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ABSTRACT
Lutheran blood group glycoprotein (Lu-gp) is a specific α5 laminin receptor that is linked by binding to its receptor in the basement membrane matrix. Although the biological function of Lu-gp is unknown, its special affinity with laminin in the chain suggests that it plays an important role in human development and physiological
processes. As the interaction between Lu-gp and laminin is further investigated, their expression may be found to
play an important role in tumor invasion and metastasis. Laminin receptors help cells adhere, receive and conduct
extracellular information into cells, mainly through MAPK pathways, including ERKs, p38MAPK, etc., affecting
the degradation of the extracellular matrix and enhancing tumor cell infiltration and metastasis. Present researches
in cancers mainly focus on aspects relating to laminin, but largely do not pay attention to the Lutheran blood group
antigen, basal cell adhesion molecule. This paper focuses on the abnormal expression of the laminin receptor, that
is, the Lutheran blood group antigen, in cancers, which is of great significance to the mechanism of cancer invasion and metastasis, and for finding effective treatment methods for cancers.
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INTRODUCTION
Cancer is one of the main diseases that greatly
endanger human health. The cancer incidence and
mortality rate in China account for 23.7% and
30.0% of the world, respectively [1-3]. This figure
is set to further rise due to aging, lifestyle modification, intensification of industrialization and
urbanization, etc [4,5]. There are more than 5 million patients who die from malignant tumors every
year. Angiogenesis, essential for cancer growth, is
more frequently found in tumor tissue than normal
tissue[6,7] and is known to play a very important role
in tumor metastasis, as tumor cells passing through

the basement membrane is a key tumor metastasis
step. The basement membrane is a mesh consisting of laminin (LN), Ⅳ collagen, nidogen, heparan
sulfate proteoglycans, and other components, of
which LN is one of the main components. LN is a
family of glycoprotein heterotrimers composed of
α , β and γ chains, with a molecular weight ranging from 80~100 kDa. There are five α chains, four
β chains, and three γ chains known at present [8].
Nineteen different LN heterotrimers identified in
various cultured cells and tissues are widely expressed in various cell types of both developing
and adult tissues, including vascular endothelial
and smooth muscle cells[9,10]. LN is the most abun-
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dant components of the basement membranes surrounding endothelial and medial smooth muscle
cells and play a critical role in angiogenesis and the
maintenance of vessel architecture through regulation of cell adhesion, proliferation, differentiation,
migration, and apoptosis[11].

LUTHERAN BLOOD GROUP GLYCOPROTEIN AND LAMININ
In 1945, Callender et al. found Lutheran blood
group glycoprotein (Lu - gp) in the blood of a patient who received repeated blood transfusions. The
human body produced Lutheran antibody through
immune stimulation such as blood transfusion and
pregnancy[12,13].
Lu - gp, also known as basal cell adhesion molecule (BCAM), is a member of the immunoglobulin superfamily (IgSF). Lu -gp binding to intracellular nuclear fibrin serves as a receptor for LN α 5, which has many biological functions, and has
important effects, such as mediating cell adhesion
and participating in inflammatory and immune responses. The LN-α5 chain is a constituent of LN511 and LN-521. LN-511 is found in most human
basement membranes. Recent studies indicated that
Lu - gp mediated cell adhesion to LN - 511/LN - 521
independently or in concert with integrins [7]. As
mentioned above, we considered that it implied Lu
-gp played an important role in tumor invasion.
Lu-gp, located on red cell membrane, is a member of the IgSF of adhesion molecules, receptors,
and signal transducers that bind the extracellular
matrix glycoprotein laminin specifically to LN
isoforms containing α 5 chains (LN - 10/11). Although the biological roles of Lu - gp are unclear,
its specific binding to LN suggests it may play an
important role in developmental and physiological
processes[8,9].
Currently (and as of 2009) the Lutheran blood
group system consists of 19 identified antigens.
Among them, 8 are alternate alleles of 4 antithetical antigen pairs, LU1/LU2, LU6/LU9, LU8/LU14,
and LU18/LU19, while the other 11 antigens are of
very high frequencies. The Lutheran gene is 12.5
kb and is organized into 15 exons encoding a type
I integral membrane including 5 extracellular domains with 597 amino acids. Exon 1 encodes the
signal peptide; exons 2~6 encode variable segments of the 5 IgSF domains; exons 7~12 encode
the 3 constant segments of these domains; exon 13
encodes the transmembrane and cytoplasmic domain; and exons 14~15 encode the C- terminal 40
amino acids of the short transcript of the larger Lu-

gp isoform[10,11].
Lutheran antigens are carried by two kinds of
glycoproteins with a relative molecular mass of
between 78 kDa and 85 kDa respectively [12]. Their
structure patterns are shown in Fig. 1. Lu - gp first
appears on the surface of nucleated erythrocytes
and is then differentiated. Its isomorphism also appears on endothelial cells and epithelial cells of
various tissues[13]. Recently, data showed that Lugp expression is increased in some cancers and
epithelial cells. Lu- gp is widely distributed in the
placenta and organs of adults, such as brain, liver,
myocardium, esophagus, skin, cervix, ileum, colon,
stomach, and pancreas[10,14].
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Lu-gp

Lu - gp is a specific receptor for LN -α 5. It is
widely distributed on the surface of normal epithelial cells, endothelial cells, peripheral nerve cells,
macrophages, and most tumor cells. Its binding to
LN in vitro shows high affinity, competitiveness,
concentration and time dependence[15]. The binding
site is the YIGSR sequence of the LN-α5 chain. It
has been proved that Lu-gp is a kind of transmembrane glycoprotein which is not only related to
tumor metastasis, but also involved in the mutual
recognition between cells and the transmission of
information inside and outside cells[16]. LN receptor
on the surface of normal cells is mainly concentrated on the basal side of cells, which causes the
cells to adhere to the basement membrane, while
LN receptor on the surface of tumor cells is distributed on the whole cell surface, with an anomalous quantity, most of which cannot be saturated
by LN, which provides a molecular basis for the
adhesion and invasion of tumor cells. LN receptor
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not only promotes cell adhesion on matrix, but also
promotes cell chemotaxis migration and secretion
of type Ⅳ collagenase[17,18].
A large number of studies have proved that the
expression of 85 kDa LN receptor is closely related to the invasion and metastasis of tumor cells.
Tumor cells with high metastatic potential often
express more 85 kDa LN receptors and its precursor[19]. The expression of 85 kDa LN receptor was
found related to the stage and metastasis of a significant number of tumors, including lung cancer,
colon cancer, ovarian cancer, and cervical cancer.
The expression of 85 kDa LN receptor was also
related to the prognosis of breast cancer, which
can be used as one of the indicators to determine
prognosis. In addition, it was found that synthesized anti-85 kDa LN receptor antibody could significantly inhibit the metastasis of tumor cells[20,21].
Satoh et al. also found that inhibiting the expression of 85 kDa LN receptor can reduce the proliferation of lung cancer cells in vitro[22].

LAMININ
LN - 511 membrane receptors include integrin
and non-integrin receptors such as Lu-gp. LN-α5 is
a subunit of LN-511. Many of the biological functions of LN - 511 are realized through LN -α 5, because it contains the main site of interaction with
the cell receptor. The researches show that LN α 5 has multiple functions in the development of
tissues and organs. Interestingly, LN-α 5 is also a
multifunctional adhesion protein which regulates
tumor adhesion, invasion, and metastasis[23]. On the
one hand, LN-α5 binds to integrin receptor on the
surface of tumor cells, which promotes the adhesion of tumor cells; on the other hand, LN-α5 binds
to a class of non-integrin receptor on the surface of
tumor cells, which promotes the migration of tumor cells, and is conducive to tumor invasion and
metastasis. In fact, there is still a controversial relationship between integrin receptor and non-integrin receptor. Studies have shown that LN-α5 was
highly expressed in breast, thyroid, ovary, prostate,
and other tissues [16,18]. We found that LN -α 5 was
also highly expressed in lung cancer, renal cancer,
colorectal cancer, pancreatic cancer, and other tumor tissues by immunohistochemistry[15,16,18].
LN-α5 was highly expressed in lung adenocarcinoma tissues, and it was found that the expression
of LN -α 5 increased when A549 cells were in non
G1 phase[19-21]. LN-α5 is also an essential extracellular matrix for neovascularization. Lung adeno-
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carcinoma cells in the proliferative stage synthesize
and secrete LN-α5, which creates a good environment for angiogenesis of lung adenocarcinoma
and promotes neovascularization [23]. Angiogenesis
promotes the growth of lung adenocarcinoma and
forms a vicious circle.
LN - 511 is detectable primarily in endothelial cell basement membranes of capillaries and
venules commencing 3~4 weeks after birth. It is
upregulated only by strong proinflammatory
signals, such as tumor necrosis factor (TNF -α ),
indicating that LN - 511 may play an important
role in angiogenesis [24] . LN - 511 receptor on the
cell surface are divided into the integrin receptor and non-integrin receptor (such as Lu-gp). The
endothelial cell membrane expresses several integrin receptors. Recent studies reported that integrin
α3β1 was the main specific receptor of LN-511[25].
Many of the biological functions of LN - 511 are
mediated through the α5 subunit. The mice lacking
LN-α5 die during late embryogenesis with several
developmental defects.
In addition, many studies showed that the expression of LN -α 5 was often maintained or even
increased in advanced tumors [21] . The results of
tumor angiogenesis showed that LN-α5 was highly
expressed in breast cancer and glioma. More literatures proved that LN -α 5 was also highly expressed in lung cancer, renal cancer, colon cancer,
pancreatic cancer, and other tumors by immunohistochemistry[25,27].
THE ROLE OF LAMININ AND LAMININ
RECEPTOR IN TUMOR METASTASIS
The interaction between laminin receptor (LNR) on the cell surface and LN in the basement
membrane is closely related to the invasion and
metastasis of malignant tumor cells. In the process
of tumor metastasis, the cancer cells fall from the
primary tumor and bind to the matrix complex (such
as LN) specifically through their surface receptors [26], then the combined cancer cells secrete or
stimulate the host cells to secrete enzymes (such as
type Ⅳ collagenase) that degrade the matrix locally. In the process, cancer cells must pass through
the basement membrane at least three times, breaking through the basement membrane of cancer
cells, infiltrating the connective tissue, and passing
through the basement membrane of vessels in order
to enter and exit the blood vessels [19,20]. In recent
years, with the wide application of molecular biology techniques and the discovery of other members
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of LN - R family, the study of LN and LN - R has
entered a new stage. By observing the effects of
LN on the secretion of type Ⅳ collagenase and the
infiltration ability in vitro of cholangiocarcinoma
cell line QBC939, Wang Shuguang et al. proved
that LN can enhance the infiltration ability of cancer cells by stimulating the secretion of type Ⅳ
collagenase, and that LN antibody can inhibit the
stimulating effect of LN on the secretion of type Ⅳ
collagenase in varying degrees[15].
In a word, as an important part of extracellular
matrix, LN has many biological functions by combining with LN - R on the cell surface. One of its
important functions is to affect the metastasis behavior of tumor cells. Further studies into the role
of LN and LN-R in the process of tumor metastasis
will deepen the understanding of the mechanism of
tumor metastasis and provide a new way of thinking and treatment for controlling tumor metastasis.
THE RELATIONSHIP BETWEEN LUTHERAN GLYCOPROTEIN AS BASAL
CELL ADHESION MOLECULE AND TUMOR CELL MIGRATION
BCAM is involved in the interaction between
cells and extracellular matrix. It can be roughly
divided into five categories: cadherin, selectin, immunoglobulin superfamily, integrin, and hyaluronic
acid mucin. BCAM consists of transmembrane
glycoproteins, and its molecular structure consists
of three parts: extracellular region, transmembrane region, and cytoplasmic region. All of these
BCAM regions have extracellular and cytoplasmic
functional areas, which are usually activated by
intracellular functional areas[15]. They are involved
in intercellular adhesion, information transmission,
inflammation and immune response by binding
extracellular junction areas with corresponding ligands.
The interaction between cell matrix is the key
for tumor cell migration. Lu-gp is a specific receptor of LN-α5. It competes with integrin to bind to
LN-α5, while LN-511 is the main component of the
basement membrane. BCAM interacts with LN10 and α5 of LN-11. On the inner side of the cell,
the cytoplasmic tail area interacts with the hemochromatin of the cytoskeleton [9]. The interaction
between BCAM and hemagglutinin regulates epithelial cell adhesion and proliferation in LN. It has
been shown that the expression of Lu-gp can promote the migration of tumor cells in LN-511 rather
than cell adhesion. Preferentially binding Lu - gp
to LN -α 5 promotes tumor cell migration. Lu - gp

mainly induces the morphology of spindle cells and
pseudopods, and promotes the migration of cells on
LN-511. In addition, blocking with Lu -gp antibody/
BCAM antibody can lead to cell flattening, thus
inhibiting cell migration on LN-511[13,14], which is
similar to the effect of activating integrin 1 antibody. Researchers believe that Lu-gp is required to
competitively regulate cell adhesion through integrin for tumor cell migration on LN-511, and Lugp is also required to competitively weaken cell
adhesion through integrin for tumor cell migration
on LN-511. We believe that this competitive interaction participates in the balance between cell stasis and migration, and the competition between LN
receptors may also provide a balance between cell
stasis and migration behaviors.
EXPRESSION OF LUTHERAN GLYCOPROTEIN IN TUMOR CELLS
It was reported that Lu - gp expression was enhanced in the process of arterial development,
erythropoiesis, smooth muscle development and
other organ formation, certain cancers, and epithelial cell malignant transformation[11,12]. In addition,
the adhesion of red blood cells to endothelial cells
is related to vascular complications in diabetic patients, leading to endothelial disorders or vascular
dysfunction, such as organ transplant rejection,
systemic lupus erythematosus and a series of vasculitis and thrombosis disorders. So it may play an
important role in cancers.
Lu - gp has also been reported to be highly expressed not only in benign and malignant skin
tumors (squamous and basal cell carcinoma, keratomyoma and verruca), but also in normal skin,
psoriasis and contact dermatitis [10,13-14] . In addition, Lu - gp was found to increase significantly in
patients' sera in a study by mass spectrometry to
analyze serum biomarkers of pancreatic cancer [15].
Lu - gp was also highly expressed in endometrial
carcinoma and ovarian endometrial carcinoma by
immunohistochemistry [16] . Similarly, Lu - gp was
also highly expressed in liver cancer, and in surrounding tissues and nodules[17]. More importantly,
the concentration of Lu-gp in serum of patients with
liver cancer decreased significantly with the removal
of liver cancer tissue [18]. However, Lu - gp expression is not only related to malignant tissues[10], it is
also expressed in benign epithelial skin tumors and
normal tissues near liver cancer [17]. Lu - gp is only
expressed in primary tumor cells, but not in metastatic tumor cells[19].
However, the expression of Lu - gp in papillary
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thyroid cancer with lymph node metastasis and
papillary thyroid cancer with lymphocytic infiltration was lower than that in papillary thyroid cancer without the above characteristics, and the data
in both groups were lower than that in the control
group with normal thyroid tissue. The expression of
Lu-gp in papillary thyroid carcinoma with diameter of
>10 mm was significantly lower than that in papillary
thyroid carcinoma with diameter of < 10 mm while
the data in both groups were lower than that in the
normal thyroid tissue control group[9].
In contrast, BCAM expression was lower in thyroid cancer tissue samples, whereas high Lu - gp
expression was also detected in human renal pelvis, ureteral, and bladder tumors, significantly associated with advanced tumors (P=0.02). Patients
with high Lu-gp expression showed a tendency for
increased tumor volume and decreased diseasespecific survival. More importantly, reports have
found that H - Rasv12 mutants can transcriptionally upregulate Lu/BCAM expression as showed
in Fig. 2 . The study suggests that cells activate
BCAM overexpression through ligand layer adhesion protein 10/11, further enhance colony formation and anchor independence cell migration, RhoA
elevation, and inhibition of Rac1 activity through
cell growth, adhesion, and suppress cell migration through the Erk signaling pathway. RhoA is
involved in actin stress fiber formation and focal
adhesion[27].
That is, in the presence of LN, Lu - gp can promote the rearrangement of F - actin, increase the
adhesion of tumor cells and reduce cell migration
through the Erk and RhoA/Rac1 signaling pathway,
resulting in increased cell adhesion, promotion of
F - actin lesion formation and tumor formation. A
hypothetical model of the Lu-gp mediated cell adhesion signaling pathway during LN stimulation of
human bladder tumorigenesis is shown in Fig. 2[27].
Studies Show the importance of Lu - gp in cancer
progression, but its potential mechanisms in lung
cancer are less studied.
In a comprehensive experimental study on tissue sections, researchers found that an antibody
could inhibit the binding of Lu - gp to LN -α 5. In
order to recognize the blocking antibody, the site
of Lu-gp through this antibody was identified. The
extracellular domain of Lu - gp contains five IgSF
regions, D1 - D2 - D3 - D4 - D5. The antibody epitope
was located in D2, not in D3, the main binding site
of LN-α5[28, 29]. In addition, mutation studies show
that arg175 (i.e. LU4 blood group antigen site)
is essential for the formation of antigen epitopes,
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[27]

and the antibody is tightly bound in space, which
hinders its interaction with α5. Moreover, the cell
adhesion test using this antibody also showed that
Lu-gp, as an auxiliary receptor, could make tumor
cells adhere to LN -α 5 [30]. The conclusion of this
study showed that this inhibitory antibody, a functional blocking antibody against Lu/BCAM, can
not only be used to study cell adhesion to LN-α5,
but can also be used to develop drug to inhibit vascular obstruction of sickle cells[22, 31].
As an important part of the extracellular matrix,
LN combines with the LN receptor on the cell surface to produce a variety of biological functions,
one of which is to affect the invasion and metastasis of tumor cells. Lu-gp is a highly specific membrane receptor protein of LN -α5 and further study
on its role and LN in the process of liver tumor
metastasis will deepen the understanding of the
mechanism of liver tumor metastasis and provide a
new way of treatment for the control of cancer invasion and metastasis.
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