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Study on Antitumor and Immunomodulatory
Effects of Cambodian Phellinus linteus

Hyo Jeong Lee, Hyo Jung Lee, Jung Min Park, Gyu Yong Song, Kyung Sun Kang', Sung Hoon Kim*

Graduate School of East-West Medical Science, Kyunghee University, 1. Department of Veterinary Public Health,
College of Veterinary Medicine and School of Agricultural Biotechnology, Seoul National University

Phellinus linteus from Cambodia was confirmed to have a homologous DNA sequencec to Phellinus linteus.
Antitumor and immunomodulatory activities were evaluated with aquous extract of Cambodian Phellinus linteus(CPL).
CPL didn’t show any significant cytotoxicity on HT1080, Sarcoma 180 and B16BL6, whereas it inhibited the relaxation
of DNA topoisomerase | from the concentration of 250ug/ml. In the pulmonary colonization assay it inhibited pulmonary
metastasis by B16BL6 in C57BL6 mice to 36%, 36.9% and 55.5% at various doses of 2 mg, 20 mg and 50 mg. From
FACS analysis with splenocytes pretreated with CPL, it significantly increased lymphoblast and induced production of
IL-2. These resuits indicate Cambodian Phellinus linteus has antitumor and immunomodulatory activities still suggesting
more study on its mechanism and effective compound in detail.

Key words : Antitumor, immunomodulatory, Phellinus linteus.
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I Yk A2 AEhHAl it 72 Y8 I ¢ AT A
B9 35t drAEold XI5kt AL @2 sarcoma 180 11 ¢
ol thaiA 5 AAE 96.7%, S SHE= 7/8 olgh= A
g B3 oz, $F 5Y2 24 489 S W FXo) 5HE,
7 572 24 48 tgA9 HYzEEge, § 592 48 o
g9 BMEZ ASEHE Bilshs S, d48HAoA 553 Th
BRI g FAAIE o183 Tl HE W IUEH
771 F& olFolFrt 489 thirieA 2t REYEE F
Z olgHILA 7%, [UZA 28%, FFEIA 21.1%, dSHESA
241%, TreA 42% 9 TEECL BAHAAT, HAE
480l i d7E FE SE0lA F4 JFE BHUCE 0]F
ABALE 22 ZHTiolt 49 RiTlAg] a7 Bl
EFHA] 0]9] AEH A9 "QHo] ATIFUTE old 2912
DIZlolA] eHEoll 85I Uths E1E HIESE ZHoloit
ARG BB LIBAE AIRE WA 2O g i8S
Brt5l7] 91516 FACS 24480l 9Jall lymphoblast, CD25(IL-2R
a-chain), CD4(T helper cell), CD8(T suppressor cell)ol] thgt &
ke BM6INaL, BUUE T QM ol tidt AlE54, DNA
topoisomerase 1 84 AAIZIE, B16BL6 3ol gt BAMAAL
g, BgHo] g, EHFLANEE €€ EIkiRd Hi
F5t Zile d}Ulol Hiudks Hiolrh
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2. AgY gl W HZE

ZETiokt 48g (Frlola ZHp| B0l 95l DNA
HALE SIREIY DNAG71A o] n == d &8 B AE{(NCBI)
ol 1A} 674705 17019 2 99%2] homologyE 7IXE AL
E UERdTE 0] ZHEOOME 48(lkg)S By WA 859 2
ol EF4E X g8 F&51 o £E2HE 5819l 018
kol T B Ehekod 40°ColAl HNEA Q) 17102 4t 55
B3I EZAXS F 17.75g(yield: 1.78%)Q BT o] Ag =
& AEE ARBoIReH 17.75g9] 1/29] g2 & tigA el
ol o183Ict 53 4 EF FUE SF100mlo] =0l &=
3 uiEe] &F olEE(%5%)2 VIl ol TiERE AT,
AR SFEA717) AalA 4Tl oHEE AR & dZ2E FRE
4°CollA] 5000rpm 2 Z 3021t A4l E2lsITt doiRl Zridi
AHNES AY9 FF40] A 8alAlY & BEY HEBE i
A4 2elsid AASHL B8 2E(HBA)UE Fold FHE
A1 8000miul Aol @il SFSE 1ol 3-58 AL wAsH
o 4TolA] 4787 T8 AABIKEE T 24 2elsld F
HE AMAS & YEAES -60TolA dE AXd Ax 2
0.521g(yield: 0.104%)2 S35l ol& A& CiFAl AIEE K
[6]5 1=

3. MlEQHE B o

Adlol] AMSE QHFEE HT-1080,B16-BL6 mouse melanoma
4l mouse Sarcoma(S-180)0Ict. MlEFE 7.5%9 FBSI} g
RPMI-1640 £2 MEM HiX & AL2510) visidTt

4. Mz58 58

89 £33 iR E MTTE ol86ld Mz 545& &8
BI9ict. EYH Z Z &= 5180, B16-BL6, HT-1080 Al ZE AMBDIA
oM 10% FBS7} H7Hg RPMI 16403 MEMZE 5% CO,, 37°C9)
ZEA0IA B ARRSIRICE In vitro AZEY EHE XA
71 918107 1x10° cellss} UANE 410} welld 100 ul¥ 96 well
platec] EF3ICE 018 EE2 48AI7t TIGA = 6AI7 MY
S T YU S 2F B2l MTT(5 mg/ml) 10 ul¥ &1 44]7}
S0t viBICE wiYol Bt plateE PBSE AH¢H & DMSO
100 ulZ @I 420l4] 2022 YA]$ & ELISA 570 nmollA] &3
TE ZF3Ict

5. DNA topoisomerase 1 assay

A8lo) AL2% DNA topoisomerase 12 calf thymusollA] &
2l o, supercoiled pBR322 DNAE E.coliC 6009) RS A}
839t £33 DNA topoisomerase 19) ICat2 ZA3P] A

relaxation assayS X8I 2™ Topo 19] &4 Liug} Miller
9 uiHol F5ld ARIEI¥CE &, 35mM Tris-HCl(pH 8.0),
72mM KCl, 5mM MgCh, 5mM dithiothreitol(DTT), 5mM
spermidine, 0.01% bovine album serum(BSA)E #adhs 89
of] 0.54¢ pBR 322 supercoiled DNAS} F4F 7151l & 4129
€ 2007t HAS AE WEZLE 61l 0.5u8 pBR 322 DNASY}
a4, ARE 7K & 8AE 20usA SRS AIEELE
glol olEE 37TolA 30 wiYsidrct H¥HeES 2% SDS
(sodium dodecyl sulfate), 20% glycerol & 0.05% bromophenol
blueg Zglch= RSS2 S5uE FUIsl i8S 52471
0]€ TBE running buffer(50mM Tris base, 50mM boric acid,
25mM EDTA)0| H7 |G EE $F & agarose gelZ 0.5u8/mlo
ethidium bromide2%oll4] 14]7HEQ &348, x}oJAdBllAT AR
£ AJrt HIZEEZEE camptothecin(CPT)S AFETICE

6. 3| Ao] &5

7} A|59 o] YA g3 B16-Bl6 melanoma Al EF
€ o|8cks dado] SYRYE AREIIICE 2 48 As
piAts C57BL/6 TIRAE XSS S oAl 7X10'Y)
NZE npeL niguo] FAROE SHBIITE THEAY 55
= (1 mg, 5 mg, 10 mg/mouse)Z EES 5T (2 mg, 20 mg,
50 mg/mouse)Z 5l BT Fo I Ckxiol A% S A
o} dAlsS SYHUE UL Fol PIPLE AL HE H
£5)0] slol HolE BYQ) FAU4E SR TABIYICH A
9] 2o EYREA ol 2M & 33 75 S xR
T Hlsk kol QB HYY AApiES TR

7. AZRANR 55

0.1% gelating 96 well plateoi] 100 ul® 233} coatingBt
U} o]& 4TollA] 124]7 014 HRISH & PBSE 33| MASIA At
£3I¥C). BSA(10 mg/ml)E 100 ul¥ 2} wello) BF3HA 37T
B7lolA 1417 St YX|$H & PBSE SYUSH YHOE MA
BIYTE A SHLAF Gh= BN} B16-BL6 A ZE wigslel 8
Bt 3 5x10* cells/well2 430341 ZF wellol] 25§ & 37C wigt
710llA] 1417} g SO i ABIATE wiy & oS} viXIE BT
AMABLIL PBSE AA3 & serum free BIXIE 100 ul®y H7}sH
& MIT JHOT EHTE SH3ICh

8. FACSol| 98t {FA2E 84
1) H1% HE T el ZA)

BALB/CE cervical dislocation® & X]AIAI7] & HIRE H
Z311 v FHENE XTI} ME A U FZENE BN
OgE Ca™3} Mg¥o] S0} UA RS Satining bufferE AHES
th X &3t B1&2 100 mesh (sigma,US.A)ol S21¢3 FA)
HAE RIREOZ A Bdel xAg B4l 15ml
conical tube(Becton dickinson,US.A)oll @A o 58271 W5k
ZAGolzlE AR & YBAE F 3 28] MABIL 083 %
NHCl 89g Wil 587t incubationA]# HETFE S8EAI
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t}. ThA] 28] A SEIL RPMI1640-2%FBS (sigma, US.A)E 1x10°
cells/ml7} H =% 3 4BI4CE
2 AZ i Y &5 A

vz wWaZ HENE 24-well culture plate(Becton
Dikinson, US.A)oll 1ml# 7}3}1L 24137} & complete RPMI B A]
ol 831A17 cigAlel E59 AIEE 100ul® 715145% CO.
incubator oll4] 37T oA 24417} HRLFSIACE
3) B EFPM (immunofluorescence staining)i} flow
cytometerE 0|83 249

Mo HBHML BIHE S 04 TollA] ZAIGKA T, S vl
A MEE 545Kk] PBSE 33 MAHS F 5ml FACS tube
(Becton DikinsonUS.A)oll 03ml9] staining bufferg @i
vortex@l & 41 22)(1300rpm Smin)BICt. 212H9] & A E
7¥A) 3L lymphoblast2} 21 3} IL-2Ra-chain®] CD25, helper T cell
9] CD4RAIE B8}, cytotoxic T celld] CDSRALE 451
2 3} 222H9) 1A Culture sup.& 100pl 412 5ml FACS
tubeoll '& 1 vortex3} & 4087} iceoll A HESAIZITH AHESE 1AL
S 33 AME &, fluorescein isothiocyanate (FITC)-
conjugated goat anti-rat Ig F(ab)2 fragment 1:100(Tago,U.S.A)
8400 SO 713K 4027) WISAIA & 3008 AIH % 03ml
staining bufferS @il vortexgt & FACScan(Becton dickinson,
USA)CZ EAM5KIch dao] A58 HZEES 03ml9
staining bufferol]l B.FA]# FACS tcan(Becton dickinson,US.A)
2 o|8sKkd 243t AIEY 5000709 M Eo] thsle] list
modeZ AR E 51619120 Consort 30 TZIHE 0|8, B4
BIC} data®) 2432 forward scatter(FSC)2} side scatter(SSC)<]
dual parameter2 O|8%t dot plot koAl A wiF M=
small lymphocyte €& ¥ lymphoblast &g TRk 1
9] B cell, CD4", T cell H|E(gated, %) AIETITE

9. WElAZ AEE4 oF £H

B Ad8o] AlI8¥ M EE HUVEC(Human Umbilical Vein
Endothelial cel)M| ZZ He85} L M199+bFGF 2ng+20%FBS
mediaollA] BHQFSIEIC)E. 24 well plates] HUVEC MEE
8X10°/100ul0] BIEE X8 % platingsh, 24417 BiY &, of
ko GAE HrIsHL 2027 s QFAIzdCE 1 & o)Al
Fo] HARIARL bFGFE A&E55 71 Sng/mvt HEE £HE}
of Hr1sha 48417t Bl JolRiTt. kol 9Ft AT 2
4] %l E3He BFGFE A2ZI6HA 22 thxF0) HUVECY 54]
53 28l FAGIFAL Al E4E tryphane blue @4 9|
sl A1F EIsIrt

10. Tube formation assay

Matrigel 200 ulZ 24 well plateo] 7% FHol| coatingd}
o 37C 30 min BB, Al BEE 05ml/well SEE 430]
matrigel 9ol H7}% 51027 2004 sigsidct. HUVEC
cellS 4X10%cell/well/500ul =5 5 wiRlol H7¥5kL, 37C 124)
st 2 AR 8EE Siirt

-5T18 - 2EY - g8
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1. AIZ=Y

B16BL6, HT-1080, 5-180 5ol thdt M EZH Y EHo)A)
AEHA ClgAE HT10809] Fold ¢l Rrt S3E0IY
I, 4EHA 25 5180 oFol tid) AESY A0E BR
A A E XZYH MEEHES XA G2 ASE UE}h
WCHFig 1).
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—a— S180

% of viabliiity
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—— S180
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L] 125 250 500 1000
concentration{ug/ml)

Fig. 1. Cytotoxic effect of Polysaccharide of Phellinus linteus(A)
and water extract of Phellinus linteus(B) on tumor cell line.

2. DNA topoisomerase Iof| m]X}= F3}

Fig. 20l4] EEHISE Zo] DNATRE Aeish 48de
supercoiled form 22 LIENGIL, DNAo] topo-1€ Relgt a7
£ relaxed form@E HEHAC) &0 TigA e E5S Al
B} (250, 500, 1000ug/ml)ollA] HSTEHOE topo-19 &4
g ARt

}

Fig 2. Polysaccharide and water extract of Phellinus linteus inhibit
DNA topoisomerase. !(1 lane:DNA only, 2 lane: DNA+ Topo 05 unit, 3
lane:DNA+ Topo 1 unit, fane 456 water extract 250 ug, 500 ug, 1000 ug, lane
789 :polysaccharide 250 ug, 500 ug, 1000 ug,

3. Hgkdo] oAl mlxE
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B16BL6QIZ=C) Hololl 9J} & colonyd: BEOIAE X
T2 1742:14.87) ol vlGiAl 48 £F 50, 20, 2mg 5T
QEHOF TablelolA] HiE HIS Zo] SAH(P<0.05UE )
Qo] A ENE BT

Table 1. Inhibitory effect of water extract of phellinus linteus of lung
colony in C57BL/C injected |.V. with B16BL6 celis.

Dosage.

HAZEABol tigh o7

A& 25, 50, 100, 200ug/mIF 5} histogramS 243 i =1
SIOEHOE ATl Hish FAH(p<0.000)E7HEES UEt
ATt (Table 2). CDBYHE U T hETol HI3 FuhET
&7)= X]2HTable 3), CD4/CD8 H| &2 ATl Il {9& ¢l
xlo]7} YUCE. (Table 4).

Table 2. The Effect of Polysaccharide of Phellinus linteus(PSP) and
water extract of Phellinus linteus(WEP) on Lymphoblast in the

Colony number Inbitory Rate(%)
(mg/mouse) ’ spleens of BALB/c
0 17424148 0
9 1115835 % % Lymphoblast
2 1 1 015‘0 %9 Control ~ ConA125ug  ConA625ug PSP 25ug PSP 50ug PSP 100ug PSP 200ug
s 7 6+3§ 55‘5 10.1340.23” 8286+0.11* 8288+384° 12.00£0.14" 1250£013" 14204024* 14312033

CONTROL

%

mggdndee

NORMAL

©

A3 50 ing/mice AF&} 0 g anee A

Fig. 3. Inhibitory effect of water extract of phellinus linteus of lung
colonies in C57BL/C injected L.V. with B16BL6 cells.

4 MEZRX QR AT

B16BL6A 20l thoh BEAA X Aol thRTtol HIFH 62.25,
125, 250, 500, 1000 ug/mloijA] EE3 thGF oA M ERAAA|
e 9 AR Uehdrt

—@—~ water extract
160 { —®— polysaccharide

Adheslon(%)
o
=3

0 62,25 125 250 500 1000
concentration({ug/mi)

Fig. 4. Effect of water extract of Phellinus linteus on the adhesive
capability of B16BL6 cells.

5. Welxa Aol nlAlE @8

SEHAY tigA e E59 HAMZ i 282 F7}
3171 $sle] FACS 24¥ol 93] lymphoblast, CD25(IL-2R
a-chain), CD4(T helper cell), CD8(T suppressor celljoll thgt &
552 B45KICH lymphoblast B4S URolAE 257 tig

% Lymphobfast
Control ~ ConAB25ug ConAS25ug  WEP25ug  WEPS0ug  WEP100ug WEP200ug
1013£023° 8288#384* 8226x0.11* 1176:030* 11.65¢004" 12.10£037* 11.90£031*
a) mean+SE, * p(0.0001

Table 3. The Effect of Polysaccharide of Phellinus linteus(PSP) and
Water extract of Phellinus linteus(WEP) on the production of
cytokine(CD25) in the spleens of BALB/c

% production of cytokine(CD25)

Control ConA 5ug PSP 50ug PSP 100ug
49540207 70.22+1.95* 9.80+0.23" 967017
% production of cytokine(CD?25)

Control ConA 5ug WEP 50ug WEP 100ug
495+0.20° 70.22+1.95 846+0.18* 9.30£0.26"

a) meansSE, * p<0.001

Table 4. The Effect of Polysaccharide of Phellinus linteus(PSP) and
Water extract of Phellinus linteus(WEP) on CD4/CD8 cells in the
spleens of BALB/c

Control PSP 50ug PSP 100ug
% CD4 2352057 2163021 22.18+0.35
% CD8 889+0.17 7952047 891+0.28
CD4/CD8 265+0.12 2.74+0.14 2.50+0.12

Control WEP 50ug WEP 100ug
% CD4 23524057 2422+0.32 23.82£0.30
% CD8 889+0.17 86410.14 9.36+0.09
CD4/CD8 265+0.12 2.81+008 2.55+0.06

a) meanzSE, * p(005

6. @8 T EY B o= g

HUVEC UMHI&_A A gsolsEe oAzt 288
T} 30% EHNTME S48 AP g 852 5
AEHOE WIMESY B4 dHE UERIRSH sigAlE
500ug/mlol| A} FE = 30%, 1000ug/ml SEOlA 52% S4] oA
£ UERARITE 23T 1000ug/miciA] 20%9] S4AHE Vel
WACHFig. 5).

7. @@y A EH

HUVEC Waldl 29 A48 FY AxaTlA thETol
A 641001 At HEA AZEO0] B3leh] AlZ sl am, 12
AlZholl= beE AEP] AlEGINTE 253 THEAl 125, 250,
1000ug/miojlA} Z25F ATl HIgl] sZAEHeE gy
ol Axs 26 g BT
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0 3125 625 125
concentration{ug/ml)

Fig 5. Inhibition effects of the water extract of Phellinus linteus and
its polysaccharide fractions on proliferation of HUVEC cells

Fig 6. HUVEC morphology on Matrigel. (A} HUVECs formed capillary-iike
structures on Matrigel within 12h. (B) water extract 125ug/ml (Clwater extract
250ug/miD)  water  extract  1000ug/ml.  (E)polysaccharide 125ug/ml
(F)polysaccharide  250ug/mi  (G)polysaccharide  1000ug/ml. Phellinus  linteus
blocked the formation of these tube structures. ABCDEFG  X100.

B water extract
14 £ polysaccharide

Tube number
(-]

o 125 250 1000
concentration{ug/ml)

Fig 7. Effect of the Polysaccharide of Phellinus linteus(PSP) and
water extract of Phellinus linteus(WEP) on capillary tube formation
of HUVEC cells.

2 &

LECOK! SEA E5EEY TiERY Yo W HoE
M2 UYPHOE ATSIUY ul, BI6BL6, HT-1080, S180 QFol
oiE MESHS 4R CEAS 23 EF BN
BI6BL6A| Zoll tHSH BARX|E E3}7} GIKACh HUVEC Wizl
29 Z4] ARIE THIAZ} BERTH RESH BRI
% BAl2 ARSI, Bl6BL6 AFY Holol 97 AFHOIE
thEZol Hlal AAlsks EHE EH20, DNA topo-lo] tid)
250ug/mIHEl BT JEHOZ KA AMshs EHE B
T} 3 FACSOl O3t BAREEMIMET 48 253 tig
7} lymphoblast ZA12 tZEZol M3l BE AEXH2E FAY
QA E7WIFL, CDBE HEZS) Tl BT S7H=Ict o]
A0 2T Kot PRrieh Aol U9 Ho) o, BEB
M RS W UYEE ool Bolsks ASE HolXE Yo
T RE2 2ol U A871W @77} SuEoior @ R2E A
HeEn.
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