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ABSTRACT

The metastatic pancreas carcinoma cell line BSp73ASML produces a
variety of different splice variants of the transmembrane glycoprotein
CD44. The NH;-terminal portions are identical and heavily glycosylated.

The variant sequences are inserted just outside the transmembrane region
of the molecules. The two most abundant variants have 162 and 85 extra
amino acids, respectively. When individually expressed, these suffice to
establish metastatic properties in the nonmetastatic tumor cell line
BSp73AS, as assayed by the spontaneous metastasis protocol.

INTRODUCTION

We have recently cloned a cDNA4 sequence (pMeta-1) (1), the

protein product of which is expressed on the surface of the metastatic
rat pancreatic carcinoma BSp73ASML cell line (2) and on several cell
lines derived from mÃ©tastasescaused by the mammary carcinoma
13762NF (3). It is not expressed, however, on nonmetastatic variants
of these tumors. Also, many human tumor cell lines (4) and surgical
metastasis samples of various origins (5, 6) express RNA homologous
to the sequence and carry the corresponding protein. The cDNA clone
turned out to code for a variant of a ubiquitously expressed trans-

membrane protein, CD44 (reviewed in Ref. 7), which carries an
extended extracellular portion. The 1.1ASML antibody recognizes an
epitope within the variant specific extracellular sequence. The epitope
is defined by the primary amino acid sequence and not by secondary
modification (1). Expression of the CD44 variant is not only corre
lated with metastatic behavior but is causally involved in the gener
ation of the metastatic phenotype, inasmuch as the complete cDNA
linked to the simian virus 40 promoter and transfected into BSp73AS
or other nonmetastatic recipient cells confers full metastatic behavior
(1, 8). Upon subcutaneous injection into syngeneic animals, the cells
effectively colonize lymph nodes and lungs.

The metastatic tumor cell line which the pMeta-1 cDNA was iso
lated from expresses a tremendous variety of RNA species cross-
hybridizing with pMeta-1, as do other metastatic rat tumors. Our paper

addresses this complexity of CD44 variant expression. We have iden
tified the protein encoded by pMeta-1 among several highly glycosy

lated and related proteins expressed on the metastatic tumor cell line.
We have cloned another isoform, the smallest abundant variant pMe-
ta-2, and have identified its corresponding protein. Structural com
parison identifies splice variation as the cause of RNA and protein
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complexity. The small variant pMeta-2 encodes only 85 amino acids
of extra sequence. Interestingly, pMeta-2 expressed in nonmetastasiz-

ing cells suffices to confer full metastatic behavior.

MATERIALS AND METHODS

Cells and Antibodies. The tumor cell lines BSp73AS and BSp73ASML
(described in Ref. 2) were grown in RPM1 1640 supplemented with fetal calf
serum (10%) and antibiotics. The transfectants BSp73ASpSVMeta-l and
BSp73ASpSVMeta-2 were grown in the same medium containing geneticin

(300 pg/ml). MAb 1.1ASML (1) was purified from hybridoma supernatant
with protein G-Sepharose.

Protein Blotting Analysis. Cell lysis, protein separation, blotting to mem
brane, and antibody incubation have been described ( 1). Specific binding of the
antibody was detected using enhanced chemiluminescence (Amersham).

lodination Procedure and Glycosidase Treatment. Cells (5 x IO6) were

harvested, washed twice with PBS, and resuspended in 200 ul PBS. The
reaction mixture was completed by the addition of 500 uCi Na'25I (Amer
sham), 2 |jg lactoperoxidase (Sigma), and 3 x 10 ul of H2O2 (diluted \:l&>,
3:103, and 1:103 in PBS) at intervals of 1 min (9). Cells were washed with

ice-cold PBS supplemented with 5 mm Nal and lysed (20 ITIMphosphate buffer,
pH 7.0; 1% Nonidet P-40). Nuclei were spun down (14,000 X g, 10 min), and

CD44v proteins were immunoprecipitated by incubation of the supernatant
with 5 ug MAb l.lASML-coated protein G-agarose (Dianova). The purified
CD44v proteins were incubated with different glycosidases at 37Â°Cfor 2 h, in

the appropriate reaction buffers. Concentration of the glycosidases were:
/V-glycosidase F, 100 mU in 50 pi; O-glycosidase, 5 mU; neuraminidase, 10

mU in 25 ul each. Afterward deglycosylation samples were boiled in protein
sample buffer, and the proteins were resolved by SDS-PAGE (7.5% acrylam-

ide).
Immunofluorescence Staining. Cells were fixed in 1% paraformaldehyde

for 10 min and then incubated at room temperature for 30 min, either on
coverslips (BSp73AS, BSp73ASpSVMeta-l, BSp73ASpSVMeta-2) or in sus

pension (BSp73ASML), with MAb 1.IASML at saturating concentration (10
ug/ml in PBS/3% bovine serum albumin). Subsequently cells were washed 3
times with ice-cold PBS. Binding of MAb 1.1ASML was visualized using
rhodamine-conjugated rabbit anti-mouse IgG or amino methylcoumarine-con-
jugated anti-mouse IgG (Dianova). Incubation with the secondary antibody

(diluted 1:50 into PBS/3% bovine serum albumin) was carried out in the dark.
In Vitro Transcription and Translation. The coding sequences of pMe-

ta-1 and pMeta-2 were inserted into a modified bluescript vector (Stratagene)
containing rabbit ÃŸ-globin5' untranslated sequences downstream of the T3
promoter.5 The vector was linearized 3' of the inserted pMeta-1 and pMeta-2
cDNAs and transcribed by T3 RNA polymerase at 40Â°C for 1 h, in the

appropriate reaction buffer (Promega). Five ul of the transcription reaction
were translated in vitro using a rabbit reticulocyte system (Promega) comple
mented with 50 jaCi [15S]methionine (Amersham). Ten ul of the translation

reaction were resolved by SDS-PAGE.

PCR Amplification. cDNA was synthesized from 200 ng polyadenylated
RNA prepared from BSp73ASML cells. It was used for PCR amplification
using oligonucleotides corresponding to positions 362 to 385 and 1132 to 1154
of the rat standard CD44 cDNA ( 1). After 30 cycles (94.5Â°Cfor 45 s; 60Â°Cfor
1 min; 73Â°Cfor 3 min) the amplification products were purified using a

Quiagen PCR product purification kit. Purified PCR products were digested

5 P. Shaw, unpublished observation.
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with POT/I and BSpEl and ligated directly into Pml\/BSpEl-c\il pSVMeta-1

DNA ( 1). Absence of mutations was confirmed by sequencing and by synthesis
of the correct protein monitored by immunofluorescence.

V8 Peptide Map. Cells were metabolically labeled with 1 mCi [35S]-

methionine/m! in the presence of 5 ug/ml tunicamycin for 8 h. Proteins were
immunoprecipitated with MAb 1.1ASML. Immunopurified proteins were re
solved by SDS-PAGE. After identification by autoradiography the protein

slices were cut out of the gel and digested for 20 min in new slots and for a
further 30 min in the stacking gel (10). After resolution, the gel was activated
with l M sodium salicylate (30 min), dried, and exposed to X-ray film.

Binding of Lectins onto Protein Blots. Electrophoresis and blotting were
carried out as described ( 1). The membrane was blocked in the manufacturer's

blocking solution at 37Â°Cfor 1 h. Subsequently the membrane was washed,

and incubation with digoxigenin-linked lectins was performed according to the
manufacturer's protocol. After a further washing step the filter was treated with

a polyclonal anti-digoxigenin antibody coupled to alkaline phosphatase. After

a final washing step bands were visualized using the bromochloroindolyl
phosphate/nitre blue tetrazolium detection system. Concentrations and buffers
were used according to the manufacturer's protocol.

RESULTS

Monoclonal Antibody I.I ASMI, Identifies Several Variants of
Rat CD44. The complete cDNA clone of the variant pMeta-1 that

confers metastatic behavior on nonmetastasizing BSp73AS cells (1)
encodes a membrane protein of 482 amino acids with the calculated
molecular weight of 56,000. However, in Western blot analyses per
formed with extracts from transfected BSp73AS cells, the variant
CD44-specific antibody 1.1ASML stains a protein with an apparent

molecular weight of 140,000 obviously a modified version.
BSp73ASML, the metastatic tumor cells which the cDNA was iso
lated from, express a more complex pattern of related proteins (vari
ants of CD44, CD44v). According to Western blot analysis of
BSp73ASML cell lysates, the epitope recognized by MAb 1.1ASML

is present on four distinct proteins (Mr 120,000, 150,000, 180,000, and
195.000D) differing in abundance (Fig. la). pl20ASML and pl50ASML
exceed about 50 times the abundance of pl80ASML and pl95ASML.

None of the bands corresponds, by apparent molecular weight, to the
protein expressed in the pMeta-1 transfectants (Fig. la; compare
Lanes A and D). pl50ASML migrates most closely. At least one of the

proteins expressed on BSp73ASML cells should be identical in pri
mary structure to that expressed in pMeta-1-transfected BSp73AS
cells. The other epitope-positive proteins present in BSp73ASML

cells could be differentially modified forms of the same protein.
Alternatively they could represent products of differentially spliced
mRNAs.

CD44v Proteins Are Glycosylated. Important modifications of
surface proteins are often glycosylations. Indeed, it has been previ
ously reported that standard CD44 molecules are glycosylated (li
lo). To investigate the possibility that CD44v is glycosylated, we
digested radioiodinated CD44v proteins in BSp73ASML extracts with
different glycosidases (Fig. \b). The untreated proteins show the
expected molecular masses of 195,000, 180,000, 150,000, and
120,000 on SDS-PAGE (Lane A). Note that the relative labeling here

depends on tyrosine content and accessibility rather than abundance,
as in the Western blot of Fig. la. Treatment with A'-glycosidase F

shifts all four bands to apparent molecular weights of 175,000,
155,000, 130,000, and 90,000 (Fig. \b. Lane C). It seems that A'-gly

cosidase F removes similar masses of Mr 20,000 to 30,000 from all
four proteins, suggesting the existance of modification by AMinked
sugars to a similar extent in all proteins. Deglycosylation by A'-gly

cosidase F does not, however, result in a reduction in the predicted
molecular weight of the pMeta-1 protein (56,000). Either the proteins
carry other types of modifications in addition to /V-glycosylation (in
cluding the possibility that not all N-linked sugars are accessible to
A'-glycosidase F) or the apparent molecular weight results from a
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Fig. 1. CD44 variant proteins are glycosylated. a. Western blot with MAb 1.1ASML. One hundred pg of proteins in whole cell lysates of either BSp73ASML (iMne A) or BSp73AS
(Urne B) cells were resolved by SDS-PAGE (7.5% acrylamide) and transferred onto Immobilon P membrane (Millipore). Filters were treated with 10% nonfat dry milk in PBS and
incubated with MAb 1.1ASML, followed by an incubation with horseradish peroxidase-conjugated sheep anti-mouse IgG (Amersham). MAb 1.1ASML binding proteins were detected
by enhanced chemiluminescence (Amersham). The molecular weights of protein standards (Amersham) are indicated, b, glycosidase digestion of immunopurified CD44 variants.
BSp73 ASML cells (5 X t()ft/reaction) were harvested, washed twice with PBS, and subjected to surface iodination ("Materials and Methods"). Cell lysis and immunoprecipitation were
as described in "Materials and Methods." The antibodies were either MAb I.IASML (all lanes except B) or an isotype-matched control antibody (Unie B), both coupled to protein

G agarose. The immunoprecipitates were washed and incubated with different glycosidases (Boehringer Mannheim) or 4 M guanidinium-hydrochloride (Lane F) in the appropriate
incubation buffers at 37Â°Cfor 2 h: Lane C, /V-gIycosi dase F; Lane D, neuraminidase; Lane E, neuraminidase plus Oglycosidase; Lane A, untreated. Proteins were boiled in protein
sample buffer and resolved by SDS-PAGE (7.59c acrylamide). Arrow, smallest CD44 variant (pl20ASML). Molecular masses of the proteins were determined using various l4C-labeIed

protein standards {Amersham). The migration of two standard proteins is indicated.
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Fig. 2. in vitro synthesized Meta-1 protein comigrates with that synthesized in tuni-
camycin-treated pMeta-l transfectants. a. Western blot analysis of proteins from tunica-
mycin-treated transfectants. Ten ug of proteins in whole cell extracts of either

BSp73ASML cells (Lane Ai or of BSp73ASML cells treated with tunicamycin (Lane B}.
or of BSp73ASpSVMeta-l cells treated with tunicamycin (Lane C). or of
BSp73ASpSVMeta-l cells (Lane D) were resolved by SDS-PAGE (6% acrylamide) and
transferred onto Immobilon P membrane (Millipore). Treatment with tunicamycin was for
8 h at a concentration of 5 ug/ml. Immunostaining was performed as described in
"Materials and Methods." Ijane E, proteins of 10-ug whole cell extracts from BSp73AS

cells. IjLineB. arrows, the four smallest proteins reacting with MAb 1.1ASML obtained
with BSp73ASML cells after tunicamycin treatment, h, comparison with in vitro synthe
sized protein. Five ug protein of cell extracts of either untreated BSp73ASpSVMeta-l
cells (Â¡MileA ) or BSp73ASpSVMeta-l cells treated with tunicamycin (Lane fÃ)as well as
1/10 of in vitro synthesized Meta-1 protein (Lane C) obtained in a reticulocyte in vitro
translation reaction (50 ul) (Serva) labeled with ("Slmelhionine, were resolved on SDS-

PAGE (6% acrylamide). Proteins were transferred onto Immobilon P membrane (Milli
pore) and immunostained as described in "Materials and Methods." In addition, the

membrane was placed on X-ray film overnight to identify the in vitro synthesized protein

(Lane C).

peculiar protein conformation. Noncovalent complex formation is
unlikely, since treatment of extracts with the strongly denaturing agent
guanidinium hydrochloride had no influence on the migration of the
proteins (compare Fig. \b. Lanes A and F).

Several attempts were made to identify or rule out other putative
modifications, such as digestion with other glycosidases, treatment of
cells with tunicamycin, and binding of lectins to CD44v proteins.
Incubation of radiolabeled CD44v proteins with a combination of
Â¿V-glycosidaseF and neuraminidase did not result in further mass
reduction (data not shown). A rather curious effect is produced by
neuraminidase alone: the proteins carrying the MAb 1.1ASML
epitope are shifted to higher apparent molecular weight (220,000,
200,000, 170,000, and 130,000; Fig. \b. Lane D). This result is most
probably due to removal of negatively charged sialic acid residues and
thus results in changes of the overall charge of the SDS-loaded pro
teins. In fact, the isoelectric points of the native proteins shift from 3.7
(untreated) to 5.2 after neuraminidase treatment (not shown). Sialic
acid in CD44v proteins is coupled to galactose by an a (2-3) linkage.
This was deduced from experiments in which CD44v proteins reacted
with Maackia amurensis agglutinin but not with Sambucas nigra
agglutinin (Fig. 3; see Lanes D and F). The shift to slower migration
remains unchanged by simultaneous treatment with O-glycosidase
(Fig. \b. Lane E). However, incubation of the desialylated CD44v
proteins with peanut agglutinin identifies O-glycosylation (Fig. 3,

Lane A ).
In contrast to mouse CD44 (Pgp-1 antigen) and human CD44

(HERMES antigen), which have been described to occur in a chon-
droitinsulfate-linked proteoglycan form (15, 16), we could not detect
any 15SO4incorporation into CD44v, and chondroitinase ABC treat

ment of immunoprecipitated CD44v proteins did not result in a change
of molecular weight (data not shown).

The tentative conclusion then is that CD44v proteins are modified
by N- and O-glycosylations and sialylation and that the four proteins
in BSp73ASML cells represent similarly glycosylated isoforms of
CD44v proteins. The main parameters determining the apparent mo
lecular weight is /V-glycosylation.

Four Major Splice Variants. Enzymes such as AAglycosidaseF
may not remove all glycosyl groups. To rigorously prevent glycosy-
lations, cells were treated with tunicamycin. After 8 h in the presence
of tunicamycin BSp73ASML cells were harvested, the proteins re
solved by SDS-PAGE and CD44v proteins identified by Western blot
analysis using the MAb 1.1ASML (Fig. 2a). Additional bands were
then also detected that migrate with apparent molecular weights of
70,000, 80,000, 100,000, and 110,000 (lane B, marked by arrows).
Apparently glycosidase treatment did not remove all sugars, as the
shift in molecular weight (Fig. \b. Lane C) never reached that ob
served after tunicamycin treatment. (Fig. 2a, Lane B). Due to the fact
that only newly synthesized proteins are prevented from being glyc
osylated by tunicamycin treatment, the larger modified proteins pro
duced prior to tunicamycin administration are still present (Fig. 2a,
Lane B). Interestingly, the tunicamycin treatment did not only prevent
A/-glycosylationbut also O-glycosylation. The new additional bands
that appear after tunicamycin treatment did not react with the O-gly-
cosylation-specific lectin peanut agglutinin, in contrast to the high
molecular weight proteins (not shown). Based on these data we sug
gest that BSp73ASML cells produce four CD44v proteins of different
primary amino acid sequence.

To identify the pMeta-l protein in BSp73ASMLcells we compared
BSp73AS-transfectants expressing pMeta-l after tunicamycin treat
ment with tunicamycin treated BSp73ASML cells. In extracts pre
pared from the pMeta-l transfectant, MAb 1.1ASML stains one pro
tein (Fig. 2a, Lane D). Upon tunicamycin treatment two additional
bands are detected (Fig. 2a, Lane C). The smallest pMeta-1-encoded

PNA MAA SNA
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Fig. 3. CD44v proteins are O-glycosylated and specifically sialylated. CD44v proteins,

either with (Lane A) or without (Lanes B, D, and F) neuraminidase treatment, were
resolved by SDS-PAGE (10% acrylamide) and transferred onto pol yviny Idifluoride mem
brane. After blocking, the membranes were incubated with the digoxigenin-linked lectins

(peanut agglutinin, Maackia amurensis agglutinin. Sambucas nigra agglutinin) as indi
cated. In a second step the membranes were treated with an alkaline phosphatase coupled
anti-digoxigenin antibody. The bands were visualized using the bromochloromdolyl
phosphale/nitro blue tetra?.olium detection system. In Ã•MnesC, E, and G. control proteins
for the lectin specificity were loaded (Lane C, asialofetuin; Ã•MnexE and C, fetuin).
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0.002mg/ml0.05mg/ml 0.002mg/ml 0.05mg/ml V8 Prot.

Fig. 4. V8 peplide map of selected CD44v pro
teins. Immunopurified "S-labeled CD44v proteins

from BSp73ASML cells (p80. Lanes A and D; p70,
Lanes G and K) as well as from the pSVpMeta-l
transfectants (Lanes B and Â£)and pSVpMeta-2-
transfectant (Lanes H and L ) were cut out from the
SDS-PAGE and compared with in vilm synthesized
pMeta-1 protein (Lanes C and F) and pMeta-2 pro
tein (Lanes I and A/). The proteins were digested in
the slots for 20 min and in the stacking gel for
further 30 min with the concentrations of V8 pro
tease indicated. Digested protein was resolved by
SDS-PAGE (12% acrylamide).
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variant protein comigrates with the M, 80,000 protein of treated
BSp73ASML cells (Fig. 2a, Lanes B and C), It comigrates also with
in vitro synthesized pMeta-l protein (Fig. 2b, Lanes B and C). This

suggests that the protein with the apparent molecular weight of 80.000
is the nonmodified variant encoded by pMeta-l. Their identity was
proven by comparing V8 digestion of proteins purified from tunica-
mycin-treated cells (Mr 80,000 protein) and in vitro synthesized Me
ta-1 protein: all three proteins show identical V8 digestion patterns
(Fig. 4, Lanes A-F). It should be remembered that the modified M,

140,000 form did not comigrate with any one of the glycoproteins of
BSp73ASML cells, suggesting differences in modification. pl50ASML

is the likely pMeta-l-encoded candidate in BSp73ASML cells. The

protein band with the apparent molecular weight of 120,000 was also
detected in tunicamycin-treated pMeta-l transfectants (Fig. 2a, Lane

C), and is most likely an intermediate glycosylation product, perhaps
due to incomplete inhibition by tunicamycin.

Other modifications have been examined. We could not find any
evidence for ubiquitination. The CD44v proteins are, however, phos-

phorylated (not shown), which does not contribute measurably to the
apparent molecular weight discrepancy.

We conclude: (a) that modifications in BSp73ASML and BSp73AS
cells differ slightly; (b) that the M, 80,000 band observed in
BSp73ASML cells after tunicamycin treatment is the stripped pMe-
ta-1 encoded protein, while pl50ASMI- is probably the modified form,

(c) The difference between the expected mass of 56 kilodaltons and
the apparent molecular weight of 80.000 of the "tunicamycin form" in

the SDS-PAGE can only be explained by the putative existence of
SDS-denaturation-resistant tertiary structure.

cDNA Clone pMeta-2 Encodes the Smallest Splice Variant
Present in BSp73ASML Cells. What is the primary structure of the
smallest abundantly expressed protein in BSp73ASML cells, and does
it contribute to metastatic behavior? Polyadenylated RNA isolated
from BSp73ASML and BSp73AS cells was reverse-transcribed into

cDNA. and sequences of the variant region were amplified using
oligonucleotides corresponding to sequences in standard CD44
(CD44s) neighboring the variant region (see Fig. 5) (1, 4). The only
product seen with RNA from BSp73AS (0.8 kilobase; Fig. 5) corre
sponds in size to the amplified sequence of CD44s between the two
oligonucleotide sequences chosen. This CD44s-specific band is only

faintly visible in BSp73ASML cells, indicating low abundance. A
whole range of cDNAs of different larger sizes are also detected (Fig.
5). Two bands of about 1.0 and 1.2 kilobases represent the majority of
CD44 variant mRNAs. From exon-specific hybridizations and molec
ular cloning (not shown here), we know that the 1.2-kilobase sequence
indicates amplification of the variant region of the pMeta-l cDNA.
The 1.0-kilobase band represents a new type of CD44v. The sequence

kb

1.605

1 .198

0.676

0.517

Fig. 5. PCR amplification of CD44 splice variants. Polyadenylated RNA from
BSp73ASML cells ( I ^ig each) were transcribed into cDNA, and an equivalent of 2(K)ng
RNA was used for PCR amplification. Oligonucleotides used represent the sequences
from positions 362 to 385 and positions 1132 to 1154 of rat CD44s cDNA ( I ).

(not shown) comprises only the carboxy-terminal half of the extra
domains of pMeta-1, exactly from position 300 to 385 ( I ). Within this
region the epitope of MAb I.IASML is located.6 The variant lacks the

region from amino acids 224 to 299. The remaining structure is as in
pMeta-l. A complete cDNA was reconstructed by linking the PCR
product with the standard CD44 5' and 3' terminal sequences, to yield

pMeta-2. It represents the smallest of the abundantly expressed

mRNAs of BSp73ASML cells. Several other splice variants are
present at low abundance. A schematic representation of a selection of
CD44v RNAs expressed in BSp73ASML cells is shown in Fig. 6.

To identify the protein product encoded by pMeta-2. the cDNA was
inserted into a simian virus 40 promoter-driven expression vector to
make the pSVMeta-2 construct. Transfection of pSVMeta-2 into

BSp73AS cells results in synthesis of a protein with an apparent
molecular weight of 115,000 as the modified form and of 70.000 after
tunicamycin treatment (Fig. 7. Lanes B and D), while the predicted
size should be M, 47,200. The nonmodified form comigrates with the

ft M. Hofmann unpublished observation.

1265

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/6/1262/2453022/cr0530061262.pdf by guest on 19 M

ay 2023



MI-TASTATIC BI-HAVIOR BY SMALL C[)44 VARIANT

extracellular portion TMD CP

Fig. 6. Schematic representation of CD44 splice variants detected hy PCR. A. current count of exons (vl to v 10) available for splice variation. The exon structure has been deduced
Irom splice variation and the isolation and sequencing of genomic clones (21 ). The relationship of the exon structure and the "domain" structure described previously for human cell

lines and deduced only from splice variant structures (4) is the following: DI is composed of v3. Dll of v4 and v5. Dill of v6 and v?. DIV of vS and \9. and DV of vit). /?-/, splice
variants found in BSp73ASML cells. / is identical with CD44s. /â€¢represents ihe pMeta-l variant, and G' indicates the pMela-2 variant. The previously isolated epithelial variant (II.

|y. 20) is composed of the variant exons v8-vlO. TMD. transmemhrane domain; CP. cytoplasmic portion.

corresponding smallest protein in BSp73ASML (Fig. 7, Limes C and
/)). Identity has been proved hy V8 protease digestion (Fig. 4, Lanes
(i and H. K and L). Also, the protein translated in vitro migrates at the
apparent molecular weight of 70,000 (Fig. 7, compare Lanes D and E)
and shows the same V8 digestion pattern as that of the Mr 70,000
proteins isolated from tunicamycin-treated Bsp73ASML or pMeta-2-
transfected BSp73AS cells (Fig. 4. Lanes G-M). Thus the M, 70.000

form represents the completely unmodified protein. The discrepancy
between the predicted molecular weight (47.200) and the apparent
size from its gel migration (7().(XX))is similar to the observation with
pMeta-l (Fig. 2. a and h) and might be due to the tertiary structure of

the protein under conditions of the SDS gel electrophoresis.
pMeta-2 Confers Full Metastatic Behavior on BSp73AS Cells.

We then explored the possibility of whether the small pMeta-2-en-
coded CD44 variant simply represents a nonfunctional by-product of

kD A B C D E

200-

1 16-
97-

56-

Fig. 7. Identification of the
protein of either BSp73ASMI.
tunicamycin-treated (Ijnif C) a
and BSp73ASpSVMeta-2 treat
PAGE (7.5* acrylamide). In /.

nallest CD44 variant in BSp73ASML. One hundred ug
ell lysate (ÃŒMUCA} BSp73ASML lysate prepared after
well as l() ug protein of BSp73ASpSVMeta-2 (Urne ÃŸ)

d with tunicamycin llMtir I)) were resolved by SDS-
e K, 5 ul of in vilm synthesized Meta-2 protein II/IO of

the translation reaction) was loaded onto the gel. Subsequent steps were performed as
described in "Materials and Methods."

a generally disorganized splice reaction or whether it confers meta-
static properties. Stable transfectants expressing pSVMeta-2 (surface

stain in Fig. 8) were injected into syngeneic BOX rats and assayed for
metastasis formation. The results of these experiments are summa
rized in Table I. To rule out gene dosage effects of functions encoded
by standard type sequences in the 5' (NH2-terminal) portion of

CD44v, we compared BSp73ASpSVMeta-2 and BSp73ASpSV-
Meta-l transfectants with transfectants overexpressing the rat standard

type CD44 molecule. In numerous independent experiments we could
not observe metastasis formation in rats given s.c. injections of non-
transfected, CD44-transfected, or neomycin-resistant mock-trans-
fected BSp73AS cells. Subcutaneously injected BSp73ASpSVMeta-l

cells metastasized with the same high efficiency as BSp73ASML
cells. Similar ;'/; vivo behavior was observed with BSp73ASpSV-

Meta-2 transfectants. This experiment impressively demonstrates that
pMeta-2, representing the smallest abundant isoform of the CD44
variants expressed in BSp73ASML cells, suffices to induce the met-

astatic phenotype in rat pancreatic carcinoma cells.

DISCUSSION

The highly metastatic rat pancreas adenocarcinoma cell line
BSp73ASML expresses at least four major variants of the surface
glycoprotein CD44, all of which are recognized by the monoclonal
antibody I.IASML. The two smaller variants, with apparent molec
ular weights of 120.000 and 150.000, are about 30-50 times more

abundant than the large proteins with apparent molecular weight of
180.0Ã•X)and 200.000. All four proteins are heavily glycosylated and
carry sialic acid residues. Analysis of cDNA clones coding for the two
major proteins and of the modification pattern of all major variants
shows that they are generated by differential splicing.

The cDNA clone pMeta-2 was reconstructed from PCR products.
With pMeta-l and pMeta-2 we have identified the two smallest, most

abundant splice variants expressed on the surface of BSp73ASML
cells. Identification is based first on comparison of the protein ex-
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AS-Meta-1 AS

Fig. 8. Surface staining of Iransfectants.
BSp73AS. BSp73ASML, BSp73ASpSVMeta-l,
and BSp73ASpSVMeta-2 cells were washed twice
with PBS, fixed in 1% paraformaldehyde. and incu
bated with MAb 1.1ASML at room temperature for
30 min. After washing, the cells were incubated with
either rhodamine-conjugated anti-mouse IgG
(red staining) or aminomethylcournarine-conjugaled
anti-mouse IgG (blue staining).

AS-Meta-2 ASML

pressed in transfectants with those in BSp73ASML cells, both without
or after tunicamycin treatment, and with the in vitro translation prod
uct, and second on correlation of the abundance of protein and RNA.

Interestingly, each one of the abundant CD44 variants expressed on
BSp73ASML cells and sharing the region around the MAb 1.1ASML
epitope is sufficient in conferring the metastatic phenotype on non-
metastatic tumor cells. pMeta-2 is still the smallest variant with such

a property identified in BSp73ASML cells. Its variant portion is
composed of two exons (Fig. 6; variant G). Variants composed of
either one of the exons separately are detected only in trace amounts
by the PCR technique. According to the hydrophilicity blot of the
primary amino acid structure, this variant domain is very hydrophilic

Table I pMeta-2 suffices lo confer meiasialic behavior
Cells (5 x 10s) were injected s.c. into either foot pads or tlanks. Tumor takes were

100%. The cell clones BSp73AS, BSp73ASpSVneo. and BSp73ASpSVCD44s produced
distinct local tumors. The metastasizing clones (numbers after the cell clones indicate
individual independent cional derivatives) produced only little local outgrowth. The
spread of draining lymph nodes was observed. All animals with lung mÃ©tastasesalso
carried enlarged lymph nixies, except for the clone pSVMeta-l#15. Those without lung
mÃ©tastaseswere also node-negative. Animals were sacrificed at 40 to 60 days after
injection, and the lungs were examined by eye. The BSp73 ASML cells give rise lo miliary
lung mÃ©tastases,whereas those established by pMeta-1 - or pMeta-2-transfected BSp73 AS
cells give rise to between 1 and 30 nodules/lung.

CellcloneBSp73ASBSp73APsSVneoBSp73ASMLBSp73ASpSVMeta-l#14BSp73ASpSVMeta-l#l5BSp73ASpSVMeta-2#3BSp73ASpSVMeta-2#7BSp73ASPSVCD44s#15No.
of animals

given injections40g40608665No.
of animals with

lung mÃ©tastases0040608560

and is obviously immunogenic. Preliminary data with truncated pro
teins and tryptic peptides suggest that the 85 amino acids of the extra
domain in pMeta-2 are not modified or only slightly modified, in
contrast to the heavy glycosylation of the NH,-terminal part of CD44s

and CD44v proteins.
For neural cell adhesion molecule, another surface protein the ex

pression of which is associated with tumor progression in small cell
lung carcinoma (17), sialylation at a distinct position in the extracel
lular portion of the protein appears to correlate with tumor progression
(18). For CD44 there is as yet no evidence that specific glycosylation
does contribute to the metastatic potential.

What might be the reason that a tumor cell expresses more than one
splice variant, each one of which suffices for the metastatic properties
required? We cannot rule out the possibility that a functional differ
ence between the two major splice variants tested for metastatic prop
erties escaped our attention. More likely, in the tumors examined, the
variants are produced as a result of total disruption of the splicing
control of CD44 pre-RNA. Disruption by mutation is more likely to

occur in tumors than a specific regulatory change that would produce
only a single variant.
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