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Abstract
A subtype of intestinal-type adenocarcinoma of the stomach, characterized by low-grade cytological atypia and anastomosing
glands, has been described in several reports under different names. One of the remarkable features of these lesions, herein
referred to as intestinal-type adenocarcinoma with anastomosing glands, is the frequent association of poorly differentiated
adenocarcinoma components. Here we analyzed 44 intestinal-type adenocarcinomas with anastomosing glands focusing on the
molecular abnormalities that are common in diffuse-type gastric cancers. Next-generation sequencing identified RHOA and
CDH1mutations in 22 (50%) and one lesion (2%), respectively. Reverse transcription-PCR detected CLDN18-ARHGAP fusions
in three lesions (7%). Immunohistochemically, none of the lesions showed abnormal p53 expression patterns whereas focal and
diffuse loss of ARID1A was observed in four and one lesion, respectively. Examination of 37 lesions of dysplasia and 26 usual-
type intramucosal adenocarcinomas identified one RHOA mutation in adenocarcinoma and no CLDN18-ARHGAP fusions,
indicating that these genetic alterations are highly specific to intestinal-type adenocarcinomas with anastomosing glands among
differentiated-type intramucosal neoplasms. The present study showed that intestinal-type adenocarcinoma with anastomosing
glands represents a genetically distinct group of tumors with the frequent presence of RHOA mutations and CLDN18-ARHGAP
fusions, which are thought to be specific to diffuse-type gastric cancers.

Introduction

A group of gastric adenocarcinomas, characterized by irre-
gularly fused/anastomosing glands and low-grade cytological

atypia, has been reported under different names, including
well-differentiated adenocarcinoma mimicking complete-
type intestinal metaplasia [1], very well-differentiated gas-
tric carcinoma of intestinal-type [2], and “crawling-type”
adenocarcinoma [3, 4]. Despite some differences in defini-
tions used in the respective studies, the previous reports
described largely overlapping clinicopathological features,
supporting that they represent a distinct subtype. These
lesions are predominantly located in the middle third of the
stomach [1–3] and endoscopically appear as ill-demarcated
depressed lesions [2, 3]. Most of them are confined to the
mucosal layer [2–4] and often show features of complete-
type intestinal metaplasia [1, 3, 4]. The common association
of a poorly differentiated adenocarcinoma component is
another remarkable feature [2, 3]. Importantly, the biopsy
diagnosis of these lesions is often challenging owing to the
minimal cytological atypia [1–4].

Some studies named these lesions to reflect their primarily
differentiated morphology and subtle cytological atypia as
described above [1, 2]. However, irregularly interconnected
glands and the association of poorly differentiated adeno-
carcinoma components are rather characteristic in these
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lesions [2, 3]. Based on our experience in diagnostic situa-
tions, we believe that the architectural abnormality, particu-
larly prominent anastomosing glands, is the defining
morphological feature of this group of lesions. The term,
“crawling-type” adenocarcinoma reflects this feature in part
[3, 4], but is not quite straightforward. Therefore, we apply a
descriptive term, intestinal-type adenocarcinoma with ana-
stomosing glands, to represent these lesions in the present
study.

Although several studies have characterized the mor-
phological and immunohistochemical features of
intestinal-type adenocarcinomas with anastomosing
glands [1–4], their molecular backgrounds remain poorly
understood. Woo et al. [4] conducted a detailed
histology-based analysis and showed that intestinal-type
adenocarcinomas with anastomosing glands, referred to
as adenocarcinomas of crawling-type in this study, lack
many of the molecular abnormalities frequently observed
in intestinal-type adenocarcinomas, including HER2
overexpression, association of Epstein-Barr virus, mis-
match repair deficiency, and loss of PTEN. Moreover,
overexpression of p53 and MET was significantly less
common compared to usual-type adenocarcinomas.
Considering these findings and the fact that intestinal-
type adenocarcinomas with anastomosing glands are
frequently associated with poorly differentiated adeno-
carcinomas, these lesions may be more closely related to
diffuse-type gastric cancers in terms of molecular fea-
tures. The present study analyzed a series of intestinal-
type adenocarcinomas with anastomosing glands focus-
ing on molecular abnormalities that are common in
diffuse-type adenocarcinomas and identified frequent
RHOA mutations and CLDN18-ARHGAP fusions in these
lesions.

Materials and methods

Samples

This study was approved by the Ethics Committee of the
National Cancer Center, Tokyo, Japan. All tissue samples
were obtained by endoscopic or surgical resection at the
National Cancer Center Hospital, Tokyo, Japan. In the
present study, we analyzed 44 intestinal-type adenocarci-
nomas with anastomosing glands, 37 lesions of dysplasia,
and 26 differentiated-type intramucosal adenocarcinomas.
We retrieved intestinal-type adenocarcinomas with anasto-
mosing glands diagnosed between January 2012 and April
2018 and two pathologists (TH and SS) confirmed the
diagnosis. Intestinal-type adenocarcinoma with anastomos-
ing glands was defined as intramucosal intestinal-type
adenocarcinoma with low-grade cytological atypia and

frequent anastomosing glands. The lesions may resemble
complete-type intestinal metaplasia in terms of the presence
of absorptive, goblet, and/or Paneth cells. The lesions may
be associated with components of other histological sub-
types, focal areas of high-grade dysplasia, or areas of
invasion into the submucosal or deeper layers. Diagnosis of
dysplasia and intramucosal adenocarcinoma was made
based on the previously published criteria [5].

DNA and RNA extraction

Deparaffinized, 10 µm-thick sections from each paraffin
block were microdissected under a microscope using ster-
ilized toothpicks in order to enrich for tumor content. The
microdissected samples were subjected to DNA and RNA
extraction using the QIAamp DNA FFPE Tissue Kit (Qia-
gen, Hilden, Germany) and RNeasy FFPE Kit (Qiagen),
respectively. In three intestinal-type adenocarcinomas with
anastomosing glands associated with discrete areas of
poorly differentiated adenocarcinoma (IAAG22, 32 and 39),
the respective components were separately dissected and
subjected to DNA and RNA extraction.

Next-generation and Sanger sequencing

Next-generation sequencing targeting exons 2 and 3 of
RHOA and the entire coding region of CDH1 was per-
formed as described previously [6]. Next-generation
sequencing libraries were prepared by two-step tailed
PCR. The gene-specific primers used are listed in Sup-
plementary Table 1. Sequencing was performed using
MiSeq (Illumina, San Diego, CA, USA), according to the
manufacturer’s protocol. After excluding synonymous
mutations and the known common single nucleotide
polymorphisms based on dbSNP build 137, all mutations
were verified by Sanger sequencing. In addition, the entire
RHOA coding region was analyzed by Sanger sequencing
in all intestinal-type adenocarcinomas with anastomosing
glands using primers listed in Supplementary Table 2. For
dysplasia lesions and intramucosal adenocarcinomas, exon
2 and 3 of RHOA, which harbor all the previously reported
mutations in diffuse-type gastric cancers, were analyzed
by Sanger sequencing.

Reverse transcription (RT)-PCR

Following RT reactions, cDNA sample quality was assessed
by PCR amplification of a 220 base pair fragment of ACTB
[7]. PCRs targeting the fusion junctions of known CLDN18-
ARHGAP fusions, including CLDN18-ARHGAP26 and
CLDN18-ARHGAP6 fusions [8–11], were performed using
primers listed in Supplementary Table 3. All PCR products
were verified by Sanger sequencing.
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Immunohistochemistry

Immunohistochemical analyses were performed on formalin-
fixed paraffin-embedded specimens. Antigen retrieval was
performed by autoclaving the samples in 10mM citrate buffer
(pH 6.0) for 10min. Anti-ARID1A (HPA005456; 1:2000;
Sigma-Aldrich, St Louis, MO, USA) and anti-p53 (DO-7;
1:100; Dako, Glostrup, Denmark) antibodies were used as
primary antibodies. An automated stainer (Dako) was used in
accordance with the manufacturer’s protocol. ChemMate
EnVision (Dako) methods were used for detection. For
p53 staining, diffuse and complete lack of staining were
regarded as abnormal expression patterns. For ARID1A, areas
devoid of expression, occupying > 10% of lesions, were
regarded as significant.

Statistical analysis

Fisher’s exact test and Welch’s t test were used to analyze
categorical variables and continuous variables, respectively.
P values < 0.05 were considered to indicate statistical
significance.

Results

Forty-four intestinal-type adenocarcinomas with anastomosing
glands were obtained from 26 male and 18 female patients
aged 49–87 years. Eleven and 24 lesions were located in the
upper and middle third of the stomach, respectively. They
were 7–110mm in size (median, 23mm). Histologically, all
lesions contained variable proportions of tortuous and/or
anastomosing tumor glands by definition (Fig. 1a–c). Tumor
cells had basally located nuclei with minimal atypia and
proliferating cells were confined to the lower portion of the
neoplastic glands. Goblet cells were found at least focally in
all the lesions and Paneth cells were also common (Fig. 1b).
Distended glands, which are lined by flattened epithelium and
often contain necrotic debris, were observed in 38 lesions
(Fig. 1d). Twenty-four lesions showed focal foveolar epithelial
differentiation (Fig. 1e). Eight lesions had focal areas of high-
grade cytology. Discohesive cells were present in 22 lesions
and invasion into the submucosal or deeper layer was
observed in ten lesions (Fig. 1f).

To probe if intestinal-type adenocarcinomas with anasto-
mosing glands share molecular features with diffuse-type
cancer, we focused our analysis on genes that are frequently
altered in diffuse-type adenocarcinomas. We reviewed pre-
viously reported large-scale genomic analyses of diffuse-type
gastric cancers, and selected genetic alterations that were
detected in more than 10% of cases, including CDH1, RHOA,
TP53, and ARID1A mutations and CLDN18-ARHGAP fusions
[8, 12, 13].

Next-generation sequencing targeting RHOA and CDH1
resulted in median total coverage per sample of 276,920
reads (range= 108,804–806,850). Median coverage per
amplicon across all samples was 5027.5 reads (range=
110–67,602). The analysis identified missense RHOA
mutations in 22 intestinal-type adenocarcinomas with ana-
stomosing glands (50%). Sanger sequencing confirmed all
the mutations detected by next-generation sequencing and
did not find any additional mutations (Fig. 2a, b and Sup-
plementary Table 4). All the RHOA mutations were mis-
sense and were localized to the first two coding exons (exon
2 and 3). Comparison with previously reported results
indicated that intestinal-type adenocarcinomas with ana-
stomosing glands and diffuse-type gastric cancers show
similar RHOA mutation patterns, including the presence of
several hot spots [8, 12, 13]. A missense CDH1 mutation
(IAAG40; c.1757C>T, p.S586F) was identified in one
lesion, concurrent with a RHOA mutation. RT-PCR detec-
ted the CLDN18-ARHGAP26 exon 12 fusion in two lesions
and the CLDN18-ARHGAP26 exon 10 fusion in one lesion
whereas the CLDN18-ARHGAP6 fusion was absent
(Fig. 2c). All the CLDN18-ARHGAP26 fusions were
mutually exclusive with RHOA mutations.

Given the presence of RHOA mutations and CLDN18-
ARHGAP26 fusions in a total of 25 intestinal-type adeno-
carcinomas with anastomosing glands (57%), we sought to
determine their specificity among differentiated-type intra-
mucosal neoplasms. We analyzed 37 lesions of dysplasia
and 26 intramucosal intestinal-type adenocarcinomas for the
presence of RHOA mutations and CLDN18-ARHGAP
fusions. The analysis identified a missense RHOA mutation
in a case of intramucosal adenocarcinoma but none of the
lesions had CLDN18-ARHGAP fusions. Thus, RHOA
mutations and CLDN18-ARHGAP fusions are highly spe-
cific to intestinal-type adenocarcinomas with anastomosing
glands among differentiated-type intramucosal neoplasms
of the stomach. Notably, the RHOA mutation identified in
differentiated-type adenocarcinoma (c.59G>A, p.C20Y)
was not observed in intestinal-type adenocarcinomas with
anastomosing glands and has not previously been reported
in diffuse-type gastric cancers (Fig. 2d) [8, 12, 13].

Because TP53 and ARID1A mutations have been shown
to correlate well with their protein expression [14, 15], we
performed immunohistochemistry for p53 and ARID1A.
All the lesions showed weak heterogeneous p53 staining,
predominantly in the proliferative cells (Fig. 3a, b).
ARID1A expression was retained in most lesions but one
and four lesions exhibited diffuse and focal loss of
expression, respectively (Fig. 3c, d). Areas of ARID1A loss
did not show distinct histological features compared with
the areas with retained ARID1A in the respective lesions.

Three intestinal-type adenocarcinomas with anastomos-
ing glands were associated with discrete areas of poorly
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differentiated adenocarcinoma, and the respective compo-
nents were separately analyzed for genetic alterations and
protein expression as described above. In all three lesions,
both components shared common RHOA mutations (Fig. 4).
CDH1 mutation, abnormal p53 expression, and loss of
ARID1A were not observed in any of the lesions.

Finally, we tested the clinicopathological significance of
RHOA mutations in intestinal-type adenocarcinomas with
anastomosing glands. The presence of RHOA mutations was
not correlated with any of the clinicopathological para-
meters examined (Table 1).

Discussion

The findings of the present study showed that RHOA
mutations are common in intestinal-type adenocarcinomas
with anastomosing glands but very rare in usual-type
intramucosal adenocarcinomas and dysplasia. Previous
large-scale genomic analyses of gastric cancers showed

RHOA mutations to be virtually specific to diffuse-type
adenocarcinomas with a prevalence of 14–25% [8, 12, 13].
It appears conflicting that intestinal-type adenocarcinomas
with anastomosing glands have RHOA mutations with high
frequency, even compared to that in diffuse-type gastric
cancers, despite their intestinal-type morphology. Interest-
ingly, a previous study reported that 73% of RHOA
mutation-positive diffuse-type gastric cancers have minor
components of tubular differentiation [16]. Indeed, all the
three lesions associated with discrete areas of poorly dif-
ferentiated adenocarcinoma had RHOA mutations in both
components, indicating that RHOA mutations occur before
transition from intestinal-type adenocarcinoma with ana-
stomosing glands to poorly differentiated adenocarcinoma.
There are two putative tumorigenic pathways of diffuse-
type gastric cancers recognized [17–19]. The first pathway
represents the de novo development of poorly differentiated
or signet ring cell adenocarcinoma, as well-characterized in
hereditary diffuse gastric cancer [20–22]. The other path-
way is transition from differentiated-type adenocarcinomas.

Fig. 1 Histology of intestinal-
type adenocarcinoma with
anastomosing glands. a
Intestinal-type adenocarcinoma
with anastomosing glands
showing irregularly fused
glands. The tumor is confined to
the mucosal layer and shows
surface maturation. b A lesion
resembling complete-type
intestinal metaplasia with well-
developed goblet and Paneth
cells. Tumor glands show
horizontal extension and are
irregularly interconnected. c A
lesion with prominently tortuous
glands. Goblet cells are rarely
seen in this lesion. d Distended
glands lined by flattened
epithelium and containing
necrotic debris. e A lesion
showing foveolar epithelial
differentiation characterized by
apical mucin caps. f Discohesive
cells intermingled with typical
anastomosing glands of
intestinal-type adenocarcinomas
with anastomosing glands
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The present and previous observations imply that RHOA
mutations are more commonly involved in the latter path-
way and may be related to the susceptibility of differ-
entiated adenocarcinomas to transform into diffuse-type
gastric cancers.

The spectrum of RHOA mutations in intestinal-type
adenocarcinomas with anastomosing glands closely resem-
bled those previously reported in diffuse-type gastric can-
cers [8, 12, 13]. The presence of mutation hot spots implied

that these RHOA mutations are gain-of-function mutations;
however, a recent functional study demonstrated that they
actually act as dominant-negatives and inhibit ROCK
activity, resulting in enhanced cell survival and migration
[23]. The presence of RHOA mutations was not correlated
with any of the clinicopathological factors in intestinal-type
adenocarcinomas with anastomosing glands. Thus, although
the frequent presence of RHOA mutations suggests their
critical roles in the development of intestinal-type

Fig. 2 Molecular characterization of intestinal-type adenocarcinoma
with anastomosing glands. a Summary of sequencing, RT-PCR, and
immunohistochemical studies. Half of the intestinal-type adenocarci-
nomas with anastomosing glands had RHOA mutations. CLDN18-
ARHGAP fusions were identified in three lesions and were mutually
exclusive with RHOA mutations. b Sanger sequencing of RHOA. All

detected mutations were missense and affected the first two coding
exons. c Sanger sequencing of CLDN18-ARHGAP26 fusion junctions.
d Distribution of RHOA mutations. Notice the common mutation hot
spots in intestinal-type adenocarcinomas with anastomosing glands
and diffuse-type adenocarcinomas. *The mutation data of diffuse-type
adenocarcinoma is adapted from previous reports [8, 12, 13]
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Fig. 3 Immunohistochemistry
for p53 and ARID1A. a, bWeak
nuclear expression of p53 is seen
heterogeneously in proliferative
cells, which are localized to the
lower layer of the lesion. c, d An
intestinal-type adenocarcinoma
with anastomosing glands with
focal loss of ARID1A (c, right
and d). There was no remarkable
difference in the histology of
areas with retained and loss of
ARID1A

Fig. 4 An intestinal-type
adenocarcinoma with
anastomosing glands with a
discrete area of poorly
differentiated adenocarcinoma.
a–c A lesion containing well-
demarcated intestinal-type
adenocarcinoma with
anastomosing glands (a, left and
b) and poorly differentiated
adenocarcinoma components (a,
right and c). d Sanger
sequencing identified a common
RHOA mutation in both
components
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adenocarcinomas with anastomosing glands, they are of
limited value in the subclassification of these lesions.

The identification of CLDN18-ARHGAP fusions in three
intestinal-type adenocarcinomas with anastomosing glands
is another remarkable finding of the present study.
CLDN18-ARHGAP fusions have also been reported as
diffuse-type gastric cancer-specific genetic alterations and
are mutually exclusive with RHOA mutations [8–11].
Remarkably, CLDN18-ARHGAP fusion products inhibit
RHOA activity [9], and could compensate for the knock-
down of RHOA mutants in a cell viability assay [23]. Thus,
both RHOA mutations and CLDN18-ARHGAP fusions
similarly result in inhibition of RHOA. RHOA coordinates
epithelial morphogenesis through the regulation of various
cellular functions, including substrate adhesion, migration,
cell–cell adhesion, and proliferation [9, 23–25]. Thus,
RHOA mutations and CLDN18-ARHGAP fusions may
directly contribute to the characteristic morphology of
intestinal-type adenocarcinomas with anastomosing glands.

CDH1 encodes a cell adhesion molecule, E-cadherin,
which plays a central role in the formation of adherens
junction in epithelial cells [26]. Inactivation of CDH1 is
common in sporadic and hereditary diffuse-type gastric
cancers and directly compromises the proper cell–cell
adhesion, consistent with their discohesive morphology
[27–29]. Although intestinal-type adenocarcinomas with
anastomosing glands often contain discohesive cells, CDH1

mutations were absent in all but one case of intestinal-type
adenocarcinoma with anastomosing glands, thus genetically
distinguishing them from diffuse-type gastric cancers.

None of the intestinal-type adenocarcinomas with ana-
stomosing glands exhibited abnormal p53 expression,
including overexpression and loss of expression, suggesting
the lack of TP53 mutations in these lesions. This observa-
tion seems reasonable considering that abnormal expression
of p53 is rare in lesions with low-grade dysplasia [30, 31].
Also, our result is in agreement with a previous study
reporting the low prevalence of abnormal p53 expression in
“crawling-type” adenocarcinomas [3, 4]. Focal and diffuse
loss of ARID1A was observed in four and one lesion,
respectively. The low prevalence and focality of ARID1A
loss indicate that ARID1A inactivation is not generally
involved in the development of intestinal-type adenocarci-
nomas with anastomosing glands, but may play a role in
progression to more advanced lesions.

The present study demonstrated the frequent presence of
RHOA mutations and CLDN18-ARHGAP fusions, which
have been regarded as specific to diffuse-type gastric can-
cer, in intestinal-type adenocarcinomas with anastomosing
glands. This indicates that intestinal-type adenocarcinomas
with anastomosing glands are a morphologically as well as
genetically distinct subtype of gastric adenocarcinoma. The
common presence of genetic alterations leading to inhibi-
tion of RHOA activity might underlie their unique mor-
phological features and the frequent transition to poorly
differentiated adenocarcinoma.
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