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Abstract

AIM: To determine the immunomodulatory effect of
Shiitake (a mushroom extract), we tested its effect
on liver-mediated immune regulation in a model of
immune-mediated colitis.

METHODS: Four groups of mice were studied. Colitis
was induced by intracolonic instillation of TNBS in
groups A and B. Groups A and C were treated daily
with Shiitake extract, while groups B and D received
bovine serum albumin. Mice were evaluated for
development of macroscopic and microscopic. The
immune effects of Shiitake were determined by FACS
analysis of intra-hepatic and intrasplenic lymphocytes
and IFN-y ELISPOT assay.

RESULTS: Administration of Shiitake resulted in
marked alleviation of colitis, manifested by significant
improvement in the macroscopic and microscopic
scores, and by reduction in IFN-y-producing colonies
in group A, compared to group B mice (1.5 pfu/mL vs
3.7 pfu/mL, respectively). This beneficial effect was
associated with a significant increase in the intra-
hepatic CD8" lymphocyte trapping, demonstrated
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by an increased intrasplenic/intrahepatic CD4/CD8
lymphocyte ratio. These effects were accompanied by
a 17% increase in the number of intrahepatic natural
killer T (NKT) cells. A similar effect was observed when
Shiitake was administered to animals without disease
induction.

CONCLUSION: Shiitake extract affected liver-
mediated immune regulation by altering the NKT
lymphocyte distribution and increasing intrahepatic
CD8" T lymphocyte trapping, thereby leading to
alleviation of immune-mediated colitis.

© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

Mushrooms have been valued by humans throughout
history as a food product and for medical purposesm.
Mushrooms have been used as a medicine in the Far East
since ancient times. Extracts and isolated metabolites
from mushrooms are known to modulate immune
responsesm, resulting in enhanced innate and acquired
disease resistance. The major immunomodulatory effects
of the active substances derived from mushrooms

include mitogenicity and activation of immune effector
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cells, such as lymphocytes, macrophages, and natural
killer cells. Activation of these cells can result in the
production of cytokines, including intetleukins (ILs),
tumor necrosis factor alpha (INF-q), and interferon
gamma (INF—y)m. The ability of select mushroom
extracts to modulate the differentiation capacity of
CD4" T cells into mature Th1l and/or Th2 subsets has
been documented recently”.

Other recent studies have suggested that these
extracts may have a profound effect on Thl- or Th2-
immune mediated disorders”. A number of bioactive
molecules, mostly polysaccharides with anti-tumor
properties have been identified in mushroom-derived
formulations®.

Lentinan, a (1-3)-B-glucan from Lentinus edodes
(Shiitake), is licensed as an immunostimulatory drug'”.
Pre-treatment of mice with lentinan results in increased
concentrations of TNF-q, 1L-12, and IFN-y, as well as
an increase in the number of Listeria monocytogenes-specific
CD8 T cells in the spleen. The bacterial burden in the
spleen and liver of mice was reduced significantly during
primary and secondary listeria infection after lentinan
pre-treatment of mice. In addition, Lentinus edodes and
its active component, the polysaccharide lentinan,
have been found to be effective against several tumors,
including prostate and gastric tumors, and leukemia?.
However, the mechanism of action of lentinan is not
clearly understood and there is currently no data on its
effect on immune-mediated diseases.

The role of liver in the pathogenesis of various
immune-mediated disorders is well known!”. Liver
contains a mixture of lymphocytes including both
conventional T and B cells, as well as a distinct population
of resident liver lymphocytes. Furthermore, liver is
involved in the trapping and destruction of activated T
cells™. As of this writing, the precise role of the liver
in immune cell trapping and destruction is not fully
understood, although one theory suggests that cells
already in the process of apoptosis are sequestrated in the
liver™"?. A second theory suggests that the liver plays an
active role by destroying activated T cells through a local
tolerance mechanism that causes clonal deletion™'?.

The goal of the present study was to determine the
effect of Shiitake on colonic inflammation in a murine
model of immune-mediated colitis and to examine the
role of liver in systemic tolerance induction in this setting;

MATERIALS AND METHODS

Animals

Normal inbred 2-4 mo old C57BL male mice were
obtained from Harlan, Israel, and maintained in the
Animal Core of the Hadassah-Hebrew University
Medical School. Mice were maintained on standard
laboratory feed and kept in 12-h light/dark cycles. All of
the experiments were performed in accordance with the
institute’s ethical committee for animal handling.

Experimental design
Four groups of mice consisting of 10 animals each

were studied. Mice in experimental group A were fed
Shiitake extract (50 g/mouse), starting 2 d before (day
2), until 9 d after induction of colitis by intra-rectal
administration of trinitrobenzene sulfonic acid (TNBS,
day 9) as described previously™. Mice in group B were
fed bovine serum albumin (BSA, 50 g/mouse). Group
C was fed with Shiitake extract (50 g/mouse) from day 0
of experiment until day 9. Mice in control group D were
fed with BSA, 50 g/mouse from day 0 to day 9. Mice
were sactificed on day 10.

Preparation and administration of the mushrooms
Source: Mushroom spawn (Lentinus edodes 4087) used in
this study was purchased from Sylvan (France).

Mushroom culture: Mushrooms were grown on a 1:1
mixture of cotton and wheat straws. The straws were
oven dried at 60°C for 24 h and milled to 1-3 cm particle
size. The straw mixture was wetted to 70% water content
and packed into 4 kg polypropylene bags containing a
microporous filter. The bags were steam sterilized at 100°C
for 2 h, then cooled to 25°C for inoculation with 2% spawn
w/w. The culture was incubated at 25°C for 30 d. For
fruiting, the temperature was reduced to 16°C with a relative
humidity of 90%, 12 h daily light and CO, concentration
of 600-800 ppm. The fruiting bodies were then oven dried
at 60°C for 24 h and milled to 1 mm particle size.

Experimental colitis: Colitis was induced by a single
enema of TNBS (Sigma, USA)"’. Fifty milligrams of
TNBS was dissolved in 20% ethanol (total volume 1 mL)
and instilled through a rubber catheter 10 cm into the
colon zia the anus, without any bowel preparation. The
animals were kept fasting for 24 h prior to the procedure
and were anesthetized with Ketalar. After instillation,
the mice were maintained in the supine position until
recovery from the anesthesia to prevent immediate
leakage of the instillate.

Assessment of colonic damage: Assessment of
colonic damage was performed 10 d following induction
of colitis". Ten centimeters of the distal colonic tissue
was removed and opened by a longitudinal incision and
gently washed with saline. The freshly opened colonic
segments were examined by an independent observer
blinded to the treatment. The extent of the mucosal
damage was assessed. Four macroscopic parameters
were determined: degree of colonic ulceration, intestinal
and peritoneal adhesions, wall thickness, and degree of
mucosal edema. Each parameter was graded on a scale
from O (completely normal) to 4 (most severe).

Colonic histology: For each animal, 6 specimens of
colonic tissue from the distal 10 cm were removed
for histological analysis. The tissues were fixed in
formaldehyde, then sliced into 4 to 6 mm pieces,
dehydrated in ethanol, embedded in paraffin wax,
sectioned, and stained with hematoxylin and eosin. The
degree of inflammation on microscopic sections of
the colon was graded semi-quantitatively from 0 to 4.
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Grade 0: Normal with no signs of inflammation; Grade
1: very low level of leukocyte infiltration; Grade 2: Low
level of leukocyte infiltration; and Grade 3: High level
of infiltration with high vascular density and bowel wall
thickening; Grade 4: Transmural infiltration, with loss
of goblet cells, high vascular density, wall thickening,
and disruption of normal bowel architecture. Two
experienced examiners who were blinded to the study

group performed the grading.

Evaluation of the role of natural killer T (NKT)
lymphocytes and the liver in CD4 trapping

Liver and spleen lymphocyte isolation: Splenocytes and
liver lymphocytes were isolated as described previously
with the following modifications" . The inferior vena cava
was cut above the diaphragm and the liver was flushed
with 5 mL cold PBS until it became pale in color. The
connective tissue and the gallbladder were removed, and
the liver was placed in a 10 mL dish containing cold sterile
PBS. Splenocytes and liver lymphocytes were isolated by
crushing the spleen and liver through a stainless mesh (size
60, Sigma Chemical Co., St. Louis MO)“G]. The resulting
cell suspension was placed in a 50 mL tube for 3 min,
washed twice with cold PBS (1250 t/min for 10 min), and
all insoluble debris was removed. Cells were re-suspended
in PBS, and passed through a nylon mesh pre-soaked in
PBS. Unbound cells were collected and washed twice in
45 mL PBS. For liver and spleen lymphocyte isolation, the
cells were suspended in a 50 mL tube containing 7 mL
PBS, and underlayed with 20 mLL Histopaque 1077 (Sigma
Diagnostics, St. Louis, MO). The tube was centrifuged
at 1640 t/min for 15 min at room temperature. Cells at
the density interface were collected, diluted in a 50 mL
tube, and washed twice with ice-cold PBS (pelleting at
1250 r/min for 10 min). Approximately 1 X 10° cells per
mouse liver were recovered. The cell viability, assessed by
Trypan blue staining was > 95%. Both splenocytes and
liver-associated lymphocytes were isolated from every
animal in all the experimental groups.

Flow cytometry analysis for determination of CD4",
CD8" and NKT lymphocyte subsets: Following
lymphocyte isolation, triplicate samples of 2 x 10” to
5 % 10° cells/500 pL PBS were placed in Falcon 2052
tubes, incubated with 4 mL 1% BSA for 10 min, and
centrifuged at 1400 t/min for 5 min. The cells were
resuspended in 10 pl. FCS with 1:20 FITC-anti mouse
CD3 antibody, 1:20 PE-anti mouse CD4 antibody,
1:20 APC-anti mouse CD8 antibody, or 1:20 FITC-
anti mouse NK1.1 antibody (NKR-P1C, Pharmingen,
USA), and mixed every 10 min for 30 min. The cells
were washed twice in 1% BSA, and kept at 4°C until
reading. In the control group, only 5 puL. of 1% BSA
was added. Analytical cell sorting was performed on
1 % 10* cells from each group with a fluorescence-
activated cell sorter (FACSTAR plus, Becton Dickinson).
Only live cells were counted, and background
fluorescence from non-antibody-treated lymphocytes
was subtracted. Gates were set by forward- and side-
scatter to exclude dead cells and red blood cells. Data
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was analyzed by the Consort 30 two-color contour plot
(Becton Dickinson, Oxnard, CA) or Cellquest program.

Antigen specific IFN ELISPOT assays: IFN spot
forming cells (SFC), were identified using a modified
subject-specific, antigen-directed ELISPOT assay
(Mabtech, Nacka, Sweden)[m]. Filtration plates (96 well),
coated with high protein binding hydrophobic PVDF
membrane were used (Millipore Corp., Bedford, MA,
USA). The plates were coated with 1-D1K anti-IFN
coating antibody (15 mg/ml., Mabtech, Nacka, Sweden)
for 24 h at 4°C. Peripheral blood mononuclear cells
(PBMC) were isolated by Ficoll gradient separation
of 2 mL whole blood samples, collected in acid
citrate dextrose tubes, and processed within 1 h. The
PBMC were washed twice in RPMI 1640 with 10%
fetal bovine serum. The cells were cultured in 96 well
plates (1 X 10 cells/well) with RPMI 1640 and 10%
FBS. Triplicate samples were prepared with 2 doses of
the study drug from each subject (5 and 10 g/mL) or
phytohemagglutinin (PHA, 2.5 g/mL) without antigen.
Plates were incubated for 48 h at 37°C under 5% CO,.
The plates were then washed and 100 ul biotinylated
antibody (7-B6-1-biotin, Mabtech, Nacka, Sweden) at
a concentration of 1 ug/ mL in filtered PBS with 0.5%
FBS. Plates were incubated for 3 h at room temperature.
Following washing, 100 uL of streptavidin-alkaline
phosphatase was added, and the plates were incubated
for 90 min at room temperature. The plates were
washed and substrate (BioRad, Richmond, CA) was
added for 30 min, until reddish-purple spots appeared.
Using a dissection microscope, dark spots, reflecting
IFN-y-secreting clones, were counted. The results were
expressed as mean IFN-y-secreting cells per 10° PBMC
(in triplicate), after subtraction of the mean spots from
wells without the study drug,

Statistical analysis
Statistical analysis was performed using the student’s
ttest. P < 0.05 was considered significant.

RESULTS

Effect of Shiitake on survival

Shiitake administration was associated with significant
improvement in the survival of animals in group A,
compared with the control group B (BSA control). Of
the mice in group A, 100% survived »s 44% in group B.
All mice in control groups C and D survived.

Effect of Shiitake on severity of experimental colitis
Macroscopic scoring of colitis: The severity of colitis in
mice treated with Shiitake mushroom showed marked
improvement compared with mice in group B, that
were fed BSA (mean macroscopic score 0.75 + 0.2 and
3.2 £ 0.1 for groups A and B, respectively, P < 0.005,
Figure 1A). No significant signs of colitis were observed
in mice in groups C and D.

Histological assessment of colitis: Similar results
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Figure 1 A: Effect of Shiitake administration on the macroscopic score
of experimental colitis: Shiitake administration significantly alleviated the
severity of colitis in group A mice compared with mice in control group B; B:
Effect of Shiitake administration on the microscopic score of colitis: Shiitake
administration alleviated the severity of colitis in group A mice compared with
mice in control group B.

were obtained in the total microscopic score of colitis.
The mean microscopic score was 0.4 £ 0.2 in group
A vs 1.7 £ 0.3 in group B (Figure 1B). Histological
evaluation of colonic tissues showed a marked reduction
in the inflammatory response in Shiitake fed mice
(Figure 2A). By contrast, mice in group B showed
severe colitis, manifested by inflammatory infiltration
of the mucosa, and patchy necrosis of the mucosa
and submucosa with purulent and fibrinoid material
extending up to the muscle layer. The muscle and
serosal layers showed infiltration by acute and chronic
inflammatory cells (Figure 2B).

Effect of Shiitake on NKT lymphocyte distribution

The number of intra-hepatic NKT cells was determined
in all experimental groups. The number of liver NKT
cells was increased in group A, compared to group B
(29.1% vs 18.6%, Figure 3A). Liver NKT cells were also
increased in group C compared with group D (32.1% »s
24.1%). The intrasplenic NKT cell counts, reflecting the
total systemic pools of NKT cells, were also determined.
A dectrease in NKT cell number was observed in group
A compared with group B, and in group C compared
with group D (1.1 »s 2.4 and 1.6 »s 3.3, respectively).
To determine whether the intra-hepatic NKT increase
was part of a systemic increase in NKT cells, the
intrasplenic/intrahepatic NKT cell ratio was calculated.
This ratio was significantly reduced in the Shiitake fed
mice (groups A and C »s groups B and D, Figure 3B).

Effect of Shiitake on the intrahepatic and systemic
CD4/CD8 ratios
The intra-hepatic CD4/CD8 ratio was reduced signifi-

Figure 2 Histological evaluation of colonic tissues showed a marked reduction
in the inflammatory response in Shiitake fed mice (A). By contrast, severe colitis
was observed in mice in group B, manifested by inflammatory infiltration of the
mucosa, and patchy necrosis of the mucosa and submucosa, with purulent and
fibrinoid material extending to the muscle layer (B).

cantly in mice that were fed Shiitake compared with
those fed BSA (1.5 for group A »s 2.4 in group B, P
< 0.005, Figure 4). A marked decrease in the intra-
hepatic CD4/CD8 ratio was also noted in group
C compared with the naive group D (1.5 »s 2, P <
0.005, Figure 4). Interestingly, an opposite effect was
noted when the intrasplenic CD4/CD8 ratios were
calculated. Intra-hepatic CD8 trapping in Shiitake fed
mice was assoclated with an increase in the peripheral
(intrasplenic) CD4/CDS8 ratio compared with BSA
fed mice (4 and 2.1 for groups A and B, respectively;
P < 0.005; Figure 4). However, even in mice without
colitis, feeding Shiitake caused the peripheral CD4/
CDS8 ratio to decrease compared with naive mice (2.3
in group C »5 3.9 in group D, P < 0.005, Figure 4).
The intrasplenic/intrahepatic CD4/CD8 ratio was
also calculated. This ratio was increased in groups
A, C, D, while it was reduced significantly in group
B (2.6, 1.5, 1.80 »s 0.9, respectively; P < 0.005 for all;
Figure 5). The increased peripheral/liver CD4/CD8
ratio suggests CD8 lymphocyte trapping in the liver
during systemic tolerance induction.

Effect of Shiitake on antigen-directed IFN ELISPOT

The number of antigen specific T-cell colonies secreting
IFN-y was reduced significantly in group A compared
with group B (1.5 pfu/mL »s 3.7 pfu/mL, P < 0.005),
suggesting a specific effect of Shiitake on T cells
involved in Th1-mediated immune colitis.

www.wjgnet.com
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Figure 3 A: The effect of Shiitake administration on intrahepatic NKT cells.
Liver NKT cell numbers were increased in groups A and C (which received
Shiitake), compared with mice in group B and in control group D; B: The effect
of Shiitake administration on the intrasplenic/ intrahepatic NKT cell ratio.

DISCUSSION

Previous studies have shown that Lentinan, a (1-3)-
B-glucan obtained from Lentinus edodes, has anti-tumor
activity, but the purported immunomodulatory effect has
not yet been tested in immune-mediated disorders"”?".
The present study indicates that a Shiitake-derived
formulation has a beneficial effect in an animal model
of TNBS-induced colitis. Administration of this
formulation significantly improved the survival rate, and
alleviated the macroscopic and microscopic evidence
(scores) of colitis. These results were associated with a
dramatic reduction in the number of antigen-specific
IFN-y-producing colonies. The present study has shown
that the liver has a role in mediating systemic induction
of tolerance in the setting of our experimental model.
This role comprises of sequestering and possibly
destroying potentially harmful effector cells, resulting
in disease amelioration. The systemic effect of Shiitake
in reducing TNBS-induced colitis, was mediated by
the trapping of CD8 T cells in the liver. Altered NKT
lymphocyte distribution was also associated with the
protective effect of Shiitake.

Shiitake and its active component, the polysac-
charide lentinan, have previously been shown to be
effective against different tumors”™". Several studies
have shown that these compounds are effective against
gastrointestinal tumors, gynecologic tumors, as well as
against leukemia and lymphoma'®*). Tn most of these
studies Shiitake was used to augment the effect of other
drugs™. Tt has been suggested that mushroom-derived
factors do not attack the cancer cells directly, but rather
produce their anti-tumor effects by activating different

www.wjgnet.com
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Figure 4 Effect of Shiitake administration on the intra-hepatic (open bars) and
intrasplenic (black bars) CD4/CDB8 ratio.
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Figure 5 The effect of Shiitake administration on the intrasplenic/intrahepatic
CD4/CD8 ratio: The peripheral (spleen)/intrahepatic (liver) CD4/CD8 ratio was
markedly increased in groups A, C, and D. By contrast, the ratio was markedly
reduced in group B.

. . 725
immune responses in the host™™.

Mushroom derivates can affect different parts of
the immune system, including macrophage activation
by induction of TNF-q, IL-6, and IL-1, dendritic cell
activation, and various effects on T cells”. Lentinus
edodes has been described as a T-cell adjuvant, skewing
the Th1/Th2 balance towards Th1 through the specific
induction of IL.-12 from activated macrophages[%'zg].

In addition to the protective effects against cancer,
Shiitake has also been shown to be hepatoprotective as
well as an anti-fibrotic agent. In dimethylnitrosamine-
induced hepatitis, Shiitake decreased the serum
aminotransferase levels by inhibiting the over-accumula-
tion of collagen fibrils and suppressing the over-
expression of genes for smooth muscle a-actin and
heat shock protein—47[zg]. Shiitake also inhibited, in a
dose-dependent manner and without cytotoxicity, the
morphologic changes and proliferation of isolated rat
hepatic stellate cells (HSCs), which play a central role
in liver fibrosis™. Interestingly, the hepatoprotective
effects of Shiitake were also observed after oral
administration””. In another model, the D-galactosamine
(GalN)-induced liver injury in mice, oral administration
of Shiitake decreased the release of aminotransferases
and reduced the degree of histological injury[?’m.

Inflammatory bowel disease (IBD) is a chronic,
relapsing and remitting condition of unknown etiology
that exhibits a variety of autoimmune features”"”,
Studies in animal models and in humans implicate
an abnormal intestinal epithelial cell barrier function,
excessive production of Thl or Th2 cytokines, and the
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unrestrained activation of CD4" TCRa[}+ T cells in the
pathogenesis of this disorder™. Induction of systemic
tolerance towards disease-associated antigens has been
validated as a method to alter the immune response and
alleviate colitis in both animals and humans!"**.

Rectal administration of TNBS in mice induces
chronic intestinal inflammation similar to that seen
in Crohn’s disease in humans. Stimulated cells in the
inflamed mucosa produce increased amounts of IFN-y.
IL-2, and 1L-12, along with reduced I1.-4 expressionm].
Administration of low dose colitis-extracted protein has
been shown to inhibit the host colonic inflammatory
response and to alleviate colitis in this model”.
Tolerance induction led to an immunological shift
from a pro-inflammatory Thl type response to an anti-
inflammatory Th2 type.

NKT regulatory lymphocytes differentiate through
thymic and extrathymic pathways”". These cells are
characterized as CD4" or CD4'CD8 and CD16’, express
afy TCRint, and share the surface molecules with NK
cells, including NK1.1 and CD122", NKT cells exist
in low numbers in the peripheral blood as well as in
most other tissues, but are abundant in the liver””. The
expression of NK1.1-CD1 ligand in the liver is likely
responsible for this phenomenon. Upon stimulation,
these cells produce significant quantities of IL-4 and
IFN-y, and exhibit enhanced cytolytic activity™. Our
group and others have recently shown that this subset of
lymphocytes may play an important role in the induction
of peripheral tolerance™". Induction of peripheral
tolerance »ia oral administration of an antigen or FIK506
treatment, have both been associated with a significant
increase in NKT LAL production and cytotoxic
activity”. Relevant to this study, NKT lymphocytes have
also been shown to play an active role in the immune
modulation of experimental colitis. Adoptive transfer of
tolerized NKT cells mediate the transfer of tolerance to
recipient mice and prevent the induction of disease.

In the present study, the beneficial effect of Shiitake
was associated with increased number of liver NKT
cells irrespective of the induction of colitis. This
change was accompanied by a systemic decrease in
NKT cell number in treated animals. To determine
whether the intra-hepatic NKT increase was part of a
systemic increase in NKT cells or retention of these
cells in the liver, the intrahepatic/intrasplenic NKT cell
ratio was calculated. While no overall increase in the
number of systemic NKT cells was found, this ratio
was increased significantly in Shiitake treated mice.
Thus, NKT residency in the liver was increased. Taken
together, these data suggest that the Shiitake-derived
formulation used in the present study has a substantial
effect on NKT regulatory lymphocytes. As such, such
formulations may carry the potential to alleviate similar
NKT-dependent disorders.

In addition to the observed changes in NKT cells,
the beneficial effect of Shiitake was associated with
increased intrasplenic/intrahepatic ratio of CD4/CDS,
suggesting a preferential trapping of CD8 lymphocytes
in the liver during systemic tolerance induction. This

effect was similar to that observed in other previously
described methods of tolerance induction, where the
liver was shown to play an active role™”. Similar to its
effect on NKT regulatory cell distribution, the effect of
Shiitake on intrahepatic lymphocyte sequestration was
observed in treated animals whether or not colitis was
induced. This finding suggests that Shiitake acts as a
genuine immune modulator in both healthy and disease
conditions, although a more pronounced effect was
noted in disease states.

In summary, the Shiitake-derived formulation had
a favorable effect on immune mediated colitis. This
effect was associated with alterations in the NKT
lymphocyte distribution, and on intra-hepatic CD8
lymphocyte trapping during tolerance induction. Further
identification of the specific effects caused by several
mushroom derived compounds may facilitate the
development of oral administration of these products
for the treatment of immune-mediated disorders,
including IBD.

COMMENTS

Background

Natural killer T (NKT) lymphocytes play a regulatory role in various immune-
mediated disorders. To determine the immunomodulatory impact of Shiitake
we tested its effect on liver-mediated immune regulation in a model of immune-
mediated colitis. Shiitake extract affected liver-mediated immune regulation
by altering NKT lymphocyte distribution and increasing intra-hepatic CD8" T
lymphocyte trapping, thereby leading to alleviation of inmune-mediated colitis.

Research frontiers

The liver is a site for lymphocyte clearance, and plays an important role in
determining the CD4*/CD8" balance during tolerance induction.
Innovations and breakthroughs

Shiitake extract altered NKT lymphocyte distribution and increased intra-hepatic
CD8" T lymphocyte trapping.

Applications

Shiitake extracts can serve as immune modulatory tools in various immune
mediated disorders.

Peer review

The present study looked at the role of mushroom extract on tolerance
induction, using an established model of TNBS colitis. It was observed that
there was alleviation of microscopic and macroscopic colitis and better survival
with Shiitake treatment, accompanied with changes in intra-hepatic NKT, CD4,
CD8 populations with reduced IFN secreting colonies in the peripheral blood.
The authors concluded that Shiitake modulates the immune response in the
liver to a more tolerogenic state, and results in improvement of the colitis.
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