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INTRODUCTION

Macular edema is one of the major pathologies in patients 
with retinal vein occlusion (RVO)1) and diabetic macular ede-
ma (DME).2) Macular edema is caused by leakage from dam-
aged blood vessels, which leads to vision loss.3) The formation 
of retinal edema is closely associated with the expression of 
vascular endothelial growth factor (VEGF).4) Thus, intravitreal 
administration of anti-VEGF agents is used for the treatment 
of retinal edema in patients with RVO and DME.5) However, 
anti-VEGF therapy is expensive and requires several repeat 
doses at relapse, placing a significant financial and physical 
burden on patients.5,6) In addition, RVO7) and DR8) are known 
to increase with age. In today’s aging society, this is expect-
ed to result in an increase in healthcare costs. Therefore, it is 
important to decrease the number of patients by developing a 
prevention as well as treatment for retinal edema.

Inflammation is a related factor of macular edema for-
mation.9,10) When cells are stressed or injured, immune cells 
promote the release of proinflammatory cytokines and the 
migration of immune cells into tissues, which is followed by 
inflammation.11) One of the immune system cells involved in 
this process is monocytes/macrophages.11) Monocytes/mac-
rophages are recruited from the systemic circulation following 

an increase in the permeability of blood vessels, which results 
in the production of proinflammatory cytokines in experimen-
tal RVO model mice12) and patients with RVO.13) Monocyte 
chemoattractant protein (MCP) -1 and MCP-3 play impor-
tant roles in monocyte infiltration into tissues.14,15) MCP-1 
and MCP-3 are chemotactic factors for monocytes produced 
mainly by macrophages and endothelial cells.15,16) Expression 
of these factors is increased in the vitreous fluid of patients17) 
and retinas of animal models18) with retinal edema. The accu-
mulation of macrophages leads to an increased inflammatory 
response,19) which in turn exacerbates the leakage of plasma 
components into retinas.20,21) These reports show that mono-
cyte/macrophage migration into retinas is associated with the 
formation of retinal edema. Thus, inhibition of macrophage 
accumulation into tissues suppresses inflammation, which is 
expected to be beneficial for treating retinal edema.

The connection between the gut and the eyes is attracting 
attention. Previous reports have suggested a possible interac-
tion between gut microbiome dysbiosis and ocular diseases 
such as DR,22) uveitis,23) glaucoma,24) and age-related macular 
degeneration.25,26) Thus, regulation of the intestinal environ-
ment could be a therapeutic option or prevention for patients 
with ocular diseases. Probiotics, which are live microorgan-
isms that positively impact host health by improving the bal-
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ance of intestinal flora,27) have been reported to have beneficial 
effects on ocular disease.28–30) For example, intake of Lactoba-
cillus paracasei KW3110 suppressed age-related retinal gan-
glion cell loss and photoreceptor degeneration via activating 
M2 macrophages in mice.29) Oral administration of L. plantar-
um NK151 and Bifidobacterium bifidum NK175 also relieved 
benzalkonium chloride solution-induced dry eye by modu-
lating the expression ratio of pro-inflammatory cytokines.31) 
These reports showed that probiotics are expected to be effec-
tive in the suppression of inflammation in retinal disease 
through the regulation of host immunity and alleviating sys-
temic inflammation. L. pentosus TJ515 is a strain found in fer-
mented Thai foods.32) In a previous study, L. pentosus TJ515 
produced more anti-inflammatory cytokines such as interleu-
kin-10 (IL-10) and interferon-γ (IFN-γ) than the control stain 
L. pentosus JCM1558 in mesenteric lymph node cells.32) Given 
that it has been reported that dietary supplementation with L. 
pentosus TJ515 and resveratrol could manage the progression 
of near vision impairment,33) L. pentosus TJ515 taken orally 
could exert an action in the eye. Thus, L. pentosus TJ515 is 
expected to prevent retinal inflammatory diseases by regulat-
ing systemic inflammation.

We hypothesized that the intake of L. pentosus TJ515 may 
be an effective prevention of retinal edema. To verify this 
hypothesis in the present study, we investigated the preventive 
effect of L. pentosus TJ515 on retinal edema using RVO model 
mice and mouse bone marrow-derived macrophages (BMDM).

MATERIALS AND METHODS

Animal Treatments   5 weeks-old mice (Male albino ddY 
mice) were obtained from Japan SLC (Hamamatsu, Japan). 
The mice were housed under a 12 h light-dark cycle at 24 ± 
2°C and 55 ± 15% humidity and fed with free access to water. 
Before the start of the experiment, mice were weighed and 
divided into three groups (Control group, L. pentosus TJ515 
treated group, L. pentosus JCM1558 treated group). Under 
free feeding, mice in each group were fed a powdered mouse 
powder feed (MF; Oriental Yeast Co., Ltd., Tokyo, Japan), 
MF diet containing 3% L. pentosus TJ515, and a powdered 
MF diet containing 3% L. pentosus JCM1558 for three weeks. 
Experimental procedures were consistent with the Association 
for Research in Vision and Ophthalmology Statement (ARVO) 
statement for the Use of Animals in Ophthalmic and Vision 
Research. All experiments were approved and monitored by 
the Institutional Animal Care and Use Committee of Gifu 
Pharmaceutical University.

Mouse Model of Retinal Vein Occlusion (RVO)   The 
preparation of RVO murine model was previously described.18) 
All work was performed under anesthesia, the composition of 
which is ketamine (120 mg/kg; Daiichi-Sankyo, Tokyo, Japan) 
and xylazine (6 mg/kg; Bayer, Health Care, Osaka, Japan). 
8 mg/mL Rose Bengal (10 mL/kg; Wako, Osaka, Japan) was 
injected into the tail vein. Then, the 50-mW laser light (532 
nm) was applied for 5 seconds (10-15 times to each vein) to 
occlude three retinal veins. (Meridian AG, Bierigustrasse, 
Switzerland).

Bacteria Strain   L. pentosus TJ515 was supplied by  
Wakamoto Pharmaceutical Co., Ltd. Lactobacillus pentosus 
JCM 1558 was obtained from the Japan Collection of Microor-
ganisms, Japan.

Preparation of Cells   L. pentosus TJ515 and L. pentosus 

JCM1558 were cultured at 27°C, for 20 h in Difco Lactobacil-
li MRS broth (Becton, Dickinson and company, Sparks, USA). 
Cells were harvested by centrifugation and were suspended a 
stabilizer fluid (starch, etc.). Cell suspension was dried with 
the freeze-dryer. Dried cells were adjusted to 5-7 × 1010 CFU/g 
with starch.

Optical Coherence Tomography (OCT) Imaging   OCT 
images were gained by Micron IV fundus camera, an OCT 
Scan Head equipped with a mouse objective lens (Phoenix 
Research Labs, Pleasanton, CA, USA), and StreamPix 6 and 
Micron OCT commercial software (Phoenix Research Labs). 
Under anesthesia, mice were mydriatic with 0.5% tropicamide 
and phenylephrine hydrochloride (Santen Pharmaceutical Co. 
Ltd., Osaka, Japan). Images were obtained from four mice in 
each group and quantified using “In Sight” software, which 
automatically detects the retinal layer and measures its thick-
ness.

Histological Analyses   The eyes were enucleated after 
mice were euthanized by cervical dislocation. The eyes were 
immersed in a cold fixative of 4% paraformaldehyde (PFA; 
Wako) in 0.1 M phosphate buffer (PB; pH 7.4) for 48 h. Then, 
those were embedded in paraffin. The paraffin-embedded sec-
tions were cut into 5 µm and stained with hematoxylin and 
eosin. The retinas were observed and imaged with the All-
in-One BZ-X710 fluorescent microscope (Keyence, Osaka, 
Japan). The inner nuclear layer (INL) thickness was measured 
every 240 μm from the optic nerve head using the Image-J 
software (National Institutes of Health, Bethesda, MD, USA).

Bone Marrow-Derived Macrophage (BMDM) Prepa-
ration   Mice were euthanized by hyperesthesia with isoflu-
rane. The femur, tibia, and humerus were each harvested and 
the surrounding tissue was removed. One side of each bone 
was cut and centrifuged at 10,000 × g for 10 s. Obtained 
cells were hemolyzed with Red Blood Cell Lysis Buffer  
(Thermo Fisher Scientific, Waltham, MA, USA) for 30-60 s.  
It is suspended in 10 mL of DMEM low glucose including 
10% FBS and 100 U/mL penicillin (Meiji Seika Pharma Co., 
Ltd., Tokyo, Japan) and 100 μg/mL streptomycin (Meiji Sei-
ka Pharma) (10% FBS DMEM). Then, it was centrifuged at 
1,300 rpm for 5 min. After resuspension, cells were seeded 
at a density of 100,000 cells/mL in 24-well plates with 10% 
FBS DMEM including 10 ng/mL macrophage colony-stimu-
lating factor (M-CSF; R&D Systems Minneapolis, MN, USA) 
and incubated under a humidified atmosphere of 5% CO2 at 
37°C. Two days after seeding, changed the medium and incu-
bated for 2 more days.

Isolation of RNA and qRT-PCR   The eyes were enucle-
ated one day after laser irradiation. The retinas were isolat-
ed and frozen in liquid nitrogen. BMDM were incubated into 
5% FBS DMEM including 25% plasma for 48 h. Each plasma 
was gained from Control mice, RVO model mice, RVO model 
mice fed L. pentosus TJ515, and RVO model mice L. pentosus 
JCM1558. The RNAs were isolated from retinas and BMDM 
using NucleoSpin RNA kit (Takara, Shiga, Japan) according 
to the manufacturer’s instructions. RNA concentrations were 
measured using spectrophotometrically at 260 nm. Then, the 
cDNA was synthesized using a PrimeScript RT reagent kit 
(Perfect Real Time; Takara Bio Inc., Shiga, Japan). Quanti-
tative PCR was conducted with TB Green Premix Ex Taq II 
(Takara, Shiga, Japan). The PCR primer sequences were as 
flow;
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Gapdh   Forward: 5´-TGTGTCCGTCGTGGATCTGA-3´ 
and Reverse: 5´-TTGCTGTTGAAGTCGCAGGAG-3´

Mcp-1   Forward: 5´-CTG AAG CCA GCT CTC TCT G-3´ 
and Reverse: 5´-CAG GCC CAG AAG CAT GAC A-3´

Mcp-3   Forward: 5´-GCT GCT TTC AGC ATC CAA GTG-
3´and Reverse: 5´- CCA GGG ACA CCG ACT ACT G-3´

Il-6   Forward: 5´-TCT GCA AGA GAC TTC CAT CCA 
GT-3´and Reverse: 5´-TCT GCA ACT GCA TCA TCG TTG T-3´

Il-10   Forward: 5´-TGG CCC AGA AAT CAA GGA 
GC-3´and Reverse: 5´- CAG CAG ACT CAA TAC ACA CT-3´

Immunofluorescence Staining   The enucleated eyes 
were fixed in 4% PFA for 24 h and transferred in 5, 10, 15, 
and 20 (for 2 h each) and placed in 25% sucrose (24 h) at 
4°C. The eyes were embedded in an optimal cutting tem-
perature (OCT) compound (Sakura Finetechnical Co., Ltd., 
Tokyo, Japan) and cut 15 µm thickness with a cryostat (Leica  
Microsystems, Bensheim, Germany). The tissue sections 
were incubated with PBS containing 5% goat serum (Vector  
Laboratories, Burlington, VT, USA) and 0.3% Triton-X 100 
(BioRad Laboratories, Hercules, CA, USA) for 1 h. Then 
the sections were rinsed in PBS three times and then incu-
bated with F4/80 rat monoclonal antibody (1:50; BioRad  
Laboratories) overnight at 4°C. They were incubated with 
Alexa Fluor-546 goat anti-rat IgG (1:1000, Thermo Fisher  
Scientific) for 1 h and Hoechst 33342 (1:1000, Thermo Fisher  
Scientific) for 10 min. The images were photographed with a 
FLUOVIEW FV3000 (Olympus, Tokyo, Japan).

Statistical Analyses   Statistical analyses were performed 
using the 16 Statistical Package for the Social Sciences 15.0 J 
for Windows software (SPSS Japan Inc, Tokyo, Japan). Com-
parisons between group means were performed using Student’ 
t-test and Tukey’s test (Fig. 1C and Fig. 3). All results are pre-
sented as mean ± SEMs, and p < 0.05 were considered signif-
icant.

RESULTS

The Intake of L. Pentosus TJ515 Prevents the Forma-
tion of Retinal Edema   We fed mice the control feeds, feeds 
containing L. pentosus TJ515, and feeds containing L. pento-
sus JCM1558 (control strain) for three weeks to evaluate the 
inhibitory effects of L. pentosus TJ515 on retinal edema (Fig. 
1A). L. pentosus TJ515 and L. pentosus JCM1558 had no 
effect on body weight or phenotype (Data are not shown). The 
thickness of all retinal layers measured by OCT was increased 
in RVO model mice fed the control feeds one day after occlu-
sion (Fig. 1B). The increase in retinal layer thickening was 
prevented by taking L. pentosus TJ515 (Fig. 1B). Because 
the retinal edema forms in the INL in RVO model mice, not 
only the thickness of all retinal layers but INL can be used 
for the evaluation of retinal edema. The thickness of INL was 
also increased in RVO model mice fed the control feeds; how-
ever, this was prevented by the intake of L. pentosus TJ515  
(Fig. 1C). We evaluated the difference between L. pentosus 
TJ515 and L. pentosus JCM1558 (control strain) by all reti-
nal layer thicknesses measured using OCT. Intake of L. pen-
tosus TJ515 prevented the retinal edema formation, whereas 
intake of L. pentosus JCM1558 did not decrease it (Fig. 1D). 
We found that the intake of L. pentosus TJ515 had inhibitory 
effects on retinal edema after RVO.

The Intake of L. Pentosus TJ515 Suppressed the Expres-
sion of Chemokines Involved in Macrophage Migration   
Next, we investigated the effects of L. pentosus TJ515 on the 
mRNA expression of chemokines in retinas from RVO mod-
el mice fed with each feed one day after RVO. The expres-
sion of MCP-1 and MCP-3 was increased in retinas from RVO 
model mice fed the control feeds (Fig. 2A, B). The intake of L. 
pentosus TJ515 significantly inhibited the increase in expres-
sion of MCP-1 and tended to decrease the expression of MCP-
3 (Fig. 2A, B). L. pentosus JCM 1558 has no significant effect 
on the expression of either MCP-1 or MCP-3 (Fig. 2A, B).

The Intake of L. Pentosus TJ515 Inhibited Macrophage 
Migration   To determine the involvement of L. pentosus 
TJ515 in macrophage migration, we investigated the locali-
zation of macrophages in retinas from RVO model mice fed 
with each feed one day after RVO by the immunofluorescence 
of F4/80 (the monocyte/macrophage marker). F4/80-positive 
cells accumulation was increased in RVO model mice fed the 
control feeds compared with normal mice (Fig. 3A, B). Intake 
of L. pentosus TJ515 decreased F4/80-positive cells in INL, 
but L. pentosus JCM1558 had no effect on it (Fig. 3A, B).

L. Pentosus TJ515 Acts as an Anti-Inflammatory on 
BMDM via Plasma Components   To explore the mecha-
nism by which L. pentosus TJ515 taken orally acts on retinas, 
we focused on plasma components from mice fed with L. pen-
tosus TJ515 for three weeks. We examined the expression of 
cytokines produced by macrophages treated by plasma from 
control mice and plasma from RVO mice fed the vehicle feeds, 
feeds including L. pentosus TJ515, or feeds including L. pen-
tosus JCM1558. The mRNA level of IL-6 produced in BMDM 
was increased by treatment with plasma from RVO mice com-
pared with plasma from control mice (Fig. 4A). However, the 
increase was suppressed by treatment with plasma from mice 
fed with L. pentosus TJ515 (Fig. 4A). On the other hand, 
there was no significant difference between the plasma from 
the vehicle group and the L. pentosus JCM1558-treated group 
(Fig. 4A). The expression of IL-10 (an anti-inflammatory 
cytokine) was increased by treatment with plasma from mice 
fed with L. pentosus TJ515 compared with the vehicle-treat-
ed group (Fig. 4B). Plasma components from mice fed with 
L. pentosus TJ515 had anti-inflammatory effects on BMDM  
(Fig. 4B).

DISCUSSION

Here, we showed that the intake of L. pentosus TJ515 had a 
suppressive effect on retinal edema. The mechanism underly-
ing this effect was the inhibition of macrophage migration to 
the inflammatory site through a decrease of MCP-1 and MCP-
3 expression and the regulation of the effect of plasma compo-
nents on IL-6 and IL-10 production in macrophages. In order 
to reduce the physical and financial burdens of intravitreal 
administration of anti-VEGF drugs in patients, it is important 
for preventive methods to be developed that can be adminis-
tered more simply. Our study suggested that the intake of L. 
pentosus TJ515 is effective for the prevention in patients at 
risk for retinal edema.

Accumulated macrophages induce the disruption of 
endothelial barrier function through the production of inflam-
matory cytokines in retinal edema.9,10) It has been reported that 
an accumulation of macrophage-like cells tends to cause more 
severe edema in RVO patients.13) Our data indicated that L. 
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pentosus TJ515 inhibited macrophage migration into RVO ret-
ina. Because inhibiting macrophage accumulation also reduc-
es inflammatory cytokines released from them, inhibiting 
macrophage accumulation could prevent retinal edema. The 
migration of macrophages is induced by MCP-1 and MCP-
3, potent chemotactic factor for monocytes.14,15) Following an 
increase in MCP-1 and MCP-3 expression in the inflammation 
site, the monocytes/macrophages are recruited into there and 
induce more inflammation and permeability reactions.14,15) Pre-
vious results has shown that the suppression of MCP-1 expres-
sion ameliorated retinal endothelial dysfunction in DR mod-

el mice.34) Therefore, the regulation of MCP-1 and MCP-3 
expression might lead to the treatment of retinal edema.

The increase of MCP-1 and MCP-3 is induced by pro-
inflammatory cytokines, such as IL-6 and TNF-α in endotheli-
al cells.35,36) IL-6 enhanced MCP-1 production through binding 
to receptors on the membrane of vascular endothelial cells and 
activating the PI3K/AKT, MEK/ERK, and JAK/STAT3 path-
ways.37,38) IL-6 is also known to activate astrocytes and pro-
mote astrocyte-derived MCP-3 release.39) On the other hand, 
IL-10 is reported to inhibit astrocyte activation and MCP-3 
release.39) These reports suggested that changes in MCP-1and 

Fig. 1.   Intake of Lactobacillus Pentosus TJ515 Prevented the Retinal Formation in RVO Murine Model.
(A) The protocol for investigating the effects of lactobacillus pentosus TJ515 on the retinal edema in RVO model mice. (B) The OCT images of the retinal layer. The graph 

shows the thickness of the whole retinal layer of normal, vehicle, and lactobacillus pentosus TJ515 intake group. The data represent the mean ± SEM (n = 4). #P < 0.05 versus 
Normal group and, *P < 0.05 versus Vehicle group (Welch's t-test). Scale bar = 50 µm. (C) Typical images of retinas stained with hematoxylin and eosin. The graph shows the 
INL thickness in the retinas of normal, vehicle, and orally administered lactobacillus pentosus TJ515 groups. The data represent the mean ± SEM (Normal; n = 10, Vehicle;  
n = 10, and TJ515; n = 14). ##P < 0.01 versus Normal group, *P < 0.05, and **P < 0.01 versus Vehicle group (Tukey’s test). Scale bar = 50 µm. (D) The OCT images of the retinal 
layer. The graph shows the thickness of the whole retinal layer of normal, vehicle, lactobacillus pentosus TJ515 intake group, and lactobacillus pentosus JCM1558 intake group. 
The data represent the mean ± SEM (n = 6). ##P < 0.01 versus Normal group and, **P < 0.01 versus Vehicle group (Welch's t-test). Scale bar = 50 µm. INL, inner nuclear layer. 
ONL, outer nuclear layer.
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MCP-3 expression are related with the stimulation of endothe-
lial cells and astrocytes by IL-6 and IL-10. Our results showed 
that the expression of MCP-1 expression was increased in ret-
inas from RVO model mice, but intake of L. pentosus TJ515 
decreased it. A similar trend to the changes in MCP-1 was 
also observed for MCP-3 expression. Our study also showed 
that IL-6 expression was increased and IL-10 expression was 
decreased in BMDM treated with serum from RVO mod-
el mice; however, these effects were suppressed by treatment 
with plasma derived from RVO model mice fed with L. pen-
tosus TJ515. These results showed that the suppressing acti-
vation of circulating macrophages might decrease MCP-1 and 
MCP-3 expression in retinas. Suppression of macrophages 
accumulation in the retina by the suppression of MCP-1 and 
MCP-3 mRNA expression may be the mechanism by which L. 
pentosus TJ515 has a suppressive effect on retinal edema.

Plasma includes various vital information carriers such 
as cytokines and proteins and plays a role in communication 
with other cells and regulating cellar function.40,41) It has been 
reported that serum inflammation and oxidative stress markers 
are increased in patients with RVO, suggesting that local ocu-
lar inflammation might lead to systemic inflammation.42,43) It 
has been suggested that changes in plasma miRNAs are asso-
ciated with a decrease in mRNA expression.44) Upregulation of 
miR-106a has been reported in the serum of patients with dia-
betic retinopathy, a disease associated with retinal edema.45,46) 
miR-106a is known to be one of the miRNAs that directly 
inhibit IL-10 mRNA expression.47) Although we did not exam-
ine miRNA changes in the plasma of RVO model mice, it is 
possible that miRNAs may be involved in some of the mecha-
nisms of reduced IL-10 mRNA expression.

L. pentosus TJ515 is known to increase IL-10 expression 

Fig. 2.   Lactobacillus Pentosus TJ515 Intake Inhibited the Increase of Macrophage Migration-Associated Factors in the Retina of a Model of RVO.
The expression levels of (A) MCP-1 mRNA and (B) MCP-3 mRNA were examined in the retina. Data are the means ± SEM. (Normal; n = 5, Vehicle; n = 5, TJ515; n = 6, and 

JCM1558; n = 6). #P < 0.05, ##P < 0.01 versus Normal group, **P < 0.01 versus Vehicle group (Student's t-test).

Fig. 3.   Oral Administration of Lactobacillus Pentosus TJ515 Inhibited Macrophage Migration into the Inner Retina.
(A) F4/80 immunostaining and (B) graphical representation of the F4/80 positive cells. The data represent the mean ± SEM (Normal; n = 3, Vehicle; n = 3, TJ515; n = 4, and 

JCM1558; n = 4). ##P < 0.01 versus Normal group, and **P < 0.01 versus Vehicle group (Tukey’s test). Scale bar = 50 µm.
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in the intestinal immune cells.32) Clinical studies48) and stud-
ies using mice49) have reported that probiotics, which strong-
ly induce IL-10 expression in immune cells in the intestine, 
increase plasma IL-10 levels. IL-10 inhibits the proliferation 
and activation of macrophages and the production of inflam-
matory cytokines including IL-6 and TNF-α in MBDM.50–52)  
Thus, plasma from RVO model mice fed with L. pentosus 
TJ515 seems to have induced an anti-inflammatory effect in 
macrophages via an increase in IL-10 levels. Also, it has been 
reported that probiotic-derived exosomes and miRNAs can 
regulate cytokine expression in plasma and tissues.53–55) Thus, 
probiotics may have anti-inflammatory effects via diverse 
pathways. This study revealed that L. pentosus TJ515 could be 
a new prevention for retinal edema. However, our study had 
the following several limitations. We were not able to deter-
mine the changes in the intestinal microbiota caused by oral 
intake of L. pentosus TJ515. In addition, the detailed mecha-
nisms of the anti-inflammatory effects of plasma components 
and cytokines remain unclear. These topics should be consid-
ered in future research.

In conclusion, these findings suggested that L. pento-
sus TJ515 has anti-inflammatory effects by inhibiting mac-
rophage accumulation by inducing IL-10 production. Probiot-
ics can be taken daily because there is little harm caused by 
long-term ingestion.56) Probiotics can be used for minimally 
and invasively treating retinal edema as an oral administration. 
Moreover, L. pentosus TJ515 could be apply treatment of oth-
er inflammation diseases because this study indicated it sup-
pressed systemic inflammation. We suggested that the intake 
of L. pentosus TJ515 could become an effective therapeutic 
and prophylactic strategy to suppress retinal edema in RVO 
and DR patients.
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