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ABSTRACT

Obesity is a major public health issue as it is causally associated with several chronic disorders,
including type-2 diabetes, cerebrovascular disease (CVD), and cancer. In the United States and
other countries worldwide, the obesity epidemic has drastically impacted the status of health
of millions as well as healthcare costs. Aside from poor diet, hygiene, and genetics, there are
many other factors thought to play an important role in the emergence of obesity. Nowadays,
accumulating evidence is elucidating the relation of dysbiosis of intestinal bacteria with obesity
and metabolic disorders. Certain gut microbial strains have been shown to inhibit or attenu-
ate immune responses related to chronic inflammation in experimental models, suggesting
that specific species among gut microbiota may play either a protective or a pathogenic role
in the progression of obesity. Fecal microbiota transplantation (FMT) can therefore represent
a therapeutic approach for obesity treatment. FMT is a relatively straightforward therapy
that manipulates the human gastrointestinal (GI) microbiota by transferring healthy donor
microbiota into an existing but disturbed microbial ecosystem. However, the relevant scientific
work is still in its early stages. In this review, we summarize the cutting-edge research being
done into FMT treatment of obesity, current issues in FMT treatment, and the future of FMT

and microbial therapeutics.
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INTRODUCTION

Obesity, today a huge public health issue,! is mainly
a disequilibrium in energy balance, with energy intake
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exceeding energy expenditure, a condition character-
ized by a state of chronic inflammation. Obesity is a
problem not only in terms of appearance but also as a
trigger for development of metabolic diseases such as
type 2 diabetes, cardiovascular diseases, osteoarthritis,
and certain cancers.” At present, there are more than
500 million adults worldwide who are overweight
[body mass index (BMI) of 25.0-29.9 kg/m?] and
250 million that are obese (BMI >30 kg/m?). More
than 50% of adults in the United States, Canada, and
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several other countries have a BMI of at least 25.0
kg/m.>? It is, in other words, a growing epidemic that
is threatening numerous countries round the globe.
At the same time, obesity-related disorders are also
on the rise worldwide.

However, changes in energy balance alone cannot
explain the increased incidence of obesity.* Recent
studies in animal models and human subjects have
revealed that dysbiosis of the gut microbiota is also
associated with the development of obesity. Change
in the abundance of certain gut microbial strains has
been shown to inhibit or attenuate immune responses
giving rise to chronic inflammation in experimental
models: these strains may be biomarkers in obesity
prevention and treatment. On the other hand, though
still a relatively nascent field of research, evidence
to date suggests that the gut microbiome may rep-
resent fertile targets for prevention or management
of obesity, with the result that the development of
therapeutics based on gut microbiota modulation has
gained considerable momentum. Fecal microbiota
transplantation (FMT) represents a feasible and easy
therapy for treating, and possibly even curing, obesity
by influencing the abundance and functions of several
of the intestinal microbiota and regulating several
pathogenic alterations. In this review, we summarize
the recent literature as an aid to better understanding
how the alteration of gut microbiota composition
contributes to obesity while evaluating the therapeutic
effect of FMT in the treatment of obesity based on
previous publications.

GUT MICROBIOTA: DEFINITION

The intestinal epithelium, mucosal immune system,
and microflora constitute a morphofunctional system
in dynamic equilibrium that is responsible for the
maintenance of gut integrity and systemic barrier func-
tion.’ The human intestine harbors a large diversity of
microbial communities, which are collectively termed
the gut microbiota. An ecologic unit harboring 10"
bacteria,’ it consists of 6-10 major phyla and 3000-
5000 species weighing 1-2kg.® The dominant phyla in
the gut are Firmicutes (60-65%), Bacteroidetes (20-
25%), Proteobacteria (5-10%), and Actinobacteria
(3%), which together constitute over 97% of the gut
microbe population.’” Its very diversity sheds light

on the role of these different bacterial species in the
maintenance of health and the development of disease.
Although the number of microbial luminal cells is
close to that of eukaryotic cells of living beings,? the
collective genome of the microbiota (known as the
microbiome) contains 100-fold more genes than the
entire human genome.’ The microbial metagenome
can provide a huge genetic diversity capable of exert-
ing a large number of functions. Complex microbial
communities play a crucial role in the health of the
human organism and these highly evolved lineages
have evolved with humans over the eons.'’ The gas-
trointestinal tract is essentially sterile at birth and is
subsequently colonized by microbes acquired from
the mother and the surrounding environment." The
gut microbiota also undergoes substantial alterations
at the extremes of life, that is, in infants and in older
people.!? However, adult gut microbiota has been
shown to be comparatively steady over time' and is
relatively alike between individuals even when there
are drastic changes in diet and in levels of physical
activity, during pregnancy, and with the use of broad-
spectrum antibiotics.'#!

The gut microbiota digest nutrients, synthesize
vitamins, butyric acid and biotin, and degrade bile
acid and short-chain fatty acids (SCFAs), including
acetate, propionate, and butyrate.'® Specifically, in
addition to their important role as fuel for intestinal
epithelial cells, SCFAs are thought to have immu-
nomodulatory effects in that they reduce intestinal
permeability.'” SCFAs also regulate different processes
of the gastrointestinal (GI) tract (e.g. water absorp-
tion and electrolytes).'® Gut microbiota can impact
intestinal immune function through SCFAs, and these
fatty acids act on leukocytes and endothelial cells via
two mechanisms: (1) by activating G protein coupled
receptors (GPCRs) (GPR41 and GPR43) and (2) by
inhibiting histone deacetylase (HDAC).!” SCFAs not
only modulate several leukocyte functions, including
production of chemokines such as CINC-2 and MCP-
1, eicosanoids and cytokines (e.g. IL-10, IL-6, IL-2,
and TNF-a),% but also affect the ability of leukocytes
to migrate to the foci of inflammation and to destroy
microbial pathogens.!3?! Furthermore, SCFAs can also
lead to apoptosis of neutrophils,?? macrophages,” and
lymphocytes.?** The effect may come about as the
result of the inflammatory process and the immune
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response to gut microbiota, which produce SCFAs,
these capable of exerting an anti-inflammatory ac-
tion. Meanwhile, a large amount of recent research
has convincingly demonstrated that the stability and
diversification of gut microbia is essential for the
hosting of metabolic and immune pathways.?® The
gut is a crucial immune organ besides its function in
metabolism, while it contains the largest lymphoid
tissue mass,*” which might not be surprising consider-
ing its intestinal bacterial load. Thus, in addition to
contributing to host metabolism, the gut microbiota
provides critical signals for the development of host
immunity. Hence, gut microbes are crucial for the
maintenance of human health and the treatment of
disease. Conversely, disruptions of this intricate bal-
ance between host and commensal microbes have
dramatic effects on human health and disease.

GUT MICROBIOTA AND OBESITY

Experimental models have revealed several mecha-
nisms connecting the gut microbiota to obesity and
metabolic disorders. The proposed mechanisms by
which the microbiome may contribute to the develop-
ment of obesity include: 1) increasing dietary energy
harvest, 2) promoting fat deposition, 3) possibly
modifying locomotor activity, 4) having central effects
on satiety, 5) and triggering systemic inflammation
(Figure 1).2® The vast majority of these studies sug-
gest that subjects with obesity exhibit alterations in
the relative abundance of “beneficial” and potentially
“harmful” bacteria compared to healthy subjects
(Table 1). A link between the gut microbiota and
obesity was initially demonstrated based on stud-
ies in germ-free (GF) mice.?” By comparing them
to conventionally raised mice, it was observed that
these GF mice had significantly less total body fat
even if they consumed markedly more food. Further-
more, fecal microbiota transplantation from normal
mice into the GF mice led to a significant increase
in total body fat and insulin resistance without any
increase in food consumption or changes in energy
expenditure. In keeping with the latter observation,
Bickhed et al*® found that compared to their normal
counterparts, GF mice are protected from development
of obesity after consuming a Western-style, high-fat,
sugar-rich diet. Their persistently lean phenotype is
associated with increased skeletal muscle and liver

levels of phosphorylated AMP-activated protein ki-
nase (AMPK) and its downstream targets involved in
fatty acid oxidation (acetylCoA carboxylase; carnitine
palmitoyltransferase). In addition, fasting-induced
adipose factor (Fiaf), which belongs to a member of
the angiopoietin family of proteins, is a circulating
lipoprotein lipase inhibitor and is normally selec-
tively suppressed in the intestinal epithelium by gut
microbiota. GF Fiaf-/-mice were not protected against
diet-induced obesity. Although GF Fiaf-/-mice had
similar gastrocnemius muscle and liver levels of phos-
phorylated AMPK to their wild-type littermates, they
exhibited decreased expression of the genes encoding
the enzymes regulating fatty acid oxidation and of the
genes encoding the peroxisome proliferator-activated
receptor gamma (y) coactivator 1-alpha (PGC-1a).
Moreover, another study demonstrated that GF mice
colonized with fecal microbiota from obese 0b/0b mice
had a significant increase in dietary caloric extrac-
tion and fat gain compared to microbiota from lean
(ob/+ or +/+) mice,! this suggesting that intestinal
bacteria influence the phenotypic characteristics of
the host. Furthermore, genetically obese 0b/ob mice
are hyperphagic due to a mutation in the gene encod-
ing the satiety-promoting hormone leptin.?* These
mice have a significant increase of Firmicutes and
a marked decrease of Bacteroidetes compared to
their lean wild-type littermates, even when the mice
are fed the same low-fat, polysaccharide-rich diet.3
Changes of intestinal microbiota may affect the de-
velopment of obesity and peripheral organs involved
in the control of satiety in the brain. Taken together,
these data demonstrated that gut commensals can
influence satiety and the energy harvest as well as
fat deposition.

A growing body of evidence has revealed that
low-grade chronic systemic inflammation is related
to obesity and insulin resistance.* Bacterial lipopoly-
saccharide (LPS) derived from intestinal bacteria can
induce systemic inflammation by binding to CD14
receptors.®* Cani et al*® demonstrated that mice fed
a high-fat diet had a significant increase of plasma
LPS levels compared with mice fed a normal diet.
They also showed that chronic metabolic endotox-
emia may lead to adiposity and insulin resistance. A
previous study reported that antibiotics can reduce
LPS, tumor necrosis factor (TNF) production, and
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Figure 1. Possible mechanisms associated with the relationship between intestinal microbiota and obesity. Intestinal microbiota is
thought to participate in molecular crosstalk with the host that modulates host physiology, metabolism, gut barriers, and inflamma-
tory status. In particular, intestinal microbiota is involved in the physiology and motility of the digestive tract and in the digestion of
polysaccharides, which could directly affect host energy availability. The monosaccharides produced by the intestinal microbiota from
polysaccharides is likely to increase hepatic lipogenesis via the carbohydrate response element binding protein (ChREBP) and sterol
response element-binding protein type 1 (SREBP-1). The short-chain fatty acids (SCFAs) produced by the intestinal microbiota from
polysaccharides interact with G protein-coupled receptors (GPCRs; GPR41, GPR43, and GPR109A), which might be implicated in
activating host immunity, regulating fasting glycemia, and affecting insulin sensitivity. Furthermore, SCFAs transported to the liver
possibly increase production of hepatic lipogenesis, hepatic triglycerides (TG), and very low density lipoproteins (VLDL). The intes-
tinal microbiota inhibits fasting-induced adipose factor (Fiaf) and adenosine monophosphate-activated protein kinase (AMPK) peroxi-
some proliferator-activated receptor y coactivator la (PGC-1a), which may lead to increasing fat deposition. The intestinal microbiota
also contributes to fat deposition through the regulation of the farnesoid X receptor (FXR), the bile acid receptor responsible for the
regulation of bile acid synthesis and hepatic triglyceride accumulation. The gut microbiota also contributes to increasing intestinal
permeability via decreasing the epithelial mucin and tight junction proteins, which could result in translocation of pathogens and li-
popolysaccharides (LPS) across the intestinal wall. In addition, pathogens and LPS (via a CD14-dependent mechanism) may induce
production of inflammatory cytokines.

hepatic steatosis.*® Similar metabolic features were studies reported on the diversity of the microbiota
found in CD14 knockout mice. In conclusion, the and particularly underlined the decrease in fractional
above data demonstrate that commensal bacteria are proportion of Bacteroidetes species relative to Firmi-
involved in systemic inflammation through the LPS/ cutes in obese compared with lean individuals.3!3-4
CD14 system.* Meanwhile, weight loss was shown to increase the

Obesity has further been shown to be related to relative proportion of Bacteroidetes species and mi-
altered gut microbial abundance and composition in crobial diversity.*’#! Similarly, diversity of the genes

human subjects*’** and mice.** Most*'*® but not all*’ was decreased in obese compared with lean individu-
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Table 1 Changes in microbiota composition associated with obesity.

Models Disease Implicated microbiota Reference
Rat Obesity Altered gut microbiota 29,30
Rat Obesity Firmicutes 1, Bacteroidetes | 31,32
Human Obesity Firmicutes 1, Bacteroidetes | 37,38, 39, 40, 41
Human Obesity Proteobacteria 1, Bacteroidetes 1, Campylobacter 1, Shigella 1, Lactobacillus 1, 43,44
Clostridium coccoides 1, Bifidobacterium 1, Akkermansia muciniphila |,
Clostridium leptum |, Bacteroides fragilis |, Bifidobacterium catenulatum |
Human Obesity H2-producing Prevotellaceae 1, H2-utilizing methanogenic Archaea 1 46
Human Obesity Enterobacter 1 48

als*® and was increased by dietary weight loss.*>*
Recently, Le Chatelier et al** also found that obese
subjects had an increase of the phyla Proteobacteria
and Bacteroidetes, a decrease of Akkermansia mucin-
iphila (anti-inflammatory bacteria), and an increase
of pathogens (e.g. Campylobacter and Shigella).*
These alterations in intestinal bacteria can diminish
intestinal barrier integrity and increase oxidative stress
and mucus degradation through reducing the produc-
tion of butyrate.* Another study demonstrated that A.
muciniphila can reduce the insulin resistance index and
control fat storage, adipose tissue metabolism, intestinal
levels of acylglycerols, and glucose homeostasis.* The
increased abundance of Clostridium leptum, Bacte-
roides fragilis, and Bifidobacterium catenulatum and
decreased abundance of Lactobacillus, Clostridium
coccoides, and Bifidobacterium after dietary interven-
tions were strongly correlated with significant weight
loss, regardless of total food intake.*** In accord with
the above observation, Zhang et al*® reported that the
levels of H,-producing bacterial groups, comprised
mainly of members of the Prevotellaceae family and
certain groups within Firmicutes and H>-oxidizing
methanogenic Archaea, were significantly higher in
the gastrointestinal tracts of obese subjects compared
to healthy subjects. As H,-producing bacteria coex-
ist with H,-oxidizing methanogenic Archaea in the
gastrointestinal tracts, the authors put forward the
hypothesis that the interspecies H, transfer between
bacterial and archaeal species had an impact on energy
handling.** Methanogens absorb H, rapidly, which
can accelerate the fermentation of carbohydrates
by H,-producing bacterial groups.*® Meanwhile, the
accelerated fermentation can increase the hydrolysis
efficiency of usually indigestible organic matter.*’

Recently, similar data were reported by Fei and
Zhao.*® Tt should be noted that lipopolysaccharide
endotoxin is the only known bacterial product, which,
when subcutaneously infused into mice in its purified
form, can induce obesity and insulin resistance via
an inflammation-mediated pathway.* Enterobacter,
a genus of opportunistic endotoxin-producing patho-
gens,” made up 35% of the gut bacteria in a morbidly
obese volunteer (weight 174.8 kg, BMI 58.8 kg/m?)
suffering from diabetes, hypertension, and other seri-
ous metabolic disorders. After 23 weeks on a diet of
whole grains, traditional Chinese medicinal foods,
and prebiotics (WTP diet), the Enterobacter decreased
in relative abundance from 35% of the volunteer’s
gut bacteria to nondetectable.*® In addition, during
this time the volunteer lost 51.4 of 174.8 kg initial
weight and his hyperinsulinemia, hyperglycemia,
and hypertension resolved.*® Thus, alterations of
intestinal bacteria play a key role in ensuring the ef-
ficacy of obesity treatments, with specific changes
of the commensal microbes representing a potential
therapy to promote and sustain weight loss and/or to
prevent adiposity in humans. However, further studies
are necessary to test the efficacy and safety of using
interventions involving prebiotics, probiotics, and
FMT before they are implemented in clinical routine.

FECAL MICROBIOTA TRANSPLANTATION
THERAPY IN OBESITY

Fecal microbiota transplantation is the administra-
tion of a solution of fecal matter from a donor into
the intestinal tract of a recipient in order to directly
alter the recipient’s microbial composition and confer
a health benefit.’'? The process usually involves
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first selecting a donor without a family history of
autoimmune, metabolic, and malignant diseases and
screening for any potential pathogens. The feces
are then prepared by mixing with water or normal
saline, followed by a filtration step to remove any
particulate matter. The mixture can be administered
through a nasogastric tube, nasojejunal tube, esoph-
agogastroduodenoscopy, colonoscopy, or retention
enema.” Although FMT has been utilized for over
50 years, it has recently gained momentum given
its high efficacy in eradicating Clostridium difficile
infection.>* Most clinical experience with FMT has
been derived from treating recurrent or refractory
Clostridium difficile infection (CDI).>> Recently there
have been several trials evaluating the prospect of
altering the gut microbiome as a potential for therapy
in obesity and the metabolic syndrome (Table 2). In
this context, possible mechanisms of action of FMT in
such situations include manipulation of the composi-
tion of gut microbiota, fortification of the intestinal
barrier and suppression of pathogens, and immu-
nomodulation (Figure 2).>° A large body of research
has demonstrated that alteration of the relative level
of the two dominant bacterial divisions (Bacteroidetes
and Firmicutes) was related to obesity,”? namely,
the abundance of Bacteroidetes was lower, while
the abundance of Firmicutes was higher in obese
individuals. Meanwhile, the obese microbiome was
shown to be more efficient at absorbing energy from
food by digestion compared to the lean microbiome.*!
Turnbaugh et al*' completed a more in-depth study
than the previous research, in which the fecal micro-

biota of obese C57BL/6J donors was transplanted
into germ-free C57BL/6J recipients. Germ-free mice
colonized with an ‘obese microbiota’ exhibited a
significant increase in total body fat compared with
germ-free mice colonized with a ‘lean microbiota’.
Furthermore, the obese recipient microbiota had a
significantly higher level of Firmicutes than the lean
recipient microbiota. These results showed intestinal
bacteria to be an additional contributing factor to the
pathophysiology of obesity. In 2012, Vrieze et al*
evaluated the effects of FMT on insulin sensitiv-
ity in subjects with metabolic syndrome. Patients
with metabolic syndrome were randomly assigned
to groups that were given small intestinal infusions
of allogenic or autologous microbiota. Patients who
received an infusion of microbiota from lean donors
were observed to have a significant increase in insulin
sensitivity and butyrate-producing intestinal microbiota
(e.g. Eubacterium hallii or Roseburia intestinalis).
Butyrate as a short-chain fatty acid is known to be
associated with obesity and pain sensation and plays
an important role in colonic function.>”%

Thus, gut microbiota could be developed as thera-
peutic agents to increase insulin sensitivity in humans.
Ridaura et al® transplanted fecal microbiota from adult
female twin pairs discordant for obesity (an obese or
lean co-twin) into separate groups of GF mice fed
mouse chow low in fat and rich in plant polysaccha-
rides. Mice that received an obese twin’s fecal micro-
biota exhibited significantly greater increases in total
body, fat mass and adiposity, and obesity-associated

Table 2. Changes in microbiota composition associated with obesity and FMT therapeutic strategies

Models Disease Implicated microbiota New therapeutic Implicated microbiota Reference
strategies
Mice Obesity Bacteroidetes |, Firmicutes 1 FMT Bacteroidetes 1, Firmicutes | 31
Human Metabolic NO FMT Butyrate-producing microbiota (e.g. Roseburia 56
syndrome intestinalis or Eubacterium hallii)
Mice Obesity NO FMT NO 61
Mice Obesity Gammaproteobacteria FMT Verrucomicrobiales 1, Akkermansia 1, 65
(Escherichia) |, Verrucomicrobia Alistipes (Bacteroidetes phylum) 1
(Akkermansia) | and
Bacteroidales |
Mice Obesity NO FMT NO 66

NO refers to no test or no research.
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Figure 2. Possible mechanisms underlying the relationship between fecal microbiota transplantation (FMT) and obesity are as follows:
FMT manipulates the composition of gut microbiota and thus bacterial bile salt hydrolase (BSH) enzymes in the gut influence host
physiological processes by decreasing the abundance of TBMCA (tauro-f-muricholic acid), a potent antagonist of the host bile receptor
farnesoid X receptor (FXR), causing a decrease of body weight gain, plasma cholesterol levels, and liver triglycerides. Furthermore,
FMT could inhibit growth of pathogens by stimulating secretion of antimicrobial peptides such as Reglllg and B-defensin. FMT may
be able to enhance the gut barrier by maintaining tight junctions and promoting mucin production. Bacterial derived short-chain fatty
acids (SCFAs) activate G-protein coupled receptor (GPR)-43 and trigger secretion of glucagon-like peptide (GLP)-1 and GLP-2 that
are involved in regulating fasting glycemia and affecting insulin sensitivity. FMT might also mediate immunomodulation via Toll-like
receptor-4 (TLR4) on monocytes/macrophages, triggering the activation of nuclear factor-kappa B (NF-kB), mitogen activated protein
kinase (MAPK), signal transducer and activator of transcription (STAT), which may also mediate inflammatory cytokine secretion and

contribute to proliferation and differentiation of immune cells.

metabolic phenotypes than mice receiving their lean
twin’s gut commensals. Differences in body composi-
tion were correlated with differences in fermentation
of short-chain fatty acids (increased in lean mice),
metabolism of branched-chain amino acids (increased
in obese mice), and microbial transformation of bile
acid species (increased in lean mice and correlated
with down-regulation of host farnesoid X receptor
signaling). Because mice are coprophagic, the potential
for transfer of intestinal bacteria through the fecal-oral
route is high. Therefore, the authors used cohousing
mice harboring an obese twin’s microbiota (Ob) with
mice containing the lean co-twin’s microbiota (Ln):
they revealed that cohousing Ln and Ob mice prevented
development of increased adiposity, body mass, and

obesity-associated metabolic phenotypes in Ob cage
mates and transformed their microbiota’s metabolic
profile to a leanlike state. Rescue correlated with
invasion of specific members of Bacteroidetes from
the Ln microbiota into Ob microbiota. These results
reveal that transmissible and modifiable microbiota
influences the host biology. Roux-en-Y gastric by-
pass (RYGB), which is a highly effective treatment
for severe obesity and type 2 diabetes, is character-
ized by a marked and sustained loss of ~65 to 75%
of excess body weight and fat mass.®* These effects
are not only attributable to decreased caloric intake
or absorption, but also to significant alterations of
intestinal bacteria profiles. Numerous studies have
shown that RYGB can change the composition of
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gut microbiota (Figure 3).4663% Recently, Liou et al®
demonstrated that alterations of intestinal bacteria can
contribute to reducing host weight and adiposity after
RYGB surgery in mice. Compared with SHAM mice
(diet-induced obese C57BL/6J mice are submitted
to sham surgery), rapid loss of weight, reduction of
adiposity, and improvement of glucose metabolism
were observed in RYGB mice (diet-induced obese
C57BL/6] mice are submitted to Roux-en-Y gastric
bypass surgery). Furthermore, the levels of Verrucomi-
crobia (Akkermansia), Gammaproteobacteria (Es-
cherichia), and Bacteroidales rapidly and sustainedly
increased in RYGB mice. Transfer of gut microbiota
from RY GB-treated mice to nonoperated, germ-free
mice resulted in weight loss, decreased fat mass, and
significantly reduced fasting triglyceride levels in the
recipient animals (RY GB-R mice) relative to recipients

of microbiota induced by sham surgery (SHAM-R
mice). The relative abundance of Verrucomicrobiales
remained markedly higher in RYGB-R mice than
in SHAM-R mice. In addition, the enrichment of
Akkermansia and Alistipes (Bacteroidetes phylum)
in RYGB-R mice is similar to that of RYGB mice.
In keeping with the latter observation, Zhang et al®
transplanted microbiotas from 16 obese juveniles
and 16 controls separately into 64 germ-free male
Swiss Webster mice caged in pairs and fed standard
chow. They found that the average body weight gain
of mice with microbiotas from obese donors was
significantly higher than that of the control group.
Meanwhile, total feeding efficiency was also higher
in mice with “obese microbiota”. Further research
revealed that cecal concentrations of butyric acid and
iso-butyric acid were significantly lower in the obese
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Figure 3. Metabolic Roux-en-Y gastric bypass surgery (RYGB) may impact upon the composition and regulatory activity of the mi-
crobiota by metabolic modulation. Abbreviations: GABA: g-aminobutyric acid; GLP-1: glucagonlike peptide-1; PYY: peptide YY;
TCA: tricarboxylic acid.
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group, showing an altered microbial activity. These
results establish gut microbiota as a causal factor
for altered weight gain and changes in cecal levels
of short-chain fatty acids. In conclusion, the above
data clearly demonstrate the beneficial effects of FMT
treatment in obesity and the metabolic syndrome.

FMT SIDE EFFECTS

Although the main advantage of FMT is that it
has limited adverse effects, these are still an issue.
At present, the most frequent are mild adverse effects
related to abdominal discomfort (such as pain, bloating,
nausea or even vomiting), but severe adverse effects
have also been reported, including intestinal perfora-
tion, posttransplant sepsis or bacteremia. Despite these
safety concerns related to transference of a complex
and undefined living microbial community from one
human to another, there is very little current information
about the practice of FMT. Patients first need to be
informed about the potential risks before consenting
to the procedure. The optimal donor should be cho-
sen based on his/her medical history and laboratory
testing. A number of precautions and risks must be
considered during donor selection. Potential donors
should be screened for symptoms which may confer
increased risk for transmitting infection. Furthermore,
donors should be free of diseases or conditions which
may, even theoretically, be transmissible by stool.
Evaluating the potential risk of FMT with respect to
possible future infections, autoimmune or metabolic
diseases or even cancer are still required. Finally, in
order to develop FMT therapy, a large number of
human clinical trials need to be conducted.

REGULATORY ISSUES

There is an increasingly urgent need to regulate
fecal microbiota transplantation owing to the remark-
able interest that this therapy is generating. Regulation
of FMT varies greatly between countries worldwide.
In the United States, the US Food and Drug Admin-
istration (FDA) has determined that fecal microbiota
administered via colonoscopy constitutes a biological
product and a drug used to diagnose, cure, mitigate,
treat or prevent disease or influence the structure or
function of the body.®” The physician must obtain
informed consent, make clear the risks and benefits of

the procedure, and explain that it is an investigational
therapy. In addition, the donor must be known to the
patient or healthcare provider and the stool must be
screened for pathogens.® Similarly, Health Canada
considers FMT and related synthetic stool therapies as
a “New Biologic Drug” and requires that any clinical
study go through the process of a clinical trial appli-
cation to ensure that quality and safety standards are
met.® In the UK, where FMT has also been used to
treat CDI, the treatment is considered safe and effec-
tive.”” However, in Europe the European Medicines
Agency has not regulated FMT for CDI thus far,”
while in Australia, where FMT is not considered a
drug or regulated for any indication, the Therapeutic
Goods Administration has provided no communica-
tions regarding FMT. Though several FMT trials are
ongoing in China, there has been no indication that
the Ministry of Health intends to exercise authority
over the procedure.

CONCLUDING REMARKS

Accumulating evidence has suggested that the
maintenance of a healthy intestinal microbiota bacteria
plays a pivotal role in preserving good health as well as
avoiding the development of obesity and its associated
metabolic disorders.”? However, although it is known
that each specific species of gut microbiota can have
either a pathogenic or protective role in the progres-
sion of obesity,” a truly adequate longitudinal study of
the exact relationship between intestinal commensal
bacteria and the development of obesity has not as
yet been carried out. It is thus obvious that in-depth
studies on the mechanism(s) of interaction between
gut microbiota and host need to be conducted in dif-
ferent populations, while in parallel, well-controlled
clinical work with commensal bacteria is essential to
guarantee a safe outcome in obese FMT patients. Over
the past few decades, a large number of studies have
provided a compelling rationale for exploring FMT
as adjunctive therapy for obesity and the emergence
of promising experimental studies has led to several
clinical trials of FMT in human subjects. Meanwhile,
increasing awareness and acceptance as regards the
therapeutic use of FMT, partially due to its perception
as a ‘natural’ treatment and its relatively inexpensive
implementation, is also encouraging.” Synergistic
in vivo and in vitro studies must also be carried out
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to advance our knowledge in this field, translating
the potentials for targeted therapy from preclinical
models to humans. Future studies should focus on
identification of optimal bacterial biomarkers for
obesity diagnosis and therapeutic targets. Moreover,
since this research has opened up an entirely new ap-
proach to the understanding and treatment of obesity,
FMT may be considered a potentially useful therapy
for additional conditions in the future.
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