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ABSTRACT

Background: The aim of this research was to study the distribution and changes of glycoconjugates particularly
their terminal sugars by using lectin histochemistry during mouse spinal cord development. Methods: Formalin-
fixed sections of mouse embryo (10-16 fetal days) were processed for lectin histochemical method. In this study,
two groups of horseradish peroxidase-labeled specific lectins were used: N-acetylgalactosamine, including
Dolichos biflorus, Wisteria floribunda agglutinin (WFA), Vicia villosa, Glycine max as well as focuse-binding
lectins, including tetragonolobus, Ulex europaeus, and Orange peel fungus (OFA). All sections were counterstained
with alcian blue (pH 2.5). Results: Our results showed that only WFA and OFA reacted strongly with the floor
plate cells from early to late embryonic period of developing spinal cord. The strongest reactions were related to the
14, 15, and 16 days of tissue sections incubated with OFA and WFA lectins. Conclusion: The present study
demonstrated that cellular and molecular differentiation of the spinal cord organizers is a wholly regulated process,
and a-L-fucose, a-D-GalNAc, and o/B-D-GalNAc terminal sugars play a significant role during the prenatal spinal

cord development. Iran. Biomed. J. 19 (1): 63-68, 2015
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INTRODUCTION

uring embryonic development, particularly the
Dearly period of tissue morphogenesis, certain
fetal precursor cells are committed to
differentiation in a complicated cellular and molecular
developmental pathway [1, 2]. One of the first
organizers of the nervous system is notochord that
produces an important molecule namely sonic
hedgehog (Shh). This molecule induces embryonic
dorsal ectoderm into neuroectoderm, which forms a
neural plate and finally develops into the neural tube.
The neural tube has ventral (floor plat) and dorsal (roof
plate) organizers for designing motor and sensory
areas, respectively. The floor plate of prospective
spinal cord is responsible for arrangement of all
lower motor neurons in the ventral area of the spinal
cord [3-5].
Developmental  phenomena, such as cell
differentiation and cell-to-cell interactions, in an
appropriate pathway lead to the establishment of

organizing centers, including floor plate of the spinal
cord. In 2011, Ando's study [6] showed that if
notochord is damaged on 9" embryonic day, it can be
replaced by the floor plate. The results from this study
also demonstrated that before destruction, notochord
can induce floor plate, and due to the absence of
notochord, the floor plate can induce somite formation,
which differentiates into sclerotome and vertebral
column of spinal cord.

An investigation has also showed that the floor plate
is composed of a small cellular group in the middle of
anterior region of spinal cord [7]. Some studies have
indicated that the floor plate precursors are similar to
the cells of the notochord, while others demonstrated
that this area is not composed of identical cell
population [8-10]. The ventromedial cells occupy the
midline of the ventral region of neural tube and
produce Shh and forkhead box protein A2 [9]. Several
investigations on some species such as Zebra fish,
chickens, and mice have displayed that ventromedial
cell heterogeneity is seen not only in mediolateral axis
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Table 1. Tested lectins and their main sugar specifications

Carbohydrate-binding specificity

Abbreviation

Specific lectins

Aleuria aurantia (Orange peel fungus)
Lotus tetragonolobus (asparagus pea)
Ulex europeus (gorse seed)

Dolichos biflorus (horse gram lectin)
Wisteria floribunda agglutinin

Vicia villosa (hairy winter vetch)
Glycine max (soybean)

OFA a-L-Fuc (1,6) GlcNac
LTA a-L-Fuc
UEA-1 a- L-Fuc (a1— 2) Gal (B 1—4) GlcNac
DBA o GalNAc (1—3) GalNAc
WFA o -D-GalNAc and B-D-GalNAc
VVA B Gal 1— 30 GalNAc > Gal
SBA a/B-D-GalNAc > o/B-D-Gal

Fuc, fucose; Gal, galactose; GalNAc, N-acetylgalactosamine

but also in the anterior posterior axis [8-10].

The sugar compounds on the cell surface and
extracellular matrix are important as messengers for
tissue differentiation. These compounds, which are
called glycoconjugates, are known as mucopoly-
saccharide complexes [11-13]. In similar previous
studies, it has been shown that the presence of
glycoconjugate-rich compounds in somato-sensory
cortex of the brain is necessary during nervous system
development [14, 15]. These macromolecules, which
are located in the cell surface and extracellular matrix,
contain different carbohydrates such as glycolipids,
glycoproteins, glycophospholipids, and proteoglycans.
In many developmental systems, cell surface
glycoconjugates, particularly definite terminal residues
(such as sialic acid, fucose, and N-acetylgalacto-
samine) play a significant role in developmental events
[16, 17]. These compounds also have a critical function
in cell-cell and cell-extracellular matrix interactions as
well as tissue differentiations. When performing their
function, these glycoconjugates have two different
destinations: the first destination is covered with sialic
acid or some other molecules and the second one is
broken by means of various enzymes [18, 19]. All of
these compounds appear simultaneously with
developmental events during different stages of
organogenesis [19, 20].

Lectin histochemistry is one of the best experimental
procedures for determining the distribution of
glycoconjugates and their changes on the cell surface
during embryonic development. The characteristic
feature of lectins is their ability to bind the terminal
carbohydrate residues. Lectins also can recognize
isomeric glycan with similar compounds. Therefore,
lectins are useful diagnostic agents for evaluation and
follow-up of tissue differentiation in the histochemistry
labs [21-23].

The aim of this study was to determine distribution
and changes of typical cell surface glycoconjugates and
their microenvironment on the spinal motor organizers
during embryonic development.

MATERIALS AND METHODS

Embryo processing and tissue preparation. For this
study, 20 BALB/c mice (15 adult virgin females and 5
males) with an average weight of 25-30 g were
obtained from the Faculty of Medicine Animal Lab,
Mashhad University of Medical Sciences (Iran).
Females were mated with males of the same strain
(three females + one male), and zero day of gestation
(Eo) was determined by using of vaginal smear method
[24-27]. At gestational stages 10 through 16 days, two
pregnant mice were sacrificed by chloroform under
deep anesthesia, and then the embryos were dissected
from the uterus and intraembryonic membranes. All
embryos (eight embryos for each pregnant mouse)
were washed in normal saline and fixed in formalin
solution at room temperature for 3-5 days. After de-
hydration of the specimens by passing through a series
of successive graded ethanol, the embryos were cleared
with xylene and embedded in paraffin blocks. At the
end, a rotary microtome (Leitz 1512, Germany) was
used for cutting 5-um transverse serial sections [28-
30].

Lectin histochemistry. All horseradish peroxidase-
labled lectins were purchased from Sigma Aldrich
Company, USA (Table 1). Three sections of the
thoracic region of each embryonic day for each lectin
were chosen randomly. The specimens were depar-
affinized in xylene and hydrated by passing in a series
of reduced grade ethanol. Afterward, the sections were
washed in 0.1 M PBS (pH 7.4) for 10 minutes. Intrinsic
peroxidase activity was blocked by hydrogen
peroxide/methanol (1:100) in a dark chamber at room
temperature for 45 minutes [28, 29]. The selected
sections of spinal cord were placed in a solution
containing  10-20 pg/ml  of lectin-horseradish
peroxidase conjugate in 0.1 M PBS (pH 7.2) for two
hours. After washing with PBS, the sections were
incubated in a 0.03% diaminobenzidine at room
temperature for 15 minutes [28, 29]. All tissue sections
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Table 2. Summary of reactions of the tissue sections incubated with specific lectins

Location of lectin Floor plate of neural tube

Basal plate of neural tube

. Late Early Late Early
Lectins morphogenesis morphogenesis morphogenesis morphogenesis
GD 16 15 14 13 12 11 10 16 15 14 13 12 11 10
OFA A e e +
LTA
UEA-1
DBA
WFA A +H+ o+ o+ + + + +
VVA
SBA + o+ + o+ o+

GD, gestational day; OFA, orange peel fungus; LTA, Lotus tetragonolobus; UEA-1, Ulex europeus; DBA, Dolichos biflorus; WFA,
Wisteria floribunda agglutinin; VVA, Vicia villosa; SBA, Glycine max; Negative (-), Week (+), Moderate (++), Severe (+++)

were counterstained with 1% solution of Alcian blue
(pH 2.5) for 5 minutes. Finally, the sections were
dehydrated, cleared, and mounted on glass slides. The
affinities of the tested lectins were separately observed
by three blinded examiners using a light microscope
(Olympus AH-2, Japan, magnification x200). Grading
was carried out according to the intensity of the lectin
reactions to each specimen: from negative (-) to severe
(+++) [28, 29].

RESULTS

In this study, lectin histochemical technique was
carried out on histological sections of mice embryos
during at both early gestational day (GD10) to GD13
and late (GD14 to GDI16) embryonic periods of
morphogenesis. All results are shown in Table 2. The
result showed that all lectins, including Vicia villosa
(VVA), Lotus tetragonolobus (LTA), Dolichos biflorus
(DBA), and Ulex europaeus (UEA-1) did not react
with any part of developing motor organizer at
morphogenic stages (Fig. 1).

The sections obtained from the floor plate of 10" day
of gestation indicated weak reactions with Wisteria
floribunda (WFA), Glycine max (SBA), and Orange
peel fungus (OFA. However, weak reaction with SBA
lectin disappeared after GD14. Also in the floor plate,
moderate reactions with OFA and WFA were observed
on GDI14 and then increased, and the reaction was
evaluated as strong during GD16.

Positive reactions of OFA lectin were observed in all
areas of spinal cord at all stages of morphogenesis,
especially this reaction was severe in lateral funiculi,
ependymal area, and the nerve fibers of floor plate.

Reactions of glycoconjugates with tested lectins on
different gestational days. Reactions of OFA were
observed in all areas of neural tube at all stages of
embryonic days. The positive reaction was severe in
lateral funiculi, floor plate, and ependymal area (Fig.
2). The tissue sections of floor plate from GD10 and
their surrounding fibers showed a relatively weak
reaction to OFA lectin. This reaction was increased
during the 1" embryonic day and evaluated as severe
reaction on GD14 to GD16. Beginning of positive
reaction in basal plate was weak at GD11. The reaction
of developing basal Elate to this lectin was evaluated as
weak during the 13" day and then showed a relatively
moderate reaction in this area and continued

moderately until GD16.

Fig. 1. Cross section photomicrograph of GD14 of developing
mouse spinal cord incubated with DBA lectin. DBA did not
react with any part of the developing spinal cord. BP, basal
plate; FP, floor plate; L, lumen. N, notochord
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Fig. 2. Cross section photomicrograph of GD12 of developing
motor area of the neural tube incubated with OFA lectin. Cell
mass around the notochord (N) can be seen (7). It seems that in
basal plate (BP) of the neural tube (NT), advanced
differentiation was happened. Dorsal root ganglion (DRG) cells
show a weak reaction. FP, floor plate; L, lumen. N, notochord

Wisteria floribunda agglutinin. Positive reaction
was started both in floor plate and in roof plate, but this
reaction was severe especially in floor plate fibers and
anterior ependymal cells. Therefore, it can be
concluded that some fibers of the anterior funiculus
have commenced weak reaction during the GD13 and
continued weakly until GD16. WFA had similar
reaction to OFA lectin in the floor plat area;
nevertheless, specific and severe reaction to this lectin
was only found in the floor plate of embryonic spinal
cord. Also, WFA strongly reacted with the cartilage
cells near the spinal cord (Figs. 3 and 4).

Fig. 3. Cross section photomicrograph of GD14 of developing
mouse spinal cord incubated with WFA lectin. Weak reaction is
observed in the neural tube except in the floor plate (FP) and
ependymal cells (E) of this area. Also, anterior funiculus (AF)
showed moderate reaction with WFA. BP, basal plate; AF,
anterior funiculus.

Photomicrographs of tissue sections from GDI10,
which were incubated with SBA lectin, revealed the
weak reaction of the organizer cells to spinal cord. The
intensity of this reaction was increased and evaluated
as moderate in anterior funiculus of 11™ day of early
morphogenesis. Finally, the severe reaction to this
lectin was related to tissue samples obtained from 12
day of early morphogenesis. During another
developmental day, no positive reaction was observed
in neural structures containing SBA lectin. In contrast,
blood vessels of GD14 were detected by this lectin,
especially in the anterior funiculus.

Fig. 4. Cross section of GD16 motor zone of the developing
spinal cord incubated with WFA lectin. In the ependymal zone,
severe reaction around the anterior organizer (FP) is observed
(Arrows). This lectin also is reacted weakly with the basal plate
(BP) and anterior funiculus (AF) fibers. L, lumen.

DISCUSSION

Neurulation or neural tube formation refers to the
folding process in prenatal development, which
includes the conversion of the neural plate into the
neural tube. Shh signaling influences on induction of
neural plate formation has been well recognized. One
of the earliest visible structures in the neural tube is
ventral organizer, also known as the spinal floor plate.
This center, as a motor zone organizer, produces a new
wave of Shh molecule. Cell fate specifications in the
motor area of the neural tube (basal plate), for both
neuronal and glial cells, is dependent on the presence
of critical molecules within the floor plate during
embryonic development. In addition to the cell
differentiation, determination of an accurate pathway
of developing motor neurons in spinal cord is mediated
by floor plate organizer [3, 30]. Netrin and Slit are two
morphogens produced by floor plate cells. Netrin acts
as an attractant molecule to guide the motor axons
crossing and the function of Slit is inhibiting axonal
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crossing of the neural tube [24-26].

Glycoproteins including fucose, galactose, and N-
acetylgalactosamine as well as another unknown
glycoconjugates on the cell surface and extracellular
matrix of the motor zone are working together during
spinal cord morphogenesis. Therefore, this study aimed
to determine developmental timing of distribution of
certain glycoconjugates within the floor plate and their
motor neuron cells and neuronal process
differentiation. In similar studies, by using lectin
histochemistry, the efforts to characterize distribution
of glycoconjugates in various tissues were performed
at different stages of development [27, 31-33].

Among the lectins used in this study, OFA and WFA
showed different reactions with the cells of floor plate,
small parts of the developing basal plate of spinal cord
and their extracellular matrix. Our findings
demonstrated that the presence of fucose-containing
glycoproteins (such as o-L-Fucl) and also N-acetyl-
galactosamine-containing  glycoproteins (such as
GalNAc) in the floor plate has not reported yet. As
shown in Table 1, OFA, LTA, and UEA-1 lectins
attach to the fucose terminal sugar. Similar to one
previous study [34], the attachment of these lectins to
terminal and pre-terminal sugars and their spatial
position in the sugar chain may differ.

In case of fucose reaction with the ventral part of
developing spinal cord, it is generally believed that
OFA binds preferentially to fucose by a(1—06) linkage
to the GlcNac of the N-linked glycans. In addition, it
binds to the terminal fucose with an a(1—3) or
o(1—4) linkage.

In the present study, LTA and UEA-1 lectins
indicated no reaction with floor and roof plates, and
only OFA showed a positive reaction during morpho-
genesis in these areas. Thus, it could be supposed that
only the recipient of GlcNac(1—6)a-L-fucose is the
fucose that has a key role in development of two
organizers in these areas. Furthermore, other
connections between the fucose and pre-terminal sugar
were not observed in these areas during morpho-
genesis. The same group of lectins, including SBA,
VVA, WFA, and DBA reacts with the GalNAc-
containing cells; however, due to the dissimilar binding
of these molecules, mentioned lectins have different
interactions in different embryonic stages.

Prior studies have confirmed that there are 11
different types of GalNAc-containing glycoprotein that
binds to specific lectins in the mammalian tissues [35,
36]. Based on our results, among all of the lectins,
VVA and DBA (specific for GalNAc) did not show
any reaction with none of the specimens of fetal period.
It can be assumed that despite of the importance of
GalNAc presence in floor plate development, the above
mentioned lectins are not able to identify GalNAc on
the cell surface of organizers. It seems that the certain

glycoconjugates containing a-L-Fucose, a-D-GalNAc,
and o/pf-D-GalNAc sugars play an important role in
development and final differentiation of spinal motor
organizer cells.

The present study demonstrates that the cellular and
molecular differentiation of the spinal cord organizers
is a wholly regulated process, and o-L-fucose, a-D-
GalNAc, and o/B-D-GalNAc terminal sugars could
play a critical role during the prenatal spinal cord
development.

ACKNOWLEDGMENTS

This research was supported financially (grant No.
911215) by vice Chancellor for research, Mashhad
University of Medical sciences. The authors wish to
thank Mrs. Fatemeh Motejaded for her brilliant
technical assistance.

REFFERENCES

1. Sporle R, Schughart K. Neural tube morphogenesis.
Curr Opin Genetics Dev. 1997 Aug; 7(4):507-12.

2. Bronner-Fraser M, Fraser SE. Differentiation of the
vertebrate neural tube. Curr Opin Cell Biol. 1997 Dec;
9(6):885-91.

3. Ribes V, Balaskas N, Sasai N, Cruz C, Dessaud E,
Cayuso J, et al. Distinct sonic hedgehog signaling
dynamics specify floor plate and ventral neuronal
progenitors in the vertebrate neural tube. Genes Dev.
2010 Jun; 24(11):1186-200.

4. Patten I, Placzek M. The role of Sonic hedgehog in
neural tube patterning. Cell Mol Life Sci. 2000 Nov;
57(12):1695-708.

5. Borday C, Cabochette P, Parain K, Mazurier N,
Janssens S, Tran HT, et al. Antagonistic cross-
regulation between Wnt and Hedgehog signalling
pathways controls post-embryonic retinal proliferation.
Development. 2012 Aug; 139(19):3499-509.

6. Ando T, Semba K, Suda H, Sei A, Mizuta H, Araki M,
et al. The floor plate is sufficient for development of the
sclerotome and spine without the notochord. Mech Dev.
2011 Jan-Feb; 128(1-2):129-40.

7. Strahle, U, Lam, CS, Ertzer R, Rastegar S. Vertebrate
floor-plate specification: variations on common themes.
Trends Genet. 2004 Mar; 20(3):155-62.

8. Placzek M, Briscoe J. The floor plate: multiple cells,
multiple signals. Natu Rev Neurosci. 2005 Mar; 6(3):
230-40.

9. Bayly RD, Brown CY, Agarwala S. A novel role for
FOXA2 and SHH in organizing midbrain signaling
centers. Dev Biol. 2012 Sep; 369(1):32-42.

10. Lewis KE, Eisen JS. From cells to circuits:
development of the zebrafish spinal cord. Prog.
Neurobiol. 2003 Apr; 69(6):419-49.

11. Gotz W, Quondamatteo F. Glycoconjugate distribution
in early human notochord and axial mesenchyme. Acta

http://1BJ.pasteur.ac.ir


http://dx.doi.org/10.6091/ibj.1298.2015
https://dor.isc.ac/dor/20.1001.1.1028852.2015.19.1.7.9
http://ibj.pasteur.ac.ir/article-1-1293-en.html

[ Downloaded from ibj.pasteur.ac.ir on 2026-05-18 ]

[ DOR: 20.1001.1.1028852.2015.19.1.7.9 ]

[ DOI: 10.6091/ibj.1298.2015 ]

68

Vojoudi et al.

Iran. Biomed. J., January 2015

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Histoche. 2001; 103(1):21-35.

Ito T, Ito K, Tsukuda M, Kitamura H, Kanisawa M.
Changes in glycoconjugates revealed by lectin staining
and stage-specific embryonic antigen-1 immunostaining
in hamster submandibular glands during the postnatal
period. Anat Embryol. 1995 Aug; 192(2):101-6.

Fazel AR, Schulte BA, Spicer SS. Glycoconjugate
unique to migrating primordial germ cells differs with
genera. Anat Rec. 1990 Oct; 228(2):177-84.

Yagi H, Kato K. Functional roles of glycoconjugates in
the maintenance of stemness of neural stem cells. J Jap
Biochem Soc. 2013; 85(11):1012-6.

Small DH, Mok SS, Williamson TG, Nurcombe V. Role
of proteoglycans in neural development, regeneration,
and the aging brain. J. Neurochem. 1996 Sep;
67(3):889-99.

Drickamer K, Taylor M. Introduction to Glycobiology,
2™ ed. Oxford University Press: Oxford, UK, 2006.
Varki A, Cummings R, Esko JD, Freeze HH, Stanley P,
Bertozzi CR, et al. Essentials of Glycobiology. Cold
Spring Harbor Laboratory Press: Plainview, NY, 1999.
Qasba PK. Involvement of sugars in protein — protein
interactions. Carbohydr Polym. 2000 Mar; 41(3):293-
309.

Muramatsu T. Developmentally regulated expression of
cell surface carbohydrates during mouse embryogenesis.
J Cell Biochem. 1988 Jan; 36(1):1-14.

Hahnel AC, Eddy EM. Cell surface markers of mouse
primordial germ cells defined by two monoclonal
antibodies. Gamete Res. 1986 Sep; 15(1):25-34.

Sharon N, Lis H. History of lectins: from
hemagglutinins to biological recognition molecules.
Glycobiology. 2004 Jun; 14(11):53-62.

Brooks SA, Hall DM. Lectin histochemistry to detect
altered glycosylation in cells and tissues. Methods Mol
Biol. 2012 Apr; 878:31-50.

Roth J. Lectins for histochemical demonstration of
glycans. Histochem Cell Biol. 2011 Jul; 136(2):117-30.
Ebrahimi V, Vojoudi E, Fazel A, Ebrahimzadeh-
bideskan AR. Histochemical study of retinal photo-
receptors development during pre- and postnatal period
and their association with retinal pigment epithelium.
Iran J Basic Med Sci. 2014 Jul; 17(7):483-89.
Mohammadzadeh E, Nikravesh MR, Jalali M, Fazel A,
Ebrahimi V, Ebrahimzadeh-bideskan AR. Immunohisto-

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

chemical study of type III collagen expression during
pre and post-natal rat skin morphogenesis. Iran J Basic
Med Sci. 2014 Mar; 17(3):196-200.

Lobjois V, Benazeraf B, Bertrand N, Medevielle F,
Pituello F. Specific regulation of cyclins D1 and D2 by
FGF and Shh signaling coordinates cell cycle
progression, patterning, and differentiation during early
steps of spinal cord development. Dev Biol. 2004 Sep;
273(2):195-209.

Bai G, Chivatakarn O, Bonanomi D, Lettieri K, Franco
L, Xia C, et al. Presenilin-dependent receptor processing
is required for axon guidance. Cell. 2011 Jan;
144(1):106-18.

Murray A, Naecem A, Barnes SH, Drescher U, Guthrie
S. Slit and Netrin-1 guide cranial motor axon
pathfinding via Rho-kinase, myosin light chain kinase
and myosin II. Neural Dev. 2010 Jun; 5:16.

Mastick GS, Farmer WT, Altick AL, Nural HF, Dugan
JP, Kidd T, et al. Longitudinal axons are guided by
Slit/Robo signals from the floor plate. Cell Adh Migr.
2010 Jul; 4(3):337-41.

Nikravesh MR, Jalali M, Fazel AR. Unique carbo-
hydrate appearance of the floor plate during early
neurolation. Iran Biomed J. 2003 Jul; 7(3):133-7.
Conrad R, Jablonka S, Sczepan T, Sendtner M, Wiese S,
Klausmeyer A. Lectin-based isolation and culture of
mouse embryonic motoneurons. J Vis Exp. 2011
Sep(55): 3200.

Atabaki Pasdar F, Khooei A, Fazel A, Mahmoudi M,
Nikravesh MR, Khaje Delui M. Diagnostic value of
lectins in differentiation of molar placentas. Iran J Basic
Med Sci. 2012 Sep-Oct; 15(6):1140-7.

Poirier F, Kimber S. Cell surface carbohydrates and
lectins in early development. Mol Hum Reprod. 1997;
3(10):907-18.

Aplin JD, Jones CJ. Fucose, placental evolution and the
glycocode. Glycobiology. 2012 Oct; 22(4):470-78.

Wu AM. Expression of binding properties of
Gal/GalNAc reactive lectins by mammalian glycotopes
(an updated report). Adv Exp Med Biol. 2001; 491:55-
64.

Wu AM. Carbohydrate structural units in glycoproteins
and polysaccharides as important ligands for Gal and
GalNAc reactive lectins. J Biomed Sci. 2003 Oct-Dec;
10(6):676-88.

http://1BJ.pasteur.ac.ir


http://dx.doi.org/10.6091/ibj.1298.2015
https://dor.isc.ac/dor/20.1001.1.1028852.2015.19.1.7.9
http://ibj.pasteur.ac.ir/article-1-1293-en.html
http://www.tcpdf.org

