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Introduction. Multiple system atrophy (MSA) is a rare and severe adult-onset, sporadic, and progressive neurodegenerative
disorder. Here, we describe an autopsy case of MSA in a long-term professional painter. Although typical glial cytoplasmic inclusion
(GCI) was not observed in a routine histological examination, strong a-synuclein immunostaining in the nucleus confirmed the
diagnosis of MSA. Case Presentation. A 48-year-old Japanese man with a long occupational history of professional painter was
sent to the emergency room, where he died of multiple organ failure. The patient had suffered tremors and inarticulateness at age
28, developed diabetes at 42 and was diagnosed with spinocerebellar degeneration at 46. A histopathological examination showed
severe neuronal loss, gliosis, and tissue rarefaction in the paleostriatum, striate body of the substantia nigra, the pons, and the
olivary nucleus of the upper medulla oblongata, intermediolateral of the spinal gray matter (sacral region). a-synuclein-positive
GCI in oligodendroglia was occurred in the cerebral cortex, the midbrain, the medulla oblongata, and the spinal cord. These
findings confirmed the presence of multiple-system atrophy (OPCA+SDS). Conclusion. Although the pathogenesis of MSA is still
unclear, prolonged, and extensive exposure to organic solvents, together with a hyperglycemic morbidity attributed to diabetes,

may have contributed to the onset and clinical course of the present case.

1. Introduction

Multiple system atrophy (MSA) is a rare and severe spo-
radic progressive neurodegenerative disorder of adult onset
(average age at onset: 55—65 years), more frequent in men
(1.3:1), and includes striatonigral degeneration (SND), Shy-
Drager syndrome (SDS), and sporadic olivopontocerebellar
atrophy (OPCA). The term MSA, comprising SND, SDS,
and OPCA as one entity, was first introduced by Graham
and Oppenheimer in 1969 [1]. MSA is now subclassified
into two categories: associated, in varying proportions, with
parkinsonism that is poorly responsive to levodopa therapy
(MSA-P) and cerebellar dysfunction (MSA-C).

Glial cytoplasmic inclusion (GCI), designated as the
histopathological hallmark of MSA in 1989 [2, 3], is an
aggregated form of undigested a-synuclein characteristically
observed in motor systems, the supraspinal autonomic
sections, the putamen, the pallidum, and the lateral part of

caudate nucleus, marking MSA as one in the category of a-
synucleinopathy.

Here, we describe autopsy findings of MSA in a long-
term professional painter. Although typical GCI was not
observed in a routine histological examination, strong a-
synuclein immunostaining in the nucleus confirmed the
diagnosis of MSA.

2. Case Presentation

A 48-year-old Japanese man, a professional painter, was
admitted to the emergency room. His past history revealed
that at age 28, he consulted a general practitioner with the
chief complain of tremors and inarticulateness, and followup
showed intoxication from organic solvents. At age 42, he
was diagnosed with diabetes and received regular outpatient
treatment. Mitochondria-related neuropathy was ruled out
through careful family history taking and a series of tests.
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FIGURE 1: (A—C) Macroscopic findings. Severe atrophy of the paleostriatum together with dilatation of the lateral ventricle is evident in the
coronal sections, while the thickness of the cerebral cortex is relatively intact (A). The brainstem, the gray matter of the cerebellar hemisphere

(B), and the spinal cord (C) also show marked atrophy.

By then he had started to use a wheelchair because of gait
disorders, and complained of amnesia. At 46, the patient
was diagnosed with spinocerebellar degeneration through
extensive neurological tests. The symptoms gradually pro-
gressed to repeated episodes of aspiration pneumonia. The
patient was found unconscious with cardiopulmonary arrest
attributed to aspiration at supper, and despite attempts at
resuscitation, he died of multiple organ failure. The autopsy
was done 12 hours thereafter.

Postmortem examination revealed the body of a cor-
pulent man, 167 cm tall, weighing 67.8kg (BMI 24.8).
Traumatic scars were noted in the left temporoparietal
area, the precordium, and the right forearm. Marked disuse
atrophy was observed in the extremities, especially in the
legs. Observed also, besides severe lung congestion (left:
390¢g and right: 520g), were significant amounts of food
debris and expectoration in the trachea and bronchi, with
rubefaction and hemorrhagic change in the mucous mem-
brane, and reflux esophagitis with numerous erosions in the
mucous membrane of the stomach. The clinical diagnosis
of repeated aspiration pneumonia was thus confirmed, and
the direct cause of death was evidently due to suffocation by
misswallowing. Furthermore, fatty liver (1815 g), pancreatic
swelling (105 g), a moderate degree of aortic atherosclerosis,
and marked accumulation of visceral fat reflected the long-
standing history of type 2 diabetes mellitus. A neurogenic

bladder with an expanded and trabeculated wall was also
noted.

2.1. General Neuropathological Findings. Gross examination
of the brain (1300 g) revealed a highly atrophic brainstem,
cerebellum, and spinal cord (Figures 1(B) and 1(C)), while
the thickness of the cerebral cortex was almost intact
(Figure 1(A)). Severe atrophy of the paleostriatum together
with dilatation of the lateral ventricle was observed in coronal
sections (Figure 1(A)). Additionally, the cerebellar hemi-
sphere demonstrated fading in the gray matter (Figure 1(B)).
On the other hand, no depigmentation of the substantia
nigra or of the locus coeruleus was observed in sections of
the brainstem (Figures 1(B) and 1(C)).

A histopathological examination showed severe neuronal
loss, gliosis, and tissue rarefaction in various areas, predomi-
nantly in the paleostriatum, the striate body of the substantia
nigra, the pons, and the olivary nucleus of the upper medulla
oblongata, intermediolateral of the spinal gray matter (sacral
region) (Figure 2), all of which suggested multiple system
atrophy (OPCA+SDS).

The expression and localization of a-synuclein in the
cerebral cortex, the midbrain, the medulla oblongata, and the
spinal cord was determined by immunohistochemical anal-
ysis of the relevant formalin-fixed and paraffin-embedded
specimens. Sections (4-ym thick) were deparaffinized in
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FiGure 2: (A-H) Histological and immunohistochemical findings. Interfascicular oligodendroglia with halos in the cytoplasm and astrocytes
are observed along with nerve fibers (A, HE staining). a-synuclein staining reveals numerous a-synuclein-positive glial cytoplasmic
inclusions (GCI) in the oligodendroglia in the cerebral cortex (B). In the midbrain, the oligodendroglia and astrocytes show severe cytogenic
edema (C, HE staining). a-synuclein-positive GCI in the oligodendroglia is also seen in the midbrain (D). The medulla oblongata shows
extensive neuronal loss with scant oligodendroglial cells (E, HE staining), where a-synuclein is positive in the cytoplasma (F). Neuronal loss
and gliosis are observed in the spinal cord (G, HE staining). Some a-synuclein-positive GCI in the oligodendroglia and astrocytes (arrows)
are seen in the spinal cord (H).



xylene for 20 min (solvent refreshed at 10 min and 5 min),
immersed in absolute ethanol for 10 min (solvent refreshed
at 5min), rehydrated in 90, 70% ethanol (5 min each), and
finally placed in distilled water for 15 min (solvent refreshed
every 5min). The samples were then inactivated in 1 mM
EDTA (pH 8.0) plus distilled water in a microwave oven
for 15 min (high temperature for 5 min and low for 10 min)
and cooled to approximately 35°C for 1 h. After liquid block
treatment, the samples were immersed in phosphate buffered
saline (PBS) for 15min (solvent refreshed every 5min).
To observe the localization of a-synuclein, epitope specific
rabbit anti-a-synuclein (spring bioscience, CA) was used
as the primary antibody. After adding blocking buffer in a
moisture chamber and incubating at room temperature for
1 h, the samples were washed 3 times for 5 min each in PBS,
incubated again for 1h with the secondary antibody (SC-
2004, santa cruz biotechnology, inc., CA), diluted at 1:200
with PBS, and then immersed in PBS for 15 min (solvent
refreshed every 5min). The samples were then incubated
with 3,3"-diaminobenzidine, tetrahydrochloride (DAB) for
15min, washed in PBS, counterstained with hematoxylin,
and observed and photographed under a microscope. The
anti-a-synuclein antibody immunostained the glial and
neuronal inclusions extensively, especially the cytoplasmic
and nuclear inclusions in the oligodendroglia. a-synuclein-
positive GCI in the oligodendroglia was occurred in the
cerebral cortex, the midbrain, the medulla oblongata, and
the spinal cord (Figures 2(B), 2(D), 2(F), and 2(H)). While
gliosis and tissue rarefaction were observed in the midbrain,
those in the locus coeruleus were relatively mild in the
sections of the midbrain of the cerebellum level (data not
shown).

3. Discussion

Patients with atypical parkinsonism are significantly more
exposed to environmental toxins than are controls, and
demonstrate a higher risk of disease onset associated with
occupational exposure to organic solvents, plastic monomers
and additives, pesticides, and metals [4]. Moreover, symp-
toms and neurological diseases are observed at a higher
frequency in first relatives of MSA patients than in controls
(23% in MSA cases versus. 10% in controls) [4]. Epidemio-
logical studies in the French West Indies in 1999, on the other
hand, implied an association between atypical parkinsonism
and high consumption of tropical plants [5]. The European
Study on Atypical parkinsonism in 2001 shows a significantly
high risk of MSA in subjects with occupational exposure
to various toxins, but a significantly lower risk among
smokers, a factor often associated with a decreased risk of
Parkinson’s disease [6]. A more recent case-control study in
the Aquitaine, France in 2004, shows a history of farming
as significantly more frequent in MSA patients than in
controls; it did not, however, reveal an association between
occupational exposure to pesticides and MSA [7]. To date,
on the other hand, no familial MSA case with a definite
genetic background has been reported, nor has the genetic
predisposition to MSA been established. Therefore, although
exposure to environmental toxic substances may increase the
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risk of MSA, its pathogenesis is still unclear, and is simply
defined as one of a-synucleinopathy characterized by the
presence of GCI.

In the present case, the apparent risk factors for neu-
rological manifestations were heavy exposure to organic
solvents. Interestingly, an in vitro experiment has revealed
that a-synuclein, originally in an unfolded form, is rapidly
folded with an enhanced propensity to fibrillate in organic
solvents [8]. Furthermore, by measuring hydrodynamic radii
and adding glucose to solvents causes thorough collapse of
a-synuclein [9]. The prolonged and extensive exposure to
organic solvents together with the hyperglycemic condition
attributed to diabetes may have contributed to the onset and
clinical course of the present case.

4. Conclusion

Because most MSA cases lack a clear history of exposure to
organic solvents with concurrent diabetes, some unknown
genetic factors could define susceptibility to the disease.
Accumulation of data from particular cases like the present
one would be conducive to revealing clues in future studies.
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Abstract

cells release chemoattractants for macrophages.

parabasal layers were almost negative.

Introduction: Verruciform xanthoma is a rare, benign lesion characterized by hyperkeratosis and aggregates of
foam cell macrophages. Here, we describe a case of verruciform xanthoma on the scrotum, in which the
immunohistochemical localization of monocyte chemoattractant protein-1, a chemokine of the C-C or beta family
that has been shown to induce the recruitment of monocytes for injured tissue, was analyzed to determine which

Case presentation: A 75-year-old Japanese man with a well-defined nodule on the left scrotum was admitted to
the hospital. An excision biopsy revealed epidermal papillary proliferation with parakeratosis, hyperkeratosis, and
infiltration of foam cell macrophages, whereby a pathological diagnosis of benign cutaneous verruciform xanthoma
was made. Immunohistochemically, monocyte chemoattractant protein-1 was observed predominantly on
cytokeratin AE1/AE3-positive differentiating keratinocytes in the prickle cell layer. However, while infiltrating
macrophages were densely stained for monocyte chemoattractant protein-1, keratinocytes in the basal and

Conclusions: We demonstrated that keratinocyte-derived monocyte chemoattractant protein-1 plays an important
role in the establishment of particular histological features of verruciform xanthoma. However, in the present case,
unlike in previous reports, monocyte chemoattractant protein-1 immunostaining in keratinocytes in the basal and
parabasal layers was not prominent. We speculate that in the active phase of verruciform xanthoma, when
continuous stimuli that release monocyte chemoattractant protein-1 from keratinocytes to the surrounding stromal
area are present, the apparent immunostaining of monocyte chemoattractant protein-1 can be underestimated
because of the void created by accelerated keratinocyte release from the cytoplasmic fraction.

Introduction

Verruciform xanthoma (VX) is an uncommon, benign
lesion first reported in the oral cavity in 1971 [1]. A sur-
vey of 282 cases of VX involving different mucocuta-
neous sites has established the lesion as a distinct
clinicopathologic entity [2]. It occurs mainly in oral mu-
cosa and occasionally at extra-oral sites, including those
on the penis [3], the scrotum [4], and the vulva [5]. Clin-
ically, the lesion is painless, asymptomatic, slow growing
(up to 2cm in size), and slightly elevated with a

* Correspondence: kitazawa@m.ehime-u.acjp
'Division of Molecular Pathology, Ehime University Graduate School of
Medicine, Shitsukawa, Toon City, Ehime 791-0295, Japan
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( BioMVed Central

yellowish, reddish, or grayish rough and granular surface
[6], mimicking conventional papilloma, verrucous car-
cinoma and squamous cell carcinoma [7]. Histologically,
VX is characterized by papillomatosis, parakeratosis, and
accumulation of foam cell macrophages [1,8,9].

This study describes a case of VX on the scrotum and
analyzes the immunohistochemical localization of the
major macrophage chemotactic factor, monocyte chemo-
attractant protein-1 (MCP-1), to elucidate the particular
tumor-macrophage interaction in VX.

Case presentation
A 75-year-old Japanese man was admitted to our hos-
pital with a gradually growing cutaneous polypoid mass

© 2012 Ito et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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that had appeared on the skin of the left scrotum ap-
proximately one year before. The tumor measured
13mm in diameter with relatively well-defined whitish-
yellow outlines (Figure 1a). Histological examination of
an excisional biopsy revealed epidermal papillary prolif-
eration with parakeratosis, hyperkeratosis, and neutro-
phil infiltration (Figures 1b and 2a). Although mitotic
figures were noted in the basal layer (Figure 2a, arrows),
cellular atypia was not prominent. Besides abundant
plasma cells in the upper dermis, numerous foamy
macrophages infiltrated the dermal papillae, forming a
characteristic clear zone beneath the basement membrane
(Figure 2a, asterisks). Histopathologically, the tumor was
diagnosed as a benign cutaneous verruciform xanthoma
with negative lateral and deep surgical margins.

To determine which cells release chemoattractants for
macrophages, formalin-fixed and paraffin-embedded sec-
tions were stained for cytokeratin (AE1/AE3, M3515;
Dako, Carpinteria, CA, USA; 1:200), CD68 (MO0876;
Dako; 1:100) and MCP-1 (DA103; BD Biosciences, San
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Figure 1 (a) Pedunculated, rubbery soft, red nodule (13mm in
diameter) with a mulberry-like surface on the scrotum. (b) The
lesion consists of pseudocarcinomatous acanthotic epidermis and
stroma with dilated vessels under low magnification (hematoxylin
and eosin stain). High magnification of the boxed area in Figure 2(a).
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Diego, CA, USA; 1:40, 1:200, 1:800). After microwave
heat-induced epitope retrieval, endogenous peroxidase ac-
tivity was blocked with hydrogen peroxide (H,O,) in
methanol. Indirect immunohistochemistry with the use of
horseradish peroxidase conjugated anti-mouse rabbit anti-
body revealed that cytokeratin AE1/AE3 was strongly
positive in differentiating epidermal keratinocytes, and
weakly positive in keratinocytes in the basal and parabasal
layers (Figure 2b). However, strong CD68 staining was
observed almost exclusively in foamy cells infiltrating be-
neath the basal cells (Figure 2c). The parts densely stained
for MCP-1 were observed in the differentiating cytokera-
tin AE1/AE3-positive keratinocytes. Clusters of the infil-
trating macrophages also stained positive for MCP-1
(Figure 2d).

Discussion

Previous studies revealed a possible pathogenesis of VX
that included the local release of lipid by damaged kerati-
nocytes through inflammation [10]. Under the assumption
that MCP-1 produced by the proliferating keratinocytes,
especially by those with close contact with foamy macro-
phages, plays some roles in developing this particular
histological feature, we investigated the immunohisto-
chemical localization of MCP-1. In the present case, how-
ever, MCP-1 expression was observed in keratinocytes in
the papilloma lesion, but its localization was observed pre-
dominantly in differentiating keratinocytes in the prickle
cell layer.

MCP-1, produced by many types of cells, is a chemo-
kine of the C-C or beta family that has been shown to
induce the recruitment of monocytes for injured tissue;
its excessive production by keratinocytes has been impli-
cated in psoriasis and other inflammatory skin diseases;
transgenic mice that express murine MCP-1 in the basal
layer of epidermis do not, however, exhibit spontaneous
cutaneous inflammation or any other discernible skin
pathology, but show hypersensitivity responses to eli-
cited inflammation in the skin by the recruitment of
dendritic and Langerhans cells [11]. One of the apparent
pathophysiological roles of MCP-1 in the skin is, there-
fore, chemotaxis of immunomodulators to the skin, and
the overexpression of MCP-1 per se may be a requisite
but not sufficient condition for causing VX.

A previous immunohistochemical study on a series of
VX cases has revealed that MCP-1 localizes in the basal
layer of the epidermis [12]. To explain an aspect of such
immunohistochemical differences, we formulated two
hypotheses: firstly, scarring beneath the basal layer pre-
vented basal cells from releasing MCP-1, as reported for
keloid-derived fibroblasts [13], and secondly, accelerated
release of MCP-1 exhausted significant amounts of
MCP-1 from the cytoplasm of keratinocytes in the basal
and parabasal layers. It is well known that the epidermis
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Figure 2 Immunohistochemical evaluation of chemoattractants for macrophages. (a) Hematoxylin and eosin staining shows verruciform
xanthoma consisting of hyperkeratosis, a few mitotic figures (arrows) and infiltrating foamy cells (asterisks, x200). (b) Cytokeratin AE1/AE3
showing positive immunostaining in the epithelial cells of the verruciform xanthoma (x200). (c) CD68 showing positive cytoplasmic
immunostaining exclusively in the majority of foam cells infiltrating beneath the basal cells (x200). (d) The parts densely stained for monocyte
chemoattractant protein-1 (MCP-1) are observed in the differentiating keratinocytes over the basal and parabasal layers. Clusters of the infiltrating
macrophages are also stained positive, albeit less intensely, for MCP-1 (arrows, x200).

shows a reparative phenotype when overlying a scar or the
sclerotic dermis of lichen sclerosus [13,14]. This stromal-
keratinocyte interaction is believed to account for the
change of keratin AE1 expression from from basal kerati-
nocytes in normal skin to spinous keratinocytes in scars
and lichen sclerosus. Thus, our finding of MCP-1 expres-
sion in spinous keratinocytes, rather than the basal layer,
may be the consequence of an altered dermal/stromal
phenotype. It is likely not coincidence that both lichen
sclerosus and verruciform xanthoma also show dermal
lymphedema; the latter is thought to be the consequence
of the former [15]. Additionally, when continuous stimuli
to release MCP-1 from keratinocytes to the surrounding
stromal area is present, apparent immunostaining of
MCP-1 can be underestimated. Also, MCP-1 immunohis-
tochemically localizes in infiltrating or aggregating macro-
phages themselves [16]. Thus, macrophages recruited by
MCP-1 may sustain themselves in both paracrine and
autocrine ways.

Conclusions

Although other factors associated with MCP-1 that
characterize particular histopathological features of VX
have not yet been established, we speculate that MCP-1

expression in proliferating and differentiating keratino-
cytes may have a supplemental role in the establishment
of VX.
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Abstract

AIM: To examine how the expression of caudal type
homebox transcription factor 2 (Cdx2) is regulated in
the development of malignancy in Barrett’s esophagus.

METHODS: Cdx2, mucin (MUC) series (MUC2, MUC5-
AC and MUC6), p53 and E-cadherin expression in Bar-
rett's esophagus and adenocarcinoma specimens were
examined by immunostaining. Isolated clusters of cells
from (1) MUC2 and Cdx2-positive intestinal metaplastic
mucosa; (2) MUC5AC and MUC6-positive, and MUC2
and Cdx2-negative high-grade dysplasia (HD), or in-
tramucosal adenocarcinoma (IMC); and (3) MUC5AC,
MUC6 and Cdx2-positive poorly-differentiated invasive
adenocarcinoma (PDA) were analyzed by methylation-
specific polymerase chain reaction using sets of prim-
ers for detecting methylation status of the Cax2 gene.
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RESULTS: Most of the non-neoplastic Barrett’s esopha-
geal mucosa showing intestinal-type metaplasia with
or without low-grade dysplasia was positive for E-cad-
herin, MUC series and Cdx2, but negative for p53. A
portion of the low-grade to HD was positive for E-cad-
herin, MUC5AC, MUC6 and p53, but negative for MUC2
and Cdx2. The definite IMC area was strongly positive
for MUC5AC, MUC6 and p53, but negative for MUC2
and Cdx2. Methylation of the Cdx2 promoter was not
observed in intestinal metaplasia, while hypermeth-
ylation of part of its promoter was observed in hot
dipped and IMC. Hypermethylation of a large fraction
of the Cdx2 promoter was observed in PDA.

CONCLUSION: Cdx2 expression is restored irrespec-
tive of the methylation status of its promoter. Apparent
positive immunohistochemical results can be a molecu-
lar mark for gene silencing memory.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Barrett’s esophagus, first described in 1950 and refined
in 1957, is a condition whereby the distal esophageal
squamous epithelium is replaced by metaplastic colum-
nar epithelium'’. Three types of morphologically distinct

January 28, 2013 | Volume 19 | Issue 4 |
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metaplastic columnar epithelia are recognized in Barrett’s
esophagus: gastric-fundic, gastric-cardiac (junctional ty-
pe), and intestinal (specialized type) rnetaplasiam. Reflect-
ing a finding that patients with intestinal-type epithelium
are at increased risk of developing adenocarcinoma,
the American College of Gastroenterology has recently
proposed a restricted definition of Barrett’s esophagus:
“a change in the esophageal epithelium of any length
that can be recognized at endoscopy and is confirmed
to have intestinal metaplasia at biopsy”m. Although a
recent cohort study has demonstrated that the frequency
of cancer development in Barrett’s esophagus is not re-
lated to the presence of intestinal metaplasia, metaplastic
columnar epithelium, per se, is generally accepted as a
precancerous process predisposed to develop discrete
neoplastic lesions such as the gastric or foveolar type, the
adenomatous or intestinal type, hybrid type dysplasia, and
intramucosal [high-grade dysplasia (HD) or intramucosal
adenocarcinoma (IMC)] and invasive cancers'!. Cancers
derived from Barrett’s esophagus are histopathologically
classified into two major categories: gastric and intes-
tinal”. Since most Barrett-related IMC cases are cither
gastric or intestinal with distinct phenotypic stability
during progression, two separate (gastric and intestinal)
pathways of carcinogenesis have been proposedm. Im-
portantly, during the progression of the intestinal path-
way, a gradual decrease in transcription factor caudal type
homebox transcription factor 2 (Cdx2, a caudal-related
homeobox gene essential for skeletal and intestinal devel-
opment has been noted, suggesting its tumor suppressor
role in Barrett’s esophagusm.

We encountered a case of invasive esophageal adeno-
carcinoma developing into intestinal-type dysplasia and
IMC, and examined Cdx2 expression and its promoter
methylation status in close histopatho- logical relation to
the progression stages with the use of microdissection
and methylation-specific polymerase chain reaction (MSP).

MATERIALS AND METHODS

Patient

An 81-year-old Japanese man was admitted to our hos-
pital complaining of heartburn especially after eating
sweet fare. The patient had undergone stomach surgery
(distal partial gastrectomy) due to gastric ulcer nearly
forty years earlier. Because of gastric regurgitation, he
had undergone endoscopic examination of the upper
digestive tract, which revealed severe reflux esophagitis
with widespread Barrett’s esophagus. A biopsy was taken
from irregularly elevated lesions inside the Barrett’s
esophagus, and a histological examination confirmed
esophageal adenocarcinoma in the lesions. An esopha-
gectomy was carried out, and the right hemicolon was
rebuilt. The patient has been free of recurrence for two
years since the operation.

Immunohistochemistry
The specimens of Barrett’s esophagus were subjected to

(49

Boishidongs  WIG | www.wjgnet.com

537

immunohistochemistry using diaminobenzidine as the
chromogen. Deparaffinized sections of formalin-fixed
tissue were stained with mucin (MUC) seties (Novocastra
Laboratories Ltd., Newcastle upon Tyne, United King-
dom), p53 (Lab Vision, Kalamazoo, United States) and
E-cadherin (Dako, Denmark) antibody diluted at 1:100
after heat-induced antigen retrieval and with Cdx2 (Dako,
Denmark) antibody diluted at 1:50. Anti-rabbit immuno-
globulin G (IgG) was used as the secondary antibody for
p53 and anti-mouse IgG was used for MUC series, Cdx2
and E-cadherin.

Agarose-bead mediated template preparation
Paraffin-embedded samples were deparaffinized in xylene
and subjected to microdissection under light microscopic
observation (Leica Microsystems, LMD7000) with the
aid of both E-cadherin immunostaining and Cdx2 im-
munostaining, The microdissected samples were liquefied
in low-melting agarose (3.2%) at 1:1, and agarose beads
were made by chilling on ice. Beads were treated with
proteinase K, followed by bisulfite conversion, as previ-
ously described!”.

Polymerase chain reaction amplification and sequencing
Bead fragments were analyzed by MSP using sets of pri-
mers for accessing the methylation status of the Cdx2
gene. The promoter region of the human Cdx2 geno-
mic sequence (GenBank accession no. AL591024) was
searched for CpG islands with an online search engine
(www.ebi.ac.uk/emboss/cpgplot). One of the CpG is-
lands (AL591024 nt 28391-28683) was further analyzed
for methylation status by MSP. In the first-step polymerase
chain reaction (PCR) amplification, a 183-bp amplicon con-
taining 71-bp CpG sites, was amplified with two primers,
(forward) 5-GCCAAGGGGCCTAGGGCTGGA-3’, and
(reverse) 5-GTTCACCTCCTAATACAAGCCTTTG-3’
(Table 1), under the following conditions: 98°C 2 min, 30
cycles (98 'C 10's, 50 'C 15's, 68 C 39 s). The primers
used for second-step PCR were, (forward) 5-GGAGCT-
GCCCCGACAGGAGCG-3, and (reverse) 5-CGCGC-
CCAGCTCGGn TTTCAGCAA-3 (Table 1), under the
following conditions: 98 ‘C 2 min, 25 cycles (98 'C 10 s,
60 'C 155, 68 C 30 s). The PCR mixture contained Mi-
ghty AMP® DNA polymerase (Takara, Tokyo, Japan)
and bead fragments in a final volume of 25 pL. The
PCR products were electrophoresed in a 3% agarose gel,
stained with ethidium bromide and visualized under ul-
traviolet light.

Ethics

Written informed consent was obtained from this pa-
tient, and this study was reviewed and approved by the
local ethics committee at Ehime University.

RESULTS

Pathological findings
Grossly, a superficial spreading IMC surrounded by low-
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Figure 1 Macroscopic findings of excised esophagus. Surgical specimen
shows the presence of superficial spreading carcinoma, extending between
30 mm from the oral and 105 mm from the anal surgical margins. The super-
ficial spreading region is mostly composed of high-grade dysplasia (HD), or
intramucosal adenocarcinoma (IMC), surrounded by dysplastic change (E-sq
low-grade dysplasia). Inside this superficial spreading region, one observable
elevated nodule (arrow) is composed of solid and submucosal invasive poorly-
differentiated invasive adenocarcinoma (SM-PDA) with lymphatic invasion.
The background non-neoplastic esophageal mucosa is extensively replaced by
glandular mucosa with and without intestinal metaplasia.

grade dysplasia and intestinal-type metaplasia extended
between 30 mm from the oral and 105 mm from the
anal surgical margins (Figure 1). One elevated nodule
was noted inside this superficial spreading region (Fig-
ure 1). Microscopically, the background non-neoplastic
esophageal mucosa was replaced, very extensively, by gas-
tric foveolar type mucosa with (Figure 1) and without
intestinal metaplasia (Figure 1). The superficial spreading
IMC region was mostly composed of definite well-differ-
entiated tubular adenocarcinoma or HD, surrounded by
dysplastic change (low-grade dysplasia). The oral elevated
nodular ridge was a solid, poorly-differentiated, invasive
adenocarcinoma with lymphatic invasion, but no venous
invasion or metastasis within the esophageal mucosa was
observed. Immunohistochemically, the original esopha-
geal squamous epithelium was positive for E-cadherin,
but negative for all the MUC series (MUC2, MUC5AC
and MUCO), Cdx2 and p53. Most of the non-neoplastic
Barrett’s esophageal mucosa showing intestinal-type
metaplasia with or without low-grade dysplasia was posi-
tive for E-cadherin, MUC2, MUC5AC, MUCG6 and Cdx2,
but negative for p53. A portion of the low-grade to high-
grade dysplasia was positive for E-cadherin, MUC5AC,
MUCG6 and p53, but negative for MUC2 and Cdx2. The
definite IMC area was strongly positive for MUC5AC,
MUCG6 and p53, but negative for MUC2 and Cdx2. Fig-
ure 2 shows the transitional area between the intestinal
metaplasia with low-grade dysplasia and the definite IMC
area. A portion of the poorly-differentiated adenocarci-
noma was positive for MUC5AC, MUCG6, Cdx2 and p53,
but negative for MUC2 (Figure 3). Table 2 shows a sum-

mary of the immunohistochemical findings.

(49

Boiohidengs  WJG | www.wijgnet.com

538

Table 1 Primer sequences used in polymerase chain-based as-

says, product size and annealing temperature

Primer sequence Size Temp
(bp) (C)
First PCR  (F)5-GTTAAGGGGTTTAGGGTTGGA 183 60
Nested PCR (R)5-CAAAAACTTATATTAAAAAATAAAC
Methylated (F) 5-GGAGTTGTTTCGATAGGAGCGC 71 60
(R) 5-TTACTAAAACCGAACTAAACGCG
Unme- (F) 5-GGAGTTGTTTTGATAGGAGTGT 71 60
thylated (R) 5-TTACTAAAACCAAACTAAACACA

Temp: Temperature; PCR: Polymerase chain reaction; R: Reverse; F: Forward.

Table 2 Summary of immunohistochemical findings

G-type I-type (IM) HD or IMC PDA
MUC2 - + -
MUC5AC + - ++ +
MUC6 + = ++ +
p53 - - ++ ++
E-cadherin ++ ++ ++ +
Cdx2 - + - +

G-type: Gastric metaplasia; IM: Intestinal metaplasia; HD or IMC: High-
grade dysplasia or intramucosal adenocarcinoma; PDA: Poorly-differenti-
ated invasive adenocarcinoma; MUC: Mucin.

Microdissection and MSP of the Cdx2 promoter

MSP revealed no methylation in Cdx2-positive Barrett’s
mucosa with intestinal metaplasia (Figure 4, intestinal type).
Microdissected samples from the Cdx2-negative IMC
area showed that a fraction of the cells was hypermeth-
ylated (Figure 4, IMC). Although Cdx2 expression was
found by immunohistochemical analysis, samples from the
pootly-differentiated invasive (PDA) area showed a hyper-
methylation pattern (Figure 4, submucosal invasive PDA).

DISCUSSION

Cdx2 is an intestine-specific transcription factor expre-
ssed in cells constituting the mucosal epithelium from
the duodenum to the rectum”’. While Cdx2 is negative
for the normal foveolar mucosa of the stomach and
the squamous epithelium in the esophagus stemming
from the foregut, its heterotopic expression in Barrett’s
esophagus is observed especially in cases with intestinal-
type metaplasia[gl. Among most of the terminal differen-
tiation-specific transcription factors, Cdx2 is known to
play a tumor suppressor role in cancer progression in the
distal colon, a role, which in adults, is functionally and
geographically distinct from the homeotic role of Cdx2
during gut developmentlg]. In our present case, and in
confirming its tumor suppressor role, Cdx2 expression
diminished during the progression from intestinal-type
metaplasia to distinct IMC. Mirroring Cdx2 expression
at the protein level by immunohistochemistry, the hy-
permethylation of the Cdx2 gene promoter was revealed
(Figure 4, IMC). Since primers used for MSP are set to
amplify the Cdx2 gene promoter with hypermethylation,
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a L

Figure 2 Histological findings of transitional area between intestinal metaplasia and high-grade dysplasia or intramucosal adenocarcinoma (x 200). A:
Hematoxylin and eosin staining of transitional area. Intestinal metaplasia (IM) stretches from the upper left to the lower right corner; B: Mucin (MUC) 5AC immunos-
taining. Strong MUC5AC expression is observed in both IM and high-grade dysplasia (HD), or intramucosal adenocarcinoma (IMC) areas; C: MUC6 immunostaining.
MUCS6 expression is observed mostly in parts of the HD or IMC areas; D: Caudal type homebox transcription factor 2 (Cdx2) immunostaining. Cdx2 expression is
observed only in the nuclei of the cells in the IM area; E: E-cad immunostaining. E-cad expression is observed on the membranes of cells in both IM and HD or IMC
areas; F: p53 immunostaining. Strong p53 expression is observed in the nuclei of the cells in the HD or IMC area.

i.e., when all CpGs are methylated, a large fraction of the
cells may acquire partial or scatter-type CpG methylation
and, therefore, the Cdx2 gene promoter may have been
underestimated in our MSP. In support of our current
study, Khor e7 al” also demonstrated the gradual down-
regulation of Cdx2 expression during progression in ad-
enomatous dysplasia, at least in the intestinal pathway of
the Barrett esophageal cancers. These data suggest that
Cdx2 also plays a tumor-suppressor role in the metapla-
sia-dysplasia-carcinoma sequence in Barrett’s esophagus.
In our present case, irrespective of the hypermethylation
status of the Cux2 gene promoter, Cdx2 expression was
restored in PDA as analyzed by immunohistochemistry
(Figure 3F). To achieve final gene-silencing, chromatin
condensation followed by modifications of histone pro-
teins are essential'”, we therefore hypothesize that epi-
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genetic alterations other than demethylation may lead to
Cdx2 gene reactivation during the progression phase. In-
deed, our previous study showed that hypermethylation
of the E-cadherin gene promoter and MeCP2, a methyl-
CpG binding domain protein, synergistically silenced
gene expression in colorectal cancers'”. Therefore, it is
evident that hypermethylation of the gene promoter, per
se, is essential for establishing gene silencing, but not suf-
ficient for blocking gene expression. Since in our present
case, Cdx2 reactivation did not correlate with differenti-
ated intestinal phenotype, but was observed in invasive
or aggressive phenotypes, the tumor suppressive effect
of Cdx2 on these invasive cancer cells might be lost.
These somewhat complicated epigenetical events may
partly explain the dispersion of Cdx2 expression. There-
fore, when characterizing cancer cells by immunophe-

January 28, 2013 | Volume 19 | Issue 4 |
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Figure 3 Histological findings of diffuse poorly-differentiated invasive adenocarcinoma (x 200). A: Hematoxylin and eosin staining of poorly-differentiated inva-
sive adenocarcinoma (PDA). Cancer cells are diffusely scattered with prominent stromal reaction; B: Mucin (MUC) 5AC; C: MUCS; D: Caudal type homebox transcrip-
tion factor 2 expression is positive in the PDA area; E: E-cad expression is markedly reduced in the PDA area; F: Strong p53 expression is observed in the nuclei of

the cells in the PDA area.

Intestinal type

Figure 4 Detection of methylated cytosine by methylation-specific poly-
merase chain reaction analysis of caudal type homebox transcription factor
2 CpG-island region. Tissue samples were stained with E-cadherin and caudal
type homebox transcription factor 2 (Cdx2) to assist cell identification. Cells,
either isolated from intestinal metaplasia, intramucosal adenocarcinoma (IMC) or
submucosal invasive poorly-differentiated adenocarcinoma (SM-PDA) by laser-
assisted microdissection, were subjected to bisulfite conversion and subsequent
methylation-specific polymerase chain reaction (MSP). MSP products using
primers that specifically amplify only unmethylated DNA are indicated by vis-
ible polymerase chain reaction products in line unmethylated pattern (U), while
visible polymerase chain reaction products in line methylated pattern (M) indi-
cate those amplified by primers specific for methylated DNA. In intestinal-type
metaplasia sections, MSP shows a U pattern, while MSP shows U patterns with
partial M patterns in high-grade dysplasia or IMC sections. MSP shows a mostly
M pattern in PDA where strong Cdx2 expression is observed (Figure 3D).
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notyping, any apparent positive immunohistochemical
results should be interpreted carefully with the help of
the hypermethylation status as a molecular mark for gene

. . [10,11]
silencing memoty .
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Background

Barrett's esophagus, a pathological condition in which the esophageal squa-
mous epithelium is replaced by metaplastic columnar mucosa, is known to
predispose to the development of dysplasia and subsequent cancers.
Research frontiers

Caudal type homebox transcription factor 2 (Cdx2) has recently been shown to
play a tumor-suppressor role in the ‘metaplasia-dysplasia-carcinoma sequence’
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in Barrett's esophagus.

Innovations and breakthroughs

Recent reports have evaluated the phenotypic stability and role of Cdx2 in the
neoplastic progression of different types of dysplasias. This suggests that non-
intestinalized columnar metaplasia may be an unstable intermediate state at
risk for neoplastic progression.

Applications

When characterizing cancer cells by immunophenotyping, any apparent posi-
tive immunohistochemical results should be interpreted carefully with the help
of the hypermethylation status as a molecular mark for gene silencing memory.

Peer review

The authors examined the expression of Cdx2 and its methylation in Barrett
metaplasia and esophageal adenocarcinoma. It revealed that irrespective of
the hypermethylation status of the Cdx2 gene promoter, Cdx2 expression was
restored in poorly-differentiated invasive adenocarcinoma. The results are
interesting and when characterizing cancer cells by immunophenotyping, any
apparent positive immunohistochemical result should be interpreted carefully.
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Introduction

Molecular genetic analyses of archival formalin-fixed, paraffin-embedded (FFPE) pathological
specimens taken at biopsy or autopsy, are occasionally compromised because the DNA
molecules therein are inevitably degraded. Furthermore, since these tissue samples comprise
various cell types, the analyses based on mixtures of such heterogeneous populations often
fail to reflect the nature of the affected cells. In the present study, to elucidate the contribution
of B-catenin gene mutation to the fundic gland polyp and the heterotopic gastric mucosa in
the duodenum, we successfully introduced an agarose-bead mediated technique as an
effectual tool for retrospective morphology-oriented genetic analyses. Microdissected samples
were embedded in low-melting agarose, and directly treated with proteinase K. A fragment
of the agarose-bead was used as a template for polymerase chain reaction to analyze j-
catenin mutation. Of the six cases of heterotopic gastric mucosa in the duodenum associated
with fundic gland polyps, one showed a common 1-bp missense mutation at codon 37 shared
by both the fundic gland polyp and the heterotopic gastric mucosa. Alternatively, a 1-bp
silent mutation at codon 33 and missense mutation at codon 32 were identified only in the
heterotopic gastric mucosa. Agarose-bead mediated technique shows superior sensitivity to
the previously described techniques and is an effectual tool for retrospective morphology-
oriented genetic analyses using a large number of archival pathological samples stored for
long periods in the pathology laboratory.

Key words:

ular genetic analyses of such mixed, heterogeneous cells

With the introduction of the polymerase chain reaction
(PCR) technique, genetic alterations as minute as the point
mutation of a specific gene can be detected from routine
formalin-fixed, paraffin-embedded (FFPE) pathological
specimens. Inevitably, however, the process, starting with
tissue samples like pathological specimens taken at biopsy
or autopsy, involves various cell types including infiltrating
inflammatory and reactive stromal cells. Therefore, molec-

Correspondence to: Sohei Kitazawa, Division of Molecular Pathology,
Ehime University Graduate School of Medicine, Shitsukawa, Toon
City, Ehime 791-0295, Japan. E-mail: kitazawa@m.ehime-u.ac.jp

sometimes fail to reflect the nature of the affected popula-
tion. To overcome this drawback, the selection of target
cells by microdissection is crucial to assessing the molecu-
lar pathogenesis of disease, especially when in situ eval-
uation is difficult. To date, however, although PCR has
been sensitive enough to amplify target DNA from a single
cell, the effectual genetic analysis of FFPE microdissected
samples is often circumscribed.

The fundic gland polyp origination from gastric
mucosa is the most common gastric polyp, and since it often
occurs, besides being sporadic, in association with familial
adenomatous polyposis (FAP), it is thought to carry an
abnormality to the Wnt signaling pathway [1, 9]. Frequent

© 2013 The Japan Society of Histochemistry and Cytochemistry
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somatic mutations of the fB-catenin gene, one of the main
components of the Wnt pathway, have recently been
reported in sporadic fundic gland polyps [1, 9]. Further-
more, because patients with fundic gland polyp often have
heterotopic gastric mucosa of the duodenum, we speculated
that heterotopic gastric mucosa of the duodenum might
carry the same genetic alterations as fundic gland polyp.

In this study we used a modified agarose-bead
mediated technique for the genetic analysis of tissue from
FFPE samples that had previously withstood assessment by
routine DNA extraction procedures.

II. Materials and Methods

Samples

Routinely formalin-fixed (10%) and paraffin-embedded
(FFPE) tissue samples were obtained from two patients
manifesting both fundic gland polyps in the stomach and
heterotopic gastric mucosa in the duodenum, and from four
patients with only heterotopic gastric mucosa (Table 1). The
samples archived in Ishikawa Hospital (Shikoku-chuo,
Ehime) and the Division of Molecular Pathology, Ehime
University (Toon, Ehime) were used in this study. All of
the present cases, previously analyzed by commercially
available DNA extraction kits and conventional DNA
extraction protocols, were not informative by the PCR
method. Written informed consent was obtained from all
patients, and this study was reviewed and approved by the
local ethics committee at Ehime University.

Immunohistochemistry

The specimens of fundic gland polyps in the stomach
and the heterotopic gastric mucosa in the duodenum were
subjected to immunohistochemistry using diaminobenzidine
as the chromogen. Deparaffinized sections of formalin-
fixed tissue were stained with B-catenin antibody (rabbit
monoclonal antibody; Cell Signaling Technology®) diluted
at 1:200 after heat-induced antigen retrieval. HRP-
conjugated anti-rabbit IgG was used as the secondary
antibody (DAKO K4003). Non-immunized rabbit serum
was used as negative controls.

Table 1.

Agarose-bead mediated template preparation
Paraffin-embedded samples from hematoxylin and
eosin-stained sections were deparaffinized in xylene and
subjected to microdissection under a light microscope
(Leica Microsystems LMD7000). Typical areas consisting
of hyperplastic fundic glands were selectively dissected
from surrounding normal-appearing gastric and duodenal
mucosa (Fig. 1A). The microdissected samples were sus-
pended in 5 pl of 1xTE and then mixed with pre-warmed
and liquefied low-melting agarose (3.2%) at 1:1. A total of
10 ul agarose beads containing 1xTE and tissue fragments
was formed in pre-chilled 250 pl mineral oil and then
incubated at 50°C overnight in 1000 pl of 200 pg/ml
proteinase K, 10 mM Tris-HClI (pH 8.0) and 25 mM
ethylene diamine tetraacetic acid (EDTA). Bead fragments
were washed in 1xTE, sliced into several pieces, and
then used directly as a template for PCR amplification.
Figure 1B illustrates the agarose-bead mediated technique.

PCR amplification and sequencing

Bead fragments were analyzed by nested PCR using
sets of primers encompassing exon 3 of the [-catenin
gene. The primers for the first-step PCR amplification
were BCAT-F-1 (5-AGTCACTGGCAGCAACAGTC-3")
and BCAT-R-1 (5'-CTCTTCCTCAGGATTGCCTT-3").
The PCR condition was as follows: 30 cycles at 98°C for
10 sec, 55°C for 15 sec, and 68°C for 30 sec. The PCR
mixture contained Mighty AMP® DNA polymerase
(Takara, Tokyo, Japan) and bead fragments in a final
volume of 25 pl. The primers used for second-step PCR
were BCAT-F-2 (5'-GGCAGCAACAGTCTTACCTG-3")
and BCAT-R-2 (5-CTCAGGATTGCCTTTACCAC-3").
The second-step PCR condition was as follows: 25 cycles
at 98°C for 10 sec, 60°C for 15 sec, and 68°C for 30 sec.
The PCR mixture contained Mighty AMP® DNA poly-
merase (Takara, Tokyo, Japan) and bead fragments in a
final volume of 50 pl. The PCR products were electrophore-
sed in a 2% agarose gel, stained with ethidium bromide, and
visualized under ultraviolet light. The products were cloned
into the pMD20-T vector (Takara, Japan), transformed into
Escherichia coli DH10B competent cells, and identified by
blue white screening. Recombinant plasmids were purified

Summary of cases

Case No. Lesion(s) Genetic alteration Resulting AA* alteration
Case 1 FGP*/HGM* ¢.96C>A and ¢.109T>C/c.109T>C p.D32E and p.S37P/p.S37P
Case 2 FGP/HGM None/c.96C>A None/p.D32E
Case 3 HGM c.99T>C p.S33S
Case 4 HGM None None
Case 5 HGM None None
Case 6 HGM None None

* FGP: fundic gland polyp; HGM: heterotopic gastric mucosa; AA: amino acid.

* ¢ complementary DNA.
* C>A: from C to A.
* p: protein.
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Fig. 1. Microdissection, agarose-bead mediated preparation for
PCR template and PCR amplification. A) Sections of the fundic
gland polyp and the heterotopic gastric mucosa were selected
strictly and subjected to microdissection under a light microscope.
B) Schema of procedures for agarose-bead mediated preparation
for PCR template. Microdissected samples were embedded in low-
melting agarose. Beads were then formed by chilling in ice-cold
water. The beads were treated with proteinase K, heat inactivated
and subjected to PCR using a portion of the bead fragment as a
template. C) PCR products were electrophoresed on a 2% agarose
gel, stained with ethidium bromide and visualized under ultraviolet
light. Lane M: a molecular weight marker of 100-bp ladder. The
PCR products obtained using sets of primers encompassing exon 3
of the B-catenin gene were visualized as 100-bp DNA bands. While
the five cells microdissected from duodenum (D) of case 1 does not
show clear PCR product (case 1: D, small), the rest of the samples
containing at least 20 cells showed positive PCR amplification.

using a NucleoSpin® Plasmid kit (Macherey-Nagel, place),
and sequenced using ABI PRISM® on an ABI 310 Genetic
Analyzer.

III. Results

Specimens from two of the six patients showed both
typical histopathological features of fundic gland polyps
and heterotopic gastric mucosa; the other four cases showed
only heterotopic gastric mucosa. Dilated glands lined by
oxyntic epithelium were noted in two cases of fundic gland
polyps of the stomach (Figs. 2A and 3A). In all six cases
of heterotopic gastric mucosa of the duodenum, the oxyntic
epithelium was typically nondysplastic, and the junction
between the gastric-type and the duodenal surface epithe-
lium was apparent (Figs. 2C and 3C). As in the normal
fundic gland, immunohistochemistry of B-catenin in the
fundic gland polyp and in the heterotopic gastric mucosa
(Figs. 2B and 3B) showed predominantly membranous
staining in the epithelial cells lining the dilated fundic
glands. Although much less extensive, cytoplasmic staining
of B-catenin was also observed (Figs. 2B and 3B). In the
heterotopic gastric mucosa of the duodenum, B-catenin
immunostaining was observed on the membrane, and only
weak cytoplasmic staining of [-catenin was noted cyto-
plasm (Figs. 2D and 3D), similar to that of the fundic gland
polyp. All cases of heterotopic gastric mucosa, either asso-
ciated with fundic gland polyp or sporadic, showed similar
B-catenin immunostaining. Irrespective of the presence or
absence of the B-catenin gene mutation, there were no
significant differences in B-catenin immunostaining of the
normal fundic gland, the fundic gland polyp, and the
heterotopic gastric mucosa.

Sections of fundic gland polyps and heterotopic gastric
mucosa were selected strictly and subjected to micro-
dissection under a light microscope (Fig. 1A). Agarose
beads were formed and all PCR procedures were success-
fully carried out using a portion of the bead fragment as a
template (Fig. 1B). PCR products were electrophoresed on
a 2% agarose gel, stained with ethidium bromide and
visualized under ultraviolet light. Lane M shows a molecu-
lar weight marker of 100-bp ladder. The PCR products
obtained using sets of primers encompassing exon 3 of the
[-catenin gene were visualized as 100-bp DNA bands.
While five cells microdissected from duodenum (D) of case
1 did not show clear PCR product (case 1: D, small), the
rest of the samples containing at least 20 cells showed
positive PCR amplification.

In case 1, two 1-bp missense mutations at codon 32
(GAC to GAA resulting in the replacement of aspartic acid
by glutamic acid), and codon 37 (TCT to CCT resulting in
the replacement of serine by proline) were identified in the
fundic gland polyp of the stomach. The same 1-bp missense
mutation at codon 37 was identified in the heterotopic
gastric mucosa (Table 1 and Fig. 4, case 1). In case 2, a
1-bp missense mutation at codon 32, was identified in the
heterotopic gastric mucosa, while no mutation was observed
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Fig. 2. Histopathological features and immuno-
histochemical staining for f-catenin of case 1.
Dilated glands lined by oxyntic epithelium are
noted in the fundic gland polyp of the stomach
(A, HE, x100). The diffuse membranous and
partly cytoplasmic distribution of -catenin are
noted (B, x400). In the heterotopic gastric
mucosa of the duodenum, the oxyntic epithe-
lium is typically nondysplastic, and the junction
between the gastric-type and duodenal surface
epithelium is apparent (C, HE, x100). 3-catenin
immunostaining shows mainly membranous
staining (D, x400).

Fig. 3. Histopathological features and immuno-
histochemical staining for f-catenin of case 2.
As in case 1, dilated glands lined by oxyntic
epithelium are also observed in the fundic gland
polyp of the stomach (A, HE, x100). -catenin
in the fundic gland polyp showed predominant-
ly membranous staining in the epithelial cells
lining the dilated fundic glands. Small fractions
of cytoplasmic staining and nuclear accumula-
tion of B-catenin are also seen (B, x400). In the
heterotopic gastric mucosa of the duodenum,
gastric-type glands are covered by duodenal
mucosa (C, HE, x100). Membranous (3-catenin
immunostaining is observed (D, x400).
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Fig. 4. [-catenin mutations in fundic gland polyp and heterotopic
gastric mucosa in duodenum. In case 1, two 1-bp missense
mutations at codon 32 (GAC to GAA resulting in the replacement
of aspartic acid by glutamic acid), and codon 37 (TCT to CCT
resulting in the replacement of serine by proline) were identified in
the fundic gland polyp of the stomach. The same 1-bp missense
mutation at codon 37 was identified in the heterotopic gastric
mucosa (case 1). In case 2, a 1-bp missense mutation at codon 32,
resulting in the replacement of aspartic acid by glutamic acid, was
identified in the heterotopic gastric mucosa, while no mutation
was observed in the fundic gland polyp of the stomach (case 2). In
case 3, a 1-bp silent mutation at codon 33 was identified in the
heterotopic gastric mucosa. In cases 1 and 2, DNA sequences were
read in an antisense direction.

in the fundic gland polyp of the stomach (Table I and
Fig. 4, case 2). In case 3, a 1-bp silent mutation at codon
33 was identified in the heterotopic gastric mucosa (Table 1
and Fig. 4, case 3). The other three cases of heterotopic
gastric mucosa in the duodenum showed no DNA alter-
ations in the portion of the P-catenin gene examined
(Table 1).

IV. Discussion

Alterations of the B-catenin gene have been reported
in various malignant and boundary-malignant neoplasms
including colorectal carcinoma, hepatocellular carcinoma,
endometrial adenocarcinoma, and desmoid tumors [5, 7, 9].
B-catenin gene alterations at phosphorylation sites protect
the B-catenin from ubiquitination, resulting in the nuclear
accumulation of P-catenin. Moreover, somatic [B-catenin

gene alterations have been found in the fundic gland polyp,
a relatively common benign lesion in the stomach [9]. The
frequent association of the fundic gland polyp with hetero-
topic gastric mucosa in the duodenum prompted us to
investigate, with the use of FFPE samples, whether or not
heterotopic gastric mucosa in the duodenum, either sporadic
or the fundic gland polyp associated type, is attributable to
alterations of the -catenin gene.

The use of archival FFPE pathological specimens
for molecular biological analysis has become increasingly
important. Tissues stored in paraffin blocks can be poten-
tial sources of DNA for retrospective genetic analysis.
Nonetheless, formalin-fixation causes various alterations of
nucleic acids, including degradation attributed to endoge-
nous nuclease and crosslinking between nucleic acids and
proteins [2, 4]. Moreover, because pathological specimens
inevitably comprise heterogeneous populations of cells,
objective cell populations must be separated by micro-
dissection. Several methods for DNA extraction from
paraffin-embedded tissues have been introduced. Several
commercial kits for rapid DNA extraction without DNA-
cleaning steps, and a more conventional DNA-preparation
protocol with DNA-cleaning are now widely used for
handling FFPE samples [3, 6]. Yet, these commercial and
conventional methods, sometimes fail to assess minute or
microdissected FFPE samples mainly because of sample
loss during the DNA extraction process. Indeed, all our
microdissected samples from FFPE specimens were nonin-
formative by our assays with commercial kits (DNA Iso-
later PS-Rapid Reagent®, Wako, Japan, Takara DEXPAT®,
Takara, Japan) and conventional techniques. To minimize
this DNA loss, we introduced an ‘en bloc’ treatment during
proteinase K treatment, cleaning and buffer exchange pro-
cesses with the use of the agarose-bead method.

In our current study of the six cases of heterotopic
gastric mucosa in the duodenum associated with fundic
gland polyps, one showed a common 1-bp missense muta-
tion at codon 37 shared by both the fundic gland polyp and
the heterotopic gastric mucosa. Alternatively, a 1-bp silent
mutation at codon 33 and missense mutation at codon 32
were identified only in the heterotopic gastric mucosa.
Since silent mutation sometimes causes alterations in
protein expression levels by affecting translational and/or
protein-folding efficiency, the genetic alteration can be
pathogenic [8]. The other cases, however, showed no DNA
alterations in either the fundic gland polyp or the hetero-
topic gastric mucosa in the duodenum. Besides PB-catenin,
because the Wnt signaling pathway consists of many com-
ponents such as APC, GSK-3f and Axin, alteration of these
genes may be involved in these cases. The controversy that
genetic alterations seen in heterotopic gastric mucosa in the
duodenum may derive from the same tissue progenitor cells
bearing the same genetic alteration as that of fundic gland
polyps, or may simply be an incidental event by exogenous
carcinogens, suggests that the heterotopic gastric mucosa in
the duodenum may be a heterogeneous population. Further
studies are needed to resolve the controversy.
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In conclusion, the agarose-bead mediated technique

is an effectual tool for retrospective morphology-oriented
genetic analyses using a large number of archival patho-
logical samples stored for long periods in the pathology
laboratory.
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Diabetes induces advanced glycation end products (AGEs) that per se are not only a major
cause of oxidative stress but also reduce the plasticity of connective tissue by pathological
collagen cross-linking. We describe a case of severe pulmonary hypertension manifesting as

a major diabetic complication. Impaired pulmonary arteriolar plasticity attributed to pen-

tosidine, together with increased circulation volume by hyperosmotic pressure and reduc-

Keywords: tion in myocardial compliance by multiple patchy fibrosis, may contribute to the clinical
Pulmonary hyprtension manifestation of severe pulmonary hypertension.
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1. Introduction 2. Case presentation

A number of diabetic complications are currently considered to
be related to cellular damage by oxidative stress. Under diabetic
conditions, oxidative stress is induced by various mechanisms
including the formation of advanced glycation end products
(AGEs), increased polyol pathway flux, activation of protein
kinase C isoforms, glucose autoxidation, and mitochondrial
overproduction of superoxide [1-3]. Among these, AGEs
comprise reactive and cross-linking molecules that are formed
from the non-enzymatic glycation of reducing sugars and
proteins, lipids, and nucleic acids [1,2]. AGEs per se are notonly a
major cause of oxidative stress but they also reduce the
plasticity of bone structure by inducing “unfavorable” patho-
logical collagen cross-linking [4]. Here, we describe a case of
severe pulmonary hypertension manifesting as a major diabetic
complication with evidence of pentosidine (an AGE) inducing
cross-links between arginine and lysine residues in collagen,
predominantly and diffusely localized in pulmonary arterioles.

* Corresponding author. Tel.: +81 960 5265; fax: +81 960 5267.
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A 66-year-old Japanese woman presenting with shortness of
breath and dyspnea on exertion was referred to our hospital.
The patient had previously been diagnosed with diabetes at
age 60, and despite a dietary regimen and oral medication, had
developed renal failure and was started on hemodialysis at the
age of 62. She developed angina pectoris and was treated by
coronary artery intervention just before the referral. At
admission a series of examinations including an echocardio-
gram and a cardiac catheter test revealed the presence of
severe pulmonary hypertension. Strict management of the
dialysis and optimal treatment of the hypertension were,
however, ineffective. Finally, the patient developed severe
dyspnea, dizziness and nausea associated with pulmonary
hypertension and died of cardiac arrest. Autopsy was carried
out 2 h after her death. Grossly, the body was that of a slightly
overweight woman with increased pleural effusion (left
200 ml, right 300 ml); heart was enlarged (weight 466 g) and
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Fig. 1 — The heart, enlarged and weighing 466 g, shows marked trabeculation of the right ventricle (A). The hilum of the left
lung (320 g) shows a dilated pulmonary artery (B, white arrow). Microscopically the heart illustrates hypertrophy of
myocardial cells with multiple interstitial patchy fibrosis (HE, C x200; Azan-Mallory, D x200).

showed right ventricular trabeculation (Fig. 1A). The lungs
were congested (left 320 g, right 439 g) with dilated pulmonary
arteries (Fig. 1B). Reflecting the longstanding diabetic condi-
tion, major arteries showed severe atherosclerotic change,
and the surface of the kidney displayed a fine granular
appearance, reflecting nodular diabetic glomerulosclerosis.
Microscopically, the heart demonstrated hypertrophy of
myocardial cells with prominent dark nuclei as well as mild
and diffuse interstitial fibrosis (Fig. 1C, HE and 1D, Azan-
Mallory). Arterioles in the lung showed circular loosening or
degeneration of the connective tissue from the medial to the
adventitial area (Fig. 2A x200, HE and 2B, elastica-Masson
x200). Markers of oxidative stress such as AGEs and
pentosidine (an AGE), 8-hydroxydeoxyguanosine (8-OHdG),
and the receptor for AGE (RAGE) were assessed by immuno-
histochemistry with the use of specific antibodies: anti-AGE
monoclonal antibody and anti-pentosidine monoclonal

antibody (Transgenic Co, Kumamoto, Japan), RAGE polyclonal
antibody (Santa Cruz Biotechnology, Inc, CAU.S.A.), and anti-
8-OHdG monoclonal antibody (Institute for the Control of
Aging, Nikken SEIL Co., Ltd, Shizuoka, Japan). Both AGEs
(Fig. 2C x200) and pentosidine (Fig. 2D x200) were strongly
positive around the medial to the adventitial area of the
arterioles. Strong nuclear staining of 8-OhdG was also noted
(Fig. 2E x200). Alveolar epithelial cells were positive for RAGE
(Fig. 2F x200).

3. Discussion

Chronic and persistent hyperglycemia induces AGEs by a non-
enzymatic glycation process, which then induces cellular
damage, especially of endothelial cells. Many of the various
diabetic complications are now attributed to the conse-
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Fig. 2 - Arterioles in the lung show circulatory degeneration (A, HE and B, elastica-Masson) of the connective tissue from the
medial to the adventitial area. By immunohistochemistry, advanced glycation end products (AGEs) are strongly positive
around the degenerated area of arterioles (C). Pentosidine, a marker of pathological cross-linking of collagen is also strongly
positive in the same area (D). Nuclear accumulation of 8-hydroxydeoxyguanosine (8-OHdG) is seen among endothelial and
alveolar cells (E). Expression of receptor for AGEs (RAGE) is limited to alveolar cells (F).

quences of oxidative stress by AGEs. Moreover, direct cross-
linking of collagen by AGEs, especially by pentosidine, induces
pathological cross-linking, resulting in myocardial stiffening
[5] and reduced bone strength [6]. In our current case, we have
demonstrated for the first time deposition of pentosidine on
the collagenous part of pulmonary arterioles, indicating that
pulmonary arterioles are also a target of pathological cross-
linking by AGEs. We therefore speculate that (1) increased

circulation volume induced through the status of hyperosmo-
tic pressure by hyperglycemia, (2) reduction in myocardial
compliance by multiple patchy fibrosis in the heart, and (3)
impaired pulmonary arteriolar plasticity attributed to patho-
logical cross-linking of collagen by AGEs and all contributed to
the clinical manifestation of severe pulmonary hypertension.

Pulmonary hypertension is a syndrome that exhibits a
complex pathophysiology that cannot be explained by a single
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factor [7,8]. Genetic alterations, such as bone morphogenetic
protein receptor type 2 (BMPR2) and voltage-gated potassium
channels, underlie many heritable and sporadic cases of
pulmonary hypertension [9,10]. Furthermore, loss of NO
bioavailability and the subsequent endothelial dysfunction is
an additional component of pulmonary hypertension [10].
Clinically significant pulmonary hypertension as a complica-
tion in diabetic patients is, however, very rare and mostly
overlooked [11]. On the other hand, elevated glycated
hemoglobin Alc (HbAlc), an independent predictor of long-
term prognosis, is frequently observed in pulmonary hyper-
tension [12]. Collectively, collagen fibers in pulmonary
arterioles may escape AGEs-induced pathological cross-
linking either by a high clearance of AGEs or because of their
lower susceptibility to insult than that of other tissues.
However in conjunction with other etiological background
factors for pulmonary hypertension, pathological cross-
linking by AGEs may accelerate disease progression and
render it clinically overt.
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Abstract

Gastritis cystica profunda (GCP) is a rare condition caused by ectopic entrapment of gastric glands, probably

secondary to the disruption of muscularis mucosae.

GCP is often associated with gastric adenocarcinoma, and loss of

the KCNE2b subunit from potassium channel complexes is considered a common primary target molecule leads to both

GCP and malignancy.

In this study, we, for the first time, analyzed the expression of KCNE2 in surgically excised

tissue from human gastric cancer associated with GCP and confirmed that reduced KCNE2 expression correlates with

disease formation.

Introduction

Gastritis cystica profunda (GCP) is a rare condition
with nonspecific symptoms and radiographic images,
making its diagnosis difficult without definitive surgical
resection [1].  Clinically, GCP can be misdiagnosed as
gastric lymphoma, stromal tumors, gastric cancer, or
Menetrier disease. Histopathologically, GCP shows
disruption of the integrity of muscularis mucosa that leads
to cystically dilated submucosal glands with superficial
inflammation in the lamina propria [1, 2]. Since the
majority of GCP cases are seen secondary to prolonged
chronic inflammation, ischemia, gastric surgery and
suturing material, an injury of the muscularis mucosae is
assumed to trigger the ectopic entrapment of gastric
glands in the submucosa, the muscularis mucosae or
serosa and to lead to GCP [1, 2]. Moreover, GCP is
often associated with gastric adenocarcinoma indicates
that it can lead to a secondary malignancy [2]. Indeed,
experiments have shown that animals predisposed to
Helicobacter infection develop not only secondary GCP
but also subsequent gastric carcinoma [3]. This close
association between GCP and malignancy has been
interpreted as concurrent sharing of causative factors
common to both disease conditions [1, 3]. Recently,
with the use of the Kcne2 (also known as MiRP1)
deficient mouse model, loss of the KCNE2b subunit from
potassium channel complexes is considered a common
primary target molecule that gives rise to both GCP and
malignancy [4].

Here, the expression of KCNE2 in surgically excised
tissue from human gastric cancer associated with GCP is,
for the first time, analyzed to confirm that its reduced
level correlates with disease formation.

Case Report

A 63-year-old man was admitted to the hospital with
the chief complain of abdominal pain. The patient’s
past medical and family history was unremarkable. An
endoscopic and other examinations revealed the
presence of multiple erosive lesions, and a biopsy
demonstrated only severe superficial gastritis with
erosion.  Under the diagnosis of benign erosive gastritis,
the patient was treated with medication and followed up
monthly.  After one year, however, a follow-up
endoscopic examination revealed an irregularly-shaped
ulcerating lesion, and the pathological diagnosis of
adenocarcinoma was made through biopsy analysis.
The patient underwent distal partial gastrectomy, and
pathological examination of the excised stomach (Fig. 1,
left) revealed the presence of ectopic cystic mucosa with
intestinal metaplasia, especially in the oral side (Fig. 1,
right, dotted area). Overlaying the ectopic cystic mucosa,
a wel- to  moderately-differentiated  tubular
adenocarcinoma was observed in the superficial proper
mucosal layer with part of a poorly- differentiated
component infiltrating the submucosal layer in the body of
the stomach (Fig. 1, right, hatched area). The
pathological diagnosis of gastric adenocarcinoma arising
in gastritis cystica profunda was made.
Immunohistochemistry

Since targeted deletion of Kcne2 in mice causes
gastric lesions resembling gastritis cystica profunda and
gastric neoplasia [4], we examined the expression of
KCNE2 in the current case immunohistochemically.
Also, since signaling through the estrogen receptor (ER)
modulates KCNE2 expression [5], we additionally
examined the expression of ER. To determine the
localization of KCNE2 and ER, rabbit polyclonal
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anti-KCNE2 antibody (ABCAM, Cambridge, UK) and
rabbit monoclonal anti-ER (EST) antibody (EPIOTOMICS,
USA) were used as primary antibodies.  Tissue sections
were deparaffinized in xylene for 20 min (solvent
refreshed at 10 min and 5 min) and immersed in absolute
ethanol for 10 min (solvent refreshed at 5 min), then
rehydrated in 90 and 70% ethanol (5 min each), and
finally placed in distiled water for 15 min (solvent
refreshed every 5 min). The samples were inactivated
in 1 mM EDTA (pH8.0) plus distilled water in a microwave
for 15 min (high heat for 5 min and low heat for 10 min),
and then cooled to approximately 25°C over 1 h.  After
being undergoing liquid block treatment, the samples
were immersed in PBS for 15 min (solvent refreshed
every 5 min). After adding blocking buffer to the
moisture chamber and incubating the samples with
primary antibodies at room temperature for 1 h, they were
washed 3 times for 5 min each in PBS, incubated in the
moisture chamber at room temperature for 30 min with
the secondary antibody diluted at 1:200 with PBS,
immersed in PBS for 15 min (solvent refreshed every 5
min), then incubated with DAB for 15 min and washed in
PBS.

Immunohistochemical analyses revealed that KCNE2
was universally and strongly expressed on the surface of
the cells at the bottom of the cryptic glands, while its
expression was diminished in the cystic or dilated lesions
(Fig. 2A, B and C). ER expression was observed in
both non-cystic and cystic glands (Fig. 2D). In
adenocarcinoma, KCNE2 expression was significantly
reduced compared with the surrounding non-cancerous
gastric mucosa with intestinal metaplasia (Fig. 3A, B and
C), while ER expression was observed in both cancerous
and non-cancerous glands (Fig. 3D).

Discussion

In this study the expression status of KCNE2 in
surgically excised gastric adenocarcinoma coexisting with
GCP was examined in light of that the Kcne2-deficient
mouse model develops both GCP and gastric cancer.
Since KCNE2 expression is modulated by ERa [5], and
since ERa expression status per se is related to
carcinogenesis and progression stages of gastric cancer
[6], we additionally examined the immunohistochemical
expression of ERa in in the excised tissue.

KCNE2 has originally been identified as a potassium
channel protein, and in the stomach, it is expressed
mainly in the cytoplasm of parietal cells [5, 7, 8].
Reduction of Kcne2 in experimental animal models
results in profoundly reduced proton secretion, abnormal
parietal cell morphology, achlorhydria, hypergastrinemia
[5, 8], and striking gastric glandular hyperplasia arising
from an increase in the number of non-acid-secretory
cells [4]. Functionally, Kcne2 also exerts
anti-proliferative effects on gastric cancer cells by
down-regulating Cyclin D1 and restricting cell growth [5,
8]. Indeed, reflecting  anti-proliferative  or
tumor-suppressor  functions of Kcne2, long-term
observation of Kcne2 -/- mice has revealed that reduced
Kcne2 expression causes diffuse hyperplasia in gastric
mucosa, resulting in a pathologic condition similar to
gastric cancer associated with GCP [4].

We examined here, for the first time, the expression of
KCNE2 in surgically excised stomach tissue
demonstrating both GCP and adenocarcinoma. While

KCNE2 expression in both GCP and adenocarcinoma
areas was diminished, that in surrounding non-neoplastic
and non-cystic cells was clearly maintained, as
determined by immunohistochemical analysis. These
data, albeit from a single case study, suggest that
selective loss of KCNE2 expression is related to the
development and clinical manifestation of GCP with
subsequent occurrence of cancer. Furthermore,
because selective loss of KCNE2 expression is seen at
the level of a single cystic gland and cancer cell nest unit,
silencing KCNE2 expression may occur at the level of a
single tissue progenitor cell.  Although the precise
molecular mechanism of such selective loss of KCNE2
expression is largely unknown, it is at least not by the
loss of estrogen receptor signaling. Further genetical and
epigenetical studies based on a cumulative case study
are needed to elucidate the role of KCNE2 expression in
the development of GCP.
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Figure and figure legends

Figure 1. Macroscopic finding and
distribution of ectopic cystic lesion and
cancer in surgically excised stomach

Surgically excised stomach (left) and
schematic distribution of the lesions (right).
Ectopic cystic mucosa is located mainly on
the oral side and partly in the body part
overlapped with a cancer lesion (shaded
area). A well- to moderately-differentiated
tubular adenocarcinoma in the intramucosal
layer (checked area) and part of a

% Aberrant Mucosa
E3 Intramucosal Adenocarcinoma
M Submucosal Adenocarcinoma

poorly-differentiated component infiltrating the submucosal layer (blue area) are located mainly in the body part of the
stomach.

Figure 2. Expression of KCNE2 and ER
in non-neoplastic cystic lesion by
immunohistochemistry

(A) Low power magnification of a
transitional area from the non-neoplastic
mucosal layer with intramucosal cystic
lesions (left) to the intramucosal
adenocarcinoma (right, H.E., X40). (B)
High power magnification (squared area
in figure A) around the intramucosal
cystic lesion (asterisk, H.E., X200). (C)
KCNE2 immunostaining of a serial
section of (B) shows that KCNE2 is
almost negative in the dilated cystic gland
(asterisk),  while  the  surrounding
non-cystic glands are positive (X200).
(D) Estrogen receptor (ER)
immunostaining of serial sections of (B)
and (C) show that ER is equally
expressed in both cystic (asterisk) and
non-cystic glands (X200).

Figure 3. Expression of KCNE2 and ER
in adenocarcinoma area

(A) Low power magnification of a
transitional area from the non-neoplastic
mucosal layer with intramucosal cystic
lesions (left) to the intramucosal
adenocarcinoma (right, H.E., X40). (B)
High power magnification (squared area
in figure A) around the intramucosal
adenocarcinoma (circled by
white-hatched line, H.E., X200). (C)
KCNE2 immunostaining of a serial
section of (B) shows that KCNE2
expression is almost negative in
adenocarcinoma (circled by
black-hatched line), while the surrounding
non-neoplastic glands are positive (X200).
(D) Estrogen receptor (ER)

A R " o\ i N - 4“1 immunostaining of serial sections of (B)
PR 5, N0 SR UL N, Rl .. W] and (C) show that ER is equally
'C-” it PERMEDNSEN . e/ NS L PSRN b T expressed in both cancerous (circled by

bIack-hatéhed line) and non-neoplastic glands (X200).
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+/' GCB ABC Hans CP et al, Blood, 2004 (= & 0 433
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~ /
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