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Abstract

The development of vertebrae is a complex phenomenon that is correlated 
with distinct morphological and biochemical alterations in the paraxial mesenchyme and 
glycoconjugates. The purpose of this study is to investigate the glycosylation pattern in 
paraxial mesenchyme-forming vertebrae by using the lectin histochemical technique.

9 to 15 day Balb/c mouse embryos were processed for histochemical studies using seven 
-

(GalNAc),

The sections were observed separately by three examiners who were blinded to the lec-
tins. Grading was done according to the intensity of the tested lectins’ reactions with the 

-

-
tive lectins showed regulated changes in paraxial mesenchyme. Reactions of WFA and 
MPA lectins with paraxial mesenchyme were severe on GD9. Reactions of WFA contin-

other tested lectins did not reveal regulated changes. 

-
nal sugar showed temporally regulated changes during the early embryonic development 
of vertebrae in mice. Therefore it most likely plays a key role (s) in the development of ver-
tebrae, especially in the conversion of mesenchymal cells into chondroblasts. The other 
tested terminal sugars may have no role in this phenomenon. 
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Introduction

-
bryo, the primary segmented tissue of the body axis 
is the paraxial mesoderm that lies bilaterally to the

term for the segmented aggregates cell is somites 

medial portion changes into its mesenchymal form 
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(sclerotome), which are the precursor cells for ver-

The molecular control of somite differentiation and 
sclerotome proliferation and differentiation has only 

-
-

ing members of the pax and sox

that the notochord induces sclerotomal cells by se-
cretion of inductive factors such as Shh and Noggin, 
among others, to migrate, proliferate, differentiate, 
and adhere to one another for creating vertebrae (7, 

in vertebrates is a complex phenomenon that is cor-
related with distinct morphological and biochemical 
alterations of the mesenchymal component, such as: 
induction, cell migration, differentiation, recognition, 
adhesion, aggregation, condensation, and transforma-
tion which is regulated by different subsets of mor-

Glycoconjugates are present at animal cell surfaces 

sugars of these macromolecules correlate with essen-
tial functions of cellular interactions such as cell rec-
ognition, receptor function, cell adhesion, and migra-

natural polypeptides (lectins), which are obtained 

-

-
centa (20), and differentiation of chondrocytes (21, 
22), few studies have focused on the development of 

Studies focusing on the expression of glycoconju-
gates and their role (s) in vertebral column develop-

colleagues in 1991, the lectin binding pattern in the 
embryonal and early fetal human vertebral column 

binding pattern in the human paraxial mesenchyme 
-

coconjugates in the notochord and axial mesenchyme 

with sclerotome migration during the formation of 

-
teo et al. noted that in undulated mouse mutants 
(substitution in the Pax1 gene), a malformation 
not only occurred in the vertebral column, but the 
glycosylation pattern was also altered in normal 

changes in the terminal sugars of glycoconjugates 
in precursor cartilage that formed the vertebrae in 
rat embryos (27). Expression and changes of some 
terminal carbohydrate residues of glycoconju-
gates were studied during the conversion of mes-
enchyme to cartilage forming vertebrae in mouse 

The aim of the present study was to investigate 
the lectin binding pattern of paraxial mesenchyme 
forming vertebrae and their possible alterations dur-

by means of the lectin histochemistry method.

Materials and Methods

Preparation of mouse embryos

-
tile males of the same strain were obtained from the 

-

Animals were fed standard laboratory chow and 
water ad libitum, under controlled conditions (12 

humidity).

-
ined the next morning for the presence of a vaginal 

-
-

bryos were dissected and freed carefully from the 
uterus and extraembryonic membranes (mean num-

All protocols for the animal experiments were ap-
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Preparation of tissue sections

-

overnight at room temperature. After specimen de-
hydration by passing through a series of successive 
graded ethanols, the embryos were cleared with xy-

-
crotome were used to cut transverse serial sections 

Lectin histochemistry

Seven horseradish peroxidase-conjugated lec-
tins (Table 1) were purchased from Sigma Chemi-

Glycin max 
-

(GalNAc),

binds to galactose  terminal sugars).

Five sections of the thoracic region of each embryo 
were chosen randomly. The specimens were depar-

-
ries of reduced grades ethanol. They were then treated 

to histochemical staining. Thereafter the sections 

-

with chosen lectins in a humid chamber at room 
temperature for 2 hours. After extensive rinising in 

All sections were counterstained with a 1% solu-

and mounted on glass slides. Controls for lectin 
staining were carried out as such: substitution of 

without lectin.

-

rately observed by three examiners blinded to the 

and grading was done according to the intensity 

of lectin reactions with the specimen, from nega-

the suggested grades for each lectin on each day 

was calculated. 

 Comparisons were then made among the vari-
ous tested lectins and also across the different 

AbbreviationLectin tested

VVA Hairy winter vetch (Vicia villosa agglutinin) 

Glycine max (Soybean agglutinin) 

Maclura pomifera agglutinin

Ulex europeus agglutinin

Triticum vulgaris (Wheat germ agglutinin) 

Griffonia simplicifolia

Fuc; Fucose, Gal; Galactose, GalNac; N-Acetylgalactosamine and Glc; Glucose.



CELL JOURNAL(Yakhteh), Vol 14, No 2, Summer 2012 133

Regulatory Changes of GalNAc in Paraxial Mesenchyme

Results

Somatic cell differentiation was noted in the 
craniocaudal direction with time progression, their 
histomorphological and histochemical changes 
were evaluated by comparing similar sections in 

Histomorphology

-
actristic pattern of somatic cell differentiation 
and development of vertebrae occurred as fol-
lows:

from the ventro-medial portion of the somite and 
transformed into mesenchymal cells, termed scle-
rotom (Fig 1).
2. The sclerotomal cells initiated migration to 
the periphere of the axial structures, notochord, 
and neural tube, and accumulated around them 

gradually a prechondroginous blastema formed 

Fig 1: Photomicrograph of GD9 mouse embryo, cross-
section of paraxial mesenchyme, notochord, and ventral 
portion of neural groove incubated with VVA lectin. Noto-
chordal process (Small star), Neural groove (Big star), DA; 
Dorsal aorta, PG; Primitive gut, IEC; Intera embryonic coe-
lum Intra-embryonic coelom (×400). 

Fig 2: Photomicrograph of GD10 mouse embryo, cross-sec-
tion of paraxial mesenchyme, notochord, and ventral por-
tion of neural tube incubated with WFA lectin. Notochordal 
plate (n), its sheath (small arrow), neural tube (star), DA; 
Dorsal aorta. Severe reaction observed in paraxial mesen-
chyme (arrow; ×200).

Fig 3: Photomicrograph of GD10 mouse embryo, cross-
section of paraxial mesenchyme, notochord, and ventral 
portion of neural tube and primitive gut, incubated with 
SBA lectin. Notochordal plate (n), its sheath (arrow), 
neural tube (star), DA; Dorsal aorta, PG; Primitive gut 
(×200) .
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Fig 4: Photomicrograph of GD10 mouse embryo, cross-
section of paraxial mesenchyme, notochord, and ventral 
portion of neural tube, incubated with MPA lectin. Noto-
chord (big arrow), its sheath (small arrow), neural tube 
(star), C; Coelum Coelom. Severe reaction observed in 
mesenchymal surfaces (head arrow) and in ECM (me-
dium arrow) (×200).

Fig 5: Photomicrograph of GD12 mouse embryo, cross-sec-
tion of paraxial mesenchyme, notochord, and ventral por-
tion of neural tube incubated with WFA lectin. Notochord 
(n), reaction of its cells (head of arrow), neural tube (star), 
A; Aorta. Severe reaction observed in paraxial mesenchyme 
(arrow) (×200). 

Fig 6: Photomicrograph of GD11 mouse embryo, cross-
section of paraxial mesenchyme, notochord, and ventral 
portion of neural tube, incubated with MPA lectin. Noto-
chord (n), its sheath (small arrow), neural tube (star), A; 
Aorta. Severe reaction observed in paraxial mesenchyme 
(big arrow) (×200). 

Fig 7: Photomicrograph of GD13 mouse embryo, cross-
section of paraxial mesenchyme, notochord, and ventral 
portion of neural tube, incubated with VVA lectin. Severe 
reaction observed in paraxial mesenchyme around the noto-
chord. Notochord (N), Neural tube (star) (×200). 



CELL JOURNAL(Yakhteh), Vol 14, No 2, Summer 2012 135

Regulatory Changes of GalNAc in Paraxial Mesenchyme

Fig 8: Photomicrograph of GD13 mouse embryo, cross-
section of paraxial mesenchyme, notochord, and ventral 
portion of neural tube, incubated with SBA lectin. No-
tochord (n), neural tube (star). Severe reaction observed 
in paraxial mesenchyme (white stars) (×200).

Fig 9: Photomicrograph of GD13 mouse embryo, 
cross-section of paraxial mesenchyme, notochord, and 
ventral portion of neural tube incubated with GSA1-B4 
lectin. Notochord (arrow), neural tube (star), V; Vessel 
(×200). 

Lectin histochemistry 

Reactions of glycoconjugates with tested lectins 

WFA

A severe  reaction of paraxial mesenchyme was 

its sheath, vessel wall, and neuroepithelial cells 
(especially at the apical plasma membrane of the 
luminal cells) also showed strong staining.

MPA

Reactions of this lectin were similar to those of 

SBA

-

-
tions of the notochord and its sheath were mod-
erate, while neuroepithelial cells, especially at 
the apical plasma membrane of the luminal cells 

VVA

these reactions changed significantly (p<0.001) 
and became strong, especially around the noto-
chord, while the notochord reaction was nega-

 (Fig 7). This reaction 

-
peared, except in the periphere of the future 
vertebral body (Fig 10). Reactions of the neural 
tube, notochord, and its sheath were negative on 
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Table 2:  Severity of reactions of tested lectins with paraxial mesenchyme on different Gestational dayss

GDsTested

1211109Lectins

--VVA

--SBA

WFA

---MPA

-------UEA1

-WGA

-------GSA1-B4

 Staining intensity based on estimated scale from 0 to +++, with: negative reaction;
                                (-), weak; (+), moderate; (++) and severe; (+++).

Fig 10: Photomicrograph of GD15 mouse embryo, cross section of paraxial mesenchyme, notochord and ventral por-
tion of neural tube incubated with VVA lectin. Notochord (N), Neural tube (star), Reaction of this lectin restricted to 

the peripher zone of future vertebral body. Magnification =×200.

UEA1

No reaction of this lectin was observed in the 
paraxial mesenchyme (Fig 11).

WGA

-
tigated (Fig 12).

GSA1-B4

was negative in the time period investigated (Fig 9).
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Fig 11: Photomicrograph of GD15 mouse embryo, cross-section of paraxial mesenchyme, notochord, and ventral portion of 
neural tube incubated with UEA1 lectin. Notochord (N), neural tube (star) (×200).

Fig 12: Photomicrograph of GD11 mouse embryo, cross-section of paraxial mesenchyme, notochord, and ventral por-
tion of neural tube incubated with WGA lectin. Notochord (arrow), its sheath (head of arrow), neural tube (star), V; 

Vessel. Severe reaction only in the notochord (×200).
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Discussion

Lectins serve as useful histochemical probes 
for studying the role of surface carbohydrate 
moieties in glycoconjugates during normal de-
velopment, including the vertebral column. In 
this study seven different lectins were used to 
determine whether differences could be detected 

-
raxial mesenchyme during normal development 
of the vertebral column in mouse embryos be-

terminal sugars in paraxial mesenchyme that 
changed regulatory and discussed
present study another subset of lectins were 
tested. Among the tested lectins, reactions of 

-
-

their recognition of terminal sugars in the devel-
opment of the vertebral column have been previ-
ously reported.

-

-

the development of the vertebrae in chondro-

sites probably detect glycotopes on the laminin 

bind GalNAc terminal sugar in spatial patterns, 
-

spectively.

-
after, these reactions increased significantly 

-
ate reactions of human paraxial mesenchyme 

binding specificity would be extremely useful 
in detecting the initiation of 0-glycan biosyn-

mesenchyme during the time period described. 
This finding has indicated that the terminant 

by other sugars, such as neuraminic acid and 

fuc is a typical carbohydrate residue of the O-

-
dence for the presence of  residues in 

our results, the expression of these moieties 

in human embryos.

-

this lectin binds GlcNAc and sialic acid termi-
nal sugars, few glycocojugates with GlcNAc or 
sialic acid are present in this region. The find-

-

staining in the axial mesenchyme (27), which 
was similar to our findings. This latest inves-

lectin binding in the axial mesenchyme could 
be related to migration, because axial mesen-
chymal cells no longer migrate during the early 

-
mida et al. reported that proteins binding Con A 

-
raxial mesenchyme, therefore no galactose 
terminal sugar was obtained in this region. In 

positive findings of paraxial mesenchyme in 

-
mented paraxial mesenchyme was derived from 



CELL JOURNAL(Yakhteh), Vol 14, No 2, Summer 2012 139

sclrotomal cells, then segmentation occurred 
rapidly for the formation of vertebral bodies, 

of the early human embryo is rich in sulphated 
glycosaminoglycans and hyaloronic acid and 

has reported that during cell aggregation in the 
paraxial mesenchyme, fibronectin, tenascin, 

-
volvement of aggrecans in the process of scle-
rotomal condensation around the notochord to 
form the vertebral body has been reported by 

-

matrix protein, such as proteoglycan core pro-
tein, fibronectin, chonroitin sulphate biglycan, 
and transients from type I and type II collagen 

-
broblasts in culture, and this may be an impor-
tant feature for regulation of cell adhesion, cell 

Although there are similarities between our 

differences also exist, which are due to the dif-
ferent species examined. Species differences 

-
chemistry, and this can explain why our results 

-

Conclusion

According to our results, we have concluded 
that specific glycoconjugate molecules with 
GalNAc terminal sugar bind to all specific sen-
sitive tested lectins and show temporally regu-
lated changes, probably in the presence of com-
ponents of prechondrogenic cells forming the 

residues may be involved in phenomena such 
as transforming somatic epithelial cells to pa-
raxial mesenchyme, migration and aggregation 
of these cells around axial organs, condensation 
and proliferation of these cells, and especially 
contributing to the conversion of mesenchymal 

cells to chondroblasts. Those GalNAc residues 
-

dition to the mentioned processes), may be cor-
related with the differentiation of chondrocytes 
during the development of the vertebrae. Other 
terminal sugars such as sialic acid, GlcNAc, ga-
lactose, and fucosylated moieties, which did not 
show temporally regulated changes, are prob-
ably not involved in the differentiation of the 
paraxial mesenchyme during early morphogen-
esis in vertebral column development.

Further studies are needed to understand 
how these specific glycoconjugates and their 
GalNAc terminal sugers cause morphological 
changes during early development of the ver-
tebrae.

As the contribution of Shh glycoprotein has been 
estabilished in the development of vertebrae, fur-

antibodies and lectin histochemistry by tested lec-
tins are recommended. 
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