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tivated ras, src, or HER-2) could also result in 
altered cellular responses to hypoxia and could 
enhance the survival capacity of tumor cells 
under conditions of stress (22-24). Hence, one 
method of improving the efficacy of angio- 
genesis inhibitors might be to combine them 
with inhibitors of oncogene-mediated signal 
transduction, with the goal of counteracting 
such decreases in vascular dependence. A sec- 
ond method would be to combine antiangio- 
genic drugs with hypoxic cell cytotoxins, a 
new class of drugs that can overcome resis- 
tance of hypoxic cells to radiation and che- 
motherapy and can induce cytotoxic effects 
on their own (25-27). Combination bacterio- 
lytic therapy (COBALT) could also be ex- 
ploited in this manner (28). A third approach 
would be to use drugs such as vascular tar- 
geting agents, which can destroy existing tu- 
mor blood vessels and/or acutely disrupt 
blood flow (29, 30) in combination with an- 
tiangiogenic drugs that block new blood ves- 
sel formation. These various combinations 
also highlight the possibility that, although 
tumor cell variants may be able to survive 
under certain conditions of hypoxia, they 
could not do so in anoxic conditions (31). 

In summary, although tumor growth and 
progression are angiogenesis-dependent, our 
results suggest that it is essential to consider 
the possibility that the vascular dependence 
of tumor cell populations may be heteroge- 
neous, variable, and quantitative, rather than 
absolute and qualitative in nature. These con- 
siderations not only have important implica- 
tions for the design, scheduling, and monitor- 
ing of antiangiogenic therapies in future clin- 
ical trials, but also for the interpretation of 
results obtained from such trials. 
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The identification of pathways mediated by the kinase Cdk5 and the ligand 
ree[in has provided a conceptual framework for exploring the molecular mech- 
anisms underlying proper lamination of the developing mammalian cerebral 
cortex. In this report, we identify a component of the regulation of Cdk5- 
mediated cortical lamination by genetic analysis of the roles of the class III POU 
domain transcription factors, Brn-1 and Brn-2, expressed during the develop- 
ment of the forebrain and coexpressed in most layer Il-V cortical neurons. Brn-1 
and Brn-2 appear to critically control the initiation of radial migration, redun- 
dantly regulating the cell-autonomous expression of the p35 and p39 regulatory 
subunits of Cdk5 in migrating cortical neurons, with Brn-1(-1-)/Brn-2(--) 
mice exhibiting cortical inversion. 

Development of the mammalian cerebral cortex 
involves both radial migration of postmitotic 
neurons arising from the dorsal telencephalon 
and tangential migration of inhibitory intemeu- 
rons originating in the ganglionic eminence (1, 
2). Analysis of murine mutations has partially 
defined two signaling pathways regulating ra- 
dial migration of cortical neurons, one involv- 
ing reelin, expressed in marginal zone Cajal- 
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Retzius cells, which binds the receptors for 
reelin and activates the downstream effector 
molecule mDabl in radially migrating neurons 
(3-5), and the second mediated by Cdk5 and its 
regulatory subunits, p35 and p39 (6, 7). 

To assess the potential roles of the class III 
POU domain transcription factors Bmn-I and 
Bm-2 (8-10) in cortex development, we exam- 
med the consequences of the deletion of the 
Brn-] (Web fig. 1, A to D) (1]) and Brn-2 (10) 
genomic loci, both separately and together. 
Brn-](+l-) heterozygous mice were phenotyp- 
ically normal; Brn-] gene-deleted mice were 
present at expected Mendelian ratios at birth but 
survived no longer than 36 hours postpartum, 
probably reflecting a defect in renal develop- 
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ment affecting Henle's loop (12). Crosses of 
grossly normal Brn-1(+/-)/Brn-2 (+/-) mice 
generated Brn-(-/-)/Brn-2(-/-) mice at the 
expected 1/16 frequency, but they were not 
viable at birth. 

In wild-type animals, Bmn-1 and Bm-2 were 
normally expressed in the superficial cortical 
layers and ventricular zone of the neocortex at 
postpartum day 0 (PO), whereas Bmn-1 alone 
was expressed in the hippocampal CAl field 
(Fig. 1A) (13). A high-magnification view il- 
lustrating costaining of Bmn-1 (red) and Bmn-2 
(green) in midlateral, upper cortical plate dem- 
onstrates numerous Bmn-1 +/Bmn-2+ nuclei (yel- 
low), with Bmn-l+ nuclei (red) also evident 
(Fig. 1A, upper right panel). As expected, Bn- 1 
protein was undetected in the brain of Brn- 
1(-/-) mice, but the distribution of Bmn-2 pro- 
tein expression was unaffected. Neither protein 
was detected in the brains of Brn-1(-/-)/Brn- 
2(-/-) mice (Fig. 1A). Neurons in Brn-l(-/-) 
and Brn-1(-/-)/Brn-2(-/-) mice that normal- 
ly would have expressed Bn- 1 were marked by 
the presence of an mRNA transcript containing 
the 3' untranslated region of Brn-i (Brn-i 
3'UT) (Web fig. 1E) (11, 13). 

Although the cerebral cortex of Brn- 
2(-/-) mice is apparently normal (10), a 
substantial cellular disorganization was ob- 
served at embryonic day 18 (E18) in the 
hippocampus and adjacent transitional cortex 
of Brn-l(-/-) mice, which became progres- 
sively more severe by P 1, extending through- 
out the rostrocaudal axis of the hippocampus 
(Fig. 1B and Web fig. 2A) (11). By E18, 
mRNA and protein for Bin-1, but not Bm-2, 
were normally present in the pyramidal neu- 
rons of the CAl field and adjacent transition- 
al cortex (Figs. 1 and 2A) (8, 9). At this stage, 
Bin-1+ migrating neurons destined for the 
CA1 field in the wild-type brains, detected by 
the Brn-i 3'UT probe, were also prominently 
distributed between the ventricular zone and 
CAl field (Fig. 2A). In contrast, Brn-i 
3'UT+ neurons accumulated as an ectopi- 
cally positioned layer of densely packed cell 
bodies in the hippocampus of Brn-l(-/-) or 
Brn-1(-/-)/Brn-2(-/-) mice between the 
ventricular zone and the CA1 field, with little 
or no signal detected within the CAl field 
(Fig. 2A). In adjacent sections, immunofluo- 
rescent localization of the subplate between 
the ectopic cell layer and CAl field with the 
molecular marker chondroitin sulfate proteo- 
glycan (CSPG) (14) demonstrates that neu- 
rons that would have normally expressed 
Bmn-1 protein are unable to migrate through 
the subplate to the CA1 field in single- and 
double-mutant mice (Fig. 2A and Web fig. 
2B) (11). This migration defect appears lim- 
ited to the hippocampus in the Brn-l(-/-) 
brains, but the combined gene deletion of 
both Brn-i and Brn-2 resulted in the exten- 
sion of this phenotype throughout the neocor- 
tex (Fig. 2B). Here, the distribution of Brn-i 

3' UT hybridization signal was largely con- 
centrated between the ventricular zone and 
subplate, rather than in the cortical plate, as 
observed in wild-type and Brn-l(-/-) brains 
(Fig. 2B), consistent with a requirement for 
both Bmr-l and Bm-2 in the regulation of 
radial migration of neurons in the neocortex. 

We next used bromodeoxyuridine (BrdU) 
birth-dating analyses (13) to determine the spe- 
cific cortical laminae in which Bin- 1+ neurons 
are normally located and to ascertain the rela- 
tive locations of these laminae in the brains of 
corresponding Brn-l(-/-) and Brn-l(-/-)/ 
Brn-2(-/-) littermates. Wild-type neurons la- 
beled between El 1 and E16 and analyzed be- 
tween E16 and E19 revealed that a majority of 
cortical neurons bom on El 3 and thereafter 
express Bmr-l protein, with virtually no cola- 
beling of Bm-l and BrdU observed in neurons 
bom at El1 and E12 (Web fig. 3, A to C) (11). 
Neurons bom between E13 and E16 have been 
shown to contribute extensively to cortical lay- 
ers 11-V (15), suggesting that the neurons 
marked by the Brn-i 3'UT hybridization signal 
that accumulate beneath the subplate of Brn- 
1(-1-)/Brn-2(-1-) cortex represent this popu- 
lation of later-bom neurons. This was con- 
firmed by BrdU-labeling studies of wild-type, 
single- and double-mutant littermates conduct- 

ed from El1 to E14, which demonstrate the 
location of early-born neurons in the superficial 
cortical plate and later-born neurons in the 
deeper layers of the Bmn- 1(-/-)/Brn-2(-/-) 
cortex. A representative example analyzed at 
PO demonstrates an abnormal, superficial loca- 
tion of early-born subplate neurons, visualized 
by costaining of microtubule-associated protein 
2A/2B (MAP2A/2B) (14) and CSPG, in Brn- 
1(-/-)/Brn-2(-/-) neocortex, and, in adjacent 
sections, a majority of later-born, E13 labeled 
neurons positioned below the subplate (Fig. 
3A). In contrast, in both wild-type and Brn- 
1(-/-) brains, subplate neurons were lo- 
cated deep within the cortex, whereas the 
majority of E13 BrdU-labeled neurons 
were positioned above the subplate, in the 
cortical plate (Fig. 3A). 

The cortical inversion displayed by layers 
II-V in the PO Brn-1(-/-)/Brn-2(-/-) brain 
was further documented with a series of lam- 
ina-specific molecular markers. Expression 
of TLE3 and TLE1, specific for layers II-V 
and II/III, respectively (16), was detected by 
in situ hybridization in the deeper region of 
the cortex in Brn-1(-/-)/Brn-2(-/-) brain, 
rather than in the superficial layers, as ob- 
served in wild-type and Brn-l(-/-) litter- 
mates (Fig. 3A and Web fig. 3D) (11). In 

A aBrn-1 aBrn-2 aBrn-1/aBrn-2 

B WT Bm-1(C/-) 

- 

Fig. 1. Brn-1/Brn-2 expression and morphology. (A) Indirect immunofluorescence detection in 
adjacent series of wild-type (WT), Brn-l(-/-), and Brn-1(-/-)/Brn-2(-/-) PO coronal hemisec- 
tions of Brn-1 and Brn-2 protein, counterstained with Hoechst 33258 in low-magnification views. 
(B) Thionin-stained wild-type and Brn-l(--) P1 coronal sections of hippocampus. Scale bar: (A), 
500 ,um; (B), 125 ,um. CA1, hippocampal plate; CP, cortical plate; DG, dentate gyrus; EL, ectopic cell 
layer; TC, transitional cortex; VZ, ventricular zone. 
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A Brn-I 3' UT CSPG B Brn-I 3' UT CSPG 

cm cSmE 

Fig. 2. Subplate position in wild-type and mutant brain. (A) Hippocampus and (B) neocortex 
of adjacent series of PO wild type, Brn- 1(-/-), and Brn- 1(-/-)/Brn-2(-/-) analyzed by in situ 
hybridization with a probe specific for Brn-1 3'UT (white), counterstained with Hoechst 33258 
(blue), and by indirect immunofluorescence detection of CSPG (green). (A) CSPG panels 
represent fourfold magnified view of labeled region in adjacent in situ analyses. (B) Brackets 
highlight Brn-1 3'UT signal in VZ. Scale bar: (A and B), 250 Fmr. CP, cortical plate; DG, dentate 
gyrus; EL, ectopic layer; IZ, intermediate zone; MZ, marginal zone; SP, subplate; VZ, ventricular 
zone. 

comparison, in situ hybridization signal spe- 
cific for TLE4, OTX-1, and p75, which are 
expressed in cortical layer VI and in subplate 
neurons (16-18), was observed immediately 
adjacent to the marginal zone in double-mu- 
tant mice, whereas this signal was located 
deep in the cortical plate in wild-type and 
Brn-l(-/-) brain (Fig. 3B). Distribution pat- 
terns of two additional markers further re- 
flected abnormal organization of cortical 
lamination in Brn-1(-/-)/Brn-2(-1-) brain. 
The expression of EphA4 (19), which was 
ordinarily observed as two distinct layers cor- 
responding to layers II/III and V/VI in wild- 
type and Brn-l(-/-) brains (Web fig. 3D) 
(11), was altered in the Brn-1(-/-)/Brn- 
2(-/-), with only one layer of signal observed 
in the cortical plate. Layer IV neurons, identi- 
fied by the expression of ROR-r (18), were 
also disorganized and failed to form a cohesive 
layer in the upper cortical plate in Brn-l(-/-)/ 
Brn-2(-/-) cortex (Web fig. 3D) (11). No 
differences in apoptotic cell death between 
wild-type and mutant cortex were detected by 
terminal deoxynucleotidyl transferase-mediated 
deoxyuridine triphosphate nick-end labeling 
(TUNEL) assay (12, 13). 

Thus, Bmn-1 and Bm-2 together are re- 
quired for cell-autonomous control of radial 
migration in neurons of cortical layers II-V. 
By comparison, layer VI neurons migrated 
into the preplate in the Brn-1(-/-)/Brn- 
2(-/-) brain, splitting this structure to form 

Fig. 3. Cell birth date aCSPG/ aBrdU Brn- (-/-)I 
and molecular mark- A aMAP2A/2B e13 - PO TLE3 B WT Brn-1(1/) Brn-2(1/-) 
er analyses. (A and 
B) Indirect immunof Lu- 
orescent detection of 7- 
BrdU-LabeLed ceLls, 
CSPG and MAP2A/2B *-~'~V 
(A), and in situ hybrid- - ma_ 
ization serial analyses I 
of molecular markers 
TLE3 (A) and TLE4, 
p75, and OTX-1 (B) in 
midlateral cerebral 
cortex of wild-type, 
Brn-l(/I-), and Bin- 
1( -1/-) /Brn -2( -1/- ) g= | 
brain, counterstained _ 
with Hoechst 33258. 
The brackets in (A), m 
illustrating BrdU-La- 0 
beled neurons or 
TLE3-specific signal, 
highLight concentra- 
tions of Labeled cells i 
or in situ signal, re- i 
spectiveLy, Located E 
above the subpLate 
(SP) in wild-type and 0 
Brn-1(-/-) cortex and 
below the SP in Brn- 

cortex. The brackets in 
(B) illustrate in situ hybridization signal in deeper layers of cortex in wild type and Brn-1(/-) and in superficial cortical layers in Brn-1(-/-)/Brn-2(-/-) brains. 
Scale bar: (A and B), 100 jim. 2 to 6 are the cortical layers. 
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both the marginal zone and subplate struc- 
tures, indicating that these early-born neu- 
rons, in which we did not detect Bmn-1 and 
Brn-2 expression, remain capable of normal 
radial migration. The inversion of cortical 
layers II-V observed in the Brn-l(-/-)/Brn- 
2(-/-) brain was similar to the migration 
defects reported in the gene deletions of 
CDK5lp35/p39 (6, 7), whereas the phenotype 
reported for genetic disruption of elements of 
the reelin pathway (3-5) involved cortical 
inversion of layers II-VI. 

We next examined the possibility that Bmn-1 
and Bm-2 might transcriptionally regulate com- 
ponents of these pathways. In situ hybridization 
analyses at E18 of elements of the reelin path- 
way (Web fig. 4A) (11) and immunohistochem- 
ical analysis of CDK5 expression (12) did not 
reveal deficiencies in the expression of these 
genes that are likely to be responsible for the 
observed phenotypes in the single or double 
gene-deleted mice. In contrast, in situ hybridiza- 
tion analyses demonstrated the expression of 
p35 to be markedly decreased, and that of p39 to 
be nearly absent, in the cortex of Brn-l(-/-)l 
Brn- 2(-/-) double-mutant mice, although the 
relative cellular densities assessed by thionin 

staining were similar (Fig. 4A and Web fig. 4A) 
(11). The expression of p35 and p39 mRNA was 
also nearly absent in the hippocampal CAl 
fields of Brn-l(-/-) and Brn-l(-/-)/Brn- 
2(-/-) brain when compared with wild-type 
hippocampus (Fig. 4A). p39 and p35 remained 
expressed in areas where neither Bmn-1 nor 
Bm-2 is normally expressed, including the hip- 
pocampal CA3 field of both mutant mice strains 
(Fig. 4A). The expression of p35 was also mark- 
edly reduced, to background levels, in the mitral 
cells of the Brn-l(-/-)/Brn-2(-1-) olfactory 
bulb (Web fig. 4B) (11), which normally ex- 
press Bmn-1 and Bmn-2 (8, 9), and can be visu- 
alized here by the expression of reelin mRNA 
(20). 

Inspection of 5' and 3' sequences flanking 
both the p35 and p39 genes revealed a number 
of consensus Bmn-1 and Bmn-2 DNA-binding 
sites (Web fig. 4C) (11) (21). Bmn-1 and Bmn-2 
were each capable of activating transcription in 
transient cotransfection assays (IO) > 10-fold on 
representative examples of these response ele- 
ments, and both Bmn-1 and Bmn-2 activated tran- 
scription three- to fourfold from the 285-base 
pair 5' flanking region of the p39 gene that 
encompasses two Brn-l/Brn-2 consensus bind- 

ing sites (Fig. 4B). We analyzed potential occu- 
pancy of these sites in the P19 cell line, which 
expresses endogenous Bm-2 protein (12,22), by 
chromatin immunoprecipitation (Fig. 4B) (23, 
24), finding that Bm-2 was specifically bound 
to both the p35 and the p39 regulatory regions, 
whereas amplification with oligomers specific 
for unrelated genes, such as Brn-3.2, failed to 
yield a polymerase chain reaction (PCR) prod- 
uct, although all pairs of oligomers amplified 
DNA product with equivalent ranges of sensi- 
tivity (Fig. 4B). 

Additional phenotypes consistent with defi- 
cient CDK5 kinase activity (6, 7) were ob- 
served in the Brn-l(-/-)/Brn-2(-1-) cortex. 
One hundred sixty-kilodalton neurofilament 
and phosphorylated 200-kD neurofilament 
were not detected in axonal bundles in either 
Brn-l(-/-) or Brn-1(-/-)/Brn-2(-1-) hip- 
pocampus, although phosphorylated 200-kD 
neurofilament was abundant in cell bodies in 
the CAl fields of these brains (Web fig. 4D) 
(11) (12). Abnormalities in axonal outgrowth 
and projection were also observed associated 
with the Brn-l(-/-)/Brn-2(-1-) forebrain, as 
well as abnormalities in migration in other re- 
gions of the CNS, including a failure of normal 
olfactory bulb and cerebellar development (25). 

The identification of a substantial popula- 
tion of Bmn-1 +, Bm-2- cortical neurons (Fig. 
1A) raised the possibility that the deletion of 
Brn-i alone might result in a partial disrup- 
tion of cortical migration. Indeed, the reduced 
distribution of TLE3-specific signal in the 
cortical plate, together with decreased thick- 
ness of layer II/III EphA4 staining, and a 
more superficial position of ROR-I3 expres- 
sion in Brn-l(-/-) cortex, suggest a partial 
defect in the radial migration of a subset of 
neurons in cortical layers II/III (Fig. 3B and 
Web fig. 3D) (11). In accord with this inter- 
pretation, BrdU-labeled neurons demonstrate 
reduced numbers of E14 labeled neurons in 
the upper cortex at E17 in Brn-l(-/-) brain 
but do not reveal a gross cortical inversion 
within the earlier-generated neurons (Fig. 5A 
and Web fig. 5A) (11). 

Also consistent with a reduced layer Il/III 
migration, E12 and E13 BrdU-labeled neurons 
analyzed at P0 distributed in more superficial 
positions in Brn-l(-/-) cortex than in compa- 
rable wild-type regions (Web fig. 5B) (11), as 
did Lhx-6+ and Dlx-2+ intemeurons (Web fig. 
5D) (11) (2). Furthermore, although layer V 
neurons expressing Tst-1/Oct-6/SCIP (Tst-1) 
(8, 9) were distributed similarly in the upper 
cortical plate of El8 Brn-i (-/-) and wild-type 
cortex (Web fig. 5C) (11), by P1, Tst-1+ neu- 
rons remained in a dorsal position in Brn- 
1(-/-) brains, partially extending into the mar- 
ginal zone, rather than deeper in the cortical 
plate, as observed in the wild-type cortex (Fig. 
5B). Because analysis of wild-type cortex re- 
vealed colocalization of Brn-i with Tst-1 in 
layer V cortical neurons (Fig. 5C), both the 

Fig. 4. p35 and p39 ex- A Brn-1 (-/-) 
pression and regulation. WT Brn-1 Brn-2(-/-) (A) p35 and p39 expres-WTB -i() Bn2/) 
sion in E18 wild type, Bmn- 
1(-/-), and Brn-1(--)/ u 
Brn-2(/I-) midsagital m 
cortex and hippocampus. _ 
Scale bar: 250 pLm. (B) 
Transient cotransfection 
assay analyses of Brn-1 
and Brn-2 expression io 
plasmids with reporter co 
plasmids containing 2x A 

response elements or 285 
base pairs of p39 5' flank- 
ing sequence. PCR-medi- 
ated detection of p35 and oC 
p39 5' flanking sequences fi 
in oxBrn-2-immunopre- aL 
cipitated chromatin pre- 
pared from Brn-2-ex- 
pressing p19 cells. 

co 

B B1 B2 B1 B2 

1 2 4 6 8 10 12 14 c 1 2 3 4 5 

aBrn-2 
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A 
WT Brn-1("/-) 

BWT Brn-1(-/-) * J 

Vf 

c aTst-IaBrn-1 D aReelinlaBrn-1 

_, 

E WT Brn-l(-/-) 

= 

F WT Brn-1-) 
C. 

2 

Fig. 5. Cortical migration defects in Brn-l(-/-) 
brain. (A and B) BrdU-labeled (A) and immmu- 
nostaining of Tst-1+ (B) neurons in midlateral 
cortical sections of wild-type and Brn-l(-/-) 
brains. (C and D) Indirect immunofluorescent co- 
localization of Brn-1 and Tst-1 (C) or reelin (D) in 
wild-type P0 midlateral coronal cortex. (E) Reelin- 
specific in situ hybridization signal in high and low 
magnifications of P0 wild-type and Brn-l(-/-) 
coronal cortex; arrows in low-magnification view 
of Brn-l(-/-) indicate increased reelin expres- 
sion in basal ganglia relative to wild type. (F) 
Immunoperoxidase detection of mDab1 expres- 
sion in midlateral coronal wild-type P1 Bmn- 
1(-/-) cortex. Scale bars: (B), 40 iim; (C), 50 iim; 
(A), 100 iim; (F), 125 iim; and (E), 250 iim. 

observed superficial location of Tst-1 neurons 
in Brn-l(-/-) cortex and the reduced migra- 
tion of layer II1111 neurons might reflect influ- 
ences of a Bmn-i-dependent, cell-autonomous 
mechanism analogous to that described in the 
Brn-J(-/-)/Brn-2(-1-) cortex. 

Unexpectedly, the expression of reelin in a 
subpopulation of cortical plate neurons that co- 
localize with Bmn-1 at PO (Fig. 5D), and report- 
edly with markers of inhibitory intemeurons in 
postnatal brain (20), was absent in the Brn- 
J(-/-) cortex, whereas reelin expression was 
unaffected in Cajal-Retzius neurons and even 
increased in basal ganglia areas (Fig. 5E), 
where Bmn-1 expression is also normally ob- 
served (8, 9, 12). Potential roles, if any, for 
these Bmn-1 +, reelin-secreting neurons in corti- 
cal development remain to be defined, but we 
reproducibly found a detectable increase in 
mDabl-specific immunohistochemical staining 
in the Brn-l(-l-) in the neocortical plate (Fig. 
5F), consistent with the observation that the 
intracellular levels of mDabl protein increase 
in the absence of reelin signaling (14). 

Together, these studies link Bmn-1 and 
Bm-2 to the regulation of radial migration of 
layers II-V, at least in part, through regulation 
of the p39/p35 regulatory components of 
CDK5, resulting in cortical inversion in Brn- 
1(-1-)IBrn-2(-1-) double gene-deleted 
mice and disorganized cortical lamination in 
Brn-l(-l-) mice, where radial migration of 
layers II/III is delayed. 
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Functional MRI of Macaque 
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Functional brain organization of macaque monkeys and humans was direcL1, 
compared by functional magnetic resonance imaging. Subjects of both species 
performed a modified Wisconsin Card Sorting Test that required behavioral 
flexibility in the form of cognitive set shifting. Equivalent visual stimuli and 
task sequence were used for the two species. We found transient activation 
related to cognitive set shifting in focal regions of prefrontal cortex in both 
monkeys and humans. These functional homologs were located in cytoar- 
chitectonically equivalent regions in the posterior part of ventrolateral 
prefrontal cortex. This comparative imaging provides insights into the evo- 
lution of cognition in primates. 

The prefrontal cortex (PFC) is evolutionarily 
most developed in primates and supports 
higher cognitive functions. Macaque mon- 

keys have been widely used for investigating 
the PFC, mainly in anatomical, electrophysi- 
ological, and lesion studies (1-5), whereas 
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