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SummaryOverexpression of mitotic arrest deficient 2 (MAD2) and/or cell division cycle 20 (CDC20) in the
spindle assembly checkpoint leads to chromosomal instability and aneuploidy. Cell-in-cell (CIC) structures
are formed by the process where cancer or immune cells are internalized into adjacent host cancer cells.
Here, we investigated the clinicopathological significances of spindle assembly checkpoint protein overex-
pression and CIC structures in 829 cases of normal, premalignant, and gastric cancer (GC) lesions. MAD2
and CDC20 expressions were significantly increased in intestinal metaplasia, low-grade dysplasia, high-
grade dysplasia (HGD), and early GC than normal mucosa, and their expression levels were the highest
in HGD. Interestingly, CDC20 immunohistochemistry specifically stained the outer cells of CIC structures,
which were the most frequently observed in early GC. In univariate analyses, MAD2 and CDC20
overexpressions and CIC formation were associated with older age, intestinal histology, lower tumor-
node-metastasis stage, and longer recurrence-free survival and cancer-specific survival of GC patients. In
multivariate survival analyses, MAD2 and CDC20 overexpressions were associated with better
recurrence-free survival (hazard ratio, 0.61; P = .012) and cancer-specific survival (hazard ratio, 0.63;
P = .043), respectively. In conclusion, MAD2 and CDC20 are the most expressed in HGD, suggesting their
roles in the early stage of gastric carcinogenesis, whereas their overexpressions in GC are associated with
intestinal histology and favorable clinicopathological parameters, which may be useful for immunohisto-
chemical classification of chromosomal instability–type GC. Moreover, CDC20 is a novel immunohisto-
chemical marker for highlighting CIC structures.
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1. Introduction

Gastric cancer (GC) is the fifth most common cancer world-
wide and the third leading cause of cancer death in developed
countries in 2013 [1]. Most GCs are considered to occur
through a gradual process of atrophic gastritis, intestinal meta-
plasia (IM), low-grade dysplasia (LGD), and high-grade dys-
plasia (HGD) [2]. A major event in intestinal type gastric
carcinogenesis is chromosomal instability (CIN), which is de-
fined as a high rate of chromatin missegregation involving loss
of heterozygosity, gene amplifications, mutations, and rear-
rangements. CIN can lead to DNA aneuploidy, so-called a state
of improper numbers of chromosomes and a hallmark of cancer,
through dysregulated spindle assembly checkpoint (SAC) [3].

Chromosomal segregation is tightly controlled by SAC,
which is a surveillance mechanism for chromosomal stability.
Dysregulation of SAC could lead to chromosome missegrega-
tion and consequently aneuploidy, contributing to cancer de-
velopment. Unattached kinetochores promote the formation
of the mitotic checkpoint complex consisting of budding unin-
hibited by benzimidazoles (Bub) R1, Bub3, mitotic arrest defi-
cient (MAD) 2, and cell division cycle 20 (CDC20), which
inhibits the anaphase-promoting complex or cyclosome
(APC/C) during the early phase of mitosis [4,5]. When mitotic
spindles are correctly attached to all kinetochores, the mitotic
checkpoint complex is not formed and free CDC20 activates
APC/C, finally leading to the metaphase-anaphase transition
and mitotic exit by degrading securin and cyclin B1. Several
lines of evidence have shown that MAD2-CDC20 binding is
the most important step in the correct functioning of SAC [6].

More recently, comprehensive molecular profiling using
The Cancer Genome Atlas has proposed 4 molecular subtypes
of gastric adenocarcinoma, including Epstein-Barr virus–
associated, microsatellite instable, CIN, and genomically
stable types [7]. Among these, the most frequent subtype is
CIN group, which is characterized by intestinal histology, a
high frequency of aneuploidy, and TP53 mutations [7]. TP53
mutations and Rb-E2F pathway deregulation induce the over-
expression of MAD2 and CDC20 [8-10], which is more im-
portant in cancer development rather than gene mutations,
because mutations in the MAD2 and CDC20 genes are rarely
found in human tumors [11]. Overexpression of MAD2 and
CDC20 proteins has been reported in a variety of tumors, in-
cluding GC [12-16]. However, little is known about the clini-
copathological significance of SAC protein overexpression
from the standpoint of gastric carcinogenesis.

Cell-in-cell (CIC) structures are formed by the process of cell
cannibalism, entosis, and emperitosis, in which cancer or im-
mune cells are internalized into adjacent host cancer cells
[17,18]. Cell cannibalism is the process where host cancer cells
that are starved to death or in an acidic microenvironment non-
selectively swallow the nearby cancer or immune cells and
eventually absorb nutrients from the internalized cells to exploit
cellular proliferation [18]. Entosis is a nonapoptotic lysosome-
mediated death, in which a cancer cell invades the surrounding
cancer cells, or when cancer cells detached from the matrix or
matrix-adhering cancer cells in an abnormal mitosis state or
with starvation and low AMP-activated protein kinase levels
are internalized into adjacent cancer cells [18]. Emperitosis re-
fers to the phenomenon where immune killer cells including
natural killer cells and CD8+ cytotoxic T lymphocytes invade
cancer cells and granzyme B secreted by the cytotoxic T lym-
phocyte itself is not transferred to the host cell in the vacuole
but reuptakes itself to death by apoptosis [18]. Like the overex-
pression of SAC proteins, CIC formation can induce CIN and
aneuploidy in host cancer cells by the process of cytokinesis
failure, cell fusion, or direct exchange of genetic material [19].

Thus, to determine the clinicopathological significances of
SAC protein overexpression and formation of CIC structures
in gastric carcinogenesis, we investigated (1) the frequency
of MAD2 and CDC20 overexpressions and CIC formation at
each stage of GC development, (2) whether MAD2 or
CDC20 was expressed in the CIC structures, and (3) whether
the SAC protein overexpression and CIC formation were asso-
ciated with the clinicopathological factors of GC.

2. Materials and methods

2.1. Patients and tissue samples

We studied 829 cases including 21 cases of normal gastric
mucosa, IM 50 cases, LGD 50 cases, HGD 50 cases, early
GC (EGC) 345, cases and advanced GC (AGC) 313 cases.
The samples were collected in 2002 to 2010 and were archived
in the Department of Pathology, Korea University Ansan Hos-
pital. The specimens were fixed in 10% buffered formalin, em-
bedded in paraffin, and stained with hematoxylin and eosin for
histologic assessment. The median age of patients was 62 years
(range, 19-86 years): 69 years (range, 39-76 years) for normal
mucosa, 67 years (range, 42-80 years) for IM, 67 years (range,
39-79 years) for LGD, 67 years (range, 39-84 years) for HGD,
61 years (range, 19-85 years) for EGC, and 61 years (range,
26-86 years) for AGC. All cases were reviewed for clinico-
pathological parameters, including histologic grade, tumor-
node-metastasis (TNM) stage, the presence or absence of
lymphatic or perineural tumor invasion, tumor recurrence,
and distant metastasis. When the diffuse component accounts
for more than 10% of all tumors, the GC showing the mixed
intestinal and diffuse histologic types was classified as diffuse
type. The TNM stage was determined in accordance with the
guidelines of the American Joint Committee on Cancer, eighth
edition, published in 2017 [20]. This study was conducted
with the approval of the institutional review board of Korea
University Ansan Hospital (No. 2018AS0092).

2.2. Tissue microarray construction

Three representative 1-mm cores were obtained from each
case after reviewing all the hematoxylin and eosin-stained slides
and inserted in a grid pattern into a recipient paraffin block using



176 Y. Kim et al.
a tissue arrayer (Beecher Instruments, Sun Prairie, WI). Tissue
microarray sections were constructed, and the results were inter-
preted according to the proposed guidelines [21].

2.3. Immunohistochemistry and double
immunohistochemistry

Immunohistochemical analysis was performed using the
Leica BOND-MAX autostainer and Leica Refine detection kit
(Leica Biosystems, Melbourne, Australia). The primary
MAD2 (1:50, clone 48/MAD2; BD Transduction Laboratories,
San Jose, CA) and CDC20 (1:50, clone E-7; Santa Cruz Bio-
technology, Dallas, TX) antibodies were used. Tissue sections
were deparaffinized, dehydrated, and heated for 20 minutes
using BOND-MAX Epitope Retrieval solution (EDTA buffer,
pH 8.0). Endogenous peroxidase activity was quenched by in-
cubation with hydrogen peroxide for 10 minutes. After incu-
bation with primary antibody for 30 minutes, polymer for
15 minutes, and postpolymer for 15 minutes, the sections
were treated with 3,3′-diaminobenzidine tetrahydrochloride
solution containing hydrogen peroxide and counterstained
with hematoxylin. For double immunohistochemistry, the first
MAD2 immunostaining was done using the same protocol of
the single immunohistochemistry, followed by the second
CDC20 immunostaining using the Bond Polymer Refine
Red Detection kit.
2.4. Quantitative scoring

Digital images were acquired using an Olympus BX51
light microscope with a DP70 digital camera (Olympus,
Tokyo, Japan). Threemicroscopic images from each tissuemi-
croarray core were taken at ×40 magnification and saved in
JPEG format at 1360 × 1024-pixel resolution. The percentage
of the 3,3′-diaminobenzidine–stained area to the total nuclear
area was calculated using ImageJ software (http://rsb.info.
Table 1 MAD2 and CDC20 overexpressions and CIC formation in pre

Group Case
no.

MAD2 (% area) CDC20 (% area)

Mean ± SD P Mean ± SD

Normal 21 19.94 ± 8.50 Ref 3.42 ± 1.54
IM a 50 40.31 ± 12.02 b.001 ⁎ 10.31 ± 3.78
LGDb 50 40.59 ± 15.46 .975 11.11 ± 4.22
HGD c 50 48.46 ± 19.75 .064 18.82 ± 8.91
EGC d 345 39.89 ± 18.39 .007 ⁎ 10.56 ± 7.67
AGC e 313 24.64 ± 14.41 b.001 ⁎ 5.73 ± 4.14

Abbreviation: Ref, reference.
a Compared with Normal.
b Compared with IM.
c Compared with LGD.
d Compared with HGD.
e Compared with EGC.
⁎ Statistically significant.
nih.gov/ij). For each case, the average percentage of the
stained areas of the 3 cores was used. Each cutoff value be-
tween high and low expression of MAD2 and CDC20 was
determined by the results of receiver operator characteristic
curves for tumor invasion depths because they represent the
highest area under the curve in receiver operator characteristic
analyses [22].

We considered cases as having a high MAD2 expression
level if the percentage of MAD2-stained area was N28.8%
and a high CDC20 level if the percentage of CDC20-stained
area was N6.9% for statistical analysis. Homotypic CIC struc-
tures of tumor cells are morphologically defined when cancer
cells are internalized into adjacent host cancer cells. In other
words, one tumor cell is completely engulfed by another tumor
cell, and the internalized cell is housed within a vacuole in the
outer host cell cytoplasm. Only homotypic CIC structures
formed between tumor cells were counted. The number of
CIC structures was counted at three ×40 magnification fields
per tissue core. Thus, a total of 9 of CIC formation numbers
are obtained from 3 tissue cores per case. Themaximal number
of these 9 high-power fields was used for statistical analysis as
a representative value of CIC formation.
2.5. Statistical analysis

The expression of MAD2 and CDC20 and the number of
CIC structures in the gastric normal mucosa, IM, LGD,
HGD, and GC were compared using Kruskal-Wallis test with
post hoc Mann-Whitney U test for each pair of groups. Ini-
tially, the Kruskal-Wallis test was used to examine whether
there was at least 1 pair with a significant difference when
compared with each other in the 6 groups, and then the differ-
ences between the 2 groups of each pair were compared using
the post hoc Mann-Whitney U tests. The correlation between
MAD2 and CDC20 expressions was determined by Spearman
analysis. The relationship between the presence or absence of
malignant and malignant gastric lesions

CIC structures

P Case no. with CIC (%) Mean (range) P

Ref 0 (0.0)
b.001 ⁎ 2 (4.0) 1 Ref
.296 7 (14.0) 1 1.00

b.001 ⁎ 27 (54.0) 1.33 (1-3) 1.00
b.001 ⁎ 205 (59.4) 2.49 (1-9) .013 ⁎
b.001 ⁎ 99 (31.6) 1.67 (1-8) .008 ⁎

http://rsb.info.nih.gov/ij
http://rsb.info.nih.gov/ij
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CIC structures and clinicopathological characteristics of early
and AGCs was analyzed using χ2 test. Recurrence-free sur-
vival (RFS) and cancer-specific survival (CSS) in all GCs ac-
cording to the high or low expression levels of MAD2 or
CDC20 and the presence or absence of CIC structures were
compared using Kaplan-Meier curves and log-rank tests. Mul-
tivariate survival analyses were performed using the Cox pro-
portional hazards model. Statistical significance was defined
as P b .05. All statistical analyses were performed with
SPSS for Windows 10.0 (SPSS, Chicago, IL).
ig. 1 Expression of MAD2 and CDC20 in normal, premalignant,
nd malignant gastric tissues. A, MAD2 is much more expressed in
, LGD, HGD, and EGC than in normal gastric mucosa (N).
AD2 expression is the highest in HGD. B, CDC20 is much more
xpressed in IM, LGD, HGD, and EGC, compared with the N group.
DC20 expression is also the highest in HGD among these groups.
nly significant P values are marked with an asterisk at the top of
e graph bar when comparing between N and IM, IM and LGD,
GD and HGD, HGD and EGC, and EGC and AGC, respectively.
3. Results

3.1. MAD2 and CDC20 expression

In this study, we compared the expression of MAD2 and
CDC20 in each pair of 6 groups, including normal gastric mu-
cosa, IM, LGD, HGD, EGC, and AGC, but presented only the
comparisons between normal gastric mucosa and IM, IM and
LGD, LGD and HGD, HGD and EGC, and EGC and AGC
(Table 1). Both MAD2 and CDC20 expressions were signifi-
cantly upregulated in IM, LGD, HGD, and EGC, except
AGC, compared with normal gastric mucosa. Among these,
the highest expression of both proteins was observed in
HGD (Fig. 1A and B), and their expression was localized to
the nucleus and/or cytoplasm of gastric epithelial, dysplastic,
or cancer cells.

MAD2 was expressed mainly at the isthmus of normal tis-
sue, at the base of IM, and in the upper one-third in LGD.
MAD2 was randomly expressed in HGD, EGC, and AGC
(Supplementary Fig. 1). MAD2 expression was more in-
creased in IM, LGD, HGD, and EGC compared with normal
gastric tissue (P b .001; Fig. 1A, Supplementary Fig. 1 A-F).
MAD2 expression did not show any significant difference be-
tween IM, LGD, and HGD, although the average value of the
MAD2 expression in HGD was moderately higher than in
those of the other groups (IM versus LGD, P = .975; LGD
versus HGD, P = .064). MAD2 expression gradually de-
creased in EGCs and AGCs compared with HGDs (P = .007
and P b .001, respectively).

CDC20 expression was similar to the expression patterns of
MAD2 and also observed mainly at the isthmus of normal gas-
tric tissue, at the base of IM, and in the upper one-third in LGD.
CDC20 was not restricted to one place and appeared without
regularity in HGD, EGC, and AGC (Supplementary Fig. 2).
CDC20 expression was significantly increased in IM
and LGDs than in normal gastric mucosa (P b .001), but
there was no difference of CDC20 levels between IM and
LGD (P = .296; Fig. 1B, Supplementary Fig. 2A-F). CDC20
expression was the highest in HGD among the other groups
(LGD versus HGD, P b .001; HGD versus EGC, P b .001).
CDC20 expression in EGC was more increased than that of
AGC (P b .001). Thus, CDC20 expression was decreased in
the order of HGD, EGC, and AGC.
MAD2 expression was positively correlated with CDC20
expression in all samples (Spearman P = 0.719,P b .001). In-
terestingly, a sudden decrease in the expression of MAD2 and
CDC20 was observed in the invasive front of EGC compared
with adjacent HGD. (Supplementary Fig. 3A and B).

MAD2 and CDC20 expressions in GC patients were
analyzed with clinicopathological parameters (Table 2). High
MAD2 and CDC20 expressions were associated with
favorable prognostic factors, except for older age group.
Overexpression of MAD2 and CDC20 was more
frequently observed in male (P = .001 and P = .001), older
age ≥60 years (P b .001 and P b .001), intestinal histo-
logic type (P b .001 and P b .001), GC with low TNM stage
(P b .001 and P b .001), and EGC (P b .001 and P b .001),
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Table 2 Expression of MAD2 and CDC20 and CIC structures in early and advanced gastric adenocarcinomas

Cases
(n = 658)

MAD2 expression (%) CDC20 expression (%) CIC structures

Low
(n = 320)

High
(n = 338)

P Low
(n = 307)

High
(n = 351)

P Absent
(n = 354)

Present
n = 304)

P

Sex
Male 436 192 (44.0) 244 (56.0) .001⁎ 183 (42.0) 253 (58.0) .001 ⁎ 224 (51.4) 212 (48.6) .081
Female 222 128 (57.7) 94 (42.3) 124 (55.9) 98 (44.1) 130 (58.6) 92 (41.4)

Age (y)
b60 306 176 (57.5) 130 (42.5) b.001⁎ 182 (59.5) 124 (40.5) b.001 ⁎ 196 (64.1) 110 (35.9) b.001 ⁎
≥60 352 144 (40.9) 208 (59.1) 125 (35.5) 227 (64.5) 158 (44.9) 194 (55.1)

Histologic type
Intestinal 449 166 (37.0) 283 (63.0) b.001⁎ 164 (36.5) 285 (63.5) b.001 ⁎ 191 (42.5) 258 (57.5) b.001 ⁎
Diffuse 209 154 (73.7) 55 (26.3) 143 (68.4) 66 (31.6) 163 (78.0) 46 (22.0)

TNM stage
I, II 461 182 (39.5) 279 (60.5) b.001⁎ 180 (39.0) 281 (61.0) b.001 ⁎ 209 (45.3) 252 (54.7) b.001 ⁎
III, IV 197 138 (70.1) 59 (29.9) 127 (64.5) 70 (35.5) 145 (73.6) 52 (26.5)

Invasion depth
pT1a-T1b 345 100 (29.0) 245 (71.0) b.001⁎ 108 (31.3) 237 (68.7) b.001 ⁎ 140 (40.5) 205 (59.4) b.001 ⁎
pT2-T4 313 220 (70.3) 93 (29.7) 199 (63.6) 114 (36.4) 214 (68.4) 99 (31.6)

Nodal status a

pN0 310 119 (38.4) 191 (61.6) b.001⁎ 123 (39.7) 187 (60.3) b.001 ⁎ 147 (47.4) 163 (52.6) b.001 ⁎
pN1-N3 306 199 (65.0) 107 (35.0) 183 (59.8) 123 (40.2) 202 (66.0) 104 (34.0)
NDb 42 2 (4.8) 40 (95.2) 1 (2.4) 41 (97.6) 5 (11.9) 37 (88.1)

Distant metastasis
Absent 635 303 (47.7) 332 (52.3) .024⁎ 290 (45.7) 345 (54.3) .014 ⁎ 333 (52.4) 302 (47.6) b.001 ⁎
Present 23 17 (73.9) 6 (26.1) 17 (73.9) 6 (26.1) 21 (91.3) 2 (8.7)

Lymphatic invasion
Absent 425 181 (42.6) 244 (57.4) b.001⁎ 177 (41.7) 248 (58.3) b.001 ⁎ 215 (50.6) 210 (49.4) .032 ⁎
Present 233 139 (59.7) 94 (40.3) 130 (55.8) 103 (44.2) 139 (59.7) 94 (40.3)

Perineural invasion
Absent 599 272 (45.4) 327 (54.6) b.001⁎ 263 (43.9) 336 (56.1) b.001 ⁎ 309 (51.6) 290 (48.4) b.001 ⁎
Present 59 48 (81.4) 11 (18.6) 44 (74.6) 15 (25.4) 45 (76.3) 14 (23.7)

Recurrence
No recurrence 527 225 (42.7) 302 (57.3) b.001⁎ 223 (42.3) 304 (57.7) b.001 ⁎ 260 (49.3) 267 (50.7) b.001 ⁎
Recurrence 131 95 (72.5) 36 (27.5) 84 (64.1) 47 (35.9) 94 (71.8) 37 (28.2)

Abbreviation: ND, not dissected.
a Only the 2 groups with pN0 and pN1-N3, except the group with ND, were compared by χ2 test.
b Lymph nodes were not dissected because the patients had undergone endoscopic submucosal dissection procedure.
⁎ Statistically significant.
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respectively. Overexpression of MAD2 and CDC20 also
showed low frequencies of lymph node metastasis (P b .001
and P b .001, respectively), distant metastasis (P = .024 and
P = .014), lymphatic invasion (P b .001 and P b .001), peri-
neural invasion (P b .001 and P b .001, respectively), and tu-
mor recurrence (P b .001 and P b .001).

In univariate survival analyses of all GC patients, high
MAD2 and CDC20 expressions correlated with longer
RFS (P b .001 and P b .001, respectively; Fig. 2A and B)
and CSS (P b .001 and P b .001; Fig. 2C and D). On the other
hand, shortened RFS and CSS were associated with diffuse
histologic type (P = .008 and P b .001), lymphatic invasion
(P b .001 and P b .001), perineural invasion (P b .001 and
P b .001), and tumor presence at the resectionmargin (P b .001
and P = .007). In addition, shortened RFS was also related to
advanced TNM stage (P b .001), and worse CSS was related
to tumor recurrence (P b .001).
In multivariate analyses of all GC patients, highMAD2 ex-
pression was independently associated with longer RFS (haz-
ard ratio [HR], 0.610; 95% confidence interval [CI], 0.415-
0.899; P = .012), whereas CDC20 overexpression was related
to longer CSS (HR, 0.634; 95% CI, 0.048-0.985; P = .043;
Table 3). Poor prognostic factor for RFS was high TNM stage
(HR, 4.607; 95% CI, 3.624-5.857; P b .001). Worse prognos-
tic factors for CSS were high TNM stage (HR, 2.061; 95% CI,
1.541-2.757; P b .001) and tumor recurrence (HR, 7.778;
95% CI, 4.309-13.161; P b .001).

In multivariate analyses only in patients with AGC, high
CDC20 expression was associated with favorable CSS (HR,
0.591; 95% CI, 0.362-0.965; P = .036). Poor prognostic
factors for RFS were high TNM stage (HR, 3.137, 95% CI,
2.267-4.431; P b .001) and diffuse histologic type (HR,
1.463, 95% CI, 1.025-2.089, P = .036). Worse prognostic
factors for CSS were advanced TNM stage (HR, 2.073; 95%



Fig. 2 Kaplan-Meier survival analysis of GC patients according toMAD2 and CDC20 expression. A and B, Patients with high levels of MAD2
and CDC20 expression have better RFS rates than did those with low MAD2 and CDC20 expression, respectively (log-rank test, P b .001 and
P b .001). C and D, Patients with high levels of MAD2 and CDC20 expression have longer CSS rates than did those with low MAD2 and
CDC20 expression, respectively (log-rank test, P b .001 and P b .001).

Table 3 Prognostic factors affecting RFS and CSS by multivariate analysis

Variable Factor HR (95% CI) P

EGC and AGC RFS
TNM stage High 4.607 (3.624-5.857) b.001 ⁎
MAD2 Overexpression 0.610 (0.415-0.899) .012 ⁎

CSS
TNM stage High 2.061 (1.541-2.757) b.001 ⁎
Recurrence Present 7.778 (4.309-13.161) b.001 ⁎
CDC20 Overexpression 0.634 (0.048-0.985) .043 ⁎

AGC only RFS
TNM stage High 3.137 (2.267-4.431) b.001 ⁎
Histologic type Diffuse 1.463 (1.025-2.089) .036 ⁎

CSS
TNM stage High 2.073 (1.402-3.066) b.001 ⁎
Recurrence Present 7.408 (4.241-12.939) b.001 ⁎
CDC20 Overexpression 0.591 (0.362-0.965) .036 ⁎

⁎ Statistically significant.
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Fig. 3 Immunohistochemistry for CDC20 and double immunohistochemistry for MAD2 and CDC20. A, CDC20 immunostaining highlights
the outer host cells (brown color, arrows) in CIC structures. B, In high-grade gastric dysplasia, CDC20-positive outer cells (brown color, arrows)
encircle homotypic CDC20-negative inner cancer cells. C, On double staining for MAD2 (brown color) and CDC20 (red color), the outer cells
express both MAD2 and CDC20, whereas the inner cancer cells (arrowhead) express MAD2. D, In addition, MAD2-negative inner cells (arrow-
head) are surrounded by several CDC20-postive outer cells. E, Two cancer cells with coexpression of MAD2 and CDC20 encircle a cancer cell
undergoing atypical mitosis (arrowhead). A-E, Original magnification ×400.
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CI, 1.402-3.066; P b .001) and tumor recurrence (HR, 7.408,
95% CI, 4.241-12.939; P b .001).

3.2. CIC structures
ig. 4 The average number of homotypic CIC structures per high-
ower field is the most frequent in EGC and more common than the
GC group. CIC is not seen in normal gastric mucosa (N) lesion.
nly significant P values are marked with an asterisk at the top of
e graph bar when comparing between IM and LGD, LGD and

HGD, HGD and EGC, and EGC and AGC, respectively.
Using immunohistochemistry for CDC20, CIC structures
were easily highlighted in gastric dysplasia and GC lesions
(Fig. 3). Specifically, almost all outer host cells in CIC
formation strongly expressed CDC20, whereas the internal-
ized tumor cells did not express CDC20 at all (Fig. 3A and
B) In contrast, MAD2 was randomly expressed in tumor cells
with or without CIC structures. Notably, the outer host cells
expressed both MAD2 and CDC20. Unlike the immunostain-
ing results of CDC20, MAD2 was either expressed or not
expressed in the internalized cells (Fig. 3C and D). The
internalized cells showing mitosis were occasionally observed
(Fig. 3E). The outer host tumor cells engulfed not only
neighboring homotypic tumor cells but also cells undergo-
ing apoptosis and heterotypic immune cells including
histiocytes, lymphocytes, and neutrophils (Supplementary
Fig. 4).

CIC structures were occasionally found in IM (2/50; 4.0%)
and LGD (7/50; 14.0%). In HGD, the frequency of CIC forma-
tion was abruptly increased (27/50; 54.0%). CIC structures
was most frequently observed in EGC (205/345; 59.4%) and
slightly decreased in AGC (99/313; 31.6%; Table 1). The
mean number of CIC structures per high-power field was the
highest in EGC among the gastric lesions (Fig. 4).
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Fig. 5 GC patients with CIC structures show better RFS (A) and
CSS (B) than those without CIC formation, respectively.
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In EGC and AGC, CIC formation was associated with the in-
testinal type (P b .001), a lesser degree of invasiveness (T1
versus T2 or more, P b .001), and lower TNM stage (TNM
I-II versus III-IV, P b .001). CIC structures were frequently
observed in patients without lymphatic and/or distant metasta-
ses. CIC structures were inversely associated with perineural
and lymphatic invasion or lymph node and distant metastases.
(Table 2). In Kaplan-Meier survival analyses, CIC formation
was associated with longer RFS (P b .001) and CSS (P =
.005; Fig. 5A and B). However, CIC formation was not a sta-
tistically significant prognostic factor for RFS or CSS in mul-
tivariate survival analysis (Table 3).
4. Discussion

In this study, we found that the expression of MAD2 and
CDC20, major components of SAC, was significantly in-
creased in the premalignant and malignant gastric lesions,
including IM, LGD, HGD, and EGC than in normal gastric
mucosa. Their expression levels were highest in HGD. Intrigu-
ingly, CDC20 overexpression accentuates the outer cancer
cells of CIC structures throughout the premalignant and malig-
nant gastric lesions.

This study demonstrates that MAD2 and CDC20 are over-
expressed in the premalignant and early stage of malignant le-
sions with the highest expression in the HGD, whereas their
overexpressions in GC are closely associated with favorable
clinicopathological factors, including intestinal histology,
lower TNM stage, and longer RFS and CSS. These results
are in agreement with previous studies [12,16] that GC tissues
are more expressed than normal mucosa, but the fact that over-
expression of MAD2 and CDC20 is related to poor prognostic
factors is contrary to our results. Previous studies reported that
MAD2 overexpression was associated with poorly differenti-
ated histology and regional lymph node metastasis [16],
whereas CDC20 was associated with increased tumor size,
poor differentiation, lymph node involvement, higher TNM
stage, and poor overall survival [12]. More recently, however,
comprehensive gene expression and subsequent clinicopatho-
logical studies have proposed 4 molecular subtypes of GC,
amongwhich CIN subtype is characterized by intestinal histol-
ogy, TP53mutations, and a high frequency of aneuploidy, and
has a better prognosis than that of microsatellite instable or
genomically stable subtypes [7,23]. Thus, given that overex-
pression of MAD2 and CDC20 induces CIN and aneuploidy
and is associated with intestinal histology and TP53mutations
[24], it is possible that GC patients with MAD2 or CDC20
overexpression could be classified into the CIN subtype,
which has better survival outcomes than other molecular
subtypes [23].

Furthermore, it was reported that MAD2 overexpression is
needed for tumor initiation, but not for tumor maintenance in
transgenic mice [25]. This pattern of MAD2 overexpression,
which suggests a crucial role in the early stages of carcinogen-
esis, has also been reported in the premalignant and malignant
squamous lesions of the human uterine cervix [15] and in the
metaplastic and dysplastic lesions and adenocarcinomas aris-
ing from the Barrett esophagus [13]. In addition, our results
showed that MAD2 and CDC20 overexpressions were sharply
reduced in the invasive fronts of EGC compared with the adja-
cent HGD. The expression pattern of MAD2 and CDC20 in
the precancerous and malignant gastric lesions may remind
us of their potential expressions in GC stem cells. During gas-
tric carcinogenesis, particularly in metaplasia and dysplasia,
stem cells and their niche at the proliferative gastric isthmic re-
gion are activated and expanded in response to tissue injury
and inflammation. Indeed, it is known that overexpression of
MAD2 and CDC20 increases nasopharyngeal stem cells and
is required for the survival of glioblastoma stem cells, respec-
tively [26,27]. However, further studies are needed to prove
this possibility. Taken together, it is suggested that MAD2
and CDC20 overexpressions play important roles in the early
phase of gastric carcinogenesis, rather than in cancer
progression.
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Because the roles of MAD2 and CDC20 in SAC are some-
what different, overexpression of MAD2 and CDC20 differ in
the mechanisms of CIN and aneuploidy induction. MAD2, a
key component of mitotic checkpoint complex, inhibits the
functions of APC/C and its overexpression can delay the entry
into anaphase, whereas CDC20 is a dual player that inhibits or
activates APC/C. In normal cells, MAD2 overexpression
causes TP53-dependent G1 arrest or mitotic cell death due to
prolonged mitosis, but MAD2-overexpressing cancer cells
are so well tolerated because overexpressed TRIP13 and
p31comet oppose the effects of MAD2 overexpression [28].
Premalignant and malignant gastric lesions show increased
TP53 mutations and Rb alterations, particularly in the early
stage of GC development [29,30]. The TP53 mutations and
Rb-E2F pathway deregulation lead to the overexpression of
MAD2 and CDC20 [8-10]. MAD2 overexpression promotes
hyperstabilization of kinetochore-microtubule attachments,
resulting in lagging chromosomes, aneuploidy formation
in vitro [31], and tumor initiation through the acquisition of a
CIN phenotype in transgenic mice [25]. CDC20 overexpres-
sion induces premature anaphase entry, CIN, and aneuploidy
by forming a complex with APC/C-CBP/p300-E2F1/DP1
and subsequent activating UBCH10 promoter through the
E2F1 binding site [9]. However, further studies are needed to
determine whether MAD2 and CDC20 overexpressions in-
duce CIN and aneuploidy during gastric carcinogenesis.

It is noteworthy that CDC20 immunohistochemistry
strongly stains the external host cells of CIC formation sur-
rounding the adjacent inner cancer cells in tissue sections.
The CIC formation by cell cannibalism, entosis, or emperitosis
has been reported in a variety of carcinomas [32]. The CIC
phenomenon has been suggested as a way to gain energy for
cancer cell proliferation and survival from starvation or unfa-
vorable microenvironment [33]. Although the CIC is made
by any process such as entosis, cell cannibalism, or emperito-
sis, ultimately the outer host cancer cells will have CIN and an-
euploidy in common. This is probably due to the process of
cytokinesis failure, cell fusion, or direct exchange of genetic
material [19]. In fact, it is very difficult to distinguish cell can-
nibalism from entosis or emperitosis because some proteins
are commonly participated in these processes. For instance,
transmembrane protein TM9SF4 and pH-dependent proteases
are considered key molecules for cancer cell cannibalism [34].
However, Rho and Rho kinases, major players in entosis,
might be also involved in cancer cell cannibalism [35]. In the
present study, CIC structures are more frequently observed
in EGC and intestinal type AGC, where CIN phenotype and
aneuploidy are more frequent than other gastric lesions [7].
Furthermore, CIC formation was mostly associated with fa-
vorable prognostic parameters. The clinicopathological signif-
icances of CIC structures remain controversial because this
phenomenon has been suggested to function as an oncosupres-
sor [32] or to promote tumor progression [18,19]. A recent
study revealed that cancer cells engulfing mesenchymal stro-
mal/stem cells were associated with tumor dormancy and sup-
pressed tumorigenicity rather than cancer cell proliferation
[35]. Taken together, the specific expression of CDC20 in
the outer host cells of CIC formation might reflect the status
of CIN and aneuploidy [19]. The CIC formation may play
roles in the early stage of GC development, like the SAC pro-
tein overexpressions, but not in the progression or metastasis
of cancer cells. However, to understand the clinicopathologi-
cal implications of CIC formation, further studies are needed.

In conclusion, this study demonstrates that MAD2 and
CDC20 are the most highly expressed in the precancerous
HGD lesion, and CIC structures are the most frequently
found in EGC, suggesting that the SAC proteins and CIC
formation participate in the initiation or early stage of GC
development. Because the overexpression of MAD2 and
CDC20 in GC is closely associated with intestinal histology
type and favorable clinicopathological factors, as well as
CIN, this might be helpful to separate CIN-type GC
immunohistochemically from other molecular subtypes.
Moreover, the host cancer cells of the CIC structures are dis-
tinguished from other cancer cells very easily by CDC20
immunohistochemical staining.
Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.humpath.2018.10.029.
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