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ARTICLE INFO ABSTRACT
Keywords: Gastric metaplasia in colonic mucosa with inflammatory bowel disease (IBD) develops as an adaptation mech-
Gastric metaplasia anism. The association between gastric metaplasia and nonconventional and/or conventional dysplasia as pre-

Nonconventional dysplasia
Conventional dysplasia
Inflammatory bowel disease
CRC serrated pathway

cursors of colitis-associated colorectal cancer is unknown. To address this question, we retrospectively reviewed
a series of 33 IBD colectomies to identify gastric metaplasia in 76 precursor lesions.

We obtained 61 nonconventional and 15 conventional dysplasias. Among nonconventional dysplasia, 31 (50.8
%) were low-grade (LGD), 4 (6.5 %) were high-grade (HGD), 9 (14.8 %) had both LGD and HGD, and 17 (27.9 %)
had no dysplasia (ND), while 14 (93 %) conventional dysplasias had LGD, and 1 (7 %) had LGD and HGD.

Gastric metaplasia was assessed by concomitant immunoexpression of MUC5AC and loss of CDX2 staining.
Expression of a p53-mut pattern was considered as a surrogate for gene mutation, and complete loss of MLH1
staining as presence of MLH1 hypermethylation.

In nonconventional dysplasia, MUC5AC immunoexpression decreased as the degree of dysplasia increased,
being 78 % in LGD and 39 % in HGD (p = 0.006). CDX2 was lost in epithelial glands with high expression of
MUCS5AC (p < 0.001). The p53-mut pattern was observed in 77 % HGD, 45 % LGD, and in 6 % with ND (p <
0.001). Neither nonconventional nor conventional dysplasia showed complete loss of MLH1 staining. Gastric
metaplasia was also present in mucosa adjacent to nonconventional dysplasia with chronic changes or active
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inflammation. Our results show that gastric metaplasia appears in IBD-inflamed colon mucosa, it is the substrate
of most nonconventional dysplasia and occurs prior to p53 alterations.

1. Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are conditions with a
2- to 3-fold increased risk of colorectal cancer (CRC) [1,2] and
colitis-associated colorectal cancer (CAC) is the main cause of death in
long-standing inflammatory bowel disease (IBD) [3]. Certain factors
such as severity of the disease, extensive involvement of the colon
(pancolitis), young age at diagnosis, more than 8 years of disease, and
the presence of extracolonic manifestations, especially primary scle-
rosing cholangitis, have been associated with a higher risk of malig-
nancy [4,5]. In IBD, chronic inflammation inducing injury-repair
processes and microbiota dysbiosis generate continuous stress on the
colon mucosa. Repeated damage in extensive areas of the colon leads to
the transformation of the mucosa into a cancerization field [6] with the
appearance of multiple precursor lesions which may have no morpho-
logical dysplastic features, but that harbor molecular alterations capable
of initiating CAC carcinogenesis [7].

To prevent the occurrence of CAC, surveillance colonoscopies are
performed to identify dysplasia, traditionally considered the precursor
lesion of CAC [8,9]. In 2017, Harzac et al. [10] described seven different
categories which they termed dysplasia associated to IBD, and were
named as follows: dysplasia with terminal epithelial differentiation,
sessile serrated polyp/adenoma-like dysplasia, traditional serrated
adenoma-like dysplasia, conventional adenoma-like dysplasia, hyper-
mucinous dysplasia, goblet cell depleted dysplasia, and serrated
dysplasia not otherwise specified (NOS). Currently, most of these en-
tities are included under the designation of nonconventional dysplasia,
to differentiate them from the conventional dysplasia, i.e., tubular ad-
enoma (or tubular adenoma-like) and tubulovillous adenoma (or tubu-
lovillous adenoma-like) [11]. Some of the above entities have been
renamed, such as the former dysplasia with terminal epithelial differ-
entiation by crypt cell atypia/dysplasia [12], and the serrated dysplasia
NOS by serrated lesion NOS [11]. Other new categories have been
recently recognized, such as the dysplasia with increased Paneth cell
differentiation [11] and some new non-adenomatous lesions [13], and
the serrated epithelial change has been redefined [14]. Moreover, there
has been increasing interest in characterizing the molecular alterations
of these recently described types of dysplasia to better understand the
contribution of each entity to CAC carcinogenesis [7,12-19].

Gastric metaplasia has been identified as a substrate for the initiation
of the serrated pathway of CRC, due to a multifactorial continuous injury
of the right colon epithelium [20]. In addition, in the context of IBD,
both foveolar and pseudopyloric gastric metaplasia can be seen. We
have previously shown by analyzing a series of CAC and the surrounding
colonic mucosa that gastric metaplasia occurs in colonic inflamed mu-
cosa, it persists in chronic changes, and disappears with the acquisition
of dysplasia and p53 mutations. Furthermore, we identified a subset of
CRC in IBD related to the serrated pathway and characterized by the
absence of mutated p53 pattern, microsatellite instability and MUC5AC
expression [21]. Since the relationship between gastric metaplasia and
nonconventional dysplasia as a precursor of CAC is unknown, we aimed
to study a series of IBD colectomies to explore the presence of gastric
metaplasia in nonconventional and conventional dysplasias.

2. Materials and methods
2.1. Patients and specimens
Thirty-three colectomies of IBD patients from 13 hospitals were

retrospectively reviewed to identify precursor lesions of CAC. To char-
acterize them, we used the following definitions: a) Goblet cell deficient
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dysplasia: flat, tubular lesion, with unequivocal dysplastic crypts char-
acterized by complete or nearly-absence of goblet cells; b) Crypt cell
atypia/dysplasia: flat lesion showing crypts with cells with round-to-
oval, non-stratified nuclei with loss but not complete absence of goblet
cells. The atypia can be located at the base of the crypt but does not
affect the superficial epithelium; c¢) Dysplasia with increased Paneth cell
differentiation: characterized by dysplastic crypts lined by hyper-
chromatic, mostly elongated nuclei with reduced goblet cells showing
increased Paneth cell differentiation involving more than two contig-
uous crypts; e) Serrated epithelial change: flat or slightly elevated lesion
with markedly distorted architecture and loss of crypt orientation, not
perpendicularly aligned to the muscularis mucosae, and often chronic
inflammation between the base of the crypt and the muscular mucosae;
f) Hypermucinous dysplasia: villous or tubulovillous lesion with prom-
inent mucinous differentiation involving more than 50 % of the lesion;
g) Sessile serrated lesion-like: polypoid growth of crypts with prominent
serration, base dilatation and horizontal growth along the muscularis
mucosae; h) Traditional serrated adenoma-like: polypoid proliferation
showing slit-like serration with tall columnar cells with intensely

Table 1
Clinicopathological features of IBD patients and adenocarcinomas.
Crohn’s Ulcerative Total (%) p
disease (%) colitis (%) value
Patients 9 (100) 24 (100) 33 (100)
Age
Mean years [range] 59.7 63.8 [30-85] 62.6
[32-82] [30-85]
Gender 0.137
Male 9 (100) 19.(79) 28 (85)
Female 0 5(21) 5(15)
IBD duration 0.408
Mean years [range] 15.4 [1-25] 12.5 [1-34] 14.8 [1-
34]
Concominant 2 (22.2) 2(8) 4 (12.1)
<8 years 1(11.1) 7 (29) 8(24.2)
9-15 years 4 (44.9) 5(21) 9 (27.3)
16-20 years 1(11.1) 6 (25) 7 (21.2)
>21 years 1(11.1) 4(17) 5(15.2)
IBD activity 0.407
Active 5 (56) 17 (71) 22 (67)
Quiescent 4 (44) 7 (29) 11 (33)
Multifocal dysplasia 0.350
No 4(44) 15 (62.5) 19 (58)
Yes 5(56) 9(37.5) 14 (42)
Type of dysplasia 0.924
Only NCD 6 (67) 15 (62.5) 21 (64)
Only CD 2(22) 5(20.8) 7 (21)
NCD and CD 1(11) 4 (16.7) 5(15)
Concomitant 0.716
adenocarcinoma
No 4 (44) 9(37.5) 13 (39)
Yes 5(56) 15 (62.5) 20 (61)
Adenocarcinoma per 0.278
colectomy (n = 20)
1 5 (100) 12 (80) 17 (85)
2 0 3(20) 3(15)
Adenocarcinoma location 0.394
(n =23)
Right colon 3 (60) 4 (22) 7 (30.4)
Left colon 1(20) 6 (33) 7 (30.4)
Rectum 0 3(17) 3(13)
Colon 1(20) 5(28) 6(26.1)
Histology (n = 23) 0.620
NOS 5 (100) 13 (72.2) 18 (78.3)
Mucinous 0 3(16.7) 3(13)
Poorly differentiated 0 1 (5.6) 1(4.3)
Undifferentiated 0 1 (5.6) 14.3)
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Clinicopathological features of nonconventional and conventional dysplasia according to the type of IBD.

Nonconventional dysplasia

Conventional dysplasia

(n=61) (n=15)
Crohn’s disease ~ Ulcerative colitis Total pvalue Crohn’sdisease  Ulcerative colitis Total p value
(n =10) (n =51) (%) n=6) n=9) (%)
Gender
Male 10 43 53 (87) 0.332 6 9 15 (100)
Female 0 8 8 (13) 0 0 0
IBD duration 0.365 0.138
Concominant 1 4 5(8.2) 5 2 7 (46.7)
<8 years 2 8 10 (16.4) 0 1 1(6.7)
9-15 years 4 10 14 (23) 1 1 2(13.3)
16-20 years 1 22 23 (37.7) 0 4 4(26.7)
>21 2 7 9(14.8) 0 1 1(6.7)
IBD activity 0.912 0.264
Active 8 40 48 (79) 1 4 5(33)
Quiescent 2 11 13 (21) 5 5 10 (67)
Location of inflammation 0.000 0.003
Right colon 4 0 4 (6.5) 5 0 5(33)
Left colon 0 24 24 (39) 1 6 7 (47)
Rectum 0 1 1(1.5) 0 0 0
Pancolitis 2 18 20 (33) 0 3 3(20)
NS 4 8 12 (20) 0 0 0
Type of dysplasia
Nonconventional dysplasia 0.455
HM 2 12 14 (23.0)
GCD 3 9 12 (19.7)
SL NOS 2 7 9(14.8)
SSL-like 0 7 7 (11.5)
CCA/D 0 7 7 (11.5)
SEC 1 6 7 (11.5)
TSA-like 2 2 4 (6.5)
DPD 0 1 1(1.5)
Conventional dysplasia 0.398
TA-like 6 8 14 (93)
TVA-like 0 1 1@
Dysplasia morphology 0.776
Flat 5 28 33 (54) 0 0 0
Polypoid 5 23 28 (46) 6 9 15 (100)
Location of dysplasia 0.040 0.144
Right colon 4 10 14 (23) 4 1 5(33)
Left colon 2 8 10 (16.4) 1 3 4(27)
Rectum 0 17 17 (28) 0 2 2(13)
Colostomy 1 0 1(1.5) 0 0 0
NS 3 16 19 (31) 1 3 4(27)
Grade of dysplasia 0.186 0.398
LGD 8 23 31 (50.8) 6 8 14 (93)
HGD 0 4 4 (6.6) 0 0 0
LGD and HGD 0 9 9(14.8) 0 1 1™
ND 2 15 17 (27.9) 0 0 0
GM in type of dysplasia (n = 70) 0.097 0.1875
Yes 2 30 32 (46 %) 1 2 3019
No 8 30 38 (54 %) 5 8 13 (81)
Adjacent mucosa to the dysplasia 0.205 0.114
Yes 5 36 41 (67) 6 6 12 (80)
No 5 15 20 (33) 0 3 3(20)
Active inflammation 2 10 12 (29 %) 0 0 0
Chronic inflammation/changes 2 20 22 (54 %) 2 0 2 (17 %)
Normal 1 6 7 (17 %) 4 6 10 (83 %)
GM in adjacent mucosa to the dysplasia (n = 41) 1000
Yes 3 21 24 (58.5) 0 0 0
No 2 15 17 (41.5) 6 6 12 (100)
Active inflammation 1 7 8(33.3) 0 0 0
Chronic inflammation/changes 1 13 14 (58.3) 0 0 0
Normal 1 1 2(8.3) 0 0 0
Concomitant adenocarcinoma 0.595 0.114
Yes 4 16 20 (33) 6 6 12 (80)
No 6 35 41 (67) 0 3 3 (20)

Abbreviations: NS, not specified; HM, hypermucinous; GCD, goblet cell deficient; SL NOS, serrated lesion not otherwise specified; CCA/D, crypt cell atypia/dysplasia;
SEC, serrated epithelial change; SSL-like, sessile serrated lesion like; TSA-like, traditional serrated adenoma like; DPD, dysplasia with increased Paneth cell differ-
entiation; TA-like, tubular adenoma like; TVA-like, tubulovillous adenoma like; LGD, low-grade dysplasia; HGD, high-grade dysplasia; ND, no dysplasia; GM, gastric

metaplasia.
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eosinophilic cytoplasm and ectopic crypt formation, frequently with low
grade dysplasia (LGD); i) Serrated lesion not otherwise specified
(serrated lesion NOS): those polypoid lesions without definite features of
traditional serrated adenoma-like or sessile serrated lesion-like.

Histologic evaluation was performed separately by three expert pa-
thologists in gastrointestinal pathology (M.G., M.C. and E.M.). Cases
with discordant diagnoses were reviewed together to reach a consensus
on the final diagnosis.

Information about the endoscopic appearance of the lesions was not
available for all cases since the lesions were obtained from colectomies.
Thus, those lesions that did not protrude more than half the thickness of
the mucosa were considered flat. The rest were considered flat or
polypoid by definition, such as serrated epithelial change as flat, or
tubulovillous adenoma-like as polypoid.

2.2. Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue sections were analyzed
using standard immunohistochemistry (IHC) techniques. Immuno-
staining was performed automatically using a Ventana BenchMark
ULTRA machine (Roche, Basel, Switzerland] for anti-p53 (clone DO-7,
Ventana Medical Systems, Inc., 1910 E. Innovation Park Drive, Tuc-
son, Arizona 85,755 USA) and anti-MUC5AC (clone MRQ-19, Ventana
Medical Systems, Inc., 1910 E. Innovation Park Drive, Tucson, Arizona
85,755 USA), and a Bond-III machine (Leica Biosystems, Newcastle
Upon Tyne, UK) for anti-CDX2 (clone EP25, Leica Biosystems, Newcastle
Upon Tyne, UK) and anti-MLH1 (clone ES05, Leica Biosystems, New-
castle Upon Tyne, UK). An external positive control was included on
each slide. Immunostaining was independently evaluated by three pa-
thologists (M.G., M.C. and E.M.).

For the evaluation of p53 immunostaining we used the 3-level scores
described by Kobel et al. [22]. Strong and intense p53 staining in all
nuclei (overexpression pattern) and total absence of nuclear staining
(null pattern) were considered as surrogates for TP53 mutation
(p53-mut pattern). Focal nuclear positivity with variable intensity was
considered as normal or wild-type pattern (p53-wt pattern).

MUCSAC identified foveolar gastric epithelium with a strong cyto-
plasmic staining [23]. MUC5AC was considered positive if more than 50
% of the gland epithelium showed cytoplasm positive staining. CDX2
was considered negative when a focal loss of staining was seen in more
than 10 % of the nuclei of a gland. Foveolar gastric metaplasia was
considered in glands with MUCS5AC expression and loss of CDX2
staining.

Nuclear positive staining for MLH1 was considered positive, and
complete loss of MLH1 expression was defined when all nuclei of
dysplastic cells were negative, and considered as a surrogate for MLH1
promotor hypermethylation. Nuclear immunoreactivity in lymphocytes,
normal colonic mucosa or stromal cells served as a positive internal
control for anti-p53 and anti-MLH1.

In lesions with LGD and high-grade dysplasia (HGD), IHC evaluation
was performed separately in each dysplastic area for all markers.

2.3. Statistical analysis

Analysis was carried out using SSPS software version 26.0 (SPSS,
Chicago, IL, USA). The y2 test was used to analyze the association be-
tween qualitative variables, whereas the Fisher’s exact test and the
Student’s t-test or the Mann-Whitney test were used for quantitative
variables. A p < 0.05 was considered statistically significant.
3. Results

3.1. Patients and specimens

Thirty-three colectomy specimens were retrospectively reviewed, 9
(27 %) with CD and 24 (73 %) with UC, from 28 (85 %) men and 5 (15
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%) women, aged between 30 and 85 years-old (mean 62.6 years-old).
Duration of IBD ranged from 1 to 34 years (mean 14.8 years). In 4
(12.1 %) cases the diagnosis of IBD was made on the colectomy spec-
imen. Acute inflammation was present in 22 (67 %) colectomies. Most of
the dysplastic lesions were found in colectomies affected by UC. Twenty-
one colectomies (64 %) showed only nonconventional dysplasia, and 7
(21 %) presented only conventional dysplasia. In 5 (15 %) colectomies, 4
(80 %) corresponding to UC, nonconventional and conventional
dysplasia occurred simultaneously. Thirteen of the 21 (13/21, 62 %)
colectomies with only nonconventional dysplasia had multiple lesions
located both in the same and in different sections of the colon. Adeno-
carcinoma was present in 20 (61 %) specimens. (Table 1).

3.1.1. Nonconventional dysplasia

Sixty-one nonconventional dysplasias were identified, being more
frequent in UC (51/61, 84 %), found either alone 36 (59 %), or simul-
taneously with conventional dysplasia 25 (41 %). In UC a trend was
observed between the number of nonconventional dysplasia in relation
to disease duration, which was not as evident in CD. The distribution of
nonconventional dysplasia according to the location of inflammation
was statistically significant (p = 0.000). In CD, most of the noncon-
ventional dysplasia were found in the right colon (4/10, 40 %), while in
UC they were in the rectum (17/51, 33.4 %) (p = 0.040) (Table 2).

The most frequent nonconventional dysplasia were hypermucinous
14 (23 %), goblet cell depleted 12 (19.7 %), and serrated lesion NOS 9
(14.8 %), found mostly in mucosa with active inflammation, especially
in UC (Table 2). Histological examples of each nonconventional
dysplasia are shown in Fig. 1. The morphologic appearance of the lesions
was flat in most nonconventional dysplasia (54 %). Regarding the grade
of dysplasia, most nonconventional dysplasia had LGD 31/61 (50.8 %)
and all HGD 13/61 (21 %) was observed in UC patients, either alone or
with areas of LGD. Nine nonconventional dysplasias (9/61, 14.8 %)
presented areas of LGD and HGD, and were distributed as follow: 2/4
(50 %) traditional serrated adenoma-like, 3/7 (43 %) serrated lesion
NOS, 3/7 (43 %) sessile serrated lesion-like, and 1/12 (8 %) goblet cell
depleted dysplasia. No histological features of dysplasia were found in
17/61 (27.9 %) lesions, corresponding to 10/14 (71 %) hypermucinous
dysplasia, 4/7 (57 %) serrated epithelial change, and 3/9 (33 %)
serrated lesion NOS (Table 3). Twenty (33 %) nonconventional dys-
plasias were found concomitant with adenocarcinoma, 9 (15 %) on the
same side of the colon, being mostly goblet cell depleted dysplasia (4/
12, 33 %), traditional serrated adenoma-like (1/4, 25 %), and hyper-
mucinous dysplasia (3/14, 21 %); and 5 (8.2 %) were found adjacent to
the neoplasm, being 2/14 (14 %) hypermucinous dysplasia, 1/7 (14 %)
serrated epithelial change, 1/7 (14 %) sessile serrated lesion-like and 1/
12 (8 %) goblet cell depleted dysplasia.

3.1.2. Conventional dysplasia

Fifteen conventional dysplasias were identified, 5 (33.3 %) of them
simultaneously with nonconventional dysplasia. Seven colectomies
showed exclusively conventional dysplasia, being 5 UC and 2 CD. One of
the CD specimens had four tubular adenoma-like lesions and the other
had only one tubular adenoma-like. Each of the 5 UC colectomies had
one tubular adenoma-like.

A statistically significant relation was found between the distribution
of conventional dysplasia and the location of inflammation (p = 0.003).
However, unlike what was observed in nonconventional dysplasia, the
relationship between the location of conventional dysplasia with respect
to type of IBD was not statistically significant (0.144) (Table 2).

Conventional dysplasia lesions mostly appeared in UC, in specimens
with quiescent activity (67 %) and with adenocarcinoma (80 %). Of the
15 conventional dysplasia, 14 (93 %) were tubular adenoma-like with
LGD and 1 (7 %) was a tubulovillous adenoma-like with LGD and HGD
(Table 2).
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Fig. 1. Histological types of nonconventional dysplasia. Goblet cell deficient dysplasia with unequivocal dysplastic crypts with absence of goblet cells (A). Crypt cell
atypia/dysplasia characterized by cells with round-to-oval with non-stratified nuclei (B). Serrated epithelial change with a markedly distorted architecture in which
the crypts, some with mild serration (arrows), have lost orientation and were no longer aligned perpendicularly with the muscularis mucosae. Note the chronic
inflammation on the lower left side (C). Hypermucinous dysplasia as tubulovillous lesion with prominent mucinous differentiation (D). Sessile serrated lesion-like
showing crypts with prominent serrations, dilatations on the base and horizontal growth along the muscularis mucosae (arrows) (E). Traditional serrated adenoma-
like with LGD, showing slit-like serration with tall columnar cells with intensely eosinophilic cytoplasm and ectopic crypts formation (F). Serrated lesion NOS,
serrated lesion without definite features of traditional serrated adenoma or sessile serrated lesion (G). Dysplasia with increased Paneth cell differentiation showing
dysplastic crypts with hyperchromatic nuclei, reduced goblet cells and increased Paneth cell differentiation affecting more than two contiguous crypts (H).
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Table 3
MUCS5AC, CDX2, p53 and MLH1 IHC expression according to dysplasia type and grade.
MUCS5AC CDX2 p53 MLH1
wt Mutated pattern
pattern
Positive ~ Negative P Positive  Negative P Overexpression Null p Positive Partial Complete
value value pattern pattern value loss loss
Nonconventional 0.006 0.064 0.003
dysplasia
HM (n = 14)
ND =10 9 1 3 7 9 0 1 0 10 0
LGD =3 3 0 1 2 1 1 1 0 3 0
HGD =1 1 0 0 1 0 0 1 0 1 0
GCD (n = 13)
ND =0 0 0 0 0 0 0 0 0 0 0
LGD =10 6 4 7 3 1 4 5 0 10 0
HGD =3 0 3 3 0 0 1 2 0 3 0
SLNOS (n =12)
ND =3 3 0 0 3 3 0 0 0 3 0
LGD =6 4 2 4 2 5 0 1 0 6 0
HGD =3 1 2 2 1 0 1 2 0 3 0
CCA/D(n=7)
LGD =6 5 1 2 4 1 3 2 0 6 0
HGD =1 0 1 1 0 0 0 1 0 1 0
SEC(n =7)
ND =4 3 1 2 2 4 0 0 0 4 0
LGD =3 3 0 2 1 3 0 0 0 3 0
SSL-like (n = 10)
LGD =7 7 0 2 5 7 0 0 0 7 0
HGD =3 3 0 1 2 3 0 0 0 3 0
TSA-like (n = 6)
LGD =4 3 1 4 0 3 1 0 0 4 0
HGD =2 0 2 2 0 0 2 0 0 2 0
DPD (n = 1)
LGD=1 0 1 1 0 1 0 0 0 1 0
Conventional 0.025 0.175
dysplasia
TA-like (n = 14)
LGD =14 1 13 9 5 14 0 0 5 9 0
TVA-like (n = 2)
ILGD =1 1 0 0 1 1 0 0 0 1 0
HGD =1 1 0 0 1 1 0 0 0 1 0

Abbreviations: HM, hypermucinous; GCD, goblet cell deficient; SL NOS, serrated lesion not otherwise specified; CCA/D, crypt cell atypia/dysplasia; SEC, serrated
epithelial change; SSL-like, sessile serrated lesion-like; TSA-like, traditional serrated adenoma-like; DPD, dysplasia with increased Paneth cell differentiation; TA-like,
tubular adenoma-like; TVA-like, tubulovillous adenoma-like; LGD, low-grade dysplasia; HGD, high-grade dysplasia; ND, no dysplasia.
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Fig. 2. Illustrations of a sessile serrated lesion-like and the adjacent mucosa with MUC5AC and CDX2 IHC. Low power image of a sessile serrated lesion-like (yellow
circle) and inflammatory changes in the adjacent mucosa (red circle) (A). Serrated epithelium with LGD containing a gland with HGD with eosinophilic cytoplasms,
enlarged nuclei and loss of goblet cells (B). Gland with HGD magnified (C) and epithelia with LGD magnified (D). MUC5AC IHC of the previous lesion (E) showing
loss of staining in HGD gland (F) and expression in the epithelium with LGD (G). CDX2 immunostaining in the same lesion (H) with positive staining in the HGD gland
(I) and negative or less intensity of the staining in the cells of serrated epithelium with LGD (J). Mucosa with acute and chronic inflammation, erosion, reactive
changes and crypt atrophy (K), re-epithelialized epithelium (L) and marked MUC5AC expression (M) with intense staining in the same crypts with acute inflammation
(magnified in N and O). CDX2 immunostaining in the same inflamed mucosa (P) with loss of staining in the same crypts with acute inflammation and MUC5AC
Expression (magnified in Q and R). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

3.1.3. Adjacent mucosa to the dysplastic lesions

Presence of colon mucosa was detected more frequently adjacent to
conventional dysplasia (80 %, 12/15) than to nonconventional dysplasia
(67 %, 41/61). Acute inflammation was seen in only 12 (29 %) cases, all
in relation to nonconventional dysplasia; chronic inflammation/changes
also occurred more frequently with nonconventional dysplasia (54 % vs
17 %), while normal mucosa was seen more frequently with conven-
tional dysplasia (83 % vs 17 %) (Table 2).

3.2. Immunohistochemistry

3.2.1. Immunohistochemistry in nonconventional dysplasia

Once the precursor lesions were identified, we used MUC5AC, a well-
recognized marker of the foveolar gastric epithelium, to distinguish
gastric metaplasia [23]. MUC5AC expression was mostly observed in
hypermucinous dysplasia, serrated epithelial change, and serrated
lesion NOS without dysplasia (15/17, 88 %). Interestingly, the MUC5AC
immunoexpression level decreased with the increase of the grade of
dysplasia, being 78 % (31/40) in LGD, and 39 % (5/13) in HGD (p =
0.006) (Table 3 and Fig. 2E, F, 2G, 3B, 3F, 3J). Dysplasia with increased
Paneth cell differentiation was the only nonconventional dysplasia
without MUC5AC expression.

Considering that the loss of CDX2 in the colon is associated with the
presence of gastric epithelium, we next analyzed CDX2 expression in the
same IBD series. Lack of CDX2 was detected in 12/17 (71 %) lesions
without dysplasia, in 17/40 (43 %) LGD and in 4/13 (31 %) HGD (p =
0.064) (Table 3 and Fig. 2H, I, 2J, 3C). CDX2 was partially lost or
showed less intensity in glands with high expression of MUC5AC (p <
0.001) (Table 4).

To investigate the role of gastric metaplasia as a precursor of CAC, we
evaluated p53 expression as a surrogate of TP53 mutation, considering
that dysregulation of p53 in one of the most frequent events in this
carcinogenesis pathway. The p53-mut pattern (overexpression or null)
was observed in 10/13 (77 %) HGD and in 18/40 (45 %) LGD, in
contrast to the presence of focal nuclear positivity in almost all the
nonconventional dysplasia without dysplasia (16/17, 94 %) (p < 0.001)
(Table 3 and Fig. 3D, G, 3K).

Finally, to unmask the role of microsatellite instability, we evaluated
MLH1 expression as a surrogate for the presence of MHLI promoter
hypermethylation. We did not find complete loss of nuclear expression
in any nonconventional dysplasia, but rather a focal loss of nuclear
staining of irregular distribution was observed (Table 3 and Fig. 3H, L).

Once we had determined the expression of the markers in all
nonconventional dysplasias, we next assessed the association between
MUCS5AC and either CDX2 and p53 expression. MUC5AC positivity was
associated with the loss of CDX2 expression (p < 0.001) (Table 4).
Gastric metaplasia was identified in 32 (46 %) nonconventional
dysplastic lesions, especially in hypermucinous dysplasia and sessile
serrated lesion-like (p = 0.034) (Table 5). Regarding to p53 and
MUCSAC expression, MUC5AC positive lesions showed mostly a p53-wt
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pattern (34/51, 67 %), whereas those lacking MUC5AC exhibited mainly
a p53-mut pattern (12/19, 63 %) (p = 0.031) (Table 4).

3.2.2. Immunohistochemistry in conventional dysplasia

MUCS5AC was expressed in one (7 %) tubular adenoma-like with LGD
and in the tubulovillous adenoma-like (100 %) in areas of LGD and HGD
(Table 3 and Fig. 3N). CDX2 was lost in 5 (71 %) of the tubular adenoma-
like with LGD and in the tubulovillous-like (100 %), in both LGD and
HGD. Gastric metaplasia was identified in one (7 %) tubular adenoma-
like with LGD and in the tubulovillous-like (100 %) in areas of LGD
and HGD (p = 0.1875).

All conventional dysplasia showed a p53-wt pattern (Table 3 and
Fig. 30), 5 tubular adenoma-like retained MLH1 staining and the
remaining 9 tubular adenoma-like and the tubulovillous adenoma-like
showed partial loss of MLH1 expression (Table 3 and Fig. 3P).

3.2.3. Immunohistochemistry in adjacent mucosa to the dysplastic lesions

In mucosa with acute or chronic inflammation, MUC5AC staining
was observed at superficial epithelium lining granulation tissue, and in
irregular crypts with nuclear stratification and loss of goblet cells
(Fig. 2M, N, 20), whereas CDX2 showed conserved or less intense nu-
clear expression in the same areas (Fig. 2P, Q, 2 R) as corresponds to the
definition of foveolar gastric metaplasia. Gastric metaplasia was iden-
tified in the adjacent mucosa of 24 (24/41, 59 %) nonconventional
dysplasia, 21 (21/36, 58 %) with UC and 3 (3/5, 60 %) with CD, 8 (8/24,
33.3 %) with active inflammation, 14 (14/24, 58.3 %), chronic changes,
and in 2 (2/24, 8.3 %) normal mucosa. No gastric metaplasia was
identified in the 12 colon mucosa adjacent to conventional dysplasias
(Table 2). A p53-wt pattern was identified in all adjacent mucosa, while
MLH]1 staining was lost in the superficial epithelium of normal mucosa,
as well as in those with active inflammation or chronic changes.

4. Discussion

The aim of this study was to explore the presence of gastric meta-
plasia and its relationship with dysplasia in a series of nonconventional
and conventional dysplastic lesions identified retrospectively from IBD
colectomies.

We identified differences in the distribution of both types of
dysplasia. While as described in other studies, nonconventional dys-
plasias were more frequently located in colectomies with acute inflam-
mation, following the characteristic distribution of inflammation
according to the type of IBD [24], and observed in specimens without
adenocarcinoma, conventional dysplasias were more frequently found
in specimens with quiescent activity, unrelated to the inflammation
distribution in the colon according to the type of IBD, and with
concomitant adenocarcinoma. In contrast to our findings, other authors
have found nonconventional dysplasia more frequently associated with
advanced neoplasms [19]. However, some of the early precursors such
as hypermucinous dysplasia or serrated epithelial were observed
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Fig. 3. Examples of IHC in nonconventional and conventional dysplasias. Crypt cell atypia/dysplasia (A) with intense and diffuse cytoplasmic expression of MUC5AC
(B), loss of CDX2 (C) and p53-mut pattern (overexpression) (D). Goblet cell depleted dysplasia (E) with loss of MUC5AC (note the positive cytoplasmic staining in
adjacent normal glands) (F), p53-mut pattern (null pattern) with positive scattered nuclei in normal glands (arrows) as internal positive control (G) and partial loss of
MLH1 expression (H). Traditional serrated adenoma-like (I) without MUC5AC expression (J), p53-mut pattern (overexpression) (K) and partial loss of MLH1
expression (L). Tubular adenoma-like (M) with MUC5AC negative with presence of a single positive cell (arrow) in the surface epithelium (N), p53-wt pattern with
scattered positive nuclei (arrows) (O) and MLH1 expression (P).
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Table 4
Relation between MUCSAC expression with CDX2 and p53 staining in noncon-
ventional dysplasias.

MUCS5AC p value
Positive (%) Negative (%) Total (%)
CDX2 Positive 19 (37) 18 (95) 37 (53) <0.001
Negative 32 (63) 1(5) 33(47)
Total 51 (73) 19 (27) 70 (100)
p53 wt-pattern 34 (67) 7 (37) 41 (59) 0.031
mut-pattern 17 (33) 12 (63) 29 (41)
Total 51 (73) 19 (27) 70 (100)

adjacent to neoplasms, thus confirming the precursor status of these
early lesions [7]. No relation was observed in both types of dysplasia
with the duration of IBD although there was a trend between UC patients
and nonconventional dysplasia.

We found 61 nonconventional dysplastic lesions in 33 IBD speci-
mens. Given the retrospective nature of the studies describing noncon-
ventional dysplasia, the number and type of nonconventional dysplasia
identified is highly variable. The number of lesions identified depends
directly on the sampling of colectomies and the expertise of the
pathologist, since many of them are flat lesions, invisible to macroscopic
inspection, and different types are often found in the same specimen [11,
17-19,25,27]. Multiple nonconventional dysplasia was present in 13
patients, located on the same and different sides of the colon, as other
authors have reported [11,18], while only one patient had multiple
conventional dysplastic lesions on the same side of the colon.

The presence of foveolar gastric metaplasia was assessed by the
immunoexpression of MUC5AC and loss of CDX2 in the same gland. We
observed gastric metaplasia in the superficial epithelia of colon mucosa
re-epithelializing granulation tissue, as well as in areas of mucosa with
chronic changes, confirming our previous observations about the
appearance of gastric metaplasia as an adaptive mechanism to inflam-
matory damage [21]. In addition, gastric metaplasia was identified
mainly in nonconventional dysplasia and its adjacent mucosa with
chronic changes in colectomies with UC. We detected gastric metaplasia
in all types of nonconventional dysplasia, except for dysplasia with
increased Paneth cell differentiation, located in a quiescent UC in the
rectosigmoid colon. Considering that crypts with Paneth cells charac-
terize intestinal metaplasia and help identify long-standing IBD when
found in the left colon, the absence of gastric metaplasia observed
supports its intestinal origin. Gastric metaplasia was mostly observed in
nonconventional dysplasia without dysplasia such as hypermucinous
dysplasia and in sessile serrated lesion-like but also in crypt cell aty-
pia/dysplasia characterized by dysplastic features. As for conventional
dysplasia, gastric metaplasia was identified less frequently than in
nonconventional dysplasia (19 % vs. 46 %) and was not detected in any
adjacent mucosa, suggesting that gastric metaplasia is not the substrate
of origin for conventional dysplasia.

In our study, there was a strong significant association between
MUCSAC expression and partial loss of CDX2 supporting the foveolar
gastric metaplasia condition. Loss of colonic markers, SATB2 and CDX2,
was previously reported by Ma et al. identifying loss of SATB2 in
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dysplasia and IBD-associated CRC, but not in sporadic patients [28,29].
However, loss of colonic markers was not associated in their studies with
the presence of gastric metaplasia.

We observed a progressive decrease in MUC5AC expression with the
appearance and increase of the degree of dysplasia. TP53 gene is the
most frequently involved in the early pathway of IBD “inflamed-
dysplasia-carcinoma” sequence [7,30,31]. The p53-mut pattern of
immunoexpression was identified more frequently in HGD nonconven-
tional dysplasia lacking MUC5AC. Importantly, the fact that MUC5AC
expression showed a p53-wt pattern supports that gastric metaplasia
precedes the appearance of TP53 mutations. Expression changes in
MUCS5AC and p53 reflect the molecular alterations that transform the
metaplastic epithelium into dysplastic. Our results support a role for
TP53 in the earliest events of the CAC pathway. We observed altered p53
expression in both low-risk and high-risk nonconventional dysplasia,
with increasing rates in higher-grade dysplasia but not in adjacent
colonic mucosal or in non-dysplastic nonconventional dysplasia. How-
ever, TP53 mutations, missense and nonsense, had been reported in
serrated epithelial change without dysplasia using a NGS approach [7].
The fact that these mutations may be subclonal and the lack of a perfect
correlation between the presence of TP53 mutations and p53 expression
could explain the observed discordances [22].

Regarding microsatellite instability, we identified a lack of MLH1
expression in the surface epithelium in both normal mucosa and mucosa
with active inflammation or chronic changes. The lack of MLH1 staining
in the more mature colon epithelium could be the expression of inacti-
vation of mismatch repair genes in nonproliferating cells. Furthermore,
our results agree with previous reports showing the absence of a relevant
role of mismatch repair genes in DNA repair phenomena occurring in
IBD colonic mucosa [32,33].

Recently, we have shown that CRC characterized by lack of p53 al-
terations, presence of MUC5AC expression, and complete loss of MLH1
expression appears in IBD probably following the serrated pathway
[21]. Although we have demonstrated the presence of foveolar gastric
metaplasia in most nonconventional dysplasia, we have not seen a
complete loss of MLH1 in any of them that would allow us to identify the
precursor lesions of CRC of the serrated pathway. The methylation
changes that occur in precursor lesions affect different genes in a
non-random manner [34,26]. In sessile serrated lesion, complete loss of
MLH1 expression correlates with a threshold for promoter methylation
and coincides with the onset of dysplasia [34]. The presence of partial
loss of MLH1 staining could be the expression of MLH1 hyper-
methylation heterogeneity that occurs in both types of precursor lesions
[26].

Finally, the pattern of MUC5AC and CDX2 expression observed in
conventional dysplasia, especially in tubulovillous adenoma-like, favors
the diagnosis of serrated lesions, illustrating the morphological overlap
that occurs between both types of lesions [35].

In summary, our results support that foveolar gastric metaplasia
appears in IBD colon mucosa as an adaptive mechanism to chronic in-
flammatory damage, and is the substrate of most nonconventional
dysplasia prior to the appearance of TP53 alterations and is the initial
event of CAC and serrated pathway CRC appearing in IBD.

Table 5
Relation of the presence of gastric metaplasia according to the type of nonconventional dysplasias.
Gastric metaplasia Type of nonconventional dysplasia Total p value
HM GCD SL NOS CCA/D SEC SSL-like TSA-like DPD
No 4(29) 10 (77) 7 (58) 3(43) 4 (57) 3(30) 6 (100) 1(100) 38 (54) 0.034
Yes 10 (71) 3(23) 5 (42) 4(57) 3(43) 7 (70) 0 0 32 (46)

Abbreviations: HM, hypermucinous; GCD, goblet cell deficient; SL NOS, serrated lesion not otherwise specified; CCA/D, crypt cell atypia/dysplasia; SEC, serrated
epithelial change; SSL-like, sessile serrated lesion like; TSA-like, traditional serrated adenoma like; DPD, dysplasia with increased Paneth cell differentiation.
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