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Lectin histochemistry of normal human
gastric mucosa
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Information about the saccharides expressed in gastric mucosa is mostly limited to the glycan content of gastric mucins
and there are only a few studies of the glycoprofiling of the constituent cells and their components. Knowledge of the
glycan expression of normal gastric mucosa is necessary for the interpretation of the significance of changes of expression
in disease.

A lectin histochemical study of normal human gastric (body) mucosa was performed using 27 lectins chosen to probe
for a wide range of oligosaccharide sequences within several categories of glycoprotein glycans.

There were marked differences in staining reactions in the various microanatomical structures of the mucosa, particularly
between pits and glands with the former more closely resembling the surface epithelium. A notable feature was the degree
of difference in the staining between a substantial sub-population of cells within the neck region and the epithelium of
both the pits and glands. These neck cells resembled the pit cells with some lectins, glandular cells with some others
and neither with some other lectins. Overall, the differences between the pit, gland and neck epithelia were diverse and
numerous, and could not be explained by altered activity of a small set of glycosyltransferases. Widespread alterations
of glycans must have occurred (affecting terminal and internal parts of their structures) and the very different glycotypes
of the pit, neck and gland epithelia are, therefore, suggestive of the existence of three cell lineages within normal gastric
epithelium.
Published in 2004.
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Introduction

Glycans are widely regarded as being indicators of cellular dif-
ferentiation and some are known differentiation antigens [1].
Structural information about the saccharides expressed in nor-
mal human gastric mucosa, in relation to the histology of the
organ and its cell lineages, can be gained by the use of lectin
histochemistry, but previous studies have been limited because
of their use of a small number of lectins. Available informa-
tion relates mostly to the glycan content of gastric mucins and
there are few studies on the glycotyping of the cells and their
constituents [2–5]. In order to obtain information about nor-
mal tissues, which is necessary for the analysis and interpreta-
tion of glycan expression in gastric diseases, a study was made
of the binding of twenty-seven lectins to normal human gas-
tric mucosa. These lectins were selected to probe for a wide
range of oligosaccharide sequences within several categories

To whom correspondence should be addressed: Professor J. McClure,
MD, FRC Path, Directorate of Laboratory Medicine, Central Manchester
and Manchester Children’s University Hospitals NHS Trust, Oxford
Road, Manchester M13 9WL, UK. Tel: +44 161 276 8945; Fax: +44
161 276 8089; E-mail: john.mcclure@man.ac.uk

of glycoprotein glycans and they represent the most compre-
hensive set of such probes yet to be applied to normal gastric
mucosal tissue (Table 1).

Materials and methods

Fifteen formalin-fixed, paraffin-embedded specimens of
grossly normal human gastric (body) mucosa were drawn from
the diagnostic tissue archive. Sections (4 µm) were cut onto
APES (3-aminopropyltriethoxysilane)-coated slides, dewaxed
in xylene and taken to ethanol. Endogenous peroxidase was
blocked in methanolic hydrogen peroxide and the sections were
then hydrated through graded ethanols to water. They were pre-
treated with a solution of 0.1% (w/v) trypsin (type II crude,
from porcine pancreas, Sigma Chemical Co.) in 0.05 M TRIS
buffered saline, pH 7.6 containing 0.1% (w/v) calcium chloride.
They were then stained with the panel of 27 biotinylated lectins,
using a lectin-biotin avidin-peroxidase method established and
used in our laboratory [6], with DAB as the disclosing agent
and a methyl green counterstain. Most of the biotinylated lectins
were obtained from the Sigma Chemical Company, MAA and
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Table 1. The origins and sugar binding properties of the lectins used in this study

Lectin group Acronym Origin Sugar specificity

1 GNA Galanthus nivalis Non-reducing terminal α-D-mannose,
preferentially mannosyl α1,3 mannose linkage

NPA Narcissus pseudonarcissus Non-reducing terminal & internal
α-D-mannose, preferentially mannosyl α1,6 mannose linkage

PSA Pisum sativum α-D-Mannose in non-bisected bi/tri-antennary complex
N-linked sequences especially with core fucosylation

LCA Lens culinaris α-D-Mannose residues, similar but not identical to PSA
e-PHA Phaseolus vulgaris Bi/tri-antennary, bisected complex N-linked sequences
l-PHA∗ Phaseolus vulgaris Tri/tetra-antennary, non-bisected complex N-linked sequences

2 UEA-I∗# Ulex europaeus α-L-Fucosyl terminals, especially LFucα1,2Galβ1,4GlcNAcβ1-
LTA# Tetragonolobus purpureus α-L-Fucosyl terminals, especially

where clustered on core sequences of N-glycans
3 SNA∗# Sambucus nigra NeuNAcα2,6Gal/GalNAcβ1-

MAA∗# Maackia amurensis NeuNAcα2,3Galβ1-
LFA# Limax flavus NeuNAcα2,3/6Galβ1- > NeuNGl-

4 PNA/AHA∗# Arachis hypogaea Galβ1,3GalNAcα1- > Galβ1,4GlcNAcβ1-
ECA∗# Erythrina cristagalli Galβ1,4GlcNAcβ1-
CTA Erythrina corallodendron Galβ1,4GlcNAc-, especially in multiple branches

5 HPA∗# Helix pomatia GalNAcα1-
WFA∗# Wisteria floribunda GalNAcα1,6Galβ1- > GalNAcα1,3Galβ1-
VVA∗# Vicia villosa GalNAcα1,3Galβ1- > GalNAcα1,6Galβ1-
SBA∗# Glycine max GalNAcα1,3- > Galα1-
PTA# Psophocarpus tetragonolobus GalNAcα1- > Galα1-
MPA# Maclura pomifera Galβ1,3GalNAcα1- > GalNAcα1-
BPA∗# Bauhinia purpurea Galβ1,3GalNAcα1-
DBA# Dolichos biflorus GalNAcα1,3(LFucα1,2)Galβ1,3/4GlcNAcβ1-

6 STA Solanum tuberosum (-4GlcNAcβ1-)n- > (-3Galβ1,4GlcNAcβ1-)n

LEA Lycopersicon esculentum (-4GlcNAcβ1-)2−4

DSA∗# Datura stramonium Galβ1,4GlcNAcβ1- > (-4GlcNAcβ1-)2

7 BSA-IB4# Griffonia simplicifolia Galα1,3Galβ1,4GlcNAcβ1-
8 BSA-II# Griffonia simplicifolia GlcNAcα1-

∗Means neuraminidase digestion and # means β-elimination were also carried out.

SNA were from Boehringer Mannheim and GNA, NPA, LFA
and STA were from EY Laboratories (San Mateo, USA). All
were applied at a concentration of 10 µg/ml apart from MAA
and SNA, which were used at 50 µg/ml. Negative control sec-
tions were included in every staining run with buffer replacing
the lectin and, where possible, controls were carried out using
the appropriate competing sugars. Positive controls were also
carried out, variously by using other tissues within the section
or by using known ‘positive’ slides from blocks of other tis-
sues. Digestion with neuraminidase (neuraminidase VI from
Clostridium perfringens, Sigma Chemical Co.) was performed,
on additional sections, at 0.1 U/ml in 0.2 M sodium acetate
buffer (pH 5.5) containing 1% (w/v) calcium chloride at 37◦C
for 1 h, prior to staining with 12 of the 27 lectins. This digestion
was used as a control for the staining by SNA and MAA and
also to determine the sub-terminal sugars. Beta-elimination was
performed, before staining with 18 of the lectins, based on the
method of Downs et al. [7], as follows: the sections were in-
cubated in 0.17 M potassium hydroxide containing 50% (v/v)
dimethylsulphoxide and 10% (v/v) ethanol at 45◦C for 1 h,

neutralised in 10 mM hydrochloric acid and then washed in
0.1 M sodium phosphate buffer (pH 7).

Staining intensity was ranked using (−) for negative, (+) for
just detectable, positive staining, (++) for moderately positive
clear staining and (+++) for strongly positive staining.

The blood groups of the cases were determined from the
staining patterns of the erythrocytes of blood vessels initially
identified within the tissues by their refractility. The optical
system was then adjusted to eliminate refraction artefact and
true lectin staining was determined. The blood groups were
indicated by staining with the lectins HPA (group A), DBA
(group A2), BSA-IB4 (group B) and UEA-I (group O) [8].

Results

The results are detailed in Table 2 and summarised diagram-
matically in Table 3. To facilitate understanding of the results,
Figure 1 is a diagrammatic representation of the microanatomy
of the mucosa of the body of the stomach. The surface refers
to the top layer of mucosal epithelium, the pit epithelium is



Lectin histochemistry of normal human gastric mucosa 369

Table 2. Summary of the results of the lectin staining of normal human gastric tissue

Gland cells

Lectins Surface epithelial cells Pit cells Neck cells Parietal cells Chief cells Stroma Blood vessels

GNA − − ++ + ++ − −
NPA − − ++ + ++ − −
PSA − − ++ + ++ +++ +++
LCA − + + − ++ ++ −
e-PHA +++ +++ + ++ ++ +++ +++
l-PHA + + ++ − − + −
UEA-I − − ++ + +++ − −
LTA − − ++ + +++ − −
SNA − − + +++ + ++ −
MAA − − − − − − −
LFA − − − − − ++ ++
PNA +++ +++ +++ + +++ − −
ECA ++ ++ ++ − ++ ++ ++
CTA + + − − − − −
HPA + − ++ + ++ − +
WFA ++ ++ ++ − +++ − −
VVA ++ ++ − − − − −
SBA +++ ++ − − − − −
PTA − − − − ++ − −
MPA +++ +++ +++ − +++ +++ +++
BPA + + + − ++ ++ ++
DBA ++ ++ − ++ − − −
STA ++ ++ ++ + ++ ++ ++
LEA + + + ++ − + +
DSA + + ++ ++ − ++ ++
BSA-IB4 +++ +++ − − + − −
BSA-II − − − + +++ − −

Intensity of staining: − = none, + = weak, ++ = moderate, +++ = strong.

Table 3. The staining patterns of normal human gastric mucosa with various lectins
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Figure 1. Diagrammatic representation of the mucosa of the
body of the stomach.

the part between the surface and the gland, the neck cells are
those near the opening of the glands into the pits and the gland
epithelium refers to the part from the neck zone to the bottom
of the glandular structures.

Figure 2. Lectin staining of normal gastric mucosa. (a) The lectin BSA-IB4 stained the surface and pit epithelium but only a few
cells of the glands. (b) BSA-II stained the glands, but not the surface and pit epithelium.

Marked differences in staining reactions were found between
the epithelia of the pits and of the glands, as was expected (see
Figure 2a and b). The surface epithelium closely resembled that
of the pits, with some small variations i.e. LCA weakly stained
the pit cells, but not the surface cells, HPA stained the surface
cells and only a few pit cells and staining by SBA was stronger
on the surface (Table 2). However, a notable feature was the
degree of difference in the staining between a substantial sub-
population of cells within the neck region and the epithelia of
both the pits and the glands. These neck cells resembled the
pit cells in some cases, glandular cells in others and neither in
some.

Staining of the chief cells was more intense than that of the
parietal cells with 16 of the lectins, the differences being largely
in cytoplasmic staining (see Figure 3 with MPA): the converse
pattern was seen less often with four lectins being selective for
parietal cells in the glands. Occasional ‘positive’ cells were seen
among generally ‘negative’ populations in the surface epithe-
lium (with PSA, LCA, MAA, and PTA), in the pits (with PSA,
UEA-I, MAA, HPA and PTA), in the neck cells (with MAA,
SBA, PTA and DBA) and in the glands (with l-PHA, MAA,
LFA, VVA and SBA); it was difficult to identify the precise
types of these cells. Lectin binding generally increased in the
pit and gland epithelia up to a short distance from the neck cell
region and remained constant at greater distances. The position
at which this maximal staining started varied a little between
lectins.

The results of neuraminidase pre-digestion and β-
elimination are shown in Tables 4 and 5, respectively. There was
decreased staining with SNA and MAA after neuraminidase
treatment, confirming the specificity of the lectin binding. DSA
was the only lectin that demonstrated a marked increase in
staining intensity after neuraminidase treatment. The changes
after neuraminidase in lectin binding of the surface and pit
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Figure 3. Lectin staining of gland cells of normal gastric
mucosa MPA stained chief cells but not parietal cells.

cells were similar (changes for these with SBA are shown in
Figure 4a and b) and the changes in the neck cells were similar
to those of the gland cells. Staining levels were slightly dimin-
ished with eight of the lectins after β-elimination, with more
marked loss of staining with LTA in gland cells and with SBA
in surface epithelial cells.

The blood group status of the different cases had no influence
on the staining pattern of the epithelia.

Discussion

From all the observations reported here it can be concluded
that the ‘high mannose’ N-glycans were largely restricted to
the neck cells and the chief cells of the glands (GNA and NPA).
The complex N-glycans occurred much more generally, with

Figure 4. Effect of neuraminidase pre-treatment on staining of gastric mucosa (a) and (b). Staining with SBA (a) before and (b)
after neuraminidase pre-treatment.

Table 4. Changes in the level of lectin staining of gastric mucosa
after neuraminidase digestion

Lectin Surface epithelial cells Pit cells Gland cells

l-PHA = = =
UEA-I − = =
SNA − − ↓
MAA ↓ ↓ ↓
PNA ↓↓ ↓↓ ↓
ECA ↓ ↓ =
HPA ↑ ↑ =
WFA ↓ ↓↓ ↓
VVA ↓ ↓ =
SBA ↓↓ ↓↓ =
BPA = = =
DSA ↑↑ ↑↑ ↑↑

‘↑’ refers to an increase and ‘↓’ to a decrease of staining. ‘=’ refers to
no change and ‘−’ to no staining either before or after digestion.

the ‘bisected’ subset being most abundant in the surface and pit
epithelia (e-PHA), the ‘non-bisected’ subset being mostly in the
neck cells and chief cells of the glands (PSA and LCA) and the
tetra-antennary forms being mostly in the neck cells (l-PHA).
Terminal α-L-fucosyl residues (detected by UEA-I and LTA)
were found in the gland and neck cells, but not on the surface or
pit epithelia, except where they were co-expressed with terminal
2-deoxy,2-acetamido-α-D-galactose (N -acetylgalactosamine),
as detected by DBA, when the surface and pit epithelia also
showed expression. Terminal N -acetylneuraminic acid expres-
sion, whether in the α2,6 or α2,3 linkage, was mostly restricted
to neck cells with some scattered positive cells in other areas
(SNA and MAA).

A complex pattern of glycans with β-galactosyl termini was
shown by the staining with PNA, ECA, CTA, STA, LEA and
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Table 5. Changes in the level of lectin staining of gastric mucosa
after β-elimination

Lectin Surface epithelial cells Pit cells Gland cells

UEA-I − = ↓
LTA ↑ − ↓↓
SNA − − =
MAA ↑ = =
LFA − − =
PNA = = =
ECA = = ↓
HPA = = =
WFA = ↓ ↓
VVA = = ↓
SBA ↓↓ ↑ =
PTA ↓ ↓ ↓
MPA = = =
BPA ↓ ↓ ↓
DBA ↓ ↓ =
DSA = = =
BSA-IB4 = = ↓
BSA-II − − =

‘↑’ refers to an increase and ‘↓’ to a decrease of staining. ‘=’ refers to
no change and ‘−’ to no staining either before or after treatment.

DSA. Much of the variability (e.g. between ECA and CTA)
probably reflects different branching patterns in the inner se-
quences of these glycans. Terminal β-galactose is, however, a
widespread feature of glycans of all the cell types examined.
A complex pattern in the distribution of glycans terminating in
2-deoxy,2-acetamido-α-D-galactose was shown by the lectins
of group 5; the α1,3 linkage appeared to be restricted mostly to
the pits (SBA and VVA), with the α1,6 linkage being more gen-
eral (WFA). A comparison of the staining by PNA, MPA and
BPA is indicative of heterogeneity in glycans carrying terminal
sequences of Galβ1,3GalNAc-.

Alpha-galactosyl termini were found mostly in the mucous
epithelium of the surface and the pits (BSA-IB4) and termi-
nal 2-deoxy,2-acetamido-α-D-glucose (N -acetylglucosamine)
was found only in the glands (BSA-II).

In addition to the direct observations of lectin stain-
ing, pre-digestion with neuraminidase or pre-treatment using
β-elimination provided further insights. Neuraminidase hy-
drolyses terminal sialyl residues from glycans, so exposing
sub-terminal sequences for detection and analysis by lectin
binding. Therefore, if terminal sialyl residues were present,
any differences in staining pattern after digestion would pro-
vide more structural information. The increase in staining
of all cell types with DSA after neuraminidase suggests
that the glycan which binds to DSA was blocked by a sia-
lyl residue, and, perhaps, was present on similar oligosac-
charides occurring in all cell types. The surface and pit
epithelia responded in a similar manner to neuraminidase, sug-
gesting similarities in the cell types. With β-elimination, alkali-

Figure 5. Beta elimination of the O-glycosyl serine linkage. The
O-glycosyl threonine linkage degrades in a similar manner.

labile glycans, O-glycosidically linked to serine and threo-
nine via α-N -acetylgalactosamine, are cleaved; the O-glycan
is removed leaving an unsaturated bond in the amino acid
(Figure 5). By comparing the lectin staining patterns of sec-
tions of the same tissue, variously exposed or not exposed to
conditions for β-elimination, the content of O-glycans in tis-
sues and their contribution to lectin binding can be explored
[7]. In this study there was some decrease in staining after
β-elimination suggesting that there were some O-glycans
present, but that the majority of those binding to lectins were
N-glycans.

Previous studies of normal human gastric mucosa by Ito et al.
[2] found that the lectin DBA stained specific parts of the sur-
face epithelial and parietal cells and Kessimian et al. [3], look-
ing particularly at parietal cells, showed strong staining with
BSA-IB4, DBA, PNA and SBA. Malchiodi-Albedi et al. [9]
studied fundic glands using only PNA and showed staining of
parietal cells, chief cells and mucous neck cells suggesting that
this lectin could be used as a marker for the secretory canaliculi
of parietal cells. Narita and Numao [5] studied gastric surface
mucosa with five lectins, ConA, WGA, PNA, UEA-I and DBA,
all of which were positive and which agree with our results apart
from those given by UEA-I. The lack of binding of UEA-I to
the surface mucosal epithelium, in the present study, despite its
binding to some of the pit epithelium (which acts as an internal
control) and the positive staining of the surface mucosal epithe-
lium with DBA, suggests that all type II chains with fucosyl
residues attached by α1,2 linkages, in the surface mucosae of
the tissues studied here, were also substituted by α1,3-linked 2-
deoxy,2-acetamido-galactosyl residues. This does not preclude
the possibility that fucosylated type I chains might be present,
expressing the H-antigen or related antigens, as in the studies
of Madrid et al. [10], since no probe specific for H-antigens in
type I chains was applied here and UEA-I is specific for type
II chains. The lack of stain with LTA suggests that clustered
fucosyl residues are generally absent, except, possibly, in the
neck cells. In the present study, there was no association with
expression of A, B and H-antigens and no case was shown to
be a blood group secretor.

The patterns of staining with the lectins used here are con-
sistent with there being two cell lineages which originate from
stem cells located in the neck region, which migrate away from
each other towards the surface and the glands, respectively [11–
13]. Their mature glycotypes appear to be fully expressed within
a short distance (signifying only a few cells) of the neck region,
though with apparent slight differences in this distance between
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the lectin ligands. Careful study with accurately aligned tissues
is required to confirm this.

A third population of cells in the neck region has previously
been identified [2,12,13] and appears to correspond to the dis-
tinctive population of neck cells seen here. These cells have been
considered as transit cells lying between the gastric stem cells
and the chief cells that contain pepsinogen [11,12], but they have
also been shown to express trefoil peptides [14,15] and it has,
therefore, been suggested that they are a separate, mature, cell
lineage with a specific function in mucosal protection and repair
[12]. If this is so, the mucous neck cells of the stomach would be
predicted to have a glycotype similar to the cells of Brunner’s
glands of the duodenum. There is a morphological similarity
between these cells [11], but the secretions are different; Brun-
ner’s glands produce a clear alkaline mucus (pH 8.2–9.3) with a
high content of bicarbonate and neck cells produce a less alka-
line mucus [12]. Hughes et al. [13] showed that both cell types
stain strongly and preferentially with a monoclonal antibody to
antigen D10. Both cell types also produce trefoil peptides [15].
The pattern of lectin histochemical staining of Brunner’s glands
was very similar to that of the ulcer-associated cell lineage [16]
and both were similar, including subcellular distribution, to that
found in the neck cells in this study, with a few variations. These
variations were, first: stronger staining of neck cells than the
cells of Brunner’s glands with GNA, second: e-PHA and LEA
stained neck cells, but not Brunner’s glands, and third: there was
staining by the lectins CTA, VVA and BSA-IB4 of Brunner’s
glands, but not neck cells. These represent only six points of dif-
ference out of twenty-three comparisons. The difference with
e-PHA could represent a variation in the activity of 2-deoxy,2-
acetamido-glucosyl transferase III, which determines bisection
in complex N -glycans [17]. The differences with CTA, VVA
and BSA-IB4 could arise from variation in three transferases,
or fewer if internal sequences near the non-reducing termini
are altered. The difference with GNA was purely of degree
and may well reflect a difference in the number of secretory
vesicles.

The expression of certain glycans (the so-called differen-
tiation antigens) changes as cells mature. This can lead to a
gradation of staining intensity from that found in one cell pop-
ulation towards that found in another cell population. The chief
and parietal cells of the glands are fully differentiated cells and
should have stable glycotypes, but their less mature precursors
will show a range of staining reactions. Overall, in this study, the
differences in the staining patterns between the surface and pit
epithelia were small and could be explained by minor changes in
the transferases which add 2-deoxy,2-acetamido-α-D-galactose
and the bisecting 2-deoxy,2-acetamido-α-D-glucosyl residue.
The differences between the pits and the glands, and between
each of these and the neck cells, were much more diverse and
numerous, and could not be explained by the altered activity
of a small set of glycosyltransferases. Widespread alteration
of glycans must have occurred, affecting both terminal and in-
ternal parts of their structures. The very different glycotypes

of the pit, neck and gland epithelia are, therefore, powerfully
suggestive of the existence of three cell lineages within gastric
epithelium.
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