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HK shiitake mushroom mycelium (HKSMM), containing 14% f-glucan, is a health functional food
ingredient individually approved by the Korea Ministry of Food and Drug Safety for liver health.
The anti-inflammatory effect of a 50% aqueous ethanol extract of HKSMM (designated HKSMMS50)
was studied in RAW 264.7 macrophage cells treated with lipopolysaccharide (LPS). An active hexose
correlated compound (AHCC) was used as a positive control. LPS-activated RAW 264.7 cells were
treated with HKSMMS50 and AHCC (0, 20, 100, 500 pg/ml) and cultured for 24 hr. Inflammation-re-
lated elements in the supernatant were measured using enzyme-linked immunosorbent assay (ELISA)
kits, and the expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2)
proteins in the cells was analyzed by Western blotting. The HKSMMS50 lowered iNOS and COX-2
protein expressions, and nuclear factor-kappa B (NF-«xB), nitric oxide (NO) and prostaglandin E,
(PGE») contents in a concentration-dependent manner as compared to LPS treatment. Similarly, the
HKSMMS50 lowered the content of pro-inflammatory cytokines interleukin-1f (IL-1B), tumor necrosis
factor-a. (TNF-a), interleukin-4 (IL-4) and interleukin-6 (IL-6) contents and increased the activity of
antioxidant enzymes superoxide dismutase (SOD) and catalase (CAT). The efficacy of the AHCC
treatment was similar to that of the HKSSMS50 treatments. These results indicate that HKSMMS50
showed an anti-inflammatory effect in LPS-treated RAW 264.7 cells by down-regulation of NF-xB
signaling and suggest that HKSMM could be used as a health functional food ingredient to help

improve immune function.
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Fig. 1. Yields of freeze-dried aqueous ethanolic solutions of
HKSMM sample. HKSMM sample (100 g) was ex-
tracted with various aqueous ethanolic solutions (1.0
1) by hand-shaking for 10 min, followed by storing
at room temperature for over-night. After being cen-
trifugation (7,000 rpm, 4°C), the supernatant was
freeze-dried to get powder samples.
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Fig. 2. Relative NO production of various ethanolic solutions
of HKSMM samples (0, 30, 50, 70, 95%) in the
LPS-treated RAW 264.7 cells when analyzed by Griess
assay. LPS-activated RAW 264.7 cells were treated
with 200 pg/ml ethanolic extracts of HKSMM samples,
followed by 24 hr incubation (5%, CO,, 37C). Star
markers represent significant differences by t-test
against LPS treatment (*, p<0.05; **, p<0.01, and ***,
p<0.001). Means with different letters represent sig-
nificances at p<0.05 by Duncan’s multiple range test.
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Fig. 3. Cell viability of LPS-treated RAW 264.7 cells by HKSMMS50 and AHCC samples. LPS-treated RAW 264.7 cells were
incubated for 24 hr (5% CO», 37°C) with various amount of HKSMM50 or AHCC sample. Cell proliferation was analyzed
with CCK-8 assay. Means with different letters represent significances at p<0.05 by Duncan’s multiple range test.
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Fig. 4. Suppression of NF- kB production in LPS-treated RAW
264.7 cells by HKSMMS50. LPS-treated RAW 264.7
cells were incubated for 24 hr (5% CO», 37C) with
various concentrations of HKSMMS50. Supernatants
were used for NF-kB concentration assay, using its
ELISA kit. Star marks represent significant differences
by t-test against LPS treatment (*, p<0.05; **, p<0.01,
and ***, p<0.001). Means with different letters repre-
sent significances at p<0.05 by Duncan’s multiple
range test. AHCC is a positive control.

HKSMM50 Al22| HE mediator®! NO & PGE; &t2f
e

LPSE 433 RAW 264.7 A E ol HKSMMS50 A £(0,
20, 100, 500 pg/m)E A 2]8kaL 24 A1t vl Fst & Hj A
2] NO$} PGE,9] &#-& ELISA kitZ A&-3le] =439
t} (Fig. 5). Positive control 2 AHCC 100 pg/mlS =) 2] &}
t}. LPS gl Bld] HKSMM50 Al & 2 2= NO$}+ PGE,
o FFS TE gEFHOE Fo4 A FaAATHp<
0.01~p<0.001). HKSMM50 AlE 500 pg/ml %] 2] NO<}
PGE; %<& Control 222 ZH4AA AT AHCC 100 pg/
mlE Y3 F 59 HKSMMS50 A& &3¢} frAkstTh

HKSMMS50 A&l 23k NO$} PGE,9] &3 Z4AE 7



4.0
3.54 a
3.0
2.5 b e b
2.0 il
154 C
1.0

0.5 'll
0.0-4— T T T T T
LPS(5 pg/ml) - + + + + +

HKSMMS50 (pg/ml) - - - 20 100 500
AHCC (ug/ml) - = 100 = = =

NO (pg/ml)

Journal of Life Science 2022, Vol. 32. No.7 495

94

a
81 . b
e 74 *ok
£ c c
ol 6 ok ahy
E 5 -_—
a-" 44 d d
2 3 wwx ik
2-
14
0 T Ll L] L) L) L]
LPS (5 pg/ml) - + + + + i
HKSMMS0 (ug/ml) - - - 20 100 500
AHCC (pg/ml) - - 100 = = :

Fig. 5. Suppression of NO and PGE; productions in LPS-treated RAW264.7 cells by HKSMMS0 samples. LPS-treated RAW264.7
cells were incubated for 24 hr (5% CO,, 37°C) with various concentrations of HKSMMS50 samples. Supernatants were
used for NO and PGE, assays, using their corresponding ELISA kits. Star marks represent significant differences by
t-test against LPS treatment (*, p<0.05; **, p<0.01, and ***, p<0.001). Means with different letters represent significances
at p<0.05 by Duncan’s multiple range test. AHCC is a positive control.
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Fig. 6. Suppression of iNOS and COX-2 protein expressions in LPS-treated RAW264.7 cells by HKSMMS50 samples. LPS-treated
RAW264.7 cells were incubated for 24 hr (5% CO,, 37°C) with various concentrations of HKSMM50 and AHCC samples.
The iNOS and COX-2 protein expressions were measured in lysates of the cells by Western blotting. Star marks represent
significant differences by t-test against LPS treatment (*, p<0.05; **, p<0.01, and ***, p<0.001). Means with different
letters represent significances at p<0.05 by Duncan’s multiple range test.
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Fig. 7. Suppression of some pro-inflammatory cytokines in LPS-treated RAW 264.7 cells by HKSMMS50 samples. LPS-treated
RAW264.7 cells were incubated for 24 hr (5% CO,, 37°C) with various concentrations of HKSMMS50 samples. Supernatants
were used for IL-1B, TNF-a, IL-6 and IL-4 assays, using their corresponding ELISA kits. Star marks represent significant
differences by t-test against LPS treatment (*, p<0.05; **, p<0.01, and ***, p<0.001). Means with different letters represent
significances at p<0.05 by Duncan’s multiple range test. AHCC was a positive control.
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Fig. 8. Enhancements of superoxide dismutase (SOD) and catalase (CAT) activities in LPS-treated RAW 264.7 cells by HKSMMS50
samples. LPS-treated RAW264.7 cells were incubated for 24 hr (5% CO», 37°C) with various concentrations of HKSMMS50
samples. Supernatants were used for SOD and CAT activity assays, using their corresponding ELISA kits. Star marks
represent significant differences by t-test against LPS treatment (*, p<0.05; **, p<0.01, and *** p<0.001). Means with
different letters represent significances at p<0.05 by Duncan’s multiple range test. AHCC was a positive control.
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Fig. 9. A proposed mechanism by which HKSMMS50 exhibited
anti-inflammatory effects in LPS-treated RAW264.7
cells through down-regulation of NF-kB activation.
HKSMMS containing B-glucan (LNT) interacted with
Dectin-1 and TLR2 and/or other receptor on the surface
of the cells, resulting in the reduction of NF-kB trans-
location into nucleus from cytosol. These reactions de-
crease in iNOS and COX-2 protein expressions, and
in pro-inflammatory cytokines TNF-a, IL-1B, IL-4 and
IL-6 productions. Antioxidant actions of HKSMMS50
were also involved in this process through LNT and
polyphenols (PP). OS represents oxidative stress.
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