Numer-
ous studies have demonstrated that immune dysregulation
in ITP patients can be caused by a reduction in the amount
of Treg cells, a reduction in suppressive activity, or an im-
balance between Th17 and Treg cells [8,21].

B cell activating factor (BAFF) abnormalities are cur-
rently thought to be the primary humoral immune mech-
anism in the pathogenesis of ITP. BAFF regulates T cell
activation and maturation as well as B cell differentiation,
maturation, and apoptosis [22]. In addition, Toll-like re-
ceptor7 (TLR7) may be another pathogenic mechanism of
ITP because it can stimulate dendritic cells to generate large
amounts of BAFF and increase the production of circulating
anti-platelet antibodies [23]. Breg cells have negative reg-
ulatory effects, primarily through the production of TGF-β
and IL-10 to play an immunomodulatory role, and ITP pa-
tients have fewer serum Breg cells, which externally man-
ifests as decreased IL-10 and TGF-β, which can inhibit
monocyte TNF-α expression and induce Treg cell differ-
entiation and diminish CD4+T cell function [19,24]. Breg
cells may play a role in the impaired immune cell suppres-
sion experienced by ITP patients, according to research by
Zhu et al. [10] that found significantly lower levels of Breg
cells, IL-10, and TGF-β in patients with ITP. In conclu-
sion, abnormalities like a Th1/Th2 imbalance, an increased
ratio of Th1, Th17, and Th22 in T-cell subsets, a decrease

in Treg cell numbers, an imbalance between Th17/Treg
cells, higher BAFF, and a decrease in Breg cell numbers
are linked to the pathogenesis of ITP.

3. Notch Signaling System Components and
the Function of Immunity Regulation

The Notch signaling pathway is an intercellular sig-
naling pathway with great evolutionary conservation that
primarily regulates cell proliferation, differentiation, mi-
gration, and apoptosis. It also plays an important role in
maintaining tissue homeostasis and the stability of the in-
ternal environment [25]. Notch signaling in the mammalian
immune system can regulate various cells to direct early T
and B cell lineage development, control the differentiation
of hematopoietic stem cells, and control the maturation of
T cells and their subpopulations [26,27]. Four Notch re-
ceptors (Notch-1, Notch-2, Notch-3, Notch-4) and five lig-
ands, three Delta-like ligands (DLL-1, DLL-3, DLL-4), and
two Jagged family ligands (Jagged-1, Jagged-2) have been
identified [28], where the ligand binds to the receptor, ac-
tivating Notch signaling, which regulates the expression of
related genes in adjacent cells [29]. An increasing quantity
of research indicates that activating CD4+T cells’ Notch
receptors and ligands can cause CD4+T cells to differen-
tiate into various Th-cell subsets that secrete a range of in-
flammatory factors and cause a variety of immune disorders
[25,30]. It has been suggested that Notch signaling pro-
motes Th1 and Th2 cell differentiation, with greater expres-
sion of the Notch ligandDLL-1 causing Antigen Presenting
Cells (APCs) to differentiate toward Th1 cells, whereas in-
creased expression of Jagged-1 causes APCs to differenti-
ate toward Th2 cells [31]. Notch signaling regulates the dif-
ferentiation of Th17 cells in addition to its effects on Th1
and Th2 cells. Unintervened ITP patients had an imbal-
ance of Th17/Treg cells that leaned greater toward Th17
cells, according to Yu et al. [32], when Notch signaling
activity was blocked, Th17 cell and IL-17 expression de-
creased along with a decrease in the Th17/Treg cells ratio,
indicating that Notch signaling is necessary for maintaining
Th17/Treg cells homeostasis and that it can be used to re-
store it. Another research discovered that by controlling the
expression of FoxP3, the DLL-1 ligand of Notch signaling
induces the differentiation of CD4+T cells into Treg cells
[33]. Many investigations have shown that Notch signaling
might influence the production of immune factors and the
differentiation of different immune cells, causing an imbal-
ance thatmay contribute to the onset of various autoimmune
illnesses. For example, Ma et al. [34] observed increased
expression of Notch-1, Notch-3, and the Notch ligandDLL-
1 in blood samples from ITP patients, while Notch-2 ex-
pression was comparatively lowered. Similar findings were
made by Wang et al. [35] who reported that patients with
acute ITP had significantly increased Notch-1 and Notch-
3 expression. These findings suggest that Notch signaling
can be widely expressed on CD4+T cell surfaces and can
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regulate the immune function and differentiation of differ-
ent immune cells like Th1, Th2, Th17, and Treg, which can
contribute to the pathogenesis of ITP by upsetting immune
cells and immune factor homeostasis.

4. Immunomodulatory Effects of AhR
AhR is a ligand-dependent transcriptional protein that

forms protein complexes with chaperone proteins to keep
its cytoplasmic location [36]. When AhR binds to ligands,
it moves from the cytoplasm to the nucleus where it forms
a heterodimer with the aromatic hydrocarbon receptor nu-
clear transporter (ARNT) [37]. It has been demonstrated
that AhR plays a critical part in the development of em-
bryonic and adult tissues, reproduction, and endogenous
metabolism in addition to promoting chemical and micro-
bial defenses [38]. AhR and its signaling networks are con-
nected to the secretion and production of some factors as-
sociated with inflammation [39]. Additionally, AhR serves
as an environmental sensor and is crucial for both immune
modulation and immune damage [40]. One of the key tran-
scription factors for the development of Th cell subpopula-
tions, AhR regulates the expression and differentiation of T
and B cells, as well as the T cell immune process. AhR can
alter the number of immune cells in the body and take part
in the body’s immune response by activation by binding to
various ligands [36]. It has been shown that AhR signaling
may affect the intercellular homeostasis of Th17/Treg cells,
with the exogenous ligand 2,3,7,8-tetrachlorodibenzo-p-
dioxin (2,3,7,8-TCDD) activating AhR and causing the dif-
ferentiation of Treg cells and the endogenous ligand 6-
formylindolo [3,2-b]carbazole (FICZ) promotes Th17 cell
differentiation after AhR activation, which causes dysreg-
ulation of the homeostasis of Th17/Treg cells and upreg-
ulation of immune factors implicated in disease develop-
ment, such as IL-17 and IL-22 [41]. The differentiation and
homeostasis of Th17 and Treg cells may be dependent on
AhR ligands, and variations in AhR expression can disrupt
the balance of these two T-cell subpopulations, resulting
in the onset of autoimmune diseases, according to a study
by Singh et al. [42]. One research discovered in a mouse
model that the coordinated function of the AhR and typi-
cal TGF-β signaling pathways in differentiation is crucial
for the differentiation of CD4+T cells into Th17 cells [43].
It was also discovered that AhR is required for the release
of IL-22 and that AhR is a direct target of miR15a/16-1 in
CD4+T cells, where IL-22 is inversely correlated with the
release of miR15a/16-1 [38]. It has been found that AhR
is essential for IL-22 secretion, and AhR is a direct tar-
get of miR15a/16-1 in CD4+T cells, and IL-22 secretion
is negatively correlated with miR15a/16-1, and this gene
overexpression can reduce the synthesis of IL-22 by inhibit-
ing AhR [44]. Additionally, the connection between AhR
and Notch signaling has been discovered in mouse CD4+T
cells, and it can be utilized to regulate the cell cycle, pro-
liferation, and differentiation. Notch signaling boosts the

release of IL-22 through AhR, and IL-22 expression is de-
creased by AhR antagonists in reaction to Notch signaling
activation, and TCDD activation of AhR raises the levels
of Notch-1 and Notch-2, tentatively revealing a functional
link between AhR and Notch pathway was revealed and the
role of AhR as a bridge in the Notch-AhR-IL-22 signaling
pathway [45,46].

5. Notch-AhR-IL-22 Signaling Pathway is
Involved in the Development of ITP

Immune thrombocytopenia is currently a diagnosis of
exclusion, and the condition’s pathogenesis is still a hot sub-
ject of study among experts and scholars. It has recently
been suggested that the Notch-AhR-IL-22 axis is one of
the mechanisms involved in the pathogenesis of ITP, which
has a fine regulation of the immune and inflammatory re-
sponses and is made up primarily of cis-acting components
and trans-conduction systems, the cis-element consists of
members of the δ and Jagged gene families in Notch lig-
ands, while the trans expression system is composed of
Notch receptors Notch1-4 bound to DLL and Jagged pro-
teins [25,47]. In humans and mice, the Notch-AhR-IL-
22 axis exists with organ-specific gene expression profiles,
and the Notch and IL-22 signaling pathways are primar-
ily linked hierarchical fashion via Notch-induced endoge-
nous AhR ligands [47]. IL-22 is a cytokine that has both
pro-inflammatory and anti-inflammatory effects, and it is
primarily produced by CD4+T cells, and when IL-22 is
secreted alongside other inflammatory factors such as IL-
17, IFN-γ, and TNF-α, its pro-inflammatory properties are
increased, mediating a variety of inflammatory or autoim-
mune diseases [48,49]. Furthermore, IL-22 raises the levels
of cytokines like IL-1 and IL-18, which regulate platelet
apoptosis and cause thrombocytopenia [17]. Wang et al.
[35] proposed that the Notch signaling pathway might pro-
mote IL-22 expression in CD4+T cells by activating AhR,
and this research discovered that inhibiting the Notch sig-
naling pathway could significantly reduce IL-22 secretion
by CD4+T cells and AhR-mRNA expression in ITP pa-
tients, however, CD4+T cell differentiation to Th17 cells
was unaffected, indicating that Notch signaling was di-
rected at the IL-22 factor secreted by CD4+T cells.

In the intricate network of inflammatory molecules in-
volved in ITP pathogenesis, Th22 cells are also important
in the Notch-AhR-IL-22 signaling cascade, and IL-22 is the
main Th22 cell effector molecule [17]. Zeng et al. [50]
showed that Notch signaling regulates IL-22 transcript lev-
els, and overexpression of the activated Notch- AhR path-
way induces CD4+T cell differentiation into Th22 cells,
which not only increases circulating IL-22 secretion but
also works synergistically with Th17 and Th1 cells to dis-
rupt the body’s immune cell homeostasis. Previous research
has shown that the Notch signaling ligand jagged-1 can in-
crease IL-22 secretion by promoting Th22 cell expression,
as well as raise AhR and IL-22 mRNA and protein levels to
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participate in the development of ITP [51]. As was stated
earlier, Notch signaling and AhR individually regulate the
immune cell differentiation and homeostasis, which results
in an imbalance in the number of Th1, Th2, Th22, Th17,
and Treg cells in vivo, and the pathogenic process of ITP
can also be mediated by several pathways, such as Notch
signaling that induces AhR to increase direct secretion of
IL-22 from CD4+T cells or the Notch-AhR pathway that
induces differentiation of CD4+T cells into Th22 cells to
enhance IL-22 expression (see Fig. 1 for details).

Notch

AhRIL-22

ITP

Th22c

Th1 (IFN-γ, TNF-α, IL-2, IL-22), Th2
(IL-4, IL-6, IL-10), Th17 (IL-17, IL-

21, IL-22), Th22 (IL-22, IL-13, IL-26,
TNF-α), Treg (IL-10, IL-35, TGF-β),  

Breg (TGF-β, IL-10)

CD4+T

Fig. 1. Notch-induced AhR regulation of IL-22 secretion sig-
naling pathway in ITP. Notch signaling and AhR individually
regulate the immune cell differentiation and homeostasis, which
results in an imbalance in the number of Th1, Th2, Th22, Th17,
and Treg cells in vivo, and the pathogenic process of ITP can also
be mediated by several pathways, such as Notch signaling that in-
duces AhR to increase direct secretion of IL-22 from CD4+T cells
or the Notch-AhR pathway that induces differentiation of CD4+T
cells into Th22 cells to enhance IL-22 expression. Abnormalities
like a Th1/Th2 imbalance, an increased ratio of Th1, Th17, and
Th22 in T-cell subsets, a decrease in Treg cell numbers, an imbal-
ance between Th17/Treg cells, and a decrease in Breg cell numbers
are linked to the pathogenesis of ITP.

Given the regulatory role of the Notch-AhR-IL-22 sig-
naling pathway in ITP, some studies have suggested that
decreasing IL-22 levels by blocking the Notch-AhR-IL-22
axis could be used to treat or mitigate the progression of
ITP. According to a study by Cao et al. [52] untreated
ITP patients had a significantly higher percentage of serum
Th22 cells than did treat ITP patients, but after high-dose
dexamethasone treatment the levels of Th22 cells and IL-
22 significantly decreased, and the platelet levels in the ITP
patients quickly recovered. According to recent research,
resveratrol, an AhR antagonist, inhibited Notch-AhR sig-
naling, markedly decreased IL-22 levels, and slowed the
pathogenesis of ITP [7]. All of the aforementioned re-
sults suggest that inhibiting the Notch-AhR-IL-22 signal-
ing pathway’s expression can reduce the amount of IL-22
secreted, which in turn suppresses the immune inflamma-

tory response and returns ITP’s immune system to normal,
and perhaps blocks any link of the Notch-AhR-IL-22 axis is
expected to be a potential target for immunotherapy of ITP.

6. Research Progress on the
Notch-AhR-IL-22 Signaling Pathway and
ITP in Pregnancy

Pregnant women, as a special group, have a consid-
erably higher incidence of ITP than non-pregnant women
due to changes in various systems and organs during preg-
nancy, in addition to adult women and children who are sus-
ceptible to the development of ITP [53]. ITP is the most
common cause of serious thrombocytopenia before preg-
nancy, in the first or second trimester of pregnancy, and
accounts for 1%–4% of all causes of thrombocytopenia in
pregnancy [54]. Existing research suggests that the same
factors that cause ITP in non-pregnant people also cause it
in pregnant people. These factors include defective T-cell
gene expression, specific anti-platelet antibody binding to
antigens in pregnant women’s plasma, impaired megakary-
ocyte maturation, increased platelet destruction, and insuf-
ficient platelet production [9]. Although the precise patho-
genesis of ITP is still unknown, pregnancymay speed up the
disease’s development [55]. The special immune tolerance
and immune homeostasis that occur during pregnancy may
also play a role in the disease’s pathogenesis [56]. Addition-
ally, the timing of ITP can have an impact on how a preg-
nancy develops, increasing the risk of clinical problems like
postpartum hemorrhage, neonatal thrombocytopenia, and
even intracranial hemorrhage [57]. In recent years, some re-
searchers discovered that the Notch-IL-22 pathway plays a
role in the pathogenesis of ITP in pregnant mice by control-
ling the immune response, subsequent research confirmed
that blocking the Notch-IL-22 pathway with recombinant
human thrombopoietin can improve the prognosis of preg-
nant mice with ITP and raise the platelet levels [58]. Ad-
ditionally, research on the human placenta found that early
gestation Notch receptor expression levels were greater and
Jagged-1 expression levels were lower, as evidenced by the
fact that Jagged-1 expression levels were higher and Notch-
1 and Notch-4 expression levels were reduced in late ges-
tation, the Notch signaling pathway may be differentially
regulated during pregnancy [59]. Additionally, it has been
demonstrated that patients with ITP in pregnancy have sig-
nificantly higher serum levels of TNF-α, IL-22, IL-5, and
IL-6 while significantly lower serum levels of IL-12 and IL-
16, indicating that the development of ITP in pregnancy is
linked to an imbalance of related immune cells and immune
factors [60]. According to the research mentioned above,
IL-22 factors and Notch signaling may contribute to the
pathogenesis of ITP during pregnancy. Despite the rarity of
reports on this pathway in ITP during pregnancy, the Notch-
AhR-IL-22 signaling pathway is more commonly studied in
non-pregnant ITP. This can serve as an experimental basis
for future studies on the Notch-AhR-IL-22 signaling path-
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way in ITP during pregnancy, and the mechanism of this
signaling pathway in ITP during pregnancy can also be fur-
ther investigated. Given that the pathogenesis and man-
agement of patients with ITP during pregnancy are simi-
lar to those during non-pregnancy, immunotherapy regard-
ing ITP in pregnancy might start with blocking the Notch-
AhR-IL-22 signaling pathway. To thoroughly investigate
the Notch-AhR-IL-22 signaling pathway’s role in ITP to
generate fresh concepts for immunotherapy of ITP in preg-
nancy.

7. Conclusions
In summary, the pathogenesis of ITP is defined by a

complex immune imbalance and immune intolerance con-
dition caused by multiple factors, pathways, and channels,
and Notch signaling is involved in the development of ITP
by inducing AhR expression to promote the differentiation
of CD4+T cells to Th22 cells and by increasing IL-22 se-
cretion, which together disrupts the immune homeostasis in
vivo. Understanding the pathogenic role of the Notch-AhR-
IL-22 axis in ITP may set the experimental groundwork for
further research into the pathogenesis of ITP in pregnancy
and may also open up new possibilities for immunotherapy
of ITP in pregnancy.

Author Contributions
Q-qF participated in the manuscript conception and

design, participated in the drafting of the manuscript. R-xH
participated in the conception and design of the manuscript,
revised the important contents of the manuscript, and ap-
proved the publication. Both authors have participated suf-
ficiently in the work and agreed to be accountable for all
aspects of the work. Both authors read and approved the
final manuscript.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
The Second Hospital of Lanzhou University’s “Sci-

ence and Technology Innovation” program (No: CY2019-
MS11).

Conflict of Interest
The authors declare no conflict of interest.

References
[1] WangM, LiuW, XuY,WangH, GuoX, Ding X, et al. Predicting

bleeding risk in a Chinese immune thrombocytopenia (ITP) pop-
ulation: development and assessment of a new predictive nomo-
gram. Scientific Reports. 2020; 10: 15337.

[2] Deane S, Teuber SS, Gershwin ME. The geoepidemiology of
immune thrombocytopenic purpura. Autoimmunity Reviews.
2010; 9: A342–A349.

[3] Perera M, Garrido T. Advances in the pathophysiology of pri-
mary immune thrombocytopenia. Hematology. 2017; 22: 41–
53.

[4] Jiang BC, Liu X, Liu XH, Li ZSN, Zhu GZ. Notch Signaling
Regulates Circulating THelper 22 Cells in Patients with Chronic
Hepatitis C. Viral Immunology. 2017; 30: 522–532.

[5] Yang L, Zhao KL, Qin L, Ji DX, Zhang B, Zheng PF, et al. Notch
signaling pathway regulates CD4+CD25+CD127dim/− regu-
latory T cells and T helper 17 cells function in gastric cancer
patients. Bioscience Reports. 2019; 39: BSR20182044.

[6] Pang B, Hu C, Xing N, Xu L, Zhang S, Yu X. Elevated Notch1
enhances interleukin-22 production by CD4+ T cells via aryl hy-
drocarbon receptor in patients with lung adenocarcinoma. Bio-
science Reports. 2018; 38: BSR20181922.

[7] Guo NH, Fu X, Zi FM, Song Y, Wang S, Cheng J. The poten-
tial therapeutic benefit of resveratrol on Th17/Treg imbalance in
immune thrombocytopenic purpura. International Immunophar-
macology. 2019; 73: 181–192.

[8] Audia S,MahévasM, SamsonM, Godeau B, Bonnotte B. Patho-
genesis of immune thrombocytopenia. Autoimmunity Reviews.
2017; 16: 620–632.

[9] Ding B, Liu L, Dai Y, Li M, Xia A, Song X, et al. Identification
and verification of differentially expressed key genes in periph-
eral blood-derived T cells between chronic immune thrombocy-
topenia patients and healthy controls. Bioengineered. 2022; 13:
13587–13595.

[10] Zhu SR, Chen HY,WangMJ, Xu YG, Quan RC, Ding XQ, et al.
Level of Regulatory B Cells in Patients with Immune Thrombo-
cytopenia and Its Clinical Significance. Zhongguo Shi Yan Xue
Ye Xue Za Zhi. 2019; 27: 175–179. (In Chinese)

[11] Zhang XL, Ma J, Xu M, Meng F, Qu M, Sun J, et al. Imbalance
between CD205 and CD80/CD86 in dendritic cells in patients
with immune thrombocytopenia. Thrombosis Research. 2015;
135: 352–361.

[12] Burt P, Peine M, Peine C, Borek Z, Serve S, Floßdorf M, et
al. Dissecting the dynamic transcriptional landscape of early T
helper cell differentiation into Th1, Th2, and Th1/2 hybrid cells.
Frontiers in Immunology. 2022; 13: 928018.

[13] Sun Y, Wang MJ, Cao XT, Liu WY, Chen HY, Ding XQ, et al.
Expression of MicroRNAs in Peripheral Blood of Patients with
Primary Immune Thrombocytopenia and Its Correlation with the
Imbalance of Th1/Th2 Cell. Zhongguo Shi Yan Xue Ye Xue Za
Zhi. 2021; 29: 1570–1576. (In Chinese)

[14] Liu LM, Zhang XX, Zhao GS, Si YJ, Lin GQ, Zhang YM, et al.
Change of Th22 cells in peripheral blood of patients with pri-
mary immune thrombocytopenia and clinical implication. Chi-
nese Journal of Cellular and Molecular Immunology. 2012; 28:
1314–1316. (In Chinese)

[15] Jernas M, Hou Y, Stromberg Celind F, Shao L, Wang Q, Ju X, et
al. Altered cytokine levels in pediatric ITP. Platelets. 2015; 26:
589–592.

[16] Consolini R, Legitimo A, Caparello MC. The Centenary of Im-
mune Thrombocytopenia - Part 1: Revising Nomenclature and
Pathogenesis. Frontiers in Pediatrics. 2016; 4: 102.

[17] Zhan FX, Li J, Fang M, Ding J, Wang Q. Importance of Th22
Cell Disequilibrium in Immune Thrombocytopenic Purpura.
Medical Science Monitor. 2018; 24: 8767–8772.

[18] Sakaguchi S, Miyara M, Costantino CM, Hafler DA. FOXP3+
regulatory T cells in the human immune system. Nature Re-
views. Immunology. 2010; 10: 490–500.

[19] Wen R, Wang Y, Hong Y, Yang Z. Cellular immune dysregu-
lation in the pathogenesis of immune thrombocytopenia. Blood
Coagulation & Fibrinolysis. 2020; 31: 113–120.

5

https://www.imrpress.com


[20] Zhou ZJ, Zhang YS, Liang CX, Yang ZY. Role of Th9, Th17,
Treg Cells levels and IL-9, IL-17 and TGF-β Expression in
Peripheral Blood of Patients with ITP in Pathogenesis of ITP.
Zhongguo Shi Yan Xue Ye Xue Za Zhi. 2019; 27: 180–184. (In
Chinese)

[21] Ji L, Zhan Y, Hua F, Li F, Zou S, Wang W, et al. The ratio of
Treg/Th17 cells correlates with the disease activity of primary
immune thrombocytopenia. PLoS ONE. 2012; 7: e50909.

[22] Khalifa KAE, El-Hawy MA, Abo Zeid HM, El-Kholy RM. Ex-
pression of B-cell activating factor in pediatric patients with
immune thrombocytopenia: a single institutional series and re-
view of literature. Journal of Immunoassay & Immunochem-
istry. 2023; 44: 41–55.

[23] Yu H, Liu Y, Han J, Yang Z, Sheng W, Dai H, et al. TLR7 reg-
ulates dendritic cell-dependent B-cell responses through BlyS
in immune thrombocytopenic purpura. European Journal of
Haematology. 2011; 86: 67–74.

[24] Provan D, Semple JW. Recent advances in the mechanisms and
treatment of immune thrombocytopenia. EBioMedicine. 2022;
76: 103820.

[25] Kumai T, Rodriguez P C. Notch Signaling: A Pivot Regulator
of Adaptive and Innate Immunity. Targeting Notch in Cancer:
From the Fruit Fly to the Clinic. 2018; 127–151.

[26] Carlin SM, Khoo MLM, Ma DD, Moore JJ. Notch signalling
inhibits CD4 expression during initiation and differentiation of
human T cell lineage. PLoS ONE. 2012; 7: e45342.

[27] Laky K, Evans S, Perez Diez A, Fowlkes BJ. Notch signaling
regulates antigen sensitivity of naive CD4+ T cells by tuning
co-stimulation. Immunity. 2015; 42: 80–94.

[28] Vijayaraghavan J, Osborne BA. Notch and T Cell Function - A
Complex Tale. Advances in Experimental Medicine and Biol-
ogy. 2018; 1066: 339–354.

[29] Chen D, Forghany Z, Liu X, Wang H, Merks RMH, Baker DA.
A new model of Notch signalling: Control of Notch receptor
cis-inhibition via Notch ligand dimers. PLoS Computational Bi-
ology. 2023; 19: e1010169.

[30] Meng L, Bai Z, He S, Mochizuki K, Liu Y, Purushe J, et al.
The Notch Ligand DLL4 Defines a Capability of Human Den-
dritic Cells in Regulating Th1 and Th17 Differentiation. Journal
of Immunology. 2016; 196: 1070–1080.

[31] Maekawa Y, Tsukumo SI, Chiba S, Hirai H, Hayashi Y, Okada
H, et al. Delta1-Notch3 interactions bias the functional differen-
tiation of activated CD4+ T cells. Immunity. 2003; 19: 549–559.

[32] Yu S, Liu C, Li L, Tian T, Wang M, Hu Y, et al. Inactivation of
Notch signaling reverses the Th17/Treg imbalance in cells from
patients with immune thrombocytopenia. Laboratory Investiga-
tion. 2015; 95: 157–167.

[33] Mota C, Nunes Silva V, Pires AR, Matoso P, Victorino RMM,
Sousa AE, et al. Delta-like 1-mediated Notch signaling enhances
the in vitro conversion of human memory CD4 T cells into
FOXP3-expressing regulatory T cells. Journal of Immunology.
2014; 193: 5854–5862.

[34] Ma D, Dai J, Zhu X, Yan S, Zhao P, Zhang J, et al. Aberrant
expression of Notch signaling molecules in patients with im-
mune thrombocytopenic purpura. Annals of Hematology. 2010;
89: 155–161.

[35] Wang WH, Li XY. The role of Notch-aromatic hydrocarbon re-
ceptor - Interleukin-22 pathway in acute idiopathic thrombocy-
topenic purpura. Journal of Immunology. 2020; 36: 241–247.

[36] Neavin DR, Liu D, Ray B, Weinshilboum RM. The Role of
the Aryl Hydrocarbon Receptor (AHR) in Immune and Inflam-
matory Diseases. International Journal of Molecular Sciences.
2018; 19: 3851.

[37] Bock KW. Aryl hydrocarbon receptor (AHR)-mediated inflam-
mation and resolution: Non-genomic and genomic signaling.
Biochemical Pharmacology. 2020; 182: 114220.

[38] Wajda A, Łapczuk Romańska J, Paradowska Gorycka A. Epige-
netic Regulations of AhR in the Aspect of Immunomodulation.
International Journal of Molecular Sciences. 2020; 21: 6404.

[39] Plé C, Fan Y, Ait Yahia S, Vorng H, Everaere L, Chenivesse C, et
al. Polycyclic aromatic hydrocarbons reciprocally regulate IL-
22 and IL-17 cytokines in peripheral blood mononuclear cells
from both healthy and asthmatic subjects. PLoS ONE. 2015; 10:
e0122372.

[40] Rothhammer V, Quintana FJ. The aryl hydrocarbon receptor:
an environmental sensor integrating immune responses in health
and disease. Nature Reviews. Immunology. 2019; 19: 184–197.

[41] Vogel CFA, Goth SR, Dong B, Pessah IN, Matsumura F.
Aryl hydrocarbon receptor signaling mediates expression of in-
doleamine 2,3-dioxygenase. Biochemical and Biophysical Re-
search Communications. 2008; 375: 331–335.

[42] Singh NP, Singh UP, RouseM, Zhang J, Chatterjee S, Nagarkatti
PS, et al. Dietary Indoles Suppress Delayed-Type Hypersensi-
tivity by Inducing a Switch from Proinflammatory Th17 Cells
to Anti-Inflammatory Regulatory T Cells through Regulation of
MicroRNA. Journal of Immunology. 2016; 196: 1108–1122.

[43] Gagliani N, Amezcua Vesely MC, Iseppon A, Brockmann L, Xu
H, Palm NW, et al. Th17 cells transdifferentiate into regulatory
T cells during resolution of inflammation. Nature. 2015; 523:
221–225.

[44] Lu Z, Liu J, Liu X, Huang E, Yang J, Qian J, et al.
MicroRNA 15a/16-1 suppresses aryl hydrocarbon receptor-
dependent interleukin-22 secretion in CD4+ T cells and con-
tributes to immune-mediated organ injury. Hepatology. 2018;
67: 1027–1040.

[45] Roman ÁC, Carvajal-Gonzalez JM, Merino JM, Mulero-
Navarro S, Fernández-Salguero PM. The aryl hydrocarbon re-
ceptor in the crossroad of signalling networks with therapeutic
value. Pharmacology & Therapeutics. 2018; 185: 50–63.

[46] Lee JS, Cella M, McDonald KG, Garlanda C, Kennedy GD,
NukayaM, et al. AHR drives the development of gut ILC22 cells
and postnatal lymphoid tissues via pathways dependent on and
independent of Notch. Nature Immunology. 2011; 13: 144–151.

[47] Weidenbusch M, Rodler S, Song S, Romoli S, Marschner JA,
Kraft F, et al. Gene expression profiling of the Notch-AhR-IL22
axis at homeostasis and in response to tissue injury. Bioscience
Reports. 2017; 37: BSR20170099.

[48] Azizi G, Yazdani R, Hamid KM, Razavi A, Mirshafiey A. IL-
22 Produced by T helper Cell 22 as a New player in the Patho-
genesis of Immune Thrombocytopenia. Endocrine, Metabolic &
Immune Disorders Drug Targets. 2015; 15: 242–250.

[49] Rutz S, Noubade R, Eidenschenk C, Ota N, Zeng W, Zheng Y,
et al. Transcription factor c-Maf mediates the TGF-β-dependent
suppression of IL-22 production in T(H)17 cells. Nature Im-
munology. 2011; 12: 1238–1245.

[50] Zeng C, Shao Z, Wei Z, Yao J, Wang W, Yin L, et al. The
NOTCH-HES-1 axis is involved in promoting Th22 cell differ-
entiation. Cellular & Molecular Biology Letters. 2021; 26: 7.

[51] Alam MS, Maekawa Y, Kitamura A, Tanigaki K, Yoshimoto
T, Kishihara K, et al. Notch signaling drives IL-22 secretion
in CD4+ T cells by stimulating the aryl hydrocarbon receptor.
Proceedings of the National Academy of Sciences of the United
States of America. 2010; 107: 5943–5948.

[52] Cao J, Chen C, Li L, Ling YZ, Zhen YL, Zhi LY. Effects of
high-dose dexamethasone on regulating interleukin-22 produc-
tion and correcting Th1 and Th22 polarization in immune throm-
bocytopenia. Journal of Clinical Immunology. 2012; 32: 523–
529.

[53] Subtil SFC, Mendes JMB, Areia ALFDA, Moura JPAS. Update
on Thrombocytopenia in Pregnancy. Revista Brasileira De Gine-
cologia E Obstetricia. 2020; 42: 834–840.

[54] Pishko AM, Levine LD, Cines DB. Thrombocytopenia in preg-

6

https://www.imrpress.com


nancy: Diagnosis and approach tomanagement. Blood Reviews.
2020; 40: 100638.

[55] Rodeghiero F, Marranconi E. Management of immune throm-
bocytopenia in women: current standards and special consider-
ations. Expert Review of Hematology. 2020; 13: 175–185.

[56] Chen Z, Zhou JY, Zhai MY, Liang MY, Wang JL. Study on
pathogenesis of immune thrombocytopenia during pregnancy.
Chinese Clinical Journal of Obstetrics and Gynecology. 2019;
20: 45–47.

[57] Kalaycı H, Doğan Durdağ G, Baran ŞY, Yüksel Şimşek S,
Alemdaroğlu S, Özdoğan S, et al. Pregnancy of patients with id-
iopathic thrombocytopenic purpura: maternal and neonatal out-
comes. Journal of the Turkish German Gynecological Associa-

tion. 2020; 21: 97–101.
[58] Liu Y, Shen YL, Xu J. Effect of recombinant human thrombo-

cytopoietin combined with fortatinib on ITP-induced pregnancy
animal model and Notch/IL-22 signaling pathway. Journal of
Immunology. 2022; 38: 503–509.

[59] Haider S, Pollheimer J, Knöfler M. Notch signalling in placental
development and gestational diseases. Placenta. 2017; 56: 65–
72.

[60] Han XF, Ni BW, Fang Y, Yin TY, Chen YY, Zhu ZH, et al.
Analysis of clinical features of pregnancy patients with primary
immune thrombocytopenia and study of cytokine secretion by T
cells. Theory and Practice of Diagnostics. 2016; 15: 152–156.

7

https://www.imrpress.com

	1. Introduction
	2. Pathogenesis of Immune Thrombocytopenia
	3. Notch Signaling System Components and the Function of Immunity Regulation
	4. Immunomodulatory Effects of AhR
	5. Notch-AhR-IL-22 Signaling Pathway is Involved in the Development of ITP
	6. Research Progress on the Notch-AhR-IL-22 Signaling Pathway and ITP in Pregnancy
	7. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

