Involvement of Netrin-1 Slit2 in mammillary tract
formation in mouse brain
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Abbreviations : DCC, deleted in colorectal cancer; DIG, digoxigenin; Dil, 1,1-dioctadecyl-3,3,3',3*-tetramethyl-
indocarbocyanine perchlorate; DT, dorsal thalamus; GFP, green fluorescent protein; M, mesencephalon; PFA,
paraformaldehyde; Sey, small eye; SPC, spinal cord; ZL, zona limitans intrathalamica
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FEERREILS-EIB35ORIB L VEZIMY L, EFTUY
MEMBEZMOEVAE, 4737 F VAT LFEF
(paraformaldehyde, PFA) % & PBS CEE L7z, FLEKE, LD
WBEORI LT T A0, HATIAEDRWMTHNLR
7o rEFEEDI (1, 1-dioctadecyl-3, 3, 3°, 3°-tetramethyl-
indocarbocyanine perchlorate) (Molecular Probe, Eugene, OR) @
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EH L. =9 ADSlt], Slit2% 2— F3ARFIIE, Fo%
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y—¥2a— FTA2RETFRINEZHEAL TR F—IZHAL
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(Stanford K%, ¥ Genentech#t) & W #t5 %1772, RFEv—
H—ELTHGFP 77 X3 FARZ % — X pIRES-hrGFP-1a
(Stratagene, La Jolla, CA) % Hv:7z. Wb AR IZEA T
AH1IC, HEK293 (& HIEEMRERSEREME) 272722
FLT, FORBEERL.
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Netrin-1, Slit1, Slit2, DCC, Robol, Robo2, Foxbl# & U Pax6 @
BIEFE, T v FEISSHIECDNA L ) PCRTHEEL, pGEM-
T~N% % — (Promega, Madison, WI) # fiwC/r7u—=r L
Fo. WELL7TT R 3 MIZHIREERICL D ESRICL, ThE
in situ hybridization D 7' — 7 &M O & L7z, Digoxigenin
(DIG) B+t > A 70 —-7RUOT »FE s A 70 —7iDIG-
11-UDP RNA labeling kit (Roche, Germany) # i\ T, X—1%
—DTZaTMIL o TER L.
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ETORIZELS THRETTEY7AOTEL )R HL
PBS C#ti% % A%PFA/PBS T4 CT—MREE L7z, #< 24
T20% > a 2B L, O.T.C. compound (Tissue-Tek, 7 5
R, EED ICBE LA 2)F A5 v MITLI6 2 mOHHEY
FafEsL, MASZ— MRF4 FHF 2 BEBEF, KK I
e, SRR, FRABIC-80CITTRAEL..

3. NAFY¥F4E— 3 (hybridization)

LR RH % ML, 4%PFA/PBSIZ T304 MIEE L CHREE
L, 0.1%Triton-X100/PBS 2T 54 & @ALE%, PBST543[H
W L7z, 0.2NDHCLIZ20448E %, 1 x4 g/ml? proteinaseK

B

T37C TS5 MMEL, PBSTHAIMEPEWL . FHE,
4%PFA/PBS TREIE R, 2mg/mlN ) ¥ Iz 15543 H-002[
B L7 2XSSC, 50%k N AT I FEHT65TIIT 1M,
FULNAT)F L ¥ =2 arwffol:. DIGEEHRNA 7o —
TENATITAE—2 a2 (5XSSC, 2% 70 v F* 7Y
T—Y x> b (Roche), 50% )47 3 F) CTL00REATURF L,
QTT2HM, BHEERLETLNATI L= 3 » Dk
o ZZBRHIIET L. 50% 00 A7 3 KT L 2238461 2
G4 KHTARLENR, 65CTIOHMH, N7 FA¥—1a
VERTol. N TN T4 - a sk, 2XSSC, 50%k I
LT I RT65C, LW, 70—7o%kE%Fv, RNase fl##
¥ (10 mM Tris-HCl pH8.0, 500 mM NaCl) 237 C 10 43-[#iz
HLA0E, 20 4 g/mlo RNase T37 C 304, LIL%EFT- 72,
T U'RNase A#B A2 37 C 10431, ##\ T2 X SSCI265T 20
M, 02XSSCIZ65T204 Mz 2, AT M FA 7 A% iki
TAHI LIk o T L7, DIGHRFIE—1 (100 mM Tris-HCI
pH7.5, 150 mM NaCl) i22% 72 v ¥ 7)) —T x> b, 20%
TEMBAEMATT Oy F L 7HEREL, CThEATANYS
2T LTERMCCERCIME 7oy 7Lz, 7y
F ¥ ZUEHCC L0005 IS AN L 72 e Y VHDIG Hifk (Roche) %
AT 4 NHT AW T LEIRTIREE, 85 CHURPUR G
T o2, DIGRRMK—1TI150M, 3HEPEE LA, ki
DIG #B 1l — 2 (100mM Tris-HCl pH9.5, 150mM NaCl) {25 53 [H]
Bil%, — o7 V=5 574 (nitoroblue tetrazorium,
NBT) /X > (5-bromo-4-chloro-3-indolyl-phosphate, BCIP)
B (Roche) 2T L, |IRT—Mpikh &&/. DIGHRM
M~ 1 TR CHE L TRELEILE, KiEEEARITHAL,
FeEEFEM $E PROVIS AX-80 (Olympus, M) T L/,
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E12.5 D5 12 M % 4%PFA/PBS TREER, 20% > 2 HHI@E# L,
O.C.T. compound i2& L7z, THSE 7 V4R v MZT20
pmiZEY L, RIRTHRE L2, Avidin-Biotin Complex #:
(VECTASTEIN ABC kit, Vector Laboratories, Burlingame, CA)
I TRIEMMLSERE 21T 7. AR, XS54 FFVT72%
15% D H0: 2 FEr A ¥ 7 — WVEWRCE A ML T, WNEHE
NV FF LT —EERESE/z. PBSTSUEER, 10%4:08
R I3 % & PBST (0.1%Triton — X 100/PBS) ¢304M 7w v
FUTEFToIOL, —KiRE DORIGE 4CTWIT- 7
—RIEDFLRobol, Robo2 ™7 FHRY 7 0 —F Lk (kIR
KREDOH EELREIES LY #5) 126000 CMA L 7.
PBSTT54 M 3EM L7cfk, a5 oLty FlgGiifke
0 HRETE, A LT b T EY Y L horseradish peroxidase
BREAF OB EE305MIKIS &7, PBSTT54HS
Bk LA%, 3,3-V7 I/ RUF Y AR (3,3
diaminobenzidine tetrahydrochloride, DAB) 2T %t & ¢,
PBST Cikigfk, #HA L CHMBBEYT-7.
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IL 7 bERLY =Y 3 2k 3 E12.50 Sey I BB~ #{E
TFHALL, Saito 5PDFEIHE- 72, BHARY ¥ —i25mg/ml
DRETPBSICHEMLINNEA R Ty —FT 5770, 77 A+
F)—vERMLE:, BAY—7—L LTEGFPRY ¥ —% &
tr, 1~3 u IDERBNRY & — BT % EAEHEME T TH/AI< Y
ZERy Mo THEMOEZME~NEALL. BT,
PBSHClaIEM % €+ v MEMR (E&E5mm, CUY6505, v
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(Type IV; Roche) ([2W L, #IVFv—4 ¥ — bk Millicell-
CM 0.4 ;2 m pore size; Millipore, Bedford, MA) (Zi##-& T4
L 7. Neurobasal 57 i (Invitrogen Japan, &% &) (2
supplement (Invitrogen Japan) % 1/100%0I1z., 5% CO,, 37 °C
T2HMEAE L7, a v ba— 2, [ US54 BRoms
BAEITDR l«‘Sey fa ez FEICER L7, w000 lm
LRG| - IS DIEFE D 720 12 % & & B8 (spinal
cord, SPC) & J:E74% 7=, SPC &1 41,1H|J0)ﬁ":[h‘-i&t KBS
L7280, GFP N7 v AV 2=y 7= A (E12.5) X D ERELL 7-.
Fi#62 H H 12 4%PFA/PBS ClilsE, DIl CFLEMAmER & %k L,
FRRIOEREBIE 2 B2 ko 7.
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DIl ek L 724 T ok, L TBmes T’igs, mifgz I
BRAZIRNT L 72, FLUEAR D O Ok O & S @ ®mf#HT I PASCAL
fHlEgy 7 b 27 To7 o 7. B AE LMl £ e
(SEM) Tl L7z, a2 bu— L& OEOKEHFAEMEL,
Student’s t-test % JHV TAT\vy, P<0.05 % #iat A EEH D &
A L 7.
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PRI, FAER< Y 22D TR A B AL T o ZLE K

FICI 2 AL A7z, FLERIZ IS A D O T R T
nIHH'“l \ZfFFE L, Mastick 5O #Hiis L7- £ 9 1ZE10.5 G112 i
VORI AR Sz, S HIZE1LS, E12.5 & 38EH T
&, WAL L 72 s i IE R ORI i - THEII L 2255 — &

T ORI NTW { EASEEE S s (K 1. A, B, C, D).
Z L TE13512% % &, 41t L TZona Limitans Intrathalamica
(ZLD (23 L7zdihsid, ZUE2#E S & —FIZIRE LI TE 61
BTz (K1 E, F) . 727501, I$REURIZ 2 5 fl
T AL (dorsal thalamus, DT) Ji‘(}k LTRALTWE
noiz. »

II. Sey TOILFEED > DEIRETESE

75, BEGINFPax6 D2~ 7 A Sey Tlid, E10.5 TIKD %

J‘??/i(’?ﬁ“.féjﬁ/b SNFLEHAMAEOMES BRI o7,
E11.527% % &, SR OFUTIEFIE & FFEE F T2 2 7277,
ARDEEA 6 K E MU THAET 2 85 A S Jss
7z (IK1. G, H). E12.5, E135 &AM HETIZON T, ZFofi
MEESE3mEh, DTHIEORITEE ﬁftﬁ%ﬁ%m
THEEEE N (KWL L] K D). L@%!i[—f DR AEITIE, PR
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nhhroiz,

Fig.1. Aberrant pathfindings of mammillary axons in embryos of Sey mice.
Mammillary axonal pathfindings were examined by confocal microscopy with brain preparations from E11.5 (A, B, G, H), E12.5 (C, D, I,
]), and E13.5 (E, F, K, L) embryos of wild-type (A-F) and Sey (G-L) mice. Dil-labeled mammillary axons are seen white in black-and-white
panels or red in color panels. Panels B, D, F, H, J and L are magnified views of the squares indicated in panels A, C, E, G, I and K,
respectively. Aberrant neuronal fibers observed in the mutant are indicated with arrowheads in H, J and L. The dashed lines show the
position of zona limitans intrathalamica. DT, dorsal thalamus; M, mesencephalon. Original magnification is X 20 (A, C, E, G, I, K), X 100
(B, D, F, H, ], K). Scale bars mean 500 » m (black) and 200 » m (white). Data from one experiment of four with similar results are

presented.
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Fig. 2. Correct pathfindings of mammillary axons of Sey mice co-cultured with spinal cord of wild-type mice.
Mammillary axonal pathfinding was examined by confocal microscopy with brain preparations from E12.5 embryos of wild-type (A) and
Sey (B) mice that had been co-cultured with spinal cord explant (seen in green) containing floor plate (FP) of GFP-transgenic wild-type
mice. Panels C and D show the results without co-culture as control for A and B, respectively. The arrows indicate growing mammillary
axons (seen in red), whose guidance was seemingly corrected during co-culture. Original magnifications are X 200 (A, B) and X 100 (C,
D). Scale bars mean 200 ;2 m. Data from one experiment of 10 (wild type) and 12 (Sey) with similar results are presented.

Fig.3. Aberrant mRNA expression of axonal guidance
molecules in embryonic brain of Sey mice.
Distribution of mRNA of Netrin-1 (C, D), Slitl (E, F), and Slit2
(G, H) was determined by in situ hybridization with sections
prepared from E12.5 embryonic brains of wild-type (A, C, E,
G) and Sey (B, D, F, H) mice. Pax6 mRNA was similarly
analyzed as control to locate ventral thalamus and edge of
dorsal thalamus (A, B). Positive signals are seen in dark blue.
The arrows indicate the position of zona limitans
intrathalamica. Original magnification is X 40. Scale bar
means Imm. Data from one experiment of three (wild type)
and 10 (Sey) with similar results are presented.

-

h

f

%

st s

Fig.4. Correct mRNA expression of guidance receptors
in embryonic brain of Sey mice.
Distribution of mRNA of DCC (C, D), Robo1 (E, F), and Robo2
(G, H) in mammillary bodies was determined by in situ
hybridization with sections prepared from E12.5 embryonic
brains of wild-type (A, C, E, G) and Sey (B, D, F, H) mice.
Foxbl mRNA was similarly analyzed as control to locate
mammillary bodies (A, B). Positive signals are seen in dark
blue. Original magnification is X 100. Scale bar means 200
m. Data from one experiment of three (wild type) and eight
(Sey) with similar results are presented.
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Fig.5. Correct expression of Robo proteins in mammillary
axons of Sey mice.
Protein expression of Robol (A, B) and Robo2 (C, D) in
mammillary axons was examined by immunohistochemistry
with sections prepared from E12.5 embryos of wild-type (A, C)
and Sey (B, D) mice. Positive signals are shown in brown.
The arrows in panels A and B indicate Robol-positive
mammillary fibers, and the brackets in panel C and D indicate
mammillary bodies. Original magnification is X 100. Scale
bar means 200 » m. Data from one experiment of five (Robol
with wild-type mice), three (Robo2 with wild-type mice), six
(Robo1 with Sey mice), and four (Robo2 with Sey mice) with
similar results are presented.
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IV. 442X FDORIBLEE

ZZTRIZ, SeylBIICBIF B H A ¥ v AT ORBIO A4
BRI, FODIC, E12.5DMKIC B VTR D S 45 S
LB DN A 5 v ARG5S 203G B Netrin & Slit O 588 %
in situ XA 7)) T A ¥ = 3 TR FEERC, Fs
DL+t 7% —7TdH25DCC & Robo lZDOWTH ML 7. i
B3> ha—)b & L CTPax6 (3. A, B) & Foxbl (X4. A, B) ®
mRNA Z#eit L, 22N DT & LIRS ofiE & L7z,

1. Netrin-1 mRNA O 8 Lk

¥7/4: 71 -C @ Netrin-1 ® mRNA (&, JEMHE O REHI AT 5
Lz, ZLIo—EIc3Es L (M3, C), DTIC i{; fi L
o7z, —F, Sey TIEEMUIFAT L 72 5EBUTEF AR & Iﬁ])r':k TdH
72, FORBUIDTIZH LA > TE Y, M ATRF 12
o TWAI Aotz (M3.D).

2. Slit mRNA O 3§

PAERICUE, Slitl, Slit2 ® mRNA & & RE Wb oo, [
MTEFEICDTIZFB L Tz (M3, E, G). Z#ilxt L Sey T
EDT FEEIZ Y ZF Vgt ENd, BELNUVHPLTFL T

Z g ho7z (M3 .F, H).

3. AHEETOLE Ty =5 T-DF5HB

Sey ¥ AWTOHA & 2 A5 FAxb 5 BUSPEDTIEH Tdh
LI EEMNIT LD, JLHEARTOL Ty — 058l & .

Netrin L' £ 7% —Td& % DCC mRNADZHIL, LX)V EE
fir & DA L Sey & CHEZETH - 72 (M4. C, D). F7z,
Slit L+ 7% —Td % Robol (X14. E, F) & Robo2 (X14. G, H) &
b, PAERIE Sey & THEITEO SN0 - 72 (X4, E, F). Robo
5 B OFB R RIEM LS THRRL &, L) IR &
Sey L Tll—Tdh o7z, TbbH, E1250 O FLIE A2 1
121X Robol D ZE AR 5417275, Robo2 (X FLUEK #1258 B
LB Y AR LI e L e » 72 (K5, A, B, C, D).
INHLOHEIEINetrin L £ 7 —LSlitLt 74— &4 Sey~
TARICBIFBREBIIEFETHAH T & A2 RL, BEEENMAT O
L —FKL7.

V. H1E 2 ABFDEETFEA

Sey Ik C Netrin & Slit DFEHL R 25580 72D T, FLUH
R O EAT BRSNS A ¥ A DSBS 12 K4

Fig. 6. Guidance of mammillary axons in brains of Sey mouse embryos by forced expression of Netrin-1.
Guidance of mammillary axons was examined with brain preparations from E12.5 embryos of Sey mice that had been electroporated with
Netrin-1. The boundary of cultured brain is indicated with dashed line in panel A, and the area with ectopic expression of Netrin-1 is seen
in green due to co-expression of GFP (A, B, C). Dil-labeled mammillary axons are stained red (B, C). Panel B is a magnified view of a
portion of panel A, and panel C is a magnified view of the squared area in panel B. The arrows in panel C indicate mammillary axons
whose guidance was seemingly corrected by the expressed Netrin-1. Original magnifications are X 20 (A), X 100 (B), and X 200 (C).
Scale bars mean 1 mm (A), 500  m (B), and 200 . m (C). The data are representative of four independent experiments that showed

similar results.



74

S

1200

Lengh of mammillary axons( i m)

Control

EP: Slit 2

A

FP

Fig. 7.  Guidance of mammillary axons in Sey embryos by forced

expression of Slit1 and Slit2.

Guidance of mammillary axons was examined with brain preparations
from E12.5 embryos of Sey mice that had been electroporated with Slit1
(A, B) and Slit2 (C, D, E). The boundary of cultured brain is indicated
with dashed line in panel A and C. Dil-labeled mammillary axons are
stained red (B, D, E). Panels B and D are magnified views of a portion
of panels A and C, respectively. Panel E is a magnified view of the
squared area in panel D. The arrows in panel E indicate mammillary
axons whose guidance was seemingly corrected by the expressed Slit2.
Original magnifications are X 20 (A, C), X 100 (D) and X 200 (B, E).
Scale bars mean Imm (A), 500  m (D) and 200  m (B, E). The
length of mammillary axons was determined with (EP: Slit2) and
without (control) ectopic expression of Slit2, and is shown as x + SEM
in panel D. Difference between the two results is significant (*, p<0.05;
n (number of axons) = 398 (control) and 276 (EP: Slit2)). The data
represent 10 independent experiments that showed similar results.

B

Fig.8. Proposed mechanism of the regulation of mammillary axon guidance by Netrin-1 and Slit2.
In embryonic brain of wild-type mice (A), Netrin-1 (red) is expressed mostly along floor plate (FP, yellow) and to some extent in zona
limitans intrathalamica (ZLI), and Slit2 (blue) is widely distributed in dorsal thalamus (DT). In Sey mice (B), Netrin-1 expression is
expanded to DT, and Slit2 expression is weakened in DT. As a result, axons are aberrantly guided from mammillary body (MB) (shown
in green). The arrowheads indicate ZLI, and the term M shows mesencephalon.
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AVEPEERTHILIILE. F0O20IT, SeyERODT
IR T NEN L BEIFR S & THRET~OFE L.
1. Netrin-1 ®FH

=7 M T FBREFOTOE— Y —FERTIZ Netrin-1 &
BT AN ¥ —%, GFPRRBEE LRI ¥ L L BT,
E12.5 Sey IR R FTFAYICEIT T 2 FLEEGME LB ICEA L/
(6. A). +0¥E, DTHIRICMA - TREETL TV
S, FEOMEICFIERENS Z LN o7: (M6.B,C). =
DFEFI, Netrin-1 ATFLIEMRIFE % E LW HRANHES T2 EH
PETAHZERRT.

2. Sht#fETO#EA

KAz, SlitldB L OS2 RNy & — 2 BN L SN LD o7z
Sey M DTHIE~BA L7z, ZFo85H, Slitl oMElEHR Tl
WMEETIIBE SR D o727 (M7, A, B), Slt20ik%ERT
1, BEIELT L 2GR St2 B8R T8 AL CiE el L
B HEsh/ (M7.C,D,E). #2T, BIGTHEANFET
WMBEOE BRI LB L 2h, BARTIRBENE
B B2 TWA I ENDh o7z p<0.05) (M7.F). b
OfEFIE, SE2 AR REERER 2 A L TWAHE 1D L1y
&L, TOHA 5y AFTHAFEOWMFEET 2 HET 5 &H
B L BRT.

% =

OB BEEI, B K S S AREREICL - T
TR ONTWD, HEEEBEOREICIE, BHEOBBE Cgs
HA Ty ARG T TIE LN E TN, YT 7TAZBKYT
AT ENBEETHAL, VA5V ABMPREICEALELWVY
F7AEERENT, WEEHE L2 —T L3R L TEH
Bldmm s s, EBRERIZMES BTS00
WETHY, WEOH A5 > AL MB 2 L IR OMie v
BT ALETROVEETHA, /4, LEAIEEO MK
[Papez DBk | Licdh2BEELWHZETH Y, HLIEEOETE
BB oML, EEOEEEME LTLEHEND 5.

Velverde 5 13, C57/BL6 2N MRS B % %0 Pax6 %
B Ak Sey™ TOILIEMEGUL B ORI E WF L7z, KAFFETIE,
FVBAKOBIZHEE L HEoSey 2 flioT, FORENERK%
WMEK A 5 AOMED SRz, FORE, o LFEBEOR
BEMERLAET, S5ICHREED RV THEFHZED
REZRO07. FLT, Sey TORFIMFE GILIEENO L
BTy — ISR, RBO N A ¥ 2 R4 Netrin-l &
Sit2 DREBBEIZREALTWAZ LW oIz L. Dok
FeBRRIIRY (K8). B4R CO Netrin-1 DFEFILEAIE
FOEMIZIED & &S IZZLIDO—EIZA S5 N 5HY, Sey TIEDT
FHAELZOREBRLLTT WA $70, BEBTIEDTIEL
T A Slit], Slit24%, Sey TlE & h HF VB TLIRERL
Twhpolk., 2F 0, SeyleBW Tk, #Fi{EA%E LD
Netrin-1 D5 HE RO RETHIEA & MRAE(EH 2 #HoSlit2 D
DTTORBETICL Y, AFEFMBEIRLALLETEVH
BIIBALTW DT BWhEEZONE, BEIEST
NetrinlC & > CH R HMEOESZ MET H2MBEN, ENLELS
BRFIE A DTOP TR SN B FTIESItIZ & » TR AL
AONB LW HEADHLDD L LR, Pax6ld DTO4E
BERRLTARETEHMTAZE0MOA TN S,
Sey TDTORBKERICEEH B L ThE, FLHEAHROE

WERBERNBZFDLDOFER SR B D Ltk .,
Sey DR TiZNetrin &£ Slit & W) # 4 ¥ > AGFORBEEEIC
Lo TR THRICEB oo FHAMUT L E o 2RI, HE
ZREV, ELVERIZUNE ZEFTETIIHEIA TV T
LEIDTHA). TNFT T, Sey TIXALEEEREAE
EFDNTOLN, WBODLEP oD TRECELLT Y
YASNE Dol DICER L EELONS,

ChETI P BERETOHRETORF IS HES
NTVBID Pax6hiH 4 ¥ > ASTFEEH LT3 W EEk
KOWTIIEH SN TELHFOY, HBR~NOEEOBELHE
D7z OEBIATR ., AR TR, LEGHEREBRAE LR
M N5IZIE Netrin-l £ SH2ALETHL Z EHFHELMIZEN
7. LAL, IRBEOF AV ASFRED L I 12 Pax6 Ol
WEZTTHw200, ERFLHBTELLEN. 4, &
EOMETIE, EReaRETs - IZBnTSito Lk
7% —Td 5 Robo#*, Netrin Lt 7% —T&%DCCLHESK
EWELL, NetinDEOBBIMELITLHET L bbroTE
7o A FEAMEORABER CELASFOREE LB I,
HAT L AFFLLET Iy —DlAGLRICLE, I HEHR
AT AR T I Z L5 ROBETH 5,

& E

Pax6 BRAR~ 7 X Sey £ EF N & L THIEBRBORIEBIZ
DWTHRE L, TR EE.

1. Sey Ci&, WA LR CHBEAIMEORAMETID
5.

2. Sey ODFFAMILERIZTFRET 2T A ¥ ARTIZEFIIK
Y.

3. Sey® DT T3, Netrin DRFTAIZI & Slit DFHIE T A%
Z5.

4. JLEETOHN A4 ¥ > A28, Netrin-15555], Slt2 A%
HREEDHFEERT.

Loy, EEILERERBOERIIE, 745
A5 FNetrin-1 & Slit2 D IF L\ BRI EY - ZRIHREIVLETH
g T (AR

B &

WERZD2Hoh, HIEE, BEREEED $ LASRAEFRERE
BRI E A BER S WU RIS S 58 P ERERIICRES
LEHOBERLIT. TARNROETICHLD, ERAELEED
THE & L= A R R T e R TERL 7 Y — 78+ ) —
F-IlRERAHEERLET.

ks, FHFRO—ERLE 26 0 FSTEYFERER QU3E, W)
EBVWTRELL,

X &

1) Tessier-Lavigne M, Placzek M, Lumsden AGS, Dodd ],
Jessell TM. Chemotropic guidance of developing axons in the
mammalian central nervous system. Nature 336: 775-778, 1988
2) Tessier-Lavigne M, Goodman CS. The molecular biology
of axon guidance. Science 274: 1123-1133, 1996
3) Dickson B]. Molecular mechanisms of axon guidance.
Science 298: 1959-1964, 2002
4) Nakagawa Y, O’Leary DDM. Combinatorial expression



76 I

patterns of LIM-homeodomain and other regulatory genes
parcellate developing thalamus. J Neurosci 21 : 2711-2725, 2001
5) Shirasaki R, Pfaff SL. Transcriptionnal codes and the
control of neuronal identity. Annu Rev Neurosci 25: 251-258,
2002

6) Schubert FR, Lumsden A. Transcriptional control of early
tract formation in the embryonic chick midbrain. Development
132: 1785-1793, 2005

7) Oppenheim RW. The neurotrophic theory and naturally
occurring motoneuron death. Trends Neurosci 12: 252-255, 1989
8) Oppenheim RW, Prevette D, Yin QW, Collins F,
MacDonald J. Control of embryonic motoneuron survival in vivo
by ciliary neurotrophic factor. Science 251: 1616-1618, 1991

9) Serafini T, Kennedy TE, Galko MJ, Mizayan C, Jessell TM,
Tessier-Lavigne M. The netrins define a family of axon
outgrowth-promoting proteins homologous to c.elegans UNC-6.
Cell 78: 409-424, 1994

10) Serafini T, Colamarino SA, Leonardo ED, Wang H,
Beddington R, Skarnes WC, Tessier-Lavigne M. Netrin-1 is
required for commissural axon guidance in the developing
vertebrate nervous system. Cell 87: 1001-1014, 1996

11) Keino-Masu K, Masu M, Hinck L, Leonardo ED, Chan SSY,
Culotti JG, Tessier-Lavigne M. Deleted in Colorectal Cancer
(DCC) encodes a netrin receptor. Cell 87: 175-185, 1996

12) Nakamura F, Kalb RG, Strittmatter SM. Molecular basis of
semaphorin-mediated axon guidance. J Neurobiol 44: 219-229,
2000

13) Fujisawa H. Discovery of semaphorin receptors, neuropilin
and plexin, and their functions in neural development. |
Neurobiol 59: 24-33, 2004

14) Flanagan JG, Vanderhaeghen P. The ephrins and Eph
receptors in neural development. Annu Rev Neurosci 21: 309-
345, 1998

15) O’Leary DD, Wilkinson DG. Eph receptors and ephrins in
neural development. Curr Opin Neurobiol 9: 65-73, 1999

16) Kidd T, Bland KS, Goodman CS. Slit is the midline
repellent for the Robo receptor in drosophila, Cell 96: 785-794,
1999

17) Brose K, Bland KS, Wang KH, Arnott D, Henzel W,
Goodman CS, Tessier-Lavigne M, Kidd T. Slit proteins bind
Robo receptors and have an evolutionarily conserved role in
repulsive axon guidance. Cell 96: 795-806, 1999

18) Brose K, Tessier-Lavigne M. Slit proteins: Key regulators
of axon guidance, axonal branching, and cell migration. Curr
Opin Neurobiol 10: 95-102, 2000

19) Martinez S, Puelles L. Neurogenetic Compartments of the
mouse diencephalons and some characteristic gene expression
patterns. Results Probl Cell Differ 30: 91-106, 2000

20) Valverde F, Garcia C, Lopez-Mascaraque L, Carlos JA.
Development of the mammillothalamic tract in normal and Pax-6
mutant mice. J Comp Neurol 419: 485-504, 2000

21) Roberts RC. Small eyes - a new dominant eye mutant in the
mouse. Genet Res Camp 9: 121-122, 1967
22) Hogan BL, Horsburgh G, Cohen J, Hetherington CM,

2l

Fischer G, Lyon MF. Small eye (Sey) : a homozygous lethal
mutation on chromosome 2 which affects the differentiation of
both lens and nasal placodes in the mouse. ] Embryol Exp
Morphol 97: 95-110, 1986

23) Hill RE, Favor J, Hogan BL, Ton CC, Saunders GF, Hanson
IM, Prosser J, Jordan T, Hastie ND, van Heyingen V. Mouse
small eye result from mutations in paired-like homeobox-
containing gene. Nature 354: 522-525, 1991

24) Okabe M, Ikawa M, Kominami K, Nakanishi T,
NishimuneY. 'Green mice' as a source of ubiquitous green cells.
FEBS Lett 407: 313-319, 1997

25) Saito T, Nakatsuji N. Efficient gene transfer into the
embryonic mouse brain using iz vivo electroporation. Develop
Biol 240: 237-246, 2001

26) Mastick GS, Easter SS. Initial organization of neurons and
tracts in the embryonic mouse fore- and midbrain, Devlop Biol
173: 79-94, 1996

27) Kennedy TE, Serafini T, Torre JR, Tessier-Lavigne M.
Netrins are diffusible chemotropic factors for commissural axons
in the embryonic spinal cord. Cell 78; 425-435, 1994

28) Tamada A, Shirasaki R, Murakami F. Floor plate
chemoattracts crossed axons and chemorepels uncrossed axons
in the vertebrate brain, Neuron 14: 1083-1093, 1995

29) Shirasaki R, Tamada A, Katsumata R, Murakami F.
Guidance of cerebellofugal axons in the rat embryo: Directed
growth toward the floor plate and subsequent elongation along
the longitudinal axis. Neuron 14: 961-972, 1995

30) Shirasaki R, Mizayan C, Tessier-Lavigne M, Murakami F.
Guidance of circumferentially growing axons by netrin-
dependent and -Independent floor plate chemotropism in the
vertebrate brain. Neuron 17: 1079-1088, 1996

31) Murakami F, Shirasaki R. Guidance of circumferentially
growing axons by the floor plate in the vertebrate central nervous
system. Cell Tissue Res 290: 323-330, 1997

32) Shirasaki R, Katsumata R, Murakami F. Change in
chemoattractant responsiveness of developing axons at an
intermediate target. Science 279: 105-107, 1998

33) Labosky PA, Winnier GE, Jetton TL, Hargett L, Ryan AK,
Rosenfeld MG, Parlow AF, Hogan BL. The winged helix gene,
M3, is required for normal development of the diencephalon and
midbrain, postnatal growth and the milk-ejection reflex.
Development 124: 1263-1274, 1997

34) Daubas P, Tajbakhsh S, Hadchouel J, Primig M,
Buckingham M. Myf5 is a novel early axonal marker in the
mouse brain and is subjected to post-transcriptional regulation in
neurons. Development 127: 319-331, 2000

35) Warren N, Price DJ. Roles of pax6 in murine diencephalic
development. Development 124: 1573-1582, 1997

36) Mastick GS, Andrews GL. Pax6 regulates the identity of
embryonic diencephalic neurons. Mol Cell Neurosci 17: 190-207,
2001

37) Mastick GS, Davis NM, Andrews GL, Easter SS. Pax-6
functions in boundary formation and axon guidance in the
embryonic mouse forebrain. Development 124: 1985-1997, 1997



LEEMERBEROSF X 7= X 4 77

38) Kawano H, Fukuda T, Kubo K, Horie M, Uyemura K,
Takeuchi K, Osumi N, Eto K, Kawamura K. Pax-6 is required for
thalamocortical pathway formation in fetal rats. J Comp Neurol
408: 147-160, 1999

39) Pratt T, Vitalis T, Warren N, Edgar JM, Mason JO, Price
DJ. A role for Pax6 in the normal development of dorsal
thalamus and its cortical connections. Development 127: 5167-
5178, 2000

40) Vitalis T, Cases O, Engelkamp D, Verney C, Price DJ.
Defects of tyrosine hydroxylase-immunoreactive neurons the
brains of mice lacking the transcription factor Pax6. J Neurosci
20: 6501-6516, 2000

41) Pratt T, Quinn JC, Simpson TI, West JD, Mason JO, Price
D]J. Disruption of early events in thalamocortical tract formation
in mice lacking the transcription factors Pax6 or Foxgl. J
Neurosci 22; 8523-8531, 2002

42) Jones L, Lopez-Bendito G, Gruss P, Stoykova A, Molnar Z.
Pax6 is required for the normal development of the forebrain
axonal connections. Development 129: 5401-5052, 2002

43) Stein E, Tessier-Lavigne M. Hierarchial organization of
guidance receptors: silencing of netrin attraction by Slit through
a Robo/DCC receptor complex. Science 291: 1928-1938, 2001

44) Dickson B]. Developmental neuroscience: Moving on.
Science 291: 1910-1911, 2001



78 + =4

Involvement of Netrin-1 and Slit2 in mammillary tract formation in mouse brain Reiko Tsuchiya, Division of
Molecular and Cellular Biochemistry, Graduate School of Medical Science, Kanazawa University, Kanazawa 920-1192 — J.
Juzen Med Soc., 114, 69 — 78 (2005)

Key words axon guidance, Netrin, Slit, mammillary body, Sey
Abstract

The establishment of neuronal connections during embryonic development requires the correct axonal guidance. Previous
studies have demonstrated that chemoattraction and chemorepulsion play key roles in axonal guidance. In this study, the
mechanism of mammillo-thalamic tract formation was examined as a model system for axonal guidance. Pax6 is one of the
earliest regulatory genes expressed in the developing nervous system, and is required for the formation of a normal embryonic
diencephalons and axonal pathfinding of various neuronal populations. Mammillo-thalamic tract is “absent” in mice lacking
functional Pax6, and a hypothesis is made that this defect is due to incorrect guidance. To examine this possibility, the
expression of axon guidance molecules in diencephalons was compared between wild-type and the mutant embryos. We found
ectopic expression of Netrin-1 and decreased expression of Slitl and Slit2 in the presumptive dorsal thalamus of the mutant
mice. Moreover, when these guidance molecules were forcedly expressed in dorsal thalamus of the mutant mice, Netrin-1
showed an attractive effect on the mammillary axons, and Slit2 inhibited mammillary axon’s elongation. These results suggest
that Netrin and Slit are cooperatively involved in proper axonal projection from the mammillary body.



