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Inhibitory Effect of Liuwei Dihuangwan on Triple-negative Breast Cancer
Through MAPKKK1 and KLF4

ZHENG Li-xiang", LIU Ting-ting, HUANG Ping, QUAN Wei, YU Zhi-peng
(Jiangxi University of Chinese Medicine, Nanchang 330004, China)

[Abstract] Objective: To study the underlying mechanism of Liuwei Dihuangwan in inhibiting triple-
negative breast cancer through mitogen-activated protein kinase kinase kinase 1 (MAPKKK1) and Kriippel-like
factor 4 (KLF4). Method: Four hundreds SPF female Kunming mice aged 11.5 months were palpated once
every 3 days. The model mice of spontaneous tumors were randomly divided into a model group (normal
saline) , a paclitaxel group (0.025 g-kg'-d', ip, 21 days), and high- , medium- and low-dose Liuwei
Dihuangwan groups (7.2, 3.6, 1.8 g-kg'+-d", ig). Tumor tissues were separated until the moribund stage. The
tumor volume and weight were measured, and the tumor inhibition rate and the survival time of the tumor mice
were calculated (after 6 months, tumor-free mice were assigned into the normal group). SPF SD rats were

selected to prepare serum samples containing Liuwei Dihuangwan of different concentrations for cell culture,
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and MAPKKK1 in MDA-MB-231 cells was silenced. The protein expression of MAPKKK1 and KLF4 was
detected by immunofluorescence and Western blot. Result: The in vivo experimental results showed that
compared with the conditions of the normal group, the protein expression of MAPKKK1 and KLF4 in tumor
tissues of the model group dropped (P<0.01). Compared with the model group, all medication groups showed
reduced tumor volume and weight (P<0.05, P<0.01), increased tumor inhibition rate, prolonged survival time
of tumor mice (P<0.05), and increased protein expression of MAPKKK1 (P<0.01). Additionally, the paclitaxel
group and the high-dose Liuwei Dihuangwan group exhibited increased protein expression of KLF4 (P<0.01).
The in vitro experiments showed that compared with the conditions of the normal group, the fluorescence
intensities of MAPKKK1 and KLF4 in MDA-MB-231 cells in all medication groups were potentiated, and the
protein expression of MAPKKKI1 in the paclitaxel group and the high- and medium-dose Liuwei Dihuangwan
groups, and the protein expression of KLF4 in the paclitaxel group and high-dose Liuwei Dihuangwan group
increased (P<0.01). After silencing of MAPKKK1, compared with the conditions of the negative plasmid group
(unsilenced MAPKKK1) , the fluorescence intensities of MAPKKK1 and KLF4 and the protein expression
decreased in the RNAi-27 positive plasmid group (silenced MAPKKK1) (P<0.05, P<0.01). Compared with the
RNAi-27 positive plasmid group, all medication groups had enhanced fluorescence intensities of MAPKKK1
and KLF4 and protein expression to different degrees (P<0.05, P<0.01). Conclusion: Liuwei Dihuangwan can
inhibit the growth of triple-negative breast cancer, and the underlying molecular mechanism is related to the up-
regulation of MAPKKK 1 and activation of KLF4 expression.

[Keywords]
kinase 1 (MAPKKK]1); Kriippel-like factor 4 (KLF4) ; plasmid silencing

Liuwei Dihuangwan; triple-negative breast cancer; mitogen-activated protein kinase kinase

FUMR S Ry LV S LR e i R e E L
PEMERRE , B0 R 2 BREE — Ko i . = PR FL AR
Ji (TNBC ) & — Bl 5 03 P 119 L 98 S0 Y, M i
FZAR(ER) MR Z R (PR)M AR R EAKHK
T2 R -2(Her-2) & 3k 359 K B |, i RAE AR 5 o Ath 25
RUZL IR AR L, Z2 RN FLIR A e G A 2 E
R EL s PR R R AR CFL Sk R KO i S {H
MR N R, R AR IR Bl
IRIAIT R F AR 3 AT U7 BT IR N 4
WT AT BT 2R R R K
R IRITROR KA T B IR 9T R
RS EE

Il PR 52 I 512, v B2 2596 97 b e B A kR
B AR T R RR RS A IO TC IR R RN T LR
9 10 R0 AT S L 38 AT BB A R AE ) SR
Ho B LA T B e MU B Oy A R S UM LR
HR),EHTIRITERARA R ZIE, K 52 R
S5, 75 MR ML AE FLOMR O B A O R ¥ E AR
FHST . R R I 5 S B, 7 R M Lm0 ] =
BT 1 2L /0y BRI R R K, KRR N BRUAE £
0 A R S v AN I . 22 SRS AL R
it 5% A AR 1 (MAPKKK 1) 238 8 T 22 24 % 1k &
P13 (MAPK ) G (1 — B 22 S 1 /95 2 R S 1 ,

Te i Sk 1 4(KLF4) T IZAE1E T Fh Al 8, 5%
B E5A MM ST SR, B
22 A i S DR 1) i 40 ) 2L R g 1 R A R RO
WA BIF 5% DA S 4 3 7S R 8 AL = BF 2 LR 9 1Y
I E ] Ko MAPKKK 1 KLF4 3k 19 5
1 ##
1.1 S5 Mbk  © =47 19 SPF 4 L B o 4
FlERL 400 H, U 29 11.5 4 H L R it (40+5) g, FH T
PG s 2 K 2R 508G s oo 4R IR AR IE S SCXK
(#%)2017-0001, SPF 2 Mt SD K F At 60 L, BLi%
63~83 d, /& Jfi & 301~350 g, 1 b 5t 4k 1 ] 42 52 56 5
PR A R w2, & & UES SCXK (5% )2017-
0011, A% 5256 3K A3 VL7 Hp B 25 K 5 50 560 sl i 48 B
Z= AL e, 9w 5 TZLLSC20210029, = BA 1 FL AR
Ji MDA-MB-231 4 i bk , by o [ RE 2% Be b 15 40 it BT
W, H 55 TCHu227 44 £ 918,
1.2 25550 SR M EE L (db o R s R R
JR ey A BR S ml i 25T, B 25 17 219993068 , 4t 5
13031844, ¥iLA% 360 Ki/ffi, 0.2 g/hr) , 5842 s 1 O W
CRINTT SR 2500 A RS 7 [ 25 1 57 H20056879 , 41t
5 E170702, L k% 10 mL- (60 mg)"'], 8- WL 3 &
(B-actin) LK (3£ [H Cell Signaling Technology /A ) ,
ft5#4970) , KLF4 i t& (32 [E Proteintech 24w , #IL55
. 17 .



28 B 111
20224 6 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 11
Jun. ,2022

11880-1-AP) , MAPKKKI1 $T f& | Alexa Fluor 647
( % B Abcam 24 w , #it 5 4> i & ab32091,
ab150079) , BAR it S AL Wy A 10 L E BT S e e BR AR
Mg G(dt &N EWHEARARAA,H S
#J10309) , 1= & U Ak 2% kO ECL A il il 57 £ (3£
[ Thermo 23 @ , It 5 KF136091) , i A 45 B 77 &
(R AR A RA A, #HS5 CW05008) ,
RPMI Medium 1640( 3£ [E Gibco 2 Al , b5 1786044 ) ,
DAPUF W (AL 5 Zok AL A vl 5 C0065) .
1.3 fU#% H1650 A & =X i ol ¥ VR 250 L (Il e
I P A B RN 7] ), Leica TCS SP8 AU i 5 4
i I 2 4 8 flUBE (F8 [ Leica A H] ), PowerPac(TW)
i F % Bio-Rad Hi 3k {X . Mini-protean % & B Hi, Jk
il  Mini-protean %! %% E[J 5, Jk ## ( 3% [ Bio-Rad 2%
&) ), Forma 3111 & — %8 1k o % 7% 6 ( & [E Thermo
Electron 2 @ ) , Fluor Chem M #E i i 1% & 48 ( 34 [H
Protein Simple A F] ) .
2 Ak
2.1 AR = BIPEFUM D R R N a2 ik
S0 P B A Ao /N o BT S W B R A TR E R, O
MR 12 h RG2S R, A R ROK . B3 dfitiz 3L
PR ER AL 1R, K B0 3L R i B g B A % (A R 9 /D
B 6 AR LI r /N IE R AL, A RN
BB AL 23 AR RL 2 SR RS B N R b B AL
EF B . 2 M 2 25 B 5T 5 ik ) B SE
AT ST AR IS BN 45 25 BB 0/ R4S 2
SR A 2 S R b L R AR AL 7.2.3.6,
1.8 g-kg'-d", % H¥EE 13k, IE W 4 AB R 4 245 T
i R R K SR AZ B AL U B RS T I A
FEIA K 0.025 g-kg'-d', 4L 21 d. fAl 3R B PHSEAR S Ab
BE , 3B B e 4 40 K% O W 41/ BRUFL IR 4L 2, K IR
W98 PR, FRR T B ORI T SR %6 . BB Basal-like
V26 B = A e L R e A AT IR SRS
22 A e B Bl % (Western blot) £
MAPKKK1 FIKLF4 & 1385 R BCA & &
F e B, in A & 6xLoading buffer, 3 /K % 10 min
J5 & o AL A S B R #E AT 10% SDS-
PAGE ik , #% # % PVDF & I, 5% Wi 15 075 % & 141
2 h, 43 BUTE N B —H (1:1 000) ,4 °Cl B . B H
“Hi(1:5000),37 °CHE TR R T BFE 2 he M
B2 W IR, R A RS AW W EAR o b
Alphaview SA 4317 2 1 451 (1 JK B2 1 -
2.3 SEHIMTAYHI & SPF gl SD K B BEAL 2>
ol o R AN B -+ o UK (AN L= = R
. 18 .

15 Ko #5006 R 55 81 25 50 & 1.07 g-kg' - d' A I 5
s SR E LR R R AR 1.07.5.37,
10.7 g-kg'+d", 2W/H ,#EZE3 d, KRIRE 25 1 h, fRIE
KR HE S KU, #E 4 h, 3 000 remin’, 4 °CE
L 10 min( B .D2FER 4 em) W B, F4IRS),
56 °CK ¥ K% 30 min, FJ 0.22 wm 5 L 3 B8 i 0% Bx
WL A G FREAE T MR Y e, 3%, B T -80 °C
VKRR A T
2.4 HMIE;3E MDA-MB-231 41 Mg 55 35 T & 10%
2R LT 1% 7 485 % 1) RPMI 1640 5372 5L, & T
37 °C 5% CO, TR K5 F- 46 b, 40 F0I B2 15 55 o
2.5 &2y Il i X MDA-MB-231 41 il # MAPKKK 1
FKLF4 3 3k 1) 52 i
2,501 R ERAREE g e S e Rk ik e R BIL AR
BRI 7R 2 ) $2 43t 4 2% B F TR MAPKKK 1 [ i br
(RNAI, B4 % MAPKKK1 () shRNA % f 72 5 140
JF 50 ) F 1 2% F 1 B B ok . BLAR T A5 B
5y MAPKKKI1-RNAi (ID: 20326-1) 5'-CTTTCGTA
TCTCCATGAAA-3’ \MAPKKKI1-RNAi(ID:20327-
1)5'-CTGTTGAAATCAGGTATAA-3’ \MAPKKK -
RNAi(ID:20328-2)5'-ACTCTTATTGTGCAGGTTA-
3’ . MAPKKKI1-RNAi (ID: 20329-1) 5'-GTCGTGA
GATGGAGAATAA-3' . % it ki $2 B Ut B 45 ] £ A
[) 20 8 G i, HOAE 1 %o 50 AR R I A0 L, R R A i
T 2 2.4x10° 4 /mL, &L 2 mL A 6 FLAR 15
FE24 h, RN A KB FE IR 70 % e A, SR R 3,
FHPBS W R G , B LI A 5 AN [) 4 5 Y R 1) 335 9% ik
2 mL, %5 3% 6~8 h J5 # K 4% 22 3% 3% 48 h, Western
blot §ifi 1 H} 17T BR A0 B b 19 ok
252 RANSZE Ayl A2y i T X 40 M
MAPKKK 1 } KLF4 33K [ 52, 43 A i 4 175 41
ECE LW AR AZ BEAL 7S IR b L B 2 T
AR RESE T 15% AH LI 1% T 5 5 R W
RPMI 1640 15 35 5 S A2 BEAL IR JE 57 pmol- L',
Ut B MAPKKKI1 J& & 25 Il & % 40 g v
MAPKKK1 M KLF4 3K (¥ 52 00, 43 R I A6 15 241
R P 5 k7 2H (R U0 B MAPKKK 1) | BH P B i 41 (3T
R MAPKKK 1) | BHAE BkE + 58 A2 B2 4 L BHE Bk + 75
WA b B8 AL B 24 003 R L R B R+ I R I
THH . B35 T I A 6] JBORL % 94 i 09 75 15% A I
M3 TG 75 -85 55 E 1Y RPMI 1640 K5 37 3L
2.5.3 P 98Ok B K Il MDA-MB-231 41 Jig
MAPKKK 1 Fll KLF4 142 G0 B 4l 50 95 9 't B
I O ol 1S 1 B N 1 B PSR s



28 5 11 HEXBAFZRS Vol. 28, No. 11
202246 H Chinese Journal of Experimental Traditional Medical Formulae Jun. ,2022

5x10*4~/mL, L 2 mL 4% % 2] 24 £L A 40 L€ /- |,
2 U B S 5 IH G 9 5L B B SR AR AR L5 3R 24 h
(ARTTER) B 48 h(TTERG ), 4% 2 58 WP [ 2 , W
L I (PBS) ¥, 0.5% triton-100 i 37 30 min, Ji%
P L 37 °CH 4% R $F P4 30 min. % INAR B4 Y
—H (MAPKKK]1 1:500,KLF4 1:50), % T 4 °Cik
R o VRIS N 26 HR i — 9T (Alexa Fluor 647
1:500),37 °C 1 i ¥ K G A 1 he VRS &
fLii% fin DAPI 200 wL, % i % & 3 min, PBS 1§ It )5
R ORI R B IE SO R A .

A B C D E

2.6 Geitsor At B s A 4 4E A SPSS 22.0 4t it
Gy BT R A BEAT AL B A ) SR BCBRL IR R 5 22 40 BT L 8K
Wi DL X £ s om0 AN R) 41 1) 0 5 L0 R /) i 3 P 22
S (LSD)K S ; DL P<0.05 WS A G5 X,
3 £5

3.0 & = BT AR A /N BUR AR A R R K R
FENRAEAF AR SRR S, AR KN
MR b B AL 17 AR L g 2 SRR I N R
I L AR (P<0.05, P<0.01) , 100988 R W W T, 08
NI B B FE K (P<0.05) . WL 1. 361,

TE: A BRI B, A2 s C~E. S UR ML BAL ey oh AR 2 (1 2 [])

Bl1 ArkiEAN =AM RENREERNHE

Fig. 1 Effect of Liuwei Dihuangwan on tumor tissue of TNBC mice
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Table 1 Effect of Liuwei Dihuangwan on tumor tissue volume, weight, tumor inhibition rate and survival time in TNBC mice (x+s,n=8)

5 /g kg Jifr 92 s fem?® i e 5T £t /g 9 /% 1718 K H/d
FEALZH 19.86+6.39 13.65+4.37 - 62.00+28.64
EYaiEl 0.025 7.22+2.37% 434+1.617 86 75.46+8.23"
75 WA b 7 S v 7 R A 7.2 8.30+3.90% 6.35+2.627 53 92.38+37.43"
75 WA b 3 S v 7 o A 3.6 9.40+3.24” 8.71+2.71% 45 87.13+28.58"
75 WA b 2 LA ) o A 1.8 9.84+3.93" 9.84+3.74" 39 84.53+37.75"

T HROR A R Y P<0.05,2 P<0.01

3.2 % =B R EL MR D BB Y i g e 2L
MAPKKK1 } KLF4 & H R B m  5iE® 4L
B BT AL /)N RO 41 40 s MAPKKK ] & KLF4 %
Ik W PR (P<0.01) . HEERIA LR, K A2

20 RS W M HE L L IR 4 MAPKKK L R
FIRH BT (P<0.01) , 5542 BE 4 2 /S b b 2

o % it 41 KLF4 8 111 3238 B & 7 =5 (P<0.01) . WL
#2 K2,

R2 AT E A WAL P MAPKKKI R KLF4E A RIZMFIN (+s5,1=3)
Table 2 Effect of Liuwei Dihuangwan on expression of MAPKKK1 and KLF4 proteins in cancer tissue (x+s,n=3)

215 Fl /g kg MAPKKK 1/B-actin KLF4/B-actin
EH A 0.980+0.050 1.206+0.034
R L] 0.165+0.041> 0.660+0.039*
e | 0.025 0.888+0.036" 1.423+0.011%
7S W b 2 L e ) 7.2 1.096+0.018" 1.170+0.050"
7N IR b B R ) 2 3.6 0.564+0.006" 0.669+0.014
75 IR Hb B RAIR) E 4 1.8 0.678+0.015" 0.296+0.032

5 IE A L4V P<0.05,2P<0.01; S5 A4 14 2 P<0.05,%P<0.01
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MAPKKK]1 - M 43 kDa
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00
Fig. 2 Effect of Liuwei Dihuangwan on MAPKKK1 and KLF4

protein electrophoresis in cancer tissue
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B3 AR A S 2553 MAPKKK &M (5588, x400)

Fig. 3 Effect of serum containing Liuwei Dihuangwan on expression of MAPKKK1 (IF, x400)
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B4 AR EAEHMFEN KLF4RIZHZI (55, x400)

Fig. 4 Effect of serum containing Liuwei Dihuangwan on expression of KLF4 (IF, x400)

K3 AKHMBEA S MBI MAPKKK] & KLF4 5% ¢ 38 B0 5
M (x+s,n=3)

K4 AKHMBEALSHMBEN MAPKKKI & KLF4E B RIEH
M (X+s,n=3)

Table 3  Effect of serum containing Liuwei Dihuangwan on Table 4 Effect of serum containing Liuwei Dihuangwan on
fluorescence intensity of MAPKKK1 and KLF4 (x+s,n=3) expression of MAPKKK1 and KLF4 proteins (x+s,n=3)
24151 17Ffﬂéf MAPKKK | KLF4 AL ﬁfﬁj‘% MAPKKKI KLF4
/% /% /B-actin /B-actin
2 1ML 7 241 15 0.013£0.003  0.025+0.004 i 2= i i 2 15 0.807+0.024  0.795+0.035
L H L7 4 15 0.018+0.002  0.032+0.004 8 17 4 15 0.747+0.031  0.756%0.009
EX A 15 0.047£0.003"  0.073%0.003” £ 15 1.211£0.041"  1.302+0.029”

NI ALE M4 15 0.030£0.007"  0.049+0.002"
ANWHLE AL A ME A 15

AR AL A ME AR 15

0.039+0.003"  0.041+0.003"

0.029+0.002"  0.060+0.003"

AWML E AL A MG 4 15 0.971+0.026"  0.982+0.011%
AWML E LT Mg Al 15

PSR OIS 25 IRAL 1S

0.991£0.013%  0.2560.019

0.789+0.022 0.720+0.014

W5 IE M 4L Y P<0.05,2P<0.01(£ 4 7))

MAPKKK] - — S S S -3 (D2

xur N . 5« -

-actin W S — S — 42 kDa
A B C D E F
E 5 MDA-MB-231 41 MAPKKKI1 & KLF4 & [ # ik
Fig. 5 Electrophoresis of MAPKKKI1 and KLF4 protein
electrophoresis in MDA-MB-231 cell
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6 AERITEEE 23 MAPKKKI & A B ik /Y & 0E
Fig. 6 Effect of different silencing targets on MAPKKKI1 protein

electrophoresis
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®5 TEMTEKE S MAPKKKI RIEHIFM (xis,n=3)
Table 5 Effect of different silencing targets on the expression of

MAPKKKI1 (x+s,n=3)

251 MAPKKK 1/B-actin

ER e ig Al
MAPKKKI-RNAi(ID20326-1)41

1.436+0.002
0.692+0.002
MAPKKK 1-RNAi(1D20327-1) %1 0.307+0.044
MAPKKK I-RNAi(1D20328-2) 4 0.615+0.013%

MAPKKK1-RNAi(1D20329-1)4H 0.488+0.015%

T 5 B R s P P<0.05,7P<0.01

N R b B L DL B O BT AN B UK 4
B, LA AN IR IF W, O BERRT , 1L 25 b 53 3L BH , O
AE A1, 360 B2 A LA T 3 T ook 5 sl 4 st
UG IR ZE RS IR B 1L 25 Z A2 s | AR B
HE PO L0 2 B8 2 R, = A =I5 IR A 2
Ty WEoE W], Bt IR 8E h2y AP B AR
e VPRSP MOR G A al ] LR R A K 2R R
JRIE AR TR S R M B AL, PR Y A =

IF) 4 2L Mt 8 1 4 FH BIL A o
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Fig.7 Effect of serum containing Liuwei Dihuangwan on expression of MAPKKK1 when MAPKKKI1 silenced (IF, x400)
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Fig. 8 Effect of serum containing Liuwei Dihuangwan on expression of KLF4 when MAPKKKT1 silenced (IF, x400)

6 LB MAPKKKI 57kt A & 2 MiE X MAPKKK1 K KLF4 3¢ 3£ 38 BB R0 (X+s5,n=3)
Table 6 Effect of serum containing Liuwei Dihuangwan on fluorescence intensity of MAPKKKI1 and KLF4 (x£s,n=3)

21 51 IRFR 5 H0/% MAPKKK I KLF4
T 2 i35 41 15 0.018+0.002 0.019+0.002
A 4 J5 s 241 15 0.018+0.001 0.019+0.003
I8 428 Joi or £ 15 0.011+0.002" 0.014+0.002"
SF 4 5 A+ 5 A2 i 15 0.048+0.005> 0.053+0.006"
IS A JB 7+ 7 B b AL 5 2 9 e 4 15 0.034+0.002>’ 0.047+0.007>
IS4 JB 7+ 7 B b AL 2 L 9 v 7 4 15 0.040+0.001’ 0.030+0.005>
ISFT A JB 7+ 7 B b AL 24 L 9 R ) 2 4 15 0.035+0.002> 0.035+0.003>
ISP 448 Joi s+ 1 0037 4 15 0.017+0.001 0.0190.002

T 5 B Bk 21 H B T P<0.05,7 P<0.01 545 FH: Bk 4 G853 P<0.05,4 P<0.01(5£ 7))

MAPKKK] il D “ Gl SIS D G & 23 kDa R M ¥ AL 2 MAPKKK 1 KLF4 41 ] = B 2L 5 9
kLF4 S O B s W 54 kDa (I VE ML

-actin W W — — 42 kD e ey g = N
e o o IE 46 % L 1 % = WP IR R 275

B9 T MAPKKKI 57 Bk ith & H & 25 i %5 Xt MAPKKK1 & bW ALIE YT AR R, hEg 2R K B S ek ik s

KR RAREEHEM /N BLAE A7 390 B G GE K i Rd 41 41 MAPKKK L Al

Fig. 9 Effect of serum containing Liuwei Dihuangwan on . o - L o

MAPKKKI1 and KLF4 protein electrophoresis when MAPKKK1 KLF4 E"J %éﬁ [ﬁ . j\jﬁé ﬁ; ﬂﬂ Eﬁ /N ujkf& Efj["

silenced J& 75 38 i MAPKKK 1 KLF4 #J i = [ ¥4 21 B 8 4=
.23 .
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Ak E A AL I E X MAPKKK1 & KLF4 & B &%

Y80 (x+s,n=3)

Table 7 Effect of serum containing Liuwei Dihuangwan on expression of MAPKKK]1 and KLF4 proteins when MAPKKKI1 silenced (x+s,

n=3)
21 5 A H/% MAPKKK 1/8-actin KLF4/B-actin

Jify A 1l v 2 15 0.574+0.005 0.964+0.017
[P TR 441 15 0.681+0.022 0.893+0.014
BA 4 L 41 15 0.207+0.002> 0.3960.004’
FH P oo+ 28 42 I 4 15 1.081+0.011% 1.216+0.014%
IF A A+ 7S e b AL 5 245 1 9 e 4 15 0.920+0.015" 1.061x0.016"
F 4 SRR 7S I B8 AL 5 24 163 4 15 1.292+0.013" 0.947+0.010"
F A SRR 7S I B8 AL 5 24 1V AR 4L 15 1.013+0.031% 0.659+0.002"
BA P R+ 1E B L 3 21 15 0.696+0.023 0.330+0.011
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