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INTRODUCTION

The transmembrane glycoprotein CD44 belongs to a family of
cell adhesion molecules which are expressed in a variety of cell
types including lymphocytes, myeloid cells, fibroblasts, epithelial
cells, endothelial cell, smooth muscle cells, retinal cells, and a
subset of glial cells in the central nervous system. (1-5, for
recent reviews see 6 and 7). CD44 and its related proteins (CD44
isoforms) display enormous heterogeneity in their primary
structures due to either alternative exon splicing and/or post-
translational modifications (1-8). It is believed that CD44's
structural complexities may be critically important for performing
its diverse functions [e.g. regulating signal transduction, cell-
cell interactions and cell-extracellular matrix (ECM) interactions]
(6,9).

In humans CD44 is encoded by a single gene on chromosome 11
consisting of 19 exons (8). Nine of these exons are capable of
undergoing unique splicing events (8,10). Most often, alternative
splicing occurs between exons 5 and 15 leading to an insertion of
one or more variant exons (v2-v10, or exons 6 through 14) within
the membrane proximal region of the extracellular domain (8). The
variable primary amino acid sequence of different CD44 isoforms is
further modified by extensive N-and O-glycosylations and
glycosaminoglycan (GAG) additions (11,12). The extracellular

domain of CD44 is known to bind extracellular matrix (ECM)




components such as hyaluronic acid (HA) (13,14) and certain
proteoglycans with the chondroitin sulfate modifications (15,16).
Other extracellular matrix components, such as fibronectin (17),
collagen types I and VI (18,19), also bind to CD44. Furthermore, it
is now known that the cytoplasmic domain of CD44 binds to the
cytoskeletal protein, ankyrin (20-23). Various modifications,
including fatty acylation (24), protein kinase C-mediated
phosphorylation (25) and GTP-binding (26), are known to promote the
interaction between CD44 and ankyrin (24-26).

Certain CD44 variant (CD44v) isoforms appear to be expressed
at high levels on the surface of tumor cells during tumorigenesis
and metastasis (27,28). Moreover, CD44v has been shown to be
closely involved in the onset of tumor development and metastasis
(10, 30-39). For example, one of the CD44v isoforms such as CD44vo
has been shown to confer metastatic behavior on rat pancreatic
cells in a spontaneous metastasis assay (29); This molecule is also
associated with a poor prognosis in human colon carcinomas (30) and
non-Hodgkin's lymphoma (31). Nevertheless, the correlation between
CD44v6 expression and its prognostic value for the survival in
human breast cancer patients is still very controversial (32-34).
In fact, some studies suggest that CD44v6 is merely an epithelial
cell differentiation marker; and the usefulness of this molecule as
a specific breast tumor cell marker requires further investigation
(34) . Recently, we have found that the CD44v (v10/ex14) isoform
(also called CD44R2) (40) [single insertion of exon 14 (b62 a.a.)
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within the CD44s form] is the only CD44 variant isoform
consistently detected in several human cancer tissues including
breast carcinomas cells (33-36). CD44v (v10/exl1l4) contains
extensive O- and N-linked glycosylation sites plus chondroitin
sulfate (41). Furthermore, this molecule has been shown to be
specifically associated with transformed hemopoietic cells (40) and
endothelial cells (42). However, at the present time, there is very
limited information concerning the mechanism by which CD44v
isoform(s), such as CD44v (v10/ex14), may trigger the onset of the
tumorigenesis and/or metastasis.

In this study we have cloned CD44v (v10/ex14) cDNA into a
pRc/CMV vector and transfected this cDNA into normal human breast
epithelial cells (HBL100) containing endogenous CD44s. We have
determined that the coexpression of both CD44v (v10/ex14) and CD44s
alters several important cellular properties (e.g. adhesion,
migration, angiogenic factor production and tumorigenic capability)
of the normal mammary epithelial cells. Our results suggest that
coexpression of CD44v (v10/exl4) and CD44s may be required for

mammary epithelial cell transformation.




BODY (RESULTS) :

A) Transfection and Expression of CD44v10(exl4) In Human a

Epithelial Cells Containing CD44s:

In human CD44, alternative splicing often occurs between exons
5 and 15 leading to an insertion of one or more variant exons (v2-
v10, or exons 6 through 14) within the membrane proximal region of
the extracellular domain (Fig. 1A-a). Recent studies indicate that
certain CD44 variant (CD44v) isoforms, such as CD44v (v10/exl4)
(Fig. 1A-b), are coexpressed with CD44s in human breast carcinomas
cells detected in both early tumor formation and the advanced
stages of metastatic human breast cancers (33-36) . Therefore,
coexpression of these two CD44 isoforms in tumor cells may be
required for the progression of human breast cancers (32-39) .

In order to test directly whether coexpression of these two
CDh44 isoforms is involved in mammary epithelial cell
transformation, we have established a new, stable transfectant of
mammary epithelial cell line which is capable of expressing both
CD44v (v10/ex14) and CD44s on its cell surface. Specifically, we
have cloned CD44v (v10/ex14) cDNA into a pRc/CMV vector and
expressed this c¢DNA in normal, non-tumorigenic human breast
epithelial cells (HBL100) containing CD44s. Using surface
iodination and anti-CD44-mediated immunoprecipitation techniques,
we have found that both the parental (untransfected) cells and

control cells (transfected with vector only) contain only one CD44-




related polypeptide (M.W. p 95kDa) on the cell surface (Fig.1B,
Lane 1 and Lane 2). This 95 kDa protein represents the CD44
standard form (CD44s) as shown previously in many cell types (6).
In cells transfected with CD44v (v10/ex14) cDNA, two CD44-related
polypeptides (M.W. p95 kDa and bllé kDa) are coexpressed on the
cell surface (Fig. 1B, lane 3). The 95 kDa protein represents the
endogenous CD44s as described previously in other cell types
(13,41,46) . We believe that the 116 kDa protein belongs to the
CD44v isoform encoded by the variant exon 14 (v10) since a similar
size of protein (116 kDa) was also detected in other cell lines
transfected with CD44v (v10/ex14) cDNA previously (41,46). Using
amino acid composition analysis and nucleotide sequence data, we
have now verified that 116 kDa protein contains the variant exon
14 (v10) structure (42). Thus, the availability of these two cell
lines allows us to examine the effects of coexpression of CD44v
(vl10/ex14) and CD44s on mammary epithelial cell properties (e.g.
cell adhesion, invasion, angiogenic factor production and

tumorigenesis) as described below.

Hyaluronic Acid (HA)-Mediated Cell Adhesion By Mammary Epithelial

Cells Coexpressing Both CD44v (v/10/ex14) and CD44s:

CD44 is the major hyaluronan cell surface receptor, and one of
the cellular adhesion molecules in many different cell types
(6,7,9). Recently, specific hyaluronic acid (HA) binding motifs

have been identified and localized in the extracellular domain of




CD44 isoforms (47). Although all CD44v isoforms contain similar HA
binding motifs, certain CD44v isoforms have been reported to
display significantly less HA binding than CD44s (41,46). In this
study we have compared the HA-mediated cell adhesion properties of
parental cells/vector-transfected control cells (expressing CD44s
alone) to that of CD44v (vl10/ex14)-transfected cells [coexpressing
both CD44s and CD44v (v10/ex14)]. Our results clearly indicate that
both parental (untransfected) cells and vector-transfected control
cells display a high level of CD44-specific cell adhesion to HA-
coated plates (Table 1). In contrast, the CD44v (v10/ex14)
transfectant cells display greatly reduced CD44-specific cell
adhesion to HA plates (Table 1). These findings suggest that (a)
CD44s is the major hyaluronan receptor required for HA-mediated
cell adhesion in human mammary epithelial cells; and (b)
coexpression of both CD44v (v10/exl4) and CD44s either blocks some
available sites or changes the binding affinity for HA-mediated
cell adhesion.

Analysis of Cell Invasion Properties of Mammary Epithelial Cells
Coexpressed With CD44v (v10/ex14) and CD44s:

One of the biological properties commonly associated with cell
transformation and tumor development is the ability of tumor cells
to penetrate across (or invade) extracellular matrix (ECM) layers
(48) . In this part of the study we have used an in vitro invasion

assay which involves growing the mammary epithelial cells [e.qg.
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CD44v (v10/exl4)-transfectant cells, parental (untransfected) or
vector-transfected cells] on the surface (the top layer) of the
collagen-gel matrix (Fig. 2 A and B). This cell invasion assay was
assessed as the formation of protrusions into the collagen gel
using confocal scanning laser microscopy. A series sections (from
the bottom to the top of the collagen-gel layers) were collected
(at least 0.19pm thick/section) for analysis. The results reveal
the presence of numerous CD44-associated cellular protrusions at
both the bottom layers (Fig. 2A-frames 1-6) and the top layers of
the collagen-gel matrix (Fig. 2A-frames 7-9). In contrast, the
plasma membrane of the parental (untransfected) (Fig. 2B) or
vector-transfected (data not shown) cells appears attached to the
surface (or the top layer) of the collagen-gel matrix (Fig. 2B-
frames 7-9) with 1little detectable CD44-associated cellular
protrusions into the bottom layer of the collagen-gel matrix (Fig.
2B, frames 1-5). These data suggest that coexpression of CD44v
(v10/ex14) and CD44s reduces HA-mediated cell adhesion and promotes
extracellular matrix invasion.

Tumorigenic Assa nd Angiogenic Fa r Pr ion M

Epithelial Cells Coexpressed With CD44v (v/10/ex14) and CD44s:

In order to determine whether coexpression of CD44v (v10/ex14)

and CD44s affects tumorigenic potential, CD44v (v10/exl4)
transfectant, parental (untransfected) and vector-transfected cells

were separately injected into athymic female nude mice. We then
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monitored the ability of each of these cell types to induce
subcutaneous tumor formation. Our results indicate that no tumors
were formed 1in those mice injected with either parental
(untransfected) or vector-transfected cells (Table 2). However,
approximately 60% of the mice injected with CD44v (v10/ex14)
transfectant cells develope subcutaneous tumors (Table 2).

These tumors were subsequently biopsied and analyzed for the
expression of CD44 by immunoperoxidase staining and RT in situ PCR
technique. As shown in Fig. 3A, CD44 immunoreactive staining is
primarily observed in the periphery of tumor tissues. We have also
used RT in situ PCR and confocal microscopy to identify CD44v
(ex14/V10)-containing cells in these tumors. CD44v (ex14/v10)
transcripts were specifically detected by using a left primer
designed to anneal at the exon 5 and 14 junction sequences. As
shown in Fig. 3B, CD44v (v10/ex14) mRNA is present primarily in the
peripheral region of the tumor which corresponds to the CD44
immunoperoxidase staining pattern (Fig. 3A). We believe that the RT
in situ PCR labeling is specific since no signal is observed when
reverse-transcriptase is eliminated from the labeling reactions
(Fig. 3C).

It is well known that angiogenesis is required for tumor
growth (49,50). In this regard, it is now clear that a multitude
of angiogenic and angiostatic factors are involved 1in the
regulation of tumor cell growth (49-53). One particular angiogenic
factor by itself may not exert sufficient potency to stimulate or
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maintain tumor growth (53). Consequently, it has been suggested
that an "angiogenic factor network" may be required for the
progression of tumor growth and metastasis (53). 1In this study two
well-characterized angiogenic factors such as basic FGF (51) and
IL-8 (52,53) were assayed for their presence in the conditioned
media of CD44v (vl10/ex14)-transfected and/or parental cells. Our
data indicate that CD44v (v10/ex14)-transfectants produce a higher
level of basic FGF (Fig. 4A) and IL-8 (Fig. 4B) than parental
(untransfected) /vector-transfected cells (Fig. 4 A, B and C). These
findings suggest that coexpression of CD44v (v10/ex14) with CD44s
in human mammary epithelial cells will promote angiogenesis.
Studies on the molecular interactions occurring between CD44v
(v10/ex14) and CD44s during signal transduction, cell

transformation and tumorigenesis are currently underway.
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CONCLUSION:

Hyaluronic acid (HA) is one of the important components of the
extracellular matrix (ECM). It is known to cause cell aggregation
of a number of different cell types (54); and has been implicated
in the stimulation of cell proliferation (55), cell migration (56),
cell adhesion (14,57,58) and angiogenesis (59). CD44 is now known
to be one of the major HA cell surface receptors (13). High levels
of HA production and overexpression of HA receptors (e.g. CD44
isoforms) have been found to be closely associated with
tumorigenesis (60-62) including breast cancers (60,61).

It has been suggested that several regions 1in the
extracellular domain of CD44 containing clusters of conserved basic
residues (47,63,64) play an important role in CD44 binding to HA.
All CD44v isoforms contain similar HA binding domain(s). However,
not all CD44 isoforms constitutively bind HA. Often, certain CD44v
isoforms display significantly less HA binding than CD44s (65).
Information concerning the regulatory factors or mechanisms
responsible for the reduction of HA binding by various CD44v
isoforms is currently not available.

In this study we have demonstrated that normal mammary
epithelial cells containing CD44s alone are capable of adhering to
HA-coated plates (Table 1). However, cells coexpressing both CD44v
(ex14/v10) and CD44s display a significant reduction in HA-mediated

cell adhesion (Table 1). These data indicate that interactions
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between CD44v (ex14/v10) and CD44s may have altered the HA binding
sites on the cell surface of the human mammary epithelial cells.
Previously, CD44v (v10/ex14) (116 kDa protein) has been found to
contain O-/N-linked glycosylation sites and chondroitin sulfate
additions (41). Therefore, it is possible that post-translational
modifications of v10(exl4)-encoded structure induce surface
rearrangements or conformational changes in the HA-binding domains
resulting in a loss of HA binding. In addition, it is possible that
coexpression of CD44v (v10/exl14) and CD44s could prevent the
dimerization (clustering) of CD44s molecules required for high
affinity binding to HA as suggested by previous studies (6, 66).
The reduction of HA-mediated cell adhesion in cells expressing both
CDh44v (ex14/v10) and CD44s may be one of the earliest events in the
onset of tumor migration and invasion processes.

The cytoplasmic domain of CD44 (a portion of the carboxyl
terminus including exons 17 and 19, b70 a.a. long) 1is highly
conserved (p90%) in most of CD44 isoforms in mammalian cells (23).
This domain is important because it provides binding sites for
certain cytoskeletal proteins such as ankyrin (19). Cytoskeletal
structures such as microfilaments, microtubules and intermediate
filaments are known to be involved in a number of important
biological activities including cell migration (67), secretion (68)
and proliferation (69). In this paper we have shown that CD44v
(v10/ex14)-transfectants (a) display a higher migration/invasion
capability (Fig. 2A), (b) produce a higher level of certain
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angiogenic factors (Fig. 4 B and C); and (c) exhibit more potent
tumorigenic potential (Table 2) than either parental
(untransfected) or vector-transfected cells (Fig. 4 B and C; and
Table 2). It is possible that the unique structure of CD44
(v10/ex14) (e.g. O-/N-linked glycosylation or chondroitin sulfate
addition) may cause a constitutive activation of CD44 isoform-
cytoskeleton interactions which induce tumor cell migration and
invasion. Most recently, Droll et al. have shown that the
chondroitin sulfate moiety attached to the v10/ex14 structure of
CD44 is capable of binding to other CD44 molecules (66). This
unique adhesive interaction may be critically important for (a)
homotypic and/or heterotypic cell-cell adhesion in wvitro; (b)
microemboli formation; and/or (c¢) the binding between circulating
tumor cells and the vascular endothelium in wvivo resulting in
angiogenic factor production and tumor growth. These hypotheses are
currently being tested in our laboratory.

In conclusion, we feel that introduction of CD44v (ex14/v10)
into normal mammary epithelial cells expressing CD44s has helped
elucidate the role of this particular CD44v isoform during tumor
development. Future studies to define the structural and functional
relationships between other CD44v isoforms and tumor cell
properties are needed in order to provide insights into regulatory
mechanisms involved in cell transformation and tumor metastasis

during human breast cancers.
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FUTURE WORK:

In the coming year, we plan to investigate the physiological
role of CD44v3, one of the most important CD44 variants detected in
human breast cancer metastasis. Specifically, we plan to carry out
the following experiments:

A: To elucidate the CD44v3-cytoskeleton interaction with special
emphasis on the structural association between CD44v3 and the
cytoskeleton (e.g. actin binding proteins and actin-myosin
complexes) .

B: To construct CD44v3 deletion or site-directed mutants lacking
specific functional domains for cytoskeleton binding. CD44v3 mutant
polypeptides will then be expressed in non-metastatic human breast
epithelial cells and their structural changes will be correlated
with tumor cell motility, invasiveness, and metastasis.

C: To examine human breast tissue samples for CD44v3 expression and
correlate qualitative and quantitative levels with the invasive
and/or metastatic phenotype during breast cancer progression. This
will allow us to establish CD44v3 as a useful metastatic marker for

breast cancer detection and prognosis.
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(a) Demonstration of A Structural Association between CD44v3 and

Cytoskeletal Proteins by Triton X-114 Extraction

Our previous data indicate that a non-ionic detergent
extraction procedure involving the use of Triton X-114 detergent
plus a temperature-dependent phase separation appears to be more
effective than Triton X-100 for isolating cytoskeleton-associated
complexes (16-18). In this study Triton X-114 (1% v/v) will be
added to the cell samples at 0° (detergent clear point), warmed to
30° (above detergent cloud point) and centrifuged in order to
separate the hydrophilic and hydrophobic phases. Predominantly
hydrophobic  proteins (integral membrane proteins without
cytoskeleton attachment) are partitioned into the lower, detergent-
rich phase and hydrophilic proteins (peripheral cytoskeletal
proteins and cellular proteins with cytoskeleton attachment) are
partitioned into the upper, detergent-poor, "aqueous" phase. During
Triton X-114 extraction of breast tumor cells with high metastatic
potential (Met-1), we have found that CD44v3 is preferentially
partitioned into the upper "aqueous" phase (presumably through
attachment with peripheral cytoskeletal proteins). Almost all the

membrane proteins (but not CD44v3) partition into the lower,
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detergent-rich phase. Subsequently, we plan to isolate CD44v3-
cytoskeleton complexes from Triton X-114 "aqueous" phase by anti-
CD44v3-mediated immunoprecipitation. Those cytoskeletal protein(s)
linked to CD44v3 will be identified by immunoblotting with specific
cytoskeletal protein antibody (e.g. actin, myosin, fodrin, ankyrin,
4.1 protein, talin and vinculin, etc.).

(b) Binding of ?°I-Cytoskeletal Protein to CD44v3-Conjugated Beads

In this study CD44v3 will be isolated by rabbit anti-CD44v3
conjugated Sepharose beads. CD44v3-conjugated beads will then be
incubated with ?°I-labeled cytoskeletal proteins (e.g. actin,
myosin, fodrin, ankyrin, 4.1 protein, talin and vinculin) for 2h at
4°, The CD44v3-cytoskeleton complexes will be washed extensively.
Non-specific binding (determined by incubating samples with at
least 100-fold excess unlabeled cytoskeletal proteins) will be
subtracted from experimental values in order to determine the
specific binding which occurs between CD44v3 and certain
cytoskeletal protein(s).

In order to further confirm the cytoskeleton binding domain of
CD44v3 and demonstrate the role of the cytoskeleton in the
regulation of CD44v3's function, we plan to use a molecular
biological approach which involves the use of in vitro mutagenesis
and expression in non-metastatic breast epithelial cells as

described below.
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Anticipated Results:

(1) We predict that various cytoskeletal proteins that complex
with CD44v3, either directly or indirectly, will be successfully
identified.

(ii) We anticipate that the direct interactions between various
cytoskeletal proteins and CD44v3 will be further verified by in

vitro binding studies.

The procedures for cloning and expression of CD44v3 in human

breast cancer cells are described as follows: The RT-PCR primers
(i.e. TACATCAGTCACAGACCTGC and ATCCATGAGTGGTATGGGAC) will be used
to permit the direct cloning of the CD44v3-related amplification
products into pRc/CMV/CD44 for expression in mammalian cells. The
amplification products will contain unique restriction enzyme sites
for Hpa I (476) and Tth I(835). The Hpa I site is also unique in
the human CD44s insert of pRc/CMV/CD44s (provided by Dr. Eugene
Butcher, Stanford University), while there are two sites for Tth I.
Therefore, the amplification products can be inserted directly into
PRc/CMV/CD44s which has been partially digested with Tth I and

completely digested with Hpa I. This will allow the insertion of
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the CD44v3 sequences directly into the CD44s coding sequence of
pRc/CMV/CD44s at precisely the correct location and reading frame.
Final constructs containing full-length CD44v3 structures will be
used for the transfection of eukaryotic cells. In addition, we plan
to create deletion and/or site-directed mutants that lack
particular sequences for ankyrin-binding in the cytoplasmic domain.
These CD44v3 constructs will then be transfected into a non-
invasive human breast cancer cell lines such as MCF10A and HBL100O
and characterized functionally by analyzing the effects on CD44v3-
cytoskeleton interaction, invasion and metastasis. In yvitr
characterization of individual CD44v3 deletion mutants will focus
on CD44v3-cytoskeleton interaction using the same procedures as
described above. Using information obtained from mutational
analysis, we will then correlate the expression of functional
domains specific for CD44v3-cytoskeleton association with motility
and invasive/metastatic behavior in breast cancer cells. Cellular
motility will be performed using in vitro invasion assays and
"invadopodia" formation analysis as described previously.
Tumorigenesis and invasive/metastatic properties of individual
transfectants will be evaluated by subcutaneous (or by mammary fat
pad or tail vein) injection in 6-week old female nude mice with
quantitation by the size and number of tumors formed as well as
various sites of metastases as compared to nontransfected controls.
Approximately, 7-10 mice per experimental group will be injected
with 1x107 cells. After specific CD44v3 domains have been

21




identified as critical to cytoskeleton binding and/or metastasis,
we will further determine key amino acids by site-directed
mutagenesis. These may involve conserved residues within known
consensus sequences or previously unidentified sequences.
Identification of these key regions will provide further clues to
mechanistic aspects underlying breast cancer metastasis.

Anticipated Results: We predict that CD44v3's functional domains

related to cytoskeletal binding site(s) will be mapped out using

both deletion and site-directed mutagenesis methods.

The procedures used for generating polyclonal and monoclonal
antibodies against CD44v3 will be performed as described
previously. Standard antibody characterization methods such as
ELISA, immunoblotting, and immunoprecipitation will be used to
verify the specificity and.titers of polyclonal and monoclonal
antibodies. Specifically, breast cancer tissue sections [e.g. node
positive vs node negative breast cancer samples; and high- vs low-
grade histologies of ductal carcinoma in situ (DCIS)] will Dbe
compared. In order to control for other prognostic factors, we will

limit the analysis of invasive cancers to tumors of similar size

22




(i.e. between 1 and 3 cm) and nuclear grade (low to intermediate).
The samples will be fixed with 2% paraformaldehyde and processed
for standard immunoperoxiase staining using polyclonal or
monoclonal anti-CD44v3 antibody. Some samples will also be
processed for immunofluorescence staining using a laser scanning
confocal microscope (MultiProbe 2001 Invert CLSM System, Molecular
Dynamics) for both qualitative and quantitative measurements. The
relationship between CD44v3 expression and clinicopathological
indices will be aﬁalyzed by Fisher's exact t test. Correlation
between the fraction of CD44v3 positive tumor cells in normal, non-
metastatic and metastatic breast tissues will be assessed by the
Spearman rank correlation coefficient as described previously. The
results of these experiments will allow us to establish a possible
relationship between CD44v3 expression and the progression of human
breast cancers.

Anticipated Results:

We anticipate that there will be a strong correlation between
the level of CD44v3 expression and invasive/metastatic behavior.
Moreover, domains previously identified as critical to cytoskeletal
interaction and/or those associated with invasion and metastasis
will be found to be upregulated in those breast cancers which
involve axillary 1lymph nodes. In addition, we anticipate a
correlation between expression of CD44v3 and DCIS lesion of high

histologic grade (i.e., those expected to become invasive).
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MATERIALS AND METHODS:

Cell Lines: The HBL100 cell 1line (43) was obtained from the
American Type Culture Collection (Rockville, MD). The cells were
grown in Dulbecco's Modified Eagle's Medium (DMEM) with 10 % fetal
calf serum, L-glutamine, penicillin (100 units/ml), and
streptomycin (100 m/ml) (GIBCO BRL, Gaithersburg, MD). The cells
were maintained in a humidified incubator under a 5 % CO, in air
atmosphere at 37°C.

Stable Transfection: The human variant CD44 full length cDNA
(standard + exonld4) was cloned in the pRC/CMV eukaryotic expression
vector (Invitrogen, San Diego, CA), a kind gift from Dr. E. C.
Butcher (Stanford University, Palo Alto, CA.) which was then
transfected into the HBL100 cells using the lipofectAMINE reagent
(GIBCO BRL) according to the manufacture's protocol. Three days
after transfection, cells were split 1:10 in complete medium
containing G418 (GIBCO BRL) at a concentration of 750 upg/ml.
Individual colonies were isolated after two weeks; and stable cell
lines were established and maintained in the complete medium
containing 400 pg/ml G418.

Analvsis of CD44 Expression At the Protein level: Transfected and

parental HBL100 cells were surface-iodinated by the lactoperoxidase
method (44). Cells were then solubilized and CD44 proteins
immunoprecipitated using monoclonal rat anti-CD44 antibody as

described previously (21). Immunoprecipitants were analyzed by
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polyacrylamide gel (7.5%) electrophoresis and detected by
autoradiography.

Cell Adhesion Assays: The 96-well ELISA plate (CORNING Glass Works,
Corning, NY) was coated with rooster comb HA (SIGMA Chem. Co., St.
Louis, MO)’as described previously (22). Briefly, the ELISA plate
was incubated with 2 mg/ml rooster comb HA at 22° C for 16 hr,
followed by rinsing three times with PBS containing 2 % BSA.
Additional washing with PBS were carried out before incubating with
labeled cells in the adhesion assay. Cells were metabolically
labeled with Trans[**S]methionine (30 pCi/ml, ICN) as described
previously (3). After labeling, the cells were washed twice in PBS
and detached by incubating in PBS containing 5 mM EDTA at 37°C for
5 min. Radioactively labeled single-cell suspensions (5.0 x 10 °
cpm) were incubated in individual wells of a HA-coated ELISA plate
at 4° C for 60 min. After incubation, the wells were washed three
times with PBS. The adherent cells were solubilized in PBS
containing 1 % SDS and the bound radioactivity was measured by
liquid scintillation counting. Nonspecific binding was determined
by including 200 bg/ml soluble HA in the HA-coated wells during the
incubation. In some cases, the background level of binding was
determined by cell adhesion performed in the presence of monoclonal
rat anti-CD44 antibody treatment. The results were expressed in

terms of CD44-specific binding in which the background levels of
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binding have been subtracted. Data are expressed as mean cpm * SEM
of triplicate determinations.

In Vitro Cell Invasion Assays: Chambered coverglasses (8
chambers/coverglass, Nunc, Inc., Naperville, IL) were coated with
rat tail type I collagen gel (150 pl/1.0 cm?) by incubating at 37°C
overnight. The collagen gel was equilibrated with DMEM
supplemented with 10% FCS and L-glutamine prior to the use.
Trypsinized cells were suspended in the complete media (DMEM, 10%
FCS, glutamine) and 10,000 cells per chamber were incubated at 37°C
overnight in a humidified 5% CO, incubator. Cell surface CD44
molecules were immunostained using monoclonal rat anti-CD44
antibodies as previously described (23). Cell invasion was
assessed as the formation of protrusions into the collagen gel
using confocal scanning laser microscopy (Molecular Dynamics,
Sunnyvale, CA). A series of at least 30 optical sections were
collected (0.19pm thick) for analysis.

Tumorigenesis Assays: Each cell line was inoculated subcutaneously
into two sites/mouse (either 107 or 10 <cells/site) of female
athymic nude mice, and tumor formation was monitored for six
months. Tumor mass was estimated using the formula (d*> x D)/2,

where d and D represent the small and large diameter of the tumor,

respectively.
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Immunohistochemistry and RT in situ PCR: Tumors were analyzed for
the expression of CD44 proteins by immunoperoxidase staining of
these paraffin-embedded tissues described previously (35). To
detect the expression of CD44v (ex14/v10) transcripts in tumors,

the RT in situ PCR protocol described by Nuovo (45) was employed

with a minor modification. The left PCR primer was designed to

anneal at the junction of exon5 and exonl4, and the right PCR

primer annealed in exonlb5. The right primer was 5'-
ATCCATGAGTGGTATGGGAC-3" and the left primer was 5'-
CTGCTACCAATAGGAATGAT-3"'. This pair of PCR primers allowed the

specific amplification of the human CD44v (ex14/v10) transcripts,
but not other CD44 variants, or mouse CD44 transcripts or mouse
genomic DNA. In the PCR mixture, we have utilized the direct
incorporation of FITC-digoxigenin-11-dUTP, and the PCR was carried
out twenty cycles of 55°C for 2 min and %4 C for 1 min. The
fluorescent signals were then analyzed by 1laser confocal
microscopy.

Measurement of Angiogenic Factors: Cells were grown in complete
medium on 100 mm tissue culture dishes. Cells were then washed
three times with serum free DMEM and incubated in 3 ml of SF-DMEM
containing 1 mg/ml BSA (type V, Sigma Chemical Co., St. Louis, MO)
for an additional 24 hr. at 37°C in a 5% CO2 humidified chamber.
The conditioned medium was collected and analyzed for the

concentration of angiogenic factors (e.g. basic FGF, and IL-8)
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using Quantikine

protocol

(R&D system,

immunoassays according to the manufacture's

Inc., Minneapolis, MO).
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APPENDIX

Table 1: CD44-mediated adhesion of metabolically labeled cells

to HA-coated plates.

Cell Lines? CD44-Specific Cell Adhesion’ ¢ of Control
Parental HBL10O 130,000 = 14,000 100
Neo-transfected HBL100 125,000 £ 11,000 97

CD44v (v10/ex14) -
transfected HBL100 N.D.°© 0

aTran3’S-labeled cells [e.g. parental HBL100, neo-transfected
HBL100 and CD44v(v10/ex14)-transfected HBL100] were pretreated
with or without monoclonal rat anti-CD44 antibody. Subsequently,
these cells (5.0 x 10° cpm) were incubated in tissue culture
wells coated with hyaluronic acid (HA) as described in the
Materials and Methods. The background level of binding was
determined by performing cell adhesion in the presence of
monoclonal rat anti-CD44 monoclonal antibody treatment.

PThe results expressed in terms of CD44-specific binding have the
background levels of binding subtracted. Data are expressed as
mean cpm t SEM of triplicate determinations.

°N.D., not detectable.
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Table 2: Tumorigenicity assay for HBL100 cell lines [parental
HBL10O, vector-transfected HBL10O, CD44v (ex14/v10) cDNA-

transfected HBL100 cells] in athymic nude mice.

Cell Lines® Tumor Frequency

(no. of tumor bearing mice/no. of total mice used)

Parental HBL10O 0/4
Vector-transfected HBL100O 0/4

CD44v (v10/ex14) -
transfected HBL100 5/8b

afach cell line was inoculated subcutaneously into two sites/mouse
(either 107 or 16 cells/site) of female athymic nude mice, and
tumor formation was monitored for six months.

brumor nodules (an average cross-sectional area of 3.8 0.6 hm )
were detected in athymic nude mice at various areas close to the

original cell inoculation sites.
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FIGURE LEGENDS

Fig., 1: Exon map of human CD44 gene and analysis of surface CD44
expression in various cell lines [e.g. parental HBL100, vector-
transfected HBL100, CD44v (ex14/v10) cDNA-transfected HBL100
cells].
A-a: All 9 possible exon insertions (e.g. exons 6-14) between exon
5 and exon 15 of human CD44 gene.
A-b: Exon 14 is inserted between exon 5 and exon 15 [designated as
CD44v (v10/ex14)].
B: Analysis of surface CD44 expression by monoclonal rat anti-CD44-
mediated immunoprecipitation from surface '**I-labeled cells.
Lane 1: Autoradiogram of CD44s (p95 kDa) immunoprecipitated from
surface ?°I-labeled parental HBL100 cells by rat anti-CD44
antibody.
Lane 2: Autoradiogram of CD44s (p95 kDa) immunoprecipitated from
surface ?°I-labeled vector-transfected stable HBL100 cells by rat
anti-CD44 antibody.
Lane 3: Autoradiogram of both CD44s (p95 kDa) and CD44v (ex14/v10)
(p116 kDa) immunoprecipitated from surface '*’I-labeled CD44v
(ex14/v10)-transfected stable cells.
Fig. 2: Cell invasion by mammary epithelial cells coexpressing
CDh44v (v10/ex14) and CD44s.

Cells [CD44v (ex14/v10)-transfected cells (A) and parental

HBL100 cells (B)] were grown on coverglasses coated with rat tail
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type I collagen gel (150 pl/1.0 cm?) followed by immunofluorescence
staining with monoclonal rat anti-CD44 antibody as described in the
Materials and Methods. Cell invasion was assessed as the formation
of protrusions into the collagen gel using confocal scanning laser
microscopy. A series of at least 30 optical sections along the z-
axis from the bottom of the gel to the top of the gel were
collected (0.19pm thick) for analysis. Frames 1-5 represent the
bottom layer of the collagen-gel matrix and frames 6-9 represent
the top layer of the collagen-gel matrix. [Arrow heads indicate the
presence of invasive protrusions].

Fig. 3: Immunohistochemical staining and RT in situ PCR analysis of
tumors obtained from athymic mice injected with CD44v (ex14/v10)
cDNA-transfected HBL10O cells.

A: Tumor tissues obtained from athymic mice injected with CD44v
(ex14/v10) cDNA-transfected HBL100 cells were processed for
immunoperoxidase staining of CD44 using monoclonal rat anti-CD44
antibody.

B: Detection of CD44v (ex14/v10) specific transcripts by RT in situ
PCR using specific primers (5'-ATCCATGAGTGGTATGGGAC-3' and 5'-
CTGCTACCAATAGGAATGAT-3') and FITC-digoxigenin-11-dUTP as described
in the Materials and Methods.

C: In RT in situ PCR control samples, reverse-transcriptase was
eliminated from the labeling reactions. Note that no signal was

detected in these samples. The scale bar represents 20um.
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Fig. 4: Measurement of angiogenic factors in both parental HBL100
and CD44v (ex14/v10) cDNA-transfected HBL100O cells.

Cells [either parental HBL100 or CD44v (ex14/v10) cDNA-
transfected HBL100 cells] were grown in the complete growth medium,
and the conditioned medium from these two cell lines was analyzed
for the concentration of angiogenic factors, such as basic FGF (A)
and IL-8 (B), using Quantikine immunoassays as described in
Material and Methods. Statistical analyses indicate that the
increase of bFGF (A) and IL-8 (B) production in CD44v (ex14/v10)
cDNA-transfected cells was significantly greater than in the

parental HBL100 cells [with pp0.06 and pp0.0008, respectively].
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