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[—isoform but not S—isoform of myelin associated glycoprotein promotes
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Abstr act

Myel i nassoci at ed gl ycopr ot ei n( MAG has growt hpronoti ngeffect
on nouse cerebel l ar neurons. I nthe present study, we exam ned
whi ch i sof ormof MAG has the effect. cDNA for L- MAG and S- MAG
was st abl ytransfectedi ntoBALB/ c 3T3cel | s, onwhi chcerebel | ar
neurons were cul tured. The neurons were stained with anti body
agai nst m crotubul e-associ ated protein-2 ( MAP-2). Neurites of
t he neurons cultured on cells expressing L- MAG ext ended

significantly further than those cultured on cells expressing
S-MAG or on control cells. Therefore, intracellul ar donmain of

MAG may have the potential to affect MAG neurite interaction.



Myelin associated glycoprotein (MAG is an integral
menbrane protein of nyelin-formng cells, namely
ol i godendrocytesinthecentral nervous system(CNS) and Schwann
cells in the peripheral nervous system (PNS). MAGis a
transnmenbrane protein and bel ongs to the i mmunogl obul in
superfam |y [9]. MAG exists in the periaxonal nyelin and may
facilitate contact with the axon. Although its role in axonal
grow h is rather controversial, we and Turnl ey et al. observed
aneurite pronoting effect of MAGon peri natal nouse cerebel | ar
neurons [5,10]. However, the difference in the effects of
i sof orns of MAG has not been studied. There are two isoforns
of MAG L-MAG and S-MAG, resulting fromalternative splicing.
L- MAG i s abundant in the developing CNS and is reduced in
expression level inthe adult [9]. Thus, it is possible that
L- MAGhas axon pronoting properties. | sof orm specific knockout
m ce | acki ng L- MAGhad a si m | ar phenot ype t o MAG gene- knockout
m ce inmyelinationbut didnot degenerate PNSnyelin[3]. This
result indicated that the two i soforns of MAG have different
functions. W perfornmed the present study to clarify the
difference in the isoformspecific effects of MAGon neurite

out gr owt h.

L- MAGand S- MAG cDNAs wer e subcl oned i nt o pPBCMSSneo. These
pl asm ds or vector al one were transfectedinto BALB/c 3T3 cel I s
by |i pofection. Stable clones were isolatedinthe presence of
0.3 mg/mM (418 (Wako). Single cell clones fromthe bul k
transfectants were derived by limtingdilutioncloning. These
transfectants were cultured in Dul becco's nodified essenti al

medi um (DVEM Sigma) containing 10%fetal calf serum (FCS).



Bef ore neuronal culture, BALB/c 3T3 cells stably
transfected wth L- MAG S-MAG or vector al one or BALB/c 3T3
cells alone were plated at 5 x 104 cells / cn? and cul tured in
DVEM cont ai ni ng 10% FCS for 2 days. Sonme of the cultures were
fi xedw t h4%par af or mal dehydei nphosphat e buf f eredsal i ne ( PBS)
and stained with anti-MAG anti serum whi ch recogni zes the
extracel | ul ar regi onof MAG Theanti bodywasfullycharacteri zed
before [5]. Furthernore, the expression of MAGwas quantified
by ELISA with the sane anti body. The cerebellar cells were
di ssociated from1l- to 2-day-old BALB/c m ce. The cells were
suspended in Hanml's F12 / DVEM(1: 1) contai ning 2%FCS, 5 ng/ m
insulin, 5 ng/mM transferrin, 30 nM sodium selenite, 30 nM
triiodothyronin, 20 nM progesterone and 10 nM hydrocorti sone
and plated at 1.5 x 109 cel | s/ cn? on t he transfect ed BALB/ ¢ 3T3
cells. Twenty four hours after plating, thecultures were fixed
wi t h 4%par af or mal dehyde i n PBS and i ncubat ed wi t h a nonocl onal
ant i body t oaneuronal marker, m crot ubul e-associ at ed protein-2
(MAP-2, Signma). After incubation with horseradish
per oxydase- conj ugat ed goat anti-nmouse |gG (Cappel),

i mrunost ai ni ng was visualized with di am nobenzi di ne. Four

m croscopic fields were random y sel ected. Neurites of 70-90
neurons per field were neasured and categorized into 4 groups,
namel y, neuronswi thneurites shorter thantheir owncell bodies
(0-1), with neurites 1-3 tines |longer (1-3), 3-5tines | onger

(3-5) and 5 tines or |onger (>5).

We produced BALB 3T3 cel I s expressi ng L- MAGor S- MAG The
expressi on was confirnmed by i mmunost ai ni ngwi th anti sera whi ch

recogni zes t he extracel | ul ar domai n of MAG(Fi g. 1Aand B). The



cells transfected with vector al one or those not transfected
gave no staining (Fig. 1C). There was no si gnificant difference
in the expression between L- and S-MAG (Fig. 1D).

To see the difference in the effect on neurite extension
bet weent hetwoi sof or ms of MAG cer ebel | ar neur ons werecul t ured
on the L- or S- MAG transfected cells for 24 hours. NAP-2
i mrunost ai ni ng al | owed us to vi sual i ze neuronal cel |l bodi es and
neurites (Fig. 2). Significantly nore neurons cultured on
L- MAG expressing cells had long neurites (Fig. 2A). Here we
define "l ong neurites” as those at | east 3 tines or | onger than
the cell dianeter. Few primary neurons cultured on the cells
transfectedw thS- MAGCDNA, vect or al oneor wi t hout t ransfecti on
extended | ong neurites (Fig. 2B, C, D).

Fi g. 3 shows t he percent age of neurons whi ch ext ended | ong
neurites. Onthecell s expressingL- MAG 51%of neurons ext ended
long neurites (3 tinmes or longer than their own cell body),
conpared to 15% neurons on the cells expressing S-MAG There
was no si gnificant difference between neurons on S- MAG and nock
transfectedor untransfectedcells. Whereas only 2. 6%of neurons
on S- MAGexpressi ng cel | s extended neurites that were nore than
5tinmes |onger thantheir own cell body, 18%of neurons on L- MAG
expressing cells did so. No significant difference was found

bet ween neurons on S-MAG and nock-expressing cells.

In the present study, we showed t hat L- MAG but not S-MAG
had growt h pronoti ngactivityinneuronsisol atedfrompost nat al
nouse cerebellum Mre than half of the neurons cultured on
L- MAG expressingcellshadl ongneurites, conparing 15%of t hose

on S- MAG expressing cells.



This result can explain preferable effect of MAGon t he axon
el ongati onduri ngdevel opnment. L- MAGi s predoni nant|y expr essed
early in the devel opnment and di sappears in the adult. On the
contrary, S-MAGi s the predom nant i soforminthe adult [4, 7].
Thus, t her e may be physi ol ogi cal nerit if nyelincontainingL-MAG
i nthe devel opi ng stage perm ts axonal outgrowth. Al though our
met hods coul dnot di sti ngui shbet weenaxonsanddendrites, myelin
may pernit axonal elongationwith L-MAGin the early stage and
can becone repul si ve agai nst axonal elongation with S-MAGin
the adult, inhibiting unnecessary axonal sprouting in the
conpl ete network. There are two possi bl e expl anati ons for the
di fferent responses of the neurites on the fact that the two
isofornms are identical inthe extracellul ar domai ns but differ
in the length of the intracellular domain. One is that the
differenceintheintracellul ar domai naffectstheconformation
of the extracellular domains. The other is that there is a
difference in the response of the MAG expressing cells, for
exanpl e, i nthe expressi on of adhesi on nol ecul es after t hey nake
contact with neurites. Further study is necessary to identify
t he nol ecul es responsible for L-MAG s effect on neurites.

Anot her point of interest is that we confirnmed that MAG
has a pronoting activity rather than inhibitory on neurite
el ongati on of young cerebel |l ar neurons. W and Turnl ey et al.
observed a neurite pronoting ef fect of MAG on postnatal nouse
cerebel | ar neurons and enbryoni c nouse cerebel | ar neurons [ 5,
10]. However, there have been many studi es suggesti ng MAG s
i nhibitory effect onneurite extension[2, 6,8]. Thedifference

couldbeattributedtospeciesor theconditionsfor theculture



especially the tropic factors in the serumas was reported by

Cai et al. [1].
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Fi gure | egends

Figure 1. The expressi on of MAGby transfect ed BALB/ ¢ 3T3 cel | s.
| mmunostai ning for the extracel | ul ar regi on of MAG shows t hat
L- MAG (A) and S- MAG (B) were expressed to the sane extent. The
cells transfected with vector al one gave no staining (C. (D)
Quantification of expressed MAG There was no significant

di fference between L- and S-MAG

Figure 2. Neurite extension on MAG expressing cells. Primary
cerebel | ar neurons werecul turedfor 24 hours on BALB/ c 3T3cel I s
with cDNA for L-MAG (A), with cDNA for S-MAG (B), with vector
alone (C) or without transfection (D). After fixation, cells

wer e i nmunostained with anti-MAP-2 anti body.

Figure 3. Quantitation of the nunber of neurons with various
| engt hs of neurites. Cul tured neurons were stainedas shown in
Fig. 2andthe | engt hs of the neurites were neasured. The | engt h
of the | ongest neurite of a cell was divided by the dianeter
of the cell body. The cells were categorized into 4 groups

according to their neurite length / cell body dianeter.
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