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   Thymic stromal lymphopoietin (TSLP) is recently implicated as a key molecule for initiating allergic

inflammation at the epithelial cell-dendritic cell (DC) interface. TSLP is produced predominantly by epi-

thelial cells, and induces the production of multiple chemokines and cytokines by several innate cell

types such as DCs, mast cells, eosinophils, and NKT cells, contributing to the innate phase of allergic

inflammation. However, its function is more prominent in the DC-mediated adaptive phase of allergic

inflammation. TSLP-activated myeloid DCs (mDCs) can promote naïve CD4+ T cells to differentiate into

a Th2 phenotype. We analyzed the signal transduction mechanisms of TSLP in human primary mDCs

and found that it potently transduces a unique Th2-inducing compound signal in DCs. Whereas activa-

tion of nuclear factor κB (predominantly p50) drives DCs to produce OX40L to induce Th2 differentia-

tion, the activation of signal transducer and activator of transcription 6 (STAT6) triggers DCs to secrete

chemokines necessary for the recruitment of Th2 cells. In addition, TSLP signaling limits the activation of

STAT4 and interferon regulatory factor 8 (IRF8), which are essential factors for the production of the

Th1-polarizing cytokine interleukin-12. Because TSLP can be a rational therapeutic target for the treat-

ment of allergic disorders, elucidating the mechanisms that regulate TSLP expression and the effects of

TSLP on orchestrating the immune response toward a Th2 phenotype is essential for developing anti-

TSLP therapy.
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Introduction
　Our immune system can mount effective immune re-

sponses to invading pathogens by detecting their chemical

nature. Among the many immune cell types, dendritic cells

(DCs) are considered the most effective cell population that

induces distinct immune responses to different pathogens,

which is often called the“functional plasticity”of DCs1-3).

For instance, DCs induce interferon (IFN)-γ-secreting T

helper type 1 (Th1)-type cells with high cytotoxicity in re-

sponse to viral or intracellular bacterial infection, whereas
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the same cells induce Th2-type cells that secret interleukin

(IL)-4, IL-5, and IL-13, which are required for IgE induction

and eosinophil recruitment, in response to parasite infection.

Allergy is a state in which the host overreacts to otherwise

innocuous antigens (allergens) by inducing Th2-type inflam-

mation. Bronchial asthma and atopic dermatitis are the rep-

resentative allergic disorders. Although the precise molecu-

lar mechanisms by which DCs induce Th2-type inflamma-

tion upon recognition of allergens remain elusive, several

molecular pathways that include IL-25, IL-33, thymic stromal

lymphopoietin (TSLP), eosinophil-derived neurotoxin (EDN),

OX40 ligand (OX40L) and several Notch ligands have been

suggested for induction of Th2-type responses4).

　TSLP is produced mainly by damaged epithelial cells and

conditions the immune system to induce Th2-type immune

responses. This TSLP-mediated epithelia-immune system

axis was shown to be protective against a kind of intestinal

helminth infection5). However, if other epithelial cells such as

keratinocytes and bronchial epithelial cells are part of this

axis, it becomes harmful by enhancing Th2-immunity, as

observed in allergic disorders. TSLP is highly expressed in

the lesional epidermis of atopic dermatitis patients and lungs

of bronchial asthma patients. In mice, transgenic overex-

pression of TSLP led to allergic inflammation and TSLP re-

ceptor deficiency conferred a resistant phenotype in several

allergy models6). Furthermore, multiple large-scale genetic

association studies have indicated that human TSLP gene

is one of the most common loci susceptible to bronchial

asthma7). These findings collectively suggest that TSLP is

critically involved in the pathogenesis of allergic inflamma-

tion in vivo.

TSLP and TSLP receptor
　TSLP is an IL-7-like four-helix bundle cytokine that was

first isolated from a mouse thymic stromal cell line and shown

to support B-cell development in the absence of IL-78-9). The

human TSLP (hTSLP) was isolated using a database search

method10-11), and its gene was mapped to chromosome

5q22.1, which is near the Th2 cytokine gene cluster loci 5q23-

3212). Although epithelial cells appear to be the major source

of TSLP11, 13), other cell types such as fibroblasts, smooth

muscle cells, mast cells and basophils have been shown to

have the potential to produce TSLP as well13-14).

　The TSLP receptor is a heterodimeric receptor complex

consisting of the TSLPR and the IL-7Rα chains11,15-18) (Fig.1).

The TSLPR chain is most closely related to the IL-2Rγ chain

(γc). The extracellular portion of the TSLPR chain is pre-

dicted to be composed of two immunoglobulin-like folds that

are likely to form a cytokine recognition homology (CRH)

domain. It contains a WSXWS-like motif, a signature for type

I cytokine receptor19). The intracellular portion of the TSLPR

chain harbors a “box 1” motif and a single tyrosine residue,

both are involved in signal transduction upon TSLP bind-

ing20-21). TSLP binds to the TSLPR chain with a low affinity

but does not show any affinity to the IL-7Rα chain alone17, 18).

However, the combination of TSLPR and IL-7Rα chains

results in high-affinity binding to TSLP and transduces, at

least, signal transducer and activator of transcription (STAT)

5 activation upon TSLP binding11, 15).

Fig.1  The TSLP receptor complex
The functional TSLP receptor complex consists

of the TSLPR and IL-7Rα chains. The extra-

cellular domains of these chains comprise the

cytokine recognition homology (CRH) domains

and contain WSXWS motifs characteristic to

most of the type I cytokine receptors. The intra-

cellular domains of both chains contain Box1

domains and tyrosine residues that are involved

in signal transduction, including STAT3 and

STAT5 phosphorylation.
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Roles of TSLP in allergic inflammation
1)TSLP induces innate allergic inflammatory responses

via multiple cell types

　Since the major source of TSLP is the epithelial cells, TSLP

may contribute to the first-line immune response in situ

against an epithelial break induced by allergen invasion

(Fig.2). Multiple innate cell types, including DCs, mast cells,

eoshinophils and natural killer T (NKT) cells, have been

shown to express both TSLPR and IL-7Rα chains. Among

these, human myeloid DCs (mDCs) show the strongest ex-

pression of the TSLPR chain, and consequently, hTSLP

strongly stimulates mDCs11, 13, 22). Generally, DCs can be

activated or matured by many distinct classes of agents and

promote T-cell proliferation and differentiation1). Like other

mDC activators, including CD40 ligand (CD40L) and Toll-

like receptor ligands (TLRLs), such as lipopolysaccharide,

poly(I:C) and R848, TSLP strongly upregulates the expres-

sion of major histocompatibility complex (MHC) class II,

CD54, CD80, CD83, CD86, and DC-LAMP on human

mDCs13). However, unlike CD40L and TLRLs, TSLP does

not stimulate mDCs to produce the Th1-polarizing cytokines

IL-12 and type I IFNs or the proinflammatory cytokines TNF,

IL-1β, and IL-6. Instead, TSLP triggers mDCs to produce large

amounts of the chemokines IL-8 and eotaxin-2(CCL24), which

attract neutrophils and eosinophils, followed by produc-

tion of TARC (CCL17) and MDC (CCL22), which attract Th2

cells13) (Table 1). Besides mDCs, hTSLP potently activates

mast cells to produce the cytokines IL-5, IL-6, IL-13, and

GM-CSF along with the chemokines IL-8 and I-309 (CCL1)

in the presence of IL-1β, TNF, or IL-3323-24). Eosinophils were

reported to respond to TSLP to produce IL-6, IL-8, and MCP-

1 (CCL2)25), and NKT cells have also been reported to pro-

duce Th2-type cytokines in response to TSLP26, 27). Collec-

tively, TSLP produced by epithelial cells rapidly triggers an

innate phase of allergic inflammatory responses by activat-

ing mDCs, mast cells, eosinophils and NKT cells to produce

Th2-type cytokines, chemokines, and proinflammatory

cytokines. The role of TSLP in triggering an early innate phase

of allergic inflammation is supported by in vivo studies show-

ing that TSLP could induce skin inflammation consisting of

Table 1 Features of human myeloid DCs matured

by different activators

Fig.2   TSLP-induced allergic immune responses
Damaged epithelial cells produce TSLP, which activates

mast cells, eosinophils, natural killer T cells, and den-

dritic cells to produce various cytokines and chemokines

to induce innate immune responses. TSLP-activated

mDCs promote adaptive allergic immune responses of

CD4+ T cells by inducing“inflammatory Th2”-type cell

differentiation.
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dermal infiltrates of mast cells and eosinophils without IgE

production in T cell-deficient mice28) and moderate airway

inflammation in B- and T-cell-deficient mice29).

2)TSLP induces adaptive allergic immune responses

mainly via mDCs

　TSLP-activated mDCs (TSLP-DCs) not only produce mul-

tiple chemokines but also promote allogeneic CD4+ T cells

to differentiate to a unique type of Th2 cells (Fig.2). These T

cells produce the classical Th2 cytokines IL-4, IL-5, and IL-13

with large amounts of TNF but little or no IL-10. TNF expres-

sion is prominent in asthmatic airways and atopic skins30, 31),

and antagonism of TNF has been shown to be beneficial for

asthma symptoms32), suggesting TNF plays an important role

in the development of allergic inflammation. IL-10, initially

classified as a Th2 cytokine, counteracts inflammation and

was present at decreased levels in bronchoalveolar lavage

fluid from atopic patients compared with normal subjects33).

Furthermore, IL-10 derived from DCs prevented airway hy-

persensitivity after allergen exposure34). Thus, increased T

cell TNF production and decreased IL-10 production by

TSLP-DCs agree well with these observations for establish-

ing allergic inflammation. Because of their unique profile of

cytokine production, we propose that Th2 cells induced by

TSLP-DCs be called inflammatory Th2 cells, in contrast to

the conventional Th2 cells. The pathogenic T cells involved

in allergic diseases, such as atopic dermatitis and bronchial

asthma, are likely to be inflammatory Th2 cells.

Fig.3  TSLP activates the JAK-STAT pathways in human mDCs
(A) Western blotting analysis was performed to compare the kinetics of TSLP- and GM-CSF-mediated

phosphorylation of JAK1, JAK2, and STAT5 in mDCs. The STAT5A blot is shown as a loading control.

(B) Western blotting analysis was performed to compare differential STAT activation in mDCs by TSLP and

the IL-2Rγ chain-sharing cytokines IL-2, IL-4, and IL-7. mDCs were unstimulated (bovine serum albumin,

BSA), or stimulated with 100 IU/ml of IL-2 or 50 ng/ml of IL-4, IL-7, or TSLP for 20 min at 37 ℃. The STAT6

blot is shown as a loading control.

Fig.4 TSLP activates multiple signal pathways that are depen-

dent on JAK activity
Western blotting analysis was performed to demonstrate the contributions of

JAK, PI3K, and ERK to TSLP-mediated signals. mDCs were pretreated with

the pan-JAK inhibitor pyridine 6, the PI3K inhibitor LY294002, the MEK (ERK)

inhibitor U0126, or dimethyl sulfoxide (DMSO, 0.1%) as a vehicle control for 30

min at 37 ℃ and then were stimulated with 10 ng/ml of TSLP or IL-1β or with

BSA for 10 min at 37 ℃. The β-actin blot is shown as a loading control.
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　The mechanisms by which TSLP-DCs promote inflamma-

tory Th2 cell differentiation have been explained by multiple

molecular events35). These events include (i) TSLP-DCs ex-

press a Th2-polarizing molecule, OX40L, (ii) TSLP-DCs do

not produce Th1-polarizing cytokines, and (iii) TSLP-DCs

produce Th2-recruiting chemokines. The expression of

OX40L by TSLP-DCs is critical for the induction of inflam-

matory Th2 cells, as blocking OX40L with neutralizing anti-

bodies inhibits the production of Th2 cytokines and TNF and

enhances the production of IL-10 by the CD4+ T cells35). The

Th1-associated DC activators such as TLRLs and CD40L

do not induce OX40L expression by mDCs. OX40 signaling

in T cells was reported to promote Th2 lineage commitment

directly by inducing NFATc1, which triggers IL-4 production

followed by IL-4-dependent GATA-3 transcription36). Fur-

thermore, blocking OX40L was shown to inhibit TSLP-in-

duced asthma in mouse and nonhuman primate models of

asthma37). In the presence of exogenous IL-12, TSLP-DCs

lost the ability to induce Th2 differentiation35). We thus con-

clude that TSLP-DCs create a Th2-permissive microenvi-

ronment by upregulating OX40L without inducing the pro-

duction of Th1-polarizing cytokines. The dominance of IL-12

over OX40L may provide a molecular explanation for the

hygiene hypothesis, which proposes that microbial infections

triggering Th1 responses may hinder the subsequent devel-

opment of Th2-driven atopy38). The significance of inducing

Th2-recruiting chemokines by TSLP-DCs to allergic inflam-

mation was implied by an observation that blocking TARC,

one of the Th2-recruiting chemokines, in vivo attenuated al-

lergen-induced airway eosinophilia and diminished the de-

gree of airway hyper-responsiveness with a concomitant de-

crease in Th2 cytokine levels39).

TSLP signal transduction in human DCs
　Because this recent progress showed the importance of

TSLP in the pathogenesis of allergic diseases, understand-

ing the mechanism of TSLP signal transduction is critical in

developing a therapeutic strategy to target its function. Upon

binding to TSLP, the TSLP receptor complex generates in-

tracellular signaling. Earlier studies demonstrated that TSLP

induces STAT3 and STAT5 phosphorylation, resulting in tran-

scription of the STAT-responsive genes, such as CIS11,15-16).

However, the precise kinase responsible for TSLP-mediated

STAT phosphorylation has long remained controversial15-16,21).

Moreover, the pleiotropic function of TSLP in human mDCs

apparently cannot be explained by activation of STAT3 and

STAT5 alone, which is ubiquitous in many cytokine signal-

ing pathways. Thus, we performed a large-scale isolation of

human primary mDCs to study intracellular signaling trig-

gered by TSLP40). In mDCs, we found that TSLP induces

robust and sustained (-1 h) phosphorylation of JAK1 and

JAK2, while GM-CSF induces faint and transient (-5 min)

Fig.5 TSLP-mediated NF-κκκκκB activation

contributes to OX40L expression in

mDCs
(A) Nucleotide sequence of the region surrounding

the two potential NF-κB binding sites within the 5'-

flanking region of the OX40L gene. The numbers

indicate the relative nucleotide positions from the

initiator codon.

(B) Left, Electrophoretic mobility shift assay show-

ing the differential binding profiles of nuclear pro-

teins to the probe for the κB-like sequences shown

in (A) in mDCs cultured for 60 h with TSLP or poly

(I:C), a TLR3 ligand. Right, Supershift assays were

performed with antibodies against the NF-κB p50

and BCL3 to demonstrate the composition of the nuclear proteins bound to the κB-like probe of OX40L from lysates prepared from mDCs cultured

for 60 h with TSLP. Band 2 is preferentially induced by TSLP and contains p50 but not BCL3.

(C) Chromatin immunoprecipitation assays demonstrating the kinetics of the recruitment of RelA and RelB to the OX40L promoter in TSLP-

treated mDCs. Only RelB is recruited to the OX40L promoter at 48 h, when OX40L is induced by TSLP in mDCs35).

(D) NF-κB-dependent activation of the OX40L promoter in HEK 293T cells was determined by luciferase reporter assay. RelB and p50 effectively

activate the OX40L promoter.
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phosphorylation of JAK2 (Fig.3A). Consequently, TSLP in-

duces broad and sustained (>2 h) phosphorylation of STAT1,

STAT3, STAT4, STAT5, and STAT6 (Fig.3B). Direct STAT6

activation by TSLP seems to be the responsible mechanism

for inducing TARC production40). In addition, TSLP induces

phosphorylation of AKT and the MAPKs ERK and JNK, all

are sensitive to JAK inhibitors (Fig.4). TSLP also induces a

slow but robust NF-κB activation, as revealed by sustained

nuclear localization of p50, p52, and RelB40).

　How is OX40L selectively upregulated by TSLP-DCs? The

promoter region of OX40L has two potential NF-κB binding

elements (Fig.5A)41). We found that TSLP induces a predomi-

nant and persistent nuclear translocation of p50, an NF-κB

molecule, which is not prolonged when induced by CD40L

or TLRLs40). Indeed, the OX40L promoter preferentially binds

to p50 (Fig.5B). RelB but not RelA is also recruited to the

OX40L promoter region at a later time point upon TSLP stimu-

lation (Fig.5C). In a promoter-reporter assay, we also dem-

onstrated that p50 plus RelB activates the OX40L promoter

(Fig.5D). These data collectively suggest that predominant

p50 activation triggered by TSLP is the determinant for

upregulation of OX40L.

　Why TSLP-mediated DC maturation is uncoupled from IL-

12 production was the next issue because most of the DC

activators, such as CD40L and TLRLs, induce both DC matu-

ration and IL-12 production to induce Th1 responses1). Unlike

these other DC activators capable of inducing expression of

both STAT4 and interferon regulatory factor (IRF) 8 that are

required for IL-12 production, TSLP simply fails to induce

protein expression of these transcription factors (Fig.6). Al-

though the protein expression of STAT4 by TSLP is largely

limited, TSLP does have the capacity to activate STAT4 as

shown in Fig. 3B. Thus, perhaps IRF8 is a relatively more

critical regulator of IL-12 production than STAT4 in DCs.

　In conclusion, these findings demonstrate that TSLP pro-

grams human mDCs to induce Th2 responses by activating

multiple signal pathways, which together work in a unique

manner as an“allergy code”.

Conclusion
　We summarized recent progress regarding the roles of

TSLP in allergic inflammation pathogenesis and showed our

recent findings on its signal transduction mechanism in hu-

man primary mDCs. Important questions concerning the

spatial and temporal role of TSLP in inflammatory responses

in vivo and whether blockade of TSLP will be efficacious in

the treatment of allergic inflammatory diseases remain

unanswered42). The production of TSLP by activated mast

cells and activation of mast cells by TSLP indicate TSLP's

role in the progression of allergic diseases13, 23, 24). Recently,

Fig.6   TSLP does not stimulate the production of IRF8 or STAT4, essential factors for the production of IL-12 by mDCs
(A) The production of IL-12p70 by mDCs cultured with IL-7, TSLP, poly(I:C), or TSLP plus poly(I:C) for 24 h was determined by ELISA. The square

and triangle each represent one of two donors. TSLP is unable to inhibit poly(I:C)-induced IL-12p70 production, suggesting that TSLP is not a

dominant repressor of IL-12 production.

(B) Western blotting analysis was performed to compare the differential regulation of the abundance of IRF8 and STAT4 in mDCs that were

activated for 24 h by the indicated stimuli, including cytokines, TLRLs and CD40L. The abundance of STAT3 is comparable among all the stimuli.

The β-actin blot is shown as a loading control.

(C) mDCs transfected with small interference RNA (siRNA) were stimulated with poly(I:C) for 24 h and the concentration of IL-12p40 in the culture

supernatants and the mean fluorescent intensity of cell-surface CD80, one of the DC activation markers, are depicted. Knocking down IRF8 or

STAT4 deeply affects IL-12 production but not induction of CD80. Since TSLP-DCs do not upregulate the abundance of IRF8 and STAT4, they are

unable to produce IL-12.
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the existence of a mutually amplifying loop between TSLP

and IL-13 in allergy was suggested, illuminating the critical

involvement of TSLP in both the initiation and progression of

allergic diseases43-44). The findings that anti-TSLP therapy is

beneficial in resolution of allergic symptoms in mice45-46) pro-

vide some promise that TSLP will be a potential therapeutic

target for the treatment of allergic inflammatory disorders in

humans.

Acknowledgements
    We thank M. J. Wentz for critical reading of the manuscript. No
conflict of interest is declared. This work was supported by MD Ander-
son Cancer Center Foundation, the National Institute of Allergy and
Infections Diseases (grants AI061645 and U19 AI071130), and
KAKENHI (22790935).

References
1) Banchereau J, Briere F, Caux C, Davoust J, Lebecque

S, Liu YJ, Pulendran B, Palucka K: Immunobiology of

dendritic cells. Ann Rev Immunol. 2000; 18: 767-811.

2) Moser M, Murphy KM: Dendritic cell regulation of TH1-

TH2 development. Nat Immunol. 2000; 1: 199-205.

3) Kapsenberg ML: Dendritic-cell control of pathogen-driven

T-cell polarization. Nat Rev Immunol. 2003; 3: 984-993.

4) Pulendran B, Tang H, Manicassamy S: Programming

dendritic cells to induce TH2 and tolerogenic responses.

Nat Immunol. 2010; 11: 647-655.

5) Taylor BC, Zaph C, Troy AE, Du Y, Guild KJ, Comeau

MR, Artis D: TSLP regulates intestinal immunity and in-

flammation in mouse models of helminth infection and

colitis. J Exp Med. 2009; 206: 655-667.

6) Comeau MR, Ziegler SF: The influence of TSLP on the

allergic response. Mucosal Immunol. 2010; 3: 138-147.

7) Ober C, Yao TC: The genetics of asthma and allergic

disease: a 21st century perspective. Immunol Rev. 2011;

242: 10-30.

8) Friend SL, Hosier S, Nelson A, Foxworthe D, Williams

DE, Farr A: A thymic stromal cell line supports in vitro

development of surface IgM+ B cells and produces a

novel growth factor affecting B and T lineage cells. Exp

Hematol. 1994; 22: 321-328.

9) Sims JE, Williams DE, Morrissey PJ, Garka K, Foxworthe

D, Price V, Friend SL, Farr A, Bedell MA, Jenkins NA,

Copeland NG, Grabstein K, Paxton RJ: Molecular clon-

ing and biological characterization of a novel murine lym-

phoid growth factor. J Exp Med. 2000; 192: 671-680.

10)Quentmeier H, Drexler HG, Fleckenstein D, Zaborski

M, Armstrong A, Sims JE, Lyman SD: Cloning of hu-

man thymic stromal lymphopoietin (TSLP) and signal-

ing mechanisms leading to proliferation. Leukemia. 2001;

15: 1286-1292.

11)Reche PA, Soumelis V, Gorman DM, Clifford T, Liu M,

Travis M, Zurawski SM, Johnston J, Liu YJ, Spits H, de

Waal Malefyt R, Kastelein RA, Bazan JF: Human thy-

mic stromal lymphopoietin preferentially stimulates my-

eloid cells. J Immunol. 2001; 167: 336-343.

12)Frazer KA, Ueda Y, Zhu Y, Gifford VR, Garofalo MR,

Mohandas N, Martin CH, Palazzolo MJ, Cheng JF, Rubin

EM: Computational and biological analysis of 680 kb of

DNA sequence from the human 5q31 cytokine gene clus-

ter region. Genome Res. 1997; 7: 495-512.

13)Soumelis V, Reche PA, Kanzler H, Yuan W, Edward G,

Homey B, Gilliet M, Ho S, Antonenko S, Lauerma A,

Smith K, Gorman D, Zurawski S, Abrams J, Menon S,

McClanahan T, de Waal-Malefyt R, Bazan F, Kastelein

RA, Liu YJ: Human epithelial cells trigger dendritic cell-

mediated allergic inflammation by producing TSLP. Nat

Immunol. 2002; 3: 673-680.

14)Sokol CL, Barton GM, Farr AG, Medzhitov R: A mecha-

nism for the initiation of allergen-induced T helper type

2 responses. Nat Immunol. 2008; 9: 310-318.

15)Isaksen DE, Baumann H, Trobridge PA, Farr AG, Levin

SD, Ziegler SF: Requirement for Stat5 in thymic stromal

lymphopoietin-mediated signal transduction. J Immunol.

1999; 163: 5971-5977.

16)Levin SD, Koelling RM, Friend SL, Isaksen DE, Ziegler

SF, Perlmutter RM, Farr AG: Thymic stromal lympho-

poietin: a cytokine that promotes the development of

IgM+ B cells in vitro and signals via a novel mechanism.

J Immunol. 1999; 162: 677-683.

17)Park LS, Martin U, Garka K, Gliniak B, Di Santo JP,

Muller W, Largaespada DA, Copeland NG, Jenkins NA,

Farr AG, Ziegler SF, Morrissey PJ, Paxton R, Sims JE:

Cloning of the murine thymic stromal lymphopoietin

(TSLP) receptor: Formation of a functional heteromeric

complex requires interleukin 7 receptor. J Exp Med.

2000; 192: 659-670.

18)Pandey A, Ozaki K, Baumann H, Levin SD, Puel A, Farr

AG, Ziegler SF, Leonard WJ, Lodish HF: Cloning of a

receptor subunit required for signaling by thymic stro-

mal lymphopoietin. Nat Immunol. 2000; 1: 59-64.

19)Bazan JF: Structural design and molecular evolution of

Mini Review　TSLP and allergy



30Inflammation and Regeneration    Vol.32  No.1    JANUARY  2012

a cytokine receptor superfamily. Proc Natl Acad Sci USA.

1990; 87: 6934-6938.

20)Isaksen DE, Baumann H, Zhou B, Nivollet S, Farr AG,

Levin SD, Ziegler SF: Uncoupling of proliferation and

Stat5 activation in thymic stromal lymphopoietin-medi-

ated signal transduction. J Immunol. 2002; 168: 3288-

3294.

21)Carpino N, Thierfelder WE, Chang MS, Saris C, Turner

SJ, Ziegler SF, Ihle JN: Absence of an essential role for

thymic stromal lymphopoietin receptor in murine B-cell

development. Mol Cell Biol. 2004; 24: 2584-2592.

22)Lu N, Wang YH, Wang YH, Arima K, Hanabuchi S, Liu

YJ: TSLP and IL-7 use two different mechanisms to regu-

late human CD4+ T cell homeostasis. J Exp Med. 2009;

206: 2111-2119.

23)Allakhverdi Z, Comeau MR, Jessup HK, Yoon BR,

Brewer A, Chartier S, Paquette N, Ziegler SF, Sarfati M,

Delespesse G: Thymic stromal lymphopoietin is released

by human epithelial cells in response to microbes, trauma,

or inflammation and potently activates mast cells. J Exp

Med. 2007; 204: 253-258.

24)Allakhverdi Z, Smith DE, Comeau MR, Delespesse G:

Cutting edge: The ST2 ligand IL-33 potently activates

and drives maturation of human mast cells. J Immunol.

2007; 179: 2051-2054.

25)Wong CK, Hu S, Cheung PF, Lam CW: Thymic stromal

lymphopoietin induces chemotactic and prosurvival ef-

fects in eosinophils: implications in allergic inflamma-

tion. Am J Respir Cell Mol Biol. 2010; 43: 305-315.

26)Nagata Y, Kamijuku H, Taniguchi M, Ziegler S, Seino K:

Differential role of thymic stromal lymphopoietin in the

induction of airway hyperreactivity and Th2 immune re-

sponse in antigen-induced asthma with respect to natu-

ral killer T cell function. Int Arch Allergy Immunol. 2007;

144: 305-314.

27) Wu WH, Park CO, Oh SH, Kim HJ, Kwon YS, Bae BG,

Noh JY, Lee KH: Thymic stromal lymphopoietin-activated

invariant natural killer T cells trigger an innate allergic

immune response in atopic dermatitis. J Allergy Clin

Immunol. 2010; 126: 290-299.

28)Yoo J, Omori M, Gyarmati D, Zhou B, Aye T, Brewer A,

Comeau MR, Campbell DJ, Ziegler SF: Spontaneous

atopic dermatitis in mice expressing an inducible thymic

stromal lymphopoietin transgene specifically in the skin.

J Exp Med. 2005; 202: 541-549.

29)Zhou B, Comeau MR, De Smedt T, Liggitt HD, Dahl

ME, Lewis DB, Gyarmati D, Aye T, Campbell DJ, Ziegler

SF: Thymic stromal lymphopoietin as a key initiator of

allergic airway inflammation in mice. Nat Immunol. 2005;

6: 1047-1053.

30)Broide DH, Lotz M, Cuomo AJ, Coburn DA, Federman

EC, Wasserman SI: Cytokines in symptomatic asthma

airways. J Allergy Clin Immunol. 1992; 89: 958-967.

31)Junghans V, Gutgesell C, Jung T, Neumann C: Epider-

mal cytokines IL-1β, TNF-α, and IL-12 in patients with

atopic dermatitis: response to application of house dust

mite antigens. J Invest Dermatol. 1998; 111: 1184-1188.

32)Berry MA, Hargadon B, Shelley M, Parker D, Shaw DE,

Green RH, Bradding P, Brightling CE, Wardlaw AJ,

Pavord ID: Evidence of a role of tumor necrosis factor

α in refractory asthma. N Engl J Med. 2006; 354: 697-

708.

33)Borish L, Aarons A, Rumbyrt J, Cvietusa P, Negri J,

Wenzel S: Interleukin-10 regulation in normal subjects

and patients with asthma. J Allergy Clin Immunol. 1996;

97: 1288-1296.

34)Akbari O, DeKruyff RH, Umetsu DT: Pulmonary den-

dritic cells producing IL-10 mediate tolerance induced

by respiratory exposure to antigen. Nat Immunol. 2001;

2: 725-731.

35)Ito T, Wang YH, Duramad O, Hori T, Delespesse GJ,

Watanabe N, Qin FX, Yao Z, Cao W, Liu YJ: TSLP-

activated dendritic cells induce an inflammatory T helper

type 2 cell response through OX40 ligand. J Exp Med.

2005; 202: 1213-1223.

36)So T, Song J, Sugie K, Altman A, Croft M: Signals from

OX40 regulate nuclear factor of activated T cells c1 and

T cell helper 2 lineage commitment. Proc Natl Acad Sci

USA. 2006; 103: 3740-3745.

37)Seshasayee D, Lee WP, Zhou M, Shu J, Suto E, Zhang

J, Diehl L, Austin CD, Meng YG, Tan M, Bullens SL,

Seeber S, Fuentes ME, Labrijn AF, Graus YM, Miller

LA, Schelegle ES, Hyde DM, Wu LC, Hymowitz SG,

Martin F: In vivo blockade of OX40 ligand inhibits thy-

mic stromal lymphopoietin driven atopic inflammation. J

Clin Invest. 2007; 117: 3868-3878.

38)Wills-Karp M, Santeliz J, Karp CL: The germless theory

of allergic disease: revisiting the hygiene hypothesis. Nat

Rev Immunol. 2001; 1: 69-75.

39)Kawasaki S, Takizawa H, Yoneyama H, Nakayama T,

Fujisawa R, Izumizaki M, Imai T, Yoshie O, Homma I,

Yamamoto K, Matsushima K: Intervention of thymus and

Mini Review　TSLP and allergy



31Inflammation and Regeneration    Vol.32  No.1    JANUARY  2012

activation-regulated chemokine attenuates the devel-

opment of allergic airway inflammation and hyperre-

sponsiveness in mice. J Immunol. 2001; 166: 2055-2062.

40)Arima K, Watanabe N, Hanabuchi S, Chang M, Sun SC,

Liu YJ: Distinct signal codes generate dendritic cells func-

tional plasticity Sci Signal. 2010; 3: ra4.

41)Ohtani K, Tsujimoto A, Tsukahara T, Numata N, Miura

S, Sugamura K, Nakamura M: Molecular mechanisms

of promoter regulation of the gp34 gene that is trans-

activated by an oncoprotein Tax of human T cell leuke-

mia virus type I. J Biol Chem. 1998; 273: 14119-14129.

42)Edwards MJ: Therapy directed against thymic stromal

lymphopoietin. Drug News Perspect. 2008; 21: 312-316.

43)Miyata M, Nakamura Y, Shimokawa N, Ohnuma Y,

Katoh R, Matsuoka S, Okumura K, Ogawa H, Masuyama

K, Nakao A: TSLP is a critical mediator of IL-13-driven

allergic inflammation. Eur J Immunol. 2009; 39: 3078-

3083.

44)Semlali A, Jacques E, Koussih L, Gounni AS, Chakir J:

Thymic stromal lymphopoietin-induced human asthmatic

airway epithelial cell proliferation through an IL-13-de-

pendent pathway. J Allergy Clin Immunol. 2010; 125:

844-850.

45)He R, Oyoshi MK, Garibyan L, Kumar L, Ziegler SF,

Geha RS: TSLP acts on infiltrating effector T cells to

drive allergic skin inflammation. Proc Natl Acad Sci USA.

2008; 105: 11875-11880.

46)Miyata M, Hatsushika K, Ando T, Shimokawa N,

Ohnuma Y, Katoh R, Suto H, Ogawa H, Masuyama K,

Nakao A: Mast cell regulation of epithelial TSLP expres-

sion plays an important role in the development of aller-

gic rhinitis. Eur J Immunol. 2008; 38: 1487-1492.

Mini Review　TSLP and allergy


