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Abstract : CD98, a disulfiddinked 125kDa heterodimeric type |l transmembrane glycoprotein, regulates the
func-tions of, integrin, suggesting that it may play a role in tumor cell invasion. In this study, the effects of CD98
signaling on the adhesion and invasion of tumor cells were investigated.

The expression of CD98 on MEFhuman breast carcinoma cells was confirmed by immunohistochemistry. The
effects of CD98 activation on the adhesion to extracellular matrix (ECM) and invasion o7 M€lIS were determined
by adhesion assay and cell invasion assay. Dominant negative forms of focal adhesion kinase (FAK) were transiently
transfected into MCH cells using liposome reagents.

CD98 stimulation increased the adhesion of MCEells to fibronectin, laminin and collagen V. Activation of
CD98 augmented the invasion rate of MTIeells through ECM. EDTA or a functidslocking antip, integrin mAb
suppressed the effect of CD98 on invasiveness. Inhibition of phosphorylation of FAK by PP2, an inhibitor of Src family
kinase, reduced CD98duced invasion of MCF cells. This result was confirmed by osexpression of dominant
negative forms of FAK. In addition, cytochalasin D or phalloidin inhibited CB@8liated induction of tumor cell
invasion. Inhibitory effects of PP2, cytochalasin D or phalloidin on C&iBBulated invasion of MGF cells were
diminished by pretreatment of cells with Kh, which is shown to induce conformational changp,dftgerin.

These results provide the first evidence that CD98 activation increases tumor cell invasion by ativeatiyin
affinity, and that FAK phosphorylation and subsequent cytoskeletal reorganization may be essential imeGgfi
regulation of cell motility.
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Introduction kDa heterodimeric type Il transmembrane glycoprotein,
is composed of a glycosylated-8Da heavy chain
The human CD98 protein, a disulfitiaked 125 (designated CD98) and a nonglycosylatedkia

: light chain. CD98 is broadly expressed in various
*This work was supported by Vascular System Research Center

grant from the Korea Science & Engineering Foundation normal cells and many tumor cell types (Bellone et al.
Correspondence o - Jahpe Hahn (Department of Anatomy and 199 pjxon et al. 1990). It has been shown that CD98
Cell Biology, College of Medicine, Kangwon National University) ) : ) ) ) )
E-mail : jhahn@kangwon.ac.kr may be involved in regulation of integrin function,
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amino acid transport, cell fusion, and proliferation from Dinona (Seoul, Korea). Blocking aifdj integrin
(Deves and Boyd 2000). CD98 stimulation enhancedmonoclonal antibody (JB1A) was from Chemicon
B, integrirmediated adhesion of the small cell lung International, Inc. (Temecula, CA, USA). PP2 was
cancer cell line (SCLC) H345 and breast cancer cellsfrom Biomol Research Laboratories Inc. (Plymouth
to fibronectin and laminin by convertirfy integrins Meeting, PA, USA). Cytochalasin D and phalloidin
into a highaffinity state (Fenczik et al. 1997, Chan- were from Tocris Bioscience (Northpoint, Fourthway,
drasekaran et al. 1999). It was previously reported thatAvonmouth, UK). Fibronectin, laminin, collagen type
crosslinking CD98 induced the clustering @f inte- IV, poly-L-lysine, phalloidinRFITC and mouse IgG
grins and integridike signaling (Rintoul et al. 2002). were purchased from Signa#ddrich (St. Louis, MO,
This convergent signaling mechanism between inte-USA). Liposome Gen&HUTTLE-40 was from Qbio-
grins and CD98 is supported by the observations thagene (Irvine, CA, USA).

CD98 is associated with integrins (Zent et al. 2000,

Fenczik et al. 2001). It has been well known that regu- 2. Cell culture

lation of integrin activity is required for the migratory ) .
MCF-7 cells were cultured in RPMI1640 medium

phenotype of tumor cells; it controls not only eell i .
. . supplemented with 10% fetal bovine serum (FBS),
ECM adhesion, but cytoskeletal dynamics for the . o .
) . ) 100 units/mL penicillin, 10@ug/mL streptomycin and
motile machinery (Friedl et al. 2004). Taken together, . . .
, o . 100 mM sodium pyrubate, 5 mg/mL insulin. Cell cul-
these results suggest that CD98 signaling is mediated T . .
tures were maintained and incubated in 5%, @0

by B, integrin, and may be involved in the regulation 37°C

of tumor cell invasion.

In this study, we investigate whether CD98 signal-
ing regulates the invasion rate of MCFhuman breast
carcinoma cells, and if so, whether the effect of CD98 To determine the expression levels of CD98 on the
stimulation on cell invasion is mediated by FAK surface of MCF7 cells, cells were harvested with 200
phosphorylation and the cytoskeleton reorganization.uL of serumfree medium (SFM), fixed with 2% para-
Our data demonstrate that CD98 signaling mayformaldehyde in PBS for 30 min at room temperature.
regulate invasion of human breast carcinoma cellsAfter washing with PBS, they were permeabilized in
mainly by activatind3, integrin affinity and that FAK  0.1% Triton x100. Permiabilized cells were incubated
and actin cytoskeleton are in-volved in this process. with 1ug of antthuman CD98 mAb and phalloidin
FITC for 1 h at room temperature. After washing with
1 mL of SFM twice, they were resuspended in 2D0
of SFM, containing lug of RPE-conjugated ami
mouse IgG antibody and incubated for 1 h at room
temperature. Finally, samples were washed, mounted

MCF-7 human breast carcinoma cell line was obtain onto slides, embedded with mounting medium (Dako-
ed from Korean Cell Line Bank (Seoul, Korea). Cul- Cytomation, Carpinteria, CA, USA), and analyzed
ture reagents were purchased from Invitrogen (Carls-under a confocal microscope (Leica TCS SP; Leica,
bad, CA, USA). Antthuman CD98 mAb (UM7F8) was Deerfield, IL, USA). Images were processed using the
purchased from BD Biosciences (San Jose, CA, USA).Adobe Photoshop software.

Purified or RPE conjugated goat antiouse 1gG was

3. Immunohistochemistry

Material and Methods

1. Cell and reagents
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4. Transient transfection with FAK mutants with Matrigel and placed in a modified Boyden cham-
ber. Boyden chambers were filled with 600 of
NIH3T3 cell culturedDMEM medium conditioned
media, 0.005% vitamin C, 0.1% BSA as a source of
chemoattractants in the lower compartment. Then, 100
uL of MCF-7 cell suspension (2 10° cells/mL) were

placed in the upper compartment of the chamber. The

pcDNAS3 vector (Invitrogen, Calsbard, CA, USA)
encoding FAK Y397F mutant or FAK related ron
kinase (FRNK) was kindly provided by Dr. S@hul
Park (Sookmyung Women's University). M&Fcells
grown to 70~80% confluence were transiently trans-
fected with the expression vector pcDNRBK Y397F ) . .
plates were incubated at°87in 5% CQ in air satu-

or pCDNA3FRNK by using Gene SHUTTLHO. .
P y g rated with HO for 72 h. The cells on the lower surface

pcDNA3 vector only was also transfected as mock ) )

) ] . of the filter were stained and counted every 24 h. Each
vector. Each transfection mix also containgeylof a ) L

. i . ) . assay was carried out in triplicate.
B-galactosidase expression plasmid. After incubation
overnight, adhesion rates of transfected cells were cal- e .
L . . 7. Statistical analysis

culated by normalizing invasion rate agaifisyalac-
tosidase activity. The data are expressed as the average of the mean
values obtained SE. Statistical significance was
determined by the Studentidest with the statistical

software GraphPad Prism (version 4.0).

5. Adhesion assay

Laminin, fibronectin, collagen type IV and pelly
lysine were used as substrates in sefigm adhesion
assays. Nonspecific binding sites were blocked with Results

1% BSA in PBS for 1 h at room temperaturqig2of

fibronectin, laminin, collagen type IV or pely-lysine
in PBS was coated on 9gell microtitre plates over-
night at 4C. 5x 10* MCF-7 cells in the 10QL of

1. Cross-linking CD98 enhances integrin-
mediated cell adhesion

CD98 expression on the surface of MZFEell lines

serum free medium were allowed to adhere to fibro-jy vitro was examined by using an indirect immuno-

nectin, laminin, collagen type IV, PLL-coated 96  f|yorescence technique with the a@D98 mAb

well plates, alone or after incubation with mouse 19G yp7ESs. Figure 1A shows that CD98 is highly express
(31g) and goat antmouse 19G (3Qug), or antiCD98 ¢ on the surface of MGF cells. Consistent with the
mADb (3pg) and goat amtnouse 1gG (3Qug) for 1h.  previous report (Kolesnikova et al. 2001), cHink-
After washing with PBS three times, cell attachment ing CD98 led to formation of CD98 clusters. To inves-
was determined by counting the number of attachedijgate whether CD98 activation leads to any change in
cells. For adhesion assay wih integrin-blocking an adhesive phenotype of M@Fcells, we treated MCF
antibody treatment, $10* MCF-7 cells in the 10QL -7 cells with antiCD98 mAb UM7F8 and secondary
of SFM were incubated with ariD98 mAb (349) i Ap and then let them adhere to fibronectin, laminin,
the presence or absenceffintegrinblocking anti-  cojjagen IV or polyL-lysine coated plates. Crokisk-
body (3ug) and then plated on Febated plates. Ad- g CD98 led to upegulation of cell adhesion to fibro
hesion rates were determined as described above.  pectin, laminin and collagen IV (Fig. 1B). In contrast,
adhesion to poBlL-lysine, which does not engage
integrins, was not affected by CD98 activation. In
order to investigate whether the stimulatory effect of

6. Cell invasion assay

Polycarbonate filters (@m pore size) were coated
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CD98 on ceHECM adhesion is mediated By integrin 2. CD98 signaling increases cell invasion by
activation, we inhibited the function d; integrin inducing conformational change off3,

with a blocking monoclonal antibody JB1A and then integrin

measured adhesiveness. Increased adhesion rate of

CD98treated cells was diminished Iy integrin To investigate whether CD98 activation leads to

blocking antibody treatment (Fig. 1C). Consistent with any change in tumor cell invasion, MQFcells were
the previous results showing th@¢ integrin affinity treated with antiCD98 mAb or with mouse IgG as
for ECM ligands was upegulated by the activated control and then let them invade Matrigel in the ab-
CD98 (Fenczik et al. 1997, Chandrasekaran et al. 1999)sence of serum. Crodisking CD98 increased regu-
these results indicate that CD98 activation enhancegation of cell invasion through Matrigel compared
adhesion rate of MGF cells to ECM by activatinf}, with control (Fig. 2A and B). When MGCF cells were

integrins. incubated in the presence of increasing concentrations
| . . -
Actin CD98 Merged
B C .
= ** * CINotreatment = 125
S 150 3 &2 CD98mAD =
= T = B Mouse IgG s
8 & 1004
5 o
& 100+ S 75-
Q
Q =
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c
S 501 2
Q
< £ 251
< <
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Fig. 1.Engagement of CD98 increases the adhesion rate of M@&#Hls to ECM proteins by activatiffyj integrins. A. MCF7 cells
were incubated with ar€D98 mAb and phalloidifrITC, followed by RPEconjugated goat anthouse 1gG. Confocal micro-
scopy was performed to visualize CD98 expression and actin cytoskeleton 17 KJIE. Scale bar, 1Q0n. Original magnifi-
cation, x 100. B. MCF7 cells were untreated (empty bars), incubated with@GB88 mAb (shaded bars), or mouse IgG (filled
bars), and then plated on fibroneefFN), laminin(LN), collagen I\A(Col IV) or poly-L-lysine (PLL)coated dishes. After
washing two times, adhesion rates were determined by counting the number of control cells or-aetibedigells binging to
fibronectin, laminin, collagen IV or poly-lysine. Data represent the mea8E of triplicate determinations % 0.05, **P<
0.01). C. MCF7 cells were incubated with af€iD98 mAD in the absence or presence of a function blockingaimiegrin mAb,
and then plated on fibronectavated dishes. After washing two times, adhesion rates were determined as describedabove (*
0.001).
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(A) 150- (3, integrin-blocking antibody, which converts integrins
_ g 'z\kr’n}\r/legtlg“f:t T in an inactive conformation, before stimulating cells
g with CD98 mAb. Treatment of cells with EDTA dras-
g 1004 tically suppressed the effect of CD98 signaling on4nva
S siveness (Fig. 2A). In addition, addition Bf integrin
£ blocking antibody reversed the stimulatory effects of
é 50 CD98 (Fig. 2B). These results suggest that CD98 acti-
g —— vation may stimulate cell invasion by convertifig

;I’_‘ integrin into an active conformation.
°7 Mouse I9G CD98  mAb 3. CD98 signaling regulates cell invasion
B) ,00- y in the FAK-dependent pathway
[ No treatment
— By blocking mAb Previously, it was shown that creliisking or over-
—|_ expression of CD98 causes FAK phosphorylation
(Rintoul et al. 2002, Cai et al. 2005). To investigate
100 T —|_ the effects of FAK phosphorylation on the CD98

mediated regulation of cell invasion, we treated MCF
7 cells with aniCD98 mAb in the absence and presece
of PP2 (0.2uM), which prevents phosphorylation of
FAK by inhibiting Src kinase activity. PP2 treatment
0 inhibited the effect of CD98 signaling on cell invasion,
Mouse 19G CD98  mAD suggesting that the increased FAK phosphorylation is
Fig. 2.CD98 engagement increases the invasion rate of-MICF required for CD98nduced cell invasion (Fig. 3A).
cells by activating3, integrins. MCF7 cells were incu- However, simultaneous treatment of MCEells with
bated with mouse 1gG (8y) and secondary Ab (3®) as
control, or aniCD98 mAb (3ug) and secondary Ab (30 PP2 and MA* (0.5uM) restored the effect of CD98

Hg) in the presence (empty bars) or absence (filled bars)signaling on cell invasion. To further confirm involve-
of 2mM EDTA (A), or 4ug of antif; integrin blocking

mAb (B). The invasion of cells across Matrigel membranes
was determined every 24 h as described under “Materials€xamined the effect of overexpression of dominant

and Methods”. Invasion rate was determined by counting negative forms of FAK on CD98 signaling in cell inva-
the total number of control cells or a@D98 mAbtreat- . A .
ed cells migrating through Matrigel for 72 h and dividing sion. As shown in Fig. 3B, the overexpression of dom-
the number of aCD98 mAbtreated cells by that of  inantnegative forms of FAK significantly decreased
control cells. Data are presented as the meBig of four the effect of CD98 on cell invasion. Addition of N
independent experiments.

(0.5uM) to these transient transfected cells restored

partially the effect of CD98 signaling on cell invasion.

Invasion rate (% of control)

ment of FAK in CD98mediated cell invasion, we

of antrCD98 mADb, a doseélependent increase in cell
invasion was seen (data not shown).

Next, we examined whether CD@&luced confor-
mational changes iy, integrins play a role in increas-
ed cell invasiveness by CD98 activation. We treated To investigate whether actin reorganization plays a
MCF-7 cells with EDTA (2 mM), a MA* chelator, or  role in the intracellular signaling pathways responsible

4. CD98 regulates cell invasion through
reorganization of cytoskeleton
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Fig. 3.Inhibition of FAK blocks CD98induced cell invasion.
(A) MCF-7 cells were untreated as control, or treated with
anti -CD98 mAb in the presence or absence of PP2 (0.2
uM) for 1 h. In addition, whether addition of O
Mn++ interferes with the effect of PP2 on CDB®luced
cell invasion was determined. (B) MEFcells were
transiently transfected with pcDNA3 as mock vector
(filled bars), pcDNA 3FRNK (empty bars) or pcDNA3
Y397F (shaded bars) plasmid DNA, and then were in-
cubated with artCD98 mAb in the presence or absence
of 0.5uM Mn** for 1 h. The effects of inhibition of FAK
on cell invasion rate were determined as described in

“Material and Me-thod”. Results are expressed as mean

=+ SE of three inde-pendent experiment3*0.001).

for the CD98 functions in cell invasion, we pretreated
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Fig. 4.Inhibition of cytoskeletal reorganization suppresses the
stimulatory effect of CD98 on invasiveness. MTEells
were untreated, or treated witluk! cytochalasin D or 10
uM phalloidin in the presence of ai8iD98 mAb for 1 h.
The effect of cytochalasin D or phalloidin treatment on
cell invasion rate was determined as described in “Mate-
rial and Method”. In addition, whether addition of 0¥
Mn++ interferes with the effect of cytochalasin D or phal-
loidin on CD98induced cell invasion was determined by
the same way. Results are expressed as m&anof
three independent experiments.

cytochalasin D for actin filament polymerization or
phalloidin for actin reorganization. Exposure of MCF
7 cells to 4M of cytochalasin D completely blocked
CD98mediated induction of cell invasion (Fig. 4).
Pretreatment of MCGF cells with 1QuM of phalloidin
also resulted in inhibition of CD98 effects on cell
invasion. Interestingly, these inhibitory effects of
cytochalasin D and phalloidin were restored by*Nn
-mediated activation @3, integrin affinity. Thus, reor-
ganization of actin cytoskeleton is required for CDB98
mediated induction of cell invasion.

Discussion

In this study, we have examined the effect of CD98
activation on the invasiveness of MCFhuman breast

MCF-7 cells with pharmacological signaling inhibitors, carcinoma cells. This study has shown that, first, cross
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-linking CD98 induced cell invasion through Matrigel linking CD98 increased phosphorylation of FAK
by increasind, integrin affinity. Second, suppression dependent of; integrinmediated signaling pathway.
of phosphorylation of FAK by PP2 or overexpression Since CD98 specifically associates wghintegrins,
of dominant negative mutants of FAK inhibited the stimulation of CD98 leads to activation @f integrin.
CD98 signaimediated induction of invasion of MEF  One of the initial events triggered by the stimulation
7 cells. Finally, cytochalasin D or phalloidin that inhi- of B, integrin is the association of its cytoplasmic
bits actin reorganization prevented CD98 signaling domain with FAK followed by tyrosine phosphoryla-
from increasing cell invasion. tion and activation of FAK. Functional molecular inter
Previous studies have demonstrated that CD98 playsction has been shown between fhentegrin cyto-
a role infB, integrin regulation (Fenczik et al. 1997). plasmic domain and the FAK-terminal domain. FAK
Several mechanisms could account for this role is involved in the regulation of cell adhesion or cyto-
including alterations in expression levels on the cell skeletal dynamics and affects cell motility (Parsons et
surface, modulation of receptor avidity by lateral dif- al. 2000, Mitra et al. 2005). In this study, we investi-
fusion of heterodimers to form clusters, or modulation gated whether CD98ependent enhancement of cell
of receptor affinity by conformational changes in the invasion requires intact actin integrity and involves
heterodimer. Our previous study showed that cell sur-cytoskeletal reorganization. The possible involvement
face expression @ integrin was enhanced by engage of actin cytoskeleton was tested by pretreating MCF
ment of CD98 with atCD98 mAb, suggesting that cells with cytochalasin D or phalloidin before CD98
the CD98 enhances the activity @fintegrin by aug-  crosslinking. Pretreatment with cytochalasin D or
menting cell surface expression of actfgeintegrin phalloidin clearly prevented CD%&imulated inva-
guantitatively (Ahn 2003). In addition, crebsking sion. These results suggest that an intact actin cyto-
CD98 induces clustering @ integrin on MCF7 cells skeleton may be required for CD98 to stimulate inva-
(Jeon 2004). Clustering of integrins has been knownsion. Destabilization of actin cytoskeleton might inhib-
to be an important component that governs the overalit cells from migrating through ECM. Interestingly,
strength of cellular adhesiveness. On the other handgconformational change @, integrin with MnC}, treat-
this study shows CD98duced cell adhesion was ment restored the inhibitory effect of PP2 or dominant
inhibited by chelating Mht or treatment wittg, inte- negative forms of FAK on CD98timulated cell inva-
grin blocking antibody. These results suggest that consion. Likewise, it restored the invasion rate of cyto-
formational changes @, integrin may play a key role chalasin D or phalloiditreated cells. Mht-mediated
in CD98induced cell adhesion. Thus, some combina- activation off3; integrin might induce phosphorylation
tion of mechanisms described above may be involvedof FAK and cytoskeletal reorganization, which will
in CD98mediated regulation d8, integrin activity, subsequently stabilize adhesion complex and restore
although it is difficult to determine the relative contri- cell invasiveness.
butions of each (Hato et al. 1998). In summary, this study provides the first evidence
CD98induced cell invasion was significantly reduc- that CD98 activation increases tumor cell invasion by
ed by the pretreatment with PP2, an inhibitor of Srcactivating3, integrin affinity and that phosphorylated
family kinase. These results were consistent with pre-FAK and the integrity of the actin cytoskeleton may
vious reports (Rintoul 2002, Cai 2005) and confirmed be essential for CD9&ediated regulation of cell
by overexpression of dominant negative mutants of motility.
FAK in this study. Previous studies showed that eross
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