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ABSTRACT

Background and study aims A white opaque substance
(WOS) has been observed in the epithelia of gastric, duode-
nal, and colorectal epithelial adenomas and carcinomas,
using magnifying endoscopy (ME). The WOS has been re-
ported to be derived from a dense accumulation of minute
lipid droplets in the epithelium. This study aimed to investi-
gate whether the WOS in colorectal hyperplastic polyps was
derived from lipid droplets accumulated in the epithelium,
as observed in the case of gastric, duodenal, and colorectal
epithelial neoplasms.

Patients and methods We analyzed 30 consecutive pa-
tients who were positive for the WOS, as visualized in colo-
rectal hyperplastic polyps by ME with narrow-band imaging
and 30 consecutive patients who were negative for the
WOS. Biopsy specimens obtained from the polyps were im-
munostained with anti-adipophilin antibody to determine
the correlation between the presence of the WOS and that
of lipid droplets in the epithelium.

Results In all patients, the epithelial cells were histologi-
cally positive for adipophilin. However, the area of adipo-
philin-positive epithelial cells in the WOS-positive group
was significantly larger than that in the WOS-negative
group (P<0.001). The density of the WOS was strongly and
positively correlated with the area of adipophilin-positive
cells.

Conclusions This study reveals that the WOS visualized in
the superficial layers of colorectal hyperplastic polyps is
produced by a dense accumulation of minute lipid droplets
in the epithelia of the polyps.

Introduction

Previous reports have indicated that magnifying endoscopy
(ME) of gastric, duodenal, and colorectal epithelial neoplasms
(adenomas and carcinomas) reveals a white opaque substance
(WOS), which obscures subepithelial microvascular patterns
[1-4]. Histopathological studies have reported that the WOS
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in gastric, duodenal, and colorectal epithelial neoplasms is de-
rived from a dense accumulation of minute lipid droplets in the
epithelium, which cause reflection or strong backward scatter-
ing of projected light, and are visually recognized as a white
substance [2,5,6]. The presence of the WOS has also been re-
ported in colorectal hyperplastic polyps [7]. However, it has
been unknown whether the WOS in colorectal hyperplastic
polyps is derived from a dense accumulation of lipid droplets
in the epithelium, as observed in the case of gastric, duodenal,
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and colorectal epithelial neoplasms. The present study aimed
to investigate the correlation between the presence of the
WOS visualized in colorectal hyperplastic polyps by ME with
narrow-band imaging (NBI) and lipid droplets accumulated in
the epithelium.

Patients and methods

This prospective observational study was approved by the Insti-
tutional Review Board of Fukuoka University, and was regis-
tered with the University Hospital Medical Information Network
(UMIN R0O00019211). All participating patients received an ex-
planation of the present study and provided written informed
consent.

At the Department of Endoscopy, Fukuoka University Chi-
kushi Hospital, between February 2015 and January 2016, com-
plete colonoscopy was performed on 2244 patients. The analy-
ses in this study involved 30 consecutive patients with WOS-po-
sitive colorectal hyperplastic polyps and 30 consecutive pa-
tients with WOS-negative colorectal hyperplastic polyps who
met the following inclusion criteria, did not meet the exclusion
criteria, and were histopathologically diagnosed as having colo-
rectal hyperplastic polyps.

The inclusion criteria were as follows: (1) patients aged 20
years or older at enrollment; (2) patients with an Eastern Coop-
erative Oncology Group (ECOG)-performance status of 0 or 1;
and (3) patients who provided written informed consent to par-
ticipate in the study.

The exclusion criteria were as follows: (1) lesions histopatho-
logically diagnosed as epithelial neoplasms (adenomas/carci-
nomas) or non-epithelial neoplasms; (2) patients with inflam-
matory bowel disease (3) patients with a history of partial co-
lectomy; (4) patients with serious underlying diseases; (5) pa-
tients with intestinal hemorrhage that posed difficulty in de-
tailed endoscopic observation; (6) patients who might have a
difficulty in participating in the study due to psychiatric condi-
tions; and (7) other patients who were determined ineligible to
participate in the study by the principal investigator or sub in-
vestigators.

Endoscopic procedures and biopsy

All endoscopic procedures were performed using an electronic
endoscopy system (EVIS LUCERA ELITE; Olympus Medical Sys-
tems Co., Tokyo, Japan) with magnifying colonoscopy (CF-
HQ290ZI, PCF-Q260AZI; Olympus). A soft black hood attach-
ment was mounted at the tip of the scope to obtain a consis-
tent focal distance between the tip of the scope and a mucosal
lesion at maximal magnification. Lesions were visualized using
incremental movements of the tip of the endoscope to enable
image focusing, with the distally attached soft black hood sta-
bilizing the tip of the endoscope without causing mucosal in-
jury [8]. Pretreatment for complete colonoscopy was per-
formed as follows. The patients consumed a low-residue diet
on the day before the examination, received oral sodium pico-
sulfate (Laxoberon, Teijin Pharma, Tokyo, Japan) before bed-
time, and drank 2L of polyethylene glycol (MOVIPREP, EA Phar-
ma, Tokyo, Japan) solution on the morning of the examination.
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» Fig.1 M-NBI findings for colonic hyperplastic polyps. a M-NBI
finding for colonic hyperplastic polyp in which WOS was present.
b M-NBI finding for colonic hyperplastic polyp in which no WOS
was present. M-NBI, magnifying endoscopy with narrow-band
imaging

When non-ME with white light imaging revealed polyps, their
surfaces were immediately irrigated and observed using non-
ME with NBI. When the polyps were classified as type 1 accord-
ing to the NBI International Colorectal Endoscopic (NICE) classi-
fication [9], ME with NBI was performed to determine whether
the WOS existed in the epithelia of the polyps. The presence or
absence of the WOS was determined by ME at a maximum mag-
nification (» Fig.1). WOS was defined as a white substance ob-
scuring the subepithelial microvascular pattern, which was
present within the colorectal superficial epithelium. When
WOS was observed in the superficial layer of a colorectal hyper-
plastic polyp, the lesion was determined to be positive for WOS.
When no WOS was observed, the lesion was determined to be
negative. Target biopsy was performed on the polyps. The
WOS density was classified into grades 0 to 3 using the follow-
ing WOS grading scale [10]: grade 0, no evidence of WOS within
the colorectal hyperplastic polyp; grade 1, WOS observed in up
to one-third of the colorectal hyperplastic polyp; grade 2, WOS
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» Fig.2 White opaque substance (WOS) grading scale. a Grade 0:
no evidence of WOS within the colorectal hyperplastic polyp.

b Grade 1: WOS observed in up to one-third of the colorectal hy-
perplastic polyp. c Grade 2: WOS observed in more than one-third
and up to two-thirds of the colorectal hyperplastic polyp.d Grade
3: WOS observed in more than two-thirds of the colorectal hy-
perplastic polyp.

observed in more than one-third but up to two-thirds of the
colorectal hyperplastic polyp; grade 3, WOS observed in more
than two-thirds of the colorectal hyperplastic polyp (»Fig.2).
Macroscopic classification was conducted according to the up-
dated Paris classification [11]. After formalin fixation, biopsy
tissue specimens were sliced and used for hematoxylin and eo-
sin (HE) staining. and immunostaining with anti-adipophilin an-
tibody as the primary antibody (1:50, AP125, Acris Antibodies,
San Diego, California, United States) [6].

Histopathologic analysis

A pathologist (H.T.) who was blinded to the endoscopic find-
ings made diagnoses and performed histological evaluation of
adipophilin in specimens diagnosed as colorectal hyperplastic
polyps. Colorectal hyperplastic polyps were histologically clas-
sified according to the World Health Organization classification
[12]. First, the presence or absence of adipophilin-positive epi-
thelial cells in the colorectal hyperplastic polyps was deter-
mined in the immunostained specimens. Next, the area that
stained positive for adipophilin was quantified. The immunos-
tained area was investigated using a light microscope (ECLIPSE
80i; Nikon, Tokyo, Japan) equipped with a digital camera (DS-
Fi3; Nikon, Tokyo, Japan). The obtained images were transfer-
red to a personal computer (Windows, Microsoft, Redmond,
Washington, United States). The adipophilin-positive area was
then measured using image integration software (NIS-Ele-
ments; Nikon, Tokyo, Japan). Specifically, we first selected 25
epithelial cells that exhibited strong positive staining for adipo-
philin according to a histopathological specimen biopsy (immu-
nohistological staining with anti-adipophilin antibody as the

Hirano Akikazu et al. Nature of a... Endosc Int Open 2021; 09: E1077-E1083 | © 2021. The Author(s).

v ‘) 2 ¥
% k : ; "
o ATV Bany ol o)
,. ..'_J ‘::-;-*“‘.‘J‘l °;’._|...-,. )“.‘.“
i

=
S b -

» Fig.3 Histopathological findings from the biopsy specimens
(immunohistological staining with anti-adipophilin antibody as
the primary antibody). a Twenty-five adipophilin-positive epithe-
lial cells. b Selected regions of interest in the adipophilin-positive
areas. The areas enclosed with black lines are the adipophilin-po-
sitive areas found in the epithelial cells including the 25 cells.

primary antibody) (» Fig.3a). We then used the image integra-
tion software to select regions of interest in the adipophilin-po-
sitive cells, and measured the sizes of those regions (» Fig. 3b).
Finally, we compared the mean adipophilin-positive areas in the
WOS-positive and WOS-negative colorectal hyperplastic
polyps. We were therefore able to determine the correlation
between the WOS grading scale and the adipophilin-positive
areas.

Interobserver and intraobserver agreement

Thirty WOS-positive and 30 WOS-negative magnified endo-
scopic images were extracted from among the subjects for use
in the testing of interobserver and intraobserver agreement.
The endoscopic images were arranged in a random order. To as-
sess interobserver agreement, two endoscopists (K.l. with 13
years of experience in performing endoscopy and A.H. with 8
years of experience) reviewed all images and determined the
presence or absence of WOS in polyps in each picture. Three
months later, to assess intraobserver agreement, K.I. again re-
viewed all images and determined the presence or absence of
WOS [13].

Statistical analysis

Statistical analysis was performed using SPSS software version
21| for Windows (SPSS, Chicago, Illinois, United States). Mean
and median values were compared using a Student’s t-test and
a Mann-Whitney U test, respectively. Comparisons of the prev-
alence of WOS between the two groups were made using a
Fisher exact test. A Spearman rank correlation coefficient was
used to determine the correlation between two parameters.
P <0.05 was considered statistically significant.

Results

Among the patients who underwent colonoscopy between Feb-
ruary 2015 and January 2016, 149 consented to participate in
this study. After the exclusion of two patients who withdrew
their informed consent and 54 patients who did not have any
National Institute for Health and Clinical Excellence (NICE)
Type 1 lesions, there remained 93 patients with NICE Type 1 le-
sions, which were the target lesions. Fifty-two patients with
WOS-positive colorectal hyperplastic polyps and 41 patients
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Patients enrolled in the clinical study February 2015
to January 2016 (n = 149)

Exclusion (n = 56)

= Withdrawal of informed
consent (n =2)

= No target lesion (n = 54)

WOS-positive lesions
(n=52)

WOS-negative lesions
(n=41)

Exclusion (n = 22)

= Hyperplastic
epithelium (n =7)

= Neoplasm (n=1)

= Inflammation
(n=14)

Exclusion (n=11)

= Hyperplastic
epithelium (n = 4)

= Neoplasm (n = 2)

= Inflammation
(n=5)

WOS-positive colorectal
hyperplastic polyps (n = 30)

WOS-negative colorectal
hyperplastic polyps (n = 30)

» Fig.4 Flow diagram of patient enrollment. NICE, narrow-band
imaging international colorectal endoscopic; WOS, white opaque
substance.

with WOS-negative colorectal hyperplastic polyps were exam-
ined in this study. After excluding seven patients with hyper-
plastic epithelium, one with adenoma, and 14 with inflamma-
tion (according to the histopathological diagnoses), 30 of the
52 WOS-positive patients were included in the analyses. After
excluding four patients with hyperplastic epithelium, two with
adenoma, and five with inflammation, 30 of the 41 WOS-nega-
tive patients were included in the analyses (» Fig. 4).

» Table 1 shows the clinicopathologic characteristics of the
patients with colorectal hyperplastic polyps in the WOS-posi-
tive and WOS-negative groups. No statistically significant dif-
ferences were observed regarding sex, age, polyp diameter, le-
sion site, macroscopic morphology, or histological type.

When immunostaining with anti-adipophilin antibody was
performed in the WOS-positive and WOS-negative groups, all
patients were positive for adipophilin in epithelial cells (» Table
2). When we carefully compared the histological findings of the
immunostained specimens with the magnified endoscopic
findings, we noticed the following association between WOS-
positivity in the endoscopic findings and the density of the adi-
pophilin-positive lipid droplets in the immunostained speci-
mens. In the WOS-negative group, although epithelial cells of
colorectal hyperplastic polyps contained adipophilin-positive
lipid droplets, the density of the droplets tended to be lower.
The WOS-positive group showed a higher density of adipophi-
lin-positive lipid droplets in the epithelial cells of colorectal hy-
perplastic polyps (» Fig.5).

The adipophilin-positive area in the epithelial cells of colo-
rectal hyperplastic polyps had a median value of 275um?
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> Table 1 Patient characteristics and clinicopathologic characteris-
tics of colorectal hyperplastic polyps.

WOS-posi- WOS-nega- P value
tive group tive group
(n=30) (n=30)
Sex
= Male/female 18/12 21/9 0.589'
Age (mean  SD), years 64+10.1 64+9.0 0.8302
Neoplasm diameter 4.0£2.7 3.9£2.5 0.8442
(mean = SD), mm
Lesion site
= Colon/rectum 9/21 14/16 0.288"
Macroscopic morphology
= Is/Isp 29/1 29/1 1.000"
Histological type
= Microvesicular type 23 19 0.399'
= Goblet cell-rich type 4 11 0.072!
= Mucin-poor type 3 0 0.237'

WOS, white opaque substance; SD, standard deviation; Is, sessile type; Isp,
semipedunculated type.

1 Fisher exact test.

2 Student’s t-test.

» Table2 Immunohistochemical expression of adipophilin according
to the presence of WOS identified by ME with NBI.

Adipophilin
Positive Negative
WOS Positive (n=30) 30/30(100%) 0/30(0%)
Negative (n=30) 30/30(100%) 0/30(0%)

ME, magnifying endoscopy; NBI, narrow-band imaging;
WOS, white opaque substance. P=1.00, Fisher exact test.

(range 92-548um?) in the WOS-positive group and 50pum?
(range 12-142um?) in the WOS-negative group (> Fig.6). The
adipophilin-positive area in the epithelial cells of colorectal hy-
perplastic polyps was significantly larger in the WOS-positive
group than in the WOS-negative group (P <0.001).

The WOS grading scale was strongly and positively correlat-
ed with the adipophilin-positive area in the epithelial cells of
colorectal hyperplastic polyps (Spearman rank correlation coef-
ficient: 0.816) (» Fig. 7).

The interobserver concordance rate for the assessment of
WOS-positive and WOS-negative hyperplastic polyps using ME
with NBI was 53/60 (88.3%), with a kappa coefficient of 0.77,
which is considered as excellent. The interobserver concor-
dance rate of K.I. for the assessment of WOS-positive and
WOS-negative hyperplastic polyps using ME with NBI was 56/
60 (93 %), with a kappa coefficient of 0.86, which is considered
as excellent.

Hirano Akikazu et al. Nature of a... Endosc Int Open 2021; 09: E1077-E1083 | © 2021. The Author(s).
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> Fig.5 Histopathological findings of biopsy specimens (immuno-
histological staining with anti-adipophilin antibody as the primary
antibody). a White opaque substance (WOS)-negative colorectal
hyperplastic polyp and b WOS-positive colorectal hyperplastic
polyp.a Although the epithelial cells of the WOS-negative colo-
rectal hyperplastic polyp contained adipophilin-positive lipid dro-
plets, the density of the droplets tended to be low. b In epithelial
cells of the WOS-positive colorectal hyperplastic polyp, the den-
sity of adipophilin-positive lipid droplets tended to be high.

P<0.001
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» Fig.6 Adipophilin-positive area in the epithelial cells of colorectal
hyperplastic polyps in the white opaque substance (WOS)-positive
and WOS-negative groups. The median adipophilin-positive area
(range) in the epithelial cells of colorectal hyperplastic polyps was
275um? (92-548 um?) in the WOS-positive group and 50 pm?
(12-142 pm?) in the WOS-negative group. The adipophilin-posi-
tive area in the epithelium of colorectal hyperplastic polyps was
significantly larger in the WOS-positive group than in the WOS-
negative group (P<0.001, using Mann-Whitney U tests).

Discussion

The present study revealed that the WOS visualized in the su-
perficial layers of colorectal hyperplastic polyps was derived
from a dense accumulation of minute lipid droplets in the epi-
thelia of the polyps, as in the case of the WOS observed in gas-
tric, duodenal, and colorectal neoplastic lesions [2,5,6]. Al-
though the presence of the WOS in colorectal hyperplastic
polyps has already been reported [7], it was previously un-
known whether the WOS in colorectal hyperplastic polyps was
derived from minute lipid droplets. To our knowledge, the pres-
ent study is the first prospective observational study which de-
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» Fig.7 Correlation between the white opaque substance (WOS)
grading scale and the adipophilin-positive area in the epithelial
cells of colorectal hyperplastic polyps. The WOS grading scale was
strongly and positively correlated with the adipophilin-positive
area in the epithelial cells of colorectal hyperplastic polyps
(Spearman rank correlation coefficient: 0.816).

monstrates that the WOS in colorectal hyperplastic polyps is
derived from lipid droplets.

We performed immunostaining with anti-adipophilin anti-
body on specimens pathologically diagnosed as colorectal hy-
perplastic polyps by HE staining. We used anti-adipophilin anti-
body as the primary antibody for immunohistological staining
because it specifically binds to the membrane proteins of lipid
droplets in paraffin-embedded specimens, and has recently
been used as a histological biomarker for lipid droplets [14].
Immunostaining showed that the positive rates of adipophilin
expression in the epithelial cells of colorectal hyperplastic
polyps were 100 % (30/30) in the WOS-positive group and 100%
(30/30) in the WOS-negative groups. Thus, regardless of the
presence or absence of the WOS, adipophilin-positive minute
lipid droplets were observed in the epithelial cells of all colorec-
tal hyperplastic polyps. However, when the adipophilin-positive
area in the epithelium was quantified and compared between
WOS-positive and WOS-negative colorectal hyperplastic
polyps, it was significantly larger in the WOS-positive group
than in the WOS-negative group (P<0.001). The WOS grading
scale was strongly and positively correlated with the adipophi-
lin-positive area in the epithelial cells of colorectal hyperplastic
polyps (Spearman’s rank correlation coefficient: 0.816). The
mechanism by which the WOS is recognized as white coloration
on ME with NBI has been discussed by Yao et al., who have sug-
gested that when light is projected onto dense minute lipid
droplets, the resultant reflection or strong backward scattering
of the projected light is visually recognized as white coloration
[5]. Based on that report, we hypothesized that in WOS-positive
colorectal hyperplastic polyps, dense accumulation of minute
lipid droplets in epithelial cells causes reflection or strong back-
ward scattering of projected light to enable visualization of the
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droplets as the WOS. However, although minute lipid droplets
exist in WOS-negative colorectal hyperplastic polyps, their den-
sity is too low to cause sufficient reflection or backward scat-
tering of projected light to make the droplets visible as WOS.
Studies on gastric and colorectal epithelial neoplasms have
also reported results similar to those of the present study [5,
6]. Thus, visualization of the WOS may require dense accumula-
tion of minute lipid droplets in epithelial cells in both the stom-
ach and large intestine.

The findings obtained in the present study may also be asso-
ciated with the mechanism through which colorectal hyper-
plastic polyps appear white on endoscopy. The color of colorec-
tal hyperplastic polyps identified using NBI has been reported
to be white, whereas that of epithelial neoplasms (adenomas
and carcinomas) has been reported to be brown [9, 15]. Sano
et al. have suggested that the differences in the subepithelial
blood vessel diameter between neoplastic and non-neoplastic
lesions are associated with the color of the lesion on NBI [15].
Sano et al. have reported that the diameter of the subepithelial
blood vessels in lesions ranges from 8 to 12 um in normal colo-
nic mucosa and colorectal hyperplastic polyps, and from 13 to
20um in adenomas and carcinomas. These authors concluded
that the mechanism by which colorectal adenomas appeared
brown was due to the large diameter of the subepithelial blood
vessels, and that the mechanism by which colorectal hyperplas-
tic polyps appeared white or had no change in color was due to
the small diameter of the blood vessels [15]. Hisabe et al. have
reported that the WOS is common in colorectal hyperplastic
polyps, occurring in 80.8 % of these polyps [7]. Thus, in addition
to the small diameter of subepithelial blood vessels, the reason
for white coloration of colorectal hyperplastic polyps may be at-
tributed to minute lipid droplets in the epithelium which cause
reflection or backward scattering of projected light, and that
reflection and backward scattering prevent a sufficient amount
of projected light from reaching the subepithelial blood vessels.

Hisabe et al. compared the prevalence of the WOS between
colorectal adenomas and colorectal carcinomas. They reported
that the prevalence of the WOS was significantly higher in colo-
rectal carcinomas (66.0 %) than in colorectal adenomas (31.8 %;
P<0.001) [4]. Kawasaki et al. have reported that colorectal ade-
nomas are morphologically characterized by regular WOS on
examination using ME, whereas colorectal carcinomas are char-
acterized by irreqular WOS [16]. They suggested that WOS
might be useful for differentiation between carcinomas and
non-carcinomas. However, because the WOS exists in both epi-
thelial neoplasms and non-neoplasms, it seems impossible to
make any differential diagnosis based on only the presence of
the WOS.The diagnostic performance of endoscopy for colo-
rectal hyperplastic polyps, colorectal adenomas, and colorectal
carcinomas may be improved by performing ME on all these le-
sions to reveal the morphological and other characteristics of
the WOS, as well as the presence of the WOS.

One limitation of the present study is that the biopsy speci-
mens were too small to allow for successful measurement of
the diameter of the subepithelial blood vessels. Consequently,
we were unable to examine the association between the endo-
scopic findings and the diameter of the subepithelial blood ves-
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sels. Further studies are needed to investigate the association
between the findings of ME with NBI and histological features
such as the lipid droplets in the epithelium and the diameter
and density of subepithelial blood vessels. Despite the prospec-
tive study design, the present study is a single-center study
with a small sample size.

In the future, multicenter prospective studies with a larger
sample size for epithelial neoplastic and non-neoplastic lesions
of the large intestine are necessary to investigate how the WOS
and other characteristic endoscopic findings are associated
with histological features, such as the minute lipid droplets in
the epithelium and subepithelial blood vessels. Based on such
studies, establishment of comprehensive diagnostic criteria for
colorectal epithelial lesions can be achieved.

Conclusions

In conclusion, this study demonstrated that the WOS visualized
in the superficial layers of colorectal hyperplastic polyps by ME
is derived from the dense accumulation of minute lipid droplets
in the epithelia of the polyps.
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