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Abstract

Purpose of review—To review the evidence for the tumorigenic effects of food-stimulated bile 

acids on the colon and interaction with the gut microbiota.

Recent Findings—High-fat diets promote the hepatic synthesis of bile acids and increase their 

delivery to the colonic lumen. Here, they stimulate the growth and activity of 7α-dehydroxylating 

bacteria, which convert primary into secondary bile acids that show tumorigenic activity, 

especially deoxycholic acid (DCA). Fecal levels of secondary bile acids correlate with mucosal 

and metabolic markers of colorectal cancer (CRC) risk in high and low risk adult individuals and 

can be modified within a few weeks by dietary change. While gut bacteria regulate the bile acid 

pool via complex microbial biotransformation, bile acids alter the gut microbiota composition due 

to their antimicrobial properties. This mutual reaction induces altered bile acid pools and dysbiotic 

compositions of the gut microbiota that may show tumor-promoting activity of bile acids beyond 

their conversion to DCA.

Summary—Bile acids act as tumor promoters in the colon. Diet and the gut microbiota are most 

likely the key drivers that mediate and confer bile acid-associated tumorigenic activity. Bacterial 

conversion of bile acids in the colon has a significant impact on their tumorigenic activity, 

substantiating the hypothesis that diet affects CRC risk through its effects on colonic microbial 

metabolism.
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Introduction

In 2012, colorectal cancer (CRC) accounted for approximately 10% of worldwide cancers 

and was the second common cause of cancer in men and third in women [1]. Although some 

cases of CRC are primarily caused by inherited genes, such as familial adenomatous 
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polyposis, the vast majority progress from a genetic susceptibility to cancer because of 

adverse environmental factors [2]. Based on the analysis of epidemiological studies around 

the world, Doll and Peto estimated that over 90% of gastric and colonic cancers could be 

attributed to diet [3]. In a recent analysis of the evidence linking diet to CRC risk, the joint 

World Cancer Research Fund and American Institute for Cancer Research concluded that the 

evidence for red and processed meat increasing and fiber reducing CRC risk was convincing 

[4]. This helps explain the high rate of CRC in westernized populations who typically 

consume high meat, high fat, and low fiber diets. High-fat consumption increases the hepatic 

synthesis of bile acids and their delivery to the colon, where they are metabolized by the 

microbiota into products with tumorigenic activity. Here, we discuss recent studies that 

provided new insight into the complex interactions of dietary fat, bile acids and the gut 

microbiota in the context of CRC.

Human primary bile acids (cholic acid (CA) and chenodeoxycholic acid (CDCA)) are 

synthesized from cholesterol in liver hepatocytes and secreted into the hepatobiliary system 

as conjugates with either glycine or taurine. Following a meal, bile acids are released into 

the duodenum, where they emulsify dietary fat, which promotes micelle formation and 

renders the triglycerides susceptible for the action of lipases. After secretion to the intestinal 

lumen, primary bile acids are deconjugated by microbial bile salt hydrolases and the 

majority of bile acids is reabsorbed by passive diffusion and active transport during the small 

intestinal transit [5, 6]. The remaining bile acids enter the colon, where they undergo 

extensive biotransformation mediated by colonic bacteria, such as 7α-dehydroxylation to 

secondary bile acids. The dominant secondary bile acids are deoxycholic acid (DCA from 

CA) and lithocholic acid (LCA from CDCA). The secondary bile acids are excreted in feces, 

but are partially reabsorbed during colonic transit and account for approximately 20% 

(DCA) and 5% (LCA) of the circulating bile acid pool (while CA and CDCA account for 

30–40% each) [5, 6].

High-fat diet shapes the colonic milieu by triggering bile acid secretion

Early epidemiological observations and experimental studies using rodent models reported a 

positive correlation between high-fat diets, fecal excretion of bile acids and CRC incidence 

[7–9]. Increased amounts of bile acids in feces were demonstrated in CRC patients and 

populations at high risk for CRC [10–12].

A series of studies demonstrated that healthy rural Africans, who rarely get CRC 

(<5:100,000), have significantly lower fecal concentrations of primary and secondary bile 

acids compared to healthy African Americans, who have the highest CRC risk in the USA 

(65:100,000) [13]. This reduced level of fecal bile acids in rural Africans was attributed to 

their 2–3 fold lower dietary fat consumption and was confirmed by a follow up study, which 

examined the effect of switching diets for 2 weeks in a facility where food was prepared and 

exact intakes recorded. The switch to a high-fat diet led to increased fecal bile acids and 

microbes containing the functional gene for 7α-dehydroxylation of bile acids in rural 

Africans [14••]. African Americans on a low-fat diet showed reciprocal changes with 

reduced fecal bile acids and 7α-dehydroxylating bacteria in the feces. Critically, these 

changes correlated with reciprocal shifts in mucosal markers associated with CRC risk 
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(proliferation of intestinal epithelial cells detected by Ki67+ cells) and inflammation 

(infiltration of CD3+ lymphocytes and lamina propria CD68+ macrophages into the colonic 

mucosa) [14••].

It is important to note, that the changes in mucosal and metabolic markers associated with 

CRC risk could equally been caused by the changes in dietary fiber intake. Fiber and its 

fermentation by the gut microbiota to short chain fatty acids (SCFA) are inversely correlated 

with CRC risk [15]. Experimental evidence supports the significant impact of SCFA, 

especially butyrate, produced by the gut microbiota on intestinal tumorigenesis [16]. The 

addition of butyrate to the diet of K-rasG12Dint mice, which are susceptible to intestinal 

tumor formation due to overexpression of oncogenic K-ras in the intestinal epithelium, 

attenuated the high-fat diet-induced tumor progression [17•]. An inverse relationship of 

SCFA and secondary bile acids in the intestinal lumen was demonstrated in healthy 

individuals and correlated with CRC risk [12, 14••]. This was confirmed, when CA was 

added at different concentrations to the diet of wild-type rats resulting in proportionally 

increasing DCA and decreasing SCFA levels in the cecal lumen [18]. Featuring another 

experimental setup, the supplementation of agaro-oligosaccharides to a high-fat diet 

suppressed the induction of aberrant crypt foci in the colon of wild-type mice treated with 

azoxymethane (AOM) to induce colonic tumorigenesis [19]. Although not significant, 

murine serum DCA levels tended to increase after high-fat diet and were attenuated after the 

administration of agaro-oligosaccharides [19]. These studies suggest an inverse relationship 

between dietary fiber and corresponding levels of luminal SCFA on the one hand and dietary 

fat and induced luminal (secondary) bile acids on the other hand correlating with CRC risk. 

The underlying mechanisms remain unclear and may involve reduced abundance or 

impaired metabolic activity of bacteria that produce SCFA caused by high-fat diet or 

increased levels of luminal DCA, or an increased uptake of SCFA by the host due to altered 

energy metabolism induced by bile acids [18].

In summary, these studies show that high-fat diets trigger bile acid production and secretion, 

which correlates positively with mucosal markers of proliferation and inflammation in 

humans and susceptibility to intestinal tumor formation in rodent models. Importantly, the 

administration of fiber or butyrate antagonized the effect of dietary fat on CRC-associated 

markers. It is important to mention that these correlations do not prove a causal role for bile 

acids in human CRC risk and further studies need to examine, if bile acids are major 

contributors to colonic tumorigenesis.

Bile acids act as tumor promoters

The secondary bile acids have the potential to induce oxidative stress and DNA damage [20, 

21]. Fecal or serum levels of DCA are increased in individuals at high risk for CRC and in 

CRC patients compared to healthy controls [13, 22]. The administration of exogenous DCA 

via intrarectal instillation or addition to the diet potentiated the chemically induced tumor 

formation in the colon in different rodent models [23–25]. The increased enterohepatic 

circulation of DCA in mice was also shown to trigger inflammation- and tumor-promoting 

factors as well as neoplasia in liver [26].
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However, in many studies that examined colonic tumor formation, exogenous DCA was 

orally administered to the mice, which does not represent physiologic conditions. To assess 

the tumor-promoting activity of increased fecal transit of endogenous bile acids, a recent 

study by Raufman et al. used mice that lack the ileal apical sodium-dependent bile acid 

transporter (ASBT, encoded by Slc10a2), which is responsible for the main uptake of bile 

acids in the distal ileum [27•]. Compared to wild-type mice, Slc10a2−/− mice showed an 

increased synthesis and attenuated absorption and secretion of bile acids due to impaired 

enterohepatic cycling [28]. Following exposure to AOM and dextran sodium sulfate (DSS), 

Slc10a2−/− mice were highly susceptible to neoplastic transformations in the colon 

displaying significantly more intestinal tumors and increased tumor sizes in comparison to 

wild-type controls [27•]. Treatment with AOM/DSS also induced an altered growth pattern 

of Ki67+ cells in colonic crypts of Slc10a2−/− mice [27•]. This suggests that bile acid 

malabsorption in the ileum promotes aberrant growth of intestinal epithelial cells, which 

may trigger neoplastic transformation in a susceptible host. However, it remains unclear how 

the bacterial metabolism of bile acids was affected in this rodent model, which may have 

significant impact on the tumorigenic activity of increased bile acid excretion in Slc10a2−/− 

mice. In addition, it would be interesting to examine changes in the gut microbiota 

composition induced by the increased levels of fecal bile acids, especially the fraction of 

bacteria that mediate the conversion to DCA.

Importantly, in most experimental studies the increased fecal bile acid levels alone were not 

sufficient to induce intestinal tumor formation, but required increased susceptibility of the 

rodent model mediated by chemical treatment or genetic disposition [23, 24, 27•, 29]. One 

study found an inherent tumor-inducing effect for DCA in wild-type mice when this 

secondary bile acid was added to the diet [25], but tumor formation was only observed after 

a comparatively long time frame (8–10 months). Taken together, this suggests that bile acids, 

especially DCA, act as tumor promoters rather than inducers. In addition, these studies 

highlight the microbial conversion of primary to secondary bile acids as an essential step not 

only directing the composition of the bile acid pool, but also its tumor promoting activity. 

Hence, the substantial contribution of gut bacteria to the tumorigenic activity of bile acids 

needs to be considered when evaluating the influence of bile acids on CRC risk.

Gut bacteria mediate the conversion to secondary bile acids and regulate 

the bile acid pool

The idea “that the intestinal microflora directly or indirectly played a modifying role in 

promoting or accelerating colon tumor production” by bile acids was proposed decades ago 

[9]. Since then several studies have demonstrated that interactions between microbiota and 

host in bile acid metabolism are complex and have substantial impact on the host beyond 

colonic tumorigenesis [30, 31]. In the context of CRC, it is hypothesized that excess levels 

of secreted bile acids (due to high-fat diet) are able to enter the colon, which facilitates 

enhanced conversion of primary to secondary bile acids by colonic bacteria via 7α-

dehydroxylation leading to higher levels of tumor-promoting DCA. Consistently, the luminal 

levels of secondary bile acids are abolished in the intestine in germ-free mice [32]. So far, 

only a few species of the genus Clostridium were identified to have the enzymatic capacities 
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(encoded by the bile acid-inducible (bai) operon) to perform 7α-dehydroxylation, with 

Clostridium scindens being a well characterized member [6]. The mono-association of a 

germ-free CRC mouse model with wild-type C. scindens or a mutant lacking functional 

genes of the 7α-dehydroxylation pathway and administration of a high-fat diet would be 

helpful to demonstrate whether the bacterial conversion to DCA is essential for the 

tumorigenic activity of bile acids - but since 7α-dehydroxylating bacteria of the human gut 

microbiota are only able to convert unconjugated bile acids, an association with additional 

bacteria that express bile salt hydrolases would be required. In addition, a knockout of genes 

in the 7α-dehydroxylation pathway was not reported so far and extensive DCA-mediated 

interactions with other bacteria of the gut microbiota need to be considered as well [30].

It was demonstrated that intestinal bacteria regulate the bile acid pool by different 

mechanisms. Comparing conventionally and germ-free raised mice, Sayin et al. showed that 

in the presence of gut bacteria, luminal levels of tauro-β-muricholic acid were reduced due 

to biotransformation of bile acids by gut bacteria. The altered bile acid pool resulted in 

increased activation of the farnesoid X receptor (FXR), which inhibited the expression of 

genes involved in bile acid synthesis [32]. Additional evidence regarding the complex 

interactions between bile acids and gut microbiota composition was demonstrated in patients 

with advanced cirrhosis, who have reduced levels of fecal secondary bile acids. Compared to 

early-stage patients or healthy controls, these patients showed impaired fecal conversion of 

primary to secondary bile acids, which correlated with increased abundance of 

Enterobacteriaceae and lower numbers of 7α-dehydroxylating bacteria in the feces [33]. 

Although showing reduced levels of fecal secondary bile acids, individuals with cirrhosis do 

not have a lower risk for CRC [34]. Assuming that bile acids are involved in cirrhosis-

associated CRC, this suggests that not only secondary bile acids have tumor-promoting 

effects or that the remaining levels of luminal DCA are sufficient to promote tumorigenesis. 

But it remains unclear, if the tumorigenic activity of bile acids depends only on their 

microbial conversion and dose-dependent effects. Other factors, such as an altered 

microbiota composition (increase in Enterobacteriaceae, for example [33]) that is mediated 

by shifts in the bile acid pool, may also contribute to CRC pathogenesis.

Bile acids alter gut microbiota composition

In addition to their tumor-promoting activities, bile acids have direct and indirect 

antimicrobial effects on the gut microbiota. Due to their hydrophobic properties, bile acids 

exert a potent antimicrobial effect in vitro by inducing membrane damage in bacteria [35, 

36]. DCA was shown to have the highest antimicrobial effect (about 10 times higher than 

CA) [36]. Since most of the CA that enters the colon is converted to DCA, this suggests a 

strong selective pressure on bacteria in the colonic lumen, especially after high-fat diets or 

high luminal CA levels, respectively [18]. In addition to the direct antimicrobial effects, bile 

acids were shown to modulate gut microbiota composition by stimulating FXR, a nuclear 

receptor for bile acids also expressed in the intestine. The activation of FXR induced several 

genes in the small intestine that are involved in epithelial barrier integrity and mucosal 

immune homeostasis and prevented bacterial translocation in the murine ileum [37]. Since 

different gut bacteria also have different bile salt resistance levels, luminal bile acids are 
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thought to alter the composition of the gut microbiota, which may also affect their 

tumorigenic activity.

The addition of two different concentrations of CA to the diet of wild-type rats shifted the 

cecal microbiota at phylum level towards increased abundance of Firmicutes (mainly class 

Clostridia) and reduced numbers of Bacteroidetes [18]. This coincided with an overall 

impaired diversity. As suggested by the authors, these shifts may be driven by the increased 

resistance of members of the Firmicutes phylum to the antimicrobial activity of bile acids 

[18]. Further substantiating this hypothesis, the class of Gammaproteobacteria, which were 

more abundant when more CA was added to the diet, was shown to be highly resistant to 

antimicrobial effects of bile acids [38]. Importantly, the levels of DCA increased 

proportionally when more CA was added to the diet, suggesting that altered luminal DCA 

concentrations contributed to the changes in microbiota composition [18]. Another study in 

mice confirmed higher numbers of 7α-dehydroxylating bacteria when 1% CA was added to 

the diet [39]. Similarly, lower fecal levels of CA observed in cirrhosis patients coincided 

with reduced abundance of 7α-dehydroxylating bacteria in the feces [33]. In contrast, a 

recent study detected different compositional shifts of the gut microbiota after adding DCA 

to the diet of Apcmin+ mice [29]: at phylum level, the administration of DCA triggered an 

increased abundance of Bacteroidetes and decreased numbers of Firmicutes compared to 

Apcmin+ mice that received a diet without additional DCA. However, this may be not 

surprising, since DCA was shown to have more potent antimicrobial activity than CA [36] 

and Apcmin+ mice are likely to have an altered gut microbiota compared to wild-type mice. 

Interestingly, the shifts in gut microbiota following the addition of CA to the diet are mainly 

similar to gut microbial patterns detected in mice after administration of a high-fat diet [17•, 

40, 41], suggesting that the bile acid associated shifts in the microbiota are induced by high-

fat diet.

Do bile acids induce a dysbiotic microbiota with tumorigenic activity?

It is tempting to speculate that specific bile acid patterns modulate the gut microbiota to a 

dysbiotic composition, which mediates or triggers tumor-promoting activities in the gut 

beyond the conversion to secondary bile acids. It was demonstrated that CRC patients have 

an altered fecal microbiota with lower diversity including significant shifts in composition, 

altered metabolic functions and over-representation of pathobionts [42, 43]. However, a 

distinct microbial pattern of bile acid-induced dysbiosis that is causally linked with human 

CRC has not been detected so far and may be more related to presence of particular 

metabolic key features rather than abundance of specific species.

Two recent studies investigated how a high-fat diet or oral DCA supplementation affected 

the gut microbiota and its tumorigenic capacity in the small intestine of mice using 

microbiota transfer experiments. In a first study by Schulz et al., the administration of a 

high-fat diet to K-rasG12Dint mice, which are susceptible to tumor formation in the small 

intestine, accelerated tumor progression compared to a control diet [17•]. The triggered 

tumor formation correlated with shifts in the fecal microbiota from the small intestine 

demonstrating an increase in Clostridiaceae and Enterobacteriaceae. Interestingly, similar 

shifts in microbiota composition were described for the colonic/fecal microbiota when CA 
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was added to the diet of wild-type rats [18]. Despite showing no tumor formation in the 

colon, K-rasG12Dint mice also had increased levels of Enterobacteriaceae and 

Desulfovibrionaceae and reduced abundance of Bifidobacteriaceae and of members 

belonging to the genus Roseburia and Butyrococcus in the colonic microbiota [17•]. 

Remarkably, a transfer of fecal samples from K-rasG12Dint mice on a high-fat diet to 

susceptible K-rasG12Dint mice on a control diet induced small intestinal tumor formation. In 

contrast, the fecal transfer of the high-fat-shaped microbiota to LSL-K-rasG12D/+ control 

mice on control diet did not accelerate intestinal tumorigenesis [17•], suggesting that the 

tumorigenic activity of a high-fat diet-shaped microbiota depends on a susceptible host. 

Similar evidence was demonstrated in a second study by Cao et al., who used Apcmin+ mice, 

a model for tumor formation in the small intestine. The addition of exogenous DCA to the 

diet of Apcmin+ mice resulted in accelerated tumorigenesis in the small intestine compared 

to Apcmin+ mice that received no additional DCA [29]. The transfer of the fecal microbiota 

from DCA-treated Apcmin+ mice to Apcmin+ mice, which were treated before with 

antibiotics, transmitted the increased tumor-promoting activity. This suggests that DCA 

mediates a dysbiotic composition of the gut microbiota that triggers tumor formation in a 

genetically susceptible host. Importantly, the fecal transfer from the DCA-treated Apcmin+ to 

wild-type mice as well as the DCA-supplemented diet in wild-type mice did not induce 

intestinal tumor formation [29]. Again, this highlights the importance of genetic 

susceptibility of the host as a major factor in bile acid-mediated tumorigenic activity.

Taken together, both studies suggest that an altered bile acid pool induces shifts in the 

composition of the gut microbiota, which demonstrates dysbiotic characteristics and has 

tumor-promoting activity in susceptible hosts. However, in both mentioned studies the fecal 

concentrations of all major bile acids or the capacity of the transferred microbiota to 

generate DCA as possible tumorigenic or antimicrobial agent were not determined after the 

fecal microbiota transfer. Thus, it remains unclear, which mechanisms were involved in the 

tumor-promoting activity of the high-fat- or DCA-shaped gut microbiota in recipient mice. 

Since conversion of primary bile acids takes place in the colon, other bile acids or an 

increased enterohepatic circulation of DCA may be responsible for the observed effects in 

the small intestine. Importantly, both mouse models showed tumor formation in the small 

intestine, which is not representative for human CRC, especially considering the different 

luminal milieu affecting the gut bacteria. K-rasG12Dint mice feature defects in Paneth cell 

function resulting in decreased antimicrobial defense in the small intestine [17•], which may 

trigger a non-physiologic condition such as small intestinal bacterial overgrowth and affect 

the assembly of the gut microbiota independent of dietary factors. Similarly, the genetic 

susceptibility of Apcmin+ mice may result in an altered microbiota independent of diet or 

bile acid-mediated shifts. In summary, these two studies provide experimental evidence that 

a high-fat- or DCA-shaped gut microbiota has increased tumorigenic activity, but the 

relevance to human CRC remains unclear due to model limitations.

With regard to the transmission of tumor-promoting activity by the high-fat- or bile acid-

shaped gut microbiota to a genetically susceptible host, the identification of over/under-

represented species or bacterial metabolites has revealed interesting information. It was 

demonstrated that a diet rich in saturated fat (derived from milk) promoted taurine 

conjugation of CA and resulted in a bloom of sulphite-reducing Bilophila wadsworthia due 
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to increased luminal levels of sulfur substrate [44]. Interestingly, B. wadsworthia was also 

enriched in the fecal microbiota following a high-fat or animal-based diet in healthy 

individuals [14••, 45]. Increased abundance of B. wadsworthia promoted colonic 

inflammation in the IL-10−/− mouse model by stimulating a potent TH1 immune response in 

the mucosa [44]. Hydrogen sulfide, which is produced by B. wadsworthia, showed 

genotoxic activity in vitro [46, 47] and provides another possible mechanism how bile acid-

mediated shifts of the gut microbiota may trigger colonic tumorigenesis.

As another example, increased fecal levels of the secondary bile acid ursodeoxycholic acid 

(UDCA) were reported in healthy individuals compared to CRC patients [42]. This 

correlated positively with the abundance of Ruminococcus spp. in the fecal microbiota, 

which exhibit enzymes (7α- and 7β-hydroxysteroid dehydrogenase) that mediate the 

epimerization of CDCA to UDCA [48]. Oral application of UDCA to patients with 

ulcerative colitis or primary sclerosing cholangitis suppressed colonic tumorigenesis [49], 

but high oral doses of UDCA were associated with a higher risk for CRC [50]. This may be 

explained by the presence of gut bacteria from the genus Clostridium that are able to convert 

UDCA to LCA, which shows cytotoxic properties in vitro [51]. However, under normal 

conditions LCA accounts only for a small amount of the pool of circulating bile acids. A 

recent study demonstrated that oral administration of UDCA to wild-type mice treated with 

DSS resulted in reduced intestinal inflammation and in LCA being the most common bile 

acid in the colonic lumen [52]. Interestingly, the inhibition of DSS-mediated colitis in mice 

was potentiated when LCA was administered instead of UDCA, suggesting that anti-

inflammatory effects of UDCA rely on its microbial conversion to its primary metabolite 

LCA [52]. It also suggests different roles of LCA in the pathogenesis of intestinal 

inflammation and CRC and highlights the complex interplay between the gut microbiota and 

host in bile acid metabolism.

Conclusions

The regulation of the bile acid pool by diet, gut bacteria and host factors exemplifies the 

complexity of diet-microbe-host interactions in maintaining intestinal homeostasis. 

Perturbations of this tightly balanced system caused by detrimental dietary patterns, for 

example, result in altered characteristics, which may be correlating with or causally linked to 

disease. Regarding the influence of bile acids on CRC risk, diet and the gut microbiota are 

most likely the key drivers that mediate and confer bile acid-associated tumorigenic activity 

(Fig. 1): high-fat diets mediate increased production and secretion of bile acids, which 

provides high luminal levels of bile acids in the colon, where they serve as substrate for 

bacterial metabolism. High-fat diet-associated bile acid levels impact on gut microbiota 

assembly favoring increased levels of 7α-dehydroxylating bacteria, which stimulate 

increased colonic levels of secondary bile acids with tumor-promoting activity, especially 

DCA. Additional complex microbial biotransformation of bile acids regulates the bile acid 

pool, which in turn affects the composition of the gut microbiota and may trigger tumor 

formation or progression by bile acid-induced dysbiosis. Alterations of the gut microbiota 

mediated by an altered bile acid composition and/or high-fat diet, feature high abundance of 

bacteria that convert primary to secondary bile acids and involve microbes that exert 

experimental inflammatory or genotoxic activity. The detailed contributions of the gut 
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microbiota to tumorigenic activity of bile acids remain unclear and further studies are 

needed to dissect the role of microbial biotransformation of bile acids in the context of their 

tumor-promoting activity.

In summary, secondary bile acids appear to function as tumor promoters in human CRC. 

Their interdependence with diet and the gut microbiota makes them an interesting target to 

modulate the risk for CRC associated with the consumption of western diets. Considering 

the major impact of diet on the gut microbiota and the bile acid pool of the host, long-term 

diet changes offer a promising strategy for CRC risk reduction [15]. In addition, the 

characterization of microbe-host interactions implicated in bile acid metabolism will help to 

further unravel the complex influence of bile acids on CRC risk.
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Figure 1. Impact of high-fat diet and selected biotransformations by the gut microbiota on 
tumor-promoting activity of bile acids in the intestine
The repeated intake of a high-fat diet stimulates the hepatic synthesis of bile acids (BA), 

their conjugation with taurine and the secretion into the duodenum providing high levels of 

primary BA in the gut lumen. The deconjugation of BA by microbial bile salt hydrolases 

results in increased luminal levels of taurine, which promotes the growth of single members 

of the gut microbiota, and high levels of unconjugated BA that enter the colon, where they 

are converted to secondary BA by 7α-dehydroxylating bacteria. This promotes high colonic 

concentrations of secondary BA, especially deoxycholic acid (DCA), which has tumorigenic 

activity and drives a dysbiotic composition of the colonic microbiota featuring increased 

abundance of 7α-dehydroxylating bacteria and microbes with potential genotoxic activity. 

The enhanced 7α-dehydroxylation capacity of the gut microbiota leads to an altered BA 

pool with higher levels of DCA entering enterohepatic circulation. Cholic acid (CA), 

chenodeoxycholic acid (CDCA), lithocholic acid (LCA).
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