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Abstract

This study observed the anti-inflammatory effect of the polysaccharide derived from the mycelium of Tremella fuciformis in mice
with colitis induced with dextran sulfate sodium (DSS). The experimental groups were normal, DSS, DSS-TFL50, DSS-TFH100,
and suflasalazine. Body weights, colon lengths, and organ weights were measured, and the plasma level of pro-inflammatory cytokine
and mRNA and protein expression in colon tissue were analyzed. Body weight loss, a symptom of DSS-induced colitis, was suppressed
by DSS-TF and the speed of weight recovery proceeded rapidly. In addition, DSS-TF showed a significant inhibitory effect on the
decrease of colon length typically caused by colon damage. TNF-qa, IL-6 and IL-1[3 cytokine levels in plasma were reduced in DSS-TF
and positive control groups. TNF-a, COX-2 and IL-13 mRNA expression in colon tissue were inhibited in DSS-TF and positive
control, and it was significantly different from that of the DSS group. The protein expression of inflammation-related genes (IL-6,
TNF-a and COX-2) in the colon tissue was significantly increased by DSS compared to that of the normal group, but by DSS-TFL50,
DSS-TFH100 and sulfasalarin decreased. In conclusion, the polysaccharide derived from the mycelium of Tremella ficiformis showed
the anti-inflammatory effect on DSS-induced colitis in mice.
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FEAHE HAa, FEHRY, JEY S Tt A7t
HuE=t) ofgehd 242 WAl dAH| -2 AAA 73
OgRE HHHOh 5 2006). FAIHAL AAA HH
lentinan TFg5-9] Sarcoma 180 A :20] st 75t 3ot
R 3K(Chihara 5 1970), FAHA FAA F2 chgA &
oFtg o wWolk Z7bgvHKim & Kim 1997; Kim SW
1998a; Kim SW 1998b), :=F-gw0|(Hericium erinaceus)
AR A FES 2HFRY WIS 2 FAAIH(Choi
S 2010), A A FAA 3 SRS STt
A 3HPark & Hong 2017) 5 &2 A7} ZP= L

WEo] 8.2 3J]Eo|(Tremella fuciformis Berk.)= St=t,
T, G2, % 5 A AlAlC] ExEojlon FolA 7R
of ZAA aAEolY EP9] i 7HA] B E7] Flo
AASks GAERoIH SIRFMO] sxEEgo R ARt
(Cheng 5 2003). ¥Wlzo|= F=o = AT A&HAilo=
W 243}, e, sl 718A G, W], FES, FE
WS & U 852 7 HALE I A Eol &
5}al Qth(Park & Lee 1999; Oh 5 2006; Liu 5 2018). 1
S, AR WAL Sl olehgol oiH YRS 8
Sto] QABAME Bol St d AHUAE o8 ATA
Hie 52E37k9] Aj7to] AQEEE HE5HE ste] FAHA)
£ olg% WAY /54 A7 sl AgET Ao
(Park & Hong 2017; Ge 5 2020).

oAl A SAW S E8ote 47 U
s7tolA AElE shARE E535 s 7]&e] astH
B2 32 QA Apur]e] EQPIo R, PRl gAY
4t 7S AR sk dAHY] HH 9 iR Wit A
77} BB SROOH BFEOIA T ch(Lee 5 2019).
F8HE 22O AUANAE BE BolA ZA
239 astod) uete] 2AE el ST 4R
(excopolysaccharide)2 A2 4 oA WA FAMA] AAHY
ol Tt 77} TS WA Lee SC0IDS 4
A A A St &5 HaAg
A FXae] diste] HIsHUTE E3 SEo|HA R
9] in vitro AYP O 2 FABHZhang 5 2014; Ge 5 2020)
o RkE4(Bin € 2010) T3} Lot Wmolulsl A
e R g3Y sEREAA FASHEI| g A
= A9 gt} webA B A= Dextran Sulfate Sodium
(DSSE Rt tdd SR04 MIZo|HA HAA|
29 SRS HAN T oh9nc] GERENS BuA

wmolul #A 99l chasel e oA aw 147
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1. MEEE FH 2 F 7Y

= A0 AMSE 1A 2042 g AlS9] 657 CSTBL/6
2 Q| lEH}o] @ (Orient Bio, Seong-nam, Korea)ol|A] £
wol etk AR AN9IGE TEHEOW, LEL
23£2C, ANEE 55£5%, 12A17F 712 light-dark cycle©]
A== ZA(micro ventilation cage system)dFo|A] AR5}
Aot £F F 179 B¢ A 7 RO &, ASS
Z2A5to] 7} & AAFE(Normal), DSSE LS §&3t
Y ZTH(DSS), DSSE A ES FEotal Tremella fuciformis
A 98 HRE 50 meke] BER AT Folstel 4
Fot A3 (Low dose, DSS-TFL 50), DSSE IS &
513l Tremella fuciformis @A S8 355 100 mg/kg
9] sE= A+ Foisto] HF3t AP H(High dose, DSS-TFH
100), DSSZ AFS {3511 SuflasalazineS 500 mg/kg
9 Zrg A FoJsto] 335t A (positive control) O
2 BRshh

Aol ANEE Tremella fuciformis FAHA| 728 S Al=
500 L 8714 Wlekg B3 AAksigct. 714 vlere W
MCM HjZ](glucose 20 g/L, CSL 10 g/L. MgSO,4-H,0 0.5 g/L,
K.HPO, 1 g/L, KH.PO, 046 g/L)S AF&3I900, 30 L W
H MCM HjR|7} E£3He 50 L wHFY Hi7](KoBioTech Co.,
Incheon, Korea)ol|A] 24A|17F A viF 5FTt. o] 500 L wHt
3 87| (KoBioTech Co., Incheon, Korea)o| A 9647t vjoF
S & AAB=HS 50 kg T2 7AZR7] (lshinBioBase
Co., Dongducheon, Gyeonggi, Korea)E ©]-835} 96A17t &
27z & q3AE J5T Ame YAl
A Algste] & Aol ARgSElE 2 sEAES s3s
7] A e Hgty FEAE AU (ARSI IACUC
200098)°| 4] 5Q1& wol 2yttt

2. OiIE /= U AIZ 0§

QAY FE= S50 dextran sulfate sodium(DSS: M.W.
36,000~50,000, Reagent grade, MP Biomedicals, LLC, Illkirch,
France)& 2%= A5, 79 &< AF 5852 AFst
A sto] hAAL S L5k THPark EJ 2014). BAFL-S PBSYE
S5ttt A =8l Tremella fuciformis dAH] S OdHE
5L (50 mgkg bw.), I°EE(100 mgkg b.w.), positive
control®l suflasalazine(Drug, 500 mg/kg b.w.)& PBSO] 3]
Hafo] A7 Rol2 4AAAT AP F 457 AP
on 4% A% 4% T RS,
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4 TFRA A U AlOISTI) B BH

vhes sS4 % Qlolgumold dolg AL o)F
3950%¢2 YABEE 1087 stk LaRelE ool
Mz = 8L weleto] AFo) AHESATT. HAE
HE TNF-a, IL-69} IL-169] T HRAGHTA oo,
BA4HUG=HH ELISA kits(BioLegend, San Diego, CA,
USA)E ©o]-&SFAtH(Lui FF 2015). & A2 A|2AM A
A5 AEuHo| uel 423951 th. TMB substrate solution
o] 3r7-d 714 100 uL FFFZ FHEolo] 208 5 A
204 HA]SF T 100 pL stop solutionS #2]5lo] HF-S-&
ZAAZ 31, Optical density:= Wallac Victor3 1420 Multilabel
Counter(Perkin-Elmer, Wellesley, MA, USA)Z 450 nmoj|A]

=435t

5. RT-gPCRZ 0|28t =& L mRNA && &3

ZF o A9 AFA 1 emE F 9| trizol(Invitrogen,
Carlsbad, CA, USA)Z ©o]&5}o] A|ZZ2HE] RNAS 275}
11, 0.1% diethyl-pyrocarbonate(DEPC)°]] &3 A] %t} 83
¥ & RNAE NanoDrop ND-1000(NanoDrop Technologies
Inc., Wilmington, DE, USA)E AR&-5}0] A5} 11, super-
script Il reverse transcriptase(Invitrogen, Carlsbad, CA,
USA)E ©]&35to] cDNAE d/J5I3lth A/dE cDNA:
Thermal Cycler BioRad CFX-96 Real Time System(Bio-
Rad, Hercules, CA, USA)Z o|&dlo] AR &S 24
o5 tH(Jeong JK 2012).

6. Western blot2 0|88t =%| L EHHA W £

7y & o A9 AZR A 1lemE F9 1 mL radio-immun-
oprecipitation assay(RIPA, Invitrogen, Carlsbad, CA, USA)
bufferg ©]gsto] AT} 4TCA 5E 5 17,100xg

2 fuuelslel duge wejs
Bradford assay W& o]-&35}o] izl
(Bradford MM 1976). &% S-S SDS-polyacrylamide
gel A7|F502 B3}l polyvinylidene fluoride(PVDF,
Bio-Rad) membrane 2 2 0]5A|71 &, PBS-TE 353t 5%
skim milk2 H| Eo0]& Q] th2-& blockingd}H Tt TNF-q,
IL-6, COX-2 ¥ o-TUBLIN(Santa Cruz, Dallas, TX, USA)
13 BAE ASSIAT, 2ol W 27 BAE AFeT T
LAS-4000(Fujifilm Life Science, Tokyo, Japan)& ©]-&35}o]
soIshr

N

7. 84 A2

RT-gPCR H|o|E+= H+HF 2 X(standard error, SE)Z
HEIHSLAL, o] & AQe BE AF 9| tlolH= Bd+EE
HA}(standard deviation, SD)Z LEFHT}. One-way analysis
of variance(ANOVA) H'H& AA|$F & Duncan’s multiple
range test2 Z 7-(n=10)7t9] A4S AS5I3A . p<0.05
ol5td u F-9JAJo] Yt 7H531th. SPSS 18 statistical
software package(SPSS Inc., Westlands, Hong Kong)E O]
$3jof RE 4TS FALLNAL.

Zat ¥ T

1. HSel H5t

AAEZ AR A vhe-A 79 AlF2 Hwt AlE
9] ®91(21.3+0.5 g)ollAl FJZ o0& Zpo]& HolA] YL,
DSSE Agstal A F 5 vpeA9 S A WsHA|
2UTh T2y DSSE At TEARE A F45]
A5 =t]| A5 E(DSS-TFL 50)2} 5% Tremella fuciformis
A &2 ThdR(DSS-TFH 100)E #Ql & th2 29
HIg Al 4 &7t Lok 144778 AASEL7HA
A&t 5T Tremella fuciformis dAH w2 3RS
9ol #2 e 3 H WS DDSE| H|s) skl
Tremella fuciformis -AHA| S8 ©F23(DSS-TFH 100)&
9l #o] AF & &7t "Wgton, o] sulfasalazine
(positive control)a} H|% AWES HYchFig. 1). A% &
F U0 uteA9 AEE &S A7 normala-S 25.2+1.2
g0 7} 0 222 LEh9lT, DSSZL 20.6:1.6 gO.
2 normaltd} H| WSk §ojAHoF ZHABIYTHp<0.05).
13y DSS-TFL 5072 22.3£1.0 g, DSS-TFH 10072
22.840.9 g0 & DSSTHTE F95HA SESE A4S & & 9
Q1AL positive control- 21.9+1.1 g & DSSTET 39
SR ARt SlBals 2S B & It DSSE o
e FESt v AoA &Y} Lactobacillus plantarum-2
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Fig. 1. Effects of Tremella ficiformis on the change of
body weight in CS7BL/6 mice with DSS-induced colitis.
Nor: Normal diet, DSS: DSS+Normal diet, DSS-TFL 50:
DSS+50 mg/kg b.w. Tremella fuciformis, DSS-TFH 100:
DSS+Tremella fuciformis 100 mg/kg b.w., positive control:
DSS+500 mg/kg b.w. Suflasalazine. “*“Means with the different
letters are significantly different (»<0.05) by Duncan’s multiple
range tests. "°Not significantly different.

23t =2 =
*"3-4 FA% AAE 15749 = A
Hth(Park 5 2017a). E3F 7% 259 cg%‘%ga}(Lee
& Rhee 2010), A=
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2. HI|FH9 Bist

AFSES @a 45 f?—oﬂ SPAIZ|AL A, aigk, 7
HAE AAT &, 11 S vl 2 24 STAS
o] Hl&® UetIth(Fig. 2). AT 189 FA= A3
o 7t folAQl o7t oA did 2 Fkof
OI%t A7 o2 A7 /1SS UL ey 7Hat v
oA =4dor Qs dS5H 7Fo] A & 7|7 o
& AR kA0 719 BAE AT & WAL A3 DSS
T2 0.049+0.002 g, normali-2 0.041+0.003°.2 DSS+°]
A 2t AlE F FAE 7S & 5 AT (p<0.05). 1
U DSS-TFL 502 0.04440.001 g, DSS-TFH 1007~
0.043+0.002 g, positive controls= 0.044+0.002 g© & DSS
Fuct folal] Bt A Bl 5 AATkp<005). 2
£40% DSSEL Norgith 2+ 9 W% FA7} 51
=39 DSS-TFL 50, DSS-TFH 100 % positive control
59 FAE B Bl At (p<0.05). WEkA Tremella
Suciformis A -2 ©FEE9} sulfasalazine A 372 DSS
2ol Ha) B4 9% Seol AsjEdty ¥ 4 Ak
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Fig. 2. Effects of Tremella fuciformis on the tissue weight per body weight in C57BL/6 mice with DSS-induced colitis.
Nor: Normal diet, DSS: DSS+Normal diet, DSS-TFL 50: DSS+50 mg/kg b.w. Tremella fuciformis, DSS-TFH 100: DSS+

Tremella fuciformis 100 mg/kg b.w., positive control: DSS+500 mg/kg b.w. Suflasalazine.

*®Means with the different letters

are significantly different (p<0.05) by Duncan’s multiple range tests. “Not significantly different.
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3. CH&HZ0| & CHESAH/ZI0] HIZ

DSSof| ofsfi o] 42 AT Ah, g =8 2 3
| b o] 748 R W 9 ohess] AR 4
e 5= 9t} DSSE HES R 3 DSSHH(5.78+0.75 cm)
2 normal+(7.53+0.48 cm)of H|5}o] A} Aol EA A O
o202 ZotA A (p<0.05) DSSE Higde] F=d A
SQlstH ). SFAIHE A-BFHH(DSS-TFL 50, 6.50+0.44
cm)} T-EFFHDSS-TFH 100, 6.90£0.74 cm)2] Tremella
Suciformis A FE THERE AHET 2 DSSHEO| B
9] dol7t fo8 07 F71etthp<0.05). ol Tremella
fuciformis AHA| F2 ThFF7E DSSE Q1T thgo] &4
= B0 g ASIAA o] o)t EojE= A2 WA
Sttt AFRETHFig. 3). Park 5(2017a)9] ATto] oJshH
T2AS BEodst I+ 12Ao| A7VE Baccillus subtilisSF
Lactobacillus plantarum©] 93] tj&9] Zo] TAAE A5}t
of oA ALY HAFES T, AN RS F
A& FXIsto] DSSo] s AlFo] F7Fstirtal Harst
At Lee JH(2010) Aol 25} Lactic acid bacteria®]] 2]
sto] DSSE Frd A Ao B, JAIAE w3
A4, tigdo] AR A4S WESHUTE AR
(Bombycis corpus)®] A AA| g7 Lee GH 2018), L
5 SUFFEEY ASAANEE 2= Qg digdol
Ao Fofgt SEaTE UEth(Lee KT 2011).
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4. OFRA EH L) AMOISTI0l B wat

@54 ARSI 7 S7HA14 4 9l DSS Rojz
Gy AT oA MEQ] pro-inflammatory AZ}QI
TNF-q, IL-6 9 IL-139] 9] ¥3lE £43% 2= Fig. 4
of Uebdt. Tremella fuciformis <A 3 378 F
olgt up-20] B4 pro-inflammatory {129 Fo] HAs
Ay, Tremella fuciformis dAHA 53 ©hd-HF+= DSS €94
ATt & mpeAoA S-S AAIStL, AAM F5
Aol a9 542 gedons, 45 dse wn
Z & SIE Zlolgtal BZHEth(Fig. 4). @HA TNF-a
T = DSS#2 36.6£0.4 pg/mL, normalw- 11.0+0.1
pg/mLE DSSZOIH 0I5k %7 Liehett(p<0.05). 12
U DSS-TFL 502 22.5+0.2 pg/mL, DSS-TFH 1002
15.6+£0.1 pg/mL, positive controlit< 19.5+0.6 pg/mLZ
DSSFETH §OI5P W ZhE LEholp=0.05) ol
A B T Rolo] efsjoldaule e olRsis
A0 Yetsith oA IL-6 FEE DSSTS 131.5+6.6
pg/mL, normal 72 51.0+0.1 pg/mLZ DSSo|A] 325}
Al EFT(p<0.05), DSS-TFL 502-C 97.5+7.2 pg/mL, DSS-
TFH 1002 67.542.7 pg/mL, positive control w2 72.5+
4.8 pg/mLE DSSTHETH {954 22 g Hetof(p<
0.05) TNF-a 559} H|=3t 2312 B th Park S5(2017a)
o] AFoA T+ FHS FF TR 92 1F40]
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Fig. 3. Effects of Tremella fuciformis on the colon length, colon weight/length ratio in CS7BL/6 mice with DSS-induced
colitis. Nor: Normal diet, DSS: DSS+Normal diet, DSS-TFL 50: DSS+50 mg/kg b.w. Tremella fuciformis, DSS-TFH 100:
DSS+ Tremella fuciformis 100 mg/kg b.w., positive control: DSS+500 mg/kg b.w. Suflasalazine. ““Means with the different
letters are significantly different (p<0.05) by Duncan’s multiple range tests.



Vol. 34, No. 2(2021)

TNF-a

Dss DSS-TFL50 DSS-TFH 100 positivie

control
(©

250

Concentration (pg/mL)
s o B
g8 & 8

wr
=]

I

oA AR Fl TRt oAl &t

—
g

b

S 20 o
2 d
E5 e
5
£ 10
o
Y s

o4 : -

IL-1B

151

IL-6

1

DSS-TFL 50 DSS-TFH 100

160
140 2
120
100
80
60 d
40
20

Concentration (pg/mL)

DSss positivie

control

i

DSS-TFL 50 DSS-TFH 100

positivie
control

Fig. 4. Effects of Tremella fuciformis on serum cytokine levels of TNF-a (a), IL-6 (b) and IL-1B (c) in C57BL/6 mice
with DSS-induced colitis. Nor: Normal diet, DSS: DSS+Normal diet, DSS-TFL 50: DSS+50 mg/kg b.w. Tremella fuciformis,
DSS-TFH 100: DSS+ Tremella fuciformis 100 mg/kg b.w., positive control: DSS+500 mg/kg b.w. Suflasalazine. **Means with
the different letters are significantly different (p<0.05) by Duncan’s multiple range tests.

FYHo R 2 IL-6 FZ HolHA FAFTEAE Bt
(p<0.05). T3}, DSS= AT HFAS FLAIX] ICR 7R
Ao A ARFE U(Peucedanum japonicum Thunberg Leaf)
FEE9 gt AFAE A vlA= BAA ASEa
eta ), g zZ] ARt W BS54 AIEZR 7
&, 24 U 9454 ARlEZHR] mRNA Hd A2yt
£ H3Ath(Jung 5 2014). DSS F&= AFA A5 ddiddgo]
A B F2E9] ASEEEE JAIAIF AL lipopolysaccharide
o npeA0] B AN ZEEH nitrite IL-8 AJ/dS A5t
Ah(Kim YJ 2012). 3Eo] AAA| & thgHF= Sarcoma
180 B9t - FollA A aT E BAT2] alkaline
phosphatase /= S7HA7| A WAL, E S7HA7|HA
HAZ SAA7|HA FARIE EJATHOh 5 2006).
Fo[HA A 8 R FEAYCE WA
W fAF A= oy et SR WA FEER
AlZ A A "ol AU Eth olF A=
2 dog AFYHTE M B ABAEAY] E87Fs
& AAEH.

5. RT-gPCRE 0|88t ChE =& L mRNA 28
4249 HA54 AolE71le] mRNA W 2
Fig. 59 HojF-%0] DSSE vhos thgel] 432 4o

o, TNF-a, COX-2 4 IL-1B9} Z-& dZ 9 Q=L &

ET "o Tra

AHOo R FIIeFATHp<0.05). HAMZ v} AFERSO]

T
I~ 0

o N

AZEHA TNF-a=  AHAEZE A=S61HA IL-8 &2
MCP-13} 22 chemokine®] #H|E FZstA ==t
MCP-1+= A5 SHAI7|BE 4S54 td A 00A
o] AR5 F7koke Y] 4291 Ao th(Kaser
& Tilg 2008; Cader & Kaser 2013). & oA DSSY]
MCP-ImRNA & 32 BAT-9] MCP-15t} 114 §-9fs)
Al =%k31(p<0.05), DSS-TFL 50, DSS-TFH 100 % sulfasalazine
A2a DSSHo] Hlste] {-9]5HA W& MCP-19] & F
< o g S 99tk TS TNF-q, COX-2 ¥ IL-1B 435
S QA=Y I $F2 DSSHo] H]Ste] DSS-TFL 50,
DSS-TFH 100 ¥ sulfasalazine # &4+ 89514 W& g
d S T T $ AATHp<0.05). o] A= Tremella
Suciformis AHAGE HFR7E O 229 52 SIHA
4 5 3 ZRlskrhFig. 5).

SRS B A HE7|(Equisetum Arvense)Q] 4=
|4 $E52 MCP-1 chemokine 8|S R-2J5A A5t
R HAA| 22 O] A #Ql AS54 TNF-q, IL-18 & 1L-6
cytokine®] AL 9514 AAAFHTHLee SM 2019). 4
AHA AR 8 oo WA AL A4 o]
Z7}5H= 7142 calcium channel blocking 3} c-AMP2] Z7}
Aol S7HAIE ERISHITHKIm SW 1998b). =g o] =}
AA 3 2odRF FEE0] B YT}k alkaline phosphatase
T4 ZIPAIEA MBT S8 SN WAL 27

(o]

1= O

A7l B37F 9120l HAlE AtH(Choi 5 2010). EIE, 4
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Fig. 5. Effects of Tremella fuciformis on mRNA expression levels of TNF-a (a), COX-2 (b), IL-18(c) and MCP-1(d)
in C57BL/6 mice with DSS-induced colitis. Nor: Normal diet, DSS: DSS+Normal diet, DSS-TFL 50: DSS+50 mg/kg b.w.
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*dMeans with the different letters are significantly different (p<0.05) by Duncan’s multiple range tests.
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Fig. 6. Effects of Tremella fuciformis on protein expression levels of IL-6, TNF-a, and COX-2 in C57BL/6 mice with
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