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Inflammation Dampened by 

Gelatinase A Cleavage of 


Monocyte Chemoattractant 
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Tissue degradation by the matrix metalloproteinase gelatinase A is pivotal t o  
inflammation and metastases. Recognizing the catalytic importance of sub- 
strate-binding exosites outside the catalytic domain, we screened for extra- 
cellular substrates using the gelatinase A hemopexin domain as bait in  the yeast 
two-hybrid system. Monocyte chemoattractant protein-3 (MCP-3) was iden- 
tified as a physiological substrate of gelatinase A. Cleaved MCP-3 binds t o  
CC-chemokine receptors-I, -2, and -3, but no longer induces calcium fluxes or 
promotes chemotaxis, and instead acts as a general chemokine antagonist that 
dampens inflammation. This suggests that matrix metalloproteinases are both 
effectors and regulators of the inflammatory response. 

Degradomics, the identification of biologically 
relevant substrates for the increasing number of 
recognized proteinases, is a challenge of pro- 
teomics. Although yeast two-hybrid screening 
( I )  has identified intracellular protein-protein 
interactions, a screening rationale with a pro- 
teinase catalytic domain as target is tenuous 
because cleavage of library-encoded substrate 
would preclude detection. Therefore, to identify 
potential matrix metalloproteinase (MMP) sub-
strates, we used a substrate-binding exosite do- 
main, the hemopexin COOH-terminal (C) do- 
main (2, 3), that is structurally and functionally 
distinct from the catalytic domain in a two- 
hybrid screen. Collagen binding by this domain 
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of collagenolytic MMPs is a prerequisite for 
cleavage. Therefore, other proteins that bind to 
this domain may also be MMP substrates. 

To determine the suitability of the two-
hybrid system for extracellular proteins, we as- 
sessed the interaction between the single-disul- 
fide-bonded gelatinase A (MMP-2) hemopexin 
C domain and the C domain of the tissue inhib- 
itor of metalloproteinase-2 (TIMP-2), which 
contains three disulfide bonds. Deletion (4 ) and 
domain-swapping (5) studies indicate that these 
domains interact in the cellular activation and 
localization of gelatinase A to cell surface mem- 
brane type (MTtMMPs ( 6 ) .Association was 
detected (Fig. 1, A and B), indicating that in 
yeast at 30°C, a stable, functional protein fold in 
domains that normally contain disulfide bonds 
was acheved. 

A cDNA library was constructed from 
human gingival fibroblasts treated with con- 
canavalin A (Con A), a stimulant of extracel- 
luar matrix degradation through the activa- 
tion of gelatinase A (7).  Using the human 
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gelatinase A hemopexin C domain in yeast 
two-hybrid screens, we identified monocyte 
chemoattractant protein-3 (MCP-3) as a po-
tential binding protein (Fig. l ,  A and B). 
MCP-3 is one of several tissue-derived CC-
chernokinesthat recruits monocytes and other 
leukocytes in inflammationand osteosarcoma 
(8). The hemopexin C domain had a compa-
rable interaction with both MCP-3 and the 
TIMP-2 C domain (Fig. 1B). Chemical cross-
linking of synthetic MCP-3 to recombinant 
hemopexin C domain verified this interaction 
(Fig. 1C). The cross-linked MCP-3-he-
mopexin C domain had the mass of a 1: 1 
bimolecular complex, whereas MCP-3 alone 
was not cross-linked. Furthermore, the he-
mopexin C domain showed saturable binding 
to MCP-3 by an enzyme-linked immunosor-
bent assay (ELISAFbased binding assay 
(Fig. ID). Absence of binding by recombi-
nant gelatinase A collagen binding domain 
protein (9) composed of three fibronectin 
type I1 modules confirmed specificity. Full-
length gelatinase A also bound MCP-3 (Fig. 
2A), whereas truncated gelatinase A lacking 
the hemopexin C domain (N-gelatinase A) 
did not (Fig. 2B). No interaction was ob-
served between gelatinase A and the related 
CC-chemokine, MCP-1. As controls, full-
length and N-gelatinase A did bind to gelatin 
and TIMP-2 by the collagen binding domain 
and active site (IO), respectively. Hence, 
these data demonstrate a specific requirement 
for the hemopexin C domain of gelatinase A 
for binding MCP-3. 

Incubation of MCP-3 with recombinant 
gelatinase A resulted in a small but distinct 
increase in electrophoretic mobility of 
MCP-3 on tricine gels (Fig. 2C) that was 
blocked by the MMP-specific inhibitor 
TIMP-2 and the hydroxamate inhibitor BB-
2275. Exogenous recombinant gelatinase A 
hemopexin C domain decreased MCP-3 
cleavage, whereas the collagen binding do-
main had no effect (Fig. 2C). In addition, the 
k,,JK, decreased from 8000 M-I s-I for 
full-length gelatinase A cleavage of MCP-3 
to 500 M- s- forN-gelatinase A, confirm-
ing the mechanistic importance of the he-
mopexin C domain exosite in MCP-3 degra-
dation. These kinetic parameters for full-
length gelatinase A cleavage of MCP-3 were 
higher than for denatured type I collagen 
(gelatin), 7580 M-I s-' (II), indicating that 
MCP-3 should be efficiently cleaved in vivo. 
Indeed, MCP-3 but not MCP-I was cleaved 
by cultured human fibroblasts after Con 
A-induced gelatinase A activation (Fig. 2D). 
Cleavage of MCP-3 by other MMPs was also 
examined (12). Although gelatinase A was 
the most efficient of these proteinases, colla-
genase-3 (MMP-13) and MTI-MMP (MMP-
14) also processed MCP-3, further favoring 
the cleavage of MCP-3 in vivo. However, 
MCP-3 was not a general MMP substrate 

Fig. 1. MCP-3 interac-
tions with the gelati-
nase A hemopexin C 
domain (Hex CD). (A) 
In the yeast two-
hybrid assay only 
the yeast transfor-
mants Hex CDKIMP-2 
CD, Hex CDIMCP-3, 
and p53lSV40 (posi-
tive .control) showed 
growth on medium" 
lacking histidine. (B) 
P-Galactosidase levels 
in yeast expressing the 
indicated fusion pro-
teins. (C) Cross-linking 
of MCP-3 and recombi-
nant hemopexin C do-
main. MCP-3 alone, or 
in the presence of 0.5 
M eauivalent (+I.  1.0 

C 
MCP-3 + + + + + - -

Hex CD - - + ++H+H+H 
Glvtaraldehyde - + + + + + -

--"PI='* 

ccomplex 
w +HexCD 

D! 1.0i;TrlJJ 
P 
2 0.2
9 

0.0 
10-l2lo.1° loa lo6 lo4 

Protein Concenlration (M) 

M eqbivalent (j;),or 2.0 M equivalents (+ ++) of hemopexinC domain, was cross-linked with 0.5% 
glutaraldehyde for 20 min at 2Z°C. (D) ELlSA binding assay of 0.5 p g  of MCP-3 immobilizedonto a 
96-well plate and then incubated with recombinant gelatinase A hemopexin C domain or collagen 
binding domain (CBD). 

Fig. 2. Gelatinase A 
binding and cleavage of 
MCP-3. (A) Gelatin zy-
mography of enzyme 
capture film assay of 
pro- and active gelati-
nase A. Five micrograms 
each of bovineserum al-
bumin (BSA), gelatin, 
TIMP-2, MCP-1, and 
MCP-3 were immobi-
lized onto a 96-well 
plate. Recombinant g e  
latinase A was then 
overlaid for 2 hours and 
the bound protein ana-
lyzed by zymography. 
Overlay, recombinant 
enzyme used. (8) Gela-
tin zymographyas in (A), 
but with hemopexin C 
domain-truncated gela-
tinase A (N-gelatinase 
Al used as overlav. IC)

.# , ,
~hcinegel analysis of 
MCP-3 deavagebygela-
tinase A in the presence 
of equimolar amounts 
(relative to MCP-3) of 
recombinanthemopexin 
C domain (Hex CD), col-
lagen binding domain 
(CBD), IMP-2, or 10pM 
BB-2275 (British Biotech 
Pharmaceuticals, Ox-
ford, United Kingdom). 

progelatinase A 
gelatinaseA 

E 
Mass(Da) N-terminal sequencing-
8,935 Q-P-V-0-I-N-T-S- 14.5 

8.574 I-N-T-S-
1 5.8 

F 
MCP-1 MCP-2 MCP-3 MCP4----

gelatinaseA . + . + . + . + 
Q-P-D-A-I-N-A-P-V-T- MCP-1 

Q-P-A-S-V-S-I-P-I-T- MCP-2 
14.5 --- Q-P-V-(I-I-N-T-S-T-T- MCP-3 
5.8 Q-P-D-A-L-N-V-P-S-T- MCP-4 

(D) Tricine gel analysis 5 10 

of human fibroblast- .% BP$P$B$B$,e$$",?~peO ' 
IY*I

mediated MCP-3 cleav-
age. Fibroblastcultureswere treatedwith ConA for 24 hoursat 370C After a 16-hour incubationwith MCPs 
inthe presenceof the MMPinhibitorsindicated[concentrationsas in (C)], the conditionedculturemediawere 
analyzed by tricine SDSpolyacrylamide gel electrophoresis (PAGE). The masses of the MCP-3 forms in the 
culture media were measured by electrospray man spectrometry. (E) Electrospray mass spectrometry, 
NH2-terminalEdman sequencing, and tricine gel analysis of MCP-3 deavage products produced by recom-
binant gelatinase A activity. MCP-3 (5 pg) was incubated with 100 ng, 10 ng, 1 ng, 100 pg, 10 pg, 1 pg, or 
100fg of recombinant gelatinaseA for 4 hours at 37OC (F) Electrospray mass spectrometry and tricine gel 
analysis of MCP-1, -2, -3, and -4 after incubation with recombinantgelatinaseA for 18 houn at 37OC The 
NH2-terminalsequence of the MCPs is shown with the Gly-lle xissile bond in MCP-3 in bold. 

:iencemag.org SCIENCE VOL 289 18 AUGUST 2000 1203 



R E P O R T S  

because matrilysin (MMP-7), which lacks a 
hemopexin C domain, and the leukocyte 
MMPs-collagenase-2 (MMP-8) and gelati- 
nase B (MMP-9)-did not cleave MCP-3. 

To identify the cleavage site in MCP-3, 

Fig. 3. ldentification of in vivo human MCP-3- 
progelatinase A complexes and cleaved MCP- 
3(5-76) in human synovial fluid. (A) MCP-3 was 
immunoprecipitated with an anti-MCP-3 mono- 
clonal antibody from 200 p.1 of synovial fluid of a 
patient with seronegative spondyloarthropathy. 
Gelatin zymography (top) and Western blotting 
with rabbit anti-MCP-3(1-76) (bottom) of the 
complexes. (B) Characterization of affinity-puri- 
fied antibody raised against residues one to  five 
of MCP-3 [anti-(1-76)] and the neoepitope at 
residues five to  nine of MCP-3 [anti-(5-76)]. (C) 
ldentification of MCP-3(5-76) in human rheuma- 
toid synovial fluid. Total protein is shown after 
SDS-PAGE and Coomassie staining. Detection of 
full-length and gelatinase A-cleaved forms of 
MCP-3 in human synovial fluid by Western blot- 
ting with antibodies as indicated. Control blot 
indicates anti-(5-76) preadsorbed with synthetic 
MCP-3(5-76) before use. 

Fig. 4. Cellular respons- 
es to'  gelatinase A- 
cleaved MCP-3. (A) Loss 
of intracellular calcium 
mobilization by MCP-3 
after gelatinase A cleav- 
age. Fluo-3AM-loaded 
THP-1 monocytes were 
treated (arrows) with 5 
nM MCP-3 or MCP-1 
(top scans) or the re- 
spective chemokine in- 
cubated first with gela- 
tinase A for 18 hours 
(bottom scans). The 
data are presented as 
relative fluorescence 

we performed electrospray mass spectrosco- 
py. The mass of the gelatinase A-cleaved 
MCP-3 was 8574 daltons both in vivo (Fig. 
2D) and in vitro (Fig. 2, C and E), a reduction 
from the mass of the full-length molecule 
(8935 daltons) by the exact mass of the NH,- 
terminal four residues. NH,-terminal Edman 
sequencing confirmed the scissile bond to be 
Gly4-Ile5 (Fig. 2E), a preferred sequence for 
gelatinase A cleavage (13) that is absent in 
other MCPs not cleaved by gelatinase A (Fig. 
2F), including mouse MCP-3 (12). 

A monoclonal antibody to human MCP-3 
coimmunoprecipitated progelatinase A, but not 
the active enzyme, from the synovial fluid of an 
arthritis patient (Fig. 3A). Full-length MCP-3 
was identified in these immunocomplexes with 
an affinity-purified antibody raised against the 
NH,-terminal five residues of MCP-3 (Fig. 
3A). Gelatinase A-cleaved MCP-3 was also 
detected in human rheumatoid synovial flu- 
ids with affinity-purified anti-neoepitope 
antibody that recognizes the free amino 
group of the cleaved MCP-3 at Ile5, but not 
the full-length MCP-3 nor another truncat- 
ed MCP-3 (residues 9 to 76) used as con- 
trols (Fig. 3, B and C). Hence, these data 
demonstrate that MCP-3 interacts with and 
is cleaved by gelatinase A in vivo. 

MCP-3 binds leukocyte CC-receptor-1 
(CCR-I), -2, and -3 and mobilizes intracel- 
lular calcium, resulting in directed cell migra- 
tion of leukocytes. NH,-terminal truncation 
of synthetic MCP-1 and MCP-3 at different 
sites has variable effects on their agonist 
activity (14, 15). Gelatinase A-mediated re- 
moval of the first four residues of MCP-3 
resulted in the loss of CCR-1 and -2 activa- 
tion in THP-1 cells (16), a monocyte cell line 
that expresses these two receptors. Neither gel- 
atinase A-cleaved MCP-3 in the presence of 
1/1000 (mole ratio) gelatinase A (Fig. 4A) nor 
synthetic MCP-3(5-76) (MCP-3 residues 5 to 
76, corresponding to the gelatinase A-cleaved 
form) (Fig. 4B) elicited a calcium response. In 

A MCP9 MCP-I 

B 
MCP-3 MCP-I MDC 

MCPB (576) E 
-10 -9 -8 -7 -6 -5 

Concentration (log M) 

addition to loss of CCR agonist activity, MCP- 
3(5-76) antagonized the subsequent response 
not only to MCP-3, but also to MCP-1 (Fig. 4B) 
and macrophage inflammatory protein-la 
(MIP-la) (17). MCP-1 only binds CCR-2 and 
MIP-la binds to CCR-1 and CCR-5, confirm- 
ing the CCR-1 and CCR-2 antagonist activity 
of MCP-3(5-76). MCP-3(5-76) did not block 
the calcium response to macrophage-derived 
chemokine (MDC), which binds CCR-4, a re- 
ceptor not bound by MCP-3 (Fig. 4B). The 
physiological relevance of MCP-3 antagonism 
was confirmed by cell-binding assays (18). 
Scatchard analysis showed that synthetic MCP- 
3(5-76) bound THP-I cells with high afhity 
[dissociation constant (KJ = 18.3 nM], similar 
to that of M1-length MCP-3 (Kd = 5.7 nM) 
(Fig. 4C). In transwell cell migration assays 
(19), MCP-3(5-76) was not chemotactic, even 
in amounts 100-fold higher than M1-length 
MCP-3 (Fig. 4D). MCP-3(5-76) also func- 
tioned as an antagonist in a dose-dependent 
manner to inhibit the chemotaxis directed 
by full-length chemokine (Fig. 4D). Thus, 
MMP inactivation of MCP-3 also generates 
a broad-spectrum antagonist for CC-recep- 
tors that retains strong cellular binding af- 
finity and modulates the response to a num- 
ber of related chemoattractants. 

To examine the biological effects of gelati- 
nase A cleavage of MCP-3 in inflammation, we 
injected various mole ratios of full-length 
MCP-3 and gelatinase A-cleaved or synthetic 
MCP-3(5-76) into mice subcutaneously (20). 
Full-length, but not cleaved MCP-3, induced 
infiltration of mononuclear inflammatory cells 
with associated matrix degradation at 18 hours 
after injection (Fig. 5, A to D). A statistically 
significant reduction in the mononuclear cell 
infiltrate in response to as little as a 1 : 1 mixture 
of MCP-3(5-76) with MCP-3 was observed 
(Fig. 5E). In a separate mouse model of inflam- 
mation, the cellular infiltrate in 24-hour zymo- 
san A-induced peritonitis (21) was attenuated 
after intraperitoneal injection with MCP-3(5- 

emitted at 526 nm. (B) ( n w  

lntracellular calcium mobilization by MCP-3, MCP-1, and MDC. Fluo- MCP-1 (5 nM), or MDC (5 nM), as indicated (right arrow, top and bottom 
3AM-loaded THP-1 monocytes or a 0-cell line transfected with CCR-4 scans). (C) THP-1 cell receptor binding of MCP-3 and MCP-3(5-76). (D) 
(for MDC) were first exposed t o  either 0 nM (left arrow, top scans) or 500 Transwell assay of monocytes treated with MCP-3 and MCP-3(5-76) at 
nM MCP-3(5-76) (left arrow, bottom scans), followed by MCP-3 (30 nM), the indicated amounts. 
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Fig. 5. Animal responses 
epldermla (above) to gelatinase A-cleaved 

MCP-3. Light micrographs 
connacllve of H&E-stained subcuta- 

neous tissue sections (tis- 
sue region as shown) of 
mice injected with (A) sa- 
Enelbuffer control M, 

muncle muscle; A, adipocyte; C, 
loose connective tissue. 

o Bar, 20 mm.. (8) MCP-3. 
MCP-3 ~0 0 0 (C) ge~atinase 'A-cleaved 
MCP4 (5-76) 0 500 10002500 aM O MCP-3, or (D) 2:l molar 

(no) ratio of gelatinase A- 

i cleaved MCP-39ulCLength 
MCP-3. (E) After subcuta- 

neous injections with MCP-3 and MCP-3(5-76) mix- 
tures, the infiltrating mononuclear cells were enumer- 
ated and expressed as cells per 75,000 pm2 (n = 5, 
mean -C SD: P < 0.01 com~ared with MCP-31. (F and 

76). Consistent with morphometric examina- 
tion of the cell content in the -peritoneal cavity 
(Fig. 5, F and G), flow cytometric analysis (22) 
of peritoneal washouts showed that macro- 
phage (F4/80+) cell counts were reduced by 
-40% at both 2 and 4 hours after MCP-3(5-76) 
treatment (Fig. 5, F and G). 

Chemokine inactivation and clearance in 
vivo is not well understood (23). Although 
several examples are known in which metal- 
loproteinase activity activates cytpkines (24) 
and a-defensins (25), this study demonstrates 
the extracellular inactivation of a cytokine in 
vivo by MMP activity. The relative amounts 
of intact and cleaved MCP-3 that are present 
after pathophysiological cleavage regulate 
chemotaxis and the extent of inflammation. 
Identification of the importance of gelatinase 
A in the pathophysiological processing of 
MCP-3 reveals the intersection of two dis- 
tinct pathways that regulate the extracellular 
environment and the immune response. MMP 
expression is induced at foci of inflammation 
by leukocytic and stromal-derived cytokines. 
Notably, gelatinase A is derived largely frdm 
stromal cells and is not usually expressed by 
leukocytes (26); these cells express MMP-8 
and gelatinase B, both of which do not cleave 
MCP-3. Therefore, leukocyte proteolytic ac- 
tivity is unlikely to disrupt cognate chemo- 
kine gradients. Overall, the activity of several 
tissue-derived MMPs, and gelatinase A in 
particular, can contribute to the cessation of 

the host response, an important aspect of 
healing and tissue resolution. Because TGF-P 1, 
a growth factor that orchestrates wound repair 
(27), stimulates gelatinase A but represses other 
MMPs (28), the interactions of MMPs with 
chemokines provide a self-attenuating network 
to dissipate proinflammatoxy activities. There- 
fore, MMPs are both effectors and regulators of 
inflammation. 
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Modulation of Human Visual 
Cortex by Crossmodal Spatial 

Attention 
Emiliano ~ a c a l u s o , ~ ~ ~ *Chris D. Frith12Jon river' 

A sudden touch on one hand can improve vision near that hand, revealing 
crossmodal links in spatial attention. It is often assumed that such links involve 
only multimodal neural structures, but unimodal brain areas may also be 
affected. We tested the effect of simultaneous visuo-tactile stimulation on the 
activity of the human visual cortex. Tactile stimulation enhanced activity in the 
visual cortex, but only when it was on the same side as a visual target. Analysis 
of effective connectivity between brain areas suggests that touch influences 
unimodal visual cortex via back-projections from multimodal parietal areas. 
This provides a neural explanation for crossmodal links in spatial attention. 

Spatial attention picks out particular locations 
for further sensory processing. Most studies 
of spatial attention have considered only a 
single sensory modality at a time (1, 2), but 
crossmodal links have now been demonstrat-
ed psychophysically. For instance, a tactile 
cue at one location can improve discrimina-
tion for visual stimuli at that location relative 
to others (3, 4). This crossmodal effect arises 
even if the tactile cues are task-irrelevant and 
do not predict the location of the visual tar-
gets, suggesting an exogenous (stimulus-
driven) attentional mechanism. The neural 
basis of these crossmodal effects in humans 
remains unknown. It has generally been as-
sumed that they affect only multimodal neu-
ral structures (5-7), but recent accounts sug-
gest that back-projections from multimodal 
areas to unimodal areas may play a role 
(8-1 0).. , 

We used event-related functional magnet-
ic resonance imaging (fMRI) (11) to test 
whether tactile stimuli can spatially influence 
unimodal visual areas via back projections. 
On each trial, the participants (12) received 
visual targets in either the left or right hemi-
field in a manner that was unpredictable. On 
a randomly chosen half of the trials, this 
visual stimulus was coupled with concurrent 
tactile stimulation to the right hand (i.e., at 
the same external location as any right visual 
stimulation) (13). Four event types were or-

ganized in a 2 by 2 factorial design. One 
factor was the side of visual stimulation (right 
or left). The second factor was the occurrence 
of right tactile stimulation (present or ab-
sent). Our analysis first established the effect 
of lateralized visual stimulation on contralat-
era1 occipital areas. We then tested whether 
responses within these areas were modulated 
by the presence of tactile stimulation (14). 

Figure 1 shows activations due to the side 
of the peripheral visual stimulation. As ex-
pected, activations were found in contralater-
a1 occipital areas. The main effect of left 
hemifield visual stimulation was a cluster of 
activation in the posterior part of the right 
lingual gyrus, contralateral to the visual tar-
gets. The maximum activation was at x, y, 
z = 30, -84, -14 (Z score = 4.8; P-correct-
ed = 0.005). The reverse comparison showed 

Fig. 1. Effect of side of the visual 
stimulation.The effect of periph-
eral visual stimulation was pro-
jected on a rendered view of the 
canonical MNI brain template. 
The cerebellum was removed 
and the brain was tilted to allow 
a direct view of the ventral sur-
face of the occipital lobes. (A) 
Main effect of left versus right 
visual stimulation, Comparison 
of left versus right events (with 
and without tactile stimulation) 
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that stimulation in the right hemifield also 
activated the posterior part of the lingual 
gyrus, now in the left hemisphere (x, y, z = 
-24, -74, -10; Z score = 5.1; P-correct-
ed C0.001) (15). 

These symmetrical activations in the lin-
gual gyri define a brain response that is sen-
sitive to the side of our visual stimulation. We 
then examined the effect of concurrent right 
tactile stimulation on these contralateral re-
sponses by testing for the interaction between 
the side of the visual stimulation and the 
presence of touch. The analysis revealed am-
plification of visual response to lights on the 
right side by touch on the same side. The left 
lingual gyrus showed a significant interac-
tion, with the maximum at x, y, z = -18, -82, 
-6 (Z score = 3.2, P-corrected = 0.044) 
(Fig. 2). Thus, the left lingual gyrus not only 
responded to right visual stimulation, but did 
so more strongly with concurrent tactile stim-
ulation on the right (compare red curve with 
blue curve in left graph of Fig. 2C). Such 
modulation was not simply due to this brain 
area responding directly to touch. The cross-
modal amplification was spatially specific 
because bimodal stimulation that was spatial-
ly incongruent (i.e., adding right tactile to left 
visual stimulation) did not cause any signal 
increase in the same area (see magenta curve 
in right graph of Fig. 2C). 

By contrast, in the right lingual gyrus, 
responses to left visual stimuli tended to 
show a reverse pattern of suppression by right 
touch, though this was not significant. In a 
follow-up study, tactile stimulation was de-
livered to the left hand instead. This produced 
mirror-image results with significant cross-

Right lingual gyrusA 

4 P <0.001 

LLeft lingual gyrus 

P <0.001 
. . .-

revealed activation of the right 
lingual gyrus, contralateral to the visually stimulated side. The right middle and superior occipital 

'Institute of Cognitive Neuroscience, University Col- gyri showed a similar trend. (B) Main effect of right versus left visual stimulation. This comparison
legeLondon#UK.ZWellcOme also revealed activation of the lingual gyrus, now in the left hemisphere, contralateral to the 
Neurology, Institute of Neurology, London, UK. stimulated hemifield. The cluster was symmetrical to the ventral activation observed in the right 
*To whom correspondence should be addressed. E- hemisphere for the opposite comparison. Additionally, significant contralateral responses were 
mail: e.macaluso@fiI.ion.ucl.ac.uk observed (75)in the left middle and superior occipital gyri (not visible in this projection). 

1206 18  AUGUST 2000 VOL 289 SCIENCE www.sciencemag.org 


