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Abstract: Objectives: To devise a classification method for grossly visible non-invasive neoplasms (GVNINs) of the
gallbladder and examine their relationship to pyloric gland adenoma (PGA), since clinicopathological features of
GVNINs are not well known to date and the relationship between PGA and GVNINs remains unknown. Methods:
Eighty-five GVNINs were classified into pedunculated (PE), sessile type 1 (SE1), and sessile type 2 (SE2) groups,
and into histologic subtypes. Clinicopathologic data, immunohistochemical data surrogating gene abnormalities,
and mutational data of CTNNB1, KRAS, and GNAS were obtained. In five cases of SE1 containing PGA-like lesions,
separate analyses for PGA-like and non-PGA-like lesions were performed. The relevance of the mucinous tumor
cell ratio was analyzed in PE tumors. Results: The invasion rates were 0%, 33.4%, and 91.2% for PE, SE1, and
SE2, respectively. SE2 was more with > pT2 (78.2%) compared to SE1 (16.7%). All PE and SE1 were of gastric
pyloric subtype and gastric type, respectively, whereas pancreatobiliary/intestinal subtypes were predominant in
SE2. Approximately 66.7% of SE1 had B-catenin abnormalities, STK11-loss, and CTNNB1 mutation. SMAD4-loss
was exclusively seen in the intestinal subtype. Mucinous cell-predominant PGA was not clinicopathologically differ-
ent from non-mucinous cell-dominant type except for patients’ age and nuclear B-catenin labeling index. PGA and
PGA-like lesions in SE1 shared B-catenin abnormalities and CTNNB1 mutation, but not STK11-loss. Conclusions: A
clinicopathologically relevant classification system for GVNINs was proposed. Histologic subtyping was also impor-
tant. Non-mucinous cell-predominant PE was suggested to be a similar entity to PGA, while SE1 containing PGA-like
lesions were not suggested to be similar.

Keywords: Gallbladder, non-invasive neoplasm, intracholecystic papillary neoplasm, pyloric gland adenoma,
B-catenin, STK11

Introduction

Precancerous lesions of the gallbladder are
classified into flat (including low or micropapil-
lary) and elevated (grossly visible non-invasive
neoplasm, GVNIN) types. The flat type is micro-
scopically defined as flat or micropapillary and
has been named “biliary intraepithelial neopla-
sia (BilIN)” [1]. Compared to other GVNINs of
the pancreatobiliary system, such as intraduct-
al papillary mucinous neoplasms (IPMNs) and
intraductal tubulopapillary neoplasms (ITPNs)
of the pancreas and intraductal papillary neo-
plasms of the bile ducts (IPNBs), GVNINs of the
gallbladder have not been well-characterized
[2]. Regarding GVNIN, many terminologies for
several groups of tumors have been proposed,
such as intracholecystic papillary neoplasm

(ICPN), pyloric gland adenoma (PGA), papillary
carcinoma, and intracholecystic tubular non-
mucinous neoplasm (ICTN) [3-6]. ICPN is mac-
roscopically characterized by broad-based, exo-
phytic tumors, and grows in a predominant
papillary configuration for the typical histopa-
thology. Conversely, the typical histopathology
of PGA is composed of uniform back-to-back
mucinous glands in a tubular configuration [1].
The GVNINs composed of small non-mucinous
tubules with complex architecture were pro-
posed to be ICTN [5, 6] and those mainly con-
sisting of papillary or papillotubular adenocarci-
nomas with an overall complex architecture
(more complex than that expected in typical
IPNBs) were categorized as papillary carcinoma
by several researchers [3, 4]. However, the defi-
nition or separation of these tumor groups has
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not yet been standardized, and different res-
earchers still use different classification sys-
tems for these GVNINs. Recent comprehensive
molecular studies have clarified several onco-
genic molecular alterations that are detectable
in gallbladder carcinoma with relatively high
frequencies and are driver genes, such as TP-
53, SMAD4, ARID1A, PIK3CA, ELF3, CDKN2A,
KRAS, ERBB2, ARID2,STK11, CTNNB1, KMT2C,
TERT promoter, and RB1 [7, 8]. However, there
are still few studies on GVNINs and this is part-
ly because of the ill-established classification
system for GVNINs [9].

Moreover, the relationship between these GV-
NIN cases and PGA remains unknown. Some
otherwise typical ICPN cases, partly contain
MUCB6-positive or PGA-like lesions, and hence,
the possibility that PGA may progress to IC-
PN remains unproven. Some PGA or ICTN-like
cases contain both mucinous and non-muci-
nous epithelia; hence, the possibility that PGA
may progress to ICTN, or vice versa, remains
unclear.

Hence, this study aimed to establish a relevant
clinicopathologic classification system for GV-
NINs and to determine the relationship between
PGA and other group tumors in terms of tu-
morigenesis. We collected all types of GVNINs
and classified them by gross and histologi-
cal appearance as well as histological subty-
pes (differentiation direction), and analyzed
their clinicopathologic, immunohistochemical,
and molecular features. We used immunohisto-
chemistry (IHC) which has been reported to be
a surrogate marker of molecular abnormalities
of recently reported gallbladder carcinoma [7,
8]. Additionally, we focused on the tumorigene-
sis of GVNINs containing MUC6-positive, PGA-
like lesions.

Materials and methods

The institutional review board at Juntendo
University approved this study (approval codes:
#M17-0099).

Materials

In total, 85 cases with GVNINs of the gallblad-
der were included in this study. Of the 148 sur-
gically resected and pathologically confirmed
cases of gallbladder adenoma or carcinoma in
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Juntendo University hospital between January
2004 and January 2024, 79 surgical cases
were extracted which contained elevated (> 5
mm from the neighboring mucosa [10]) gall-
bladder tumors (inclusion criterion), did not
receive preoperative chemotherapy (exclusion
criterion), and had pathologic diagnoses other
than adenocarcinoma, such as squamous cell
carcinoma and neuroendocrine carcinoma (ex-
clusion criterion). Also, the authors received six
consultations of surgical cases which satisfied
the inclusion/exclusion criteria. Hence, a total
of 85 GVNIN cases were included in this study.
Of the 85 GVNIN cases, 15 were used in our
previous study [11].

Classification of GVNIN

First, GVNINs were grossly and microscopically
classified into two groups: “pedunculated group
(PE)” and “sessile group (SE)". Cases where the
entire tumor was connected to the gallbladder
wall with an intervening thin stalk, which was
covered by non-tumorous epithelia, were classi-
fied as PE. Conversely, cases where the tumor
was connected to the gallbladder wall with a
broad base, and the tumor stalk was cover-
ed by tumorous epithelia, were considered SE.
There were 27 cases in which the whole or
part of the tumor was observed as “dropped”
following post-operative procedures. Of these
27 cases, 22 were classified as “PE (dropped)”
because a non-tumorous stalk component was
detected among the dropped tumor and/or no
tumor was detected at the tumor base of the
gallbladder mucosa. Five cases were classifi-
ed as “SE (dropped)” when non-tumorous stalk
component was not detected in the dropped
tumor and/or part of the tumorous component
remained at the tumor base of the gallbladder
mucosa.

In addition, SE tumors were further classifi-
ed into type 1 (SE1) and type 2 (SE2). Cases
with homogeneous histology harboring very
thin tumor stroma/stalks were grouped as
SE1, while others with heterogeneous histolo-
gy, sometimes with thick and fibrous tumor
stroma, were considered SE2, referring to the
classification of IPNBs [12, 13].

Clinicopathologic data collection

Clinicopathologic features, including patients’
age, sex, tumor size (maximal diameter and tu-
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mor height from the surrounding mucosa),
and TNM stage according to the Union for In-
ternational Cancer Control [14], were collected.
In cases which the tumor was not invasive, we
determined the case as carcinoma in situ (or
pTis) when p53 overexpression with IHC, tumor
necrosis, or cribriform formation was observed,
and otherwise as adenoma.

Evaluation of tumor histology

All gallbladder specimens had been cut longitu-
dinally from the gallbladder fundus to the neck,
and 2-8 slices comprising of 6 to 56 glass
slides were available, depending on the tu-
mor size and gallbladder size, for histological
review of this study. After reviewing all glass
slides, the representative 2-3 slices (6 to 12
glass slides) were selected and used for the fol-
lowing data collection. Data included the ratio
of tubular and papillary components, ratio of
mucin-rich tumor cell among the entire tumor
cells, existence of squamoid morule, and tumor
replacement to the neighboring mucosa; non-
elevated mucosa was evaluated with hematox-
ylin and eosin-stained specimen and periodic-
Acid-Sciff (PAS) stained specimen.

Histological subtyping with IHC

Tumor subtype/differentiation direction was
determined with the help of IHC for MUC1,
MUC2, MUC5AC, MUCG, and CDX2. The results
of IHC for MUCs and CDX2 were as follows: pos-
itive, when > 50% of the tumor cells were posi-
tive for these antibodies, and otherwise nega-
tive. Cases comprised of tumor cells resembling
colonic villous adenoma or adenocarcinoma
and positive for MUC2 and/or CDX2 were de-
termined as intestinal type, while those com-
prised of roundish to cuboidal cells without
evident cytoplasmic mucin and positive for MU-
C1 were considered pancreatobiliary type. Mo-
reover, cases composed of tumor cells resem-
bling gastric foveolar cells or pyloric gland
cells and positive for MUC5AC and/or MUC6
were determined to be gastric type. Gastric
type was further divided into gastric foveolar
type (mainly comprising of MUC5AC-positive
cells) and gastric pyloric type (mainly compris-
ing of MUCG6-positive cells). Cases comprised
of homogeneous cuboidal cells with less cyto-
plasmic mucin but positive for MUC6 were
also included in the gastric pyloric type.
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IHC surrogating for molecular status and Ki-67

To investigate the molecular status of the tu-
mor, IHC stains for B-catenin, SMAD4, p53, ST-
K11, ARID1A, and HER2 were performed. To
evaluate the proliferating activity, IHC for Ki-67
was performed. All IHC except SMAD4 and
STK11 were performed for all study cases (n =
85), and IHC for SMAD4 and STK11 were
performed for 80 cases, because of the short-
age of tumor specimen after performing the
other examinations in five cases in the pedun-
culated tumor group. Deparaffinized 4-uym
sections from each paraffin block were exposed
to 0.3% hydrogen peroxide for 10 min to block
endogenous peroxide activity. Normal back-
ground gallbladder mucosa and breast can-
cer specimens were used as a positive control
for B-catenin, SMAD4, p53, STK11, ARID1A
and HER2, respectively. Details of the primary
antibodies used in this study are summarized
in Table 1. HER2-IHC was performed on the
BenchMark®XT automated slide stainer (I-VIEV
put HER2/neu kit, Ventana Medical Systems)
following the manufacturer’s instructions and
other IHCs were performed manually. Regard-
ing the IHC for B-catenin and Ki-67, the nu-
clear-positive ratio (labeling indices) was re-
corded. Concerning IHC for SMAD4 and ARID-
1A, the existence of tumor area with nuclear
loss was evaluated, while for STK11, cytoplas-
mic loss was evaluated. Regarding IHC for
p53, the overexpression of nuclei was evaluat-
ed. Evaluation of HER2-IHC was performed
according to the scoring system for gastric car-
cinoma, scoring 0-3 [15].

Somatic mutational analyses of KRAS, GNAS,
and CTNNB1

Mutational analyses were performed for all SE
group tumors (n = 29) and a part of the PE
group tumors (the number of cases analyzed is
shown in Table 4), because of the shortage of
tumor DNA required for analysis due to the
small tumor size for some cases with PE tumors.
CTNNB1 data for 15 of the PE group tumors
were already obtained in our previous study
[11]. Since there were some SE1 cases contain-
ing tubular adenoma-like or PGA-like lesions
with B-catenin nuclear-accumulation, CTNNB1
mutational analysis was performed separately
for these PGA-like area and other areas to
determine the relationship of PGA-like lesions
and other lesions in terms of molecular abnor-
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Table 1. Antibodies used in this study

Antibody Clone Dilution Pretreatment* Source

MUC1 Ma695 1:100 HIER Leica Biosystems, New Castle, UK

MUC2 Ccpb8 1:100 HIER Leica Biosystems, New Castle, UK

MUC5AC CLH2 1:100 HIER Leica Biosystems, New Castle, UK

MUC6 CLH5 1:100 HIER Leica Biosystems, New Castle, UK

CDX2 CDX2-88 1:100 HIER Bio Genex, Fremont, USA

Ki-67 MIB-1 1:200 HIER DAKO, Glostrup, Denmark

B-catenin B-catenin-1 1:100 HIER DAKO, Glostrup, Denmark

P53 1801 ready to use HIER Bio Genex, Fremont, CA, USA

HER2 4B5 ready to use HIER Ventana, Roche Tissue Diagnostics,
Tucson, AZ, USA

STK11 (LKB1) D60C5F10 1:250 HIER Cell Signaling Technologies, Danvers, MA,
USA

ARID1A Polyclonal (HPAOO5456) 1:500 HIER Sigma Aldrich, St. Louis, MO, USA

SMAD4 B-8 1:50 HIER Santa Cruz Biotechnology, Dallas, TX, USA

*HIER; heat-induced epitope retrieval.

Table 2. Primers used in this study

composed mostly of muci-

Gene Exon Forward Reverse

nous tumor epithelia and tho-

CTNNB1 3 TTTGATGGAGTTGGACATGG CAGGACTTGGGAGGTATCCA

se composed mostly of non-
mucinous tumor epithelia, the
percentages of mucinous epi-
thelium and non-mucinous
epithelium was recorded in

KRAS 2  AAGGCCTGCTGAAAATGAC  TGGTCCTGCACCAGTAATATG
KRAS 3 TGGAGAAACCTGTCTCTTGGA ACACAAAGAAAGCCCTCCCC
GNAS 8 GTTGGCTTTGGTGAGATCCA AGGTAACAGTTGGCTTACTGGA
GNAS 9 CTGGAATAACCAGCTGTCCTC TCCCTAACAACACAGAAGCAAA

5% increments. The existence

malities. Tumor DNA was extracted from 20-40
serial unstained sections (6 mm) of tumor
specimens. The selected areas were manually
dissected with sterilized disposable blades
under a microscope. DNA isolation was con-
ducted using QIAmp DNA kit (Qiagen, Hilden,
Germany). The samples were analyzed and the
PCR was conducted in triplicates for each sam-
ple with pairs of primers encompassing exon 2
and 3 of KRAS, exons 8 and 9 of GNAS, and
exon 3 of CTNNBL. Information on the primers
is shown in Table 2. The electrophoresis of the
PCR products was performed in 2% Agaro-
se gel, and recovered DNA was submitted to
Eurofine Genomics, Co., Ltd., Tokyo, Japan, for
sequencing. Mutations were confirmed if the
height of the mutated peak reached 20% of the
height of the normal peak for both sense and
anti-sense directions.

Evaluation of the ratio of mucinous epithelia in
PE type tumors and analysis of its significance

To evaluate the clinicopathological and mo-
lecular differences between PE type tumors
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of intracytoplasmic mucin was
determined with PAS-stained specimens. Mo-
reover, the relationship of the percentages of
mucinous epithelia to the clinicopathologic, his-
tological, immunohistochemical, and molecular
data was evaluated.

Statistical analysis

Comparison of categorical data among the
groups was performed with Fisher’ exact test
and that of serial data was with Mann-Whitney’s
U test. Correlation between mucinous percent-
age and other data was evaluated using Sp-
earman’s rank correlation coefficient with Gr-
aphPad Prism® software, ver. 9.5 (GraphPad,
San Diego, CA, USA).

Results

Clinicopathologic data of our GVNINs

Table 3 shows the summary of our study co-
hort. The mean patient age was 57, 80, and 70

years for PE, SE1, and SE2 groups, respective-
ly. The PE group had younger individuals com-
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Table 3. Clinicopathological and histological features of grossly visible non-invasive neoplasms of the

gallbladder
Sessile (SE) p?
Pedunculated
(PE) (n = 56) Type 1 (n = 6) Type 2 (n = 23) T S
Clinicopathological features
Age, mean (year) (range) 57 (32-87) 80 (76-83) 70 (42-85) *kkk *kkk L
Sex, Male/Female 31/25 13/10 NS NS NS
Tumor
Size, mean (mm) (range) 12.8 (5-37) 31.8 (14-50) 63.1 (14-200) ok ok *
Height, mean (mm) (range) 8.1 (5-22) 13.2 (5-25) 8.5 (5-24) NS NS NS
<Tis/Tlaor T1b/T2 < (%) 56 (100)/0 (0)/0(0) 4(66.7)/1(16.7)/1(16.7) 2(8.7)/3(13.0)/18(78.2) i Hkk ok *%
Histological features
Tub ratio, mean (%) (range)® 92.0 (75-100) 54.2 (5-85) 22.4 (0-75) ok ok *
Muc ratio, mean (%) (range)® 40.0 (0-100) 64.2 (10-100) 32.4 (5-75) NS NS *
Sq. morule, present (%)® 24 (42.9) 0(0) NS kAR NS
Lat. spread, present (%)° 0 (0) 4 (66.7) 21 (91.3) *hkk ok NS
Subtype
Gf/Gp/GF+Gp/ 0(0)/56 (0)/0 (0)/ 1 (16.7)/3(50.0)/2(33.3)/ 1 (4.3)/0 (0)/1 (4.3)/ NS kkkk kkkk

PB/INT/Mix (%)8 0 (0)/0 (0)/0 (0)

0(0)/0 (0)/0 (0)

8(34.8)/5(21.7)/8 (34.8)

°Tub ratio, the ratio of tubular growth (%), Muc ratio, the ratio of mucinous tumor cells, Sq. morule, squamoid morule, and Lat. Spread, tumor replacing lateral neighbor-
hood epithelia. SGf, gastric foveolar type, Gp, gastric pyloric type, PB, pancreatobiliary type, INT, intestinal type, and MIX, more than two types, mixed. 'For subtype, p
value was obtained for the ratio of gastric subtypes among all subtypes. ****, < 0.0001, ***, < 0.001, **, < 0.01, *, < 0.05.

pared to SE1 and SE2 groups (P < 0.0001 for
both), and SE2 had younger individuals com-
pared to the SE1 group (P = 0.0059). Female
percent was 44.6%, 66.7%, and 43.5%, for
PE, SE1, and SE2 groups, respectively, and
there was no significant difference between
the groups. Mean tumor size/height was 12.8
mm/8.1 mm, 31.8 mm/13.2 mm, and 63.1
mm/8.5 mm for PE, SE1, and SE2 groups,
respectively. PE group had cases with smaller
tumor size than those in the SE1 and SE2
groups (P = 0.0007 and < 0.0001, respecti-
vely) and SE1 was smaller than SE2 (P =
0.0152). There was no significant difference in
tumor height between the groups. There were
no PE group tumors with stromal invasion (pTis
or less), whereas 16.7%/16.7% of SE1 and
13.0%/78.2% of SE2 showed stage pTl/pT2
or more, respectively (P < 0.01, 0.0001, and
0.01 between PE and SE1, PE and SE2, and
SE1 and SE2, respectively).

Histologically, a tubular pattern was more pre-
dominant in PE than in SE1 and SE2 (P =
0.0004 and < 0.0001, respectively) and in SE1
than SE2 (P < 0.05). Mucin-containing cells
were more in SE1 than in SE2 (P < 0.05). Re-
garding histological subtyping, all PE tumors
belonged to gastric pyloric type (Gp); all SE1
tumors belonged to gastric foveolar (Gf), and
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Gp or mixed Gf+Gp type (16.7%, 50.0%, 33.3%,
respectively). Conversely, PB type (34.8%) and
intestinal type (INT) (21.7%) were more fre-
quent than gastric (G) type (8.6%) in SE2
tumors.

IHC surrogating for molecular status and Ki-67
of GVNINs

IHC results are summarized in Table 4 and rep-
resentative microscopic view and IHC results
are shown in Figures 1-3. Briefly, B-catenin
nuclear accumulation was observed in 100%,
66.7%, and 30.4% of PE, SE1, and SE2 tumors,
respectively. STK11-loss was observed in 0%,
83.3%, and 17.4% of PE, SE1, and SE2 tumors,
respectively. All SE1 tumors with B-catenin
nuclear accumulation showed both STK11-loss
and CTNNB1 mutation. All SE2 tumors, except
one, with B-catenin nuclear accumulation did
not show CTNNB1 mutation nor STK11-loss
(Table 4).

SMADA4-loss was detected exclusively for the
intestinal subtype of SE2. HER2 scores of
2/3 were observed exclusively for and 13.0%/
13.0% of SE2 cases, respectively. ARID1A-loss
was not observed exclusively in any of the stu-
dy cases (0%). p53 overexpression was dete-
cted in 1.8%, 16.7%, and 73.9% of PE, SE1,
and SE2 cases, respectively (P = 0.186, <
0.0001, and = 0.019 for PE vs. SE1, PE vs. SE2,

Int J Clin Exp Pathol 2025;18(6):245-257



GVNIN-classification and relationship to PGA

Table 4. Immunohistochemical and mutation data of grossly visible non-invasive neoplasm of the
gallbladder

GVNIN PE (n = 56) SE-1 (n = 6) SE-2 (n = 23)
G Gf G Gf+ Gf  Gf+ PB INT Mix
subtype* (n =F:36) (n=1) (n =p3) (n= g) (n=1) (n= F1)) (n=8 (=5 (n=8)
IHC?
B-catenin, nuclear 56 (100) 0(0) 3(100) 1 (50) 0(0) 1(100) 3(37.b) 0(0) 3(37.5)
STK11-loss 0(0) 0(0) 3(100) 2(100) 0(0) 1(100)  0(0) 0(0)  3(375)
SMAD4-loss 0(0) 00  0(0) 00) 0(0 0@ 00 3600  0(0)
HER2-score 2 0(0) 00)  0(0) 0(0) 1(100) 0(0)  0(0)  1(200) 1(75)
HER2-score 3 0(0) 00  0(0) 00) 0(0) 0(0) 2(150)  0(0) 1(7.5)
ARID1A 0(0) 00)  0(0) 00 0(0 0(0)  0(0) 0(0) 0(0)
p53-0.e. 1(18) 0(0) 1(333) 0(0) 1(100) 1(100) 5(625) 4(80.0) 6 (75.0)
Ki-67 LI 14 (155) 40(40) 11(4-16) 7(68) 30(30) 35(35) 38(2850) 51(40-75) 32 (4-83)
Mutation®®
CTNNB1 ex3 41/41(100) 0/1(0) 3/3(100) 2/2(100) 0/1(0) 0/1(0) 0/8(0) 0/5(0) 1/8(12.5)
KRAS ex2 4/81(71) 0/1(0) 1/3(333) 0/2(0) 0/1(0) 0/1(0) 1/8(12.5) 0/5(0)  0/8(0)
KRAS ex3 0/41(0) 0/1(0) 0/3(0) 0/2(0) 0/1(0) 0/1(0) 0/8(0) 0/5(0)  0/8(0)
GNAS ex8 0/10(0) 0/1(0) 0/3(0) 0/2(0) 0/1(0) 0/1(0) 0/8(0) 0/5(0)  0/8(0)
GNAS ex9 0/10(0) 0/1(0) 0/3(0) 0/2(0) 0/1(0) 0/1(0) 0/8(0) 0/5(0)  0/8(0)

SHistological subtype; Gp, gastric pyloric type; Gf, gastric foveolar type; PB, pancreaobiliary type, |, intestinal type, Mix, more than two types,
mixed. °IHC, immunohistochemistry; number of cases with b-catenin nuclear accumulation, STK11-loss, and p53-o.e. (overexpression) are shown
with their percentages in parenthesis. Ki-67 LI, labeling index is shown in % and its range is in parenthesis. *?Mutation, number of cases with
point mutation of each gene was shown with their percentages in parenthesis.

b "R
3

i N
(i P

Figure 1. Grossly visible noninvasive neoplasm of the gallbladder (GVNIN), pedunculated (PE) group. (A-F) PE group,
mucinous cell-dominant, (G-L) PE group, nonmucinous cell-predominant. Both cases showed tubular growth (B, H)
and were diffusely positive for MUCG (C, I). Both showed nuclear accumulation of B-catenin (D, J), STK11-non-loss
(E, K), and SMAD4-non-loss (F, L). Bar =5 mm (A, G), 50 mm (B-F, I-L), 100 mm (H). H&E [A, B, G, H].

and SE1 vs. SE2, respectively). The mean value and it was significantly higher in SE2 compar-
of the Ki-67 labeling index was 14.1%, 14.5%, ed to PE and SE1 (P < 0.0001 and < 0.0051,
and 37.9% for PE, SE1, and SE2, respectively respectively).
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Figure 2. Grossly visible noninvasive neoplasm pf the gallbladder (GVNIN),
sessile typel (SE1) [gastric foveolar and pyloric type]. Some tumor areas
showed similar histology to pyloric gland adenoma (B), diffusely positive for
MUCG6 (C), and showed nuclear accumulation of B-catenin (D), Tumor area
had STK11-loss, and background gallbladder mucosa did not have STK11
loss (E), and did not have SMADA4 loss (F). Bar = 1 cm (A), 50 mm (B-D, F),

100 mm (E).

Somatic mutational analyses of KRAS, GNAS,
and CTNNB1

The frequency of missense mutation of KRAS
(exon 2 and 3), GNAS (exon 8 and 9), and
CTNNBL1 (exon 2) for each tumor group is sum-
marized in Table 4. Summarily, CTNNB1 muta-
tion was detected in 100%, 83.3%, and 4.3%
of PE, SE1, and SE2 tumors, respectively (P =
0.128 for PE vs. SE1, < 0.0001 for PE vs. SE2,
and = 0.0003 for SE1 vs. SE2, respectively).
We performed mutational analyses separa-
tely for PGA-like area and other areas in five of
SE type 1 cases, which showed PGA-like areas
and other areas of these cases harbored a
common CTNNB1 mutation in all five cases
(Figure 4).

Missense mutation of KRAS was detected in
9.8% (including 4.9% of cases with variant of
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uncertain significance, acco-
rding to cBioPortal for Can-
cer Genomics; https://www.
cbioportal.org), 16.7%, and
4.3% of PE, SE1, and SE2
tumors, respectively. Missen-
se mutation of GNAS exon 8
and 9 was not detected in any
PE, SE1, and SE2 cases.

Evaluation of the ratio of
mucinous epithelia in PE type
tumors and analysis of its
significance

Using PAS stain, non-muci-
nous tumor cells character-
ized by cuboidal to short co-
lumnar cells without obvious
-3’.’=}4’" ‘ cytoplasmic mucin were pres-
ent, at least focally, in all 56
(100%) PE cases. The amount
of non-mucinous tumor cells
ranged from 0% to 100% (Ta-
ble 5). There was a significant
relationship between the ratio
of mucinous tumor cells and
patients’ age/B-catenin LI of
the tumor (P < 0.05, < 0.0001,
respectively) (Figure 5). The
other clinicopathological fea-
tures including patients’ sex
distribution, tumor size/heig-
ht, the ratio of histological
squamoid morule formation
and Ki-67 LI were not different for the ratio
of mucinous epithelia of the tumor.

Discussion

The present study classified gallbladder GVNINs
grossly into the PE and SE groups, and further
classified the SE group histologically into SE1
and SE2. The latter classification was accord-
ing to the recently proposed classification sys-
tem of IPNBs [12]. Clinical data of these three
groups, such as tumor stage distribution, were
significantly different suggesting that the pres-
ent GVNIN classification is clinically relevant.
Stromal invasion of the tumors was seen in 0%,
33.4%, and 91.2% of the PE, SE1, and SE2
tumors. Most SE2 tumors were stage pT2 or
more, while only 16.7% of SE1 tumors were pT2
or more. The better prognosis of the PE-type
tumor compared to the SE-type tumor has been
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Figure 3. Grossly visible noninvasive neoplasm of the gallbladder (GVNINs), sessile type2 (SE2). (A-F) pancreatobili-
ary type, (G-L) intestinal type. Both showed predominantly papillary growth (B, H) and had heterogeneously thick
stroma (C, I). No nuclear accumulation of B-catenin (D), non-loss of STK11 (E), and non-loss of SMAD4 (F) for the
pancreatobiliary type, and CDX2-positive (J), non-loss of STK11 (K), and loss of SMAD4 for the intestinal type. Inset
of (L): background gallbladder mucosa was positive for SMAD4. Bar = 1 cm (A, G), 50 mm (B-F, H-L). H&E [A-C, G-I].

Papillary lesion; CTNNBImt c.94G>T

Figure 4. A representative sessile type 1 (SE1) case containing a PGA-like lesion. (A, B) Roupe view. STK11 was lost
in the entire tumor (B). Inset of (B): Normal background mucosa. (C-E) Corresponds to area x (PGA-like lesion), y
(non-invasive, non-PGA-like lesion), and z (invasive lesion) shown in (A). Each inset shows nuclear accumulation of
B-catenin at area x-z. Bar = 1 cm (A), 200 mm (B), 50 mm (C-E). H&E [A, C-E].

already appreciated for more than 30 years carcinoma, Ishikawa et al., had reported that
[16]. Although our study had one case (1.8%) of 22% (2 cases) of PE type showed stromal inva-
carcinoma in situ (determined with overexpres- sion and these two cases were larger than 30
sion of p53 with IHC) and no case with invasive mm, showing a higher malignant rate of PE type
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Table 5. Distribution of the ratio of mucinous tumor cells in PE cases and its relationship to clinico-
pathological, histological, immunohistochemical, and molecular data

Clinicopathology Histology Immunohistochemistry Mutation
Age Sex Size Height Sq. morule B-catenin® Ki-67 LI® CTNNB1®
mean (range) M/F mean (range) mean (range) present (%)® mean (range) mean (range)
% Mucinous®

<5(n=4) 52 (38-63) 3/1 10.8 (6-16) 7.5 (5-12) 2 (50.0) 75.0 (65-80) 10.8 (5-15) 100
5-10 (n = 16) 52 (38-71) 10/6 14.8 (8-25) 9.3 (5-22) 8(50.0) 68.8 (30-90) 17.3 (1-70) 100
1550 (n=16) 61 (32-82) 8/8 12.6 (5-37) 8.1 (5-16) 8(50.0) 45.6 (10-90) 14.1 (5-55) 100
55-85 (n=11) 60 (43-87) 4,7 9.7 (5-18) 5.7 (5-8) 3(27.3) 41.4 (10-60) 13.0 (3-40) 100
90-100 (n=9)  61(44-72) 6/3 14.4 (5-23) 9.1 (5-15) 3(33.3) 23.1(3-70) 11.4 (5-20) 100
p *< 0.05 NS NS NS NS < 0.0001 NS NS

©% Mucinous cell, mucinous tumor cells among total tumor cells in %; Sq. morule, squamoid morule; b-catenin, b-catenin labeling index, and Ki-67, Ki-67 labeling index;

CTNNBL, frequency (%) of CTNNB1 mutation. * with statistical significance.

e P <0.0001
80-¢00 © : r=-0.6045
% e R2=0.3654

B-catenin LI

0 50 100 150
Ratio of mucinous cell

Figure 5. Relationship between the ratio of mucinous
tumor cells and B-catenin labeling index (LI) in pe-
dunculated tumors. Larger ratio of mucinous cells
relates to a lower B-catenin LI (P < 0.0001).

tumor than that in our study. We think the dis-
crepancy in this malignant rate may depend on
the definition of PE and SE. Ishikawa et al. clas-
sified both the pedunculated type (O-Ip type in
classification of the colon cancer [17]) and the
semi-pedunculated type (O-Isp type) into PE,
whereas we only considered O-lp type as PE
and O-Isp/0-Is type as SE [16].

To date, a few authors had analyzed gallbladd-
er SE tumors by classifying them according
to the recently proposed IPNB typing, as in this
study. Akita et al. reported that stromal inva-
sion rates were 57.1% and 100% for type 1 and
type 2, respectively [3]. Nakanuma et al. re-
ported the stromal invasion rates were 12.5%
and 54.5% for type 1 and type 2, respectively
[10]. In this study, the stromal invasion rates
were 33.3% and 91.3% for SE1 and SE2. Al-
though the invasion rate was relatively diver-
se depending on the study, all three studies
showed a significantly more malignant nature
of SE2 tumors.
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The present study also showed significant dif-
ferences in histological growth pattern and the
distribution of histological subtypes among the
three tumor groups. PE tumors were exclusively
tubular and of the gastric pyloric type, SE1 were
either gastric foveolar, pyloric or mixed, and
SE2 were predominantly pancreatobiliary and
intestinal types. With IHC, SE1 tumors we-
re consistently positive for MUC5AC, MUCG,
or both and consistently negative for MUC1,
MUC2, and CDX2. In addition, SE1 tumors fre-
quently had STK11-loss, B-catenin nuclear ac-
cumulation, and CTNNB1 mutation. The pre-
dominance of gastric subtype and frequent
STK11 gene and CTNNB1 gene abnormalities
in type 1 (or SE1 in this study) tumors has been
also reported in a previous study [3]. Although
the sample size of both the previous study and
ours were relatively small, the results of these
studies together may suggest that histological
differentiation towards gastric mucosa and
the simultaneous occurrence of CTNNB1 and
STK11 abnormalities are specific features of
SE1 tumors. Of note, although nuclear accumu-
lation of B-catenin and cytoplasmic STK11-loss
were also observed in 26.1% of SE2 tumors,
cases with B-catenin abnormalities were differ-
ent from those with STK11-loss, and were CT-
NNB1 mutation-free in all cases except one
case. This suggests a contribution of abnormal-
ities of the Wnt-pathway gene other than CT-
NNB1 and an independent event from STK11
abnormalities in these SE2 cases with 3-caten-
in nuclear accumulation. STK11 gene encodes
liver kinase B1 (LKB1), a serine/threonine ki-
nase that functions as a tumor suppressor
gene. Germline mutations of STK11 are asso-
ciated with Peutz-Jeghers syndrome, an au-
tosomal-dominant disorder. Although somatic
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STK11 mutations have been reported to be
uncommon except in lung and prostatic carci-
noma [18], a recent study with targeted ampli-
con sequencing showed a relatively high rate
of STK11 mutations or STK11-loss in IPMNs
[19]. Moreover, the crosstalk oncogenesis of
Wnt/B-catenin signaling and STK11-loss has
been reported in several tumors [20, 21].

In this study we used IHC for B-catenin, STK11,
SMAD4, p53, ARID1A, and HER2 as surrogates
for CTNNB1 mutation or other Wnt pathway
abnormalities, abnormalities of STK11, SMAD4,
TP53, ARID1A, and amplification of ERBB2. The
contribution of mutations of CTNNB1 or other
Wnt pathway genes to the B-catenin nuclear
accumulation has been well appreciated [22].
The strong relationships of immunohistoche-
mical loss of STK11, ARID1A, and SMAD4 wi-
th mutations of STK11, ARID1A, and SMAD4
genes, respectively, have been reported and
these IHC stains have been used as surrogate
markers by several studies [19, 23-26]. More-
over, the strong relationship between HER2
overexpression and ERBB2 amplification has
been reported and HER2-IHC was used as
a surrogate for ERBB2 amplification by res-
earchers [27]. A fair relationship of nuclear
accumulation of p53 and TP53 mutations
has been reported [28]. Our study showed
B-catenin nuclear accumulation, p53 overex-
pression, STK11-loss, SMAD4-loss, ARID1A-
loss, and higher HER2 score (score 2-3) for
78.8%, 22.4%, 10.6%, 3.5%, 0%, and 7.1% of
intraepithelial components of GVNINSs, respec-
tively. Recent next generation sequencing-
derived data by Guraldo et al. reported that 6%,
63%, 6%, 19%, 18%, and 6% of gallbladder car-
cinoma cases harbored abnormalities of CT-
NNB1, TP53, STK11, SMAD4, ARID1A, and ER-
BB2 respectively [7]. The discrepancy in our
data and that of Guraldo’s may be due to the
inclusion of many adenoma cases and of rela-
tively many SE1 cases in our study (for higher
CTNNB1/STK11 abnormalities in this study),
and the difference in the targeted area for
lower frequency of p53, SMAD4, and ARID1A
abnormalities in our study (intraepithelial com-
ponent in this study and mostly invasive area in
Guraldo’s).

Although the KRAS and GNAS mutations are
common events in pancreatic IPMN and IPNB
[29, 30], this study showed these were rare
events (KRAS: 3.6% for PE, 16.7% for SE1, and
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4.3% for SE2; GNAS 0% for all tumor groups).
Thus far, only a few authors have examined
these genes in ICPN, but their results seem
concordant with ours [3, 31].

Our study showed that some of the abnormali-
ties of surrogate IHC were related not only to
tumor groups but also histological subtypes. In
addition to the relations of B-catenin nuclear
accumulation/STK11-loss and gastric subtype,
SMADA4-loss was exclusively observed in intes-
tinal subtype of SE2 tumors, suggesting that
there is a relationship between histological dif-
ferentiation of the tumor and the abnormalities
of these proteins. To our knowledge, there have
been few papers reporting a relationship be-
tween histologic subtype and STK11/SMAD4
abnormalities in gallbladder tumor. According
to Omori et al., STK11 abnormalities are fre-
quent in pancreatobiliary and oncocytic type
IPMN [19]. In IPNB type 1, STK11 mutations
and gastric or pancreatobiliary subtypes have
been reported by Zen et al. [13]. Several stud-
ies have shown the relationship of SMAD4
abnormalities and advanced tumor stage, or in
case of IPNB, SMAD4 abnormalities and type 2
IPNB [24, 29, 32].

In the present study, our PE-type GVNIN (includ-
ing 22 dropped cases) were almost all (> 80%)
composed of MUC6-positive tubular compo-
nents and all cases harbored a CTNNB1 muta-
tion. All of these histological, immunohisto-
chemical, and molecular features are common
in PGA of the gallbladder [11, 33]. In our study,
PE tumors contained non-mucinous tumor cells
with diverse proportions and 64.3% of PE
tumors were composed mainly (> 50%) of non-
mucinous tumor cells. To date, it is still contro-
versial whether these gallbladder polypoid tu-
mors mainly composed of MUCG6-positive, but
non-mucinous tubular components, represent
a biologically different entity from mucinous-
predominant PGAs. Albores-Saavedra et al.,
included those adenomas mainly comprised
of tumor cells with non-mucinous, eosinophilic
cytoplasm in PGA [34]. Pehlivanoglu et al. have
introduced a new terminology, ICTN, for these
non-mucinous tumors [5]. In the present study,
we have shown that most PE tumors were
mixed mucinous and non-mucinous, that is,
most PE tumors contained at least 5% of non-
mucinous or mucinous tumor cells. Irrespective
of mucinous cell ratio, these tumors were clini-
cally low grade or noninvasive, and histologi-
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cally were frequently with squamoid morule
formations. With these data as well as shared
CTNNB1 mutation events may suggest these
non-mucinous cell-dominant, MUCG6-positive
tubular adenomas are to be included in the
same entity with PGAs. In this study we have
also shown that the ratio of non-mucinous cells
increases when the ratio of tumor cells with
B-catenin nuclear accumulation increases, sug-
gesting non-mucinous change is a progression
phenomenon of PGAs.

In our study 66.7% of SE1 tumors contained
PGA-like areas, that is, tumor areas composed
of low-grade MUCG6-positive tubular tumor ce-
lls, showing IHC-determined B-catenin nuclear
accumulation, and CTNNB1-mutation. Thus far,
the relationship between these SE1 tumors
(or ICPN) and PGAs has not been examined in
terms of tumorigenesis. Albores-Saavedra, et
al., has shown the rare occurrence of invasive
adenocarcinoma in the background of PGA [34]
and more recently, Nakanuma et al. has pro-
posed that PGA could be regarded a type of
ICPN gastric type [10]. Nakanuma et al., dis-
cussed that these two tumor types shared
tumor histology, such as similarity to gastric
pyloric glands and well-demarcation. However,
the authors also noticed the different molecu-
lar pathway of PGA and ICPN gastric type, which
is B-catenin abnormalities’ contribution in PGA
but not in ICPN gastric type [10]. In this study all
SE1 tumors containing PGA-like areas had
B-catenin nuclear accumulation, STK11-loss,
and CTNNB1 mutation, although the B-caten-
in Lls were diverse depending on the case.
Whereas all PE cases were with [B-catenin
nuclear accumulation, CTNNB1 mutations, and
free from STK11-loss. The different STK11-
status of SE1 and PE cases in the present
study, may suggest that these two tumors may
be considered different tumor entities, although
authors still think there remains a possibility
that PGA might progress to SE1 containing
PGA-like lesions by additional genetic events
such as STK11. Further studies with more SE1
tumors are necessary to answer this question.

Our study has several limitations. First, although
our study has shown the clinicopathological
and molecular validity of separating SE1 and
SE2, this study could not suggest how to differ-
entiate these in the clinical practice. ldentifi-
cation of differentiating methods in presurgical
stage is very much needed for personalized
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medicine treatment. Second, since our study
did not include BillNs, it could not determine
clinicopathological and molecular differences
of PE, SE1, SE2 and BilINs. Finally, although our
study could obtain relatively clear-cut results of
B-catenin, STK11, and SMAD4 abnormalities
for each histological subtype of SE tumors, it
was an IHC-based study and our sample size of
SE1 and SE2 were not large; hence, further
studies with more samples and with molecular
data are demanded.

In conclusion, a relevant clinicopathological
classification system of GVNINs was proposed,
in particular, when analyzing histogenesis and
molecular abnormalities of GVNINs. In cases
of SE tumors, the importance of histological
classification was also emphasized. Moreover,
our findings suggested that PGA and SE1 type
containing PGA-like lesions may be different
entities. Finally, PE type tumors that arenon-
mucinous cell dominant and mucinous-cell do-
minant are suggested to be the same entity,
where non-mucinous cell change might be a
“progression” phenomenon in PGAs.
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