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Black Spot, a Novel Gastric Finding Potentially
Induced by Proton Pump Inhibitors
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Abstract

Objective We have recently discovered new gastric lesions with black spots. There have been no reports

about black spots and their clinicopathological features. We therefore report the clinicopathological features of

black spots and assess their causes and mechanisms.

Methods Sixty-four patients with black spots among 26,620 Japanese patients that underwent endoscopy

between May 2012 and October 2014 were enrolled. Endoscopic findings of black spots were defined as

black pigmentations in the gastric mucosa by conventional endoscopy. We investigated the clinicopathological

characteristics, including gender, age, underlying diseases and medications, endoscopic and pathologic find-

ings of patients with black spots.

Results The prevalence of patients with black spots was 0.24%. Of sixty-four cases, 44 (68.8%) were tak-

ing proton pump inhibitors (PPIs). Eight (12.5%) were taking corticosteroids. There were 10 cases (15.6%)

with decreased renal function. All black spots were identified only in the fundic gland region. Forty-one

(64.1%) patients had multiple (more than ten) black spots. There were two different types: black spots on the

flat mucosa and black spots on fundic gland polyps. Pathologically, parietal cell protrusions, fundic gland

cysts and brownish pigmentation in fundic gland cysts were seen in 26 (76.5%), 23 (67.6%) and 6 (17.6%)

patients, respectively.

Conclusion We herein describe gastric black spots as a new gastric mucosal finding that arises only in the

fundic gland region. The black spots are pathologically brownish pigmentations in fundic gland cysts. Ad-

verse events of PPIs and parietal cell protrusion caused by PPI use are strongly considered to be one of the

etiologies of black spots.
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Introduction

Proton pump inhibitor (PPI) use has been suggested to

cause various endoscopic gastric mucosal changes, such as

fundic gland polyps (FGPs) (1-5). Histologically, PPI causes

parietal cell protrusion (PCP) and hypertrophy (6-9). PCP is

recognized as prominent intraluminal protrusions of the pa-

rietal cell cytoplasma resulting in a serrated glandular lu-

men (6-10). As systemic diseases causing gastric mucosal

changes, liver cirrhosis and renal failure lead to portal hy-

pertensive gastropathy, gastric antral vascular ectasia and

gastric erosions (11-18).

We recently discovered new lesions that we call black

spots (BSs). This new gastric mucosal finding is distinct

from previously identified black lesions such as melanoma
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Figure　1.　(Case 1: Proton pump inhibitor and calcium chan-
nel blocker). Endoscopic features of black spots (BSs). BSs are 
seen on the flat mucosa.

Figure　2.　(Case 2: Proton pump inhibitor). Endoscopic fea-
tures of black spots (BSs). BSs are seen on the flat mucosa.

Figure　3.　(Case 3: Familial adenomatous polyposis and proton pump inhibitor). Endoscopic fea-
tures of black spots (BSs). A: BSs are seen on fundic gland polyps. B: The same lesion seen at higher 
magnification.

and pseudomelanosis (19-23). To the best of our knowledge,

BSs have not been reported to date.

We therefore reported the clinicopathological features of

BS in 64 cases and assessed its causes and mechanisms.

Materials and Methods

Selection of cases and ethical concerns

We examined 26,620 Japanese patients that underwent en-

doscopy for abdominal symptoms or as a part of gastric

cancer surveillance at three hospitals between May 1, 2012

and October 31, 2014. Two of these hospitals were univer-

sity hospitals in central cities and the other was in a rural

area. We searched for cases with gastric BSs during this pe-

riod. Sixty-four patients were endoscopically diagnosed with

BSs and were included in this study. BSs were defined as

black pigmentations in the gastric mucosa by conventional

endoscopy (Fig. 1-3). The study was approved by the medi-

cal ethical committees of the patient-including hospitals on

October 31, 2014.

Evaluation of clinical and endoscopic findings

The following clinical characteristics were collected from

the medical records: gender, age, underlying diseases, medi-

cines and endoscopic findings. In this study, decreased renal

function was defined as an estimated glomerular filtration

rate (eGFR) less than 30 mL/min/1.73 m2 or nephrotic syn-

drome (24). Regarding endoscopic findings, the following

were investigated: the number of BSs, the location of BSs,

the presence of atrophy and multiple white and flat lesions

(MWFLs), and whether BSs were present on the flat mucosa

or FGPs. Gastric mucosal atrophy was evaluated according

to the endoscopic atrophy border scale described by Kimura

et al. (25). “Multiple” BSs were defined as more than ten

BSs. MWFL has been recognized to be induced by PPI us-
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Figure　4.　(Case 4). Histologic findings of black spot (BS) (pathological anatomy). A: Parietal cell 
protrusions, fundic gland cysts (FGCs) and brownish pigmentation in the FGC [Hematoxylin and 
Eosin (H&E) staining, 40×]. B: Brownish pigmentation in the FGC (H&E staining, 400×).

Figure　5.　(Case 5). Histologic findings of black spot (BS). A: Parietal cell protrusions, fundic gland 
cysts (FGCs) and brownish pigmentation in the FGCs [Hematoxylin and Eosin (H&E) staining, 40×]. 
B: Amorphous eosinophilic contents and brownish pigmentation in the FGCs (H&E staining, 400×). 
C: Brownish pigmentation includes tiny birefringent crystals (polarizing observation method, 400×).

age in the gastric fundus and foveolar epithelial hyperpla-

sia (26).

Evaluation of histologic findings

One autopsy sample was obtained from gastric BS lesions

and 33 patients underwent biopsies from gastric BS lesions.

Each specimen was embedded in paraffin wax and cut into

4 μm thick sections. The sections were stained with Hema-

toxylin and Eosin (H&E) staining. The presence or absence

of PCPs (defined as prominent intraluminal protrusions of

the parietal cell cytoplasm resulting in a serrated glandular

lumen) (Fig. 4A, 5A and 6A), fundic gland cysts (FGCs)

(defined as gland dilation and cystic changes with tinning of

the aligning parietal and chief cells) (Fig. 4, 5A and B, 6)

and brownish pigmentation in FGC (Fig. 4, 5A and B, 6),

were determined in H&E-stained sections (10). The sections

were stained with Prussian blue, copper, and Fontana-

Masson’s stains and immunohistochemically stained for

MUC1, MUC2, MUC5AC and MUC6. In addition, the sec-

tions were observed using the polarizing observation
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Figure　6.　(Case 6). Histologic findings of black spot (BS). A: Parietal cell protrusions, fundic gland 
cysts (FGCs) and brownish pigmentation in the FGC [Hematoxylin and Eosin (H&E) staining, 40×]. 
B: Brownish pigmentation in the FGC (H&E staining, 400×).

Table　1.　Demographic Details and the Data of 
Underlying Diseases in 64 Patients with Black Spots.

Age, y
Mean 71.8
Minimum 38
Maximum 92

Sex, no. (%)
Male 39 (60.9%)
Female 25 (39.1%)

Comorbidities, no. (%)
Hypertension 24 (37.5%)
Hyperlipidemia 12 (18.8%)
Diabetic mellitus 12 (18.8%)
Decreased renal function 10 (15.6%)
Familial adenomatous polyposis 2 (3.1%)

Table　2.　Data of Medicines in 64 Patients with Black 
Spots.

Medicine, no. (%)
Proton pump inhibitor 44 (68.8%)
Histamine H2-receptor antagonists 2 (3.1%)
Calcium channel blocker 26 (40.6%)
ARB/ACEI 18 (28.1%)
Loop diuretic 9 (14.1%)
Statin 13 (20.3%)
Aspirin 9 (14.1%)
Corticosteroid 8 (12.5%)
Magnesium oxide 11 (17.2%)
Sennoside 5 (7.8%)
Calcium polystyrene sulfonate 2 (3.1%)

ARB: angiotensin II receptor blocker, ACEI: angiotensin 
converting enzyme inhibitor, Loop diuretic: sodium potassium 
chloride symporter inhibitor

Table　3.　Endoscopic Features in 64 Patients with Black 
Spots.

Location of BSs, no. (%)
Antrum 0 (0%)
Corpus 63 (98.4%)
Fundus 42 (65.6%)

Background mucosa of BSs, no. (%)
Flat 54 (84.3%)
Fundic gland polyp 11 (17.2%)

Multiple, no. (%) 41 (64.1%)
Atrophy, no. (%) 45 (70.3%)
Multiple white flat lesion accompanied by BSs, no. (%) 31 (48.4%)

BS: black spot

method.

Results

Clinical presentation

Sixty-four patients were included in this study. The preva-

lence of patients with BSs was 0.24%. Demographic details

and the data of underlying diseases are summarized in Ta-

ble 1. There were 10 patients (15.6%) with decreased renal

function.

Table 2 shows the data of medications. Forty-four patients

(68.8%) were taking PPI. Furthermore, the number of pa-

tients that were taking calcium channel blockers and corti-

costeroids were 26 (40.6%) and 8 (12.5%) patients, respec-

tively.

Endoscopic features

The endoscopic lesion characteristics are summarized in

Table 3. All BSs were identified only in the fundic gland re-

gion. There were no cases with BSs in the pyloric gland re-

gion. Forty-one (64.1%) cases had multiple BSs. We ob-

served two different types: BS on the flat mucosa (Fig. 1

and 2) and BS on FGPs (Fig. 3). BSs on FGPs were identi-

fied in 11 patients (17.2%). MWFLs accompanied BSs in 31

patients (48%).

Pathologic features

PCPs, FGCs and eosinophilic materials and brownish pig-

mentation in FGCs are shown in Fig. 4 (an autopsy case) 5

and 6 (biopsy cases). Brownish pigmentation included tiny

birefringent crystals in the polarizing observation method

(Fig. 5C). Brownish pigmentations and eosinophilic materi-

als were negative for Prussian blue, copper, and Fontana-
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Table　4.　Pathologic Features of Black Spots (n=34).

Parietal cell protrusions, no. (%) 26 (76.5%)
Fundic gland cysts, no. (%) 23 (67.6%)
Brownish pigmentation in fundic gland cyst, no. (%) 6 (17.6%)

Masson’s stains. Eosinophilic materials were slightly posi-

tive for MUC5AC and MUC6, but negative for MUC1 and

MUC2. On the other hand, brownish pigmentation was

negative for all MUC stains.

Histopathology was analyzed in 34 of 64 patients. Table 4

reveals that the number of patients with PCPs, FGCs and

brownish pigmentation in FGCs were 26 (76.5%), 23

(67.6%) and 6 (17.6%) patients, respectively.

Discussion

In this study, we reported four important clinicopathologic

observations. First, we discovered gastric BSs, which are

new gastric mucosal lesions. Second, BSs arose only in the

fundic gland region. Third, BSs were observed as pathologi-

cally brownish pigmentation in FGCs. Lastly, the effect of

PPIs and PCPs was thought to be one of the mechanisms.

To the best of our knowledge, this is the first report de-

scribing gastric BS as a new gastric mucosal lesion. BSs

were located only in the fundic gland region, where there

are many parietal cells. There were no cases with BSs in the

pyloric gland region. As other clinical features, some BSs

were observed on FGPs in 11 (17.2%) cases. In addition,

the ratio of the cases with a decreased renal function or the

use of corticosteroids or calcium channel blockers tended to

be high.

Pathologically, BSs were composed of a brownish sub-

stance and eosinophilic materials in FGCs, which were

thought to result from the accumulation of secretion from

lining cells of FGCs. Moreover, PCPs and FGCs were seen

in many cases. Pseudomelanosis, which appears similar to

BS when observed through endoscopy, is a potential differ-

ential diagnosis, however, it histologically presents as a dark

brown substance inside the macrophage lysosomes in the

lamina propria (22, 23). Therefore, the pathological findings

of BSs differed from that of pseudomelanosis.

The effect of PPIs and PCPs was thought to be one of the

mechanisms. The ratio of PPI usage was 68.8% in this

study, which tended to be much higher than the general ra-

tio, 30.8% in Japan (27). Of the 17 cases whose PPI treat-

ment length were known to us, 15 (88.2%) had treatment

for over 1 year and long-term PPI therapy tended to cause

BSs. We could not find any difference in the number or lo-

cation of BSs according to the type of PPI. Active secretion

of hydrochloric acid from the secretory canaliculi is inhib-

ited by PPI usage and the acid accumulates in parietal cells,

which results in PCPs (6). PCPs in the shallow mucosa

could cause blockage of the isthmus, increasing resistance to

outflow from the gland, which leads to FGCs formation in

the deeper zone of the mucosa (28). Then, brownish sub-

stances are thought to be stored in FGCs, which can be seen

as BSs endoscopically. Moreover, PCP development has

been known to be related to serum gastrin elevation (6). Re-

nal failure and the exogenous administration of corticoste-

roids have also been shown to increase serum gas-

trin (29, 30). Therefore, renal failure and corticosteroid ad-

ministration can also be considered to be the causes of PCPs

and BSs, which is in agreement with our clinical results. On

the other hand, almost 20% of BSs were not linked to parie-

tal cell protrusions. The following reason is plausible: the

formation of FGCs, which can store pigmentation, could

lead to BSs without the involvement of PCPs. FGPs and

Helicobacter pylori eradication are possible causes of the

formation of FGCs without PCPs (6).

However, there are several limitations associated with this

study. We could not conduct a comparative study between

cases with BSs and control subjects. On the one hand, we

actively searched and recorded medicines taken by those

with BSs. On the other hand, we did not actively record

medicines taken by patients without BSs, which is a bias.

Therefore, we cannot conclude the exact relationship be-

tween BSs and PPI usage. In addition, we did not investi-

gate the relevance of H. pylori infection or eradication on

BSs formation in all cases. H. pylori eradication especially

is known to enhance the development of FGCs; therefore, it

can be one of the reasons that BSs and FGCs were observed

in cases without PPI usage (6). The content of BSs has not

been clarified. It is necessary to analyze the content itself

via mass spectrometry or electron microscopy.

In conclusion, this is the first report describing gastric BS,

a new gastric lesion. BSs arose only in the fundic gland re-

gion. BSs were observed as pathologically brownish pig-

mentation in FGCs. The effect of PPIs and PCPs were

thought to be one of the mechanisms. Therefore, these new

lesions, BSs, might also be one of the adverse events in-

duced by long-term PPI use.
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