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Abstract 

Previous epidemiological studies had provided evidence for a link between the microbial dysbiosis 
and cancer, particularly colorectal cancer (CRC), yet the molecular basis of this link remains elusive. 
Recently, the association between plasma levels of trimethylamine-N-oxide (TMAO), an oxidised 
form of trimethylamine (TMA), and risks of various cancers was demonstrated. The discovery could 
potentially provide an alternative explanation for the aforementioned link, as TMA production is 
attributed to intestinal bacteria. Current evidence suggests that inflammation could be a potential 
molecular mechanism to explain the link between TMAO and cancer, although other mechanisms 
such as oxidative stress, DNA damage and disruption in protein folding might also play a role. This 
mini-review article first provides an overview of the current evidence for the association between 
TMAO and certain cancer types, and the potential mechanisms that could explain their association. 
Thereafter, the direction of further research on the connection between the intestinal microbiota, 
TMAO and cancer is suggested. 
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Introduction 
In the past decades, cancer has become one of the 

most prevalent non-communicable diseases 
worldwide, with more than 14 million people 
worldwide having developed cancer in 2012 [1]. 
Emerging studies over the past years suggested that 
microbial dysbiosis, a pathogenic change in the 
composition of the intestinal microbiota, is one of the 
potential factors that are associated with increased 
risk of certain cancers, in particular colorectal cancer 
(CRC) [2]. Indeed, numerous studies had reported a 
change in the intestinal abundance of certain bacterial 
genera or species in CRC patients and animal models 
[3]. Further, possible mechanisms were proposed as to 
how microbial dysbiosis may lead to carcinogenesis. 
These mechanisms include intestinal inflammation 
and genotoxin-induced DNA damage of intestinal 

cells [4, 5]. A more detailed description on the 
potential mechanism in how the intestinal microbiota 
is linked to various cancer types was conducted by 
Sheflin et al [6], and how certain bacterial species can 
potentially lead to development of cancer was 
reviewed by Hullar et al [7]. 

In addition to the aforementioned possible 
mechanisms on how intestinal microbiota is related to 
cancer, some recent studies suggest that 
trimethylamine-N-oxide (TMAO), an oxidised 
metabolite of trimethylamine (TMA), could also 
perhaps be a potential candidate that may provide a 
link for this relationship. In this mini-review, we will 
first describe how TMAO is produced by the 
intestinal bacteria and the data that reveal the 
association between TMAO and increased cancer 
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risks, highlighting the benefits of further research into 
this association. We will then discuss the possible 
further work that would provide evidence and 
facilitate our understanding on this association. This 
article therefore serves to make a case for further 
exploration of this relationship, which would provide 
further insights into how diet and intestinal 
microbiota is associated with cancer risks.  

TMAO: The Source 
TMAO generation in humans involves a 

two-step sequential mechanism from precursor 
molecules such as choline and L-carnitine via TMA. 
These precursor molecules, which were shown to be 
present abundantly in red meat, eggs, milk and 
certain fish products including salmon [8, 9], would 
first be converted to TMA by certain TMA-producing 
bacteria in the gut microbiome. Thereafter, TMA 
would be absorbed through the intestinal wall and 
transported to the liver, where it would be 
metabolised into TMAO through oxygenation, a 
process catalysed by flavin-containing 
monooxygenase 3 (FMO3) [10]. 

Previous studies provided several lines of 
evidence that the intestinal microbiota plays a 
significant role in TMAO production. Koeth et al [11] 
demonstrated that human subjects who had 
undergone one-week treatment with antibiotics, for 
the purpose of suppressing their intestinal microbiota, 
had a significantly lower level of plasma and urinary 
TMAO following a carnitine challenge test, compared 
to untreated controls. Likewise, subjects who received 
a phosphatidylcholine challenge also exhibited a 
reduced plasma TMAO levels upon administration of 
antibiotics, and such effect was abolished after the 
removal of the administered antibiotics [12]. Such 
phenomenon was also observed in a mouse model 
[13]. Further, Romano et al [14] had recently revealed a 
number of intestinal bacterial species that are able to 
produce TMA following an in vitro incubation in mice 
gut medium supplemented with choline. These 
TMA-producing bacteria largely belong to the 
Firmicutes and Proteobacteria phyla. One observation of 
note is that none of the bacterial species screened for 
TMA production in the Romano et al study belong to 
Bacteroidetes, one of the major bacterial phyla present 
in the human intestine. Consistent with this 
observation, previous studies demonstrated that the 
enzymes required for the conversion of choline and 
L-carnitine to TMA are present in Firmicutes and 
Proteobacteria, but these enzymes are absent in 
Bacteroidetes [15, 16]. These observations therefore 
suggest that the level of TMA production is not only 
dependent on the amount of choline and L-carnitine 
intake, but could also perhaps be modulated by 

changes in the composition of the intestinal 
microbiota, such as the ratio of the abundance of 
Firmicutes and Bacteroidetes, the two major bacterial 
phyla present in the human intestine. In line with this 
hypothesis, a recent study demonstrated that 
individuals who produced a higher level of TMAO 
(high TMAO producers) following the intake of 
high-choline or high-carnitine diet possessed a higher 
Firmicutes to Bacteroidetes (F/B) ratio in their intestinal 
microbiota than the low TMAO producers [17]. 
Nevertheless, further human and animal studies are 
necessary to confirm this hypothesis. 

Of note, however, changes in TMAO levels are 
not only solely dependent on the action of intestinal 
bacteria, but could also be contributed by dietary 
intake. Indeed, previous studies had indicated that 
fish intake among human subjects would lead to a 
significant increase in their circulatory TMAO levels 
[17, 18], and positive association was observed 
between fish consumption and plasma TMAO levels 
in humans [19]. As indicated by Landfald et al. [20], 
free TMAO is present in large quantities in a variety of 
seafood, including fish, and it is plausible that such 
observed increase in circulatory TMAO levels after 
fish intake could be attributed to the intake of the free 
TMAO present in fish. Nevertheless, current findings 
on the association between fish consumption and 
TMAO levels are inconsistent between studies, as one 
study reported a lack of an association between the 
two aforementioned parameters [21]. Overall, 
increase in TMAO levels can be attributed to two 
sources: 1) TMA production from precursor 
molecules by the action of intestinal bacteria and 
subsequent oxidation in liver; and 2) dietary intake of 
TMAO-rich foods, although further studies are 
needed to confirm the contribution of the latter to 
increase in TMAO levels.  

Potential Relationship between TMAO and 
Cancer: The Evidence  

With the understanding of the relationship 
between intestinal microbiota and carcinogenesis, 
particularly CRC, research efforts had started to focus 
on whether intestinal microbiota-dependent 
metabolites (including TMAO) could also be linked to 
cancer. One of the first studies to investigate this link 
was published in 2014, where Bae et al [22] showed 
that plasma TMAO levels are positively correlated 
with CRC risks among women in the United States. In 
the study, subjects in the highest quartile of plasma 
TMAO concentration were found to be at 3.4 times 
greater risk of rectal cancer than those in the lowest 
quartile of plasma TMAO concentration. A recent 
study also demonstrated an increased serum TMAO 
level among CRC patients, compared to healthy 
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controls, rendering TMAO a potential prognostic 
marker for CRC [23]. These data therefore suggest 
that TMAO could either directly or indirectly lead to 
CRC. Interestingly however, a recent study showed 
that no obvious associations exist between serum 
TMAO levels and rectal cancer risks among Finnish 
men [24]. Nevertheless, another study demonstrated 
that TMAO could serve as an intermediate that links 
the metabolic activities of the intestinal microbiota 
and CRC pathogenesis [25], thereby providing further 
supporting evidence for a role of TMAO in CRC risks. 
The authors showed that there are certain genetic 
pathways that are associated with both TMAO and 
CRC carcinogenesis. These pathways include cell 
cycle progression and Wnt signalling. The sharing of 
these pathways by both TMAO and CRC implies that 
these pathways could be involved in the link between 
TMAO and CRC. It is therefore tempting to speculate 
that increased TMAO levels could perhaps modulate 
the activity of these pathways, although this 
hypothesis requires confirmation through further 
studies.  

In addition to CRC, published data also suggest 
that TMAO could be related to the increased risk of 
other cancers. Metabolomic profiling analysis of 
prostate cancer patients and healthy controls in a 
recent cohort study in Finland revealed a positive 
correlation of an increased level of plasma TMAO 
with aggressive prostate cancer risk [26]. This 
correlation was further supported by a previous 
finding that increased choline intake, which 
subsequently leads to increased TMA and TMAO 
production, is also associated with increased risk of 
lethal prostate cancer [27]. Further, proton nuclear 
magnetic resonance (NMR) spectroscopic data 
revealed that patients with oral squamous cell 
carcinoma has a higher seral level of TMAO 
compared to healthy controls [28]. These studies 
therefore suggest that TMA production by intestinal 
microbiota, and the subsequent increase in plasma 
TMAO levels, not only may modify CRC risks, but 
also the risk of other cancer types such as prostate 
cancer and oral cancer.  

Nevertheless, one indeed may argue against the 
positive relationship between TMAO and cancer with 
the evidence that increased fish intake, which was 
shown to reduce cancer risks in a meta-analysis [29], 
would increase circulatory TMAO levels [17, 18]. 
However, despite the increased intake of free TMAO, 
fish consumption is also associated with the intake of 
certain health-promoting compounds shown to be 
potentially protective against cancer. For example, 
fish oil present in fish contains an abundant amount 
of omega-3 polyunsaturated fatty acids, such as 
docosahexaenoic acid and eicosapentaenoic acid, and 

these were previously shown to exhibit chemo 
preventive effect of CRC via mechanisms such as 
downregulating the expression of pro-cancerous 
genes including pro-inflammatory cytokines [30]. It is 
possible that the cancer chemo preventive effect of 
fish oil intake would outweigh the detrimental effect 
of increased TMAO levels in the promotion of cancer, 
making increased fish intake being protective against 
cancer despite its promoting effect on circulatory 
TMAO levels. Notably, however, further studies may 
be needed for confirmation of this hypothesis. 

Taken together, data from previous studies have 
contributed evidence to a previously unappreciated 
relationship between TMAO and carcinogenesis, even 
though a recent study demonstrated no relationship 
between TMAO levels and CRC risks [24]. While we 
cannot rule out the possible effect of gender and 
ethnic differences on this relationship, the observed 
discrepancies could perhaps be explained by the 
inclusion of different covariates in the multivariate 
logistic regression analyses performed in these two 
studies. For example, after adjusting for factors such 
as education level and energy intake of subjects, 
TMAO was found not to be associated with rectal 
cancer risk [24], as did when these covariates were not 
included in the regression analysis [22]. Furthermore, 
other factors, such as kidney function, could exhibit 
confounding effects on the gut microbiome that 
produce metabolites that could interact with TMAO, 
and flavin-containing monooxygenase 3 (FMO3) 
genotype [31]. Moreover, as suggested by Ufnal and 
Pham [32], plasma TMAO levels can be affected by 
factors such as the permeability of gut-blood barrier, 
which has a function in regulating the entry of 
molecules from the gut into the bloodstream. 
Therefore, assessment of the association between 
plasma TMAO levels and disease risk may need to 
take into account of gut-blood barrier permeability, 
assessing this parameter as a confounding factor, 
potentially via the double sugar test [33]. Indeed, a 
recent study observed a higher TMA level in the 
blood in hypertensive rats which were characterised 
by an increased permeability of the gut-blood barrier 
to TMA, resulting in more TMA being delivered to the 
liver where the TMA is oxidised to TMAO [34]. The 
authors also suggested that it is the permeability of 
the gut-blood barrier that may modulate disease risk, 
rather than plasma TMAO levels. Therefore, the 
discrepancies in the findings between studies 
reporting associations between TMAO levels and 
cancer risks could also be attributed to differences in 
gut-blood permeability between individuals. 
Nevertheless, with the finding that TMAO is involved 
in a number of cancer-related cellular pathways [25], 
it is still worthwhile to explore further on the 



 Journal of Cancer 2019, Vol. 10 

 
http://www.jcancer.org 

5877 

relationship between TMAO and cancer. 

Potential Relationship between TMAO and 
Cancer: Possible Mechanisms  

With increasing evidence suggesting the 
potential association between TMAO levels and 
cancer risk through observational association studies 
described above, research had recently started 
directing towards the exploration of the possible 
mechanisms on how TMAO could contribute to 
carcinogenesis.  

Currently, several lines of evidence have 
suggested that inflammation could be a possible 
factor that provides a link between TMAO and cancer. 
Indeed, the causal relationship between chronic 
inflammation and carcinogenesis, including CRC, is 
already well-established [35, 36]. However, recent 
evidence has suggested that TMAO could play a role 
in the inflammatory process. For example, TMAO was 
found to synergise the pro-inflammatory effects of H. 
pylori infections on gastric epithelial cells, through the 
increase in the expression level of pro-inflammatory 
genes including interleukin-6 (IL-6) and chemokine 
ligands [37], which were shown to play roles in cancer 
progression [38-41]. This finding therefore suggests a 
potential link between TMAO and gastric cancer via 
the inflammatory process. Consistent with this, Yue et 
al also demonstrated that TMAO can trigger the 
activation of the nod-like receptor family pyrin 
domain containing 3 (NLRP3) inflammasome [42, 43], 
which was suggested to be implicated in the growth 
and/or metastasis of a variety of cancers including 
head and neck cancer, oral cancer, lung cancer, 
prostate cancer and colorectal cancer [44-46]. 
Moreover, association studies had provided further 
support for a link between TMAO and inflammation. 
Serum level of TMAO was shown to be positively 
correlated with the level of certain pro-inflammatory 
mediators including tumour necrosis factor-alpha 
(TNF-α) and IL-6 among diabetic patients with 
chronic kidney disease [47]. An earlier study within a 
German population also revealed that plasma TMAO 
concentrations exhibit a positive association with 
plasma TNF-α levels [21]. Since both TNF-α and IL-6 
are implicated in carcinogenesis through the 
induction of chronic inflammation [48], these data 
therefore provide further evidence that inflammation 
could be a likely factor for the contribution of TMAO 
to carcinogenesis. Further research on this link is 
recommended to delineate the mechanism on how 
TMAO is linked to cancer via inflammation induction. 

The role of TMAO in exacerbating inflammation 
can further be demonstrated by the reported potential 
association between TMAO and diseases such as 
cardiovascular disease, atherosclerosis and chronic 

kidney disease [49-51], which, like cancer, were found 
to be associated with the occurrence of 
pro-inflammatory events [52-54]. Indeed, a recent 
systematic review on 11 cohort studies demonstrated 
a positive association between circulatory TMAO 
levels and cardiovascular disease risks in humans 
[55], and a cohort study also showed that plasma 
TMAO levels were higher among patients with 
chronic kidney disease [56]. TMAO was found to 
promote vascular inflammation in mice via activation 
of nuclear factor-kappa B and the subsequent increase 
in the expression of pro-inflammatory mediators [57]. 
Further, renal dysfunction, which occurs in chronic 
kidney disease, in mice was found to be contributed 
by increased TMAO levels and the subsequent 
induction of inflammation [58]. These findings add 
further weight to the contributory role of TMAO in 
inflammation. With inflammation known to be 
implicated in carcinogenesis [48], these findings could 
strengthen the argument that TMAO may contribute 
to carcinogenesis through inflammatory pathways. 
Nevertheless, it should be pointed out that recent 
studies have also revealed an indirect protective effect 
of TMAO against cardiovascular disease. For 
example, low-dose chronic treatment of hypertensive 
rats with TMAO was shown to help improve their 
heart function and reduce cardiac fibrosis, thereby 
protecting these rats against hypertension [59]. 
Further, L-carnitine treatment was also found to 
reduce the severity of aortic lesions in mice via an 
increase in TMAO levels, demonstrating the 
protective effect of TMAO against atherosclerosis [60]. 
Notably, both hypertension and atherosclerosis are 
known risk factors of cardiovascular disease [61, 62].  

Oxidative stress might also be one of the factors 
linking TMAO and cancer. Oxidative stress was 
previously suggested to contribute to cancer via the 
activation of inflammation [63, 64]. Recently, studies 
showed that TMAO could be implicated in oxidative 
stress. Increased level of circulating TMAO was 
shown to induce superoxide production, a reactive 
oxygen species (ROS) linked to oxidative stress [65]. 
In an in vitro assay, TMAO was also shown to 
stimulate the production of ROS in cells [43]. 
Nevertheless, more studies are needed in order to 
confirm the association between TMAO, oxidative 
stress and cancer. 

In addition, other studies have also contributed 
evidence that helps suggest the possible molecular 
mechanisms in how TMAO could be linked to cancer. 
For example, TMAO was suggested to be involved in 
molecular pathways that lead to the generation of 
N-nitroso compounds [66], which were known to 
induce DNA damage, an event that can contribute to 
carcinogenesis [67]. This suggests a potential 
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involvement of DNA damage in TMAO-contributed 
carcinogenesis. Furthermore, TMAO could lead to the 
loss-of-function of alpha-casein [68], a chaperone 
protein previously found to function as a tumour 
suppressor that helps prevent breast cancer [69], 
implying that disrupted quality control of protein 
folding could also be involved in TMAO-contributed 
carcinogenesis. 

Overall, inflammation appears to be a promising 
candidate that could provide a link between TMAO 
and carcinogenesis. Other potential mechanisms, 
including oxidative stress, might also be involved, 
despite the need for further validation through 
association and molecular studies. 

TMAO and Cancer: The Cause or the 
Consequence? 

Despite the promising evidence that TMAO 
could be implicated in an increase in cancer risks, the 
role of TMAO in contributing to carcinogenesis 
remains controversial. Although previous studies did 
observe a higher level of plasma/seral TMAO among 
cancer patients, it remains unclear whether such 
increase in TMAO levels is a cause or a consequence 
of cancer. Currently, there is a scarcity of studies that 
explore whether alterations in TMAO levels would 
have affected certain molecular pathways or gene 
expression profiles directly implicated in 
carcinogenesis. As a result, it is difficult to determine 
whether TMAO is really causative of cancer or a sheer 
marker for tumour formation and/or progression. 
Indeed, the elusiveness on whether TMAO is a 
molecular contributor to disease development or it is 
a sheer marker for a disease-associated condition was 
previously suggested [31]. After all, previous studies 
also showed that TMAO could potentially be 
implicated in the inhibition of molecular pathways 
suggested to be involved in cancer progression. For 
example, TMAO was shown to play a role in the 
reduction of endoplasmic reticulum (ER) stress [70, 
71], a condition previously suggested to be implicated 
in cancer cell proliferation and survival, which leads 
to tumour progression [72-74]. Nevertheless, the 
mechanisms on how TMAO can inhibit ER stress 
remain to be dissected, although its role in attenuating 
unfolded protein response, a cellular response that 
helps ameliorate ER stress, was previously suggested 
[70]. Such observations highlight the current 
uncertainty in how TMAO is implicated in cancer. 

In light of such contrasting findings, it is of 
interest that the role of TMAO in carcinogenesis be 
established. Its potential contribution to tumour 
formation and progression should be explored. This 
would help establish whether TMAO can serve as a 
molecular target for dietary interventions dedicated 

for cancer prevention, thereby opening up further 
avenues for research into the strategies in achieving 
effective cancer prevention. 

Potential Relationship between TMAO and 
Cancer: What More Should We Know?  

With recent studies started showing evidence on 
a possible relationship between TMAO and cancer, it 
would be of great interest that this relationship is to be 
investigated further, which would help establish 
whether there is a causal role of TMAO in cancer. As 
TMA/TMAO production is primarily dependent on 
the intestinal bacteria, such investigation would 
enable us to explore and potentially generate new 
avenues of research into, and a better understanding 
of, the inter-relationship between the intestinal 
microbiota and cancer. This would thereby be useful 
in providing useful clues for the development of 
alternative therapeutic strategies in cancer prevention 
or treatment, through the manipulation of intestinal 
microbiota. In this section, the authors set out certain 
areas of research work that should be useful in 
shedding further light on the link between the 
intestinal microbiota, TMAO and cancer.  

Further exploration of the molecular 
mechanisms of TMAO-associated 
carcinogenesis 

As indicated above, despite the availability of 
data indicating a positive association between TMAO 
and cancer risks, there are currently very limited 
studies that investigate the molecular basis of this 
association. Indeed, Xu et al [25] had suggested a 
number of genetic pathways that could be involved in 
the relationship between TMAO and CRC. Although 
previous studies provided evidence that 
inflammation could be a potential mechanism linking 
TMAO and carcinogenesis, current data provide little 
indication on how TMAO-associated pathways, such 
as cell cycle progression and Wnt signalling, could 
contribute to cancer from the molecular perspective. 
Moreover, most studies investigating the potential 
mechanisms of TMAO-induced carcinogenesis was 
conducted by cell treatment with TMAO, which do 
not enable the investigation of the effect of 
physiological production of TMAO on the proposed 
mechanisms. More research efforts should therefore 
be directed towards the exploration, through both in 
vitro and in vivo studies, of the changes in the activities 
of the pathways that are implicated in carcinogenesis 
upon TMAO production, rather than TMAO 
treatment. For example, transcriptomic analyses of 
colon cells extracted from mice fed with a diet high in 
TMA precursors (including choline and carnitine) 
would enable a further understanding on the changes 
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in gene expression associated with increased TMAO 
production. Expression proteomic techniques may 
also be utilised to assess the changes in the expression 
level of these genes at the protein level, to confirm the 
data obtained from transcriptomic analyses. This 
would provide useful clues as to whether molecular 
and cellular pathways known to be implicated in 
carcinogenesis could be affected by TMAO. 
Thereafter, pathway analyses may be employed to 
explore further the pathways that may be involved in 
TMAO-associated carcinogenesis, based on the genes 
identified to have exhibited changes in expression 
level upon the intake of a high-choline or 
high-carnitine diet. Such studies would complement 
the data from studies involving cellular TMAO 
treatment, enhancing the evidence from studies that 
investigate the molecular basis on how TMAO is 
related to CRC and other cancers. 

Could diet-induced changes in the composition 
of intestinal microbiota be linked to cancer 
risks through modulation of TMA/TMAO 
production? 

Previous studies suggested an effect of diet on 
the composition of intestinal microbiota [75]. With the 
discovery that both the compositional changes of 
intestinal microbiota and TMAO are associated with 
cancer risk, it is hypothesised that TMA and TMAO 
production could be a factor that bridges the 
relationship between diet, intestinal microbiota and 
cancer. Consistent with this, vegetarian subjects were 
found to possess a different intestinal microbiota 
composition and exhibit a reduced level of TMAO 
production compared to omnivorous subjects [11], 
strengthening the evidence that diet could play a role 
in the modification of the composition of intestinal 
microbiota and TMAO production. However, to date, 
limited studies have been performed to investigate 
whether diet could be linked to cancer risks via 
changes in the level of intestinal TMA/TMAO 
production. Therefore, studies that investigate 
whether frequent intake of functional foods known to 
cause a health-promoting change in the composition 
of intestinal microbiota, such as rice bran [76, 77], 
could modulate plasma TMAO levels would be of 
value. Such studies would provide evidence as to 
whether alterations in TMA, and the subsequent 
TMAO, production could serve as a link between 
alterations in intestinal microbiota and 
carcinogenesis. 

Indeed, previous research demonstrated that the 
intake of soy products, a functional food consumed 
widely in Asia, would lead to an alteration in 
intestinal microbiota [78] and a lowered cancer risk 
[79]. Following these lines of evidence, it would be of 

interest to investigate whether soy product 
consumption would confer a lowered cancer risk 
through shaping the intestinal microbiota that results 
in lowered TMA/TMAO production. In light of this, 
dietary interventions with soy products, such as 
soymilk, may be performed in certain mouse models 
that mimic human CRC, such as CDX2P 9.5-NLS 
lacZ transgenic mice previously developed and used 
by Hinoi et al [80], and confirm whether soymilk 
consumption in these mice would lead to a reduced 
plasma TMAO levels, together with a modification of 
their intestinal microbiota and a reduction in the 
number of tumours present. Similarly, with the 
finding that vegetarian diets could lead to alterations 
in the composition of the gut microbiota and a 
concomitant reduction in TMAO production [11], 
studies on the effect of vegetarian diets in these mice 
on tumour numbers may also be of value. With the 
inhibitory effect of such dietary interventions on 
tumour formation established in mice, further studies 
involving such dietary interventions can be 
implemented among cancer patients, assessing 
whether they would confer any protective effects 
against carcinogenesis in humans. After the 
intervention, plasma levels of TMAO and 
cancer-associated biomarkers, such as 
Carcinoembryonic Antigen (CEA) [81, 82], should be 
determined via blood tests, coupled with an 
assessment of the changes of the composition of the 
intestinal microbiota of the intervention participants. 
These assessments would help evaluate whether the 
intervention has an effect on a concomitant reduction 
of TMAO and CEA levels, through modulation of the 
intestinal microbiota. Such studies would be useful in 
providing mechanistic insights into how functional 
food intake could be linked to reduced cancer risks 
via the modification of the composition of intestinal 
microbiota, and thus providing further evidence that 
TMAO is related to cancer risks. Further, as there are 
no published interventional studies that investigate 
whether physiological changes in TMAO levels 
would lead to molecular events associated with 
carcinogenesis, the suggested research work set out 
above would provide a starting point to assess 
whether modulation of TMAO production could have 
a direct contribution to carcinogenesis. 

Could TMAO be related to other cancers too? 
While previous studies demonstrate a potential 

association between TMAO and colorectal and 
prostate cancers, it would also be of interest to 
investigate whether TMAO is associated with higher 
risks of other cancer types as well. Previous studies 
indicated that the changes in the composition of the 
microbiome not only could be associated with 
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increased risk of CRC, but also that of breast [83] and 
gastric cancers [84]. Indeed, these two cancer types 
were also postulated to be among the TMAO-related 
diseases by Xu et al [25], although epidemiological 
data that support this finding are lacking. 
Nevertheless, these findings suggest that TMAO 
could also be associated with both breast and gastric 
cancers. Further metabolomic profiling studies are 
therefore required to establish whether a correlation 
exists between TMAO levels and risk of these cancers. 
Such studies would provide further evidence for the 
potential link between TMAO and carcinogenesis, 
and would open up further avenues for the research 
into the molecular aspects of this link. 

Concluding Remarks  
The past decade revealed an increase in the 

number of studies demonstrating the involvement of 
the intestinal microbiota in carcinogenesis, and 
previous research had also indicated a role of diet in 
the modulation of the composition of intestinal 
microbiota. However, the molecular basis of how 
diet-induced changes in intestinal microbiota are 
related to cancer is still not fully understood. The 
discovery that TMAO could potentially be associated 
with the risk of certain cancers, and that they can be 
produced by the intestinal bacteria from TMA 
precursors ingested in diet, has certainly provided us 
with opportunities to explore further on the 
relationship between the intestinal microbiota and 
cancer. Future research efforts should be directed 
towards the unravelling of the molecular mechanisms 
and pathways leading to TMAO-induced 
carcinogenesis through in vivo and in vitro studies. 
Further investigations on whether intake of 
health-promoting functional foods known to modify 
the composition of intestinal microbiota can lead to 
modifications in TMA and TMAO production levels 
would also be useful in deciphering the upstream 
events in diet-induced cancers such as CRC. These 
studies would ultimately enable us to gain a better 
understanding on the previously unappreciated 
relationship between TMAO and cancer. More 
importantly, they would inform the molecular basis 
on how changes in the composition of the intestinal 
microbiota could contribute to carcinogenesis, and 
whether consumption of certain functional foods that 
modify the intestinal microbiota, such as rice bran or 
soy products, would be effective in cancer prevention 
and intestinal health promotion. 
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