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Mice Through MEKK1/SEK1/JNK1/AP-1 Pathway
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[Abstract] Objective: To explore the potential mechanisms of Panax Notoginseng Saponins (PNS) on
growth inhibition of breast cancer cell line 4T1 in tumor-bearing mice by investigating the mitogen-activated
protein kinase kinase kinase 1 (MEKK1)/stress activated protein kinase (SAPK)/extracellular regulated protein

kinases (Erk) Kinase (SEKI1)/c-Jun N-terminal kinase 1 (JNKI1)/activator protein-1 (AP-1) signaling
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pathways. Method: The 4T1 breast cancer mice model was established. Forty-eight mice with successful
modeled and randomly divided into the low, medium and high-dose PNS groups (10, 20, 40 mg-kg"') and the
model control group (12 mice in each group). The PNS groups received intraperitoneal injection with dosage of
10 mL-kg", while the controlled group was given the same dosage of saline. After administration with PNS for
28 days, tumor tissues were isolated, weighed, sliced and homogenized. Tumor cell apoptosis was detected by
TdT mediated-dUTP nick end labeling (TUNEL) staining. The mRNA expressions of MEKK1, SEKI1, JNKI
and AP-1 in tumor tissue were detected by Real-time polymerase chain reaction (Real-time PCR). The protein
expressions of MEKK1, SEK1, JNKI and AP-1 in tumor tissue were detected by immunofluorescence staining
and Western blot. Result: Compared with model group, the tumor weights of medium-dose and high-dose PNS
groups were decreased significantly (P<0.05). TUNEL staining showed that the number of apoptotic tumor cells
increased with the rise of dosage of PNS (P<0.05). The medium-dose and high-dose PNS groups showed a
significant increase in the mRNA expressions of MEKK1, SEK1, JNK1 and AP-1 as well as the protein
expressions of MEKK1, SEK1, JNKI and AP-1 in tumor tissues (P<0.05) , with statistically significant
differences (P<0.05). Conclusion: PNS could inhibit the tumor growth of breast cancer cell line 4T1 in tumor-
bearing mice, which may be related to the activation of MEKK1/SEK1/JNK1/AP-1 signaling pathways.

[Key words] Panax Notoginseng Saponins (PNS); 4TI breast cancer cells; mitogen-activated protein
kinase kinase kinase 1 (MEKK1)/stress activated protein kinase (SAPK)/extracellular regulated protein kinases
(Erk) Kinase (SEK1)/c-Jun N-terminal kinase 1 (JNKI1 )/activator protein-1 (AP-1) signaling pathways;

apoptosis
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1.3 i DMEM $5 3% B, ORG24 i vE
(FBS), [l A i -EDTA R A TH AL, B 1R 6 2% vl il
(PBS, pH7.2) , 3L i 26 6 5 12 B 4 Wl 4 S [ (Real-
time PCR) il /| & , 5 11 %2 % B 3 15 (Western blot)
ECL k2% kiR 7] & , BCA & A & B4 IR 7 &,
1 il A R 2R DY 0 Tt e (SDS-PAGE ) BE i T il
I & N R AE RO BR A R S 43 R
WBKLS52328, WBKLS26832, WBKLS52339,
ISEQ00812, CSB-E08324r, CSB-E08453r,
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ity 18 45 A 1Y TR % RS W A 52 1 dU TP R 1 R S A i 2%
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5 VSXHIJKLas2589) ; & $iL /I R B -l 3l & 1
(B-actin) PL 1k , S H1 /N B MEKK 1 Ht 44, fe 4t /1 B
SEK 1 U, S it/ BUINK L HUA , S i/ Bl c-Jun Bt
PO N BR 55 2B o BB A R A | iS5 R
GGSKCqwes6623 , GGSKCqwes1326 , GGSKCqwes9825,
GGSKCqwes6423, GGSKCqwes6887) ; K& A 45 5 1
14 G R B A R A R A, AR 1
*1 5|¥F3

Table 1 Primer sequences

519 JFF0(57-3") K J# /op

B-actin |3 CCTCTATGCCAACACAGTGC 191
T iif ACATCTGCTGGAAGGTGGAC

MEKK! [ AGGTTGGCATCAAAAGGAAC 198
Fiif GGCGAGATGATTGGAGTGTT

SEK1 |9 GGAGTTTGGGGATCACATTG 196
T GGCCTTTTGGATTCATCCTT

INK1 |9 GCAGTTAGATGAGAGGGAGCA 200
T TCGGATCTGTGGACATTGAA

AP-1 |9 ACGACCTTCTACGACGATGC 110

Fif GCCAGGTTCAAGGTCATGCT

1.4 {U#F CO, #5574 ( H A& Sanyo /A H] ) ; BT25S
B e, 1 K F (74 5 Sartorius 23 7 ) ; CM 1850 B K %
Y1 1 HL (25 ® Leica 2y &) ) ; Dounc I &) ¢ 28 (£ H
Wheaton 23 /) ) ; IX81 I & i 5% ( H A Olympus 2&
) ; CS-15R %1 ¥ 7 8 0 ML ( 3% [ Beckman A ] ) ;
DY Y-6C %I Western blot & ¥4 % #& (b = o — 4 W)
Bl A BR 2 A ) ; Odyssey Clx B X4 21 4h i k6
X ( & [ Licor 2% 7] ) ; Mini-PROTEAN Tetra i 7k &
45 A% 2 45 (3% [# Bio-Rad A 7 ) .

2 Fik

2.1 NRFLIRFEBIA Ky A h2 K 4T /NRAL
JU 955 21 B BR 55 9% T 10%FBS i DMEM B 9% B rp |
T37 °C, 5%CO, 55 F2 F Br 7% o WU BE AR K i X 4L
140 M, B % 0.02% EDTA B 0.25% Jif & 1 i 1 40
JI6L 9 Ak 5 T AR 4 M RV, PBS PR 2 0, 3 T
W, FHJC T PBS U MR R OB UM RE 4 il % K
1x10"f~/mL. 60 H &R B 73 12 HAE b 1E % 4,
48 HARRUH FrEdi . IERHA/NE,H 1 mL BRI
S R A A F AR K 0.1 mL 32 F T /N B 8 K R g
i, HiAy 48 HO R, A1 mL JG B 1 59 4 il B
% B A0 0.1 mL (24 1x10°4 ) 2 T /)y B M 8 J
T A U ST e /N BB R, DL S 56 5 R/ B
B2 0 A7 T fih 45 2] 5 45 Sy 1 S R T b oA, 48 AR

B4 30 BEE L BRE R 100% . 3k B /N BBl AL 40 b 5
A = a R oh o mAEd4d, B 12 1,
MR N5 /N BRSO T S O ik i e A LG 2
FIE 35 10,20,40 mg-kg'. =-E R R 4LE B
TSR O 10 mL kg™, B AU 20 25 T AH [ 57 A 2R
ok, AEBRER 2R, BRHH 1K, ELAL
28 do RIK G 25 WAk &, 55 29 KB i 4b 48 /)N L,
JC TR R B 1 20 BRI i R R AE
2.2 KR AL SVRR RO TR R A
FE/IN R S i 96 98 B, BR B4 4 /)N RS T i
10 SR A A/ B R A0 807 B i i
2.3 TUNEL %t k5 I 2L I8 40 i ) T K 2188
Jifr g8 20 20, TG K O BE RN T UK R AL 3L, o 4 TR
FELY T wm VKR YD R, SR 5 R L 8 1 4% 2 R
R AE %5 3R [ %2 20 min, JH PBS #2 % 30 min, i
0.1% Triton-X-100 7K I+ i% % 2 min, F§ 1] PBS ¥ %
2 K JE A TUNEL 2 I iR A 50 wL, 78 37 °C T ik
YeHEE 1 h, PBS Uk % 2 YK J5 7 Il Antifade Mountant
with DAPT Y4 & YL 40 ML , B v IR 2O AEE T
L% i 96 41 2 40 B 1 0 T B R PIL B R VD R
SAAHE MBI ECR T A0 B (E
2.4 Western blot £ I ZL fif % 41 21 MEKKI,
SEK1,INKI1,AP-1H H#£E BRI 412, 57
¢ J& A RIPA 2L % 400 L, T Dounce 2 3¢ 2§ vk
ARSI R B O NAE 4 °CL12 000 remin’!
B0 S min, W E BWEWOBE AWK E . EQ
80 g £t 8% SDS-PAGE % it H Tk 43 B Ji5 B 25 1 %
E Z PVDF I, SR J5 F TBST 1 W vk , 5% Wi jg
Wy = IR FEA 1 h, TBST FRR PR, 76 4 °CF 43 5
A% bt/ B MEKK 1, SEK1, INK1, AP-1, B-actin
FTEREHUIAR (121 000) 5% B i 7%, 1 TBST ¥ Wi Uk
3, A S A Alexafluor488 #r ic B ¥t ¥t A
(1:17),Cy3 bric Wbt e diik (1: 1 7)), = kot
BEE 1 h, FKH TBST W WUE I BB T )5 T 06
IANEOC R G RO A . SR Image 43 M1 45
AT K (E, DL B-actin 7 4 N B L 55 4% 41 1)
B A XS Rk AR
2.5 Real-time PCRAGAHC mRNA Ki5  HUARLE
Jif 983 2H 21 100 mg, B 6% J5 i T A1 K A8 AL A
trizol ¥ 1 mL, F VK [ 78 43 BIF s A 2R &) 9%, 42 B
AL RNA i 2850 23 00 B2 31 5 5 RNA 1) 26 JiE
Ak B, #% B8 Thermo 2 F] B RevertAid First Strand
cDNA Synthesis Kit iz 71 & 56 ] 458 138 32 By 2
RNA ¥ % 5% 3 cDNA %5 — i , it & PCR [ b 1K &
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20 wL (SYBR 7% Jt %t %} 10 wL, MEKK1, SEK1,
JNK1,AP-1 mRNA, 4 Z B-actin F 514, T iF 5]
Y& 2 }LL cDNA #if 4 pL, TR K 2 pL), H
PCR #4751 ¥ 9™ 3% (¥ 1§ 5% {4 4 95 °C 10 4% %
10 min, 95 °C7£ 1 15 s, 60 °CiE *k 30 s, 72 °C % fif
30 5,40 DGR ), T 65~95°C 4= Jli i fire il £k |, 451> 3
Ak 310 fL, U B-actin N =, KA 2“1t
By Hr 4 B 3 MEKK L, SEK 1, INK 1, AP-1 Y
FHXTF B

2.6 GLiteEartr SLEREHE R H SPSS 25.0 #4441
B FF G IER AT ERRH x + s £om, 24
[ LU 388 R I EAT B0 K 3R 5 2243 07, P<0.05 R 22 5+ B
BHEITFE L.

3 &R

3.0 bR AT 4T R0 B AR /N SRR Y
M 5 OE R4 g, A5 2 A iR T A 1
(P<0.05), KRNI SEAVA LA, =L AR
FErp L ) e 2 Y b Rg R B ek /D (P<0.05) s =&
kB R R 2 AR R a2 b e R e Y e D
(P<0.05), W2,

3.2 =B AR AT X 4T FLAR g far 95 /0 B R 21 41
s TN MR B R 2 5 E R 2 A, AR AR 2 U
T 40 B Kk S 9 0 (P<0.05) ; SRR AL e #, =k
RSN & (1N SN B O ! D DR G T BB |
(P<0.05); 5 =L g H M aEd b, = tagH

A, BTG B~D. —-E R B P AL E R AR 2[F)
B1 =Z=t2EFNMNRMBALMARAEATHZIM(TUNEL, x400)

x2 ZLEREHEWATIEBRERFE/NRBERENFM (F+s,n=12)
Table 2 Effect of Panax Notoginseng Saponins on tumor weight

of breast cancer cell line 4T1 in tumor-bearing mice(x+s,n=12)

215 # 4 /mgkg! i 98 o i /g
EH - 0.13+0.01
i - 0.42+0.04"
=LA 10 0.38+0.03

20 0.33+0.022
40 0.21£0.0223+4

5 IEH A R VP<0.05; 5 BIARVA 2 P<0.05; 5 =k A
ARG A LAY P<0.055 5 = b A R R R R 41 B g Y P<0.05
($3~50).

R R A R T 2 B A B 8 N (P<0.05) 5 AN
=LRBRTPREHLE, =R EREHEdHm
U7 T 40 i B0 I e B hn (P<0.05) . WLFE3,IE 1,

3 ZLEREFMTIAREEEMRMBEHLARBATCHEE=E
MR (X+s,n=12)

Table 3 Effect of Panax Notoginseng Saponins on number of
apoptotic cells in tumor tissues of breast cancer cell line 4T1 in

tumor-bearing mice(x£s,n=12)

205 it /mgkg! 2 i 9 T2 % B /A /mm?
154 - 45.21+16.82
iR - 215.64+26.33"
“LERH 10 344.22+41.759
20 427.72+45.132%)
40 506.33+71.6823+4

Fig. 1 Apoptosis condition in tumor issue cells of breast cancer cell line 4T1 in tumor-bearing mice( TUNEL, x400)

3.3 =L SRR AT LR g far 5 /0 BRI U 2H 41
" MEKK1,SEK1,INK1,AP-1 %5 [ % 3k 4 5% i
55 1E W 41 H B, B 4 MEKK 1, SEK 1, INK1, AP-1
%E%Li%ﬁiﬁn(ko 05); SHIRIA LD, =&
RO R 4 MEKK D, SEK 1, INK 1, AP-1 %K
E%Lgﬂﬂﬁiﬁﬂ@w.(ﬁ)o M=t BB =
I H, =L B R ) i 4 MEKK 1, SEK 1, AP-1
HH H R I8 & BN (P<0.05) ; Al =& & B2 H R
YR, SR A AP-1 F RS B INB B(P<
. 78 .

0.05). WL3k4,KE 2,
3.4 =L SRR AT ZL R far 5 /0 BR i g 28 21
P MEKK1,SEK1,JNK1,AP-1 mRNA % ik 19 5 i
5 IE ® 4 e &, B 4 MEKK 1, SEK1, INK1
mRNA 55 B B RN (P<0.05) s SRR LA, =
LR R A4 MEKK1,SEK1,JNK1 mRNA
%ﬁ%@%mm(ko 05). 5=t BB AL atd
P85, =& A R & I & 41 MEKK, SEK1, INK1
mRNA%%J_giJJnEﬂE(RO.OS)C H=taafh
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&4 PNSI4T1ZLARE A/ R AN A S MEKK1,SEK1,INK1,AP-1 & B RIZEHHM (X+s,n=12)
Table 4 Effect of Panax Notoginseng Saponins on expressions of MEKK1,SEK1,JNK1 and AP-1 in tumor tissues of breast cancer cell line

4T1 in tumor-bearing mice (x+s,n=12)

215 F ik /mgkg! MEKK 1/B-actin SEK 1/B-actin JNK 1/B-actin AP-1/B-actin
EH - 0.147+0.032 0.084 +0.013 0.103 £0.021 0.095 +0.024
(e - 0.365+0.082" 0.220+0.032" 0.454+0.067" 0.522+0.067"
—tEEf 10 0.489+0.061 0.321+0.063 0.612+0.083 0.683+0.038
20 0.682+0.0882 0.499+0.1062 0.794+0.0622 0.781+0.0842
40 0.793+0.0592+3) 0.625+0.0932:3 0.816+0.074% 0.969+0.0722:3+4)
MEKK1 — 106 Da 4 Itig
2 Jei H g 2 H 41 GO s e H R
SEK] e e w— A ——  44LDa FL R 2 i 3L P A BUR e iR SRR E L R AR
KN 22 BE PR L[] AV FH %) 25 S | i i ik DXL R ) 9 3
INK] S a— - 0 - - -

AP-] | s— a— 580 kDa

GAPDH 8 36kDa

A B C D E
B2 &48/NRMEEASR MEKK], SEK1, JNKI,AP-1 E B R i%
B ik
Fig. 2 Electrophoresis of protein expressions of MEKK1, SEK1,
JNKI1, AP-1 in tumor tissues of each group

F 4 H AL, R 41 AP-1 mRNA 235 & 5 i i
(P<0.05), WS,

PRl ) 5 2 1 S5 4 8 o T AR A S e R 4 i
i S PR S AR A A P e H UL AR E T AF Ok
KR ARG LT AT AR ATy o A BR 2 PR R AE Y
AL R A NSRS i R R, H AT, 3L
JU 4 e R R B S BF 58 RS T AR Rt L HAEFL
HR I VAT 7 T, P BE i TC R RO YA T R i
SRS EAIE W P R 28 BRI T A B I R T 8
b AR O S (EH A A ) L e 2R R R o TR
LA Rt — A5 =LA R Ehi=tn
A RO oY FA T LA T K 2% R SR BT

®5 ZERETEI4TIABRERTE/NRMEHALAH MEKK],SEK1,JNK1,AP-1 mRNA RIEMFI (X+s5,n=12)
Table 5 Effect of Panax Notoginseng Saponins on mRNA expressions of MEKK1, SEK1, JNK1 and AP-1 in tumor tissues of breast cancer

cell line 4T1 in tumor-bearing mice (x£s,n=12)

20 51 4t /mgkg! MEKK 1 SEK 1 INK 1 AP-1
EH# - 0.346=0.024 0.632+0.012 0.553+0.037 0.324+0.152
AR - 1.048+0.036" 1.032+0.024" 1.068+0.062" 1.589+0.234"
bRt 10 1.421£0.076 1.284+0.016 1.350+0.048 2.323+0.144
20 1.667+0.069% 1.620+0.0132 1.852+0.043% 3.256+0.285%
40 1.846+0.0822% 2.073+0.0242:3 2.274+0.1062 4.988+0.411234

P2 o s U & 1l N D e D O B R e S I
i 96 200 38 B L 07 MR O AR TR R SR PR
f 95 g A BE I 3k B B A R R ORI S
B, =LA B fgiE o T miRNA-21 Kk 3
(IR N LR i B (2 ) = i o S L= S € Vi
6 FLR 9 B BE AT FE 43, LI G A WY A, oA BF
SEA AT 3B g0 1 96 /0 BU R BRS¢ = £ 8
T L R R /) BU MEKK 1/SEK 1/JNK 1/AP-1 3
50, DAE — 25 0 L mT e AR A B9 VR FE AL
MEKK 1 %£ [H & fif T 5q11.2, /& MAPK {5 5 i
% T Y 22 R/ A TR G, L O R AL R UiE (R

S TS b B P R R g SR TR R E S
KA, A al A K o e VI T S AR AT
JH AE R MEKK T U B , SEK 138 i3 4 VK 5 iz
b1 2R, 22 S8 TR 5% 5 R TG INKCL, 6 40 i &1 3 3
5 T 2 A M S A M N U0 B SR IR T AP-1
Ui N REER /K o3 A A

PB4 T 40 32 M {5 5 TCR il % 1Y 552 41 a0
73 , MEKK1/SEK 1/INK1/AP-1 15 5 i #% (1) 4 1T A fie
HE T ARML R T A AR AY & BB /) B MEKK T
B R AT EG E L BE P % NKCT 40 i, CD4'T 41l Jifg
I CDS'T 40 B3 £, 3x 5 MEKK1 {2 #F T 41 fid 1% 7
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ToAESEPY ) ARSZEGHFSY A = b M B A BN 4T1 notoginseng saponins attenuate lung cancer growth in

P o7 98 /0N B PR 2 20 T ) A A A, L
I COREME s MEKK L 7E = £ B B s Rl a4l
mRNA A 7K P S H 8 3R GA 2 1 il 1 =
tERBRTESABENRE T A, B
MEKK 1 #] fi£ #f SEK 1 #9736 k"', i SEK 1 /7% £k ]
i I O INKL DL Y JUN P8 7215 538 6, Ol 3
TR S T AP-1IE AR TR LS 1 AP-1 AT 5
T 40 JfLA% PN 7 DNA 45 45 I 28 0 172 AH DG FE D 5% 5t
e 4 fifi — & 5 T2 % 11 W0 FasL, Bam, P53, TNF %
FEAk MR T R A0 A TN S HOAR SR oY
T T N o U S S LI =01 v o 1 R E A

MEKK]1, SEK1,JNKI, AP-1 mRNA % ik 7J<%E&ﬁ:
B RIR R B = R R ) A 0] e e
o, BT = b A2 AT fg i i MEKK1/
SEK 1/INK 1/AP-1 {55 53 175 5 7L i 95 40 B o4 7~ LA
003 P A K

25 F PR, A WF ST i PNSIG YT 4T1 5L IR 1
Ja/NBUE , =B B X 4T 1 20 A R s B R
5 R A AR, ML 5 MEKK1/SEK1/INK 1/
AP-1 15538 A OC A2 3 T M6 48 B vy 0 T, T
T Beb g B A K o = b R PR IR A o — 2
s A 711 52 565 A 9 4 HAE AR B

(&% k]
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