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Polysaccharide from black currant (Ribes nigrum L.)
stimulates dendritic cells through TLR4 signaling
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Black currant (Ribes nigrum) has various beneficial properties for human health. In particular, polysaccharide from
black currant was found to be an immunostimulating food ingredient and was reported to have antitumor activity in
a mouse model. We named it cassis polysaccharide (CAPS). In a previous study, CAPS administration caused tumor
necrosis factor-o (TNF-a) and interleukin-1p (IL-1p) production in vitro and in vivo, but the immunological mechanism
of CAPS was not demonstrated. In this study, we revealed the CAPS immunostimulating mechanism in vitro. First, we
found that CAPS activated dendritic cells (DCs). Second, we investigated whether it depends on Toll-like receptor 4
(TLR4) and myeloid differentiation primary response (Myd). We concluded that CAPS stimulates DCs through Myd88
depending TLR4 signaling and activates Thl-type cytokine release.
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INTRODUCTION

Black currant is well known as a healthy fruit and is
used to make various foods and beverages such as jams and
juices. Various reports described beneficial functions of black
currant for human health [1], vasodilatation [2], eyestrain [3],
and as an antivirus agent [4]. These properties are mainly due
to the anthocyanins in black currant. In previous studies, we
found immunostimulating effects of a polysaccharide, which
we named cassis polysaccharide (CAPS), derived from black
currant [5-7] and we identified its antitumor activity and
ability to induce tumor necrosis factor-o (TNF-a) production
in a mouse study [5, 6]. We also found that CAPS has an
effect on macrophage activation in in vitro experiments
[5, 6]. To understand the efficacy of CAPS in terms of its
immunostimulating effects, it was very important to reveal the
molecular mechanism of CAPS immunostimulating effects in
detail. However, we were not able to determine that CAPS
has an effect on DC activation and molecular recognition
patterns.

Antigen-presenting cells (APCs) have an important role

*Corresponding author. Hiroshi Ashigai, Research Laboratories for
Health Science & Food Technologies, Kirin Company, Ltd., 1-17-
1 Namamugi, Tsurumi-ku, Yokohama 230-8628, Japan. E-mail:
Hiroshi_Ashigai@kirin.co.jp

©2017 BMFH Press

This is an open-access article distributed under the terms of the Creative

Commons Attribution Non-Commercial No Derivatives (by-nc-nd) License.
(CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

in immunomodulation [8—11]. In particular, dendritic cells
(DCs) which are APCs, have a strong antigen presenting
activity [12]. They are located in various organs, such as the
stomach, intestine, and skin, and have the capacity to induce
a primary immune response in inactive T cells. Inactive
T cells differentiate into T helper 1 (Thl)-type T cells as a
result of IL-12 stimulation [11]. Th-1-type T cells (natural
killer T cells or killer T cells) have important roles in cancer
therapy; for example, they remove virus and cancer cells [12].
Therefore, DCs are the most important APCs in the innate
immune system.

There are various Toll-like receptors (TLRs) that
recognize antigens according to their chemical structure
[13]. TLR2 recognizes lipoteichoic acids, lipoproteins,
and peptidoglycans of gram-positive bacteria [14]. TLR4
recognizes lipopolysaccharide (LPS) from gram-negative
bacteria [14]. TLRY recognizes bacterial CpG-DNA. These
TLRs have important roles in the innate immune system [15],
promote several signal transductions, such as transduction
of nuclear factor-kappa B (NF-«xB), and induce various
cytokines. Myeloid differentiation primary response 88
(Myd88) is the key adaptor molecule used by several TLRs
related to pathogenic microbial infections [16].

Some food ingredients such as lactic acid bacteria
and polysaccharides (lignin-carbohydrates) have
immunostimulating effects [17-20]. For example, orally
administration of lactic acid bacteria (Lactobacillus paracasei
KW-3110) improves allergy [21] and atopic dermatitis [22]
through a TLR signaling pathway [23]. B-glucan also has an
immunostimulating effect caused by TLR signal transduction
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[24].

In this study, we revealed the immunostimulating
mechanism of CAPS. First, we found that CAPS activated
DCs. Second, we investigated whether it depends on TLR4
and Myd88 signaling. Taken together, our results indicate that
CAPS stimulates DCs through TLR4 signaling and activates
Thl-type cytokine release.

MATERIALS AND METHODS

Sample preparation

Ribes nigrum was purchased from Central Chemical Co.,
Ltd. (Tokyo, Japan). Crude black currant juice was obtained,
and glucanase enzymes were added as follows: 0.01% Sclase
S (Mitsubishi-Chemical Foods Corporation, Tokyo, Japan)
and 0.01% Viscozyme (Novozymes Japan Ltd., Chiba, Japan).
After incubation at 48°C for 5 hr, inactivation was carried out
at 80°C for 10 min. Then, the supernatant was recovered by
centrifugation (8,000 rpm for 10 min). Ethanol precipitation
was performed with a double volume of black currant
juice, and the precipitant was collected by centrifugation
(8,000 rpm for 10 min). Ethanol precipitation was repeated
three times before lyophilization. Finally, the precipitant was
dried with a freeze dryer and dissolved in a moderate volume
of phosphate-buffered saline (PBS).

Endotoxin measurement

Endotoxin was analyzed with an Endozyme endotoxin test
kit (Hyglos GmbH, Germany), according to the manufacturer’s
instruction.

Molecular weight distribution

The molecular weight of CAPS was analyzed by gel-
filtration chromatography on a high-performance liquid
chromatography system (Shimadzu Corporation, Kyoto,
Japan) equipped with a Shodex OHpak SB-805 HQ column
(Showa Denko, Tokyo, Japan) equilibrated with PBS at a flow
rate of 1 ml/min. The detection was performed with an RID-
20A refractive index detector (Shimadzu Corporation, Kyoto,
Japan). A calibration curve was prepared with a dextran
standard solution consisting of T-2000 (MW: 2,000,000),
T-500 (MW: 473,000), T-70 (MW: 67,200), T-40 (MW:
43,000), T-10 (MW: 10,000), saccharose (MW: 342), and
glucose (MW: 180). These markers were purchased from
Pharmacosmos (Holbaek, Denmark).

Dietary fiber quantification

The dietary fiber content of CAPS was measured with the
Proskey method by Japan Food Research Laboratories.

Mice

Specific pathogen-free male ICR wild-type, TLR2—/—,
TLR4—/—, TLR9—/—, and MyD88—/— mice were purchased
from Charles River Laboratories Japan, Inc. (Yokohama,
Japan). The mice were housed under a 12:12-hr light/dark
cycle with lights on at 600 hr in a thermoregulated room

maintained at 24 £ 2.0°C. Humidity was maintained in the
range of 55 + 10%, and AIN-93G food (CLEA Japan, Inc.,
Tokyo, Japan) and water were provided. Dissection was
performed at the age of 8 to 10 weeks. The animals were
treated in accordance with Kirin Company’s ethical guidelines
for animal care, handling, and termination.

Preparation of DCs derived from bone marrow (BM)
FMS-like tyrosine kinase 3 ligand (F1t-3L) induces
dendritic cell differentiation. FIlt-3L-induced DCs were
generated as previously described [25]. In berief, BM cells
were extracted from ICR mice, and erythrocytes were
removed by brief exposure to 168 mM NH,CI. Cells were
cultured at a density of 5 x 10° cells/ml for 7 days in RPMI
1640 medium supplemented with 1 mM sodium pyruvate
(Thermo Fisher Scientific, Yokohama, Japan), 2.5 mM HEPES
(Thermo Fisher Scientific, Yokohama, Japan), 100 unit/ml
penicillin (Thermo Fisher Scientific, Yokohama, Japan), 100
pg/ml streptomycin (Thermo Fisher Scientific, Yokohama,
Japan), 50 uM 2-mercaptoethanol (Thermo Fisher Scientific,
Yokohama, Japan), 10% fetal calf serum, and 100 ng/ml
Flt-3L (R&D Systems, Inc., Minneapolis, MN, USA). CAPS
was added at concentrations of 10—100 pg/ml, and cultures
were maintained for 24 hr. LPS (1 pg/ml, Merck Millipore,
Darmstadt, Germany) was used as a positive control.

Cell culture assay

BM-derived Flt-3L-induced DCs were cultured using 96-
well microplates at a density of 1 x 10° cells/ml BM-derived
Flt-3L-induced DCs were seeded in the same medium as used
for cell preparation. LPS (1 pg/ml) or CAPS (10 or 100 pg/
ml) was added to the medium, and cells were cultured for 24
hr at 37°C. Culture supernatants were assayed for cytokine
concentration.

Cell viability measurement

Cell vitality was analyzed with Cell Counting Kit-8
(Dojindo Laboratories, Kumamoto, Japan), according to the
manufacturer’s instructions.

Cytokine measurement

TNF-a levels in the supernatant were measured with a
Ready-SET-Go!® ELISA kit (eBioscience Inc., San Diego,
CA, USA), according to the manufacturer’s instructions.

Quantitative real-time PCR

Total RNA was purified with QIAshredder and RNeasy
Mini kit (QIAGEN Japan, Tokyo, Japan) according to the
manufacturer’s directions. cDNA was synthesized with a
PrimeScript II 1st strand cDNA Synthesis Kit (Takara Bio
Inc., Kusatsu, Shiga, Japan). The expression levels were
monitored by PCR with SYBR Premix Ex Taq II (Takara Bio
Inc., Kusatsu, Shiga, Japan), according to the manufacturer’s
instructions. The cDNA mixture (250 ng) was added to 20
pl reaction mixture. The primers were as follows: GAPDH
(tctgetgatgeccccatgtteg and tgggtggcagtgatggeatgga),
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Fig. 1.  Cell viability of dendritic cells from bone marrows (1.0 x 10°

cells/ml) incubated with CAPS or LPS for 24 h, and cell viability
were measured by Cell counting kit-8. The results are expressed as
mean £ SD (n=6). There are no significantly difference by Dunnett
test (p<0.05).

TNF-0.  (ctgtagcccacgtegtage and  tgagatccatgecgttg),
interleukin 1B (IL-1B; ccgtggaccttccaggatgaggaca
and atgggtccgacagcacgaggcttt), and 1L-12p40
(tctgetgatgeccccatgtteg and tgggtggcagtgatggcatgga).
Reactions were performed using a LightCycler 480 instrument
(Roche Diagnostics, Mannheim, Germany). Samples were
quantified by comparison with a standard curve generated by
cDNA templates using the respective primers. The value of
the target gene was divided by the value of the GAPDH gene,
and relative gene expressions were normalized to the value
of the control.

Statistics

The statistical analysis was performed using the Ekuseru-
Toukei 2010 statistical software (Social Survey Research
Information Co., Ltd., Tokyo, Japan), and the results are
presented as the mean = standard deviation of the mean.
Results were analyzed by Dunnett test.

RESULTS

CAPS samples

We obtained 13.5 g of freeze-dried CAPS powder from
3,454 g of black currant juice; its average molecular weight
was 27,643. CAPS powder does not contain any endotoxin.
The dietary fiber content was 828 mg per 1 g of CAPS powder.

Cytotoxicity of CAPS against bone marrow-derived
dendritic cells (BMDCs)

In order to examine whether CAPS had cytotoxity in
BMDCs, BMDCs were cultured for 24 hr with 10 or 100 pg/ml,
CAPS and cell viability was assayed with a cell counting kit.
As shown in Fig. 1, CAPS did not show cytotoxity in BMDCs
at 10 or 100 pg/ml.
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Fig.2. Dendritic cells from bone marrow activation by CAPS

administration. Effects of CAPS on TNF-a release. Dendritic
cells from bone marrow s (1.0 x 10° cells/ml) were incubated
with CAPS or LPS for 24 h, and cytokine levels were measured
by ELISA. The results are expressed as mean = SD (n=6). The
differences between PBS and each sample were statistically
significant by Dunnett test (p<0.05).

Production of TNF-o. by Flt-3L—induced DCs in response
to CAPS

In order to dissect the effects of CAPS on DC activation,
we evaluated the production of TNF-o by BM-derived Flt-3L-
induced DCs. LPS was used as positive control. As a result of
supernatant analysis, we found that CAPS stimulated TNF-a
production in a concentration-dependent manner (Fig. 2). In
the same experiment, we collected the cells and extracted their
mRNA. The results of RT-PCR showed that CAPS stimulated
TNF-a, IL-18, and IL-12p40 gene expression (Fig. 3).

Cytokine production by BMDCs derived from knockout
mice

In order to determine the responsible recognition system
leading to TNF-a induction by CAPS, Flt-3L-induced DC
cultures were evaluated in selected TLR or MyD88 knockout
mouse strains. As shown in Fig. 4, TNF-o production induced
by CAPS was completely abrogated both in TLR4—/— and
MyD88—/— mice.

DISCUSSION

DCs are widely distributed in peripheral tissues such as
the skin, nasal cavity, and intestine [8—12]. They are antigen-
presenting cells that play an important immunological
role in mammalians [12] and transmit antigen signals to
other immunological cells through lymphocytes [8—12].
In BMDC activation experiments, CAPS did not affect cell
viability (Fig. 1), but it stimulated BMDCs and induced
Thl-type cytokine release (Fig. 2). The results of endotoxin
measurement confirmed that CAPS powder did not contain
any endotoxins. The results of dietary fiber analysis revealed
that CAPS contains 82.3% (w/w) dietary fiber. We strongly
believe that the dietary fiber of black currant has an effect
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BMDC transcriptional changes of TNF-a, IL-1p, and IL-12p40 by RT-PCR. BMDCs (1.0 x 10° cells/

ml) were incubated with CAPS or LPS. The results are expressed as mean + SD (n=6). The differences
between PBS and each sample were statistically significant by Dunnett test (p<0.05).
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Fig. 4. Toll-like receptor recognition with CAPS. Dendritic cells
from bone marrow (1.0 x 10° cells/ml) were incubated with CAPS.
TNF-a was measured by ELISA. The results are expressed as
mean + SD (n=6). The differences between WT and each sample
were statistically significant by Dunnett test (p<0.05).

on immunostimulation. Moreover, DCs promote the innate
immune system through release of Thl-type cytokines, such
as TNF-a (Figs. 2 and 3). In our previous studies, we detected
an antitumor effect of CAPS in mice [5, 6]. Therefore, we
assumed that CAPS could activate BMDCs and induce Thl-
type lymphocytes due to the immunostimulating effect of
CAPS.

TLRs have important roles [13], as they recognize
molecular pattern of pathogens, regulate immunological

balances, and control cell proliferation. We investigated the
BMDC-TLR recognition pattern of CAPS with knockout
mouse studies. As shown in Fig. 4, CAPS could not activate
BMDCs derived from TLR4 or Myd88 knockout mice;
therefore, we assumed that CAPS activated TLR4 on
BMDCs. TLR4 recognizes polysaccharide antigens like the
exopolysaccharide derived from lactic acid bacteria [26, 27],
and CAPS is a polysaccharide purified from black currant
juice [5, 6]; therefore, these studies support our conclusion
concerning CAPS-TLR4 recognition. TLR4 is located on DC
surfaces.

There are two types of TLR4 signaling, one dependent
on Myd88 and one not dependent on Myd88. The Myd88-
dependent pathway activates NF-kB through TIRAP and
stimulates Thl-type cytokine release [15]. The Myd88-
independent pathway activates IRF3 through TRIF and
stimulates type 1 interferon [16]. In our experiments, CAPS
could not activate type 1 interferon (data not shown), but
CAPS does stimulate TNF-o release. We assumed that CAPS
could stimulate DCs thorough a Myd88-dependent pathway,
thus releasing mediators for host defense systems.

Th-1 type cytokine differentiation is very important for
inducing oral tolerance [28]. Oral tolerance is also important
for food immunology such as for suppressing excess allergic
reaction [28]. CAPS stimulated Th-1 type cytokine release in
amouse study [5]. It is possible that intake of CAPS is related
to suppression of excessive allergic reaction and induction of
oral tolerance.

There are many TLR4 ligands, such as lignin-carbohydrate
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[29], LPS [30]. TLR4 was found to be a polysaccharide
receptor. In bacterial infections, TLR4 immediately senses
the bacterial cell wall, which has an immunostimulating effect
through a Myd88-dependent TLR4 pathway. Since the effect
of CAPS on the immune system is similar to that of lignin-
carbohydrate, the structure of CAPS might be similar to that
of lignin-carbohydrate. This provides support for CAPS as a
TLR4 ligand.

In conclusion, the immunostimulating mechanism of CAPS
involves stimulation of DCs through a Myd88-dependent
TLR4 pathway.

Conflict of interest

HA, YK, GW, YK, RY, RT, MM, and YT are employees
of Kirin Co. Ltd., the study sponsor. KS is an employee of
Mercian Corporation.

ACKNOWLEDGEMENT

We thank Mr. Kenta Jounai, Ms. Konomi Oshio, Mr.
Yoshihiko Sugihara, Dr. Daisuke Fujiwara for their technical
assistance and valuable discussion.

REFERENCES

1. Gopalan A, Reuben SC, Ahmed S, Darvesh AS, Hohmann J, Bishayee A.
2012. The health benefits of blackcurrants. Food Funct 3: 795-809. [Medline]
[CrossRef]

2. Nakamura Y, Matsumoto H, Todoki K. 2002. Endothelium-dependent
vasorelaxation induced by black currant concentrate in rat thoracic aorta. Jpn J
Pharmacol 89: 29-35. [Medline] [CrossRef]

3. Knox YM, Suzutani T, Yosida I, Azuma M. 2003. Anti-influenza virus activity
of crude extract of Ribes nigrum L. Phytother Res 17: 120-122. [Medline]
[CrossRef]

4. lida H, Nakamura Y, Matsumoto H, Kawahata K, Koga J, Katsumi O. 2013.
Differential effects of black currant anthocyanins on diffuser- or negative
lens-induced ocular elongation in chicks. J Ocul Pharmacol Ther 29: 604-609.
[Medline] [CrossRef]

5. Takata R, Yamamoto R, Yanai T, Konno T, Okubo T. 2005. Immunostimulatory
effects of a polysaccharide-rich substance with antitumor activity isolated from
black currant (Ribes nigrum L.). Biosci Biotechnol Biochem 69: 2042-2050.
[Medline] [CrossRef]

6. Takata R, Yanai T, Yamamoto R, Konno T. 2007. Improvement of the antitumor
activity of black currant polysaccharide by an enzymatic treatment. Biosci
Biotechnol Biochem 71: 1342-1344. [Medline] [CrossRef]

7. DejimaK, Ohshima A, Yanai T, Yamamoto R, Takata R, Yoshikawa T. 2007. Effects
of polysaccharide derived from black currant on relieving clinical symptoms of
Japanese cedar pollinosis: a randomized double-blind, placebo-controlled trial.
Biosci Biotechnol Biochem 71: 3019-3025. [Medline] [CrossRef]

8. Obregon C, Rothen-Rutishauser B, Gerber P, Gehr P, Nicod LP. 2009. Active
uptake of dendritic cell-derived exovesicles by epithelial cells induces the release
of inflammatory mediators through a TNF-alpha-mediated pathway. Am J Pathol
175: 696-705. [Medline] [CrossRef]

9. Guifiaza N, Pellegrini A, Carrera-Silva EA, Aoki MP, Cabanillas AM, Gironés
N, Fresno M, Cano R, Gea S. 2007. Immunisation with a major Trypanosoma
cruzi antigen promotes pro-inflammatory cytokines, nitric oxide production and
increases TLR2 expression. Int J Parasitol 37: 1243-1254. [Medline] [CrossRef]

10. Westers TM, Stam AG, Scheper RJ, Regelink JC, Nieuwint AW, Schuurhuis GJ,

13.

14.

16.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

van de Loosdrecht AA, Ossenkoppele GJ. 2003. Rapid generation of antigen-
presenting cells from leukaemic blasts in acute myeloid leukaemia. Cancer
Immunol Immunother 52: 17-27. [Medline] [CrossRef]

. Koyama S, Ishii KJ, Coban C, Akira S. 2008. Innate immune response to viral

infection. Cytokine 43: 336-341. [Medline] [CrossRef]

. Dudek AM, Martin S, Garg AD, Agostinis P. 2013. Immature, semi-mature, and

fully mature dendritic cells: toward a DC-cancer cells interface that augments
anticancer immunity. Front Immunol 4: 438. [Medline] [CrossRef]

Watts C, West MA, Zaru R. 2010. TLR signalling regulated antigen presentation
in dendritic cells. Curr Opin Immunol 22: 124-130. [Medline] [CrossRef]
Takeuchi O, Hoshino K, Kawai T, Sanjo H, Takada H, Ogawa T, Takeda K, Akira
S. 1999. Differential roles of TLR2 and TLR4 in recognition of gram-negative and
gram-positive bacterial cell wall components. Immunity 11: 443-451. [Medline]
[CrossRef]

. Nakamura K, Miyazato A, Xiao G, Hatta M, Inden K, Aoyagi T, Shiratori K,

Takeda K, Akira S, Saijo S, Iwakura Y, Adachi Y, Ohno N, Suzuki K, Fujita J,
Kaku M, Kawakami K. 2008. Deoxynucleic acids from Cryptococcus neoformans
activate myeloid dendritic cells via a TLR9-dependent pathway. J Immunol 180:
4067-4074. [Medline] [CrossRef]

Kawai T, Adachi O, Ogawa T, Takeda K, Akira S. 1999. Unresponsiveness
of MyD88-deficient mice to endotoxin. Immunity 11: 115-122. [Medline]
[CrossRef]

. Martin R, Miquel S, Ulmer J, Kechaou N, Langella P, Bermudez-Humaran LG.

2013. Role of commensal and probiotic bacteria in human health: a focus on
inflammatory bowel disease. Microb Cell Fact 12: 71. [Medline] [CrossRef]
Tsai YT, Cheng PC, Pan TM. 2012. The immunomodulatory effects of lactic acid
bacteria for improving immune functions and benefits. Appl Microbiol Biotechnol
96: 853-862. [Medline] [CrossRef]

. Murphy EA, Davis JM, Carmichael MD. 2010. Immune modulating effects of

B-glucan. Curr Opin Clin Nutr Metab Care 13: 656-661. [Medline] [CrossRef]
Chan GC, Chan WK, Sze DM. 2009. The effects of beta-glucan on human immune
and cancer cells. J Hematol Oncol 2: 25. [Medline] [CrossRef]

Fujiwara D, Inoue S, Wakabayashi H, Fujii T. 2004. The anti-allergic effects of
lactic acid bacteria are strain dependent and mediated by effects on both Th1/
Th2 cytokine expression and balance. Int Arch Allergy Immunol 135: 205-215.
[Medline] [CrossRef]

Wakabayashi H, Nariai C, Takemura F, Nakao W, Fujiwara D. 2008. Dietary
supplementation with lactic acid bacteria attenuates the development of atopic-
dermatitis-like skin lesions in NC/Nga mice in a strain-dependent manner. Int
Arch Allergy Immunol 145: 141-151. [Medline] [CrossRef]

Ichikawa S, Fujii R, Fujiwara D, Komiyama Y, Kaisho T, Sakaguchi M, Konishi
Y. 2007. MyD88 but not TLR2, 4 or 9 is essential for IL-12 induction by lactic
acid bacteria. Biosci Biotechnol Biochem 71: 3026-3032. [Medline] [CrossRef]
Kim HS, Kim JY, Ryu HS, Park HG, Kim YO, Kang JS, Kim HM, Hong JT, Kim
Y, Han SB. 2010. Induction of dendritic cell maturation by B-glucan isolated from
Sparassis crispa. Int Immunopharmacol 10: 1284-1294. [Medline] [CrossRef]
Jounai K, Ikado K, Sugimura T, Ano Y, Braun J, Fujiwara D. 2012. Spherical
lactic acid bacteria activate plasmacytoid dendritic cells immunomodulatory
function via TLR9-dependent crosstalk with myeloid dendritic cells. PLoS One
7:e32588. [Medline] [CrossRef]

Makino S.2009. Immunostimulatory effects of yogurt fermented with Lactobacillus
delbrueckii ssp. bulgaricus OLL1073R-1 and its exopolysaccharides. Milk
Science 58: 35-40.

Nagai T, Makino S, Ikegami S, Itoh H, Yamada H, Oda M. 2011. Effects of oral
administration of yogurt fermented with Lactobacillus delbrueckii ssp. bulgaricus
OLL1073R-1 and its exopolysaccharides against influenza virus infection in mice.
Int Immunopharmacol 11: 2246-2250. [Medline] [CrossRef]

Verhasselt V. 2010. Neonatal tolerance under breastfeeding influence. Curr Opin
Immunol 22: 623-630. [Medline] [CrossRef]

Tsuji R, Koizumi H, Aoki D, Watanabe Y, Sugihara Y, Matsushita Y, Fukushima
K, Fujiwara D. 2015. Lignin-rich enzyme lignin (LREL), a cellulase-treated
lignin-carbohydrate derived from plants, activates myeloid dendritic cells via
Toll-like receptor 4 (TLR4). J Biol Chem 290: 4410-4421. [Medline] [CrossRef]
Miller SI, Ernst RK, Bader MW. 2005. LPS, TLR4 and infectious disease
diversity. Nat Rev Microbiol 3: 36-46. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/22673662?dopt=Abstract
http://dx.doi.org/10.1039/c2fo30058c
http://www.ncbi.nlm.nih.gov/pubmed/12083740?dopt=Abstract
http://dx.doi.org/10.1254/jjp.89.29
http://www.ncbi.nlm.nih.gov/pubmed/12601672?dopt=Abstract
http://dx.doi.org/10.1002/ptr.1053
http://www.ncbi.nlm.nih.gov/pubmed/23413995?dopt=Abstract
http://dx.doi.org/10.1089/jop.2012.0224
http://www.ncbi.nlm.nih.gov/pubmed/16306683?dopt=Abstract
http://dx.doi.org/10.1271/bbb.69.2042
http://www.ncbi.nlm.nih.gov/pubmed/17485844?dopt=Abstract
http://dx.doi.org/10.1271/bbb.60725
http://www.ncbi.nlm.nih.gov/pubmed/18071252?dopt=Abstract
http://dx.doi.org/10.1271/bbb.70413
http://www.ncbi.nlm.nih.gov/pubmed/19628765?dopt=Abstract
http://dx.doi.org/10.2353/ajpath.2009.080716
http://www.ncbi.nlm.nih.gov/pubmed/17512528?dopt=Abstract
http://dx.doi.org/10.1016/j.ijpara.2007.03.010
http://www.ncbi.nlm.nih.gov/pubmed/12536236?dopt=Abstract
http://dx.doi.org/10.1007/s00262-003-0397-4
http://www.ncbi.nlm.nih.gov/pubmed/18694646?dopt=Abstract
http://dx.doi.org/10.1016/j.cyto.2008.07.009
http://www.ncbi.nlm.nih.gov/pubmed/24376443?dopt=Abstract
http://dx.doi.org/10.3389/fimmu.2013.00438
http://www.ncbi.nlm.nih.gov/pubmed/20083398?dopt=Abstract
http://dx.doi.org/10.1016/j.coi.2009.12.005
http://www.ncbi.nlm.nih.gov/pubmed/10549626?dopt=Abstract
http://dx.doi.org/10.1016/S1074-7613(00)80119-3
http://www.ncbi.nlm.nih.gov/pubmed/18322216?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.180.6.4067
http://www.ncbi.nlm.nih.gov/pubmed/10435584?dopt=Abstract
http://dx.doi.org/10.1016/S1074-7613(00)80086-2
http://www.ncbi.nlm.nih.gov/pubmed/23876056?dopt=Abstract
http://dx.doi.org/10.1186/1475-2859-12-71
http://www.ncbi.nlm.nih.gov/pubmed/23001058?dopt=Abstract
http://dx.doi.org/10.1007/s00253-012-4407-3
http://www.ncbi.nlm.nih.gov/pubmed/20842027?dopt=Abstract
http://dx.doi.org/10.1097/MCO.0b013e32833f1afb
http://www.ncbi.nlm.nih.gov/pubmed/19515245?dopt=Abstract
http://dx.doi.org/10.1186/1756-8722-2-25
http://www.ncbi.nlm.nih.gov/pubmed/15467373?dopt=Abstract
http://dx.doi.org/10.1159/000081305
http://www.ncbi.nlm.nih.gov/pubmed/17848807?dopt=Abstract
http://dx.doi.org/10.1159/000108139
http://www.ncbi.nlm.nih.gov/pubmed/18071261?dopt=Abstract
http://dx.doi.org/10.1271/bbb.70414
http://www.ncbi.nlm.nih.gov/pubmed/20699131?dopt=Abstract
http://dx.doi.org/10.1016/j.intimp.2010.07.012
http://www.ncbi.nlm.nih.gov/pubmed/22505996?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0032588
http://www.ncbi.nlm.nih.gov/pubmed/21986509?dopt=Abstract
http://dx.doi.org/10.1016/j.intimp.2011.09.012
http://www.ncbi.nlm.nih.gov/pubmed/20851590?dopt=Abstract
http://dx.doi.org/10.1016/j.coi.2010.08.008
http://www.ncbi.nlm.nih.gov/pubmed/25548274?dopt=Abstract
http://dx.doi.org/10.1074/jbc.M114.593673
http://www.ncbi.nlm.nih.gov/pubmed/15608698?dopt=Abstract
http://dx.doi.org/10.1038/nrmicro1068

