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Thymic stromal lymphopoietin (TSLP) is a pleiotropic cytokine that has emerged as a critical player in the
development and progression of allergy and asthma. It is primarily produced by epithelial cells and functions as a

potent immune system activator.

thymic stromal lymphopoietin epithelium allergy

| 1. Introduction

The cytokine TSLP was initially identified in conditioned medium from a murine thymic stromal cell line with a
medullary phenotype as a growth factor for B and T cells and co-stimulator for thymocyte proliferation,
consequently suggesting its role as lymphopoietin. The human TSLP homolog was found using in silico methods,
detecting the homology to mouse TSLP by a computational screen of the human genomic databases L2, TSLP
was categorized later on as a epithelial-derived crucial mediator of the type 2 immune responses and is nowadays
considered as a cytokine with multiple functions and critical roles in diverse physiological and pathological
conditions, including asthma, allergic diseases, chronic inflammatory diseases and cancer . Some of these
include regulation of immune responses, acting as an early alarm signal with significant roles in epithelial barrier
function, dendritic cell activation, type 2 innate lymphoid cells (ILC2s) activation and survival, immune cell
recruitment, induction of T2 responses and regulation of B cell function, explaining its involvement in tissue
homeostasis, host defence and microbiome regulation, and in the pathophysiology of allergic and inflammatory
diseases. TSLP is a cytokine mainly derived from epithelial cells, which occupies an upstream position in the

asthma inflammatory cascade W2,

| 2. TSLP, Its Receptors and Molecular Interactions

TSLP is a four a-helical type | cytokine which plays critical roles in diverse physiological and pathological conditions
12,

Various stimuli, including mechanical injury, ligands for Toll-like receptors (TLR2, TLR3) and NOD2, pro-

inflammatory cytokines and allergen proteases can induce the expression of the alarmin cytokine TSLP in epithelial
cells [HE1A],
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In the lungs, TSLP production by epithelial cells with a rapid cellular release is also triggered by viral infections,
including those with respiratory syncytial viruses, rhinoviruses, influenza viruses and metapneumoviruses, which
incite other danger signals and exacerbate inflammation BIRIE],

Moreover, when challenged by allergen molecules, barrier cells such as bronchial and intestinal epithelial cells can
overproduce reactive oxygen species (ROS) by up-regulating nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase and activating the nuclear transcription factor NF-«B signal pathway, leading to elevated
cytokines including TSLP &S],

TSLP, mainly produced in response to pathogenic stimuli by lung and intestinal epithelial cells and skin
keratinocytes, induces complex immune responses at barrier surface level by activation of dendritic cells (DCs),
mast cells, eosinophils and lymphocytes into a type 2 polarizing phenotype 19 Therefore, nowadays, TSLP is

considered a master regulator of T2-driven inflammation 12,

TSLP activates intracellular signalling by forming a complex with its specific receptor, TSLPR (encoded by CRLF2)
and IL-7Ra. The cognate receptor TSLPR allosterically triggers TSLP to potentiate the recruitment of the shared IL-

7 receptor a-chain (IL-7Ra) by leveraging the cytokine molecule’s conformational heterogeneity, flexibility and
electrostatics [13I[14](15][16]

TSLP has a four-helix structure stabilized by three disulfide bridges, in which the four a-helices, designated oA to
oD, are linked via a BC loop and two longer AB and CD loop regions. TSLP, positively charged, binds to TSLPR,
negatively charged 13,

TSLP engages its C-terminal short tail, C-terminal half of the helix aD and continuous 10 residues in the long AB
loop region (Figure 1, part @) to interact with cytokine-binding homology region of the receptor TSLPR (site 1) with
cooperative recruitment of IL-7Ra (site Il), allowing the membrane-proximal parts of the two receptors to engage in

heterotypic receptor—receptor interactions (site 111). 23],
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Figure 1. Graphic representation of the pro-inflammatory TSLP mediated complex and its intracellular signalling
pathways (adapted after [HL3I14I15116]) TS| P with an atypical open helical bundle core, wedges between TSLPR
and IL-7Ra to mediate the T-shaped extracellular assembly. The brown star indicates site | (TSLP:TSLPR
interface) with pronounced electrostatic complementarity, the blue star denotes site 1l (TSLP:IL-7Ra interface) and
the orange one site Il (IL-7Ra:TSLPR interface). TSLP, represented here in green, is the long-form TSLP (the
common part with the short-form TSLP is presented in light green). The hidden red star highlights the binding
region of tezepelumab overlapped by the binding region on TSLP on TSLPR. The parts noted 1, 2, and 3 of this
figure represent complex molecular events at the receptor (1), transcription factors (2) and target genes (3) levels,

as explained in the text.

Following the capture and rearrangement of TSLP by TSLPR at the cellular surface, IL-7Ra is recruited to initiate
intracellular pro-inflammatory JAK-STAT pathways (Figure 1, part @). The JAK-STAT signalling pathway is an
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important chain of interactions between proteins in a cell, which involves Janus kinase (JAK) and signal transducer
and activator of transcription (STAT) 2121,

TSLP intracellular signalling cascades are initiated by JAK1/JAK2, molecules involved in phosphorylation of
STAT3/5, but also include NF-«kB (nuclear factor kB), MAPK (mitogen-activated protein kinases), PI3K
(phosphoinositide 3 kinase), SRC (sarcoma tyrosine kinase) pathways. TSLP activates JAK1 (via IL-7Ra) and
JAK2 (via TSLPR). JAK1 and JAK2 then activate signal transducer and activator of transcription 5 (STAT5) and, to
a lesser extent, STAT3 and other transcription factors [LI[13I[14]l15][16]

Finally, the transcription of target genes is promoted (Figure 1, part ® ), including type 2 pro-inflammatory
cytokines, such as IL-5 (key cytokine in eosinophilic inflammation), IL-9 (important cytokine in allergic

inflammation), IL-4 and IL-13 (key cytokines in type 2 inflammation) 1112,

Altogether, the binding of TSLP to its heterodimeric receptor complex TSLPR and IL-7Ra initiates intracellular
activation of several downstream protein tyrosine kinases with phosphorylation of transcription factors which initiate
the transcription of some target genes including those encoding pro-inflammatory cytokines involved in allergic and
eosinophilic inflammation (1211261,

TSLP engages the C-terminal part of the helix aD (residues 142-152), the C-terminal tail extending from oD
(residues 153-158), with an important triplet of arginine residues, and a continuous sequence of 10 residues in the
AB loop region (residues 60-69) to interact with a complementary epitope shaped at the cytokine-binding
homology region of the receptor TSLPR (Figure 2). Key interactions between the C-terminal helix of TSLP and the
binding groove of TSLPR were depicted. The strong binding is mediated by a network of hydrophobic interactions
and hydrogen bonds between TSLP Leu156 and TSLPR Leu39 1213l |n addition, the AB loop may act as a link
between the two receptor binding regions on TSLPR (sites | and Il), balanced to dispatch the binding event to
TSLPR at site | to prime TSLP for the cooperative recruitment of IL-7Ra at site Il. The AB loop provides a physical
link to aA, which is central to defining site . Human TSLP-Leu45 interacts with both TSLPR and IL-7Ra 13,
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Figure 2. Schematic simplified representation of the molecular binding of the monoclonal antibody tezepelumab to
the human TSLP with subsequent blocking of its interaction with the heterodimeric TSLP receptor, thus impeding
the formation of the TSLPR: TSLP: IL-7Ra ternary complex on effector cells. The CDRs of the VH of tezepelumab
target TSLP at the C-terminal region of helix aD and AB loop region (marked by red star), while the VL does not
interact with TSLP (adapted after [13). TSLP represented here in green is the long-form TSLP (the common part
with the short-form TSLP is highlighted in light green).

Tezepelumab, a fully human monoclonal IgG2A antibody currently indicated for the treatment of severe asthma,
specifically binds human TSLP at the level of its ligation site for TSLPR, thereby impeding the TSLP-TSLPR
interaction 18, The complementarity determining regions of the VH (variable heavy chain domain) of tezepelumab
target TSLP at the C-terminal region of helix D and AB loop region, while the VL (variable light chain fragment)
does not interact with TSLP at all. Tezepelumab competes against a critical part of the TSLPR binding region on

TSLP but remains completely clear of the IL-7Ra binding region on the other side of the TSLP helical bundle 131,
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