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PU.1, a transcription factor member of the E26 transformation-specific family,

affects the function of a variety of immune cells in several physiological and

pathological conditions. Previous studies studying the role of PU.1 in

pathological conditions have mainly focused on immune system-related

cancers, and a series of articles have confirmed that PU.1 mutation can

induce a variety of immune cell-related malignancies. The underlying

mechanism has also been extensively validated. However, the role of PU.1 in

other major immune system-related diseases, namely, systemic autoimmune

diseases, is still unclear. It was only in recent years that researchers began to

gradually realize that PU.1 also played an important role in a variety of

autoimmune diseases, such as rheumatoid arthritis (RA), experimental

autoimmune encephalomyelitis (EAE) and systemic lupus erythematosus

(SLE). This review article summarizes the findings of recent studies that

investigated the role of PU.1 in various autoimmune diseases and the related

underlying mechanisms. Furthermore, it presents new ideas and provides

insight into the role of PU.1 as a potential treatment target for autoimmune

diseases and highlights existing research problems and future research

directions in related fields.
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Introduction

PU.1 is essential for the differentiation and function of a

variety of myeloid cells as a transcription factor (1, 2). Previous

studies on PU.1 have focused on T cell-related cancers (3).

Because PU.1 plays an essential role in the ontogenesis of a

variety of immune cells (4–9) and various immune cell-

associated tumors (3, 10, 11), researchers have begun to

investigate the role of PU.1 in another large category of

immune cell-related illnesses, systemic autoimmune diseases,

which is a chronic and potentially life-threatening disease of the

immune system that characterized by numerous autoantibodies

and abnormal homeostasis of immune cells (12). Interestingly,

multiple recent studies have shown that PU.1 is involved in the

development of many autoimmune diseases, including

rheumatoid arthritis (RA), experimental autoimmune

encephalomyelitis (EAE) and systemic lupus erythematosus

(SLE) and affects the pathogenic course of these diseases by

influencing the function of a variety of immune cells.

In the current article, we review recent research progress in

understanding the role of PU.1 in a variety of autoimmune

diseases. Although PU.1 has been most extensively studied in

RA, research is at an early stage and its role in RA remains

controversial. Our research group was the first to confirm the

pro-inflammatory effect of PU.1 on arthritis in PU.1 knockout

mice. However, the specific role of PU.1 in different immune

cells in RA appears to be different, which may explain the

inconsistent results obtained by different research groups. In

addition to RA, researchers have focused on the specific role of

PU.1 in other autoimmune diseases, such as SLE and EAE.

However, these studies are preliminary, and there is a lack of

elegant in vivo models to conduct in-depth mechanistic studies.
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However, it is certain that PU.1 plays a key role in these

autoimmune diseases, and this article summarizes the relevant

literature and highlights future research directions.
The role of PU.1 in autoimmune
diseases

PU.1 in rheumatoid arthritis

Researchers’ opinions regarding the role of PU.1 in RA is not

conclusive (Figure 1). Interestingly, the anti-inflammatory

effects of PU.1 in RA are associated with miR-155. MiR-155

highly expressed in peripheral blood B cells from RA patients,

particularly in IgD-CD27-memory B cells from ACPA+ RA

patients. The expression of miR-155 was also higher in the B

cells of RA patients with synovial tissue containing ectopic

germination centers compared with those of RA patients with

diffuse synovial tissue. Stimulation of B cells from healthy donor

with a series of pro-inflammatory cytokines promotes miR-155

and reduces PU.1. Blocking miR-155 in the B cells of patients

with RA restored the PU.1 levels and reduced antibody

production, suggesting that miR-155 is an important promoter

of activation of B cell in RA (13). However, the expression of

PU.1 in the peripheral blood mononuclear cells, synovial fluid

and synovial tissue of RA patients, or a relationship between

PU.1 and the production of B cell-derived antibodies were not

detected in this study.

Another study reported that transfection of the PU.1 3’UTR

repressed the TNF-a-induced production of IL-6 and IL-1b and

downregulated miR-155 in RA-fibroblast-like synoviocytes (RA-

FLS). In addition, transfection of the PU.1 3’UTR increased
FIGURE 1

The contradictory role of PU.1 in different cells from RA. PU.1 acts as a pro-inflammatory factor in monocyte, macrophage and Th9 in RA. On
the on contrary, PU.1 is an anti-inflammatory transcriptional factor in B cell and FLS in RA.
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TNF-a-induced forkheadbox protein O3 (FOXO3) expression

in RA-FLS, consistent with the effects of a miR-155 inhibitor.

Furthermore, PU.1 and FOXO3 form a network of competitive

endogenous RNAs (ceRNAs) by regulating miR-155. This study

suggested that the PU.1 3’UTR regulates miR-155 activity by

acting as a ceRNA for FOXO3, thereby attenuating TNF-a-
induced proliferation and cytokine release by RA-FLS (14).

However, the endogenous expression of PU.1 in RA-FLS was

not detected. In addition to the production of inflammatory

cytokines, RA-FLS also exhibit many other malignant features,

such as invasion of bone and chondrocytes in the joint,

promotion of differentiation from monocytes to osteoclasts,

and production of MMPs, which require further research.

However, several studies reported that PU.1 also exerts a

pro-inflammatory role in RA, which is often associated with the

Toll-like receptor 4 (TLR4) pathway. TLR4 is an innate immune

receptor that is predominantly expressed in myeloid cells.

Cilostazol, which increases the intracellular cAMP levels,

inhibited the lipopolysaccharide (LPS)-induced in TLR4 by

repressing the transcriptional activity of PU.1 in macrophages

from patients with RA. Furthermore, it inhibited the LPS-

induced myeloid differentiation factor 88 (MyD88) and

suppressed IkBa degradation and p65 nuclear translocation.

In addition, it also inhibited the LPS-induced TNF-a and IL-1b,
while inhibiting NF-kB pathway. Furthermore, cilostazol

induced anti-inflammatory IL-10. In collagen antibody-

induced arthritis (CAIA) model, treatment with cilostazol

resulted in a down-regulation in the expression of TLR4 in the

knee joint, which was associated with reduced macrophage

recruitment. Thus, cilostazol treatment significantly suppressed

synovial inflammation by repressing PU.1 expression in

macrophages (15).

Monocyte-macrophage differentiation is essential in the

pathophysiology of RA, as it leads to the secretion of multiple

cytokines. It is, therefore, considered a potential clinical

therapeutic target. Resveratrol, a SIRT1 activator, inhibited

phorbol 12-myristate 13-acetic acid (PMA)-induced adhesion

of monocyte from patients with RA, which could be prevented

by sirtinol (SIRT1 inhibitor). In addition, resveratrol repressed

the PMA-stimulated expression of macrophage markers and

activation of NF-kB pathway, thereby inhibiting pro-

inflammatory cytokines. In SIRT1 transgenic (Tg) mice,

monocyte-macrophage differentiation, and activation of NF-kB
pathway, as well as the expression of proinflammatory cytokines

were inhibited compared to those in control mice. Interestingly,

resveratrol-induced SIRT1 repressed phosphorylation and

nuclear translocation of PU.1, thereby inhibiting monocyte

differentiation. To summarize, SIRT1 blocks monocyte

differentiation by inhibiting PU.1 and related inflammatory

signaling, suggesting a critical role for the macrophage-specific

SIRT1-PU.1 regulatory axis in regulating RA synovial

inflammation (16).
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Researchers have presented functional data for the single

nucleotide polymorphism (SNP) rs7873784 in the 3’-UTR of the

TLR4. The 3’-UTR of TLR4 activated the promoter of TLR4 in

the U937 cells (a human monocytic cell line). In addition, the

minor rs7873784(C) allele created a binding site for PU.1.

Increased PU.1 binding further enhanced transcription of

TLR4. This functional PU.1 loci might induce TLR4 in

individuals with this rs7873784 minor C variant and regulate

related autoimmune disease, including RA (17).

Th9 has been shown to be abundantly expressed in

peripheral blood, synovial fluid, and synovial membrane of RA

patients. Th9 frequency positively correlated with DAS28 and

with the degree of histological organization of B and T cells in

ectopic lymphoid structures (18). As a newly discovered CD4+ T

cell subset in recent years, Th9 can specifically expressed PU.1

and IL-9. Research has confirmed that PU.1 directly binds to the

promoter region of IL-9. PU.1 is essential for the development of

Th9-relatead inflammation (19). In another study, PBMCs were

collected from 55 RA outpatients (15 drug-free, 20 successfully

treated with infliximab, and 20 with poor response to infliximab)

and 10 controls and cultured with or without infliximab.

Unstimulated RA patients had the highest percentage of Th9

cells in the unstimulated condition. The percentages of Th9,

CCR7+CD45RA+ (central memory), and CCR7-CD45RA+

(effector memory) cells expressing PU.1 and IRF4 were

increased in the poor response group after stimulation with

infliximab, but there are no changes after treatment of infliximab

biosimilars. Th9 cells appear to be involved in immune

responses to branded infliximab, but not to biosimilar

infliximab epitopes, which may depend on the central and

effector memory cells (20). Therefore, PU.1 and Th9 play an

important role in RA inflammation, and blocking IL-9 may be a

new idea for the treatment of RA.
PU.1 in autoimmune encephalitis

Researchers have studied the role of PU.1 and its targeted

miRNAs in mice with experimental autoimmune encephalitis

(EAE) and primary macrophages from the central nervous

system (CNS) (Figure 2). PU.1 was highly expressed in the

spinal cord of EAE mice and promoted M1 polarization of

macrophages, which was negatively associated with expression

of miR-150 in the chronic phase of EAE. A luciferase reporter

assay confirmed the direct binding between PU.1 3’UTR and

miR-150. Up-regulation of miRNA-150 in macrophages reduces

the production of pro-inflammatory cytokines and switches

macrophage polarization from the M1 to the M2 (21).

MiR-124 is specifically expressed in microglia, but not in

peripheral-derived macrophages. Up-regulation of miR-124

directly inhibits the CCAAT/enhancer binding protein-a (C/

EBP-a) and PU.1 in macrophages, causing these cells to
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transition from an activated phenotype to a quiescent

CD45lowMHCIIlow phenotype similar to that of resting

microglia. Peripheral administration of miR-124 leads to

inactivation of macrophages in EAE, decreased activation of

myelin-specific T-cells, and significant inhibition of EAE.

Therefore, miR-124 is an essential miRNA of resting microglia

in the CNS and a previously unknown regulator of monocyte-

macrophage activation via repressing C/EBP-a and PU.1 (22).

Th9 can induce EAE independently, CNS lesions in Th9 cell

recipients were characterized by massive and more evenly

distributed parenchymal infiltrates associated with marked

demyelination (23). IL-9 blockade with anti–IL-9 mAb

inhibited the development of EAE. The protective effect of IL-

9 blockade in EAE was likely mediated via inhibition of the

development of MOG peptide-specific T cells (24). Anti–IL-9

mAb treatment may provide an effective therapeutic strategy

against autoimmune diseases. Naringenin is a flavonoid found in

citrus fruits. It has anti-inflammatory and antioxidant functions.

Naringenin was found to reduce and delay the incidence of EAE

and alleviate its symptoms, accompanied by a decrease in

demyelination in the spinal cord and infiltration of immune

cells. In addition, naringenin repressed the levels of the pro-

inflammatory CD4+ T cell subgroups Th1, Th9, and Th17 cells

and their transcription factors T-bet, PU.1, and RORgt in the

CNS and lymph nodes of EAE mice. However, narigenin didn’t
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affect the anti-inflammatory CD4+ T cells subgroups Th2 and

regulatory T cell (Treg) in the CNS or lymph nodes. Naringenin

is a potential medicine in the treatment of EAE by regulating the

differentiation of CD4+ T cell subtypes (25).

Overall, PU.1 plays a role in promoting EAE development by

activating M1 macrophages and Th9 cells. The construction of

EAE models using macrophages (LysM-cre)- and Th9 cell (IL9-

cre)-specific PU.1 KO or KI mice, could further increase the

understanding of the specific mechanism of PU.1 in the

pathogenesis of EAE.
PU.1 in systemic lupus erythematosus

SLE is a multisystem autoimmune disease (Figure 3). The

ratio of CD4+PU.1+ T cells in the PBMCs of SLE patients

increased compared with that in the PBMCs of healthy

controls. Patients with SLE had higher plasma concentrations

of pro-inflammatory cytokines than healthy controls. The level

of plasma TGF-b1 in patients with SLE decreased compared

with that in healthy controls. In addition, the level of IL-1b was

positively correlated with the expression of PU.1 in CD4+ T cells

in SLE patients. This study was the first to assess the expression

pattern of PU.1 in CD4+ T cells from patients with SLE, implying

that PU.1 might be involved in SLE pathogenesis (26).
FIGURE 2

The role of PU.1 in experimental autoimmune encephalitis. MiRNA-150 reduces the production of pro-inflammatory cytokines and switches
macrophage polarization from the M1 to the M2 via targeting PU.1. miR-124 represses the monocyte-macrophage activation via repressing C/
EBP-a and PU.1 in microglia. Naringenin is a potential medicine in the treatment of EAE by inhibiting the Th1(T-bet), Th9(PU.1) and Th17(RORgt)
differentiation of CD4+ T cells. Blocking IL-9 with anti-IL-9 mAb inhibits the development of EAE.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1001201
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Fang et al. 10.3389/fimmu.2022.1001201
MiR-155, which is essential in the pathogenesis of SLE, has

been proved in modulating activation and survival of B cell. PU.1

increased in the PBMCs and B cells of pediatric patients with

SLE (pSLE). The level of PU.1 was associated with the SLE

disease activity index 2 K (SLEDAI-2K). Overexpression of miR-

155 or down-regulation of PU.1 inhibited the expression of

BAFF and TNF-a. Up-regulation of miR-155 also reduced the

percentage of BAFF+ B cells and CD19. To sum up, miR-155

represses autoimmunity via blocking PU.1 and TNF-a, leading
to the repression of BAFF and CD19 (27).

Significant associations were detected in two SNPs

(rs10769258 and rs4752829) in intron 2 of PU.1. Another

potential functional SNP (rs1057233) in 3’-UTR of PU.1 was

identified in strong linkage disequilibrium with the SNPs in

intron 2 of PU.1. The number of risk alleles at rs1057233 was

closely associated with the expression levels of PU.1. This

potential functional SNP also changed the binding site of miR-

569. Furthermore, miR-569 repressed the expression of reporter

constructs that contained the non-risk allele but did not contain

the 3’-UTR sequence of the risk allele. These results of this study

suggest that SNPs in the 3’-UTR of PU.1 are correlated with

elevated expression of PU.1 mRNA and susceptibility to SLE

(28). Isolevuglandin-adducted proteins (isoLG adducts) in

monocytes and dendritic cells were significantly enriched in
Frontiers in Immunology 05
SLE patients and mouse SLE model. In addition, isoLG ligation

of the transcription factor PU.1 at a critical DNA binding site

markedly reduced transcription of all C1q subunits. Treatment

of SLE mice with the specific isoLG scavenger 2-

hydroxybenzylamine (2-HOBA) ameliorated parameters of

autoimmunity, including plasma cell expansion, circulating

IgG levels, and anti-dsDNA antibody titers (29). This result

also indicates the potential pathogenic role of PU.1 in SLE.

Compared with healthy controls, SLE patients had

significantly higher plasma IL-9 concentrations and mRNA

levels, as well as an increased percentage of Th9 cells. In

addition, serum IL-9 levels and Th9 percentage were

correlated with SLE Disease Activity Index (SLEDAI). After

methylprednisolone treatment, the percentages of Th9 cells

and serum IL-9 levels decreased (30). The transcription

regulator Bach2 is another potential target for SLE therapy,

and Bach2 overexpression significantly inhibited the levels of

PU.1, IRF4, IL-9, and Th9 in CD4+ T cells from SLE patients

(31), implying that elevated IL-9 and Th9 levels may trigger the

inflammatory process in SLE.

Similar to EAE, PU.1 also promotes excessive immune

activation in SLE. Interestingly, miR-155 directly inhibits PU.1

in both RA and SLE. However, while miR-155 promotes

activation and antibody production of B cell in RA, its
FIGURE 3

The role of PU.1 in SLE. The expression of PU.1 is positively correlated with IL-1 in CD4+ T cells from patients with SLE. PU.1 is also positively
associated with SLE disease activity index 2 K (SLEDAI-2K). SNP (rs1057233) in the 3’-UTR of PU.1 is correlated with elevated PU.1 and
susceptibility to SLE. In mouse SLE model, the binding of PU.1 and isoLG at DNA binding sites reduces transcription of C1q subunits. IsoLG
scavenger ameliorates autoimmunity of SLE mice.
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expression decreases and B cell activation is repressed in SLE.

This opposite effect of the miR-155-PU.1 axis on B cells in RA

and SLE warrants further investigation.
PU.1 in other autoimmune diseases

A significant up-regulation in the mRNA expression of PU.1

was detected in the inflammatory retina. Most PU.1+ cells co-

localized with CD11c and F4/80 (macrophage markers) in

ret ina. Knockdown of PU.1 significantly inhibited

interphotoreceptor retinoid-binding protein-stimulated

secretion of IFN and IL-2 in the lymph nodes. Thus, PU.1

might involve in the progression of experimental autoimmune

uveoretinitis (EAU) inflammation (32). Researchers have

analyzed binding profile of PU.1 in neutrophils from dozens

of volunteers. The variants associated with different binding sites

PU.1 were the molecular basis for genetically-induced cellular

differences and susceptibility to autoimmune diseases. This also

provides functional explanations for 27 genes with potential

immune signatures. This study demonstrates that PU.1 and its

target enhancers are involved in neutrophil-related

transcriptional control and susceptibility to immune

disease (33).

Another study demonstrated that the Ikaros family

transcription factor IKZF3 (Aiolos) increased during the

maturation of mouse eosinophil lineage (34). Aiolos-deficient

murine eosinophils exhibited changes in signaling pathways

related to extracellular matrix organization, granulocyte-

mediated immunity, degranulation and ERK/MAPK signaling.

The promoter regions of these genes were rich in binding sites of

Aiolos. Furthermore, global Aiolos deficiency decreased the

proportion of eosinophils in peripheral tissues during

the steady state, whereas a chimeric mouse model showed that

the eosinophilic commitment is dependent on Aiolos. Aiolos

deficiency repressed eosinophilic CCR3, ERK1/2 signaling, and

CCL11-induced actin polymerization. Moreover, Aiolos

expression was correlated to active chromatin marks enriched

for binding sites of IKZF3, PU.1, and GATA-1 by analyzing

ChIP-seq data of eosinophil-specific histone peaks. Therefore,

the eosinophil homing to allergic states during homeostasis and

inflammation is Aiolos-dependent (34).

In patients with ulcerative colitis, PU.1 expression and IL-9-

secreting T cells increased. In animal models of colitis, IL-9

deficiency suppressed both acute and chronic colitis, mice with

PU.1 deficient in T cells were protected from colitis, and

treatment with an anti-IL-9 antibody suppressed colitis (35).

Therefore, Th9 subsets play an important role in driving

ulcerative colitis by regulating intestinal epithelial cells and

may be a therapeutic target for chronic intestinal inflammation.

In immune-related pancytopenia (IRP) patients, the ratio of

Th1/Th2 cells increased. Th9 belongs to one of the newly
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discovered Th2 cell subsets, which can specifically express

PU.1 and IL-9. The ratio of Th9 cells among CD3+CD4+ cells

and the levels of IL-9 in the untreated group were higher

compared with those in the remission and control groups, and

those of the remission group were higher than those in the

control group. The percentage of Th9 cells among CD3+CD4+

cells and the expression of IL-9 were negatively associated with

hemoglobin levels, red blood cell, white blood cell, platelet

counts, and positively associated with the percentages of

CD19+ B cells. The mRNA levels of PU.1 and BATF in IRP

patients were higher compared with those in controls. The

peripheral blood Th9 cell percentage and serum IL-9 are

elevated in patients with IRP, which correlates with disease

severity (36).

Natural resistance-associated macrophage protein 1

(Nramp1) is a proton/divalent cation reverse transporter that

is expressed only in monocytes/macrophages and is important in

innate resistance to phagocytic pathogens. In humans, it has

been linked to autoimmune diseases, such as RA and Crohn’s

disease. Researchers have demonstrated that restricted

expression of Nramp1 is mediated by IRF-8 (macrophage-

specific transcription factor). The myc interaction zinc finger

protein 1 (Miz-1) was identified as a novel interacting protein of

IRF-8 via yeast double hybrid screening. This interaction was

limited to immune cells and occurred in the Nramp1 promoter

in a PU.1-dependent manner. In addition, IRF-8 knockout mice

were sensitive to a range of pathogens (37).

Researchers have identified a new circRNA, circSnx5, which

plays a central role in regulating dendritic cell (DC)-driven

immunity and tolerance. Overexpression of circSnx5 inhibited

DC activation and promoted the development of DC tolerance,

whereas circSnx5 knockdown promoted activation of DC and

inflammation. This circRNA acted as a miR-544 sponge to

inhibit miRNA-mediated target inhibition of cytokine

signaling 1 (SOCS1) and repress nuclear translocation of PU.1.

In addition, heterogeneous ribonucleoprotein (hnRNP) C was

identified as a key splicing factor (SF) for the production of

circSnx5 in DC. These data showed that vaccination with DCs

under circSnx5 conditions prolongs the survival of allogeneic

grafts of the heart in mice and reduces experimental

autoimmune myocarditis (38).

MiR-148a is a key regulator of differentiation of monocyte-

derived DC (moDC). The deficiency of miR-148a impaired the

development of moDCs. Mechanistic studies proved that MAFB

(a transcription factor that hinders moDC differentiation) is a

target of miR-148a. It further confirmed that PU.1 could activate

miR-148a, which is critical for the generation of moDCs.

Inhibition of miR-148a repressed the inhibitory effect of PU.1

on MAFB. In addition, an increase in miR-148a levels was

observed in the monocytes of patients with psoriasis.

Intradermal injection of antagomir-148a, or miR-148a

deficiency, greatly inhibited the psoriasis-like symptoms in a
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mouse model of psoriasis. To sum up, this study identifies the

key function of the PU.1-miR-148a-MAFB axis in differentiation

of moDC and propose a potential therapeutic pathway in

psoriasis (39).

Another study showed that the IL-4 and TGF-b1 levels were
elevated in allergic rhinitis (AR) patients compared with those in

healthy controls. The IL-9, PU.1, IRF4, and Th9 cell counts in

AR patients were also significantly elevated compared with those

in healthy controls. In addition, IL-9 levels were positively

correlated with EOS expression, RQLQ, and VAS scores (40).

In conclusion, PU.1 has been demonstrated to activate

autoimmunity and promote inflammation in some common

autoimmune diseases, including RA, SLE, EAE, etc. PU.1 can

affect the function of a variety of immune cells in these

diseases (Table 1).
Conclusions and future perspectives

Although research on the role of PU.1 in autoimmune

diseases is at an early stage, the important role of PU.1 in

these diseases is unquestionable. The relevant literature can be

divided into three phases. In the first stage, researchers

confirmed that PU.1 is a key transcription factor involved in

the normal development of a variety of myeloid cells, suggesting

its role as a potential therapeutic target for autoimmune diseases.

In the second stage, more attention was paid to the role of PU.1
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in myeloid cell-associated cancers and related mechanisms, and

key mutations in PU.1, which could cause AML, were identified.

In the third phase, in recent years, researchers have shifted their

focus to the role of PU.1 in autoimmune diseases, including RA,

SLE, and EAE. In addition, Th9 has also been widely studied,

which further indicates that PU.1 and Th9 may serve as

therapeutic targets for these diseases.

The role of PU.1 has been widely studied in RA. However, if

it has pro-inflammatory or anti-inflammatory effects on RA

remains to be elucidated. Furthermore, PU.1 appears to exhibit

different functions in different cells. Although it exerts an anti-

inflammatory effect on B cells, it promotes a pro-inflammatory

phenotype in macrophages. Both Th9 and IL-9 currently exhibit

pro-inflammatory effects in RA, SLE, and EAE, and blocking IL-

9 can be effectively alleviated. These results suggest that Th9/IL-9

is a potential therapeutic target for autoimmune diseases (18, 41,

42). A study demonstrates the pro-inflammatory role of IL-9 in

CIA, and in vivo injection of anti-IL-9 mAb can effectively

alleviate joint inflammation, which is associated with a

decrease in CD4+ TNF-a+ cells and an increase in CD4+

FoxP3+ IL-10+ cells. This study provides a basis for future

research on PU.1 and Th9 in RA (43). However, none of these

studies confirmed the role of PU.1 in vivo. Our research group

used PU.1 knockout mice to construct a CAIA model and

demonstrated for the first time that PU.1 exhibited pro-

inflammatory effects in vivo. More importantly, a small

molecule inhibitor of PU.1 could significantly inhibit arthritis
TABLE 1 The role of PU.1 in other autoimmune diseases.

Disease PU.1’s role Related
cells

Related
pathways

Ref

experimental
autoimmune
uveoretinitis (EAU)

Knockdown of PU.1 inhibited IRBP-stimulated secretion of IFN and IL-2. Macrophage None (17)

Autoimmune diseases,
such as RA and IBD

The variants associated with different binding sites PU.1 were the molecular basis for genetically-
induced cellular differences and susceptibility to autoimmune diseases.
PU.1 is a key regulator of the phenotype of IL-9-secreting T cells and is important for the
development of inflammation.

Neutrophil
Th9

None
None

(18–20, 23,
24, 29–31, 35,

41, 42)

Eosinophil lineage-
related inflammation

Aiolos expression was correlated to active chromatin marks enriched for binding sites of PU.1. eosinophil ERK/
MAPK
pathway

(20)

Immune-related
pancytopenia

The expression of PU.1 in IRP patients were higher compared with those in controls. T cell none (22)

Autoimmune diseases,
such as RA and
Crohn’s disease

Restricted expression of Nramp1 is mediated by IRF-8. Miz-1 was identified as a interacting
protein of IRF-8. This interaction occurred in the Nramp1 promoter in a PU.1-dependent
manner.

monocyte/
macrophage

none (25)

Experimental
autoimmune
myocarditis (EAM)

CircSnx5 inhibited DC activation and promoted the development of DC tolerance. This circRNA
acted as a miR-544 sponge to inhibit miRNA-mediated target inhibition of SOCS1 and repress
nuclear translocation of PU.1.

dendritic
cell

none (26)

Psoriasis PU.1-miR-148a-MAFB axis is a potential therapeutic pathway in psoriasis. monocyte-
derived DC

none (27)

Allergic rhinitis (AR) The IL-9, PU.1, IRF4, and Th9 cell counts in AR patients are elevated in patients with allergic
rhinitis compared with those in healthy controls.

PBMC none (28)
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symptoms in CAIA mice. The expression of PU.1 in the joint

synovium of RA patients was also significantly upregulated.

These results suggest that PU.1 is likely to function as a pro-

inflammatory transcription factor in RA and that it is a potential

RA treatment target.

Based on the existing literature, PU.1 has been demonstrated

to activate autoimmunity and promote inflammation in some

autoimmune diseases, including RA, SLE, EAE, and AR.

Furthermore, PU.1 can affect the function of a variety of

immune cells in these diseases. In RA, PU.1 can affect the

function of B cells, FLS, and macrophages, whereas in EAE,

PU.1 mainly promotes disease progression by acting on

macrophages and T cells. In SLE, PU.1 is associated with

excessive activation of T cells and B cells, while in other

autoimmune diseases, in addition to the above-mentioned

immune cells, PU.1 also plays a role in other immune cells

such as neutrophils, eosinophils, and DCs. These studies

illustrate that PU.1 can be expressed in a variety of immune

cells and that it affects the function of these immune cells,

influencing the course of related diseases. In the future, we need

to use cell-specific PU.1 knockout mice to further investigate the

specific role and underlying mechanism of PU.1 in these cells.

Furthermore, we need to identify the cells in which PU.1 plays a

major regulatory role, affecting the development of different

diseases, which is important for the development of relevant

drug targets in the future. Moreover, PU.1 promotes the

differentiation of Th9 cells. In PU.1-related autoimmune

diseases, Th9 cells and their secreted cytokine, IL-9, both

exhibit abnormal activation. The relationship between PU.1

and Th9 was confirmed in RA, EAE, SLE, and AR. PU.1 is

closely related to these autoimmune diseases by regulating the

abnormal activation of Th9, suggesting that modulation of PU.1

in Th9 cells is a potential research direction that deserves

further exploration.
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