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visceral pleura and parietal pleura based on attachment 
location. The space between them forms the pleura cav-
ity with negative pressure, lined with mesothelium and 
containing resident macrophages, mast cells and lym-
phocytes [3, 4]. In the event of inflammation in pleura 
microenvironment, pleural mesothelial cells (PMCs) 
release chemokines, such as IL-8, MIP-1α, and MCP-
1, attracting neutrophils and mononuclear cells to the 
pleural space [5–8]. This leads to a series of interac-
tions between PMCs and inflammatory or immune cells, 
resulting in pathophysiological changes. Tuberculous 
pleurisy (TP), a common form of pleurisy, is often caused 
by mycobacterium tuberculosis (MTB) infection in the 
pleura. The pathophysiological process of TP involves of 
the accumulation of immune cells, increased pleural vas-
cular permeability, and protein-rich fluid buildup, reflect-
ing a strong delayed-type hypersensitivity response to 
MTB. T lymphocytes, especially CD4+T cells, are heavily 
present in the pleural cavity to combat MTB [9–13].

Introduction
Pleurisy is an inflammatory lesion that occurs in the 
pleura, characterized by chest pain and pleural effusion. 
It can be caused by various internal and external factors, 
primarily involving immunological, tumorous or micro-
bial diseases, which can damage lung structure and lead 
to respiratory issues [1, 2]. The pleura is divided into 
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Abstract
Pleurisy can be categorized as primary or secondary, arising from immunological, tumorous, or microbial 
conditions. It often results in lung structure damage and the development of various respiratory issues. Among 
the different types, tuberculous pleurisy has emerged as a prominent focus for both clinical and scientific 
investigations. The IL-10 family, known for its anti-inflammatory properties in the human immune system, is 
increasingly being studied for its involvement in the pathogenesis of pleurisy. This review aims to present a 
detailed overview of the intricate role of IL-10 family members (specifically IL-10, IL-22, and IL-26) in human and 
animal pleuritic diseases or relevant animal models. These insights could serve as valuable guidance and references 
for further studies on pleurisy and potential therapeutic strategies.
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The IL-10 family, consisting of IL-10, IL-19, IL-20, 
IL-22, IL-24, IL-26, IL-28  A, IL-28B, and IL-29 [14], 
includes potential immune response deactivators such 
as IL-10 and TGF-β. Studies have shown elevated levels 
of IL-10 and TGF-β in tuberculosis (TB) patients’ serum 
and peripheral blood mononuclear cells (PBMCs) [15]. 
These immunosuppressive cytokines not only suppress 
T cell activity in response to MTB, but also induce T 
cell anergy by reducing the cell surface expression of co-
stimulatory and antigen-presenting molecules on MTB-
infected monocytes [16, 17]. The IL-10 family has been a 
focus in understanding the mechanism of pleurisy, par-
ticularly TP. Research indicates that higher IL-10 levels 
are linked to increased pleural necrosis, along with ele-
vated levels of TNF and IFN-γ [18]. This review will delve 
into the role and mechanism of IL-10 family members, 
particularly IL-10, IL-22, and IL-26 in the development of 
pleurisy based on recent literature findings.

Research status of IL-10 and pleurisy
Research condition of IL-10
IL-10, recognized as a key anti-inflammatory cytokine 
in the human immune response, is the most extensively 
studied member of the IL-10 family. It is primarily pro-
duced by CD4+T helper 2 cells (Th2), monocytes and B 
cells, existing as a homodimer composed of two tightly 
packed 160-amino-acid proteins. The biological function 
of IL-10 is mainly associated with the regulatory mecha-
nisms that govern the magnitude and duration of inflam-
matory response [19]. IL-10 exerts its anti‑inflammatory 
effects by inhibiting activation and function of both 
innate and adaptive immune responses [14, 20]. Its sig-
nificant impact arises from its specific inhibition of the 
expression of proinflammatory genes in myeloid cells, 
particularly targeting the production of cytokines and 
chemokines. Furthermore, IL-10 effectively suppresses 
the production of various pro-inflammatory cytokines 
and chemokines, such as IL-1α, IL-1β, IL-3, IL-6, IL-8, 
TNF-α, IFN-γ, G-CSF, GM-CSF, and MIP-1α. Moreover, 
it plays a role in reducing DNA stability, thereby mod-
elating the entire inflammatory process [21–26]. In addi-
tion to these functions, IL-10 has various other targets. 
For instance, it enhances the release of the IL-1 natural 
receptor antagonist (ILRA), inhibits the release of free 
oxygen radicals and inducible nitric oxide, prevents the 
transcriptional factor NF-κB from the cytoplasm to the 
nucleus, and inhibits the phosphorylation of ERK1/2 
[23, 24, 27]. While IL-10 is essential in resolving inflam-
matory processes and safeguarding inflammatory tissue 
from damage during acute and chronic infections, exces-
sive or inappropriate production of IL-10 can potentially 
compromise host defenses, leading to the proliferation or 
persistence of pathogens [28].

IL-10 and carrageenan-induced pleurisy
Injection of carrageenan (Car, a high molecular weight 
sulfated polysaccharide isolated from marine algae) into 
the pleural space induces pleurisy, characterized by the 
rapid migration of neutrophils from the bloodstream 
to the inflamed tissue to aid in tissue breakdown and 
remodeling [29]. This method is frequently utilized to 
study the mechanisms of acute inflammation and evalu-
ate the effectiveness of anti-inflammatory drugs [30, 31]. 
Apart from causing paw edema, carrageenan exposure 
in the pleural cavity also prompts a local inflammatory 
response, facilitating the infiltration of polymorphonu-
clear leukocytes (PMN), neutrophils, and monocytes, as 
well as the excessive production of neutrophil-derived 
reactive oxygen species (ROS), such as hydrogen per-
oxide, superoxide, and hydroxyl radical. This process is 
accompanied by the release of other neutrophil-derived 
mediators, which stimulate pleural fluid exudation, lung 
parenchyma injury, alveolar hemorrhage, interstitial 
thickening, and ultimately result in pulmonary dysfunc-
tion [32–35].

The number of F4/80+ cells significantly increases after 
the mice are injected with Car in pleural cavity [36]. In 
this model, oxidative stress emerges as a crucial factor 
that accelerates inflammation by stimulating substantial 
inflammatory cell infiltration and the release of inflam-
matory mediators, which worsens lung injury [37]. Neu-
trophil aggregation and macrophage activation lead to 
the production of pro-inflammatory cytokines, such 
as IL-1β, IL-6, IL-17, TNF-α, IFN-γ, iNOS, and COX2, 
which are closely linked to the severity of pleurisy and 
lung injury induced by Car [36, 38]. Therefore, oxidative 
stress and subsequent inflammation are identified as the 
primary causes of Car-induced pleurisy and lung injury. 
Some studies have also suggested that Car triggers the 
inflammatory response by targeting various pathways, 
including NF-κB, NLRP3, MAPK, and STAT3 pathways, 
as previously described [32, 37, 38].

While one study found a decrease in IL-10 levels fol-
lowing Car injection [39], most studies indicate that Car 
injection into the pleural cavity can actually increase 
IL-10 expression locally or systemically. Murai’s research 
demonstrated a peak in IL-10 levels in the lavage fluid at 
the 7th hour post Car pleural injection [40]. IL-10 was 
found to have a notable inhibitory effect on neutrophil 
migration and showed strong anti-inflammatory actions, 
particularly inhibiting leukocyte migration to the pleu-
ral cavity. This anti-inflammatory effect led to reduced 
fluid leakage during the early phase (4 h) of Car-induced 
inflammation, although not during the later phase (48 h) 
[41]. The release of IL-10 was partially triggerd by PGE2, 
with high doses of indomethacin resulting in a decrease 
in IL-10 levels in exudate fluid post Car injection [42, 
43]. This decrease in IL-10 was linked to reductions in 
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IL-17  A levels, exudation degree, and leukocyte migra-
tion, ultimately dampening the inflammatory response 
to Car. However, conflicting reports exist regarding the 
impact of dexamethasone and indomethacin on IL-10 
mRNA and protein levels [44].

Pre-treatment of IL-10WT mice with anti-IL-10 anti-
body, as well as IL-10KO mice, resulted in a significant 
increase in pleural exudate, a marked increase of NO and 
PGE2 in exudate, more severe lung injury, inflammatory 
cell infiltration, and elevated levels of MIP-1α and MIP-2 
along with increased MPO activity. Cuzzocrea and col-
leagues suggested that IL-10 might regulate COX-2 
protein expression and activity following Car injection, 
leading to enhanced PGE2 formation and contributing to 
the observed inflammatory process [45].

The release of IL-10 is not only stimulated by PGE2 
but also regulated by other pathways. Car promotes the 
ex vivo production of IL-12 and IL-10 by dendritic cells 
and promote their migration to the spleen’s periarterio-
lar lymphoid sheath area. Car, as a kinin system activa-
tor, stimulates B2R (a heterotrimer G protein-coupled 
receptor)-dependent IL-12 production in vivo. In the 
presence of ACE inhibition, dendritic cells preferentially 
produce IL-10 in response to low levels of endogenous 
kinins. Increased IL-10 production by dendritic cells is 
observed in response to lysyl-bradykinin (LBK) and cap-
topril. IL-10 counteracts the proinflammatory activity of 
BK by down-regulating IL-12 production. This suggests 
that the B2R pathway’s activation of innate immunity is 
regulated by kinin-degrading peptidases and IL-10-me-
diated down-regulation [46]. Overall, IL-10 increases 
reactively in this model to resist Car-induced pleural 
inflammation. The role of IL-10 in Car-induced pleurisy 
is illustrated in Fig. 1, based on the literature description.

Car-induced mouse pleurisy provides insights into the 
mechanisms of pleurisy development and exacerbation, 
highlighting the role of IL-10. Additionally, this model 
has been effectively utilized to study the anti-inflam-
matory effects of various drug therapies in vivo. These 
therapies, such as non-peptide kinin B(1) receptor antag-
onists, pioglitazone, and others, have shown promising 
results in reducing cellular migration, total cell counts, 
and inhibiting inflammatory activities. The findings from 
this research serve as a valuable foundation for advancing 
clinical treatments for pleurisy.

IL-10 and angiotensin-(1–7)-induced pleurisy
Angiotensin- (1–7) (Ang- (1–7))-induced pleurisy is 
associated with increased IL-10 production and recruit-
ment of immune cells into the pleural cavity. Specifically, 
Ang-(1–7) enhances cell recruitment of monocytes and 
macrophages into the pleural cavity, leading to increased 
production of IL-10, TGF-β1 and CCL2. Additionally, 
Ang-(1–7) boosts IL-10 and TGF-β production in bone 
marrow derived macrophages’ (BMDMs) in a time-
dependent manner, without affecting levels of CXCL1, 
TNF-α and IL-6, which are proinflammatory cytokines 
[47]. M2 macrophages, known for secreting anti-inflam-
matory cytokines like IL-10 and TGF-β, also play a role in 
this process [48, 49]. The ERK1/2 pathway is suggested to 
enhance IL-10 production in macrophages [50]. Studies 
propose that IL-10 production is initially triggered by the 
Ang-(1–7)-MasR axis, leading to the expression of classi-
cal M2 markers in recruited macrophages, such as Arg1 
and Ym1. Regulatory cytokines inducted by Ang-(1–7) 
may promote efferocytosis and polarization of macro-
phages towards regulatory phenotypes in the tissue [51–
53]. Further research on the cellular sources of IL-10 and 
TGF-β post Ang-(1–7) injection will provide a clearer 

Fig. 1  The role of IL-10 in Car-induced pleurisy
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picture of players involved in the anti-inflammatory and 
pro-resolving effect of Ang-(1–7). The role of IL-10 in 
Ang- (1–7)-induced pleurisy is illustrated in Fig. 2.

IL-10 and methylated BSA-induced pleurisy
Methylated-BSA (mBSA) thoracic injection induces 
pleurisy and leads to a prolonged increase in IFN-γ, IL-4, 
IL-10, IL-13, and CCL5 expression in challenged mice. 
Subsequent observations show a sustained upregulation 
of IL-4, IL-10, IL-13, and TGF-β mRNA levels by pleural 
exudate leukocytes, indicating potential immunoregula-
tory activities. Researchers investigated IL-10’s impact 
on leukocyte trafficking in the mBSA-induced pleuritis 
model, revealing a modest effect on granulocytes, mac-
rophages, T cells, and dendritic cells. IL-10 treatment 
notably reduces IFN-γ levels at 24 h post-challenge and 
inhibits KC, CCL2, and IL-1β by 25%~35% at 6  h [54]. 
Further research aims to identify key molecules in this 
response and clarify the role of IL-10. Ongoing stud-
ies are depicted in Fig. 2, illustrating the involvement of 
IL-10 in mBSA-induced pleurisy.

IL-10 and db-cAMP-induced pleurisy
Db-cAMP-induced pleurisy results in a non-phlogistic 
cell recruitment process, with an early (4  h) increase of 
IL-10 levels persisting for up to 48  h. Injection of db-
cAMP into the pleural cavity of mice leads to monocytes 
recruitment through PKA and CCL2/CCR2 pathways, 
while not significantly affecting neutrophil numbers or 
the levels of neutrophil chemoattractant CXCL1, TNF-α 
and IL-6. Additionally, db-cAMP promotes the trans-
formation of BMDMs into M2 phenotype, as shown by 
increased expression of Arg-1, CD206, Ym-1 and IL-10 
(M2 markers). Db-cAMP also has a synergistic effect 
with IL-4 in inducing STAT3 phosphorylation [55]. The 
role of IL-10 in db-cAMP-induced pleurisy is illustrated 
in Fig. 2.

IL-10 and noreugenin and α-hydroxy-butein-induced 
pleurisy
The study illustrated that noreugenin (NRG) and 
α-hydroxy-butein (AH-BU) displayed significant anti-
inflammatory and antioxidant properties. These isolated 
compounds demonstrated a noteworthy anti-inflam-
matory impact by inhibiting proinflammatory enzyme 
(MPO) or cytokines (IL-1β and IL-17  A), while also 
increasing the levels of anti-inflammatory cytokine (IL-
10) and promoting neutrophil apoptosis. Additionally, 
NRG and AH-BU were found to enhance IL-10 levels in 
the fluid leakage of the mouse pleural cavity under the 
same experimental conditions [56]. Figure  2 illustrates 
the role of IL-10 in NRG and AH-BU-induced pleurisy.

Animal models have elucidated the potential pathogen-
esis and pathophysiology in vivo. These models can be 
valuable in assessing the significance of IL-10 in pleurisy, 
potentially opening up new therapeutic avenues for its 
treatment.

IL-10 and tuberculous pleurisy
IL-10 is known to exacerbate tuberculosis by inhibiting 
the protective arm of innate immune response and anti-
gen-specific cellular immune response. Levels of IL-10 
are significantly elevated in tuberculous pleural effusion 
(TPE) [57, 58]. CD8+T cells are crucial in controlling 
TB by releasing Th1 cytokines like IFN-γ and TNF-α, as 
well as lysing MTB-infected macrophages and reduc-
ing MTB viability [59–61]. Previous research has known 
that IL-10, produced by macrophages and stimulated by 
MTB cell wall components in TPE, can suppress the local 
immune response. Additionally, IL-10 produced by mac-
rophages is specifically concentrated in the pleural space 
[62, 63].

Recent studies on the intricate cytokine network have 
indicated that the relative balance between different 
cytokine levels may offer a more accurate reflection of 

Fig. 2  The role of IL-10 in Ang- (1–7)-/mBSA-/db-cAMP-/NRG and AH-BU-induced pleurisy
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their overall impact on the immune response compared 
to their individual concentrations. Maintaining a proper 
equilibrium between TNF-α and IL-10 is crucial for reg-
ulating or preventing the spread of MTB [64]. IL-10 has 
been shown to inhibit the production of IL-1β and TNF-α 
by pleural macrophages when induced by LPS [65]. The 
ratio of INF-γ/IL-l0 is significantly higher in TPE com-
pared to malignant or other types of effusions [66], high-
lighting the importance of pro- and anti-inflammatory 
cytokines [67]. Elevated levels of IFN-γ in TPE indicate 
a heightened immune response. IL-10 produced by T cell 
counteracts the function of macrophage in MTB infec-
tion by counteracting the effect of IFN-γ and suppressing 
TNF-α and NO released by MTB-infected macrophages, 
thereby potentially preventing severe inflammation and 
tissue damage [68, 69].

IL-10 increases the expression of the M2c mark-
ers CD16 (Fc γ RIII) and CD163, which are known to 
help prevent tissue inflammation. This underscores the 
importance of macrophage polarization in influencing T 
cell cytotoxic response during MTB infection [70]. This 
discovery is particularly relevant in context of TB infec-
tion, where the elevated levels of IL-10 could alter macro-
phage susceptibility to lysis by CD8+T cell effectors at the 
infection site [71]. IL-10 not only hinders T cells activity 
in response to MTB, but also induces T cells anergy by 
reducing the expression of costimulatory and antigen-
presenting molecules on MTB-infected monocytes [16, 
17, 72].

Treg plays a crucial role in regulating the immune 
response in pleural effusions by controlling the activity 
of CD4+ and CD8+T cells and their production of IFN-
γ. Treg cells efficiently inhibit the production of IFN-γ 
in CD4+ and CD8+T cells triggered by MTB, impacting 
their ability to response to MTB even in a Th1 microen-
vironment observed in TPE [73]. Generally, Treg cells 
are closely linked to the local immune response in TB 
patients, with their interaction with Teff cells influencing 
the type of immune response and clinical presentation 
of the disease. Studies have shown an increase in Treg 
cell numbers in TP patients, with Treg cells suppressing 
Teff cell function through IL-10 secretion [73, 74]. Block-
ing the effect of IL-10 with monoclonal antibodies may 
restore effector cell function, aiding in disease control 
[75]. Further research is needed to explore the factors 
contributing to the imbalance between Treg and Teff cells 
and the specific recruitment of T cells at the pathological 
site.

Th9 cells are generated from naïve CD4+T precursors 
through the influence of both TGF-β and IL-4. These 
cells are known for their production of IL-9 and IL-10. 
In cases of TPE, Th9 cells have been identified in higher 
quantities compared to blood samples from the same 
individuals [76–78].

The research indicates that activated B cells, specifi-
cally TPE-B cells, may have a significant impact on the 
generation of IL-10, a cytokine known for its immuno-
regulatory functions [79–82]. These specific B cells have 
been observed to modulate the immune response of 
CD19−cells in TPE through an IL-10-dependent mecha-
nism. The secretion of IL-10 by TPE-B cells is thought to 
control the production of IFN-γ by T cells and NK cells. 
It’s hypothesized that IL-10 generated by TPE-B cells 
could hinder IFN-γ production by TPE-NK cells through 
two possible mechanisms: direct signaling via IL-10R sig-
naling and indirect suppression of IL-12 production by 
antigen-presenting cells in TPE [67].

The exsiting research indicates that regardless of the 
specific immune cell type producing IL-10 in the micro-
environment of tuberculous pleurisy, it plays a crucial 
role in dampening inflammation. The literature high-
lights the participation of IL-10 in context of tuberculous 
pleurisy in Fig. 3.

Infections by M.tuberculosis in the pleural cavity 
remain a significant global health concern. Genetic stud-
ies have unequivocally shown that cell-mediated mecha-
nisms of host defense, involving innate immunity and 
T cells, play a crucial role in controlling tuberculous 
pleurisy. Despite extensive research efforts, the develop-
ment of effective therapies for tuberculous pleurisy has 
proven to be largely unsuccessful. The data presented in 
this study highlight the various immune sources of IL-10 
during M.tuberculosis infection, providing compelling 
evidence for compartmentalization of Th1 cytokines and 
IL-10 at the site of disease in individuals with a resilient 
immune response to mycobacterial infection. Further-
more, these findings suggest that IL-10 contributes to 
persistence of mycobacterial infections within host mac-
rophages. For instance, experiments involving transgenic 
mice that secrete IL-10 from the T cell compartment 
and subsequent infection with Calmette-Guérin bacillus 
(Mycobacterium bovis) indicate that the excess IL-10 has 
minimal impact on T cell function or development dur-
ing the immune response to the pathogen. The applica-
tion of tuberculous pleurisy mouse models will aid in 
identifying its underlying mechanisms and the studying 
the regulatory role of IL-10 in this disease.

IL-10 and malignant pleurisy
Previous studies have shown a notable increase in IL-10 
levels in malignant pleural effusion (MPE) when com-
pared to peripheral blood [83]. The average IL-10 value 
in MPE caused by lung cancer is lower than that in TPE, 
but tends to be higher than that in transudative pleural 
effusion [65]. Both effusion and blood IL-10 levels are 
notablely higher in non-adenocarcinoma patients com-
pared to adenocarcinoma patients [84]. Male lung can-
cer patients have higher blood IL-10 levels than females 
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[84]. Furthermore, IL-10 may have a key role in tumor-
induced immunosuppression [85].

Pleural effusions from lung cancer often show signifi-
cantly elevated levels of CD4+T lymphocytes, which are 
the primary source of IL-10 production [86]. TPE tends 
to have higher levels of both IFN-γ and IL-10, indicating 
an active local cellular immune reaction that favors the 
Th1 pathway (enhanced cellular immunity). Conversely, 
MPE may exhibit dominance towards the Th2 pathway 
[86, 87], with high levels of IL-10 with low or undetect-
able IFN-γ expression, suggesting a depressed cellular 
immunity [84]. In summary, TPE shows a more active 
local cellular reaction compared to MPE, with lung can-
cer patients with a MPE predominantly displaying a Th2 
pathway and an immunosuppressed state. Based on the 
literature description, Fig. 4 illustrates the role of IL-10 in 
malignant pleurisy.

The presence of IL-10 suggests the potential for a uni-
versal assay to track the progression and recurrence of 
malignant pleurisy. It could serve as a dependable marker 
in pleural or plasma samples and could also support fur-
ther investigation into using checkpoint blockade as a 
new adjuvant therapy for malignant pleurisy.

Research status of IL-22 and pleurisy
Research condition of IL-22
IL-22, a member of the IL-10 cytokine family, exhib-
its diverse biological functions and is produced by vari-
ous lymphocytes such as Th17, Th22, NK, γδT lymphoid 
tissue inducer (LTi) and LTi-like cells [88]. The IL-22 
receptor complex, composed of IL-22R1 and IL-10R2, is 
predominantly found on non-hematopoietic epithelial 
and fibroblast cells in multiple tissues [89–92]. Depend-
ing on the context, IL-22 can have both protective and 
pathological effects. Its signaling occurs through the 
IL-22/IL-22R complex and involves pathways like Jak1, 
Tyk2, STAT1, STAT3, and STAT5 [92, 93]. Elevated IL-22 
levels are associated with T cell-mediated inflammatory 
conditions like psoriasis, Crohn’s disease and rheuma-
toid arthritis [92, 94–96]. IL-22 plays a role in immunity 
by stimulating antimicrobial peptides, chemokines for 
neutrophil-recruiting, mucins, and acute phase proteins, 
crucial for tissue integrity during chronic inflammation. 
Additionally, IL-22 is implicated in the pathogenesis of 
certain disease and is a potential therapeutic target [97–
99]. As research progresses on IL-10 family, it is essential 

Fig. 3  The role of IL-10 in tuberculous pleurisy
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to understand the distinct roles and mechanism of each 
member of developing effective therapeutic strategies.

IL-22 and tuberculous pleurisy
Limited research exists on the role of IL-22 in non-tuber-
culous pleurisy. A study investigated the expression of 
IL-22 mRNA by PFMC after exposure to immune-dom-
inant peptides of 6  kDa early secretory antigenic target 
(ESAT-6), culture filtrate pritein-10 (CFP-10) or with 
BCG in vitro. Results showed that these stimuli led to 
increased levels of IL-22 mRNA transcription and pro-
tein production compared to control cultures [100]. 
IL-22 was detected in TPE and was found to be higher 
than in the corresponding blood samples, indicating a 
potential role in TPE pathogenesis [101]. The synergistic 
effect of IL-1β with IL-6, IL-23, and TGF-β was shown 
to promote Th17 differentiation and sustain IL-22 pro-
duction in effector cells [102, 103]. Interestingly, IL-22 
can also be produced by non-Th17 cells independently 
of IL-17. In experimental MTB infection, Th1 and Th22 
cells were identified as the main sources of IL-22, rather 
than Th17 cells [104, 105]. Th22 cells, similar to Th1 and 
Th17 subsets, retain membrane-bound IL-22 for effi-
cient cell-cell communication during anti-MTB immune 
responses [106]. Th22 cells have also been observed in 
TPE [100, 107]. Studies have demonstrated that the num-
bers of Th22, Th17, and Th1 cells in TPE are significantly 
higher compared to blood samples [108].

IL-22 is one of the few cytokines that exist in both secre-
tory and membrane-bound forms. Membrane-bound 

IL-22 has a prolonged half-life and remains present even 
in a TB inflammatory environment. IL-22 can be intra-
cellular, secreted by T cells, or expressed on the mem-
branes of T cells [109]. Significant expression of IL-22R 
is observed on PMCs isolated from TPE [108]. PMCs 
have the ability to induce differentiation of Th22, Th17, 
and Th1 cells from naïve CD4+T cells though antigen 
presentation. The majority of IL-22-producing T cells 
in the pleural fluid are CD4+T cells, with a lesser pres-
ence of IL-22 within CD8+T cells. IL-22 can enhance the 
proliferation response of CD4+T cells induced by antigen 
presentation by PMCs. In macaques infected with MTB, 
CD4+T cells can develop into T effector cells expressing 
membrane-bound IL-22 after de novo IL-22 produc-
tion. Importantly, membrane-bound IL-22+T cells can 
be detected in MTB-infected macaques and have been 
shown to inhibit intracellular MTB replication in mac-
rophages [106, 108]. As early as 16  h post-injury, both 
IL-22 and IL-17 exhibit significant and persistent effects 
on wound closure mediated by PMC layer regeneration. 
It is possible that antigen-specific IL-22-producing T 
cells are recruited to affected tissues through chemokines 
released by infected resident macrophages and dendritic 
cells [109]. Similar to its counterpart IL-17, IL-22 con-
tributes to controlling extracellular bacterial infection 
[110]. A study by Volpe and colleagues demonstrated 
that the regulation of human IL-17 and IL-22 production 
varies during cytokine-induced Th cell differentiation, 
suggesting a differential involvement of IL-22 in Th1 cell-
mediated immune responses [111].

Fig. 4  The role of IL-10 in malignant pleurisy
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The presence of PMCs in the microenvironment of TP 
is associated with the promotion of epithelial function. 
This interstitial transition process is primarily driven by 
the abundance of inflammatory cytokines found in the 
pleural effusion. In TPE, IL-22 effectively activates STAT3 
serine at position 727 (Ser727). Through activation of the 
STAT3 pathway, IL-22 can counteract the basal level of 
PMC in TP and prevent PMC epithelial transformation 
induced by IFN-γ, thereby potentially exerting a protec-
tive role against pleural fibrosis in TP [112].

Central memory cells are durable populations capable 
of extensive expansion for an effective secondary immune 
response, potentially providing long-lasting protection 
against TB [100]. The presence of CCR7 expression con-
fers lymph node homing potential to antigen-experi-
enced CD45RA−T cells, characteristic of central memory 
cells, while the absence of CCR7 allows migration to the 
site of infection, typical of effector cells [113]. Interest-
ingly, Th22 cells in the TPE environment exhibit sig-
nificant up-regulation of CCR7 expression [108]. Ye and 
colleagues observed that most Th22 cells expressed high 
levels of CD45RO in both TPE and blood samples, with 
low levels of CD45RA and CD62L, indicating their status 

as effector memory cells, especially those present in TPE 
[108]. Additionally, pleural Th22 cells demonstrate mod-
erate levels of CCR7 expression compared to blood Th22 
cells, facilitating easy migration into the pleural space 
during MTB infection [108]. Collectively, IL-22- or IL-
17-producing CD4+T cells found in pleural fluid repre-
sent central memory cell populations that may contribute 
to long-lasting protection against MTB infection in TP 
patients [108]. Therefore, it is believed that IL-22 medi-
ates a protective immune response against MTB. Based 
on literature descriptions, we have depicted the role of 
IL-22 in tuberculous pleurisy in Fig. 5.

Research status of IL-26 and pleurisy
Research condition of IL-26
IL-26 is a 171-amino acid protein that belongs to the 
IL-10 family [114]. It shares a common second receptor 
chain (IL-10R2) with IL-22, forming active receptor com-
plexes and initiating signaling [115]. Primary T cells, NK 
cells, and T cell clones can produce IL-26 upon stimula-
tion with a specific antigen [116]. Previous studies have 
shown that human Th1 clones co-express IL-26 along 
with IFN-γ and IL-22. Th17 cells also co-express it with 

Fig. 5  The role of IL-22 in tuberculous pleurisy
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IL-17 and IL-22 [95, 116–118]. Accumulating evidence 
suggests that IL-26 plays a proinflammatory role in anti-
bacterial host defense. It enhances neutrophil chemotaxis 
and directs their mobilization toward infection site [119–
121]. Furthermore, elevated levels of IL-26 have been 
observed in Crohn’s disease and rheumatoid arthritis, 
indicating its potential involvement as a pathogenic fac-
tor in these chronic inflammatory disorders [122–124]. 
These findings highlight the emergence of IL-26 as an 
upstream proinflammatory cytokine in the inflamma-
tion cascade. Therefore, it holds promise as a therapeutic 
target for chronic inflammatory disorders. Additionally, 
there is speculation that IL-26 may negatively affect anti-
mycobacterial activity and could be considered as a can-
didate gene for tuberculosis susceptibility [125].

IL-26 and tuberculous pleurisy
TPE is confined to the pleural cavity, which contains 
protein-rich fluid and numerous immunocompetent 
cells, particularly CD4+T cells [11]. Previous studies have 
widely demonstrated that CD4+T cells are a dominant 
population in TPE and a major source of IL-26 in the 
local pleural microenvironment [11, 57]. Most available 

animal models depend on mice or rats; however neither 
mice nor rats possess the IL-26 gene, preventing the role 
of IL-26 in animal models of pleurisy. Additionally, there 
is no available literature regarding IL-26 in non-tuber-
culous pleurisy. To date, only one study has investigated 
the role of IL-26 in tuberculous pleurisy [57], finding 
significantly higher expression of IL-26 in CD4+T cells, 
NK cells, and NKT cells, but not CD8+T cells, in TPE 
compared to blood samples. A positive correlation was 
observed between IL-26 levels and the concentrations of 
proinflammatory cytokines such as IL-8, TNF-α, LDH 
and ADA in TPE. Moreover, IL-26 concentrations were 
positively correlated with numbers of pleural lympho-
cytes, and CD4+IL-26+ cells were positively correlated 
with the number of Th1, Th17 and Th22 cells. RT-PCR 
analysis showed 42-fold higher expression levels of IL-26 
in monocytes isolated from TPE compared to corre-
sponding serum samples. Furthermore, IL-26 concentra-
tions were much higher in sera from TPE patients than 
in those from malignant, infectious, or normal groups. 
Immunofluorescence analysis revealed strong patterns 
for IL-10R2 and IL-20R1 (IL-26 receptors) in the parietal 
pleura isolated from TPE. Double immunofluorescence 

Fig. 6  The role of IL-26 in tuberculous pleurisy
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staining also revealed significant co-expression pat-
terns for both markers on CD4+T lymphocytes among 
mononuclear cells isolated from TPE. Pleural secretion 
of IL-26 was induced by tuberculosis-specific antigen 
stimulation via activation by CD4+T cells, introducing 
positive feedback loops with other immune cell types 
through induction pathways involving proinflammatory 
cytokine production by activated immune cell subpopu-
lations (e.g., CCL20, CCL22, CCL27). The mRNA encod-
ing CCL20, CCL22, and CCL27 by CD4+T cells was also 
increased in response to IL-26 stimulation. IL-26 facili-
tated the differentiation of Th22 cells from naïve CD4+T 
cells and augmented the frequency of IL-22-producing 
CD4+T cells primarily through the induction of TNF-α 
and IL-6 by memory CD4+T cells in human TPE. These 
findings suggest that IL-26 may exert a similar role as 
IL-22 in combating MTB infection within the pleural 
cavity. Based on relevant literature, Fig.  6 depicts the 
involvement of IL-26 in tuberculous pleurisy.

Conclusions
The body’s defense system maintains a dynamic and 
evolving balance between pro-inflammatory and anti-
inflammatory cytokines, and disruption of this delicate 
equilibrium can lead to pathological changes. Mem-
bers of the IL-10 family, including IL-10, IL-22, and 
IL-26, play crucial roles in regulating inflammatory 
and immune responses in pleurisy and related animal 
models through an intricate network of pathways. The 
actions of the IL-10 family are influenced by variety fac-
tors such as timing of cytokines release, site of action, 
receptor density, presence of competitive or synergistic 
factors, and tissue responsiveness to each cytokine. It is 
widely accepted that IL-10, IL-22 and IL-26 inhibit the 
pathological progression of tuberculous pleurisy by sup-
pressing inflammatory responses while promoting local 
immune responses. However, the roles and mechanisms 
of other cytokine within the IL-10 family remain unclear 
and require further investigation. Identifying differences 
in the relative abundance or ratios of the IL-10 family 
members among individual patients with pleurisy could 
potentially have prognostic value and be associated with 
different stages of disease.
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