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The Effects of Flammulina velutipes Water Extract on the Activation of
Spleen Cell and Macrophage in Mice
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Abstract

Flammulina velutipes is an edible mushroom and contains a lot of fiber, vitamin B, B,, niacin and folic acid. This study
was conducted to explore the effects of the Flammulina velutipes mushroom on immune cells and immunity. Thl cytokine
productions as IFN-y, TNF-a, and IL-2 were measured in an activated macrophage by Flammulina velutipes water extract
in seven concentrations (0, 5, 10, 50, 100, 250, 500, and 1,000 pg/mL). Also, the splenocyte proliferation index was
measured at 48 hours after treatment of the Flammulina velutipes water extract in seven concentrations or mitogen, LPS and
ConA. The IFN-y and TNF-a productions were increased by treatment of the Flammulina velutipes water extract. The TNF-a
production was significantly higher in the 50~1,000 pg/mL Flammulina velutipes water extract treated macrophages. The
IFN-y production of macrophages treated with the Flammulina velutipes water extract increased significantly in all groups,
and the highest 1000 pg/mL concentration. The splenocyte proliferation index was enhanced when the 10~1,000 pg/mL
Flammulina velutipes water extracts were treated compared to the control. These primary results suggest that Flammulina
velutipes may enhance the immune function by activation of the macrophage and spleen cell.
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HARLE MARE oF 140000 Fo] ghop], olF 1550 AAIFE Seiital mAl SAAkREe] 224%2 A} 9
Aol Saluztol FeiA Ak Sl LAz B b, T W WEY, AR 5 Sojalol Ao)A wol 4
1,5500] & & A8 2 R HAL2 4000] £, SHAL 1609 |35t 9tk T3 20149 =2 oAl AJAMEF 33259E
Zo| Bax|o] Qi) oA (Flammulina velutipes)-2 HA} > TEF] 10,236E0.2 FAATF g =E&Fo] oF
Fo2 EuAB(Agricale)o] S2Th FolMAL BAS  31% A3 ol AAY AR Hol EBo|ck(Ministry
A YT &, FuFe 2RH7| oA 7185k ok of Agriculture 2016). %O]‘ﬂ/}ii glucan 7.9%, A+ T(xylan)
F3 FHoll 71 Ash= Al WA Ale] itk AlSof| Al 6.8%, T 52%, S 13.7%, Afra 47.7%7F =l L
FEHI e oA F2 Eh4 T AR 24 tHKim 5 2016). SHo|HAlol= 3¢, d4tsl dd adE
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UeHs Qe AEel Za#% 100 me%, B—.—;_L—rﬂ
27%7}+ S350 lth(o 5 2010). E3 Bow A=
EZ15 A3} A]7]& fungal immunomodulatory prote1n°] ?E}
a5o] 9lo] ﬂoa}&i FITHNg S 2006; Chang 5 2010).
o AEZAL §Fo wE HHEL GHIOA| L oA o)
SR 2REE AERAS 50 Aol FULAE
2 AEAA S94S AAFATHG & Leonard 2006). B
oluisel Wk, AISIE, FF AAHE 18T 7154 AE
S 715 aAol tigt A7 E FoluA FE2ES H7t
o B, S5 HEoA AFdateEE Aol AAIEH T
(Bao & 2008, 2009). 121t Ul A Aui= il = ol
WA WAy v 12 7154 2ol g A7s
SEEE

AFolM= dsHez 485t e AuF
2250 WAL HPAES} A

1

AFFER! ICR mouse(6~75%, FR)= (F) TIHES
o] AFEBEA22LTC, 55~60% S, 1247+
23 RS Ag2o] FFek] ALSHTh
ATE AT AASTES AN FEAE S9Y
3]9] ¢ wrol 35 THIRB 2017-09). & Ao AR
H FolHAS AHFTLem T2 Hxsto] EH7]E °]&3t
o EESSHA. oAl (100 g) 572,000 mL)
5 4L EFES 80T %P%—T—}_(water bath)ol| A 3A]7F |}
A = C’ﬂﬂro}‘f‘ﬁ} BolHA FFHS E7] Hste] o
S AdEF7I 41 &R YA e i%oltﬂé\ FEE
=4 EP oA 2EELE TFFE AHESHA 5, 10, 50,
100, 250, 500, 1,000 pg/mLZ A Z3lo] E HFof o] &35}
e

2. A2k & HX]

A vjjoFul x| 22 RPMI 1640(Grand Island NY, USA), fetal
bovine serum(FBS)E- ©|8-3} % t}. Sigma-Aldrich Co.(St. Louis,
MO, USA)9]|A] lysing buffer, trypan blue solution, dimethyl sul-
fide(DMSO), 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetra-
zolium bromide(MTT), concanavalin A(ConA), lipopolysaccharide
(LPS) 5= T3t A&t Ato] E7FQ] EH|eF2 mouse
cytometric bead array flex set(BD Biosciences, USA)E o]-8-3}

ol A AoFE o] npes ugAEe} GANEY F4] @ BAo n)xE Fa} 237
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3. CHAJMIZS| AlO|ETIR! EHIEF &H

AT Bule Aol £7HeIFE 245 9itel vt
o A0 B} Yol A AN ZE Ealstsr). 48 well plateo]
HAIAE 900 LS} A|E EL LPS 100 LS B2 & ujof)
(5% CO,, 37T, 48 h)o]| vjF3tAT. thA A2 452 ¢IH
| 2-y(interferon gamma, IFN-y), £ 1] A}FQIAHtumor necrosis
factor alpha, TNF-q), Q1E]F71-2(interleukin-2, IL-2) EH]F2
mouse cytometric bead(BD Biosciences, USA)S Alg-3}o] =3
sheich 2k ARl 50 uLe| WS} 2t Apo] BRI bead S
Z33t capture bead 50 uLE H7Fsto] 1A17E F9F Wol &
whel Aleo] WAsleth. Z7e] AEBo] 50 UL mixed PE
detection reagent2 718}, thA] Hlo| XjghE Al2of Hhx|
3tk AlAL 93l wash buffer 1 mLA 718k QAE2](200
g, 5 min)3k & AFHS WAtk AL AAT AP
wash buffer 200 pL& 7}8}a1, FACS Canto II(BD Biosciences,
USA)E ARE-Sto] Al ZolA EH|E AR|E7RIFS &
Hteict

4. OIRA HIEZME 22

A A& A 22 4F5ES AR, &4 1
o] A& 24= RPMI 16408431} B+H {28 ©
3to] A|ES 8-2]A)A 200 pm cell strainero]] oj1} & 10&
AAEZ4TC, 3,000 rpm)3FA Tt _r.a]ﬂ Az & et o] AF
NS A| AL lysing buffersS 715 & thA] 1087 ¢
A1B2)(4C, 3,000 pm)3HTh AF=ol xﬂﬂ % RPMI 16408
g A7} QURs NgARE Belstgt WP
BT E A7) Y3l trypan blue solution® 2 FAMA|7]l &
hemocytometerS- ©]-&3}0] A X455 AT & A3 oA
AgE HAAE H2= 50x10° celUmLE 10% FBS-RPMI
1640 A3t T

o i oo o
o,

5. HIZMIE S4] % £3

96 well plateo]] Z+z} 90 uLe] w|AA|Z e} Z+2F 10 pLo) =3
o] Al iiﬁ(?ﬂﬂ:ﬂ ConA(%9] thx), LPS(FY iz
HE 253 T 37T, 5% CO=2 &= v~ (Sanyo, Japan)

N MZE viK24 b, 48 h, 72 WSt BIFAEY] FFE
£ S435t7] Sl 2 wellof] 10 uLA MTTE 7FstaL, oA 4
X 7FEQL HjeF7 o] HHR|3E & DMSOE 150 1L 7}etdch &
= (Optical Density: O.D.)= ELISA readerg ©]-83}¢] 540
nm 3o A SHSHATE BIRAZ SAXEE 29 2L
(0 yg/mL) O.D. gk o] ZF A2 OD. 3L o83t A&
shgich
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6. SAHAZ
ArAto] T3t EA4= IBM SPSS statistics ver. 23 o]-&
ste] A sttt 7|€E A ZA3= Mean+Standard devia-
tion (SD)2.2 F A3t A 737)( H 7t Xol= 498
AHE A H(one-way ANOVA test) = +H5I91, AASHSS
skl o 9A
Popglon, B4 {942 p<0.05

A = Duncan's multlple range testE 4°

SEAA A

[N

o o TE

1. WOIHA H= X2[of| mE S2Z LY CHAMIZ

F88

of IFN-y 2H|Z0| Dlxl= st

RAAEAA BElE Ny 3 A PR
LPS Ael@oll A 7H & PNy 2H1%e R, Hol# A
A5F2BE BE XY SR e w3 folxo

Z 3718t thTable 1, p<0.001). Fo|HA 4-F55 A
o 2 100, 250, 500 pg/mLoj| A ZFZ} 44.41+2.85, 44.1942.68,
43.18+1.91 pgmLE 7}F e Z712S BT, 1,000 ng/
mLol A 81774421 pgmL2 74 & Z7hgo] Lebee.
GAAZAA BHIoR PNy U] delah 48 dejurs
& gEshe AolEsiRlolth E3 BW %A, AFAY
w7l FF AA, srolels 41 oA 22 312 nitric ox-
ide (NO)E &AJ3}A]7]+&= nitric oxide synthase(iNOS) &d-2
20N Bz W YEFLEe] Bolei A B}
(Moncada 5 1991). Kim $(2012)2 Ho|HAl FE2ES H|A
Alzzof AZste ¥l & F2= AP Al [FN-y 2H[Fo] &

Table 1. Effect of IFN-y production on activated mice
macrophages by Flammulina velutipes water extracts

Concentration (pg/mL) IFN-y production (pg/mL)

0 22444528

5 49.78+5.01%

10 49.81+5.67%
50 57.17+4.93¢
100 44414285
250 44.1942.68°
500 43.18+1.91°
1,000 81.77+4.21¢

LPS 395.24+12.70°
F value 1,189.18""2

D Letters (*°) indicate significant differences within a column by
Duncan's multiple range test at p<0.05.

2 Superscript mark (") indicate statistical differences within a
column at p<0.001.

% 79

=4 EFIYEIA

A

% YL olekg 228 X2 A o] w8 oF 155
W) Z7bsHodeh TR Al Eo] 43417 BT Holul Al B
2282 Hejstge v L=l 30, 300 pgmLolH NO A
o] Z7hal ey, oW A42EEo] ol8 NO A4 o
A AFoIAE hAM LS LPSS} Holw A G522 E
1,000 uig/mLE §7 AeRe ) iNOS Tl g ol
SR A2 ehiThKang HW 2012) ol o2 &
ZE9 [PSHT hAIKE RAW 26479 H25tES o
NO AATE AAste] B BTHE YER2lTho 5 2010).
olmAat 2 FENAL I L3 AdolHA g
2229 qANEZe] A2sAe uf 2ol vl 5-1,000
ngimlL 2] BEC|A IFN-y Euleko] Z71514rhKim &
Ryu 2017). 2EHAE T Lefew Al A53EES 4]
Az A5 o 5-500 pgmLof A [FN-y Eu|ako] 5
ZASHATHRyu 2014), T2 oA FoiEEo] P4
AZE Bsiele] IFN-y B4 Z7M07 doluheg g4
N7 Aoz AmE

=7
(<]

2. WO|MAM Y 22 FNalof [E 22 U HAN=E
9| TNF-a =H|2H0]| D|X|= A&

oAl ErFEE0l o E45td hAAZAA ZH]
H TNF-a3F& S48 2}, tizol ¥]3) 50~1,000 pg/mLe]|
A TNF-a &H[o] F718t o, 5, 10 ngmLolA = F9J%t
2}o]E VreRA] 9FSkTtHTable 2, p<0.001). thZ2e] TNF-a
EH|Fo] 490.81+38.68 pg/mL AL, FolHA AeFEE 50
ng/mLo| A% 2,256.02+711.38 pg/mLE Ve, tfZol H]

Table 2. Effect of TNF-a production on activated mice
macrophages by Flammulina velutipes water extracts

Concentration (1ig/mL) TNF-a production(pg/mL)

0 490.81+38.68™"

5 193.51429.43"

10 519.71+81.61%
50 2,256.02+711.38%
100 1,476.59+506.39™
250 2,240.83+510.24%
500 2,749.05+362.03¢
1,000 2,148.86+502.30%
LPS 2,917.66+1,204.49°

F value 10.017

Y Letters (*%) indicate significant differences within a column by
Duncan's multiple range test at p<0.05.

? Superscript mark (™) indicate statistical differences within a
column at p<0.001.
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o of 468 F7IstRTh 2wt FoRt ZolE Bl & F
oAl 4225 A2 500 ug/mLol| A 2,749.05+362.03
pg/mL, At = LPS A 2ol Al 2,917.66+1,204.49 pg/mL
2 7P & TNF-a 2H]%o] Yebgth 3471 85534
AN ZA A FH| == TNF-as HIAZ T A2 &4
9 s St AYNESS BN, FFNEE
AA 7= 9= stchBalkwill 5 1990). Kim $(2012)2
PolwA FEEo w2 vFAZA EHE TNF-a F=
ST AT, B FEEA 2F ST, dgE FEE
ol A= 2ol Hlsl of 336 S7IstATE E3E thA A =5
A= HolHA & oehE FEEA TNF-a &H|F0]
F7hetden, & FEERTE e FEEIN =2 F
7hge Btk WolwAat -2 FEHA R &3t =8
A G5L2ZEL 250~1,000 pg/mL FEA, Aldoly
A EFFEELS 100~1,000 pg/mL FZo A tfAAZofA
BEu]g TNF-a7} 7} tHRyu 2014; Kim & Ryu 2017).
FEWAE obtelTA FAE QI WA E(uman
monocytes) 2] TNF-a E-H|Z-S Z7}A| F thiBemardshaw 2005).
Po|H AL 217k T2 F N T3 4| 3 (human peripheral blood
mononuclear cell)o]|A] TNF-a £H|ZF = 71X Z th(Jeurink
2008). 1B = Wo|HA FEHFEE-2 50 ng/ml o]449] &
oA AN Z Y] EE FH8te] TNF-a EH|[FE F7H
7131, F7He TNF-a= HAAZ O] 84 9 Aol B3 A
52 Az E)

3. WOIHA L= FE= AMalof [IE 52 W CHAME
9| IL-2 2|20 DIxl= P&t

Az A ER|ehe L2 W] B4e 2E351a,
T A2 g3 45 FEdhe AtolE71elolr: BolHA
FrFEEo] YAIZ IL2 BujF] njAe 3= 4vE
A3}, iz Blaste] {27k Zpol= HolA] ghgtri(Table
3). Kim §(2012) Aol A oA & F&=° gt v
A= IL-2 2ul=F Mt A iz f-o3k ZpolE UEh
A ghot B Ao}t FARE 2HE Bk FEHAR &3
€ OPIRIFAE ARt DdFAIE AR AFolAE IL-2
el Y= vIAA] ¥k th(Jeurink 2008). Ef2]H A3}
AEoIA EeFEEs dAAIZA AetHE o IL2 &
HlFFolle ot ZolE YEHA] FUTHRyu 2014; Kim &
Ryu 2017). =ER|HA 4555 50 ng/mlojA di2AE
oAA 2HE IL-25Fo] 43 Atol= UYEhA] AT, o
& 37RF AL R UethRyu 2014). SEER2HA AR
€ 0] 8% =EoA SEERIHA FAA & FEES AT
T FROA IL-2 #H]7F S7FF A tHLee 2010). FAHA o
A Az IL2 84 EdE F7HIAHKIm &

ol A AoFE o] npes ugAEe} GANEY F4] @ BAo n)xE Fa} 239

Table 3. Effect of IL-2 production on activated mice
macrophages by Flammulina velutipes water extracts

Concentration (ug/mL) IL-2 production(pg/mL)

0 12.52+3.12

5 13.1243.61

10 11.9944.52

50 11.8843.58
100 9.62+4.82
250 10.08+4.39
500 11.89+4.04
1,000 13.04+3.83
LPS 15.52+2.93

F value 0.59

Kim 1997). o] oghg & To)i thakA|al B-glucan
o] oF 27.0% FHES] AT, B FEBL oF 79% T ol
9o B 22200} o 22204 BE tukA ol
e Athdo 5 2010; kim 5 2016). 1222 2 Ao
£ oAl Qe2E B0 L2 Bule] JFE vAE &
e WEE 5 QAo 25 BolHae) TR 22
qg A7 Beg Aew AR,
4 oA SAEEES M0 M HIENE SA0) 0|
wel7|he] ahtel ulol T, B AlE So] mof glon],
Felof digt A ol 1A Sof Tolsto] WAHAS 24

ool

ek

oA AeFEE R0 E nheA HIRAIE F
15-9] #tol| that A}= Table 494 kT who-2 HIA|
Zo| Folw A IeFEE BA 5 AZsAs of dix
w3} Blaske] {23 pol S UERH RTHp<0.001). SolF o
2 v B Al XY T N ZE §E35H= n]E4 LPS9}F ConA
A7HA el 7H =2 HIBAIZ SA 5 EoH, FolHAl
+FEE AT WA e 5 ngml =5 AT e
A oA 2ol vls] FoHos 2 HFAE F
A%o Bt HoluAl d4FEE 10, 50, 100, 250, 500,
1,000 ug/mL F=oA HIFAZ FA52 242 1.7940.18,
1.54+0.36, 1.55+0.12, 1.67+0.27, 1.59+0.24, 1.57+0.130.2 1}
Epgtth FolHA d4-FEE A2 F 10 ng/mlLe}t 250 ng/
mLo A 7HE && HIFAIE S450] YegTh £ d5¢
FrAReE 2aE 2l A8 Aol tigt vgA 2o B3t A
oAA oA & F=5 100, 300 ug/mLof| A B]Z 2] H]
3 HIFAIE S450] S7FFATHKIm 5 2012). o] ¥
A a2 A7 8174 250 ngmLojlA 7HE &2 H]
FHE SA5E EATHKIm & Ryu 2017). FojAl A5

>
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Table 4. Spleen cell proliferation index of Flammulina
velutipes water extracts in mice

Spleen cell prolieration index

Concentration (jg/mL)

0 1.00£0.09°Y
1.14+0.05%

10 1.7940.18°
50 1.54+0.36>
100 1.55+0.12"

250 1.67+0.27°
500 1.59+0.24%
1,000 1.57+0.13%

With mitogen

LPS 3.45+0.46°
ConA 2.38+0.21¢

F value 25377

D Letters (*°) indicate significant differences within a column
by Duncan's multiple range test at p<0.05.

? Superscript mark (™) indicate statistical differences within a
column at p<0.001.

EE A= GE AZAZE digt Ao AFA
FE(PC-12)= 1.0 mg/mL o] Aol A, AN EZ(RAW 264.7)=
2.0 mg/mL o]/FollA A|ZAYEZ o] A tHKang 2012). 7
2 AZFAN| Z(HEK-293) 0| A= FEH A& &35t ety
A & FEE 20 mgmL oo A AEZAYEE o] HAstrt
(Choi & Ryu 2015). o] Aat “ete| Al HghE 252
Y Az F41& AAst= A2 YErsithJedinak &
Sliva 2008). 2|22 Po|HA IF2EEL HAFH L] 3
A g FEY, Aslhs sk £ 5yt $7t
e ZAoZ AtRHrh

Q0 o

b=

GolH o] HAM|ZR] M| Z e} A o] B/ |
e FFE gotr] st BAstE tAAlZoAA =]
k= Ao E71HIQI IFN-y, TNF-q, IL-2 28|} H|ZA|Z F
Ase S Ho A EeFEEo] dAIZ 24
A FFE AYE 2, vol A F4, dFEe= il
st= INOS B4& FX05hs IFN-y #H]Z3} Jufol2| & &

He FAN7E TNE-a Bol3e Z7A70L, WaT &
e A L2 Belgels §o4e BEY 5 99

ot 2/93HE iAo A EulE IFN-y F2 FolHA &
FFEEY BE AYFEoA F7H U2 H(p<0.001),
TNF-a £H|F9] F7H= 50 ug/ml o]/d9] =0l A Uetstch

ol =4 EFIYEIA
(p<0.001). FHAN 27} gE o] e HIFAEY F250l
o] HolHM AeFEEo] nAe IS v 2, 3
oA deFEE2 HIFAIEY Fe FHske A=
UEtth BIFAZ 459 S7te FoluA daFEE
10 pg/mL ool A Webdal, 53] 250 ngmLolA 78 &2
BN EZ S45S HATHp<0.001). Z12E= oA A4
FEE2 WAAZY BASE F=5to @Sl B3t
€ IFN-y3} TNF-a 28]5& S7HA A JIAAE =483t
7B HIBAIZE S4& STHIHCEZN "IN A
Aoz Atmd

o =1
A& T

o
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