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ABSTRACT
Metastasis is a coordinated process that depends on the

interaction of cancer cells with the tumor microenviron-
ment. Members of the transmembrane-4 superfamily
(TM4SF) of surface proteins have been implicated in the
regulation of cancer cell metastasis, and the expression of
several TM4SF members on tumor cells is inversely corre-
lated with patient prognosis. The tumor-associated antigen
L6 (TAL6), a distant member of the TM4SF, is expressed on
most epithelial cell carcinomas and is a target for antibody-
mediated therapy. We examined whether TAL6 may play a
role in cancer metastasis by using an established series of
human lung carcinoma cell lines (CL1-0 to CL1-5) that
exhibit increasing invasiveness in vitro and in vivo. We found
that TAL6 expression correlated with the in vitro invasive-
ness of CL lung carcinoma cells (r2 � 0.98) and human
carcinoma cells (r2 � 0.69). Forced expression of TAL6 on
CL1-0 lung carcinoma cells significantly increased their in
vitro invasiveness and decreased the survival of SCID mice
in an experimental metastasis model. Specific antibody
against TAL6 (monoclonal antibody L6) significantly re-
duced the migration and invasiveness of CL1-5 lung carci-
noma cells. The effects of monoclonal antibody L6 on CL1-5
invasion required clustering of TAL6 on the cell surface.
Real-time reverse transcription-PCR of lung cancer speci-
mens showed that increased expression of TAL6 was signif-
icantly associated with early postoperative relapse (P �
0.034) and shorter survival (P � 0.025) in squamous cell

lung cancer patients. Thus, TAL6 appears to be involved in
cancer invasion and metastasis.

INTRODUCTION
Cancer metastasis is a complicated process involving a

coordinated program of events that include changes in cell
adhesion, polarized proteolysis and migration, intravasation into
the circulation, subsequent adhesion to endothelial cells fol-
lowed by extravasation, invasion, and induction of angiogenesis
(1). Cell surface proteins and receptors are intimately involved
in these processes. For example, loss of E-cadherin can reduce
cell-cell adhesion and allow cancer cells to more readily escape
tumors (2). Integrins play vital roles in regulating cell adhesion,
motility, invasion, and angiogenesis (3–5), and metalloprotein-
ases on tumor cells can degrade the ECM (6). Other surface
proteins including receptor tyrosine kinases (7) and chemokine
receptors (8) have been implicated in cancer metastasis. Al-
though much has been learned about how surface proteins
influence metastasis, the contribution of many receptors to the
metastatic process remains poorly defined.

Tumor-associated antigen L6 is a distant member of the
tetraspanin family (9) that was originally identified by mAb3 L6
(10). Members of the tetraspanin or TM4SF (5) of cell surface
proteins possess four highly conserved hydrophobic transmem-
brane domains that form a small and large extracellular loop, a
short cytoplasmic loop, and short NH2 and COOH termini (11).
TM4SF members such as CD9, CD63, CD82, and CD151 have
been shown to regulate cancer cell motility and metastasis
(12–15). The expression of tetraspanins has also been correlated
with patient prognosis and survival (16–18).

TAL6 is expressed on most human lung, colon, breast, and
ovarian tumors (10), and has generated interest as a target for
antibody-mediated therapy (19–21). However, the biological
function of TAL6 is largely unknown. TAL6 was found to be
highly expressed on an invasive spermatogonia-derived cell line
as compared with a noninvasive spermatocyte-derived cell line
(22). We picked up TAL6 in a cDNA microarray screen for
metastasis-associated genes (23), and TAL6 was reported re-
cently to be involved in the migration of human keratinocytes
(24). These findings and the strong association of several
TM4SF proteins with cell motility suggested that TAL6 might
also be involved in tumor cell metastasis. We used a human lung
carcinoma model described previously that includes cell lines
displaying different invasive and metastatic capabilities (CL1-0
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and the sublines CL1-1 to CL1-5; Ref. 25) to study possible
roles of TAL6 in lung cancer metastasis. We present data
supporting the idea that TAL6 plays a role in cancer cell
migration and invasion.

MATERIALS AND METHODS
Cell Lines. Human lung carcinoma cell lines with different

invasive and metastatic capabilities (CL1-0 and its sublines CL1-1
to CL1-5) have been described (25). HT-1197 human bladder
carcinoma (CRL-1473), Colo320 human colon carcinoma
(CL-188), and NCI-H520 human lung carcinoma (HTB-182)
cells were obtained from the American Type Culture Collection
(Manassas, VA). H928 lung carcinoma cells were a gift from Dr.
Ming-Yang Yeh, Cheng Hsin General Hospital, Taipei, Taiwan.
NTU-B1 bladder carcinoma cells and SV40-immortalized normal
human bronchial epithelial cells (BEAS-2B S-10; Ref. 26) were
from Dr. Pan-Chyr Yang, Department of Internal Medicine, Na-
tional Taiwan Medical School, Taipei, Taiwan. OVTW-59 ovary
carcinoma cells were generously provided by Dr. Chin-Tarng Lin,
Department of Pathology, National Taiwan Medical School, and EJ
bladder carcinoma cells were a gift from Dr. M’liss A. Hudson,
Washington University School of Medicine, St. Louis, MO. All of
the cells were cultured at 37°C, 5% CO2 in RPMI 1640 supple-
mented with 10% bovine serum, 2.98 g/liter HEPES, 2 g/liter
NaHCO3, 100 units/ml penicillin, and 100 �g/ml streptomycin. All
of the cells were free of Mycoplasma as determined by a PCR-
based Mycoplasma detection kit (American Type Culture Collec-
tion). The effect of antibodies (20 �g/ml) on the growth of CL1-5
cells was determined by counting the cells in triplicate wells every
24 h. Doubling times were calculated by linear regression analysis.

Antibodies. Hybridomas producing anti-TAL6 (L6-20-
4), anti-influenza virus A nucleoprotein (HB65), and antihepa-
titis B virus surface antigen (H25B10) antibodies were obtained
from the American Type Culture Collection. A hybridoma-
secreting antibody against the rat CD8 � chain (OX8) was
obtained from the European Collection of Cell Cultures (Wilt-
shire, United Kingdom). mAbs against CD63 (LP9), CD81
(JS64), CD9 (MM2/57), and integrin �2 (AK7) were purchased
from Serotec Ltd. (Oxford, United Kingdom). A hybridoma-
producing antibody against a surface antigen on CL1-5 cells
(Ly-5D7) was produced as described previously (27). FITC-
conjugated goat antimouse immunoglobulin was from Organon
Teknika (Durham, NC). Antibodies were purified from ascites
fluid by protein-A affinity chromatography. L6 Fab fragments
were produced by digesting mAb L6 (3 mg/ml) in 0.1 M Tris-
HCl (pH 8.0), 2 mM EDTA, and 0.1 mM DTT with 0.03 mg/ml
activated papain (Sigma Chemical Co., St. Louis, MO) for 3 h
at 37°C. The reaction was terminated by addition of iodoacet-
amide to 2 mM. The flow-through from a protein-A affinity
column was additionally purified on a Hiload 16/60 Superdex
75 pg column (Amersham Pharmacia Biotech Asia Pacific Ltd.,
Taiwan Branch Office, Taipei, Taiwan) equilibrated with PBS.
L6 Fab antigen-binding activity was measured by competitive
ELISA. Graded amounts of OX8, mAb L6, or L6 Fab were
incubated with biotinylated mAb L6 (2 �g/ml) for 3 h in
microtiter wells coated with CL1-5 cells. The cells were
washed, and antibody binding was measured at 405 nm after
addition of horseradish peroxidase-conjugated streptavidin (1:

1000; Jackson ImmunoResearch Laboratories, West Grove, PA)
followed by 2,2�-azino-bis[3-ethylbenziazoline-6-sulfonic acid]
substrate (28).

TAL6 Cell Transfectants. Human TAL6 cDNA was
amplified by RT-PCR with primers P1, 5�-CCT AGG GAT CCA
CCA TGT GCT ATG GGA AGT GTG CA-3� and P2, 5�-GGG
TTG TCT AGA TTA GCA GTC ATA TTG CTG TTG GTG-3�
from RNA isolated from CL1-5 cells as described (29). The
PCR product was digested with BamHI and XbaI restriction
enzymes (italicized) and subcloned into pcdef3 (generously
provided by Dr. Jerome Langer, Robert Wood Johnson Medical
School, Piscataway, NJ) under the control of the human
polypeptide chain elongation factor 1� promoter (30). CL1-0
cells transfected with pcdef3 or pcdef3-L6 were selected in
G418 (Calbiochem, San Diego, CA) to generate CL1-0/pdef and
CL1-0/L6 cells, respectively. CL1-0/L6 cells were sorted for
high expression of TAL6 on a fluorescence-activated cell sorter
to produce CL1-0/L6-H cells.

Flow Cytometric Assay. Immunofluorescence staining
of cells was performed as described (31). MF, measured on a
FACScaliber flow cytometer (Becton Dickinson, Mountain
View, CA), was calculated with FlowJo 3.2 (Tree Star, Inc., San
Carlos, CA). RF was calculated as:

RF �%� � 100 �
MFS/L6 � MFS/C

MFCL1-5/L6 � MFCL1-5/C

where MFS/L6 and MFS/C represent the MF of sample cells
stained with mAb L6 or control antibody, respectively, and
MFCL1-5/L6 or MFCL1-5/C represent the MF of CL1-5 cells
stained with mAb L6 and control mAb, respectively.

In Vitro Migration and Invasion Assays. Tumor cell
migration and invasion were examined in a membrane invasion
culture system. A polycarbonate membrane with 10-�m pores
(Nucleopore Corp., Pleasanton, CA) was coated with 5 mg/ml
BD Matrigel Basement Membrane Matrix (BD Biosciences,
Bedford, MA) in PBS for invasion assays or with 100 �g/ml
gelatin (Sigma Chemical Co.) for migration assays. The cells
that invaded through the coated membrane in 48 h (invasion) or
6 h (migration) were counted as described previously (23). In
some experiments, the indicated concentrations of mAb L6 or
control antibodies were added with the cells and after 24 h
(invasion assay). In clustering experiments, CL1-5 cells were
incubated with 0.5 �g/ml mAb OX8 or L6 for 1 h before 5
�g/ml second antibody (GAM or GAR) was added. The treat-
ment was repeated after 24 h. Each experiment, performed in
triplicate or quadruplicate, was repeated at least three times.

Adhesion Assay. EIA high protein binding flat-bottomed
96-well plates (Corning Inc., Corning, NY) were coated over-
night at 4°C with 50 �l/well human fibronectin (60 �g/ml),
human vitronectin (2 �g/ml), mouse laminin (16 �g/ml), bovine
collagen type I (80 �g/ml), or human collagen type IV (80
�g/ml). All of the proteins were purchased from Sigma Chem-
ical Co. Control plates were uncoated (0% binding) or coated
with poly L-lysine (100% binding). The plates were washed and
blocked (except for poly L-lysine-coated wells) with 5% BSA.
CL1-0 (4 � 105/ml) or CL1-5 (6 � 105/ml) cells in RPMI 1640
containing 0.5% NuSerum were added to wells with 10 �g/ml
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L6 or control antibody. The plates were briefly shaken, centri-
fuged at 500 � g, and then incubated at 37°C for 30 min.
Adherent cells were fixed with 10% formalin and stained with
1% Toluidine blue in 10% formalin overnight. The cells were
extensively washed, air dried, and then lysed with 2% SDS. The
absorbance of the wells was measured at 600 nm in a microplate
reader. Cell binding was calculated as:

Binding % � 100 �
AS � AB

APLL � AB

where AS is the absorbance of sample wells, AB is the absorb-
ance of BSA-blocked wells, and APLL is the absorbance of poly
L-lysine-coated wells. Each experiment, performed with 8–16
replicates, was repeated at least three times.

Collagen Zymography. CL1-0/pdef, CL1-0/L6, and
CL1-5 cells were grown to confluence in six-well plates. The
monolayers were washed three times with PBS and cultured
overnight in 1 ml of serum-free RPMI 1640 supplemented with
5 �g/ml L6 or HB65. The culture supernatant was centrifuged at
1000 � g for 10 min to remove debris, and then 20 �l of the
medium was mixed with 10 �l SDS PAGE sample buffer
without reducing agent. The samples were electrophoresed in a
10.5% SDS-PAGE containing 1 mg/ml gelatin. The gel was
washed in 50 mM Tris-HCl (pH 7.4) containing 2.5% Triton
X-100 for 30 min. The gel was then incubated in activation
buffer [50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 10 mM CaCl2,
and 0.05% NaN3] for 24 h at 37°C. The gel was subsequently
stained with Coomassie blue, and destained in water containing
10% methanol and 10% acetic acid.

Patients and Specimens. Fifty four patients who under-
went surgery for non-small cell lung cancer at the National
Taiwan University Hospital from September 1, 1994, through
August 31, 1996, were included in the study. This investigation
was performed after approval by the Institutional Review Board
of the National Taiwan University Hospital. Written informed
consent was obtained from all of the patients. None of the
patients had received neoadjuvant chemotherapy or radiation
therapy before surgery. Specimens of lung cancer tissue and
adjacent normal lung tissue obtained at surgery were immedi-
ately snap-frozen in liquid nitrogen and stored at �80°C until
use. WHO criteria (32) were used for histological classification.
Tumor size, local invasion, and lymph node metastasis were
determined at pathologic examination. The final disease stage
was determined by a combination of surgical and pathologic
findings, according to the current tumor-node-metastasis system
for lung cancer staging (33). Among the 54 patients, 35 were
men and 19 were women (mean age � SD 	 62.4 � 10.6
years), 22 of whom had squamous cell carcinoma and 32 of
whom had adenocarcinoma. The surgical-pathology stage of
disease was stage I in 19 patients, stage II in 9, stage III in 20,
and stage IV in 6. Tumor status was T1 in 11 patients, T2 in 28,
T3 in 5, and T4 in 10. Twenty-five patients had no lymph node
metastasis (N0), and 29 had regional or mediastinal lymph node
metastasis (N1 in 8 patients and N2 in 21 patients). Follow-up
data were obtained from the patient medical charts and from our
tumor registry service. Follow-up times ranged from 32 to 81.8
months. Relapse time was calculated from the date of surgery to

the date of detection of local recurrence or systemic metastasis.
Survival time was calculated from the date of surgery to the date
of death. Patients who died of postoperative complications after
surgery were excluded from the survival analysis.

Real-Time PCR. Total RNA was extracted from re-
sected cancer tissue with an RNA extraction kit (RNeasy Mini
Kit; Qiagen, Valencia, CA). The quality of RNA in samples was
determined by electrophoresis through agarose gels and staining
with ethidium bromide; 18S and 28S RNA bands were visual-
ized with UV illumination. The samples used for the standard
curve in the real-time quantitative RT-PCR were prepared by
serial dilution to contain 250, 50, 10, and 2 ng of specific RNA.
The serially diluted samples were distributed into aliquots and
stored at �80°C until use. The primers used for L6 were as
follows (34): forward primer 	 5�-cgtgtggttcttttctggca-3�; re-
verse primer 	 5�-ccagcccaatgaagacaaatg-3�. The sequence of
the probe used to detect and quantify the RT-PCR product was
5�-tggcctgctgatgctcct-3�. The probe was labeled at the 5� end
with carboxyfluorescein and at the 3� end with N,N,N�,N�-
tetramethyl-6-carboxyrhodamine. The primers and probe used
for quantitative RT-PCR of the TBP mRNA (internal control,
GenBank accession no. X54993) were as described by Bieche et
al. (35). The identities of PCR products were confirmed by
DNA sequencing. Each amplification mixture (50 �l) contained
50 ng of sample RNA; 5� TaqMan EZ buffer (10 �l; Perkin-
Elmer, Foster City, CA); 25 mM manganese acetate (6 �l); 300
�M AMP, deoxycytosine triphosphate, and dGTP; 600 �M

dUTP; 5 units of rTth DNA polymerase; 0.5 units of AmpErase
uracil N-glycosylase; 200 nM forward and reverse primer; and
100 nM dual-labeled fluorogenic probe (Perkin-Elmer). The rTth
DNA polymerase has both reverse transcriptase and Taq poly-
merase activity. For reverse transcription, the mixtures were
incubated at 50°C for 2 min, 60°C for 30 min, and 95°C for 5
min for deactivation. The subsequent thermal cycling profile
consisted of 40 cycles of denaturation at 94°C for 20 s, and
primer annealing and extension at 62°C for 1 min. Each assay
included a standard curve, a no-template control, and triplicate
total RNA samples. The fluorescence emitted by the reporter
dye was detected on-line in real time with the ABI prism 7700
sequence detection system (PE Applied Biosystems). The CT is
the fractional cycle number at which the fluorescence generated
by cleavage of the probe exceeds a fixed threshold above
baseline. For a chosen threshold, a smaller starting copy number
results in a higher CT value. In this study, we used TBP mRNA
as an internal control (35). The relative amount of tissue L6
mRNA, standardized against the amount of TBP mRNA, was
expressed as �
CT 	 �[CT(L6) � CT(TBP)]. The ratio of the
number of L6 mRNA copies to the number of TBP mRNA
copies was then calculated as 2�
CT � K, where K is a constant
(36).

Experimental Metastasis. SCID mice obtained from the
National Taiwan University were i.v. injected with 3 � 106

CL1-0, CL1-5, or CL1-0/L6-H cells in PBS. Mice survival was
followed for 80 days. All of the animal experiments were carried
out with prior approval by the Animal Committee of the Insti-
tute of Biomedical Sciences. The ethical guidelines that were
followed met the standards required by the Interdisciplinary
Principles and Guidelines for the Use of Animals in Research,
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Testing, and Education issued by the New York Academy of
Sciences’ Ad Hoc Committee on Animal Research.

Statistical Analysis. Statistical significance of differ-
ences between mean values was estimated with Excel (Mi-
crosoft, Redmond, WA) using the independent t test for unequal
variances. Statistical analysis of clinical data was performed
using SPSS for Windows software (version 10.0; SPSS Inc.,
Chicago, IL). Fisher’s exact tests and Student’s t tests were used
to compare the clinicopathologic characteristics of tumors (and
patients) with high and low expression of L6 mRNA. Survival
curves were obtained by the Kaplan-Meier method, and the
difference in survival and relapse times between groups with
low and high expression of L6 antigen was analyzed with the
log-rank test. Ps � 0.05 were considered to be statistically
significant.

RESULTS
Correlation between TAL6 Expression and Cell Inva-

siveness. Fig. 1A shows that mAb L6 against human TAL6
specifically stained immortalized normal human bronchial epi-
thelial cells (MF 	 25.3). TAL6 expression was elevated on
CL1-0 lung carcinoma cells (MF 	 110), whereas the more
invasive CL1-5 lung carcinoma cells expressed even higher
amounts of TAL6, suggesting a trend of increasing TAL6 ex-

pression with malignancy. To additionally explore the relation
between invasion and expression of TAL6, we quantified the
invasiveness of five human lung carcinoma cell lines, CL1-0,
CL1-1, CL1-2, CL1-3, and CL1-5 (Fig. 1B). The numbers of
cells invading through a membrane coated with Matrigel were:
CL1-0, 431 � 144; CL1-1, 287 � 79; CL1-2, 1350 � 175;
CL1-3, 1390 � 360; and CL1-5, 2350 � 300, showing a general
trend of increasing invasiveness. The RF of cell lines after
staining with mAb L6 also displayed a trend of increasing TAL6
expression (Fig. 1C). Linear regression analysis revealed a
strong correlation (correlation coefficient r2 	 0.98) between
invasion and expression of TAL6 on CL lung carcinoma cells
(Fig. 1D).

The correlation between TAL6 expression and invasive-
ness was additionally explored in a panel of human carcinoma
cell lines that included lung (CL1-0, CL1-5 NCI-H520, and
H928), bladder (HT1197, NTU-B1, and EJ), colon (Colo320),
and ovarian (OVTW-59) carcinoma cells. Fig. 2A shows that
TAL6 RF values ranged from 0.6% on Colo320 cells to 108%
on H928 cells. HT119 (98 � 35 cells) and CL1-0 (460 � 57

Fig. 1 TAL6 expression correlates with the in vitro invasiveness of CL
lung cancer cells. A, immortalized normal human bronchial epithelial
(filled curve), CL1-0 (OOO), and CL1-5 cells (----) were stained with
mAb L6 or control mAb OX8 (shaded curves) and analyzed by flow
cytometry. B, the invasion of CL lung carcinoma cells through mem-
branes coated with Matrigel relative to the invasion of CL1-5 cells are
shown. Bars, �SE. C, the RF of CL cell lines after staining with mAb
L6 or control mAb was calculated as described in “Materials and
Methods.” D, linear regression analysis of the invasiveness of CL cell
lines versus the RF of TAL6.

Fig. 2 Correlation of TAL6 expression with the in vitro invasiveness
of human carcinoma cells. A, the RF of cells stained with mAb L6 or
control mAb was calculated as described in “Materials and Methods.” B,
the invasion of cell lines through membranes coated with Matrigel
relative to the invasion of CL1-5 cells is shown. Bars, �SE. C, linear
regression analysis of the invasiveness of cell lines versus the RF of
TAL6.
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cells) cell lines displayed the lowest invasion, whereas CL1-5
(4000 � 232), H928 (4040 � 420), and NTU-B1 (3700 � 1600)
cells were most invasive (Fig. 2B). Linear regression analysis
revealed a trend (r2 	 0.69) of increasing invasion as the level
of TAL6 on the cells increased (Fig. 2C).

In contrast to the trend observed for TAL6 expression,
many TM4SF members display a trend of decreased expression
with increasing malignancy. To determine whether CL lung
carcinoma cells atypically express TM4SF proteins, we per-
formed immunofluorescence analysis of CL1-0 and CL1-5 cells
with mAbs against the TM4SF members CD9, CD63, and
CD81. Fig. 3 shows that slightly more CD9 was expressed on
CL1-0 cells as compared with CL-5 cells. Similarly, both CD63
and CD81 were more highly expressed on CL1-0 cells than on
CL1-5 cells. As before, TAL6 was more highly expressed on
CL1-5 cells than on CL1-0 cells. The expression of a control
protein (integrin �2) was similar on both CL1-0 and CL1-5
cells. These results demonstrate that CL lung carcinoma cells
display the typical pattern of tetraspanin expression that is
inversely correlated with malignancy.

Forced Expression of TAL6 Increases the Invasiveness
of Lung Carcinoma Cells. A direct role for TAL6 in cancer
cell invasion was investigated by engineering CL1-0 cells to
express high levels of TAL6. CL1-0 cells were generated that
expressed vector (CL1-0/pdef) or TAL6 (CL1-0/L6 cells).
Transfected cells were also sorted for enhanced TAL6 expres-
sion (CL1-5/L6-H cells). Populations of cells were used in all of
the experiments to eliminate possible artifacts associated with
cell clones. Fig. 4A shows that TAL6 expression was highest on
CL1-5 cells followed by CL1-0/L6-H and then CL1-0/pdef
cells. CL1-0/L6 cells displayed TAL6 densities intermediate
to CL1-0/pdef and CL1-0/L6-H (results not shown). The

doubling times of CL1-0/pdef, CL1-0/L6-H, and CL1-5 cells
were similar (17.5, 17.9, and 18.0 h, respectively), demonstrat-
ing that forced expression of TAL6 did not affect cell viability
or growth rate (Fig. 4B). Comparison of the adherence of
CL1-0/pdef, CL1-0/L6-H, and CL1-5 cells to purified ECM
proteins revealed that overexpression of TAL6 significantly
(P � 0.05) increased CL1-0/L6-H cell adhesion to collagen type
IV (Fig. 4C). However, this minor effect is of questionable
biological significance. CL1-5 and CL1-0 cells displayed sim-
ilar binding to fibronectin, laminin, and vitronectin, but signif-
icantly more CL1-5 cells adhered to collagen type I and collagen
type IV. Interestingly, CL1-5 cells displayed significantly lower
adhesion than CL1-0 cells to Matrigel, although collagen type
IV is a major component of Matrigel. Fig. 4D illustrates that the
invasiveness of CL1-0/L6 (225% � 18%) and CL1-0/L6-H
(257% � 31%) cells was significantly (P � 0.0005) higher than
CL1-0/pdef cells (100% � 4.1%). Investigation of ECM deg-
radation showed that culture supernatant from CL1-5 cells pos-
sessed high collagenase activity as compared with CL1-0 cells
(Fig. 4E). However, expression of TAL6 did not appear to be
related to collagenase activity; neither addition of L6 antibody
to cells nor expression of TAL6 on CL1-0 cells produced visible
changes in collagenase activity. The in vivo malignancy of
CL1-0/L6-H cells was also examined in an experimental metas-
tasis model. Previous studies have demonstrated that i.v. injec-
tion of CL1-5 cells in SCID mice results in progressive growth
of lung-tumor colonies with typical adenocarcinoma tumor mor-
phology (25). Fig. 4F shows that mice i.v. injected with CL-0/
L6-H cells exhibited a significant (P � 0.05) reduction in mean
survival time (43.3 � 3.0 days) compared with mice that were
injected with CL1-0/pdef cells (57.8 � 4.7 days). The mean
survival time of mice injected with CL1-5 cells was additionally
reduced (36.6 � 4.0 days). There was no significant difference
in the mean survival times of mice injected with CL-0/L6-H or
CL1-5 cells. Taken together, these results suggest that high
expression of TAL6 can increase both in vitro and in vivo cell
invasiveness.

Anti-TAL6 Antibody Decreases Cancer Cell Invasion.
Addition of mAb L6 to CL1-5 cells in the upper chamber of a
membrane invasion chamber significantly (P � 0.0005) reduced
their invasion by 41% as compared with cells treated with
control mAb. mAb L6 also significantly (P � 0.05) reduced the
migration of CL1-5 cells through a gelatin-coated membrane by
�15% as compared with control antibody (Fig. 5B). Suppres-
sion of cell invasion and migration by mAb L6 was not caused
by inhibition of cell growth, because the doubling time of CL1-5
cells treated with L6 (20.9 h) was similar to cells treated with
OX8, a nonbinding control antibody (22.8 h), or mAb Ly-5D7,
an antibody that binds to an unidentified surface antigen on
CL1-5 cells (23.8 h; Fig. 5C). In agreement with high TAL6 cell
experiments, mAb L6 did not significantly alter the adhesion of
CL1-5 cells to fibronectin, laminin, collagen type I, collagen
type IV, or vitronectin (Fig. 5D).

To additionally investigate the mechanism of antibody
modulation of cell invasion, the effect of antibody dose on the
invasion of CL1-5 cells was examined. Fig. 6A shows that the
invasion of CL1-5 cells was inhibited by mAb L6 in a dose-
dependent fashion. CL1-5 invasion was inhibited significantly
by concentrations of mAb L6 2.5 �g/ml. However, an inter-

Fig. 3 Expression of tetraspanins on CL1-0 and CL1-5 cells. CL1-0
(open curves) and CL1-5 (shaded curves) cells were stained with control
antibody (OX8) or mAbs against TAL6, integrin �2, or tetraspanins
(CD9, CD63, and CD81).
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mediate concentration of mAb L6 (10 �g/ml) inhibited the
invasion of CL1-5 cell significantly (P � 0.005) more than did
a high concentration (50 �g/ml) of antibody. This result sug-
gested that clustering of TAL6 on cells was required to inhibit
cell invasion, because monovalent binding is favored at high
antibody concentrations. To directly test whether TAL6 cluster-
ing was required to suppress invasion, we prepared monovalent
Fab fragments of mAb L6. Purification of the Fab fragments to
remove bivalent antibodies resulted in a single band on SDS
PAGE under reducing conditions corresponding to the light
chain, and variable and CH1 regions of the heavy chain (Fig.
6B). The L6 Fab fragments retained antigen-binding activity as
demonstrated by their competition of biotinylated mAb L6
binding to CL1-5 cells (Fig. 6C). L6 Fab fragments did not
significantly (P  0.35) reduce the invasiveness of CL1-5 cells,
confirming that TAL6 bridging was required to reduce cancer
cell invasiveness (Fig. 6D). We also examined whether cluster-
ing of TAL6 could enhance suboptimal antibody stimulation of
cells. Fig. 6E shows that CL1-5 cells incubated with a low
concentration of L6 (0.5 �g/ml) and a clustering second anti-
body (L6 � GAM) displayed significantly (P � 0.05) reduced

invasion compared with a nonclustering second antibody (L6 �
GAR). The GAM second antibody did not directly inhibit CL1-5
invasion as shown by addition of control antibody with second
antibody (OX8 � GAM). Taken together, these results demon-
strate that clustering of TAL6 on the cell surface modulated
cancer cell invasiveness.

Association of TAL6 mRNA Expression with Postoper-
ative Relapse and Survival of Patients with Lung Cancer.
Real-time quantitative RT-PCR was used to measure the num-
ber of TAL6 transcripts in lung cancer tissue from 54 patients
with lung cancer. Tumor samples from lung cancer patients
were arbitrarily classified as having either high or low TAL6
expression with a cutoff value taken as the mean TAL6 expres-
sion level from all of the patients. No relationship was seen
between TAL6 expression and clinicopathologic characteristics,
including age, sex, stage of disease, lymph node status, and
tumor histology (Table 1). The median survival of low-expres-
sion patients (50.1 months) was longer than the high-expression
patients (33.2 months), but the difference was not significant by
the log-rank test (P 	 0.234; Fig. 7A). Comparison of the
limited number of squamous cell carcinoma patients revealed

Fig. 4 Increased expression of TAL6 increases
the invasiveness of lung carcinoma cells. A,
CL1-5 cells and CL1-0 cells that expressed vec-
tor alone (CL1-0/pdef) or TAL6 (CL1-0/L6-H)
were stained with control (open curves) or L6
antibody (filled curves). B, the numbers of CL1-
0/pdef (�), CL1-0/L6-H (�), and CL1-5 (F)
cells were determined daily. C, adhesion of
CL1-0/pdef (�), CL1-0/L6-H (p), and CL1-5
(f) cells to ECM proteins. Results show the
mean percentage of input cells that adhered.
Significant differences between CL1-0/pdef and
CL1-0/L6-H or CL1-5 cells are indicated: �,
P � 0.05; ���, P � 0.0005. Bars, �SE. D, the
invasion of CL1-0/L6 and CL1-0/L6-H cells
through Matrigel relative to the invasion of
CL1-0/pdef cells. Significant differences be-
tween CL1-0/pdef and the L6 transfectants are
indicated; ���, P � 0.0005. Bars, �SE. E, col-
lagen zymogram of supernatants collected from
CL1-0/pdef, CL1-0/L6, or CL1-5 cells treated
with mAb HB65 or L6 are shown. F, the sur-
vival of SCID mice after i.v. injection of CL1-
0/pdef (n 	 5), CL1-0/L6-H (n 	 15), or CL1-5
(n 	 7) cells. The mean survival time of CL1-
0/L6-H mice was significantly (P � 0.05)
shorter than CL1-0/pdef mice.
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that the low-expression patients had statistically significant lon-
ger survival (median survival 61.7 months) as compared with
the high-expression patients (median survival 	 26.5 months;
log-rank test, P 	 0.025; Fig. 7B). The median duration to
postoperative recurrence in squamous cell carcinoma patients
was also significantly longer in low-expression patients (61.7
months) as compared with the high-expression patients (16.2
months; log-rank test; P 	 0.034).

DISCUSSION
TAL6 is widely distributed on the majority of human lung,

colon, breast, and ovarian tumors (10), as well as on renal cell
carcinomas (37) and prostate carcinoma cells (38). Although
TAL6 has generated substantial interest as a target for cancer
immunotherapy (19), antibody-directed enzyme prodrug activa-
tion (20), and radioimmunotherapy (21), little is known about
the biological function of TAL6. Here we present several lines
of evidence that implicate TAL6 in cancer metastasis. We found
that expression of TAL6 on CL lung carcinoma cells correlated
with the invasive capabilities of these cells. The expression of
TAL6 also correlated with the invasiveness of several epithelial-
derived tumors. A direct role for TAL6 in cancer metastasis was
demonstrated in CL1-0 cells that were engineered to express
high levels of TAL6. These cells displayed significantly in-
creased invasiveness through Matrigel-coated membranes and
enhanced malignancy in an experimental metastasis model in

mice. Conversely, clustering TAL6 molecules on CL1-5 cells
with mAb L6 modulated cell migration and invasion. Finally,
increased expression of TAL6 was associated significantly with
early postoperative relapse and shorter survival in lung squa-
mous cell carcinoma patients. Taken together, our results sup-
port the notion that TAL6 plays an important role in cancer
invasion and metastasis.

We used a panel of lung carcinoma cells to explore possi-
ble relationships between TAL6 expression and cancer cell
metastasis. This cell model was developed from a poorly dif-
ferentiated lung carcinoma cell line (CL1-0) by selecting sub-
populations of cells that displayed enhanced invasiveness in a
transwell invasion chamber (25). The five sublines (CL1-0 to
CL1-5) not only displayed progressively increasing invasive-

Fig. 5 mAb L6 affects the invasion and migration of lung carcinoma
cells. A, invasion of CL1-5 cells through Matrigel in the presence of 20
�g/ml control or L6 antibody. Bars, �SE. Significant differences be-
tween control and L6 antibodies are indicated: ���, P � 0.0005. B,
migration of CL1-5 cells in the presence of 20 �g/ml control or L6 mAb.
Bars, �SE. Significant differences between control and L6 antibodies
are indicated: �, P � 0.05. C, the number of CL1-5 cells cultured with
mAb L6, OX8, or Ly-5D7 (20 �g/ml) was determined daily. D, the
adhesion of CL1-5 cells to ECM proteins after addition of control (�)
or L6 (f) mAbs. The percentage of input CL1-5 cells adhering to ECM
proteins are indicated. Bars, �SE.

Fig. 6 Clustering of TAL6 is required to inhibit lung cancer invasion.
A, invasion of CL1-5 cells through Matrigel in the presence of 0, 2.5, 5,
10, 20, or 50 �g/ml mAb L6. Bars, �SE. Significant differences
between invasion with and without mAb L6 are indicated: �, P � 0.05;
���, P � 0.0005. Significant differences between 50 �g/ml mAb L6 and
other antibody concentrations are indicated: #, P � 0.05; ##, P � 0.005.
B, molecular weight markers (Lane 1) or L6 Fab fragments (Lane 2)
were electrophoresed on a reducing SDS-PAGE. C, the competition of
biotin-labeled mAb L6 for binding to CL-5 cells by the indicated
concentrations of control mAb HB65 (100% binding), mAb L6, or L6
Fab are shown. D, invasion of CL1-5 cells through Matrigel with 0 or
100 �g/ml L6 Fab. E, the invasion of CL1-5 cells through Matrigel after
the addition of mAb OX8 or L6 (0.5 �g/ml) followed by clustering
(GAM) or nonclustering (GAR) second antibodies. Bars, �SE. Signifi-
cant differences between invasion with (L6 � GAM) and without (L6 �
GAR) TAL6 clustering are indicated: �, P � 0.05.
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ness in vitro, but also exhibited a similar trend of greater
metastatic potential in SCID mice (25) and enhanced invasive-
ness in a tracheal graft assay (23). We also showed that CL1-5
cells were more malignant than CL1-0 cells in a SCID mouse
experimental metastasis model (Fig. 4F). Therefore, the CL1-
0/CL1-5 cell model captures relevant biological characteristics
for studying the metastatic behavior of lung cancer cells. TAL6
is a distant relative of the TM4SF that includes at least 25
members (39). This superfamily is distinguished by the presence
of four hydrophobic transmembrane domains oriented such that
the NH2 and COOH termini are located intracellularly, and two
loops are located extracellularly. TM4SF proteins exhibit pro-
miscuous association with lineage-specific surface proteins, in-
tegrins, and other TM4SF members. In fact, many of the bio-
logical activities of TM4SF proteins are attributed to their
association with integrins (40, 41). TM4SF proteins are thought
to link integrins with cellular kinases and signaling molecules,
thereby promoting lamellipodial extension and retraction (42).
Tetraspanins have been nicknamed “molecular facilitators” to
highlight their propensity to group specific cell-surface proteins,
and enhance the formation and activity of signaling complexes
(11).

TAL6 differs from most other TM4SF members in that it
primarily influenced invasion, whereas most tetraspanins primarily
act by modulating cell motility (39). The divergence of TAL6
function is also highlighted by the positive correlation of TAL6
expression with cancer cell invasion and poor patient prognosis. In
contrast, the expression of most TM4SF members is inversely
correlated with cancer cell metastasis and patient prognosis (16–
18). Interestingly, PETA-3 (CD151) expression has also been pos-
itively correlated with cancer cell migration and metastasis (15).
However, detailed analysis of conserved regions in TM4SF mem-
bers indicates that TAL6 may belong to a new four-transmembrane
superfamily comprising TAL6, IL-TMP, TM4SF5, and L6D (43).

Therefore, TAL6 may exert biological effects that are distinct from
the “classical” tetraspanins.

One possible effector of TAL6 function is aminopeptidase
N (CD13), which associates in a complex with TAL6 on the
surface of human lung cancer cells.4 CD13 is a type II trans-
membrane Zn2�-dependent metallopeptidase that catalyzes the
cleavage of neutral amino acids from the NH2 terminus of
peptides (44). CD13 expression has been correlated with the
invasion of melanoma (45) and prostate carcinoma (46) cells.
Although CD13 has been implicated in the activation of colla-
genase IV (47), we did not find any evidence that TAL6 mod-
ulated the collagenase activity of cancer cells (Fig. 4E). Anti-
body-mediated clustering of TAL6 modulated the invasiveness
of CL1-5 cells, suggesting that TAL6 can initiate cell signaling.
The PDZ protein SITAC/syntenin 2� was shown recently to
bind the peptide sequence Y-X-C-COOH at the COOH terminus
of TAL6 (48). The syntenin-binding motif is conserved among

4 Manuscript in preparation.

Table 1 Clinicopathologic characteristics of tumors with low and
high expression of tumor-associated L6 antigen mRNA

Characteristic

�
CT

P�6.35 6.35

Age, y, mean � SD 61 � 11 64 � 10 0.286a

Sex, no. of patients
Male 15 20 0.642
Female 10 9

Stage,b no. of patients
I–II 15 13 0.290
III–IV 10 16

Tumor status,b no. of patients
T1–2 19 20 0.762
T3–4 6 9

Lymph node status,b no. of
patients
N0 12 13 1.00
N1–3 13 16

Histology, no. of patients
Squamous cell carcinoma 9 13 0.585
Adenocarcinoma 16 16
a Derived with Student’s t test; other Ps were derived with Fisher’s

exact test. All statistical tests were two sided.
b Tumor stage, tumor status, and lymph node status were classified

according to the International System for Staging Lung Cancer (33).

Fig. 7 Kaplan-Meier survival plots for patients with non-small cell
lung cancer, grouped according to tumor-associated antigen TAL6
mRNA expression. The relative amount of tissue L6 mRNA, standard-
ized against the amount of TATA-box-binding protein mRNA, was
expressed as �
CT 	 �[CT(L6) � CT(TBP)]. Patients were included
in the high-expression group when the �
CT value was �6.35. A,
difference in overall survival between high (n 	 26) and low (n 	 19)
TAL6 expression groups among lung cancer patients was not significant
(P 	 0.23). B, the difference in overall survival between the high (n 	
11) and low (n 	 5) TAL6 expression groups among the limited number
of patients with squamous cell carcinoma is statistically significant (P 	
0.025). All of the patients alive at their last follow-up are indicated by
tick marks on the plot.
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human, hamster, and murine TAL6, suggesting a possible role
for this interaction in TAL6 function.

Taken together, our results suggest that TAL6 plays a role
in cancer cell invasion. Given the broad distribution of TAL6 on
most epithelial-derived cancer cells, dissecting the molecular
mechanisms of TAL6 modulation of cell invasion may provide
new molecular targets for intervention or diagnosis of tumor cell
metastasis.
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