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Sex- and Gender-related Issues of Gut Microbiota in Gastrointestinal Tract Diseases
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Department of Internal Medicine, Seoul National University Bundang Hospitall, Seongnam; Department of Internal Medicine and Liver
Research Institute, Seoul National University College of Medicine?, Seoul, Korea

The distribution of gut microbiota varies according to age and sex. Gut microbiota are known to contribute to gastrointestinal (Gl)
diseases such as irritable bowel syndrome, inflammatory bowel disease, and colon cancer; however, the exact etiology remains elusive.
Sex hormone such as estrogen and testosterone control the microbiota mainly due to different effect on the immunity. In addition,
the diet depending on gender also affect the gut microbiota. Furthermore, the metabolism of estrogen and androgen was reported
to be related to the gut microbiome. However, there have been few comprehensive review articles regarding the effect of microbiota
on Gl diseases. In this review, the factors which affect the gut microbiota and the interplay of microbiota and Gl diseases in terms
of sex- and gender differences were briefly summarized. (Korean J Gastroenterol 2021;78:9-23)
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Fig. 1. Luminal and mucosal colonic microbiota and their roles in gut
homeostasis. TLR, toll-like receptor. Adapted from Seo et al.* with
permission.
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Fig. 2. The compositional characteristics of cecal microbiota vary with age at the (A-F) family level. ®p< 0.01 from Mann-Whitney U test with
Holm-Bonferroni correction as post hoc analysis followed by Kruskal-Wallis test. Six weeks, 6-week-old; 31 weeks, 31-week-old; 74 weeks,

74-week-old; 2 years, 2-year-old. p<0.01; °p<0.05. Adapted from Choi et al.**
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Fig. 3. The changes of gut microbiota after menopause. (A) Gut microbiota differences between pre- and post-menopausal women. (B) A higher
Firmicutes proportion in post-menopausal women than in pre-menopausal women. Firmicutes/Bacteroidetes ratio was higher in

post-menopausal women (p=0.013) than their corresponding male (age-matched) control group. Adapted from Santos-Marcos et al®?
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Fig. 4. The estrobolome and enterohepatic circulation of estrogens. (A) Estrogens are primarily produced in the ovaries, adrenal glands, and
adipose tissue and circulate in the bloodstream in free or protein-bound form and first undergo metabolism in the liver, where estrogens and
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with permission.
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Central nervous system

Pain modulation

E: 1 sensitivity

T:analgesic effect

IBS women : T activity of structures involved in emotional
processing of pain sensation (limbic system)

Stress response

E, P: 1 HPA axis activity (CRH 1, cortisol )
T: | stressinduced ACTH release

IBS women: anxiety, hypervigilance

Gut and Enteric nervous system

Intestinal transit
E: 1 motility [RhoA GTPase |, CCK(A) activity 1]
P: | motility (PGF2a, PGE2 1)
IBS-D women with low E/P = T5-HT

Visceral sensitivity
-IBS women : 1 somatic and visceral pain
- ERa and ERP receptors modulate pain in DRG
-IBS women: 1 spinal neuronal activity

Permeability
E: | permeability JAM-A T, occudinT)

Immune activation
E P: 1 Tcells activity
E: T mast cells activity
P: | mast cells activity
IBSwomen : T mast cells activity (gene expression of immune
activation and inflammation in women>men)
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Autonomic nervous system

E: T sympathetic responsiveness

P: | cholinergic responsiveness

T : regulation of parasympathetic tone

IBSmen: T sympatheticand | vagal activity in response to colorectal
distention than women

Afferent sensory pathway
-IBSwomen: | threshold to postprandial rectal distention than men
- Different CNS areas activated by colorectal distention in women and men

Sex hormone

|

Gut microbiota
E: ERB expression affects the gut microbiota composition
Direct effect on bacterial metabolism, growth and expression of virulence factors

P : Direct effect on bacterial metabolism, growth, and expression of virulence Factors

T : Commensal microbiota-dependent testosterone production protects against autoimmune disease in mice

Fig. 5. Brain-gut axis and sex hormones interaction in irritable bowel syndrome (IBS). Sex hormones influence peripheral and central regulatory
mechanisms involved in the pathophysiology of IBS contributing to the alterations in stress response, visceral sensitivity and motility, intestinal
barrier function, and immune activation of intestinal mucosa. Sex hormones also have direct effects on the gut microbiota and enteric nervous
system. E, estradiol; T, testosterone; P, progesterone; CRH, corticotropin-releasing hormone; ACTH, adrenocorticotropic hormone; GTP,
guanosine-5'- triphosphate; CCK, cholecystokinin; PG, prostaglandin; 5-HT, 5-hydroxytryptamine; ER, estrogen receptor; DRG, dorsal root
ganglion; JAM, junctional adhesion molecule. Adapted from Kim and Kim®? with permission.
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Phylum

B verrucomicrobia
Firmicutes

ETC(under 1% in average)

Protecbacteria

Bacteroidetes

40 50 60 70 80 el 100

Proportion (cut-off % for ETC taxa : 1.0%)

I Fusobacteria

Actinobacteria

Fig. 6. Compositional and functional changes in the gut microbiota in irritable bowel syndrome patients. In term of phylum Firmicutes decreased
and Bacteroidetes, Proteobacteria, and Fusobacteria increased. IBS, irritable bowel syndrome. Modified from Lee et al.® with permission.
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Fig. 7. Differences in the microbiota composition between irritable bowel syndrome (IBS) samples and normal control samples. (A) Linear
discriminant analysis (LDA) effect size (LEfSe) of the gut microbiota at the family level. Abundance ratios of the families that differed between
the IBS and normal control groups according to LEfSe: (B) Acidaminococcaceae, (C) Sutterellaceae, (D) Desulfovibrionaceae, (E)

Enterococcaceae, (F) Leuconostocaceae, (G) Clostridiaceae, (H) Peptostreptococcaceae,

(I) Lachnospiraceae, (J) KO7007 (baiN,

3-dehydro-bile acid delta 4,6-reductase) and (K) K15874 (bail, bile acid 7 beta-dehydratase). p-values were assessed with the Wilcoxon rank
sum test. Con, control; IBS, irritable bowel syndrome; LDA, linear discriminant analysis. Adapted from Lee et al.% with permission.
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Fig. 8. Sex-specific risk of Crohn’s disease throughout the lifespan
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than girls of developing Crohn’s disease. However, around the time
of puberty, the risk of Crohn’s disease in girls increases
substantially, potentially owing to shifting hormone levels. The
majority of population-based studies of Western cohorts show an
increased risk of Crohn’s disease among women compared with
men. Adapted from Goodman et al.”® with permission.
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immunoprotective effects during experimental colitis by inducing
regulatory T (Treg) cell expansion and function in male mice in an
oestrogen receptor (ER)-B-dependent manner. In addition,
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Fig. 10. General mechanisms for microbiota—related colon cancer.
Bacteria and their products affect the gut permeability to antigen.
Dietary substrates undergo bacterial metabolism to form potentially
carcinogenic products such as NOCs and secondary bile acids.
Accordingly, chronic inflammation and genotoxicity contribute to the
colon tumorigenesis. NOCs, N-nitroso compounds. Adapted from
Yoon and Kim®® with permission.
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