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ABSTRACT

Background and study aims Recent advances in endo-

scopic equipment and diagnostic techniques have im-

proved the detection of dysplasia in the inflamed mucosa

of patients with ulcerative colitis (UC). However, it remains

difficult to endoscopically identify flat-type dysplasia which

has been formerly recognized as invisible dysplasia.

Patients and methods In this retrospective, single-center

study, we endoscopically identified 10 cases of flat-type-

predominant dysplasia by targeted biopsy among 38 intra-

mucosal dysplasia lesions from patients with UC who un-

derwent surgical or endoscopic resection from 2007 to

2017. Their endoscopic and histological features were ex-

amined, including color changes, intramucosal vascular

density/size, and vascular endothelial growth factor (VEGF)

expression.

Results All flat-type-predominant dysplasias were endo-

scopically recognized as demarcated red-colored areas and

histologically diagnosed as low- (LGDs) or high-grade dys-

plasias (HGDs). Immunohistochemical examination using

resected specimens revealed that flat-type dysplasia was

characterized by significantly increased CD34-positive vas-

cular density (LGDs, 1.7-fold, P < 0.01; HGDs, 2.2-fold, P <

0.01) and size (LGDs, 1.03-fold, P <0.01; HGDs, 1.11-fold,

P <0.01) in the mucosa, compared to adjacent non-neoplas-

tic areas. Increased numbers of vessels were observed at

the base of the mucosa in LGDs, whereas HGDs contained

increased/enlarged vessels throughout the mucosa. More-

over, VEGF expression was elevated in all dysplastic epithe-

lia.

Conclusions Demarcated red-colored areas, histologically

characterized by an increased vascular density/size in the

mucosa, are an endoscopic sign of formerly invisible flat-

type dysplasia in patients with UC and should be considered

for targeted biopsy. Prospective studies focusing on the

mucosal color change for their early detection would be de-

sirable in the future.

Supplementary material is available under

https://doi.org/10.1055/a-1352-2709
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Introduction
It is generally accepted that long-standing ulcerative colitis
(UC) is associated with an increased risk of colorectal cancer
[1, 2]. The cumulative risk reaches 7.5% to 18.4% at 30 years
after onset of the disease [2]; therefore, early detection of UC-
associated colorectal cancer is recommended for successful
management of patients with UC. Despite recent advances in
endoscopic equipment, patient preparation, and diagnostic
techniques, the early detection of colitis-associated cancer or
dysplasia remains difficult because of the complex background
of the inflamed mucosa of UC and the morphologic diversity of
lesions.

The Surveillance for Colorectal Endoscopic Neoplasia Detec-
tion and Management in Inflammatory Bowel Disease Patients:
International Consensus Recommendations (SCENIC) consen-
sus statement proposes the following five types of endoscopic
morphological features of colitis-associated dysplasia: pedun-
culated, sessile, superficial elevated, flat, and depressed lesions
[3, 4]. Using these criteria, we reported that 64.1% of high-
grade dysplasia (HGD) lesions were associated with elevated
areas (sessile, superficial elevated), whereas 30.8% were classi-
fied as flat lesions, which were previously recognized as invisi-
ble lesions and are rare in patients with sporadic dysplasia [5].
Notably, multiple synchronous cancers are more frequent in pa-
tients with colitis-associated cancers; these tumors typically
arise from flat dysplastic lesions with a mutational burden, sug-
gesting a field cancerization process in the context of chronic
inflammation. Several guidelines have suggested colectomy
for such flat-type dysplasias in patients with UC because of the
higher risk of colorectal cancer and the difficulty of complete
endoscopic removal of these lesions [6, 7].

To prevent the development of synchronous and/or invasive
colitis-associated cancers in patients with long-standing UC, it
is important that endoscopists recognize the endoscopic and
histological features of invisible flat-type dysplasias to facilitate
their early detection. Although some flat dysplastic lesions are
difficult for even experienced endoscopists to detect by high-
definition chromoendoscopy, especially in patients with severe
inflammation, we recently proposed that flat dysplastic lesions
are endoscopically characterized by abnormalities with a dis-
tinct border and red coloration [5]. Similar red-colored changes
associated with increased intramucosal capillaries have been
observed in flat early gastric cancer [8–10], suggesting that
the “demarcated red-colored change” in patients with UC can
serve as a diagnostic marker of flat-type dysplasia. However, it
has been reported that narrow-band imaging (NBI), which al-
lows endoscopic observation of microvessels in the mucosa, is
not useful for the detection of these lesions; moreover, it re-
mains controversial whether these color changes are an endo-
scopic marker of flat-type dysplasia [3]. In addition, the fac-
tors/mechanisms responsible for these color changes are un-
known. In this study, we investigated the endoscopic and histo-
logical features of endoscopically detected flat-type dysplasias
in patients with UC, focusing on the association between endo-
scopic color changes and histological microvascular changes in
the mucosa using resected specimens.

Patients and methods
Patients

We enrolled 38 cases of intramucosal low-grade dysplasia
(LGD), HGD, and dedifferentiated cancer such as signet-ring
cell carcinoma endoscopically detected by targeted biopsy and
subsequently underwent surgical or endoscopic resection at
Keio University Hospital (Tokyo, Japan) from January 2007 to
December 2017 [11]. The resected samples were confirmed by
histopathological assessment by at least two experienced pa-
thologists (MS and KK). Histological diagnosis was confirmed
by routine hematoxylin and eosin staining, with respect to the
immunohistochemical expression patterns of p53 and Ki-67, as
previously described [12]. Because all the dysplastic lesions in
this study showed nuclear and architectural atypia as well as
strongly/diffusely positive or completely negative pattern of
p53 expression, there were no discrepancies as for the diagno-
sis of dysplasia. However, since there were some discrepancies
regarding the degree of dysplasia (low-grade vs high-grade)
between two pathologists, we observed all the specimens care-
fully, discussed and determined the degree of the dysplasia
considering the nuclear and architectural atypia, cellular differ-
entiation and p53 staining pattern. Cases of visible LGD/HGD,
in which sporadic lesions could not be ruled out, were excluded.
From this cohort, we retrospectively identified ten cases of flat-
type-predominant LGDs/HGDs in nine patients with UC and two
cases of intramucosal tumors containing HGD and signet-ring
cell carcinoma components in two patients with UC. The demo-
graphic data and disease characteristics of the patients were
evaluated, including age, sex, duration of disease at detection
of neoplastic lesion, and clinical type and extent of the disease.
The study protocol was reviewed and approved by the Ethics
Committee of Keio University School of Medicine (approval
no. 20180209).

Definition and evaluation of the endoscopic
findings

Possible flat-type dysplastic lesions were detected based on the
color change using regular white-light colonoscopy (CF-Q240I,
H290AI or PCF-Q260AI, Q260AZI, H290I; Olympus, Tokyo, Ja-
pan). Identified lesions were observed following 0.2–0.4% indi-
go carmine dye spraying. To further determine whether these
areas were dysplastic or non-neoplastic, subsequent magni-
fying colonoscopy (CF-H260AZI, HQ290I or PCF-Q260AZI,
H290AZI; Olympus) using NBI and/or 0.05% crystal violet stain-
ing were performed to identify their lines of demarcation. The
endoscopic morphology was classified in accordance with the
SCENIC international consensus statement. Briefly, flat lesions
were defined as tumors without elevation or depression relative
to the surrounding mucosa and could be detected only by their
color change. Classifications were determined retrospectively
after thorough discussion by two expert endoscopists (YI and
MN) based on the detailed information provided by reporting
endoscopists. The endoscopic disease activity was assessed by
trained colonoscopists in accordance with the Mayo endoscopic
score.
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Immunohistochemistry and staining assessment

Four-micrometer-thick paraffin-embedded sections were sub-
jected to immunohistochemistry using standard histological
protocols [13, 14]. Immunohistochemical staining was per-
formed using a Bond-Max automated immunohistochemical
stainer (Leica Microsystems, Milton Keynes, UK). The primary
antibodies used were anti-Ki-67 (1:200 dilution; Cat. No.MIB-
1; Dako, Carpinteria, CA, USA), anti-p53 (1:2000 dilution; Cat.
No.DO-7; Dako), anti-CD34 (1:100 dilution; Cat. No.QEBnd10;
Dako) and anti-VEGF (1:400 dilution; Cat. No. JH121; Millipore,
Billerica, MA, USA). CD34-positive vessels with lumen struc-
tures in the mucosa were assessed by AI and MS to evaluate mi-
crovascular densities and sizes. Specifically, the numbers of
vessels in mucosae were counted by observation of all fields of
each specimen at × 200 magnification and calculation of the
microvascular density per square millimeter. The short diame-
ter of each vessel was also measured. To map the vascular den-
sity in resected specimens, the 75th percentile was used to dis-
criminate a high and low density; the cut-off values of vessel
density in cases #2, #5, and #7 were 42.1 vessels/mm2, 48.2
vessels/mm2, and 38.5 vessels/mm2, respectively. The abnor-
mal expression of p53 was defined as strongly/diffusely positive
or completely negative immunoexpression pattern. The pro-
portion of positive neoplastic/non-neoplastic cell staining for
VEGF was graded as follows: no positive cells or essentially
none (< 5%; 0 + ), some positive cells (5% to 30%; 1+), diffuse
areas of positive cells (30% to 60%; 2+), and extensive areas of
positive cells (> 60%; 3+).

Statistical analysis

Nonparametric tests were used in this study. For the vessel
evaluation at x200 magnification in neoplastic and non-neo-
plastic lesions, continuous variables were expressed in terms
of the median (interquartile range) (Supplementary Table 3
and Supplementary Table 7). The Mann–Whitney U test was
used to compare categorical and continuous variables. The
Kruskal–Wallis test was used to assess differences in the distri-
butions of categorical variables. Differences with P<0.05 were
considered statistically significant. Data were analyzed using
Stata, version 11.2 (Stata Corporation, College Station, Texas,
United States).

Results
Clinical, endoscopic, and histological characteristics

Among 38 intramucosal colitis-associated dysplasia/cancer le-
sions in patients with UC who underwent surgical or endo-
scopic resection, 10 flat-type-predominant dysplastic lesions
in nine patients were detected by endoscopy and histologically
diagnosed as LGDs and/or HGDs. The clinical and endoscopic
characteristics of these nine patients with UC are shown in Sup-
plementary Table1 and Supplementary Table2. All nine pa-
tients showed a duration of median relapse-remitting disease
of 24 years (interquartile range, 16 to 31); their median age at
the time of detection was 49 years (interquartile range, 46 to
56). Dysplastic lesions were mainly detected in the rectum or

sigmoid colon (90%), including six lesions in the rectum, three
in the sigmoid colon, and one in the ascending colon. Endo-
scopically, seven lesions (cases #1, 2, 5, 6, 8, 9–1, and 9–2)
(Supplementary Table2) were classified as flat lesions, in
accordance with the SCENIC consensus statement. The others
(cases #3, 4, and 7) were categorized as sessile lesions, but
also contained flat dysplastic areas that widely spread around
the sessile areas. Importantly, all flat dysplastic lesions were re-
cognized as red-colored areas in remitted colonic mucosa by
white-light image and their lines of demarcation were en-
hanced by NBI (▶Fig. 1). The histological findings of 10 lesions
are shown in Supplementary Table2. In total, four (40%), two
(20%), and four (40%) flat dysplastic lesions were classified as
LGDs, HGDs, and combined LGDs/HGDs, respectively. All sessile
lesions observed in cases #3, #4, and #7 were HGDs. Endo-
scopic submucosal dissection or curative colectomy with lymph
node resection was performed in all patients; none experienced
recurrence during the observation period.

Histological assessment of intramucosal vascular
changes in dysplastic lesions

Intramucosal microvascular densities/sizes in dysplasias and ad-
jacent non-neoplastic mucosae were evaluated by immunohis-
tochemical staining for CD34. As shown in ▶Fig. 2a, the num-
ber of CD34-positive vessels in p53-positive flat dysplastic mu-
cosae were markedly increased, compared to surrounding p53-
negative non-neoplastic areas. Detailed mapping of vascular
density by assessment of the numbers of CD34-positive vessels
in neoplastic and surrounding non-neoplastic areas revealed
that the CD34-positive vascular-increased area was largely re-
stricted to the histologically confirmed dysplastic lesions
(▶Fig. 2b). The intramucosal vascular densities in flat LGD
(1.7-fold, P < 0.01), flat HGD (2.2-fold, P < 0.01), and sessile
HGD (1.9-fold, P < 0.01) lesions were significantly greater than
the vascular density in surrounding non-neoplastic mucosa.
The vessels in flat LGD, flat HGD, and sessile HGD areas were
also significantly enlarged by 1.03-, 1.11-, and 1.15-fold,
respectively, compared to non-neoplastic mucosa (P <0.01)
(▶Fig. 3, ▶Fig. 4a, ▶Fig. 4b, and Supplementary Table 3). His-
tologically, LGDs contained p53-positive or completely nega-
tive atypical epithelia confined largely to the basal half of the
glands, whereas atypical epithelia extended into the superficial
(luminal) part of the gland in most HGDs [15]. To further inves-
tigate the intramucosal distribution of increased/enlarged ves-
sels in LGDs and HGDs, we divided the mucosa into basal and
luminal halves and compared the vascular densities and sizes
between these halves (▶Fig. 4c). As shown in ▶Fig. 3, in-
creased/enlarged vessels were mainly observed in the basal
half in LGDs, whereas these vessels extended into the luminal
half in HGDs. The ratio of the vascular density in the luminal
half to the vascular density in the basal half was significantly re-
duced in LGD lesions, compared to non-neoplastic lesions (P <
0.01); this ratio gradually increased in flat HGD and sessile
HGD lesions. The ratio of the vascular size in the luminal half
to the vascular size in the basal half also tended to be lower in
non-neoplastic and LGD lesions than in flat HGD and sessile
HGD lesions (▶Fig. 4d and ▶Fig. 4e), suggesting an association
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▶ Fig. 1 Representative endoscopic images of flat-type dysplasia in UC patients. a, b, c, d, e Flat (Patient #1). f, g, h, i, j Flat (Patient #2).
k, l,m, n, o Flat + sessile (Patient #7). p, q, r, s, t Flat lesion (Patient #9), according to the SCENIC consensus statement. These lesions were ob-
served on white-light imaging (WLI) (the first and second row from the top), indigo‐carmine dye splaying (the third row) and magnifying nar-
row-band imaging (NBI) (the fourth and fifth row). Note that reddish areas on WLI were indicated by white dotted lines in the second row. The
border of vascular increased areas on NBI was also demonstrated by white dotted lines in the fifth row.
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of stromal vascular changes with p53-positive atypical epithe-
lial areas.

Increased VEGF expression in dysplastic epithelia

Vascular endothelial growth factor (VEGF) is a potent angio-
genic factor with a key role in several pathological processes,
including tumor vascularization [16]. Immunohistochemistry
revealed that all LGD and HGD epithelia showed increased
VEGF expression, compared to surrounding non-neoplastic epi-
thelia (Supplementary Table4). Moreover, the pattern of VEGF
expression in dysplastic epithelia was similar to that of p53;
namely, VEGF expression was mainly observed in the basal half
of LGD glands, whereas its expression extended into the surface
in HGD glands (▶Fig. 5a), suggesting links among p53 altera-
tion, VEGF expression, and stromal vascular changes (▶Fig.
5b).

Exceptional discoloration of dysplastic epithelia:
intramucosal signet-ring cell carcinoma

Although rare, colorectal signet-ring cell carcinoma is more fre-
quent in patients with UC. In a few cases (Supplementary Ta-
ble5 and Supplementary Table 6), intramucosal signet-ring
cell carcinoma areas within HGDs detected in superficial elevat-
ed or depressed dysplastic lesions were endoscopically recog-
nized as discolored and histologically contained fewer vessels.
Signet-ring cell carcinoma cells also tended to show mildly low-
er VEGF expression, compared to adjacent HGD lesions (▶Fig.
6). The intramucosal vascular density in signet-ring cell carci-

noma areas was significantly lower than the vascular density in
surrounding HGD lesions (cases #S1 and #S2) (Supplementary
Table7).

Discussion
Improved early detection of flat-type dysplasias is important for
prevention of colorectal cancer in patients with long-standing
UC. In this study, we evaluated the endoscopic and histological
features of flat-type dysplasias by histological assessment of
completely resected flat-type dysplasias that had been endo-
scopically detected with the clue of demarcated red-colored
change, focusing on stromal vascular changes. Immunohisto-
chemistry revealed that both flat-type LGD and HGD lesions
endoscopically recognized as red were characterized by in-
creased CD34-positive microvascular density/size in the muco-
sa, compared to adjacent non-neoplastic areas. The number of
vessels was increased at the base of the mucosa in LGDs,
whereas HGDs contained increased/enlarged vessels through-
out the mucosa, accompanied by increased VEGF expression in
dysplastic epithelia. To the best of our knowledge, this is the
first report of the endoscopic and histological features of flat-
type dysplasia in patients with UC, and the demarcated redness
may be a useful marker for early detection of flat-type dysplasia
by endoscopy.

Mucosal changes are an initial indication of flat-type gastro-
intestinal tumors and include redness, discoloration, and spot-
ty bleeding. These changes can be influenced by the histologi-

▶ Fig. 2 Representative histological and macroscopic images in flat-type dysplasia. a Representative histological images of flat-type high-grade
dysplasia (HGD) (Case #7). The histological findings for the resected specimen: HE staining indicating a flat-type HGD lesion (upper) and p53
immunohistochemistry (middle) indicating overexpression of p53.Note that CD34-positive vessels in the mucosa were increased in the HGD
lesions compared to in the adjacent non-neoplastic lesions by CD34 immunohistochemistry (lower). The rectangle dysplastic (red line) and
non-neoplastic (blue line) areas are magnified below. Scale bars, 500 μm. b Representative macroscopic images of resected specimens of flat-
type dysplasia showing mucosal vascular densities (Case #2, #5, and #7). Red and blue dots indicate high- and low-density of intramucosal
vessels, respectively. The 75th percentile was used to determine high- and low-density of intramucosal vessels as described in the “Patients and
methods” section. Dysplastic areas confirmed by histological assessment were lined by yellow dotted lines. Case #7 contains a sessile lesion
indicated by a black dotted line.
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cal type of the tumor, as well as stromal changes including in-
flammation, edema, fibrosis, and microvascular architectures.
The redness and discoloration of the mucosa, accompanied by
stromal vascular alterations, are reportedly useful for early de-
tection of invisible flat differentiated and undifferentiated gas-
tric carcinomas, respectively [8, 9]. Flat-type dysplastic lesions,
which are rare in colonic sporadic dysplasia [17], are frequent in
patients with UC; these lesions were formerly recognized as “in-
visible dysplasia.” However, our randomized controlled trial re-
vealed that targeted biopsies were comparable to random
biopsies in terms of dysplasia detection by experts [18]. This
study demonstrated that improvements in technique and tech-
nology have enabled visualization of these lesions, but it re-
mains uncertain whether this visualization can be performed
by both UC specialists and non-UC specialists. It is necessary to
establish objective endoscopic findings that allow non-specia-
lists to perform targeted biopsy to detect flat-type dysplasias

in patients with UC, which are diagnosed with increasing fre-
quency.

Several studies have described the endoscopic markers of
UC-associated dysplasia. For example, a tortuous pattern and
irregular/amorphous surface patterns are reportedly useful for
detection of dysplasia in patients with UC by magnifying chro-
moendoscopy [19]. Recently, combined magnifying endo-
scopic and stereomicroscopic analyses demonstrated that neo-
plastic pit patterns (types III, IV, and V) and surface morpholo-
gies, such as pinecone/villi patterns, were also significantly cor-
related with the presence of dysplasia [20]. These magnified
observations can indeed provide precise images that aid in the
diagnosis of neoplastic lesions in patients with UC; however,
they are not useful for routine surveillance because the magni-
fied field of view is very small. In addition, these studies re-
vealed that some neoplastic lesions at the bottom of glands,
such as flat-type LGDs, showed a non-neoplastic pit pattern;
this finding suggests limitations in the detection of flat-type

▶ Fig. 3 Representative histological images of non-neoplastic, flat-type low-grade dysplasia, flat-type high-grade dysplasia and sessile high-
grade dysplasia. The histological findings (Case #4): HE staining indicating non-neoplastic (Non-n), flat low-grade dysplasia (LGD), flat-type
high-grade dysplasia (HGD) and sessile HGD lesions (left), p53 immunohistochemistry (middle), and CD34 staining indicating vessels in the
mucosa (right). In CD34-immunostained sections, the luminal and basal half areas were divided by black dotted lines. Scale bars, 200 μm.
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dysplasias, even with magnifying observation [20]. Our study
used non-magnified white-color endoscopy to analyze the
gross vascular effect, rather than the single vessel architecture
or magnified surface pattern; all flat dysplastic lesions (includ-
ing LGDs) were recognized as localized red-colored areas.

The relationship of the microvascular architecture and can-
cer has been examined in various gastrointestinal tumors; an ir-
regular vasculature pattern and heterogeneity, as well as mi-
crovascular dilatation, have been reported [10, 21, 22]. NBI en-
ables detailed observation of capillaries on the mucosal surface,
due to emission of narrow-band light, and can be used for qua-
litative diagnosis [23]. Based on a meta-analysis of four ran-
domized trials regarding detection of colitis-associated dyspla-
sia, NBI is not suggested in place of chromoendoscopy because
it lacks any meaningful benefit [3, 24, 25]. However, these stud-
ies did not use magnified endoscopy for evaluation, and the di-
versity of inflamed background mucosa in patients with UC may
have contributed to bias in the results. There are greater num-
bers of intramucosal vessels under neoplastic and inflammatory

conditions [26, 27]; our histological findings supported these
prior data, in that the vessel density in non-neoplastic areas dif-
fered considerably among patients in the present study (Sup-
plementary Table 3). However, the ratio of microvascular den-
sity/size was significantly greater in dysplastic lesions than in
adjacent non-neoplastic lesions in all cases, suggesting the
need for surveillance of enhanced reddish areas in inflamed
mucosa. Moreover, the vascular-increased area was restricted
to dysplastic lesions, which indicates that detection of reddish
areas with a distinct margin by magnified NBI is a marker of flat-
type dysplasia. Although these endoscopic findings can facili-
tate the detection of flat-type dysplasias in patients with UC,
accurate identification of these lesions in severely inflamed
and regenerative mucosa remains problematic. In our patients,
all flat-type dysplastic lesions were detected during clinical re-
mission; thus, less severe inflammation is related to the im-
proved detection of flat-type dysplasias in patients with UC.

The progression of inflamed mucosa in UC is generally as-
sumed to proceed from colitis without dysplasia to LGD, then
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HGD, and ultimately carcinoma. In colitis-associated carcino-
genesis, p53 alterations occur early (i. e., before dysplasia has
developed), in contrast to the disease course in sporadic neo-
plasia [2]. Histologically, LGDs contain p53-altered atypical epi-
thelia confined largely to the basal half of the gland, whereas
atypical epithelia extend into the superficial part of the gland
in HGDs [15]. Notably, we found that increased/enlarged ves-
sels were mainly present around p53-positive atypical epithelia
in dysplastic glands (▶Fig. 2a and ▶Fig. 3), which indicated
that TP53 mutations induce angiogenesis in UC-associated dys-
plasia. Ravi et al. demonstrated that the loss of p53 in tumor
cells enhances the hypoxia-inducible factor-1α level and aug-
ments hypoxia-inducible factor-1α-dependent transcriptional
activation of VEGF [28]. A recent study using data from 7,525
tumor samples in the TCGA database revealed that the VEGFA
mRNA level was significantly increased in TP53-mutated adeno-
carcinomas, compared to TP53 wild-type adenocarcinomas
[29]. In the present study, the expression pattern of VEGF in
dysplastic epithelia was similar to the expression pattern of
p53, indicating links among TP53 alterations, VEGF expression,
and stromal vascular changes (▶Fig. 5c). In this study, both LGD
and HGD lesions were recognized as demarcated red-colored
lesions and the intramucosal vascular densities/sizes were not
significantly different among flat LGD, flat HGD and sessile
HGD. However, considering the distribution of increased/en-
larged vessels in LGDs and HGDs and given the depth reached
by endoscopic light, the detection of LGDs may be more diffi-
cult than the detection of HGDs. Development of endoscopic

technologies, such as linked color imaging, which provides bet-
ter color contrast than white-light imaging, may be useful for
visualization of LGDs [30].

This study had several limitations. First, it included a small
number of patients and lesions from a single institution. Al-
though a larger number of patients must be evaluated, flat-
type dysplasia was formerly recognized as invisible dysplasia;
therefore, few flat-type dysplasias have been detected endo-
scopically. In this study, we analyzed totally resected flat-type
dysplasias with available detailed endoscopic information,
which is an advantage relative to other studies of flat-type dys-
plasias detected by random biopsy without endoscopic images.
Second, although rare, colorectal signet-ring cell carcinomas
occur more frequently in patients with UC. Our preliminary
study revealed that signet-ring cell carcinomas were endoscop-
ically recognized as discolored areas and histologically con-
tained fewer vessels, suggesting the association between un-
differentiated carcinoma lesions and less vascular densities.
Moreover, it remains unclear whether all flat-type dysplasias
other than signet-ring cell carcinoma can be identified as a red-
dish area. To evaluate the clinical utility of our findings, further
studies are needed to examine flat-type dysplasias that could
not be detected by endoscopy and were unexpectedly identi-
fied in resected specimens. Third, the “demarcated red-colored
change,” a key finding of this study, was only evaluated using
endoscopic images; no further digital evaluations were per-
formed. Despite these limitations, our endoscopic and histolo-
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▶ Fig. 5 Increased expression of vascular endothelial growth factor in dysplastic epithelia. a Representative images of p53 and vascular endo-
thelial growth factor (VEGF) expression in non-neoplastic (Non-n), flat-type low-grade dysplasia (LGD) and flat-type high-grade dysplasia
(HGD) (Case #4). Note that flat-type LGD and HGD epithelia expressed increased expression of VEGF compared to the surrounding non-neo-
plastic epithelia. Moreover, the pattern of VEGF expression in dysplastic epithelia was similar to that of p53. Scale bars, 200 μm. b Schematic
presentation showing the association among epithelial p53 expression, VEGF expression and stromal vascular alteration.
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gical analyses can enhance surveillance colonoscopy for flat-
type dysplasias in patients with UC.

Conclusion
In conclusion, to the best of our knowledge, this study provides
the first evidence of the endoscopic and histological features of
flat-type dysplasia in patients with UC. We emphasize that the
endoscopic recognition of “demarcated red-colored change”
associated with vascular alteration is a marker of flat-type dys-
plasia and an indicator of the need for targeted biopsy. Identifi-
cation of reddish areas with a distinct margin by magnifying NBI
would enable clinicians to distinguish flat-type dysplasia from
non-neoplastic inflamed mucosa.
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