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CD151 with the laminin-binding
integrins a3p1, a6p1, a6p4 and
a7B1 in cells in culture and in vivo
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J. G., Claessen, N., Weening, J. J. and Sonnel
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In the printed version of this article, Fig. 10 \
incorrect. The correct figure is shown below.

Fig. 10.Expression of laminin-binding integrins on
transfected K562 cells increases CD151 cell surface
expression. Flow cytometric analysis of wild-type K&
cells endogenously expressiaf1 and transfected
K562 also expressingv1, a3B1, a6B1, a6p4,
a7X1B1 ora7X2p1. Solid lines in the left panels
indicate staining with anti-integrin antibodies: am§-
mAb Sam-1 (K562 cells), antiv mAb 13C2 (K562-
av), anti-a3 mAb J143 (K562x3), antict6 mAb GoH3
(K562-06), anti4 mAb 439-9B (K56216034) and anti
07 mAb CA25 (K562a7BX1 and K562a7BX2).
Staining of cells with anti-CD151 antibodies is show
the right panels. Solid lines represent staining of cel
with mAb TS151R and broken lines with mAb P48.
A negative control (dotted line) with secondary goat
anti-mouse or rat IgG alone is shown in each panel.
R represents the ratio of the mean fluorescence inte
of cells stained with mAb P48 and with secondary
antibody alone. A three- to sixfold increase of CD15
expression is observed in transfected cells that
ectopically express lamininbinding integrins. The
TS151R epitope is masked in all cells expressing or
the laminin-binding integrins.
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Summary

CD151 is a cell surface protein that belongs to the CD151-03B1 complexes was found with biochemical
tetraspanin superfamily. It forms complexes with the analysis.

laminin-binding integrins a3p1, a6B1 anda6B4 and is co- The anti-CD151 antibody TS151R detects an epitope at
distributed with these integrins in many tissues at sites of a site at which CD151 interacts with integrins, and
cell-matrix interactions. In this study we show that CD151 therefore it cannot react with CD151 when it is bound to
can also form stable complexes with the laminin-binding an integrin. Comparison of the staining patterns produced
integrin a7B1. The strength of this interaction is by TS151R with that by of an anti-CD151 antibody
comparable to that between CD151 and3(31. Complexes recognizing an epitope outside the binding site (P48)
of a3B1, a6Bl and a7B1 with CD151 are equally well revealed that most tissues expressing one or more laminin-
formed with all splice variants of the a3, a6 and a7  binding integrins reacted with P48 but not with TS151R.
subunits, and complex formation is not affected by However, smooth muscle cells that express/1 and renal
mutations that prevent the cleavage of the integrin tubular epithelial cells that expressa6Bl were stained
06 subunit. Like the expression ofa3pBl and a6Bl, equally well by TS151R and P48. These results suggest that
expression ofa 731 in K562 cells results in increased levels the interactions between CD151 and laminin-binding
of CD151 at its surface. Two non-integrin laminin integrins are subject to cell-type-specific regulation.
receptors, dystroglycan and the polypeptide on which the

Lutheran blood group antigens are expressed, are also Key words: Tetraspanin, Laminin receptor, Integrin, Dystroglycan,
often colocalized with CD151, but no association with Lutheran blood group antigens

Introduction fairly stable and selective. CD156B31 interactions are either
CD151 is a transmembrane molecule that has been receni@yel 1 or level 2, probably depending on the cell type in which
characterized as a member of the evolutionary conservdliese molecules are expressed. Level 3 interactions, which
tetraspanin superfamily (Wright and Tomlinson, 1994:0ccur mostly between tetraspanins and molecules other than
Maecker et al., 1997). Tetraspanin molecules, so called becaug&aspanins or integrins, are indirect, numerous and are the
they cross the plasma membrane four times, have twast stable of the interactions. The level 1 interaction of
extracellular loops and three cytoplasmic domains includingD151 witha3 occurs between the large extracellular loop of
the C- and N-terminus. Many interactions among tetraspanirfsD151 and the extracellular membrane proximal region of the
and between tetraspanins, integrins and other molecules hawd subunit (Yauch et al., 2000). A CD151 epitope recognized
been described (Berditchevski et al., 1996; Mannion et aly the mAb TS151R is located at this site of interaction (Serru
1996; Hasegawa et al., 1998; Fitter et al., 1999; Sincock et a&t al., 1999; Yauch et al., 2000). Recently, it was shown that
1999). Hence it is thought that one function of tetraspanins e binding site on CD151 for tetraspanins is different from the
to facilitate the coupling of signaling pathways by assemblingne involved in the binding to integrins (Berditchevski et al.,
and connecting specific cell surface proteins into larg@001).
molecular complexes. Integrins are heterodimeric cell surface receptors consisting
On the basis of the stability of the formed complexespf a non-covalently associatedandf3 subunit, which link the
interactions of tetraspanins can be classified into threextracellular matrix to the cytoskeleton (Hynes, 1992;
categories (Claas et al.,, 2001). CDIB¥1 complexes Schwartz et al., 1995; van der Flier and Sonnenberg, 2001).
represent the exceptionally strong, highly stable and selectivihe integrinsa3p1, a6B1 anda7pB1 bind preferentially to
level 1 association. Most interactions between tetraspanins ataminin and contain sequential and structural homologies.
integrins, for example, the association of CD151 wiéf§4,  During maturation, thex3, a6 anda7 integrin subunits are
are less strong and considered to be level 2; they are numeropest-translationally cleaved into a heavy and a light chain.
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Furthermore, the mRNAs for these integrin subunits can biategrin-CD151 complexes. Although there is a considerable

alternatively spliced, leading to extracellular and cytoplasmioverlap in expression between the laminin receptors from the

variants (Collo and Quaranta, 1993; Hogervorst et al., 1993; dhree different receptor families and CD151, no interaction

Melker et al., 1997). The ligand binding and signaling functiorbetween CD151 and either LU or DG could be identified in

of these integrin variants is potentially different, which duringvitro. Finally, we provide evidence that the same site on CD151

development may lead to changes in function when variantateracts with all the different laminin-binding integrins.

are switched (Ziober et al., 1993; Thorsteindottir et al., 1995-urthermore, the exposure of a CD151 epitope involved in this

Schober et al., 2000). binding is cell type specific and may vary depending on the
While much is known about the function and biochemicalpatho)physiological status of the tissues involved.

properties of integrins, the exact function of the associated

tetraspanins is still elusive but is gradually becomin .

unraveled. Previously, we have shown that CD151 is g&/la.tene}ls and Methods

component of hemidesmosomes, specialized structures in thgtibodies

basal epidermal cell layer that link intermediate filaments td/0use mAbs J8H against the extracellular domain of the hurfan
the extracellular matrix (Sterk et al., 2000). Others have showtedrin subunit and 29A3 against the cytoplasmic domain of the
humana3A subunit have been described previously (Hogervorst et al.,

the involvement of CD151 in cell adhesion (Hasegawa et al1'993; de Melker et al., 1997). The hybridomas producing the mouse

1998; Fl_tt(_ar et ,ell" 19,99)' (tumor) cell migration andmAbs J143, recognizing an extracellular epitope on the hum3an
metastasizing (Yanez-Mo et al., 1998; Yauch et al., 1998,teqrin subunit (Kantor et al., 1987) and TS2/16 agdihistHemler
Sincock et al., 1999; Sugiura and Berditchevski, 1999t al., 1984), were obtained from the American Type Culture Collection
Berditchevski and Odintsova, 1999; Testa et al.,, 1999)fRockville, MD). Sam-1 is a mouse mAb againg (Keizer et al.,
vesicular transport of integrins (Sincock et al., 1999), signaling987), and GoH3 is a rat mAb again® (Sonnenberg et al., 1987).
(Berditchevski et al., 1997; Yauch et al., 1998; Sugiura andhe mouse mAbs CA25 and 13C2 againsaindav were generously
Berditchevski, 1999: Berditchevski and Odintsova, 1999provided by R. H. Kramer (University of California San Francisco, San
Zhang et al., 2001), cell polarization (Yafiez-M6 et al., 2001)Eran0|sco, CA) and M. Horton (Imperial Cancer Research Fund,

wound healing (Pefias et al., 2000) and neurite outgrowtPndon, UK), respectively. Rat mAb 439-9B agaipét(Falcioni et
(Stipp and Hemler, 2000). al., 1988) was purchased from Pharmingen (San Diego, CA). The

. ! . abbit polyclonal antibodies against the cytoplasmic domainsAf
In vivo, CD151 is expressed by a large variety of cells o DiPersio et al., 1995pv (Defilippi et al., 1991) and7B were kind

epithelial and meser_m_hymal origin. _The tissue dlstrlbunqn Obifts from M. DiPersio (Albany Medical College, Albany, NY), G.
CD151 shows a striking overlap with that of the combinedrarone (Universita di Torino, Torino, Italy) and U. Mayer (University
patterns of expression of3B1, a6B1, a6p4 anda7Bl - all  of Manchester, Manchester, UK), respectively. Mouse mAbs against
laminin-binding integrins (Sincock et al., 1997). This suggests-dystroglycan were obtained from Novocastra (Newcastle, UK).
that CD151 preferentially interacts with the laminin-bindingPolyclonal antibody AP83 agairf3tdystroglycan was kindly provided
integrins. by K. P. Campbell and M. Durbeej (Howard Hughes Medical Institute,
Laminin is a basement membrane component that, bg;wa, USA). Mouse mAb LU4F2 (workshop 70597) against Lutheran

interaction with its cell surface receptors, influences cell shap ;t;’grgt'(')or‘;p fi?ti?heenstl\:)aoS da_l'friggs%ﬁsifégms'ze'ﬂ‘l’iig dir mssctgféjérgce%r:'
movement and differentiation (Colognato and YurChenkoNetherIands). The mouse mAbs P48 and P49, aléo known as ilBl.G4

.2000)' Bes?des representingaligand for integrins, laminin als&nd 14A2.H1, respectively, were clustered as CD151 in the VI
interacts with the recently discovered Lutheran (LU) moleculgqiemational Leukocyte Typing Workshop (Ashman et al., 1997;
expressed on erythrocytes (EI Nemer et al., 1998; Parsons cock et al., 1997).

al., 2001; Udani et al., 1998) and with dystroglycan (DG), an The other mouse mAbs against CD151 were all gifts: 5C11 from
integral component of the dystrophin glycoprotein complexv. E. Hemler (Dana-Farber Cancer Institute, Boston, MA), 8C3 from
(DGC) originally detected in skeletal muscle and subsequently. Sekiguchi (Osaka University, Osaka, Japan), Sfa-1 from H.
in epithelia (Ibraghimov-Breskovnaya et al., 1992; Durbeej andfiasegawa (Hasegawa et al., 1996) (Ehime University, Ehime, Japan),
Campbell, 1999). LIA1/1 from F. Sanchez-Madrid (Hospital de la Princesa, Madrid,

In the present study we investigated the expression pain), IG5 from M. Humphries (The University of Manchester,
saovs hcpanin and amin eplors in sssses S, U nd 5151 TSI (e ot 1, 200 S
strongly express one or more of the Iam|n|n—b|n<_j|ng mtegnnseedexl France). The mouse mAbs MEM62 (CDO; @fband Viek,
such as kidneyo@p1 in glomerular cellsp6fB1 in tubular  1991)) MEM53 (CD53 (Angelisova et al., 1994)), M38 (CD81 (Imai
cells), skin ¢3B1 anda6B4) and muscleo(7B1). At sites of  and Yoshie, 1993)) and C33 (CD82 (Imai and Yoshie, 1993)), were
contacts between cells and the matrix, CD151 is the only ongenerously provided by V. Hej (Institute of Molecular Genetics,
of the tetraspanins tested that is always colocalized with therague, Czech Republic). F. Berditchevsky (The University of
laminin-binding integrins. The intimate relation betweenBirmingham, Birmingham, UK) kindly supplied the mouse mAb 6H1
CD151 and the laminin-binding integrins is also stressed b{D63 (Berditchevsky et al., 1995)). The sheep anti-mouse and
their high stoichiometric interaction and the increase of CD15#0onkey  anti-rabbit  horseradish-peroxidase-coupled  secondary
cell surface expression in K562 cells transfected with one (Entlbodles were purchased from Amersham (Harlington Heights, IL).
e

. . . L ITC- or Texas Red-conjugated goat anti-mouse, goat anti-rat or goat
these integrins. By immunoprecipitation it was demonstrat nti-rabbit secondary antibodies were obtained from Rockland

for _the_ first time_th_at C_D151 is associated vaiffg1, and tha_t . (Gilbertsville, PA). The FITC- and TRITC-conjugated goat anti-
their firm association is comparable to that of the associatigoyse isotype specific antibodies were obtained from Nordic

betweern3B1 and CD151. Cytoplasmic or extracellular splicejmmunochemical ~ Laboratory ~ (Tilburg, The  Netherlands).
variants or mutations preventing cleavage of the integrin Phycoerythrin-conjugated goat anti-mouse or anti-rat antibodies were
subunit were found to have no influence on the formation ofbtained from Jackson laboratories (Westgrove, PA).
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Generation of retroviral expression constructs and stable 0631, a6B4, a7X1pB1 or a7X2p1, and podocytes and PTEC were
cellular transduction lysed in 1% (w/v) CHAPS buffer with proteinase inhibitors.

The full-length c-DNA encoding the X1 and X2 splice variants of theAlternatively, cells were lysed in 1% (v/v) Nonidet P-40, 50 mM Tris-
extracellular domains of humarYB were a kind gift from D. Mielenz  HCI, pH 7.5, 150 mM NaCl and 1 mM EDTA. Lysates were incubated
and K. von dem Mark (University of Erlangen, Erlangen, Germany)for 1 hour at 4C with Gamma Bind-G Sepharose beads or protein A-
a7BX1 and -X2 c-DNA was released from pUC-18 or pcDNA3 Sepharose beads (Amersham Pharmacia Biotech, Uppsala, Sweden),
respectively, by digesting witicoRI. The resulting fragments were Previously incubated overnight at°@ with the precipitating
ligated into the retroviral LZRS-IRES-zeo expression vector, antibodies. The beads carrying the immune complexes were washed
modified LZRS retroviral vector conferring resistance to zeocirthree times with lysis buffer and two times with PBS &€.4The
(Kinsella and Nolan, 1996; van Leeuwen et al., 1997), to give affnmune complexes were eluted by the addition of sample buffer,
LZRS-IRES-zeca 7BX1 or a7BX2 vector. These constructs were heated at 9% or 65C and separated by SDS-PAGE under reducing
then introduced into the Phoenix packaging cells (Kinsella and Nola2% B-mercaptoethanol) or non-reducing conditions.  After
1996) by the calcium phosphate precipitation method and viruglectrophoresis, gels were electrophoretically transferred to a PVDF
containing supernatant was collected. K562 cells were infected withiembrane (Immobilon-P, Bedford). Blots were stained with
the recombinant virus by the DOTAP method (Boehringer Mannheinfoomassie blue to indicate the markers, destained in 45% methanol,
Corp.). After incubation for 8 hours at 37°C, infected cells were growrp% acetic acid in demineralized water and blocked for 30 minutes
in medium as described below for the wild-type K562 cells. Cellgvith 5% dry milk in TBST-buffer (10 mM Tris, pH 7.5, 150 mM NaCl,
expressinga?7 at their surface were analyzed and sorted using-3% Tween-20). Subsequently blots were incubated for 1 hour with

FACScar® flow cytometer (Becton Dickinson, Mountain View, CA). Primary antibodies in 0.5% dry milk in TBST. Primary antibodies
were mAbs 29A3 against3 (neat supernatant) or 8C3 against CD151

(1:1,000), or polyclonal antibodies against (1:100),a7B (1:100),
Cell lines av (1:100) orB-dystroglycan (1:100). After washing three times with
The human erythroleukemic cell line K562 was maintained in RPMI-TBST/0.5% dry milk, blots were incubated for an additional hour with
1640 supplemented with 10% heat-inactivated fetal calf serum (Liféecondary sheep anti-mouse, donkey anti-rabbit or goat anti-rat Ig-
Technologies, Paisly, UK), 100 U/ml penicillin and 1Q@/ml horseradish-peroxidase-coupled, diluted 1:5,000 or 1:1,000
streptomycin (both from Life Technologies). K562 cells stablyrespectively, in 0.5% dry milk in TBST. After washing three times
expressinga3pl, a6Bl and a6B4 were established as described with TBST, proteins were visualized by enhanced chemiluminescence
previously (Delwel et al., 1993; Niessen et al., 1994). An establishe@ECL, Amersham Pharmacia Biotech.), as described by the
cell line of human glomerular visceral epithelial cells (Krishnamurtimanufacturer.
et al., 1996) was cultured in medium made up of 1 volume of each
Dulbecco’s modified Eagle’s medium (DMEM) (ICN, Costa Mesa, ) ) .
CA) and Hams F-10 (Life Technologies), supplemented with 5% Nf\nalyses of integrin and CD151 surface expression
serum (Becton Dickinson, Bedford, MA), 25 ng/ml prostaglandin E The surface expression of integrin subunits and CD151 on wild-type
0.5 nM tri-iodothyronine, 10 nM sodium seleniteudml transferrin,  and transfected K562 cells was assessed by flow cytomettg® 5
50 nM hydrocortisone, fig/ml insulin (all hormones from Sigma, St. cells were washed three times with PBS containing 2% FCS
Louis, MO), 100 U/ml penicillin and 100g/ml streptomycin. Human (PBS/FCS), followed by incubation with the primary antibody or
proximal tubular epithelial cells (PTEC) also known as HK-2 cells are@ntibodies for lhour. The cells were washed three times with
HPV 16-immortalized cells purchased from the American TypePBS/FCS and then incubated with phycoerythrin-conjugated goat
Culture Collection. Cells were grown in conditioned mediumanti-mouse or anti-rat antibodies for another hour. After another three
consisting of 1 volume of DMEM and 1 volume Ham F-12, washes with PBS/FCS, cells were resuspended in PBSA and analyzed
supplemented with 5% heat-inactivated FCS, 100 U/ml penicillin anavith a FACScafi flow cytometer.
100pg/ml streptomycin, 2 mM L-glutamine, ®/ml insulin, 5pug/ml
transferrin, 5 ng/ml sodium selenite, 20 ng/ml tri-iodothyronine, 5 ) ) ) .
ng/ml hydrocortisone, 5 ng/ml prostaglandinn Bnd 5 ng/ml Immunohistochemistry and immunofluorescence of tissue
epidermal growth factor (all from Sigma, St. Louis, MO). Cells wereS€ctions
grown at 37°C in a humidified, 5% G@tmosphere. Cryostat sections (8m thick) from human kidney, skin, smooth,
striated or heart muscle were fixed in acetone for 10 minutéCat 4
o For immunoperoxidase staining, endogenous peroxidase was blocked
Immunoprecipitation of 125|-labeled cells by 0.1% NaN3 and 0.3%29; in PBS for 10 minutes. For blockage,
Transfected K562 cells, stably expressai®A, a3B, a6A, a6B or PBS containing 2% BSA (PBSA) was used for 10 minutes, followed
06ARGGD  mutant, were surface labeled with23 by the by overnight incubation with the primary antibody 3E4Anti-rabbit
lactoperoxidase method as previously described (Sonnenberg et @, anti-mouse  horseradish-peroxidase-conjugated  secondary
1987). Cells were solubilized in lysis buffer containing 1% (w/v)antibodies (PowerVision, Technologies Co., Daly City, CA) were
CHAPS (Sigma), 5 mM Mg@J 25 mM Hepes, pH 7.5, 150 mM NaCl added for 30 minutes and visualized by hydrogen peroxide a8 3
and proteinase inhibitors (1 mM phenylmethanesulphonyl fluoride, 1&mino-9-ethyl carbazole (Sigma Chemical Co.). Sections were
pg/ml soybean trypsin inhibitor and @/ml leupeptin). Lysates were counterstained with hematoxylin and mounted in Depex (Britisch
clarified at 20,00@ and precipitated with protein A-sepharose beadsDrug House Chemicals, Poole, UK). In between steps, sections were
CL-4B (Amersham Pharmacia Biotech Inc., Uppsala, Sweden), whictvashed  three  times with PBS. For  double-labeled
had previously been sequentially incubated with rabbit anti-mouse Ighmunofluorescence analyses, sections were blocked in PBSA for 30
and the precipitating antibody. After incubation for 1.5 hour at 4°Cminutes and incubated with the primary antibody diluted in PBSA
the beads carrying the immune complexes were washed and treatacernight at 4C. The sections were washed three times with PBSA
with sodium dodecyl sulfate (SDS) sample buffer. Precipitated proteirsnd then, depending on the primary antibodies used, incubated with
were analyzed by SDS-polyacrylamide gel electrophoresis. different combinations of goat anti-mouse, goat anti-rat or goat anti-
rabbit FITC- or Texas-Red-conjugated antibodies for 45 minutes.
) After washing twice with PBS, sections were mounted in Vectashield
Immunoblotting (Vector Laboratories Inc., Burlingame, CA) and viewed under a Leica
Wild-type and transfected K562 cells stably expressiwvigl, o331, TCS NT confocal laser-scanning microscope equipped with an Ar/Kr
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laser (Leica Microystems, Heidelberg, Germany). Unless otherwiset31 along the GBM. Glomerular cells do not express CD53

mentioned, both procedures were performed at room temperature.or CD82, which however are present on a subset of the distal
tubules together with CD9 and CD81, the latter being weakly

expressed by all tubular cells (not shown).

Resu.lts. _ . o Immunolocalization of CD151 in skin revealed strong
Co-distribution of CD151 and the various laminin reactivity at the basolateral surface of basal keratinocytes (Fig.
receptors in human kidney, skin and different kinds of 1B), where the integring31 anda6B4 are also concentrated
muscle (Sterk et al., 2000). Only very small amounts of DG are present

Interactions between tetraspanins and integrins have beah the dermo-epidermal junction, whereas LU is focally
defined in biochemical assays, but there is limited informatioexpressed on all basal keratinocyte surfaces (not shown). The
on the associations of these proteins in tissues. The tetraspatetraspanins CD9 and CD81 are not only present in the basal
CD151 has been shown to form tight complexes wiB81  cell layer but also in the more superficial epidermal cell layers.
(Yauch et al., 1998), but in addition it may also associate witifthey are absent from the dermo-epidermal junction but are
other laminin-binding integrins (Fitter et al., 1999; Sincock ettoncentrated at inter-keratinocytic contacts (not shown). CD63
al., 1999; Sterk et al., 2001). To assess its distribution relativie only expressed by melanocytes present between the basal
to that of laminin-binding integrins in vivo, we determined thekeratinocytes (not shown).
expression in tissues that express different laminin binding Skeletal, cardiac and smooth muscle cells all express CD151
integrins; kidney (glomerulia3p1; tubuli: a6p1), skin @31  at their plasma membrane (Fig. 1C, Fig. 9A-C). Additionally,
anda6f4) and muscleo(7B1). In these tissues the distribution CD151 is present at the costamers in skeletal and cardiac
of other tetraspanins and of the laminin receptors DG and Libhuscle and the intercalated discs in the heart. In these cells, it
was also assessed. is colocalized witha7Bf1 (Fig. 3A,C) and DG (not shown).
Analysis of kidney tissues by immunoperoxidase stainingBesides CD151, smooth muscle cells express the tetraspanins
using mAb P48, revealed strong expression of CD151 i€D9 and CD81 and some CD53 and CD82 (not shown). Small
glomeruli, at the basal surface of tubular epithelial cells and iamounts of CD63 and CD81 are present at the sarcolemma of
vascular smooth muscle cells (Fig. 1A). Doubleskeletal and heart muscle and at the intercalated discs. LU is
immunofluorescence analysis revealed a striking colocalizatiomot expressed in myocytes (not shown). In peripheral nerves,
with a3p1 (Fig. 2A) and DG (Fig. 2B) within glomeruli in a also present in the smooth muscle sectiaG$4, o731, LU,
predominant, continuous GBM-bound pattern. Along theCD9, CD63, CD81 and CD151 are all localized at the endo-
GBM, DG was only partially co-distributed with331 (Fig. and perineurium (not shown). In summary, CD151 is
2C), whereas LU was absent from the glomerulus but stronglgxtensively colocalized with various laminin receptors, both
expressed in the subendothelial matrix and along the basal sidgéegrins and non-integrins, at sites of cell-matrix interactions.
of the tubules, colocalized witi6p1 (Fig. 2D). Like CD9 and
CD63, the LU molecule is also focally distributed throughout o )
the cytoplasm of tubular epithelial cells (not shown). Transpor®3 and a6 are coprecipitated with CD151
of LU to the apical or basolateral side of polarized cells ha$o determine whether CD151 is also able to associate with the
been described before (EI Nemer et al., 1999). This, togethartegrina3 anda6 subunits, K562 cells stably transfected with
with the presence of LU at the site of cell-cell contacts betweem3 or a6 werel?3-surface-labeled and lysed in 1% CHAPS.
keratinocytes (see below), suggests that LU is not merely A&s shown in Fig. 4, antibodies agains? precipitatedn3p1
laminin receptor but has other functions as well. Theand antibodies againsi6, a6p1 from lysates ofr3- anda6
tetraspanins CD9 (not shown), CD63 (Fig. 2E) and CD81 (Figransfected K562 cells, respectively. The transfected integrins
2F) are present in glomerular cells but are not colocalized witlvere also present in precipitates prepared with antibodies

Fig. 1.Immunohistochemical distribution of CD151 in kidney, skin and heart. Cryostat sections of human kidney (A), skin (B) &indugeart
(C) were stained by immunoperoxidase reaction with anti-CD151 (P48). Intense staining is seen in the glomeruli and #hef gty
tubules (A), keratinocytes of the skin (B) and in vascular smooth (A,B) and cardiac muscle cells (C). Note that CD1%tdsdodalke
basolateral surface of epithelia and at the sarcolemma of cardiac myocytes. It is also detected at costameres andlister¢Hdgted

v, vessel. Bars, 50 (A), 100 (B) and @ (C).



Complexes between CD151 and laminin-binding integrins 1165

Fig. 2. Colocalization of CD151 with laminin receptar§p1

and dystroglycan in the glomerulus and vat31, dystroglycan
and the Lutheran molecule in tubular epithelial cells. Cryostat
sections of human kidney were processed for double
immunofluorescence confocal microscopy using P48 against
CD151 (A,B), polyclonal antibodies agains? (A,C,E,F),
polyclonal (AP83) and monoclonal antibodies against
dystroglycan (DG) (B,C, respectively), LU4F2 against the
Lutheran blood group molecule (LU) (D), GoH3 agau&t(D),
6H1 against CD63 (E) and M38 against CD81 (F). Composite
images were generated by superimposition of the green and r§
signals, with areas of overlap appearing as yellow. In the
glomerulus, CD151 is co-distributed with laminin-receptors
0a3B1 and DG but not with LU. The distribution patterro@p1

is mainly restricted to the GBM side, where it completely
overlaps with that of CD151 and partly with that of DG. CD15
is also present in the cytoplasm of cells and at cell surfaces ot
than the GBM side. Although prominently present in the
cytoplasm of glomerular cells, CD63 and CD81 show hardly a
overlap witha3B31 at the GBM side. In tubular epithelial cells,
CD151 is colocalized with631, DG (arrow) and LU. CD81 is
only present at a low level, and CD63 is mainly present
throughout the cytoplasm. Note the prominent staining with
anti-LU in the subendothelial matrix and w31 present on
the endothelial lining. Bar, 2j0m.

against CD63, CD81 and CD151. However, although
amounts ofa3B1l and a6B1 were coprecipitated wi
CD151, only small amounts were coprecipitated
CD63 or CD8L1. This difference is not due to differer
in the level of expression of the proteins, as all t
tetraspanins proved to be present at substantial lev
K562 cells, as shown by FACS analysis (Yauch ef
1998) (L.M.T.H. and A.S., unpublished). Rather, it is
result of the high stoichiometric binding of CD151 to
laminin-binding integrins, which indicates the unique
specific role of CD151 in the formation of these st
complexes. Furthermore, immunoprecipitates of CD6:
CD151 from the two transfected K562 cell lines, conta
a protein of the size of CD81 (23 kDa). Because it is kr
that tetraspanins can interact with other tetraspanins, weamunoprecipitations, probably because it is labeled only
suspect that CD81 is coprecipitated because it is associatpdorly with1251. As anticipated, similar amounts of th8 and
with CD63 and CD151, and not, as in the case of CD151, with6 subunits were coprecipitated with CD151 from lysates of
integrins. CD63, which migrates as a smear between 45-80662 cells transfected with the cytoplasmic A or B variants of
kDa on gels, could not be detected in the variousi3 ora6 (not shown). Thus, the formation of CD1&3B1 or

Fig. 3.Colocalization of CD151
with the laminin receptan 731 in
smooth and skeletal muscle.
Cryostat sections of human
smooth and striated muscle wel
processed for double
immunofluorescence confocal
microscopy using P48 against
CD151 (A) and polyclonal
antibodies against7B (B). The
composite image (C) was
generated by superimposition o
the green and red signals, with
areas of overlap appearing as
yellow. The distribution pattern of CD151 aa@B completely overlap both at the sarcolemma of striated skeletal muscle (lower half) and on
smooth muscle cells present in vessel walls (upper half). Note the prominent presence of CD151 in endothelial cells drahtberdmaf
CD151 in the stroma. Bar, 10n.
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Fig. 4. Association of CD151 witlu331 anda6B1 in

transfected K562 cells. Transfected K562 cells stably

expressingi3p1 ora6Bl werel?3-surface-labeled,
extracted with 1% CHAPS and lysates were subjected

to immunoprecipitation with antibodies. Antibodies
used were the anti-integrin antibodies J143 against the
03- and J8H against theb subunit and the anti-

tetraspanin antibodies MEM62 against CD9, MEM53

against CD53, 6H1 against CD63, M38 against CD81,
C33 against CD82 and 5C11 against CD151. B@BiL
anda 6Bl are present in immunoprecipitates prepared
with antibodies against CD63, CD81 and CD151.
However, the amount of integrin that is coprecipitated
with CD151 is much greater than with the other
tetraspanins, reflecting the stability and selectivity of the
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CD151-integrin binding. The formation of - . —TM4
multimolecular complexes is reflected by the additional o o B

presence of CD81 (TM4) precipitated by antibodies

against CD63 and CD151. K562 / o3A K562/ 06 A

CD151a6B1 complexes is not influenced by the nature of theextracellular domain X1 or X2 of the laminin receptdif3l
splice variants in the integrin molecules.

CD151 stably associates with the two extracellular
variants (X1 and X2) of a7B

Association of CD151 with either splice variant of thestable complexes intact. As shown in Fig. 5 (upper pamél),

X1 X2
ctit. € N ctrl C N
-l —a

aBEh - ames — D151

Fig. 5.CD151 is strongly associated with both splice variants (X1
and X2) ofa7BpB1 in transfected K562 cells. K562 cells stably
expressing the7B1 extracellular splice variant X1 or X2 were lysed to CD151, K562 cells were transfected with th@ARGGR
in 1% CHAPS (C) or 1% Nonidet P-40 (N). Lysates were subjected mutant (uncleaved). Cells weté3-surface-labeled, lysed in

to immunoprecipitation with mAb P48 against CD151 (upper panel) 105 CHAPS and the lysates precipitated with antibodies against
or with polyclonal antibodies agairs7B (lower panel). The

presence ofi7B or CD151 in the immune complexes was detected

by immunoblotting with anta7B or anti-CD151 (mAb 8C3)
antibodies. No immunoreactive bands corresponding B were

detected in control (ctrl) immunoprecipitates (upper panel). As a 40 '
further control (ctrl), the presence of CD151 in total lysates is showrnuch smaller than that precipitated by anti-CD151. 5@l

(lower panel). Note that7B is coprecipitated with CD151 and vice

was investigated in coimmunoprecipitation experiments; the
strength of the interaction was also tested by using different
lysis buffers. CHAPS is considered to be a mild detergent in
which weak interactions between different molecules are not
disrupted, whereas Nonidet P-40 is more stringent leaving only

is coprecipitated with CD151 from K562 cells stably
expressing either the X1 or X2 splice variant, and vice versa
CD151 is co-precipitated wittm7 (lower panel). Theo7
subunit and CD151 were precipitated in comparable amounts
irrespective of the lysis buffer used. Thus, CD151 not only
associates with the3p1 and a6Bl integrins but also with
a7B1, the strength of this interaction being comparable with
that witha3(31.

No influence of extracellular cleavage from the integrin o
subunit on CD151 binding

The extracellular domain of the integrm3, a6 and a7
subunits is cleaved during biosynthesis into a heavy and a light
chain. This has been shown to be required for proper inside-
out signaling bya6p1 in K562 cells but has no influence on
ligand binding (Delwel et al., 1996). When the RKKR
sequence (amino acids 876-879) is mutated to RGGR, cleavage
into a heavy and a light chain cannot occur. For the formation
of stable complexes of tetraspanins and integrins, their
extracellular domains are essential (Yauch et al., 2000). To
determine whether cleavage influences the binding of integrins

a5, a6, 31, CD81 or CD151. As shown in Fig. &631 could

be precipitated by antibodies againg or 1 as well as by
antibodies against CD81 or CD151. Consistent with previous
results (Fig. 4), the amount ab precipitated by anti-CD81 is

integrin that is endogenously present on K562 cells is only

versa, and that this is independent of the extracellular splice variantprecipitated by antibodies agairsgd or 1, not by antibodies
or the lysis buffer used.

against either of the two tetraspanins, CD81 or CD151.



Complexes between CD151 and laminin-binding integrins 1167

T IP: P48 R LY P48 R LY P48 R LY

P —
LLPQXP -— e

Blot: anti-o3 anti-o7 anti-ov

Fig. 7.Monoclonal antibody TS151R does not recognize CD151 when
it is bound ta3B1 ora7B1. Transfected K562 cells stably expressing
a3B1 (left),a7Bl (middle) oravpl (right) were lysed in 1% Nonidet
P-40 and subjected to immunoprecipitation with the mAbs P48 or

Fig. 6. The absence of cleavage of the integifnsubunit on the TS151R, followed by immunoblotting with the indicated polyclonal
association with CD151 in transfected K56§GC§”S has no effect.  gntipodies against3, a7 orav. Immunoblot analysis of the lysates
Transfected K562 cells, stably expressiARCCR31 (uncleaved (LY) show the level of expression of each integrin.

a6A), werel?3-surface-labeled, lysed in 1% CHAPS and

immunoprecipitated with anti-integrin subunit or anti-tetraspanin

antibodies. Antibodies used for imnmunoprecipitation were J8H the TS151R epitope is not only masked when CD151 is
directed againgt6, Sam-1 againsts, TS2/16 agamsﬂébMes_ associated witlu3B1 but also when it is bound to7fB1.
Coprecpatect i CDISL A 10 a sser entwih (Do, The | NEX e compared the distibuton of the CD151 epitope

integrina5B1 is not coprecipitated with tetraspanins; the typical ; ; . .
smear around 150 kDa representirgis not detected in the sections incubated with TS151R (Fig. 8A,C) show hardly any

precipitates obtained with antibodies against these molecules. fluorescent staining in the glomerular cells that expo&fi

(Fig. 8B,C), whereas in the tubuli expressir@f31, staining is

comparable to that of mAb P48. In the skin, where CD151 is
Availability of the CD151 epitope recognized by antibody  not only associated witm3B1 but also witha6p4 (Fig.
TS151R in vitro and in vivo 8E,FH,l), the staining by TS151R (Fig. 8G,l) is weak
TS151R is a monoclonal antibody directed against an epitop@mpared with that by mAb P48 (Fig. 8D,F). Staining of the
on CD151 that is located at the binding site d&; whereas different muscle tissues expressiogpl varied: all three
P48 recognizes an epitope outside this binding site (Serru mtuscle tissues were strongly stained by P48 (Fig. 1C, Fig.
al.,, 1999; Yauch et al., 2000). To investigate whether th&A,B), smooth muscle cells were also strongly stained by
CD151 epitope recognized by TS151R is also involved in th& S151R (Fig. 9C), cardiomyocytes only weakly at the
binding toa 71, lysates of K562 cells stably expressing theintercalated discs (Fig. 8J,L), and striated muscle cells were
integrin a7Bl were subjected to immunoprecipitation with not stained at all by this antibody (Fig. 9D). Staining of
mAb TS151R, and the presence aff was tested by cardiomyocytes fon7 expression is shown in Fig. 8K,L. For
immunoblotting. Immunoprecipitations prepared from lysategurther comparison and the possible recognition of CD151
of K562 cells that were transfected with cDNAs encoding thepitopes involved in the binding of integrins, all the above
a3- or av-subunits served as positive and negative controlgjssues were incubated with a panel of other antibodies against
respectively. As shown in Fig. 7, th@ anda7 integrins were  CD151. This resulted in staining patterns comparable to those
only precipitated by P48 and not by TS151R. Thf31  produced by P48 (not shown). Thus, binding of CD151 to
integrin was not precipitated by either of the antibodies. Thudaminin-binding integrins leads to masking of the TS151R

epitope in many, but not all, types of cells in vivo.

Table 1. Differences in the recognition of CD151 by P48

compared to TS151R Level of CD151 cell surface expression is integrin
Laminin-binding Reactivity with antibody dependent
Tissue integrin P48 TS151R Previously it has been shown that expressiom3ffl in K562
Kidney cells results in an increase in the surface expression of CD151
Glomerulus a3pl . + (Yauch et al., 1998). To determine whether this ability 31
Tubules a6pl ++ ++ to induce CD151 expression is a general property of laminin-
Skin as3pl . - binding integrins, the surface expression of CD151 was
a6p4 +H+ * assessed by flow cytometry (FACScan) of transfected K562
'V'”SSC'e N 81 cells stained with mAb P48. As shown in Fig. 10, the
oo 3751 o o expression of transfectedv had little or no effect on the

expression of CD151. However, expressiona8B1, a631,

a6B4, a7X1Bl or a7X2B1l in K562 cells increased the
Reactivity of various tissues with CD151-specific antibodies; +++, very  expression of CD151 three- to sixfold. Staining of the cells

strong stalnlng; ++, strong stalnlng;weak stamlng;—, no stalnlng. Wlth TSlSlR revealed that the CD151 epitope, WhICh iS

H+ |

Heart a7pl +++
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Fig. 8. Reactivity of CD151 with antibody TS151R is cell
type specific. Cryostat sections of human kidney, skin arjgs
heart muscle were processed for double :
immunofluorescence confocal microscopy using TS151H8
(A,G,J) and P48 (D) against CD151, GoH3 agairst

(E), 439-9B againdg?4 (H) and polyclonal antibodies
against3 (B) ora7 (K). The composite images (C,F,I, L)
were generated by superimposition of the green and red
signals, with areas of overlap appearing as yellow.
TS151R against CD151 reacts with CD151 in tubular
epithelial cells but hardly reacts in glomerular cells (A-C D
keratinocytes (G-l) and cardiomyocytes (J-L). P48 again
CD151 is used in the skin for comparison and shows a
prominent staining especially at the dermo-epidermal
junction (D-F). Bar, 1um.

recognized by this antibody, is masked, and it is
dependent on the type of laminin-binding inte
that the K562 cells were transfected with. Tt
results are consistent with the results of the a
biochemical study showing that the TS151R epi
is not expressed on K562 cells expressing diffe
laminin-binding integrins. However, also no CD:
was detected with TS151R on untransfected k
cells. We therefore cannot exclude non-reactivit
this antibody in fluorescence studies, because o
affinity when the number of available epitope:
restricted. Furthermore, the results indicate tha
surface levels of CD151 on cells are stror
influenced by the expression of the laminin-binc
integrins.

CD151/

Lack of complex formation between CD151 and
the Lutheran molecule or dystroglycan

The colocalization of CD151 with the different kir
of laminin receptors, DG, LU and
integrins, may suggest a role
CD151 in linking these three kinds
laminin receptors to each other.
investigate whether CD151, DG ¢
LU are not only colocalized but al
complexed, cultured hum.
podocytes and proximal tubu
epithelial cells (PTEC) were used
immunoprecipitation  studies (F
11). FACS analysis showed that b
cell lines expresst331, CD151, DC

Fig. 9. Immunohistochemical staining of
smooth and striated muscle tissue with Pz
P48 and TS151R against CD151. Cryostatis o i
sections of human smooth (A,C) and o
striated muscle (B,D) were stained by
immunoperoxidase reaction with P48

(A,C) or TS151R (B,D). Both types of W S . 3
muscle cells were strongly stained by P48. *¥ & = 2 ) 4
Intense staining of CD151 by TS151R was.. v o8

only seen in smooth muscle cells, no i » + 'V J %
staining is found in skeletal muscle. n, .., ‘ )] \

nerve; v, vessel. Bar, 10m.



and LU, although LU is only weakly expres
by podocytes. These expression pro
correspond with those of podocytes and PT
in vivo. Lysates from cells prepared with
CHAPS were incubated with antibodies age
03, CD151, LU orB-DG. Subsequently tl
presence ofi3 (light chain, 30 kDa) oB-DG (43
kDa) in the precipitates was assessed
immunoblotting using specific  antibodi
Protein bands corresponding tw3 could b
detected on the immunoblots of
immunoprecipitates containing3p31 or CD15:
from both cell lysates (left panels). LU or |
could not be coprecipitated with3p1 with any
of the cell lysates. P48 against CD151
antibodies against3 or LU did not coprecipita
DG (right panels) either. This demonstrates
in the tested cell lines, CD151 bound to
laminin-binding integrins does not associate '
the other laminin receptors LU or DG ¢
therefore cannot serve as a link between the

Discussion

In a former study we have shown that CD1t
associated witha3pB1 and a6p4 in the bas:i
keratinocyte layer of the skin and
hemidesmosomes (Sterk et al., 2000). Now
have investigated the association of CD151
various laminin receptors in kidney, skin i
muscle tissues selected for the laminin-bin
integrins they express.

As indicated by this study, there are diffe
distribution patterns of CD151. In the fi
pattern most of the CD151 is colocalized \
the laminin-binding integrins present and tht
mainly expressed at the site of cell-me
interactions where there is a basement meml|

Fig. 10.Expression of laminin-binding integrins on

Complexes between CD151 and laminin-binding integrins

K562-a5

K562-av

K562-a3

K562-06

K562-06p4

transfected K562 cells increases CD151 cell surface

expression. Flow cytometric analysis of wild-type
K562 cells endogenously expressingf31 and
transfected K562 also expressimg31, a3p1, a6p1,
06034, a7X1PB1 ora7X2B1. Solid lines in the left

panels indicate staining with anti-integrin antibodies:

anti-a5 mAb Sam-1 (K562 cells), amiv mAb 13C2
(K562-av), anti-a3 mAb J143 (K562x3), antic6
mAb GoH3 (K562a6), antifi4 mAb 439-9B (K562-
06034) and antia7 mAb CA25 (K562a7BX1 and
K562-07BX2). Staining of cells with anti-CD151
antibodies is shown in the right panels. Solid lines
represent staining of cells with mAb TS151R and

K562-a7BX1

broken lines with mAb P48. A negative control (dotted
line) with secondary goat anti-mouse or rat IgG alone
is shown in each panel. R represents the ratio of the
mean fluorescence intensity of cells stained with mAb
P48 and with secondary antibody alone. A three- to

sixfold increase of CD151 expression is observed in K562-a7BX2

transfected cells that ectopically express laminin-

binding integrins. The TS151R epitope is masked in all
cells expressing one of the laminin-binding integrins.
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Podocytes cell surface of K562 cells after transfection of either of the
laminin-binding integrins.

CD151 does not link the different laminin receptors with
— pDG each other

03— |- - Two non-integrin receptors for laminin are DG and LU. DG was
originally isolated from skeletal muscle as a component of the
large oligomeric DGC, which amongst other proteins contains
PTEC sarcospan and dystrophin (Durbeej and Campbell, 1999). The
third type of laminin receptor is the molecule expressing the LU
antigens, which is able to bind to the lamiai chain present
- — (-DG in the subendothelial matrix (Parsons et al., 2001).
o3 — | .. Our in vivo results show a considerable overlap in the
distribution of these different types of laminin receptors. Hence,
a tight regulation and precise coordination of the signaling
. . mechanisms by the different receptors seems essential. An
Blot: anti-o3 anti-3-DG example of an interaction between the different laminin
Fig. 11.No complexes are formed between dystroglycan or the receptors is shown in glomerulogenesis, during which a switch
Lutheran blood group molecule and CD163B1 complexes in occurs in expression of the laminin-binding integrins foos1
human podocytes and proximal tubular epithelial cells in culture.  to a3Bl simultaneously with a switch in the deposition of
Human podocytes (upper panels) and proximal tubular epithelial  Jaminin isoforms, that is, from laminin-1 to laminin-11 (Sterk et
cells (PTEC) (lower panels) expressing the laminin receptafs, al., 1998). Others have shown that the symptoms induced by the
dystroglycan (DG) and Lutheran blood group antigens (LU) were  gpsence of dystrophin, which disturb the function of the laminin
lysed in 1% CHAPS and precipitated with polyclonal antibodies receptor DG, can be partly compensated by increasing the

againsti3 or DG (AP83) and mAbs against CD151 (P48) or LU . .
(LU4F2). The immunoprecipitates were analyzed by immunoblottingeXpreSSIon ob7B1 (Burkin et al., 2001). Moreover, myocytes

for the presence af3 and DG using specific antibodies. Note that O Patients with Duchenne’s disease lacking dystrophin and of

DG is not coprecipitated with331 or CD151 and that3B1 is not dystrophin-deficient mice express an increased amowrdfiif
seen in the precipitates obtained by antibodies against LU or DG. (Hodges et al., 1997). This indicates that when one laminin
a3, a3 light chain;3-DG, B-dystroglycan. receptor is lacking, another laminin receptor can (partially)

compensate for it. A protein present in the DGC that is

homologous to tetraspanins is sarcospan (Crosbie et al., 1999).
containing at least one laminin isoform (Miner et al., 1997Although sarcospan is a component of the DGC and has a
Aumailley and Rouselle, 1999). Thus, in glomerular cellsfunction in maintaining the integrity of muscle tissue, sarcospan-
CD151 anda3B1 are colocalized at the GBM side of cells. deficient mice have only mild symptoms of muscular atrophy
In renal tubular epithelial cells, CD151 armbpl are (Lebakken et al., 2000). Moreover, epithelial cells expressing
concentrated at the tubular basement membrane, and in sk do not contain sarcospan (Durbeej and Campbell, 1999).
CD151 anda3pl and a6B4 are present at the dermo- These data suggest that in sarcospan-deficient mice and epithelia
epidermal junction. Finally in myocytes, CD151 togetherexpressing DG, other tetraspanins may compensate for the
with a7B1 is expressed at the sarcolemma. The seconabsence of sarcospan. We demonstrate that, except in the skin,
pattern is seen in cells such as endothelial and most all tissues tested, DG, the laminin-binding integrins and
hematopoietic cells in which the amount of laminin-bindingCD151 are co-distributed. Furthermore, this study shows that
integrins is limited. As shown by others, these cells containCD151 is the only known tetraspanin in the glomerulus that is
in addition to a considerable pool of unbound CD151, CD15present at the side of the basement membrane, together with DG.
that is weakly associated with5B1 and other surface Therefore and analogous to the sarcolemma, the sarcospan
molecules (Hasegawa et al., 1998; Fitter et al., 1999; Sincodlnction in the glomerulus could be taken over by CD151,
et al., 1999). The third distribution pattern is seen inthereby connecting the integrin family with the DGC. However,
fibroblasts (stromal cells) and K562 cells, which containdespite their co-distribution, coimmunoprecipitation studies
CD151 but no laminin-binding integrins. could not demonstrate a physical association betvaSgi-

In addition to the previously reported association betwee@D151 complexes and DG or LU in two different cell lines
CD151 and the laminin-binding integrirs3f1, a6B1 and  obtained from the kidney, that is, human podocytes and proximal
06p34, we demonstrate here that CD151 also interacts wittubular epithelial cells.
07B1. Like CD151a3B1 complexes, CD15#731 complexes
remained intact after Nonidet P-40 lysis of transfected K562 ) )
cells, which classifies their interaction as level 1. Also usindVeither the variants of the extracellular or cytoplasmic
transfected K562 cells, it was shown that CD#%B1 and ~domains of integrin a subunits nor the cleavage of a6
CD151a6B4 (Sterk et al., 2000) interact at level 2, theaffect binding of CD151 to integrins
interaction not being resistant to Nonidet P-40 treatment. Ahe binding between tetraspanins and integrins is established
correlation between the presence of the laminin-bindingia the extracellular domains of the tetraspanin and the integrin
integrins and CD151 expression was established by FAC& subunit (Yauch et al., 2000). Theoretically, splicing of the
analysis, which showed an increase of CD151 expressed at td&RNA for the extracellular or cytoplasmic domains of integrin
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subunits or maturation-induced cleavage ofdhehain could of the cytoplasmic or extracellular domains bind equally well
influence the association of tetraspanins with integrins anth CD151 and that cleavage of the integrigubunits does not
thereby alter integrin signaling. However, biochemically noalter their binding. Studies with the mAb TS151R, which has
such differences could be demonstrated for the cytoplasmic previously been shown to recognize an epitope at the binding
and B variants of the integrin3 anda6 subunits or for the site of CD151 witla3(31, indicate that the same site is involved
extracellular variants X1 and X2 o&i7. Furthermore, in the binding toa7p1 and possibly also ta6p1 anda6p4.
mutational changes in the extracellular domain a®  The finding that in immunohistochemical studies few cells and
preventing cleavage seemed to have no influence on thissues, irrespective of the laminin-binding integrins they
formation of a complex with CD151. This implies that switchesexpress, reacted with TS151R, suggests that the strength of
of splice variants as described during development (Collo enteraction of CD151 is subject to regulation either from within
al., 1993; Thorsteindéttir et al., 1995; Sterk et al., 1998) othe cell and/or by the cell's environment.

cleavage of the subunit during maturation have no effect on
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addition to being complexed with a laminin-binding integrin, Erﬁéi'qnzsécz.)%%_gggsCDgl)' and phosphatidylinositol 4-kindseBiol,
could also be bound to other cell surface molecules, as has begfyiichevski, F., Gilbert, E., Griffths, M. R., Fitter, S., Ashman, L. and
described for different tetraspanins and MHCII, DRAP27 and Jenner, S. J.(2001). Analysis of the CD15a3p1 integrin and CD151-
HB-EGF (Angelisova et al., 1994; Nakamura et al., 1995). This tetraspanin interactions by mutagenesisBiol. Chem276, 41165-41174
binding should, in that case, involve another part of the bindin§urkin. B. J., Wallace, G. Q., Nicol, K. J., Kaufman, D. J. and Kaufman,

. . ; o . . . S. J.(2001). Enhanced expression of théB31 integrin reduces muscular
22&;[2;12 }?(E)irtnwnll(\:? ;)nat'ﬁ(;?]iés YX;;h ;QL?}%”Qﬁar?ﬁéthégotlg{]ec% cliyzlsltéophy and restores viability in dystrophic mi¢eCell Biol.152, 1207-
CD151 reactive with TS151R is greatly increased in thelaas, C., Stipp, C. S. and Hemler, M. E(2001). Evaluation of prototype
glomeruli and comparable with that reactive with P48 !ransmembrane 4. Szt%e%%%gge'” complexes and their relation to lipid
(L'M'T'S" .unpl.“leShed)i .ThIS indicates that. under Certalr.bollo, G Sta?r, L. and Quaranta, \/.(.1993). A new isoform of the laminin
pathophysiological conditions the TS151R epitope on CD151, receptor integrirmu7pl is developmentally regulated in skeletal musdle.
which is normally complexed withi331, becomes exposed. Biol. Chem268 19019-19024.

Finally, a difference in affinities of the two antibodies for Colognato, H. and Yurchenco, P. D(2000). Form and function: the laminin

CD151, as suggested by our FACS data, may have influencedfy & 1T RPe" 0 % Venvke, 0. p, siraub, v, Lee

their reactivity. . . J. C., Grady, R. M., Chamberlain, J. S., Sanes, J. R. and Campbell, K.

In summary, we demonstrate extensive co-distribution of p.(1999). Membrane targeting and stabilization of sarcospan is mediated by
various kinds of laminin receptors in different tissues. We the sarcoglycan subcomplek.Cell Biol. 145 153-165.
confirm previous findings that CD151 binds to the Iaminin-0'eW"gZ'nkifr’]ré1 A ?lYaﬁgegénLﬁewbye%elxv(Tég% Q. Fles, D. &, Daams, 1.,
bmdl.ng mtegrmsaBBl a}nda6[31 and show for the -fII’St time a3 integrin subunit: tissue distribution and functional characterizdtain.
that it also interacts witki7B1. CD151 does not bind to the  |est.76, 547-563.

laminin receptors DG or LU. Moreover, we show that variantsie Melker, A. A. and Sonnenberg, A(1999). Integrins: alternative splicing
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