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Human Ly-6/uPAR molecules are a superfamily composed of
two subfamilies; one is the membrane bound proteins with a
GPl-anchor and the other are secreted proteins without the
GPl-anchor. Ly-6/uPAR molecules have remarkable amino acid
homology through a distinctive 8-10 cysteine-rich domain that
is associated predominantly with O-linked glycans. These
molecules are encoded by multiple tightly linked genes located
on Chr. 8¢g23, and have a conserved genomic organization.
Ly-6/uPAR molecules have an interesting expression pattem
during hematopoiesis and on specific tumors indicating that
Ly-6/uPAR molecules are associated with development of the
immune system and carcinogenesis. Thus, Ly-6/uPAR mole-
cules are useful antigens for diagnostic and therapeutic targets.
This review summarizes our understanding of human Ly-6/
uPAR molecules with regard to molecular structure as well as
what is known about their function in normal and malignant
tissues and suggest Ly-6/uPAR molecules as target antigens for
cancer immunotherapy. [BMB Reports 2012; 45(11): 595-603]

INTRODUCTION

Ly-6 molecules were initially identified in mice as lymphocyte
differentiation antigens (1). Ly-6 molecules are encoded by
multiple tightly linked genes located on mouse chromosome
15 and have conserved genomic organization (2). Murine Ly-6
molecules are a set of structurally related and distinct collec-
tion of low molecular weight GPl-anchored cell surface glyco-
proteins such as Ly6a (Sca-1), Ly6b, Ly6c1, Ly6d (Thb), Ly6e
(Sca-2), Ly6f, Lybg, Ly6h, Ly6i, Lybk, and TSA-1 antigens and
are characterized by leukocyte expression (3). Secreted Ly-6
molecules without a GPl-anchoring sequence have been iden-
tified in mouse seminal vesicles (4). Murine Ly-6 molecules
are expressed on fully differentiated cells in specific compart-
ments of peripheral lymphoid tissues including the spleen,
lymph nodes, and peripheral blood but limited expression oc-
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curs on non-lymphoid tissues (5). The binding of an anti-Ly-6
monoclonal antibody triggers cellular activation associated
with T-cell activation, lymphoblast transformation, and signal
transduction through the TcR-CD3 complex (3, 5).

The CD59 human Ly-6/uPAR molecule was first identified in
human lymphoid cells (6). Since 1989, several human Ly-6/
uPAR family members exhibiting varying degrees of similarity
to murine Ly-6 molecules have been identified. To date, a total
20 human Ly-6/uPAR proteins, ranging from 11 to 36 kDa,
have been identified and classified into transmembrane pro-
tein and secretory protein subfamilies according to the GPI-
anchored signaling sequence. We review the structure and
function of human Ly-6/uPAR molecules in detail as well as
their clinical value as biomarkers and molecular targets for
cancer therapy.

CHARACTERIZATION OF HUMAN Ly-6/uPAR MOLECULES

A cluster of genes has been mapped to human chromosome 8
for many members of the human Ly-6/uPAR superfamily, partic-
ularly 8924.3, which is synthenic to the murine Ly6 locus, the E
band on mouse chromosome 15 (2). Other genes encoding the
human Ly-6/uPAR superfamily members are localized on hu-
man chromosome 19913 (UPAR, LYPD5, SAMP14, and LYPD3),
chromosome 2q21-23 (LYPD1, LYPD6, and LYPD?), chromo-
some 11 (CD59 and SP-10), and chromosome 7 (CD177).

The Ly-6/uPAR superfamily of molecules is a single chain
that has one or more LU domains. Ly-6/uPAR molecules have
two distinct regions including: (i) a -NH, terminal polypeptide,
which contains a consensus leader sequence, Leu(Val/Ala)
LeuLeuleu(Ala/Val) Leu(Ala/Val) within a signal peptide 11-30
amino acids long that are destined towards the secretory path-
way; and (ii) a peptide that forms a conserved 8-10 cysteine
residue, hydrophilic LU domain. Ly-6/uPAR can be classified
into two subfamilies based on the theoretical absence or pres-
ence of the GPl-anchor domain: one represents trans-
membrane proteins and the other represents secretory proteins
without a GPI anchor. The transmembrane proteins of the
Ly-6/uPAR superfamily have a-COOH terminal polypeptide
that contains a consensus signal sequence located within 8-10
amino acids of the —NH, terminal of a hydrophobic domain,
which is required for cleavage of the -COOH peptide during
phosphatidyl inositol anchor biosynthesis.

Cell surface expression of CD59, GHPIHBP1, GML, LY-6D,
LY-6E, LY-6H, LY-6K, LYPD1, LYPD2, LYPD5, and PSCA and
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Fig. 1. Amino acid sequence analysis of human Ly-6/uPAR molecules. The amino acid sequences of human Ly-6/uPAR superfamilies, from
Leu' to Asn'®, were aligned with other sequences for comparison. Conserved cysteine residues are represented * and the boxes show ami-

no acid identity.

the secretion of SLURP1, SLURP2, SAMP14, and SP-10 is char-
acterized by a single LU domain containing cysteine residues
that have remarkable conservation within the mature peptide
(Fig. 1). Internal disulfide bonds form between the sulfur atoms
of two cysteine residues within the LU domain. In contrast to
other cell surface proteins, CD177 and LYPD3 and uPAR con-
tain two and three contiguous copies of the LU domain,
respectively. LYPD6 and LYPD? (also known as LYPD6B) have
a LU domain but it contains 12 cysteine residues within the
mature peptide. Cysteine residues are numbered in the context
of the amino acid sequence of the Ly-6/uPAR superfamily mol-
ecules; equal spacing is observed between Cys® and Cys®,
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LY-6E,

tural epitopes.

Cys” and Cys*’, and Cys™® and Cys'” in CD59, GML, LY-6D,
LY-6H, LY-6K, LYPD2, LYPD5, PSCA, SLURPI1,
SLURP2, LYPD3.1, uPAR(1-3), LYPD6, and LYPD7 amino acid
sequences, although the GHPIHBP1, LYPD1, LYPD3.2 and
SAMP14 sequences have different cysteine spacing between
Cys25 and Cys37. Heterogeneity in cysteine residue spacing,
which is observed between Cys® and Cys'®, Cys" and Cys®,
Cys”’ and Cys®, Cys® and Cys®, Cys® and Cys® in
Ly-6/uPAR superfamily molecules, may impart specific struc-

Other obvious amino acid identity and homology regions
have been observed (Fig. 1). Many Ly-6 family genes have a
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highly conserved sequence located at the -NH, terminus; a
LeuXxxCysXxxXxxCys motif at the -COOH terminus; a
CysCysXxxXxxXxxXxxCys Asn motif is found in almost
Ly-6/uPAR related amino acid sequence except for SP-10,
which has a CysCysXxxXxxXxxXxxXxxCysAsn motif, whereas
CD177 does not.

A three-dimensional crystal and solution structure of a-bun-
garotoxin was the first murine Ly-6/uPAR family structural
model, and the amino acid sequence of the predicted B-sheet
is shared between snake toxins and murine Ly-6 (7). The struc-
tural confirmation of a-bungarotoxin is maintained by internal
disulfide bonds between the first and fifth, second and third,
fourth and sixth, seventh and eighth, and ninth and tenth cys-
teine residues. Similarly, Ly-6/uPAR molecule structure can be
predicted. The evolutionary relationship among the Ly-6/uPAR
protein family was clarified by constructing a phylogenetic tree
and Ly-6/uPAR superfamily amino acid sequences from Leu'
to Asn'® (Fig. 2). This analysis showed early divergence of the
GML amino acid sequence, and a progenitor sequence of the
other formed a common ancestral sequence.

FUNCTIONAL ANALYSIS OF Ly-6/uPAR MOLECULES

CD59
The plasma membrane glycoprotein CD59 (protectin) was the
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Fig. 2. Phylogenetic tree of the human Ly-6/uPAR superfamily of
molecules constructed based on the amino acid sequence distance
method for Ly-6/uPAR superfamilies from Leu' to Asn'®, using
the neighbor-joining algorithm (99) and the WAG alpha sub-
stitution model (100). Scale bar indicates branch length.
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first member of Ly-6/uPAR sueprfamily found in humans (6).
Complement regulatory protein CD59 functions as a major
protective element against C5b-9, thereby blocking assembly
of the membrane attack complex for human complement-
mediated cell lysis (8, 9). Second, CD59 induces T lymphocyte
activation and participates in regulating the immune response
(10). Third, CD59 acts as a CD2 complex ligand and activates
T cells by secreting the cytokines interleukin (ID-1 alpha, IL-6,
and granulocyte-macrophage colony-stimulating factor (11).
Fourth, CD 59 functions as a regulator of tumor cell growth
and apoptosis; overexpressed CD59 induces proliferation and
reduces anti-apoptotic Bcl-2 expression in MCF7 cells (12).
These results suggest that CD59 may be a promising target for
cancer immunotherapy.

CD177

CD177 (human neutrophil antigen-2a, NB1 glycoprotein, or
polycythemia rubra vera 1) is a hematopoietic cell surface
marker that is exclusively expressed on neutrophils (13).
CD177 regulates neutrophil migration by binding with CD31
(platelet endothelial cell adhesion molecule-1) as a hetero-
philic binding partner of CD177 and induces the cytokine sig-
naling cascade including thrombopoietin and IL-3-induced
proliferation, and proteinase 3 expression, which is target anti-
gen of anti-neutrophil cytoplasm auto-antibodies (14-16).
These data indicate that regulating CD177 expression may be
a novel strategy for cancer therapy by regulating the immune
response.

GPIHBP1

GPIHBP1 is expressed exclusively in capillary endothelial cells
along the capillary lumen and is highly expressed in heart and
brown adipose tissue, which are crucial for processing of tri-
glyceride-rich lipoproteins (17,18). These GPIHBP1 expre-
ssion patterns suggest that GPIHBP1 serves as a lipoprotein li-
pase binding site within capillaries and may play a particularly
important role in lipoprotein metabolism.

LY-6 molecules

LY-6D (E48 antigen) is expressed exclusively on normal squ-
amous epithelia and transitional epithelium and their malig-
nant counterparts (19). LY-6D is an effective target antigen for
diagnosis and therapeutic exploitation in the management of
patients with head and neck squamous cell carcinoma
(HNSCC) and micrometastases to lymph nodes from HNSCC
(20, 21).

LY-6E (RIG-E, stem cell antigen 2, and thymic shared anti-
gen) are expressed in squamous cells, peripheral blood, and
bone marrow cells. LY-6E plays an important role in T-cell dif-
ferentiation, activation of the T-cell receptor signaling path-
way, and proliferation and differentiation of T2ECs (transfor-
ming growth factor [TGF]-a. and TGF-B induced erythrocytic
cells) that self-renew primary avian erythroid progenitors
(22-24). Interestingly, LY-6E is highly expressed in various hu-
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man cancers, such as colon cancer and malignant kidney can-
cer (25). Thus, LY-6E affects tumorigenesis by changing cell
proliferation and differentiation.

LY-6H is highly expressed in the human brain, such as the
cerebral cortex and also in acute lymphoblastic leukemia cells;
thus, LY-6H might play an important role in both the central
nervous (CNS) and immune systems (26).

LY-6K, as a cancer-testis antigen, was initially identified as a
HNSCC diagnostic and therapeutic target antigen similar to
LY-6D (27). Elevated LY-6K is a serologic diagnostic biomarker
and therapeutic target for breast cancer, lung and esophageal
carcinomas, bladder cancer, and esophageal squamous cell
carcinoma (ESCC) (28-31). Induced LY-6K regulates cell
growth, invasion, and migration of lung, esophageal, breast,
and bladder cancer cell lines (29, 30, 32). Additionally, LY-6K
is an immunotherapeutic target of cancer vaccine therapies be-
cause LY-6K stimulates cytotoxic T lymphocytes that have spe-
cific cytotoxic activity against ESCC cells that endogenously
express LY-6K (33). Taken together, these results suggest that
inhibiting LY-6K expression may be a promising target for con-
trol of these cancers and that targeting LY-6K may be a novel
cancer therapy strategy.

LYPD molecules

LYPD1 (putative tumor suppressor) acts as a putative tumor
suppressor in the Hela cell p53-independent pathway (34).
The LYPD1 gene is highly expressed throughout the CNS, such
as the cerebellum, cortex, pons, hippocampus, hypothalamus,
striatum, amygdale, and septum based on quantitative reverse
transcription-polymerase chain reaction and in situ hybrid-
ization analyses (35). Therefore, LYPD1 may play important
roles in both tumorigenesis and the CNS.

LYPD3, also known as metastasis-associated membrane pro-
tein C4.4A, has been observed in placental tissue, skin, esoph-
agus, and peripheral blood leukocytes (36). Human LYPD3, a
UuPAR structural homologue, has been detected in cancer cell
lines, including melanoma, breast, bladder, and renal cell car-
cinoma, as well as in tumor tissue samples from malignant
melanoma, metastatic breast cancer, tumor budding, and the
epithelial-mesenchymal transition of colorectal cancer,
non-small cell lung carcinoma with a poor prognosis, invasion
and metastasis of esophageal squamous cell carcinoma, and
urothelial tumors (37-42). Wound healing and metastasis pro-
moted by LYPD3 is associated with a(6)B(4) integrin and
MT1-MMP1 (43). These findings indicate that LYPD3 may also
be a cancer therapy target.

LYPD®6 is ubiquitously expressed in human tissues but high-
ly expressed in brain and heart and localized in the cytoplasm
where it suppresses activator protein-1 (AP-1)-mediated tran-
scriptional activation (44).

LYPD? is also known as LYPD6B and is highly expressed in
testis, lung, stomach, and prostate, localized in the cytoplasm
and activates AP-1 and phorbol myristate actetate-mediated
transcriptional activation (45). Further studies are needed to
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gain a better understanding of the role of LYPD under normal
conditions and diseases.

PSCA

Previous studies have reported that PSCA expression is upregu-
lated in prostate cancer, pancreatic adenocarcinoma, transi-
tional cell carcinoma, clear cell renal cell carcinoma, dif-
fuse-type gastric cancer, endometrial adenocarcinoma, non
small cell lung cancer, cervical squamous cell carcinoma, in-
vasive micropapillary carcinoma, and glioma (46-55). In con-
trast, PSCA is downregulated in esophageal, gastric, stomach
tumors, HNSCC, and gallbladder carcinogenesis (27, 56, 57).
PSCA genetic variations affect susceptibility to diffuse-type gas-
tric cancer, urinary bladder cancer, stomach cancer, and breast
cancer (50, 58-60). Additionally, PSCA regulates cell growth
through the p53-related or immune signaling pathways, adhe-
sion of epithelial cells, and tumor migration and metastasis
(61-64). Therefore, PSCA expression may be a diagnostic
marker and therapeutic target antigen for cancer therapy.

SAMP14

SAMP14 is localized near the uPAR shows testis-specific ex-
pression through the outer and inner acrosomal membranes as
well as the acrosomal matrix. Antibodies against SAMP14 in-
hibit binding and fusion of human sperm to zona-free eggs
(65). These results suggest that SAMP14 may regulate the
sperm-egg interaction. However, further studies are needed to
gain a better understanding of the role of SAMP14.

SLURP1 and SLURP-2

SLURP1 was the first secreted mammalian member of the
Ly-6/uPAR protein superfamily identified without a GPl-an-
choring signal sequence (66). SLURP1 and SLUPR2 have been
identified in Mal de Meleda and hyperproliferative skin of pa-
tients with psoriasis vulgaris, respectively (67, 68). SLURP1
regulates epidermal homeostasis, inflammation, keratinization,
and programmed cell death as well as tumorigenesis of the co-
lon, survival of fibroblasts, and T cell activation (69-72).
SLURP2 plays a role not only in kerationcyte hyper-
proliferation and T cell differentiation/activation but is also
competes with SLURP1 for the human nicotinic acetylcholine
receptor (hAChR), thereby delaying keratinocyte differentiation
and preventing apoptosis (68, 73). Both SLURP1 and SLURP2
are efficient autocrine and paracrine ligands of keratinocyte
nAChRs and activating the nAChR-mediated signaling path-
ways prevents malignant transformation of oral cells by regu-
lating lymphocyte function and the immune system (74).
Taken together, these results suggest that SLURP1 and SLURP2
may also be a target for cancer therapy by regulating the im-
mune system and tumorigenesis.

SP-10

SP-10 is also known as acrosomal protein SP-10 or acrosomal
vesicle protein 1 and has been identified as a potential contra-
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ceptive immunogen with germ cell specificity because a mon-
oclonal antibody specific to SP-10 inhibits sperm penetration
(75). SP-10, like the SAMP14 testis-specific acrosomal protein,
is a spermatid differentiation marker localized to the develop-
ing acrosome of round and elongating spermatids and is asso-
ciated with the inner and outer acrosomal membranes of most
mature spermatids (76, 77).

uPAR

uPAR was first identified in human blood monocytes and the
histolytic lymphoma cell line U937 (78). uPAR plays an im-
portant role regulating degradation of extracellular matrix pro-
teins and intravascular fibrinolysis on the cell surface (79).
UuPAR expression is overexpressed in various cancers, includ-
ing colon cancer, invasive breast, melanocytic tumor pro-
gression, invasive brain tumor, squamous cell lung carcinoma,
renal cell carcinoma, hepatocellular carcinoma, gastric cancer,
ovarian cancer, HNSCC, oral cancer, aggressiveness lingual
squamous cell carcinoma, and ductal pancreatic carcinoma
(80-92). uPAR influences cellular behavior during pro-
liferation, inflammation, wound healing repair, adhesion, an-
giogenesis, and metastasis by forming a complex with integrins
and uPA, which activates the ERK signaling pathway (93).
uPAR activation also leads to extravasation and migration of
activated T lymphocytes and chemotaxis of polymophonuclear
leukocytes (94, 95). Interestingly, soluble uPAR is observed in
ovarian cancer, multiple myeloma, breast cancer, burn-in-
juries, and severe sepsis and regulates uPA enzymatic activity
and mobilization of hematopoietic stem cells (96-98).

CONCLUSION

The first human Ly-6/uPAR molecule was discovered relatively
recently, and various Ly-6/uPAR family proteins have been
identified. The studies described in this review have revealed
many interesting properties of the human Ly-6/uPAR family of
molecules in the context of tissue expression, molecular struc-
ture, and function. These molecules share remarkable amino
acid homology in terms of conserved cysteine residues, which
are crucial for the conformation of the Ly-6/uPAR domain.
Some of the Ly-6/uPAR encoding tumor-specific antigens and
their recognition by tumor specific cytotoxicity T lymphocytes
have opened new avenues for developing effective anticancer
immunotherapies. The Ly-6/uPAR members are considered
promising candidates for cancer immunotherapy because they
are strictly tumor specific and are shared by many kinds of
tumors. The Ly-6/uPAR molecules are considered not only
cancer vaccine targets but also target antigens for anti-
body-based immunotherapy. Other Ly-6/uPAR molecules such
as SAMP14 and SP-10 are associated with testis-specific ex-
pression, and their function in tumorigenesis is unknown.
Many aspects of the Ly-6/uPAR family are not fully under-
stood, and future studies in the context of: (i) the relationship
between the regulation of human Ly-6/uPAR expression in
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hematopoiesis and peripheral tissues to cell development and
function in vivo and (ii) understanding the mechanisms of tu-
morigenesis or migration will allow insight into the functional
roles of Ly-6/uPAR molecules in vivo.
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