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Abstract

Nonalcoholic fatty liver disease (NAFLD) is significantly on the rise, which will seriously affect human health; yet,
there is no approved drug for the treatment of NAFLD currently. Recently, more and more studies have demon-
strated that intestinal bacteria affect liver function through the gut-liver axis, and that the imbalance of intestinal
bacterial composition is essential in the pathogenesis of NAFLD. Correcting intestinal bacterial imbalance, there-
fore, may prevent the development and attenuate the progression of NAFLD. Fecal microbiota transplantation
(FMT) is considered the most effective method to correct intestinal bacteria imbalance, but its therapeutic role
in NAFLD has not been established. Moreover, the potential molecular mechanisms of FMT for NAFLD have not
been elucidated. This review paper summarizes the currently available experimental and clinical research results
on the therapeutic effects of FMT for NAFLD. In addition, the underlying molecular mechanisms are proposed,
which would provide theoretical support for FMT as a useful modality for the treatment of NAFLD.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the currently
most prevalent chronic liver diseases, being histologically catego-
rized into nonalcoholic fatty liver (NAFL), nonalcoholic steato-
hepatitis (NASH), and nonalcoholic fatty liver cirrhosis.! Previous
studies have shown that one fourth of the worldwide population
have NAFLD, as diagnosed by imaging, with the incidence rate
ranging from 19.9 to 29.7 per 1,000 person-years and the preva-
lence ranging from 13.5% to 31.8%.! Following the westerniza-
tion of diet and lifestyle over the past decades, the prevalence of
NAFLD in the Chinese population has been increasing, from 18.2%
in 20002006 to 20.0% in 2007-2009 and 20.9% in 2010-2013.?
Following long-term complex interactions among the intesti-
nal bacteria, diet, heredity, obesity and the other various factors,
NAFLD, especially NASH, can evolve from a pure fatty liver to
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liver fibrosis, to cirrhosis and even to hepatic cellular carcinoma.’
It is estimated that NAFLD would become the most frequent in-
dication for liver transplantation by 2030.# Up to now, there is no
effective drug to treat NAFLD. Thus, lifestyle modification,’ in-
cluding physical exercise, healthy diet and weight loss, is gener-
ally recommended as the primary clinical management to alleviate
NAFLD, or to slow down or even cease the progression to fibrosis,
cirrhosis or even carcinoma.>? However, the expected therapeutic
efficacy cannot be achieved in a substantial proportion of patients
due to poor patient compliance, and few patients can achieve ad-
equate weight reduction and even fewer can maintain the weight
in the long run.5 Therefore, searching for novel effective thera-
peutic strategies is an urgent medical issue for the management
of NAFLD.

In recent years, an increasing number of studies have shown
that alteration of gut microbiota, or the imbalance of intestinal bac-
teria, plays an essential role in the pathogenesis of NAFLD.%-* The
pathogenic pathways leading to liver damage include activation
of pathogen-associated molecular patterns (PAMPs) and damage-
associated molecular patterns (DAMPs). When intestinal micro-
ecology imbalance causes intestinal dysfunction, these pathways
can be activated and lead to liver disease. Therefore, actively cor-
recting the altered gut microbiota is believed to be a new therapeu-
tic approach for NAFLD.

Currently, a variety of commercial oral probiotic supplements,
in the form of yogurt or pill, have been applied to ameliorate the
dysbiosis.!®!! Unfortunately, their clinical efficacies for NAFLD
is limited or remain to be confirmed; this is mainly due to the fact
that the supplements used are single species, low amount, and low
vitalityln addition, larger randomized studies are still lacking, as
stated in a Cochrane meta-analysis.'? Fecal microbiota transplanta-
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tion (FMT), also known as fecal bacteria transplantation, is a re-
cently developed novel therapeutic option for several diseases.'3-1¢
Compared with oral probiotics, FMT can significantly improve the
disorder of intestinal bacteria, and is currently recognized as the
most valid method to restore the intestinal micro-ecological bal-
ance.!” The therapeutic role of FMT in NAFLD has been evaluated
in both animal and clinical studies, and accumulating evidence in-
dicates that FMT is promising in treating NAFLD. However, the
underlying molecular mechanisms are not entirely understood, and
well-designed, large-scale randomized clinical trials are needed to
confirm the efficacy.

In the present review, we summarize the existing experimen-
tal and clinical evidence of FMT exerting therapeutic effects on
NAFLD and hypothesize that FMT exerts the therapeutic effects
by blocking the above-mentioned four pathways.

FMT concept and history

FMT, also known as a stool transplant, is a bacteriotherapy, which
is the process of transplantation of fecal bacteria from a healthy
individual into a recipient.'® FMT is an effective strategy to re-
store intestinal microbial diversity.!® The earliest history of fecal
bacteria infusion in medicine can be traced back to ancient China
in the 4th century.! In ancient Chinese medical literature, the term
“Huang Tang (yellow soup)” was used to successfully cure cases
of'severe food poisoning and diarrhea. However, the treatment role
of fecal bacteria did not receive much approval in western coun-
tries, and was even considered as a disgusting “folk prescription”
until the 215 century.

In 2013, FMT was written into the clinical guidelines for the
treatment of refractory and recurrent Clostridium difficile infection
in the USA,?" indicating the leapfrog status of FMT in the history
of medicine. Subsequently, FMT has become a hot research field
worldwide. FMT is currently considered a new efficacious modal-
ity for treating immune and metabolic diseases, such as diabetes
mellitus, obesity, and NAFLD. One of the advantages is that the
bacteria used for transplantation are viable. The other advantage
is that the amount of transplanted bacteria is tremendous. Various
studies have demonstrated that the imbalance of intestinal micro-
ecological environment can result in or aggravate hepatocyte stea-
tosis and hepatitis.2-?> Therefore, FMT can transform the compo-
sition of the gut bacteria spectrum, increase the richness of healthy
intestinal bacteria, inhibit intestinal bacterial overgrowth and re-
pair intestinal barrier permeability, which subsequently regains the
dominant position of healthy intestinal bacteria.!3-1¢

Anatomical structure and physiological function: gut-liver axis

The gut-liver axis is an essential bridge between the intestine and
liver, representing the major pathway through which intestinal
bacteria exert their effects on the liver function. Anatomically, 70%
of the blood supply of the liver comes from the portal vein, and the
liver contacts with the intestine mainly by the portal vein system,
which makes liver vulnerable to the damage of intestinal bacteria
and its endotoxins.?? Physiologically, on one hand, the metabolites,
such as substances broken-down from food, and the secondary bile
acids, and enterobacteria in the intestine, can be absorbed into the
intestinal vein, flow into the portal vein, and then reach the liver
tissue.?* On the other hand, substances such as the primary bile
acid, IgA, and antibacterial molecules produced by the liver, can
be secreted into the biliary tract, and arrive in the intestine. Ad-
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ditionally, inflammatory mediators (such as IL-1p, trimethylamine
oxide, efc.) and intestinal metabolites (such as acetaldehyde, bu-
tyric acid, ethanol, etc.) generated by metabolism in the liver can
all infiltrate into the systemic circulation and keep two-way com-
munication.

It is the presence of these anatomical structures and physiologi-
cal functions that form the gut-liver axis, through which the liver
and the intestine functionally interact with or influence each other.
When the intestinal flora is disturbed, toxic substances produced
by the harmful bacteria enter into the liver through the above
pathways, leading to the damage of the liver function. FMT can
weaken harmful bacteria in the intestine, decrease the quantity of
toxins entering the gut-liver axis, and thus prevent further damage
to the liver. Therefore, the gut-liver axis is the critical structure of
FMT to treat with NAFLD (Fig. 1).

Experimental evidence

There are several animal experiments that have explored the poten-
tial beneficial therapeutic effects of FMT for NAFLD (Table 125-28),

In a study conducted by Le Roy et al.,** two male C57BL/6J
mice, representing high-fat diet (HFD) “responder” and “nonre-
sponder”, respectively, were selected as donors. Both mice had
similar body weight. Whereas the “responder” developed hyper-
glycemia with a high plasma concentration of pro-inflammatory
cytokines, the “nonresponder” was normoglycemic with a lower
level of systemic inflammation. Then, 8-week-old germ-free mice
were transplanted with intestinal microbiota from either the “re-
sponder” (n = 22) or the “nonresponder” (n = 18) through intragas-
tric perfusion, and fed the same HFD for 16 weeks. It was found
that although all mice developed comparable obesity, fasting hy-
perglycemia and insulinemia developed in the responder-receivers
but not in the nonresponder-receivers. In addition, hepatic mac-
rovesicular steatosis developed in the responder-receivers but not
in the nonresponder-receivers. Moreover, the intestinal bacteria
were different at the phylum, genera and species levels between
the two groups, as determined by 16S rRNA sequencing.

Zhou et al®® randomly divided specific pathogen-free male
C57BL/6 mice into control, HFD, and HFD+FMT groups (n = 12
in each group). Whereas the control group was fed with a standard
diet, and the HFD group was fed HFD for 16 weeks, the HFD+FMT
group was fed HFD for 16 weeks and received FMT for the latter
8 weeks. FMT was carried out by transplanting the feces collected
from the control group into the intestine by gavage. They found
that compared with the control group, intestinal permeability and
hepatic steatosis were increased in the HFD group. However, com-
pared with the HFD group, the intestinal permeability and hepatic
steatosis were significantly reduced in the HFD+FMT group. These
findings indicate that FMT could alleviate HFD-induced steatohep-
atitis in mice via beneficial regulation of gut microbiota.

Soderborg et al.?’ divided pregnant women into obesity (n =
8) and normal weight (n = 7) groups, and then collected and sepa-
rately pooled the feces from their 2-week-old infants to feed two
groups of GF C57BL/6J mice for 21 days (n = 12 per group). They
found that the GF mice colonized with fecal microbes from in-
fants born to obese mothers showed increasing intestinal perme-
ability, hepatic gene expression for endoplasmic reticulum stress
and innate immunity, together with histological signs of periportal
inflammation and excess weight, as compared with those colo-
nized with fecal microbes from infants born to obese mothers from
normal-weight mothers. These findings provide experimental evi-
dence that maternal obesity-associated infant dysbiosis may play a
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Fig. 1. Proposed molecular mechanism of FMT for the treatment of
NAFLD. The increase of endotoxin-producing bacteria in the intestine
leads to intestinal mucosal injury. Endotoxin and other harmful substances
activate inflammatory pathways, such as DAMPs and PAMPs, and further
produce a series of inflammatory factors, which promote NAFLD through
the liver-gut axis (shown in the left side of the figure). After FMT, healthy
bacteria would be increased, which repairs intestinal mucosal barrier, in-
hibits pathogenic pathways, such as DAMPs and PAMPs, and promotes
anti-inflammatory factors to improve NAFLD (shown in the right side of
the figure). Abbreviations: ATP, adenosine triphosphate; DAMPs, damage-
associated molecular patterns; FMT, fecal microbiota transplantation;
HFD, high-fat diet; HMGB1, high mobility group box 1; MyD88, myeloid
differentiation factor 88; NAFLD, nonalcoholic fatty liver disease; PAMPs,
pathogen-associated molecular patterns; PPAR, peroxisome proliferators-
activated receptors; RAGE, receptor of advanced glycation end products;
TLR4, toll-like receptor 4.

causative role in childhood obesity and NAFLD.

Garcia-Lezana et al.?® fed Sprague-Dawley rats with a high-fat,
high-glucose/fructose diet or a control diet/water for 8 weeks, and
then selected representative rats as the intestinal microbiota donors.
Then, they transplanted the feces of the representative rats into ad-
ditional rats fed with either the high-fat, high-glucose/fructose diet
or control diet/water, and maintained the diet for 12—14 days. They
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observed that the rats fed high-fat, high-glucose/fructose diet de-
veloped obesity, insulin resistance, NASH without fibrosis, portal
hypertension, intrahepatic endothelial dysfunction, and intestinal
microbiota dysbiosis. Transplantation with feces from control diet/
water donors significantly reduced portal hypertension, although
there was no significant change in NASH. In addition, the weight
of the rats was significantly decreased, and the insulin resistance
was improved. These findings indicate that FMT is potentially a
therapeutic option for portal hypertension in NASH.

Therefore, these experimental findings indicate that intestinal
bacteria play an important role in body metabolism, and intestinal
bacterial disorder could lead to various metabolic diseases, such as
fatty liver, obesity, insulin resistance, efc. FMT, which transplants
the healthy intestinal bacteria into the gut of animals with metabolic
diseases, can rebalance the intestinal bacteria in situ to improve the
metabolic symptoms, and even reduce the fat deposition in the liver.

Clinical research

Up to now, no clinical data have been reported on the efficacy of
FMT treatment for NAFLD. Here, we present preliminary data of
a pilot prospective study (ChiCTR1800018920, http://www.chictr.
org.cn/edit.aspx?pid=31990&htm=4) currently being carried out
in our department. The study, which was performed with the ap-
proval of the Ethical Committees of the First Affiliated Hospital
of Guangdong Pharmaceutical University, aimed to determine
the effect of FMT on hepatic steatosis in patients with NASH. In
this prospective study, patients with NAFLD were divided into
two groups, which were the FMT group and the non-FMT con-
trol group. A total of 47 patients with NAFLD were recruited be-
tween April 1, 2017 and September 30, 2018: 27 received FMT
(200 mL/d for 3 days; FMT group) and 20 who did not receive
special treatment for NAFLD served as controls (non-FMT group).
Data on blood biochemistry and FibroTouch, which was used to
determine fat attenuation parameter (FAP),?° were recorded from
the 27 patients before and 1 month after FMT treatment, as well
as for the 20 controls. The average values of FAP before and after
treatment are described in Table 2. It was found that the difference
in the change of FAP as measured by FibroTouch was significant
after treatment with FMT, compared with the control group (F =
4.603, p = 0.038, by analysis of covariance) (Table 2). The values
of change in FAP are —9.26 + 29.31 in the FMT group and 12.21 +
24.48 in the control group. This finding indicates that FMT indeed
attenuates hepatic steatosis.

Therefore, we conclude, from our preliminary and first ever
reported data, that FMT improves the fatty liver disease, and the
completion of our present study would further consolidate the con-
clusion. According to clinicaltrials.gov, one clinical trial that eval-
uates if FMT can alter insulin resistance and reduce the amount of
fat deposited in the liver in patients with metabolic syndrome and
NAFLD has been recently completed in Canada (NCT02496390).
No results have been reported yet. In addition, two more clini-
cal trials that assess the efficacy and safety of FMT for NASH
(NCT02469272) and NASH-related cirrhosis (NCT02721264) are
currently recruiting subjects.

Proposed hypothesis on the molecular mechanisms of FMT for
the treatment of NAFLD

As mentioned above, FMT is a potential modality for the treat-
ment of NAFLD.!316:3031 However, the underlying molecular
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Table 1. Animal experiments on FMT in the treatment of nonalcoholic fatty liver disease

Author/publication year Animal models Control Intervention Results
Le Roy et al./201325 One C57BL/6) One C57BL/6)J The microbiota RR: developed fasting
mice (HFD mice (HFD of “responder” or hyperglycemia and insulinemia,

“nonresponder”)  “nonresponder” transplanted

to GF mice (RR =22, NRR =18)

hepatic steatosis
NRR: Normal blood glucose

“responder”)

Zhou et al./2017%6 SPF male SPF male SPF male C57BL/6 mice HFD induced liver steatohepatitis
C57BL/6 mice: C57BL/6 mice: divided into three groups of mice, and FMT attenuated
HFD (n =12) Normal diet and fed with a normal diet or  steatohepatitis in mice.
HFD+FMT (n=12) (n=12) high fat diet respectively for
16 weeks. “HFD+FMT” group
has additional therapy of
fecal microbiota for 8 weeks.
Soderborg et al./2018%7  GF mice GF mice Randomly selecting four mice  GF mice colonized with the

colonized with
the microbiota
of infant of

colonized with
the microbiota of
infant of obesity

from each group, exposure to
a WSD. Repeat three times.

microbiota of infant of obesity
mother: intestinal permeability
hepatic gene expression

Garcia-Lezana

mother (n =12)

Male Sprague-

normal weight
mother (n =12)

Male Sprague-

for endoplasmic reticulum
stress excess weight gain

HFGFD and CD rats were HFGFD rats developed obesity,

et al./2018%8 Dawley rats: Dawley rats: transplanted with microbiota  insulin resistance, NASH with PH,
HFGFD (n = 6) Control diet from opposite diet donors: and the HFGFD autotransplanted
(n=6) heterologous transplant or rats were decrease PH.

autologous fecal transplant.

Abbreviations: CD, control diet/water; FMT, fecal microbiota transplant; GF, germ-free; HFD, high fat diet; HFGFD, high-fat, high-glucose/fructose diet; NRR, nonresponder-
receivers; RR, responder-receivers (the responder developed obesity, fasting hyperglycemia and insulinemia after HFD; SPF, specific pathogen-free; WSD, Western-style diet.

mechanisms are still in the exploratory stage and have not been
fully clarified. It is known that activation of PAMPs and DAMPs
are the main pathogenic pathways leading to liver damage, as de-
scribed earlier. Based on the existing experimental findings, we
would summarize and put forward the hypothesis on the molecular
mechanisms by targeting these two pathways (Fig. 1), which are
described in detail below.

Reduce the inflammatory response by transforming the composi-
tion of intestinal bacteria, reduce endotoxin-producing bacteria
and increase probiotics

The intestinal bacteria of NAFLD patients often present the char-
acteristics of the increased distribution of Gram-negative bacteria.
Lipopolysaccharides (LPS), also known as lipoglycans and endo-
toxins, are the main component of the cell wall of Gram-negative
bacteria. They are the primary pathogenic substances that can in-
crease the permeability of the intestinal barrier and activate the
intestinal immune cells’ secretion of inflammatory mediators,
leading to the occurrence of autoimmune intestinal inflammation.
Meanwhile, LPS can be transported into the liver through the gut-
liver axis, combine with the receptors (e.g., TLR4, IL-17r) on the

immune cell surface in the liver, activate immune cells to secrete
inflammatory factors, such as TNF-a, IL-6 and IL-1p, and further
initiate a hepatic inflammatory response.3* Transplantation of the
integral fecal bacteria derived from healthy people to overturn the
composition of intestinal bacteria in patients would result in reduc-
tion of the endotoxin production and endotoxin-mediated inflam-
matory reaction, and maintain the ecological balance of intestinal
bacteria.

Besides, FMT can increase the proportion of probiotics, such as
Lactobacilli. These probiotics produce some critical metabolites,
such as butyrate by fermentation, and participate in the division
and decomposition of substances to promote the metabolic bal-
ance of the body. Butyrate, which is a short chain fatty acid, is
demonstrated to be an immunomodulator and anti-inflammatory
substance, and is involved in protecting the intestinal mucosa bar-
rier, regulating immune function and increasing insulin receptor
sensitivity.33-7 Zhang et al.’® found that the intestinal inflamma-
tory response in the animal model was significantly improved after
transplanting butyrate bacteria extracted from healthy people into
the animals with HFD-induced NAFLD, suggesting that butyrate
has an anti-inflammatory effect. In addition, butyrate has also been
found to be a fundamental substance for maintaining the intesti-
nal barrier and immune regulation.3*3° Moreover, probiotics may

Table 2. Effect of FMT on fat attenuation in patients with nonalcoholic fatty liver disease

Variable Stage FMT (n = 27), Mean % SD Controls (n = 20), Mean + SD F p value
FAP value Before 279.37 £34.14 244,70 £ 41.36

After 270.11 £ 44.04 256.91 + 45.56
Change in FAP After—before -9.26 £29.31 12.21 +24.48 4.603 0.038

The data are derived from a prospective clinical study currently being conducted at the First Affiliated Hospital of Guangdong Pharmaceutical University, Guangzhou, China. Ab-
breviations: SD, standard deviation. FAP, fat attenuation parameter; FMT, fecal microbiota transplantation. Comparison was between the FMT group and the non-FMT group.
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also produce many other metabolic substances to prevent the body
from damage. Therefore, FMT can transform the composition of
intestinal flora, increase the number of probiotics and their ben-
eficial metabolites to achieve the goals of improving the intestinal
barrier function, decreasing the pathogenic factors and reducing
the inflammatory response in the liver.

Repair the intestinal mucosa mechanical and immune barriers
by increasing the production of tight junction proteins

The intestinal mucosa barrier can effectively stop harmful sub-
stances (bacteria or toxins) from entering into tissues and the blood
circulation. If the tight junction between the intestinal epithelial
cells is destroyed, the intestinal permeability will increase and re-
sult in LPS penetrating the submucosal blood vessel, ultimately
causing a liver lesion. In an animal study, Zhou et al.?® transplant-
ed the feces taken from normal mice into mice with HFD-induced
NAFLD. After 8 weeks of the treatment, the beneficial bacteria
and the levels of intestinal tight binding protein ZO-1 and butyrate
were increased in the intestine of NAFLD mice, and the serum
level of LPS was decreased. In addition, the accumulation of lipid
and inflammatory factors in liver were significantly reduced after
FMT. These findings suggest that FMT could reduce the intestinal
permeability and repair mechanical barriers in the gut by increas-
ing the expression of tight junction proteins.

Additionally, the intestinal mucosal immune barrier may also
be enhanced by increased butyrate production after FMT, which
increases the production of butyrate-producing bacteria. An animal
study by Smith et al.3¢ showed that the number of Treg cells was
increased and the anti-inflammatory factor IL-10 was activated in
the intestine of sterile mice fed with sodium butyrate. Other studies
have shown that butyrate also reduces release of pro-inflammato-
ry cytokines, inhibiting the intestinal inflammatory response and
maintaining the intestinal immune balance, probably by modulat-
ing the activity of related inflammatory pathways, such as G-pro-
tein coupled receptor, NF-xB, and JAK/STAT.37#? Therefore, FMT
would be the therapeutic approach for NAFLD by enhancing the
intestinal mechanical barrier and immune barrier.

Increase the expression of insulin receptors in the liver and im-
prove insulin resistance by increasing butyrate production

Insulin resistance is one of the mechanisms responsible for lipid
metabolic disorder in the liver, by increasing lipid deposition, ag-
gravating lipid degeneration and causing oxidative stress in the
liver. Therefore, increasing the expression of the insulin receptor
and the sensitivity of insulin can improve the lipid deposition of
hepatocytes and reduce inflammation caused by lipid oxidative
stress. Jin ef al.35 showed that the expression of the insulin receptor
in the liver was significantly upregulated, and insulin sensitivity
and hepatic steatosis was significantly improved after administra-
tion of microbial butyrate into mice with NASH. These findings,
in combination with the fact that FMT increases the proportion of
intestinal butyrate-producing bacteria, as mentioned above, further
indicate that FMT can increase the production of butyrate and sub-
sequently promote the expression of the insulin receptor.
Furthermore, Zhou et al.2 also found that the intestinal bu-
tyrate was significantly increased after transplantation, which was
associated with decreased serum levels of a series of inflamma-
tory factors (e.g., TNF, IL-1, MCP-1, IL-6) and intrahepatic lev-
els of triglyceride and cholesterol. The PPAR-a mRNAs, from a
gene that mainly participates in fatty acid oxidation, in the liver
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were significantly upregulated in the HFD group compared with
the control group and significantly downregulated after FMT inter-
vention. The protein level of the insulin receptor was upregulated,
following a significant increase of butyrate concentration in the ce-
cal content after FMT. Therefore, FMT can improve the expression
of the insulin receptor in the liver by increasing the production of
butyrate bacteria, acting on the improvement of insulin resistance
and reducing liver cell fat deposition to maintain lipid metabolic
balance.

Attenuate the activation and migration of DAMPs by downregu-
lating their receptors

DAMPs are host biomolecules that can initiate and perpetuate the
primary mechanism of sterile inflammation and are released to the
damaged site during cell or tissue injury; they include the high
mobility group box 1 protein, S100 protein, nuclear DNA, etc.*!
In NAFLD, DAMPs are secreted from the activated immune cells,
whereas hepatic immune cells receive the signals of cell death or
intestinal injury (e.g., LPS binding to receptors on the surface of
liver immune cells), migrate to the position of inflammatory le-
sions, and then bind to their corresponding receptors to aggravate
the intrahepatic inflammatory response.’? As long as the lesion
signal is not relieved, its inflammatory effect is sustained, which
is also one of the crucial links in the pathogenesis of NAFLD,
DAMPs combine with the receptor of advanced glycation end
products or toll-like receptor family members (including the TLR4
receptor), participate in the inflammatory response to the intestine
and subsequently are involved in the development of NAFLD.4?
FMT can both alleviate the production of LPS and the secretion of
DAMPs. Moreover, FMT can downregulate the MyD88 protein of
TLR4 receptors, inhibit the expression of TGF-1 and a-SMA, and
then reduce the number of receptors that can bind to DAMPs.26:42
In other words, FMT can reduce or block the continuous inflam-
matory infiltration in the liver by downregulating the receptors of
DAMPs and subsequently attenuating their activation and migra-
tion.

Prospects

FMT is a medical breakthrough in recent years but it is currently still
in the exploratory stage. The clinical efficacy of FMT for NAFLD
needs to be further explored and confirmed in well-designed clini-
cal studies. Moreover, the proposed molecular mechanisms are
worth being investigated or elucidated. Although several critical
issues, including quality of the donors, consumer acceptance, and
ethical, technological and regulatory considerations, exist prior to
widespread implementation and application in clinical practice, we
are confident that these issues can be gradually resolved with the
promising efficacy of FMT for the treatment of NAFLD.

Conclusions

FMT improves the physiological and biological parameters and
symptoms of NAFLD, as shown in animal experiments and our
preliminary clinical study. It is proposed that FMT may treat
NAFLD by reducing the inflammatory response, repairing intes-
tinal mechanical and immune barriers, upregulating insulin recep-
tors and improving insulin resistance and attenuating the activation
and migration of DAMPs.
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