
directly. It remains to be seen if substrate- 
induced orotein-orotein interactions also 
transmit other nutritional signals. Hexo- 
kinase-dependent glucose repression in 
yeast (2 1 ) and glucokinase-dependent reg- 
ulation of glucose homeostasis in mammals 
(22) are possible candidates. 
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Optical Imaging of Functional Organization in 
the Monkey lnferotemporal Cortex 
Gang Wang, Keiji Tanaka,* Manabu Tanifuji 

To investigate the functional organization of object recognition, the technique of 
optical imaging was applied to the primate inferotemporal cortex, which is thought to 
be essential for object recognition. The features critical for the activation of single cells 
were first determined in unit recordings with electrodes. In the subsequent optical 
imaging, presentation of the critical features activated patchy regions around 0.5 
millimeters in diameter, covering the site of the electrode penetration at which the 
critical feature had been determined. Because signals in optical imaging reflect av- 
erage neuronal activities in the regions, the result directly indicates the regional 
clustering of cells responding to similar features. 

Columnar organization, that is, the cluster- 
ing of cells with similar response properties 
in columns running orthogonal to the cor- 
tical surface. has been assumed to be a 
general architecture in the neocortex ( I ) .  
However, the evidence for this is almost 
entirely limited to the lower stages of sen- 
sory pathways. The anterior part of the 
inferotemporal cortex (the anterior IT) rep- 
resents the final stage of the visual pathway, 
which is critical for object recognition. Pre- 
vious unit recording experiments have 
shown that cells in the anterior IT selec- 
tively respond to moderately complex visual 

features of objects (2-4) and that cells with 
similar selectivity cluster in columnar re- 
gions (4,  5). To confirm the columnar or- 
ganization in the anterior IT and to further 
study the spatial organization of the anteri- 
or IT columns, we used optical imaging (6). 
Optical imaging is complementary to unit 
recording for study of spatial organization 
because in optical imaging the local average 
of neuronal activities is measured simulta- 
neously over a wide cortical region (7). 

To find the visual stimuli that were ef- 
fective for activation of the region of the 
anterior IT to be subjected to optical imag- 
ing and to establish the relation between 
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ineffective for activating the single cells 
were used (10). The images were obtained 
without dye, with the use of reflected light 
at 605-nm wavelength (bandwidth, 10 nm). 
There is evidence that signals obtained at 
this wavelength originate mainly in chang- 
es in the oxidation level of hemoglobin in 
capillaries (1 1 ), although this remains con- 
troversial (1 2). In any case, it has been 
shown that increased neuronal activities re- 

site of the electrode penetration at which 
the critical feature was determined (the 
cross marks in Fig. 1 ) (1 6) .  

The stimulus selectivity of the darkening 
at narticular cortical sites is further shown 

peak ranged from 0.33 to 0.67 mm with a 
mean and SD of 0.49 and 0.1 1 mm, respec- 
tively. Because the metabolic change was 
expected to be observable only upon acti- 
vation of a large population of cells in the 

in Fig. 2 for two sites. Presentation of the 
critical features evoked a dark spot covering 
the site of penetration at which the critical 
feature had been determined for a recorded 
cell in one of the peceding unit recording 

region, these results suggest local clustering 
of cells responding to the same feature. The 
diameter of the spots roughly corresponded 
to the width of clusters of cells with similar 
selectivities that was determined in our pre- 
vious unit recording experiment (0.4 + 0.2 
mm) (4). The number of dark spots (with t 
values giving P < 0.01, in reference to the 
cocktail reference) evoked bv each critical 

sult in a decrease in the intensity of reflect- 
ed light (13). 

In the present study, the visual stimula- 
tion resulted in darkening of the entire 
image of the exposed anterior IT. This glob- 
al shift was specific to the visual cortex 
below the sunerior temnoral sulcus and was 

sessions, whereas the control stimuli proven 
to be ineffective for the activation of the 
cell did not cause a darkening at the site 
(Fig. 2. A and B). Because the critical fea- - .  
ture and control stimuli commonly evoked 
some darkening at some regions distant 
from the penetration site, a division be- 
tween two images showed a more isolated 
dark spot. The regions did not become dark 
at all or became very slightly dark upon 
oresentation of 11 other critical features 

feature within the imaged. region of the 
anterior IT (6.1 x 3.3 mm) varied from 2 to 
10. However, this does not indicate that all 
of these spots required the presence of all 
the features included in the stimulus to be 
evoked. Some of the spots may have been 
evoked by simpler features. Actually, in the 
two cases shown in Fig. 2,  a division of the 
image by the image evoked by a simpler 
stimulus that is a component of the critical 
feature reduced the number of dark spots to 

absent in the auditory cortex above this 
sulcus (14). In addition to this global dark- 
ening, presentation of the critical features 
specifically evoked the appearance of a few 
dark spots in the imaged region of the an- 
terior IT. The dark spots are thought to 
reflect local activation caused by presenta- 
tion of the visual stimuli for the following 
three reasons. First. the results are reoroduc- 

hetermined for cells recorded in different 
penetrations or presentation of other con- 
trol stimuli (Fig. 2C) ( 1  7). 

The dark spots were circular or elliptic, 
and the width at lle (-0.37) drop from the one or two. 

iblc. The images obtained during ;he first 
half of the stimulus renetitions and those Fig. 2. The correlation be- A 
obtained during the second half were very 
similar to each other (15). Second, the 
positions of the dark spots differed from 
stimulus to stimulus. The significant areas 
of the dark s ~ o t s  were determined bv sub- 

tween neuronal activities 
and optical changes, illus- 
trated for two cortical 
sites. (A) Poststimulus 
time histograms of re- 
sponses evoked in the cell 
for which the critical fea- 
ture was determined in 
the unit recording session 
(averaged over 10 trials, 
left) and the images 
evoked by the stimuli in 
the optical imaging ses- 
sion (right) are aligned. The 
numbers above the histo- 
grams represent the rela- 

tracting from the individual images the 
mean image ("cocktail reference") averaged 
over the images obtained for all the differ- 
ent stimuli combined in the series, and then 
calculating t values for individual pixels on 
the basis of pixel intensities in individual 
trials. The dark spots evoked by presenta- 
tion of different critical features covered 
different regions, although there were a few 
overlapping regions (Fig. 1). Third, one of 
the dark spots in each image covered the 

- - . . . . . . 
tive magnitude of the cell 1 m-, 1 rr- 
responses, and the un- 
derscores indicate the 1 -s 
period of stimulus pre- 
sentation. The red cross o 0 
marks in the images at 
riqht indicate the site of 
the penetration in which 
the cell was recorded. ~ q # J ~ ~ r [ 2 ~ ~  e e . . . ,::::= . . . . . . . . . . . . . . . .. .. . . . . . . . . . 
The image at the bottom ... . - 
(db) was obtained by di- e ! 
viding the image obtained 
with the critical feature (a) 
by that obtained with its 
control stimulus (b). (B) The same as (A) but for another cell and site. Shown are the image obtained with 
the critical feature (c), the images obtained with its control stimuli (d and e), and the division between c 
and d. (C) The level of darkening was calculated for the two regions [top left panel for the region shown 
in (A); top right panel for the region shown in (B)] in the images obtained with the critical feature 
determined at the site, with 11 other critical features determined for cells recorded in different penetra- 
tions, and with five simpler control stimuli (the 13th to 17th stimuli). The numbers along the x axis 
represent the stimulus number. To calculate the level of darkening (y axis), a spot was set around the 
penetration site, and the image intensity averaged over a ring-shaped region circumscribing the spot 
was subtracted from the image intensity averaged over the region within the spot. The values were 
normalized by the maximal darkness evoked by the critical feature at the site. The numbered stimuli are 
illustrated at the bottom. 

Fig. 1. Dependence of image pattern on visual 
stimuli. The contours of dark spots evoked by six 
different critical features (indicated by red, yellow, 
green, turquoise, indigo, and magenta) are super- 
imposed on the blood vessel image. The contours 
were defined by the distribution extents of pixels, 
with t values giving P < 0.05. The sites of the 
electrode penetrations at which the critical fea- 
tures were determined are indicated by cross 
marks of corresponding color. 
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In one electrode penetration, five cells same center regions (19). The activation of 
were recorded and all of them selectively these regions was specific to faces (20). 
responded to faces. Three of them respond- Presentation of the faces evoked a few other 
ed maximallv to the front face. whereas the dark swots at different locations. but the 
other two responded maximally to the pro- positiok of these spots did not move sys- 
file (lateral view of the face). Although we tematically with the rotation of the face. 
failed to identify the exact site of the pen- The latter results (shown in Fig. 3) sug- 
etration in this case, five different views of gest that there are continuous maps of re- 
the same doll face evoked overlapping dark lated features in the anterior IT. Whether 
spots around the site of the penetration 
(Fig. 3A). The contours of the spots, de- 
fined either by l/e drop from the peak or by 
the distribution extent of pixels with t val- 
ues giving P < 0.01 or P < 0.05, moved 
systematically in one direction as the face 
was turned from the left profile to the right 
profile through the 45" left, front, and 45" 
right faces. The length of the overall region 
along the direction of movement was 0.8 
mm for the l/e contours. 

Similar results, that is, the selective ac- 
tivation bv faces and svstematic shift of the 
activation spot with the viewing angle, 
were obtained in two other hemispheres 
(Fig. 3, B and C )  (18). In the case shown in 
Fig. 3C, nearly the same set of activation 
was repeated by the rotation of the doll face 
(left) and that of a living human face 
(right). The slight possibility that displace- 
ments of some part of the face that accom- 
wanied the rotation caused the shift of ac- 

the continuous mapping of related features 
is specific to different views of faces or is 
generally used in the anterior IT remains to 
be determined. as does whether or not a 
single map continues for a large region of 
the anterior IT. Considering the high di- 
mensionality of the feature space that the 
anterior IT has to represent, its map on the 
two-dimensional cortical surface should be 
divided into multiple compartments (21 ). 
The borders between the cortical regions 
representing related but different features 
were not discrete; there was overlapping of 
regions. Each of the cells in overlapping 
regions may have responded to the different 
stimuli without clear discrimination, or dif- 
ferent groups of cells responding to the 
different stimuli may have been intermin- 
gled in the region. An alternative possibil- 
ity that the apparent overlaps were caused 
by expansion of the metabolic changes be- 
vond neuronal activities is not likelv be- 

tivation was excluded because when the cause cells responding to the different stim- 
front face was shifted to three different uli were recorded in the same vertical pen- 
horizontal positions, it activated nearly the etration, as described above. 

Fig. 3. Systematic movement of the activation spot with rotation of the face. (A) Images of the same 
cortical area (middle panels) obtained for five different views of the same doll face (top panels). The 
cocktail reference obtained by averaging of the five images has been subtracted. The contours of the 
dark spots are magnified and superimposed at the bottom. The colors of the contours indicate the view 
that evoked the dark spot (red, left profile; blue, left 45"; black, front; green, right 45"; and yellow, right 
profile). (B) and (C) Similar results obtained in two other hemispheres. The same set of viewing angles 
was used as in (A). The face of a living human was used in (B), and both the doll face (left-hand pattern) 
and the human face (right-hand pattern) were used in (C). The positional relations between contours in 
different drawings in (A) and (C) can be examined by alignment of the vertical and horizontal straight lines. 
The arrows indicate the dorsal (D) and posterior (P) directions in the images. 

Thus, by using optical imaging in com- 
bination with unit recordings, we have con- 
firmed the regional clustering of cells re- 
sponding to similar features in the anterior 
IT. We also obtained evidence suggesting 
that there is continuous mapping of related 
features over a region around 1 mm in size 
in the anterior IT. 
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Gene for the Basal Cell Nevus Syndrome 

Ronald L. Johnson, Alana L. Rothman, Jingwu Xie, 
Lisa V. Goodrich, John W. Bare, Jeannette M. Bonifas, 
Anthony G. Quinn,* Richard M. Myers, David R. Cox, 

Ervin H. Epstein Jr.,? Matthew P. Scott? 

The basal cell nevus syndrome (BCNS) is characterized by developmental abnormalities 
and by the postnatal occurrence of cancers, especially basal cell carcinomas (BCCs), the 
most common human cancer. Heritable mutations in BCNS patients and a somatic 
mutation in a sporadic BCC were identified in a human homolog of the Drosophila 
patched (ptc) gene. The ptc gene encodes a transmembrane protein that in Drosophila 
acts in opposition to the Hedgehog signaling protein, controlling cell fates, patterning, 
and growth in numerous tissues. The human PTC gene appears to be crucial for proper 
embryonic development and for tumor suppression. 

Patients with the BCNS (also called Gor- 
lin syndrome; Mendelian Inheritance in 
Man, No. 109400) have diverse develop- 
mental abnormalities, often including rib 
and craniofacial alterations and. less often. 
polydactyly, syndactyly, and spina bifida 
(1) .  In addition, these ~at ients  suffer from a , , 

multitude of turnor types. These include 
fibromas of the ovaries and heart; cysts of 
the skin, jaws, and mesentery; and the inore 
devastating cancers of the central nervous 
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system-medulloblasto~nas and meningio- 
mas. The most frequent of the BCNS tu- 
mors are BCCs. BCCs are the most corn- 
inon hulnan cancer, with an estimated 
750,000 cases occurring each year in the 
United States alone (2). The great majority 
of BCCs arise s~oradicallv and in small 
numbers on sunlexposed skin of middle- 
aged or older people of northern European 
ancestrv. Bv contrast. BCCs in the BCNS 
fainily kekbers appe'ar earlier, during the 
second decade of life, and occur in large 
numbers. The BCNS is inherited as an au- 
tosoinal dominant disease, and patients are 
expected to be heterozygotes for the caus- 
ative mutation. 

The ptc gene, identified initially as a 
Drosophila segment polarity gene ( 3 ) ,  en- 
codes a transinembrane protein that is pro- 
duced in precise spatial patterns in devel- 
oping flies (4). The ptc gene controls devel- 
opinent by repressing transcription, in spe- 
cific cells, of genes encoding members of 
the transforining growth factor+ (TGF-P) 

tant from the dark spots 
17. Calculation o f t  values for ind~vidual p~xels, n refer- 

ence to the cocktail references, showed that the 
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at the site was statistically s~gn~ficant (P < 0.01) but 
that the other stmuli evoked no signfcant darkenng 
around the regon (P > 0.10). 
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and Wnt families of signaling proteins. 
These genes are induced by a signal from 
the Hedgehog (Hh) protein, which 
counters repression by Patched (Ptc). Ec- 
topic expression of Hh in Drosophila irnag- 
inal discs, which are precursors of adult 
body structures, stimulates growth and caus- 
es appendage duplication (5, 6), whereas 
ectopic expression of Ptc inhibits growth, 
causing development of smaller than nor- 
mal wings (7). 

Vertebrate homologs of hh and ptc have 
been identified in mice, chickens, and ze- 
brafish (8-1 1 ). Huinan HH genes have also 
been described (1 2). The patterns of ptc and 
hh expression in vertebrates suggest that 
these genes have important roles in orga- 
nizing many tissues-including neural tube, 
skeleton, limbs, craniofacial structures, and 
skin. As in insect wings, ectopic expression 
of Hh in chick limb buds causes dramatic 
outgrowths (9). Hh induces transcription of 
a varietv of genes in vertebrates, including , - - 
the genes for bone morphogenetic proteins, 
which are TGF-P fainily members, and ptc 
itself (13). The induction of ptc transcrip- 
tion by Hh in Drosophila and vertebrates 
suggests that the Hh-Ptc pathway is evolu- 
tionarily conserved (10, 1 1 ,  14). Thus, ver- 
tebrate Ptc may oppose the stimulation of 
growth bv Hh, as in Drosobhila. " , , 

To investigate possible links of ptc to 
human disease, we have used a positional 
candidate strategy (15). We cloned the hu- 
man PTC homolog by screening a human 
lung complementary DNA (cDNA) library 
with several mouse ptc cDNA probes (16). 
Several partial human PTC cDNAs were 
identified and seauenced to obtain the en- 
tire coding sequence. Thus far we have 
found only one human gene, although we 
have not performed an exhaustive search 
for related genes. The assembled 5.1 kilo- 
bases (kb) of contiguous sequence contains 
a 4.5-kb open reading fraine (ORF) encod- 
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