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More testosterone, less aggression...at least in the stomach

Christine N. Noto, Richard J. DiPaolo
Department of Molecular Microbiology and Immunology, Saint Louis University School of
Medicine, Saint Louis, Missouri

Chronic inflammation contributes to the development of several types of cancer, including
gastric cancer. Gastric cancer is the fifth most common neoplasm and fourth leading cause
of cancer-associated deaths.! While many people develop chronic gastritis as a result of
infection with Helicobacter pylori and autoimmune gastritis, only a subset of those affected
will develop gastric cancer.2 Individuals that develop atrophy and metaplasia have a much
higher risk of developing gastric cancer than those with mild gastritis. In the stomach,

at least two types of metaplasia develop, spasmolytic polypeptide-expressing metaplasia
(SPEM) and intestinal metaplasia, and both may be precursors of gastric cancer.3 4 There
are many risk factors that influence the progression from gastritis to gastric cancer, including
infection with pathogenic strains of Helicobacter pylori, genetics, environment, and chronic
inflammation.> 8 The article by Busada et al. featured in this issue of Gastroenterology
investigates the role of androgens and glucocorticoids in the development of gastritis and
gastric metaplasia.’

The fact that sex hormones influence immune cell function and inflammation may

account for differences in inflammatory diseases that develop in males and females. For
example, it is well-established that the incidence of many autoimmune diseases is much
higher in females than males.®: ® Glucocorticoids and androgens are reported to have
anti-inflammatory effects, so differences in levels of either or both may contribute to
inflammatory diseases.9-12 Busada et al. studied the role of an androgen (testosterone)

in protecting from the development of gastritis and gastric metaplasia. To induce disease,
cohorts of male and female mice were adrenalectomized (ADX) to remove endogenous
glucocorticoids, leading to gastritis. By two months of age, females developed gastritis and
gastric metaplasia while male mice remained normal. To investigate whether testosterone
was responsible for protecting male mice from disease, male mice were adrenalectomized
and a subset were castrated to remove sex hormones. Adrenalectomized and castrated males
developed gastritis that appeared identical to the ADX female mice. Additionally, gastric
metaplasia developed in both ADX female mice and ADX/castrated male mice, but not
ADX male mice that were not castrated. Finally, treating female mice with testosterone
protected them from gastritis and gastric metaplasia. These data demonstrate that male sex
hormones play a role in suppressing pathogenic gastric inflammation and metaplasia in this
model of ADX-induced disease.
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To investigate the mechanism(s) by which glucocorticoids and androgens regulate the
development of gastritis and gastric metaplasia, single-cell RNA sequencing was performed
on cells isolated from stomachs. These data identified a subset of immune cells, type 2
innate lymphoid cells (ILC2s), that express both glucocorticoid receptors and androgen
receptors. Additional support for a role for ILC2s in gastric pathology was provided

by showing a reduction in disease severity when ILC2s were depleted using antibodies.
Evidence for testosterone acting on ILC2s isolated from small intestines was provided

by showing that testosterone injections reduced the expression of mMRNA encoding two
cytokines, //13and CsfZ, by ILC2s. These data reveal a possible link between testosterone
and protection from disease: testosterone might act on immune cell subsets, including
ILC2s, to suppress the production of proinflammatory cytokines that contribute to disease
pathology.

Overall, these data add to an evolving understanding of the factors regulating the severity of
gastritis and progression to gastric metaplasia. For example, Busada et. al. also implicates
IL-33, a cytokine released by gastric epithelial cells, in activating ILC2s in stomach. These
data are in agreement with recent studies demonstrating the potential of IL-33 to activate
immune cells that contribute to gastric metaplasia.13 14 Although each study used a different
model system, and many immune cell subsets respond to IL-33, a common theme has
emerged; understanding the cytokines secreted by immune and epithelial cells is critical

to understanding gastritis, gastric metaplasia, and gastric cancer development.15: 16 |f sex
hormones regulate the types and levels of cytokine secretion, it is likely they play a role in
regulating disease outcomes. Whether sex hormones affect gastritis and gastric metaplasia
in other models needs to be determined, and if they do, this will highlight the importance

of considering differences in male and female cohorts when studying inflammation-induced
metaplasia.

In summary, the study by Busada et al. implicates a role for sex differences in regulating
the severity of stomach inflammation in a mouse model of gastritis and gastric metaplasia.
The data demonstrate that androgens likely provide males with additional protection by
suppressing immune cell activity. While it remains to be determined whether androgens
regulate inflammation and gastric metaplasia in other models (H. pyloriinfection,
autoimmune gastritis) and in human with gastritis, these findings provide evidence that
glucocorticoids and sex hormones can contribute to inflammatory disease and differences
in disease incidence between males and females. For example, this could help explain why
men have lower rates of inflammatory and autoimmune diseases than women. However,
men are nearly two times more likely than women to develop gastric cancer, indicating that
there are other factors that contribute to disease risk.1” Furthermore, aberrant expression and
activation of androgen receptors has been associated with carcinogenesis, cell proliferation,
and angiogenesis facilitated by dysregulation of cell-cycle inhibitors and angiogenic
factors.18 This suggests that androgens may function as both protecting from inflammation
and autoimmune diseases under normal conditions and promoting carcinogenesis when
dysregulated. These findings suggest that attention should be given to differences in the
cytokines and immune cells in males and females and offer additional insight into the
complex mechanisms that regulate gastric carcinogenesis.

Gastroenterology. Author manuscript; available in PMC 2022 January 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Noto and DiPaolo

References

1.

Page 3

Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2021;71:209-
249 [PubMed: 33538338]

. Wroblewski LE, Peek RM Jr., Wilson KT. Helicobacter pylori and gastric cancer: factors that

modulate disease risk. Clin Microbiol Rev 2010;23:713-39. [PubMed: 20930071]

. Halldorsdottir AM, Sigurdardottrir M, Jonasson JG, et al. Spasmolytic polypeptide-expressing

metaplasia (SPEM) associated with gastric cancer in Iceland. Dig Dis Sci 2003;48:431-41.
[PubMed: 12757153]

. Goldenring JR, Nam KT, Wang TC, et al. Spasmolytic polypeptide-expressing metaplasia and

intestinal metaplasia: time for reevaluation of metaplasias and the origins of gastric cancer.
Gastroenterology 2010;138:2207-10, 2210.e1. [PubMed: 20450866]

. Fox JG, Wang TC. Inflammation, atrophy, and gastric cancer. J Clin Invest 2007;117:60-9.

[PubMed: 17200707]

. Peek RM Jr., Crabtree JE. Helicobacter infection and gastric neoplasia. J Pathol 2006;208:233-48.

[PubMed: 16362989]

. Busada JT, Peterson KN, Khadka S, et al. Glucocorticoids and androgens protect from gastric

metaplasia by suppressing group 2 innate lymphoid cell activation. Gastroenterology 2021.

. Fish EN. The X-files in immunity: sex-based differences predispose immune responses. Nat Rev

Immunol 2008;8:737-44. [PubMed: 18728636]

. Quinn MA, Cidlowski JA. Endogenous hepatic glucocorticoid receptor signaling coordinates sex-

biased inflammatory gene expression. FASEB J 2016;30:971-82. [PubMed: 26581598]

10. Busada JT, Ramamoorthy S, Cain DW, et al. Endogenous glucocorticoids prevent gastric

11.

12.

13.

metaplasia by suppressing spontaneous inflammation. J Clin Invest 2019;129:1345-1358.
[PubMed: 30652972]

Cain DW, Cidlowski JA. Immune regulation by glucocorticoids. Nat Rev Immunol 2017;17:233—
247. [PubMed: 28192415]

Laffont S, Blanquart E, Savignac M, et al. Androgen signaling negatively controls group 2 innate
lymphoid cells. J Exp Med 2017;214:1581-1592. [PubMed: 28484078]

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;67:805-817. [PubMed: 28196875]

14. De Salvo C, Pastorelli L, Petersen CP, et al. Interleukin 33 Triggers Early Eosinophil-Dependent

15.

Events Leading to Metaplasia in a Chronic Model of Gastritis-Prone Mice. Gastroenterology
2021;160:302-316.€7. [PubMed: 33010253]

Bockerstett KA, Petersen CP, Noto CN, et al. Interleukin 27 Protects From Gastric Atrophy and
Metaplasia During Chronic Autoimmune Gastritis. Cell Mol Gastroenterol Hepatol 2020;10:561—
579. [PubMed: 32376420]

16. Bockerstett KA, DiPaolo RJ. Regulation of Gastric Carcinogenesis by Inflammatory Cytokines.

Cell Mol Gastroenterol Hepatol 2017;4:47-53. [PubMed: 28560288]

17. Rugge M, Genta RM, Di Mario F, et al. Gastric Cancer as Preventable Disease. Clin Gastroenterol

Hepatol 2017;15:1833-1843. [PubMed: 28532700]

18. Kominea A, Konstantinopoulos PA, Kapranos N, et al. Androgen receptor (AR) expression

is an independent unfavorable prognostic factor in gastric cancer. J Cancer Res Clin Oncol
2004;130:253-8. [PubMed: 14963700]

Gastroenterology. Author manuscript; available in PMC 2022 January 31.



	References

