
1276 Kwon S- K, et al. Gut 2022;71:1266–1276. doi:10.1136/gutjnl-2021-324489

Stomach

 29 Stearns JC, Lynch MDJ, Senadheera DB, et al. Bacterial biogeography of the human 
digestive tract. Sci Rep 2011;1:170.

 30 Bik EM, Eckburg PB, Gill SR, et al. Molecular analysis of the bacterial microbiota in the 
human stomach. Proc Natl Acad Sci U S A 2006;103:732–7.

 31 Nozaki K, Ogawa M, Williams JA, et al. A molecular signature of gastric metaplasia 
arising in response to acute parietal cell loss. Gastroenterology 2008;134:511–22.

 32 Weis VG, Petersen CP, Weis JA, et al. Maturity and age influence chief cell ability 
to transdifferentiate into metaplasia. Am J Physiol Gastrointest Liver Physiol 
2017;312:G67–76.

 33 Hirata K, Suzuki H, Imaeda H, et al. CD44 variant 9 expression in primary early gastric 
cancer as a predictive marker for recurrence. Br J Cancer 2013;109:379–86.

 34 Hugenholtz F, de Vos WM. Mouse models for human intestinal microbiota research: a 
critical evaluation. Cell Mol Life Sci 2018;75:149–60.

 35 Nguyen TLA, Vieira- Silva S, Liston A, et al. How informative is the mouse for human 
gut microbiota research? Dis Model Mech 2015;8:1–16.

 36 Zhou W, Chow K- H, Fleming E, et al. Selective colonization ability of human fecal 
microbes in different mouse gut environments. Isme J 2019;13:805–23.

 37 Lundberg R, Toft MF, Metzdorff SB, et al. Human microbiota- transplanted C57BL/6 
mice and offspring display reduced establishment of key bacteria and reduced 
immune stimulation compared to mouse microbiota- transplantation. Sci Rep 
2020;10:7805.

 38 Kanehisa M, Sato Y, Kawashima M, et al. Kegg as a reference resource for gene and 
protein annotation. Nucleic Acids Res 2016;44:D457–62.

 39 Cecilia MF, Amy E, Grant N. Gastrointestinal pathology: an atlas and text. 2nd Edn. 
Lippincott Raven, 1998: 242–3.

 40 Gupta S, Allen- Vercoe E, Petrof EO. Fecal microbiota transplantation: in perspective. 
Therap Adv Gastroenterol 2016;9:229–39.

 41 Zeller G, Tap J, Voigt AY, et al. Potential of fecal microbiota for early- stage detection of 
colorectal cancer. Mol Syst Biol 2014;10:766.

 42 Riquelme E, Zhang Y, Zhang L, et al. Tumor microbiome diversity and composition 
influence pancreatic cancer outcomes. Cell 2019;178:e12:795–806.

 43 Chen D, Wu J, Jin D, et al. Fecal microbiota transplantation in cancer management: 
current status and perspectives. Int J Cancer 2019;145:2021–31.

 44 Llopis M, Cassard AM, Wrzosek L, et al. Intestinal microbiota contributes to individual 
susceptibility to alcoholic liver disease. Gut 2016;65:830–9.

 45 Sender R, Fuchs S, Milo R. Revised estimates for the number of human and bacteria 
cells in the body. PLoS Biol 2016;14:e1002533.

 46 Saenz JB, Burclaff J, Mills JC. Modeling murine gastric metaplasia through tamoxifen- 
induced acute parietal cell loss. Methods Mol Biol 2016;1422:329–39.

 47 Weis VG, Sousa JF, LaFleur BJ, et al. Heterogeneity in mouse spasmolytic polypeptide- 
expressing metaplasia lineages identifies markers of metaplastic progression. Gut 
2013;62:1270–9.

 48 Petersen CP, Meyer AR, De Salvo C, et al. A signalling cascade of IL- 33 to IL- 13 
regulates metaplasia in the mouse stomach. Gut 2018;67:805–17.

 49 Sepulveda AR, Helicobacter SAR. Helicobacter, inflammation, and gastric cancer. Curr 
Pathobiol Rep 2013;1:9–18.

 50 Fox JG, Dangler CA, Taylor NS, et al. High- salt diet induces gastric epithelial 
hyperplasia and parietal cell loss, and enhances Helicobacter pylori colonization in 
C57BL/6 mice. Cancer Res 1999;59:4823–8.

 51 Coker OO, Dai Z, Nie Y, et al. Mucosal microbiome dysbiosis in gastric carcinogenesis. 
Gut 2018;67:1024–32.

 52 Rutherford JC. The emerging role of urease as a general microbial virulence factor. 
PLoS Pathog 2014;10:e1004062.

 53 Tiso M, Schechter AN. Nitrate reduction to nitrite, nitric oxide and ammonia by gut 
bacteria under physiological conditions. PLoS One 2015;10:e0119712.

 54 Lertpiriyapong K, Whary MT, Muthupalani S, et al. Gastric colonisation with a 
restricted commensal microbiota replicates the promotion of neoplastic lesions by 
diverse intestinal microbiota in the Helicobacter pylori INS- GAS mouse model of 
gastric carcinogenesis. Gut 2014;63:54–63.

 55 Cani PD, de Vos WM. Next- generation beneficial microbes: the case of Akkermansia 
muciniphila. Front Microbiol 2017;8:8.

Editor’s quiz: GI snapshot

Unusual stomach and 
duodenum mucosal changes in 
a kidney transplant patient after 
long- term peritoneal dialysis

CLINICAL PRESENTATION
A 33- year- old man presented with a 2- month history of 
dyspepsia and nausea. He had undergone kidney transplan-
tation (KT) 22 years ago due to renal failure of unknown 
aetiology. He underwent peritoneal dialysis for 14 years due 
to recurrent renal failure. Fourteen months ago, he under-
went a second KT from a living donor. After transplantation, 
he had been taking prednisolone and tacrolimus. Laboratory 
studies showed the following results: blood urea nitrogen, 
11.0 mg/dL (normal range, 8.0–23.0 mg/dL); creatinine, 
0.92 mg/dL (normal range, 0.7–1.2 mg/dL); total calcium, 
11.1 mg/dL (normal range, 8.6–10.2 mg/dL); corrected 
calcium, 11.3 mg/dL; phosphate, 2.6 mg/dL (normal range, 

2.5–4.5 mg/dL) and alkaline phosphatase, 156 U/L (normal 
range, 40–129 U/L).

Upper endoscopy was performed to evaluate the patient’s 
nausea and dyspepsia. Multiple white flat plaques of various 
sizes and patch- like or nodule- like mucosal changes in a 
watermelon pattern were observed across the whole stomach. 
Small, shiny, white plaques were scattered across the bulb 
of the duodenum (figure 1). Biopsies were performed in the 
stomach and duodenum.

QUESTION
What is the most likely diagnosis?

See page 1425 for answer

Figure 1 Gastric and duodenal lesions on 
oesophagogastroduodenoscopy.
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Editor’s quiz: GI snapshot

Unusual stomach and 
duodenum mucosal changes in 
a kidney transplant patient after 
long- term peritoneal dialysis
See page 1276 for question

AnsweR
Histological evaluation demonstrated basophilic amorphous 
deposits predominantly in the superficial lamina propria of the 
gastric mucosa. Ill- defined, clumpy nodules consisting of homoge-
neous, fine calcified granules were noted. Positive results on von 
Kossa staining confirmed that these were calcium deposits (figure 2). 
The same microscopic findings were identified in the duodenal 
bulb. Therefore, histopathological findings were consistent with the 
diagnosis of metastatic gastric and duodenal mucosal calcinosis.

Metastatic calcinosis is defined by calcium deposits on the mucosa 
of the GI tract due to elevated serum calcium levels.1 The most 
common cause is the alteration in serum calcium and phosphate 
levels due to renal disease.2 It is unclear how long electrolyte imbal-
ance must be maintained to cause mucosal calcinosis. However, this 
patient exhibited persistent hypercalcaemia and hypophosphataemia 

for about a year after KT (before KT: total calcium, 9.3 mg/dL 
(corrected calcium, 9.6 mg/dL); phosphate, 4.8 mg/dL and para-
thyroid hormone, 203 pg/mL (normal range, 15–65 pg/mL)). There 
was no confirmed evidence of tertiary hyperparathyroidism at the 
pre- transplantation.

This alteration in serum electrolytes caused gastric and duodenal 
calcinosis, and the clinical prognosis of GI calcinosis was not clear. 
This is potentially fatal when the heart and lungs are involved.3 Thus, 
the endoscopists should consider the active evaluation if GI calci-
nosis is suspected in patients with long- term electrolyte imbalance.
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