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Nature of white opaque substance in gastric epithelial neoplasia as
visualized by magnifying endoscopy with narrow-band imaging
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Background and Aims: Magnifying endoscopy (ME) with narrow-band imaging (NBI) revealed a white opaque substance
(WOS) within the superficial part of the gastric neoplasia; however, its nature has remained obscure. A WOS noted within
the duodenum was reported to comprise lipid droplets (LD) absorbed by the duodenal epithelium. We attempted to
ascertain whether the WOS within gastric neoplasia could also comprise LD and whether the presence of this WOS could
be correlated with a specific phenotype.
Methods: Forty-three patients with early gastric epithelial neoplasia underwent ME with NBI. The presence or absence of
WOS in the neoplasias was recorded based on the findings of ME with NBI. One biopsy specimen was taken from each of
the neoplasias. Cryostat sections underwent oil red O staining for LD. Serial sections were immunostained using the first
antibody of CD10, MUC2, CDX2, human gastric mucin, MUC5AC and MUC6. The tissue phenotype was classified as
intestinal (I), gastric (G) and gastrointestinal (GI) type based on the results of immunostaining. In total, 49 gastric neoplasias
from 43 patients were investigated.
Results: Prevalence of LD in WOS-positive versus WOS-negative lesions was 96.2% (25/26) and 4.3% (1/23), respectively
(P < 0.001, Fisher’s exact test). WOS was present in GI- and I-type lesions, but not in G-type lesions.
Conclusions: WOS may be LD that have been accumulated in the superficial part of the gastric neoplasia of a certain
intestinal phenotype.
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INTRODUCTION

The subepithelial microvascular architecture as visualized by
high-resolution magnifying endoscopy (ME) is a reliable
marker for making a precise diagnosis of gastrointestinal
pathology.1–4 When we incorporate narrow-band imaging
(NBI)5 with ME, we can clearly visualize both the subepithe-
lial microvascular architecture and the microsurface struc-
ture.6,7 However, we sometimes encounter difficulties when
attempting to observe the subepithelial microvascular archi-
tecture in neoplastic lesions within the stomach, even by ME
with NBI, because a white opaque substance (WOS) within
the superficial part of the early gastric neoplasia obscures the
microvessels that are just beneath the neoplastic
epithelium.8–11 We have already reported that the morphol-
ogy of the WOS as visualized by ME is a new optical marker
for differentiating between low-grade dysplasia and high-

grade dysplasia/early carcinoma, making it an alternative to
microvascular architecture.8–11 However, the precise nature of
this WOS is still unknown.

It has been reported that the endoscopic findings of a
whitish duodenal non-neoplastic mucosa in both normal sub-
jects12 and patients with chylomicron retention disease13,14 is
due to lipid droplets (LD) that have substantially accumu-
lated within the enterocytes. In addition, it has been reported
that a WOS is also present in sporadic epithelial neoplasias
within the duodenum and that the nature of this WOS could
be LD that have accumulated within the duodenal neoplastic
epithelium.15 Accordingly, we assumed that the WOS within
the gastric neoplasia could also be made up of LD, as is the
case within the duodenum, if the gastric neoplasia acquired a
certain phenotype similar to the small intestine. We thus
attempted to ascertain first whether the WOS is made up of
LD accumulated in gastric neoplasia and second whether the
presence of this WOS could be correlated with a specific
gastric neoplasia phenotype.

METHODS

Patients and endoscopic procedures

A total of 185 patients were referred to our endoscopic
department for further endoscopic examination of known
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early gastric epithelial neoplasia between December 2009
and November 2010. Of these, we included consecutive
patients who fulfilled the following inclusion criteria: (i)
patients who gave written informed consent; (ii) patients who
were assigned to the endoscopy lists of two experienced
endoscopists, KY and TN; and (iii) patients who underwent
ME with NBI. Patients who were receiving warfarin or any
other anticoagulant treatment and patients who did not give
informed consent were excluded from this study. Neoplasia
of less than 10 mm in size was excluded in order to ensure
that an adequate biopsy sample could be obtained from the
neoplasia. This study was approved by the Medical Ethics
Committee of Fukuoka University Chikushi Hospital.

Written informed consent was obtained from 43 patients.
After fasting for 12 h before the endoscopic examination,
they underwent ME with NBI which was carried out by two
experienced endoscopists (KY and TN) who are familiar with
this procedure and who understand the findings of ME with
NBI, using a high-resolution magnifying upper GI endoscope
(GIF-Q240Z; Olympus, Tokyo, Japan) or a high-definition
magnifying upper GI endoscope (GIF-H260Z; Olympus),
and an electronic endoscopy system (EVIS LUCERA
SPECTRUM; Olympus), as described previously.9

When an epithelial neoplastic lesion was found during
non-magnifying observation with white light imaging, visual-
ization of the lesion was immediately zoomed up to maximal
magnification with NBI. The presence or absence of a WOS
was recorded for each of the neoplasias based on the findings
of ME with NBI.

One targeted biopsy specimen was taken from each of the
neoplasias and all the specimens were embedded in Tissue-
Tek OCT compound (Sakura Finetek Europe, Zoeterwoude,
The Netherlands) and immediately frozen in liquid nitrogen-
cooled isopentane (Sigma-Aldrich, Dorset, UK). Serial cry-
ostat sections (5-mm thick) were cut at -20°C and the sections
were mounted on glass slides for oil red O staining. The
remainder of each specimen was fixed with 20% formalin
overnight and embedded in paraffin. Seven serial sections
(5-mm thick) were cut. One was stained with hematoxylin and
eosin (HE) for standard histological investigations and the
others were prepared for immunohistochemistry.

Oil red O staining

In order to investigate lipid accumulation in the gastric neo-
plasias, LD were observed using the oil red O staining method
as described elsewhere.16 First, the dried frozen sections were
fixed with 20% formalin for 15 min and then the sections were
washed with running tap water for 5 min. After the sections
were rinsed with 60% isopropanol, they were stained with
freshly prepared oil red O working solution for 15 min. Then
the sections were again rinsed with 60% isopropanol. Coun-
terstaining with Mayer’s hematoxylin was carried out for
5 min and then the sections were rinsed with distilled water.
Finally, they were mounted in glycergel mounting medium
(Dako North America Inc., Carpinteria, CA, USA).

We prepared the reagent according to the following
method.

1. Oil red O stock stain:
Dye (0.5 g oil red O (color index: 26125)) was dissolved in

100 mL isopropanol, using the very gentle heat of a water
bath.

2. Oil red O working solution:
For use, the stock stain was diluted in 20 mL distilled water

and was allowed to stand for 10 min. After the diluted solu-
tion was filtered into a Coplin staining jar, it was covered
immediately. In each instance, the working solution was
freshly prepared according to the above procedure, as the
stain can easily become aggregated.

Immunohistochemistry and classification of phenotypes

After deparaffinization and rehydration, the sections were
incubated with Super Block (ScyTek, Logan, UT, USA). To
classify phenotypic expression, the presence of CD10, MUC2,
CDX2, human gastric mucin (HGM), MUC5AC or MUC6
was investigated by immunohistochemical methods, accord-
ing to previous studies.17,18 We used monoclonal antibodies as
the first antibodies as follows: CD10 (Leica Biosystems, New-
castle, UK), MUC2 (Leica Biosystems), CDX2 (BioGenex
Laboratories, San Ramon, CA, USA), HGM (Leica Biosys-
tems), MUC5AC (Leica Biosystems), and MUC6 (Leica
Biosystems). Immunostaining was carried out using the
labeled streptavidin biotin method that consists of a second-
ary antibody of biotinylated horse antimouse IgG (H + L)
(Vector Laboratories, Burlingame, CA, USA) and alkaline
phosphatase-conjugated avidin (Vector Laboratories).19

When more than 5% of the neoplastic cells in the neoplastic
areas were stained, it was classified as positive expression.
When fewer than 5% of the neoplastic cells in the neoplastic
areas were stained, it was classified as negative expression.

Histopathological assessment

Standard histological diagnosis was made by a single experi-
enced pathologist (AI) who was blinded to the endoscopic
findings. Diagnosis was based on either biopsied specimens
or resected specimens according to the revised Vienna
classification.20

Histological investigation of LD and the phenotypic clas-
sification of neoplasia were made by an experienced patholo-
gist (HT) who was blinded to the endoscopic findings as
follows. By histological investigation of the section stained by
oil red O at 100¥ magnification rate, the presence or absence
of LD was determined. If LD were evident, the histological
distribution of the droplets was further recorded according to
the localization of the droplets; that is: (i) they were present
at a relatively elevated apical part between the crypts, at a
cryptal part or at both an apical part and a cryptal part;
and (ii) they showed intraepithelial, subepithelial or both
intraepithelial and subepithelial distribution. The neoplastic
phenotype was classified as intestinal (I) type if the neoplas-
tic epithelium was positive for either CD10, MUC2 or CDX2;
gastric (G) type if it was positive for either HGM, MUC5AC
or MUC6; and gastrointestinal (GI) type if it showed both
gastric and intestinal phenotypes.17,18

Statistical analysis

Comparison of the prevalence between the two groups was
made by chi-squared test or Fisher’s exact test. Statistical
significance was taken as a P-value <0.05. SPSS 10.5J for
Windows was used for statistical processing.
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RESULTS

A total of 49 gastric epithelial neoplasias from 43 patients
were included in this study. The average age (range) of the
patients was 71 years (48–85 years). The male : female ratio
was 30:13. Regarding the macroscopic findings of neoplasias
according to the Paris classification,21 the number of pro-
truded (0-I), superficial-elevated (0-IIa), superficial-flat
(0-IIb), and superficial-depressed (0-IIc) types was 1, 30, 3
and 15, respectively.When we divided the stomach into upper
third (U), middle third (M) and lower third (L), four, 29 and
16 lesions were located in the U, M and L parts, respectively.
Eleven neoplasias were followed up after a biopsy was taken.
Twenty-seven lesions were completely resected by endo-
scopic submucosal dissection (ESD). The remaining 11
lesions were treated by surgical resection because the lesions
were preoperatively diagnosed as carcinomas that had
invaded the submucosa. The final histological diagnosis
according to the revised Vienna classification was 19 low-
grade neoplasias (Category 3), 13 high-grade neoplasias
(Category 4) and 17 invasive carcinomas (Category 5).

Regarding the prevalence of the WOS based on the find-
ings of ME with NBI, 26 (53.1%) of the 49 neoplasias dem-
onstrated a WOS in the superficial part of the neoplasias.
However, 23 (46.9%) of the 49 neoplasias did not show any
WOS. Instead, the subepithelial microvascular architecture
was clearly visualized in all of these 23 neoplasias.

The presence of the WOS as visualized by ME with NBI
was dependent upon the presence of LD as histologically
visualized by oil red O staining (Table 1, Figs 1–3). With
regard to the 26 neoplasias that showed a WOS, 25 (96.2%) of
26 lesions were positive for LD, with only one (3.8%) lesion
showing no LD. In contrast, with regard to the 23 neoplasias
that did not demonstrate a WOS, only one (4.3%) of the 23
lesions was positive for LD, whereas 22 (95.7%) lesions did
not show any LD. This strong correlation between the pres-
ence of a WOS and the presence of LD was statistically
significant (P < 0.001, Fisher’s exact test).

When we investigated the histological localization of LD
for the 26 lesions that showed LD, the LD were not distrib-
uted within the crypt epithelium, but rather were found only
at a relatively apical part between the crypts (Fig. 4). With
regard to the vertical distribution of LD, in 10 (36.5%) of the
26 lesions, they were located within the surface epithelial
cells (intraepithelial distribution) (Fig. 3) and in 16 (61.5%)
of the lesions, they were located both in the epithelial cells
(intraepithelial distribution) and in the superficial part of the
lamina propria just beneath the surface epithelium (subepi-
thelial distribution) (Table 2, Fig. 2).

According to the results obtained by immunohistochemis-
try, 11, 17 and 21 of the 49 lesions were classified as G, GI and
I type, respectively.The WOS was only present in either GI or
I type; in contrast, the WOS was absent in G type (Table 3).
The prevalence of the WOS was more evident in GI and
I type than in G type (P < 0.001, Fisher’s exact test).

DISCUSSION

In the present study, we demonstrated a strong correlation
between the WOS as visualized by ME with NBI and lipid
micro-droplets accumulated in the superficial (intraepithelial
and subepithelial) part of gastric epithelial neoplasias
(adenoma and cancer).

The reason why accumulated LD contribute to visualiza-
tion of WOS was elucidated in bio-optical studies.22,23 As LD
have a higher reflective index than those of intracellular
organelles and organic components of tissue,22,23 and LD are
categorized as Mie’s scattering particles,23 it follows that pro-
jected light is strongly scattered and reflected by LD.Accord-
ingly, when LD accumulated in the epithelial and the
subepithelial part of the mucosa strongly scatter and reflect
projected light, the projected light cannot reach hemoglobin
in microvessels located underneath the epithelium. There-
fore, the opacity is increased. In addition, such strong back-
ward scattering and reflection of light is recognized as white
coloration by the human eye. Accordingly, accumulated LD
may be the cause of WOS. In other words, this is the nature
of the WOS that we previously reported in our clinical
observation.8–10 Prior to this study, this phenomenon had not
been reported in gastric neoplasias.

The mechanism of accumulation of LD in the epithelium
and subepithelium is still unknown. There are two possible
mechanisms, one being that the LD are derived from external
lipid absorbed by the epithelial surface (absorption hypoth-
esis). The other is that neoplastic cells themselves synthesize
LD from glucose or lipid supplied by capillaries (production
hypothesis).24 We are uncertain which hypothesis is correct.

In the case of intestinal epithelium and intestinal metapla-
sia, accumulated lipids are thought to be derived from
digested micellar lipid.25–28 In order to absorb lipid, lipolysis
and micellar formation are essential. Up to 20% of dietary
triglycerides can be hydrolyzed within the normal stomach.26

Furthermore, bile and pancreatic juice that has been regur-
gitated into the atrophic stomach, whose luminal content is
not acid, may have been able to hydrolyze triglycerides
within the lumen and even to form micelles. If the amount of
lipid accumulation increased after we loaded micellar lipids
on the surface of the neoplasias, it would suggest that LD are
resynthesized from external digested lipid (fatty acids and
mono- or diglycerides). In fact, according to our preliminary
observations, when we loaded patients with micellar lipid,
WOS positivity and density increased (Yao K., unpubl. data,
2011). Accordingly, we speculate that resynthesis of triglycer-
ides from absorbed external lipids may at least be one of the
mechanisms for accumulation of LD. However, these obser-
vations need to be tested in further well-designed studies.
In addition, further intensive laboratory work is needed to
investigate absorbed lipid transfer and metabolism to clarify
the actual mechanisms.

It has been proposed that the metabolism of cancer cells,
and all proliferating cells, adapts to facilitate the uptake and

Table 1. Histological prevalence of LD by oil red O staining
according to the presence of WOS by ME with NBI

WOS
Positive (n = 26) Negative (n = 23)

LD Positive 25 (96.2%) 1 (4.3%)
Negative 1 (3.8%) 22 (95.7%)

ME, magnifying endoscopy; LD, lipid droplets; NBI, narrow-band
imaging; WOS, white opaque substance.
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incorporation of nutrients into the biomass (nucleotides,
amino acids, lipids etc.) needed to produce new cells. This is
supported by the observation that certain cancer-associated
mutations enable cancer cells to acquire and metabolize
nutrients in a manner conducive to proliferation rather than
to adenosine 5′-triphosphate (ATP) production.24 We should
also take this mechanism into consideration. Further inten-
sive basic laboratory studies are required to investigate
whether neoplastic cells synthesize LD.

The absorbed LD were located only at the surface of the
mucosa of the relatively apical part between the crypts and
there were no LD in the cryptal epithelium. This localization
of LD to the apical part correlates well with previously
reported endoscopic findings as visualized by ME with NBI
(i.e. WOS is invariably detected within the epithelium of the
intervening (apical) part between the cryptal epithelium).7,9,11

The cause of this localization is unclear. We speculate that
this might be because the surface epithelium at the apical
parts has a greater chance to expose lipid emulsion than the

cryptal epithelium, which is usually filled with rich mucus, or
because the surface epithelial cells are more differentiated
than the cryptal epithelium within the neoplasias. Further
study is needed in order to clarify this characteristic localiza-
tion of LD.

It has been suggested that oil red O, which detects lipid
largely by its solubility in lipid materials, may have been
unable to detect micellar lipid because micelle itself has a
hydrophobic nature.26 The intraepithelial LD as visualized by
oil red O staining may be composed of triglycerides which
have been resynthesized by neoplastic cells with an intestinal
phenotype from the micellar fatty acid and monoglycerides,
or may simply be chylomicron.

Even after the patients had fasted for more than 12 h, LD
were retained within the epithelium and in the subepithelial
part. In the case of the normal small intestine, chylomicron is
drained into the lymphatics within the lamina propria at the
tip of the intestinal villi. It is possible that this retention is not
due to the lack of beta-lipoprotein, but rather is due to the

Fig. 1. (a) Standard endoscopic findings with white light of high-grade neoplasia of 0-IIa type. Slightly elevated reddened lesion
(arrow) is present at the posterior wall of the gastric body. (b) Magnifying endoscopy (ME) with narrow-band imaging (NBI) findings.
When we observed the margin of the lesion by ME with NBI, there was a clear demarcation line (arrow) between the background
mucosa and the lesion. At that demarcation line, both the microvascular architecture and the microsurface structure in the back-
ground mucosa disappeared. Instead, dense brownish microvessels in the superficial part of the neoplasia became clearly visualized
by ME with NBI. (c) Histopathological findings (oil red O staining, 100¥). In the superficial part of the mucosa, no LD were detected
by oil red O staining.

Fig. 2. (a) Standard endoscopic findings with white light of low-grade neoplasia (adenoma) of 0-IIa type. Superficial pale elevated
lesion (arrow) can be seen at the lesser curvature of the gastric cardia. (b) Magnifying endoscopy (ME) with narrow-band imaging
(NBI) findings. When we magnified the marginal part of the neoplasias, distinct brownish subepithelial capillaries were seen in the
background mucosa. However, in the neoplastic mucosa within the margin of the lesion (arrow), the microvascular pattern could not
be visualized because some WOS obscured the subepithelial microvascular architecture beneath the neoplastic epithelium.
(c) Histopathological findings of the biopsied specimen from the neoplasia (oil red O staining, 100¥). Oval amorphous LD in various
sizes have accumulated within both the epithelium and the subepithelial part of the neoplastic tissue.
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anatomical structure of the lamina propria in the stomach
which is different from that of the small intestine. In the case
of chylomicron retention disease, the accumulation of LD is
limited to the epithelium. However, in our study, 61.5% of the
lipid droplet-positive neoplasias showed both intraepithelial
and subepithelial accumulation of LD. Therefore, it is specu-
lated that the accumulated LD had been transported to the
subepithelial part after forming chylomicron in the neoplas-
tic cells with the intestinal phenotype. Nevertheless, as the
mucosal lymphatics in the stomach are anatomically present
only in the deepest level of the lamina propria,29 LD cannot
be easily transported into the lymphatics. Consequently, they
may be retained within the superficial part of the mucosa for
a longer period.

Although the presence of the WOS was dependent upon
the presence of LD, we encountered two exceptions. In one
case, WOS was detected by endoscopic observation using
ME with NBI, but LD were not present on histological

examination. To determine the reason, we reviewed the
endoscopic findings using ME with NBI of that case, finding
the density of the WOS was sparse and the distribution
patchy. Accordingly, we speculated that a very thin section of
the biopsy specimen failed to contain LD. The other
case showed that although WOS was not identified using
ME with NBI, LD were detected in the histological
specimens. When we reviewed the histological findings
carefully, we noticed that the size and the density of the
LD were very small and remarkably low, respectively,
compared with those in other LD-positive cases. Accord-
ingly, we speculated that small low-density LD in the cells
may not cause strong backward scattering of the light.
However, we need to conduct further studies to clarify
whether visualization of WOS depends upon the size and
density of LD.

In conclusion, we have reported a novel and unique bio-
optical finding, that is, the nature of WOS is the visualization

Fig. 3. (a) Standard endoscopic findings with white light of high-grade neoplasia of 0-IIc type. Slightly depressed reddened lesion
(arrow) can be seen at the posterior wall of the gastric antrum. (b) Magnifying endoscopy (ME) with narrow-band imaging (NBI)
findings. There is a clear demarcation line (arrow) between the background mucosa and the neoplastic lesion. Brownish sub-
epithelial capillaries can be clearly visualized in the background mucosa. In contrast, as a fine speckled WOS is present in the neoplasia
within the demarcation line, the subepithelial microvascular architecture cannot be visualized clearly. (c) Histopathological findings of
the biopsied specimen from the neoplasia (oil red O staining, 200¥). By oil red O staining, numerous round or oval amorphous LD are
demonstrated within the neoplastic epithelium alone.

Fig. 4. (a) Standard endoscopic findings with white light of high-grade neoplasia of 0 IIa type. Slightly elevated pale lesion (arrows)
is present at the lesser curvature of the gastric angulus. (b) Magnifying endoscopy (ME) with narrow-band imaging (NBI) findings.
At the margin of the lesion, there is a clear demarcation line (arrows) between the background mucosa and the lesion. In the
background mucosa, brownish subepithelial capillaries are clearly visualized by ME with NBI, but as the WOS in reticular morphol-
ogy was present in the neoplasia within the demarcation line, the subepithelial microvascular pattern of the neoplasia is totally
obscured. (c) Histopathological findings of the biopsied specimen from the neoplasia (oil red O staining, 50¥). The accumulated LD
can be detected only in the epithelium of the relatively elevated apical part between the crypts; they are absent in the cryptal part of
the epithelium.
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of LD accumulated in the superficial part of epithelial neo-
plasias within the stomach.
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