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The diagnosis of gastric epithelial dysplasia, a precursor lesion of gastric adenocarcinoma, is hindered by
interobserver variability and by its resemblance to regenerative changes. Loss of cell polarity, a histological
feature of gastric epithelial dysplasia, may be difficult to ascertain, especially in the setting of inflammation or
injury. A biomarker of cell polarity could be useful in diagnosis of dysplasia, but has not been reported. The
Lethal giant larvae (lgl) gene controls apical–basal polarity of epithelial cells in Drosophila, and has properties
of a tumor-suppressor gene. Two homologs, lgl1 and lgl2, are present in mammals and lgl2 mRNA is highly
expressed in the stomach. The goal of our study was to test the hypothesis that Lgl2 protein expression and/or
localization are disrupted in gastric epithelial dysplasia and adenocarcinoma. Routinely processed pathology
specimens including 94 benign mucosae of digestive organs, in addition to 36 reactive gastropathy, 57 gastric
epithelial dysplasia, and 77 gastric adenocarcinomas, were immunostained for Lgl2 protein. All normal,
reactive, and chronically inflamed gastric epithelia showed basolateral Lgl2 staining. Normal esophageal,
duodenal, colonic, biliary, and pancreatic duct mucosae, as well as gastric intestinal metaplasia, did not
express Lgl2. All but one case each of gastric epithelial dysplasia and adenocarcinoma showed either complete
loss of anti-Lgl2 immunoreactivity or diffuse, mostly weak, cytoplasmic staining. Complete loss of
immunoreactivity was significantly more often observed in diffuse-type than in intestinal-type adenocarcino-
mas (79 vs 48%, respectively). Our data suggest that Lgl2 expression is either aberrantly localized or lost in
gastric epithelial dysplasia and adenocarcinoma, whereas it is maintained in reactive gastric mucosa. We
propose that Lgl2 may be a potential marker to rule out gastric epithelial dysplasia and adenocarcinoma in
diagnostic specimens. However, the consistently negative anti-Lgl2 immunoreactivity seen in intestinal
metaplasia does not allow differentiation of dysplasia from intestinal metaplasia with reactive change.
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The histological diagnosis of gastric epithelial
dysplasia, a precursor lesion of gastric adenocarci-
noma, can be challenging. It is hampered by several
factors, including interobserver variability, and, at
the low end of the spectrum, its resemblance to
reactive changes.1 Among the histological criteria,

loss of cell polarity of the epithelium is one of the
more objective markers of dysplasia. It is usually
defined as stratification of nuclei in apical–basal
direction (low-grade dysplasia) or loss of the
perpendicular orientation of the long axes of the
nuclei in relation to the basal membrane (high-grade
dysplasia). Other, less precise, terms used to
describe disrupted cell polarity include disordered
sheets of epithelial cells and cell crowding. How-
ever, these features may be mild and difficult to
ascertain morphologically in low-grade dysplasia,
and more so in the setting of inflammation or
injury, because reparative changes can show similar
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alterations. Evidently, utilization of a biomarker to
demonstrate disrupted cell polarity would be a
helpful adjunct in the diagnosis of gastric epithelial
dysplasia.

Lethal giant larvae (lgl), first discovered in
Drosophila, is a gene involved in the maintenance
of epithelial cell polarity and asymmetric cell
division.2 lgl encodes a protein that associates with
the submembranous actin cytoskeleton of the baso-
lateral cell domain.3–5 Due to the unique ability of its
homozygous mutation in Drosophila to simulta-
neously disrupt cell polarity and induce formation
of malignant tumors, lgl was defined as a tumor-
suppressor gene.2,5,6 Two homologs, lgl1 (also
known as hugl-1) and lgl2, are present in humans,
but little is known about the function of lgl in
human malignancies. Because it has been demon-
strated that lgl2 mRNA is highly expressed in
mammalian stomach,7 we sought to evaluate
whether Lgl2 protein expression or localization is
disrupted in gastric dysplasia and carcinoma.
Accordingly, we studied the pattern of Lgl2 im-
munostaining in normal epithelia of human diges-
tive organs in reactive gastropathy, gastric epithelial
dysplasia, and gastric adenocarcinoma. Our results
show that Lgl2 expression is either lost or exhibits
aberrant localization in almost all cases of gastric
epithelial dysplasia and adenocarcinomas.

Materials and methods

Case Selection

Paraffin blocks with normal, reactive, and neoplas-
tic mucosa of digestive organs in resection, endo-
scopic mucosal resection, or biopsy specimens were
obtained from the surgical pathology files of UMass
Memorial Medical Center (Worcester, MA, USA) and
Massachusetts General Hospital (Boston, MA, USA).
They included 94 specimens of normal mucosa
(esophagus: 8; stomach: 41 (antrum: 14; corpus/
fundus: 14; and cardia: 13), duodenum: 11; colon:
12; common bile duct: 15; pancreatic duct: 7);
biopsies of chemical gastropathy: 36; gastric epithe-
lial dysplasia: 21 polypoid dysplasia (ie, adenomas;
16 biopsies, 5 endoscopic mucosal resections), 36
flat dysplasia (11 endoscopic mucosal resection, 25
adjacent to intestinal-type gastric cancer in resection
specimens); 77 gastric adenocarcinomas: 44 intest-
inal type, including 5 biopsies, 24 diffuse type, and
9 other types. All specimens had been formalin
fixed, paraffin embedded, and processed routinely.
Approval for the study was obtained from the
institutional review boards.

Histological and Immunohistochemical Analysis

Reactive gastropathy was diagnosed using currently
accepted criteria.8,9 Gastric epithelial dysplasia was
classified as low grade (crowded tubular glands

lined by atypical columnar cells with overlapping,
penicillate, hyperchromatic nuclei, pseudostratifi-
cation, and inconspicuous nucleoli) or high grade
(crowded, branching, and budding glands lined by
cuboidal cells with high nuclear to cytoplasmic
ratio, round to oval vesicular nuclei with prominent
nucleoli, and distinct loss of nuclear polarity).1,10,11

Lauren’s classification was used to categorize gastric
adenocarcinomas as intestinal or diffuse type.12

Intestinal-type adenocarcinomas were subclassified
into well differentiated (well-formed glands or
papillae), moderately differentiated (irregularly
branching glands or complex and incomplete papil-
lae), and poorly differentiated (ill-formed glands or
single infiltrative cells13).

To evaluate the expression of Lgl2 protein, we
optimized the staining protocol using several differ-
ent tissues. Normal and tumor samples from liver,
kidney, colon, testis, and stomach were first used to
explore the distribution of the protein throughout
organ systems. Two different anti-Lgl2 antibodies,
mouse polyclonal and monoclonal antibody from
Novus Biologicals (Littleton, CO, USA), and a
variety of concentrations and staining conditions
were used on each of these to determine the nature
of the protein expression. As predicted from animal
model studies, intracellular basolateral distribution
of the Lgl2 protein in the stomach epithelium was
demonstrated. The selected monoclonal antibody
(see below) was titrated out to achieve the best
resolution of basolateral staining from the back-
ground. Titration was performed using normal and
hyperplastic antral mucosa with the cutoff being
where basolateral staining began to be lost. For each
case, 1–4 blocks were selected for immunostaining.
Immunostaining was performed on 5-mm sections.
Antigen retrieval was carried out with 0.01M citrate
buffer (pH 6.0) in a 770-W microwave oven for
14min. The slides were stained on the Dako
Autostainer (Dako Corporation, Carpinteria, CA,
USA) using the EnVisionþ (Dako Corporation)
staining reagents. The sections were first blocked
for endogenous nonspecific protein and peroxidase
activity with an application of Dual Endogenous
Block (Dako Corporation) for 10min, followed by a
buffer wash. They were then incubated with anti-
Lgl2 antibody at 1:750 dilution (mouse monoclonal,
clone 4G2; Novus Biologicals) for 30min, followed
by a buffer wash. After incubation with the EnVision
þ Dual Link (Dako Corporation) detection reagent (a
polymer conjugated with goat anti-mouse Ig, goat
anti-rabbit IgG, and horseradish peroxidase) for
30min, the sections were washed and treated with
a solution of diaminobenzidine and hydrogen per-
oxide for 10min. After rinsing, a toning solution
(DAB Enhancer; Dako Corporation) was used for
5min to enrich the final coloration. Counterstaining
was achieved with hematoxylin. Negative controls
were stained using the same procedure, but with
antibody diluent only in place of the primary
antibody. Patterns of Lgl2 expression were scored
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as basolateral, cytoplasmic, and negative (no im-
munoreactivity present). When more than one
pattern was observed in a specimen, major and
minor patterns of staining were recorded. The
immunoreactivity pattern was qualified as major if
it was present in 50% or more of the cells of interest;
a minor pattern of staining was defined as present in
less than 50% of the cells of interest. The intensity
of staining was semiquantitatively scored as weak,
moderate, or strong.

Statistical Analysis

Differences in the proportion of nonreactive speci-
mens between diffuse- and intestinal-type gastric
adenocarcinomas were evaluated by Fisher’s exact
test. The association between tumor grade and
staining pattern was evaluated using the Freeman–
Halton extension of the Fisher’s exact test to R�C
tables.14 Differences in overall survival were eval-
uated using Kaplan–Meier Product-Limit survival
analysis.15 Differences in overall survival between
grades and between patterns were evaluated using
the Tarone–Ware test.15

Results

Clinicopathological Features

On the basis of Lauren classification, we observed
that 44 gastric adenocarcinomas were of the intest-
inal type, 24 were of diffuse type, and 9 of various
patterns (mixed type: 5; mucinous type: 2; and with
lymphoid stroma/medullary: 2). Six adenocarcino-
mas originated in the cardia, and the remainder
were from the antral/pyloric (n¼ 51) and body/
fundic regions (n¼ 20). Of 21 gastric adenomas, 6
had areas of invasive carcinoma. The patients’
demographic features are shown in Table 1.

Patterns of Lgl2 Expression in Normal Gastrointestinal
and Pancreatobiliary Duct Mucosa

All specimens of normal gastric epithelia, including
14 antrum, 14 corpus, and 13 cardia, showed
basolateral anti-Lgl2 immunoreactivity. The expres-

sion was strong in cells at the luminal surface and
the upper part of the gastric pits, and it was
moderate/weak toward the base of the pits and in
the glands (Figure 1a and b). Notably, the apical cell
surface and the cytoplasm did not stain. Epithelium
of the antral/cardiac and oxyntic glands showed a
similar pattern of expression, although often weaker
and more difficult to evaluate due to gland coiling
(Figure 1c and d). In contrast, 8 normal esophageal,
11 duodenal, 12 colonic, 15 common bile duct, and
7 pancreatic duct mucosa showed no immunoreac-
tivity for Lgl2 (Figure 1c and d). Lamina propria,
submucosa, and muscularis propria were uniformly
negative. Overall, these findings demonstrate that
Lgl2 immunoreactivity selectively marks gastric
epithelium in the digestive tract.

Patterns of Lgl2 Expression in Reactive Gastropathy,
Chronic Gastritis, and Intestinal Metaplasia

All of the 36 cases of reactive gastropathy
showed a basolateral pattern of staining for Lgl2
with absence of staining at the apical cell surface
and in the cytoplasm, similar to normal mucosa
(Figure 1e and f).

Areas of chronic inactive gastritis were present in
all 77 cases of gastric adenocarcinomas and invari-
ably showed a basolateral pattern of Lgl2 immunor-
eactivity. These results suggest that a normal pattern
of Lgl2 staining is preserved in reactive gastropathy
and in chronic inactive gastritis.

Areas of intestinal metaplasia were present in 51
gastric adenocarcinomas. Similar to the epithelium
of the small and large bowel, they did not show Lgl2
expression.

Patterns of Lgl2 Expression in Low-Grade Gastric
Dysplasia

Lgl2 immunoreactivity was significantly decreased
or lost in all but one case of gastric adenoma. Of the
21 cases of gastric adenomas (19 intestinal type and
2 foveolar/gastric type), 20 (95%) showed absence
of staining as the only or major pattern (Figure 2a
and b; Table 2). Both foveolar/gastric-type adenomas
stained negatively for Lgl2. In one case (n¼ 1; 5%),
the immunostaining was basolateral.

Lgl2 staining was either lost or exhibited aberrant
localization in all cases of flat low-grade gastric
epithelial dysplasia. Twelve cases, including 2
examples of foveolar/gastric-type dysplasia and 10
foci adjacent to intestinal-type gastric adenocarci-
noma, were available for analysis. Lgl2 staining was
negative in 8 (67%) specimens, including both cases
of foveolar/gastric-type dysplasia. Weak cytoplasmic
staining was the only or major pattern in four (33%)
cases (Table 2).

Table 1 Demographic characteristics of the patients

Diagnosis Mean age
(range)

M/F

Normal stomach (n¼ 41) 49.9 (17–87) 1/1.1
Normal duodenum and esophagus (n¼19) 50.9 (35–83) 1/1.6
Normal colon (n¼12) 67.3 (30–81) 1/4
Reactive gastropathy (n¼ 36) 55.6 (20–89) 1/3
Gastric adenoma (n¼ 21) 81.5 (70–95) 1.1/1
Adenocarcinoma of intestinal type (n¼ 44) 70.1 (44–88) 2.4/1
Adenocarcinoma of diffuse type (n¼24) 61.4 (34–82) 1/1.4
Adenocarcinoma, other (n¼9) 72.9 (59–89) 1.7/1
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Patterns of Lgl2 Expression in High-Grade Gastric
Dysplasia

All specimens with high-grade dysplasia showed
loss or aberrant localization of Lgl2 immunoreactiv-
ity. Of 23 cases available for analysis, 17 foci were
adjacent to gastric adenocarcinoma and 3 were part
of adenoma. Twenty had an adenomatous pheno-
type and three a foveolar/gastric phenotype.
Absence of anti-Lgl2 staining was the only or major
pattern in 16 (69%) cases, including 1 case of
foveolar/gastric-type dysplasia (Figure 2c and d;
Table 2). Cytoplasmic staining of variable (weak to
strong) intensity was present as the only or major
pattern in seven (31%) specimens, including two
cases of foveolar/gastric type (Table 2).

Patterns of Lgl2 Expression in Gastric
Adenocarcinoma

Anti-Lgl2 immunoreactivity was lost or was present
in an aberrant location in the majority of 44 gastric
adenocarcinomas of intestinal type. In this group,
negative staining was observed in 30 (69%) cases as
the only or major pattern (Figure 2e and f; Table 2).
Cytoplasmic staining of variable (weak to strong)
intensity was the only or major pattern in 13 (29%)
cases. Basolateral anti-Lgl2 staining in combination
with minor cytoplasmic pattern was seen in one
(2%) well-differentiated gastric adenocarcinoma
(Table 2). Of four other well-differentiated gastric
adenocarcinomas, three were negative and one had
cytoplasmic staining. The staining pattern of the
invasive front of carcinomas did not differ signifi-
cantly from the more superficial part of the tumors.

Lgl2 was not expressed or showed abnormal
localization in all 24 gastric adenocarcinomas of
diffuse type. Negative anti-Lgl2 immunoreactivity
was the only or major pattern in 23 (96%) cases
(Figure 2g and h; Table 2). Weak diffuse staining was
a major pattern in one (4%) case.

Absence of anti-Lgl2 staining was the only or
major pattern in six cases (67%) of gastric adeno-
carcinomas of other morphological types. Weak
diffuse staining was the only or major pattern in
three (33%) other cases (Table 2).

Statistical Analysis

The proportion of specimens that are nonreactive for
Lgl2 in the diffuse-type gastric adenocarcinoma
group was significantly higher than in the intest-
inal-type adenocarcinoma group (79 and 48%,
respectively; P¼ 0.0194; Table 2). No significant
association was found between the grade or stage of

intestinal-type adenocarcinoma and anti-Lgl2 stain-
ing pattern. Follow-up data were available for 26
patients with intestinal-type adenocarcinoma. There
were no significant differences in survival function
found between staining patterns in patients with
intestinal-type gastric adenocarcinoma (P¼ 0.693).
Follow-up data were available for 20 patients with
diffuse-type gastric adenocarcinoma, and 18 of them
had negative staining. Therefore, analysis of survi-
val function was not performed.

Discussion

The stable cytoarchitecture of normal differentiated
epithelia depends on the preserved apical–basal
polarity of constituent cells. Alteration or loss of cell
polarity is a structural change that commonly occurs
during malignant transformation. Recent character-
ization of the molecular basis of cell polarity allows
its function in neoplasia to be deciphered. It has
now been demonstrated that interdependent activity
of three protein complexes determines apical and
basolateral membrane domains in epithelial cells.
The most apical is the Crumbs–Stardust–Patj com-
plex.16 Another complex, including atypical protein
kinase C (aPKC), Par3, and Par6, localizes to tight
junctions and overlaps with the apical Crumbs-
containing region.16 Lgl, Scribble (Scrib), and Disc
large (Dlg) are part of the basolateral domain and act
in the same genetic pathway.5 Lgl is a downstream
target of aPKC that, once phosphorylated, dissoci-
ates from the actin cytoskeleton and thereby is
excluded from the apical domain.17,18 Mutual in-
hibition of aPKC and Lgl has been shown to
maintain complementary apical and basal cortical
domains.19,20 Mutations of lgl, scrib, or dlg in
Drosophila lead not only to loss of polarized cell
phenotype, but also to hyperproliferation, tumor
formation, invasiveness, broad dispersal of tumor
cells reminiscent of metastasis and tumor trans-
plantability, all characteristics of a malignant neo-
plasm.2,6 That loss of cell polarity is a significant
factor in malignant progression was also shown in a
genetic screen performed in Drosophila to find
mutations sufficient to transform noninvasive tu-
mors into invasive ones. Expression of activated
RasV12 in clones of cells of the eye disk produced
noninvasive tumors. However, coupled inactivation
of any of a number of cell polarity genes led to
invasion and secondary tumor formation.21,22

In mice, targeted disruption of the lgl1 gene
resulted in abnormal cell polarity in embryonic
brain neuroepithelium associated with increased
proliferation, lack of differentiation, and formation
of rosette-like structures reminiscent of human

Figure 1 (a–d) Anti-Lgl2 monoclonal antibody reacts with gastric epithelium in basolateral fashion. (a) Antral mucosa, (b) foveolar
epithelium, (c) antral glands, and (d) oxyntic glands. No reactivity is seen in the duodenum (e) or the colon (f). Basolateral pattern of
staining is preserved in reactive gastropathy (g and h).
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Figure 2 Loss of anti-Lgl2 immunoreactivity in gastric dysplasia and adenocarcinoma. (a and b) Low-grade dysplasia; (c and d) high-
grade dysplasia; (e and f) gastric adenocarcinoma of intestinal type (tumor, left side of the panels; center, intestinal metaplasia; foveolar
hyperplasia, right side of the panels; insets show intestinal metaplasia and foveolar epithelium at higher magnification); (g and h) gastric
adenocarcinoma of diffuse type.
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primitive neuroectodermal tumor, suggesting that
the cell polarity function of lgl is evolutionarily
conserved.7 Furthermore, human lgl1 transgene was
used to reverse malignant mutant lgl phenotype in
Drosophila, indicating that human lgl1 has the
properties of a tumor-suppressor gene.23 Indirectly
supporting this view, lgl1 mRNA was reduced or
absent in 62% of 60 human solid tumors composed
of breast, lung, prostate, and ovarian carcinomas and
melanomas;23 in 60% of 10 colonic adenomas; and
in 75% of 94 colorectal carcinomas.24 No data on the
function of lgl2 in human malignancies have been
reported so far.

In this study, we showed that the cell polarity
protein Lgl2 was expressed in normal gastric
epithelium but was absent in small and large
intestine, biliary and pancreatic ducts, and esopha-
gus. Lgl2 expression was limited to the basolateral
cell domain, consistent with localization of Lgl in
epithelial cells of model organisms.19,25 The inten-
sity of staining progressively increased from the
base of the gastric pits, where less-differentiated
cells are located, to the mucosal surface, suggesting
that Lgl2 expression is a feature of more differen-
tiated cells.

To evaluate whether Lgl2 expression can be used
to distinguish gastric epithelial dysplasia or adeno-
carcinoma from regenerative/reactive change, we
first examined a series of cases with reactive
gastropathy and areas of chronic gastritis in speci-
mens harboring gastric epithelial dysplasia or
adenocarcinoma. All gastropathy specimens and
all areas of chronic gastritis showed basolateral
staining similar to normal epithelium. In contrast,
the overwhelming majority of gastric dysplasia and
adenocarcinoma showed abnormalities of Lgl2 im-
munoreactivity ranging from diffuse cytoplasmic
misplacement to complete loss of staining. More
than one immunostaining pattern could be present
in a neoplasm, suggesting inter- and intratumoral
variability of Lgl2 expression. One explanation for
different staining patterns could be the variable
degrees of neoplastic differentiation. Indeed, nega-
tive staining was observed significantly more often
in diffuse gastric adenocarcinomas than in the

intestinal-type adenocarcinomas. However, there
was no correlation between the grade of intestinal-
type adenocarcinoma and staining pattern.

Our study attests to early abnormality of Lgl2
expression in gastric neoplastic progression and
supports the notion that lgl2 might function as a
human tumor-suppressor gene. The molecular basis
of abnormal Lgl2 expression and localization in
gastric adenocarcinoma is not known. Activation of
the intestinal differentiation program is a plausible
explanation for the absence of Lgl2 immunostaining
in intestinal-type gastric epithelial dysplasia and
adenocarcinoma (a pattern similar to small and large
bowel as well as intestinal metaplasia). However,
intestinal differentiation cannot explain the loss or
aberrant localization in foveolar (gastric)-type dys-
plasia and in diffuse-type adenocarcinoma, neither
of which is known to have close association with
intestinal differentiation. Moreover, intestinal dif-
ferentiation per se does not lead to cytoplasmic
localization of anti-Lgl2 immunoreactivity, a fre-
quent finding in intestinal-type dysplasia and
adenocarcinoma. It is likely that dysregulation of
signaling pathways controlling Lgl2 expression and/
or inactivating mutations of the lgl2 gene is involved
in these cases.

Constitutive activation of the Wnt signaling path-
way has been implicated in gastric carcinogen-
esis.26–28 It might be significant that ectopic
activation of Wnt signaling interferes with membra-
nous localization of Lgl, with concomitant loss of its
activity.25 This effect is mediated by Disheveled, an
essential intracellular mediator of Wnt signaling,
which associates with Lgl and is required for its
stability and proper localization.25

In summary, the localization of Lgl2 to the
basolateral cell domain in normal gastric epithelium
is consistent with its proposed function in control of
cell polarity. We have shown that the loss of
expression of Lgl2 or its aberrant localization is
closely associated with gastric epithelial dysplasia
and gastric adenocarcinoma. One caveat on using
this potential biomarker is the consistently negative
anti-Lgl2 immunoreactivity observed in intestinal
metaplasia. Consequently, absence of Lgl2 staining

Table 2 Lgl2 staining patterns in chemical gastropathy, gastric dysplasia, and gastric adenocarcinoma

Patterns of Lgl2 staining Gastropathy
(n¼ 36)

Gastric dysplasia Gastric adenocarcinoma

Major Minor Low grade High grade
(n¼23)

Intestinal
(n¼ 44)

Diffuse
(n¼ 24)

Other
(n¼ 9)

Adenoma
(n¼ 21)

Flat
(n¼ 12)

Basolateral NA 36 (100%) 1 (5%) 0 0 0 0 0
Basolateral Negative 0 0 0 0 1 (2%) 0 0
Negative NA 0 16 (76%) 8 (67%) 13 (56%) 21 (48%) 19 (79%) 4 (45%)
Negative Cytoplasmic 0 4 (19%) 0 3 (13%) 9 (21%) 4 (17%) 2 (22%)
Cytoplasmic NA 0 0 1 (8%) 2 (9%) 8 (18%) 0 2 (22%)
Cytoplasmic Negative 0 0 3 (25%) 5 (22%) 5 (11%) 1 (4%) 1 (11%)
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cannot distinguish dysplasia from intestinal meta-
plasia with reactive change. We conclude that Lgl2
could be a useful marker diagnostically to rule out
gastric epithelial dysplasia or adenocarcinoma.
Additional studies are warranted to advance our
understanding of the function of Lgl2 in pathogen-
esis of gastric epithelial dysplasia and gastric
adenocarcinoma.
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