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ABSTRACT: In this study, the anti-inflammatory activity of an extract of the fruiting body of the Tuber himalayense (TH) truffle
collected from oak growing areas in Korea was investigated. The extract was not cytotoxic at concentrations below 100 zg/mL in
an experiment evaluating inflammation inhibitory effect in lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages. LPS-
induced nitric oxide (NO) and prostaglandin E2 (PGE,) production was inhibited by the extract in a concentration-dependent
manner. Western blot assay results indicated that the anti-inflammatory activity of TH extract was likely caused by the reduced
production of NO and PGCE, via suppression of induced NO synthase and cyclooxygenase-2 gene expression. In addition, TH
extract effectively inhibited the production of interleukin (IL)-1p and IL-6 by macrophages. Thus, TH extract effectively inhibits the
overexpression of various inflalmmatory mediators and could be valuable in formulating anti-inflammatory foods and medicines

that target these components.
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[SIA=

ZHANE o A U= A (Ascomycota), THH AL
& (Pezizales), TolH Al (Tuberaceae)oll &3hs FE°)4)
AARCR 71 et S8d2®8A o7 5 shdelH
(Trappe, 1979), AAIAIH o2 oF 2200)F0] LA YL

F2 Zh R el FATAE o|FH AS-$o(Bonito

et al, 2013; Benucci et al, 2012). Tubere AFEA
(fruiting body)®] A2, B&F 225l A7)0l whet oheFsh
FTo2 EREH 553 3 Fu7t S|tk (Bonito er

al., 2016). Tuber= %7] A FA4

A A8 mu, A

3} 27)7h AXEA o)A} tlRRe] 4% Tuber
o) AAAE 2 ofFe e W3, pHow

g FHo E24E tde] 5712 9o Uth(Xiao er
al., 2015; Patel et al., 2017). = WAM = Tuber aestivum
subsp. uncinatum o] FLAsHA R AE AT H(Shin er
al., 1995), H< T huidongense®} T himalayense7} 212}
Z33 GgolA A= o] AFA BAE A H(Park ef al.,
2020; Park et al., 2021).

Tuber] 32|EA3 st A+= AAE=E & d&H%



TE THOE olFolA grt. FE fFEA L=
7re] SEwAeR AHR T melanosporum(Périgord
black truffle)> EYE/d(Zhao er al, 2014), white
truffle ©12t2 B2l T magnatume B2Fs1Ed 2 A
gdo] RAE It (Beara ef al, 2014). T himalayense<}
SHAl Asian black truffle 2 ¥F/% = T indicum 9] 3
2bsteb gl tigk A2 F ATH(Guo er al., 2011).
BTS2 Ao &3S 27] dAlA JAIstaL
AHEE] Aol DA AW BojA| Al s EH A,
< d4F59 AR sk 24 &4,
=, HEY T5 et thdd A
g #d oy wAY
g E-o] oju gt Fitol] IS 7
< T2 g}, dF 24 A%
@1 inducible nitric oxide synthase(iNOS)<} cyclooxygenase-
2(COX-2)= 43t tiaM oA @dEo] NO, PGE,
o} 722 oo 95 wWiAE ke AR dEA
ATHWynn and Vannella, 2016). ©]52] &&-& <lA]
oM WelHew Fa3 &S o=, INOSEFH
ZF E NOw= thdst 54 28kt 2y ddo] 3
= 202 4HEA Utk B3 COX2' B5H 952 1
Fel= prostaglandins®] #HIE A}=F3te EAEA &
s st AlxSao] Hojste T o8 9
Hd AHe] dolozw A JuH(Kim et al, 2013;
Kong, 2014; Laskin and Pendino, 1998). Prostaglandin
E2(PGE,)= 1A ] Hdut-go] F23F 3k sl d5
Hk-g-o] w7f A= phospholipase A2(PLA,)S] &4 289
2]3] arachidonic acidZ5-E 3 Eth(Lee ef al., 2014).
B AFor= s-glvetllX A-E AW T himalayense
o T FIE AT LPSE f=¥ RAW 264.7
A ) A D FERS ol 83lel, G
2 ¢#x NO, PGE, iNOS, COX-2, Z#|3 pro-
inflammatory cytokine2] A& =4 3sl= YHS o] &3}
AT+, T himalayense= 7V¢ Foll Uil A12o] &<l
| Fol 2 &0l FollA thdgt gl tiek B
J7F e, FHE FEE B Tl 8 AR

S A

T
ol olN

[E AR

M=z 3 S8

HE ZEe 2R ¥ S8

2 Aol ARE-E Tuber himalayense NIBRFG0000505337
= 20199 9€ 270 IHFAA HHYEALA W
v Qs AsA ol A = ATk(Fig. 1A-B). #+29]
542 98l AccuPrep Genomic DNA F& 7|E
(Bioneer, Daejeon, Korea)S AFE-3le] DNAS FE3IA

. ¥#Z3 DNAE International transcribed spacer(ITS),

Large-subunit rRNA(LSU), B-tubulin(TUB), 2|3l

AR Tuber himalayense AH3A| FE2E2] A5 &4 177

translation elongation factor 1-alpha(TEF-1a)9] +7H
ITS1F-ITS4(Gardes and Bruns, 1993; White er al.,
1990), LROR-LR7(Rehner and Samuels, 1994; Vilgalys
and Hester, 1990) BT2a-BT2b(Glass and Donaldson,
1995) 28] EFla Tuber £EFlo. Tuber r(Bonito ef al.,
2013) primerE °]&38lo] FZ381902™  Macrogen(Seoul,
Korea)Aloll  e]E]ete] A7IMES 431 Geneious
9.0.5(Kearse et al, 2012) & o]&3 E4¥ I MLES
NCBI®] blast tool2 AF&-sl] ZAFS RIS T A%
248 MEGA 7software(Kumar et al., 2016)5 A-8-3}
o] Maximum Likelihood'3 1 &2 GenBank®] #|¥&H X
ML vl wste] AlsTE AR, bootstrap 1,000
HHEEle] BA81th(Kimura, 1980). I8 A4S Y8
#3813 n) 7 (NIKON 80i , Nikon, Japan)o- 2 w|A 722
#Esd o, MAEw A (JSM -6390LV, JEOL, Japan)
< & ZAE F7F BEEATHFig. 1C-).

R @4 52 53 EMS AE g=

AR NEe dF0x F BAlste] AF 1gol 109
o) FREE 71sle] 24AFES B F5S 23] WYF
Rnow, 353 12 FE2EF 23

B oA AME-E LPSE Sigma-Aldrich(St. Louis,
MO, USA)A FYdstd o, rhe-2 thAAEQ] RAW
264.7S =LA EFLF oA B wol 10% fetal bovine
serum(FBS)3} 100 U/mL penicillin, 100 pg/mL streptomycin
o] ¥3& ¥ Dulbecco's Modified Eagle Medium(DMEM,
Gibco, NY, USA) wjge AR&-3le] 37°C, 5% CO,
incubatoroll A jFEIA T, o] % 2US FV|E A wiY
ste] AE7F PFE el A HES FegEad

M=z YZEE &3

Axze]  AYEEE 3-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyl-tetrazolium bromide(MTT) ¥ HW'HS o] &3}
o] £33} th(Denizot and Lang, 1986). RAW 264.7 Al
FZ 24-well platesol] 8.0 x 10* cells/wello] HE= 23
3l 5, 37°C, 5% CO, Z749] incubatorol| 4] 247} 52t
A wgetslon, sEHE 548 A5t LPS(1 pg/mL)
£ A At T 2708kl 24A17F F3F wi gk
ok o1 MTT Alek& F7Fske] 37°CollM 3A1%F 54t vt
335t AJ9E 2R formazans DMSOE &3A1%1 H,
96-well plates®] &7 "o} Microplate reader(Thermo
Scientific, MA, USA)YE o]l 570 nmel ] FAEE =



—~

Fig. 1. Morphological features of Tuber himalayense (NIBRFG0000505337), Ascocarp (A), peridium and gleba (B), asci (C-E),
ascospores (F-G), SEM images of ascospores(H-]). Scale bars B = 1 cm, C = 100 um, D-E = 50 pm, F-G = 10 um, H-J = 10 pm.

Aaigich. 2t Agel Uig B FREE SYseon,
Bazel FHE S viastel AT 4282 37t
sk

Nitric oxide(NO) ‘4N x| &M £H

LPSZ 5% RAW 264.7 Al2ZA] Nitric oxide(NO)
A A B Griess W8-S o]&ate] AT
24-well plateso] A ZZ 8.0 x 10 cells/wello] HE= 2
F3+ H, 37°C, 5% CO, 72| incubatorol|A] 24417+ &
ik slglom ) FeE e 34 ® AlE9t LPS(1 pg/mL)S
A Agete] T st 24417 m gt o5
5N} Griess A9F [1% (w/v) sulfanilamide, 0.1% (w/v)
naphylethylenediamine in 2.5%(v/v) phosphoric acid]
100 LE 57 &date] A4 1087 dvks &
Microplate reader(Thermo Scientific, MA, USA)E ©]&
3 540 nmoll X FF=E SA 83Tt

Prostaglandin E,(PGE,) ‘44 x| &4 £H

RAW 264.7 AZZ 24-well platesol] 8.0 x 10* cells/
wellRHg &3] 24417 2 o get 5], = =S4 "
Al&Z9} LPS(1 pg/mL)E §A1 st FLs 275}
24X7F F3F vkt 2417 & ui<F wiR & 3|4egh
5, 94%2](10,000 rpm, 3 min)ste] FHAES AA
7850l A PGE,°] A= St er, 5ol =
k= PGE,9] 332 mouse enzyme-linked immunosorbent
assay(ELISA) kit (R&D Systems Inc., Minneapolis, MN,

USA)E °]&-3t 43t

Western blot analysis

RAW 264.7 AIEZ 4.0x10° cells/well2 EF3}o]
37°C, 5% CO, Z719] incubatoroll X 24117+ &<t A uj
Fetlom, o5 Wik wixE &4E ARk LPS(1 ng/
mL)E §A Aol U o= 2447 vt
2447F & ZF well®] M3EE PBSE 33] AlA3oH,
lysis buffer[1 x RIPA(Upstate Cell Signaling Solution,
NY, USA), 1 mM phenylmethylsulfonyl fluoride(PMSF),



I mM Na;VO,, 1 mM NaF, 1 pg/mL aprotinin, 1 pg/mL
pepstatin, and 1 pg/mL leupeptin]E ©]-&3}o] ThaS- |
]7L B9t lysissF3ith. ©]% 13,000 rpm, 20 min®] AL

2 ddeste] dede 3 siler, BCA ki(Bio-
Rad, USAYE AREst] 3 %\%‘_C’ 10%°]
polyacrylamide — geldll 719%3IaL  poly-vinylidene

difluoride(PVDF) membrane(Milipore, Burlington, MA,
USA)°l 200 mA, 2A1ZF &<t dolAF Tt 5% skim milk
& ¥x&3 0.05% Tween 20/Tris-buffered saline(0.05%
T/TBS)el @& o] Ho]¥ membraneS YL AFA] 1
A17ZF 30%-7F blocking AlZ1 3, 4°CollA] 1841752t 13}
| 9} WES-AlZ T, 12} &= iNOS antibody(1 : 5,000,
Bio-Rad, USA), COX-2 antibody(1 : 1,000, Rockland
Immunochemicals, Inc. USA), B-actin antibody clone
AC-74(1:10,000, Sigma, USA), phospho-ERK1/2
antibody, phospho-SAPK/INK(Thr180/Tyr185) antibody,
phospho-p38 antibody, IkB-a antibody, phospho-NF-«xB
antibody(1 : 1,000, Cell signaling Tech, Danvers, MA,
USA)E o]&3l9t). vkgo] ¥ 3 0.05% T/TBS &
o7 43 AH F 1:10,00022 343 23 A
(Jackson ImmunoResearch, USA)Oﬂ g H, 2ol 1
A7 3087 ¥HSSETE. Wk & 0.05% T/TBS £90
Z 43] MA3 membrane> ECL kit(Bio-rad, USA)<}
imaging densitometer(model GS-700, Bio-rad, USA)<S
ol gsle] Thilz WL =Asi o, 1 A= Imagel
program(NIH, Bethesda, MD, USA)S- &3] B-actin H]H]
INOS9} COX-2 @iid o WAg #2345k 5 2=
= YeRRUT

100 | ¢g

99
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Pro-inflammatory cytokine(TNF-a, IL-6, IL-1p) 444
N 2 £H

RAW 264.7 A|EZ 24-well platesel] 8.0 x 10* cells/
well2 531 37°C, 5% CO, X719 incubatoroll A 24
AlZE 3 A ke, v HE 4dE A9t
LPS(1 pg/mL)E sAloll Aelste] FAg 27dste] 244
7k &t wiFeiTt. o] % i viA|E F]ete] AR
2(10,000 rpm, 3 min)dty] FAES AAT FedS
pro-inflammatory cytokine2] Ay =4 ALE3IHL
o ARgdlo] ER)5= cytokine?] $HE-2 Mouse TNF-a
ELISA Kit(Invitrogen, California, USA), Mouse IL-6
ELISA Kit(BD Biosciences, California, USA), Mouse
IL-1B ELISA Kit(R&D Systems Inc., Minneapolis, MN,

USA)E o83t S5ttt

SHXzE

e AYe 33] vl SA46iglen, 2 Aie
2% + BEARZ Uit BAH BAe 2 A 7
7re] 214 (*p < 0.05; **p <0.01) A5S 3] EAHEA
(analysis of variance, ANOVA)% student’s t-test® T}%

H WS AAI813]

2
=

oy

1} 9 &

=

ME EEo 27 ¥ S5
A E EE(NIBRFG0000505337)0] theh defs a2

A3 (Fig. 1)eF ZAHAIESE B2 B3l Tuber himalayense
ol Aoz LA, 1TSS LSUQ| F7Ig= 243

R4

281 NIBRFG0000505337

100

100

Tuber himalayense CB20001
Tuber himalayense K152
Tuber longispinosum K225
Tuber sinense isolate T11 HKAS44319
Tuber indicum isolate T115 CJ407

Tuber melanosporum T99 mel

100

Tuber pseudoexcavatum T18 HKAS4985
Tuber umbilicatum T30 HKAS48267

Tuber furfuraceum T4 HKAS48272
100 i Tuber huidongense T5 HKAS48270
97— Tuber huidongense T5 HKAS48270

0.050

Leucangium carthusianum voucher M1248

Fig. 2. Phylogenetic tree of Tuber himalayense(NIBRFG0000505337). The tree inferred from concatenated alignment of internal
transcribed spacer(ITS) and Large-subunit rRNA(LSU) sequences. The topological structure was determined using a Maximum
Likelihood method based on the Kimura 2-parameter model. The sample from our study is indicated in bold. Scale bar

indicates the number of substitutions per site for each branch.



180 #W7 - FAF - AT - AP - AT
AEFANM T himalayense(CB20001 2 K152)9F ©HAl%
& BoIFATH(Fig. 2). Park 5(2021)°] &8 By T
himalayense®t Fe| 2 LA 2 EAAH 22 TS
2 1= T3 TUB #3114 ¢ TEF-la §32=
ZYZy T himalayense 1.C312253(100%), T. himalayense
LC312271(100%)9} =2 2718 FAMIS BAt)

M=Z ME=g =3

T himalayense(N 5% : TH) S5 FE2=2 HMxX S
52 ZAFE] 9sked 25, 50, 100 pg/ml F=2 343
A8 LPS(1 pg/mL)E B2 AElste] 244175t vl
gk & MTT 248 Jsfet 23, 7P 5= 100 pg/
ml oA 85.9+1.2%=Z AEE A3 BE FEolA 80%
o]Fe] M AEES Ho] RAW264.7 Al thst 54
o] JehtA 93-S dRlskith(Fig. 3). watA F5 %
gE AdodM = AE 540 YehuA] & 25, 50, 100
pg/ml 525 ARSI T

NO 44 x| &4 53

T himalayense’t LPSZ S7He NO2| Aol wx|=
BFE A 98kl RAW 264.7 AIZE LPS(1 pg/
mL)E A=& F43 7, AlIEE 25, 50, 100 pg/ml T
2 FA HEsk] 2447 3 NO AAHES SA AT
7 A3, THE A2k RAW 264.7 MIX= LPS ©5 A
goll Blste] NOAAES 39.4+0.6%, 60.6+1.0%,
79.1+0.9% AR oA, 7P EFEEL] 100 pg/mlolA
= FAHEEH fARE ] A S48 FRlskich
(Fig. 4). °]88 A3t THFEEC] 95UAF & sl
HH o7 s, NOo| ot APe= <ls)

NOE =
FAEE 92S FHOE I FUE AR HE @
T A AAREIT GRSl INOSEHE A4
120 1
-~ 100
é
> 80 A
1
S 60
=
Z 40
I}
U 20 4
0 A
LPS (1 pg/mL) - + + + +
TH (ng/mL) - - 25 50 100

Fig. 3. Inhibitory effects of TH on cell viability in RAW
264.7 cells. The production of nitric oxide was assayed in the
culture medium of cells stimulated with LPS (1 pg/mL) for
24 h in the presence of TH (25, 50 and 100 pg/mL).
Cytotoxicity was determined by MTT assay. Result is
expressed as percentages compared to the respective values
obtained for the control.
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Fig. 4. Inhibitory effects of TH on nitric oxide production in
RAW 264.7 cells. The production of nitric oxide was assayed
in the culture medium of cells stimulated with LPS (1 pg/
mL) for 24 h in the presence of TH (25, 50 and 100 pg/mL).
Result is expressed as percentages compared to the respective
values obtained for the control. Data represent the means +
SD with three separate experiments. *p<0.05; **p<0.01.
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Prostaglandin E, (PGE,) 44 x| &M &H
T. himalayense 12|l &gk Q1A e] WG 83
98-S Prostaglandin E2(PGE,)2] A4 JAEAEE ZA}
3}7] 915ke] RAW 264.7 Al LPS(1 ng/mL)E A=<
sl 5, AIRES 25, 50, 100 pg/mLS A A28k
24A17F wi<kst & PGE,°] %S SA k. L A3,
THE #23F RAW 264.7 A|E& LPS ©= 22)o] v]s}
o] PGE, A4S 11.8+0.4%, 45.4+3.7%, 67.9+0.8% &
Aste A& gesdth(Fig. 5). PGE,2] §4& COX-2
o o) ZXEe Aoy ByEo] glon HFEAF

120 -

1 *
| I I |
- + + +
- - 25 50

LPS(1 pg/mL)
TH (ng/mL)
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Fig. 5. Inhibitory effects of TH on PGE, production in RAW
264.7 cells. The production of PGE, was assayed in the
culture medium of cells stimulated with LPS (1 pg/mL) for
24 h in the presence of TH extract (25, 50, and 100 pg/mL).
Result is expressed as percentages compared to the respective

values obtained for the control. Data represent the means +
SD with three separate experiments. *p<0.05; **p<0.01.



AA B E = COX-225EH AE FF9] PGEE 5%

I AFE FLEL MESH HBAshes 5 oy d5H

d Aue] dolozr UdHA AtH(Kong, 2014).
iNOS ¥ COX-2 &3l X &M =3

A 18 E A FoA NO, PGE, A4 A 24&
A% A3}, THE A2 F 52| Aol sk of&
Ao g JAH= RS IRIsIHerE 2 HFX= TH
o 23 NO, PGE,2] A4 9A17} inducible nitric oxide
synthase(iNOS), cyclooxygenase-2(COX-2)2] W&o 7]

918t 71912 ZA}87] $15k] Western blotS A5} T].
AZExA G422 INOS, COX-20 ]3] ZA3std T2
A4 NO, PGE,¢} 22 the] d3v/iAlE Edst
= Ao2 d#A JtH(Wynn and Vannella, 2016). RAW
264.7 A|Eo] LPS(1 pg/mL)Z A2 fet 5 A&
25, 50, 100 pyg/ml =2 Al AHzZ|skd] 24A17J
INOS$F COX-29] &S AR A3, iINOSe| Il
T oFAH R Thshke AYE BAeH, M AL E
%2l 100 pg/mlelX = FA & A A8f el &

Q1= A (Fig. 6a). COX-29] W3 HE3 Fx &R

7428131 2. (Fig. 6b), ©]59] T 747F NO, PGE,®]
*M Ohﬂsz} AR A Hole 28 & ), THAZ

BN

&
T
o

—

7118k Zo=Z JJH%%E}. 3
iNOS$} COX-2& dEFoA Tost 150z 28317
o

&l d=xd FAAE A= THe 4L iNOS,
COX-29] A 71AS 53 FH5 LA 29| 7S Al

AFEY,

Pro-inflammatory cytokine(TNF-a, IL-6, IL-1p) 444
ofN| B =X

LPS ¥ d&fd A== Qlal 23t 2 A ol A
EHlE= 954 cytokineS WE H FFS &AL,
tE 951Ate] S AFo M dERke-S £Xl8t
= AoE dEA dew, tixA< pro-inflammatory
cytokine®ll:= tumor necrosis factor-a(TNF-o), interleukin-
1B(IL-1B)}t interleukin- 6(IL-6)7} SUThHJung et al
2013). &2 95 A= T A Fe 2 ALtElo] QA
AgkS ofsA7l= Blo®E dHA Sd=dl. 2 5 TNF-o
+ endotoxin shockoﬂ rﬁﬁj olz}Z olAo XAl =
A st #d Allo] He ZoRE HIES]
T} (Han et al., 2014, Bae ef al., 2009). Wb 2 A7
THS| pro-inflammatory cytokine 234 A &S ZA}
&17] 918ko] RAW 264.7 M Eol| LPS(1 pg/mL)& A=<
Sugl 5 AJ2Z 25, 50, 100 pg/mLE FA] A5k
247} v %Fet & TNF-a, IL-6, IL-1p & A ZFS =4
0]’99\‘3]' 2 A3}, THE 25, 50, 100 pg/mL 5 =014 LPS
= A2t e TNF-00] BAdES 14.0+£3.7%, 27.5+

olN

A8 Tuber himalayense A3 F&5E2] 445 &4 181
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Fig. 6. Inhibitory effects of TH on the protein level of iNOS
and COX-2 expression in LPS-stimulated RAW 264.7 cells.
Cells 4.0 x10° cells/well were pre-incubated for 24 h, and
then treated with LPS (1 pg/mL) and Sample for 24 h. The
protein levels of a) iNOS, b) COX-2 were analyzed by
western blot. f-actin was used as the control.

3.6%, 369+25% A sNoH, IL-65 14.4+2.0%,
43.1+5.1%, 79.1 £ 1.0%, IL-1BZ 12.9+0.9%, 38.0 £ 3.5%,
63.5+3.4% AIBIA T (Fig. 7). ©121% ZZk= TH7} TNF-
o, IL-6, IL-1BE AIgo2ZH A3HEs-2] 4lslE W8t
™, TNF-oXt} IL-1B, IL-65 BS G482 oA g
gelstd .

A (@]

b | L
2 A3e Sl s ASA A APE SEHAY
UZ2l T himalayense AHAA| FE2E(TH)Y 95 &4

= R

< Felalth. LPSE G5 % RAW 264.7 thA M 2 S
qog 3 4 A A THE 100 ug/ml ©]&ke]
FTEAA MAEEGS HolA] &gen LPSo o F7t
¥ NO¢9t PGE,o] #4E % o&F2o2 A5kt
Western blot 4] A3 =2 £ o, THY dg= AL

l
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2 100 A .
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Fig. 7. Inhibitory effects of TH on production of pro-
inflammatory cytokines in RAW 264.7 cells. The production
of a) TNF-a b) IL-6, and c) IL-1P was assayed in the culture
medium of cells stimulated with LPS (1 pg/mL) for 24 h in
the presence of TH (25, 50, and 100 pg/mL). Results are
expressed as a percentage of the control. Data represent the
means + SD with three separate experiments. *p<0.05;
<0.0.
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