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Abstract. 

 

Recently, we have described a panel of me-
tastasis-associated antigens in the rat, i.e., of molecules 
expressed on metastasizing, but not on nonmetastasiz-
ing tumor lines. One of these molecules, recognized by 
the monoclonal antibody D6.1 and named accordingly 
D6.1A, was found to be abundantly expressed predom-
inantly on mesenchyme-derived cells. The DNA of the 
antigen has been isolated and cloned. Surprisingly, the 
gene product proved to interfere strongly with coagula-
tion.

The 1.182-kb cDNA codes for a 235–amino acid long 
molecule with a 74.2% homology in the nucleotide and 
a 70% homology in the amino acid sequence to CO-
029, a human tumor-associated molecule. According to 
the distribution of hydrophobic and hydrophilic amino 
acids, D6.1A belongs to the tetraspanin superfamily. 
Western blotting of D6.1A-positive metastasizing tu-

mor lines revealed that the D6.1A, like many tetraspa-
nin molecules, is linked to further membrane mole-
cules, one of which could be identified as 

 

a

 

6

 

b

 

1 integrin. 
Transfection of a low-metastasizing tumor cell line with 
D6.1A cDNA resulted in increased metastatic potential 
and provided a clue as to the functional role of D6.1A. 
We noted massive bleeding around the metastases and, 
possibly as a consequence, local infarctions predomi-
nantly in the mesenteric region and all signs of a con-
sumption coagulopathy. By application of the D6.1 an-
tibody the coagulopathy was counterregulated, though 
not prevented.

It has been known for many years that tumor growth 
and progression is frequently accompanied by throm-
botic disorders. Our data suggest that the phenomenon 
could well be associated with the expression of tet-
raspanin molecules.

 

T

 

umor

 

 progression is a multistep process that re-
quires detachment from the primary tumor, migra-
tion through the extracellular matrix and penetration

through the basal membrane, only in case of hematoge-
nous metastasis adaptation to the circulation pressure and
attachment to the endothelia of the vessel wall and in lym-
phatic and hematogenous spread settlement and growth in
distant organs (19).

According to this array of distinct requirements, meta-
static cells as well as their surrounding cells have been
shown to display qualitatively or quantitatively altered
patterns of gene expression (38). These comprise cell–cell
and cell–matrix adhesion molecules (18), production and
activation of a variety of matrix-degrading enzymes, their
activators and inhibitors (61), and the components of the

extracellular matrix (44). It is important to note that so far
no single metastogen has been identified; instead, all me-
tastasis-associated alterations are part of physiological
programs, like placentation, embryogenesis, organogene-
sis, stem cell differentiation, and lymphocyte activation
(15, 24, 56, 66). One family of metastasis-associated mole-
cules are variant isoforms of the adhesion molecule CD44
(70), which meanwhile are known to be involved particu-
larly in lymphocyte activation (3, 21, 63), but also in organ-
ogenesis (20, 26, 33, 67). The metastasizing rat adenocarci-
noma line whereof CD44v was originally isolated (22)
displays on its surface a panel of additional molecules that
are detected neither on the nonmetastasizing subline (39),
nor on a variety of nonmetastasizing tumors of different
histology, but are expressed on other metastasizing rat tu-
mors (13). This strengthens the contention that they are
not individual-specific entities, but indeed metastasis asso-
ciated. Four of these antigens have been looked at for
their expression under physiological conditions and all
four were found to be expressed by a variety of tissues in
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the adult rat, besides being upregulated during the implan-
tation process (13). Here we report on one of these anti-
gens, D6.1A, which has been cloned and sequenced. The
molecule belongs to the tetraspanin superfamily and is the
homologue of the human carcinoma-associated CO-029
antigen (62). Like most of the tetraspanin molecules (9, 31,
37, 50, 64) it appears to associate with further membrane-
integrated structures. Transfection of the molecule in a
low-metastasizing tumor line resulted in an increased met-
astatic capacity. Most surprisingly, animals suffered from
peri-tumoral bleeding, local infarctions in distant organs
and all signs of a consumption coagulopathy.

 

Materials and Methods

 

Animals, Tumors, and Monoclonal Antibodies

 

BDX rats were obtained from Charles River (Sulzfeld, Germany). They were
kept under specific pathogen-free conditions and fed with conventional diet
and water at libitum. They were used for experiments at the age of 8–10 wk.

The following lines were used: BSP73ASML (ASML; metastasizing
pancreatic adenocarcinoma of the BDX strain)

 

1

 

, BSp73AS (AS; nonme-
tastasizing pancreatic adenocarcinoma of the BDX strain; references 40,
71), BSp73AS-14 (AS-14; BSp73AS cells transfected with CD44v4-v7
cDNA; reference 22), Regressor and Progressor, two metastasizing colon
carcinomas of the BDIX strain, kindly provided by F. Martin (47, 51).
BSp73AS-D6.1A (BSp73AS transfected with D6.1A cDNA; AS-D6.1A)
is described below.

The mAbs D6.1 (mIgG1) and D5.7 (mIgG1) recognize surface mole-
cules on metastasizing rat tumor lines and have been recently described
(13, 39); mAb 3-9 (mIgG1) binds to a gallium chelate complex (72) and
was used as control antibody. Ox42 (ECACC, catalog no. 87081803;
mIgG2a) binds to the integrin 

 

a

 

m

 

 chain. Anti-

 

b

 

1 (Ha2/5; hamster IgM),
anti-

 

a

 

3 (AB1920; rabbit IgG), anti-

 

a

 

4 (MR-

 

a

 

4-1; mouse IgG2a), anti-

 

a

 

5
(Hm

 

a

 

5-1; hamster IgG), and anti-

 

a

 

6

 

b

 

1 (MB1410; mIgG1), as well as
FITC-labeled polyclonal anti-hamster Ig, anti-rabbit IgG, and anti-mouse
IgG were obtained commercially.

 

cDNA Library and Selection of Clones Coding for 
Surface Molecules

 

mRNA was prepared from the colon carcinoma cell line Regressor and
oligo(dT)/NotI–primed cDNA was prepared using the Librarian Kit (In-
vitrogen, San Diego). The cDNA was inserted unidirectionally into the
mammalian expression vector pcDNA3 after ligation of BstXI adapters
and restriction digestion with NotI. The ligated DNA was transformed
into 

 

Escherichia coli

 

/TOP10F

 

9

 

. The size of the library was estimated to

 

z

 

2 

 

3

 

 10

 

7

 

 clones.
For the isolation of clones coding for metastasis-associated surface mol-

ecules, the cDNA was transfected into COS-7 cells by DEAE dextran.
Positive clones were enriched by panning (4, 52). In short, 5 

 

3

 

 10

 

6

 

 cells
were incubated with 10 

 

m

 

g/ml purified mAb D6.1 (60 min at 4

 

8

 

C). Non-
bound antibody was removed by washing and the antibody-coated cells
were poured on petri dishes coated with polyclonal goat anti–mouse IgG.
After 3 h incubation at room temperature, nonadherent cells were re-
moved by washing. Plasmid DNA of the adherent cells was isolated ac-
cording to Hirt (27). Genomic DNA and proteins were separated by cen-
trifugation. The plasmid DNA/RNA mixture was digested with RNase A
(20 

 

m

 

g/ml) and proteinase K (50 

 

m

 

g/ml), followed by a phenol–chloroform
extraction to remove remaining protein. The plasmid DNA was precipi-
tated and used for the transformation of 

 

E. coli 

 

by electroporation. The
procedure was repeated three times and COS cell transfection was per-
formed by spheroplast fusion. After the third panning procedure the plas-

mid DNA of 12 single colonies was used for DEAE transfection of COS-7
cells. After 3 d, cells were analyzed for antigen expression by FACS

 

®

 

. The
cDNA of positive clones was sequenced according to the method of
Sanger et al. (49).

 

Fluorescence In Situ Hybridization

 

For isolation of chromosomal clones of the CO-029 gene a P1-derived
artificial chromosome (PAC; 35) library was screened with the D6.1A
cDNA (ICRF library no. 704; Resource Center Primary Data Base, German
Human Genome Project, Max Planck Institute for Molecular Genetics,
Berlin, Germany). Two positive clones (LLNLP704D12229Q13 and
LLNLP704M22126Q13) were isolated and used for fluorescence in situ
hybridization (FISH) analysis. PAC-DNA was labeled with DIG-11-dUTP
(Boehringer Mannheim GmbH, Mannheim, Germany) by nick transla-
tion. Suppression of repetitive sequences, denaturation, hybridization,
and fluorescence detection were performed as described (14). Anti–DIG-
mouse IgG

 

k

 

 (Boehringer Mannheim GmbH) and Cy3-conjugated sheep
anti–mouse IgG (Dianova, Hamburg, Germany) were used to detect
digoxigenin-labeled probes. Chromosomes were counterstained with
DAPI. Analysis was performed using a Zeiss Axiophot microscope. Im-
ages were collected and merged using a cooled CCD camera (KAF 1400;
Photometrics, Tuscon, AZ) and IPLab Spectrum software.

 

Transfection of a D6.1A-negative Tumor Line
with D6.1A cDNA

 

The tumor line AS was transfected by electroporation. Transfected cells
were selected by growth in medium containing 600 

 

m

 

g/ml G418. Surviving
cells were either enriched by FACS

 

®

 

 sorting and/or by single cell cloning.
Distinct clones have been designated by subscripted roman numbers, i.e.,
AS-D6.1A

 

I

 

, AS-D6.1A

 

II

 

, and AS-D6.1A

 

III

 

.

 

Western Blot and Immunoprecipitation of Biotinylated 
Membrane Proteins

 

For immunoprecipitation, surface membrane proteins were labeled with
NHS-Biotin (Boehringer Mannheim GmbH) according to Meier et al.
(41). Cells were lysed in immunoprecipitation buffer (10 mM Tris, pH 7.4,
150 mM NaCl, 1 mM MgCl

 

2

 

, 1 mM CaCl

 

2

 

, 2 mM PMSF, 5 mM iodoaceta-
mid, and either 1% CHAPS or 1% NP-40) for 30 min at 4

 

8

 

C and cleared
by centrifugation (13,000 rpm, 4

 

8

 

C, 30 min). Lysates were precleared over-
night by addition of 1/10 vol protein G–Sepharose including anti-hamster
Ig, where required (1:1 in PBS). Afterwards, lysates corresponding to

 

z

 

1–5

 

 3 

 

10

 

6

 

 cells were incubated with mAb (5 

 

m

 

g/ml or one-fifth the vol-
ume of undiluted hybridoma supernatant) for 2 h at 4

 

8

 

C and subsequently,
where required, with an anti-hamster Ig (2 h at 4

 

8

 

C). Protein G–Sepharose
(1:1 in PBS, 1/10

 

th

 

 of the total volume) was added for 60 min. Immune
complexes were washed six times with immunoprecipitation buffer and
eluted from protein G–Sepharose with Laemmli buffer. SDS-PAGE (34)
was performed using gradient gels as indicated in the figure legends. Sepa-
rated proteins were transferred to polyvinylidene difluoride (PVDF)
membranes and bands were visualized after incubation with streptavidin–
HRP using the ECL detection system (Amersham Buchler GmbH,
Braunschweig, Germany). For the detection of coimmunoprecipitated
D6.1A, immune complexes were separated by SDS-PAGE and blotted
onto a PVDF membrane. Detection of D6.1A was performed according to
standard procedures by successive incubation with D6.1 hybridoma super-
natant and sheep anti–mouse IgG-HRP. For visualization the ECL detec-
tion system was used.

 

Adhesion and Proliferation Assays

 

In adhesion studies D6.1A-transfected clones as well as control clones
were labeled with 

 

51

 

Cr and were seeded either on a monolayer of adherent
cells or on plates coated with components of the extracellular matrix, i.e.,
hyaluronic acid (HA), collagen type I (CO-I), type III (CO-III), and type
IV (CO-IV), laminin (LA), fibronectin (FN), and vitronectin (VN), or on
plates coated with the D6.1 antibody. The antibody as well as the compo-
nents of the extracellular matrix, except for HA were coated at 10 

 

m

 

g/ml;
HA was coated at a concentration of 100 

 

m

 

g/ml. Where indicated, anti-
D6.1 (10 

 

m

 

g/ml) was added to the culture medium. Cells were incubated
for 20 min to 4 h and were washed repeatedly. The adherent cells were
lysed by 2% SDS, transferred into counting vials, and counted in a

 

g

 

-counter. The percentage of adherent cells is shown.

 

1. 

 

Abbreviations used in this paper

 

: AA, amino acid; AS, BSp73AS tumor
line; AS-14, AS-14 tumor line; AS-D6.1A, AS-D6.1A tumor line; ASML,
ASML tumor line; CO-I/III/IV, collagen type I/III/IV; FISH, fluorescence
in situ hybridization; FN, fibronectin; HA, hyaluronic acid; i.f.p., intra-
footpad; LA, laminin; PAC, P1-derived artificial chromosome; PTT, par-
tial prothrombin time; s.c., subcutaneously; PVDF, polyvinylidene difluo-
ride; VN, vitronectin.
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Proliferation of D6.1A-transfected cells was tested by [

 

3

 

H]thymidine
incorporation. Cells were seeded either on substrate-coated or on D6.1-
coated plates, where the supernatant contained either a control antibody
or D6.1. [

 

3

 

H]thymidine was added immediately or after 12–72 h. After 8 h
of incubation with [

 

3

 

H]thymidine, cells were trypsinized and transferred to
a 

 

b

 

-counter to evaluate thymidine incorporation.

 

Coagulation Assays

 

The following coagulation parameters were evaluated in the sera of tu-
mor-bearing rats by automatic sample processing (Elektra 1600; Bade,
Munich, Germany): Quick, partial prothrombin time (PTT) and the fi-
brinogen content of the serum. The Quick assay represents a group test
for exogenous coagulation factors. After addition of thromboplastin re-
agent (thromboplastin, Ca

 

11

 

, phospholipids) the time for coagulation (fi-
brinogen 

 

→

 

 

 

fibrin) will be determined. PPT is a group test for endogenous
coagulation factors. Plasma will be incubated with contact activators that
initiate activation of factor XII, XI, and high molecular mass kininogen.
Phospholipids are added to replace platelets. CaCl

 

2

 

 is added after preacti-
vation and the coagulation time is determined. For the determination of
fibrinogen, the plasma is diluted in Veronal buffer and prewarmed before
the addition of thrombin reagent to determine the coagulation time. The
D-dimer assay determines exclusively fragments of fibrin (not of fibrinogen).
The fragments are created by cross-linking the D part of two fibrin mole-
cules, which are separated from the remaining part of the molecule by plas-
min. D-dimers are elevated in the state of overactivity of the clotting system.
They are determined by an ELISA using a D-dimer–specific antibody.

 

Metastasis Assay

 

BDX rats received 5 

 

3

 

 10

 

5

 

 tumor cells, subcutaneously (s.c.), intrave-
nously (i.v.), or intrafootpad (i.f.p.). In the latter case the tumor and the
draining lymph node were excised by amputation at the knee as soon as
the primary tumor reached a diameter of 0.5 cm. Animals were observed
for local tumor growth, weight loss, anemia, and shortage of breath and
were killed before reaching a moribund stage. Metastasis formation was
controlled macroscopically and by histology.

 

Results

 

Recently, we have reported on the physiological expres-
sion of a molecule detected only on metastatic sublines of
a pancreatic and a colon adenocarcinoma, but not on non-
metastatic lines (13). On one of the metastasizing tumor
lines, ASML, the molecule, recognized by the mAb D6.1,
has a molecular mass of 24–40 kD. The epitope recognized
by D6.1 was sensitive to reducing agents, i.e., it could only
be detected under nonreducing conditions in Western
blots. By tunicamycin treatment, the 24-kD band became
by far the most prominent, suggesting that the D6.1-anti-
gen (D6.1A) is a glycoprotein. Evaluation of whether the
molecule may be expressed not only on metastasizing tu-
mor cells, but also on nontransformed cells revealed that
the D6.1A is expressed in many different tissues including
epithelia, endothelia, smooth and striated musculature, as
well as nerve tissues. During ontogeny its expression was
strongly upregulated in stromal elements at the site of im-
plantation, in the decidua and the myometrium towards
the placenta. Besides, a population of bone marrow cells
and the majority of monocytes stained with D6.1, while
the molecule was not detected on resting B or T cells. By
this abundant pattern of expression on the one side and
the absence of the D6.1A on nonmetastasizing rat tumor
cells on the other, we became interested in exploring its
molecular nature to possibly unravel its function.

 

Cloning of D6.1A cDNA

 

After three rounds of transfection of COS7 cells with plas-

mid DNA of a cDNA library derived from a metastatic rat
colon carcinoma line and transfection of COS7 cells with
plasmid DNA of 12 bacterial colonies, two clones were
isolated that gave positive FACS

 

®

 

 staining with the D6.1
mAb. Western blot analysis confirmed that the cells ex-
pressed a D6.1-reactive molecule of an estimated molecu-
lar mass of 24 kD. Sequencing of the D6.1A cDNA re-
vealed a 1,182-bp sequence with an open reading frame for
235 amino acids (AA) starting with the 5

 

9

 

 ATG codon,
which is flanked by a consensus sequence for the initiation
of translation. The 5

 

9

 

 untranslated region spans 229 nucle-
otides. Within the 227 bases of the 3

 

9

 

 untranslated region
there is a consensus sequence for poly(A)

 

1

 

 addition (Fig. 1).
The nucleotide sequence of the D6.1A revealed a 74.2%
homology to a human tetraspanin molecule, CO-029, which
has been found on lung, colon, and pancreatic tumors, but
has not been detected on nontransformed cells (62).

Genes of several members of the tetraspanin superfam-
ily have been found in clusters (54), providing evidence for
gene duplication. Therefore, we wanted to know whether
D6.1A/CO-029 may also be located close to additional tet-
raspanin genes. This was tested in the human system by in
situ hybridization. As shown in Fig. 2, the CO-029 gene
was found on q12 of chromosome 12, where, indeed, two
additional members of the tetraspanin family, SAS and
CD63, have been located (29).

 

The D6.1A Molecule

 

The AA sequence of D6.1A and CO-029 show up to 70%
identity and up to 80% similarity. According to the AA se-
quence, the D6.1A molecule has an isoelectric point of pH
7.63 and a theoretical molecular mass of 25.58 kD, which
corresponds to the smallest molecule detected on the met-
astatic Regressor/Progressor and ASML tumor lines. The
distribution of hydrophobic and hydrophilic AA classifies
the molecule, like CO-029, as an integral transmembrane
protein of type III (69; Fig. 3). Four hydrophobic se-
quences of 

 

z

 

25 AA are separated by hydrophilic AA. Be-
tween the transmembrane domains 1 and 2 there is a small
and between the transmembrane domains 3 and 4 there is
a larger extracellular domain. The NH

 

2

 

 and the COOH
terminus, as well as a short sequence of 4 AA between the
transmembrane domains 2 and 3 are located in the cyto-
plasm. The molecule contains the 11 conserved cystine res-
idues of the tetraspanin family. There are two potential

 

N

 

-glycosylation sites (one on CO-029). Near the COOH
terminus there is a consensus sequence for interaction
with tyrosine phosphatases. The AA YCQI are a consen-
sus sequence for association with SH

 

2

 

 domain containing
proteins (59).

Since several members of the tetraspanin superfamily
have been described to associate with other membrane
proteins, particularly with 

 

b

 

1 integrins (reviewed in refer-
ences 23, 37), it became of interest whether D6.1A would
also associate with integrins. When the D6.1A was precipi-
tated by using a mild detergent (CHAPS), it mainly copre-
cipitated from ASML and Progressor with one molecule in
the molecular range of 120–130 kD (Fig. 4 

 

A

 

). By the de-
scribed frequent association of tetraspanin molecules with
integrins we first evaluated by FACS

 

®

 

 analysis the expres-
sion of several integrins on ASML, Progressor, and AS
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(Fig. 4 

 

B

 

). All lines expressed the 

 

b

 

1 chain, but the expres-
sion level was higher on ASML and Progressor as com-
pared with AS cells. Interestingly, when AS cells were
transfected with D6.1A cDNA, expression of the 

 

b

 

1 inte-
grin chain was found to be augmented. A similar phenom-
enon was seen with the 

 

b

 

2 chain. The 

 

b

 

2 chain was not ex-
pressed by ASML and Progressor, but on 

 

z

 

20% of AS
cells. Again, expression of the 

 

b

 

2 chain was upregulated
on D6.1A cDNA–transfected AS cells. None of the lines
expressed the 

 

b

 

3, the 

 

a

 

4 and the 

 

a

 

5 chain. All lines re-
acted with an 

 

a

 

6

 

b

 

1-specific antibody. The 

 

a

 

m

 

 chain was
not expressed on ASML and Progressor, but on AS and
D6.1A cDNA–transfected AS cells.

By immunoprecipitates of lysates from ASML (Fig. 4 

 

C

 

)
and Progressor (Fig. 4 

 

D

 

), it could be demonstrated that
D6.1A was, indeed, associated with 

 

b

 

1 integrin. No precip-
itate was detected with anti-

 

a

 

4 and anti-

 

a

 

5, which are not
expressed on ASML and Progressor (Fig. 4 

 

C

 

). Further-
more, as shown for Progressor (Fig. 4 

 

E

 

), D6.1A coprecip-
itated with 

 

a

 

3 as well as with 

 

a

 

6

 

b

 

1.
Tetraspanin molecules have also been described to colo-

calize with CD44 (32). Since expression of CD44v4-v7,
found at high level on the ASML as well as on the Regressor
and Progressor lines, is associated with tumor progression,
it was tempting to speculate that D6.1A might coprecipi-
tate with CD44 variant isoforms. But a CD44-containing
coprecipitate could be detected with none of the lines
(data not shown). Finally we were interested whether

D6.1A may coprecipitate with additional metastasis-asso-
ciated molecules detected on ASML and Progressor (13,
39). Using precipitates of ASML, we noted a very weak
staining with D6.1 of a molecule (D5.7A) precipitated by
D5.7 (Fig. 4 

 

C

 

), which could be identified as the rat homo-
logue of EGP314 (Würfel et al., manuscript in prepara-
tion). According to FACS

 

®

 

 analysis (see Fig. 4 

 

B

 

), D6.1A,
D5.7A, and the 

 

b

 

1 integrin are expressed at comparable
levels at the ASML and the Progressor lines. Thus, if at all,
the association between D6.1A and D5.7A is much
weaker than the association between D6.1A and the inte-
grins (Fig. 4, 

 

C–E

 

). No coprecipitate could be detected us-
ing the strong detergent NP-40 (data not shown).

 

D6.1A in Cell–Cell and Cell–Substrate Adhesion

 

Tetraspanin molecules, mainly by their nature as molecu-
lar facilitators (37), have been described to influence cell
adhesion. To evaluate whether D6.1A may be involved in
cell substrate adhesion the D6.1A-positive Progressor line,
as well as D6.1A-transfected AS, clones were tested for
adhesion to a panel of extracellular matrix molecules. As
shown in Fig. 5, transfection of AS with D6.1 cDNA led to
a slightly increased adhesion to plastic and to HA-coated
plates. Adhesion to other components of the extracellular
matrix was not altered by D6.1A transfection. By addition
of D6.1 to the culture medium, adhesion to plastic and HA
was reduced, which confirmed some involvement of D6.1A

Figure 1. Nucleotide sequence of D6.1A in comparison to CO-029. The nucleotide sequences of D6.1 (bold) and of CO-029 are shown.
Congruent nucleotides are marked by asterisks. The consensus sequence for the initiation of translation is underlined, the consensus se-
quence for addition of the poly(A)1 tail is underlined with dots, and the stop codon is double underlined. These data are available from
GenBank/EMBL/DDBJ under accession number Y13275.
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in adhesion to plastic and HA. Besides, adhesion to col-
lagen type I was diminished. Different from the transfected
clones, adhesion of the metastasizing tumor lines Regres-
sor (not shown) and Progressor to plastic and extracellular
matrix molecules was not influenced by the D6.1 mAb.
Thus, D6.1A does not appear to be a cell–substrate adhe-
sion molecule, but can probably, in concert with additional
surface molecule(s), alter adhesiveness in general (plastic)
and towards HA in particular.

Cell–cell adhesion was not influenced by D6.1A. This
accounted for the adhesiveness of D6.1A-positive cells to
D6.1A-negative as well as D6.1A-positive cells (data not
shown).

 

D6.1A and Cell Proliferation

Tetraspanin molecules have also been described to be in-
volved in cell proliferation, mainly via associated mole-
cules (reviewed in reference 29). A possible involvement
of D6.1A in proliferation was tested by two approaches.
First we evaluated proliferative activity of the D6.1A-posi-
tive tumor lines Regressor and Progressor seeded on sub-
strate-coated plates in dependence on the presence of the
D6.1 mAb. Only one of the two lines showed enhanced
proliferation in response to fibronectin, which could be in-
hibited by D6.1 (data not shown). Because the transfected
clones provide a more stringent system, next we compared
the influence of plastic-bound D6.1 on the proliferative ac-
tivity of D6.1A-transfected vs mock-transfected lines. As
could have been expected, proliferation of D6.1A-nega-
tive clones was unaltered and addition of D6.1 to the cul-
ture medium had no effect. Instead, proliferation of the
D6.1A-transfected clones was inhibited in the presence of
D6.1 in the culture medium, although it was unaltered on

D6.1-coated plates (Fig. 6). Because coated D6.1 did not
influence proliferative activity, this finding, too, argues
against a direct involvement of D6.1A in cell proliferation,
but supports a role as molecular facilitator (37).

D6.1A in Metastasis Formation

The D6.1A was originally described as a metastasis-associ-
ated molecule and was isolated from a metastasizing tu-
mor line. However, by the circumstantial evidences of
D6.1A functioning in concert with additional cell surface
molecules, it appeared questionable whether transfection
of a weakly metastasizing AS clone with only the D6.1A
cDNA would result in tumor progression. In view of these
considerations, the outcome of the in vivo metastasis assay
was surprising.

Cells were either injected s.c., i.f.p., or i.v. After i.f.p. ap-
plication, the local tumor was excised together with the
popliteal lymph node when the primary tumor reached a
mean diameter of 0.5 cm. In the first experiments, two
D6.1A-transfected AS clones, AS-D6.1AI and AS-D6.1AII
and a mock transfectant (empty vector), AS-mock, were

Figure 2. Chromosomal localization of CO-029. The FISH anal-
ysis of the CO-029 gene was done with PAC clone
LLNLP704D12229Q13. The hybridization was performed with a
metaphase preparation of immortalized lymphocytes. A G-banded
chromosome 12 is shown on the top of the figure and the same
metaphase spread is shown in the FISH on the bottom. CO-029
maps to chromosomal band 12q12 (arrow). Figure 3. Amino acid sequence and proposed organization of

D6.1A. (A) Amino acid sequence of D6.1A and CO-029: the 11
conserved cystine residues of the tetraspanin superfamily mole-
cules are printed in bold, the two potential N-glycosylation sites
are underlined by dots and the four hydrophobic regions are un-
derlined. The consensus sequence for binding of tyrosine phos-
phatases are printed in italics. The AA sequence YCQI (double
underlined) represents a recognition sequence for the association
with SH2 domain containing proteins. The identity between
D6.1A and CO-029 is 70.2%, the similarity is 81.7%. (B) Hydro-
phobicity plot according to Kyte-Doolittle (33a) the peptide
structure (according to the HUSAR program) of the AA se-
quence shown above reveals the four hydrophobic regions and
the intermitted hydrophilic AA. The structure allows to group
the molecule into the transmembrane proteins type III.
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Figure 4. Coimmunoprecipitation of D6.1A. (a) ASML, AS, and Progressor (2 3 106 cells/lane) were biotinylated and subsequently ly-
sed using CHAPS (C) and NP-40 (N) containing buffers, respectively. The immunoprecipitation was performed with D6.1, D5.7, and 3-9
(control IgG1). SDS-PAGE (4–20% gradient gel) was run under reducing conditions. Using the mild detergent CHAPS a high molecu-
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tested. D6.1A expression, indeed, influenced in a subtle
way metastasis formation. First, the D6.1A-transfected
clones grew slower than the parental line (Table I and Fig.
7). This was seen particularly after the s.c. application, but
became also evident after i.f.p. as well as after i.v. applica-
tion by the prolonged survival time. The phenomenon was
most pronounced for the AS-D6.1AI clone, which after
i.f.p. application did not at all grow locally. Second, ex-
pression of D6.1A facilitated metastasis formation (Table
II). After s.c. application of AS-D6.1A, 4 out of 12, after
i.f.p. application 7 out of 8, and after i.v. application 9 out
of 10 rats showed lung metastasis. The corresponding
numbers in animals receiving AS-mock were 0 out of 5
(s.c.), 1 out of 5 (i.f.p.), and 2 out of 5 (i.v.). Third, AS-
D6.1AI frequently metastasized to the lung without settle-
ment in the lymph nodes (Table II). This was most appar-
ent after i.f.p. application, where in all three animals that
developed lung metastases no growth in the draining
lymph nodes was observed. The phenomenon was also
noted in some animals developing lung metastases after
i.v. application. In the remaining rats, lymph nodes were
macroscopically unaltered and the presence of tumor cells
was only verified after in vitro culture of the excised
nodes. After s.c. application of tumor cells, the axillary
and the inguinal lymph nodes were infiltrated in most of
the rats. Forth, and most impressively, expression of
D6.1A caused massive bleeding in 27 out of 30 rats in the
surrounding of the primary tumor and the metastases,
even when the metastatic nodules appeared rather small.
Frequently (in 15 out of 30 rats), bleeding around the me-
tastases was accompanied by infarctions predominantly in
the abdominal vessels, which led to local necrosis of the
gut (either the ileum or the colon) or organs of the urogen-

lar mass protein of 120–130 kD has been precipitated with D6.1 from ASML and Progressor, but not from AS. The protein is not seen
with the control antibody 3-9, nor with D5.7, which recognizes a molecule expressed at comparable intensity to D6.1A on ASML and
Progressor. Furthermore, the molecule could not be detected using the strong detergent NP-40. (b) Expression of integrins on ASML,
Progressor, AS, and D6.1A cDNA–transfected AS cells was evaluated by FACS® analysis. The lines were stained with anti-b1, anti-b2,
anti-b3, anti-a3, anti-a4, anti-a5, anti-a6b1, anti-am, and, for comparison with the mAb D6.1 and D5.7. The negative control (second,
FITC-labeled antibody only) and the stained cells are shown. All four lines express b1, a3, and a6, but are negative for b3, a4, and a5 in-
tegrin. The b2 and the am chain are only expressed on AS and AS-D6.1A cells. The metastasis-associated molecules, D6.1A and D5.7A,
were expressed on ASML and Progressor, but not on AS cells. It should be noted that D6.1A, D5.7A, and b1 integrin are expressed at
comparable intensity on ASML and Progressor cells. (c) ASML cells were lysed using CHAPS containing buffer. The immunoprecipita-
tion was performed with D6.1, D5.7, and anti-b1, anti-a4, and anti-a5 integrins. Precipitates, corresponding to 2 3 105 cells were run un-
der nonreducing conditions on a 12% SDS gel. After blotting the membrane was incubated with D6.1. Using the mild detergent
CHAPS, D6.1A was precipitated with D6.1 and with the anti-b1 integrin. A very weak band was seen with D5.7. There was not precipi-
tate with the anti-a4 and the anti-a5 integrins, a4 and a5 being not expressed on ASML cells. (d and e) Progressor cells were lysed using
CHAPS containing buffer and the immunoprecipitation was performed as described in c. For immunoprecipitation D6.1, D5.7, anti-b1,
anti-a4, and anti-a5 (d) and anti-b1, anti-a3, anti-a4, anti-a5, and anti-a6b1 (e) integrins were used. Precipitates, corresponding to 2 3
105 cells were run under nonreducing conditions on a 12% SDS gel. After blotting the membrane was incubated with D6.1. In lysates of
Progressor cells, D6.1A was precipitated with D6.1, with the anti-b1 integrin, with the a3 and with the a6b1 integrin.

and 2 D6.1A-transfected AS clones (AS-D6.1AI and AS-D6.1AII)
were labeled with 51Cr and 5 3 104 cells were seeded on 96-well
plates, uncoated or coated with a variety of substrates. The cul-
ture medium contained titrated amounts of an IgG1 mAb of ir-
relevant specificity or of the D6.1 mAb. The percentage of cells
(mean of triplicates 1 SD) adhering after 60 min of incubation in
the presence of 10 mg/ml mAb are shown. The D6.1 mAb inter-
feres with the binding of the transfected lines towards plastic, HA
and CO-I. The antibody had no influence on the binding of the
Progressor line.

Figure 5. Influence of D6.1A on substrate adhesion. (A) Mock-
and D6.1A-transfected AS cells were labeled with 51Cr and 5 3
104 cells were seeded on 96-well plates, uncoated or coated with a
variety of substrates. The percentage of cells (mean of triplicates
1 SD) adhering after 60 min of incubation are shown. Similar
values were observed after 30 and 120 min, while at later time
points differences were vanishing (data not shown). Adhesion of
the two D6.1A-transfected clones to plastic and HA was in-
creased. (B) A constitutively D6.1A-positive line (Progressor)
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ital tract, like the uterine horns, the ovary, the kidney and
the adrenal gland (Table II and Fig. 8).

Thus, D6.1A influenced metastasis formation, but in an
unexpected way. Besides metastasis formation in the ab-
sence of local tumor growth, which is characteristic for the
ASML line, AS-D6.1A clones differed from ASML, which
metastasizes explicitly via the draining lymph nodes, by
the rather weak involvement of the lymphatic system as
well as by either the local destruction of capillaries and/or
interference with the clotting system.

To support the latter assumption, we screened rats bear-
ing D6.1A-transfected AS cells for clotting activity (Table
III). Animals received a s.c. injection of AS-mock or AS-
D6.1AI. Five animals in each group were treated i.v. twice
per week with 200 mg D6.1, and five with an isotype-
matched control antibody. Animals were killed after 5 wk.
All five rats receiving AS-D6.1A and a control antibody
showed bleeding in the tumor tissue and three out of five
had infarctions in the gastrointestinal tract. In AS-D6.1A–
bearing rats that received a control antibody, Quick values
were strongly reduced and partial prothrombin times were
significantly prolonged. Furthermore, the fibrinogen con-
tent in the serum was significantly decreased and ranged
below 10% of standard values in three out of five rats.
Complexes of fibrin fragments (D-dimers) were signifi-

cantly increased. These findings point towards a severe
consumption coagulopathy. Interestingly, in four out of
five animals that received D6.1 (200 mg, twice per week,
i.v.) throughout the period of tumor growth, Quick, partial
prothrombin time, and the fibrinogen content were nor-
malized, whereas complexes of fibrin fragments were still
augmented, i.e., D6.1 did not prevent the coagulopathy,
but counterregulated it. In line with this laboratory finding
was the observation that, with one exception, neither
bleeding in the peri-tumoral region nor infarctions were
seen. AS-mock–bearing rats showed no bleeding, irrespec-
tive of whether they received control IgG or D6.1 and co-
agulation parameters were unaltered (data not shown).
Thus, metastasis promotion by D6.1A likely functions via
interference with the clotting system.

Discussion
Recently, we have described the physiological expression
of a panel of seemingly metastasis-associated molecules,
i.e., of structures detected in a rat tumor line metastasizing
via the lymphatic system, but not in nonmetastasizing lines
(13). The association with metastasis formation was partic-
ularly surprising for one molecule recognized by the mAb
D6.1, because this metastasis-associated marker was most

Figure 6. Influence of D6.1A on proliferative activ-
ity. Mock- and D6.1A-transfected AS cells were
seeded (1 3 104 cells/well) on control IgG1- or D6.1-
coated plates. Where indicated the medium con-
tained 10 mg/ml of D6.1. After 24 h of incubation,
[3H]thymidine was added for an additional 8 h, cells
were harvested and incorporation of [3H]thymidine
was determined in a b-counter. The mean of tripli-
cates 1 SD is shown. Proliferation of AS-D6.1AI
and AS-D6.1AII cells was inhibited in the presence
of D6.1 in the culture medium.

Table I. In Vivo Growth of D6.1A cDNA–transfected AS Clones

Tumor line Application* Local tumor Survival rate Mean survival time Range P value‡

AS-mock s.c. 6/6 0/6 36 6 3.8 32–44
AS-D6.1AI s.c. 12/12 0/12 53 6 5.7 39–58 ,0.001
AS-mock i.f.p./excision 5/5 0/5 42 6 14.3 30–64
AS-D6.1AI i.f.p./no excision 0/5 2/5 103 6 4.2 99–110 ,0.001
AS-D6.1AII i.f.p./excision 5/5 0/5 49 6 9.3 32–59 0.304
AS-mock i.v. 0/5 29 6 5.6 23–39
AS-D6.1AI i.v. 0/5 61 6 22.8 30–100 0.021
AS-D6.1AII i.v. 0/5 41 6 10.1 30–58 0.041

*Rats received 5 3 105 tumor cells either s.c., i.f.p. or i.v. After i.f.p. application the tumor and the draining lymph node was excised when the primary tumor reached a mean di-
ameter of 0.5 cm, i.e., after 18 d for AS-mock and after 22 d for AS-D6.1AII. Animals which had received AS-D6.1AI did not develop a primary tumor.
‡Statistical significance of differences in the survival time have been calculated by the Student’s t test.
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abundantly expressed in ectoderm-, mesoderm-, and en-
doderm-derived tissues of the adult rat. The apparent dis-
crepancy between physiological expression and associa-
tion with tumor progression prompted us to identify its
molecular structure.

The molecule recognized by the D6.1 mAb and accord-
ingly named D6.1A belongs to the tetraspanin superfam-
ily, which is characterized by the NH2 and the COOH ter-
mini being located within the cytoplasm (69). The D6.1A
has two potential extracellular regions, both with potential
N-glycosylation sites, which fits the observation that we
noted in Western blots of tunicamycin-treated cells of a
clear reduction of the molecular mass. Besides which,
there is a recognition sequence for the association with
SH2 domain–containing proteins (59) and a consensus se-
quence for binding of tyrosine phosphatases, an associa-
tion with tyrosine phosphatases being already described
for two other members, CD53 and CD63, of the tetraspa-
nin superfamily (12).

The D6.1A shows a high degree of homology to the hu-
man CO-029 antigen (62), which originally has been iso-
lated from a colon cancer line, but is also found on cancer
cells of the mammary gland, the pancreas and the stomach
(53). Distinct to the D6.1A, CO-029 has not been de-
scribed to be abundantly expressed under physiological
conditions (53, 62). However, although expression of some
tetraspanin molecules, e.g., CD37 and CD53, is rather re-
stricted, others like CD9, CD63, CD81, and CD82 have
been found on a large variety of tissues and cells (6, 31, 42,
55, 65). Despite their abundance, several of them, e.g.,
CD9, CD63, and CD82, are supposed to be associated with
the metastatic phenotype (1, 17, 25, 30, 46).

In terms of function, tetraspanins have been described
to be involved in adhesion and motility, proliferation, acti-
vation, and differentiation, as well as in metastasis forma-
tion or suppression (reviewed in reference 37). It has been
suggested that this divergent array of functions may relate
to their capacity to group-specific cell surface proteins,
mostly integrins (37, 69). Thus, first we asked whether
D6.1A may associated with integrins. When testing the
currently available antibodies reacting with rat integrins, it
was found that ASML, Progressor, Regressor (data not
shown), AS cells, and D6.1A cDNA–transfected AS cells
expressed the a3, a6, and b1 integrin chains. Coprecipita-
tion studies revealed that D6.1A, indeed, associated with
b1, a3 as well as a6b1. None of the cells expressed a4, a5,
and b3. AS cells, distinct to the metastasizing lines ASML
and Progressor, also stained partly with am and b2. Inter-

Table II. Growth Characteristics of D6.1A cDNA–transfected AS Clones

Tumor line Application*

Lymph node metastasis

Lung Others Special featuresInguinal Paraaortic/retroperit. Axillary

AS-mock s.c. 1/5 0/5 3/5 0/5 0/5 None
AS-D6.1AI s.c. 6/12 2/12 8/12 4/12 0/12 7/12 Hemorrhaging
AS-mock i.f.p./excision 5/5 4/5 1/5 1/5 0/5 None
AS-D6.1AI i.f.p./no excision 0/3 0/3 0/3 3/3 0/3 3/3 Hemorrhaging
AS-D6.1AII i.f.p./excision 5/5 5/5 4/5 4/5 0/5 None
AS-mock i.v. 2/5 2/5 1/5 2/5 0/5 None
AS-D6.1AI i.v. 2/5 1/5 2/5 4/5 0/5 3/5 Hemorrhaging
AS-D6.1AII i.v. 5/5 4/5 4/5 5/5 0/5 2/5 Hemorrhaging

*Data are derived from the same animals as in Table 1.

Figure 7. In vivo growth behavior of D6.1A-transfected lines.
(A–C) A weakly metastasizing mock-transfected and two D6.1A-
transfected AS clones (AS-D6.1AI and AS-D6.1AII; 5 3 105 cells)
were injected s.c. (A), i.f.p. (B), or i.v. (C). Where indicated the
local tumor and the draining lymph node were excised at a time
point where the primary tumor reached 0.5 cm in diameter. The
growth rate of the tumors (A), the number of surviving rats and
the survival time (B and C) are shown. As can be seen, D6.1A-
transfected cells grew more slowly (A). Tumorigenicity was not
enhanced, but instead appeared to be slightly reduced, with some
rats not developing a primary tumor or metastases after i.f.p. ap-
plication (B). Data are derived from the same animals as ana-
lyzed in Table I and II.
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estingly, expression of b2, but also of b1 was upregulated
on AS-D6.1A as compared with AS. However, with nei-
ther ASML nor Progressor were we able to detect an asso-
ciation with CD44s, which also has been reported to asso-
ciate with tetraspanin molecules (32). Considering other
metastasis-associated molecules on ASML and Progres-
sor/Regressor, no association with C4.4A, a molecule with
partial homology to the urokinase type plasminogen re-
ceptor (Rösel, M., C. Claas, S. Seiter, and M. Zöller, manu-
script submitted for publication; data not shown) could be
found. With D5.7A, the rat homologue of the panepithelial
marker EGP314 (Würfel, J., M. Rösel, C. Claas, S. Seiter,
and M. Zöller, manuscript in preparation) D6.1A associ-
ated very weakly if at all. 

Having shown that D6.1A, like other tetraspanin mole-
cules, coprecipitated with certain integrins, we proceeded
with in vitro studies, asking whether our observations fit-
ted into known features of tetraspanin molecules and
whether particular functions could explain an involvement
of D6.1A in metastatic settlement. Special emphasis was
given to uncover differences between ASML vs AS-
D6.1A, because, as discussed below, D6.1A exerted dis-
tinct functional activities on the metastasizing tumor line
ASML as compared with the D6.1A-transfected tumor

line AS, which gains the capacity to metastasize, but
progresses distinctly from ASML.

Tetraspanin molecules are known to influence the acti-
vation state of adhesion molecules (11), and tumor pro-
gression is frequently associated with adhesive phenom-
ena, e.g., loss of homotypic adhesion molecules and/or
high expression of cell–matrix adhesion molecules (2).
Therefore, next we evaluated a possible influence of
D6.1A on cell–matrix as well as cell–cell adhesion. First,
we did not obtain any evidence of D6.1A being directly in-
volved in cell–cell adhesion. Considering cell–matrix inter-
actions, D6.1A-transfected as compared with mock-trans-
fected lines displayed improved adhesion towards plastic
and hyaluronic acid, which was inhibited by the D6.1
mAb. Since adhesion of constitutively D6.1A-positive
cells to plastic and different substrates was not influenced
by D6.1, it is tempting to speculate that D6.1A may facili-
tate binding only via associated surface molecules. One
possible candidate could be b1 integrins, the expression of
which has been found to be upregulated on AS cells trans-
fected with D6.1A cDNA. Other candidates could be am
or b2, expression of both being restricted to AS cells and
expression of the latter also becoming stronger by trans-
fection with D6.1A cDNA. Interestingly, b2 integrin has
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been described to be required for the firm attachment and
transmigration of neutrophils to surface-adherent plate-
lets, thus facilitating extravasation of neutrophils at sites of
vascular injury (16). The hematopoietic isoform of CD44,
known as hyaluronate receptor (5), also is much more
abundantly expressed on AS than on ASML cells (68).
Thus, the increased adhesion of the D6.1A cDNA–trans-

fected AS clones could possibly have been due to either a
direct engagement of CD44s in a multicomponent com-
plex or an association between the D6.1A-associated b1
integrin and CD44s, evidences for both phenomena being
already described (9, 36). Although b2 and CD44s are pos-
sible candidates responsible for the differences in adhe-
sion between AS-D6.1A–transfected cells and ASML, it

Figure 8. Metastasis forma-
tion of a D6.1A-transfected
BSp73AS clone. Tissue sec-
tion of AS-D6.1A and of AS-
bearing rats were fixed in
formalin and embedded in
paraffin. Sections (5 mm)
were stained with hematoxy-
lin/eosin. Lung metastasis of
AS-bearing (a) and AS-
D6.1A–bearing (b and c)
rats: the lung section of the
AS-bearing rat shows part of
a solid metastatic nodule (ar-
row) adjacent to unaltered
lung tissue (alveolus marked
by |). In the lung section of
AS-D6.1A–bearing rats (b
and c) bronchi and alveoli (|)
are emphysematous or filled
with blood like the intersti-
tium (*). Metastatic nodules
are rather small (encircled by
arrows). In the lymph node
of AS-bearing rats (d), the
tumor (arrows) has displaced
most of the lymphatic tissue
(open circle). The subcapsu-
lar sinus is marked by 1. In
AS-D6.1A–bearing rats (e),
few tumor cells (arrow) were
detected in the lymph nodes,
lymphoid cells (open circle)
were dispersed between co-
agulated blood (*). The
lymph node metastasis and
lung metastasis was received
from rats after s.c. and i.v.,
respectively, tumor cell ap-
plication. Tumor-free organs
were only altered (as a con-
sequence of tumor-distant in-
farctions) in AS-D6.1A–
bearing rats. As examples the
gut, the adrenal gland, and
the kidney of AS– (f, h, and
j) and AS-D6.1A– (g, i, and
k) bearing rats are shown. In
the gut of AS-D6.1A–bear-
ing rats, the epithelial layer
(open square) is largely de-
stroyed and replaced by infil-

trating cells (open circle), the muscularis mucosae (arrow) has disappeared and the muscularis (arrowhead) has been replaced by fibrous
tissue. In h and i the medullary region of the adrenal gland is shown. In AS-D6.1A–bearing rats the structure was completely destroyed.
Only in some areas (arrowhead) pycnotic cells were still visible, but mostly the cell structure had been completely dissolved and re-
placed by coagulated blood (mostly erythrocyte ghosts, open square, are seen in this section). In the kidney of AS-D6.1A–bearing rats,
glomeruli (arrowhead) were still visible, but tubuli (arrow) could not be identified. The interstitial tissue was filled with coagulated
blood (*) and fibrin clots (open square). Bar, 6.1 mm.
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should be remembered that ASML and AS appear to dif-
fer by the expression of over 100 gene products (60),
whose potential association with D6.1A has not yet been
explored. Therefore, additional experiments will be re-
quired for any decisive answer.

The same argument also accounts for the influence of
D6.1 on the proliferation of D6.1A-transfected AS cells.
Although seeding of D6.1A-transfected AS cells on D6.1-
coated plates hardly influenced proliferative activity, D6.1
in the culture medium was inhibitory. One possibility
could be that depending on the conformation of D6.1A,
D6.1 triggers or blocks associated signaling molecules. In-
terestingly, Lundell et al. (36) described a release from in-
hibition of proliferation by blocking an integrin ligand
interaction, wherein the integrin was associated with CD44.
Whether by masking of D6.1A with D6.1 a similar prolif-
eration inhibitory effect can be achieved, or whether this
involves associated integrins, remains to be explored. Irre-
spective of the underlying mechanism, the adhesion and
proliferation studies provided further evidence for D6.1A
functioning in association with additional surface molecules.

The in vitro studies on the influence of D6.1A on cell–
matrix adhesion and cell proliferation, although not op-
posing an influence of D6.1A, had not provided a clear-cut
hint as to an involvement in metastasis formation. Con-
vincing evidence for the latter and a first clue as to the
function of D6.1A was derived from the in vivo growth
pattern of D6.1A-transfected AS cells. Four features asso-
ciated with the in vivo growth of D6.1A-transfected cells
should be discussed: (a) D6.1A retarded the tumor
growth; (b) after i.f.p., but to a lesser extent also after i.v.
injection, the incidence of lung metastasis was increased;
(c) metastasis formation within the lymphatic tissue was
less pronounced; and (d) hemorrhaging in the tumor sur-
rounding tissues was noted in nearly all rats and in distant
organs in 15 out of 30 animals injected with AS-D6.1A. No
such differences, particularly no hemorrhaging was seen
with mock-transfected cells.

The D6.1A-transfected lines shared with the parental
metastasizing line, ASML, the retardation of local growth

as compared with AS. However, ASML cells metastasize
exclusively via the lymphatic system. We have speculated
that the lymphatic spread of ASML may be facilitated by
CD44v4-v7, which can mediate an interaction between tu-
mor cells and antigen-presenting cells, whereby the supply
of cytokines becomes triggered (24, 73). Since the D6.1A
molecule is not expressed during lymphocyte activation
(13), there is no reason to assume that D6.1A expression
on tumor cells facilitates metastasis formation in lym-
phatic tissue. In fact, some animals whose primary tumor
was excised after i.f.p. application did not develop me-
tastasis. This could have been due to a decrease in tumori-
genicity. We favor the interpretation that a lack of growth
support in the lymphatic tissue hampered metastasis for-
mation.

There remains the question of how expression of D6.1A
on AS cells facilitates extravasation of tumor cells. The
bleeding within and surrounding the AS-D6.1A tumor has
been most impressive, particularly taking into account that
in hundreds of ASML-bearing rats, no hemorrhaging nor
infarctions in distant organs were ever seen. Other tet-
raspanin molecules have been described to be involved in
activation (CD63) or in aggregation and activation (CD9)
of platelets and these phenomena have been associated
with conformational changes of platelet-associated inte-
grins (43, 57, 58). The observations that AS-D6.1A–bear-
ing rats suffer from a severe consumption coagulopathy,
which was counterregulated by D6.1, strongly support the
assumption that D6.1A on the transfected tumor cells ini-
tiates in a similar, but as yet undefined way the clotting
cascade. It is known that an interaction of platelets with
tumor cells leads to an increase in malignancy (28), and
the b2 integrin expressed by AS and AS-D6.1A cells, but
not on ASML cells, could well account for this association
(16). Furthermore, a relationship between malignancies
and thrombotic disorders has been known for many years
and has been described repeatedly (reviewed in references
10, 48, 74). It is supposed that tumor cells can induce plate-
let aggregation, which may be accompanied by platelet ac-
tivation, release of matrix degrading enzymes, and throm-
bus formation (7, 8, 45). So far, however, the underlying
mechanisms have not been unraveled. Considering D6.1A,
it is tempting to speculate that binding of D6.1A or of a
D6.1A complex initiates directly or indirectly (via activa-
tion of endothelial cells) aggregation and activation of
platelets, which finally results in a consumption coagulop-
athy. Furthermore, since in vivo growth of ASML is not
accompanied by thrombotic disorder, the comparison of
this line with AS-D6.1A will provide an ideal model to un-
ravel under which circumstances and in combination with
which associated molecules D6.1A interferes with the clot-
ting system. The findings that AS and ASML express only
partly overlapping integrin profiles could well be of inter-
est in unraveling the question.

Taken together, we have isolated a tetraspanin molecule
that is abundantly expressed on many cells in the absence
of malignant transformation, yet, is associated with the
metastatic phenotype. Thus, its metastasis promoting fea-
tures probably are linked to associated molecules. So far,
we have shown that D6.1A associated strongly with b1, a3,
and a6b1 integrins. The importance of molecules associ-
ated with D6.1A became apparent considering the func-

Table III. Evidence of Consumption Coagulopathy in AS-D6.1I 
Tumor-bearing Rats

AS-D6.1AI*
tumor-bearing
rats

Antibody
treatment‡

Quick PPT Fibrinogen D-Dimers

standard
values .70% 25–40 150–450 ,0.5

% s mg/dl mg/l

1 Control IgG1 ,3 .140 ,10 3
2 Control IgG1 ,3 .140 ,10 2
3 Control IgG1 ,3 .140 ,10 8
4 Control IgG1 100 .140 57 .8
5 Control IgG1 42 15 93 .8
1 D6.1 100 25 308 .8
2 D6.1 85 17 229 nt§

3 D6.1 100 19 261 .8
4 D6.1 100 16 280 6
5 D6.1 nt nt nt nt

*Tumor cells were injected s.c. (5 3 105) and animals were sacrificed when the mean
tumor diameter reached 2 cm.
‡Rats received 200 mg, i.v., twice per week.
§nt, not testable, this accounted particularly for rat 5 in the D6.1 treated group, which
apparently displayed features of a hypercoagulopathy.
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tional activity of this tetraspanin molecule, particularly the
different in vivo growth characteristics of endogenous and
by transfection D6.1A-positive tumor cells. The most con-
spicuous observation has been the consumption coagulop-
athy observed only in the D6.1A cDNA–transfected AS
line. These findings clearly point towards tetraspanin mol-
ecules being actively involved in thrombotic disorders that
frequently accompany tumor progression (10, 48, 74). By
exploring the associations of D6.1A with different inte-
grins in constitutively and by transfection D6.1A-positive
lines for example, it should be possible to clarify which
molecular complexes hamper or induce activation of the
clotting system.
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