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ABSTRACT
METCAM/MUC18, an integral membrane Cell Adhesion Molecule (CAM) in the Ig-like
gene super-family, is capable of performing typical functions of CAMs, such as mediating cellcell and cell-extracellular interactions, crosstalk with intracellular signaling pathways, and
modulating social behaviors of cells. METCAM/MUC18 is expressed in about nine normal cells/
tissues. Aberrant expression of METCAM/MUC18 has been associated with the progression of
several epithelial tumors. Since METCAM/MUC18 has been implicated in the progression of
nasopharyngeal carcinomas, we initiated the study of the possible roles of METCAM/MUC18
in the malignant progression of NPC. We showed that METCAM/MUC18 was expressed in all
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of the normal nasopharynx, but weakly expressed in only 27% of the NPC tissues, suggesting
that METCAM/MUC18 may function as a tumor suppressor in the development of NPC during
the progression of the disease. To test the hypothesis, we investigated the effect of METCAM/
MUC18 over-expression on in-vitro cellular behavior and in-vivo tumorigenesis of two NPC cell
lines in athymic nude mice. Indeed, METCAM/MUC18 over-expression suppressed the tumor
growth of NPC-TW01 cells, which were established from type I NPC. Surprisingly, METCAM/
MUC18 over-expression promoted the tumor growth of NPC-TW04 cells, which were established
from type II NPC. We suggested that METCAM/MUC18 plays a tumor suppressor role in the type
I NPC, however, a tumor promoter role in the type II NPC. The dual role played by METCAM/
MUC18 in the progression of two different types of NPC’s may be modulated by different intrinsic
factors and also in different stromal microenvironment. Furthermore, radio-sensitivity of tumors
induced from both cell lines was increased by increased expression of METCAM/MUC18. Thus
ectopically increased expression of this protein may be used for clinical treatment. This may
serve as a model for understanding the contribution of three etiological factors to triggering the
malignant progression of NPC and for translational applications.

INTRODUCTION

Nasopharyngeal Carcinoma (NPC)
Nasopharyngeal Carcinoma (NPC) is a malignant head and neck cancer; 90% of that develops
in the non-lymphomatous, squamous epithelial lining of posterior nasopharynx [1]. NPC takes
one of the three patterns (or three subtypes): keratinizing squamous cell carcinomas (WHO type
I), non-keratinizing squamous cell carcinomas (WHO type II), and undifferentiated carcinomas
(WHO type III) [2].

NPC is prevalent in several regions around the world: Southern China, Mediterranean Africa,
and Eskimos inhabited areas [3]. The disease is the major cause of cancer death among Southern
Chinese; especially those in the Canton province so that NPC bears a notorious name of Canton
tumor [1,3]. Radiotherapy is an effective treatment for NPC, and more than 80% of patients with
early disease are curable [4]. Unfortunately, most of the NPC patients are diagnosed at later stages,
where treatment is much less effective and difficult [4,5]. If these patients are diagnosed earlier or
if relapses can be predicted sooner, clinical management would be greatly improved.

Epidemiological studies suggest that three major etiological factors, such as genetic
susceptibility, environmental factors, and infection with Epstein Barr Virus (EBV), contribute
to the extraordinary incidence in endemic areas [1-6]. Though contribution of these factors to
NPC incidence provides a model system to study the interaction of multiple factors resulting in
cancer, the specific contribution of each of the three factors to the tumorigenesis and metastasis
of NPC remains elusive. Nevertheless, these etiological factors may induce aberrant expression
of Cell Adhesion Molecules (CAMs) in NPC, since CAMs govern the social behaviors of cells and
altered expression of CAMs affects the motility and invasiveness of many tumor cells in-vitro and
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metastasis in-vivo [7]. For examples, up-regulation of ICAM [8] and down-regulation of E-cadherin
[9,10] and connexin 43[11] correlates with the progression of NPC; however, the expression of
CD44 does not [9]. Though it is not known how the three major etiological factors contribute to
the extraordinary incidence in endemic areas. But from their induction of aberrant expression of
Cell Adhesion Molecules (CAMs), which has been proven evident in NPC, perhaps the mechanism
can be deduced.

METCAM/MUC18

Human METCAM/MUC18 (or MCAM, Mel-CAM, S-endo1, CD146, or A32), an integral
membrane Cell Adhesion Molecule (CAM) in the immunoglobulin (Ig)-like gene super family, has
an N-terminal extra-cellular domain of 558 amino acids, a transmembrane domain, and a short
intra-cellular cytoplasmic domain (64 amino acids) at the C-terminus, as shown in the following
Figure 1[12-13].

Figure 1: HuMETCAM protein structure: SP stands for signal peptide sequence, V1, V2, C2, C2’,
C2’’ for five Ig-like domains (each held by a disulfide bond) and X for one domain (without any
disulfide bond) in the extracellular region, and TM for transmembrane domain. P stands for five
potential phosphorylation sites (one for PKA, three for PKC, and one for CK2) in the cytoplasmic
tail. The six conserved N-glycosylation sites are shown as wiggled lines in the extracellular
domains of V1, between C2’ and C2”, C2’’, and X.

As shown in the above Figure 1, the extra-cellular domain of the protein comprises a signal
peptide sequence and five immunoglobulin-like domains and one X domain [12,13]. The
cytoplasmic domain contains five consensus sequences potentially to be phosphorylated by
PKA, PKC, and CK2 [12,13]. Thus human METCAM/MUC18 is capable of performing typical
functions of CAMs, such as governing the social behaviors by affecting the adhesion status of cells
and modulating cell signaling. Therefore, an altered expression of METCAM/MUC18 may affect
motility and invasiveness of many tumor cells in-vitro and tumorigenesis and metastasis in-vivo
[13].
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Human METCAM/MUC18 is only expressed in several normal tissues, such as hair follicular
cells, smooth muscle cells, endothelial cells, cerebellum, basal cells of the lung, activated T cells,
intermediate trophoblasts [14], normal breast epithelium [15], ovarian epithelium [16], and
nasopharyngeal epithelium [17]. Human METCAM/MUC18 is also expressed in several epithelial
tumors, such as melanoma, prostate cancer, osteosarcoma, breast carcinoma, and intermediate
trophoblast tumors [13,14]. METCAM/MUC18 has dual effects on different tumors: either it has no
effect or a positive effect on tumorigenesis of some cancers, or a negative effect on tumorigenesis
of some other cancers. It may also manifest a positive or a negative effect on metastasis of different
cancer cells. For examples, over-expression of METCAM/MUC18 promotes the tumorigenesis of
prostate cancer [18] and breast carcinoma [19,20], but it has a minimal effect on the tumorigenesis
of melanoma [21]. Over-expression of METCAM/MUC18 also initiates the metastasis of prostate
cancer [22] and promotes the metastasis of melanoma [21] and breast carcinoma [23].
On the contrary, the possibility that the over-expression of METCAM/MUC18 might play a
tumor suppressor role was first suggested by Shih et al. [15], who found that METCAM/MUC18
expression suppressed tumorigenesis of a breast cancer cell line MCF-7 in SCID mice. However,
this notion was contradicted by recently published evidence, which supported the positive role
of METCAM/MUC18 in the progression of breast cancer cells [19,20,23], similar to its role in the
progression of melanoma and prostate cancer cells [13].
The role of METCAM/MUC18 in the progression of NPC has not been studied. The following
section describes the recent findings for the role of METCAM/MUC18 in this aspect.

IMPLICATION OF METCAM/MUC18 IN THE PROGRESSION OF NPC
The expression of HuMETCAM/MUC18 in normal Nasopharynx (NP) and NPC tissues has not
been studied [13,14]. Based on the following reasons, we hypothesize that the expression of human
METCAM/MUC18 (HuMETCAM/MUC18) is likely to play a role in the malignant progression of
NPC: (a) the HuMETCAM/MUC18 gene resides in the region of the chromosome11q22-23, in
which hyper-methylation is associated with the NPC development during the progression of NPC
[24,25]. (b) HuMETCAM/MUC18, a Cell Adhesion Molecule (CAM) in the immunoglobulin gene
super family, which is expressed in several normal tissues, such as hair follicular cells, smooth
muscle cells, endothelial cells, cerebellum, normal mammary epithelial cells, basal cells of the lung,
activated T cells, intermediate trophoblast and ovarian epithelial cells [14,16], has been evident
in playing very intriguing roles in the progression of several epithelial cancers [13,26]. Overexpression of HuMETCAM/MUC18 promotes the metastasis of melanoma [21,27,28], prostate
cancer [18,22,29,30], angiosarcomas [13], osteosarcoma [31] and breast cancer [19,20,23]. On
the contrary, under-expression correlates with the malignant progression of haemangioma
[32] and over-expression of HuMETCAM/MUC18 suppresses the tumorigenesis of one mouse
melanoma cell line [33] and two human ovarian cancer cell lines [34] in an immune-deficient
mouse model, suggesting that its expression may suppress the tumorigenesis of these cancers
and perhaps other cancer types [26].
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We initiated the study of possible role of HuMETCAM/MUC18 in the malignant progression
of NPC by investigating the possible expression of HuMETCAM/MUC18 in normal NP and NPC
tissues and two established NPC cell lines. We found that all of the normal nasopharynx specimens
expressed a good level of HuMETCAM/MUC18; however 73% of NPC clinical tumor specimens
did not express and 27% weakly expressed the protein in all the three subtypes of NPC [17].
Down regulation and loss of the expression of the METCAM/MUC18 gene suggests that METCAM/
MUC18 may serve as a tumor suppressor, but as a metastasis promoter during the progression
of NPC [17].

METCAM/MUC18 PLAYS A TUMOR SUPPRESSOR ROLE IN THE
PROGRESSION OF TYPE I NPC

To test the above hypothesis, we transfected the NPC-TW01 cell line with the HuMETCAM/
MUC18 cDNA gene and selecting high expression clones and using these clones to subcutaneously
inject these cells into female and male nude mice. We found that METCAM/MUC18 expression
suppressed tumorigenesis of NPC-TW-01 [35].

Cell morphology of NPC-TW01 cells

NPC-TW01 cells, which were established from Type 1 NPC [36,37], can be easily cultured invitro in a humidified 37o C incubator without CO2. The following Figure 2 shows that most of the
cells are mesenchymal-like and only a small percentage is epithelial-like, suggesting that they
are highly tumorigenic and highly malignant.

Figure 2: In-vitro Cell morphology of NPC-TW01 cells. NPC-TW01 cells were maintained
in DMEM medium supplemented with 5% fetal bovine serum and 100 µg/ml kanamycin in a
humidified incubator with or without CO2.
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Expression of HuMETCAM/MUC18 protein in the clones of NPC-TW01 cell
line
To investigate the effect of METCAM/MUC18 expression on in-vitro behaviors and in-vivo
tumorigenesis, it is necessary to obtain high-expressing clones from NPC-TW01 cells since they
weakly expressed METCAM/MUC18 [17]. This can be achieved by transfecting with HuMETCAM/
MUC18 cDNA by using lipofecting reagents. We had tried several kinds of lipofecting agents,
such as DAMRIE-C (Life Technology), Lipofectamine (Invitrogen), FuGene HD (Roche), and
Lipofectamine 2000 (Invitrogen). Lipofectamine 2000 had been found to be most effective to
obtain high-expressing clones: 2.9% high-expressing clones, 5.7% middle-expressing clones,
60% low-expressing clones, and 31.4% very-low expressing clones. Figure 3 shows three typical
clones (clones #92, #45, and #85) with various expression levels of METCAM/MUC18.

Figure 3: Expression levels of HuMETCAM/MUC18 in NPC-TW01 clones. Western blot was used
to determine the expression levels of HuMETCAM/MUC18 in each cell line/clones. Lane 1 shows
the expression level of the protein in human melanoma cell line, SK-Mel-28, as a positive control
(100%). Lanes 2-5 show the expression levels of the protein in the parental cells and three
clones #92, #45, and #85, and lane 6 shows that of the vector control clone V1. The number
under each lane was the relative expression level of each clone. Actin was the loading control.

Over expression of HuMETCAM/MUC18 decreases the migration and
invasiveness of NPC-TW01 cells
To determine the effect of HuMETCAM/MUC18 expression on the in-vitro behaviors of NPCTW01 cells, migration and invasiveness of clones #92, #45, and V1 were determined. As shown
in Figure 4, expression of HuMETCAM/MUC18 decreased the in-vitro motility and invasiveness
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of NPC-TW01 clones. As also shown in Fig. 4, the anti-HuMETCAM/MUC18 antibody either had
no effect on the motility and invasiveness of the cells except the vector control clone V1 which
increased both behaviors. We conclude that HuMETCAM/MUC18 decreased the Epithelial-ToMesenchymal Transition (EMT) of NPC-TW01 cells.

Figure 4: Effects of HuMETCAM/MUC18 expression on in-vitro migration and invasiveness
of NPC-TW01 cells. Boyden type transwell system was used to determine the effects [38].
Percentages of cells in each clone migrated to the bottom wells were determined after 20 hours.
Filled columns showed the percentages of cells migrated to bottom wells in the absence of an
anti-huMETCAM/MUC18 antibody and empty columns that in the presence of the antibody.

Over-expression of HuMETCAM/MUC18 altered the growth in 3D basement
membrane assay
We had difficulties to demonstrate formation of anchorage-independent colony in soft agar (invitro tumorigenesis) from both clones of NPC-TW01 cell line. Alternatively, we could demonstrate
a limited (less aggressive) growth of the clone #92, which formed spheroid growths in the 3D
basement membrane culture assay [39] than the vector control clone V1, which formed a more
aggressive (extended) tubular-like growth, as shown in Figure 5. The limited (less aggressive)
growth of clone #92 could be reversed in the presence of anti-METCAM/MUC18 antibodies, as also
shown in Figure 5. Taken together, we conclude that over-expression of METCAM/MUC18 could
promote a limited (less aggressive) growth of NPC-TW01 cells in the 3D basement membrane
culture assay and it was due to the direct effect of METCAM/MUC18.

Head and Neck Cancer | www.smgebooks.com

7
Copyright  Guang-Jer Wu.This book chapter is open access distributed under the Creative Commons Attribution
4.0 International License, which allows users to download, copy and build upon published articles even for commercial purposes, as long as the author and publisher are properly credited.

Figure 5: Effects of HuMETCAM/MUC18 expression on the growth of NPC-TW01 cells in 3D
basement membrane culture assay in the presence or absence of an anti-huMETCAM/MUC18
antibody. The method of 3D basement membrane culture assay was used [39].

Over expression of HuMETCAM/MUC18 decreases the tumorigenesi

Previously NPC-TW01 cells could yield tumors via Subcutaneous (SC) injection of the cells
(non-orthotopic injection route) in a Balb/C athymic nude mouse model [36,37]. However, an
unusually high number of cells, about 107 cells, were used for the injection [36,37]. To eliminate
the possibility that injection of an extremely high number of cells may yield experimental artifacts,
we used a much lower cell number for the injection [40]. In the presence of Matrigel, we found
when 1. 5 x 106 cells, about 1/10 of that had previously been used, were able to induce tumor
formation in Balb/C athymic nude mice. We also found that an even lower number of cells (1.5
x 105) were also able to induce tumor at the SC site (data not shown). Tumorigenicity appeared
to be similar between male and female Balb/C nude mice. When1. 5 x 106 cells were used for
injection, tumor formation by the V1 clone was much more efficient than the clone #92, as shown
in Figure 6 (top figures). Figure 6 shows that tumor formation by the clone V1 was clearly visible
at 7 days after injection, more prominent at 28 days after, and 16 times larger at 40 days. At the
end point (40 days after injection) when the mice were terminated, the final mean tumor weight
of the V1 clone was 18 times larger than that of the clone #92, as shown in Figure 6 (top figures).
When 1.5 x 105 cells were used for injection, tumor formation by the V1 clone was also much more
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efficient than the clone #92, which could not induce any visible tumor in nude mice (data not
shown). METCAM/MUC18 expression suppressed tumorigenesis of NPC-TW-01 at both a low (1.5
x 105) and a high number (2 x 106) of cells. From these results, we concluded that over-expression
of METCAM/MUC18 suppressed the tumorigenicity and decreased the final tumor weight of NPCTW01 clones/cells in an athymic nude mouse model. In addition, tumor suppression appeared to
be proportional to the dosages of HuMETCAM/MUC18 expressed, as shown in Figure 6 (bottom
figures).

Figure 6: Effects of HuMETCAM/MUC18 expression on the tumorigenesis of NPC-TW01 cells in
athymic nude mice. The method of SC injection of cells (1.5 x 106 cells/mouse) with matrigel in
Balb/C athymic nude mice was used to investigate effects of METCAM/MUC18 over-expression
on tumorigenesis of NCP-TW01 cells. The tumors were weekly measured by an electronic
caliper. Tumor volume versus time was plotted. At the end of the experiment, tumors were
excised and weighed.

MECHANISMS
SUPPRESSION

OF

HUMETCAM/MUC18-INDUCED

TUMOR

The mechanism by which METCAM/MUC18 expression affects tumorigenesis of NPC cells has
not been studied. By deducing knowledge which we learned from tumorigenesis of other tumor
cell lines (such as, melanoma and cancers in breast, ovary, and prostate) induced by METCAM/
MUC18, METCAM/MUC18 may affect tumorigenesis by cross-talk with many signaling pathways
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that regulate proliferation, survival, apoptosis, metabolism, and angiogenesis of tumor cells [26].
We therefore predicted that enforced expression of METCAM/MUC18 may affect tumorigenesis
by altering expressions of its downstream effectors, such as indexes of apoptosis/anti-apoptosis,
proliferation, survival, aerobic glycolysis, and angiogenesis, in the tumor cells. For this purpose,
we determined the expression of levels of Bcl2, Bax, PCNA, the ratio of phospho-AKT/AKT, LDH-A,
VEGF, and VEGFR2 in tumor lysates. Figure 7 shows that Bax was increased in tumor lysates of
clone #92, but PCNA, ratio of phospho-AKT/AKT, LDH-A, and VEGF, and VEGFR2 were decreased
in tumor lysates of clone #92. But no difference was found for Bcl2.

Taken together, we concluded that enforced expression of METCAM/MUC18 suppressed
tumorigenesis of NPC-TW-01 cells by increased an apoptosis index (Bax), and decreased a
proliferation index (PCNA), a signal for survival and proliferation pathway ( ratio of phosphoAKT/AKT), aerobic glycolysis (LDH-A), and angiogenesis indexes (VEGF and VEGFR2).

Figure 7: Expression levels of various key effectors down-stream of HuMETCAM/MUC18 in
tumors. Western blot was used to determine the expression levels of various down-stream
effectors (such as, BCl2, Bax, PCNA, LDH-A, Phospho-AKT, pan-AKT, VEGF, and VEGFR2) in
tumor lysates. Relative levels of various downstream effectors expressed in tumors induced by
clones #92 and V1 are plotted.

REVERSAL EFFECT OF SHRNA ON THE ROLE OF METCAM/MUC18
ON NPC-TW01 CELLS [wu et al. unpublished results]
The effect of shRNA on reversal the effects of METCAM/MUC18 on the ability of NPC-TW01
cells in in-vitro and in-vivo tumorigenesis in athymic nude mice was tested [30]. Locations of
three HuMETCAM/MUC18-specific shRNAs are shown in Table 1. To ensure stable expression
of the shRNAs, they were cloned into a lentivirus vector, pGIPZ (Thermo Scientific) and used for
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transfection into NPC-TW01 cells, and stable clones enriched in the presence of puromycin were
pooled. The efficiency of knockdown expression of NPC-TW01 shRNA clones was determined
by Western blot. As shown in Figure 8 and summarized in Table 2, three different shRNAs had
different efficiencies in knocking down the expression of METCAM/MUC18 in comparison with
the control shRNA, #46.
Table 1: METCAM/MUC18-specifc shRNA inserts in the lentivirus vector pGIPZ.

Short Name Catalogue number of Thermo Sci
46
72
24
27

RHS4346 (non-silence control)
RHS4430-200292372 (shRNA
392652)
RHS4430-200288324 (shRNA
392649)
RHS4430-200295227 (shRNA
382648)

Sequence of sense strand

Location in METCAM cDNA

5’-ATCTCGCTTGGGCGAGAGTAAG- 3’

none

5’-TGGTCTTGTTCACTTGCCG-3’

1435-1453

5’-TCAACTACAAGTTCGCTCT-3’

1843-1861

5’-TTGTCTTCTTTAACCAGCT-3’

661-679

Figure 8: Expression levels of HuMETCAM/MUC18 in NPC-TW01 clones after transfection with
pGIPZ with shRNA -coding genes. Western blot was used to determine the expression levels of
HuMETCAM/MUC18 in each cell line/clones. Lane 1 shows the expression level of the protein
in human melanoma cell line, SK-Mel-28, as a positive control (100%). Lanes 2-5 show the
expression levels of the protein in the four clones.
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Table 2: Knockdown METCAM/MUC18 expression in each of the NPC-TW01 shRNA clones.
ShRNA-knockdown clones

METCAM/MUC18 expression level

Number of mice injected

TW01-shRNA #46 (p58->p59)

100%

5 mice

TW01-shRNA #72 (p58->p59)

54%

5 mice

TW01-shRNA #24 (p58->p59)

77%

5 mice

TW01-shRNA #27 (p60->p61)

33%

5 mice

The tumorigenesis of four NPC-TW01 shRNA knockdown clones was investigated after SC
injection of these cells in athymic nude mice. Figure 9 showed the results that shRNA #72 was
more efficient than shRNAs #24 and #27 in reversal of the tumor-suppressor effects of METCAM/
MUC18-overexpression on NPC-TW01 cells.

Figure 9: Tumorigenesis and final tumor weights of tumors induced by four NPC-TW01 shRNA
knockdown clones. 2 x 106 cells were SC injected in each mouse. After 30 days mice were
euthanatized and tumors were excised and weighed.

Taken together, we conclude that shRNAs had some effects on reversing the effect of METCAM/
MUC18. However, the residual low level expression of METCAM/MUC18 may make the results
not as clear-cut as predicted.

MTCAM/MUC18 PLAYS A TUMOR PROMOTER ROLE IN THE
PROGRESSION OF TYPE II NPC
To test the above hypothesis, we also transfected the NPC-TW04 cell line with the HuMETCAM/
MUC18 cDNA gene and selecting high expression clones and using these clones to subcutaneously
inject these cells into female and male nude mice. We found that METCAM/MUC18 expression
promoted the tumorigenesis of NPC-TW-04 cells [35].

Cell morphology of NPC-TW04 cells

NPC-TW04 cells, which were established from Type II NPC [36,37], can also be easily cultured
in-vitro in a humidified 37ºC incubator without CO2. The following Figure 10 shows that most of
the cells are mesenchymal-like and only a small percentage is epithelial-like, suggesting that they
are highly tumorigenic and highly malignant.
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Figure 10: In-vitro Cell morphology of NPC-TW04 cells. NPC-TW04 cells were maintained
in DMEM medium supplemented with 5% fetal bovine serum and 100 µg/ml kanamycin in a
humidified incubator with or without CO2.

Expression of huMETCAM/MUC18 protein in the clones of NPC-TW04 cell
line
To investigate the effect of METCAM/MUC18 expression on in-vitro behaviors and in-vivo
tumorigenesis, it is necessary to obtain high-expressing clones from NPC-TW04 cells since they
also weakly expressed METCAM/MUC18 [17]. This can be achieved by transfecting the cells with
HuMETCAM/MUC18 cDNA by using various lipofecting reagents. Lipofectamine 2000 had been
found to be most effective to obtain high-expressing clones: 2.8% high-expressing clones, 0%
middle-expressing clones, 38.9% low-expressing clones, and 58.3% very-low expressing clones.
Figure 11 shows that two typical clones (clones #76 and #72) expressed with various levels of
METCAM/MUC18.
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Figure 11: Expression levels of HuMETCAM/MUC18 in NPC-TW01 clones. Western blot was
used to determine the expression levels of HuMETCAM/MUC18 in each cell line/clones. Lane 1
shows the expression level of the protein in human melanoma cell line, SK-Mel-28, as a positive
control (100%). Lanes 2-4 show the expression levels of the protein in the parental cells and
two clones #76 and #72, and lane 5 shows that of the vector control clone V5. The number
under each lane was the relative expression level of each clone. Actin was the loading control.

Over-expression of HuMETCAM/MUC18 increases the migration and
invasiveness of NPC-TW04 cells
To determine the effect of HuMETCAM/MUC18 expression on the in-vitro behaviors of NPCTW04 cells, migration and invasiveness of clones #76 and V5 were determined. As shown in
Figure 12, expression of huMETCAM/MUC18 increased the in-vitro motility and invasiveness of
NPC-TW01 clones. As also shown in Figure 12, the anti-huMETCAM/MUC18 antibody somewhat
decreased the motility and invasiveness of the clone #76 except the vector control clone V5. We
conclude that HuMETCAM/MUC18 increased the Epithelial-To-Mesenchymal Transition (EMT)
of NPC-TW04 cells.
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Figure 12: Effects of HuMETCAM/MUC18 expression on in vitro migration and invasiveness
of NPC-TW04 cells. Boyden type transwell system was used to determine the effects [38].
Percentages of cells in each clone migrated to the bottom wells were determined after 20 hours.
Filled columns showed the percentages of cells migrated to bottom wells in the absence of an
anti-huMETCAM/MUC18 antibody and empty columns that in the presence of the antibody.

Over-expression of HuMETCAM/MUC18 altered the growth in 3D basement
membrane assay
Similar to NPC-TW01 cell line, we had difficulties to demonstrate formation of anchorageindependent colony in soft agar (in-vitro tumorigenesis) from both clones of NPC-TW04 cell line.
Alternatively, we could demonstrate a more aggressive growth of the clone #76, which formed
tubular-like growths in the 3D basement membrane culture assay than the vector control clone
V5, which formed spheroid growths, as shown in Figure 13. The aggressive growth of #76 could
somewhat be reversed in the presence of anti-METCAM/MUC18 antibodies, as also shown
in Figure 13. Taken together, we conclude that over-expression of METCAM/MUC18 could
promote a more aggressive growth of NPC-TW04 cells in the 3D basement membrane culture
assay and it was due to the direct effect of METCAM/MUC18.
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Figure 13: Effects of HuMETCAM/MUC18 expression on the growth of NPC-TW04 cells in 3D
basement membrane culture assay in the presence or absence of an anti-huMETCAM/MUC18
antibody. The method of 3D basement membrane culture assay was used [39].

Over expression of HuMETCAM/MUC18 increases the tumorigenesis

Similar to the in-vivo tumorigenesis test was carried out for the NPC-TW04 clones. As shown in
Figure 14, METCAM/MUC18 expression promoted tumorigenesis of NPC-TW-04 at a low number
(1x105 or 2x106) of cells [40], but only statistically insignificantly slightly promoted tumorigenesis
of NPC-TW04 at a high cell number (4 x106).
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Figure 14: Effects of HuMETCAM/MUC18 expression on the tumorigenesis of NPC-TW01 cells
in athymic nude mice. The method of SC injection of cells (4 x 106 cells/mouse in the top figures
and 1.5 x 105 cells/mouse in the bottom figures) with matrigel in Balb/C athymic nude mice
was used to determine effects of huMETCAM/MUC18 over-expression on tumorigenesis of
NPC-TW04 cell line. The tumors were weekly measured by an electronic caliper. Tumor volume
versus time was plotted. At the end of the experiment, tumors were excised and weighed.

MECHANISMS
PROMOTION

OF

HUMETCAM/MUC18-INDUCED

TUMOR

To understand the mechanism by which METCAM/MUC18 expression affects tumorigenesis of
NPC cells, we determined the expression of levels of Bcl2, Bax, PARP, PCNA, the ratio of phosphoAKT/AKT, LDH-A, VEGF, and VEGFR2 in tumor lysates. Figure 15 shows that BCl2, Bax, PCNA
ratio of phospho-AKT/AKT, LDH-A, VEGF and VEGFR2 were increased in tumor lysates of clone
#76 in comparison with those in the vector clone V5. But no difference was found for Bcl2. Taken
together, we concluded that enforced expression of METCAM/MUC18 promoted tumorigenesis of
NPC-TW-04 cells by increased anti-apoptosis index (Bcl2), a proliferation index (PCNA), a signal
for survival pathway (ratio of phospho-AKT/AKT), aerobic glycolysis (LDH-A), and angiogenesis
indexes (VEGF and VEGFR2).
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Figure 15: Expression levels of various key effectors down-stream of HuMETCAM/MUC18 in
tumors. Western blot was used to determine the expression levels of various down-stream
effectors in tumor lysates. Relative levels expressed in tumors induced by clones #76 and V5 are
plotted.

REVERSAL EFFECT OF SHRNA ON THE ROLE OF METCAM/MUC18
IN NPC-TW04 CELLS [Wu et al. unpublished results]
The effect of shRNA on reversal the effects of METCAM/MUC18 on the ability of NPC-TW-04
cells in in-vitro and in-vivo tumorigenesis and metastasis in athymic nude mic was tested [30].

The four shRNA knock down clones of NPC-TW04 were obtained, similar to NPC-TW01 cells.
The efficiency of knockdown expression of NPC-TW04 shRNA clones was also determined by
Western blot. As shown in Figure 16 and summarized in Table 3, three different shRNAs had
different efficiencies in knocking down the expression of METCAM/MUC18 in comparison with
the control shRNA, #46 and knock down expression of METCAM/MUC18 was most efficient by
the shRNA #27.
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Figure 16: Expression levels of HuMETCAM/MUC18 in NPC-TW04 clones after transfection
with pGIPZ with shRNA -coding genes. Western blot was used to determine the expression
levels of HuMETCAM/MUC18 in each cell line/clones. Lane 1 shows the expression level of the
protein in human melanoma cell line, SK-Mel-28, as a positive control (100%). Lanes 2-5 show
the expression levels of the protein in the four clones. Actin was the loading control.

Table 3: METCAM/MUC18 expression in each of the shRNA knock-down of NPC-TW04 clones/
cell lines.

ShRNA knockdown clones

METCAM/MUC18 expression level

Number of mice injected

TW04-shRNA #46 (p66->p67)

100%

5 mice

TW04-shRNA #72 (p66->p67)

89%

5 mice

TW04-shRNA #24 (p66->p67)

68%

5 mice

TW04-shRNA #27 (p66->p67)

21%

5 mice

Similar to NPC-TW01 clones, the tumorigenesis of four NPC-TW04 shRNA knockdown clones
was investigated after SC injection of these cells in athymic nude mice. As shown in Figure 17,
shRNAs #27 was more effective than shRNA #72 and #24 in reversal of the tumor-augmentation
effects of METCAM/MUC18-overexpression on NPC-TW04 cells.
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Figure 17: Tumorigenesis and final tumor weights of tumors induced by four NPC-TW04
knockdown clones were determined similar to NPC-TW01 clones. 2 x 106 cells were SC injected
in each mouse. After 30 days mice were euthanatized and tumors were excised and weighed.
Taken together, we conclude that shRNAs had some effects on reversing the effect of METCAM/
MUC18. However, similar to NPC-TW01 cells the residual low level expression of METCAM/
MUC18 may make the results not as clear-cut as predicted.

METCAM/MUC18 EXPRESSION IN NPC CELL LINES ALTERS THEIR
RADIO-SENSITIVITY [Wu et al. unpublished results]
In clinical practice, Radiation Therapy (RT) is the main treatment modality for NPC. The major
reasons include the surgically unapproachable anatomy and the favorable sensitivity to RT.
However, once the tumor clones develop radiation resistance, the treatment outcome declines
from fair to poor prognosis. Yet, the intrinsic factors modulating radio-sensitivity of NPC cells
remain unclear. Since METCAM/MUC18 may suppress tumorigenesis of NPC, we tested the
possibility that its enforced or knock-down expression may render NPC more sensitive to RT [41]
(Figure 18). We tested if METCAM/MUC18 expression might alter the intrinsic radio-sensitivity
of tumors induced by these clones. The following figures show that increased expression of
HuMETCAM/MUC18 in both NPC-TW01 and NPC-TW04 cell lines increased the radio-sensitivity
of tumors induced by both NPC-TW01 clone #92 and NPC-TW04-clone #76, when in comparison
to that by the vector-control clones (NPC-TW01 clone V1 and MPC-TW04 clone V5, respectively).
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Figure 18: Radiation treatment of tumors induced by NPC-TW01 clone #92 and V1 (top figures)
and NPC-TW04 clone #76 and V5 (bottom figures). Tumorigenesis and final tumor weights of
tumors induced by knockdown clones of both NPC-TW01 and NPC-TW04 were determined in
athymic nude mice.

PERSPECTIVES AND POSSIBLE CLINICAL APPLICATIONS

The results of this research allowed us to further understanding the possible role of METCAM/
MUC18 in modulating the development of NPC. Interestingly, METCAM/MUC18 plays a dual role
in the tumorigenesis of NPC, with a suppressor role in type I and with a promoter role in type II
NPC. Our results suggest that METCAM/MUC18 may also be a therapeutic target for the treatment
of clinical NPC by using peptides derived from METCAM/MUC18 to block the tumor angiogenesis
and hematogenous metastasis. Ectopically increasing the expression of METCAM/MUC18 in
NPC tumors may be used for enhancing the sensitivity of NPC to radiation therapy and thus the
possible translational application to clinical treatment of NPC.
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