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High-fat diet reduces the level of secretory
immunoglobulin A coating of commensal gut microbiota
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Excessive fat intake is associated with changes in gut microbiota composition. In the present study, we focused on the
secretory immunoglobulin A (SIgA) coating of gut microbiota as a mucosal immune response affecting the gut microbiota
following a high-fat diet (HFD). The level of SIgA coating of gut microbiota was evaluated in normal-fat diet (NFD)- and
HFD-fed mice. HFD significantly decreased the level of SIgA coating the gut microbiota compared with NFD. Of note,
substitution of HFD with NFD resulted in a complete recovery of the level of SIgA coating. These findings suggest that
dietary fat influences the SIgA coating of the gut microbiota. Furthermore, we analyzed the composition of the gut
microbiota and the concentration of cecal short-chain fatty acids. HFD feeding changed the gut microbiota composition
at the phylum and family levels. Pearson correlation analysis between the level of SIgA coating of gut microbiota and
the relative abundance of gut microbiota showed that the relative abundances of Clostridiaceae, Mogibacteriaceae,
Turicibacteraceae, and Bifidobacteriaceae were negatively correlated with the level of SIgA coating of gut microbiota.
Conversely, the relative abundances of Desulfovibrionaceae, S24-7, and Lactobacillaceae were positively correlated with
the level of SIgA coating. The concentrations of cecal acetate and butyrate were lower in HFD-fed mice and positively
correlated with the level of SIgA coating of gut microbiota. Our observations suggest that a decrease in the level of
SIgA coating of the gut microbiota through a HFD might relate to HFD-induced changes in microbial composition and

microbial metabolites production.
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INTRODUCTION

Excessive consumption of dietary fat alters the composition
of gut microbiota. High-fat diet (HFD) consumption
increases the ratio of Firmicutes:Bacteroidetes, the dominant
phyla in the human and mouse gut [1]. Family-level changes
in gut microbiota have also been reported, including
increases in Enterobacteriaceae, Enterococcaceae, and
Bifidobacteriaceae, as well as decreases in Lactobacillaceae
and Prevotellaceae [2—4]. In addition, HFD consumption
has been associated with decreased microbial diversity [5].
Several factors, such as bile acid, dietary fat, and short-
chain fatty acids (SCFAs), may induce shifts in microbial
composition as a result of HFD feeding. Firstly, elevated fat
consumption triggers increased bile acid synthesis, a process
required in lipid digestion and absorption. Unabsorbed
bile acids are hydrolyzed into secondary bile acids by gut
microbial bile salt hydrolase [6]. The antimicrobial nature
of the resultant secondary bile acids has been suggested to
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favor the growth of bile-tolerant microbiota [7]. Secondly,
movement of unabsorbed dietary fat into the distal intestine
after HFD consumption has been shown to cause an increase
in the Firmicutes:Bacteroidetes ratio due to the bacteriostatic
properties of saturated fatty acids [8, 9]. Further, prolonged
consumption of a diet rich in saturated fats is associated with
ER stress-mediated reduction in colonic mucin production,
resulting in changes in gut microbiota composition [10].
These HFD-related changes in gut microbiota result in lower
SCFA production in the intestinal lumen [11]. The subsequent
increase in luminal pH inhibits the growth of pH-sensitive
bacteria, further modulating the gut microbiota composition
[12]. In addition to these factors, we hypothesized that the
secretory immunoglobulin A (SIgA) coating of gut microbiota
is related to changes in microbial composition upon HFD
consumption. This is because SIgA plays an important role in
maintaining a stable gut microbial composition [13]. SIgA is
the predominant antibody isotype secreted into the intestinal
lumen [14]. SIgA specifically coats gut microbiota [15] and
suppresses the overgrowth of gut microbiota [16, 17]. While
it is evident that the SIgA coating of gut microbiota modulates
the gut microbial composition, the relationship between the
SIgA coating of gut microbiota and HFD-induced changes
in gut microbiota remains unclear. To investigate this
relationship, we evaluated the level of IgA coating of gut
microbiota and the gut microbial composition in NFD- and
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Table 1. Composition of experimental diets

NFD HFD
Ingredients (g/kg diet)
Maize starch! 465.692 290.692
a-Maize starch! 155 -
Casein! 140 140
Sucrose? 100 100
Cellulose! 50 50
Soybean oil® 40 70
Lard* - 300
AIN-93 Mineral mix! 35 35
AIN- 93 Vitamin mix! 10 10
L-cystine? 1.8 1.8
Choline bitartrate’ 2.5 2.5
Tert-butylhydroquinone® 0.008 0.008
Total energy (kcal/g diet) 3.8 5.5

NFD: normal fat diet; HFD: high fat diet.

'Purchased from CLEA Japan, Japan.

2Purchased from Nippon Beet Sugar, Japan.

3Purchased from Nacalai Tesque, Inc, Japan.
4Purchased from Yukijirushi, Japan.

SPurchased from Tokyo Chemical Industry, Japan.
Purchased from Wako Pure Chemical Industries, Japan.

HFD-fed mice and explored the correlation between them.

MATERIALS AND METHODS

Experimental design

The experimental protocol was approved by the Animal
Care and Use Committee of Okayama University, Japan
(approval no. OKU-2016305). Thirty male BALB/c mice (9
weeks old) were allocated into groups based on body weight
and acclimated for a week. We conducted two experiments
which differed in dietary treatment and dissection period.

In experiment 1, 20 mice were allocated into 2 groups and
allowed free access to water and to either a normal-fat diet
(NFD) or HFD. The diet composition can be found in Table
1. Fecal samples were collected at the start of the experiment
and at weeks 6 and 12. Before dissection at week 12, body
weight was measured. The mice were then euthanized by
exsanguination via cardiac puncture under pentobarbital
anesthesia. The cecal content and colonic tissue were collected.

In experiment 2, 10 mice were divided into 2 groups; one
group was fed NFD for 18 weeks, and the other group was fed
HFD for the first 12 weeks and then switched to NFD for the
following 6 weeks. At week 18, fecal samples were collected.

Flow cytometry analysis of 1gA-coated bacteria

One fecal pellet was suspended in 500 ul PBS and
sedimented by centrifugation (100 x g for 20 min). The
supernatant was then centrifuged at 9,000 x g for 10 min.
After centrifugation, the supernatant was collected for
fecal IgA ELISA. The resultant bacterial pellet was washed
twice with PBS. The bacterial cells were then fixed with 4%

paraformaldehyde (Wako) overnight at 4°C. After washing
twice with PBS, the bacterial cells were stained with FITC-
labelled anti-mouse IgA (BD Pharmingen) for 30 min. After
washing twice with PBS, the bacterial cells were stained
with propidium iodide (PI; Sigma Aldrich) solution (4 pg/
ml). The bacterial suspension was analyzed by a Gallios flow
cytometer (Beckman Coulter). The gating strategy used to
identify SIgA-coated and non-coated bacteria is shown in Fig.
1. FCS Express V3 (De Novo Software) was used to calculate
the average FITC intensity emitted by a single SIgA-coated
bacterium. The average FITC intensity emitted by a single
SIgA-coated bacterium was defined as the average level of
SIgA coating per fecal bacterium.

Quantification of fecal IgA concentration

The concentration of fecal IgA in the aforementioned
fecal supernatant was measured using a Mouse IgA ELISA
Quantitation Set (Bethyl) according to the manufacturer’s
instructions. The absorbance of each well was read at 450 nm
using a microplate reader (Bio-Rad).

Western blot of IgA bound to fecal bacteria

The samples containing fecal bacteria were prepared as
described above. The bacterial pellet was lysed with 15 pl
RIPA lysis buffer. Mouse serum IgA (Bethyl) was also
lysed and used as standard for the quantification of IgA.
The bacterial lysate was mixed with 4 X Laemmli buffer
and separated on 10% SDS-PAGE. The separated proteins
were transferred onto a PVDF membrane using the Power
Blotter System (Thermo Fisher Scientific). After blocking
with 1% skim milk buffer, the membrane was stained with
anti-mouse IgA antibody (Bethyl) and HRP-conjugated anti-
goat IgG antibody (R&D Systems) as primary and secondary
antibodies, respectively, and visualized using Chemi-Lumi
One Super substrates (Nacalai). Imaging and quantification of
IgA coating fecal bacteria were performed using a ChemiDoc
XRS+ system (Bio-Rad). The amount of IgA coating fecal
bacteria was quantified by measuring the band intensity and
comparing it to reference bands of serum IgA.

Analysis of gene expression

Total RNA was extracted from colonic samples using
ISOGEN II according to the manufacturer’s protocol (Nippon
Gene). Random primers were then used to reverse transcribe
the RNA (Takara). gPCR was performed using an AriaMx
Real-Time PCR System (Agilent Technologies). Sample
quantification cycle (Cq) values were normalized using
the housekeeping gene GAPDH. Fold changes were then
calculated relative to the average NFD group value using the
AACqmethod. The primer pair sequences used were as follows:
5'-TCAAGAAGGTGGTGAAGCAG-3', forward primer, and
5'-AAGGTGGAAGAGTGGGAGTTG-3, reverse primer,
for mouse GAPDH; 5-TGCACAGCTTTCTTCTGCAC-3/,
forward primer, and 5-TGCCAGCCTCACATGTACTC-3’,
reverse  primer, for mouse IgA  [18]; and
5'-GCTGACGAGTGGTTGGTGAATG-3', forward primer,
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Gating based on an unstained bacterial pellet was used to identify bacteria from mouse feces. (A) The microbial

fraction was first identified by forward scatter (FS) and side scatter (SS) properties, as shown in gate 1. (B) Quadrants
onan FL1 vs. FL3 dot plot using gate 1 were used to identify bacteria. [gA-coated bacteria were identified as PI- and
FITC-positive populations; non-IgA-coated bacteria were identified as PI-positive and FITC-negative populations.

and 5-GATGAGGTGGCAGACAGGAGAC-3, reverse

primer, for mouse Muc2 [19].

1llumina MiSeq sequencing

Bacterial DNA was extracted from fecal samples by
using a QIAamp Stool Mini Kit (Qiagen) according to the
manufacturer’s instructions, with additional freeze, thaw,
and bead-beating steps. Next-generation sequencing analysis
was performed as previously described [20]. All bacterial
species obtained from fecal samples were classified, and
the proportion of different phyla and families was computed
using QIIME (version 1.9.1). The alpha diversity (Chaol
and Shannon indexes) of species-level microbial taxa was
computed for rarefied operational taxonomic units (OTUs)
(5,000 reads) using the Primer version 7 with the Permanova+
add-on software (Primer-E, Plymouth Marine Laboratory,
Plymouth, UK).

SCFAs in the cecum

Determination of cecal SCFAs was conducted using a
gas chromatograph (GC-14a, Shimadzu) fitted with a glass
capillary column coated with nitroterephthalic acid modified
polyethylene glycol (TC- FFAP, GL Sciences). Cecum
samples were weighed, homogenized, and then deproteinized
using 10% trichloroacetic acid. The samples were then
centrifuged before injection into the TC-FFAP column. The
column oven temperature was programmed at 80°C for the
first 2 minutes and then increased to 200°C at a rate of 10°C
per minute [21].

Statistical analysis

Data are expressed as means + SEM. All statistical
analysis was conducted using GraphPad Prism version 7.00
for Windows (GraphPad Software, USA). Values obtained
from experiments 1 and 2 were compared between diet
groups using Student’s t-test at each time point. Correlations
between the average level of SIgA coating per fecal bacterium
and fecal IgA concentration, body weight, colonic IgA mRNA
expression, relative abundance of gut microbiota, and cecal
SCFA concentration were analyzed using Pearson correlation
coefficients. p<0.05 was considered statistically significant in
all experiments.

RESULTS

HFD feeding reduces SIgA coating of gut microbiota

In experiment 1, we detected by flow cytometry SIgA-
coated bacteria in the feces of mice fed either NFD or HFD for
6 and 12 weeks. Representative results of the flow cytometry
for the detection of SIgA-coated bacteria are shown in Fig.
2A. SIgA-coated bacteria were recognized as both FITC- and
PI-positive populations and were also gated. The average
level of SIgA coating per fecal bacterium was significantly
lower in HFD-fed mice at weeks 6 and 12 than in NFD-fed
mice (Fig. 2B). Although no significant differences between
the diet groups were detected, the amount of SIgA coating of
fecal bacteria measured by western blotting was also lower
in HFD-fed mice compared with NFD-fed mice at week 6
and week 12 (Fig. 2C). Fecal IgA concentration tended to be
lower in HFD-fed mice than in NFD-fed mice at weeks 6 and
12 (Fig. 2D). Body weight was significantly higher in HFD-
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Fig. 2. HFD consumption decreases the level of SIgA coating of gut microbiota (experiment 1). (A) Representative results of flow cytometry
for the detection of SIgA-coated bacteria in feces at week 0 and after 6 and 12 weeks of NFD or HFD feeding. Gated population represents
SIgA-coated bacteria. (B) Average level of SIgA coating per fecal bacterium analyzed by flow cytometry. Average FITC intensity of
SIgA-coated bacteria measured by flow cytometry and defined as the average level of SIgA coating per fecal bacterium. (C) Amount of
IgA coating fecal bacteria analyzed by western blotting. Fecal bacteria were subjected to western blotting using an anti-IgA antibody. A
representative blot is shown above the graph. The amount of IgA coating fecal bacteria was quantified by reference to band intensity of
a reference serum IgA. (D) Fecal IgA concentration. (E) Body weight. (F) Colonic mRNA expression of IgA was determined by qPCR.
Values are given as means + SEM (n=5 per group). *p<0.05 for HFD vs. NFD at week 6 and week 12 by unpaired Student’s t-test.

fed mice than in NFD-fed mice at week 12 (Fig. 2E). The Level of SIgA coating of gut microbiota is associated with

gene expression of IgA in the colon did not differ between diet Jecal IgA concentration and body weight

groups at week 6 and week 12 (Fig. 2F). The fecal IgA concentration positively correlated with the
average level of SIgA coating per fecal bacterium (r=0.64,
p<0.01) (Fig. 3A). Body weight negatively correlated with the
average level of SIgA coating per fecal bacterium (r=—0.56,
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Fig. 2. Continued.

p<0.01) (Fig. 3B). There was no correlation between the gene
expression of IgA in the colon and the average level of SIgA
coating per fecal bacterium (r=—0.24, p=0.22) (Fig. 3C).

HFD-induced reduction of SIgA coating of gut microbiota
is reversed by NFD feeding

In experiment 2, we detected SIgA-coated bacteria in the
feces of mice fed NFD for 18 weeks (NFD) or fed HFD for
the first 12 weeks and then NFD for the subsequent 6 weeks
(HFD + NFD). Representative results of flow cytometry for
the detection of SIgA-coated bacteria are shown in Fig. 4A.
There were no significant differences in the average level of
SIgA coating per fecal bacterium between NFD and HFD
+ NFD (Fig. 4B). The level of SIgA coating fecal bacteria
measured by western blotting was also not significantly
different between the diet groups (Fig. 4C).

HFD-induced changes in gut microbiota and cecal SCFA
concentrations are associated with the level of SIgA
coating of gut microbiota

The relative abundances of fecal microbial taxa at the
phylum and family levels and of cecal SCFAs in mice fed
NFD or HFD for 12 weeks are shown in Table 2. HFD
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feeding elevated the relative abundance of Firmicutes
(p=0.06) and reduced that of Bacteroidetes (p=0.09). The
ratio of Firmicutes:Bacteroidetes was not significantly
different between NFD-fed (20.1 = 16.7) and HFD-fed mice
(34.3 £ 12.7). The relative abundance of Actinobacteria
was significantly higher, while that of Proteobacteria was
significantly lower in HFD-fed mice, compared with NFD-
fed mice. Further, HFD-fed mice showed significantly higher
relative abundances of Bifidobacteriaceae, Clostridiaceae,
Mogibacteriaceae and Turicibacteraceae compared with
NFD-fed mice. Conversely, Lactobacillaceae, S24-7, and
Desulfovibrionaceae were less abundant in HFD-fed mice.
To determine the effect of HFD on microbial diversity, the
Shannon index and the Chaol index were computed. HFD-fed
mice exhibited a significantly lower diversity at the species
level based on observed richness (Chaol) and Shannon’s
diversity index (Fig. SA and 5B). A heat map of the 20 most
abundant microbiota at the family level was generated to
examine the individual microbial differences at 12 weeks.
The heat map showed that the samples were separated into
two different clusters based on diet, with the exception of
one individual in the NFD group (Fig. 5C). HFD-feeding
decreased the concentrations of cecal acetate, propionate,
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Level of SIgA coating of gut microbiota is associated
with fecal IgA concentration and body weight. Pearson
correlation between (A) fecal IgA concentration, (B) body
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average level of SIgA coating per fecal bacterium. Each dot
represents measurements of a single mouse. The correlation
coefficient (), the corresponding p value, and the linear
regression line are shown. Values are given as means + SEM
(n=5 per group).

and butyrate; however, the differences were not significant
between the diet groups.

The relative abundance of Firmicutes tended to be
negatively correlated with the average level of SIgA coating
per fecal bacterium (Table 2). The relative abundances of
Clostridiaceae,  Mogibacteriaceae, Turicibaceteraceae
and Bifidobacteriaceae were also negatively correlated
with average level of SIgA coating per fecal bacterium.
The relative abundances of Lactobacillaceae, S24-7, and
Desulfovibrionaceae were positively correlated with average
level of SIgA coating per fecal bacterium.

The concentrations of cecal acetate and butyrate were
positively correlated with the average level of SIgA coating
per fecal bacterium.

DISCUSSION

In the present study, we investigated the relationship
between SIgA coating of gut microbiota and HFD-induced
changes in gut microbiota. Our study demonstrates that the
level of SIgA coating fecal bacteria greatly decreased in
HFD-fed mice compared with NFD-fed mice, which suggests
that SIgA coating of gut microbiota may be suppressed by
HFD feeding. Furthermore, we observed that the suppression
of SIgA coating of gut microbiota induced by HFD is
completely reversed by substitution of HFD with NFD. It
was reconfirmed that excessive fat intake is a major cause of
suppression of SIgA coating of gut microbiota. Although the
exact underlying mechanism remains unclear, we showed the
possibility that fat content in diet is one of the determinant
factors modulating the adaptive mucosal immune response
associated with SIgA against gut microbiota.

There are two possible causes for the decrease of SIgA
coating of gut microbiota induced by HFD: one is the fecal
IgA concentration, and the other is SIgA specificity against
gut microbiota. Although no significant difference was found,
the fecal IgA concentration was decreased by HFD ingestion.
Furthermore, it was positively correlated with the average
level of SIgA coating per fecal bacterium. This implies
that the decreased SIgA secretion induced by HFD feeding
might decrease the level of SIgA coating the gut microbiota.
However, a previous study demonstrated that the fecal IgA
concentration is not a determinant factor for the amount of
SIgA coating gut microbiota, because only less than 1%
of fecal IgA is used for the coating of gut microbiota [22].
Therefore, this possibility should be further examined in a
future study.

SIgA specificity against luminal antigens is partly
regulated by dendritic cells and T cells present in the Peyer’s
patches [23]. James et al. reported that HFD feeding reduces
the ability of dendritic cells to induce T cell expansion,
which plays a critical role in the differentiation of antigen-
specific IgA plasmablasts [24]. Together with these studies,
our results suggest that HFD consumption might suppress
the differentiation of IgA plasmablasts specific for the gut
microbiota, resulting in a decrease of SIgA coating of gut
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Reduction in the level of SIgA coating of gut microbiota induced by HFD consumption is reversed by NFD

consumption (experiment 2). (A) Representative results of flow cytometry for the detection of SIgA-coated bacteria
in mice fed NFD for 18 weeks (NFD) and in mice fed HFD for the first 12 weeks and then NFD for the following 6
weeks (NFD+HFD). (B) Average level of SIgA coating per fecal bacterium analyzed by flow cytometry. (C) Amount
of IgA coating fecal bacteria analyzed by western blotting. Values are given as means + SEM (n=5 per group).

microbiota.

In line with previous studies, we observed that HFD
feeding induced changes in the microbial composition at the
phylum level [1, 5]. HFD-fed mice had a higher abundance
of Firmicutes and a lower abundance of Bacteroidetes. At
the family level, the relative abundances of Clostridiaceae
and Bifidobacteriaceae were significantly increased in
HFD-fed mice compared with NFD-fed mice, while those of
Lactobacillaceae and S24-7 were significantly decreased as in
previous studies [2, 3]. In the present study, we found a clear
correlation between the level of SIgA coating gut microbiota
and the relative abundance of gut microbiota in mice fed
NFD or HFD for 12 weeks. There was a tendency of negative
correlation between the relative abundance of Firmicutes
and the level of SIgA coating gut microbiota. Furthermore,
we observed a significant negative correlation between the
relative abundances of Clostridiaceae, Mogibacteriaceae,

Turicibacteraceae, and Bifidobacteriaceae and the level of
SIgA coating gut microbiota. Peterson et al. demonstrated that
the growth of Bacteroides thetaiotaomicron, a dominant gut
bacterium, is suppressed in IgA-deficient mice transplanted
with hybridoma cells secreting IgA that specifically binds
to B. thetaiotaomicron, compared with IgA-deficient mice
without hybridoma cells [25]. Furthermore, Wei et al.
reported that both aerobic and anaerobic gut microbiota grow
excessively in AID9?3S mice, whose intestinal IgA has low
specificity against gut microbiota compared with wild-type
mice [26]. These reports suggest that SIgA coating of gut
microbiota plays a crucial role in suppressing gut microbiota
coated by SIgA. Therefore, the negative correlation between
the level of SIgA coating of gut microbiota and the relative
abundances of the phylum Firmicutes and the families
Clostridiaceae, Mogibacteriaceae, Turicibacteraceae, and
Bifidobacteriaceae indicates that the overgrowth of these
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Table 2. Relative abundances (%) of fecal microbial taxa at the phylum and family levels' and cecal
SCFAs in mice fed on NFD and HFD for 12 weeks (experiment 1)

Correlation with average level of

NFD HFD IgA coating per fecal bacterium
r p value
Relative abundance (%)

Firmicutes 69.98+3.79 80.43+£2.54 -0.65 0.08
Clostridiaceae 0.49+0.10 2.59 +0.58* -0.79 0.021
Lactobacillaceae 6.19+1.13 1.81 £ 0.90* 0.62 0.1
Mogibacteriaceae 0.32+0.12 0.97 £0.12* -0.78 0.021
Turicibacteraceae 6.26 +2.57  25.52 +£2.68% —0.85 0.011

Bacteroidetes 15.15+4.84 4.60 +2.38 0.59 0.12
S24-7 10.42 £3.57 1.43 +0.49% 0.65 0.08

Actinobacteria 5454 1.55 12.35+0.97* -0.77 0.03Y
Bifidobacteriaceae 536+1.57 12.24 £0.95* -0.77 0.031

Proteobacteria 7.60 +2.11 0.18 +0.08* 0.73 0.041
Desulfovibrionaceae  7.48 +2.15 0.14 +0.08* 0.72 0.041

SCFA (umol/g)

Acetate 3.11+0.78 1.81+£0.32 0.76 0.05Y

Propionate 0.40 +0.08 0.21 +£0.01 0.68 0.09

Butyrate 0.40+0.11 0.22+£0.01 0.78 0.041

IResults include only family-level microbial taxa that were significantly different between diet groups. Values
are given as means = SEM (n=5 per group). *Different from NFD (p<0.05). ISignificant correlation (p<0.05).

microbial groups might have occurred due to a decrease in
the SIgA coating against these microbial groups upon HFD
feeding. As opposed to these microbial groups, a positive
correlation between the level of SIgA coating of gut microbiota
and relative abundance was observed for S24-7, a major
family of Bacteroidales, and for Lactobacillaceae. A report
showed that Bacteroides and Lactobacillus, major genera of
Bacteroidales and Lactobacillaceae, resist the SIgA coating in
NFD-fed mice [27]. This report and our observations suggest
that S24-7 and Lactobacillaceae might show reduced levels
of SIgA coating and thus be less affected by the ability of
SIgA to suppress the growth of gut microbiota. Consequently,
the relative abundance of these microbial families might be
higher in NFD-fed mice. However, it is unclear from our
study why the relative abundances of these microbial families
decrease when the level of SIgA coating gut microbiota is
decreased by HFD feeding. There is the possibility that
HFD feeding promotes the overgrowth of other bacteria that
depress the growth of these microbial families.

Our study also showed that HFD-fed mice have a
significantly lower microbial diversity compared with NFD-
fed mice, which is consistent with previous reports [28].
Using AIDS?3S mice, Wei and colleagues demonstrated that a
decrease of SIgA specificity against gut microbiota results in
low microbial diversity [26]. So, a decrease of SIgA coating
of gut microbiota induced by HFD feeding might be related to
reduced microbial diversity in HFD-fed mice.

Acetate, propionate, and butyrate are major SCFAs
produced by intestinal fermentation of dietary fibers. These
SCFA ameliorate HFD-induced obesity and insulin resistance

to a similar extent when given as a dietary supplement [29]. In
the present study, the concentration of SCFAs was decreased
in HFD-fed mice, which is in line with previous reports [30].
In fact, in the present study, SCFA-producing gut microbiota,
such as Ruminococcaceae and S24-7 [31, 32], were decreased
in HFD-fed mice compared with NFD-fed mice. There is a
possibility that the reduction in SCFA producers may be due
to reduction in available substrate owing to the reduced starch
content in the HFD. Further research needs to be conducted
to clarify this.

Interestingly, there was a significant positive correlation
between the concentrations of cecal acetate and butyrate
and the level of SIgA coating of gut microbiota. Kim et
al. reported that oral administration of an SCFA mixture
containing acetate, propionate, and butyrate increases the
ratio of SIgA-coated bacteria to total intestinal bacteria,
suggesting that SCFAs can promote SIgA coating of gut
microbiota [33]. Therefore, our observations suggest that
reduction in the concentration of SCFAs in the gut induced
by HFD consumption might be linked to a decrease of SIgA
coating of gut microbiota.

In conclusion, our study clearly showed that excessive
dietary-fat intake decreases the level of SIgA coating of gut
microbiota. The reduced levels of SIgA coating gut microbiota
after HFD consumption might be related to HFD-induced
changes in microbial composition and microbial metabolites
production.
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