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ABSTRACT

The leucocyte common antigen, protein tyrosine
phosphatase receptor type C (PTPRC), also known as
(D45, is a transmembrane glycoprotein, expressed

on almost all haematopoietic cells except for mature
erythrocytes, and is an essential requlator of T and B
cell antigen receptor-mediated activation. Disruption

of the equilibrium between protein tyrosine kinase and
phosphatase activity (from CD45 and others) can result
in immunodeficiency, autoimmunity, or malignancy.
CD45 is normally present on the cell surface, therefore
it works upstream of a large signalling network which
differs between cell types, and thus the effects of CD45
on these cells are also different. However, it is becoming
clear that CD45 plays an essential role in the innate
immune system and this is likely to be a key area for
future research. In this review of PTPRC (CD45), its
structure and biological activities as well as abnormal
expression of CD45 in leukaemia and lymphoma will be
discussed.

INTRODUCTION

Despite thousands of publications and more than
50 years of research, CD45 physiology and biology
requires to be clarified to answer questions on
CD4S5 phosphatase activity (PTA) regulation, the
role of extracellular domain of CD45, alternative
splicing of exons, the function of CD45 isoforms
and many others.

CD4S5 is an essential protein on the surface of cells
of the haematological and immunological systems.
It has been used as a diagnostic tool to identify cells
of haematological origin, but its function and struc-
ture are not widely understood. This review aims to
update information on CD45

Structure of CD45

CD45 is a type 1 transmembrane protein tyrosine
phosphatase (PTPase) expressed by all the haema-
topoietic stem cells (HSCs) except that of eryth-
rocytes and platelets.! CD45 is composed of two
cytoplasmic domains, a transmembrane domain
and an extracellular domain (figure 1). It is a large
glycoprotein of 180-220kDa and it forms about
10% of the surface antigens of positively expressing
cells.?

The cytoplasmic domain has a C-terminal tail of
79 amino acids (AAs), a putative wedge-like domain
and two tandem PTPase domains. Although both
domains are important in the cell physiology, it
is only the D1 domain which is enzymatically
active. The D2 domain, composed of 19 AAs,
can be phosphorylated by C-terminal Src-kinase.’
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The extracellular portion of the CD45 consists of
five regions (figure 1). The extended N-terminal
region has alternatively spliced exons, with several
regions for O-linked glycosylation and thus form
the protein variable area. All species have a similar
structure of the CD45 extracellular domain, the
three membrane-proximal portion and the type III
fibronectin (FnlIll) domain. In mammals, between
the O-glycan tract and Fnlll domains, a globular
domain exists with five conserved cysteine-rich
domains (figure 1).*

The CD45 gene, protein tyrosine phosphatase
receptor type C (PTPRC), consists of 35 exons, four
of which act as alternative mRNA splicing (exons 4,
5, 6 and 7), affecting isoform expression options in
different cell types. It is responsible for encoding A,
B and C domains (figure 1) leading to the formation
of different types of isoforms in the extracellular
portion of the CD45 molecule.’

Isoforms of CD45

CD45 plays a vital role in HSCs proliferation and
differentiation due to the alternative expression
of different types of isoforms during their devel-
opment.® Human CD45 mRNA has six isoforms
observed with no exon (RO), one exon (RA or RB),
two exons (RAB or RBC), or all three exons (RABC)
(figure 2).”

Encoding various types of CD4S5 isoforms due to
the large number of alternatively spliced transcripts
characterised by combinations of 0, 1, 2 or 3 exons,
is a feature of CD45 molecule that has been used
as a diagnostic tool to distinguish between different
types of immune cells.” Naive T cells, for instance,
are well known to express CD45RA, while memory
and activated T cells express the shortest isoform of
CD45, CD45RO (figure 2).*

It is the extracellular domain of the CD45
molecule that forms heterogeneity of isoforms by
glycosylation and alternative splicing of PTPRC
gene exons and is also involved in monitoring the
isoform expression by isoform-specific ligand inter-
actions.® However, all isoforms possess enzymatic
activity and a common structure of Intracellular
domain.?

It is challenging to define the various functions
of variable CD45 isoforms which needs to be
elucidated.

CD45 and the innate immune system

In the late eighties and nineties, the role of CD45
on T cell receptor (TCR) and BCR signalling was
identified. The effects of CD45 on cytokine, NK
receptor and Toll-like receptor (TLR) signalling and
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Figure 1  Anillustration of CD45 structure. Different types of CD45
isoforms are expressed by haematopoietic stem cells (HSCs) based on
alternative splicing of exons A, B and C. This results in modifications
of the NH2-terminal domain of approximately 200 amino acids that
contains many residues such as serine and threonine. This portion of
CD45 structure is rich of O-glycosylation events which explains the
distinctive glycosylation patterns of each CD45 isoform. Consequently,
different lineages of HSCs express different types of CD45 isoforms
based on different stages of differentiation and glycosylation events.
The cysteine rich domain is connected by three fibronectin type Il (FN
I1I-like) repeats, a transmembrane domain followed by a cytoplasmic
tail which contains two protein tyrosine phosphatase (PTPase) regions
(D1 and D2). While D1 is characterised by PTPase activity, D2 has no
enzymatic activity, but it is necessary for CD45 substrate recruitment
and provide flexibility in folding of the molecule.

its role in mast cells, macrophages and DCs in leucocyte adhesion
and migration have been explored. Soon after, the Janus kinases
(JAKs) were identified as potential CD45 substrates. Here, we
discuss the regulation of CD45 in the innate immunity and how
CD45 affects different signalling pathways in leucocytes.”

While CD45 acts as a JAK phosphatase in mast cells to regu-
late antigen triggered Fc receptor and cytokine signalling, DCs
require CD45 to regulate TLR signalling, thus widening the role
of CD45 to recognise other receptors implicated in adaptive and
innate immunity.’

Several CD45 substrates have been discovered including
Transmembrane Immune Signalling Adaptor-(Dap12), Src-
kinase-associated phosphoprotein (SkAP66 and SKAPSS5), JAKs,
Transmembrane Adapter Protein/Transmembrane Phosphopro-
tein (PAG/Cbp), and TCR subunit (TCRE).> However, Src family
kinases (SFKs) represent the best-defined substrate of CD45.2
CD45 can dephosphorylate the kinase-domain phosphotyro-
sine (Y394 in p5S6LCK) as well as the C-terminal phosphoty-
rosine (Y505 in pS6LCK) which is antagonistic. The kinase is
inactivated by dephosphorylation of kinase domain (Y394)
and activated by dephosphorylation of C-terminal site (Y505)
(figure 1).'"° The activating and inhibitory phosphotyrosine in
LYN is dephosphorylated by CD45 in B cells,!! indicating that
CD4S5 has negative and positive regulating roles in T cells and B
cells activation (table 1).

CD4S5 regulates the interaction between T cells and macro-
phages via its ligand macrophage galactose-type lectin which
binds to CD45 N-acetylgalactosamine and results in decreasing

the level of T cell proliferation with proinflammatory cytokine
production leading to T cell apoptosis.'?

Furthermore, macrophage mannose receptor binds to the
CD45 low molecular weight isoform on DCs, leads to inhibition
of PTA of CD45 on CD8+ T cells and elevation of cytotoxic T
lymphocyte-associated protein 4 with CD8+ Tcell tolerance.'?

The role of CD45 in nuclear apoptosis was studied by
Desharnais et al."® They concluded that CD45- cells cannot
resist apoptosis induced by cycloheximide but are resistant to
DNA fragmentation and chromatin condensation induced by
tributyltin (TBT) and hydrogen peroxide (H,0,). Mediation
of cleavage of DFF-45, a subunit of the heterodimeric caspase-
activated DNase, and intracellular Ca?>* mobilisation following
TBT exposure occurs in both CD45+ and CD45- T cells. This
indicates that CD45 is vital in chromatin condensation and DNA
fragmentation. '

Negative regulation of the JAK/STAT signalling pathway is
another role of CD45 recruiting DOK-1 to the proximal plasma
membrane to act as a downstream effector (table 1).'*

A correlation between increased CD45 expression on bone
marrow leucocytes and enhanced cell motility in response to
stress signals has been proposed by Schivtiel et al." Immature
CD45 deficient cells exhibit defective motility as a result of
reduced matrix metalloproteinase 9 secretion and altered SFK
activity which results in elevated activation of B 1 integrin,
enhanced cell adhesion and reduced homing (table 1).'

Therefore, CD45 is an essential component to regulate the
innate immunity signalling, however, specificity of regulation
needs further studies.

CD45: gene polymorphisms and disease consequences
CD4S5 controls the immune function by regulating lymphocyte
survival, cytokine responses, and TCR signalling.'* Altered CD45
could result in severe combined immunodeficiency (figure 3).

Two CD45 polymorphisms have been found in PTPRC gene
in humans, C77G and A138G. C77G is rare and affects the
exon 4 splice silencer, leading to CD45RO isoform deficiency
and immune disorders including autoimmune hepatitis, HIV
infection and multiple sclerosis.'® The A138G mutation results
in altered CD435 isoform expression with increased numbers of
memory activated lymphocytes and increased interferon-gamma
production (figure 3)."7

The A138G polymorphism is found in up to 20% of the Japa-
nese population. It occurs by substitution of exon 6, resulting
in elevated production of CD45RO isoform (figure 3). A138G
carriers have shown to suffer from Hepatitis B and Graves’
disease. This reflects the association between the increased
distributions of this allele in population where these diseases are
common,'®

Abnormal expression of CD45 in leukaemia and lymphoma
CD4S5 deficiency or altered expression is associated with various
diseases including leukaemia and lymphoma.? Immunopheno-
typing studies of CD45 have shown that lymphocytes exhibit
the brightest intensity among the other types of leucocytes. This
has led to the use of CD45 as a diagnostic tool to distinguish
between immature lymphoblasts found in acute lymphoblastic
leukaemia (ALL) and plasma cell neoplasms which show weaker
expression of CD45 than mature lymphoid neoplasms.” There-
fore, the differentiation and maturation stage determines the
intensity of CD45 expression on leucocytes.

In diffuse large B cell lymphoma, Suzuki et al* have found
that interaction between galectin-1 and CD45 glycans could
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Figure 2 CD45 isoform expression on human erythroid, lymphoid and myeloid haemopoietic cells at various stages of differentiation. RA, expressed
on naive T cells, has exon four with deficiency in exon 5 and 6. RB has only exon 5, expressed mainly on B cells, naive T cells and thymocytes. RBC,
has exons 5 and 6 of the CD45 gene. RABC, has all of the three exons 4, 6, and 6. RO, expressed on granulocytes, activated and memory T cells, some
B subsets and activated monocytes/macrophages, has exon 3, 7 and 8 with deficiency in RA, RB and RC exons of the CD45 gene. '+’ means brighter

expression (modified from Craig et al).2 NK, natural killer.

enhance cell death of lymphoma cells. Therefore, CD45 plays
an important role in stimulating DLBCL cells to secrete large
amounts of galectin-3, an anti-apoptotic factor, and on binding
to glycan receptors on CD45, DLBCL cells becoming more
sensitive to apoptosis.?’

CD45 expression on non-Hodgkin’s lymphoma cells is
higher than found on chronic lymphoblastic leukaemia (CLL)
cells. Keeney et al*' showed a considerable reduction of CD45
expression in CLL patients associated with an elevated number
of smudge cells, a prognostic monitor for disease management.
Therefore, determining the CD45 percentages on these cells can
be useful to monitor disease development.?!

Paediatric ALL and Hodgkin lymphoma cells have shown
significant disappearance of CD45 expression.”” In compar-
ison, adult ALL patients with elevated CD45 have shown reduced
rate of survival. Patients with high levels of CD435 expression on
multiple myeloma cells have shown a favourable prognosis, but
cells are more vulnerable to oxidative stress (an apoptotic factor)
with activated JAK/STAT pathway initiated by IL-6.**

Saint-Paul et al*® found that CD4S5 had a role in the progres-
sion of acute myeloid leukaemia (AML), as the disease develops,
there is a modification in the position of CD45 within lipid rafts,
cholesterol and glycosphingo lipid enriched patches located
in the plasma membrane. The localisation of CD45 within or

Table 1

CD45 biological functions and disorders associated with altered CD45 function

CD45-dependant cellular physiology CD45 function

Altered CD45
Expression consequences

T and B-lymphocytes activation, development, tolerance
and survival®

Downstream of JNK and P38 pathway®'
signalling™

Regulation of SFK activity by dephosphorylating the C-
terminal negative regulatory tyrosine®
Initiation of TCR signalling?

Modulation of cytokine and chemokine production and

T- and B- cell dysfunction

Affect immune cell adhesion and migration*
Autoimmune infectious diseases’

HIV2

Severe combined immunodeficiency®

Recruitment of DOK-1 to the proximal plasma membrane®

Negatively regulator monocytic cell differentiation®
Regulate FLT3 signalling in vivo™

Increased cell movement'

Inhibiting phorbol 12-myristate 13-acetate-dependent
activation and tyrosine phosphorylation of protein kinase C** Myeloproliferative neoplasm™®

Regulation of calcium NF-AT TCA pathway*®

Acute myeloid leukaemia®

Cortical porosity®

Ectopic bone formation®

Decreased Insulin receptor signalling results in
defective cellular motility due to reduction of matrix
metalloproteinase secretion'

INK, Janus kinases; NF-AT, nuclear factor of activated T cells; SFK, Src family kinase; TCA, T cell activation; TCR, T cell receptor.
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Figure 3  CD45 gene polymorphism and disease consequences. C77G
and A138G are the two CD45 polymorphisms affecting PTPRC gene in
human. While C77G target exon four splice silencer which affects the
expression of CD45R0 and leads to immune disorders such as multiple
sclerosis and HIV infection, A138G polymorphism is a substitution of
exon six and results in high expression of CD45R0 with subsequent
immune disorders such as hepatitis B infection and Grave's disease.

outside lipid rafts is crucial for dephosphorylation of SFKs
which results in accelerating the granulocyte monocyte colony
stimulating factor (GM-CSF) signal, essential for proliferation
of leukaemic cells. This discovery has shed light on targeting the
position of CD45 in lipid rafts as a potential method of treat-
ment for AML.>

Therapeutic role of CD45

CD4S5 controls the signalling pathways of the immune system,
thus it has been studied as a therapeutic target for many immune
diseases including autoimmunity and organ transplantation.” A
number of CD435 ligands have been discovered such as PUL11,
placental protein 14 (PP14) and different types of lectins which
regulate CD45 isoforms. Therefore, it might be useful to target
those ligands in order to develop potential pharmaceutical ther-
apeutic options.”

PUL11 is constructed from the UL11 found in cytomegalovirus
infected human cells.”® CD45RA and CD45RO0 interaction with
the extracellular portion of pUL11 results in down-regulation
of T cell proliferation and alteration in TCR signalling path-
way.”’High PUL11 concentration phosphorylates the inhibitory
Y505 residue of LCK, while the activating Y394 residue of LCK
showed comparatively increased phosphorylation at all concen-
trations of PUL11.%® Thus, CD45 PTA is influenced by PUL11
concentration.

PP14, also known as PAEP (progesterone-associated endome-
trial protein), a glycoprotein produced during pregnancy causes
dimerisation and modification in CD45 PTA resulting in reduc-
tion of T cell activity required during the pregnancy. Thus PP14
can act as natural immunosuppressive CD45 ligand.”’

Molecules in pathogenesis

Lectins bind to CD45 as well as many other molecules. While
CD22 is a lectin B cell surface molecule that inhibits BCR signal-
ling when it binds to CD435, galectin-1 binds and inhibits CD45
PTA, important to enhance T cell apoptosis.*°

Furthermore, Galectin-3 binds to glycans on CD45 causing
reduction in CD45 PTA which contributes to the pathophysi-
ology of several diseases such as DLBCL,*! heart failure,**renal
fibrosis*® and cancer.**

CD435 antibodies with isoform specificity and selective phos-
phatase inhibitors have been developed to alter CD45 physi-
ology.” These are immunosuppressive and used to treat different
types of leukaemias® and in stem cell transplantation.*® Devel-
opment of CD45RB antibodies have been successfully applied
in the treatment of modified CD45 isoform expression and
prevention of rejection of allografts with associated inflamma-
tion caused by allergic pulmonary reactions.’’

Alzheimer disease is characterised by the activation of microg-
lial cells which play an essential role in the disease pathophysi-
ology and are highly expressing CD45. Cross-linking of CD45
leads to inactivation of microglial cells.*®

It is essential to validate the specificity of CD45 inhib-
itor to avoid adverse effects considering its wide distribution.
Researchers should propose to inhibit the CD45 enzymatic
activity, but not the CD45 protein as leukaemic cells are highly
proliferating and need CD4S5 activity, while normal cells are
resting and do not require CD45 activity. Thus, it would be
benefit to target inhibiting SFK-dependent growth cancer cells
to produce high selectivity of CD435 inhibitors.

PTP inhibitor XIX (PI-19) is one potential CD45 inhib-
itor drug used for the treatment of organ graft rejection and
autoimmunity.*

Perron et al* discovered 211 (2-[(4-acetylphenyl) amino]—3-
chloronaphthoquinone), a selective CD45 inhibitor effective
in suppressing T cell responses in a delayed hypersensitivity
inflammatory model in vivo with minor toxicity to the normal
immune system. This agent could be used as a potential drug to
prevent the dissemination of metastasis of lymphoid tumours by
targeting CD45 enzymatic activity for cancer therapy.*’

This approach would protect normal non-proliferating cells
that express CD45 but do not depend on CD45 activity, while
clearance of the inhibitor from the body enables normal cells
to resume their ability to form new enzymatically active CD45
protein and activate a normal immune response when required.

SUMMARY

CD4S5 is vital for the normal physiology of haematopoiesis.
This review has discussed the structure and biological activities
of CD45 to better understand the contribution of CD435 to the
regulation of the immunity signalling.

Take home message

» (D45 has many modes of action including in in apoptosis and
cell survival. This molecule may be a potentially useful drug
target. However, further studies are required to help fully
understand all functions of CD45.

Handling editor Des Richardson.
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