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The Reversal Effects of Trametes Robiniophila Murr. on Mul-

tidrug Resistance in Resistant Human Hepatocellular Carci-

noma Cell Line BEL-7402/5-Fu
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Abstract: [ Purpose | To evaluate the reversal effect of Trametes robiniophila Murr. on multidrug
resistance in drug resistant human hepatocellular carcinoma cell line BEL-7402/5-Fu,and ex-
plore its mechanism. [ Methods] The growth inhibition of BEL-7402/5-Fu cell and the reversal
effects of Trametes robiniophila Murr. were measured by MTT assay. Intracelluar accumulation
of doxorubicin and rhodamine-123 were detected by flow cytometry (FCM). The mRNA expres-
sions of MDR1,ABCG2 and LRP were detected by RT-PCR. The expression of P-gp was de-
tected by Western Blot.[Results ] The ICs, of chemotherapeutics agents in BEL-7402/5-Fu cells
decreased obviously by adding non-cytotoxic concentration of Trametes robiniophila Murr. Re-
versal fold (RF) of Trametes robiniophila Murr. on 5-Fu,EPI and PTX were 3.67-fold,2.38-fold
and 2.16-fold ,respectively,and relative reversal rate (RRR%) were 72.8%,70.1% and 74.9%,
respectively. FCM results showed that both Trametes robiniophila Murr. significantly enhanced
intracelluar accumulation of doxorubicin and rhodamine-123 compared to the control in BEL-
7402/5-Fu cells. RT-PCR results showed that the mRNA expression level of MDRI decreased
significantly after treated with Trametes robiniophila Murr. compared to the control in BEL-
7402/5-Fu cells,while the mRNA expression levels of ABCG2 and LRP are not significantly
changed. Western blot showed P-gp protein expression level was decreased in BEL-7402/5-Fu
cells after treated with Trametes robiniophila Murr. [ Conclusions] Trametes robiniophila Murr.
can partially reverse MDR by down-regulating the mRNA and protein expression levels of
MDR1/P-gp,inhibiting the function of P-gp and enhancing intracelluar accumulation of
chemotherapeutic agents in human hepatocellular carcinoma in vitro. The reversal effect of
Trametes robiniophila Murr. on MDR may be irrelevant to ABCG2 and LRP.

Subject words:liver neoplasms;human hepatocellular cell line; Trametes robiniophila Murr. ;
multidrug resistance ; P-glycoprotein
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Ko MDR 2 48 % — it i 88 245 ) 7 £ T 24 44 17 [ B
XA RS54 AN TR AE FHAIL A0 A 24 g o 7 A it 24
PE, DLAEF 58 & B MDR 30 il 5004 45 . 2 hi ok |
HE A, PSC 833 MS-209. . VX-710 F1 1.Y335979 4%,
RABEAMLAAKE LATIT 32 A AN B S Teid i FH T R
PRt B i MDR 4 461 500 89F 5% 19 J7 1] 2 JC 35 7 5% 2
P (18 200 B ) W R T ] IR ) 24 P LA i
PR b, BRBERSURL T 68 45 22 R WV i A7 28 422 40 )
iR ARG B s AL SR e I RE S5 AT A A B R
R A A B i 2 2 07 AR B, BIFSE R AR
T B 0 53 30 7 i 9 AN 7L B JE8 MDR'™), X Ak 7 A 1
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1.1 @AREzR

DT 40 i bk BEL-7402 A\ 92 1 960 1% 18 I 41
itk BEL-7402/5-Fu, ¥ A g 5t oL A M) A )
1.2 #AY5iEH

MEEEH (LA AR K1) s R A (EPL YL
I 15 3 ) 5 B] % Z (ADM, Pharmacia) ; % JR W% I (5-
Fu, K4 ) 22 0 (PTX, V195 16 B ) 5 48 Hi i1 Kk
(EWARFERZE) MTT (Ameresco) ; DMSO (Sigma) ;
0.25% 1% 45 (M i /EDTA (Invitrogen ) ; L% RPMI 1640
SRR (MYLE); P FFEH-123 (Ameresco) ;
Trizol Resgeant i ifll & (Invitrogen) ; RT-PCR £ 71 £
(TaKaRa) ; RT-PCR fr fH 519 #4 B TaKaRa 15 1% ; F
PN P-gp B SR (LABVISION) ; L 240/ BB
it AL BB A (SANTA ), BLH35 FF (20mg/ml ) ;
L RS 0 FR IR BV B 200mg, lTA 10ml RP-
MI 1640 58 435 F2 58, LM il 5 DL 0.22um U8 £ U8
I BR B, 4°CORF PR AT
1.3 FENE

CO, 40 i1 5% & #6 (Forma Scientific, USA) ; i# i+
TAEG (SW-CJ-2FD, 75 M % %% ) ; it =X 4l i A (FACS
Calibur, Becton Dickinson,San Jose,CA,USA); 4 H
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SR Y (Thermo Multiskan MK3,USA); #6 )
PCR ¥ (Eppendorf Mastercycler gradient 5331,Ger-
many); KR 20 ML (Eppendorf Centrifuge 5804R,
Germany); BEWMIZF S (UVP Transilluminator M-
26,USA),
1.4 HSEEXR

¥ BEL-7402/5-Fu %85 AE < 01240 BT 5 1x10%/ml
AN B, BEFL 100pl 43 2 AT 96 FLAR, 4N
JELONG BE J5 ) I ACAR T) ¥ 32 % 4R B3 (10.,5.2.,1,0.1
M1 0.01mg/ml) , B4~ e B 4% 3 AL, B FL AR AR
200, K5 3% 48 h J5 ,MTT LKW G T I A
PE S M AL LA 490nm Ah W B (E (A {H), T35 41
HLARH R =[1-(A poa-A sna)/(A gra—A spa)]X
100% ., & 3 KECFHIME,
1.5 UFrAmEHERRiAR

B8 A4 K ) BEL-7402 Al BEL-7402/5-Fu Bt
B 1x10°/ml B2 IR, DL 100p]/4LEZ R 2] 96 £L.
Me, B g% 24h J5 R0 TG 40 B B 0 B B
(0.01mg/ml) Bk & A [\ ¥ B 19 A6 97 254 (5-Fu EPI 1
PTX), BAUCEEAUEE 3N FL, RIS 4Eh ik
(5pg/ml) R W B3 T A6 R, AL AR AR 200l , 4k S
Big% 48h Ji7 , MTT IEAG I HI 5, LA BE (1 X 50k
ol , 400 ) 25 A A2 Sl A A 1 3R 2%, 7531 [C0 T
PR SR (reversal fold, RF) =ICsy prrraoosius it 55 25/
TCso prnraoms s i 25b s » FHXT 15055 5% (relative reversal
rate, RRR% )= (ICsopp1 a0 rusitsr2—LCso pen 200 bt 2 i)
(ICSOBEIF7402/5-Fu+1t¥'T?J_ICSOBEIF7402+14:9]*§5)X100%o EE 3 (QL'\EX
FHIH
1.6 ZHRER ADM/F FHA-123 ERE

¥ BEL-7402/5-Fu 43 24 AN i 24 (% B 28 R A
0.01mg/ml # H-75 B 25041, 55 3% 48h J& , LA 1x10%ml
AT PBS 1, 3 i A ADM(Spg/ml) 5% & F1#-123
(5pe/ml) 15 3% 2h, B 4°C PBS(0.01mol/L,pH 7.4) V%
3 WK AT 2 AN M SRS I 41 B 9 ADML B2 1 -
123 % B & WK Ry 488nm, B2 % < ADM
4 575nm, B FH-123 4 525nm ¢, R 3 HCE
{E.
1.7 RT-PCR %25 & E R X

% BEL-7402/5-Fu ¥5 3% T & 0.01mg/ml ¥ H-7&
H ) RPMI 1640 K537 ¥ 48h, [R5} i% BEL-7402 il
BEL-7402/5-Fu % B8 2H , 4% TRIzol Reageant i ¥ 3

BeiE 74K 2013 5% 19 %% 6



) B AE A TR $2 B4 i 5 RNA, 51 %) )¢ %1 :MDR1
(573bp) _L1#751:5'-CTGAAGAGGTCTTGGCAGCA-3’
i ¥ 5 : 5" -CATAGAGCCTCTGCATCAGC-3'
ABCG2(482bp) I 1% ¥ 41 5" -TGGCTTAGACTCAAG-
CACAG-3' Fii#)¥ %1 5'-TAGCAGAAGGAGGTGGTG-
TA-3' ; LRP (285bp) I ii%J¥ %1 5’ -ACTTCTCTCCCT
TGACCA-3 FiltF5) 5 -TTCTGGATTTGGTGGACG-3';
B-actin(500bp) I i ¥ 511 5'-GGCATGGGTCAGAAG-
GATTCC-3' F il ¥ 41 5'-ATGTCACGCACGATTTCC-
CGC-3', MRHE RT-PCR 7 & 6 BH 5 117 39 5 S
N A i cDNA Fl PCR 2 B :94°C 2min 1 A1 34 1l
A5 P ;94°C A5 T 30s,60°CE k 30s,72°C 4E ffl 1min,
330 MEI, BRI Y . 29%5 08 B E R FL UK
Jo  BER AR R G AT .
1.8 Western blot #il] P-gp Fi%

Sy 2 IR RT-PCR ;A 200 i 28 A Y 2 S 2
L 157 ;6%SDS-PAGE Hiyk#) 1.5h; HLFE % PVDF
fi I, ] PVDF B i AR B I 59— Bt (1:800) ,4°C
IR, A HRP #ric 3T 2h; 2 A ECL TAEW T H
B,
1.9 Zit=4hE

K SPSS 16.0 #E47 [N 430 H (41 35 Pk 50 56
B K5, P<0.05 M =S BHAE SRR L,

2 & R

21 BMEBFEMNHAKRSHEIRH

LS B X BEL-7402/5-Fu 40 i i 40 i 25 v 1
FH 50 5 AR (Table 1), SFLH- 5 0.01mg/ml
W, B30 % <5%, X BEL-7402/5-Fu JG 41 il #
P | BT AT I 46 1 vike B I 9 8 B3 B 4T BEL-7402/5-
Fu i fd MDR B3 545 H .

2.2 #BEFEX BEL-7402/5-Fu 4B H8 MDR Hyi¥ %%
EH

B3 B 0] 3 A% BEL-7402/5-Fu 48 g %} 5-
Fu .EPI #1 PTX ) 1Cs(Table 2) , 1E 34 %5 4k Ri i K 11y
WSS . MLEAE 43X 5-Fu EPL AL PTX Y
RF A 3.67 15 .2.38 5 F1 2.16 %, #LH-3E 7 4 B %}
5-Fu EPI #1 PTX /) RRR% N 72.8% .70.1% #i
74.9%.,
23 #BEFBEX BEL-7402/5-Fu AR E X/%
FHE-123 ERER T

PR E- T B 2 FO6 BRZH 1 20 B N ADML 2 D o B
351k 171.9+14.6 F1 122.8+9.2, §ij # & 5 & #Y 1.40
£ (P<0.05) ; ¥ H- 375 85 21 vk B 20 20 i o8 22 1 -123
B¢ G BE 3 ) 745.6+57.7 F1 324.1+£31.6, i &
J& # H 2.30 1% (P<0.05) (Figure 1), 1560 B B35 7 fiE
0] P-gp D) RE B 5 34 0 40 i oy Bl B Z RN PE -
123 1y E B
24 WEFEI BEL-7402/5-Fu AR 25 B F R ix

i 1F RT-PCR 9 BEL-7402/5-Fu 41 g 75 # H-
T B A F AT S 25 35 P mRNA (59 A0 % 2655 7K, 4
FE RS P OB 1 (P-gp)  FLAR TS 25 40 OC 25 1 (ABCG2)
Ffiii 2540 6 8 (1 (LRP) A9 MDR1,ABCG2 Fl LRP
S A mRNA K, 4558 57K (Table 3) : BEL-7402/
5-Fu ) MDRI #l ABCG2 ) mRNA 7K ¥ 4% BEL-

Table 1 The cytotoxicity of Trametes robiniophila Murr.
on BEL-7402/5-Fu cells

Trametes robiniophila Murr. (mg/ml) Inhibition rate

10 0.912+0.086
5 0.790+0.071

2 0.266+0.063

1 0.153+0.030
0.1 0.093+0.058
0.01 0.033+0.016

Table 2 The enhancing cytotoxicity effect of Trametes robiniophila Murr. in BEL-7402/5-Fu cells

Groups s

5-Fu(mg/ml) EPI(pg/ml) PTX(pug/ml)
BEL-7402 0.008+0.008 0.541+0.270 1.533+0.324
BEL-7402/5-Fu 3.068+0.784 3.107+1.037 5.435+1.166
BEL-7402/5-Fu+Trametes robiniophila Murr. 0.839+0.313" 1.308+0.457" 2.512+0.908"
BEL-7402/5-Fu+Verapamil 0.453+0.129™ 0.019+0.025™* 1.492+0.049™

* . Compared with BEL-7402/5-Fu, P<0.05;
#:Compared with BEL-7402/5-Fu + Trametes robiniophila Murr., P<0.05.
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A1,A2(ADM) and A3,A4 (Rhodamine-123) were fluorescence intensity diagrams of Trametes robiniophila Murr. and control respectively.

Figure 1 The enhancing effect of Trametes robiniophila Murr. on the intracellular accumulation of
ADM or Rhodamine-123 in BEL-7402/5-Fu cells

7402 W] W B4 % (P<0.05),
LRP R3K KV TC W W 2 5+

Table 3 The relative expression levels of MDR genes after treated with Trametes

robiniophila Murr. groups

(P>0.05)., it BLH %5/ Groups MDR1/B-actin ABCG2/B-actin LRP/B-actin
PG DR A R e
S 25 T PR AR(P<005), BEL—7402/5—F2+ Trametes robiniophila Murr. 095:0.07  0.82+0.06° 0.37£0.03"
ﬁﬁ ABCG2 ﬂ] LRP mRNA * :Compared with BEL-7402/5-Fu cells, P<0.05;
KT i E AR AR (P>0.05) A:Compared with BEL-7402/5-Fu cells, P>0.05.
(Figure 2A),
25 ®EHFE X BEL AL,
7402/5-Fu 40 B P-gp FRIEH n VDRI
A B 1 2 3

Western blot . 7~ = Apeez -P—gp
BEL-7402/5-Fu ) P-gp # - Liige
ik 2 BEL-7402 W i 14 % T ... - B-actin

(0.55+0.04 vs 0.43+0.03,P=
0.022) (Figure 2B), 7£ BEL-
7402/5-Fu 23 4 - B AE
HJG ,P-gp 2% 1K % H 24 i B
B FEME (0.47+0.02 vs 0.55+
0.04,P=0.046).,

B:Western blot for P-gp expression: 1. BEL-7402 cells

A:RT-PCR for MDR genes expression: 1. BEL-7402/5-Fu cells + Trametes robiniophila Murr.

2. BEL-7402/5-Fu cells 3. BEL-7402 cells
2. BEL-7402/5-Fu cells

3. BEL-7402/5-Fu cells+Trametes robiniophila Murr.

Figure 2 The effect of Trametes robiniophila Murr. on MDR genes or

P-gp in BEL-7402/5-FU cells

3 it it

FREE A E2E PR M 2R H (PST),
VFZ Bl Kl PRAF 5T R W] PS-T BAT 22 B 470 i g
A, e ok W 240 i D BE 375 5 A I T e 0 A0
PPETIRE A v PRI S D RE 40 ol e g 1t A7 A= 1 A
U e R (A e = 1 e S AT
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ARG AR SRR R DI RE WA
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JHF9e 56 AR I Ml AR R J00RE, AT k3 R e Tk
FIEILE ) VEGE , B AR J5 2 L7558 48 w47
e s Y
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F1PTX # RRR% I 70%VA L, i W B8 H- 3% 5 Rt
X =TT 2510 1Cs W1 S T B (HAT LE SR AR BEL-
7402 4 1Cs 55

P-gp s& MDR 5 3 22 09 AL 1 MDR 3% 5% 51 5=
FLHLS B JE—FRh AR 170kD 4B REE 2R 1
i 5L K& MDR1, E T 24 b2 20 i b & 3R 3K . P-gp
WAL 245G I K ATP B 55 o0 7 N4l i N = glis
RN AN, BEAR T A M PN 25 ) A RO B P-gp X
BERE KEWME BAERMELEZRAITAY
HA i /R 2250 iFE o MDR1 A9 3Rkt 5 i
JE AR AT 2 B 25 20 s MDR1/P-gp mRNA
FEE 12 IR /KPR A A0 L 0 o 2 Tt v, B it 24
4 e MDR FJE5 MDR1/P-gp i Fik A 5, AW
K WL H- U B Be U] 1S i BEL-7402/5-Fu 44 #i N
ADM F % FHI-123 (9 EE U6 IR B3 B RE 4
P-gp 532 W), HA 0] P-gp WD EE , Ml HLAL B
B HEE % T8 MDR1/P-gp mRNA FIE I EL, X5
A RO A R FRATT A IR 3 AT g
JEAE AL R U P-gp 0% R T 25 41 i MDR

A WF 5% % W BEL-7402/5-Fu 40 i ABCG2 )
mRNA #iA/K V48 BEL-7402 .5 71, LRP £k
BB A1k, $2% ABCG2 #:Hnf§E2 5 MDR JE %,
ABCG2 P53z KFE B B RIS S5 2591 AR5
gER R MBS B X ABCG2 ) mRNA 2354 N
g BB FHERM, LRP AT A 126 e fb ) 4
24T 25 1o, (H e g IR R MUEE TS B X LRP
) mRNA B TCH 52, 4578 W HI5 5 3 40 1
MDR A fig 3 Al i i ABCG2 . LRP ik 52H

gi ik, JC A RE ) R E I R B A R
WO I 2 25T 25 A, RN R T
MDR1/P-gp ik, #ifil P-gp ZhE , B4 4m i iy 1k y7 25
Wy e | S IR 43335 7 I 96 22 245 T 245 (R R P 5 3 R ol
BRI ATRE S ABCG2 I LRP JC6 1% 5256 2 WA L H-
55 AT I MDR, 54097 106G 0 B AT 42 i 4k
ST A BOF XTI s BRI B B A I R R
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