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Abstract
Background Despite predominant microsatellite instability (MSI) in intestinal-type gastric carcinomas, we found the most 
frequent MSI in solid-type poorly differentiated adenocarcinoma (PDA). Although this tumor is classified as PDA, it is 
hypothesized to possess peculiar features among PDAs. The present study aimed to clarify the clinicopathological and 
molecular characteristics of this tumor.
Methods We examined the expression of p53, mismatch-repair proteins, and mucin core glycoproteins; microsatellite status; 
and mutations in KRAS and BRAF, as well as clinicopathological features, in 54 cases of PDA of the stomach (31 solid-type 
PDAs and 23 non-solid-type PDAs).
Results The proportion (51.6%) of MSI in solid-type PDA was significantly higher than that in non-solid-type PDA (4.5%) 
(p = 0.00022). The proportion of absent expression of MLH1 (58.1%) and PMS2 (51.6%) in solid-type PDA was significantly 
higher than that in non-solid-type PDA (4.5 and 8%) (p < 0.0001). No differences were found in the mutations of KRAS and 
BRAF among PDAs. MSI-positive solid-type PDA was significantly associated with older age, female predominance, lower 
third location, concordant glandular component, and absent MLH1 and PMS2 expression.
Conclusions These results suggest that MSI-positive solid-type PDA has peculiar clinicopathological features and that MSI 
with absent MLH1 and PMS2 expression may play an important role in tumor development. In addition, from the viewpoint 
of histogenesis, MSI-positive solid-type PDA may originate from differentiated-type adenocarcinoma.
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Introduction

Adenocarcinoma with little glandular formation is generally 
diagnosed as poorly differentiated adenocarcinoma (PDA). 
In gastric cancer, it is well known that PDAs include tumors 
showing various morphologies such as poorly cohesive ade-
nocarcinoma, signet-ring cell carcinoma, and so on [1, 2]. 
Although solid adenocarcinoma was classified as a poorly 

differentiated variant of tubular adenocarcinoma [1, 3–5], 
this tumor, along with carcinoma with lymphoid stroma, 
medullary carcinoma with lymphoid stroma, and lymphoe-
pithelioma-like carcinoma, usually tends to be diagnosed as 
PDA in daily practice because of little glandular structure. 
Consequently, PDAs are not a single entity, but constitute 
diverse diseases.

On the other hand, according to the Japanese Classi-
fication of Gastric Cancer [2], PDAs are subdivided into 
two groups according to the morphology of tumor nests: 
solid type and non-solid type because of the existence 
of PDAs with better prognosis. The evidence that solid-
type PDAs show different biological behaviors from non-
solid-type PDA resulted in this subclassification [6]. Our 
previous study demonstrated a close relationship between 
microsatellite instability (MSI) and solid-type histology 
[7]. In addition, it is controversial whether solid-type 
PDA or solid carcinoma is classified as diffuse type in 
Laurén’s classification [8] or as undifferentiated type in 
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Sugano–Nakamura’s classification [9]. Thus, morphology, 
MSI, and biological behavior in solid-type PDA are differ-
ent from those in non-solid-type PDAs. There have only 
been a few pathological reports until now, and the details 
regarding solid-type PDA of the stomach remain obscure 
[4, 10–14].

We hypothesized that solid-type PDA has distinct fea-
tures in comparison with non-solid-type PDA. The present 
study aimed to clarify the clinicopathological and molecu-
lar features of solid-type PDA as well as its histogenesis.

Materials and methods

Patients

We selected 54 patients with poorly differentiated gastric 
carcinomas (31 solid-type PDAs and 23 non-solid-type 
PDAs) from cases surgically treated at Tokyo Metropoli-
tan Geriatric Hospital between 2000 and 2007, without 
neoadjuvant therapy. They comprised 31 men and 23 
women, with a median age of 77 years, ranging from 56 
to 99 years. Patients with Lynch syndrome were excluded.

Histopathological evaluation

All tissue samples were fixed in 15% formalin after resec-
tion and then embedded in paraffin using standard proce-
dures. Serial sections of 3 and 10 µm thickness were pre-
pared from each specimen. The 3-µm-thick sections were 
used for hematoxylin–eosin and elastica van Gieson stain-
ing, immunostaining, and in situ hybridization, whereas 
the 10-µm-thick sections were used for DNA extraction.

Fifty-four cases of PDA were pathologically diagnosed 
according to the Japanese Classification of Gastric Car-
cinoma as solid-type PDA and non-solid-type PDA [2]. 
Briefly, solid-type PDA comprises cancer cells that have 
formed a solid or sheet-like structure and exhibit expan-
sive growth. Non-solid-type PDA is composed of cancer 
cells with small glands, in small clusters or a trabecu-
lar structure, or is composed of isolated cancer cells and 
frequently exhibits infiltrative growth. The growth pat-
tern, depth of invasion, location, concordant glandular 
component, Crohn’s-like lymphoid reaction, and tumor-
infiltrating lymphocytes were estimated as described pre-
viously [15, 16]. Because of histological similarity with 
solid-type PDA, neuroendocrine cell carcinoma, malig-
nant lymphoma, and malignant melanoma were excluded 
histopathologically. Venous and lymphatic permeations 
were evaluated histologically using hematoxylin–eosin- 
and elastica van Gieson-stained slides.

Immunohistochemical analysis of p53 and mismatch 
repair and mucin core proteins

Expression of p53, mismatch-repair proteins, and mucin 
core glycoproteins was evaluated by immunohistochemis-
try. Endogenous peroxidase was blocked by treatment with 
0.3%  H2O2 in methanol for 15 min. The sections for p53 and 
mismatch-repair proteins were heated at 100 °C for 10 min 
for antigen retrieval. The slides were immunostained by the 
streptavidin–biotin method using an anti-p53 antibody (MO-
7, dilution 1:100, Nichirei, Tokyo, Japan) and anti-human 
MLH1 (clone G168-15, dilution 1:100, BD Pharmingen, 
Tokyo, Japan), MSH2 (clone FE11, dilution 1:100, Calbio-
chem, Billerica, MA, USA), MSH6 (clone EP49, dilution 
1:50, Dako, Glostrup, Denmark), and PMS2 (clone A16-4, 
dilution 1:50, BD Pharmingen) monoclonal antibodies, and 
developed with a diaminobenzidine substrate. Hematoxylin 
was used for counterstaining. For mismatch-repair proteins, 
adjacent normal tissues were used as internal controls. The 
intensity of nuclear staining in the entire tumor was classi-
fied as negative, weak, or positive. Focal or heterogeneous 
staining patterns were recorded. For the statistical analysis, 
weak staining was considered as negative for mismatch-
repair proteins, and p53 expression was classified based on 
the presence or the absence of overexpression.

To determine the mucin phenotype, slides were stained 
with anti-Muc-2 glycoprotein (clone Ccp58, dilution 1:50, 
Novocastra Laboratories, Newcastle upon Tyne, UK), 
Muc-5AC (clone CLH2, dilution 1:500, Leica Biosystems, 
Newcastle Upon Tyne, UK), Muc-6 (cline NCL-MUC6, 
dilution 1:20, Novocastra Laboratories), and CD10 (clone 
56C6, ready to use, Nichirei, Tokyo) antibodies followed by 
counterstaining with hematoxylin. The mucin phenotypes 
were classified into four groups: gastric type, intestinal type, 
mixed type, and unclassified type based on the positivity 
of each mucin phenotype, as described previously by other 
investigators [17].

In situ hybridization of Epstein–Barr virus‑encoded 
small RNA (EBER)

To detect Epstein–Barr virus (EBV) infection, 3-µm-thick 
sections were stained using in situ hybridization (Dako, 
Tokyo, Japan) according to the manufacturer’s instruction.

DNA extraction

One 10-µm section on glass slides was used for DNA extrac-
tion. After deparaffinization, the tumor tissues were scraped 
from the semi-dried section with a blade under a stereomi-
croscope. DNA was extracted separately from the tumor 
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and normal areas. The samples were incubated overnight 
at 56 °C in lysis buffer, and DNA was extracted from all 
samples using a phenol–chloroform procedure described 
previously [7].

Detection of KRAS and BRAF mutations

Mutations in KRAS codon 12 and 13 and BRAF (V600E) 
were examined using polymerase chain reaction–restriction 
fragment length polymorphism (PCR–RFLP). The primer 
sequences and PCR conditions have been described by other 
investigators [18, 19].

Microsatellite analysis

Microsatellite status was examined using five markers con-
sisting of two mononucleotide markers (BAT25 and BAT26) 
and three dinucleotide markers (D3S1067, D5S346, and 
D18S58). The primer sequences and PCR conditions are 
published elsewhere [20]. The PCR products were mixed 
with an equal volume of loading buffer (95% formamide, 
0.05% bromophenol blue, and 0.5 mol/L EDTA), electro-
phoresed on denaturing 6% polyacrylamide gels at 50 °C, 
and stained with a silver staining kit (Atto, Tokyo, Japan) 
according to the manufacturer’s instruction. Additional 
peaks at a microsatellite locus in the tumor DNA compared 
with normal DNA from the same patient were interpreted as 
MSI. Cases with MSI in 2 or more loci were interpreted as 
exhibiting high MSI (MSI-H), cases with MSI in only one 
locus were called low MSI (MSI-L), and cases that did not 
show MSI in any of the five markers of the microsatellite 
panels were called microsatellite stable (MSS).

Statistical analysis

All data were subjected to statistical analysis using SPSS 
version 22 (IBM). Comparisons among continuous and cat-
egorical variables were made using the Mann–Whitney test, 
Chi-square test, or Fisher’s exact probability test. P values of 
less than 0.05 (two-sided) indicated significance.

Results

Clinicopathological findings

The clinicopathological characteristics of each PDA subtype 
are summarized in Table 1. Solid-type PDA predominantly 
occurred in the lower third location (p = 0.007). In other 
features, there were no significant differences between the 
two groups.

Histopathology of solid‑type PDA

Histologically, solid-type PDA showed expansive growth 
with a scattered Crohn’s-like lymphoid reaction around 
the tumor (Fig. 1a). The tumor cells in solid-type PDA 
had oval vesicular nuclei with prominent nucleoli and 

Table 1  Clinicopathologic characteristics of poorly differentiated gas-
tric cancer

The data were analyzed using χ2 test except for those of the age and 
tumor size
a PDA poorly differentiated adenocarcinoma
b The age and tumor size between solid-type and non-solid-type PDAs 
were statistically analyzed using Mann–Whitney test

Solid-type 
 PDAa 
(n = 31)

Non-solid-type 
 PDAa (n = 23)

p value

Age (years; median, range) 78 (66–99) 74 (56–89) 0.56b

Sex
 Male 18 (58.1) 13 (56.5) 0.91
 Female 13 (41.9) 10 (43.5)

Location
 Upper 2 (6.5) 7 (30.4) 0.0067
 Middle 8 (25.8) 8 (34.8)
 Lower 21 (67.7) 6 (26.1)
 Diffuse 0 (0) 2 (8.7)

Tumor size (mm; median, 
range)

85 (35–190) 90 (20–185) 0.99b

Depth of invasion
 pT1 1 (3.2) 2 (8.7) 0.36
 pT2 4 (12.9) 1 (4.3)
 pT3 3 (9.7) 5 (21.7)
 pT4 23 (74.2) 15 (65.2)

Lymphatic invasion
 Present 30 (96.8) 21 (91.3) 0.39
 Absent 1 (3.2) 2 (8.7)

Venous invasion
 Present 28 (90.3) 21 (91.3) 0.90
 Absent 3 (9.7) 2 (8.7)

Lymph node metastasis
 pN0 10 (32.3) 4 (17.4) 0.22
 pN1–3 21 (67.7) 19 (82.6)
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abundant eosinophilic cytoplasm (Fig. 1b), forming a 
solid nest with scanty stroma. Tumor-infiltrating lympho-
cytes were scattered within the tumor. Solid-type PDA 
frequently had a glandular adenocarcinoma component 
at the mucosal or peripheral area (Fig. 2), and showed 
prominent lymphatic and venous invasion.

Immunohistochemistry and in situ hybridization 
of EBER

The results of the immunohistochemical analysis are sum-
marized in Table 2. When PDA had a concordant glandu-
lar component, expression pattern of each protein in PDA 
was the same as that in concordant glandular component. 
The proportion of absent expression of MLH1 (58.1%) 
and PMS2 (51.6%) in solid-type PDA was significantly 
higher than that in non-solid-type PDA (4.3 and 8.7%, 
respectively; p < 0.0001). Representative immunohisto-
chemical features of solid-type PDA are shown in Fig. 3. 
There were no differences in the expression of other pro-
teins between the two subtypes of PDA. Although there 
were no significant differences in the mucin phenotype, 
the proportion (35.5%) of the unclassified type tended to 
be higher in solid-type PDA than that (21.7%) in non-
solid-type PDA. A positive reaction for EBER was found 
in only 2 cases (2.6%) out of 54 PDAs. Both cases showed 
solid-type histology and were located in the middle-third 
region of the stomach.

Fig. 1  Histopathological findings of solid-type PDA of the stomach. 
a Tumor grows expansively with scattered Crohn’s-like lymphoid 
reactions (arrows) in the gastric wall. Hematoxylin–eosin staining. b 
Tumor cells show oval vesicular nuclei with prominent nucleoli and 
abundant eosinophilic cytoplasm. The tumor forms a solid nest with 
numerous tumor-infiltrating lymphocytes. Hematoxylin–eosin stain-
ing

Fig. 2  Histology of solid-type PDA co-existent with a glandular ade-
nocarcinoma component. Solid-type PDA are predominantly present 
at the invasive area (right lower area) with glandular adenocarcinoma 
coexistence at the mucosal area. Hematoxylin–eosin staining

Table 2  Results of immunohistochemistry and in situ hybridization

The data represent the number of cases with percentage in the paren-
theses. The data were analyzed using χ2 test
a PDA poorly differentiated adenocarcinoma, NS not significant

Solid-type 
 PDAa (n = 31)

Non-solid-type 
 PDAa (n = 23)

p value

MLH1
 Positive 13 (41.9) 22 (95.7) < 0.0001
 Negative 18 (58.1) 1 (4.3)

MSH2
 Positive 31 (100) 23 (100) NSa

 Negative 0 (0) 0 (0)
MSH6
 Positive 31 (100) 23 (100) NSa

 Negative 0 (0) 0 (0)
PMS2
 Positive 16 (51.6) 21 (91.3) 0.0019
 Negative 15 (48.4) 2 (8.7)

p53 overexpression
 Present 12 (38.7) 14 (60.9) 0.064
 Absent 19 (61.3) 9 (39.1)

Mucin phenotype
Gastric type 7 (22.6) 7 (30.4) 0.57
 Intestinal type 7 (22.6) 4 (17.4)
 Mixed type 6 (19.3) 7 (30.4)
 Unclassified type 11 (35.5) 5 (21.7)

EBER
 Positive 2 (6.5) 0 (0) 0.21
 Negative 29 (93.5) 23 (100)
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Molecular pathology findings

Among 54 gastric PDAs, MSI was observed in 17 cases 
(31.5%). All cases demonstrated MSI-H. The proportion 
of MSI in solid-type PDA (16/31, 51.6%) was signifi-
cantly higher than that in non-solid-type PDA (1/23, 4.3%) 
(Table 3, p = 0.00022).

No differences were observed in the mutations of KRAS 
and BRAF among gastric PDAs, but solid-type PDA showed 
a higher proportion of KRAS (16.1%) and BRAF (3.2%) 
mutations than non-solid-type PDA.

Clinicopathological characteristics 
of microsatellite‑unstable solid‑type PDAs

Microsatellite-unstable solid-type PDA was significantly 
related with female predominance, lower third location, 
tumor-infiltrating lymphocytes, Crohn’s-like lymphoid 
reaction, a concordant glandular component, absent MLH1 
and PMS2 expression, and less frequent p53 overexpression 

Fig. 3  Immunohistochemical findings of MSI-positive solid-type 
PDA. MSI-positive solid-type PDA showing the absence of MLH1 
(a) and PMS2 (b) expression, although tumor-infiltrating lympho-

cytes, fibroblasts, and endothelial cells show a positive reaction. Both 
MSH2 (c) and MSH6 (d) showed a positive reaction in the nuclei of 
tumor cells. Counterstaining, hematoxylin

Table 3  Results of molecular findings

The data represent the number of cases with percentage in the paren-
theses
a PDA poorly differentiated adenocarcinoma, MSI microsatellite 
unstable, MSS microsatellite stable
b The data were analyzed using χ2 test

Solid-type  PDAa 
(n = 31)

Non-solid-type 
 PDAa (n = 23)

p  valueb

Microsatellite status
 MSIa 16 (51.6) 1 (4.3) 0.00022
 MSSa 15 (48.4) 22 (95.7)

KRAS (codon 12 and 13)
 Wild type 26 (83.9) 21 (91.3) 0.42
 Mutant type 5 (16.1) 2 (8.7)

BRAF (V600)
 Wild type 30 (96.8) 22 (95.7) 0.83
 Mutant type 1 (3.2) 1 (4.3)
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(Table 4). Regarding age and growth pattern, microsatellite-
unstable solid-type PDA tended to relate to older age and an 
expansive growth pattern than microsatellite-stable solid-
type PDA.

Relationship between the microsatellite status 
and concordant glandular component in solid‑type 
PDA

Solid-type PDA had a frequently concordant glandular com-
ponent in its mucosal or peripheral region. Compared with 
solid-type PDA without a glandular component, solid-type 
PDA with a concordant glandular component was signifi-
cantly associated with MSI (p = 0.019).

Discussion

We showed that approximately half of solid-type PDAs 
have peculiar clinicopathological features such as older age, 
female predominance, antral location, prominent tumor-infil-
trating lymphocytes, Crohn’s-like lymphoid reaction, and 
a concordant glandular component. In addition, solid-type 
PDA with MSI, probably derived from glandular adenocarci-
noma, was closely correlated with absent MLH1 expression 
and lower p53 expression.

The present study demonstrates the clinicopathologi-
cal characteristics of solid-type PDA in comparison with 

non-solid-type PDA. These features were reflected from 
those of microsatellite-unstable solid-type PDA. Nota-
bly, MSI-positive PDA was limited to occur in the gastric 
antrum. The tumor shared pathological and biological fea-
tures with those occurring in patients with medullary car-
cinoma of the colon, i.e., vesicular nuclei with eosinophilic 
cytoplasm, tumor-infiltrating lymphocytes, Crohn’s-like 
lymphoid reaction, and a concordant glandular component 
[21]. Although gastric solid-type carcinoma could be consid-
ered as a gastric counterpart of colonic medullary carcinoma 
due to similar phenotype, their carcinogenesis is considered 
to be partly different because of lower BRAF mutation in 
gastric solid-type PDA. In accordance with our results, 
Choi et al. demonstrated that MSI-positive gastric cancers 
show prominent vessel invasion [22]. However, their report, 
together with our data, indicated a relatively lower incidence 
of node metastasis than that in non-solid-type PDA. Thus, 
it is suggested that solid-type carcinoma is a peculiar tumor 
among PDAs.

The present study showed that the clinicopathological and 
molecular features of solid-type PDA differ from those of 
non-solid-type PDA. In fact, solid-type PDA shares histo-
logical morphology features such as few glandular forma-
tions with non-solid-type PDA. However, several studies 
have shown that solid-type PDA exhibits different clinico-
pathological features in comparison with non-solid-type 
PDA [4, 11–13, 23]. Since the 12th version of the Japanese 
Classification of Gastric Cancer, PDA has been subclassified 

Table 4  Comparison between 
microsatellite-unstable and 
stable solid-type poorly 
differentiated adenocarcinoma

The data represent the number of cases. The data were analyzed using χ2 test except for the age and tumor 
size
a MSI microsatellite unstable, MSS microsatellite stable, NS not significant
b The age and tumor size in each group were analyzed using Mann–Whitney test

Clinicopathological valuables MSIa (n = 16) MSSa (n = 15) p value

Age (years; median, range) 80 (69–99) 75 (66–84) 0.081b

Gender (male/female) 6/10 12/3 0.017
Location (upper/middle/lower) 0/0/16 2/8/5 < 0.001
Tumor size (mm; median, range) 86.5 (37–190) 80 (35–130) 0.28
Growth pattern (expansive/infiltrating/mixed) 14/1/1 7/5/3 0.050
Tumor-infiltrating lymphocyte (+/−) 15/1 7/8 0.0039
Crohn’s-like lymphoid reaction (+/−) 15/1 9/6 0.025
Concordant glandular component (+/−) 13/3 6/9 0.018
Venous permeation (+/−) 13/3 15/0 0.078
Lymphatic invasion (+/−) 16/0 14/1 0.29
Lymph node metastasis (+/−) 10/6 11/4 0.52
MLH1 expression (+/−) 1/15 12/3 < 0.0001
MSH2 expression (+/−) 16/0 15/0 NSa

MSH6 expression (+/−) 16/0 15/0 NSa

PMS2 expression (+/−) 1/15 15/0 < 0.0001
p53 overexpression (+/−) 3/13 9/6 0.018
Mucin phenotype (gastric/intestinal/mixed/unclassified) 5/3/5/3 2/4/1/8 0.096
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into two groups: solid-type and non-solid-type [24]. At that 
time, the prognosis of solid-type PDA was considered better 
than that of non-solid-type PDA [6]. Subsequently, research 
advances revealed that solid-type PDA has a relatively good 
prognosis. On the other hand, it is likely that solid-type PDA 
in the Japanese classification is equivalent to solid carci-
noma in the WHO classification [1], which is described as 
a poorly differentiated variant of tubular adenocarcinoma. 
In addition, from the viewpoint of molecular pathology, the 
alteration patterns in “solid adenocarcinoma” were similar 
to those of intestinal-type gastric cancer [25]. Thus, solid-
type PDA should be distinguished from non-solid-type PDA.

This study provides data that approximately half of solid-
type PDA showed MSI. In sporadic gastric cancer, MSI is 
induced by hypermethylation of the MLH1 gene promoter 
[26]. The proportion of MSI in gastric cancer increases with 
advancing age, reaching more than 35% in elderly women 
aged 85 years or older [7, 26]. Thus, MSI with absent MLH1 
expression may play an important role in tumor develop-
ment. In addition, despite numerous reports indicating a 
significant relationship between intestinal-type histology 
and MSI [27], our previous study clearly showed that solid-
type PDA was one of the most frequent MSI in gastric can-
cer as well as papillary adenocarcinoma [7]. MSI-positive 
cancer could be targeted by immune checkpoint blockade 
with pembrolizumab and so on, whereas solid-type PDA is 
uncommon in younger patients, but accounts for approxi-
mately 20% in elderly patients [28]. Thus, from the view-
point of treatment and demographic dynamics, it is expected 
that the incidence of this type of cancer will increase in the 
near future.

In the present study, the proportions of KRAS (14.1%) and 
BRAF (3.8%) mutations in solid-type PDA were higher than 
those (4.2 and 0.14%, respectively) reported previously in 
GCs [29]. van Grieken et al. demonstrated a close relation-
ship between KRAS mutation and MSI in GCs [29]. Con-
sequently, KRAS mutation is expected to be more frequent 
in solid-type PDA than in other histological types. On the 
other hand, Jiao et al. reported that the pattern of genetic 
alteration in solid carcinoma was similar to that in tubular 
adenocarcinoma [25]. Thus, solid-type PDA may have a spe-
cific genetic profile.

The present study demonstrated that MSI-positive 
solid-type PDA shares clinicopathological features with 
Epstein–Barr virus (EBV)-associated GCs (EBVaGC) such 
as poorly differentiated adenocarcinoma with prominent 
lymphocyte infiltration. Moreover, from the molecular view-
point, reports by other investigators also showed the two 
tumors shared a CpG mutator phenotype (CIMP) and micro-
satellite instability [30]. However, EBVaGC shows clinico-
pathological characteristics such as male predominance, 
proximal location, and lymphoepithelioma-like histology 
[31], whereas MSI-positive solid-type GC demonstrated 

female predominance, antral location, and PDA with tumor-
infiltrating lymphocytes. Thus, these results suggest that 
MSI-positive solid-type PDA demonstrates an entity differ-
ent from EBVaGC.

As for the histogenesis of solid-type PDA with MSI, the 
tumor frequently had a concordant glandular component in 
its mucosal and/or peripheral area. Most early GCs with MSI 
showed a glandular histology, and a poorly differentiated 
component appeared with cancer progression. MSI-positive 
solid-type PDA showed a concordant glandular component 
more frequently [7]. The histological features together with 
molecular findings, suggest that MSI-positive solid-type 
carcinoma originates from glandular carcinoma. Therefore, 
we propose a histogenesis of MSI-positive solid-type PDA. 
MSI-positive solid-type carcinoma principally develops as 
glandular adenocarcinoma including tubular and papillary 
adenocarcinoma, and then progresses to a more poorly dif-
ferentiated one, especially in an invasive region. A small 
amount of glandular component might remain in the periph-
eral or superficial region of the tumor.

Diagnosing MSI-positive solid-type PDA is important in 
daily practice. Recent advances in molecular biology have 
demonstrated the comprehensive molecular characterization 
of GC [32]. GCs are classified into four types: EBV-related, 
CIMP-positive type; microsatellite instability, hypermutated 
type; genomically stable type; and chromosomal instability 
type. As approximately half of the solid-type PDAs could 
belong to the microsatellite instability, hypermutated type, 
this tumor type could be targeted using molecular targeted 
agents [33, 34]. Thus, pathologists should make a correct 
diagnosis for GC with MSI. Solid-type PDA is a representa-
tive tumor with MSI in GCs. Although molecular pathologi-
cal examination using microsatellite instability is not avail-
able in most pathology departments, immunohistochemistry 
of mismatch-repair proteins is useful for the correct diagno-
sis of solid-type PDA with MSI.

The present study has several limitations. First, the sam-
ple was biased towards the elderly. That was why the pro-
portion of EBVaGC in this study was lower than expected. 
Second, the biological behavior of MSI-positive PDA was 
not adequately examined because of insufficient follow-up 
observation. Third, to more reliably distinguish MSI-positive 
PDA from other types of GC, genetic alterations should be 
examined in further detail.

In conclusion, we have shown that MSI-positive solid-
type PDA has peculiar clinicopathological features and that 
MSI with absent MLH1 expression may play an important 
role in tumor development. In addition, from the viewpoint 
of histogenesis, MSI-positive solid-type PDA may originate 
from differentiated-type adenocarcinoma.
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