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Enhancement of Dectin-2 Gene Expression by Lignin—
Carbohydrate Complex from Lentinus edodes Mycelia
Extract (LEM) in a Mouse Macrophage-like Cell Line
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Abstract. Background: Lignin fractions of Lentinus edodes
(LEM) have shown anti-HIV — and
immunopotentiating activity. However, the action point of
lignin—carbohydrate complex has not been elucidated. In order
to elucidate their action point, DNA microarray analysis was
performed, using mouse macrophage-like J774.1 cells. Materials
and Methods: RNA was isolated with Qiagen RNeasy Plus Mini
kit, hydridized with GeneChip MouseGene 1.0 ST arrays, and
scanned with Affymetrix GeneChip Command Console software.
Results: One of the seven lignin—carbohydrate fractions isolated
from LEM (Fr4) enhanced the expression of dectin-2 (4.2-fold)
and toll-like receptor (TLR)-2 (2.5-fold) prominently, but only
slightly modified the expression of dectin-1 (0.8-fold),
complement receptor 3 (0.9-fold), TLRI, 3, 4, 9 and 13 (0.8- to
1.7-fold), spleen tyrosine kinase (Syk)b, zeta-chain (TCR)
associated 70 kDa protein kinase (Zap70), Janus tyrosine kinase
(Jak)2 (1.0- to 1.2-fold), nuclear factor (Nf)kbl, NFkb2,
reticuloendotheliosis viral oncogene homolog (Rel)a, Relb (1.0-
to 1.6-fold), Nfikbia, Nfkbib, Nfkbie, Nfkbil2 and Nfkbiz (0.8- to
2.3-fold). On the other hand, lipopolysaccharide did not affect
the expression of dectin-2 or TLR-2. Conclusion: These data
suggest the significant role of the activation of the dectin-2

mycelia  extract

signaling pathway in the action of lignin—carbohydrate complex
on macrophages.

Lentinus edodes mycelia extract (LEM) has shown anti-
hepatopathic (1-3), antitumour (4-8), immunopotentiating (9,
10), antivascularisation (11), anti-arteriosclerosis (12), skin-
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protective (13, 14) and undocumented activities, such as
improvement of hepatic function, menorrhagia, melancholia,
nausea and vomiting. Lentinan (15) and KS-2 (16),
polysaccharides isolated from L. edodes have shown
immunopotentiating and antitumour activities. Lignin fractions
of LEM have shown anti-HIV (17) and immunopotentiating
(18) activity. However, the action point of these lignin
fractions has not been elucidated. We recently isolated seven
lignin-carbohydrate fractions from LEM, and among them,
fraction 4 (Fr4) showed the highest anti-HIV activity and most
potently inhibited NO production by lipopolysaccharide
(LPS)-stimulated mouse macrophage-like cells (RAW?264.7,
J774.1) (19). Fr4 was found to be composed of lignin
precursors such as vanillic acid, syringic acid, p-coumaric acid
and ferulic acid, with trace amounts of flavonoids and tannins,
and negligible amount of LPS, confirming the authenticity of
Fr4 as lignin (20). Preliminary DNA microarray analysis
suggested that Fr4 may affect immune response-related gene
expression, but may not affect the expression of as many genes
as LPS did (20). Dectin-1 and dectin-2 have been identified as
the receptors for B-glucan and a-mannan, respectively (21, 22).
We previously reported that the polysaccharide portion of
lignin-carbohydrate complex from pine cone extract of Pinus
parviflora Sieb et Zucc is comprised of arabinose, mannose,
galactose and glucose (23), suggesting that lignin—cabohyrate
complex may bind to dectin-1 or dectin-2. In order to elucidate
the action point of Fr4, DNA microarray analysis of the effect
of Fr4 at different doses and in combination with LPS was
performed for J774.1 cells.

Materials and Methods

Materials. The following chemicals and reagents were obtained
from the indicated companies: Dulbecco’s modified Eagle’s medium
(DMEM), GIBCO BRL, Grand Island, NY, USA; fetal bovine
serum (FBS), JRH, Bioscience, Lenexa, KS, USA, LPS from
Escherichia coli (serotype 0111:B4); dimethyl sulfoxide (DMSO),
Wako Pure Chem. Ind., Osaka, Japan.
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Preparation of Fr4. Fr4 was isolated from LEM by alkaline
extraction and acid precipitation, as described previously (20).

Cell culture. Mouse macrophage-like J774.1 cells (RIKEN
Bioresource Center, Tsukuba, Japan) were cultured in DMEM
supplemented with 10% FBS, 100 U/ml penicillin G and 100 pg/ml
streptomycin sulfate under a humidified 5% CO, atmosphere (20).
Cells were inoculated at 0.25x106/ml (10 ml) in a 8.5 cm-dish and
incubated for 36 hours. Near confluent cells were treated for 24
hours without (referred to as ‘Control’) or with 125 or 250 pg/ml
Fr4 (referred to as ‘Fr125” or ‘Fr250’), or 0.1 ug/ml LPS (referred
to as ‘LPS’) or combination of 250 pg/ml Fr4 and 0.1 pg/ml LPS
(referred to as ‘Fr250+LPS’). In some experiments, the cells were
treated with RLT plus buffer (RNeasy Plus Mini Kit; Qiagen Inc.,
Tokyo, Japan).

Assay for TNF production. The tumor necrosis factor (TNF)
released into the culture medium was determined by ELISA
(Quantikine ELISA kit, R&D systems, Minneapolis, MN, USA).

RNA isolation and preparation. Total RNA was isolated from cell
samples according to the manufacturer’s instructions using a Qiagen
RNeasy Plus Mini kit (Qiagen Inc.). The quality of the RNA was
checked with an Agilent 2100 Bioanalyzer (Agilent Technologies,
Inc, Santa Clara, CA, USA). Total RNA was used with Ambion’s
ArrayControl RNA (Ambion, Inc., Austin, TX, USA) spikes, and in
vitro synthesised polyadenylated Bacillus subtilis T3 RNA spikes,
and amplified according to the Eberwine procedure (24) using
Ambion’s MessageAmp™ Kkit.

Array hybridization. The five prepared RNA samples, namely
Fr250, Fr125, LPS (as positive control for Fr250 and Fr125),
Fr250+LPS, and Control (as negative control for Fr250 and
Fr125), were submitted to GLab Pathology Center Co, Ltd
(Hokkaido, Japan), and the labeling, hybridization, washing, and
scanning were performed there. For hybridization, GeneChip
MouseGene 1.0 ST arrays (Affymetrix Inc, Tokyo, Japan) were
used, which measure the expression of at least 28,000 genes (using
at least 7,500,000 probes). After hybridization and washing, the
Affymetrix GeneChip Command Console software (AGCC) was
used for scanning. All these procedures were conducted according
to the manufacturer’s instructions. The microarray data were
normalized by robust multi-array analysis (RMA) using
GeneSpring GX 10.0.2 (Agilent Technologies). Statistical analysis
was conducted using the R 2.9.2 statistical software (available
from http://www.r-project.org/) and Bioconductor (available from
http://www.bioconductor.org/). Normalized raw data were
analyzed using Microsoft Excel (Microsoft Corporation, Redmond,
WA, USA).

Extraction of differentially expressed genes. Normalized raw data
were analyzed using Microsoft Excel (Microsoft Corporation). First,
from each array, 1,441 probes which had the lowest 5% of
expression intensity and low-trust data were removed from 28,815
probes for quality control. Next, from the remaining 27,374 probes,
differentially expressed genes (DEG), identified as genes which
showed a fold change (FC) of at least 2, were extracted. FC was
calculated as the ratio of the expression value of a gene in one array
to that in another array. The total number of these DEG was 1,314
genes in five arrays.
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Figure 1. Arrays plotted with respect to the first and second principal
components of principal component analysis.

Principal component analysis (PCA). The five arrays were classified
on the basis of the expression profiles of the 1,314 DEGs using
principal component analysis (PCA). PCA was performed using the
R 2.11.1 statistical software together with the prcomp package
(available  from  http://rss.acs.unt.edu/Rdoc/library/stats/html/
prcomp.html).

Hierarchical clustering (HCL). The five arrays, namely Fr125, Fr250,
LPS, Fr250+LPS, and Control, were classified on the basis of the
expression profiles of the 1,314 DEG among arrays using a
hierarchical clustering (HCL) method. First, a log, transformation of
raw expression data was performed, and then the data were z-score
transformed so that each gene has a mean 0 and a variance of 1 using
R 2.11.1 software together with the genefilter package (available from
http://www.bioconductor.org/packages/2.6/bioc/html/genefilter.html)
(25).

Next, HCL was performed for the gene clustering and the array
clustering using open source clustering software Cluster 3.0
(available from http://bonsai.hgc.jp/~mdehoon/software/cluster/)
(26). ‘Correlation [uncentered]” and ‘Complete linkage’ were used
as ‘Similarity Metric’ and ‘Clustering method’, respectively. The
results of the HCL were visualized using Java TreeView (available
from http://jtreeview.sourceforge.net/) (27).

Results and Discussion

TNF production. Fr4 dose-dependently stimulated the
production of tumour necrosis factor-a. (TNF-0) by mouse-
macrophage-like J774.1 cells. The TNF-a concentration in
the culture medium was elevated from 132 pg/ml (Control)
to 706 pg/ml (Fr125), 881 pg/ml (Fr250), 1,741 pg/ml (LS)
and 1,880 pg/ml (LPS+Fr250). The RNA was prepared from
these cells for the subsequent DNA microarray analysis.
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Figure 2. Hierarchical clustering dendrogram of 5 arrays. The upper dendrogram displays the result of 1,314 gene clustering, and that below displays the
result of 5 arrays, with Control, Fr250, Fr125, LPS, and Fr250+LPS treatments. In the heat map, red represents overexpressed genes, and green represents
underexpressed genes. Cluster A indicates a cluster consisting of 40 genes, including Clec4n, and Clec4d of the Dectin-2 family, and Srxnl, and Txnrdl

for antioxidant genes, which were overexpressed with Fr250, Fr125, and Fr250+LPS treatment compared with Control and LPS treatment.

Classification of each treatment using PCA. Figure 1 shows
a visualization of the five treatments in the space of the first
and second principal components of PCA. The horizontal
axis indicates the first component and the vertical axis
indicates the second component. The cumulative proportion
from first to second components was 96.3%. Similarity
between the gene expression pattern under treatment with
Fr125 and Fr250 was recognized.

Classification of each treatment using HCL method. Figure 2
shows the results of hierarchical clustering for 1,314 genes
and 5 treatments. The dendrogram on the right indicates the
gene expression patterns with Fr125 and Fr250 were the
most similar, and those of LPS and Fr250+LPS were also
similar, and then that of Control was more similar to Fr125
and Fr250 than LPS and Fr250+LPS.

Gene expression pattern of Dectin-1 and Dection-2 family.
The expression patterns of Dectin-1 and Dectin-2 family
genes (28) which are strongly suggested as receptors of
polysaccharides of the cell walls in the fungus (Figures 3 and
4). For example, ‘Fr125/Control’ on the x-axis denotes the
expression of each gene under Frl25 treatment in
comparison to that with Control. The dotted lines represent
FC in gene expression rate of above 2.00 and below 0.50
(Figures 3-7), changes which were considered significant.

For Dectin-1 family genes, it was confirmed that there
were no differences between the expression of Clecla,
Cleclb, Clec7a (Dectin-1), Clec9a, Clecl2a and Cleci2b
genes with each treatment and that of Control.

Figure 4 shows the expression of Dectin-2 family genes under
Fr125, Fr250, LPS, and Fr250+LPS treatment in comparison to
Control. The expressions of Clec4d, Clec4e, and Clec4n (Dectin-
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Figure 3. Comparison of expression profiles regarding the Dectin-1 gene family.
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Figure 4. Comparison of expression profiles regarding the Dectin-2 gene family.

2) genes with both Fr125 and Fr250 were more than twice as
high as those of Control. Furthermore, the expression of Clec4n
(Dectin-2) in both of those treatments increased by more than
threefold as compared with Control. On the other hand, LPS
treatment did not change the expression of Clec4n (Dectin-2).
This indicates that Clec4n (Dectin-2) was specifically
overexpressed under treatment with Fr125 and Fr250.
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There were no significant differences between the
expression of Clec4n (Dectin-2) with Fr125 and Fr250. In
terms of other Dectin-1 and Dectin-2 family genes, and thus
the tendency of similarity between Fr125 and Fr250 was
recognized (Figures 3, 4). Furthermore, there were no
significant differences between the expressions of these
genes among Fr250, LPS, Fr250+LPS treatment, and thus
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Figure 5. Comparison of expression profiles regarding the Fc receptor gene family.
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Figure 6. Comparison of expression profiles regarding the Integrin gene family.

the synergy effect of the combination of Fr250 and LPS on
the enhancement of gene expression were not observed
(Figures 3, 4).

Expression pattern regarding the Fc receptor family genes.
Activated Clec4n by its ligands would control the
transcription of cytokines through Fcerlg which is a member

of the Fc receptor family, with immune receptor tyrosine-
based activation motif (ITAM) domain. Following the
phosphorylation of the ITAM of Fc receptor after lectin
receptor (Dectin-2) activation, spleen tyrosine kinase (Syk)b
(which is a member of non-receptor tyrosine kinase family
that has two SH2 domains) is recruited to activate caspase
recruitment domain family, member 9 (Card9)-dependent
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Figure 7. Comparison of expression profiles regarding the Tlr gene family.

signaling pathway leading to the activation of NFKb (29). It
is also known that Fcerlg co-expresses and co-localizes with
Clec4n. Figure 5 shows the expression of Fc receptor family
genes, including Fcerlg. There was no difference in the
expression of Fcerlg between Fr125, Fr250, and LPS
treatments. On the other hand, we observed a tendency for
an increase of Fcgr4 expression with LPS treatment.

Expression pattern of integrin family genes. Itgam (CR3),
which is a member of the integrin family and expressed in
macrophages, is considered as a receptor for -glucan.
Figure 6 shows the expression pattern of integrin family
genes Itga5, Itga6, Itgal, Itgam, Itgav, and Itgh5. There was
no difference in the expression of Itfgam among treatments. It
was confirmed that the expression of Itga5 significantly
increased only with LPS treatment. On the other hand, the
expression of Itga6, Itgav, and Itgh5 decreased with LPS,
Fr125, and Fr250 treatments.

Expression pattern of Tlr family genes. Figure 7 shows the
expression pattern of toll-like receptor (Tlr) family genes
Tirl, Tlr2, Tlr3, Tlr4, TIlr9, and Tirl3. The expression of
Tirl, Tir2, and TIr3 was increased by LPS treatment, but,
that of 71r4 (a known receptor of LPS), TIr9 and Tir13 were
reduced by LPS treatment. On the other hand, the
expression of Tlr2 was increased more by Fr125, and Fr250
treatments, as well as by LPS treatment, than by Control. In
the case of the expression of Tirl, Tir3, Tir4, Tlr9 and
TIr13, there was no difference between Control and Fr125,
or Fr250 treatments.
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Expression pattern of genes for inflammatory cytokines.
The expression patterns of genes that are involved in the
mammalian immune system, such as those in toll-like
receptor signaling pathway, are listed in Table I. The
expression of Illa, Il1b, 116, Osm, Csf2, and 1112b in LPS
treatment was increased more than threefold that in
Control. In particular, II6 gene expression was increased
by more than two hundredfold that in Control. The
expressions of Illa, Il1b, 116, Osm, and Csf2 with Fr250
treatment were increased by more than twofold that of
Control, as were the expressions of /l/a, Il1b, and 116 with
Fr125.

The expressions of Illa, 1l1b, 116, Csf2, and I112b in
Fr125 and Fr250 were reduced to less than one seventh
level of that with LPS treatment. The findings indicate that
Fr125 and Fr250 enhanced the expressions of genes for
inflammatory cytokines, such as Il1a, Il1b, 116, Osm, Csf2,
and 1112b, but the effects of Fr125 and Fr250 were lower
than those of LPS. The expression of Osm with Fr125,
Fr250, and LPS increased by more than twofold compared
to Control, but the ratio expression of Osm with Fr250,
compared to LPS was 0.8, and no difference between gene
expression induced by Fr250 and LPS was confirmed. The
expressions of genes for other inflammatory cytokines,
such as Csfl, Csf3, 1118 and 111f6, which are not listed in
Table I, with LPS, Fr125, and Fr250 treatments were
increased much more than that of Control. In the case of
Ifng, 1112, 1l17a, Il117b, 1117c, Lif and Tnf, there was no
difference among their gene expressions induced with LPS,
Fr125 and Fr250.



Kushida er al: Dectin-2 Induction by Lignin-treated Macrophages

Table 1. Comparison of relative gene expressions under each treatment.
For example, Fri25/Control lists the expression rate of each gene under
Fri25 treatment in comparison with that of Control. Bold figures represent
expression rates which are =2.00 or <0.50 i.e. significantly changed.
Underlined figures represent gene expression rates which are <0.50.

F25/ Fr2s0/ LPS/ Fr2s60+LPS/ Fr250/

Cea Control Control Cortrol Control LPS
ita 245 3.49 10616 66.02 0.03
o 3.28 5.39 43.65 35.65 012
Inflammatory '3 10.20 16.68 26617 221.40 0.08
cytokines Osm 270 3.06 385 6.74 080
csZ 1.82 2.36 2826 21.76 008
Wi2h 1.41 147 3233 6.27 0.05
- 0.8 084 0.84 0.94 1.00
o 1.09 102 1.40 091 o073
Antkinflammatory  m 510 5.65 14.38 12.28 0.39
cytokines Tgb? 1.05 1.06 0.78 1.00 1.36
Tah2 0.90 1M 1.04 1.00 097
Tgm3 0.30 0.26 0.35 0.21 07
Sykb 1.06 116 1.73 1.86 067
Zap70 0.9 089 o0e7 099 1.02

Non-receptor

tymsing kinase Jak2 085 114 428 269 027
Fes 073 om 047 0.47 162
Hek 2.63 28 591 368 0.47
Cang?? 085 085 ez o082 103
Sgsi 0.49 042 o 022 203
CardBei10- Matt Cargs 061 056 0.65 048 0.6
Cargd o 087 o 083 085
Beltg 1.1 1 1.4 131 097
Malt? 1.35 33 252 an 053
Mkhiz 1.78 188 37T 3.37 0.49
Nkt 1.13 118 1.68 161 069
e Nekict 1.30 153 1.14 1.42 134
Nikbie 0.90 107 1.60 123 087
Nikbil2 o.81 078 0.36 042 217
Nikbiz 2.62 243 6.51 5.22 037
NfkDT 1.32 144 2.06 1.86 070
NED2 165 164 298 275 065
Rel/Nfkb family  Rals 1.02 1.02 1.02 109 1.00
Rait 163 162 184 212 oee
Rel 1.26 125 2.05 1.72 061

Expression pattern of genes for anti-inflammatory cytokines. The
expression of Il/rn, an anti-inflammatory cytokine, with LPS,
Fr125 and Fr250 treatments was increased by more than fivefold
that in Control, and that of 7//rn with Fr250 was reduced to 0.39-
fold that with LPS treatment. Meanwhile, the expression of
Tgfb3 in Fr125, Fr250, and LPS treatment was reduced to less
than 0.35 times that of Control, and there were no differences in
Tgfb3 gene expression among Fr125, Fr250 and LPS treatments.
In the case of the gene expressions of other anti-inflammatory
cytokines, such as 114, 1110, Tgfbl, Tgfb2, and 1111 and 1113,
which are not listed in Table I, there were no differences among
Fr125, Fr250, LPS, LPS+Fr250, and Control.

Expression pattern of genes for non-receptor tyrosine kinases.
We compared the expression pattern of genes for several non-
receptor tyrosine kinases, such as Sykb, Zap70, Jak2, Fes and
Hck. Sykb contains two SH2 domains and binds to the ITAM
domain of FcRgamma, such as Fcelg (28, 30), and Zap70
contains two SH2 domains and binds to the ITAM domain of
TCR (CD3) (31). There was no difference in the expression of
Sykb among Fr125, Fr250, LPS, LPS+Fr250, and Control. The
expression of Fes with LPS treatment was reduced to less than
50% that of Control. The gene expression of Hck, which

contains an SH2 domain, an SH3 domain, and a membrane-
associated domain, with Fr125, Fr 250, LPS, Fr250+LPS
treatments were more than doubled as compared with Control.
The gene expression for Jak2, which does not contain SH2
domains but binds to I16 receptor and activates a transcription
factor Stat, in LPS treatment was increased by more than
fourfold that of Control.

Expression pattern of Card, Bcll0 and Maltl. We investigated
the expression patterns of Cardll, Sgsh(Cardl4), Cardb6,
Card9, Bcll0, and Maltl, which are downstream of Sykb (32).
The expressions of these genes were not clearly changed by
Fr125, Fr250 or LPS (Table I).

Expression pattern of Ikb family genes. The expression of IKb
family genes, which are known as negative regulators for
transcription factor Nfkb, were investigated. LPS stimulated the
expression of Ikb family genes, except for Nfkbil2. Fr125 and
Fr250 showed similar effects, but to a much lesser extent
(Table I).

Expression pattern of Rel/Nfkb family genes. It is known that
the Rel/Nfkb family, such as Nfkb1, Nfkb2, Rela, Relb and
Rel, regulates the expression of cytokines, and chemokines.
LPS stimulated the expression of Nfkbl, Nfkb2 and Rel,
whereas Fr125 and Fr250 were much less active (Table I).

Conclusion

The present DNA microarray study demonstrated for the first
time that lignin—carbohydrate complex from LEM
preferentially induced the expression of Dectin-2 mRNA. This
data suggests the involvement of Dectin-2 signaling pathway
in the defense mechanism of lignin—carbohydrate complex.
Dectin-2 is a specific receptor for o-mannan, and plays
significant role in the regulation of protection of the body from
Candida infection via induction of differentiation of IL-17-
producing T-cells (29). It is expected that the activation of
Dectin-2 may be significantly affected by the compositional
changes in the lignin—carbohydrate complex. Further
structure—activity study is underway in our laboratory.
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