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Abstract

AIM
To examine the association between white opaque
substance (WOS) and histologically verified lipid
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droplets in colorectal epithelial neoplasms.

METHODS

We reviewed colonoscopy records at our institution from
2014 to 2016 and identified cases of endoscopically
or surgically resected colorectal epithelial neoplasms
observed by magnifying narrow-band imaging (M-NBI)
colonoscopy. Immunohistochemistry was used to
stain tumors with a monoclonal antibody specific to
adipophilin as a marker of lipids. The expression and
distribution of adipophilin were compared between
WOS-positive and WOS-negative lesions and among
tumors classified by histologic type and depth of
invasion.

RESULTS

Under M-NBI colonoscopy, 81 lesions were positive for
WOS and 48 lesions were negative for WOS. The rate
of adipophilin expression was significantly higher in
WOS-positive lesions (95.1%) than in WOS-negative
lesions (68.7%) (P = 0.0001). The incidence of deep
adipophilin expression was higher in WOS-positive
lesions (24.7%) than in WOS-negative lesions (4.2%)
(P = 0.001). The incidence of deep expression was
predominant among cancers with massive submucosal
invasion (62.5%) compared to adenoma (7.2%) and
high-grade dysplasia or cancers with slight submucosal
invasion (12.7%) (P = 0.0001).

CONCLUSION
The distribution of lipid droplets may be closely
associated with the visibility of WOS under M-NBI
colonoscopy, and with histologic grade and depth of
tumor invasion.

Key words: White opaque substance; Adipophilin;
Magnifying narrow-band imaging; Colorectal neoplasm;
Magnifying endoscopy

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the association between the
distribution of the lipid droplets and endoscopically-
verified white opaque substance (WOS) in colore-
ctal neoplasms. The incidence of deep adipophilin
expression was higher in WOS-positive lesions than in
WOS-negative lesions. The incidence of deep expression
was predominant among cancers with massive submu-
cosal invasion compared to adenoma and high-grade
dysplasia or cancers with slight submucosal invasion.
We thus concluded that the distribution of lipid droplets
may be closely associated with the visibility of WOS, and
also with histologic grade and depth of tumor invasion.

Kawasaki K, Eizuka M, Nakamura S, Endo M, Yanai S, Akasaka
R, Toya Y, Fujita Y, Uesugi N, Ishida K, Sugai T, Matsumoto T.
Association between white opaque substance under magnifying
colonoscopy and lipid droplets in colorectal epithelial neoplasms.
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INTRODUCTION

White opaque substance (WOS) under magnifying
narrow-band imaging (M-NBI) endoscopy has been
reported to be a novel endoscopic finding in gastric
neoplasmst'l. Yao et al*"! reported that WOS is valuable
for distinguishing between gastric adenocarcinoma and
gastric adenoma. WOS has also been observed in other
gastrointestinal tract neoplasms, such as esophageal
adenocarcinoma originating from esophageal glands,
duodenal neoplasms, and colorectal neoplasms>™., We
recently reported that irregular distribution of WOS
in colorectal neoplasms may be a sign of massively
invading submucosal colorectal cancer'’

In gastric and duodenal neoplasms, WOS has
been shown to represent an accumulation of lipid
droplets™®!, Lipid staining for gastric and duodenal
epithelial neoplasms has demonstrated that most
gastric neoplasms with WOS are positive for oil red O
staining®, and the distribution of Sudan IV-positive
lipid droplets corresponds approximately with that of
WOS in duodenal neoplasms®.. To date, however, only a
single study investigated the histopathological features
of WOS in colorectal epithelial neoplasms!”. In that
study, Imamura et al”? reported that WOS in colorectal
epithelial neoplasms was composed of lipid droplets.
However, the association between the distribution of
the lipid droplets and endoscopically-verified WOS in
colorectal neoplasms remains unclear.

We conducted a single-center, retrospective analysis
to examine the association between lipid droplets
and WOS in colorectal epithelial neoplasms. We also
compared the distribution of lipid droplets among
tumors classified by histologic type and depth of
invasion.

MATERIALS AND METHODS

Study population and data collection
The present investigation was based on retrospective
data collection. We reviewed the endoscopy database
at our institution from 2014 to 2016, and identified
all patients with a diagnosis of colorectal epithe-
lial neoplasm removed by endoscopic submucosal
dissection (ESD) or laparoscopic surgery. Among those
tumors, we excluded colorectal epithelial neoplasms,
which cannot be observed by M-NBI colonoscopy. We
also excluded cancers invading the proper muscular
layer. The protocol of this retrospective study was
approved by the Institutional Review Board at Iwate
Medical University.

Demographics of study subjects were extracted
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Figure 1 Magnifying endoscopic features with narrow-band imaging. A: Conventional view. A protruding lesion is detected in the transverse colon. B: M-NBI of
the box in Figure 1a shows a clear microvascular pattern without WOS; C: Conventional view. A flat-elevated lesion is detected in the ascending colon. D: M-NBI of
box in Figure 1C shows WOS obscuring the microvascular pattern. This WOS is regarded as regular WOS, since it is well-organized and distributed symmetrically
with a regular reticular pattern. E: Conventional view. A protruding lesion is detected in the ascending colon. F: M-NBI of the box in Figure 1e shows WOS obscuring
the microvascular pattern. This WOS is regarded as irregular WOS, since it is disorganized and distributed asymmetrically with an irregular speckled pattern. M-NBI:

Narrow-band imaging; WOS: White opaque substance.

via chart review. Evaluated characteristics included
age, sex, colonoscopic findings (size, location, and
morphology), and M-NBI colonoscopic findings. The
location of each lesion was classified as right side
(cecum to transverse colon) or left side (descending
colon to rectum). The gross morphology was defined
as protruding type or flat-elevated type, based on the
Paris classification'®..

Definition of white opaque substance

As has been reported previously™, we defined WOS as
a whitish area on M-NBI colonoscopy that obscures the
microvascular pattern within the colorectal epithelial
neoplasm (Figure 1). When M-NBI colonoscopy
revealed an area of WOS, the lesion was considered

Baishidenge ~ WJG | www.wjgnet.com

WOS-positive. WOS was further classified into regular
and irregular WOS based on the classifications
proposed by Yao et ai! and by our group™. Regular
WOS was defined as WOS observed in a well-organized
and symmetrical distribution with a regular reticular,
maze-like, or speckled pattern. In contrast, irregular
WOS was defined as WOS that appeared in a
disorganized and asymmetrical distribution with an
irregular reticular or speckled pattern (Figure 1).

Histopathological evaluation

Histological diagnosis was based on the WHO classi-
fication proposed in 2000”. The grade of dysplastic
change was classified as adenoma, high-grade
dysplasia (HGD), or carcinoma. Carcinoma was defined
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Figure 2 Histopathological findings: Adipophilin immunostaining. A: Score 0, adipophilin is not detected within the neoplastic epithelium; B: Score 1, adipophilin
is detected within the neoplastic epithelium. The depth of adipophilin expression is superficial (black arrows); C: Score 2, adipophilin is detected within the neoplastic

epithelium. Adipophilin expression is deep (blue arrows).

as neoplastic glands that had invaded the submucosal
layer. Carcinomas were further classified as those with
massive submucosal invasion (mSM) and those with
slight submucosal invasion (sSM). mSM carcinoma was
defined as having a vertical invasion depth > 1000
um, while sSM carcinoma was defined as having an
invasion depth < 1000 pm"®*®,

Immunohistochemical staining

All sections were deparaffinized in xylene and re-
hydrated in a graded ethanol series. Slides were
autoclaved in citrate buffer (pH 9.0) at 97 °C for 20
min by PT Link (Dako EnVision System, Denmark). To
clarify lipid accumulation, a primary antibody against
adipophilin (pre-dilution, AP125; Fitzgerald Industries
International, Concord, MA, United States) was used.
Immunostaining for adipophilin was performed using
an autoimmunostaining system (Dako EnVision System,
Denmark).

The intensity of adipophilin expression was ta-
bulated as negative, weak, moderate and strong.
When the intensity of adipophilin-positive neoplastic
cells was moderate or strong, the lesion was regarded
as being adipophilin-positive. Depth of adipophilin
expression was scored as 0 (negative), 1 (superficial
expression), and 2 (deep expression) (Figure 2). When
the depth of proper mucosal layer was divided into
five equal layers, score 1 (superficial expression) was
defined as having a vertical adipophilin expression no
more than one-fifth, while score 2 (deep expression)
was defined as having a vertical adipophilin expression
more than one-fifth.

Baishidenge ~ WJG | www.wjgnet.com

Scores were determined by two pathologists (ME
and TS). When any difference in scoring occurred, the
pathologists discussed the case until a consensus was
obtained.

Statistical analysis

Parametric data are expressed as mean %+ SD.
Nonparametric data are expressed as numbers and
percentages. Comparisons between any two or among
any three groups were performed by chi-squared
test, the Tukey honestly significant difference test,
or Student’s t test where appropriate. P < 0.05 were
considered significant. All statistical computations were
performed with JMP version 11 (Statistical Discovery
Program, Cary, NC, United States).

RESULTS

Demographic data
A total of 129 lesions in 120 patients were included
in this study. Overall, 81 lesions in 74 patients were
regarded as WOS-positive and 48 lesions in 46 patients
as WOS-negative (Figure 1). Neither age at the time of
diagnosis of colorectal epithelial neoplasms (70.6 + 8.6
years in patients with WOS-positive lesions and 68.6 +
9.1 years in the remaining patients) nor gender (55.4%
male in patients with WOS-positive lesions and 45.8%
in the remaining patients) differed between patient
groups.

Comparisons of endoscopic and histological cha-
racteristics between WOS-positive and WOS-negative
lesions are shown in Table 1. No differences in tumor
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Table 1 Endoscopic and histologic characteristics of white opaque substance-positive and white opaque substance-negative lesions 7 (%)

WOS-positive WOS-negative P value
(81 lesions) (48 lesions)

Size (mm), mean * SD 328 +16.4 347+183 0.51

Location Right side of the colon 51 (63.0) 22 (45.8) 0.07
Left side of the colon 30 (37.0) 26 (54.2)

Morphology Protruded type 20 (24.7) 14 (29.2) 0.68
Flat-elevated type 61 (75.3) 34 (70.8)

Histologic type Adenoma 22 (27.2) 20 (41.7) 0.12
HGD or carcinoma 59 (72.8) 28 (58.3)

WOS: White opaque substance; HGD: High-grade dysplasia.

[ Score 0 (Adipophilin-negative)
] Score 1 (Superficial expression)

I Score 2 (Deep expression)

4 lesions (4.9%)

4

57 lesions (70.4%)

WOS-positive
(81 lesions)

P =0.001

WOS-negative
(48 lesions)

31 lesions (64.6%) _

2 lesions (4.2%)

0% 20% 40% 60%

80% 100%

Figure 3 Comparison of the distribution of adipophilin between white opaque substance-positive and -negative lesions. The scores for adipophilin
expression depth are significantly different between the two groups of lesions (P = 0.001), with a predominance of score 2 (deep expression) in WOS-positive lesions

(24.7%) compared to WOS-negative lesions (4.2%).

Table 2 Immunohistochemical analysis of adipophilin

expression in white opaque substance-positive and white
opaque substance-negative lesions 7 (%)

WOS-positive WOS-negative P value

(81 lesions) (48 lesions)
Adipophilin Positive 77 (95.1) 33 (68.7) 0.0001
Negative 449 15 (31.3)

WOS: White opaque substance.

size, tumor location, gross morphology, or histologic
type were observed between the two groups.

Association between adipophilin expression and white
opaque substance under magnifying narrow-band
imaging colonoscopy

Table 2 compares adipophilin positivity rates between
WOS-positive and WOS-negative lesions. Overall, 77 of
the 81 WOS-positive lesions (95.1%) were adipophilin-
positive, while 33 of the 48 WOS-negative lesions
(68.7%) were adipophilin-positive (Figures 1 and 2).
The adipophilin positivity rate was significantly higher
in WOS-positive lesions than in WOS-negative lesions

Baishidenge ~ WJG | www.wjgnet.com

(P =0.0001).

Figure 3 compares the distribution of adipophilin
expression between WOS-positive and WOS-negative
lesions. The score for depth of adipophilin expression
was significantly different between the two groups
(P = 0.001), with a predominance of score 2 (deep
expression) (Figure 2) in WOS-positive lesions (24.7%)
compared to 4.2% in WOS-negative lesions.

WOS-positive lesions were further classified as
having regular WOS (65 lesions) or irregular WOS (16
lesions) (Figure 1). Figure 4 compares the distribution
of adipophilin between lesions with regular vs. irregular
WOS. Deep adipophilin expression was more frequent
in lesions with irregular WOS (56.3%) than in those
with regular WOS (16.9%) (P = 0.0006) (Figure 2).

Association between histologic type/depth of invasion
and adipophilin expression

Histologically, the 129 lesions included 42 adenomas,
63 HGDs, 8 sSM carcinomas, and 16 mSM carcinomas.
Figure 5 compares adipophilin expression between
adenomas, HGD/sSM carcinomas, and mSM carcin-
omas. A score of 2 (deep expression) was more
frequent in mSM carcinomas (62.5%) than in ade-
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[ Score 0 (Adipophilin-negative)
[ Score 1 (Superficial expression)

I Score 2 (Deep expression)

2 lesions (3.1%)
A

Regular WOS
(65 lesions) 52 lesions (80%)
Ir(r fg Tla: V:?S 5 lesions

esions (31.2%)

2 lesions (12.5%)

P = 0.0006

0% 20% 40% 60%

80% 100%

Figure 4 Comparison of the distribution of adipophilin between regular white opaque substance and irregular white opaque substance lesions. Score 2 (deep
expression) is more frequent in lesions with irregular WOS (56.3%) than in lesions with regular WOS (16.9%) (P = 0.0006).

[ Score 0 (Adipophilin-negative)

[ Score 1 (Superficial expression)

I Score 2 (Deep expression)

4 lesions (9.5%)

3 lesions (7.2%)

Adenoma

(42 lesions) 35 lesions (83.3%)

HGD or sSM

carcinoma
(71 lesions)

51 lesions (71.8%)

2 lesions

mSM carcinoma (12.5%)

(16 lesions)

| |
0% 20% 40% 60%

80% 100%

Figure 5 Immunohistochemical findings of colorectal lesions by histologic type. Score 2 (deep expression) is more frequent in mSM carcinomas (62.5%)
than in adenomas (7.2%) or in HGDs/sSM carcinomas (12.7%) (P = 0.0001). HGD: High-grade dysplasia; sSM: Slight submucosal invasion; mSM: Massive

submucosal invasion.

nomas (7.2%) and HGDs/sSM carcinomas (12.7%) (P
= 0.0001). Figure 6 shows a case of mSM carcinoma
with irregular WOS.

DISCUSSION

In this study, we confirmed that colorectal neoplasms
with positive WOS under M-NBI colonoscopy had
more profound accumulation of adipophilin compared
to those without WOS. We also confirmed that the
depth of adipophilin accumulation within tumors was
associated with the visibility and morphology of WOS.
Furthermore, we showed that the depth of adipophilin
accumulation was associated with histologic grade of
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dysplasia and depth of invasion in colorectal tumors.

WOS under M-NBI endoscopy appears as a white
deposit that obscures the subepithelial microvascular
pattern in gastric neoplasms, duodenal neoplasms,
esophageal adenocarcinoma originating from esophageal
glands, and colorectal neoplasms, as well as in gastric
and colorectal hyperplasic polyps™®***%, WOS has been
histopathologically and immunohistochemically verified to
be a consequence of intramucosal accumulation of lipid
droplets. Gastric neoplasms with WOS have been shown
to be positive for oil red O staining and adipophilin®®*™**,
and duodenal neoplasms with WOS have been reported
to be positive for Sudan V™.

Only a single clinicopathologic study that evaluated
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Figure 6 Endoscopic and histologic features of a lesion with irregular white opaque substance. A: Colonoscopy shows a protruding lesion in the rectum;
B: Magnifying endoscopic findings with narrow-band imaging of box in Figure 6a show irregular WOS. WOS is disorganized and asymmetrical; C: Histological
examination of the resected specimen shows well to moderately differentiated adenocarcinoma invading the deep submucosal layer (invasion depth; 4,320 pum); D: A
low-power view with adipophilin staining shows that the depth of adipophilin expression is deep; E: A high-power view of the box in Figure 6d shows that adipophilin is

detected within the neoplastic epithelium. WOS: White opaque substance.

WOS in colorectal neoplasms has been published”. In
that study, Imamura et al”! reported that 19 (47.5%)
of 40 colorectal lesions with WOS were positive for
oil red O staining, while only 5 (5%) of 40 colorectal
lesions without WOS were positive. Moreover, the
investigators reported that 40 (100%) of 40 colorectal
lesions with WOS were positive for adipophilin, while
25 (62.5%) of 40 colorectal lesions without WOS
were positive. In the present study, we observed
similar trends in the association between WOS and
adipophilin expression. Thus, it seems possible that as
in gastric and duodenal neoplasms, WOS in colorectal
tumors represents accumulation of lipid droplets in the
neoplastic epithelium.

The incidence of lipid droplets in gastric neoplasms
without WOS has been reported in the literature to be
extremely low. Yao et al*® reported that only 1 (4.3%)
of 23 WOS-negative lesions was positive for oil red
0. Ueo et al™ also reported a similar trend: only 2
(7.4%) of 27 WOS-negative lesions were positive for
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adipophilin. With regards to colorectal neoplasms, only
2 (5%) of 40 WOS-negative lesions were positive for
oil red O"), As observed in our present investigation,
however, Imamura et al'”? reported a much higher rate
(62.5%) of adipophilin-positive expression in biopsy
specimens obtained from WOS-negative colorectal
tumors. The study investigators'”’ also observed a
significantly lower density of adipophilin in WOS-
negative lesions compare to WOS-positive lesions.
These observations strongly suggest that WOS under
M-NBI is less sensitive for the detection of lipid droplets
in colorectal tumors than in gastric tumors.

In the present study, we also investigated the
histological distribution of lipid droplets in colorectal
lesions that were completely resected by endoscopy
or surgery. Thus, we were able to assess the depth of
adipophilin expression in the samples. We found that
deep expression of adipophilin was more frequent in
WOS-positive lesions than in WOS-negative lesions.
Thus, it seems possible that WOS under M-NBI may
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be representative of the total volume of lipid droplets
in colorectal tumors.

The present results also showed that deep adipo-
philin expression was more frequent in mSM carcinomas
than in adenomas or HGDs/sSM carcinomas. Yao et af®
reported that 10 (36.5%) of 26 gastric neoplasms were
positive for oil O red staining within surface epithelial
cells, while 16 (61.5%) of 26 gastric neoplasms were
positive for oil O red both in surface epithelial cells and
in the subepithelial region. Ueo et al'® reported that
surface plus cryptal accumulation of adipophilin was
frequent in gastric cancers, while surface accumulation
was observed in most gastric adenomas. It thus
seems possible that the intraepithelial localization of
lipid droplets in gastric tumors differs according to the
histological grade of dysplasia. However, the association
between lipid droplet accumulation and tumor invasion
depth has not been examined in gastric epithelial
tumors to date. In contrast, our results suggested that
the depth of adipophilin expression may be correlated
with the depth of invasion, rather than the histologic
grade, in colorectal tumors.

In our previous analysis, the incidence of mSM
carcinoma was significantly and conspicuously higher
among lesions with irregular WOS (82.4%) than
among those with regular WOS (1.4%)"™. In the
present study, lesions with irregular WOS had deeper
adipophilin expression than those with regular WOS.
It thus seems possible that irregular WOS may be a
consequence of massive lipid droplet accumulation in
colorectal tumors. This speculation appears to partially
explain the high rate of submucosal invasion in lesions
with irregular WOS. Lipid droplets may be directly or
indirectly associated with the malignant potential of
colorectal neoplasms.

The present study has several limitations. First,
since we included only lesions removed by ESD or
surgery and did not include small lesions, it remains
unclear whether the present observations are
applicable to smaller colorectal lesions. Second, the
present results were based on a retrospective analysis
in a single center. A need exists for prospective analysis
of a greater number of colorectal epithelial neoplasms
to determine the association between lipid droplets
and WOS under NBI, and also the clinical significance
of WOS for the diagnosis and treatment of colorectal
tumors.

In conclusion, the present immunohistochemical
study showed that WOS observed in colorectal tumors
under M-NBI colonoscopy represents lipid droplets.
In addition, the distribution of lipid droplets may be
closely associated with the visibility of WOS under
M-NBI colonoscopy, and also with histologic grade and
depth of tumor invasion. Further prospective studies
are warranted to establish the clinical significance of
WOS for the diagnosis and treatment of colorectal
epithelial tumors and the association between lipid

Baishidenge ~ WJG | www.wjgnet.com

droplets and WOS under NBI.

ARTICLE HIGHLIGHTS

Research background

White opaque substance (WOS) under magnifying narrow-band imaging
(M-NBI) endoscopy is a novel endoscopic finding for the diagnosis of
gastrointestinal tract neoplasms. In previous studies, WOS has been shown to
contain lipid droplets. However, the association between the distribution of the
lipid droplets and endoscopically verified WOS in colorectal neoplasms remains
unclear.

Research motivation
The elucidation of WOS or lipid droplets in colorectal epithelial tumors will help
the diagnosis and treatment of colorectal epithelial tumors.

Research objectives
To examine the association between WOS and histologically verified lipid
droplets in colorectal epithelial neoplasms.

Research methods

We conducted this retrospective study involving 129 lesions of endoscopically
or surgically resected colorectal epithelial neoplasms observed by M-NBI
colonoscopy. Immunohistochemistry was used to stain tumors with a
monoclonal antibody specific to adipophilin as a marker of lipids. The
expression and distribution of adipophilin were compared between WOS-
positive and WOS-negative lesions and among tumors classified by histologic
type and depth of invasion.

Research results

81 lesions were positive for WOS and 48 lesions were negative for WOS. The
rate of adipophilin expression was significantly higher in WOS-positive lesions
(95.1%) than in WOS-negative lesions (68.7%) (P = 0.0001). The incidence of
deep adipophilin expression was higher in WOS-positive lesions (24.7%) than
in WOS-negative lesions (4.2%) (P = 0.001). The incidence of deep expression
was predominant among cancers with massive submucosal invasion (62.5%)
compared to adenoma (7.2%) and high-grade dysplasia or cancers with slight
submucosal invasion (12.7%) (P = 0.0001).

Research conclusions

The distribution of lipid droplets may be closely associated with the visibility of
WOS under M-NBI colonoscopy, and with histologic grade and depth of tumor
invasion.

Research perspectives

Our study showed that WOS under M-NBI colonoscopy appears to represent
lipid droplets and the distribution of lipid droplets may be closely associated
with the visibility of WOS with histologic grade and depth of tumor invasion. The
accumulation of lipid droplets may directly or indirectly represent the malignant
potential of colon cancer cells. Further prospective studies are warranted to
establish the clinical significance of WOS for the diagnosis and treatment of
colorectal epithelial tumors and the association between lipid droplets and WOS
under NBI.
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