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Abstract:
Von Hippel-Lindau (VHL) disease is a rare inherited familial syndrome complicated with various neo-

plasms, including neuroendocrine tumors (NETs). We herein report the first case of multiple gastric NETs in

a 45-year-old man with VHL. He had multiple gastric polyps, and several endoscopic resected lesions were

diagnosed as NETs. The serum gastrin level was elevated because he was taking a proton pump inhibitor

(PPI). We suspected that gastrin had played a role in the development of NETs, and the remaining polyps

were followed up with discontinuation of the PPI. The NETs gradually reduced in size until they became

hard to notice on endoscopy and have remained nearly invisible for over eight years.
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Introduction

Von Hippel-Lindau (VHL) disease is an autosomal-

dominant familial disorder in which affected individuals are

predisposed to develop a variety of tumors in multiple organ

systems, with an incidence of 1 in 36,000 of all live

births (1). It is caused by a germline mutation in the VHL

tumor suppressor gene located on chromosome 3p25, which

consists of 3 exons and encodes the tumor-suppressive VHL

protein (p-VHL). pVHL plays a central role in the mammal-

ian oxygen-sensing pathway, through ubiquitination of

hypoxia-inducible factors (HIFs) (2). Dysregulation of this

cascade leads to stabilization of HIFs and transcriptional ac-

tivation of their target genes, which play a role in tumori-

genesis and angiogenesis (3).

VHL-associated tumors include craniospinal and retinal

hemangioblastomas, pancreatic tumors and cysts, renal cell

carcinomas and cysts, pheochromocytomas, endolymphatic

sac tumors, and broad ligament/epididymal cystadeno-

mas (1). Neuroendocrine tumors (NETs), which were previ-

ously called carcinoids, have been rarely reported in VHL

patients, and most of them are seen in the pancreas (4, 5).

The association between VHL gene mutations and NETs

had not been reported until recently. Pancreatic NETs are

one of the tumors whose genome has recently been se-

quenced, and several mechanisms involved in VHL disease

have thus been elucidated and several mechanisms involved

in VHL disease have been elucidated (4).

NETs are rare tumors and can occur in various parts of

the body, with the most common primary site being the gas-

trointestinal tract (6). Gastric NETs are well-differentiated

neuroendocrine neoplasms arising from the non-peptide-

secreting and thus non-functional generated endocrine cells

of the gastric mucosa, which are usually derived from

enterochromaffin-like (ECL) cells. Gastric NETs develop un-

der three distinct circumstances, each with a different dis-

ease association, pathology, and prognosis (7).

We herein report a case of multiple gastric NETs in a pa-

tient with VHL.
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Figure　1.　The germline mutation in the VHL tumor suppressor gene of the patient. The genetic test 
revealed a point mutation in VHL gene exon1, S65W (c.194 C>G) in this patient, the same mutation 
as in his daughter.

VHL gene exon 1

Control Patient

Figure　2.　Endoscopic findings of gastric polyps before treatment. There is no atrophy in the stom-
ach, and multiple polyps are seen on both the lesser and greater curvature of the body. The morphol-
ogy of the polyps was very similar to hyperplastic polyps, i.e., they appeared to be erythematous 
(reddish), Isp-type epithelial tumors. In addition, three tumors (arrows) were subjected to EMR.

Case Report

The patient’s history and examination findings

A 45-year-old man had been diagnosed with VHL disease

at 31 years old by genetic testing in the year 2000. He was

on maintenance hemodialysis following total nephrectomy

for bilateral renal cell carcinomas and had undergone several

rounds of resection for multiple cerebellar hemangioblas-

tomas. The family had a strong history of VHL; his father,

brother, and daughter had suffered from VHL. Furthermore,

a genetic test confirmed that the germline mutation in the

VHL tumor suppressor gene was the same as VHL gene

exon1, S65W (c.194 C>G), which was present in both this

patient and his daughter (Fig. 1).

He was also on an antiplatelet agent (clopidogrel 75 mg,

oral administration) for angina pectoris and had been taking

a proton pump inhibitor (PPI; lansoprazole 15 mg oral ad-

ministration) since June 2006 to prevent gastro-duodenal ul-

cer. In April 2013, severe anemia was detected, with a he-

moglobin level below 10 g/dL that subsequently decreased

to 7.7 g/dL. He therefore underwent a digestive tract

checkup at our department. There were no significant find-

ings on colonoscopy, but multiple polyps resembling hyper-

plastic polyps were seen in the body of the stomach on

esophago-gastro-duodenoscopy (EGD) (Fig. 2). No atrophy

was observed in the background gastric mucosa, which was
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Figure　3.　Pathological findings of the resected lesions. a) Loupe statue of the excised specimen. b) 
Hematoxylin and Eosin staining with a low-power field showed that the excised specimen was covered 
with normal mucosa of the fundic gland region on the surface layer. c) Tumor cells with a circular 
nucleus and abundant foamy or granular cytoplasm were observed inside. d) Immunohistochemical 
staining was positive for synaptophysin.

b)

c) d)

a)

C-0 according to the Kimura-Takemoto endoscopic classifi-

cation (8). There was no mucosal swelling, diffuse redness,

enlarged folds, or sticky mucus, which are considered in-

dicative of a current infection with Helicobacter pylori ac-

cording to the Kyoto classification of gastritis (9). Further-

more, no mucosal changes, such as cracked mucosa or

cobblestone-like mucosa, which are associated with the

long-term administration of PPIs, were observed (10, 11)

(Fig. 2). Notably, EGD previously conducted in 2002 had

shown no abnormalities, such as polyps or atrophy.

Blood investigations were negative for H. pylori infection

(anti-H. pylori antibody <3 U/mL). Both anti-parietal cell

antibody and anti-intrinsic factor antibody were negative,

and pepsinogen levels were within the normal range when

measured at a later date.

Endoscopic treatment and pathological findings

We suspected these lesions to be hyperplastic polyps, and

the administration of clopidogrel may have increased the

bleeding from these polyps, thus resulting in the develop-

ment of anemia.

Three large lesions (arrow in Fig. 2) were thus subjected

to endoscopic mucosal resection. Histopathological and im-

munohistochemical examinations of the resected lesions

were suggestive of NET.

The excised specimen was covered with normal mucosa

of the fundic gland region on the surface layer, and tumor

cells with a circular nucleus and abundant foamy or granular

cytoplasm were observed inside. Partial tumor cell polymor-

phism was observed; however, there was no necrosis. A fis-

sile image of 2/10 high-power fields was evaluated, and the

maximum MIB-1 index was 4.4%. Immunostaining was

positive for the endocrine markers CD 56, chromogranin A,

and synaptophysin, and gastrin was negative. These findings

were equivalent to NET grade 2. The stump was negative at

both the horizontal and vertical tumor margins (Fig. 3).

Follow-up for the remaining NETs of the stomach

Although the serum gastrin level was slightly elevated at

270 pg/mL (normal range <200 pg/mL), we suspected that

gastrin might be associated with the progression of these

NETs, as is seen in chronic atrophic gastritis type A. The re-

maining lesions were therefore followed up after discontinu-

ation of the PPI, avoiding gastrectomy. The size of the tu-

mors gradually decreased in line with the gastrin level (gas-

trin at 3 months later: 120 pg/mL) until they met the normal

range of the international criteria; eventually, most lesions

were difficult to detect endoscopically (6 months later)

(Fig. 4). The gastrin level was normalized, and the anemia

was under control.
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Figure　4.　There were multiple NETs remaining in the stomach after EMR following PPI therapy; 
however, three months after the discontinuation of PPI, the lesions were significantly reduced in both 
size and number, along with normalization of gastrin levels, and after six months, most of them were 
not visible.

Figure　5.　At one year after treatment, the reduction in tumor size was sustained (a). When a small 
lesion was biopsied, the surface layer was covered with normal mucosa with erosion (b), but a few 
small clusters of cuboidal cells with small round nuclei were observed in the deep part of the lamina 
propria (c). On immunostaining, the cells were positive for synaptophysin (d).

a) b)

c) d)

While most lesions were not detectable endoscopically,

tumor cells were detected on a biopsy of several remaining

lesions, and these cells were diagnosed as NETs by im-

munostaining (Fig. 5). However, the tumors were very small

(<0.5 mm) and were seen as small clusters of cells that were

positive on immunostaining for synaptophysin and chromo-

granin A, and negative for gastrin.

The endoscopy interval was expanded from every three

months for the first two years to every six months after two

years, and every year after four years. Notably, the most re-

cent EGD still showed no gastric atrophy (Kimura-Takemoto

classification type C-0). At present, his gastric NETs have

remained unchanged over eight years. Although they were

still detectable as very small SMTs on his most recent endo-

scopy, biopsies did not show any NET cells.

We have been carefully following this patient with cessa-
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tion of acid suppression therapy and monitoring for recur-

rence or generation of the VHL tumors.

Discussion

NETs in other organs aside from the pancreas in patients

with VHL are extremely rare (5), and there have been no re-

ports of gastric NETs in patients of VHL. To our knowl-

edge, this patient is the first with multiple gastric NETs as-

sociated with VHL. Furthermore, we suspect that the in-

crease in gastrin associated with acid suppression therapy

may have been involved in the development of these NETs.

No gastric tumors were identified in the patient before PPI

administration, whereas multiple NETs were found during

preventive PPI therapy. In addition, the gastric NETs were

almost undetectable on EGD after the discontinuation of the

PPI.

Gastric NETs account for <1% of gastric neoplasms (6).

Classically, they can be separated into three distinct groups

based on their clinical and histological characteristics: those

associated with chronic atrophic gastritis type A (type I),

those associated with the Zollinger-Ellison syndrome (type

II), and sporadic gastric carcinoid tumors (type III). Type I

and II NETs are multifocal and accompanied by hypergas-

trinemia. These NETs are almost invariably surrounded by

areas of ECL cell hyperplasia, and these hyperplastic lesions

can develop into carcinoid tumors (6, 7, 12). We believe that

the present case had an identical pathophysiology to these

pathological conditions. We hypothesized that the gastrin

levels would decline with the discontinuation of the PPI,

causing the patient’s gastric NETs to decrease in size and

number or even disappear altogether. Experimentally, it is

well known that in rats, carcinoids derived from ECL cells

are generated by the administration of a large amount of a

PPI. However, in healthy humans, although hyperplasia of

ECL cells occurs, this is unlikely (13).

According to our literature search, five cases of non-VHL

NET in patients taking PPIs have been reported (14-17).

However, all of these cases had a single NET lesion, and the

gastrin levels were either not high (n=3) or not measured (n

=2). One was a case of neuroendocrine carcinoma, which is

considered to be unrelated to hypergastrinemia (17). It is

difficult to confirm whether or not the NET in these cases

was related to PPI administration. Nevertheless, in our case,

we suspect that PPI was definitely associated with the oc-

currence of the NETs, as the tumors reduced in both size

and number following the discontinuation of the PPI.

In this patient, NET cells were found on repeat biopsies,

although the lesions were almost invisible on EGD. This is

similar to a condition called endocrine cell micronest

(ECM), which is frequently seen in chronic atrophic gastritis

type A (18). Although there were no gross gastric polyps

before PPI administration, whether the precursor lesions

(like ECM seen in chronic atrophic gastritis type A) of NET

developed due to long-term PPI administration or originally

existed as a genetic factor associated with VHL is unclear.

At the very least, no increase in fundic gland polyps or

changes in the background gastric mucosa (known as a

‘cobblestone-like appearance’), which are observed with

long-term administration of PPIs in healthy subjects without

H. pylori infection, have been observed.

The level of circulating gastrin was not very high in this

case; in fact, it was rather low compared to the level seen in

patients taking a full-dose PPI. It is unlikely for ECL cells

to be stimulated by such gastrin levels and then progress to

NETs under normal circumstances. However, the lesions in

our patient progressed to NETs despite receiving only a

maintenance dose of lansoprazole, possibly because the pa-

tient had VHL. In VHL disease, the VHL protein forms a

complex with several binding proteins controlling the afore-

mentioned HIF cascade, which leads to tumorigenesis. Un-

der normal circumstances, HIF can coordinate the cells’ re-

sponse to hypoxia. Through transcriptional regulation, HIF

enhances the glucose uptake and increases the expression of

angiogenesis, cellular growth, and mitogenic factors, includ-

ing vascular endothelial growth factor (VEGF), platelet-

derived growth factor β polypeptide (PDGF-β), erythro-

poietin, and transforming growth factor-α (TGF-α). How-

ever, due to the abnormal or absent VHL protein function,

HIF is overexpressed to induce the expression of these fac-

tors, thereby causing the tumor to develop and proliferate, as

shown in the previous literature (1-3).

The presence of growth factors and their receptors in hu-

man gastric carcinoids and experimental models was investi-

gated. Among them, we focused on TGF-α produced by

both parietal and ECL cells. TGF-α regulates the inhibitory

effect on histamine secretion and proliferative effect on ECL

cells (19). The rodent species mastomys spontaneously de-

velops ECLomas despite being normogastrinemic. Factors

other than gastrin are thus required. During the

hypergastrinemia-driven induction of mastomys ECLomas,

increased ECL cell content of the mitogenic agent TGF-α
and of its specific EGF receptor has been documented (19).

The expression of TGF-α and EGF-receptors has also been

demonstrated in human midgut carcinoids, suggesting that

TGF-α participates in the autocrine modulation of carcinoid

growth (20). In fact, immunostaining has proven that the re-

section specimen in this case was positive for EGF recep-

tors. In contrast, TGF-α is a tumor growth factor that is in-

creased in VHL, as mentioned above. Overexpression of

TGF-α is seen in VHL-related tumors, especially renal cell

carcinoma and cell lines. TGF-α has been demonstrated to

support tumor cell growth through an autocrine loop (21). In

this case, as in these experimental models, we hypothesized

that gastrin-dependent TGF-α production occurred first, fol-

lowed by ECL cell proliferation due to TGF-α autocrine

stimulation.

Although TGF-α overexpression in “healthy” human ECL

cells has not yet been documented (22), ECL cells might

have developed into NETs in our patient with VHL.

In summary, our patient had been taking an oral PPI for

about seven years until the lesions were detected, and during
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this period, the ECL cells received prolonged stimulation

from gastrin above the normal limit. This case also proves

that gastric NETs in patients with VHL can be reversed by

eliminating the cause of ECL cell proliferation. In addition,

VHL disease itself appears to be a genetic carcinogenic ab-

normality. We believe that the gastric NETs in this patient

developed due to a combination of stimulation from gastrin

and the involvement of the patient’s genetic abnormality. It

also indicates that physicians should be aware that gastric

NETs might develop and progress in patients with special

conditions, possibly under an environment of acid suppres-

sion.

We obtained written informed consent from the patient before

treatment and before the report submission.
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