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Selenium (Se) is an essential trace element for humans and has conveyed

great a wide range of interests due to its contribution to health. Presently, the

regulatorymechanisms of seleniumon human health, especially the regulatory

mechanisms of seleniumon human intestinal (gut) microflora and its e�ects on

diseases are receiving attention from academic circles. This review involves the

e�ects of selenium on physical health, the relationship between selenium and

intestinal microflora, and the progress of research between selenium, intestinal

microflora, and diseases. Furthermore, the current status of research on the

selenium, intestinal microflora, and diseases is also presented.
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1 Introduction

The intestinal tract is the second “brain”, of human beings and is vital to human

health. It is an important place for the absorption of nutrients and excretion of metabolic

wastes in the body and contains more than 400 species of intestinal bacteria, which

play an essential role in nutrient absorption, participating in body metabolism, and

immune enhancement. The balance of intestinal microflora is very important tomaintain

human health. When the intestinal microflora is disturbed and out of balance, it can

easily lead to a series of diseases, such as cancer, diarrhea, autism, and enteritis (1).

Colorectal cancer is the second leading cause of cancer deaths in Europe, and in 2015

scholars from 10 European countries investigated the relationship between selenium and

colorectal cancer incidence in up to 520,000 subjects, Results indicate that selenium levels

is associated with the perceived level of colorectal cancer risk, which increased selenium

intake in low selenium regions may decrease the risk as a result (2, 3). Meanwhile,

experts from Penn State University found that selenium levels in within individuals were

strongly associated with the development of inflammatory bowel disease, and that lower

selenium levels were associated with greater susceptibility to inflammatory bowel disease.
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This is because selenium can be involved in regulating the

intestinal inflammatory response, with changes in cellular

oxidative status coupled with altered selenoprotein expression

in macrophages driving the switch from a pro-inflammatory to

an anti-inflammatory phenotype, resulting in the elimination of

intestinal inflammation and restoration of the barrier role of the

intestinal epithelium (4).

Se can be divided into organic and inorganic selenium.

Cereals, meat, fish, and nuts are the best sources of Se. Among

these, Brazil nuts, are one of the foods with the highest Se

content, ranging from 1.80 to 320.80 µg Se/g (5). In addition,

selenium intake is also regionally related, and studies have

found that in areas with low soil selenium content, selenium

levels in drinking water and crops are generally low, resulting

in inadequate selenium intake by the local population (6). In

China, 72% of the soil environment is deficient in selenium,

which cannot meet the human body’s demand for selenium

(7). Therefore, scientific selenium supplementation is very

important, usually you can supplement selenium-rich foods, in

the case of serious selenium deficiency, you should supplement

selenium-containing preparations. Sulfur amino acid analogs

are organic forms of Se, including selenomethionine (SeMet),

selenocysteine (SeCys), and methylated derivatives. The

inorganic forms are selenates, such as selenate (SeO−2
4 ) and

selenite (SeO−2
3 ). Indeed, the bioavailability of selenium

depends mainly on its chemical form. Under normal conditions,

organic selenium is absorbed more rapidly and is usually used

in the biosynthesis of selenoproteins (8). The organic form

of selenium (selenomethionine) has higher bioavailability

and lower toxicity than its inorganic form (sodium selenite).

In addition, selenium nanoparticles prepared from sodium

selenite, ascorbic acid and chitosan, added to soy sauce, can

enhance the antioxidant activity of soy sauce (9). Studies

have shown that the biosynthesis of organic selenium can be

accomplished by whole-cell biotransformation using sodium

selenite under controlled Bifidobacterium bifidum BGN4 culture

conditions, with a maximum organic selenium content of

207.5µg/g in Bifidobacterium selenium-enriched BGN4 (10).

Organic or inorganic selenium is absorbed in the

intestine and subsequently transported to the liver, where

it is metabolized and produces selenoproteins, which are

subsequently transported to other tissue sites in the body,

thereby having an impact on human health. In addition, several

lactic acid bacteria can maintain the sodium selenite state

in the form of SeCys and SeMet in cells, thus providing a

bioavailable form of Se, which is usually responsible for the

poor absorption of inorganic selenium in human cells (11).

The amount of Se intake has been reported to affect the barrier

function and immune response in the intestine. Selenium is

essential for maintaining the immune system, conversion of

thyroid hormones, and reducing the risk of chronic diseases

(12). In addition to this, selenium can balance intestinal

microecology and avoid health damage caused by its imbalance.

For example, under lead exposure, the gut experiences reduced

microbiota diversity and oxidative stress, and the selenium-rich

Lactobacillus rhamnosus SHA113 can effectively protect the gut

from lead damage by forming an insoluble mixture with lead,

which greatly facilitates the efficiency of lead excretion through

the feces (13).

2 Selenium and human health

Selenium is one of the most important trace elements

in the human body and has significant anti-inflammatory

and antioxidant properties that exert antioxidant effects and

protect the body from oxidative damage. Both deficiency and

excess selenium are associated with the development of certain

diseases. Insufficient serum levels of seleniummay cause various

diseases such as cardiovascular diseases (14, 15). On the other

hand, excess selenium may lead to selenosis, which can cause

symptoms such as fatigue, tachycardia, and diarrhea (16).

Chronic selenium overdose can also lead to liver and kidney

necrosis, neurological disorders, and damage to the reproductive

and immune systems (5). A study of more than 13,000 followers

over 12 years found that serum Se levels ≥135 µg/L was

associated with reduced cancer mortality (17). Similarly, a

systematic evaluation including 13 meta-analyses showed that

high selenium levels were associated with lower morbidity

and mortality from cardiovascular disease (18). In another

study of over 40,000 randomized trial participants, selenium

supplementation was found to reduce serum C-reactive protein

levels and increase GPX levels, suggesting a positive effect of

selenium on reducing inflammation and oxidative stress in

cardiovascular disease (19).

In addition, Se and selenoproteins may play an important

role in signaling pathways involved in the pathogenesis of

certain diseases, such as IBD and cancer (20). Se deficiency

and selenoprotein underexpression also impair innate and

adaptive immune responses, and in the colon, Se deficiency

and selenoprotein underexpression lead to an increase in

inflammatory cytokines (21). Additionally, a low intake of Se

may lead to a phenotype of gut microbiota more susceptible

to colitis and Salmonella typhi infections (22). On the other

hand, adequate or high levels of Se diet may optimize the

intestinal microflora to prevent intestinal dysfunction and

chronic diseases (22). Currently, there are more studies on the

relationship between selenium and disease and fewer studies

on selenium and intestinal microflora and selenium-intestinal

microflora-human health.

3 Selenium and intestinal microflora

Approximately 100 trillion microorganisms, including

bacteria, viruses, fungi, and protozoa, live in the human gut

(23, 24). Gut microbes are capable of encoding more than
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three million genes and perform a range of metabolic processes

that are impossible for humans, including the synthesis of

vitamins and bioactive compounds, the synthesis of essential and

non-essential amino acids, and the metabolism of indigestible

carbohydrates, among other functions. In addition, intestinal

bacteria play a role in nutrient absorption and act as a barrier

to block pathogens. In this process, an important role is

played by selenium, one of the essential elements responsible

for DNA replication and transcription, and a key cofactor

for antioxidant and cellular respiratory bacterial enzymes (25).

For example, selenocysteine synthase (SelA) is a pyridoxal

phosphate-dependent enzyme that catalyzes the formation of

selenocysteine-tRNA in bacteria (26).

Selenium intake in food also affects the selenium status and

expression of selenoproteins in the host. Intestinal microflora

can use ingested Se to express their selenoproteins. Selenium

binding protein 1 is involved in selenium metabolism and redox

control and has been identified as a circulating biomarker of

cardiac events in patients with the suspected acute coronary

syndrome (27). Selenium also affects the composition and

colonization of the intestinal microbiota and can have an impact

on microflora diversity and composition (28). Dietary selenium

can influence the colonization of gutmicrobes, which in turn can

affect host selenium status and selenoprotein expression. Studies

have shown that about 1/4 of bacteria have genes encoding

selenoproteins, and some of them, such as Escherichia coli,

Clostridium difficile, and Enterobacteriaceae, can colonize the

human gastrointestinal tract (29).

The microbiota can influence selenium status, and although

the human body and the gut microflora benefit from a

symbiotic relationship, the two may compete for selenium

when micronutrient (such as selenium) levels become limited

(30). On the one hand, the gut microbiota promotes the

biotransformation of selenium compounds. Besides, the uptake

of selenoproteins by gut bacteria negatively affects the expression

of selenoproteins in the host, but the adverse consequences

of such effect on human health have not been demonstrated.

Se metabolism in humans should be studied to assess whether

to recommend an increase in Se intake (29). Furthermore,

the effect of probiotics on Se is related to the composition

and metabolism of the intestinal microbiota. Se is required for

the conversion of T4–T3, and the gut microbiota can interact

with Se to express its selenoproteins. Moreover, certain species

of gut microbes can increase the bioavailability of selenium

and prevent the toxicity produced by its excess (5). Some

intestinal bacteria can prevent infection by selenium-dependent

bacteria by competing for selenium or by producing metabolites

that may be harmful to pathogenic bacteria. In the face of

this type of bacterial infection, a complex interaction occurs

between the host’s immune response, the microbial pathogen,

the microbiota, and the Se status of the host. Bacteria with Se-

dependent enzymes can survive in the anaerobic conditions of

the mammalian gut and these bacteria benefit from the host by

using Se to increase their virulence and pathogenicity (31). It

was shown that SeNPs with biomolecular shells synthesized by

the probiotic bacterium Lactobacillus casei 393 have significant

antioxidant and anticancer activities and could provide a better

option for the synthesis of the biogenic element selenium with

potential applications as anticancer and antioxidant agents (32).

It has been shown that anaerobic Trichoderma and

Clostridium, particularly Bacillus fumigatus, are selenoprotein-

rich prokaryotes. Evolutionary trends in Se and selenoprotein

use suggest that there are more than 5,200 bacterial genomes,

most of which are host-related, of which 2/3 do not use Se,

indicating that this capacity has been lost over time (5, 33).

4 Selenium, intestinal bacteria and
disease

A lack of Se can reduce an individual’s immunity, allowing

bacteria that do not require Se to survive to cause infection and

lead to disease. The human gut microflora may also differ in

the presence of Se, which can disrupt the balance of the human

gut microflora by competing for Se or producing metabolites

that may be harmful to disease-causing bacteria in order to

prevent infection by Se-dependent bacteria (31). Crohn’s disease

and ulcerative colitis, collectively known as inflammatory bowel

disease (IBD), are characterized by an imbalance in intestinal

microbial ecology that leads to altered intestinal dynamics and

secretion, allowing for visceral allergy and failure of gut-brain

communication (34, 35). Selenium deficiency is common in

IBD patients, up to 30.9% (36). Studies have shown that Se is

important in improving IBD due to the ability of selenoproteins

to reduce the inflammatory response (4). Furthermore, dietary

Se content was positively correlated with the presence of

Firmicutes and negatively correlated with warty colitis in IBD

patients (37).

In addition to its effects on inflammatory bowel disease,

selenium can also influence the gut microbiota to have an impact

on thyroid function (38). The thyroid gland contains the highest

levels of Se and several proteins involved in thyroid metabolism

contain Se. The microbiota affects Se uptake and can alter the

availability of L-thyroxine and the toxicity of propylthiouracil

(PTU). In the presence of normal Se levels, the thyrotropin

reductase system and SH-Px protect thyroid cells from damage

by peroxides. A decrease in the number of lactic acid bacteria in

patients with thyroid disease could confer the bioavailability of

Se and its role in activating thyroid hormone conversion (39).

Se prevents oxidative damage during the synthesis of other

hormones. In addition, the relationship between selenium

and cancer affecting intestinal microflora cannot be ignored.

Bacteria of the genus Dorea sp. are the most common

species in the intestinal microbiota and their abundance

is increased under Se deficient conditions, disrupting the

homeostatic balance of the gut and affecting host metabolism

and immunity, with consequent potential for diseases such

as cancer, multiple sclerosis, and non-alcoholic liver disease
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(22, 40). Selenium deficiency and inadequate selenoprotein

expression also impair innate and adaptive immune responses

with high levels of inflammatory cytokines, especially at the

colonic level. The impact of the gutmicrobiota on selenoproteins

and other molecules related to redox homeostasis may have

implications for the regulation of oxidative stress, apoptosis,

inflammation, and immune responses, which appear to have

a direct impact on cancer risk and development (41). In a

human study, co-supplementation with probiotics containing

Lactobacillus acidophilus, B. bifidum, Bifidobacterium longum,

and selenium led to improvements in cognitive function and

increased metabolic levels (42). Moreover, probiotics can reduce

inflammatory factors and oxidative damage by producing short-

chain fatty acids and reducing the production of free radicals

in the intestine (5). Considering that selenium uptake by

the intestinal microbiota occurs under unbalanced conditions,

it may negatively affect the Se supply to the host, thus

inducing cancer and intestinal dysfunction. The deficiency of

selenoproteins and molecules related to redox homeostasis

leads to a gut microbiota phenotype more susceptible to

colitis, pathogenic infections, and cancer (22). Lower expression

of different selenoproteins was found in colorectal adenoma

and cancer tissues, while higher SELENOP concentrations

were negatively associated with colorectal cancer risk (2).

Lactobacillus is an important genus of bacteria in the human

gut, capable of increasing Se concentrations in human cells,

and the relative abundance of S.butyricum (P < 0.001) and

significantly lower Lactobacillus (P < 0.001) was observed in

thyroid adenomas (43).

5 Expectation

In conclusion, selenium deficiency may lead to phenotypic

alterations in the gut microbiota, making humans more

susceptible to the development of inflammatory bowel disease,

thyroid disease, and cancer, among others. Despite some

progress in research between selenium and gut bacteria, many

questions remain to be addressed, such as what is the optimal

selenium level for healthy gut microbiota? The link between

gut microbiota, selenium status, and disease is still difficult to

determine, and the complex interactions between microbiota,

diet, and the human body may involve multiple mechanisms.

Therefore, to address the above questions, a three-pronged

approach should be taken.

1) Intestinal bacteria can absorb selenium from the human

body, and the relationship between the optimal daily

selenium intake in humans and the selenium requirement

of normal intestinal microflora needs to be addressed.

Selenium is mostly present in the human body in the

form of selenocysteine, and the effects and differences of

other forms of selenium on the balance of human intestinal

microflora are worth exploring.

2) Although some clinical studies have revealed an

association between gut microbiota composition and

disease development, few studies have provided evidence

for the direct role of Se in the gut microbiota. Most studies

on selenium and gut bacteria have focused on mice, few

have been conducted on humans. Therefore, the Se-gut

microbiota-disease relationship needs to be explored in

humans, and more clinical studies are recommended.

3) The vast majority of intestinal microflora is not culturable,

which poses some difficulties for selenium-gut microflora-

disease studies. Based on high-throughput sequencing

and the multi-omics combination can exactly bridge the

above shortcomings.

Author contributions

JC and HZ conceived and wrote the first draft of the

manuscript. JC, WS, XC, and HZ revised each part of the

manuscript in detail. All authors participated in the revision of

the manuscript, read, and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Nagpal R, Kumar M, Yadav AK, Hemalatha R, Yadav H, Marotta
F, et al. Gut microbiota in health and disease: an overview focused on
metabolic inflammation. Benef Microbes. (2016) 7:181–94. doi: 10.3920/bm201
5.0062

2. Hughes DJ, Fedirko V, Jenab M, Schomburg L, Méplan C, Freisling H,
et al. Selenium status is associated with colorectal cancer risk in the European

prospective investigation of cancer and nutrition cohort. Int J Cancer. (2014)
136:1149–61. doi: 10.1002/ijc.29071

3. Hughes D, Fedirko V, Umesh S, Schomburg L, Jenab M. Selenium
status and survival from colorectal cancer in the European prospective
investigation of cancer and nutrition. Rev Epidemiol Sante Publique. (2018)
66:S290. doi: 10.1016/j.respe.2018.05.142

Frontiers inNutrition 04 frontiersin.org

https://doi.org/10.3389/fnut.2022.1059358
https://doi.org/10.3920/bm2015.0062
https://doi.org/10.1002/ijc.29071
https://doi.org/10.1016/j.respe.2018.05.142
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Cai et al. 10.3389/fnut.2022.1059358

4. Kudva AK, Shay AE, Prabhu KS. Selenium and inflammatory
bowel disease. Am J Physiol Gastrointest Liver Physiol. (2015)
309:G71. doi: 10.1152/ajpgi.00379.2014

5. Ferreira R, Sena-Evangelista K, Azevedo E, Pinheiro FI, Pedrosa L. Selenium
in human health and gut microflora: bioavailability of selenocompounds and
relationship with diseases. Front Nutr. (2021) 8:685317.

6. Ahmad S, Bailey EH, Arshad M, Ahmed S, Watts MJ, Stewart AG,
et al. Environmental and human iodine and selenium status: lessons from
Gilgit-Baltistan, North-East Pakistan. Environ Geochem Health. (2021) 43:4665–
86. doi: 10.1007/s10653-021-00943-w

7. Quang Toan D, Cui Z, Huang J, Thi Anh Thu T, Wang D,
Yang W, et al. Selenium distribution in the Chinese environment
and its relationship with human health: a review. Environ Int. (2018)
112:294–309. doi: 10.1016/j.envint.2017.12.035

8. Surai PF, Fisinin VI. Selenium in pig nutrition and reproduction: boars
and semen quality — a review. Asian–Australas J Anim Sci. (2015) 28:730–
46. doi: 10.5713/ajas.14.0593

9. Chen J, Feng T, Wang B, He R, Xu Y, Gao P, et al. Enhancing organic selenium
content and antioxidant activities of soy sauce using nano-selenium during
soybean soaking. Front Nut. (2022) 9:970206. doi: 10.3389/fnut.2022.970206

10. Jin W, Yoon C, Johnston T, Ku S, Ji GE. Production of selenomethionine-
enriched Bifidobacterium bifidum BGN4 via sodium selenite biocatalysis.
Molecules. (2018) 23:2860. doi: 10.3390/molecules23112860

11. Urbano Ferreira RL, Mauricio Sena-Evangelista KC, de Azevedo EP, Pinheiro
FI, Cobucci RN, Campos Pedrosa LF, et al. Selenium in human health and gut
microflora: bioavailability of selenocompounds and relationship with diseases.
Front Nutr. (2021) 8:685317. doi: 10.3389/fnut.2021.685317

12. Schomburg L. Selenium deficiency due to diet, pregnancy, severe illness, or
COVID-19-a preventable trigger for autoimmune disease. Int J Mol Sci. (2021)
22:8532. doi: 10.3390/ijms22168532

13. Jin H, Rajoka M, Xu X, Liao N, Pang B, Yan L, et al. Potentials of
orally supplemented selenium-enriched Lacticaseibacillus rhamnosus to mitigate
the lead induced liver and intestinal tract injury. Environ Pollut. (2022)
302:9062. doi: 10.1016/j.envpol.2022.119062

14. Zhang X, Liu C, Guo J, Song Y. Selenium status and cardiovascular diseases:
meta-analysis of prospective observational studies and randomized controlled
trials. Eur J Clin Nutr. (2015) 70:162–9. doi: 10.1038/ejcn.2015.78

15. Xiang S, Dai Z, Man C, Fan Y. Circulating selenium and cardiovascular or
all-cause mortality in the general population: a meta-analysis. Biol Trace Elem Res.
(2020) 195:55–62. doi: 10.1007/s12011-019-01847-8

16. Rech M, To L, Tovbin A, Smoot T, Mlynarek M. Heavy metal in
the intensive care unit: a review of current literature on trace element
supplementation in critically ill patients. Nutr Clin Pract. (2014) 29:78–
89. doi: 10.1177/0884533613515724

17. Rayman MP. Selenium intake, status, and health: a complex relationship.
Hormones. (2020) 19:9–14. doi: 10.1007/s42000-019-00125-5

18. Kuria A, Tian H, Li M, Wang Y, Aaseth JO, Zang J, et al. Selenium
status in the body and cardiovascular disease: a systematic review and meta-
analysis.Crit Rev Food Sci Nutr. (2020) 61:3616–25. doi: 10.1080/10408398.2020.18
03200

19. Ju W, Li X, Li Z, Wu GR, Fu XF, Yang XM, et al. The effect of selenium
supplementation on coronary heart disease: a systematic review and meta-
analysis of randomized controlled trials. J Trace Elem Med Biol. (2017) 44:8–
16. doi: 10.1016/j.jtemb.2017.04.009

20. Nettleford SK, Prabhu KS. Selenium and selenoproteins in gut inflammation-
a review. Antioxidants. (2019) 7:36. doi: 10.3390/antiox7030036

21. Arias-Borrego A, Callejón-Leblic B, Calatayud M, Gómez-
Ariza J, García-Barrera T. Insights into cancer and neurodegenerative
diseases through selenoproteins and the connection with gut
microbiota – current analytical methodologies. Expert Rev
Proteomics. (2019) 16:805–14. doi: 10.1080/14789450.2019.166
4292

22. Zhai Q, Cen S, Li P, Tian F, Zhao J, Zhang H, et al. Effects of dietary
selenium supplementation on intestinal barrier and immune responses associated
with its modulation of gut microbiota. Environ Sci Technol Lett. (2018) 5:724–
30. doi: 10.1021/acs.estlett.8b00563

23. Bull MJ, Plummer NT. Part 1: the human gut microbiome in health and
disease. Integr Med. (2014) 13:17–22.

24. Tremlett H, Bauer KC, Appel-Cresswell S, Finlay BB, Waubant E. The
gut microbiome in human neurological disease: a review. Ann Neurol. (2017)
81:369–82. doi: 10.1002/ana.24901

25. Lopez CA, Skaar EP. The impact of dietary transition
metals on host-bacterial interactions. Cell Host and Microbe. (2018)
23:737. doi: 10.1016/j.chom.2018.05.008

26. Itoh Y, Bröcker MJ, Sekine S, Hammond G, Suetsugu S, Söll D, et al.
Decameric SelA∗tRNA∼(Sec) ring structure reveals mechanism of bacterial
selenocysteine formation. Science. (2013) 340:75–8. doi: 10.1126/science.1229521

27. Kühn E, Slagman A, Kühn-Heid ECD, Seelig J, Schwiebert C, Minich WB,
et al. Circulating levels of selenium-binding protein 1 (SELENBP1) are associated
with risk for major adverse cardiac events and death. J Trace ElemMed Biol. (2019)
52:247–53. doi: 10.1016/j.jtemb.2019.01.005

28. Kasaikina MV, Kravtsova MA, Lee BC, Seravalli J, Peterson DA, Walter J,
et al. Dietary selenium affects host selenoproteome expression by influencing the
gut microbiota. Faseb Journal. (2011) 25:2492–9. doi: 10.1096/fj.11-181990

29. Hrdina J, Banning A, Kipp A, Loh G, Blaut M, Brigelius-
Flohé R, et al. The gastrointestinal microbiota affects the selenium
status and selenoprotein expression in mice. J Nutr Biochem. (2009)
20:638–48. doi: 10.1016/j.jnutbio.2008.06.009

30. Barra NG, Anhe FF, Cavallari JF, Singh AM, Chan DY, Schertzer JD, et al.
Micronutrients impact the gut microbiota and blood glucose. J Endocrinol. (2021)
250:R1–21. doi: 10.1530/JOE-21-0081

31. Sumner SE, Markley RL, Kirimanjeswara GS. Role of
selenoproteins in bacterial pathogenesis. Biol Trace Elem Res. (2019)
192:69–82. doi: 10.1007/s12011-019-01877-2

32. Xu C, Lei Q, Yu G, Li M, Cheng Y. Preparation, characteristics
and antioxidant activity of polysaccharides and proteins-capped selenium
nanoparticles synthesized by Lactobacillus casei ATCC 393. Carbohydr Polym.
(2018) 195:576–85. doi: 10.1016/j.carbpol.2018.04.110

33. Koziolek M, Grimm M, Becker D, Lordonov V, Zou H, Shimizu J, et
al. Investigation of pH and temperature profiles in the GI tract of fasted
human subjects using the intellicap system. J Pharma Sci. (2015) 104:2855–63.
doi: 10.1002/jps.24274

34. Carabotti M, Scirocco A, Maselli MA, Severi C. The gut-brain axis:
interactions between enteric microbiota, central and enteric nervous systems. Ann
Gastroenterol. (2015) 28:203–9.

35. Tait C, Sayuk GS. The brain-gut-microbiotal axis: a framework for
understanding functional GI illness and their therapeutic interventions. Eur J
Intern Med. (2021) 84:1–9. doi: 10.1016/j.ejim.2020.12.023

36. Han YM, Yoon H, Shin CM, Park YS, Kim N, Kim JS, et al. Mo1829 vitamin
D, zinc, and selenium status in the patients with inflammatory bowel disease.
Gastroenterology. (2016) 150:S787. doi: 10.1016/s0016-5085(16)32671-3

37.Weng Y, GanH, Li X, Huang Y, Zhi F. Diet-microbiota-metabolite interaction
networks reveal key players in inflammatory bowel disease. J Dig Dis. (2019)
20:447–59. doi: 10.1111/1751-2980.12795

38. Pervez H, Usman N, Ahmed MM, Hashmi MS. The impact of inflammatory
bowel disease on pregnancy and the fetus: a literature review. Cureus. (2019)
11:e5648. doi: 10.7759/cureus.5648

39. Ray A, Dittel BN. Interrelatedness between dysbiosis in the gut microbiota
due to immunodeficiency and disease penetrance of colitis. Immunology. (2015)
146:359–68. doi: 10.1111/imm.12511

40. Yi Y, Shen L, Shi W, Xia F, Zhang H, Wang Y, et al. Gut microbiome
components predict response to neoadjuvant chemoradiotherapy in patients with
locally advanced rectal cancer: a prospective, longitudinal study. Clin Cancer Res.
(2021) 27:1329–40. doi: 10.1158/1078-0432.CCR-20-3445

41. Peters KM, Carlson BA, Gladyshev VN, Tsuji PA.
Selenoproteins in colon cancer. Free Radic Biol Med. (2018) 127:14–
25. doi: 10.1016/j.freeradbiomed.2018.05.075

42. Tamtaji OR, Heidari-Soureshjani R, Mirhosseini N, Kouchaki E, Bahmani
F, Aghadavod E, et al. Probiotic and selenium co-supplementation, and
the effects on clinical, metabolic and genetic status in Alzheimer’s disease:
a randomized, double-blind, controlled trial. Clin Nutr. (2018) 38:2569–
75. doi: 10.1016/j.clnu.2018.11.034

43. Yang J, Mu X, Wang Y, Zhu D, Zhang J, Liang C, et al. Dysbiosis
of the salivary microbiome is associated with non-smoking female lung
cancer and correlated with immunocytochemistry markers. Front Oncol. (2018)
8:520. doi: 10.3389/fonc.2018.00520

Frontiers inNutrition 05 frontiersin.org

https://doi.org/10.3389/fnut.2022.1059358
https://doi.org/10.1152/ajpgi.00379.2014
https://doi.org/10.1007/s10653-021-00943-w
https://doi.org/10.1016/j.envint.2017.12.035
https://doi.org/10.5713/ajas.14.0593
https://doi.org/10.3389/fnut.2022.970206
https://doi.org/10.3390/molecules23112860
https://doi.org/10.3389/fnut.2021.685317
https://doi.org/10.3390/ijms22168532
https://doi.org/10.1016/j.envpol.2022.119062
https://doi.org/10.1038/ejcn.2015.78
https://doi.org/10.1007/s12011-019-01847-8
https://doi.org/10.1177/0884533613515724
https://doi.org/10.1007/s42000-019-00125-5
https://doi.org/10.1080/10408398.2020.1803200
https://doi.org/10.1016/j.jtemb.2017.04.009
https://doi.org/10.3390/antiox7030036
https://doi.org/10.1080/14789450.2019.1664292
https://doi.org/10.1021/acs.estlett.8b00563
https://doi.org/10.1002/ana.24901
https://doi.org/10.1016/j.chom.2018.05.008
https://doi.org/10.1126/science.1229521
https://doi.org/10.1016/j.jtemb.2019.01.005
https://doi.org/10.1096/fj.11-181990
https://doi.org/10.1016/j.jnutbio.2008.06.009
https://doi.org/10.1530/JOE-21-0081
https://doi.org/10.1007/s12011-019-01877-2
https://doi.org/10.1016/j.carbpol.2018.04.110
https://doi.org/10.1002/jps.24274
https://doi.org/10.1016/j.ejim.2020.12.023
https://doi.org/10.1016/s0016-5085(16)32671-3
https://doi.org/10.1111/1751-2980.12795
https://doi.org/10.7759/cureus.5648
https://doi.org/10.1111/imm.12511
https://doi.org/10.1158/1078-0432.CCR-20-3445
https://doi.org/10.1016/j.freeradbiomed.2018.05.075
https://doi.org/10.1016/j.clnu.2018.11.034
https://doi.org/10.3389/fonc.2018.00520
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Advances in the study of selenium and human intestinal bacteria
	1 Introduction
	2 Selenium and human health
	3 Selenium and intestinal microflora
	4 Selenium, intestinal bacteria and disease
	5 Expectation
	Author contributions
	Conflict of interest
	Publisher's note
	References


