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SUMMARY

Pax3/7is expressed in the alar plate of the mesencephalon.

The optic tectum differentiates from the alar plate of the
mesencephalon, and expression Bax3/7is well correlated
to the tectum development. To explore the function d?ax3
and Pax7in the tectum development, we misexpresséthx3
and Pax7in the diencephalon and ventral mesencephalon.
Morphological and molecular marker gene analysis
indicated that Pax3 and Pax7 misexpression caused fate

mesencephalon, which expresse€n but does not
differentiate to the tectum in normal development,Pax3
and Pax7 misexpression induced ectopic tectum. In
normal development, Pax3 and Pax7 expression in the
mesencephalon commences afteDtx2, En and Pax2/5
expression. In addition, expression domain oPax3 and
Pax7is well consistent with presumptive tectum region in
a dorsoventral axis. Taken together with normal expression

change of the alar plate of the presumptive diencephalon
to that of the mesencephalon, that is, a tectum and a torus
semicircularis were formed ectopically. Ectopic tectum in
the diencephalon appeared to be generated through
sequential induction of Fgf8, En2 and Pax3/7. In ventral

pattern of Pax3 and Pax7, results of misexpression
experiments suggest that Pax3 and Pax7 define the tectum
region subsequent to the function oDtx2 and En.
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INTRODUCTION Pax3 mutant mice Splotch show exencephaly and defects in
myogenesis and neural crest cell differentiation (Epstein et al.,
It has been shown that isthmic region acts as an organizer fb991; Franz, 1993; Tremblay, 1995; Conway et al., 1%8&)7
the mesencephalon and metencephalon, and that Fgf8 ismatant mice also show the defects in myogenesis and neural
candidate organizing molecule (Martinez et al.,, 1991grest cell differentiation but no defects in the central nervous
Alvarado-Mallart, 1993; Marin and Puelles, 1994; Martinez esystem (Mansouri et al., 1996pax3 and Pax7 share their
al., 1995; Crossley et al., 1996; Joyner, 1996). The optic tectuexpression domain broadly in the central nervous system,
is a major component of the mesencephalic alar platehich may explain functional redundancy and rather mild
derivatives, and has been a focus of attenkgf8, Pax2/5and  defects in mutant micé?ax3 and Pax7 double mutant mice
En make a positive feedback loop for their expression to keeghow severe exencephaly, spina bifida and defects in
organizing activity, and contribute to initiate and maintain thecommissural neurons in the spinal cord, and die by E11.0
tectum development (Song et al., 1996; Lun and Brand, 1998viansouri and Gruss, 1998).
Araki and Nakamura, 1999; Funahashi et al., 1999; Okafuji et As Pax3and Pax7 are expressed in the mesencephalic alar
al., 1999; Ristoratore et al., 1999; Shamim et al., 1999; Liu anplate, the possibility that they are involved in regionalization of
Joyner, 2001). Howevefrgd may antagonize this positive the tectum has been suggested (Kawakami et al., 1997; Nomura
feedback loop (Sugiyama et al., 2000). Now it is accepted that al., 1998). A tectum could be induced ectopically in the
combination ofOtx2 En and Pax2 defines the tectum region diencephalic region by transplantation of the isthmus or by
(Nakamura, 2001). Although molecular mechanisms thamisexpression oEn, Pax2/5or Fgf8. Pax7 was always induced
define the tectum region in the early developmental phase hawdere the ectopic tectum structure was formed (Nomura et al.,
been well studied, little attention has been paid to downstrea®®98; Araki and Nakamura, 1999). On the other hand when
factors for the tectum development. the tectum development was repressedShi misexpression,
Pax3andPax7belong to the sanfeaxsubfamily, and widely  Pax7 expression was repressed in the dorsal mesencephalon
expressed in the nervous system and somites (Jostes et @NMatanabe and Nakamura, 2000). Therefore, we suspected that
1990; Goulding et al., 1991). In the nervous syskax3and  Pax3 and Pax7 would work to define the identity of the alar plate
Pax7are expressed in the dorsal part of the neural tube (Jostesthe mesencephalon, and ti&x3 and Pax7 misexpression
et al., 1990; Goulding et al., 1991). They are expressed in thweould induce an ectopic tectunfPax3 overexpression was
whole region of the tectum anlage (Kawakami et al., 1997)arried out in the transgenic mice, in which Pax3 expression was



4070 E. Matsunaga, I. Araki and H. Nakamura

regulated byHoxb4 promoter (Tremblay et al., 1996). In the alkaline phosphatase (ALP)-conjugated anti-DIG sheep-polyclonal
transgenic mice, however, effectsRatx3overexpression on the antibody (Roche Molecular Biochemicals) was used, and 4-nitroblue
mesencephalon were not assessed allakb4 promoter does tetrazolium chloride (NBT) and 5-bromo-4-chloro-3-indolyl-
not assure expression in the mesencephalon. To explore the rdi8§sphate (BCIP) (Roche Molecular Biochemicals) were used for the
of Pax3/7in tectum development, we carried out misexpressiofi°!oring. In some cases, NBT staining was washed out by incubating
experiments oPax3andPax7in the diencephalon and ventral " dimethylformamide (DMF) at S&.

mesencephalon by in ovo electroporation. An ectopic tectum iffnmunohistochemistry

the diencephalon and ventral mesencephalon was differentiatggi-paxe rabbit polyclonal antibody (provided by Dr N. Osumi),
after Pax3 and Pax7 misexpression. A torus semicricularis, anti-Pax7 monoclonal antibody (Developmental Studies Hybridoma
which derives from the caudal part of the mesencephalic al@ank; Kawakami et al., 1997), anti-En2 monoclonal antibody, 4D9
plate and corresponds to the mammalian inferior corriculus, wg8merican Type Culture Collection; Patel et al., 1989) and anti-HA
also differentiated ectopically in the diencephalic regionrabbit polyclonal antibody (Berkeley Antibody Company) were used
Analysis of marker gene expression indicated fate change of tieé primary antibodies. Horseradish peroxidase (HRP)-conjugated
diencephalon occurred after sequential inductiofgi8, En2 ~ anti-mouse IgG antibody (Jackson Immuno Research Laboratories)
andPax3/7 In normal developmenPax3andPax7 expression was used as t_he seconda_ry ant_lbody. For_double staining on sections,
in the alar plate of the presumptive mesencephalon Commend%lgxa488-conjugated anti-rabbit 1gG antibody (Molecular Probes)

. .~ Tand Cy3-conjugated anti-mouse IgG antibody (Jackson Immuno
after th2, En and Pax2/5 Thus, results .Of MISEXPIESSION pagearch Laboratories) were used as secondary antibodies.
experiments, together with normal expression patterns, suggests
that Pax3 and Pax7 defines the alar plate of the mesencephattistology

subsequent to determination of the mesencephal®@® En  Embryos were fixed in 4% paraformaldehyde in PBS (phosphate
andPax2/5 buffered saline), embedded in Technovit (Kulter), serially sectioned
at 5um, and stained with Hematoxylin and Eosin. Tiling images were
automatically composed by MCID Image analyzer (Imaging Research
Inc). B-galactosidase activity was detected on whole-mount embryos
MATERIAL AND METHODS as previously described (Katahira et al., 2000).

Expression vectors Tracing retinal fibers with HRP

Partial fragment of chiclPax3 cDNA was isolated from E3 chick For tracing of the retinal fibers 30% HRP solution, dissolved in PBS,
brain library, and then this fragment was fused to a C-terminalvas injected into the eye using a glass micropipette by air pressure.
fragment isolated by’'BRACE to get the full length dPax3cDNA. At 24 hours after injection, the brain was dissected, and the HRP-
The full-length of chickPax7 cDNA was isolated from E3 chick positive fibers were stained withcresol-diaminobenzidine method
cDNA by reverse transcription PCR. Primers for N- and C-termina(Streit and Reubi, 1977). After observation of the fiber trajectory, the
fragments are 'STTGTGACATAGCCCGAAAACTT-3, 5-TCTT- specimen was embedded in Technovit, and sagittal sectiongrof 5
GCTCGTCGGTTGCTGA-3and 3-AGGCGGACCACTTTCACT-  were prepared.

GC-3, 5-TTGCTGGAGTGGGTTGTTGG-3 respectively. These

fragments were fused 8tu site to make a full length d?ax7. Pax7

was also fused with HA-tag to maRax7-HA These fragments were RESULTS

inserted in pMiwlll, a derivative of pMiwSV (Suemori et al., 1990; a
gift from Dr Kondoh), which has Rous sarcoma virus enhancer an

chicken@-actin promoter. Expression patterns of Pax3 and Pax7 in the

prosencephalon and mesencephalon

In ovo electroporation We first examined expression patterng?ak3andPax7in the
Fertilized chicken eggs from a local farm were incubated at 38°Qorosencephalon and mesencephalon. At stageak@andPax7

Pax3 Pax7 and Pax7-HA expression vector (3.Qug/ml), B-  expression was detected near the dorsal midline in the neural
galactosidase expression vector (MiwZ) (a gift from Dr Kondoh) andupe (Fig. 1A,D).Pax3andPax7 expression extended laterally

the green fluorescenceGkP) expression vector (PEGFP-N1, i the alar plate of the mesencephalon at stage 13 (Fig. 1B,E),
Clontech) (0.5ug/ml) were transfected to chick embryos by in ovo 5,4 by E2.5 (stage 17), the expression extended more to cover

electroporation at stage 10 (Hamburger and Hamilton, 1951)
previously described (Funahashi et al., 1999). A GFP expressio e alar plate of the mesencephalon and the pl (prosomered)

vector was co-transfected to check the efficiency of electroporatioﬁ;glon (Fig. 1.C’F)' We adopted the neuromeric criteria presented
Transfection to the ventral mesencephalon was carried out at stage ¥, Rubenstein et al. (Rubenstein et al., 19Bdx3and Pax7

Electroporation of this condition does not induce defects in thavere also expressed in the roof plate anterior to p2, but in the

embryos (Funahashi et al., 1999; Nakamura et al., 2000). anterior midline of the telencephalon otgix7 was expressed
) o at stage 17 (Fig. 1F). Around stage PAx3 and Pax7 were
In situ hybridization expressed strongly in the alar plate of the mesencephalon, which

Whole-mount in situ hybr_idization was performed as described bys now conspicuous as the tectal swelling. ThereRf&Band
Bally-Cuif et al. (Bally-Cuif et al., 1995) or by Stern (Stern, 1998). pay7\ere expressed in the ventricular zone and mantle layer of
In situ hybridization for sections was carried out as described by Ishjj;a tectum (data not shown; Kawakami et al., 1997). Expression

et al. (Ishii et al., 1997). Probes f&igf8, Lim1l and Pax6 were : :
described previously (Araki and Nakamura, 1999; Matsunaga et af.)f Pax3andPax7w_as_ als_o observed in neural crest cells, which
$hows dot-like staining in Fig. 1A,D.

2000). ForPax3probe, partial fragment, isolated from cDNA library
of E3 chick brain, was used. These fragments were inserted IB 3 and Pax7 mi . df h f
pBluescript Il SK (-) (Stratagene). After linearization, digoxigenin axo an ax/ misexpression caused fate change o
(DIG)-labeled antisense RNA was generated by T3 or T7 RNnAhe diencephalon to the tectum

polymerase (Stratagene) (Funahashi et al., 1999). For detectiohp examine the role d?ax3andPax7in tectum development,
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Pax3andPax7expression vectors were transfected in the righ Table 1. Summary of the results of the timecourse analysis
side of the neural tube from the telencephalon to th: of marker gene expression in the diencephalon Bgax7-

metencephalon (Fig. 2).

Pax7 misexpression caused a morphological change in th
diencephalon at 48 hours after electroporativr84/56). An

HA misexpression

Time (hours)

ectopic swelling was generated in the diencephalic regiop s 6 12 18 24 36 48 %
especially in p2 region (Fig. 2A,B). But in p1, swelling was"™ - ! H “ H
not formed so that the ectopic swelling did not continue tc @3) @ @ @2) @)
the tectum proper, being interrupted at pl (Fig. 2A-F). CoFgf8 - 1 1 " " 1 -
transfection ofPax7 andlacZ expression vector showed that ©/6) @4y B @) @) (49) (44
pl region did not make swelling even though pl region hagn2 - - 1 1 1
been well transfected (Fig. 2A,B). (33) (414  (7/7)  (913)  (4/4)
Limlis a good marker expressed in the pretectum (MastiCpay3 _ R ' R 1
etal., 1997; Matsunaga et al., 20Q0)n1 expression remained (3/3)  (13)  (5/8) w7y (@)

in the p1 region aftelPax7 misexpression, though expression

domain a little narrowed, which indicates that most of the
pretectal region retained even affax7misexpressionE=5/5)

(Fig. 2G-J).

Upward arrows represent ectopic induction and downward arrows represent
repression. Single arrows represent weak induction or repression. A bar
indicates that induction or repression was not detected.

At E6.5 (stage 27, 5 days after electroporationPak3
morafter Pax7 misexpression. The results of timecourse analysis
remarkable (Fig. 2C,D). Histologically, the ectopic swellingare summarized in Table 1.

expression vector), morphological

was generated in the diencephalic region (Fig. 2EW/6).

change was

First, we looked at the effectsBdx7misexpression oRax6

High power micrograph of this area clearly shows that thexpressionPax6is expressed in the diencephalon and essential

ectopic swelling consists of
characteristic of the tectum,

differentiation in the ectopic tectum was behind of the tectunal.,

proper (Fig. 2F).

prominent in addition to the neuroepithelial layer, and in thet al.,

laminar structure that
though cytoarchitectonicl996; Stoykova et al.,

isfor its development (Walther and Gruss, 1991; Stoykova et al.,
1997; Grindley et al.,
1997; Warren and Price, 199Pax6 mutant mice,Sey

In the tectum proper, three layers wershow fate change of pl region to the mesencephalon (Mastick
1997). Repression Bax6by Pax7 was detected by 15

1997; Mastick et

ectopic swelling two layers were discernible in addition to thénours after electroporationn£1/3), and repression was
observed in all the embryos examined at 24 hours after
To examine if the ectopic tectal swelling can receive retinagélectroporationri=4/4) (Table 1 and Fig. 3A-C). Repression of
fibers, we looked at fiber trajectory of retinal axons at E13.Pax6 was remarkable in the p2 region (Fig. 3C). In the pl
after Pax7 misexpression. Fiber tracing with HRP

neuroepithelial layer (Fig. 2F).

showed that most of retinal fibers innervated the ec
tectum (=3/3) (Fig. 2K,L). Sagittal sections of tl
specimen (Fig. 2M-R) show that the ectopic swe
contains well differentiated tectal structure tho
cytoarchitectonic differentiation was behind of nor
tectum. According to LaVail and Cowan (LaVail ¢
Cowan, 1971), the tectum of E12-14 has 12 layel
the ectopic tectum (Fig. 2P), cell-dense layers of v
viii are conspicuous; SO (stratum opticum) was e
recognized because retinal fibers had been labe
shown in Fig. 2L. As the tectum proper at
experimental side was deprived of retinal fibers |
2L), superficial layers were poorly differentiated (|
20) as shown by Kelly and Cowan (Kelly and Cov
1972). The torus semicircularis (Fig. 2Q,R) -
corresponds to the mammalian inferior collict
(Puelles et al.,, 1994) was also formed ectopic
Taken together, whole the derivatives of

mesencephalic alar plate were differenti
ectopically. Pretectal nuclei persisted between
tectum proper and the ectopic tectum (Fig. 2N).
pattern of fiber trajectory and histology indicated
ectopic swelling acquired the character of the tect

Pax7 represses Pax6 expression and induces
ectopic tectum by activating the gene cascade
for tectum development

Next we examined effects on marker gene expre
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Fig. 1. Normal expression patternsBéx3andPax7in the prosencephalon

and the mesencephalon. Whole-mount in situ hybridizatioRdg8(A-C)
andPax7(D-F) at 10-somite stage (A,D), 18-somite stage (HH13) (B,E) and
E2.5 (HH17) (C,F)Pax3andPax7are expressed near the dorsal midline of
the neural tube and in the migrating neural crest cells in the mesencephalic
region at stage 10 (A,D). ExpressionRaix3andPax7commences around
stage 13 in the alar plate of the mesencephalon (B,E). In the alaPalede,
andPax7are expressed posterior to p1/p2 boundary at stage 17. Expression
around the roof plate extended rostrally beyond the p1/p2 boundary (C,F).
Pax7is also expressed in anterior midline of the telencephalo®ax3is not
expressed there. Scale bars: H@0in F; 200um in D,E. di, diencephalon;

mes, mesencephalon; met, metencephalon; pl, prosomere 1; p2, prosomere 2;
pro, prosencephalon; rho, rhombencephalon; tel, telencephalon.
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Fig. 2. Pax3/7misexpression changed
the fate of the alar plate of the
diencephalic P2 region to that of the
mesencephalon. (A,B) Morphological
change at 48 hours after electroporati
of Pax7. Horizontal section.
Hematoxylin and Eosin staining (A). X
gal staining of an embryo at 48 hours
after co-electroporation #fax7andlacZ
expression vector (B). White arrowhe
show the ectopic swelling in the
diencephalon. Note that the ectopic
swelling is formed in the p2 region,
although expression vectors were
uniformly transfected from the
telencephalon to the mesencephalon.
(C-F) Morphological change at 5 days
after electroporation d?ax3 View from
the experimental side (C), dorsal view
(D). Horizontal section at the plane
indicated in C. Hematoxylin and Eosir
staining (E). (F) A high power
micrograph of boxed area in (E).
Arrowheads on E indicate the ectopic
swelling in the diencephalon. Note the
ectopic swelling (ect. tec) has the
laminar structure similar to the tectum
proper (tec). Differentiation of laminar
architecture in the ectopic swelling is
behind of tectum proper. (G-J) In situ
hybridization forLim1to show that
pretectum is retained after Pax7
misexpression. View from the
experimental side (G), view from the
control side (H) and dorsal view (I) of
E4.0 embryo. (J) Horizontal section ai
the plane indicated in G. The control
side is printed in reverse for the
comparisonLiml expression in the
pretectum is detected (between
arrowheads on panel J). (K-R) Retina Spm Spl  Ppc

fiber trajectory and histology of E13.5

embryos aftePax7misexpression. Schematic drawing of retinal fiber trajectory (K), and lateral view (L). Horseradish peroxidase was injected
into the left eye at E12.5 and the embryo was sacrificed at 24 hours later (E13.5, 12 dBgg Aftésexpression). Most of retinal fibers

innervate the ectopic swelling (arrow), and some of them innervate the tectum proper (arrowhead). After observatioffilugr&t@adtory,

the specimen was embedded in Technovit, and sagittal sections were stained with Hematoxylin and Eosin. Approximate eares of M,
indicated in K. Panels P-R are higher magnifications indicated on M,N. The tectum proper (O) does not contain stratum@Jp#sum (S

inferred from L, which may resulted in maldifferentiation of superficial layers (layer x is barely discernible). The edtapi¢Recontains

SO, and layers vi, vii, viii, ix are discernible, though its differentiation is behind the normal tectum. Torus semicatcilansoper site and
ectopically differentiated in the diencephalon are shown in Q,R, respectively. We could identify pretectal nuclei (nutdensssipiteralis

(Spl) and medialis (Spm), and nucleus principalis precommissuralis (Ppc)). We adopted the criterion of the tectum laydramd ICowan

(LaVail and Cowan, 1971). Scale bars: 2.0 mm in L; 1.0 mm in D,H,Ius®th A,B,E,J,M,N; 20um in F,R; 10Qum in O. cont., control

side; cer, cerebellum; exp., experimental side; tec, tectum; ect. tec, ectopic tectum; ts, torus semicircularis; eially, diffenentiated

torus semicircularis.

region,Pax6expression was not so much affected even whehours after electroporation (Table 1). InductionFgff8 was
Pax7 had been misexpressed strongly (Fig. 3A-C). Doublaletected earlier than repressiorPak6 (Table 1). However, if
staining by immunocytochemistry with specific antibodies forwe take it into consideration that detection of repression is
Pax6 and Pax7 revealed that Pax6 was repressed in the ceflach more difficult than that of induction, induction Fegf8
that had expresseHax7, which indicates that repression is and repression dPax6by Pax3/7 may have occurred around
in a cell-autonomous mannen=4/4) (Fig. 3D-H). Pax7 also the same time. Induction ¢fgf8 was always detected rostral
repressedicf4, which is a dorsal diencephalon marker gendo the pl/p2 boundary, that is, in the p2 region, but not in the
(data not shown). pl region §=7/7) (Fig. 3I-N). Double staining foFgf8 and
Then, we checked effects on tectum-related geRgf8  Pax7 shows thatgf8was induced in the Pax7-expressing cells,
induction by Pax7 was detected in some embryos by 12 houtisat is, in a cell autonomous manner (Fig. 3L-N). En2 induction
after electroporation (Table 1), and in all the embryos by 24vas not detected even at 24 hours after electroporation (Table
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Fig. 3. Effects of Pax7 on expression of tect di cont, Pax7 =i Pax6 p2 exp.
related genes. (A-H) Cell autonomous = - p1
repression oPax6by Pax7 In situ 1% & o

hybridization forPax6(blue), the control (A),
and the experimental embryos (C) at 24 ho!
after electroporation. Immunostaining for P«
(brown) was also carried out on the same
embryo (B). Repression &ax6is rarely
detected in the p1 region (C). (D-H) Double
immunocytochemical staining for Pax6 (gre
and Pax7 (red) 24 hours afteax7
electroporation. (F,G) High power
magnifications of boxed areas in D,E,
respectively. (H) A combined image. Pax6 i

repressed in the cells that express Pax7 cont. . ax?-b Fgf8 }

(arrowheads, F-H), indicating that Pax6 is ol a {j i L :
repressed by Pax7 in a cell autonomously. ) L ) M ) x
(I-N) Induction of Fgf8 by Pax7. In situ Y l', N
hybridization forFgf8 (blue, 1,K), and L ai - o M »
immunostaining for Pax7 (brown) was adde B O
on the same embryo (J) at 24 hours after I Fgf8 J K _——Ns s
electroporation. (L,M) Higher power cont. Pax7 —thfB—b En2 exp. - Sl
micrographs of the area indicated in J,K, o i o

respectively. (N) A micrograph of the same R [ -R .
field as M, showing only Pax7 expression. 1 e

figure was taken after staining flegf8 was
washed away. These figures indicate that

=
induction ofFgf8 expression by Pax7 is in a 0 ngB B — S ‘4
cell autonomous manner. The arrows in L-M Pax3 _p_p n2 exp.
indicate the same position. (O-S) En2 2 x t
induction via Fgf8 aftePax7misexpression. | I:I?"||r
situ hybridization foiFgf8 (blue, O,P), and '

immunostaining for En2 (brown) on the san

embryo (Q) at 48 hours after electroporatiol

(R,S) High power micrographs of boxed are Pax3
in P,Q, respectively. The arrows in R,S indic

ectopic expression ¢fgf8. Arrowheads in S

indicate ectopic expression of En2. En2 induction was always detected &gf@rekpressing cells. (T-X) En2 induction affeax3
misexpression. In situ hybridization fBax3(blue, T,U), and immunostaining for En2 (brown) on the same embryo (V). (W,X) High power
micrograph of boxed area in U,V. En2 induction was detected adjacentRaxBmisexpressing cells, which indicate that En2 was indicated
in a same manner as affax7misexpression. A,1,0,T are printed in reverse for the comparison. Scale bapsn 50C,K,Q,V; 200um in E;
25um in H,N,S,X.

1). By 36 hours after electroporation, En2 was ectopicallglectroporation, when the ectopic swelling became
induced in the alar plate of the diencephalon. Ectopic En2onspicuousPax3expression became strong and covered the
induction was observed in p2, but not in pl in the embryos ofhole ectopic swelling (Fig. 4J, N). Serial sections showed that
48 hours after electroporation=9/13) (Fig. 30-S). Double Pax3was expressed in the ectopic swelling, where En2 had
staining forFgf8 and En2 shows that En2 was induced in thebeen ectopically induced and Pax6 was repressed (Fig.
cells around those in whidfgf8 had been ectopically induced, 4K,L,0-Q). Pax7 also covered whole the ectopic swelling
suggesting that En2 was induced Bgf8. (Fig. 3R,S). After (Fig. 4M,Q). To distinguish induced and exogenous Pax7
Pax3 misexpression, En2 was also induced aroundPthe  expression, we misexpressed HA-tagged Pax7. The ectopic
expressing cells, which indicates that En2 was induced in n@swelling was not stained immunocytochemically by anti-HA
cell autonomous mannen<3/4). antibody at 96 hours after electroporation (Fig. 4M). As
Repression 0Otx2by Pax7 was not recognized at 24 hoursexpression vector adopted in the present study assures transient
after electroporationnE3/3). Ectopic expressions &hland  expression, it is conceivable that Pax7 expression by
Pax2 was not detected in the diencephalic region (data nahtroduced expression vector disappeared by this stage. Thus,
shown).Pax5induction was very weakly detected at 48 hoursPax7 expression seen in the ectopic swelling was not
after electroporation, but not detected before 48 hours aftexogenous one, but expression from the Heet7 gene.
electroporation (data not shown). Timecourse analysis shows thBax3 was weakly induced
Next we looked at inter-relationship betwd@x3and Pax7. by Pax7 at 18 and 24 hours after electroporation, Bex3
Pax3was induced ectopically in the diencephalon by 18 hoursxpression nearly disappeared by 48 hours after
after electroporation dPax7 (Table 1; Fig. 4A-E). Induction electroporation. Then by 96 hours after electroporaffan3
was very weak at first, and higher magnification indicates thaxpression covered whole the ectopic swelling. These results
the induction is cell autonomous (Fig. 4F-I). By 96 hours aftemdicates that there are two modedPax3induction by Pax7
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Fig. 4. Interrelationship betwedPax3
and Pax7. (A-1) In situ hybridization fol
Pax3(blue) (A,C,E,F,H,I) and in situ
hybridization forPax3and
immunohistochemistry for Pax7 (brow
(B,D,G) 24 hours (A-E) and 48 hours
(F-1) after electroporation. View from tt
control side (A,F), view from the
experimental side (B,C,G,H), dorsal vi
(I). The control side is printed in revers
(A,F). High power magnification of
boxed area in B,C (D,E). Correspondil
arrow in D,E indicates the same positi
Arrows in G indicate exogenous
expression of Pax7. Arrows in | indical
repression of endogenoBax3
expression by Pax7. Arrowheads in |
indicate the line corresponding to pl/p
boundary. (J-Q) Serial sections of the
embryo at 96 hours after electroporatit
(J-M) An embryo in which the swelling
in the diencephalon is small; (N-Q) an
embryo in which the swelling had
enlarged. (J,N) In situ hybridization for
Pax3 (L,P,Q) Double staining by
immunohistochemistry for Pax6 (greet
and for En2 (L,P, red), for Pax7 (Q, re«
(M) Immunohistochemistry for HA-tag
(green) and for Pax7 (red). (K,O) High
power magnifications indicated in J,N.
Areas surrounded by arrowheads on panels K and O indicate ectopic swelling, where Pax3 expression was induced. Arrond indicdieO-
the approximate position of the boundary between the ectopic swelling and the pretectum. Exogenous Pax7 expressiomiifigchlyg ide
HA-tag had disappeared at 96 hours after electroporation (M). Green cells in M are mesenchymal cells (stained for HA)pré&ss2ie
almost entire region of the ectopic swelling with rostral-high and caudal-low level when ectopic swelling is small (L) r&ss2oexis almost
absent by the time the ectopic swelling enlarged, leaving at the rostral tip of the swelling (P). Pax7 was induced iic #wedlaigpmaking a
sharp boundary with Pax6 (Q). This boundary is consistent with the Pax6/En2 boundary (P). Scale |ibar# 500J,N; 25Qum in C; 200um
in M,Q; 50pum in E. ptc, pretectum.

in the ectopic swelling; one is direct induction by Pax7, andhear the floor plate, anBax3 expression domain expanded
the other is indirect and may be induced after the feedback lomentrally corresponding to that ventral expansion of the tectal

of tectum organizing molecules had been turned on. swelling by 48 hours after electroporatiorr4/6) (Fig. 5K,L).

] . ) As Shh, a ventralizing factor, emanates from the floor plate, re-
Pax7 misexpression expands the territory of the specification along dorsoventral axis may have taken place.
tectum ventrally These results together with those in diencephalon suggest that

Shh misexpression in the dorsal mesencephalon resulted morphological change in the ventral mesencephalon occurred
repression oPax7 expression and fate change of the tectunearlier than that in the diencephalon. In accordance with this
to the tegmentum (Watanabe and Nakamura, 2000). Paxdea, differentiation of the ectopic tectum in the diencephalon
expression is well correlated with tectum development in & behind of the tectum proper (Fig. 2E,F), while no such
dorsoventral axis (Nomura et al., 1998). Therefore, walifferentiation gap was found when tectal structure extended
misexpresseBax3andPax7in the ventral mesencephalon and ventrally (Fig. 5C,F).
analyzed effects on dorsoventral axis. Liml is expressed in the ventral mesencephalon at
At E6.5, the tectum and the tegmentum can be distinguishde4.0, and is thought as a good marker for the tegmentum
histologically; the tectum shows specific laminar structure a@/Natanabe and Nakamura, 2000). At E4.0 (60 hours
shown previously. AfteiPax7 misexpression, tectal structure after electroporation),Liml expression in the ventral
extended ventrally n=3/6) (Fig. 5A-C). Next we checked mesencephalon made two stripes on the control side; broad
effects on marker gene expression for the tectum anidteral stripe and narrow medial stripe (Fig. 5M). On the
tegmentum. Induction dPax3in the ventral mesencephalon experimental side, broader stripe was completely missing
was observed at 24 hours after electroporatidPea” (n=3/3)  although narrow stripe remained and the position of narrow
(Fig. 5G,H). Higher power micrographs indicate that inductiorstripe did not shift ventrallyne2/5) (Fig. 5M). On the control
of Pax3 by Pax7 is cell autonomous (Fig. HH. Pax3  ventral sidePax6expression band is discernible (Agarwala,
misexpression also expanded the tectal domain ventrally (Fig001). ThePax6 expression band disappeared afRax3
5D-F). misexpressionn=3/4) and aftelPax7 misexpressionnE4/4,
Ectopically inducedPax3 expression by Pax7 disappearedFig. 5N).
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Fig. 5. Pax3/7misexpression caused fate change o
tegmentum to the tectum. (A-C,D-F) Morphology
afterPax7andPax3misexpression at E6.5 and E7.£
respectively. View from the control side (A,D), and
view from the experimental side (B,E). A,D are
printed in reverse for comparison. (C,F) Horizonta
section (the plane is indicated in A,D) stained with
Hematoxylin and Eosin. Arrows indicate the bounc
between the tectum and tegmentum. The arrowhe
indicates the ventral midline. The figures indicate 1
the tectal structure expanded ventrally aRex7and
Pax3misexpression. (G-IPax3induction in the
ventral mesencephalon affe@x7misexpression. In
situ hybridization folPax3(H), and addition of
immunohistochemical staining for Pax 7 (I) on an
E2.5 embryo at 24 hours after electroporation. Vie
from the control side, printed in reverse (G). View
from the experimental side (H,I). (H) High power
micrographs of boxed areas in H,l, respectively. Tl
arrow in H, I' indicates the same position.

(K-N) Ventral view of E3.5 embryos aft®ax7
misexpression. In situ hybridization fBax3(blue, K)
and addition of immunohistochemical staining for
Pax7 (brown, L)Pax3is induced in the tegmentum
region (K,L). Arrows in K,L indicate oculomotor
nerve roots. Note that the distance from the ventre
midline to the oculomotor nerve root is the same ¢
the control and the experimental side, but the dist:
from the ventral midline to the ventral limit of the
Pax3-expressing domain is narrower on the
experimental side than on the experimental side (t
(M,N) In situ hybridization foLim1 (blue) and
addition of immunohistochemical staining for Pax7
(brown) on an E4.0 embryo, viewed ventrally, at 6(
hours after electroporation (M). Lateral band_mh1
expression in the tegmentum has disappeared on
experimental side (M). In situ hybridization f@ax6
(blue) and immunohistochemical staining for Pax7 (brown) 8fi&7 misexpression (NPax6expression arch was also repressed &7
misexpression (N). In K-N, right-hand side is the control side. Scale bars: 1.0 mm in AJim30@,F,L-N); 200um in G; 50um in H.
di, diencephalon; L, lateral stripe bim1 expression; M, medial stripe bfm1 expression; met, metencephalon; tgm, tegmentum.

DISCUSSION semicircularis. The ectopically differentiated tectal structure
could receive retinal fibers. As torus semicircularis was also
We have shown that (1) in normal developnfeat3andPax7  differentiated, it was concluded that the alar plate of the
expression covers the mesencephalic alar platePg23and  presumptive diencephalon changed its fate to the mesencephalic
Pax7misexpression caused fate change of the alar plate of tladar plate byPax3or Pax7 misexpression. As for dorsoventral
diencephalic p2 region to that of the mesencephalon, but tfais, the tectal swelling expanded ventrally (see Fig. 5C). One
pl region was less affected by Pax3/7 and retained its originalay raise a question if this ventral expansion of the tectum is
fate; (3)Pax3andPax7misexpression resulted in repression ofcaused by transformation of the dorsal tegmentum or by
Pax6 expression, and induction of tectum-related genes suabvergrowth of the tectum. If the former is the case, dorsal part
as Fgf8, En2 and Pax3 and Pax7 in the diencephalon in a of the tegmentum may be lost, and if the latter is the case, the
sequential order; (4Pax3 and Pax7 misexpression in the tegmental structure is condensed relatively. We paid attention
ventral mesencephalon resulted in repression of tegmentut® theLiml1 andPax6expression in the ventral mesencephalon.
marker gene and ventral expansion of the tectal territory; arldmlis expressed in two stripes; broad lateral stripe and narrow
(5) Pax3 and Pax7 misexpression exerted similar effects. Asmedial stripe (see Fig. 5Mpax6is expressed in a band of arch,
we can use specific antibody for Pax7, we mainly misexpresses suggested by Agarwala et al. (Agarwala et al., 2001). After
Pax7 throughout experiments. Possible functionPak3and  Pax7 misexpression broader stripe biml expression was

Pax7in tectum development is discussed below. completely missing although narrow stripe remained almost

intact. Arch ofPax6expression was also disappeared (see Fig.
Pax3/7 induced ectopic tectum in the diencephalon 5N). The results indicate that dorsal tegmentum region was
and ventral mesencephalon missing but ventral tegmentum region was almost intact. Thus,

The present study has shown that Pax3 and Pax7 induce concluded that ventral expansion of the tectal swelling may
ectopic swelling in the diencephalon, and that the swelling hadot be due to increasing or decreasing of cell proliferation but
the laminar structure characteristic of the tectum and the toruis fate change of the tegmentum to the tectum.
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In normal developmenBax3andPax7are expressed almost property. Introduced Pax3/7 may first turn off the gene
in an overlapping manner in the mesencephalic alar plate, aedpression program towards diencephalon, then may induce
Pax3and Pax7 misexpression caused very similar phenotypeFgf8 andEn expression. At first, En expression was found on
These results indicate functional redundancia{3andPax7  the entire ectopic swelling, but then, confined to the rostral
in tectum development as suggested previously from thieorder of the swelling (see Fig. 4J-Q), which may indicate that
phenotype of mutant mice (Epstein et al., 1991; Mansouri ghe rostrocaudal polarity of the ectopic tectum was established
al.,, 1996; Mansouri et al., 1998). Our misexpression studin a mirror image to the tectum proper. Following En
showed that in the dorsal mesencephalon and pl region, Pasx®ression,Pax3 and Pax7 expression covered whole the
and Pax7 repressed each other’s expression. At the same tiraetopic swelling. The results of transfection experiments with
some regulation mechanism to balance total expression levdA-tagged Pax7 expression vector suggested that expressions
of Pax3andPax7by downregulating or by upregulating each of Pax3and Pax7, covering whole the ectopic swelling, were
other’s expression may exist. Rax3mutant micePax7was  not expressed from the transfected expression vector, but from
upregulated in the somite and neural tube (Borycki et althe embryonic gene induced sequentially after En expression
1999). (see Fig. 4L,M). These results together with the chronological

Pax7 represseBax6 expression in the alar plate of the p2 order of expression of these genes in normal development
region, which may mean that Pax7 repressed diencephaiindicate thatPax3 and Pax7 may take part in mesencephalic
property to cause re-specification of gene expression cascadevelopment after the En expression.
toward mesencephalic development. In the pl redrax6 It was suggested that the brain vesicle should ex@bs%s
expression was not affected so much, and most of EnandPax2to acquire the property to differentiate into the
differentiated according to its original developmental programtectum (Nakamura, 2001). We would like to adax3 and
that is, pl differentiated into the diencephalic pretectum. ThiRax7, expressed in the mesencephalic alar plate, for the tectum
difference may be attributed to that bé&#ix3/7andPax6are  development.En, Otx2 and Pax2 are expressed or once
expressed normally in the p1 region. Pax3/7 and Pax6 represspressed in both the alar plate and the basal plate of the
each other's expression (Matsunaga, et al., 2000; presemesencephalon. In this scenario, addition of Pax3 or Pax7
study), but in p1 region there may be some mechanism for eaelRpression at the basal plate may be enough to change its fate
of them to escape from other's repressive effect. As & the tectum. This assumption well explains the results that
consequence, forced expression of these genes would not exée morphological change was detectable earlier in the basal
strong effect, and would result in separation of ectopicallyplate of the mesencephalon than in the diencephalorPafi8r
differentiated tectum from the tectum proper at the pl regiorandPax7 misexpression
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