The Korean Journal of Mycology

www.kjmycology.or.kr

RESEARCH ARTICLE

Trametes cubensis HHAl 29| =

=0
LHI| M| 2] T2t 7|50 IJIJYI =2

2 s s1el”
AuzP usig

5
'EhaCSlm SXMIS ST/t HAHI0| QEI A, 2EHACH 0SSt

2]

Effect of Trametes cubensis Extract on
Vascular Function of Bovine Aortic Endothelial
Cells

Sujeong Jang', Dong Hyeung Lee?, Seong Hwan Kim?, and Heonyong Park"’

! Department of Molecular Biology & Institute of Nanosensor and Biotechnology, Dankook University,
Cheonan 31116, Korea

* Department of Microbiology, Dankook University, Cheonan 31116, Korea

‘Corresponding author: heonyong@dankook.ac.kr

ABSTRACT

Mushrooms have been extensively used as traditional medicines to treat cancer and
inflammatory diseases. In this study, we examined whether Trametes cubensis extract
(TCE) exerted beneficial effects on cardiovascular function. First, we demonstrated that TCE

'.) was non-cytotoxic and enhanced cell proliferation of bovine aortic endothelial cells (BAEC).
e Moreover, TCE induced cell migration and blocked lipopolysaccharide-induced adhesion
updates

of monocytes to BAEC. We performed a variety of cell signaling studies, showing that TCE

activates p38 MAPK and generates reactive oxygen species (ROS). Our results showed that

TCE-induced vascular functions were mediated by p38 MAPK, but not by ROS. These results

2.'22:.’;:3%33:56% provide insights into bio-medical applications of TCE as a preventive or therapeutic agent for
treating cardiovascular diseases including atherosclerosis.
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Novel vascular function of Trametes cubensis extract

M= 3w

M= Z=H|

Trametes cubensis 7-AF= potato dextrose agar (PDA) B o] HEF & 25°Col|A] 10€ 7 =712
2 vigslTh HiFE FARS 48510 80°CollA] SAUZE AN FI A - A4S 0] 85
of Bt} 519t} AR R 50 mg 20 mL2] 524> ethanolol] FEFS}IL 4201 A 2441759 4 ]
S AEIZ 223 5, HE 552 20 mgmL 7t HES 95 (N-1110, EYELA, Japan)3t 22
TCEZ 5}t

MIZEHH

BAEC (bovine aortic endothelial cell)Q- 30-27MYE EEEE Ao thsHojA YuHzE B
2|3l Wjof s Alell A7 & SEg Al olchpo). 2 Aof ARSSH BAECS Al
4= 8of|A] 13A0] 9] M| E ARESIRATE BAECS 20% AEloFE % (fetal bovine serum, Wel GENE
Inc., Korea)2} 0.5% A (streptomycin/ penicilliny7} Z2SHE DMEM (glucose 1 g L', Wel GENE Inc.,
Korea)< ©]-8-5t0] 37°C, 5% CO, 2710l A] B YFst3ATE THP-1 A= 3 T duid oA ¢
2[5t H-3-A| 3 (suspension cell)©] T}, THP-1 A Z 2] BIF 10 % A~EforE 4 2} 0.5% A7} 25+
= RPMI 1640 (Wel GENE Inc., Korea) ©]-85}9] 37°C, 5% CO, Z710]| A} Bl 53Tt

HENE A3

M| ZAJ7%F-S- cell viability assay kit (Daeillab Service Co., Ltd., Seoul, Korea)E ©]-8-51] B 75}
. BAECE 219 /g7t = 2413 FRt @370k AR &, bRt 55=(10 pg mL™-1 ng mL )2
TCEE % 2|5to] Z|tl 24A|7F 59t BiF5HRATE T & WST reagent (Daeillab Service Co., Ltd., Seoul,
Korea)2t A1 71 £ 450 nmOl| A Q] T35 S745to] Hl22/d7 Hle= 2okl

AepEA(NO) EH
BAECS 35 mm B Alol| A 24A17F 591 37°C, 5% CO, Z 710l A vjFat 5|, &3 7|0} uf
A2 WS & aA|7F 5O 271 vt 100 pg mL! 5E9] TCES 0-604 59 AIZHEE
2]2]$+ & HEPES £+&(140 mM NaCl, 5 mM KCl, 2 mM CaCl,, 5 mM ghicose, 5 mM HEPES, 1
mM MgCl,, pH 7.4)°2.2 23] M|2]5tal Z+-g0]-2 21| (calcium ionophore A23187, Sigma-Aldrich,
St. Louis, MO, USA) 1 M= 2027+ 2|2 0]—9}‘4 10 uM—J DAF-2 DA (diaminofluoresceins diacetate,
EMD Millipore Corp., USA)2} 3042 52t BES-A| 71 &, HEPES $H5-H 0 2 335] A|25t & M|l E 4=
goto] 2Zut ol 2 Fofistelet. 1+ lsTh oS HalRefste] A4Eds d

e R e
A3 A|(Spectrofluorophotometer) = 0]36]-031 Y= (Ex: 495 nm, Em: 515 nm)S &3] At

QI NOHS =%5}3itt.
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24 (reactive oxygen species, ROS) £H

BAECS AT A7A17|3L 2417 5F @3 7]0F 171 # 100 pg mL' 2] TCEE #/th 602 &<F
AI7PE R 2] 2)skict. 1 $of] KRH 2ZH(129 mM NaCl, 5 mM NaHCO3, 4.8 mM KCI, 1.2 mM
KH2PO4, 1 mM CaCI2, 1.2 mM MgCI2, 2.8 mM glucose, 10 mM HEPES, pH 7.4) 2.2 23] A|%] &
100 uM DCE-DA®} 3027 HH-S-A|ZiTh 11 o] KRH &40 2 23] M &t & M2 S 8511
Z50} apafjsto] 2alotint. 2ol o] FFHE B2 T FLHEA A (spectrofluorophotometer) =
o]-8-5}0] L7 (Ex: 485 nm, Em: 530 nm) S 73 E5t0] E/gAtAo] & ALk

ﬂﬂﬁl-l

MIZO|E &

A 73t BAECS @370k A7l &, &3l & o] -8dto] A UJ—E—? |, mojZl AlE
£ PBSE 23] AlJ5te] A AT E, 100 pgmL' 5=2] TCES 024417k 59+ %] 2|5}3iTt. o] et 2+

o] {23t AIEE] MBHE AJ7H 8 Wn| 2L Sl B 2 Fshglck Bl s 9 2
A0 R oI5 A 42 0| L o5 Y W iSisL o0t Mol Sl A 1CE
STzt vl wstol YFRstoAch

=2
BAECS ™ A7 A1 Zof| @ 7]oF HijA] & o] -&5}0q 12 AJ7F 59t 7} vl Fot ). 3H,
iz 0| Calcein AM (Sigma-Aldrich, Darmstadt, Germany)<- 1 uM 2] 2] 83 37°C,
ZAollA] 45 23 B AsEQITE 11 Fofl PBSE o851 33] Aol W /37e BAEC
o] Kbl ufjfato] THP-1 Al 3 % THoEZ °}-r] H’—‘fE]x] %+ THP-1 A| 5 3-25] Al

#IAE S2E! (Western blotting)

BAEC°] 71 HFH Al S RIPA buffer (150 mM NaCl, 50 mM Tris-HCI pH 8.0, 0.5% sodium
deoxycholate, 1% NP-40, 0.1% SDS)E ©|-8-5t0] &35ttt Al Eaol weo] T2 sps-
PAGE (sodium dodecyl sulfate-polyacrylamide gel electrophoresis)S- ©|- 850 THEiA S 37| Ha &
23 &, polyvinylidene difluoride membrane (Merck Millipore Ltd., Darmstadt, Germany) 22 %71 &
of] Z-20llA 1A17F &<t blocking (5% non-fat powdered milk, 1X PBS, 0.1% Tween 20) SF3AT}. 1
the Y5t THEAES 14} A2t 23 FA| S 2] 2] 5t =, enhanced chemiluminescence detection
method (Amersham, Buckinghamshire, UK).2-2 "F3A|A chemi-doc (Bio-RAD, Hercules, CA, USA)
o= iR e s Hsioinh Al =212 2l ARSS 1} FA|9] B4 U E2 IkBa
(Cell Signaling Technology, Danvers, MA, USA), phospho-IkBa (Cell Signaling Technology, Danvers,
MA, USA), p38 MAPK (mitogen-activated protein kinase; Cell Signaling Technology, Danvers, MA,
USA), phospho-p38 MAPK (Cell Signaling Technology, Danvers, MA, USA), SAPK/INK (Cell Signaling
Technology, Danvers, MA, USA), phosphor-SAPK/INK (Cell Signaling Technology, Danvers, MA, USA),
Actin (Santacruz Biotechnology, Dallas, TX, USA) 5-°]t}.
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(Fig. 1A), A|ZA o] B]x]= F3= 10 pg mL'-1 ng mL'0]|A4]9] =1 xjo]= HWXIUJ(Fig. 1B),

10mg mL" ©]4F2] 5ol A= AEA 7§24 7 245191 THdata not shown). 0] A=
TCEZ} EH Aol A Al 5745 LrERA] 5L 23] M2 S S3A7 = 237t
We& HolF= Aol
A B
160 ) . 150
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23 140 . - None 23 —1
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Fig. 1. Trametes cubensis extract (TCE) induces cell proliferation in bovine aortic endothelial cells (BAEC). (A) Confluent BAEC were
serum-starved for 2 hr and then cells were treated for up to 24 hr (0, 3, 6, 12, 24 hr) with none, ethanol or various concentrations of TCE.
Cells were incubated with WST-1 reagent for 2 hr. Then, viable cell numbers were counted using optical density (OD) at 450 nm. Data were
plotted as line graphs (mean+SE, n=3). (B) Bar graphs represent the percentages of cell proliferation in 24 hr point after treated TCE. Data
were plotted as bar graphs (mean+SE, n=3). * p<0.05.
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2f5lA| 2 A2 H T FAH o=
7H3A 353t Al Yol &atrt QL

O|Xl= TCE =22t

2 o} Alzo| 50| sk A %

E:] o]

skt WA o] A zo]
Qo &34 AY (angiogenesis), B oF B & 4d (embryonic

T 712 oAgto] Qlth Fig. 2A9] 9] 1YL TCEE A
n7d o2 & HY3 Aot Fig. 249] of
UHERH AT, 244]3F0] 2 20l TCES: 2] 3 A7} A
45}71] B Bo| o] 5513 ES & 4= AU o] A= TCE
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Lipopolysaccharide (LPS) 0l 2/cl Z2El THP-1 MZ2| E2HHm|M|Z FXtof|
k2 0|X|= TCES| &3}

Fig. 2B9] 9] AFI-Z BAECOI| LPSS} TCEE T =2 &3 %] 2|3F % calcein AMO & A%
THP-1 A|30] F27g = 5 et 33 n]7 ARloltt. Fig. 2B] of2ff 12 == THP-19] F=
g AEFstst Aotk LpSTF T X 2] gk Aol A= THP-142 2] LHMJ M|z F2
7Yt TCES B 2lstel 22to] Sololl oF 6% A A 2 & 4 gieh =
SHTCERH T %] 2] 3t A 2ol A= TR tol| et 22 F = &2 o] FA| 2 F2bo] Jojd Aoz |
O} TCE AHA|= THP-1 | T8 2ol] &3k 1] x|#] 9= 70 2 FHebgic). [ psoi] o3 1t
0] o) F AR Z A FH TCES] of3 A=/, TCE7} ehal 7] oS4 7- 2.3
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Fig. 2. Trametes cubensis extract (TCE) regulates cell migration, reactive oxygen species (ROS) production and lipopolysaccharide (LPS)-
induced monocyte adhesion in bovine aortic endothelial cell (BAEC). (A) Confluent BAEC were serum-starved for 2 hr and scratched by
a scraper. Then cells were incubated with 100 pg mL™ of TCE for up to 24 hr (0, 3, 6, 12, 24 hr). Migrated cells were observed under a
microscope (top panel). In bottom panel, cell migrations were quantified and plotted as line graphs (mean+SE, n=3). (B) Confluent BAEC
were serum-starved for 2 hr and treated with 500 ng mL™" LPS and/or 100 pg mL" TCE for 16 hr. THP-1 cells were stained with 5 uM
Calcein AM and then aliquoted into BAEC culture dishes. Then we observed adhesive THP-1 cells under a fluorescence microscope after
removing unbound THP-1 cells (top panel). In bottom panel, adhesive THP-1 cells were counted and plotted as bar graphs (mean+SE, n=3).
(C) Confluent BAEC were serum-starved for 2 hr and treated with 100 pg mL™" TCE for various periods of incubation time (0, 5, 10, 15, 30,
60 min). Then, cells were incubated with 5 uM diaminofluoresceins diacetate (DAF) 2-DA. Nitric oxide (NO) amounts were monitored by
fluorescence (Ex: 495 nm, Em: 515 nm). (D) Confluent BAEC were serum-starved for 2 hr and treated with 100 pg mL" TCE for various
periods of incubation time (0, 5, 10, 15, 30, 60 min). Then, cells were incubated with 100 uM DCF-DA. ROS amounts were monitored by
fluorescence (Ex: 485 nm, Em: 530 nm). Data were plotted as line graphs (mean+SE, n=3). *p<0.05.
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ASYEIA(NO)2} #4404 (ROS) MMl HEHES DIX|= TCEZ}
oA TCEQ] 52 2ok 7] 9l AUl A A E = gasotransmitierd] NOS| S =
J5FATE TCES 225 = NOQ) o2 2745 23 TCEX 2]7F NO2] AAtoll = F ek n]x]A]

A
o
%22 & AATHFig. 20). =3 TCEZFROST ”ISHS: §85he 2] ws3ith ROS7H 2Hiest
Al /=™ oxidative stress”t o] 7] A HAehS Gk 4 Qlek d2jut 430 ROS A
’de 2735 B 5ol B asitt weba 285 Ros Y 242 FUAR)7I50 mle- 2

St} TCEO! 213t ROS 3 HIghs Z7d 7t 23}, TCEA 2 }EHZTT_LOH H|5}0] ROS] QRS 2] o)
40%712] 52 JJ | 2744171 A E1513ITHFig 2D). 2220 2 TCES NO9| Aol
3RS | x|7] Q2oL ROS] AYARL w2 A Z7HAIZIS & 4= Qllet

TCE7| £4st= p38 MAPK 2M3} 53}

TCES A12/51912 o ofd A5 AT A7} 24u ) okii7] Sfal chaket A5G o
B4 £ 0] 848 Yot Fig. 3AS HH p38 MAPK ] 24| TCEO] sl X8| A|7t 3025
B 727 37 k= AS & 4 A} I3 Y c-Jun N-terminal kinase (JNK), IkB-a, extracellular
signal-regulating kinase (ERK)2] &/doll= J &2 0|2 x| &3 & 4= AT Fig. 3B= 2} 2154
g 20| &S Hstoto] Bols defolr}. p38 MAPK S &/d-2 TCE A 2| A7t wa} -
7Fotl eH, kA |Zo] A of 2l 71 2Hd o] Z7stlTh

TCE 100 pg/ml 0 5 10 15 30 60 m
Eam——
P~ERK| S e e o s

3001
t~ERK |= = .- .- - x

=
~p38 MAP T — — E _9.200 T @ p~ERK
p~p e = £ P
, e o & p~JNK

— e — —— < .
p38 MAPK| | 550, o
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0 T T T 1
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IKB | s - —— - |

p-actin| WP

Fig. 3. Trametes cubensis extract (TCE) activates p38 mitogen-activated protein kinase (MAPK). (A) Confluent bovine aortic endothelial cell
(BAEC) were serum-starved for 2 hr and treated with 100 pg mL™" TCE for 1 hr. Then cells were lysed. Proteins in cell lysates were resolved
by SDS-PAGE and western-blotted with antivodies against extracellular signal-regulating kinase (ERK), p38 MAPK, SAPK/INK, IxB-a, and
actin. (B) Bar graphs represent relative phosphorylation of ERK, p38 MAPK and JNK level (mean+SE, n=3). *p<0.05.
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p38 MAPKO|| ofsl ZEE|= TCES| R Hahdliz|l|s

919 23S Fobsl HH TCEE p38 MAPKS] 2738 S7HAIZIoH Mg, Aol &t
LPsol| o]} i o] ST B2R-Z A Z{Th whebA] ML, Mo E3} o] SA R
o] p38 MAPK®] 9Jsff A== A] ol 7] 9I5H p38 MAPK AAIAIQ] SB203580 A 2]5kal Z¢
Z}o] Q2| ehd-2 TA5IATh Fig 4= SB2035802 A %12]3t 5ol TCEo| 2J3t M| ZAI % (Fig. 4A),
MIELO| 5 (Fig. 4B), O] S| 2H(Fig. 40y WS & A Y ES T2 vehd Zlojtt 1
Z3t TCERF X 2|5t3lg wi o} SB2035802} TCES 7o) X 2|k /g3 Aol 50| g2
WV Zhashe A& & 4 UKD Fig 4C LPSE 7 21 2J5kaL TCESH SB2035802 54| % 2|5
Uiz Al 3ol THP-1 A 329] F-2ho] oA Gefa|= 2] et Aot Sn|EA] &= SB203580°]
2] A@dto] LPset TCERHE: A 2]’ M E Tt THP-1A41E F-2ho] -F-2l 430 S715HAH.
o] A} o} TCEl| ofsto] fte)= T AL o] A/, Ao 52} o] At B2}
2 p38 MAPKO] 2J5to] 2AE = AAS & 4= AT

TCEO]| oI5l FH25|= p38 MAPKS| AELEEEX} Akt

ROSE ;38 MAPKE B81A]7] = ofel7}2] 291 0] shifolch, mhebd ROSE A5 ps
MAPK 2] 2442 gHolaf ErhH p38 MAPKZ} ROSOI| 2314 E/d5te] =] dotE 4= It Fig,
5A-2 ROS scavenger?] NAC (N-acetyl cysteine)=- *] 2|5}l p38 MAPK 2] 2Hd-S &olsl &2 Axto]
c}. 2ol A B5o] NACTH ] 2]5191-& mi= p38 MAPK 2] &/d0] A 2] LrehLbA] ekt ATk TCE
T=AE]= p38 MAPK S| QML A =5 FolAd Al S7HIZAL TCERF NACE SAlol A 2f3t
78%-= TCE ©=A2Jgt 7422t §-ol4d Q= 2lol & & 4= Ut w2hA| ROS+ p38 MAPK 2] &
/dut o] gl A 0= Wy =gl

ROS©|2]o]| p38 MAPK Q] /3524 Q1 = Hupstream molecule)Z L& 7 £A} 9] Sht= Akto]
CH21]. w2bA o] 5 &Rl1sH7] 95kl Akte] A13HA Q] wortmannin (WortyS 24 2]3F & p3§ MAPK
o] Ql4te} H =& ZAKSHITE Fig. SBOIA H%0] WortS 4] 2|62 ull, p38 MAPK 2] Q14+s}
7} Z7Vehe 212 BESI9IT) o) Akt p38 MAPK 2] AJA|2)-S oju|gtct, B3k TCER Wort
£ A A 2Jet B p3s MAPKY] QIAFe7E R7HA 0 2 B F7Fsh= 22 Akt7} p38 MAPK 2
AA AL S A A|5k= Zolt}, S0] F A= TCE= Akt Q14HHE A5 ThFig. 50).
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Fig. 4. Trametes cubensis extract (TCE)-induced cell migration, proliferation and monocyte adhesion are regulated by p38 mitogen-activated
protein kinase (MAPK). (A) Confluent bovine aortic endothelial cell (BAEC) were serum-starved for 2 hr and treated with 100 pg mL™" of
TCE and/or 10 pM SB203580 up to 24 hr (0, 3, 6, 12, 24 hr). Migrated cells were observed under microscope. Cell migrations were counted
and plotted as line graphs (mean+SE, n=3). (B) Confluent BAEC were serum-starved for 2 hr and treated with 100 pg mL" of TCE and/
or 10 uM SB203580 for 24 hr. Cell proliferation was measures as previously described in Fig. 1. Cell proliferation was plotted as bar graph
(mean+SE, n=3). (C) Confluent BAEC were serum-starved for 2 hr and treated with 500 ng mL™ lipopolysaccharide (LPS), 100 pg mL"
TCE or 10 pM SB203580 for 16 hr. THP-1 cells were stained with 5 uM Calcein AM and then aliquoted into BAEC culture dishes. Then we
observed adhesive THP-1 cells under fluorescence microscope after removing unbound THP-1 cells. Adhesive THP-1 cells were counted and
plotted as bar graphs (mean+SE, n=3). *p<0.05.
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Fig. 5. p38 mitogen-activated protein kinase (MAPK) is not affected by reactive oxygen species (ROS), but mediated by Akt inactivation.

(A) Bovine aortic endothelial cell (BAEC) were treated with 100 pg mL™ TCE for 1 hr. Then cell lysates were obtained and western-blotted
with antibodies against p~p38 MAPK and actin. Quantifications were performed and data were plotted as bar graphs (mean+SE, n=3). (B)
BAEC were treated with 100 pg mL" TCE with/without 1 pM wortmannin (Wort) for 1 hr. Then cell lysates were obtained and western-
blotted with antibodies against p~Akt, Akt and actin. Quantifications were performed and data were plotted as bar graphs (mean+SE, n=3).
(C) BAEC were treated as described in panel B. Then cell lysates were obtained and western-blotted with antibodies against p~Akt, Akt and
actin. Quantifications were performed and data were plotted as bar graphs (mean+SE, n=3). *p<0.05.
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Fig. 6. Working model for vascular functions triggered by Trametes cubensis extract (TCE)
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