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Summary - The L5 carbohydrate epitope is developmentally regulated in the vertebrate nervous system, both at very early stages
(neural induction) and during postnatal development. Here, we review the evidence indicating that, during gastrulation, L5 may be a
marker for cells competent to respond to neural inducing signals emanating from Hensen’s node (the ‘organizer’) and that it may itself
be involved in the response to neural induction. In postnatal cerebellar development, when L5 is found on astrocytes, it participates in
the outgrowth of astrocytic processes on extracellular matrix components. Finally, we indicate the structural relatedness of the L5 carbohydrate and Le*, CD 15 and SSEA- 1.
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Introduction

ral, instead of epidermal tissue. Initial experiments in amni-

antibody is one of a number of such
antibodies that resulted from immunization
of rats with
L2/HNK-1 positive glycoproteins from mouse brain (‘rest
L2’; [18]), which was undertaken in an attempt to identify
new members of the L2/HNK-1 family of cell adhesion
molecules and to investigate their functional properties in
early neural development. It was shown that the L5 epitope
is expressed by the cell recognition molecule Ll (Ng-CAM)
and Thy-l and most prominently by the chondroitin sulphate proteoglycan astrochondrin, present on astrocytes
L.381.
Since several different glycoproteins were immunoreactive with this antibody, it appeared that the antibody might
react with a carbohydrate epitope on these molecules.
Indeed, a recent detailed analysis [40] established that the
L5 antibody recognizes a carbohydrate structure closely
related to the 3-fucosyl-N-acetyllactosamine
sequence,
which is known as LeX, CD15, X-hapten or stage-specific
embryonic antigen 1 (SSEA-1).
The expression of the L5 epitope is developmentally
regulated in the nervous system, both at very early stages
(neural induction) [31, 391 and during postnatal development. This suggested a functional role of the L5 epitope, or
of the molecules carrying it, at both stages. Here, we review
the evidence indicating that the carbohydrate may be a
marker for cells competent to respond to neural inducing
signals and seems itself to be involved in the early response
to neural inducing signals. In postnatal cerebellar development, when L5 is found on astrocytes, it participates in the
outgrowth of astrocytic processes on extracellular matrix
components.

otes by Waddington [42] established the tip of the primitive
streak (Hensen’s node), as the source of neural inducing
signals (see also [ll, 29, 361). One striking finding is that,
in the chick embryo, it is not only the embryonic ectoderm
that can respond to these signals, but the extraembryonic
epiblast, normally fated to give rise only to extraembryonic
membranes, can respond to a graft of Hensen’s node by
producing a complete central nervous system (CNS),
expressing markers for all regions. As development proceeds, the competence of the ectoderm to respond to a graft
of Hensen’s node is lost, first from the extraembryonic
(area opaca) and then from the embryonic (area pellucida)
epiblast.
At early stages of chick embryo development
(fig
lA-E), L5 immunoreactivity first appears around the time
of primitive streak formation in a few scattered cells of the
epiblast of the area pellucida (fig 1A). During primitive
streak elongation, expression of the L5 epitope expands in
the epiblast until it covers a broad area, centered around the
anterior primitive streak and extending into the inner third
of the extraembryonic area opaca (fig lB, C). After stage 4,
the definitive primitive streak stage, L5 immunoreactivity
becomes gradually restricted, until by stage 6 it is confined
to the presumptive neural plate (fig 1D). Thus, at mid- to
late primitive streak stages, the expression pattern of L5
matches the region competent to respond to a graft of
Hensen’s node, and thereafter it matches the area fated to
become neural tissue, After neurulation, L5 remains confined to the entire developing nervous system for several
days (fig 1E). Therefore, during the time of neural induction, the L5 carbohydrate could be a marker for cells that
are competent to respond to neural inducing signals. After
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Around the beginning of gastrulation, cells of the ectoderm
are instructed to change their fate and to develop into neu-

of the neural plate, it is expressed in the tissue

that results from such an induction, the nervous system
itself.
When a graft of Hensen’s node is placed into an ectopic
region, it causes an increase of L5 expression as well as its
long-term maintenance in the epiblast surrounding the graft.

Fig 1. Expression of the L5 epitope and HGWSF in the chick embryo. A. Stage XIII. LS is first expressed in a few scattered cells in the
central epiblast of the area pellucida. B. Stage3+.L5 expressionsurroundingthe anteriorprimitive streak.C. Stage4. L5 imrnunweac~
tivity expandsasfar as the inner third of the area opaca. D. Stage6. L5 expressionbecomesconfinedto andupregulatedin thepresumptiveneuralplate area.E. Stage9-. L5 is expressedin the entire neuraltube. F. Whole mount in situ hybfidisaticm&awing the
expressionof HGF/SFtranscriptsat stage3+,in a triangleof celfs in the anteriorpart of Hensen’snode(arrow).

If L5 indeed is a marker for competence, this observation
predicts that Hensen’snode can maintain the competenceof
the neighbouriug epiblast to respondto neural inducing signals. This hypothesis has not yet been tested experimentally.
As part of a search for molecular signals that might be
involved in this process,the role of hepatocyte growth factor/scatter factor (HGF/SF) was investigated. When beads
coated with HGF/SF or cells secreting it are transplanted
into a young chick embryo, ectopic neural plate like structures sometimesform in the epiblast adjacent to the graft
[35]. By in situ hybridization (fig IF), expression of chick
HGF/SF was found to be localized to Hensen’snode at the
time when it possessesneural inducing activity, and is

downregulated rapidly at precisely the time when it loses
such an activity [39].
To addressthe question of whether HGF/SF is responsible for the maintenanceof L5, an in vitro assaywas developed, in which explants of area opucu epiblast are cultured
in three-dimensionalcollagen gels in the presenceofsoluble factors. When HGFBF is included in the medium the
explants, which would normally loseL5 expressionwithin a
few hours, not only continue to express but also rapidly
upregulate the expression of LS. In long-term cultures
HGF/SF promotes the differentiation of cells with neuronal
morphology and expressionof neural-specific markers such
as neurofilament proteins f39j. These experiments led to
the proljosal that HGF/SF might beinvolved in the early
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steps of neural induction by maintaining L5 expression and possibly neural competence - in the presumptive neural
plate region.
To address whether the L.5 epitope itself plays a role in
early neural development, Hensen’s node was grafted into
host embryos together with hybridoma cells secreting the
L5 monoclonal antibody or with control hybridoma cells. In
the presence of control cells, the node induced ectopic neural structures, as expected. In the presence of L5 hybridoma
cells, however, the formation of newly induced neural tissue was completely inhibited. These data indicate that either
the L5 epitope itself, or the molecules carrying it, play an
important role in neural induction and suggest that it might
be involved in the early response of the ectodermal cells to
the inducing signals.
In summary, the data described above suggest that in the
early embryo the L5 carbohydrate labels the area competent
to respond to neural inducing signals. Hensen’s node and
HGFKF, expressed transiently in the node, both maintain
L5 expression (and presumably neural competence) in the
epiblast. In addition, L5 seems to be involved in the early
response of cells to the inducing signal. After neural induction, L5 is expressed in the structures that result from this
induction, the entire nervous system, but its role at these
stages is still unknown.
As mentioned above, the L5 antigenic determinant was
identified to be closely related to LeX, a carbohydrate structure, which has itself been implicated in cell-cell interactions (eg the compaction of mouse embryos [8, 12, 17,
301). These observations suggest that the L5 epitope might
mediate cellular interactions between the cells that receive
the neural inducing signals. This could occur either via carbohydrate-carbohydrate interactions, as was proposed for
Lex [6, 121, or could involve a complementary lectin-like
ligand on the cell surface. The exact molecular mechanism,
however, remains unclear. There have been two recent
reports [ 15, 271 that transgenic mice lacking N-acetylglucosaminyltransferase I, the enzyme initiating the synthesis
of complex-type carbohydrates, show defects in neuroepithelial development and in the closure of the neural tube.
This underlines the possible functional importance of such
complex carbohydrate moieties during early neural development.
Carbohydrates
expressed on molecules belonging to the
L2/HNK-1 family mediate cell interactions

The L5 antibody was generated against murine brain glycoproteins of the L2/HNK-1 family of cell adhesion molecules
[33] and belongs to a series of monoclonal antibodies, which
have been designated L2ZHNK-1 + [19,33], L3 [20] and L4
[7]. All of them, including the L5 antibody, identify distinct
cell surface oligosaccharides present on different cell adhesion molecules [3, 4, 33, 391 and the antibodies themselves
were used to address the functional role of these carbohydrates in cellular interactions.
The L2ZHNK-1 epitope is expressed by glycolipids and
several cell recognition molecules in the peripheral and central nervous system (as well as other non-neural cells). This
epitope was shown to mediate the outgrowth of processes in
astrocytes and neurons [21], the binding of neuronal cells to
the extracellular matrix component laminin [ 131, neurite
outgrowth of motor but not sensory neurons [25], migration
of neural crest cells [2] and finally to be a ligand for L- and
P-selectin [28].
The L3 and L4 antibodies apparently recognize very
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closely related N-linked oligomannosidic structures and are
coexpressed on several cell adhesion molecules [7, 341.
Despite their close structural relation they seem to react
with different epitopes and the corresponding carbohydrates
seem to perform distinct functional tasks. While the L4 carbohydrate mediates neuron-neuron and neuron-astrocyte
adhesion, the L3 antibody interferes with neuron-neuron
binding only [7]. Moreover, oligomannosidic L3 glycans
are necessary for the interaction of two calcium-independent cell adhesion molecules, Ll (Ng-CAM) and NCAM,
on the same cell surface, thereby supporting neurite outgrowth [ 141.
L5 in the postnatal development

of the mouse cerebellum

During development of the mouse cerebellum, L5 expression peaks at the end of the first postnatal week, which
coincides with a period when important morphogenetic
events take place, such as the formation of radial Bergmann
glia processes and granule cell migration along these processes. The L5 epitope is expressed in the molecular and in
the external and internal granular layers of the developing
cerebellum. Frequently, radial stripes of immunoreactivity
can be observed in the external granular layer, which are
reminiscent of the radial processes of Bergmann glia (A
Streit and M Schachner, unpublished results). Astrochondin, the only LS-positive molecule on astrocytes, is present
on astrocyte cell surfaces along Bergmann glia fibers and
their endfeet abutting to the pia mater as well as on the
astrocyte endfeet that contact blood vessels [38]. In vitro,
the L5 epitope is also predominantly expressed by a subpopulation of immature (vimentin-positive)
and mature
(glial-fibrillary-acidic-protein-positive)
astrocytes (fig
2A-C). After several days in culture, cerebellar neurons
also become weakly L5 positive [37].
Similar results have been obtained in some studies investigating the presence of the LeX determinant, which is
related to L5, showing its predominant expression on astrocytes [22, 321. In different species, however, the cell-typespecificity of the Lex epitope seems to vary [ 1, 5, 23, 24,
411; even within the same organism, conflicting results have
been reported. For example, in humans, McCarthy et al [26]
reported Lex expression on astrocytes in the fetal and adult
central nervous system, whereas other studies showed its
presence either in the adult only [lo] or on fetal neurons as
well [9,24]. Additionally, some of these studies suffer from
the lack of use of cell type specific markers and the fact that
different antibodies with distinct fine specificities were used
for detection, which complicates the interpretation of the
data.
In vitro assays provided insight into the possible functional role of the L5 epitope during cerebellar development
and suggested that the L5 epitope is involved in the formation of astrocytic processes. In explant cultures of postnatal
cerebellum, L5 antibodies inhibited the outgrowth of astrocyte processes, whereas they had no effect on neurite outgrowth or neuronal migration (fig 2D-I). Similar results
were obtained for the L5 positive proteoglycan astrochondrin. Astrochondrin itself was shown to bind to the extracellular matrix components laminin and collagen type IV, on
which antibodies against it inhibit the formation of processes by astrocytes. It was therefore suggested that astrochondrin and the L5 epitope can support the interaction of
astrocytes with extracellular matrix components thereby
leading to the outgrowth of processes. This function can be
closely correlated with the spatial and temporal expression
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ocytes. D-1. Cerebelkr explants from 6&y-&l
mice were cultured in the presence of Fab fragments of polyclonal antibodies to mouse liver membranes (D-F) or of monovalent IgM
fragments of the L5 antibody (G-H). D, G. Representative explants after 2 days in cuhure. After 3 days in vitro, explantswerestained
by indirect immunofluorescence
with antibodiesto GFAP (E, F, A, I) to label astrocytes.L5 antibody inhibits the-formationof astncytic processes.
E, H. Phasecontrastviewsfor F andI, respectively.

of the L5 epitope, just at the time when Bergmann glia cells

send out newly-generated processes in a radial way to make
contact with the extracellular matrix of meningeal cells. The
Bergmann glia fibers provide a scaffold along which granule cells migrate from the external to the internal granular
layer, Antibodies to astrochondrin prevent this migration of
granule cells. Since, however, neither these antibodies nor
the L5 antibody interfere with neuron-astrocyte binding in
short term cell adhesion assays or with neurite outgrowth or
migration of neurons on astrocyte monolayer cultures, this
observation was interpreted as an indirect effect due to the
disturbance of astrocyte process formation.
The outgrowth of astrocyte processes takes place not
only during normal development, but also after injury of the
central nervous system {16]. Astrocytic scar formation is
accompanied by extensive process outgrowth; we do not
know whether expression of the LS epitope is upregulated
under these circumstances. A recent study, however,
reported that reactive astrocytes strongly reexpress-SSEA- 1,
a closely related (if not identical) carbohydrate, after injury
of the optic nerve. Furthermore, immortalized astrocytes
show upregulated expression of CD15 which is also closely
related or identrcal to L5, at contact sites and particularly in
their processes. Both observations support the idea that the
LS epitope indeed might be involved in the outgrowth of
astrocyte processes.

Conclusion

in summary, the L5 epitope, a complex carbohydrate
closely related to the structures LeX, SSEA-1 and CD15 is
expressed at various stages of neural development from the
very earliest steps of neural induction topostnata~development of the mouse cerebellum, In those systems where~this
has been studied, it appears to be involved directly in mediating cell interactions, including the response to neural
inducing signals and the o~tgrowtb of processes in cerebellar astrocytes. fkrther research wiIl.be required to ehrcidate
its function at intermediate stages of development.
References
1 BartschD, Mai JK j1991) Distribution of the 3-fucosyi-Nacetyl-iactosamine(FAL) epitop in the adult mousebrain
Cell Tissue Res 263,353-3&S
2 Bronner-Fraser:M(198’7)Perturbationof cranial neuralcrest
migrationby the HNK-I antibody.Dev Bid 123,321--33I
3 ChouDK, Ilyas AA, EvansJE, CostelloC, QuarlesRH, Jun
galwalaFB (~986)~Structure
of suIfatedglucuronyl glycolipids in the nervoussystemreactingwith HNK- t ~antibodyand
someIgM paraproteinsin neuropathy. J Bid Che& 261.
11717-11725

4 ChouDK, SchwartingGA, EvansJE, JungalwaluFB-i 1987~

L5: A carbohydrate epitope involved in neural development

5
6
7

8

9

10

11
12
13
14

15

16

17
18

19

20
21

22

23

Sulfoglucuronyl-neolactoseries
of glycolipids in peripheral
nerves reacting with HNK-1 antibody. J Neurochem 49,
865-873
Dodd J, Jesse11TM (1986) Cell surface glycoconjugates and
carbohydrate-binding
proteins: possible recognition signals
in sensory neurone development. J Exp Bioll24,225-238
Eggens I, Fenderson B, Toyokuni T, Dean B, Stroud M, Hakomori S (1989) Specific interaction between Lex and LeX
determinants. J Biol Chem 264,9476-9484
Fahrig T, Schmitz B, Weber D, Kiicherer-Ehret
A, Faissner
A, Schachner M (1990) Two monoclonal antibodies recognizing carbohydrate epitopes on neural adhesion molecules
interfere with cell interactions. Eur J Neurosci 2, 153-161
Fenderson BA, Zehavi U, Hakamori S-I (1984) A multivalent lacto-N-fucopentaose
III-lysyllysine conjugate decompacts preimplantation
mouse embryos, while the free oligosaccharide is ineffective. J Exp Med 160, 1591-1596
Fox N, Damjanov I, Martinez-Hernandez
A, Knowles BB,
Solter D (1981) Immunohistochemical
localisation of early
embryonic antigen (SSEA- 1) in postimplantation
mouse
embryos and fetal and adult mice. Dev Biol83,391-398
Fukushi Y, Hakamori S-I, Shepard T (1984) Localization and
alteration of mono, di, and trifucosyl al-3 type 2 chain structures during human embryogenesis and in human cancer. .I
Exp Med 159,506-520
Gallera J (1971) Primary induction in birds. Adv Morph01 9,
149-180
Hakomori S (1992) LeX and related structures as adhesion
molecules. Histochemical J 24,771-776
Hall H, Liu L, Schachner
M, Schmitz B (1993) The
L’Z/HNK-1 carbohydrate mediates adhesion of neural cells to
laminin. Eur J Neurosci 5,34-42
Horstkorte R, Schachner M, Magyar JP, Vorherr T, Schmitz
B (1993) The fourth immunoglobulin-like
domain of NCAM
contains a carbohydrate recognition domain for oligomannosidic glycans implicated in association with Ll and neurite
outgrowth. J Cell Biol 121,576-585
Ioffe E, Stanley P (1994) Mice lacking N-acetylglucosaminyltransferase I activity die at mid-gestation, revealing an
essential role for complex or hybrid N-linked carbohydrates.
Proc Nat1 Acad Sci USA 91,728-732
Janeczko K (1989) Spatiotemporal patterns of the astroglial
proliferation in rat brain injured at the postmitotic stage of
postnatal development: a combined immunocytochemical
and autoradiographic study. Brain Res 485,236-243
Kimber SJ, MacQueen HA, Bagley PR (1987) Fucosylated
glyconjugates in mouse preimplantation embryos. J Exp Zoo1
244.395-408
Kruse J, Keilhauer G, Faissner A, Timple R, Schachner M
(1985) The Jl glycoprotein - a novel nervous sytem cell
adhesion molecule of the L2-HNK-1
family. Nature 316,
146-148
Kruse J, Mailhammer R, Wemecke H, Faissner A, Sommer I,
Goridis C, Schachner M (1984) Neural cell adhesion molecules and myelin-associated glycoproteins share a common
carbohydrate moiety recognized by monoclonal antibodies
L2 and HNK-1. Nature 311,153-l%
Ktlcherer A, Faissner A, Schachner M (1987) The novel carbohydrate epitope L3 is shared by some neural cell adhesion
molecules. J Cell Biol 104, 1597-1602
Ktlnemund V, Jungalwala FB, Fisher G, Chou DK, Keilhauer
G, Schachner M (1988) The L2/HNK-1 carbohydrate of neural cell adhesion molecules is involved in cell interactions.
J Cell Biol 106,213-223
Lagenaur C, Schachner M, Solter D, Knowles B (1982)
Monoclonal antibody against SSEA-1 is specific for a subpopulation of astrocytes in mouse cerebellum. Neurosci Z&t
31, 181-184
Mai JK, Schiinlau C (1990) Distribution of FAL epitopes in
developing interlaminar and laminar regions of the monkey

24
25

26

27

28
29
30

31

32
33
34

35

36
37

38

39

40

41

42

67

and human dorsal lateral geniculate nucleus. Sot Neurosci
16,532-613
Marani E, Mai JK (1992) Expression of the carbohydrate epitope 3-fucosyl-N-acetyl-lactosamine
(CD15) in the vertebrate
cerebellar cortex. Histochem J 24, 852-868
Martini R, Xin Y, Schmitz B, Schachner M (1992) The
L2/HNK-1 carbohydrate epitope is involved in the preferential outgrowth of motor neurons on ventral roots and motor
nerves. Eur J Neurosci 4,428-639
McCarthy NC, Simpson J, Coghill G, Kerr M (1985) Expression in normal adult, fetal and neoplastic tissue of a carbohydrate differentiation antigen recognized by anti-granulocyte
mouse monoclonal antibodies. J Clin Path01 38,521-529
Metzler M, Gertz A, Sarkar M, Schachter M, Schrader JW,
Marth JD (1994) Complex asparagine-linked
oligosaccharides are required for morphogenic
events during postimplantation development. EMRU J 13,2056-2065
Needham LK, Schnaar RL (1993) The HNK- 1 reactive sulfoglucuronyl glycolipids are ligands for L-selectin and P-selectin
but not E-selectin. Proc Nat1 Acad USA 90,1359-1363
Nieuwkoop PD, Johnen AG, Albers B (1985) The epigenetic
nature of early chordate development. Cambridge, Cambridge University Press
Rastan S, Thorpe SJ, Scudder P, Brown S, Gooi HC, Feizi T
(1985) Cell interactions in preimplantation
embryos: evidence for involvement of saccharides of the poly-N-acetyllactosamine series. J Embryo1 Exp Morph01 87, 115-128
Roberts C, Platt N, Streit A, Schachner M, Stem CD (1991)
The L5 epitope: an early marker for neural induction in the
chick embryo and its involvement in inductive interactions.
Development 112,959-970
Satoh J, Kim SU (1994) Differential expression of Lewisx
and sialyl-Lewisx antigens in fetal human neural cells in culture. J Neurosci Res 37,466-474
Schachner M (1989) Families of neural adhesion molecules
In: Carbohydrate recognition in cellular function (Bock G,
Harnett S, eds) John Wiley, Chichester, 156-172
Schmitz B, Horstkorte R, Peter-Katahnic J, Egge H, Schachner M (1992) Monoclonal
antibodies raised against membrane glycoproteins from mouse brain recognize N-linked
oligomannosidic glycans. Glycobiology 6,609-617
Stem CD, Ireland GW, Herrick SE, Gherardi E, Gray J, Perryman M, Stoker M (1990) Epithelial
scatter factor and
development of the chick embryonic axis. Development 110,
1271-1284
Storey KG, Crossley JM, De Robertis EM, Norris WE, Stem
CD (1992) Neural induction and regionalisation in the chick
embryo. Development 114,729-741
Streit A, Faissner A, Gehrig B, Schachner M (1990) Isolation
and biochemical characterization
of a neural proteoglycan
expressing the L5 carbohydrate epitope. J Neurochem 55,
1494-1506
Streit A, Nolte C, Rasony T, Schachner M (1993) Interaction
of astrochondrin with extracellular matrix components and its
involvement in astrocyte process formation and cerebellar
granule cell migration. J Cell Biol 120.799-814
Streit A, Stem CD, Th&y C, Ireland GW, Aparicio S, Sharpe
MH, Gherardi E (1995) A role for HGF/SF in neural induction and its expression in Hensen’s node during gastrulation.
Development 121,813-824
Streit A, Yuen CT, Loveless RW, Lawson AM, Finne J,
Schmitz B, Feizi T, Stem CD (1995) The LeX carbohydrate
sequence is recognized by antibody to L5, a functional antigen in early neural development. J Neurochem, in press
.Yamamoto M, Boyer AM, Schwarting FA (1985) Fucosecontaining glyciolipids are stage- and region-specific
antigens in developing embryonic brain of rodents. PNAS 82,
3045-3049
Waddington CH (1933) Induction by the primitive streak and
its derivatives in the chick. J Exp Biol 10,38-46

