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The  human  integrin VLA (very  late  activation  anti- 
gens)-4  (CD49d/CD29), the leukocyte  receptor  for  both 
the CS-1 region of plasma  fibronectin  (Fn)  and  the 
vascular cell surface  adhesion molecule- 1 (VCAM- l), 
also  mediates  homotypic  aggregation  upon  triggering 
with specific  anti-VLA-4 monoclonal antibody (mAb). 
Epitope  mapping of this  integrin on the human  B-cell 
line Ramos, performed  with a wide  panel of anti-VLA- 
4 mAb by both  cross-competitive  cell  binding and  pro- 
tease  sensitivity  assays,  revealed  the  existence of three 
topographically  distinct  epitopes on the  a4 chain,  re- 
ferred  to as epitopes A-C. By  testing  this  panel of anti- 
VLA-4 mAb for  inhibition of cell binding  to both a 38- 
kDa  Fn  fragment  containing CS-1 and to VCAM-1, as 
well as for  induction  and  inhibition of VLA-4 mediated 
homotypic cell adhesion, we  have  found  overlapping 
but  different  functional  properties  associated  with 
each epitope. Anti-a4 mAb recognizing  epitope  B  in- 
hibited  cell  attachment  to  both Fn  and VCAM-1, 
whereas mAb against  epitope  A  did  not block VCAM- 
1 binding and only partially  inhibited  binding  to Fn. 
In contrast, mAb directed  to  epitope  C  did  not  affect 
cell  adhesion  to  either of the  two VLA-4 ligands. All 
mAb directed  to  site A, as well as a subgroup of mAb 
recognizing  epitope  B  (called  B2),  were  able  to  induce 
cell  aggregation,  but  this  effect  was not exerted by 
mAb specific to  site C and by a subgroup  against  epi- 
tope  B  (called Bl) .  Moreover,  although  anti-epitope C 
and anti-epitope B1 mAb did  not trigger  aggregation, 
those mAb blocked aggregation induced by anti-epi- 
tope A or B2 mAb. In  addition,  anti-epitope A mAb 
blocked  B2-induced aggregation,  and  conversely,  anti- 
epitope  B2 mAb blocked  A-induced  aggregation. Fur- 
ther evidence  for  multiple VLA-4 functions is that  anti- 
Fn  and anti-VCAM-1  antibodies  inhibited binding  to 
Fn  or  to VCAM-1, respectively,  but  did  not  affect VLA- 
4-mediated  aggregation.  In  summary,  we  have  dem- 
onstrated  that  there are at  least  three  different VLA- 
4-mediated  adhesion  functions,  we  have  defined three 
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distinct VLA-4 epitopes, and  we  have  correlated  these 
epitopes  with  the  different  functions of VLA-4. 

The very late  activation  antigens (VLA)’ constitute  the p l  
subfamily of integrin  adhesion  receptors, classically defined 
by six different (Y chains (a1 to a6) that  share a  noncovalently 
linked common p chain,  termed pl (1, 2). Recently, novel 
associations of a and p subunits  have been  found, which 
expand  the molecular and  functional  repertoire of  VLA inte- 
grins (3-7). 

Although most members of the VLA family  have been 
involved  in cell-extracellular  matrix  interactions  (1,2,8), only 
VLA-4 has been  conclusively  shown to  participate  in  both 
cell-extracellular  matrix  and cell-cell adhesive interactions 
(9). In  particular, VLA-4 has been demonstrated  to serve as 
a  receptor for  an Arg-Gly-Asp-independent site of plasma  Fn, 
namely CS-1 (10-12), as well as for the cell surface molecule 
VCAM-1, a member of the immunoglobulin  superfamily ex- 
pressed  on  cytokine-activated  endothelial cells (13-15). In 
addition,  murine VLA-4 has  also been  implicated in lympho- 
cyte  adhesion  to Peyers’ patch high endothelial venules (3, 
16). More  recently, VLA-4 has been found  to  mediate  inter- 
cellular adhesion of leukocytes  based on  the ability of specific 
anti-VLA-a4 mAb to trigger  homotypic cell aggregation via 
an LFA-l/ICAM-l-independent mechanism (17, 18). 

In  the  present  report, we use  a panel of anti-VLA-a4 mAb 
to  correlate topographically distinct  antigenic  sites  on  the 
VLA-a4  chain  with  different  adhesion  functions mediated by 
VLA-4. Thus, evidence  for at least  three  distinct VLA-4- 
dependent  adhesion  activities is clearly established,  and  the 
existence of additional cellular ligand(s) for VLA-4 is also 
strongly suggested. 

MATERIALS  AND  METHODS 

Cells-The human B-cell line Ramos, derived  from  a  Burkit.t 
lymphoma, was obtained from the American Type  Culture Collection 
(Rockville, MD)  and was grown in  RPMI 1640 medium (Flow Labor- 
atoires,  Irvine,  Scotland)  supplemented  with 10% fetal calf serum 
(Flow Laboratoires), 2 mM L-glutamine, and 50 pg/ml  gentamicine. 
COS7 cells were transfected by spheroplast fusion as described pre- 
viously (13).  Transfectant COS  cells and  HUVECs were subcultured 
as  indicated  (13). 

The abbreviations used are: VLA, very late  activation  antigen; 
Fn,  fibronectin;  FN-40,  38-kDa  fragment of plasma  Fn;  HUVEC, 
human umbilical vein endothelial cell; ICAM-1, intercellular  adhesion 
molecule-I;  LFA-1, lymphocyte function-associated  antigen-1; mAb, 
monoclonal antibody(ies); VCAM-1,  vascular cell adhesion molecule- 
1; TNF,  tumor necrosis factor. 
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mAb and Fn Fragments-mAb HP1/1,  HP1/2,  HP1/3,  HP1/7, 
HP2/1, HP2/4, HP2/7, B-5G10, B-5E2, P4C2, L25, and 8F2 directed 
against the VLA-a4 chain (CD49d) have been described previously 
(IO, 19-22). mAb HP2/6 and MC3/2 were obtained from fusions with 
spleen cells of  mice immunized with JM or phorbol 12-myristate 13- 
acetate + anti-CD3-activated T cells, respectively, and also  recognize 
the VLA-a4 chain. mAb TS2/16 recognizes the VLA-p chain (CD29) 
(23),  and mAb TS1/18 is specific for the (CD18) chain of the LFA 
integrin family (24). mAb  4B9 is directed against the VCAM-1 antigen 
(25), and anti-Fn antiserum was obtained from Telios Pharmaceuti- 
cals  (San Diego,  CA). The 38-kDa Fn fragment was prepared by 
tryptic digestion of human plasma Fn  as previously described (26). 

mAb Radiolabeling and Cross-competitive mAb  Cell Binding Assay- 
Protein A-Sepharose (Pharmacia  Fine Chemicals, Uppsala, Sweden) 
purified mAh  were radioiodinated in solution with chloroglycoluril 
(IODO-GEN, Pierce Chemicals Co.) (19). For cross-competitive mAb 
cell binding assays, Ramos cells were preincubated in RPMI  (5 X 
106/ml) with an excess of unlabeled mAb (1:lO or 1:lOO final dilution 
of culture supernatant or ascites-containing mAb, respectively) for 
30 min at 4 "C. Then, '2sI-labeled mAb  were added and incubated for 
another 30 min at 4 "C. After that, unbound radioactivity was re- 
moved by three washes in RPMI, and cell-bound radioactivity was 
measured in a y counter. 

Protease Cell Treatment and Immunofluorescence Flow Cytometry 
Analysis-Ramos cells (3 X 106/ml) were incubated at 37 "C for 30 
min in phosphate-buffered saline containing the indicated concentra- 
tion of Pronase (Sigma). Then, cells were washed three  times and 
incubated with mAb-containing culture supernatant or ascites, fol- 
lowed  by washing and labeling with fluorescein isothiocyanate-labeled 
goat anti-mouse Ig. Samples were analyzed by  flow cytometry in an 
EPICS-C cytofluorometer (Coulter Scientific, Harpeaden, United 
Kingdom). 

Aggregation  Assays-Homotypic aggregation assays were per- 
formed as described (17). Briefly, Ramos cells were incubated in 
duplicate at 2 X 106/ml in RPMI 1640 supplemented with 5% fetal 
calf serum, 2 mM L-glutamine and 50 pg/ml gentamycin in the 
presence of mAb-containing 1: lO or 1: lOO final dilution of culture 
supernatant or ascites, respectively (100 p1 final volume). Cells  were 
allowed to settle  into  a cell incubator at 37 "C and 5% CO, atmos- 
phere, and aggregation was determined after  3  h by visualization of 
the plate with an inverted microscope and counting the free cells of 
a t  least five randomly chosen areas of  0.5 mm, delimited by a special 
mask under the plate. Percent aggregation was determined by the 
following equation: percent aggregation = 100 x (1 - (number of free 
cells)/(total number of cells)). 

Cell Attachment Assays to Fn  and to  COS and HUVEC Mono- 
layers-For  cell attachment  to  the 38-kDa Fn fragment, flat-bottomed 
96-well microtiter plates  (Costar Corp., Cambridge, MA)  were coated 
with 100 pl of 0.1 M NaHC03 containing 10 pg/ml of 38-kDa Fn 
fragment for 2 h at 37 "C and  then with RPMI 1% bovine serum 
albumin (attachment medium) for 1 h at 37 "C. For attachment of 
suspended cells to COS and HUVEC monolayers, confluent mono- 
layers of HUVECs activated with TNF-a (10 ng/ml, 72 h) (Biogen, 
Cambridge, MA) and VCAM-1- transfected COS cells were prepared 
in 48-well plates as describedpreviously (13). Ramos cells were labeled 
with "Cr  for 4  h, washed, and resuspended in attachment medium 
( lo6 cells/ml). Radiolabeled cell suspensions were plated  in  triplicate 
on 38-kDa Fn fragment-coated plates (100 pl final volume), or on 
HUVEC or  COS monolayers (250 pl final volume). After 30-min 
incubation at 37 "C  (Fn binding assay) or 15-min incubation at room 
temperature (monolayer binding assay), unbound cells were  removed 
by three washes with attachment medium. Bound cells were  lysed 
with 0.1% sodium dodecyl sulfate and 0.1 N NaOH, and radioactivity 
was measured in a y counter. For antibody inhibition of cell attach- 
ment, Ramos cells were preincubated with 1: lO or 1:lOO final dilution 
of culture supernatant or ascites-containing mAb, respectively, for 30 
min at room temperature. Anti-Fn  antiserum and anti-VCAM-l mAb 
were preincubated with the Fn-coated and monolayer plate for 30 
min at room temperature, prior to  the addition of labeled Ramos 
cells. 

RESULTS 

Epitope Mapping of the VLA-a4 Zntegrin Subunit-To 
study  structure-function relationships of the integrin VLA-4, 
the antigenic sites within the VLA-a4 subunit were charac- 
terized. A wide panel of unlabeled mAb  was tested for the 

ability to inhibit binding by eight different lZ5I-labeled anti- 
VLA-4  mAb (i.e. HP1/1, HP1/2, HP1/7, HP2/1, HP2/4, L25, 
B-5G10, and B-5E2) to  the B- lymphoblastoid cell line Ramos 
(Table  I). On the basis of this  inhibition, all anti-VLA-4 mAb 
clustered into  three  distinct classes: group 1 mAb (epitope A) 
inhibited binding of labeled HP1/1  and HP1/7; group 2 mAb 
(epitope B) blocked attachment of HP1/2,  HP2/1, HP2/4, 
and L25; and group 3 mAb (epitope C) inhibited binding of 
B-5G10 and B-5E2 (Table I). The anti-VLA-Pl mAb TS2/16 
did not block attachment of any of the radiolabeled anti-VLA- 
a4 mAb (Table I). Next, we examined the protease sensitivity 
of these different VLA-a4 epitopes. Ramos cells were incu- 
bated with increasing concentrations of Pronase,  and mAb 
reactivity was measured by  flow cytometry. As observed in 
Fig. 1, both epitopes A and  B were readily removed by the 
Pronase  treatment. By contrast, the reactivity of anti-epitope 
C mAb  was not abrogated by such treatment.  Thus,  three 
distinct epitopes, termed A, B,  and C, have been defined in 
the VLA-a4 subunit on the basis of  mAb cross-competition 
and  protease digestion sensitivity. 

Functional Mapping of VLA-4-induced Cell Aggregation- 
To determine the involvement of the different antigenic sites 
on VLA-4 in homotypic cell aggregation, the ability of the 
panel of anti-VLA-4 MAb to induce aggregation of Ramos 
cells was analyzed. Whereas all mAb directed to epitope A 
were capable of inducing aggregation of Ramos cells, only a 
subgroup of  mAb to epitope B, including HP2/4  and L25, 
caused cell aggregation (Fig. 2).  The P4C2  mAb,  known to 
recognize epitope B  (Table I), also strongly stimulated aggre- 
gation (not  shown),  consistent with its recognition of a B2 
epitope. Anti-epitope C mAb  were completely ineffective in 
promoting cell aggregation, as were  mAb directed to  the VLA- 
p subunit  (TS2/16), the integrin p2 subunit  (TS1/18),  and 
the cytokine-inducible endothelial molecule  VCAM-1 (4B9), 
as well as  a polyclonal antiserum  against  Fn (Fig. 2). Because 
the B-cell line Ramos expresses VLA-4 but no other VLA 
proteins  (14),  it  appears that other VLA components are  not 
necessary for induction of aggregation through VLA-4, in 
agreement with previous results (17, 18). 

Cross-inhibition experiments showed that cell aggregation 
induced by epitope A mAb (e.g. HP1/7) was unaffected by 
other mAb directed to epitope A but was strongly inhibited 
by  mAb to epitopes B  and C, as well as by the anti-VLA-P 
mAb TS2/16 (Fig. 3A).  No inhibition of epitope A-induced 
aggregation was observed with either  anti-integrin p2  mAb 
(TS1/18), anti-VCAM-1 mAb (4B9), or  anti-Fn antiserum 
(Fig. 3A) .  In  contrast, epitope B-induced cell aggregation (e& 
HP2/4) was inhibited by  mAb directed to epitopes A and C, 
as well as by the anti-epitope  B mAb HP1/2  and  HP2/1 and 
also by the anti-VLA-/3 mAb TS2/16 (Fig. 3B) .  Aggregation 
induced through epitopes A or  B could also be cross-inhibited 
when inhibitory mAb  was added to preformed cell aggregates, 
indicating that  the aggregation process is reversible (data  not 
shown). However, no inhibition of aggregation was apparent 
with HP2/4, L25, TS1/18 (anti-integrin p2), 4B9 (anti- 
VCAM-l), or anti-Fn (Fig. 3B) .  Consequently, two epitope B 
functional subgroups (called B1  and B2) can be defined based 
on the ability of some B mAb ( i e .  HP2/4, L25, and P4C2) to 
trigger cell aggregation (epitope B2), whereas other  B mAb 
(i.e. HP1/2  and  HP2/1) fail to promote aggregation (epitope 
Bl),  but  instead  inhibit epitope A- and epitope B2-induced 
aggregation. 

Correlation between  VLA-a4 Epitopes  and VLA-4  Interac- 
tion  with Plasm Fn and VCAM-1"To determine which 
epitopes in  the VLA-a4 subunit  are involved in cell attach- 
ment to  Fn, inhibition experiments were carried out. Adhesion 
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TABLE I 

Topographic  epitopes  defined on  the VLA-a4 subunit 
Binding of lZ5I-labeled purified mAb to Ramos cells was inhibited by preincubation with an excess of competitor 

mAb, as described under “Materials  and Methods.” No inhibition and 100% inhibition were determined with the 
P3X63 control mAb and  the homologous  mAb, respectively. Data are expressed as mean of three  separate 
experiments. B1 and B2 epitopes are topographically indistinguishable and are defined based on the ability of  mAb 
to trigger homotypic cell aggregation, as described in Fig. 2. 

Unlabeled mAb 
(isotype) 

lz5I-Labeled mAb 

HP1/1 (A) HP1/7 (A) HP1/2 (B) HP2/1 (B) HP2/4  (B) L25 (B) B-5GlO (C) B-5E2 ( C )  
Epitope 

HPl / l  (IgG1)  (100) 100 3 5 
HP1/3 (IgG3) 100  100 0 10 
HP1/7 (IgG1) 100 (100) 0 0 
HP2/6 100 98 3 0 
HP2/7 (IgG2a) 98 95 0 3 
MC3/2 (IgGl) 100 100 0 7 
HP1/2 (IgG1) 3 8 (100) 100 
HP2/1 (IgG1) 0 0 100 (100) 
HP2/4 (IgG1) 0 0 93 97 
L25 (IgG2b) 10 5 97 100 
P4C2 4 95 
B-5G10 (IgG1) 7 5 5 3 
B-5E2 (IgG1) 10 5 5 10 
8F2 (IgG1) 7 10 0 6 
TS2/16 (IgG1) 0 0 0 0 

% inhibition 

- 

-0- 6-5E2 - 6-5010 

0 25 50 75 100 0 25 50 79 100 
. .  

Pronase  Concentration (pg/ml) 

FIG. 1. Dose dependence of loss of the distinct VLA-a4 epi- 
topes by protease treatment. Ramos cells were incubated with 
Pronase at indicated concentrations, and reactivity of the distinct 
anti-a4 mAb  was measured by  flow cytometry. Data are expressed as 
percentage of relative expression with respect to untreated cells, 
calculated from percentage of positive cells values of two separate 
experiments. Epitopes B1 and B2 are defined based on the ability of 
mAb to trigger cell aggregation, as described in Fig. 2. 

of Ramos cells to a 38-kDa Fn fragment containing CS-1 
(herein called FN-40) was almost completely inhibited by 
mAb against epitope B (>go% inhibition), was  only partially 
inhibited (30-65% inhibition) by  mAb to epitope A, but was 
largely unaffected ( 4 0 %  inhibition) by  mAb directed to 
epitope C (Fig. 4A). Inhibition experiments using anti-VLA- 
4 mAb  were also conducted to determine the involvement of 
different VLA-a4 epitopes in VLA-4 binding to VCAM-1. 
Anti-epitope A or C mAb  were mostly ineffective as  inhibitors 
of Ramos cell attachment to VCAM-1, whether this molecule 
was expressed on either COS cells transfected with VCAM-1 
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Epitope: A E1 E2 C 
FIG. 2. Triggering of leukocyte homotypic aggregation by 

mAb against different VLA-a4 epitopes. Ramos cells were in- 
cubated for 3 h in the presence of the distinct mAb, and  percent & 
S.D. of aggregation was calculated as described under “Materials and 
Methods,” from the mean values of at least three separate experi- 
ments. 

cDNA (Fig. 4B) or on human umbilical vein endothelial cells 
(HUVEC) activated with TNFa (Fig. 4C). In contrast to  anti- 
epitope A and  C mAb,  mAb against epitope B almost com- 
pletely blocked adhesion to VCAM-1-transfected COS cells 
(Fig. 4B)  and to  TNFa-treated HUVEC (Fig. 4C). There was 
some variability in the results, possibly  due to differences in 
VCAM-1 surface density in the two systems. As shown, the 
anti-VCAM-1 mAb (4B9) inhibited cell attachment  to 
VCAM-1, but  not to FN40, whereas anti-Fn sera inhibited 
attachment  to FN40, but  not to VCAM-1  (Fig. 4). In conclu- 
sion,  anti-epitope B mAb were potent  inhibitors of  VLA-4- 
mediated adhesion to both  FN-40  and VCAM-1, anti-epitope 
A mAb partially inhibited attachment  to FN-40, but did not 
affect cell binding to VCAM-1, and  anti-epitope  C mAb  were 
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100 

(induced  by  anti-A, HPln) I A. 

T T  
3. 

Epitope: A 81 82 C 

FIG. 3. Inhibition of anti-VLA-4 mAb-triggered homotypic 
aggregation. Cell aggregation was triggered by HP1/7 (epitope A) 
( A )  or HP2/4 (epitope B2) ( B )  anti-VLA-a4 mAb in the presence of 
the other different mAb, and percent +_ S.D. of aggregation was 
calculated as described under “Materials and Methods,” from the 
mean values of at least three  separate experiments. 

completely ineffective as  inhibitors of either  interaction with 
FN-40 or  VCAM-1. 

DISCUSSION 

The results of the immunochemical and functional epitope 
mapping studies presented herein are summarized in Table 
11. As shown, VLA-4-mediated aggregation, attachment to 
FN-40,  and adhesion to VCAM-1 can each be inhibited  in- 
dependently, indicating that these  are  three  distinct functions. 
Furthermore, since there  are mAb  which  block aggregation, 
but do not trigger aggregation (Table 11), these two aspects of 
aggregation may  be considered to be functionally distinct, 
thus giving a  total of four different VLA-4-related functions. 

The relationship between these multiple VLA-4 functions 
and  distinct epitopes on the VLA-a4 chain  has been deter- 
mined. In addition to  the previously defined epitopes A and 
B  (19),  a different epitope C  has now been defined by using 
both cross-competition and protease sensitivity criteria,  and 
we have shown that each of these  three epitopes has a different 
pattern of functional involvement. Notably, epitope C  appears 
to be involved in inhibition of VLA-4-mediated aggregation, 
although it is not involved in triggering cell aggregation nor 
adhesion to FN-40 or VCAM-1 (Table 11). In contrast, epitope 
B2 is involved in all four functions, epitope B1  contributes to 
three functions, and epitope A  is involved in two functions, 
as well as having a  partial role in  a  third (adhesion to FN- 
40). Epitopes B1  and B2 are  not topographically distinguish- 
able but  are subdivided based on their differential ability to 
induce cell aggregation. 

Anti-epitope B2  mAb  were able to induce homotypic cell 

100 

80 

60 

40 

20 

A 

- 150 t T COSNCAM-1 1 

120 1 HUVEC I C  
100 

80 

60 

40 

20 
0 

FIG. 4. Inhibition of VLA-4-mediated adhesion to  FN-40 
and VCAM-1 by mAb against  different VLA-a4 epitopes. 
Ramos cells were incubated on either FN-40-coated plates ( A ) ,  COS 
monolayers transfected with VCAM-1 cDNA ( B ) ,  or HUVEC-acti- 
vated with TNFa ( C ) ,  in the presence of anti-VLA-4 mAb as de- 
scribed in “Materials and Methods.” Data  are expressed as percent 
of adhesion ? S.D. relative to  that obtained in the presence of the 
P3X63 control mAb, calculated from the mean of at least three 
separate experiments. 

aggregation and also inhibited cell binding to both  FN-40  and 
VCAM-1, indicating that VLA-4-mediated aggregation can be 
triggered through an epitope overlapping with the binding 
sites for Fn  and VCAM-1.  On the other  hand, mAb to epitope 
C blocked VLA-4-mediated aggregation, but  not adhesion to 
FN-40  or VCAM-1, and  neither  anti-Fn  antisera, soluble FN- 
40, nor anti-VCAM-1 mAb (4B9) blocked such aggregation 
(Table I1 and  data not  shown),  thus indicating that VLA-4 
interaction with Fn or VCAM-1 is not required for the trig- 
gering of cell aggregation by anti-VLA-a4 mAb. Consistent 
with these observations, no expression of the VCAM-1 anti- 
gen has been detected on U-937 and Ramos cell lines, both of 
which readily aggregate in response to anti-VLA-a4 mAb, and 
this aggregation can be observed in medium not containing 
Fn  (data not shown). Together  these findings indicate that 
other unknown cell surface ligand(s) probably exist for VLA- 
4. Since mAb  which  block VLA-4-mediated aggregation also 
have been shown to inhibit T-lymphocyte cytotoxicity (27, 
281, it  is possible that T cell-target cell interactions  during 
cytotoxicity could involve the same unknown ligand(s) for 
VLA-4 that are involved in homotypic aggregation. 

Because cell aggregation induced through epitope A or B2 
is inhibited or reversed by antibodies to other a4 epitopes, we 
suggest that a physiological mechanism may exist whereby 
VLA-4-dependent aggregation is regulated. In  this regard, the 
reversibility of T-cell adhesion properties mediated by D l  and 
D2 integrins upon activation through the CD3  complex has 
been demonstrated (29-31). 
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TABLE I1 
Functional epitope mapping of anti-VU-4 mAb 

Inhibition of aggregation 
Antibodies VLA-4 Triggering of cell triggered b p  

epitope  aggregation" 
HP1/7 (A) HP2/4 (B2) 

HP1/1, HP1/3,  HP1/7,  HP2/6,  HP2/7, MC3/2 A + - + 
HP1/2, HP2/1 B1 - + + 
HP2/4, L25, P4C2 B2 + + 

+ + 
Anti-Fn - - 
Anti-VCAM-1 (4B9) 

B-5G10, B-5E2, 8F2 
- 

C - 
- 

- - - 

Inhibition of binding Inhibition of binding 
to FN-40' to  VCAM-l* 

+ 
I 

+ 
+ + 

- 

- 
+ 

- 
- 

- + 
+, >50% of the cells aggregated after 3 h. 
-, (20% inhibition; +, 30-65% inhibition; +, >80% inhibition. 

In a previous study, VLA-4-mediated binding  to VCAM-1 
or to  FN-40 was found to  be independently  inhibitable  (by 
mAb  HP1/3 or soluble FN-40, respectively), and  thus  it was 
suggested that  there  are two distincts VLA-4 ligand binding 
sites  (14).  Here,  in  contrast  to  the previous results  (14),  it  is 
shown  that mAb HP1/3  (and  other  anti-epitope A  mAb) can 
partially block FN-40 binding, but  not VCAM-1  binding. One 
possible explanation for this  discrepancy may be that  anti- 
epitope A mAb are a little more  effective as  inhibitors of 
VCAM-1 binding when incubated at  37 "C (as  in  the  previous 
study)  rather  than  at room temperature  (as  in  this  study). 
Regardless of the  reason  for  the  contrasting  inhibition  results 
previously  observed, the  results  in  the  present  study  confirm 
and  extend  the  essential  finding  that VLA-4 binding  to 
VCAM-1 and FN- 40 is  independently  inhibitable. 

Certain  anti-VLA-4 mAb can  inhibit  all  the VLA-4-me- 
diated  functions,  indicating  that  binding  sites  for  different 
ligands,  although  distinct,  are located in  the  same region. In 
studies involving  two other  integrins,  ligand  binding  sites 
have been localized to  the  NH2-terminal  portion of chains,  in 
the region of the  divalent  cation  sites (32, 33). Furthermore, 
the existence of mAb which trigger cell aggregation and  spe- 
cifically recognize divalent  cation-dependent  epitopes  on 
chains of  /32 or /33 integrins  has  been  reported  (34,35).  Thus, 
we would expect  epitopes A and B in a4  to  be similarly  located 
in  the  NH2-terminal half of the molecule. Consistent  with 
this,  immunoprecipitations utilizing  mAb directed  to  epitopes 
A and B have yielded more of the  NHa-terminal  80-kDa 
fragment of the  a4  chain  than  the  COOH-terminal  70-kDa 
fragment (19, 21). Furthermore, as we have shown  (Fig. l), 
epitopes A and B, but  not  epitope C, are easily  removed  by 
protease digestion,  suggesting that  both A and B epitopes  are 
externally located to  epitope C on  the  a4 molecule, and 
confirming  the  existence of structurally differences  between 
these  three a4  epitopes. 

I t  is  clear from the  present  studies  that  the D l  subunit of 
VLA-4 also  plays  a  role in VLA-4-mediated cell aggregation, 
as well as  in  adhesion  to VCAM-1 and  to  FN-40 (11, 25). 
Thus,  as  has been established for other  integrins,  the VLA-4 
ligand binding  sites  are probably  located on a multifunctional 
domain formed by the  contribution of both a and /3 chains. 
Having shown in  this  report  that  the multiple VLA-4 func- 
tions  are  mediated by overlapping, but  distinct  epitopes, we 
can now predict  that  it will be possible to design therapeuti- 
cally useful reagents which would selectively block or trigger 
individual VLA-4 functions  without  affecting  others. 
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