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ABSTRACT

Glycoconjugates and their programmed changes during the course of development in the cell-surface
as well as in the extracellular matrix, are known to affect cell differentiation, cellular interaction and
other developmental phenomena during embryogenesis. The purpose of this study was to localize N-
acetylgalactosamin as well as fucose-containing glycoconjugates in situ during thymus development.
Staged embryos or thoracic segments were fixed and processed for lectin histochemistry studies. Five
microns paraffin-embedded sections were incubated with horseradish peroxidase conjugated lectins
from Dolichos biflorus and Aleuria aurantia specific for N-acetylgalactosamine and fucose,
respectively. Our results revealed unique reaction of T-cells with Dolichos biflorus and the presence of
a fucosylated glycoconjugate in microenvironments of the developing thymus including extracellular
matrix and developing Hassall bodies. The time and distribution of staining with these two lectins
suggest that fucosylated glycoconjugates and N-acetylgalactosamin terminal sugars may play
significant role in intrathymic microenvironment that might cause differentiation of T-lymphocytes.
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INTRODUCTION

t is well known that carbohydrate-containing
macromolecules of the cell surface and
extracellular matrix, play a significant role in

many developmental phenomena, including cell-cell
interactions and differentiation [1-4]. As in the
other developing systems, the developing thymus
undergoes critical events during the course of its
morphogenesis including molecular and structural
modification [5-9]. A unique surface glyco-
conjugates with terminal alpha-N-acetylgalactos-
amine (alpha-GalNac), has been shown to occur on
the surface of the early embryonic mouse T-cells
exclusively only during their maturation [10]. The
microenvironment of these developing cells is
believed to drive from neural crest cells [9, 11].
Virtually, every developing cell including
embryonic T-cells encounters some form of
extracellular matrix (ECM) and there are good
reasons to believe that their interactions are of
importance for the development of the mature T-
cells [8, 12, 13].

Little attention has been paid to the distribution
and structural changes in glycoconjugates of the
thymic microenvironment including on the surface

of the developing T-cells and within the ECM
during the course of morphogenesis. Previous
studies suggested that fucosylated glycoconjugates
are present in the surface of the developing neural
crest cells and may play an important role in
mediating cell-cell and cell-extracellular matrix
interactions necessary to the process of normal
thymus development [3, 14]. The purpose of the
present study was to localize and characterize
fucose as well as N-acetylgalactosamine containing
glycoconjugates in situ during thymus development.

MATERIALS AND METHODS

Female BALB/C mice were mated with male of
the same strain overnight and the following
morning was designated day 0 of gestation. At
gestational ages of 11 days through 18 days,
pregnant mice were sacrificed by cervical
dislocation and the embryos were dissected from
the uterus and extraembryonic membranes. The
embryos were fixed in a solution of 6% mercuric
chloride, 1.0% sodium acetate and 0.1% glutar-
aldelyde overnight at room temperature [3]. The
tissues were dehydrated through graded alcohols
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and xylene and embedded in paraffin blocks in
orientations providing sagittal, and transverse
sections.

Paraffin-embedded sections were serially cut at
the thickness of 5 m. The sections were treated
with lugol solution to remove mercuric salts prior to
histochemical staining. HRP-conjugated Dolichos
biflorus (DBA) (for N-acetylgalactosamine), UEA-
1, LTA (for -fucose) [14, 20] were purchased from
Sigma Chemical Co. (USA). Orange peel fungus
(OFA) [19] was kindly supplied by Dr. N. Kochibe,
(Department of biology, faculty of education,
Ganna University, Ganna, Japan). The
histochemical procedure was similar to that of
described previously [3]. Briefly, the sections were
flooded with a solution containing 10-20 μg/ml of
lectin-HRP conjugate in 0.1 M PBS, pH 7.2, for 2
hours. After extensive rinsing in PBS, the sections
were incubated in diaminobenzidine-hydrogen
peroxidase substrate medium (pH 7.0) for 15
minutes at room temperature. All sections were
counterstained with a 1% solution of Alcian blue at
pH 2.5 for 5 minutes.

RESULTS

DBA. This lectin binds strongly to the surface of
the T-lymphocyte population from day 11 to day 18
of gestation. The Golgi zones also show strong
reaction (Figs. 1a & b). Extracellular matrix and
number of other cells within the ECM had no
reaction with DBA (stars in Fig. 1b) and stained
only with the Alcian blue at pH 2.5.

Fucose-binding lectins. Among the three fucose-
binding lectins, only OFA lectin (Aleuria aurantia)
reacted with the extracellular matrix of the
developing thymus and to certain clusters of cells
(Figs. 2a and b). Both the Golgi zones and the
surface of these cells reacted strongly with OFA.

DISCUSSION

Intrathymic T-cell differentiation and cell-
mesenchyme interaction is not completely
understood. The developing thymus contains an
extensive ECM. Components of the ECM are
essentially produced by sustain thymic micro-
environmental mesenchymal cells, which are mostly
originated from the neural crest cells [8-11]. These
mesenchymal derivatives of the neural crest,
through participation in the early development of

the endodermal-derived thymic primordium from
the third pharyngeal pouches, play an important role
in thymic and immune system development [6]. It
has been shown that omitting of the involved neural
crest cells results in thymic craniofacial and
cardiovascular defects similar to human DiGeorge
syndrome [9, 15].

Fig. 1. Section of Thymus (T) on day 13 of gestation
incubated with DBA. (a), Only developing lymphocytes reacted
with this lectin (all cells in brown). Other part stained with
Alcian blue. Developing vessels appear at this time of
development (V); (b), High magnification of the area pointed
by an arrow in Figure 1. Golgi zones and all surface of the
developing lymphocytes reacted intensively with DBA
(arrows). Stars represent non-reacted areas in the developing
thymus.
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Fig. 2. (a and b), Section of thymus on day 18 of gestation
treated with OFA. Extracellular matrix (small arrows in part b)
and clusters of cells and ECM (big arrows) reacted very strong
and intense with OFA. Part (b) is high magnification of
rectangular area in part (a).

Glycoconjugates, in particular their constituent
carbohydrate moieties are major components of the
ECM. These glycoconjugates and those in the cell-
surface play an important role in many critical
events during morphogenesis [16]. Sugars such as
fucose and N-acetylgalactosamine are of particular
interest in developmental studies. The terminal
position of these sugars in the side chain of many
structurally defined glycoconjugates makes them
potential candidates as ligands for developmentally
regulated recognition molecules such as
endogenous lectins, glycosyl transferases or
glycosidase on the surface of similar or different
embryonic cell type [17, 18].

Previous studies with DBA have demonstrated the
temporal expression of the terminal (beta 1-3)-
GalNac during intrathymic T-lymphocyte develop-
ment [unpublished data]. In the present study, in
addition to DBA, microenvironment of the
developing thymus has been investigated with three
fucose-specific lectins in an effort to establish a
relationship between morphogenesis of non-

lymphoid parts and stages and specific changes in
focusyl residues during development. Out of these
fucose-binding lectins, only lectin from Aleuria
aurantia (OFA) recognized glycoconjugate in the
ECM and related cells of the thymic micro-
environment during fetal period [18, 19]. Although,
each of the fucose-binding lectins has a nominal
binding specificity for alpha fucose, their
preferences as to linkage and underlying sugar
chain structure are known to be different.

OFA binds to fucose residues of carbohydrate
side chains, but does not require a particular linkage
to the penultimate moiety [19]. UEA-1 and LTA, on
the other hand, are thought to show the highest
affinity for fucose linked (alpha 1-2) to galactose or
other more complex difucosyl structures [14, 20]. It
has been shown that migrating neural crest cells
might show reactivity with OFA [3]. It is tempting
to speculate that the pattern of OFA binding sites in
the developing thymus correlates with neural crest
derived mesenchyme during early thymic morpho-
genesis including ECM and Hassall bodies and
perhaps other type of reticuloepithelial cells. Our
results also indicate that only the ECM and cluster
of cells within the ECM reacted with OFA during
thymus development. Developing T-lymphocytes
reacted only with DBA, which match with our
previous unpublished pilot lectin histochemical
studies.

Data from immuno-histochemical studies of T-
lymphocytes in which Thy-1 receptors could be
detected during development showed the same
pattern of reaction as our results with OFA study
[22, 23]. All of these cells might be originated from
the neural crest cells [9, 21]. Our results also
provide evidence that specific fucosylated
glycoconjugate are involved in normal development
of the thymic microenvironments that interacts
continuously with lymphoid cells to develop mature
T-lymphocytes.

ACKNOWLEDGEMENTS

We thank Ms. F. Motejaded and E. Azimie for
their valuable technical assistance.

REFERENCES

1. Muramatsu, T., Condamine, G., Gachelin, G. and
Jacob, F. (1980) Changes in fucosyl-glycopeptides
during early post-implantation embryogenesis in the
mouse. J. Embryol. Exp. Morphol. 57: 25-36.

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

00
3.

7.
1.

4.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ib
j.p

as
te

ur
.a

c.
ir

 o
n 

20
23

-0
5-

22
 ]

 

                               3 / 4

https://dorl.net/dor/20.1001.1.1028852.2003.7.1.4.2
http://ibj.pasteur.ac.ir/article-1-548-en.html


Gangi & Fazel

22

2. Sato, M., Yonezawa, S., Uehara, H., Arita, Y., Sato,
E. and Muramatsu, T. (1986) Differential
distribution of receptors for two fucose-binding
lectins in embryos and adult tissues of the mouse.
Differentiation 30: 211-219.

3. Fazel, A.R., Sumida, H., Schulte, B. and Thompson
R. (1989) Lectin histochemistry of the embryonic
heart fucose-specific lectin binding sites in
developing rats and chicks. Am. J. Anat. 184: 76-
84.

4. Savin, W., Dalmau, S. and Dealmeida, V. (2000)
Role of extracellular matrix-mediated interaction in
thymocyte migration. Der. Immunol. 7 (2-4): 279-
291.

5. Van Ewijh, W. (1988) Cell surface topography of
thymic microenvironments. Lab Invest. 59 (5):
579-590.

6. Suniara, R., Jenkinson, E. and Owen, J. (2000) An
essential role for thymic mesenchyme in early T cell
development. J. Exp. Med. 191 (6): 1051-1056.

7. Gaudeckes, B., Steinmann, G., Hansmann, M.,
Harpprecht, J., Milicevic, N., Muller-Hermelint, H.
(1986) Immunohistochemical characterization of the
thymic microenvironment. A light microscopic and
ultrastructural immuno-cytochemical study. Cell
Tissue Res. 244 (2): 403-412.

8. Owen, J., McLoughlin, D., Suniara, R. and
Jenkinson, E. (1999) Cellular and matrix interaction
during the development of T lymphocytes. Braz. J.
Med. Biol. Res. 32 (5): 551-555.

9. Bodey, B., Bodey, B. Jr., Siegel, S., Kemshead, J.
and Kaiser, H. (1996) Identification of neural crest
derived cells within the cellular microenvironment
of the human thymus employing a library of
monoclonal antibodies raised against neuronal
tissues. In vivo 10 (1): 39-47.

10. Saharon, N. (1983) Cell surface receptors for lectins:
Markers of murine and human lymphocyte
subpopulation. Adv. Immunol. 35: 1-7.

11. Kuratani, S. and Bockman, D. (1990) The
participitation of neural crest derived mesenchymal
cells in development of the epithelial primordium of
the thymus. Arch. Histol. Cytol. 53 (3): 267-273.

12. Villa-Verde, D., Lagrota-candido, J. and Vannier-
santos, M. (1994) Extracellular matrix components
of the mouse thymus microenvironment. IV.
Modulation of thymic nurse cells by extracellular

matrix ligands, and receptors. Eur. J. Immunol. 24
(3): 659-664.

13. Anderson, G., Moore, N., Owen, J. and Jenkinson,
E. (1996) Cellular interaction in thymocyte
development. Annu. Rev. Immunol. 14: 73-99.

14. Susz, J.P. and Dawson, G. (1979) The affinity of the
fucose-binding lectin from lotus tetragonolobus for
glycopeptides and oligosaccharides accumulating in
fucosidosis. J. Neurochem. 32: 1009-1013.

15. Bockman, D. and Kirby, M. (1984) Dependence of
thymus development on derivatives of the neural
crest. Science 223 (4635): 498-500.

16. McLone, D. and Knepper, M.A. (1985) Role of
complex carbohydrates and neurulation. Pediatr.
Neurosci. 12 (1): 2-9.

17. Bennett, G., Leblond, C.P. and Haddad, A. (1974)
Migration of glycoprotein from the Golgi apparatus
to the surface of various cell types as shown by
radioautography after labeled fucose injection into
rats. J. Cell Biol. 60: 258-284.

18. Ohlson, C., Nilsson, E. and Karlsson, J.O. (1985)
Uptake and anterograde axonal transport of Aleuria
lectin in retinal ganglion cells of the rabbit. J.
Neurochem. 44: 1785-1790.

19. Kochibe, N. and Furukawa, K. (1980) Purification
and properties of a novel fucose-specific
hemagglutinin of Aleuria aurantia. Biochemistry
19: 2841-2846.

20. Allen, H.J. and Johnson, E.A. (1977) A simple
procedure for the isolation of L-fucose-binding
lectins from Ulex europaeus and Lobus
tetragonolobus. Carbohydr. Res. 58: 253-265.

21. Rodewald, H., Haller, P., Bluethmann, H. and Blum,
C. (2001) Thymus medulla consisting of epithelial
islets each developed from a single progenitor.
Nature 414 (6865): 763-768.

22. Bodey, B. and Kaiser, H. (1997) Development of
Hassall bodies of the thymus in humans and other
vertebrates (especially mammals) under physio-
logical and pathological conditions: Immunocyto-
chemical, electromicroscopic and in vitro observ-
ations. In vivo 11 (1): 61-85.

23. Didiejean, L. and Saurt, J. (1980) Epidermis and
thymus similar antigenic properties in Hassall
corpuscle and subsets of keratinocytes. Clin. Exp.
Dermatol. 5: 395-404.

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
88

52
.2

00
3.

7.
1.

4.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ib
j.p

as
te

ur
.a

c.
ir

 o
n 

20
23

-0
5-

22
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               4 / 4

https://dorl.net/dor/20.1001.1.1028852.2003.7.1.4.2
http://ibj.pasteur.ac.ir/article-1-548-en.html
http://www.tcpdf.org

