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ABSTRACT: Integrin/ligand interaction is a therapeutic target for many diseases. We previously reported
that residues critical for ligand binding are clustered in N-terminal repeat 3 (in the predicted 2-3 loop) of
o4, a5 andallb. Here we have localized residues critical for ligand binding indBesubunit of integrin

o341 with distinct ligand specificity (laminin-5). We identified a8 epitope common to several function-
blocking antiet3 antibodies at the boundary between repeats 1 and 2 (residue&9)5Ne found that
swapping the predicted 4-1 loop (residues -1385) at the boundary between repeats 2 and 3 with the
correspondingn4 sequence and mutating Thr-162 and Gly-163 residues in this predicted loop block
laminin-5 binding. Thr-162 and Gly-163 and the antibody epitope are separated in the primary structure;
however, they are close to each other in the propg@saapeller model. Mutating residues recently reported

to block (Tyr-186 and Trp-188) or enhance (Asp-122) laminin-5 bindingdel [Krukonis, E. S., Dersch,

P., Eble, J. A., and Isberg, R. R.(199B)Biol. Chem. 27331837 31843] did not affect laminin-5 binding
under the assay conditions used. Thr-162 and Gly-163 are not critical for adhesion to invasin, indicating
that laminin-5 and invasin may use different recognition mechanisms, and that mutation of Thr-162 and
Gly-163 does not drastically affect the integrity @831. These results suggest that residues critical for
ligand binding may be similarly (but not identically) located in repeat 3 ofch®ibunit regardless of
ligand specificity.

Integrins are a supergene family of cell adhesion receptorsbullosa, a lethal congenital skin diseage-11). Lampe et
that mediate cell/extracellular matrix interactions through al. (12) recently reported that adhesion of epithelial cells to
multiple ligands {—3). Integrins are involved in the patho- laminin-5 in the basement membrane ©i331 promotes gap
genesis of many diseases in humans and in animal modelsjunctional intercellular communication that integrates the
Integrin o341 is a receptor for laminin-54j. Inhibition of individual motile cells into a synchronized colony. Also,
keratinocyte adhesion via3f1/laminin-5 interaction induces  cleavage of laminin-5 by matrix metalloprotease-2 and the
epidermal differentiations). A defect ina3 expression in  resulting exposure of the cryptic site have been reported to
transgenic mice has been reported to induce abnormalpromotea331-mediated migration of tumor cells, indicating
development of the lung and kidne§)(indicating that this  that thea331/laminin-5 interaction is a target for modulation
integrin may play a crucial role in basement membrane of tumor cell invasion and tissue remodelintB). These
organization and branching morphogenesjs DiPersio et reports indicate that elucidation of the mechanisma3#f1/
al. demonstrated the requirement faB31 in basement  |aminin-5 interaction is critical for understanding the roles
membrane organizatior7). Laminin-5, a unique laminin  of o341 in biological and pathological processes and for
variant that is essential for epidermal adhesion, is composeddesigning potential therapeutics. The ligand binding mech-
of three nonidentical subunits3, 53, andy2. Genetic  anisms of non-lI-domain integrins have been extensively
defects in laminin-5 components have been reported in stydied (reviewed in ref§4—16). However, the role of the
patients suffering from hereditary junctional epidermolysis non-I-domaina. subunit has not been established, and our
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the boundary betweem3 N-terminal repeats 1 and 2 cytometric analysis. Transfection of K562 cells was carried
(residues 7580). We used swapping the predicted loops out as described, except that RPMI 1640 medium and 1 mg/
and alanine-scanning mutagenesis to identify critical region/ mL G418 were used.

residues for laminin-5 binding at the boundary between Adhesion Assay.aminin-5 ECM was prepared according
repeats 2 and 3 (Thr-162 and Gly-163). The two epitopes to ref 31 Briefly, HaCaT human keratinocyte cells (provided
(residues 7580 and Thr-162/Gly-163) are separated in the by Dr. N. E. Fusenig, German Cancer Research Center,
primary structure, but are close to each other in the proposedHeidelberg, Germany) or A431 human epidermal carcinoma
B-propeller model 18), consistent with this model. These cells were grown overnight in Dulbecco’s modified Eagle’s
results suggest that Thr-162 and Gly-163 at the boundary medium supplemented with 10% heat-inactivated fetal calf
between repeats 2 and 3 @8 are critical for adhesion to  serum in 96-well tissue culture plates. The subconfluent cell
laminin-5 or its regulation. These residues are not critical layer was treated with 0.05% trypsin and 1 mM EDTA in
for o341 binding to invasin. We did not detect any significant PBS (10 mM sodium phosphate, 0.15 M NaCl, pH 7.4) for
effects of mutation of Asp-122, Tyr-186, and Trp-188 to Ala 5—10 min to remove cells. The wells containing laminin-5
(17) on adhesion to laminin-5 under the assay conditions ECM were rinsed with PBS containing soybean trypsin
used. These results suggest that residues critical for ligandinhibitor (0.1 mg/mL) and bovine serum albumin (1 mg/
binding may be similarly located in repeat 3 of thasubunit mL) and used for adhesion assays. K562 cells expressing

regardless of ligand and integrin species. wt or mutanta3 were plated on wells (2Qcells per well)
and incubated fiol h at 37°C in RPMI 1640 medium in
EXPERIMENTAL PROCEDURES the presence or absence of activating @itimAb 8A2

(ascites at 500 dilution). After rinsing with PBS to remove
unbound cells, bound cells were quantified using endogenous
phosphatase assa$2j. We obtained essentially identical
results with either HaCaT cells or A431 cells.

MBP-Inv479 (invasin) was prepared using pJL309 plasmid
in E. coli MC1000 that was provided by R. Isberg (Tufts

Antibodies. (A) Anti-Humao3 mAbs! P1B5 and P1F2
(19) were provided by Drs. E. Wayner and W. G. Carter
(Fred Hutchinson Cancer Institute, Seattle, WA). SM-S1,
SM-S2, SM-T1, and SM-T7 were prepared as described in
ref 20. ASC-1, ASC-5, ASC-6, and ASC-10 were obtained

Iirog;] R%X(gﬂ()lnte}?rzgt:’?lgzl I_eenueli(;(t:g(tjealz|f(;§rsecrrl;[latlon An- University, Boston, MA) 83). Wells of a 96-well microtiter
g P- 9 2ty ( plate (Immulon-2) were incubated with invasin in 100

(B) Other mAbsThe activating anti-humafil mAb 8A2 of PBS (0.1ug/mL) overnight at £C. K562 cells expressing

was developed as described in 122 KH/72 (antias, wt or mutanta3 were plated on wells (£Ccells per well)
unpublished) is a kind gift _from_K_. Miyake (Saga Medical 5.4 incubated fol h at 37°C in RPMI 1640 medium in
School, Saga, Japan). Anti laminin-5 mAbs C2-5 and C2-9 {0 presence of function-blocking ams mAb KH72

(23) were provided by W. G. Carter. (ascites at 509 dilution) to blocka581 on K562, another
Construction of3 Chimeras and MutantsSequences in  receptor for invasin.
a3 were swapped with the corresponding sequencesiof Other MethodsFlow cytometry was performed as previ-

using the primer extension polymerase chain reaction methodously described34).
(24). Site-directed mutagenesis was carried out by unique
site elimination using a double-stranded vect®8)( The RESULTS

mutations were confirmed by DNA sequencing. Hameter a3B1-Mediated Cell Adhesion to Laminin-5 ECMWe
(26) and humana3 (27, 2§ cDNAs were obtained as  ysed K562 cells expressing wt recombinant humar{a3-
described in the cited references. cDNAs for interspecies k552 cells) to determinex381-mediated cell adhesion to
chimerica3 were prepared by fusing hamste3 cDNA and laminin-5 ECM, which is secreted by keratinocytds 85,
humana3 cDNA using the following common restriction 36). The wt a3-K562 cells adhered to laminin-5 ECM in
sites: aPst site for the r102/h and h10243 chimeras; an  tpe presence of 8A2, an activating afifi-mAb, but the
Ndd site for the r245/h and h245(3 chimeras; and an  parent K562 cells did not. Wi3-K562 adhesion without
EcaRl site for the h766/3 chimera. Wild-type (wt) and  ga2 was typically less than 30% of the level shown with
mutant cDNAs were subcloned into a pBJ-1 expression ga2. Adhesion of win3-K562 was blocked by EDTA (data
vector @9, 30. not shown) and antix3 mAbs (Figure 2). Adhesion af3-

Transfection and Selection of Cells Expressix®) Mu- K562 to laminin-5 ECM was effectively blocked by the
tants CHO-K1 cells were maintained in Dulbecco’s modified  inhibitory anti-laminin-5 mAb C2-9 1), but not by the
Eagle’s medium supplemented with 10% heat-inactivated noninhibitory anti-laminin-5 mAb C2-5. Parent K562 cells
fetal calf serum at 37C in a 6% CQ incubator. Ten  express endogenous531 (fibronectin receptor), and 8A2
micrograms of the cDNA construct was transfected into increases binding of fibronectin to K562 cel&7. Adhesion
CHO-K1 cells (8x 10° cells) by electroporation together  of parent K562 cells to laminin-5 ECM is not stimulated by
with 1 g of pFneo DNA with a neomycin-resistance gene. 8A2, and therefore is nai531- or fibronectin-dependent.
Transfected cells were maintained for 2 days in the above Consequently, under the assay conditions us&dK562
medium, and then were transferred to the same mediuminteraction with laminin-5 ECM is specific to the331
supplemented with 700g/mL G418 (Gibco). After 16-14 integrin, and laminin-5 is a predominant ligand @831.
days, the resulting colonies were harvested. Usually; 30 We added mAb 8A2 to the adhesion assay mixture in all of
50% of the harvested cells expras3 as measured by flow  the experiments that used K562 cells expressiBgnutants
in order to highly activatex331.

* Abbreviations: ECM, extracellular matrix; mAb, monoclonal ~ ldentification of an Epitope That Is Recognized by Func-
antibody; PBS, phosphate-buffered saline; wt, wild type. tion-Blocking Antier3 Antibodies Figure 2 shows that eight
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FiGURE 1: Adhesion 0fa3-K562 cells to laminin-5Parent K562 * T 60
(ogreen,ggrzggdwfﬁIﬁgfﬂ?ﬂ(ﬁongtéa&s)f c)clelkl]s a(tfgc?eolg per VPVE/H) h FNLDTRFLY KEAGNPGSLF GYSVALHRGT ERQURYLLLA GAPRELAVED GYTNRDGAVY
were incu wi inin- i
1640 medium. The activating anfit mAb 8A2 (ascites at 500 LCPLTAHKDD CERMDISEKS DPDHHITEDM WLGVIVASQG Pa
dilution) and/or the anti-laminin-5 mAbs (supernatant at 4 LCPLTAHKDD CERMNITVKN DPGHHIIEDM WLGVIVASQG PA

dilution) were included. The anti-laminin-5 mAb C2-9 blocks cell Ficure 3: Interspeciest3 chimeras used for epitope mappifia)
adhesion to laminin-523). The anti-laminin-5 mAb C2-5 does not  ¢DNAs for interspecies chimeras were prepared by fusing hamster
block cell adhesion to laminin-5. After rinsing the wells to remove o3 cDNA to humana3 cDNA using common restriction sites: a
floating cells, bound cells were quantified using the endogenous psi site for the r102/h3 and h102/3 chimeras; alNdd site
phosphatase assa§. The expression profile of wi3 on K562 for the r245/h and h245@3 chimeras; and aBcoRl site for the

cells is shown in Figure 5. Data are expressed as m¢a8ip of h766/ra3 chimera. (b) The 102 N-terminal residues from mouse
triplicate experiments. The data suggest that adhesion of K562 cellsand humaru3 were aligned. An asterisk represents the difference
to laminin-5 ECM is mediated by331, is increased by activation  petween the two sequences. Human-to-mouse mutations were
by 8A2, and is effectively blocked by function-blocking anti- introduced alone (the G14V mutation) or in groups (the E45D/
laminin-5 mAb. P49G/G51D and N75D/T77S/V78E/N80S mutations).

80

blocking antibodies using inter-specie8 chimeras. We
developed chimeric cDNA constructs between human and
hamstein3 (Figure 3a) and transfected them into CHO cells.
Reactivity of wt and chimerie3 to antia3 antibodies was
then examined by flow cytometric analysis of cells stably
or transiently expressing3 chimeras (Table 1). All antibod-
ies tested recognized the h766/8 chimera (in which the
766 N-terminal residues were derived from humedhand
the rest were from hamstef). 7A8 and ASC-10 recognized
20 the r245/h, r102/h, and h76643 chimeras, but not the
h245/r or h102/3 chimeras, indicating that nonfunctional
7A8 and ASC-10 recognize residues 2446 ofa3. All of
0 the other antibodies recognized the h245/r, h102/r, and h766/r
o3 chimeras, but not the r245/h and r102(8 chimeras,
suggesting that all of the function-blocking antibodies and
one nonfunctional antibody (P1F2) recognize a region
mAbs spanning residues-1102 of a.3.
Ficure 2: Effects of antiel3 mAbs on adhesion ai3-K562 cells To further define the epitope for function_b|ocking anti-

to laminin-5 Wt a3-K562 cells were incubated with laminin-5 as i ; A o
described above in the presence of 8A2 and variouscehtirAbs. bodies, we introduced a human-to-mouse mutation into the

Ascites (7A8) were used at 10Q0dilution. Purified protein ~ ©Pitope region (residues—102) either alone (the G14V
solutions (ASC-1 to ASC-10) were used at2 ug/mL. Culture mutation) or in groups (the E45D/P49G/G51D and the N75D/
supernatants (P1B5, P1F2, and SM series) were used diti@ion. T77S/V78E/N81S mutations) (Figure 3b). The mutants were
\évaetg(;’:‘grg“fdrégzggZ:artrtggg”sgljcg’f";ﬁ”lti?;it%”:XOfergrAngsn‘t"éerTehl:ased-transiently expressed in CHO cells, and the reactivity of the
data suggespt that all of the mAbs ech:)ept for 7%8, ASC-10, and mutantas to antl'a3 antibodies was determined by flow
P1F2 strongly inhibit adhesion to laminin-5 under the conditions Cytometric analysis (Table 2). The N75D/T77S/V78E/N80S
used. mutation blocked all of the function-blocking mAbs tested,
and the E45D/P49G/G51D mutation blocked several func-
of the antiea3 mAbs tested strongly block adhesionas- tion-blocking mAbs (SM-S1, SM-S2, and SM-T1) and P1F2,
K562 cells to laminin-5 ECM, but three of the ant8 mAbs a non-function-blocking mAb. The G14V mutation did not
(P1F2, ASC-10, and 7A8) do not block adhesion under the affect the binding of the mAbs tested. These results suggest
conditions used. To localize regions @8 that are critical that all of the function-blocking mAbs recognize the
for ligand binding, we first localized epitopes for function- NITVKN 758 sequence at the boundary between repeats 1

60

40

% Bound cells

7A8

ASC-1
ASC-5
ASC-6
ASC-10
P1B5
P1F2
SM-S1
SM-S2
SM-T1
SM-T7
8A2 only
no 8A2
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Table 1: Reactivity of Human/Hamster Chimen@ to Anti-a3 mAbs

CHO human wr3 h766/ra3 h245/ra3 r245/ho3 h102/ra3 r102/ha3
mouse 3.0 1.4 35 0.7 1.2 0.7 11
19G
7A8 1.5 94.6* 33.5* 21 18.1* 0.6 21.9*
ASC-1 5.3 98.7* 24.2% 24.8* 1.0 15.8* 1.7
ASC-5 5.4 96.7* 17.3* 18.5% 1.4 14.4* 1.5
ASC-6 5.0 95.0* 16.8* 14.4* 1.5 11.3* 1.8
ASC-10 5.8 99.3* 31.4* 3.2 26.0* 0 27.7*
P1B5 2.3 91.8* 42.0* 42.6* 1.2 27.3* 0.7
P1F2 2.3 93.3* 42.5* 38.4* 1.1 32.8* 0.8
SM-S1 2.1 83.6* 38.7* 36.9* 0.9 32.8* 0.9
SM-S2 2.1 76.5% 41.9* 42.5* 0.7 26.9% 1.0
SM-T1 2.0 87.0* 48.2* 44.3* 1.2 35.8* 1.2
SM-T7 2.0 62.4* 29.4* 26.9% 0.8 28.5% 0.8

aNumbers in the table represent % positive cells. (*) represents positive reactivity. The bB@2limera was transiently expressed and tested
for reactivity to mAbs. Other experiments were done with stably expressing cells. Humed@# O is clonal. The levels of positive signals with
anti-humam3 mAbs may vary depending on the efficiency of transfection, the affinity of antibody binding, and the stability of mutants. Although
the level of % positive cells is lower in the h102/r mutant than those of other mutants, there is a clear difference in negative reactivity (e.g., mouse

IgG) and positive reactivity (e.g., ASC-6).

Table 2: Reactivity of Antiee3 mAbs to the Human-to-Mouse3
Mutant$

parent E45D/P49G/ N75D/T77S/ wild
CHO Gl4v G51D V78E/N80S type
mouse 0.52 25 35 4.4 1.9
19G
ASC-1 0.35 81.6* 88.0* 4.6 80.4*
ASC-5 0.55 78.2* 84.5% 3.7 76.4*
ASC-6 043 70.8* 77.1* 3.2 68.6*
P1B5 0.4 80.1* 87.7* 3.2 76.2*
P1F2#  0.32 75* 3.0 85.8* 66.6*
SM-S1 045 79.1* 3.8 4.1 72.1*
SM-S2  0.38 80.5* 2.8 4.2 76.7*
SM-T1  0.33 81* 2.9 3.8 76.1*
SM-T7 0.36 61.8* 67.6* 3.4 62.0*

aWild-type and mutant3 were transiently expressed on CHO cells.
Reactivity to mAbs was determined using flow cytometry. Numbers
in the table represent % positive cells. (*) positive reactivity; (#)
non-function-blocking.

mutants, designated3(153-165/04) and a3(41—-57/a5).
Flow cytometric analysis did not indicate expression of any
other chimeriax3. Cells stably expressing the3(153-165/

o4) or a3(41-57/a5) mutants were cloned by cell sorting
to obtain high expressors. Figure 5 shows that the K562 cells
almost homogeneously express ¢8153-16504) mutant.
The a3(41-57/05) mutant showed adhesion to laminin-5
ECM at a level comparable to that of wt3 (Figure 6).
Interestingly, thex3(153-165/4) mutant did not show any
significant adhesion to laminin-5 ECM. In contrast, cells
expressing mutants at a level comparable with or lower than
that of thea3(153-165/04) mutant (e.g., the S18A mutant)
showed significant adhesion to laminin-5 ECM, suggesting
that the expression @f3(153-165/4) may be high enough

to support adhesion of K562 cells. The data indicate that
the predicted loop sequence CNSNTDYLETGMT!65 of

o3 may be critically involved imc351/laminin-5 interaction.

All of the function-blocking and non-function-blocking anti-

and 2, and several function-blocking mAbs recognize the o3 antibodies in Table 1 bind to the8(153-16504) mutant
ELAVPDG* 5! sequence in repeat 1. Since P1F2 recognizes (data not shown). Therefore, this mutation is not likely to

the ELAVPDG"® 5! sequence, but does not show function-
blocking activity, the NITVKN>8% sequence may be related
to the function-blocking activities of mAbs. These mutants

induce drastic structural changesoiB51. It is still possible
that the mutation indirectly blocks binding to laminin-5 ECM
by blocking signal transduction througi351. We deter-

were expressed on K562 cells and tested for their ability to mined whether the mutation blocks spreading of CHO cells
adhere to laminin-5 ECM. These mutations did not affect with mAb P1B5 as a ligand. We found that P1B5 supports

binding to laminin-5 ECM.
A Predicted Loop Critical for Adhesion to Laminin-bo
localize regions 063 that are critical for adhesion to laminin-

adhesion and spreading of wild-type and mutaBitbut does
not support adhesion of parent CHO cells. These results
suggest that the 15316504 mutation does not affect signal

5, we used domain-swapping mutagenesis. Predicted loopgransduction througl3s1.
are located on the surface of the molecule and are primary Residues Critical for Adhesion to Laminin-5 in the

candidates for ligand binding site88). Therefore, we

Predicted Loop Sequence CNSNTDYLETGMCS. It is

expected that swapping the predicted loops with the corre- possible that swapping large domains may indirectly affect

sponding regions of othex subunits with different ligand
binding specificities would lead to the identification of
regions ofo3 that are critical for ligand binding. We replaced
several predicted loop regions aB within or close to the
epitope region spanning residues—&L (residues 4157,
62—71, 108-130, 153-165, and 18%190) with the corre-
sponding sequences afl or a5 according to the secondary
structure prediction in ref§8 and39 (Figure 4). The mutant

ligand binding function through conformational changes. To
minimize the level of mutation, we introduced multiple point
mutations within and around the predicted loop region that
is critical for ligand binding (residues 15365). We used
alanine-scanning mutagenesis, which yields high-resolution
epitope mapping40). The a3 mutants were expressed on
K562 cells, and cell adhesion to laminin-5 was examined.
We found that the mutations T162A (Thr-162 to Ala), T162F

a3 cDNAs were then transfected into K562 cells together (the correspondingid residue is F), and G163A blocked

with a neomycin-resistant gene. After selection with G418,

adhesion to laminin-5 ECM (Figure 7), but mutations of other

we detected stable expression of two of the swapping residues in this region did not affect adhesion to laminin-5
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FiGure 4: Regions ofa3 selected for swapping in this studytegrin o subunits have 7 repeats of about 60 amino acid residues each at
their N-terminals. We chose predicted loop structuresdthat are either close to the epitope region for function-blockingedhtntibodies
(residues 7580) or within the previously identified putative ligand binding sitesodf (residues 108268) (2) for swapping with the
corresponding residues of4 (boxed regions). RIR3 represent repeats-B (18). The predicteqs-strands ofa4 are underlined. In the
pB-propeller model, residues 15365 of a3 represent the 4-1 loops (the loops betwgestrands 4 and 1). Both the 2-3 and the 4-1 loops
are in the upper face (predicted ligand binding site) of the propgsepeller model 18).

100
60 A
a0 i o 8 -
!\ =
204} ! )
s & 60
T B 8
_ 80 §4o_
o
o
£ 2
2 50 : ® 201

607

K562 h_‘

41-57/a5
S18A

Cell
=)
153-165/a4 I::|

s0{::

wild-type

204:
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FIGURE 5: Expression oft381 on K562 cells. Parent K562 cells ~ With mAb P1B5 (open bar). Adhesion was determined in the

(A), wt 03-K562 cells (B), or mutan3(153-165ki4)-K562 cells  Presence of 842, an activating atl- mAb, and bound cells were
(C)lwere stained with cdntrol mouse Ig&-} or P1B5 (antie.3) quantified as described in the legend to Figure 1. Data are expressed

(—), followed by FITC-labeled goat anti-mouse IgG. Stained cells as meanst SD of triplicate experiments. Cells were stained first

with the antiec.3 mAb P1B5 and then with FITC-labeled goat anti-
wgﬁozgilgéﬁg;égg\r’\éggt&?gﬁ%Jgfﬁgit.a suggest that K562 cells mouse IgG. The reactivity of other antB mAbs (e.g., 7A8) to

the S18A mutant paralleled that of P1B5 (data not shown),
indicating that the P1B5 epitope is not affected by the S18A
ECM (Figure 7). The T162A, T162F, and G163A mutations Mutation.

did not affect expression of eithei351 or a351 binding to

all of the mAbs tested (listed in Table 1). When thes® Krukonis et al. 17) reported that mutation of Tyr-186 and
mutants were transiently expressed on K562 cells, usually Trp-188 ina3 to Ala blocks adhesion to laminin-5. These
more than 50% of the transfected cells expressecthutants residues are located within another predicted loop in repeat
(comparable to the level when wi3 is transiently ex- 3 (residues 18%1190) that has been reported to be critical
pressed), suggesting that these mutations do not inducdor ligand binding ina4, o5, andallb (14, 41, 42. We
drastic structural changes@831. These results suggest that studied the effect of point mutations (Y186A, N187A,
several amino acid residues that are clustered within or N187Y, and W188A) on adhesion af3-K562 cells to
adjacent to the CNSNTDYLETGME® 165 sequence are  laminin-5. In the present study, these mutations did not block
critical for o.381/laminin-5 interaction, supporting the data a3f1/laminin-5 interaction under the assay conditions used
on thea3(153-165/4) mutant. (Figure 7). We also introduced point mutations into predicted
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FiGure 7: Alanine scanning mutagenesis of the3 subunit
Adhesion to laminin-5 of K562 cells expressing mutat® was
determined in the presence of 8A2, an activating AhtimAb.
Bound cells were quantified as described in the legend to Figure
1. Data are expressed as means of (% of bound cells perd3 of
positive cells)+ SD of triplicate experiments. Most of the stably
transfected K562 cells were cloned after G418 selection to obtain
high expressors. The T162A, T162F, G163A, M164A, and Y186A
o3 mutants were transiently expressed on K562 cells. In transient
expression studies, usually more than 50% of transfected cells
expresso3 mutants. Expression af3 was determined by flow
cytometry with mAb P1B5. The T157A and G190A mutants were
not expressed on the cell surface.

loop structures in repeat 1 (P16A, S18A, P49A, D50A,
G51A, Y52A, T53A, T56A, and P82A) and repeat 2 (Q99A,
P101A, S118A, E121A, D122A, and R124A). These muta-
tions did not blockx331-mediated cell adhesion of laminin-5

ECM (Figure 7).

Effects of Mutations on Interaction betwee351 and
Invasin We studied whether th@3 point mutations that are
critical for binding to laminin-5 affect binding to invasin,
anothera341 ligand. We measured adhesion of K562 cells
in the presence of mAb KH/72, an antb function-blocking
antibody. As shown in Figure 8a, KH/72 completely blocks
endogenous551-mediated adhesion to invasin. Blocking
of a3-K562 cell adhesion to invasin required both KH/72
and P1B5. Under the conditions used3f1l-mediated
adhesion to invasin with or without 8A2 is almost compa-
rable (data not shown). The E161A (a positive control) and
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Ficure 8: Effects of point mutations that affect adhesion to
laminin-5 on adhesion to invasifa) Adhesion to invasin of K562
cells expressing.3 was determined in the absence of antibody (solid
bar), in the presence of KH/72 (antb, function-blocking) (open
bar), or in the presence of both KH/72 and P1B5 (at3jfunction-
blocking) (hatched bar) at a coating concentration of /gimL
invasin. Data are expressed as meanSD of triplicate experi-
ments. The results suggest thdi31-mediated adhesion of parent
K562 cells to invasin is completely blocked by KH/72. Blocking
adhesion ofa3-K562 cells to invasin requires both KH/72 and
P1B5. At a higher coating concentration of invasin (more than 0.5
ug/mL), clear inhibition ofa561-mediated adhesion by KH/72 was
not observed. (b) Adhesion to invasin of K562 cells expressing

T162F mutants showed adhesion at levels comparable to thaimutanta3 was determined in the presence of KH/72 (solid bar)

of wild type with or without 8A2. The T162A and G163A
mutants showed lower adhesion without 8A2, but adding 8A2
restored their adhesion to invasin to the wild-type level.
These results suggest that these mutations do not afgsdt
adhesion to invasin whem331 is activated. This indicates
(1) that residues critical for binding to laminin-5 and invasin
may be different and (2) that mutation of Thr-162 and Gly-
163 blocks adhesion to laminin-5 without altering structural
integrity and other functions at331.

DISCUSSION

In this study we identified the.3 epitope at the boundary
between repeats 1 and 2 (NITVKN®) that is common to
several function-blocking antibodies. The binding of antibod-
ies to this epitope appears to be required to blo&61
binding to laminin-5. This suggests that the ligand binding
site is located sterically close to this epitope. We then found
that swapping the CNSNTDYLETGME® 165 sequence at

and both 8A2 and KH/72 (open bar). K562 cells stably expressing
wt or mutanta3 were used for this adhesion assay. The data are
expressed as the ratio % bound cells(3opositive cells (with anti-

a3 mAb P1B5)+ SD of triplicate experiments. The % P1B5
positive cells are 99.3% (wt3), 53.6% (E161A), 47.4% (T162A),
63.3% (T162F), 78.0% (G163A), and 1.9% (background in parent
K562 cells). These results suggest that these mutations do not affect
o341 adhesion to invasin whem341 is activated.

laminin-5 ECM. These point mutations do not affect the
binding to nearby epitopes of the aniB mAb tested,
suggesting that these mutations do not disturb the gross
structure oft3. Interestingly, the T162A, T162F, and G163A
mutations did not block binding of activateds1 to invasin,
suggesting that invasin and laminin-5 may use different
recognition mechanisms. Also, this finding suggests that
these mutations do not induce drastic effects on the confor-
mation and integrity ott331. It is possible that the G163A
mutation works by changing the conformation of the
predicted loop CNSNTDYLETGME3 1%, |t is possible that

the boundary between repeats 2 and 3, or mutating Thr-162binding of antibodies to the epitope affects ligand binding

and Gly-163 within this sequence blocks adhesion to

by changing conformation of the ligand binding site.
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Springer has proposed that the seven N-terminal repeatdaminin-5 under the assay conditions used (in the presence

in integrin a. subunits are folded into g-propeller domain
(18) containing seven four-strandgdsheets arranged in a
torus around a pseudosymmetrical axis. Integrin ligands are
predicted to bind to the upper face of thispropeller.
Consistent with this model, the critical regions/residues for
ligand binding in several non-lI-domain integrmnsubunits

so far reported are all in the upper face of the proposed
[B-propeller domain. These include (1) the predicted loop
sequences in4, a5, andallb (14, 41, 42 that correspond

to the GAPGAYNWKG?® 10 sequence of3 (the 2-3 loop,
Figure 4); (2) the three function-blockinglb mutations in
Glanzmann’s thrombasthenia [the P145#3)(and L183P
(44) mutations, and insertion of two residues within the
predicted loop spanning residues 466 ofallb (45)]; and

(3) the Thr-162 and Gly-163 residues@8 (this study, the
4-1 loop, Figure 4). Also, the epitopes for function-blocking
anti-a3 mAbs (NITVKN’>- sequence, this study) are in
the upper face of thes-propeller. Interestingly, the
NITVKN 75780 sequence and the Thr-162/Gly-163 residues
are close to each other in the propogkgropeller model,
although they are separated in the primary structure. This
supports thgs-propeller model, and emphasizes the impor-
tance of the Thr-162 and Gly-163 residues in ligand binding
and its regulation. Recently Mould et al. reported that a
double mutation of Ser-156/Trp-157 in the predicted loop
of a5 corresponding to the3 CNSNTDYLETGMC3-165
sequence blocked binding of a ligand peptide RRETAWA
(46) (but not the binding of fibronectin) ta531 (47). The

of 8A2). Krukonis et al. did not use an arftt mAb to
activatea341 on K562 cells, and therefore it is possible that
they detected the effects of mutations at relatively low affinity
conditions.

The recombinant cation-binding domain from tlé
subunit (residues 229148, including repeats47) has been
reported to display a well-defined fold with a content of-30
35% a helix and 26-25% f strand, based on circular
dichroism 61). This protein has also been reported to show
cation-dependent interaction with RGD-containing ligands
(51). These results are not consistent with fheropeller
model that has nax helix. Also, these results are not
consistent with the previous and present mutagenesis and
epitope mapping results m3, a4, a5, orallb, since epitopes
for function-blocking mAbs or critical residues for ligand
binding have been localized within repeats3l as described
above. Further biochemical studies will be required to solve
the inconsistency. Regardless of whether the proposed
B-propeller model is correct, Thr-162 and Gly-163 @3
are targets for further study of laminine&f1 interactions.
The present ligand binding function-negat@ mutants may
be useful for studying ligand binding and signal transduction
mediated byo331.
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