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Abstract

Because gut microbiota has recently attracted much attention as an environmental factor involved in the development of
obesity, probiotics may be useful in preventing and/or improving obesity and its related disorders. The present study
aimed to investigate the effects of Lactobacillus plantarum strain No. 14 (LP14), a bacterial strain reported to decrease
body fat percentage in healthy volunteers, on adipocyte size in mice. Female C57BL/6 mice were fed either normal- or
high-fat diet and administered intragastrically with LP14 (1 x 108 colony-forming units/mouse) or vehicle daily for 11
weeks. High dietary fat intake increased body weight gain, white adipose tissue weight, mean adipocyte size and serum
total cholesterol and leptin concentrations, and decreased serum adiponectin concentration. In mice fed the high-fat diet,
LP14 administration significantly reduced the mean adipocyte size and tended to reduce the white adipose tissue weight
and serum total cholesterol and leptin concentrations as compared with the vehicle-administered mice. All mice had
undetectable serum levels of conjugated linoleic acids that reportedly exert antiobesity action. In a separate experiment,
LP14 ingestion had no influence on serum triacylglycerol accumulation following olive oil administration in Triton WR1339-
treated mice, suggesting that dietary fat absorption is unaffected by LP14. In conclusion, we propose that LP14 may exert
a beneficial effect on the onset of diet-induced obesity by reducing the cell size of white adipose tissues, and it seems

unlikely that previously reported mechanisms for other bacterial strains are involved in the action of LP14.
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Introduction

Obesity and its associated disorders, including cardiovascu-
lar diseases, type 2 diabetes mellitus and certain cancers,
have become public health problems worldwide.
Although the development of obesity is a process involving
genetic and environmental factors, the complex pathways
are poorly understood. Recently, gut microbiota has
attracted much attention as an environmental factor
involved in the development of obesity." In particular, Dr
Jeffrey I Gordon and co-workers have nicely illustrated the
relationship between gut microbiota and obesity in mice
and humans. Béckhed et al.> demonstrated that conventio-
nalization of germ-free mice with normal gut microbiota
harvested from the cecum of conventionally raised mice
leads to obesity and insulin resistance. Ley et al.> demon-
strated by analysis of bacterial 165 rRNA gene sequences
that genetically obese ob/ob mice had a 50% reduction in
the abundance of bacteroidetes and a proportional increase
in firmicutes, and analogous differences in gut microbiota
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were observed in studies of lean versus obese humans.* In
addition, Turnbaugh et al.> demonstrated that this trait
was transmissible, as colonization of germ-free wild-type
mice with gut microbiota harvested from ob/ob mice
resulted in a significantly greater increase in total body fat
when compared with colonization with microbiota from
lean donors. Similarly, transplantation of a diet-induced
obesity gut microbiota to lean germ-free recipient mice
promoted greater fat deposition than transplantation from
lean donor mice.® These findings shed light on the impact
of gut microbiota on genetic and diet-induced obesity.

It has also been demonstrated that low-grade inflam-
mation, which contributes to the development of pathol-
ogies associated with obesity,” is at least partly
attributable to gut microbiota. Cani ef al.® showed that
increased uptake of gut microbiota-derived endotoxin/lipo-
polysaccharide in mice fed high-fat diet (HFD) results in
metabolic endotoxemia, which in turn contributes to
obesity and insulin resistance. They also demonstrated that
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modulation of gut microbiota by prebiotic and antibiotic
treatments reduced the metabolic endotoxemia and
improved obesity and insulin resistance in mice fed
HFD.”™ Thus, regulating gut microbiota may be an appro-
priate strategy to improve obesity and its related disorders.

Probiotics are defined as viable microbial dietary sup-
plements that exert beneficial effects on host health.'!
Probiotics have attracted public attention because of their
potential effectiveness for both the prevention and treat-
ment of immune diseases.'? In addition, recent experimental
studies have reported the preventive effects of some bac-
terial strains on obesity. Lactobacillus rhamnosus PL60 and
L. plantarum PL62, which are capable of producing conju-
gated linoleic acids (CLAs) that reduce body fat,'*'*
exerted beneficial effects on diet-induced obesity in
mice.’>'® Consumption of fermented skimmed milk con-
taining L. gasseri SBT2055 reduced the size of adipocytes
in visceral adipose tissues possib£y through the inhibition
of dietary fat absorption in rats."”*® VSL no. 3, a mixture
of viable Ilyophilized bifidobacteria, lactobacilli and
Streptococcus thermophilus, improved diet-induced obesity
and its related hepatic steatosis and insulin resistance by
increasing hepatic natural killer T-cells and reducing inflam-
matory signaling in mice."” L. paracasei ST11 (NCC2461)
reduced diet-induced obesity by enhancing lipolysis in
white adipose tissues (WATs) and thermogenesis in brown
adipose tissues (BATs) by enhancing sympathetic nerve
activity and suppressing parasympathetic nerve activity in
rats.”® These animal data suggest that some bacterial
strains may be useful probiotics to prevent diet-induced
obesity and its related disorders.

In humans, Nagata et al.*' reported a small-scale, random-
ized, placebo-controlled, double-blind trial that showed a
body-fat-reducing effect of L. plantarum strain No. 14 (LP14),
which is used as a starter strain for pickled shallots. Of the 28
healthy female volunteers, 13 volunteers received lyophilized
powder containing 2 x 10" colony-forming units (CFU) of
LP14 and the rest received placebo (branched dextrin) daily
for three weeks. Volunteers receiving LP14 showed a signifi-
cant decrease in their body fat percentage without any
change in body weight, while there was no change in the
body fat percentage of the placebo group.”* This suggests
that LP14 may be a candidate for probiotic bacterial strains to
prevent obesity and its related disorders. In order to illuminate
the obesity-preventive action of LP14, the present study inves-
tigated the effect of LP14 on adipose tissue weight, adipocyte
size and serum lipid and adipocytokine concentrations in
mice fed the normal-fat diet (NFD) and HFD.

Materials and methods
Animals and diets

All study protocols were approved by the Animal Use
Committee of the Hokkaido University Research Faculty
of Agriculture (approval no. 16), and animals were main-
tained in accordance with the guidelines for the care and
use of laboratory animals of Hokkaido University.

Female C57BL/6 mice (age, 3 weeks) were purchased
from Japan SLC (Hamamatsu, Japan) and housed in

standard plastic cages in a temperature-controlled (23 +
2°C) room under a 12-h light:dark cycle. They were
allowed free access to food and water. Mice were acclimat-
ized with the purified diet prepared according to
AIN-93G** for one week before starting the experiment.
Mice were then allocated into two groups of mice fed
NFD and HFD (Table 1). Mice in the NFD and HFD
groups were further divided into two groups (n =25 or 6
per group); mice administered intragastrically with 0.2 mL
of phosphate-buffered saline (PBS) containing lyophilized
powder of LP14 (1 x 10° CFU/mouse; donated by
Momoya Co, Ltd, Tokyo, Japan) daily, and mice adminis-
tered 0.2 mL of PBS containing branched dextrin (control)
daily. Mice in each group were housed in a single cage
(n=>5 or 6 per cage). Body weight of individual mice was
measured weekly. After 11 weeks of feeding, mice were
fasted for six hours and were thereafter anesthetized by
inhalation of diethyl ether, after which whole blood was
drawn from the carotid artery. Serum was separated from
blood samples and was subjected to the measurement of
lipids, adipocytokines and CLAs, as described below.
Following a laparotomy, the liver and WATSs from periut-
eral, periovarian, mesenteric, perirenal and subcutaneous
(extending from the dorsolumbar area to the inguinal
area) regions were excised and weighed. Periovarian WAT
was subjected to measurement of adipocyte size as
described below.

In a separate experiment, 18 female C57BL/6 mice (6
weeks old) were acclimatized for one week as described
above, and were then subjected to an oral fat-loading test,
as described below.

Measurement of serum lipids and adipocytokines

Serum concentrations of triacylglycerols (TAG), non-
esterified fatty acids (NEFA) and total cholesterol were

Table 1 Composition of test diets
NFD (normal-fat diet)

HFD (high-fat diet)

Ingredient (9/ka) (9/kg)
a-Cornstarch* 529.5 299.5
Casein’ 200.0 200.0
Sucrose* 100.0 100.0
Soybean oil' 70.0 70.0
Lard" 0.0 230.0
Cellulose* 50.0 50.0
Mineral mix 35.0 35.0
(AIN-93-MX)**
Vitamin mix 10.0 10.0
(AIN-93-VX)**
L-Cystine' 3.0 3.0
Choline bitartrate’ 25 25

NFD, normal-fat diet; HFD, high-fat diet

*Purchased from Chuo-Shokuryou (Amylalpha CL; Aichi, Japan)
TPurchased from New Zealand Dairy Board (ALACID; Wellington, New
Zealand)

*Gifted from Nippon Beet Sugar Mfg Co (Obihiro, Japan)

“Purchased from Wako Pure Chemical Industries (Osaka, Japan)
#Purchased from Advantec Toyo Ltd (Cellulose powder type D; Tokyo,
Japan)

**Mineral mixture and vitamin mixture are identical to AIN-93-MX and
AIN-93-VX, as reported by Reeves et al.?? respectively. These were
purchased from Nihon Nosan Kogyo Co (Kanagawa, Japan)
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measured using commercial
(Triglyceride G-test Wako, NEFA C-test Wako and
Cholesterol E-test Wako, respectively; Wako Pure
Chemical Industries, Osaka, Japan). Serum adiponectin
and leptin concentrations were measured using commercial
enzyme-linked immunosorbent assay (ELISA) kits (mouse/
rat adiponectin ELISA kit [Otsuka Pharmaceutical, Tokyo,
Japan] and ELISA mouse leptin kit [Morinaga Institute of
Biochemical Science, Kanagawa, Japan], respectively).

enzymatic reagent Kkits

Cultivation of LP14

de Man Rogosa Sharpe (MRS) broth (Becton Dickinson,
Franklin Lakes, NJ, USA) was used for the cultivation of
LP14. LP14 during logarithmic growth phase in MRS broth
were collected by centrifugation at 3000g for 10 min and
re-suspended in MRS broth. This washing step was repeated
once more. Then, 1x 10" CFU of LP14 were cultured
in 20mL of MRS broth supplemented with 0.1 mg/mL
of linoleic acid and 0.01 mg/mL of Tween-80. After the
cultivation at 37°C for 12h, the culture supernatant was
collected by centrifugation at 3000g for 10 min at 4°C
and immediately subjected to the analysis of CLA as
described below.

Measurement of CLAs

Aliquots of serum samples obtained from five or six mice
were pooled in each group. Lipids were extracted from the
serum samples and the culture supernatant of LP14 and
were methylated according to the method described
by Alonso et al.* Internal standard (heptadecadienoic
acid/hexane) was added to serum samples. Amounts of
cis-9, trans-11-octadecadienoic acid (c9, t11-CLA), trans-9,
trans-11-octadecadienoic acid (t9, t11-CLA) and trans-10,
cis-12-octadecadienoic acid (t10, c12-CLA) were measured
by gas chromatography-mass spectrometry (GC-MS) using
a QP5000 (model GC-17A; Shimadzu, Kyoto, Japan) with
a ZB-column (30 m x 0.25 mm; 0.5-um phase thickness).
Helium was used as a carrier gas at a flow rate of
1.3 mL/min. Oven temperature was maintained at 100°C
for five minutes, followed by an increase to 280°C at a rate
of 20°C/min. A splitless injector was used to introduce
sample (1 uL) into the GC. CLA peaks were identified by
comparison with the retention times and MS of the auth-
entic samples of each CLA isomer (Cayman Chemical,
Ann Arbor, MI, USA). The spectra of methyl esters of hep-
tadecadienoic acid and linoleic acid isomers have molecular
ions at m/z = 284 and m/z = 294, respectively.

Measurement of adipocyte size

Samples from periovarian WAT (~100 mg) were fixed with
osmium tetroxide (Sigma, St Louis, MO, USA) according to
the method of Hirsch et al.** After fixation, samples were
passed through a 250-um nylon filter in order to remove
fibrous tissue and intact shreds of fixed adipose tissue.
Tissue shreds were gently rubbed with a plastic plunger
on the filter and were flushed thoroughly with PBS. The
filtrate was then passed through a 25-um nylon filter to

trap fixed adipocytes, and the cells were washed thoroughly
with PBS. Cell suspensions were applied to glass slides and
were then observed under a light microscope. A total of 200
cells per mouse were analyzed using Scion Image software
(www.scioncorp.com).

Oral fat-loading test

After fasting overnight, mice were divided into three groups
(n = 6 per group). Mice were orally administered 0.1 mL of
3% (w/v) carboxymethyl cellulose sodium salt solution con-
taining either branched dextrin, lyophilized powder of LP14
(1 x 10° CFU/mouse) or orlistat (Xenical; 60 mg/kg body
weight; Roche Diagnostics, Basel, Switzerland). At 30 min
after administration, mice were intraperitoneally injected
with 10% (w/v) Triton WR1339 (1 mg/kg body weight;
Nacalai Tesque, Kyoto, Japan) in PBS, followed by oral
administration of olive oil (5 mL/kg body weight). Blood
samples were collected from the retro-orbital venous
plexus at zero, one, two and four hours after the oral fat
loading. Mice were deprived of food throughout the exper-
imental period. Serum TAG concentration was measured as
described above.

Statistical analyses

Results are presented as means + standard error of the
mean. Tukey-Kramer’s test following one-way or
two-way analysis of variance (ANOVA) was used to
compare mean values. Data analysis was performed using
StatView for Macintosh (version 5.0; SAS Institute, Cary,
NC, USA). Correlations between parameters were assessed
by Pearson’s correlation test using Microsoft Excel. P
values of <0.05 were considered to be statistically
significant.

Results

High dietary fat intake significantly increased body weight
gain (Table 2). There was no effect of LP14 administration
on body weight gain in both mice fed NFD and HFD.
High dietary fat intake significantly increased inguinal, peri-
uteral, periovarian, mesenteric and perirenal WAT weights
as well as the total WAT weight (Table 2). WAT weights
were similar between vehicle- and LP14-administered mice
fed NFD. In mice fed HFD, however, WAT weights tended
to be lower in LPl4-administered mice than in
vehicle-administered mice. Neither high dietary fat intake
nor LP14 administration altered liver weight. All tissue
weight data are also expressed as tissue size relative to
body weight, and the relative weight of WATs showed
similar tendencies for the absolute values. Relative weight
of liver was significantly decreased by high fat intake.
Daily food intake could not be measured accurately.
Serum TAG concentration was similar among the groups
(Table 2). High dietary fat intake significantly increased
serum total cholesterol and leptin concentrations, and
decreased serum NEFA and adiponectin concentrations.
Serum total cholesterol and leptin concentrations in mice
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fed NFD were the same between LP14- and
vehicle-administered mice. In mice fed HFD, however,
LP14-administered mice tended to have lower concen-
trations of total cholesterol and leptin in comparison to
vehicle-administered mice fed NFD. There were significant
correlations between serum total cholesterol concentrations
and total weight of WATs (> = 0.549, P < 0.05, Figure 1a)
and between serum leptin concentrations and total weight
of WATs (r* = 0.867, P < 0.01, Figure 1b).

Figure 2a shows the light microscopic appearance of
osmium tetroxide-fixed adipocytes prepared from periovar-
ian WAT. High dietary fat intake significantly increased
average adipocyte size (Figure 2b, ANOVA, P < 0.001).
In mice fed NFD, there were no significant differences
in average adipocyte size between LP14- and
vehicle-administered mice. In mice fed HFD, however,
LP-14 administered mice exhibited significantly lower adi-
pocyte size as compared with vehicle-administered mice.
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Figure 1 Correlation between serum total cholesterol and leptin concen-
trations and white adipose tissue weight in C57BL/6 mice. Mice were fed
either normal-fat diet (NFD) or high-fat diet (HFD) and administered
Lactobacillus plantarum strain No. 14 (LP14, 1 x 10° CFU /mouse) or vehicle
(Veh) daily for 11 weeks. Each symbol represents individual mice

There was a significant correlation between periovarian
WAT weight and average adipocyte size (r*= 0.865, P <
0.01, Figure 2c).

Linoleic acid was detected in serum samples from all groups
and the culture supernatant of LP14 (Supplementary
Figures 1-6). However, no detectable levels of ¢9, t11-CLA,
t9, t11-CLA and t10, c12-CLA were observed in serum in any
mice and in the culture supernatant of LP14.

In mice injected with Triton WR1339, a lipoprotein lipase
(LPL) inhibitor, the plasma concentrations of TAG increased
following oral administration of olive oil (Figure 3). At two
hours after olive oil administration, plasma TAG concen-
trations were significantly lower in mice fed orlistat than
in mice fed LP14. At four hours after the olive oil adminis-
tration, plasma TAG concentrations were significantly lower
in mice fed orlistat than in mice fed LP14 or vehicle. There
were no significant differences in plasma TAG concen-
trations between mice fed LP14 and mice fed vehicle
throughout the experimental period.

Discussion

The present study clearly showed that high fat intake
increased body weight gain, WAT weights and adipocyte
size in periovarian WAT, suggesting successful induction
of diet-induced obesity in C57BL/6 mice. In mice fed
HFD, average adipocyte size was significantly lower in
LP14-administered mice than in vehicle-administered
mice. Clearly, WAT mass is accompanied by the size and/
or the number of adipocytes. In fact, LP14 administration
tended to reduce WAT weights in mice fed HFD, and
there was a significant correlation between tissue weight
and average adipocyte size in the periovarian WAT.
However, the body weight gain did not reflect the WAT
weights, probably due to statistically non-significant
decrease in WAT weights in LPl4-administered mice.
Nevertheless, the present data raise the possibility that
LP14 may prevent diet-induced obesity through reduction
of adipocyte hypertrophy, and the LP14 action might be
associated with the observation that LP14 administration
reduced the body fat percentage in healthy female
volunteers.”

In the present study, high fat intake increased serum total
cholesterol and leptin concentrations, and LP14 adminis-
tration tended to reduce the HFD-induced increase in total
cholesterol and leptin in sera. Previous studies described
that obesity is accompanied by increased concentrations of
serum total cholesterol and Iep’cin.z‘r”26 In fact, we observed
significant correlations between serum total cholesterol con-
centrations and total weight of WATs and between serum
leptin concentrations and total weight of WATs. Therefore,
it appears likely that LP14 may prevent obesity-related
increase in total cholesterol and leptin in sera. Because
leptin production is reportedly dependent on adipocyte
size,”*® reduction of HFD-induced increase in adipocyte
size by LP14 administration might be responsible for the
lower concentration of leptin in sera.

Previous studies have reported antiobesity actions for
some bacterial strains in animal experiments. Lee et al.'>"°
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Figure 2 Changes in adipocyte size in periovarian white adipose tissue of C57BL /6 mice. Mice were fed either normal-fat diet (NFD) or high-fat diet (HFD) and
administered Lactobacillus plantarum strain No. 14 (LP14, 1 x 10° CFU/mouse) or vehicle (Veh) daily for 11 weeks. Chart A, light microscopic appearance of
osmium tetroxide-fixed adipocytes (scale bar: 100 um); chart B, average adipocyte size; and chart C, correlation between average adipocyte size and
adipose tissue weight. Values are expressed as means with standard error of the mean. Mean values with different letters are significantly different (P < 0.05),

as estimated by Tukey-Kramer’s test in chart B

reported that administration of L. rhamnosus PL60 and
L. plantarum PL62 reduced fat storage in diet-induced
obese mice, and they found that CLAs produced by
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—/\— LP14
w00 L | —O— oOristat
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Figure 3 Time course changes in serum triacylglycerol (TAG) concentrations
following olive oil administration in C57BL/6 mice. Mice fed normal-fat diet
were fasted overnight and administered either vehicle, Lactobacillus plan-
tarum strain No. 14 (LP14, 1 x 108 CFU/mouse), or orlistat (60 mg/kg body
weight). Thereafter, mice were injected intraperitoneally with Triton WR1339
(1 mg/kg body weight) and intragastrically administered olive oil (5 mL/kg).
Values are expressed as means with standard error of the mean. Mean
values with different letters were significantly different (P < 0.05) at each
time point, as estimated by Tukey-Kramer’s test

administered lactobacilli mediate the antiobesity effects.
Indeed, they detected t10, c12-CLA in sera of mice fed
L. rhamnosus PL60, but not in mice fed L. rhamnosus GG or
PBS." In contrast, the present study detected no CLAs in
serum in mice fed LP14 and in the culture medium of
LP14, suggesting that LP14 has no ability to produce
CLAs. Hence, it appears unlikely that CLAs are involved
in the obesity-preventing action of LP14.

One may speculate that orally administered LP14 would
affect fat digestion and/or absorption in the small intestine
during passage through the gastrointestinal tract, which in
turn reduces the adiposity. Sato et al.'” reported that fermen-
ted skimmed milk containing L. gasseri SBT2055 reduced
adipocyte size in WATs of Sprague-Dawley rats. In
addition, Hamad et al.® showed that reduction of adipocyte
size by fermented skimmed milk containing L. gasseri
SBT2055 was accompanied by the increased fecal excretion
of fatty acids and by the reduced maximal transport rate
of TAG and phospholipids in the thoracic duct lymph in
rats. The authors therefore concluded that the skimmed
milk fermented by L. gasseri SBT2055 reduces fat storage
through inhibition of dietary fat absorption.'® In the
present study, however, LP14 exerted no reduction in
serum TAG accumulation following olive oil administration
in Triton WR1339-treated mice. Thus, it appears unlikely
that obesity-preventing action of LP14 is mediated by inhi-
bition of dietary fat absorption in the small intestine.

Tanida et al.” demonstrated that the antiobesity effects of
L. paracasei ST11 (NCC2461) were associated with increased
WAT lipolysis and BAT thermogenesis, as demonstrated by
plasma NEFA concentrations and BAT temperature, via
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modulation of autonomic nerve activity in diet-induced
obese mice. Although we did not examine autonomic
nerve activity, LP14 administration exerted no changes in
serum NEFA concentrations. In addition, our preliminary
realtime quantitative PCR analysis showed that LP14
administration did not alter WAT gene expression of the
lipolytic enzyme (i.e. hormone-sensitive lipase) and BAT
gene expression of uncoupling protein-1 (unpublished
observation), which is capable of uncoupling mitochondrial
respiration and plays an essential role in thermogenesis.*
Furthermore, Bickhed et al.> demonstrated that reduced
expression of Fiaf, a circulating LPL inhibitor, in the intes-
tine is essential for the commensal gut microbiota-related
fat storage in mice. However, no changes in Fiaf mRNA
levels in the intestinal mucosa were observed in mice fed
LP14 in our preliminary experiment (unpublished obser-
vation). Therefore, our data do not support the idea that
WAT lipolysis, BAT thermogenesis and intestinal Fiaf
expression are responsible for the obesity-preventing
action of LP14.

Estrogen, a primary female sex hormone, increases energy
expenditure directly through modulating lipid metabolisms
in WAT.?%3! In addition, leptin is a well-known hormone
playing a key role in regulating energy intake and expendi-
ture. Importantly, plasma levels of these hormones fluctuate
during estrous cycle. In this context, one may speculate that
the effect of LP14 on the adiposity observed in female mice
is mediated, at least in part, by modulation of the estrous
cycle. In our preliminary experiments, however, LP14
administration reduced the increase in WAT weights of
male KK/Ta mice, a polygenic mouse model for type 2 dia-
betes (unpublished data). Although it remains unknown
whether LP14 administration alters the estrous cycle, it
appears unlikely that the adiposity-reducing action of
LP14 is attributed to the modification of estrous cycle.

Gut microbiota helps the host to harvest energy from food
by processing indigestible polysaccharides to short chain
fatty acids, which are an important energy source for our
body. In addition, short chain fatty acids contribute to
host energy harvest through influencing the gut motility
and intestinal transit rate.*> Gordon and colleagues®~®
have demonstrated the impact of gut microbiota compo-
sition on genetic and diet-induced obesity. In this context,
one may speculate that LP14 exerts obesity-preventing
action through modulation of gut microbiota. We recently
observed that viable LP14 is recovered in feces of mice
following oral administration of LP14, suggesting that LP14
is able to survive in the mouse gastrointestinal tract.*
However, it remains unexplored whether orally administered
LP14 modulates the composition of gut microbiota.

Toll-like receptors (TLRs) are expressed in many types of
immune and non-immune cells and play a critical role in
the activation of innate immune responses in mammals
by recognizing conserved pathogen-associated molecular
patterns.” TLR4 can be activated by lipopolysaccharide, a
major cell wall component of Gram-negative bacteria, and
also by non-bacterial ligands such as saturated fatty
acids.*** Recent studies have reported that mice deficient
in TLR4 or its co-receptor CD14 are protected against
diet-induced obesity, suggesting that TLR4-dependent

mechanism contributes to the onset and progression of
obesity.*?**” Thus, suppression of TLR4 activation may
contribute to the prevention and treatment of obesity.
Some bacterial strains reportedly inhibit TLR4 expression
and/or activation in the intestinal epithelial cells.*®*~*" Tt
will be of interest to test whether LP14 affects TLR4
expression and/or activation.

In conclusion, we propose that LP14 may exert a ben-
eficial effect on the onset of diet-induced obesity by redu-
cing the cell size of WATs. Further studies are needed to
elucidate the underlying mechanisms.
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