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Abstract

Sialylated structures play important roles in cell communication, and change in a regulated manner during
development and differentiation. In this work, we report the main glycosidic modifications that occur during the
maturation of porcine tissues, involving the sialylation process as determined with lectins. Sialic acids were identified at
several levels in a broad range of cell types of nervous, respiratory, genitourinary and lymphoid origin. Nevertheless, the
most contrasting was the type of glycosidic linkage between 5-N-acetyl-neuraminic acid (Neu5Ac) and galactose (Gal)
expressed in central nervous system (CNS). Newborn CNS abundantly expressed Neu5Aca2,3Gal, but weakly or scarcely
expressed Neu5Aca2,6Gal/GalNAc. Maturation of CNS induced drastic changes in sialic acid expression. These changes
include decrease or complete loss of NeuAca2,3Gal residues, mainly in olfactory structures and brain cortex, which were
replaced by their isomers Neu5Aca2,6Gal/GalNAc. In the brain cortex and cerebellum, the increase of Neu5Aca2,6Gal/
GalNAc molecules was paralleled by an increase of 5-N-acetyl-9-O-acetyl-neuraminic acid (Neu5,9Ac2). In addition,
terminal Gal and N-acetyl-D-galactosamine (GalNAc) residues also increased their expression in adult CNS tissues, but
this was more significant in structures forming the encephalic trunk. Our results show that sialylation of porcine CNS
is finely modulated throughout the maturation process. © 2000 Elsevier Science Inc. All rights reserved.
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1. Introduction

Glycoproteins and glycolipids are major com-
ponents of eukaryotic cell membranes. Although

their biological or physiological functions are
known in some cases, the specific biological func-
tion of the glycan chains starts to be defined
(Pilatte et al., 1993; Varki, 1993). Glycosylation as
a covalent modification of proteins is highly di-
verse and, in many cases, this diversity has been
shown to be species, tissue, and cell specific (Lis
and Sharon, 1993). Sialic acid is part of a family

* Corresponding author. Tel.: +52-56-232-169; fax: +52-
56-162-419.

E-mail address: ezenteno@servidoor.unam.mx (E. Zenteno)

0305-0491/00/$ - see front matter © 2000 Elsevier Science Inc. All rights reserved.
PII: S 0 3 0 5 -0491 (00 )00213 -3



V. Vallejo et al. / Comparati6e Biochemistry and Physiology, Part B 126 (2000) 415–424416

of nine-carbon carboxylated sugars usually found
at the outermost units of vertebrate oligosaccha-
rides, the most common being 5-N-acetyl-neu-
raminic acid (Neu5Ac), which could be considered
as the precursor for almost all others. Additional
diversity in sialic acids is generated by the glyco-
sidic linkage at carbon 2, resulting, in most ani-
mals, in Neu5Aca2,3 or 2,6 linkages with the
hydroxyl groups of galactose (Gal), N-acetyl-D-
galactosamine (GalNAc) or N-acetyl-D-glu-
cosamine residues (Schauer and Kamerling, 1997).
Lectins, due to their high specificity for carbohy-
drates of defined structures, have been used in
cytochemical and histochemical studies to identify
modifications of glycosylation (Alroy et al., 1987;
Damjanov, 1987). These studies support the no-
tion that regulated glycosylation is important for
cell-to-cell interactions during development and
growth (Suzuki et al., 1995). In addition, the use
of lectins has led to identify abnormal glycosyla-
tion in mammalian tissues under pathological con-
ditions (Ito et al., 1996; Roth et al., 1996).
Presence or prevalence of specific saccharidic se-
quences has been considered indicators of matu-
rity or cell transformation, e.g. the Thomsen–
Friedenreich (T and Tn) antigens (Galb1,
3GalNAca1-0-Ser/Thr and GalNAca1-0-Ser/Thr,
respectively) have been identified as specific struc-
tures for immature or transformed cells. Substitu-
tion of these antigens with Neu5Ac, forming the
cryptic equivalent forms, represents the develop-
mental or activated state of the T- and Tn-con-
taining structures or cells. T and Tn antigens are
highly expressed in different organs during fetal
life; they have been also detected in most car-
cinomas, therefore it has been proposed that they
represent general carcinoma antigens (Hanisch
and Baldus, 1997).

Glycans have been selected by several virus as
the preferred attachment sites on their host cells
and tissues. Host range, tissue tropism and target
cell specificity demonstrated by a particular virus
are determined, at least in part, by a stereochemi-
cal fit between viral lectins and complementary
carbohydrate receptors on host cell surfaces (Lis
and Sharon, 1993). In pigs, the pathogenic effect
of viruses, such as influenza virus (Kilbourne et
al., 1988), coronavirus (Schultze et al., 1996),
rotavirus (Rolsma et al., 1998) and rubulavirus
(Reyes-Leyva et al., 1993, 1997) depends on a
positive organotropism, which is determined by
specific interactions between sialic acid-expressing

cells and viral adhesion proteins. In general, the
infectivity patterns of porcine viruses change with
the host maturation stage. For example,
rubulavirus induces neurological and respiratory
pathologies in newborn and suckling pigs, whereas
in adult pigs, it lacks its neurotropism and induces
lesions in reproductive tissues (Ramirez et al.,
1997). On the base of these findings, we have
hypothesized that age-related changes in virus
tropism are due to modifications in the tissular
expression of sialic acids. The purpose of this
study was to use several lectins with well-known
sugar specificity, to identify the differences in the
sialylation pattern between newborn and adult
pigs.

2. Materials and methods

2.1. Tissues

Newborn (3 days old) and adult (9 months old)
male York–Landrace hybrids, clinically healthy
pigs (Sus scrofa domesticus) were used. Pig skulls
were gently dissected to separate the encephalic
mass, and the central nervous system (CNS) was
divided in coronal sections. The brain was pre-
served together with the ethmoidal cribiform plate
to analyze in situ the presence of sugars in the
olfactory structures. Tissues were excised and im-
mediately fixed in 3% paraformaldehyde in phos-
phate-buffered saline (0.01 M sodium phosphate,
0.15 M NaCl; pH 7.4), dehydrated in graded
ethanol series and xylol, and embedded in
paraffin, according to standard methods (Zeller,
1989). Bone-containing samples were decalcified in
4% ethylenediamine tetraacetic acid during 96 h
before their processing for histochemistry (Mori et
al., 1995).

2.2. Reagents

Sambucus nigra fraction I (SNA specific for
Neu5Aca2,6Gal/GalNAc) (Shibuya et al., 1987)
and Maackia amurensis agglutinins (MAA, spe-
cific for Neu5Aca2,3Gal) (Konami et al., 1994)
were purchased from Boehringer Mannheim Bio-
chemica (Mannheim, Germany); Limulus poly-
phemus agglutinin (LPA) (specific for Neu5Ac)
(Marchialonis and Edelman, 1968) and Arachis
hypogaea (peanut) agglutinin (PNA) (specific for T
antigen Galbl,3GalNAca1-0-Ser/Thr) (Pereira et
al., 1976) were purchased from Sigma (St. Louis,
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MO, USA); Macrobrachium rosenbergii lectin
(MRL) (specific for Neu5,9Ac2) (Vázquez et al.,
1993) and Amaranthus leucocarpus lectin (ALL)
(specific for Tn antigen GalNAca1-0-Ser/Thr)
(Zenteno et al., 1992) were purified as previously
described (Vázquez et al., 1993; Zenteno and
Ochoa, 1988). Lectins were conjugated to NHS-
LC-biotin following published methods (Savage et
al., 1992), and used at a concentration of 5 mg/ml.
Biotinylated tyramide kit and streptavidin-
horseradish peroxidase were purchased from
Boehringer, and Clostridium perfringens neu-
raminidase was purchased from Sigma.

2.3. Lectin histochemistry

Paraffin-embedded porcine tissues were pre-
pared at a 6 mm thickness. Tissue sections were
deparaffinized following published methods
(Zeller, 1989). Sections were then incubated in
methanol containing 0.3% H2O2 for 30 min to
block the activity of endogenous peroxidase. Here-
after, every step was followed by washing three
times with 50 mM Tris–HCl (pH 7.6), 150 mM
NaCl, 0.5% Tween 20. Sections were incubated
with biotin-conjugated lectins for 45 min at room
temperature. After this, sections were incubated
with horseradish peroxidase-conjugated strep-
tavidin for 30 min at room temperature. Biotin
amplification was performed using biotinylated
tyramide for 10 min at room temperature. Sections
were then incubated once more with horseradish
peroxidase-conjugated streptavidin for 30 min.
Colored reaction product was obtained with 0.01%
3,3%-diaminobenzidine tetrahydrochloride (Adams,
1992). To confirm the specificity of the lectin
binding, sections were pre-treated with 0.5 IU/ml
C. perfringens neuraminidase diluted with 50 mM
Tris–HCl buffer (pH 7.6) at 37°C for 1 h, followed
by incubation with LPA and PNA lectins. In all
conditions, neuraminidase treatment abolished the
positive reaction of LPA and increased the reaction
with PNA.

3. Results

3.1. Expression of sugars in newborn porcine
tissues

3.1.1. Central ner6ous system
Almost all newborn CNS tissues examined, ex-

cept spinal cord sections, reacted with LPA and
MAA, indicating they express Neu5Ac with a2,3
glycosidic linkage (Table 1). These lectins showed
an intense homogeneous binding pattern in all the
olfactory structures, brain cortex, thalamus, and
hypothalamus, but MAA only stained the molecu-
lar layer of cerebellum and the pyramidal layer of
hippocampus. LPA and MAA intensely stained
neuronal somas and fibers (Fig. 1A,D), whereas
glial cells only stained weakly. Most of the new-
born CNS tissues did not, or at most scarcely,
express sialic acids with a2,6 glycosidic linkage
(Fig. 1B,E), except in the midbrain, cerebellum,
and pons. Weak expression of Neu5,9Ac2 was
found in neural bodies from olfactory structures
(Fig. 1C,F), hippocampus, thalamus, midbrain,
and cerebellum, but was abundantly expressed in
endothelial cells of meningeal blood vessels.
Neu5,9Ac2 was the only sialic acid derivative
identified at the spinal cord, and exclusively at the
dorsal white matter.

PNA and ALL showed similar affinity patterns
in almost all CNS tissues. They did not interact
at all with olfactory structures, brain cortex nor
spinal cord; weakly stained midbrain and just
stained diffused cells at thalamus, hypothalamus
and meninges (Table 2). However, they showed
staining differences in other tissues, such as cere-
bellum, where ALL intensely stained almost
all small neurons of the molecular layer, whereas
PNA stained only few dispersed cells. In the
same manner, the medulla oblongata expressed
low levels of Tn antigens, but lacked T anti-
gens.

3.1.2. Respiratory system
Neu5Ac-, Neu5Aca2,3Gal- and Neu5Aca2,

6Gal/GalNAc-containing glycoconjugates were
identified in the nasal mucosa, trachea, bronchi,
and lungs. Very similar distributions were found at
the apical surface of the respiratory epithelium and
submucosal glands. Low to middle expression of
Neu5,9Ac2 was found throughout the lower res-
piratory tract epithelium as well as in submucosal
glands of the olfactory mucosa (Table 1). PNA
reacted with epithelial and connective cells of both
trachea and bronchi, as well as with few dispersed
endothelial cells at the periphery of the lungs great
blood vessels. ALL reacted with dispersed epithe-
lial cells from bronchi, trachea, and the lower
respiratory tract serosa (Table 2).
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3.1.3. Genitourinary tract
All the lectins tested reacted with the kidney.

LPA, MAA, and SNA presented a broad homo-
geneous staining; MRL just reacted with cortical
cells, while PNA and ALL recognized cells of the
tubular epithelium at the kidney medulla. In the
testis, LPA and MAA reacted with epithelial cells
of seminiferous tubes, SNA stained capsule and

blood vessels, and MRL stained diffused endothe-
lial cells. PNA and ALL stained blood vessels, the
latter also intensely stained mononuclear cells at
interstitial tissue. Epididymis of newborn pigs ex-
pressed low levels of Neu5Aca2,3Gal and
Neu5,9Ac2 at the tubular epithelium; as well as T
and Tn antigens at interstitial blood vessels, but
lacked Neu5Aca2,6Gal/GalNAc (Table 1).

Table 1
Comparative expression of sialic acids in porcine tissuesa

Newborn Adult

MAA SNA MRLMAA SNA MRLLPA LPA

Central ner6ous system
12021Olfactory nerve (nasal portion) 033

Olfactory bulb 33 3 0 2 2 0 3
3 3 0 1Olfactory tract 2 0 2 1
3 10 22Piriform lobe brain cortex 003

3300 233Frontal brain cortex 2
33 13 0 0 3 2Temporal brain cortex

2 2 13Occipital brain cortex 03 0 2
2 3 2 3 0Hippocampus 3 2 1
2 2 1 021Thalamus 3 3

13 3 1 0 2 1 2Hypothalamus
12 32 1 3 2 2Meninges

1 2 0Midbrain 12 2 1 2
33 22 2 1 3 1Cerebellum

Pons 12110223
330 11 322Medulla oblongata
1 0 10 0Cervical spinal cord 10 1

1 0 0 0 1Thoracic spinal cord 0 0 0
100 100Lumbar spinal cord 00

Respiratory system
3 2 13 3 2b 3Nasal mucosa 3
3 2 02 2 1 3Trachea 2

02231Bronchi 223
3 2 03 2 2 3Lung 3

Genitourinary system
022 21Kidney 322

3122 32Testis 2 0
3 1 1Epididymis 11 0 1 3

Lymphatic system
3 23 10Tonsil 233

12 1 1 2 3 3 3Mesenteric lymph node
32 31 3 0 2 2Spleen

Thymus 01 1 1 3 1 0 1

a Histochemistry in paraffin-embedded porcine tissue sections was performed using biotin-conjugated lectins and the biotinyltyramide
amplification technique (Adams, 1992). The lectins and their sugar specificity were Limulus polyphemus (LPA) (Neu5Ac), Maackia
amurensis (MAA) (Neu5Aca2,3Gal), Sambucus nigra (SNA) (Neu5Aca2,6Gal/GalNac), and Macrobrachium rosenbergii (MRL)
(Neu5,9Ac2). Lectin binding was evaluated as follows: 0, absent; 1 low reaction observed in dispersed cells; 2, medium, presented in less
than one-half of the tissue section; and 3, high intensity, observed homogeneously in a tissue section.

b Olfactory mucosa.
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Fig. 1.

3.1.4. Lymphatic system
Broad expression of sialic acid was observed in

most of the lymphoid tissues examined. Tonsils
expressed more Neu5Aca2,3Gal than its isomer
Neu5Aca2,6Gal/GalNAc; both of them were
identified in germinal cells of the crypts. This

organ did not express Neu5,9Ac2, but expressed
low levels of T and Tn antigen in connective tissue
and blood vessels. Lymphonodi expressed low
levels of Neu5Ac with both a2,3 and a2,6 glyco-
sidic linkage, staining with lectins was mainly
evidenced on mononuclear cells, but some den-



V. Vallejo et al. / Comparati6e Biochemistry and Physiology, Part B 126 (2000) 415–424420

dritic and interstitial cells were also stained.
Mononuclear cells and interstitial tissues ex-
pressed Neu5,9Ac2. A great proportion of
mononuclear cells showed high intensity staining
with ALL, but only medium intensity with PNA.
Almost all the lectins showed a broad distribution
pattern at spleen with diverse staining levels, but
SNA showed the highest intensity of all. The
thymus showed very low staining with LPA,
MAA, and SNA, and high staining with MRL,
indicating the presence of Neu5,9Ac2 in this cell
(Table 1); high expression of T and Tn antigens
were indicated by the positive staining of PNA
and ALL, respectively (Table 2).

3.2. Expression of sugars in adult porcine tissues

3.2.1. Central ner6ous system
Sialic acid distribution in adult CNS tissues

showed drastic differences to that of newborn
animals. Indeed, a notable decrease in
Neu5Aca2,3Gal expression was found in ten of
the 18 CNS tissues examined; however, it was
more important in structures involved in olfactory
perception, i.e. olfactory nerve, bulb and tract;
and piriform lobe brain cortex, which did not
express Neu5Aca2,3Gal moieties at all (Fig. 1A),
although staining with LPA and MAA increased
in medulla oblongata and dispersed positive cells
were now identified in the cervical spinal cord.
The other most important change was the identifi-
cation of Neu5Aca2,6Gal/GalNAc residues in
adult olfactory structures and brain cortex, which
were totally absent in the newborn ones. Other
nervous tissues also showed a marked increase in
this sialic acid derivative. In general,
Neu5Aca2,6Gal over expression paralleled
Neu5Aca2,3Gal downregulation (Table 1). Ex-

pression of Neu5,9Ac2 also increased with CNS
maturation. This acetylated sialic acid was now
observed in all regions of the brain cortex, pons
and medulla oblongata, as well as in the lateral
fascicles of spinal cord regions. In other tissues,
such as cerebellum and olfactory bulb, the stain-
ing intensity also increased. MRL staining disap-
peared in mature midbrain, thalamus and
hippocampus. It is important to note that brain
cortex maturation involved the new expression of
both Neu5Aca2,6Gal and Neu5,9Ac2 molecules.
Expression of terminal Gal/GalNAc residues (T
and Tn antigens) also increased in mature CNS
tissues, this change was observed in several ner-
vous tissues, but was more notable in structures
forming the encephalic trunk (Table 2).

3.2.2. Respiratory system
In general, there were no differences in the

expression of Neu5Ac, Neu5Aca2,3Gal nor
Neu5Aca2,6Gal residues between newborn and
adult respiratory tissues. However, the lower res-
piratory tract epithelium became negative to
MRL in adult pigs, indicating lack of Neu5,9Ac2,
except for the nasal mucosa epithelium, which
became positive to MRL, at both the turbinate
and olfactory regions (Table 1). Some epithelial
cells in the turbinate nasal mucosa became posi-
tive to PNA and ALL lectins. No other significant
change was observed in the respiratory tract
(Table 2).

3.2.3. Genitourinary tract
Adult kidneys did not reveal significant differ-

ences with respect to piglets, although they
showed a reduced expression of Neu5Aca2,6Gal/
GalNAc and became negative to MRL (Table 1),
PNA and ALL (Table 2). Testis maturation pro-

Fig. 1. Sialic acid expression in newborn (A–F) and adult (G–H) olfactory bulb. Histochemistry was performed following the
biotinyltyramide amplification technique (Adams, 1992) using biotin-conjugated lectins from M. amurensis (MAA) (Neu5Aca2,3Gal
specific), S. nigra (SNA) (Neu5Aca2,6Ga/GalNAc), and M. rosenbergii (MRL) (Neu5,9Ac2). Tissue sections taken across the
glomerular (GL), mitral (M), granular (G) and periventricular (P) layers of the olfactory bulb. (A) Representative tissue section of
olfactory bulb with high level of Neu5Aca2,3Gal expression. Intense positive reaction to MAA was observed in neurons throughout the
tissue, i.e. pyramidal (arrow), mitral (arrow heads) and granular neurons. Magnification, 80× . (B) Representative tissue section with
null expression of Neu5Aca2,6Gal/GalNAc molecules, negative to SNA. Magnification, 80× . (C) Example of tissue sections with a
weak level of Neu5,9Ac2 expression. Slight positive reaction to MRL was identified in mitral (arrowheads) and granular neurons.
Magnification, 80× . (D) Detail of (A), note the intense staining of neural bodies (arrows) and axons (arrowhead) with MAA.
Magnification, 320× . (E) Detail of (B), note the lack of positive staining with SNA, the nucleus of negative cells were counterstained
with hematoxyline (arrow). Magnification, 320× . (F) Detail of (C), note the slight staining around the nucleus of granular (arrowhead)
and mitral (arrow) neurons. Magnification, 320× . (G) Maturation of porcine CNS induces drastic changes in sialic acid expression.
Note the complete lack of reaction with MAA. Magnification, 80× . (H) Adult olfactory bulb now expresses high levels of
Neu5Aca2,6Gal/GalNAc molecules. SNA mainly reacted with granular and pyramidal neurons (arrows). Magnification, 320× .
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Table 2
Expression of T and Tn antigens in porcine tissuesa

Newborn Adult

PNA ALL PNA ALL

Central ner6ous system
Olfactory nerve 0 0 0 0

0 0Olfactory bulb 0 0
Olfactory tract 0 0 0 0

0 0Piriform lobe brain cortex 1 1
0 0Frontal brain cortex 1 0

Temporal brain cortex 0 0 1 1
Occipital brain cortex 0 0 1 2

1 1Hippocampus 2 2
Thalamus 1 1 2 2

1 1Hypothalamus 2 2
1 1Meninges 2 2

Midbrain 2 2 2 1
1 2Cerebellum 1 0
0 0Pons 2 2

Medulla oblongata 0 1 1 2
0 0Cervical spinal cord 0 2

Respiratory system
0 0Nasal mucosa 1 1

Trachea 2 1 2 1
2 2Bronchus 2 2

Lung 1 0 0 0
Genitourinary system

1 1Kidney 0 0
Testis 2 3 0 0

1 1 0 0Epididymis
Lymphatic system
Tonsil 1 1 2 1

2 3 1 1Mesenteric lymph node
2 2Spleen 1 1
3Thymus 2 1 1

a Histochemistry in paraffin-embedded porcine tissue sec-
tions was performed using biotin-conjugated lectins and the
biotinyltyramide amplification technique (Adams, 1992). The
lectins used were: peanut agglutinin (PNA) (specific for T
antigen: Galb1,3GalNAca1,0Ser/Thr) and Amaranthus leuco-
carpus (ALL) (specific for Tn antigen: GalNAca1,0Ser/Thr).
Lectin binding was evaluated as follows: 0, absent; 1 low
reaction observed in dispersed cells; 2, medium, presented in
less than one-half of the tissue section; and 3, high intensity,
observed homogeneously in a tissue section.

vessel endothelium. Lack of reaction with PNA
and ALL was also observed in the blood vessels
of adult epididymis (Table 2).

3.2.4. Lymphatic system
In general, the expression of sialic acids with

2,3 or 2,6 glycosidic linkage increased with matu-
ration of lymphoid organs, except in the thymus
where just some Neu5Ac a2,6/GalNAc positive
cells were identified. Other relevant findings were
the identification of MRL positive mononuclear
cells in tonsils and spleen, and the lack of these
MRL positive cells in the mesenteric lymph node
and thymus. Regarding PNA and ALL binding,
reduction in the proportion of positive cells was
observed in spleen, thymus, and lymph node.

4. Discussion

In this study, we performed a screening of
sialylated structures in newborn and adult porcine
organs to identify the possible role of maturation
as determinant of the rate and type of sialylation.
As our results indicate, the most evident modifica-
tions on sialylation occurred in the nervous sys-
tem. The terminal position of sialic acid residues
on animal glycoconjugates makes of them critical
components of ligands recognized by a variety of
animal, plant and microbial lectins (Sharon and
Lis, 1997). The lectin from L. polyphemus recog-
nizes sialic acid irrespective of the glycosidic link-
age (Marchialonis and Edelman, 1968); for this
reason, its recognition pattern, in pigs, is not
modified in most of the organs tested. However,
recognition of M. amurensis (specific for
Neu5Aca2,3Gal) (Konami et al., 1994) and S.
nigra fraction I (specific for Neu5Aca2,6Gal/Gal-
NAc) (Shibuya et al., 1987) lectins is modified by
the maturation process. Neu5Aca2,3Gal is prefer-
entially identified in neonatal nervous system and
adult genital organs, whereas Neu5Aca2,6Gal ap-
pear to be more prevalent in adult nervous tissues.
Another modification of sialic acid is its 9-O-
acetylation, which is specifically recognized by
MRL (Vázquez et al., 1993). Although
Neu5,9Ac2 was expressed at low levels in new-
born pigs, it showed a broad distribution in di-
verse neonatal organs, but most of them became
MRL negative after maturation; except for ner-
vous tissues that increase their Neu5,9Ac2 expres-
sion. Neu5,9Ac2 occurred only in particular

duced a notable increase in LPA and MAA bind-
ing sites; these were identified on germ cells and
epithelial cells of seminiferous and afferent
tubules, as well as in some interstitial cells. In
addition, testes became negative to MRL (Table
1), PNA and ALL (Table 2). Adult epididymis
also showed a notable increase in Neu5Aca2,3Gal
expression, positive cells were broadly distributed
in the tubule wall, interstitial tissue and blood
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regions of neonatal thymus medulla and germinal
centers of lymphonodi. Several studies have
shown that 9-O-acetylation is commonly seen in
cells of neuroectodermal origin and seems to play
a role in the migration of developing neurons in
the embryonic brain (Blum and Barnstable, 1987),
and in the organization and growth of cones and
neurites (Araujo et al., 1997). It has been shown
that the concentration of Neu5,9Ac2 residues in
CD4+ T lymphocytes is modified during activa-
tion and maturation processes (Krishna and
Varki, 1997). In the porcine lymphatic system,
this sugar residue was identified in cells from
spleen, lymph node and tonsils from adult organ-
isms, confirming that memory lymphocyte subsets
present in germinal centers possess Neu5,9Ac2.

Expression of T and Tn antigens was restricted
to mesencephalic structures within neonatal CNS;
however, their expression was broader distributed
in adult CNS. These antigens showed attenuated
levels of expression in other adult organ systems,
including genitourinary and lymphoid. This sug-
gests that these antigens may exist in a cryptic
sialylated form in most organ systems in adult
pig. A. leucocarpus lectin has been used to identify
murine and human lymphocytes in the late stages
of maturation and its interaction with the Gal-
NAc moiety is not modified by the presence of
sialic acid (Zenteno et al., 1992; Lascurain et al.,
1994).

Sialic acids occur at terminal positions of the
carbohydrate groups of glycoproteins and glycol-
ipids, the transfer of sialic acids from CMP-
NeuAc to these positions is catalyzed by a family
of sialyltransferases (Harduin-Lepers et al., 1995).
Changes in the expression of sialyltransferases
have been previously described during maturation
of cells as well as during development. As an
example, during weaning, the epithelium of the
mammalian small intestine undergoes a glycoform
switch from predominantly sialylated glycoconju-
gates to those expressing fucose at their termini.
Developmental regulation of b-galactoside a2,6-
sialyltransferase (ST6Gal I; EC 2.4.99.1) in rat
small intestine epithelium has been reported
(Vertino-Bell et al., 1994). Induction of ST6Gal I
by glucocorticoids in suckling rat small intestine
has also been reported (Kolinska et al., 1996;
Hamr et al., 1997). Furthermore, evidence for the
regulated expression of the Galb1-3GalNAc a2,3-
sialyltransferase (ST3Gal I; EC 2.4.99.4) in devel-
oping thymocytes has been presented (Gillespie et

al., 1993). Cortical regions of the thymus com-
posed of immature thymocytes show low levels of
ST3Gal I mRNA, whereas medullary regions of
the thymus composed of mature thymocytes over-
express the enzyme. The relevance of the modifi-
cations in the sialylation process is not yet well
known; however, it is necessary to assume that
sialic acids could participate not only as targets
for specific pathogens, but as important molecules
in the regulation of the immune system (Pereira et
al., 1976). However, the possibility that a specific
modification of the porcine sialyltransferase activ-
ity could be modulated during maturation by
sexual steroids cannot be ruled out (Vandamme et
al., 1993; Hamr et al., 1997).

Lectin histochemistry possesses its own limita-
tions; indeed, we were unable to elucidate the
tissue distribution of N-glycolylneuraminic acid
or poly-Neu5Aca2,8Neu5Ac, because of the lack
of specific lectins against these molecules, well
known to be expressed in porcine glycoconjugates
(Schauer and Kamerling, 1997).
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