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Mechanism of ginsenoside Rg3 regulation of lymphangiogenesis in
nude mice bearing human lung cancer by the TGF-1/ERK
signaling pathway
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(First Affiliated Hospital of Bengbu Medical College, Bengbu 233004, China)

[ Abstract ] Objective To investigate the mechanism of ginsenoside Rg3 ( GS-Rg3 ) regulation of
lymphangiogenesis in nude mice bearing human lung cancer by the transforming growth factor-B1 ( TGF-B1)/extracellular
regulatory protein kinase (ERK) signaling pathway. Methods Sixty nude mice were randomly divided into three groups:
model group, GS-Rg3 group and SCH772984 group. The orthotopic transplantation model of human lung cancer in nude
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mice was established in the GS-Rg3 and SCH772984 groups. The GS-Rg3 mice were gavaged with GS-Rg3. Mice in the
SCH772984 group were intraperitoneally injected with the ERK inhibitor SCH772984. Modeling and lymphatic metastasis of
each group of mice were observed. Lymphangiogenesis, TGF-B1/ERK signaling pathway and vascular endothelial growth
factor (VEGF) expression in tumor tissues of each group were analyzed. Results Pathological examination using HE
staining confirmed the lung cancer and its lymphatic metastasis. The proportion of lymphatic metastasis, tumor volume and
tumor mass in the GS-Rg3 group and the SCH772984 group were significantly lower than those in the model group. There
was no significant difference between the GS-Rg3 group and the SCH772984 group. Podoplanin protein expression level and
relative density of lymphatic vessels were significantly lower in the GS-Rg3 group and the SCH772984 group than in the
model group when using the podoplanin protein to label lymphatic vessels. There was no significant difference between the
GS-Rg3 group and the SCH772984 group. GS-Rg3 and SCH772984 significantly inhibited activation of the TGF-B1/ERK
pathway. The expression levels of VEGF-C and VEGF-3 in the GS-Rg3 group and the SCH772984 group were lower than
those in the model group. There was no significant difference between the GS-Rg3 group and the SCH772984 group.
Conclusions GS-Rg3 can inhibit the expressions of VEGF-C and VEGF-3 by downregulating the transduction level of the
TGF-B1/ERK signaling pathway, thereby inhibiting lymphangiogenesis and reducing the lymphatic metastasis rate of lung

cancer.
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Figure 1 Pathological images of lung tissue and lymphatic metastasis of lung cancer. HE staining
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Table 1 Comparison of lymphatic metastases and lung tumor volumes of the mice in each group
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GS-Rg3 group
SCH772984 41

2 ) o 45+14.25* 2120, 14
SCH772984 group 0 5(25.00%) 231.45+14. 25 0.21+0. 14

T SRR, * P<0.05, ™ P<0.01,
Note. Compared with the model group, * P<0.05, ** P<0.01.
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Figure 2 Podoplanin protein expression and lymphangiogenesis in tumor tissues. Immunohistochemical staining

F2 KU/NR podoplanin H1FKKTF (% +5) 2.3 &4 TGF-BI/ERK @ RIKKTELLE
Table 2 Expression levels of podoplanin protein of the GS-Re3 YA SCH772984 20 ] L 4 241 4 TGF-
B1 F1 ERK mRNA [ % ik, Jf H GS-Rg3 41 #

mice in each group

ooy D g T e SCHT72984 40161 p-ERK/ERK KT i T,

g MMi GS-Rg3 411 SCH772984 #H G i % 22 5, W GS-

Model group 19 3. 332201 Rg3 W] TGF-B1/ERK 58 [ HU30E | W35 3 FIE 3,

Ggizi fip 20 401193 2.4 FAMEMALRF VEGF-C,VEGF-3 RixKFE
SCH772984 £ 20 3.89+1.77" tl:is*z . .

SCH772984 group e A1 AL ARG I 25 5 2 7% GS-Rg3 1 SCH772984

U G BURAL IR, 7 P<0.05, i) VEGF-C \VEGF-3 Fik KA ALK, 17 GS-Re3

Note. Compared with the model group, * P<0. 05.

ZH N SCH772984 A TC i & 25, WK 4 K 5 Fngk 4,

®3 FY/NE TGF-B1 ERK mRNA FIE AFRIB AT (% +5)
Table 3 Comparison of mRNA and protein expression levels of TGF-B1 and ERK of the mice in each group

ZH 5 mRNA I Proteins
Groups TGF-B1 ERK TGF-B1 p-ERK/ERK
RELRIZ
4.62x0. 36 4.36+0. 32 4.89+0. 31 0.24+0.03
Model group
GS-Rg3 4 o . . .
2.49+0.31 2.55+0.27™ 2.95+0.28 0.11+0.02™
GS-Rg3 group
SCH772984 4
il 4.71x0. 34 1.63£0. 12 4.87+0.27 0.07+0.01 "

SCH772984 group

T SRR LS, * P<0.05, ™ P<0.01,
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Figure 3 Western blot analysis of TGF-B1, p-ERK and

ERK protein levels of the mice in each group
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Figure 4 Immunohistochemical detection of VEGF-C expression in tumor tissues of each group
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Figure 5 Immunohistochemical detection of VEGF-3 expression in tumor tissues of each group
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Table 4 Expression levels of VEGF-C and VEGF-3 in tumor tissues of the mice in each group
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GS-Rg3 1 HA 10l i3 A i i 7 FHTYT 6T GS-
Re3 X IyRE bk B AT A S i 5 20>, i 4 g
HEA IR LA R A b L A B 1 R R AR i A RS
BEWBUG 825, MIFFE GS-Re3 X bk EL 45 2E i i
S FRATEE ST T il g R BB RS AR AR A, 34y
B GS-Re3 T, iad HE Y (o Wil e g 45515
DUFIR L AL RS 0, 45 31 I8 /s A5 B A 3 2L A B8 R
}1 78.95% , 1Ml GS-Rg3 1] {25 31 il bk 120 5 R 475 10,
I H GS-Rg3 At 2540 il b8 1% o o FAARRR Ay itk
— 4B GS-Re3 % ik B4 A8 AR 1 1 5 i), 3R A7 4 FH
podoplanin 25 AR 0k LA, 45 5 2 s A Y 2 K
B AFEE M GS-Re3 Al podoplanin £ FH#2ik
IKOF D R A AR ., T A I PR T 5T
GS-Rg3 7EIAYT Hh o 30 it b i VR TR R HA Ay
BPIAR PN SE0IE 5538 1k 9 K b RLE % GS-Rg3 A LU
/N B A A A A T EAMBAA BT R,
GS-Rg3 TE 5 Fh 4 A8 /)N BRASE A rhm] DL R AR Jirb 9 AR
FVE o, I3 o B e e G S 4 R AT Al 4 80 1 e
TR 457, GS-Re3 "l i@ i F 8 FUT4 A~ 3 Y
EGFR 4535 FIBHBT MAPK 1 NF-kB {55 5 18 M 41
B TR FE S5 A A Ao R RN i 9 1 4 28, B ST AR
GS-Rg3 7T fEJE 367 Ml M e e A 2 2, it
Hh, Re3 PSP AS A /N U 70 vl o A1 i ygg A4 B D
I, I L K S S A B AN 2 2 v ) e e
Ry, RIS R MR BT GS-Re3 ik
BRI EIVE R, X UL GS-Re3 AT DL o 71
il it 9 2 20 b B ) A I R LR A L X
BT GS-Rg3 mI LAF ] Al Ay A K LA KL far 938 4 R
JA A2 U LA ) A B, DA 2D T it g A I £
BERS . RE— AT GS-Re3 I bk 145 26 W B L
il 8] ERK 357 SCH772984 15 BH X B | 73
HrHXT TGF-B1/ERK {55 # % Fl VEGF [3RA7KF-
IFZIR . TGF-B1/ERK {5 5 it B E il 2H 41 rproask 5%
IR AT IE AT IR Y A0 AR 0T A T DA R R ) B BT

AV SRR OB PR T il 9 ) 38 B8 A I B ) LU
T, M40 TGF-B1/ERK {5 53 % v] A5 %5 i 30 il i
Jed AN A 3 A O OE 2 FLUR T, o ELEL A P e 2
2L A A A R EVAE AR AR VEGE 1T L
RS AR LA P R A A AN (R AT AR i
AU A K B B R IEE AR B MER, It
Ah, VEGF i ELAT {2 dE 3k EL A5 P9 2 il i A= < A/
JUT-AE A (A I 1 80 VEGF B Rk /K -3 1
W, L VEGF 283K AT e 148 Atk LA iy AR K
T Ay Jie g A R B 43R 55 43 ot DL R A o i e 1
%, JF HAMH VEGF 119 3R 3kt J2 A ka2 i g A
I ) ik 98 7 8% 1) O 10 AR AR ST 45 R WOR
SCH772984 R L4170 il Jifs 92 Ji A5z 7% A 978 20 4L v 1) bk
A AR R, F H GS-Rg3 Fil SCH772984 1] L) ik 2 41)
il TGF-B1 Ml ERK mRNA )33k, 71 H. GS-Rg3 #1
SCH772984 A L) ki 4l ERK # iR fk., 3l TGF-
B1/ERK {55 4% 5, il VEGF-C \VEGF-3 i
FIFIE . TGF-B1/ERK 15 % B0 5 2 e i
ZFP I AR DG 1Y A, T TR A5 538 B 4
il VEGF A9k, WA s /> Brb J8 4 3= 37 L
USRI AT AR % B R ERK 33 St 5 1
VEGF &35 (1 /E I, DA T 410 sl 1 J 9 10 i 45 26 i
WA I B~ VEGE &8 1 A 2k 3350 v] DL BT
ERK 250 563 A2 1 i e 240 il 1) 32 78 AR 28 51k
SRR L AS R L5681 Tang 5570 (OBFSE SR
GS-Rg3 Al i3 #14] TGF-B/Smad Fl ERK {553 #%
TEPAR M PR 5 2T 24 A0 e 34 5 DA B ot 5 A i, U
W] GS-Rg3 HA M TCF-B LI K ERK 15 53 i%
FIFEFT, Cao 25"V AURFFSE & BE GS-Rg3 1l ARl
BN SR R VEGF 323k, BN AR5
TN DA R 58 s 200 L DA B N B 9 R FRURS AR v
GS-Rg3 7] LA #1 il TGF-B. VEGF-C & H Wy &
KPR AR TE AR USRI RS R, GS-Re3
Al @ TGF-B1/ERK 15 538 #5715 VEGF 11y



40

[ AR BE 2 2k 2019 4F 11 A58 29 556 11 )

Chin J Comp Med, November 2019, Vol. 29,No. 11

IR AT AT 1) Fif T 2EL 2 v b L 08 2Bl DT D
DR R L AR RS

Zi LTk, GS-Re3 ] LUl i I TGF-B1/ERK

53 B i K VEGE-C \VEGEF-3 S Y

FEIR, DT 00 o1 90K EEL 465 10 A e A AU i s 1) 0k EL 5 %
R OXPEIR GS-Re3 X T L 1 3 bk B 5% B fili s A9 7R
SV, fHE KT GS-Re3 I bk 145 £F i i L 1
AN R T Bk — 20T

S 3k

(1]

[2]

[10]

(11]

Zhang Y, Liu QZ, Xing SP, et al. Inhibiting effect of Endostar
combined with ginsenoside Rg3 on breast cancer tumor growth in
tumor-bearing mice [ J]. Asian Pac J Trop Med, 2016, 9(2):
180-183.

Sritananuwat P, Sueangoen N, Thummarati P, et al. Blocking
ERK1/2 signaling impairs TGF-B1 tumor promoting function but
suppressing  role in  intrahepatic

cholangiocarcinoma cells [ J]. Cancer Cell Int, 2017, 17 85.
Park SJ, Choi YS, Lee S, et al. BIX02189 inhibits TGF-B1-

enhances its  tumor

induced lung cancer cell metastasis by directly targeting TGF-
type 1 receptor [ J]. Cancer Lett, 2016, 381(2): 314-322.
BRI, VT, BRI, 4. EGFP ARiC I AR BUR AL 7%
AL E Ny [J]. R EE AR, 2010, 13(7) : 670-675.
RS, 22l fpde ) 45 FLVE D COX-2 Rk 5 um A&
5 R Bk L A B AR DG [T I PR 5 35 30 34 2% 2
75, 2018, 34(1): 98-100.

2, B K, ZEH, % hEE R 2015 4R BRI T R
TR 0T [J]. TP AIRATIR A 243, 2018, 39(1): 32
-34.

BZE X, BME, % ASXE R SGC-7901 T 41 4
SRS AR Az K I Bel-2 Bax Rk MR [J]. ZHRIEFR K
2F4), 2016, 51(6) : 773-771.

PERAL, TR, #EE. NSRBI Re3 1755l 40k ik JR
ToRIPLHIORSE [J]. Bf 2 E R E 2, 2016, 27 (11) . 2634
-2637.

T, &7 ASRAF R PRI RSV IS [T]. )
e R 2GR 2E244], 2017, 19(6) ; 12-14.

XNZE, Hri, BXEEL. NS Re3 Xt 5 e 98 40 A i 5 A= 1
ARDCHE (Y 23K B A i AR K AL RS nRe ) [ 7). ThEi2y
SimEZER, 2016, 27(2) ;: 219-225.

PR, B0 NS R Rgd BLA Ly st a4k /4 i
Jifi98 £ 35 IV TP TGF-o \ TGF-B1 F1 VEGF M54 [J]. I IR
WAL, 2016, 21(9) : 1675-1678.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

NS 3T Rg3 Fl PEG-PLGA-Rg3 AKX Lewis filifia /)N B
BOFEFI AL (1], dbnt 2224 (B2 1) , 2016, 48
(3): 496-501.

Tian L, Shen D, Li X, et al. Ginsenoside Rg3 inhibits epithelial-
mesenchymal transition ( EMT) and invasion of lung cancer by
down-regulating FUT4 [ J]. Oncotarget, 2016, 7 (2): 1619
-1632.

WoNEE, BhEfE, BB, & AS BT RGO N E R
SRR AER A KR AL [J]. AR B 24k, 2014,
21(24): 1935-1939.

Wu L, Han L, Zhou C, et al. TGF-B1-induced CK17 enhances
cancer stem cell-like properties rather than EMT in promoting
cervical cancer metastasis via the ERKI1/2-MZF1
pathway [ J]. FEBS J, 2017, 284(18) : 134-137.
Fok, Rimih, HENE, % Sixl Ffl TGF-B f VEGF-C 7E Az
SR 2R LI R SRR AR R R LA R T PR (0], I PR 55
S AP 2R ) 2016, 30(24) : 1960-1964.

Carbone C, Tamburrino A, Piro G, et al. Combined inhibition of

IL1, CXCR1/2, and TGFB signaling pathways modulates in-vivo

signaling

resistance to anti-VEGF treatment [ J]. Anticancer Drugs, 2016,
27(1) : 29-40.

Liu Y, Li F, Gao F, et al. Periostin promotes tumor angiogenesis
in pancreatic cancer via Erk/VEGF signaling [ J]. Oncotarget
2016, 7(26) : 40148-40159.

Andrikopoulos P, Eccles SA, Yaqoob MM. Coupling between the
TRPC3 ion channel and the NCXI transporter contributed to
VEGF-induced ERK1/2 activation and angiogenesis in human
primary endothelial cells [J]. Cell Signal, 2017, 37. 12-30.
Tang M, Bian W, Cheng L, et al. Ginsenoside Rg3 inhibits
keloid fibroblast proliferation, angiogenesis and collagen synthesis
in vitro via the TGFB/Smad and ERK signaling pathways [ ]J].
Int J Mol Med, 2018, 41(3) . 1487-1499.

Cao Y, Ye Q, Zhuang M, et al. Ginsenoside Rg3 inhibits
angiogenesis in a rat model of endometriosis through the VEGFR-
2-mediated PI3K/Akt/mTOR signaling pathway [ J]. PLoS One,
2017, 12(11) ; €0186520.

skAkAE ) BRib, FHLE, NS RAT Rg3 WA MR B
Ay SIX1 , TGF-B \VEGF-C k5 m [J]. iR
P, 2016, 34(7): 1700-1703.

SkAkLE | BRES, REHME, . AS IR Rg3 A A MR B #
B HR H SIX1 TGF-B \ VEGF-C 3k [1]. #2424
BESIGER, 2016, 32(2): 91-94.

(Y75 HHEA)2019-04-22



