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Abstract 

Antibodies are increasingly being used as tools to study the function of cell surface markers. Several types of 
responses may occur upon the selective binding of an antibody to an epitope on a receptor. Antibody binding 
may trigger signals that are normally transduced by endogenous ligands. Moreover, antibody binding may 
activate normal signals in a manner that disrupts a sequence of events that coordinates either differentiation, 
mitogenesis, or morphogenesis. Alternately, it is possible that binding elicits either a modified signal or no 
signal. This article focuses on the cascade of events that occur following specific antibody binding to myelin 
markers expressed by cultured murine oligodendrocytes. Binding of specific antibodies to the oligodendrocyte 
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membrane surface markers myelin/oligodendrocyte glycoprotein (MOG), myelin/oligodendrocyte specific 
protein (MOSP), galactocerebroside (GalC), and sulfatide on cultured murine oligodendrocytes results in 
different effects with regard to phospholipid turnover, Ca 2+ influxes, and antibody:marker distribution. The 
consequence of each antibody-elicited cascade of events appears to be the regulation of the cytoskeleton within 
the oligodendroglial membrane sheets. The antibody binding studies described in this article demonstrate that 
these myelin surface markers are capable of transducing signals. Since endogenous ligands for these myelin 
markers have yet to be identified, it is not known if these signals are normally transduced or are a modification 
of normally transduced signals. 

Index Entries: Antibody; transmembrane signaling; oligodendrocytes; glycoproteins; transmembrane pro- 
teins; cytoskeleton; calcium fluxes; phospholipid turnover. 

Introduction 

Myelin is a specialized membrane that wraps 
around axons, insulating and facilitating conduc- 
tion. It is produced by oligodendrocytes in the cen- 
tral nervous system (CNS) and Schwann cells in 
the peripheral nervous system (PNS). Although 
CNS and PNS myelin share a variety of unique 
lipids and proteins (Lees and Brostoff, 1984; 
Lemke, 1988), a few proteins are known to be 
exclusively expressed in CNS myelin, with other 
proteins selectively expressed in PNS myelin 
(Lees and Brostoff, 1984; Lemke, 1988; Mikol et 
al., 1990; Linington et al., 1984). One fundamen- 
tal difference between these two myelin-forming 
cells is that an oligodendrocyte can myelinate as 
many  as 40 different axons, whereas each 
Schwann cell myelinates a single axon (for 
reviews on myelination, see  Raine, 1984; Bologa, 
1985). Oligodendrocytes and Schwann cells 
express myelin components at specific times dur- 
ing their differentiation. It is possible that during 
differentiation interactions between these surface 
myelin components and molecules in the sur- 
rounding environment elicit signals that regulate 
the production of cytoskeleton for process and 
myelin sheath formation by oligodendrocytes, 
and axon engulfment and mesaxon extension by 
Schwann cells (for Schwann cell/axon interac- 
tions, s ee  Owens and Bunge, 1990). Cytoskeleton 
may also play a role in the maintenance of mye- 
lin; here again, a major difference exists between 
CNS and PNS myelin. CNS myelin contains a 

cytoskeletal structure called radial component 
that is not present in PNS myelin (Kosaras and 
Kirschner, 1990; Karthigasan et al., 1991). Thus, 
understanding the signals mediated by surface 
components that regulate cytoskeleton may lead 
to an understanding of myelination and the main- 
tenance of myelin in the CNS and PNS. 

Oligodendrocytes grown in culture provide an 
excellent system in which to examine the signal 
transduction capabilities of myelin surface mark- 
ers. This article reviews the cascade of events 
leading to cytoskeletal change that are mediated 
by surface markers after the binding of specific 
antibodies to cultured oligodendrocytes in the 
absence of complement. 

Antibodies as Tools 
in Elucidating Signal 
Transduction Capabilities 
of Surface Membrane 
Components 

Studies in many different systems demonstrate 
that antibody binding to a particular protein on 
a cell surface can mimic the action of a specific 
stimuli. Vandenberghe and Ceuppens (1991) 
have shown that monoclonal antibodies binding 
to T-cells elicit IL-2R expression, IL-2 production, 
and cell proliferation in T-cell cultures. Antibod- 
ies to markers on B-cells also have been shown 
to induce cellular responses (Deane et al., 1991). 
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Furthermore, antibody binding studies have elu- 
cidated the roles of lymphocyte markers that are 
involved in facilitating other cellular responses 
(Yamada et al., 1991; Geppert and Lipsky, 1987; 
Levine et al., 1991). Examples of antibody-induced 
cellular responses in nonleukocytes include 

1. A monoclonal antibody reactive with the epi- 
dermal growth factor (EGF) receptor that 
induces both early and delayed biological 
effects normally mediated by EGF (Schreiber 
et al., 1981); 

2. An antibody against the insulin receptor that 
induces glucose uptake in the absence of ago- 
nist (Jacobs et al., 1978); and 

3. An antibody directed to the catecholamine 
receptor that stimulates adenyl cyclase 
activity in the absence of agonist (Courand 
et al., 1981). 

Finally, several monoclonal antibodies have been 
produced that induce platelet activation (as dis- 
cussed in Kornecki et al., 1990). 

Antibody binding studies have also been used 
to study signal transduction via glycophosphati- 
dylinosital-anchored proteins (GPI) in many cells 
types (for review, see Robinson, 1991). The respon- 
ses include increases in intracellular Ca 2+, IL-1 
and IL-2 production, superoxide production, 
respiratory bursts, and mitogenic responses. 
The mechanism of how GPI-linked molecules 
transduce signals remains to be elucidated; the 
ability to transduce signals is intriguing since 
GPI-anchored molecules do not span the lipid 
bilayer, but are present only in the outer face of 
the lipid bilayer. 

Thus, there is precedence for antibody mim- 
icking ligand binding to produce normal cellu- 
lar responses. Some receptors are normally 
activated by ligand crosslinking, whereas others 
are not. There also is precedence for the binding 
of Fab fragments activating a cellular response. 
For example, F(ab')2 fragments to Fc receptors on 
human granulocytes trigger cytoplasmic calcium 
fluxes (Lund-Johansen et al., 1991). In addition, 
the binding of Fab fragments to the mouse mac- 
rophage IgG Fc receptor indicates that these Fc 
receptors function as ligand-dependent ion chan- 
nels (Young et al., 1983a,b). 

The above studies demonstrate that antibody 
binding to cell surface components can elicit nor- 
mal cellular responses. The following sections 
demonstrate that antibodies to oligodendrocyte 
surface markers also are capable of eliciting cel- 
lular responses, and although it is not known if 
these occur normally during myelination, they 
result in the modulation of the cytoskeleton in 
the membrane sheets elaborated by cultured oli- 
godendrocytes. 

Gale, Suffatide, MOG, 
and MOSP--Receptors? 
Evidence suggests that GalC, sulfatide, MOG, 

and MOSP are membrane receptors. Although 
no endogenous ligands for MOG and MOSP have 
as yet been identified, 34 and 68 kDa candidates 
for ligands to sulfatide have been identified in 
white matter (Law et al., 1988). In addition, three 
brain proteins have been identified that specifi- 
cally bind to GalC (Dyer, unpublished data). 

The specific locations of these markers in mye- 
lin in vivo suggest that they have distinct func- 
tions. GalC and sulfatide are sphingolipids 
present in the outer leaflet of the myelin mem- 
brane; their head groups extend away from the 
membrane surface. Both lipids are present 
throughout the myelin lamellae. MOG is a 24, 26 
kDa glycoprotein; the different molecular weights 
are due to alternate carbohydrate chains attached 
to a single protein (Amiguet et al., 1991). MOG is 
present predominantly on the surface of the outer 
wrap of myelin (Brunner et al., 1989). MOSP is a 
recently identified oligodendrocyte specific 
protein (Dyer et al., 1991). It was identified by 
immunoprecipi tat ion with anti-MOSP in 
(35S)methionine labeled Triton X-100 solubiliT~d 
proteins from cultured oligodendrocytes. The 
antibody used as a control is a well-characterized 
IgM antibody, A007, that has been shown to bind 
to sulfatide and other molecules on cells in the 
oligodendrocyte lineage (Bansal et al., 1992). 
Immunoprecipitations were performed using the 
following combination of reagents: 1. Goat anti- 
mouse IgM bound to protein A Sepharose; 2. 
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A007 IgM plus goat anti-mouse IgM bound to 
protein A Sepharose; or 3. Anti-MOSP IgM plus 
goat anti-mouse IgM bound to protein A 
Sepharose. The resultant immunoprecipitates 
essentially contained the same pattern of proteins 
except for a 48 kDa protein with a pI of 6.7, which 
was immunoprecipitated by anti-MOSP (Dyer et 
al., 1991); the similar sets of proteins brought 
down by both antibodies were likely 
nonspecifically bound to the protein A 
Sepharose/ant ibody complexes. A series of 
glycosphingolipids were tested for anti-MOSP 
reactivity and these were negative (Dyer et al., 
1991). Although these data do not rule out the 
possibility that other components also react with 
anti-MOSP, these results indicate that the pre- 
dominant molecule that reacts with anti-MOSP 
is a 48 kDa protein. By immunohistochemistry, 
MOSP appears to be present throughout the 
myelin sheaths in adult human spinal cords 
(Dyer et al., 1991). 

The timed expression of oligodendrocyte/ 
myelin components may be important for their 
interaction with molecules in the environment 
at various stages of differentiation. Indeed, 
GalC and sulfatide are detected on immature 
oligodendrocyte cell bodies and processes 2-3 
d after birth (Bansal et al., 1989; Gard and 
Pfeiffer, 1989). Preliminary data indicate that 
MOSP is expressed on oligodendrocyte pro- 
cesses about the time that GalC and sulfatide 
are detected; MOSP later appears on cell bodies 
as well (Dyer, unpublished). Last, expression 
of MOG occurs about I wk after birth, shortly 
after MBP expression (Matthieu and Amiguet, 
1990). At the time of expression of MBP, 
myelination begins (Barbarese et al., 1978). 

Evidence suggests that GalC and/or  sulfatide 
plays a role in regulating the differentiation of 
oligodendrocytes and Schwann cells. The Ranscht 
monoclonal antibody (R-mAb) (Ranscht et al., 
1982; see  Bansal et al., 1989 for specificities of the 
R-mAb) causes reversible inhibition of oligoden- 
drocyte progenitor differentiation; data suggest 
that the target molecule in this study is sulfatide 
(Bansal and Pfeiffer, 1989). Other studies have 

shown that treatment of Schwann cells with the 
R-mAb results in the loss of GalC and sulfatide 
from the cell surface (Ranscht et al., 1987; Owens 
and Bunge, 1990). Under these conditions, 
Schwann cells depleted of GalC and sulfatide 
were capable of forming a single wrap-around 
axons, but elongation of mesaxons was inhibited. 
Thus, GalC and/or  sulfatide appear to be impor- 
tant in transducing signals that continue the proc- 
ess of myelination. In both of the above studies, 
it is possible that inhibition of the production of 
the cytoskeleton was the mechanism blocking 
myelination. 

Cytoarchitecture 
of Oligodendrocytes 
To understand the changes that occur in the 

organization of the membrane sheets of cultured 
oligodendrocytes upon specific antibody binding to 
cultured oligodendrocytes, a brief description of 
the normal organization is necessary. Many invest- 
igators have described to varying degrees the flat- 
tened membrane sheets produced by 
oligodendrocytes in the absence of neurons from 
various in vitro preparations (Knapp et al., 1987; 
Rome et al., 1986; Pfeiffer, 1984). The shapes of 
the membrane sheets produced by cultured 
murine oligodendrocytes, as well as the number 
of sheets per cell, vary. Many of the membrane 
sheets are expansive, obtaining diameters of 
about 200 ~tm. Murine oligodendrocytes cultured 
from neonatal mice express a variety of myelin 
markers that are observed in vivo. These include 
the cytoplasmic myelin markers proteolipid pro- 
tein (PLP), myelin basic protein (MBP), and 2',3'- 
cyclic nucleotide 3'-phosphohydrolase (CNPase). 
The membrane surface markers that are the focus 
of this article, GalC, sulfatide, MOG, and MOSP, are 
normally expressed uniformly on the entire mem- 
brane sheet surface (Dyer and Benjamins, 1988a,b; 
Dyer and Matthieu, 1992; Dyer et al., 1991). 

Within the membrane sheets, large colchicine- 
resistant microtubular structures extend from the 
cell body (Dyer and Benjamin, 1989a). Many 
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Fig. 1. Relationship of surface GalC patches to internal MBP domains and microtubular structures, a: Representative 
oligodendrocyte stained for tubulin after fixation and saponin treatment, b: Patched GaIC surface staining on membrane 
sheet following exposure to anti-GalC for 15 min and GAR-FITC for 15 rain. c: Internal tubulin staining of cell in b 
following fixation and saponin treatment. Note that many of the surface GalC patches (arrows) are surrounded by 
cytoplasmic tubulin-stained structures (arrows). d: MBP domains in oligodendroglia that were fixed, saponin-treated, 
and stained with anti-MBP with GAM-TRITC. e" Same cell in d double-labeled for tubulin. Note that MBP domains 
(arrows) are located inside microtubular structures (arrows). Bar = 15 p.m. Reprinted from Dyer and Benjamins (1988) 
with permission. 

small colchicine-sensitive microtubular structures 
branch off the large microtubular structures to 
form a lacy network throughout the membrane 
sheet (see Fig. 1 for microtubular structures in 
membrane sheet) (Dyer and Benjamins, 1989b). 
Antibodies specific for tubulin do not detect lacy 
networks of microtubular structures following 
colchicine treatment (Dyer and Benjamins, 1989a). 

Since colchicine is known to result in a loss of micro- 
tubules that are treadmilling, or turning over 
(Wilson and Farrell, 1986), these data indicate that 
the antibody is detecting microtubules within these 
membrane sheet. The cytoskeletal components 
microtubule associated protein 1B (MAPIB) 
(Fischer et al., 1990) and F-actin (Wilson and 
Brophy, 1989; Dyer and Benjamins, 1989a) have 
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Fig. 2. Comparison of F-actin and CNPase staining in membrane sheets, a: Phalloidin-TRITC labeling demonstrates 
actin filaments colocalized along major veins (large arrows) and lacy networks (small arrow), b: CNPase staining of cell in 
a shows colocalization of CNPase with F-actin along major veins (large arrows) and lacy networks (small arrows), c: 

Phalloidin-TRITC staining of F-actin is both punctate (small arrows) and filamentous (large arrows) in this membrane 
sheet, d: CNPase staining of cell in c shows that the punctate F-actin staining is located in diffuse CNPase membrane 
regions and that filamentous actin is present along CNPase veins. Bars = 15 ~m. Reprinted from Dyer and Benjamins (1989a) 
with permission. 

been shown to be colocalized along microtubular 
structures in membrane sheets, as have the myelin 
markers, PLP (Konola et al., 1991) and CNPase 
(Wilson and Brophy, 1989; Dyer and Benjamins, 
1989a). Furthermore, since cytochalasin B treat- 
ment of murine oligodendrocyte cultures results 
in the disruption of the lacy network of microtu- 
bules, F-actin and CNPase (these are colocalized) it 
appears that CNPase is associated with the 
cytoskeleton (Dyer and Benjamins, 1989a). 

The extensive membrane sheets produced by 
murine oligodendrocytes in culture contain two 
types of cytoplasmic regions. The first type of 
region contains F-actin and CNPase that are not 

colocalized with microtubular structures (Dyer 
and Benjamins, 1989a) Although microtubular 
structures exist throughout these regions, F-actin 
is present in small aggregates and CNPase is dis- 
tributed uniformly throughout (Fig. 2) (Dyer and 
Benjamins, 1989a). In addition, regions of uni- 
formly stained CNPase lack MBP (Reynolds et 
al., 1989). It has been speculated that this type of 
membrane region represents a growth region for 
membrane extension (Reynolds et al., 1989; Dyer 
and Benjamins, 1989a). The second type of mem- 
brane region contains microtubular structures 
colocalized with F-actin and CNPase (Dyer and 
Benjamins, 1989a) (Fig. 2a,b, Fig. 3e, f). Areas, or 
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domains, solidly stained for MBP also exist in this 
type of membrane region (Dyer and Benjamins, 
1989a) (Fig. ld,e). Since domains of MBP are sur- 
rounded by vein-like structures of CNPase 
(Reynolds et al., 1989), and since CNPase in vein- 
like structures is colocalized with microtubules 
and F-actin (Dyer and Benjamins, 1989a), it appears 
that domains of MBP are surrounded by micro- 
tubules/F-actin/CNPase structures. It is likely 
that these are assembled membrane regions. 

The mature membrane sheets are not identi- 
cal to unfurled myelin sheaths, however. In vivo 
myelin sheaths are compact, i.e., the two mem- 
brane bilayers are apposed, with cytoplasm con- 
taining microtubules present predominantly in 
the perinodal loops, i.e., around the rim of the 
myelin sheaths (Kidd et al., 1991). Cultured oli- 
godendrocytes loaded with the Ca2§ 
fluorescent dye Indo-1 show an extensive net- 
work of fluorescent veins throughout the mem- 
brane sheets (Dyer and Benjamins, unpublished 
observations). These data suggest that in vitro 
membrane sheets have channels of cytoplasm 
that contains cytoskeletal structures. Therefore, 
it is possible that a signal(s) from axons is neces- 
sary for withdrawal of cytoplasm and depolymer- 
ization of the cytoskeletal structures that would 
leave the sheets resembling unfurled compact 
myelin sheaths. 

Signaling Systems Observed 
Following Antibody Binding 
to Oligodendrocytes 

Phospholipid Turnover 
Elicited by Antibody Binding 
Myelin was once believed to be metabolically 

inert; however, it has been found to contain 
numerous intrinsic enzymes involved in ion 
transport, protein degradation, lipid metabolism, 
and phosphoryla t ion/dephosphoryla t ion  
(Suzuki, 1980; Lees and Sapirstein, 1983; Ledeen, 
1984; Norton and Cammer, 1984; Barres et al., 
1988; Soliven et al., 1988; Sontheimer et al., 1989). 
Moreover, polyphosphoinositides (Eichberg and 

Dawson, 1965; Eichberg and Hauser, 1973; 
Deshmukh et al., 1980; Kahn and Morell, 1988; 
Eichberg et al., 1989) and G-proteins (Braun et 
al., 1990; Golly et al., 1990) have been identified 
in purified myelin. Thus, myelin has a rich source 
of second messenger-generating element. This 
section will primarily focus on the phospho- 
lipid turnover elicited by anti-GalC in cultured 
oligodendrocytes. 

Initial studies of oligodendrocyte cultures that 
have been prelabeled with 32p phosphate showed 
that anti-GalC binding induces a dramatic loss 
of the 32p-labeled phospholipids, phosphatidyl- 
inositol (PI), phosphatidylcholine (PC), phos- 
phatidylethanolamine (PE), and phosphatidic 
acid (PA) compared to control cultures (Table 1). 
Upon further investigation, the changes in 32p in_ 
corporation were found to be dependent on the 
length of time oligodendrocytes are exposed to 
antibody and the concentration of antibody 
added (Dyer, in preparation). A given concen- 
tration of antibody initially causes an increase in 
32p incorporation into phospholipids compared 
to controls and then incorporation drops to below 
control values with time (Dyer, in preparation). 
Experiments in which oligodendrocytes are la- 
beled with (3H)glycerol in the presence of anti- 
GalC or nonimmune IgG show no change in 
(3H)glycerol incorporation, suggesting that the 
changes in 32p labeling of these phospholipids 
during anti-GalC binding are not caused by 
changes in de novo synthesis, but by rapid cycling 
of the phospho-containing polar head groups 
(Dyer, in preparation). 

Both Ca 2§ and pertussis toxin appear to differ- 
entially affect the anti-GalC-induced breakdown 
of phospholipids. Preliminary results indicate 
that the anti-GalC-induced increased turnover of 
PI and PA are not affected by the absence of extra- 
cellular Ca 2§ whereas the increased turnover of 
PC is affected by the absence of extracellular Ca 2§ 
(Table 2). The increased turnover of PI and PA 
owing to anti-GalC binding appears to be per- 
tussis toxin-insensitive, but the anti-GalC- 
induced increased turnover of PC and PE appears 
to be pertussis toxin-sensitive (Table 3). Ribosyla- 
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Fig. 3. MOSP either redistributes in a lacy network or remains uniformly distributed on membrane sheets, a: Representative 
oligodendrocytes fixed prior to immunostaining with anti-MOSP; note that the surface of the membrane sheets is solidly stained 
(arrow at cell bodies), b: Same cells in a permeabilized and stained for internal CNPase; note that CNPase is present in a lacy 
network in many membrane sheet regions (arrows), whereas other membrane sheet regions are solidly stained for CNPase 
(arrowheads). The cell at center top and the two cells at the bottom of the photograph are much less intensely stained than the 
large membrane sheet in the center of the photograph; this background is owing to second antibodies staining permeabilized cells 
other than membrane sheet bearing oligodendrocytes, c: Live oligodendrocytes were treated with anti-MOSP and second 
antibody; note that the surface anti-MOSP:MOSP complexes redistribute into a lacy network in some membrane sheet regions 
(arrows) but in other membrane sheet regions, surface anti-MOSP:MOSP remains solidly stained (arrowheads). d: Same cell in c 
fixed, permeabilized, and stained for internal CNPase shows that the internal CNPase is also present in a lacy network (arrows) 
or is solidly stained (arrowheads). Note that the surface anti-MOSP:MOSP complexes, which have redistributed (arrows in c), lie 
directly over internal veins of CNPase (arrows in d) and that the solidly stained regions of anti-MOSP:MOSP (arrowheads in c) 
directly overlie solidly stained regions of CNPase (arrowheads in d). e: Representative control membrane sheet stained for 
cytoplasmic microtubules shows lacy networks throughout the membrane sheet (arrows). f: Same cell in e stained for internal 
CNPase shows that the lacy network of CNPase is colocalized with microtubular veins (arrows). Note that microtubular veins 
run throughout solidly stained regions of CNPase. Bars = 20 ~n.  
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Table 1 

Turnover of 32p in the Major Phopholipids Following Ab Exposure* 

9 

Ab PI PC PA PE 

No Ab 11,106 + 3036 329,400 + 15,600 10,490 + 505 79,875 + 10,509 
Anti-GalC 9471 + 3380 133,660 + 6220 4486 + 2025 36,425 + 7083 

*Cultures were preincubated with (32p)phosphate for 45 min followed by washing with cold 
phosphate. They were incubated with or without anti-GalC in buffer containing cold phosphate for 
30 rain. Anti-GalC was added in a concentration that caused patching over MBP domains. Culture 
contained approximately 50% OL and about 300 ~,g protein/sample. CPM plus and minus the range 
are presented. 

Table 2 

The Effect of Anfi-GalC and Ca 2§ on 32p Incorporation into Phospholipids* 

Ab PI PC PA 

Nonimmune IgG 41,461 + 1558 23,409 + 1163 22,965 + 1022 
Anti-GalC + Ca 2. 14,377 + 4489 5631 + 1200 2179 + 1540 
Anfi-GalC, no Ca 2§ 29,700 + 2371 29,754 + 2443 9435 + 2431 

*Data represent the means of duplicate samples plus and minus the ranges. Nonimmune rabbit 
IgG or anti-GalC was added at about 600 ~tg/mL. Nonimmune rabbit IgG was added in the presence 
of Ca 2§ Cultures were preincubated with or without Ca 2. for 1 h, then treated for 30 rain with Ab 
and (s2p)phosphate under the same Ca 2§ conditions, followed by washing in cold phosphate, lipid 
extraction, and HIYFLC. Each sample contained about 50% oligodendrocytes and approx 450 p,g protein. 

Table 3 

The Effect of Pertussis Toxin (PT) 
in Anti-GalC-Induced Changes in 32p Incorporation into Phospholipids* 

Treatment PI PC PA PE 

Anti-GalC 7786 + 2807 11,368 + 604 7,898 + 1472 1499 + 228 
Anfi-GalC + PT 13,758 + 739 20,675 + 110 11,875 + 146 3108 + 587 
Nonimmune IgG 26,929 + 4027 19,476 + 1826 18,376 + 3223 2868 + 248 

*Data represent the means of duplicate samples plus and minus the ranges. (32p)Phosphate and 
either nonimmune IgG or anti-GalC was added during the last 30 rain of a 4-h incubation with 100 ~,g/ 
mL pertussis toxin. Each sample contained about 50% oligodendrocytes and approx 200 ~tg of protein. 

tion by pertussis toxin inhibits a subpopulation 
of G-proteins that normally activate phospholi- 
pases (Kopf and Woolkalis, 1991). Therefore, 
these data suggest that anti-GalC IgG binding 
activates PC-specific phospholipases that are 
regulated by  Ca 2§ and  pertussis toxin-sensitive 
G-proteins. Further, data suggest that anti-GalC 

binding activates PI-specific phosphol ipases  that 
do not appear to be regulated by Ca 2+ and may be 
regulated by pertussis toxin-insensitive G-proteins. 

Evidence indicates that antibody binding itself 
does not nonspecifically activate phospholipases, 
but that specific signaling events are triggered by 
antibody binding. Unregulated entry of Ca 2§ via 
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ionomycin does not mimic the 32p incorporation 
data (Dyer, in preparation), thus demonstrating 
that the anti-GalC-induced changes in 32p label- 
ing of phospholipids are not nonspecifically acti- 
vated by increases in Ca 2§ Furthermore, data 
show that anti-GalC IgG, anti-MOG IgG, and 
anti-MOSP IgM each causes a distinct pattern of 
phospholipid turnover  when cultures are 
prelabeled with 32p and then treated with anti- 
body (Dyer, preliminary data). 

The mechanism of GalC-mediated phospholi- 
pase activation is unknown. Two mechanisms 
that may account for the activation of phospholi- 
pases by anti-GalC include endocytosis of the 
antibody:glycolipid complex and subsequent 
clustering of the complexes (Dyer and Benjamin, 
1988a). However, activation of phospholipases 
via receptor clustering is unlikely, since changes 
in 32p incorporation into phospholipids are 
observed as soon as 10 rain after antibody bind- 
ing and patching of GalC occurs after 2 h of expo- 
sure to anti-GalC IgG alone. One possible model 
for activation involves MBP as a mediator; 
indeed, MBP has been implicated in signaling 
ovine oligodendrocytes to remyelinate in culture 
(Vartanian et al., 1986). In the murine oligoden- 
drocyte culture system, surface membrane anti- 
GalC:GalC complexes redistribute directly over 
cytoplasmic MBP domains (Dyer and Benjamins, 
1988b,1989b). The anti-GalC:GalC complexes 
appear to form an association with cytoplasmic 
MBP, since GalC and MBP become Triton X-100 
insoluble after anti-GalC binding (Dyer, unpub- 
lished data). It is possible that this association is 
formed via a transmembrane protein; similarly, 
a transmembrane protein has been postulated to 
link cholera toxin:ganglioside GM1 complexes 
with the lymphocyte cytoskeleton and to medi- 
ate signals elicited by the binding of cholera toxin 
to GM1 (for review, see Fishman, 1982). Tompkins 
and Moscarello (1991) have recently demon- 
strated that the most positively charged forms of 
MBP stimulate PI-specific phospholipase C activ- 
ity in vitro. Thus, it is possible that MBP may play 
a role in activation of phospholipases following 
anti-GalC binding. 

Anfibody-lnduced Ca 2§ Influxes 

Ca 2§ has been shown to play a role in modula- 
tion of the cytoskeleton in many cell types 
(Marcum et al., 1978; Yamamato et al., 1985; Keith 
et al., 1986). Indeed, extracellular Ca 2§ was shown 
to be necessary for anti-GalC-induced microtu- 
bular depolymerization to occur in cultured oli- 
godendrocytes (Dyer and Benjamins, 1990). 
Additional studies of Ca 2+ fluxes in cultured oligod- 
endrocytes revealed that the rat monoclonal anti- 
body A007 reactive with sulfatide (IgM), and the 
mouse monoclonal anti-MOSP IsM (Dyer et al., 
1991) also trigger an influx of c a  z§ into cultured 
oligodendrocytes (Table 4) (Dyer and Benjamins, 
1990,1991; Dyer and Matthieu, 1992). Binding of 
the mouse monoclonal anti-MOG IgG (Linington 
et al., 1984) to cultured oligodendrocytes does not 
appear to elicit a Ca 2§ response (Table 4). Inter- 
estingly, there are differences between the Ca 2§ 
responses elicited by each of these antibodies. 

Three types of responses are observed after anti- 
body binding (Dyer and Benjamins, 1990,1991; 
Dyer and Matthieu, 1992) (Table 5). Data from 
studies due to EGTA indicate that all responses are 
owing to an influx of extracellular Ca 2§ and not to 
release from intracellular Ca 2§ stores. The first type 
of response is a large delayed sustained response. 
The kinetics for the time between addition of anti- 
body and the initiation of the Ca 2§ response gen- 
erally range from 20-390 s (Table 4). The second type 
of response is a large delayed transient response. 
The kinetics for the response time are similar to 
those above. However, these responses are not 
sustained but are transient, returning to near base- 
line values within about 12 min. For both sus- 
tained and transient delayed responses, Ca 2§ 
increases about 300-500 nM above the resting 
value of approx 5-20 nM. The third type of response 
is a small immediate transient response. These 
responses are mimicked by depolarizing mem- 
branes with 60 mM K § and are blocked by 500 
mM Cd 2§ The magnitude of the small responses is 
less than one-tenth that of the large responses. Thus, 
these responses are referred to as voltage-oper- 
ated Ca 2+ channel-like, or VOC-like Ca 2+ channels. 
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Table 4 

Ca 2§ Responses to Anti-GalC, A007, Anti-MOSP, and Anti-MOG* 

11 

Range of times Range 
Number to response, of reversal times, 

Ab n responding s s Ratio change 

Anti-MOG 9 0 
Anti-GalC IgG 28 21 20-360 Sustained 1.0 + 0.5 

(large delayed 
sustained response) 

Anti-GalC Fab 5 4 50-180 Sustained 1.4 + 0.6 
Anti-MOSP IgM 18 9 70-37(Y 220-610 1.8 + 1.0 

(large delayed 
transient responses) 

Anti-MOSP IgM 18 3 0 40-100 0.1 _+ 0.02 
(VOC-like) 

A007 53 10 40-390 b 300-700 1.4 _+ 0.5 
60 mM K + 3 3 0 30-60 0.1 + 0.2 

*Cell were loaded with 1 g.m Indo-1 for 1 h, and the changes in intracellular Ca 2§ examined using the ACAS laser 
cytometer. Cells were examined for changes in intracellular-free Ca 2+ using the line scanning technique. Briefly, two 
points were identified on either side of the cell that defines the line through the cell that is scanned every 2 s for 5-15 min. 
Changes in bound and unbound Indo-1 were calculated for each scan and plotted against time. The time to response 
represents the time taken for the initial increase in Ca 2+ to be observed after addition of Ab. The reversal time refers to the 
length of time it takes for peak Ca 2+ values to return to near resting values. The ratio change represents the magnitude of 
the Ca 2+ increase in units. 

qhese data represent values taken from nine responses; although the other 11 responses are docmnented sustained responses, 
gliches in the computer caused a loss of parts of the data for their responses and they were not included in the statistics. 

bThese data represent values taken from nine responses. 

Table 5 

Sustained vs Transient Calcium Responses Elicited by Antibodies to GalC, Sulfatide, MOG, and MOSP* 

Types of responses 

Cells treated Cells treated Cells treated Cells treated 
with anti-GalC, with A007, with anti-MOSP, with anti-MOG, 

% % % % 

No response 7 (25) 32 (61) 3 (18) 9 (100) 
Delayed sustainedresponse 21 (72) 6 (11) 2 (12) 0 (0) 
Transient response: 

Large, delayed 1 (3) 10 (19) 9 (53) 0 (0) 
Small, immediate 5 (9) 3 (18) 0 (0) 

*These numbers were tabulated from the same data shown in Table 4. 

As shown in Tables 4 and 5, the majority of 
ant i -GalC-responding ol igodendrocytes  exhibit 
a large delayed sustained response (Dyer and 
Benjamins, 1990). Unlike anti-GalC treated cells, 
the majority of cells responding to A007 sulfatide- 
reactive antibody show a large, delayed, transient 

response; a few cells exhibit large, delayed, sus- 
tained responses, and fewer still show VOC-like 
Ca 2+ channel responses. Anti-MOSP binding causes 
Ca 2+ influxes in a pattem similar to A0(]7 antibody. 

Different numbers of oligodendrocytes appear 
to respond to anti-GalC, A007, and anti-MOSP 
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(Table 5). These differences exist despite the 
fact that virtually all oligodendrocytes stain 
in tense ly  for both glycolipids (Dyer and 
Benjamins, 1991) and proteins (Dyer and Matthieu, 
1993). Nonspecific crosslinking does not appear 
to play a role in triggering the anti-GalC-induced 
influx of Ca 2§ since Fab fragments of the anti- 
GalC IgG trigger Ca 2§ increases in oligoden- 
drocytes similar to those elicited by intact IgG 
(Dyer and Benjamins, 1990,1991). In addition, 
if nonspecific crosslinking triggers the response, 
all cells should exhibit an influx of Ca 2§ and this 
is not observed. The class of antibody also does 
not appear to play a role in triggering an influx 
of Ca 2§ since 39% of the A007 IgM treated cells 
respond, whereas 83% of anti-MOSP IgM treated 
cells exhibit a Ca 2+ response (Table 5). Further- 
more, anti-GalC IgG elicits a Ca 2§ response in the 
majority of oligodendrocytes treated, but anti- 
MOG IgG does not elicit an increase in intracel- 
lular Ca 2§ in any of the cells examined. Thus, 
crosslinking of surface components on oligo- 
dendrocytes does not appear to be the mecha- 
nism of induction of the influxes of Ca 2§ observed 
after the binding of these antibodies. 

The mechanism underlying the Ca 2+ influxes 
is unknown. The Ca 2§ influxes triggered by anti- 
GalC IgG, A007 IgM, and anti-MOSP IgM do not 
appear to be via nonspecific pore formation since 
no nuclear staining was observed after treatment 
of cultures with propidium iodide and either 
anti-GalC, A007, or anti-MOSP (Dyer and 
Benjamins, 1991; Dyer, unpublished data). Delayed 
C a  2+ responses may reflect the time necessary to 
recruit Ca 2§ channels from intracellular mem- 
brane compartments, as shown for transport- 
ers in other systems (Kono et al., 1982; Simpson 
and Cushman, 1985; Schwartz and AI-Awqati, 
1986; Wade, 1986). It is also possible that anti- 
body binding may inhibit effiux of Ca 2§ while 
allowing influx to occur, so that Ca 2§ transport- 
ers are induced to work in reverse as a result of 
antibody binding (Dixon et al., 1987). Anti-GalC 
and A007 are internalized in vesicles following 
antibody binding; thus some Ca 2§ may enter oli- 
godendrocytes via this route. However, the ki- 

netics of endocytosis and Ca 2§ entry are not simi- 
lar (Dyer and Benjamins, 1991). It is important to 
note that all the increases in intracellular Ca 2§ 
observed do not increase unchecked, but either 
reach a new steady state level or return to near 
resting levels. Therefore, the mechanism of Ca 2§ 
influx induced by antibody binding appears to be a 
regulated process. 

It is possible that antibody binding causes 
activation of second messenger-operated C a  2+ 

channels (SMOCs), since second messengers 
have been reported to mediate Ca 2§ influxes in 
cell types that do not use VOCs as a means of 
regulating Ca 2+ entry (Exton, 1988; Penner et al., 
1988; Hockberger and Swandulla, 1987; Meldolesi 
and Pozzan, 1987; Merritt and Rink, 1987). The 
delayed Ca 2§ responses may be triggered when 
a threshold level of a second messenger has 
accumulated. Indeed, this is likely in the oligo- 
dendrocyte system since data show that turn- 
over of phospho l ip ids  occurs fo l lowing 
antibody binding (see section above regarding 
turnover of phospholipids); thus, phospho- 
lipid-derived second messengers may be gen- 
erated. Results by Martinson et al. (1990) show 
that muscarinic receptor s t imulat ion in 
astrocytoma cells results in a delay of several 
minutes before accumulation of the second 
messenger 1,2-diglyceride. These results sup- 
port the Ca 2§ data from the oligodendrocyte sys- 
tem, which show that the large delayed Ca 2§ 
influxes are delayed by 20-390 s, suggesting 
that SMOCs are specifically activated by anti- 
body binding. 

Antibody: 
Surface Marker Redistribution 

Antibody-induced changes in cytoskeleton are 
only observed following redistribution of anti- 
body:marker complexes (Dyer and Benjamins, 
1988a,b; Dyer et al., 1991; Dyer and Matthieu, 
1992). In each case, specific antibody complexed 
to GalC, sulfatide (Dyer and Benjamins, 
1988b,1989b), or MOG (Dyer and Matthieu, 1993) 
results in the redistribution of these complexes 
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to regions on the surface of the membrane sheets 
that directly overlie cytoplasmic MBP domains 
(see Fig. lb-e for anti-GalC:GalC redistribution). 
These patches of surface antibody:myelin marker 
complexes are excluded from tracts of membrane 
that directly overlie veins of cytoplasmic micro- 
tubular structures (Fig. lb,c). In contrast, anti- 
MOSP:MOSP complexes redistribute in a lacy 
network on the membrane surface that directly 
overlies cytoplasmic CNPase colocalized with 
microtubular structures (Fig. 3) (Dyer and 
Matthieu, 1993). These complexes are excluded 
from regions on the membrane surface that 
directly overlie cytoplasmic MBP domains (Dyer 
and Matthieu, 1993). 

There are several differences between the 
events that occur following antibody binding to 
oligodendrocytes and "capping and patching" 
events on lymphocytes. Patching and capping of 
many ligand:receptor complexes on lymphocytes 
is the earliest event, followed by endocytosis 
(Taylor et al., 1971; Sedlacek et al., 1976; Sela et 
al., 1978; Geiger and Singer, 1979). Generally, 
crosslinking of numerous receptors on lympho- 
cyte results in rapid patching of the immune com- 
plexes over actin and associated proteins within 
30 min (Ash and Singer, 1976; Ash et al., 1977; 
Bourguignon et al., 1985; Flanagan and Koch, 
1978; Geiger and Singer, 1979). In contrast, 
endocytosis of small numbers of GalC and 
sulfatide molecules occurs within minutes of anti- 
body binding, and patching of the majority of 
GalC and sulfatide molecules occurs after 2 h of 
continuous antibody exposure (Dyer and 
Benjamins, 1988a,b). Unlike lymphocytes, surface 
components on oligodendrocytes do not nonspe- 
cifically patch over actin and its associated pro- 
teins (Dyer and Benjamins, 1989a,b). Furthermore, 
surface anti-GalC:GalC, A007:sulfatide, and anti- 
MOG:MOG complexes patch over cytoplasmic 
MBP domains, whereas anti-MOSP:MOSP com- 
plexes redistribute over cytoplasmic CNPase 
colocalized with microtubular structures in mem- 
brane sheets. These events suggest that these 
redistribution events are specifically induced by 
antibody binding. 

Cytoskeletal Changes 
Elicited by Antibody Binding 
Short-term exposure (15 rain of primary anti- 

body followed by 15 rain of secondary antibody) 
of cultures to anti-GalC IgG (Dyer and Benjamins, 
1988b,1989b), A007 IgM (Dyer and Benjamins, 
1988b,1991), and anti-MOG IgG (Dyer and 
Matthieu, 1993) results in loss of the lacy network 
of microtubules in membrane sheets. It is inter- 
esting that in all three cases, patching over cyto- 
plasmic MBP occurs, followed by microtubule 
depolymerization. In contrast, short-term expo- 
sure to anti-MOSP does not result in depolymer- 
ization of microtubules (Dyer et al., 1991). 

Additional events that occur following anti- 
GatC IgG:GalC complex patching and loss of 
the lacy network of microtubules are F-actin 
rearrangement, and MBP domain fusion with 
concomitant GalC surface patch fusion (Dyer and 
Benjamin, 1989b) (see Fig. 4 for MBP fusion). 
Exposure to anti-GalC for 6 d followed by 15 min 
of secondary antibody results in a reversible 
contraction of the majority of membrane sheets, 
whereas long-term exposure to A007 (sulfatide- 
reactive antibody) does not (Dyer and Ben- 
jamins, 1988b). 

Long-term exposure to anti-MOSP (3-6 d) 
causes a dramatic increase in staining intensity 
of surface MOSP on ollgodendrocytes with large 
membrane sheets; both the staining intensity 
and the amount of lacy network per membrane 
sheet are greatly increased compared to the non- 
specific IgM treated controls (Fig. 5) (Dyer and 
Matthieu, 1993). In addition, there is a concomi- 
tant increase in both the thickness and the num- 
ber of the underlying microtubules (Fig. 5). The 
membrane sheets do not appear contracted, 
unlike sheets exposed long-term to anti-GalC 
(Dyer and Benjamins, 1988b). Immature process- 
bearing oligodendrocytes exposed long-term to 
anti-MOSP have foci of processes that are 
intensely stained for MOSP that may represent 
accelerated growth regions (Dyer and Matthieu, 
1992). Therefore, it is possible that the increases 
in amount of lacy networks reflect an upregula- 
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Fig. 4. MBP domains fuse following prolonged exposure to anti-GalC IgG. A: Normal distribution of MBP domains 
within membrane sheets. Note the unstained tracts surrounding the MBP staining. B: After 6 h of anti-GalC exposure at 
37~ the unstained tracts surrounding MBP are lost, leaving the membrane sheets virtually solidly stained. Cells were 
treated with rabbit anti-GalC IgG for 6 h, fixed, permeabilized, and staining for MBP with mouse monoclonal anti-MBP 
IgG and goat anti-mouse IgG conjugated to rhodamine. C: Staining performed as in b except that anti-MBP IgG was not 
added. The goat anti-mouse IgG conjugated to rhodamine did not react with the rabbit anti-GalC lgG; these results 
demonstrate the MBP staining in B is specific. 
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Fig. 5. Long-term exposure to anti-MOSP results in increased surface MOSP and cytoplasmic microtubular staining. 
Cultures were treated with anti-MOSP IgM for 6 d and then treated with goat anti-mouse IgM conjugated with 
fluorescein for 15 min. Cells were fixed, permeabilized, and stained for tubulin with mouse monoclonal anti-tubulin IgG 
and goat anti-mouse IgG conjugated to rhodamine, a: Increased lacy network of MOSP on two representative 
oligodendrocytes, b: Same cells in a labeled for tubulin show that there is a concomitant increase in microtubules; note that 
areas of diffuse MOSP staining show relatively little tubulin staining, c: Representative oligodendrocytes showing 
increased lacy network of MOSP on surface of membrane sheets, d: Same cell in c intensely stained for tubulin, e: Control 
live oligodendrocyte treated with anti-MOSP and second antibody for 15 min each; note that the amount  of lacy network 
on the surface of the membrane sheet is much less than that on cells in a and c. f: Same cell in e stained for internal tubulin 
shows microtubule staining; note that the amount and thickness of the microtubular veins are much less than in cells in b 
and d (see arrows). Bar = 20 ~m. 
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tion of both surface MOSP expression and inter- 
nal microtubules that may be important in pro- 
cess outgrowth. 

Long-term exposure to anti-MOG does not 
have a detectable effect on MOG surface expres- 
sion (Dyer and Matthieu, 1993). However, long- 
term exposure to anti-MOG does have an effect 
on the redistribution of anti-MOSP:MOSP com- 
plexes; they are no longer redistributed in a lacy 
network on oligodendrocyte membrane sheets 
but are present as clumps and fragments of veins 
(Dyer and Matthieu, 1993) (Fig. 6). It is likely 
that the clumped and fragmented redistribution 
of anti-MOSP:MOSP complexes is owing to the 
fact that anti-MOG induces a loss of micro- 
tubular structures in membrane sheets and 
anti-MOSP:MOSP complexes redistribute over 
what remains of these structures (Dyer and 
Matthieu, 1993). 

Although both anti-GalC and anti-MOG result 
in depolymerization of microtubules and both 
patch over MBP, the signals transduced by anti- 
MOG IgG compared to anti-GalC IgG are not 
identical since anti-MOG does not cause an 
increase in intracellular Ca 2§ and anti-GalC does 
elicit an increase. It is possible that two known 
regulatory pathways that control assembly/dis- 
assembly of microtubules, a Ca2§ 
pathway; and a Ca2+-independent pathway 
(Yamamoto et al., 1985) are activated by the bind- 
ing of these antibodies. 

It is interesting that anti-GalC IgG, anti-sulfa- 
tide IgM, and anti-MOSP IgM all trigger Ca 2§ 
influxes, but the anti-glycolipid antibodies cause 
depolymerization of microtubules, whereas anti- 
MOSP antibody causes microtubule growth. It 
has been demonstrated in other systems that there 
is no simple relationship between changes in 
intracellular Ca 2§ and cellular response (for 
review, see Rasmussen, 1990). Indeed, when 
ionomycin was added to cultured oligodendro- 
cytes so that intracellular C a  2§ concentration 
was increased to levels equal to those induced 
by anti-GalC IgG or anti-MOSP IgM, no change 
in the appearance of microtubules was observed 
(Dyer, unpublished data). These results indi- 

cate that an influx of Ca 2+ alone is not suffi- 
cient to induce either assembly or disassembly 
of microtubules. Thus, it is likely that Ca 2§ 
fluxes take place within cellular compartments, 
and can differentially regulate microtubule 
assembly and disassembly. In this way, the role 
of Ca 2§ may be dependent on which surface mem- 
brane component has been activated. 

Relevance 
to In Viva Myelinotion 

The signals generated by the binding of spe- 
cific antibodies to GalC, sulfatide, MOG, or MOSP 
may mimic those induced by hypothesized 
endogenous ligands in vivo during myelino- 
genesis and myelin maintenance. Cytoskeleton 
is likely to be important in immature oligoden- 
drocytes for process extension and growth of 
membrane sheaths; it is possible that MOSP is 
involved in transducing signals that induce 
upregulation of cytoskeleton during process 
extension and the production of the membrane 
sheath. Once processes are extended in vivo dur- 
ing myelinogenesis and membrane sheaths are 
wrapped around axons, compaction of the mye- 
lin lamellae occurs. Results from antibody bind- 
ing to murine oligodendrocytes suggest that GalC 
may be involved in membrane compaction, i.e., 
the disassembly of microtubules since anti-GalC 
binding causes depolymerization and fusion of 
MBP domains in vitro (Dyer and Benjamins, 
1989b). A007 binding results suggest that ligands 
binding to sulfatide produce signals that block 
or terminate the GalC response (Dyer and 
Benjamins, 1991). MOG also may be important 
in generating signals that are involved in myelin 
compaction, since antibody binding results in loss 
of microtubules in cultured oligodendroglia 
membrane sheets. If new membrane is added to 
myelin via the outer wrap where MOG is pre- 
dominantly located (Brunner et al., 1989), MOG 
may be important in regulating compaction at this 
location. Because GalC and MOSP appear to be 
present throughout myelin lamellae, they also 
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Fig. 6. Long-term exposure of oligodendrocytes to anti-MOG IgG results in fragmented and clumped redistributed 
MOSP. Live cultures were treated with anti-MOG IgG for 6 d and then treated with anti-MOSP and second antibody for 15 
min each at 37~ a: Patched anti-MOG:MOG complexes on oligodendrocyte membrane sheet, b: Same cell shown in a 
stained for MOSP; what normally would be continuous veins of anti-MOSP:MOSP complexes appear to be fragmented 
and clumped except for the single continuous vein on the edge of the sheet (arrow at cell body), c: Representative 
oligodendrocyte demonstrating staining of anti-MOSP:MOSP complexes after long-term anti-MOG IgG treatment, d: 

Representative example of anti-MOSP:MOSP clumped staining pattern on membrane sheets treated 6 d with anti- 
MOG. Bars = 20 I~m. 

may be involved in regulating cytoskeleton in 
mature CNS myelin. This may be possible since 
the radial component, which is composed of actin 
and tubulin as well as other molecules, is present 
in mature CNS myelin (Kosaras and Kirschner, 
1990; Karthigasan et al., 1991). 

Defining the signal transduction capabilities of 
these myelin surface markers is essential for 
understanding their roles in diseases that selec- 
tively affect CNS myelin, such as multiple scle- 
rosis. Several lines of evidence indicate that MOG 
serves as an antigenic target in primary demyeli- 
nating diseases (Kerlero de Rosbo et al., 1990; 

Linington et al., 1988; Lassmann et al., 1988; 
Lassmann and Linington, 1987; Schluesener et al., 
1987). Many investigators have previously 
reported that anti-GalC in the absence of comple- 
ment has a pronounced effect on myelin in vivo 
and in cultured myelinating systems (Bomstein 
and Raine, 1970; Bomstein and Appel, 1961; Diaz 
et al., 1978; Fry et al., 1972,1974; Niedieck et al., 1965; 
Raine et al., 1981)�9 In the presence of complement- 
depleted antiserum to white matter, the myelin 
lamellae show increased birefringence and doub- 
ling of the periodicity between the major dense lines 
(Raine et al., 1981; Diaz et al., 1978). At the same 
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time, the oligodendrocytes begin production of 
disorganized layers of membrane that accumu- 
late in the extracellular space rather than wrap- 
ping around axons. The production of disorganized 
layers of membrane may result from inappropri- 
ate overstimulation by anti-GalC binding the 
GalC mediated signal transduction triggering 
pathway in oligodendrocytes. Since anti-GalC 
causes a loss of cytoskeleton in vitro, it is pos- 
sible that anti-GalC is also causing a loss of 
cytoskeleton in myelin, which is manifested in 
the production of disorganized layers of myelin 
membrane. Therefore, it is conceivable that 
immune attack via binding to GalC, sulfatide, 
MOG or MOSP may mimic normal signals in a 
manner that disrupts the sequence of events that 
coordinates myelination or the maintenance of 
myelin in vivo. 

Summary 

Antibodies specifically reactive with GalC, 
sulfatide, MOSP, and MOG have different effects 
on cultured murine oligodendrocytes with regard 
to phospholipid turnover, Ca 2§ influxes, and anti- 
gen redistribution that ultimately lead to modu- 
lation of cytoskeleton within membrane sheets. 
It is possible that these signaling systems oper- 
ate in vivo to regulate the oLigodendrocyte cyto- 
skeleton during myelination and the maintenance 
of myelin. If so, it is conceivable that congenital 
defects resulting in the loss or altered expression 
of these markers could have an impact on the 
ability of oligodendrocytes to myelinate nor- 
really. Furthermore, antibody binding to GalC, 
sulfatide, MOG, or MOSP in pathologic diseases 
affecting CNS myelin could produce inappropri- 
ate signaling leading to production of abnormal 
myelin and/or  loss of normal myelin 
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