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Abstract: Protein tyrosine phosphatases (PTPs), of the receptor and non-receptor classes, are key
signaling molecules that play critical roles in cellular regulation underlying diverse physiological
events. Aberrant signaling as a result of genetic mutation or altered expression levels has been
associated with several diseases and treatment via pharmacological intervention at the level of
PTPs has been widely explored; however, the challenges associated with development of small
molecule phosphatase inhibitors targeting the intracellular phosphatase domain (the “inside-out”
approach) have been well documented and as yet there are no clinically approved drugs targeting
these enzymes. The alternative approach of targeting receptor PTPs with biotherapeutic agents (such
as monoclonal antibodies or engineered fusion proteins; the “outside-in” approach) that interact
with the extracellular ectodomain offers many advantages, and there have been a number of exciting
recent developments in this field. Here we provide a brief overview of the receptor PTP family
and an update on the emerging area of receptor PTP-targeted biotherapeutics for CD148, vascular
endothelial-protein tyrosine phosphatase (VE-PTP), receptor-type PTPs σ, γ, ζ (RPTPσ, RPTPγ,
RPTPζ) and CD45, and discussion of future potential in this area.
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1. Introduction

Protein tyrosine phosphorylation is a key signaling event that regulates cellular pathways involved
in a wide range of physiological processes in the cardiovascular, immune, neuronal, and metabolic
systems of the body. The overall level of tyrosine phosphorylation is determined by the balanced
actions of kinases and phosphatases. Of the 37 classical human protein tyrosine phosphatases (PTPs),
21 are receptor-like transmembrane proteins and 16 are intracellular non-transmembrane proteins [1,2].
Receptor-type protein tyrosine phosphatases (RPTPs), which are the focus of this review, are grouped
into 8 subtypes (R1–R8) and have a single transmembrane spanning domain, variable N-terminal
extracellular regions and either a single or tandem intracellular phosphatase domain (Figure 1).
The diverse extracellular regions have a modular architecture composed of multiple domains, often
found in cell-adhesion molecules that enable extracellular events to be conveyed to intracellular
signaling. On the intracellular side, most RPTPs have a tandem arrangement of PTP domains with the
membrane proximal domain possessing full catalytic activity, while the distal domain has either weak
activity, or is catalytically inactive.
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Figure 1. Schematic representation of RPTPs (adapted by permission from N.K. Tonks, Nature Reviews
Molecular Cell Biology; published by Springer Nature, 2006, reference [3]). The gap at the extracellular
juxtamembrane region of R2B and R2A represents the potential of these RPTPs to be proteolytically cleaved
into two subunits that remain non-covalently associated at the cell surface [4]. MAM, Meprin/A5/µ
domain; SEA, sea urchin sperm protein/enterokinase/agrin.

Currently we have a detailed understanding of the structure and mechanism of phosphatase
domains; however, our knowledge of the structure of RPTP ectodomains and understanding of
their role in regulating function is incomplete. Many mechanisms for the regulation of RPTPs have
been proposed, including activatory and inhibitory ligands, dimerization-induced inactivation, and
size-exclusion models (these and other mechanisms have been reviewed elsewhere [3,5,6]). There is no
unifying model of regulation and while some RPTPs have multiple ligands, many others are orphan
receptors, or are thought to function in the absence of a ligand. To inform discussion in later sections
of this article, we provide a brief explanation of the inhibitory wedge model and the head-to-toe
dimerization model. Both models propose RPTP regulatory mechanisms involving dimerization
and inhibition. The inhibitory wedge model was initially proposed based on the crystal structure
of a single PTP catalytic domain from PTPRα, which crystallized as a dimer with a sequence near
the N-terminus, the wedge, occluding the active site of the other PTP domain in the dimer [7,8].
Subsequent experiments with other full-length RPTPs demonstrated that homodimerization led to
inhibition of phosphatase activity leading to the hypothesis that this is a general regulatory mechanism
involving the wedge region. The secondary structure of this region (helix-turn-helix) is conserved in all
classical PTPs although amino acid conservation is low [2]. However, this model is controversial since
it is incompatible with structures of tandem PTP domains from multiple RPTPs [9,10], and the inhibited
dimeric state involving the wedge has not been observed in any other PTP structure [10]. An alternative
and distinct model of regulation for RPTPγ and RPTPζ proposes head-to-toe homo-dimerization of
the tandem phosphatase domain in which the active site of the active phosphatase domain is occluded
by the distal phosphatase domain from the dimer partner, leading to inhibition of phosphatase
activity [10].


