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Changes of retinofugal pathway development in mouse embryos after
Sonic hedgehog antibody perturbation
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Abstract: Objective To understand the fimction of Sonic hedgehog in chiasm developm ent 1 m ouse em bryos of em bryonic
day 13 [E13) ©E15. Methods Bran slices of E13-E15 m ouse em bryos containing the optic pathw ay fiom the eyes to the
optic tractw ere prepared and culured in DM EM £12 1n the presence of 10%  femlbovine serum at37 °C 1 a mwlling incubator
for5 h. The antdbody to Shh was added Into the culture m edim of the slices n the tteatm ent gwoup, while no addibonal
chem ical oronly nom almouse GG was added in the conttol grwoups. A fler culire,  the brat slices were fixed and a D iT
grnule w as nserted nto the optic disc hone eye. Seven days later, the tssue overlying the chiasm was rem oved t© expose
the D iT-labeled chiasm forobservation under confocalm icrosoope, and the in agesw ere analyzed by M ETAM ORPH sofiw are.
Results Shh antibody treatm entproduced a reduction of crossing of the earliest retinal axons at the m idline of E13 chiagm , and
the uncrossed axons w ere also fluenced by Shh antdbody atE15. Conclusion Shh executes a transientbut in portant function
T axon decussation I the early stage of m ouse optic chiasm developm entand signals axon tuming in the htersage.
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I themamm alian anin als, the axons of the optic
nerve from each eye mewe Into the optical chiasm ,
where som e of the axons cross the m idline to projct
o the contralateral optic tract, while a am all num ber
of others tum aw ay and form the psilateral optic tract.
This pattem of axon mwuting gives the characteristic
X -chaped pathw ay at the optic chiasm . Three man
changes of axon order tgke place when retnal axons
gow from the optic sek to the optic tract: i)
segregation of crossed and uncrossed axons before they
reach the midline; 1) agerelated reorgenization of
axons In the chiasm and the optic tract; iii) retnotopic
organization i the optic tract ™.

Sonic hedgehog (Shh), found orighally In the
notochord and floor plate, is a m em ber of hedgehog
fam iy'?’ Involved in eye form ation*®!, retial ganglion
cellproduction ¢, developm entof the optic disc and sak
neuroepithelial cells™” . T chick embryos, ectopic Shh
expression also leads t© such abnom al developm ent as
expansion of the rwtnal pigmented epithelim ,
enlargem ent of the optic saks and r=duction of the
neural retna'®’ . T our previous study, we detected the
expression of Shh and its receptor, Patched Ptr), n the

developing optic chiasm , which undemw ent changes
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during different periods of developm ent® . T this study,
w e attem pted to define the 1ol of Shh 1n the developing
chizsm of m ouse em bryos by disturbing Shh signaling
pathw ay using 5E1, a m onoclonal antdbbody to Shh.

MATERIALS AND METHODS
Animals

The experin ental procedures of the present study
were agpproved by the Animal Experiment Ethic
Comm itee of the Chinese University of Hong Kong.
Tinemated, pigmented C57 m ice w ere cbtained from
the University Aninal House. The day on which the
vaghal plig was found was considered as the
em bryonicday 0 E0).
Preparation of brain slices

The pregnant mice were sacrificed by cervical
dislocation and the mouse embryos from E13 to E15
w ere rem oved by caesarean section. The em bryosw ere
decapiated and kept In chilled Dulbeccos m odified
Eagles medim OMEM )F12 medim contaning
penicillin (1 000 U /n 1) and steptom yein (1 000 wgfn l).
A fter rem oving the dor=al and ventral part just above
and below the eyeball, the brain slices containing the
optic pattway (from the eyes to the optic ttact) were
cbtained from E13-E15 embryos. The brain sliceswere
culured In DM EM £12 supplemented with 10% fetal
bovine senm  (Life Technologies, USA) at37 C ;n a
wllng naubator for5 h, during which a tof oxygen
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was supplied 3 tmes to the cullire. 5E1 fmouse
antd-Shh IgG,, DSHB) was added Into the culure
medim atthe concentration of 40 pgf 1. The control
prepamations iclided brain dlices culired In the
absence of the added chem icals, or wih addidon of
nomalmouse G (Chem icon, USA ). A flerculture, the
brain slices were fixed 1n 4% paraform aldehyde at 4 “C
ovemight. A Dil 1 ,1-dioctadecyl-3, 3, 3! 3“eta-
m ethylndo-catbocyanine perchlorate, DilC18 @),
M olecular Probes, OR , USA ) granule w as nserted nto
the optic disc In one eye and the brann slices were
treated In 2% fomalin. Seven days later, the tdssue
overlying the optic chiaan was rem oved o expose the
D il-labeled chiaam,

confocalm icroscope.

which was obsarved under a

Confocal microscopy

D iT-labeled retinal axons in the optic chiasm were
exam ned In whole mount preparations of the optic
pathway. These Dil-llbeled whole mounts wer
exam Ined using a confocal Inaging sysem @B io-Rad
M R600, Hertford, UK ) connected to a Zeiss A xiophot
photom icroscope wih a green exciation filer st
GHS,
pass) . The digial in ages w ere processad using confocal
assisant software Bio-Rad, USA) and stored on Zip
disk (fTomega,USA).
Analyses of retinal trajectory at the optic chiasm

R etinal axons n whole m ounts of the chiasm were

514 nm exciation and 550 nm em ission long

Inaged using the Extended Focus Inage comm and in
COMOS software BioRad, USA) thatcapturesthe
In ages at ow m agnification 10, Zeiss Plan-N eofluar,
Gem any) and then athigherm agnification 20, Zeiss
Plan-Neofluar, Gem any). The effects of Shh antlbody
SE1 on axon crossing at the m idline of the chiaan were
measured I whole-m ounts of the optic pathways in
E13-14 embryos, the early period when retinal axons
were grow ng across the m dline "%, The pixel
Thtensities of all labeled retinal axons and grow th cones
w ihin two aras (each measuring 100 wm X200 wm)
flanking both sides of the midlne FiglA)
m easured ndividually using the

M easurmm ents" finctions m M ETAM ORPH Software
(Version 4 615; Universal Inaging Corp., USA). The

were

'R egion

degree of axon crossing w as calculated as the ratio of
adjusted pixel mtensity pastthe m idlnews . thatbefore
them idlne.

W e also dbserved the changes of the uncrossed
axons 1 E15 bmain slices when a substantial num ber of
axons tumed and prokcted o the jpsilateral optic tract
I response o 5E1 treatm ent. W eused M ETAM ORPH
oftware t© measure the pixel mtensity and area of a
defined region In the projected Images of the nital
segm ent of the jpsilateral tact Fig3 B).
projectng o the Jpsilateral side w ere represented by the
average pixel ntensity @cooumulted pixel ntensity
divided by total area). The data In various experin ent

The axons

goups were analyzed using oneway ANOVA 1n the
IWNSTAT software G mphPad, Inc.,USA).

RESULTS
5E1 disrupted the crossing of early axons in E13

T E13 mouse em bryos, the first axons had anived
atand crossed them idline of the chiagn 2% The effects
of antd-Shh antidbody 5E1 on axonal growth at the
chissn werr Investigated in this early stage of optic
pathw ay developm ent by m eans of brain slice culture.
T the control group w ithout addition of the chem icals,
the early axons were found to enter the vental
diencephalon and grow pewendicularly towards the
m idlne. Som e axons had already crossed the m idline
FiglA andB). The crossing in these brain sliceswas
quantified by measuring the fluorescence mtensity of
D iT-labeled axons w ithin a defined region before and
after axon crossing of the m idline (see the placem entof
grids forthism easurem ent in Fig 1A ), and presented as
the mtio of pixel mtensites I the post versus
pre-m idlne regions of the chiaan . T the bran slices
treated w ith nom alm ouse G @0 g/ 1), no cbvious
change was noted In the trajectores of rethal axons at
the chiaan In comparison wih the slices cultured
w ithout antibbody additon, suggesting that nommal
mouse IgG did not influence the pathfinding of the
axons at the chiaan  FQI1C and 1D). Afler 5E1
treatm ent, the num ber of axons crossing the m idline
r=duced In the brain slicesobtained atE13 FiglE and
1F). T this experinent, analyses showed that fewer
axons crosd the m dline after 5E1 treatm ent (P<0 .05;
FiglG).
SE1 did not affect axon midline crossing in E14
chiasm

At E14,
retihofugal pathw ay Fig2A and B ) . A ddition of nom al

more rethnal axons jpied the mouse
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Fig.1 Confocal micrographs showing Dil1abeled retinal axons in whole-mount preparations of the E13 chiasm
Them icrographs In the left colim n are in ages 1n Jow erm agnification depicting the optic stalk, chiaan and optic tract, and those In the
right colm n are h higherm agnification show Ing the details  (this antangem ent is also adopted in the follow ing sim ilbr figures). W hite
anow s ndicate them idlines. A andB: Th contolpreparations culired fors h in the absence of the cheam icals, dye-filled axons In the
optic nerve enterthe chiaam first in a caudo-m edial direction, and ater tum and grow In the direction perpendicular to the m idline. A fler
crossing them idline, the retinal axons continue theirpath as a bundle of fibers and enterthe opticttact OT). C andD : Sim ilar fiber
tajectories In the chiaan are dbserved n the brain slices treated w ith nom alm ouse G @0 pg/Mm ). E and F: A flier perturbation of Shh
wih SE1 @0 g/ l), few eraxons cross the m idline. G : G rph show ing the results of different groups. W hite anow s ndicate the m dline.
Scalebar=200 pm A ,C andE;Scalebar=100 um nB,D and F.A Ilin ages In this textare shown w ith the rostal side on the top.

mouse G did notaffect the axon routing 1n the chiaan the pixel mtensity 1 the post and pre-m idline regions
as com pared w ith the controlgroup Fig2C and D). W e Tndicated that no significant change of In axon crossing
Tvestigated the effects of Shh function perturbation on took place n the anti-Shh-treated group at E14 chiaan
axon routing using anti-Shh antdbody. M easurem ents of In com parison w ith the controlgroups Fig2E ,FandG).
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Fig.2 Confocal micrographs showing the Dilabeled retinal axons in whole mount preparation of the E14 chiasm
A and B: I contolpreparatons, many retinal axons have already crossed the m idline and enter the optic tact ©T) 1n whole-m ount
preparations of the optic pathway, and som e project nto the opposite optic nerve. C and D :  Sim ilar fiber ttadectories In the chiasm are
observed I the brain slices treated w ith norm alm ouse G @0 pgMm ). E and F: A fter the bratn slices are treated w ith 5E1, the axons in
rethofiigal pathw ay are reduced butno significant change is found i axon crossing .G : G mph show Ing the results of different groups. W hite
anow s Indicate them idlne. Scalebar=200 pm N A ,C and E; Scalebar=100 pm 1B ,D and F
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S5E1 influenced turning of uncrossed axons in the
optic tract at E15

AtE15,many axons had already passed the chiasm
and entered the optic tract. T the control preparations,
more numerus axons were cbserwed t© coss the
m dline and profgct nto the contralateral optic tract
Fig3A). An obvious uncrossed projection was also

Effectof SE1 enti-Shh) on axon crossing atE15

Average pixel intensity of
uncrossed axons

cbserved In this stage Fig3A and B). Fluorescence
Ttensity of the dye-filled uncrossed axons w as analyzed
w ithin a defined region @s shown In Fig3B) in various
groups. Additon of nom alm ouse G did not lead t©
abvious changes In the uncrossed axons Fig3C and D),
whereas Shh antibody treatm ent resulted In Increased

num berofuncrossed axons Fig3E,Fand G, P<0.05).
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Fig.3 Confocal micrographs showing DilJabeled retinal axons in whole-mount preparations of the E15 chiasm

A and B : Th control preparations, m any retinal axons have already crossed the m idline and enter the optic ttact O T) I whole-m ount

preparations of the optic pathway, and som e uncrossed axons em exge atE15. C and D : Sim ilar fiber ttajectories In the chiasn are

cbserved In the bratn slices treated w ith nom alm ocuse GG

@0pgml). Eand F: A flerthe bran slices are treated w ith 5E1, more

uncrossed axons appear. G : G raph show Ing the effect of SE1 on uncrossed axons. W hite anow s ndicate m idlines. Scale barn A, 200

pm @A ,C andE); in leftpictures, 100 pm

DISCUSSION

I the present study, we Investigated the effects of
Shh perturbation w ith antdbody on axon routing in brain
glice preparation of the m ouse retinofuigal pathw ay . Shh
antdbody treatm ent resulted in a reduction I the num ber
of the earliest retinal axons crossing the m idline of
chiasm atE13, butnotatEl4 orE15, suggestng a
transient but inportant function of Shh signaling in
axon decussation at the m ouse optic chiasm . Ant-Shh
also treatm ents caused Icreased num ber of uncrossed
axonsatE 15 com pared t© the conttolgroup.
Shh regulated axon midline crossing in early
chiasm development

The m olecularm echaniam regulating axon m idlne
crossing at the chiasm was largely unknown. W e had
shown that disturbances of nom al Shh function w ith
ant-Shh produced a reduction of the early axons
cossing the midlne In the optic chiasm at E13,

Suggesting that Shh m ight prom ote axon decussation In
early chiasn developm ent. Previous studies had shown
that Shh w as a negative regulator of retinal axon grow th
In chicken. Ectopic Shh expression In the entire ventral
forebrain resulted n grow th retaxrdation of retnal axons,
and these axons barely reached the chiaan ™. h Pax-2-
m utantm ouse, Shh overexpression in the hypothalam us
was associated w ith projection of all retinal axons nto
the fpsilateral tract w ithout crossing the m idline ¢,

Sin ilarresults w ere cbserved in N O i zebrafish m utants,
which had alterations in pax2 /5 /8- 1ke genes /. These
cbservations suggested that Shh at the m idline m ight
Suppress axon crossing . In this study, w e observed few er
axons crossing the m idline at E13 after blocking Shh,

and this result seem ed contradictory to descriptions of
Shh finctions in other studies. O ne explanation w as that
Shh plyed different oles In its hiteraction w ith various

othermolecules, For instance, Shh may serve as an
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axonal chem ocattractant In axon guidance at the m idline
when itw orked w ith N etrin-1"") . A 1o, different choices
of the m ethods for treatm ent and experin ental anin al
Soecies may lead to the different results. T further
cbvious effects of Shh
antdbody on axon crossing w ere no longerobserved. T
ourprevious study, we found abundant Shh and Pt in
the ventral diencephalon, manly located close t© the
m dline at E13. How evey, Shh expression w as reduced
atthem dline w ith em bryo developm ent. These changes
of Shh expression m ght explain, at least partially, why
Shh only signaled the axon crossing at the m idline at
E13.
Shh controlled axon divergence in mouse chiasm

T addition to the effecton the axon crossing, Shh
signaling disturbance also affected the developm ent of
the uncrossed projection in the mouse chiaam . AtE1LS5,
the uncrossed axons from the vental tem pomral retna

developm ent of the em bryos,

em erged In nom al em bryos. In the present experin ent,
we obsarved that nterference of Shh function by Shh
antdbody resulted n an increase In the uncrossed optic
pathway, suggesting that fimctional blocking of Shh
prom pted more axons o tum away from the m dlne.
W e therefore hypothesized that Shh m Ight serve as a
chem cattractant factor for som e axons and direct these
axons o cross the m idline n nom al enbryos. Once
Shh function w asblocked, these axonsm ighthaltat the
m dline, probably I the presence of other mhibiory
molecules. Previous studies had shown that axon
divergence in the m ouse chiaan appeared t© =ly on the
m dline cues. W e found previously that CD 44 fimction
Thibiton led t© a duction in the uncrossed axons
the E15 chiaan *, and chondmwitn sulfate proteo-
glycans played an in portant wle in the developm ent of
uncrossad pathw ay in them ouse™' . These results dem on-
smated that axon divergence at the midlne was
controlled by m ultple m olecules.

Blocking Shh function w ith is antbody,
found 1 this study, led mor axons to halt before the
m dline at E13, which did notoccurat E14 . The axons
subsequently tumed aw ay from the m dline atE15 after
antbody treatment. These results suggest that Shh
executed different finctions In various stages of em bryo
developm ent. Hypothetically, Shhm ghtplay the ole
by nteracting wih other molecules I chiasn
W ih embryo developm ent, the

aswe

developm ent.

distrbution and finction of this molecule undergo
alterations, leading consequently to changes In the
Interaction between Shh and other molecules. This
hypothesis, how ever, stdllneeds to be tested w ith further
experin entalevidence.
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