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Our previous studies have demonstrated that myo-
pithelial cells, which surround incipient carcinomas
n situ of the breast and other organs, exert antiinva-
ive and antiangiogenic effects in vitro through the
laboration of a number of different suppressor mole-
ules among which include the shed membrane CD44.
he present study addresses the mechanism of this
yoepithelial CD44 shedding. This CD44 shedding is

nhanced by PMA pretreatment, is specific for myo-
pithelial CD44, and inhibited by chymotrypsin-like
nhibitors (chymostatin, a1-antichymotrypsin, TPCK,
nd SCCA-2) but not by trypsin-like inhibitors (TLCK),
or papain-like inhibitors (SCCA-1) nor hydroxamate-
ased or general metalloproteinase inhibitors (BB2516
marimastat), 1,10-phenanthroline, and TIMP-1). The
ffect of PMA can be mimicked by exogenous chymo-
rypsin but not by other proteases. The CD44 shedding
ctivity cannot be transferred by conditioned media,
ell–cell contact, peripheral membrane, or integral
embrane fractions. However, cell-free purified inte-

ral plasma membrane fractions obtained from myo-
pithelial cells pretreated with PMA also exhibit CD44
hedding which is inhibited by chymotrypsin-like in-
ibitors. These findings support the presence and ac-
ivation of a putative chymotrypsin-like sheddase as
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Our previous studies have indicated that myoepithe-
ial cells which surround ductal epithelium of glandu-
ar organs such as the breast exert multiple paracrine
uppressive effects on incipient cancers which arise
rom this epithelium (1–3). This paracrine suppression

ay keep the genetic alterations occurring within ma-
ignant epithelial cells in check so that the evolving
ancer exists for a number of years only as an in situ
esion confined within the ductal system (4). Our lab-
ratory has established immortalized myoepithelial
ell lines and transplantable xenografts from benign
uman myoepitheliomas of the salivary gland (HMS-1,
MS-3), breast (HMS-4, HMS-5) and bronchus

HMS-6) (with their respective xenografts designated
s HMS-#X) (1–3, 5, 6). These cell lines and xenografts
xpress identical myoepithelial markers as normal
yoepithelial cells in situ and display an essentially
ormal diploid karyotype. In previous studies we have
emonstrated that our myoepithelial cell lines/
enografts and myoepithelial cells in situ constitu-
ively express high amounts of proteinase and angio-
enesis inhibitors which include TIMP-1, protease
exin-II, a-1 antitrypsin, an unidentified 31-33 kDa
rypsin inhibitor, thrombospondin-1, soluble bFGF re-
eptors, and maspin (1–3). Our human myoepithelial
ell lines inhibit both ER-positive and ER-negative
reast carcinoma cell invasion and endothelial cell mi-
ration and proliferation (angiogenesis) in vitro (3, 7).
ur myoepithelial cell lines also inhibit breast carci-
oma proliferation in vitro through an induction of
reast carcinoma cell G2/M arrest and apoptosis (3),
he latter phenomenon of which also occurs in situ
ithin DCIS (8). In our previous studies demonstrating

hat myoepithelial cells inhibited both invasion and
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entiated both types of suppression (1, 7). In examining
ossible mechanisms for these effects we surveyed our
yoepithelial cell lines for PMA-induced changes in

xpression levels of general categories of molecules
hat had been implicated in tumor invasion and angio-
enesis, namely proteinases/proteinase inhibitors, an-
iogenic factors/angiogenic inhibitors and adhesion
olecules. In the latter category we noted in a recent

tudy (9) that PMA profoundly decreased the levels of
urface CD44 on myoepithelial cells through a shed-
ing phenomenon. In this study (9), we demonstrated
hat myoepithelial cells constitutively express and
hed both the 85 kDa standard (CD44s) and the 130
Da epithelial (CD44v8-10) isoforms and that PMA
retreatment enhances this shedding. Our observa-
ions were made by using CD44 isoform-specific anti-
odies as well as CD44 slice-variant-specific primers
9). The decrease in cell-associated CD44 and concom-
tant increase in CD44 in conditioned media (CM) was
ue to PMA-enhanced cell shedding and not altered
evels of CD44 synthesis from either alternative splic-
ng or changes in gene transcription, either of which
ould contribute to cell surface CD44 alterations. Fur-
hermore the increase in CD44 in CM never occurred
ithout a concomitant decrease in cell-associated
D44 suggesting that this was a true shedding and not
secretory phenomenon. Furthermore other possibili-

ies to explain the decrease in cell-surface CD44 immu-
oreactivity such as PMA-induced conformational al-
erations or PMA-induced alterations in epitope
ccessibility within the extracellular domain of CD44
ere also excluded by these dual observations. Cell

ractionation experiments further revealed that virtu-
lly all of the CD44 was plasma membrane associated
nd it was this membrane-associated CD44 that was
ecreased with PMA pretreatment. The myoepithelial
ell-associated decrease in CD44 was first in evidence
y Western blot 12 h following PMA treatment but was
etected within 2 h by flow cytometric analysis. The
MA-induced reduction in cell-associated CD44 was
bserved in all 6 of the myoepithelial cell lines exam-
ned but not in any of the nonmyoepithelial lines. Fur-
hermore normal mammary epithelial cells (HMECs)
hough expressing the same standard and variant (ep-
thelial) isoforms of CD44 as myoepithelial cells did not
hed CD44 in response to PMA. Because the CD44
hedding phenomenon seemed to be myoepithelial spe-
ific, we decided to study it further and investigate its
echanism in the present study.

ATERIALS AND METHODS

Cell lines. Human myoepithelial cell lines (HMS-1–6) from be-
ign myoepithelial tumors of diverse origins had been previously
stablished in our laboratory (1–3, 5, 6) and maintained in keratin-
cyte serum-free medium (K-SFM) supplemented with bovine pitu-
tary extract (50 mg/ml) and recombinant human epidermal growth
117
pithelial cell lines used included Hs578T (American Type Culture
ollection (ATCC), Rockville, MD), and human squamous cell carci-
oma lines of salivary gland and vulva, A253 and A431 (ATCC).
hese latter cell lines were maintained in Eagle MEM supplemented
ith 10% FBS (GIBCO-BRL) and penicillin–streptomycin antibiot-

cs. Conditioned media from the myoepithelial cell lines untreated
nd pretreated with PMA (5 mM) was collected in basal K-SFM and
oncentrated up to 10-fold with Centriprep-10 concentrators (Amicon,
everly, MA). Coculture experiments involving cell–cell contact of
MA-pretreated and untreated cell types of various combinations
ere also conducted.

Pharmacological manipulations. Confluent monolayers of myo-
pithelial cells (HMS-1-6) were also pretreated with PMA (5 mM)
Sigma Chemical Co., St. Louis, MO) for 20 min followed by harvest-
ng of the cells 1 to 24 h later. The effects of PMA pretreatment were
tudied in the presence and absence of plasminogen (10 mg/ml) and in
he presence of various proteinase inhibitors. The following specific
roteinase inhibitors at a 10- to 1000-fold range of concentrations
the median concentration so designated) were studied:
ydroxamate-based and general metalloproteinase inhibitors includ-

ng 0.05 mM EDTA, 100 mM TAPI, 3.2 nM TIMP-1, 0.2 mM 1,10
henanthroline and 100 mM BB2516 (marimastat); trypsin-like,
hymotrypsin-like and general serine protease inhibitors including
0 mM aprotinin, 0.2 mM leupeptin, 0.2 mM chymostatin, 0.2 mM
1-antichymotrypsin, 10 nM plasminogen activator inhibitor–1, 10
M a2-antiplasmin, 100 mM 3,4 DCI, 540 nM TLCK, 100 mM TPCK
nd 5 mM SCCA-2; and papain-like and general cysteine proteinase
nhibitors including 1.0 mM pepstatin A, 10 mM CA-074, 10 mM E-64,
0 mM steffin A, 5 mM SCCA-1, 0.2 mM leupeptin and 0.2 mM
ystatin. All inhibitors were obtained from Sigma Chemical Co.
xcept for TIMP-1 (Calbiochem-Novabiochem Corp., San Diego, CA),
A-074 (Peptides International, Louisville, KY), BB2516 (a gift of
r. Howard Reber, UCLA, Los Angeles, CA), SCCA-1 and SCCA-2

gifts of Dr. Gary Silverman, Children’s Hospital, Boston, MA) and
API (Immunex Corp., Seattle, WA). Myoepithelial cells (HMS-1–6)
nd nonmyoepithelial cells (Hs578T, A253, and A431) were also
reated with different proteinases. The following proteinases at a 10-
o 1000-fold range of concentrations (the median concentration so
esignated) were used: type I collagenase (human MMP-1) (0.05 mU)
Oncogen, Cambridge, MA), chymotrypsin, trypsin, elastase, pronase
1 U each) (Sigma Chemical Co.), hyaluronidase (1 U) (Sigma Chem-
cal Co.) and cathepsins B (1 U), D (1 U), L (0.5 mU), and G (2.0 mU)
all from Calbiochem, La Jolla, CA).

Antibodies. Monoclonal antibodies to the standard and epithelial
soforms of CD44 were used. Individual and a combination of MAbs
o CD44s (IgG1-clone DF1485, Zymed Laboratories, San Francisco,
A) and CD44v8-10 (Dr. Graeme J. Dougherty, UCLA, Los Angeles,
A) were used in Western blot and flow cytometric studies. Western
lots were performed using the appropriate primary antibodies at
he manufacturers’ recommended dilutions and a 1:50,000 dilution of
orseradish peroxidase-conjugated goat anti-mouse as secondary an-
ibody (Amersham Life Sciences, Arlington Heights, IL) followed by
evelopment of the reaction with the ECL detection system (Amer-
ham Life Sciences, Arlington Heights, IL). A loading control anti-
ody to b-actin (a gift of Dr. Howard Reber, UCLA) was used in all
mmunoblotting experiments to normalize for cell protein. Scion
mage software was used for densitometric analysis of bands. Cells
ere harvested by brief incubation in PBS containing 5 mM EDTA,
elleted and resuspended in lysis buffer A (PBS, 1% (v/v) NP-40, 5
M EDTA and 10 mM PMSF). Lysates were incubated on ice for 10
in, then microcentrifuged for 5 min to pellet nuclei and other

nsoluble cellular debris. Supernatants were removed and stored at
20°C. Aliquots were thawed, added to an equal volume of nonre-
ucing sample buffer containing 125 mM Tris, 20% (v/v) glycerol,
.6% (w/v) SDS, pH 6.8, and incubated at 100°C for 5 min. Total
ellular proteins were separated on precast 10% Tris–HCl polyacryl-
mide electrophoresis gels (Bio-Rad Life Science Products, Hercules,
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Gibco BRL, Gaithersburg, MD) and subjected to Western blot anal-
sis.

Flow cytometric analysis. Myoepithelial cells were pretreated
ith PMA (5 mM) for 20 min followed by harvesting of the cells 1 to
4 h later. Cells were harvested with PBS containing 5 mM EDTA,
nd centrifuged. The pellet was then resuspended with FITC-CD44
Ab or control FITC-IgG and incubated on ice for 30 min. Cells were

hen washed extensively with HBSS containing 0.1% Na azide and
% fetal bovine serum and subject to flow cytometry using a Becton–
ickinson FACScan.

Cell fractionations. PMA-pretreated cells were homogenized in
uffer B (20 mM Tris–HCl, pH 7.5, 0.5 mM EDTA, 0.5 mM PMSF, 20
M leupeptin, 0.15 mM pepstatin A) at 4°C with a Dounce homoge-
izer and centrifuged at 13,000g for 15 min at 4°C to obtain the
articulate fraction. Subcellular fractions of the particulate fraction
P1, nuclear enriched, P2, plasma membrane 1 mitochondria en-
iched; and P3, microsomal enriched) were prepared and recom-
ended enzyme markers were followed as described previously (10).
urther subfractionation of the mitochondria–plasma membrane

raction was carried out by isopycnic centrifugation in Percoll. In
ome experiments the sedimented membranes were dissolved in SDS
ample buffer and assayed for CD44 by Western blot. In other ex-
eriments the sedimented membranes were subsequently extracted
n 1 M NaCl/EDTA (peripheral fraction) or detergent 1% NP-40
integral fraction) and transferred to a layer of untreated HMS-1
ells to study the effect of this transfer on CD44 shedding. In other
xperiments the sedimented membranes were suspended in ice-cold
ris–HCl (30 mM, pH 7.2) containing various components to be
ested. The reaction mixture (20 ml) was transferred to 37°C and
ncubated for 1–12 h. The reaction was stopped by the addition of an
qual quantity of SDS sample buffer and incubated at 100°C for 5
in. Then aliquots of reaction mixtures were subjected to Western

lot analysis using CD44 mAb. The sedimented membranes were
lso added to 10 volumes of ice-cold 1 M NaCl in 30 mM Tris–HCl
pH 7.2) and kept 15 min on ice. Membranes were collected by
entrifugation at 10,000g for 15 min at 4°C. Washed membranes
ere reconstituted in ice-cold Tris–HCl (30 mM, pH 7.2) and incu-
ated and processed as before.

Statistical analysis. Results were analyzed with standard tests of
tatistical significance, including the two-tailed Student’s t test and
one-way analysis of variance (ANOVA).

ESULTS

Mechanism of myoepithelial CD44 shedding. The
yoepithelial cell-associated decrease in CD44 was de-

ected within 2 h by flow cytometric analysis following
MA pretreatment (P , 0.01) (Fig. 1A). The PMA-

nduced myoepithelial CD44 shedding was not affected
y either plasminogen addition (10 mg/ml) or depletion
P . 0.1) or a2-antiplasmin (Fig. 1B), indicating that
he shedding was not mediated by plasminogen activa-
ors (PA) or plasmin. The PMA-induced myoepithelial
D44 shedding could be blocked however by the

hymotrypsin-like serine proteinase inhibitors, chymo-
tatin, a1-antichymotrypsin, TPCK and SCCA-2 (Fig.
C) (P , 0.01, P , 0.01, P , 0.01, P , 0.05) but not
y trypsin-like serine proteinase inhibitors like plas-
inogen activator inhibitor (PAI-1) (P . 0.1), papain-

ike cysteine proteinase inhibitors (P . 0.1), or
ydroxamate-based or general metalloproteinase in-
ibitors like TIMP-1 (Fig. 1C) (P . 0.1) (Table I). With
118
ostatin, there was a dose response of inhibition (Fig.
D). The chymotrypsin-like inhibitors alone in the ab-
ence of PMA-pretreatment exerted no effect on myo-
pithelial CD44. These results implicated a putative
hymotrypsin-like sheddase. As further indirect proof,
urified exogenous chymotrypsin mimicked the effect
f PMA. Chymotrypsin cleaved CD44 on myoepithelial
ells over a similar time course of 12 h (Fig. 1E). Chy-
ostatin inhibited the cleavage of CD44 by chymotryp-

in. The inhibitory effects of chymostatin and other
hymotrypsin-like serine proteinase inhibitors like
CCA-2 (but not the papain-like cysteine proteinase

nhibitors like SCCA-1 and cystatin) on both exogenous
D44 cleavage and on PMA-induced myoepithelial
D44 shedding were also observed in flow cytometric
tudies (Fig. 1F).

Evidence for a specific myoepithelial sheddase. The
D44 shedding activity could not be transferred by CM

Fig. 2A) nor abolished by the removal of CM (Fig. 2B).
he susceptibility of myoepithelial CD44 to exogenous
roteolytic cleavage was highly chymotrypsin sensitive
nd relatively insensitive to other proteases (Fig. 2C).
ther nonmyoepithelial CD44 did not exhibit this chy-
otrypsin sensitivity (Fig. 2D). These other nonmyo-

pithelial CD44 also did not exhibit PMA-induced
hedding (data not shown). Coculture experiments
here PMA-pretreated HMS-1 cells were subsequently
ixed with untreated HMS-1 cells at dilutions to in-

ure cell–cell contact between each of the populations
howed no evidence of CD44 shedding in the untreated
ells; furthermore when peripheral membrane frac-
ions or integral membrane fractions of PMA-
retreated HMS-1 cells were transferred to untreated
MS-1 cells there was no evidence of CD44 shedding in

he HMS-1 cells (data not shown). However cell-free
embrane preparations of PMA-pretreated HMS-1

ells showed a progressive CD44 shedding over 1–8 h
Fig. 2E). This CD44 shedding was equally observed in

embranes that had been washed with 1 M NaCl in 30
M Tris–HCl (pH 7.2) to remove peripheral membrane

roteins suggesting that the factor responsible for the
D44 shedding was an integral membrane protein. As
efore, this CD44 shedding could be inhibited by the
hymotrypsin-like serine proteinase inhibitors but not
y the trypsin-like serine proteinase inhibitors, the
apain-like cysteine proteinase inhibitors or the met-
lloproteinase inhibitors. CD44 shedding was not ob-
erved in membrane preparations obtained from
MS-1 cells that were initially untreated or subse-
uently treated with proteinase inhibitors alone. The
ollective findings suggest that the membrane factor
esponsible for shedding and its substrate, CD44, both
ave to be present in cis orientation for activity and
upport the presence and activation of a putative
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hymotrypsin-like sheddase as the mechanism of
MA-induced CD44 shedding in myoepithelial cells.

ISCUSSION

Cancer cells come under the influence of important
aracrine regulation from the host microenvironment

FIG. 1. CD44 flow cytometry or Western blot of HMS-1 cells: (A
uorescence (top). PMA pretreatment results in a decrease in cell sur
ith decreased fluorescence (bottom). Peak 1, FITC-IgG; peak 2, FI
MA-induced CD44 shedding is not affected by either the presence
ntreated HMS-1 cells; lane B, PMA-pretreated HMS-1; lane C, P
MA-pretreated HMS-1 cells in the presence of plasminogen; lane E,
D44 shedding is inhibited by chymostatin and a1-antichymotrypsin
ane A, untreated HMS-1 cells; lane B, PMA-pretreated HMS-1 in
f chymostatin; D, PMA-pretreated HMS-1 cells in the presence
ntichymotrypsin. Other chymotrypsin-like serine proteinase inhibi
nhibitors belonging to other classes. (D) Dose response of increasin
MA-pretreated HMS-1 cells in the presence of 2 mM chymostatin; l

ane C, PMA-pretreated HMS-1 in the presence of 20 mM chymo
hymostatin; lane E, PMA-pretreated HMS-1 in the presence of 1 mM
hymostatin. Other chymotrypsin-like inhibitors showed a similar
leavage of HMS-1 CD44. Lane A, untreated HMS-1 cells; lane B, HM
reated with chymotrypsin (1 unit) for 2 h; lane D, HMS-1 cells treat
hymotrypsin (1 unit) for 8 h; lane F, HMS-1 cells treated with chymo
ells in the presence of cystatin, top; PMA-pretreated HMS-1 cells in
resence of SCCA-2, bottom. Only SCCA-2 inhibited the CD44 shed
119
11). Both positive (fibroblast, myofibroblast and endo-
helial cell) and negative (tumor infiltrating lympho-
ytes and cytotoxic macrophages) cellular regulators
xist that profoundly affect tumor cell behavior in vivo
12–14). One host cell, the myoepithelial cell, appears
o belong to the negative cellular regulator group (1).
ur previous studies have shown that myoepithelial

low cytometry of untreated HMS-1 cells depicts cell surface CD44
e CD44 at 2 h as demonstrated by an emergence of a cell population
-CD44 mAb; top, no pretreatment; bottom, PMA pretreatment. (B)
absence of plasminogen or the presence of a2 antiplasmin: Lane A,

-pretreated HMS-1 cells in the absence of plasminogen; lane D,
A-treated cells in the presence of a2 antiplasmin. (C) PMA-induced

t not at all by plasminogen activator inhibitor-1 (PAI-1) or TIMP-1.
presence of PAI-1; lane C, PMA-pretreated HMS-1 in the presence
TIMP-1; E, PMA-pretreated HMS-1 cells in the presence of a1-

s, TPCK, and SCCA-2 (Table I) were effective at inhibition but not
ncentrations of chymostatin on CD44 shedding inhibition: Lane A,
B, PMA-pretreated HMS-1 in the presence of 10 mM chymostatin;

tin; lane D, PMA-pretreated HMS-1 in the presence of 200 mM
ymostatin; lane F, PMA-pretreated HMS-1 in the presence of 2 mM
se response. (E) Time course of exogenous chymotrypsin (1 unit)
cells treated with chymotrypsin (1 unit) for 1 h; lane C, HMS-1 cells
ith chymotrypsin (1 unit) for 4 h; lane E, HMS-1 cells treated with

psin (1 unit) for 12 h. (F) Flow cytometry of PMA-pretreated HMS-1
e presence of SCCA-1, middle; PMA-pretreated HMS-1 cells in the
g. Peak 1, FITC-IgG; Peak 2, FITC-CD44 mAb.
) F
fac
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ells and derived cell lines exert multiple suppressive
ffects on carcinoma cells through secretion of a num-
er of different anti-invasive, antiproliferative, and
ntiangiogenic molecules (1, 7). Another candidate
aracrine suppressor molecules is shed CD44. The
resent study has examined the mechanism of myo-
pithelial CD44 shedding.
CD44 is a cell surface receptor for several extracel-

ular matrix components predominant of which is
yaluronan but which also include collagen, laminin,
bronectin and chondroitin sulfate proteoglycan (15).
he binding of hyaluronan to CD44 is thought to me-
iate a number of different biological processes includ-
ng lymphocytic homing, endothelial chemotaxis (an-
iogenesis) and tumor cell haptotaxis, invasion and
etastasis (16–18). A number of different regulatory
echanisms exist which can influence the efficacy of
D44–hyaluronan binding and the biological pro-

esses which are dependent on this interaction. Vari-
nt isoforms of CD44 resulting from alternative splic-
ng can influence the affinity of cellular binding (19–
4); phosphorylation of the CD44’s cytoplasmic domain
an influence the binding properties of its ectodomains
20–24); and increased shedding or secretion of the
D44 molecule through various mechanisms can ei-

her reduce or enhance binding to hyaluronan depend-
ng on the specifics and the dynamics of the situation
21–29).

Our present studies demonstrate that myoepithelial
ells shed CD44. The shedding is myoepithelial cell
D44 specific. Increased shedding of ectodomains of
olecules such as CD44 can be produced by either

xtrinsic or intrinsic mechanisms (21, 22, 25–28). Hy-

Representative Inhibitory Spectrum of the Putative
Myoepithelial CD44 Sheddase

Proteinase Inhibitory class Activity

DTA M 22222
IMP-1 M 22222
,10-Phenanthroline M 22222
B2516 M 22222
API M 22222
AI-1 S 22222
,4 DCI S 22222
LCK S 22222
PCK S 111
CCA-2 S 111
-1-Antichymotrypsin S 111
teffin A C 22222
CCA-1 C 22222
hymostatin S, C 1111
A-074 C 22222
-64 C 22222
ystatin C 22222

Note. M, metalloproteinase inhibitor; S, serine proteinase inhibi-
or; C, cysteine proteinase inhibitor.
120
nd the variant isoforms of cell-associated CD44, alter-
ng the growth, motility and metastasizing proper-
ies of tumor cells (25, 26). Alternately CD44 can be
leaved by intrinsic membrane secretases or sheddases
21, 22).

Our studies addressing the mechanism of the PMA-
nduced CD44 shedding in myoepithelial cells indicate
hat a putative chymotrypsin-like sheddase is in-
olved. There has been a recent interest in membrane
heddases or membrane convertases as they are some-
imes designated (30–41). Membrane sheddases have
een implicated in the shedding of a number of differ-
nt membrane and cell surface molecules which in-
lude a diverse range of membrane proteins of Type I
r Type II topologies (31). Examples of molecules shed
y sheddase mechanisms include Alzheimer’s amyloid
recursor protein, angiotensin converting enzyme,
GF-a, the tumor necrosis ligand and receptor super-

amilies (33) and cell adhesion molecules such as
-selectin (38, 39) and CD44 (21, 22, 36, 37). Most of
he sheddases identified to date have been metallopro-
einases but not necessarily matrix metalloproteinases
33, 38, 39). The identification of these sheddases has
ested mainly on indirect evidence as ours has, which
s based on the specificities of a broad spectrum of
roteinase inhibitors. The vast majority of putative
heddases have not been purified or cloned. The one
xception has been tumor necrosis factor-a converting
nzyme (TACE), a metalloproteinase-disintegrin shed-
ase, demonstrated to have catalytic function, and
hought responsible for the shedding of diverse cell
urface proteins including, in addition to TNF-a, TGFa
nd L-selectin but interestingly not CD44 (35). CD44
as been reported to be cleaved and shed, on the other
and, by stimulated human granulocytes and certain
alignant cell lines including glioblastoma lines. Both

ellular sheddings were induced by PMA and inhibited
y metalloproteinase inhibitors including TIMP-1 and
,10-phenanthroline (21, 22, 36, 37). In our studies
ith myoepithelial cells, diverse metalloproteinase

nhibitors including TIMP-1, 1,10-phenanthroline,
DTA, and hydroxamate-based inhibitors, TAPI and
B2516 were not effective in inhibiting PMA-induced
D44 shedding; rather diverse chymotrypsin-like
erine proteinase inhibitors but not trypsin-like serine
r papain-like cysteine proteinase inhibitors were ef-
ective. When we first began investigating the inhibi-
ory spectrum of our putative sheddase, we began with
eneral inhibitors of each proteinase class. We initially
oted that chymostatin exhibited the greatest inhibi-
ory activity. Because this proteinase inhibitor had
eneral inhibitory activity against both chymotrypsin-
ike serine proteinases as well as cysteine proteases,
e further defined the inhibitory spectrum of our pu-

ative sheddase by investigating two additional pro-
einase inhibitors: cystatin and a1-antichymotrypsin.
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he former had inhibitory activity against papain-like
ysteine proteases where the latter had inhibitory
ctivity against serine proteinase inhibitors. We ob-
erved inhibitory activity only with a1-antichymo-
rypsin. Then we compared SCCA-2 with SCCA-1.
hese latter inhibitors are proteinase inhibitors that
ap to a serpin cluster at 18q21.3 but differ in inhib-

tory spectrum (42, 43). SCCA-1 inhibits only papain-
ike cysteine proteases, whereas SCC2-A inhibits
hymotrypsin-like serine proteinases but interestingly
ot purified chymotrypsin (42, 43). Yet SCCA-2 was
ctive against our putative myoepithelial sheddase.
inally we compared TPCK, an inhibitor of chymo-
rypsin-like serine proteinases with TLCK, an inhibi-
or of trypsin-like serine proteinases and found that
nly TPCK was active against our putative myoepithe-
ial sheddase. These four separate lines of evidence,
lthough indirect, all point to a putative chymotrypsin-
ike sheddase.

FIG. 2. Western blots of HMS-1 fractions: (A) HMS-1 CD44 shed
n CM: Lane A, untreated HMS-1 cell; lane B, PMA-pretreated H
ransferred to untreated HMS-1 cells followed by the usual cellular
ctivity can not be abolished by hourly removal of CM over the e
ntreated HMS-1 cells; lane B, PMA-pretreated HMS-1 cells; lane C
4 h followed by the usual cellular harvest. (C) Susceptibility of myo
(lane B); cathepsin D (lane C); cathepsin B (lane D); trypsin (lane
MP-1 (lane I); pronase (lane J). No enzyme other than chymotrypsin
D44 cleavage is specific for myoepithelial cells: Lane A, untreate
ntreated A253 cells; lane D, chymotrypsin-treated A253 cells; lan
lthough these nonmyoepithelial cells express alternate forms of C
hedding in membrane preparations of PMA-pretreated HMS-1 cel
retreatment; lane B, PMA pretreatment followed by 1 h incubation
retreatment followed by 3 h incubation; lane E, PMA pretreatment
ncubation.
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From our studies, three requirements were neces-
ary for CD44 shedding to occur (1): The substrate,
D44, had to be susceptible to cleavage in the first
lace. The susceptibility of a particular isoform of
D44 to cleavage may not necessarily be a function of

ts primary amino acid sequence determined by its
pecific splice variation but rather a function of its
ertiary structure and/or degree of glycosylation. CD44
olecules on nonmyoepithelial cells were not suscepti-

le to cleavage by exogenous purified chymotrypsin
uggesting that their CD44 might not be susceptible to
hedding from an endogenous chymotrypsin-like shed-
ase even if one existed in those cells (2). There must
e activation of the sheddase. In our past studies, we
ave shown that PMA activates and causes membrane
ssociation of protein kinase C (44). Presumably this
ssociation activates the sheddase responsible for
D44 shedding. The mechanism of activation remains
nknown but could be due to direct activation of the

ollowing PMA pretreatment but this activity cannot be transferred
-1 cells; lane C, CM from HMS-1 cells pretreated with PMA and
vest. (B) HMS-1 CD44 sheds following PMA pretreatment but this
ing 24 h from HMS-1 cells following PMA-pretreatment. Lane A,
MS-1 cells pretreated with PMA whose CM was removed hourly for
thelial CD44 to different proteases: Cathepsin G (lane A); cathepsin
; chymotrypsin (lane F); hyaluronidase (lane G); elastase (lane H);
d elastase cleaved myoepithelial CD44. (D) Exogenous chymotrypsin

s578T cells; lane B, chymotrypsin-treated Hs578T cells; lane C,
, untreated A431 cells; lane F, chymotrypsin-treated A431 cells.
4, their CD44 does not exhibit chymotrypsin cleavage. (E) CD44

A progressive decrease in CD44 is observed over time: Lane A, no
ne C, PMA pretreatment followed by 2 h incubation; lane D, PMA

lowed by 4 h incubation; lane F, PMA pretreatment followed by 8 h
s f
MS
har
nsu
, H
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d H
e E
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ubstrate as a result of phosphorylation, or conforma-
ional modification of the substrate itself making it
usceptible to cleavage. From our studies we can not
et determine whether nonmyoepithelial cell lines lack
he sheddase or lack the activating response to PMA or
oth since their CD44 does not appear to be susceptible
o chymotrypsin cleavage in the first place (3). Even if
he CD44 is of the type which is susceptible to cleavage
nd even if the membrane sheddase exists and can be
ctivated, both sheddase and CD44 substrate must be
n cis orientation. Actually this requirement is confirm-
ng evidence that our putative chymotrypsin-like activ-
ty is indeed a sheddase. Since the sheddase is not
ecreted, transfer of activity or abolishment of activity
y removal of CM could not be achieved. Transfer of
heddase activity likewise could not be achieved by
ell–cell contact or membrane extracts because both
roduce a trans orientation.
Our observations that myoepithelial cell CD44 is

qually susceptible to both exogenous chymotrypsin
leavage as well as endogenous PMA-induced shedding
s again indirect evidence that we are dealing with a
hymotrypsin-like sheddase. Certainly we do not know
hether both exogenous and endogenous molecules

leave the same sites of CD44, only that CD44 is sus-
eptible to cleavage by both molecules. Obviously the
xogenous chymotrypsin is not restricted by the cis
rientation requirement.
The significance of CD44 shedding from myoepithe-

ial cells would be anticipated to have paracrine tumor
uppressive effects on both carcinoma cells themselves
s well as on endothelial cells (angiogenesis) from re-
ent studies (45, 46). These studies have demonstrated
hat soluble CD44 can have autocrine suppressive ef-
ects on tumor cells: soluble CD44 originating either
xtrinsically (soluble wild-type CD44–Ig fusion pro-
ein) or intrinsically (transfection of cDNAs encoding
oluble isoforms of CD44) can compete with tumor cell
embrane CD44 for hyaluronan binding sites and ex-

rt antitumoral effects including decreased tumorige-
icity and increased apoptosis (18, 45, 46). Since both
arcinoma cell invasion and angiogenesis are depen-
ent upon membrane CD44-hyaluronan interactions
27–29, 45, 46), myoepithelial cell specific shedding of
D44 could reduce the carcinoma and endothelial cell
D44-hyaluronan interactions critical to invasion and
ngiogenesis in vivo. CD44 shedding from myoepithe-
ial cells would therefore be anticipated to have para-
rine suppressive effects on tumors.
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