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J84-2 (B-cell lymphoma-2, Bcl-2) =R E 45 & %412 52 [ B1 (adenosine triphosphate-binding cassette transporter B1, ABCB1)-
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Abstract: Objective To explore the reversal effect and potential mechanism of Tongguanteng Injection G S¢BEVEST, TGT) on
MCF-7/DOX cells were treated with DOX, TGT and DOX + TGT,

respectively. Cell proliferation was detected by CCK-8 assay and clonal formation assay; Combenefit software was used to analyze the

doxorubicin (DOX) resistance in breast cancer. Methods

drug combination index quantitatively; Cell migration ability was examined by Transwell assay; Cell apoptosis was detected by TUNEL
staining; The effect of TGT on efflux function of MCF-7/DOX cells was detected by rhodamine efflux assay; The mechanism of TGT
on reversing DOX resistance in breast cancer was predicted by bioinformatics, and the regulation of TGT on expressions of drug
resistance-related proteins in MCF-7/DOX cells was studied by Western blotting. Results TGT could reverse the drug resistance of
MCF-7/DOX cells. Meanwhile, TGT combined with DOX could synergistically inhibit the proliferation and migration of MCF-7/DOX
cells and promote apoptosis. In addition, TGT increased intracellular accumulation of Rho-123 (P < 0.001). The results of Kyoto
encyclopedia of genes and genomes (KEGG) enrichment analysis of TGT component targets showed that they were mainly involved
in the regulation of phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt), mitogen-activated protein kinase (MAPK), apoptosis
and other signaling pathways. A total of 823 differentially expressed genes in MCF-7 and MCF-7/DOX cells were screened by GEO
database. KEGG enrichment analysis showed that DOX resistance in breast cancer was mainly related to PI3K/Akt, Ras-proximate-1
(Rapl), apoptosis and other signaling pathways. TGT combined with DOX significantly down-regulated the protein expressions of p-
PI3K, p-Akt, B-cell lymphoma-2 (Bcl-2), adenosine triphosphate-binding cassette transporter B1 (ABCB1) and ABCG2 in MCF-
7/DOX cells (P < 0.05, 0.01), and up-regulated Bcl-2 associated X protein (Bax) protein expression (P < 0.05). Conclusion Based
on bioinformatics and cell experiments, it was verified that TGT combined with DOX could reverse DOX resistance in breast cancer
by inhibiting PI3K/Akt-mediated apoptosis-related signaling pathway and down-regulating the expressions of ABCB1 and ABCG2
proteins. This study provides an experimental basis for the combination of TGT and DOX in clinic and new ideas for the treatment of
breast cancer resistance.

Key words: Tongguanteng Injection; doxorubicin; breast cancer; drug resistance; PI3K/Akt signaling pathway
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R RIE /K, R FLIRE AR T, R A
FEHTFLRRIE O AE FHI, Ak, TGT AN
M2 PE R, Fonr it s A KT B s
fg4i &8 1 1 (transforming growth factor B activated
kinase binding protein 1, TAB1) 1% L I L A2 E
M 2500, WG RIRIE TGT BEA R IR Frif ik
AT P AR K SR, AT UL, TGT X AL
BT UL BT A 2R X, (5 TGT R B2 iR
T 1, M A M DOX i 245 Je 3 e A T AT i AN 42
AHF TR N FLEE DOX i MCF-7/DOX 41 i
MRAE AR TN G, R AE BSR4 G AR s sk
B, ¥ 9T TGT % MCE-7/DOX 4H i i 24539 4% 18 1 %
YERHLAE]
1 #H
1.1 ZApEtk

NFLIRSE MCF-7 40tk IE B VLI5S A4
R A BRA T, MCF-7/DOX 20tk B i rh
TR AR AR
1.2 @5

TGT (20mL/3, HZFEEHE 1g, EHAHE
¥ 720025868, L5 202206211) W H B A 25k
B HRAR; HBRZFAE (200 mg/, it
T1020). 4ERiIAK (100 mg/32, #5 T20656) M H
FEEAREVREAGRAR BELE (S
FSP500) 4[4 ExCell Bio A 7]; RPMI 1640 15735
({it'5 KGL1501-500) 14 HILIRILEEEM AR A
HIRAT; BEEAR ('S5 T1300). BCA & HIKE
e R & (S PC0020) W H b B ERE R A
FR/A®; TUNEL & (it5 E-CK-A320) JWH
Elabscience ‘A #); ECL b2k GAFA & (Ht 5
CWO0049M) 1 H b 5t e 22 AR A TR A 7 5
=R IR (adenosine triphosphate, ATP) %554
2% [ Bl (ATP-binding cassette transporter B,
ABCB1) ¥ifk (#it5 GR3219236-20). Bcl-2 Fifk
(#t5 GR3325129-2). Bel-2 #5¢ X A (Bel-2
associated X protein, Bax) $iff (#t5 GR3368232-
18). B-actin Pifk (Ht'5 GR208162-4) ) H 5 [H
Abcam A F]; ABCG2 #ifk (5 87396). WfHMmE
WU 3-3%1§ (phosphatidylinositol 3-kinase, PI3K)
rik (5 10017175). EEEBEE B (protein kinase
B, Akt) Fifk (L5 00103575). HRP hric il ¢
PN 1gG — 9t (k5 200007300, HRP Aric il
FEPiR/R g6 =P (S 20000768) W H E[H

Proteintech A ]; p-PI3K $itfk (15 44399). p-Akt
Pifk (#t5 44546) W H GeneTex A7]; Transwell
/INE G5 14312) 19 H LABSELECT A .
1.3 ¥&5

3111 /K& CO, H55746 . Multiskan FC 44>
H 3N E§FR{Y (3£ [E Thermo Fisher Scientific A ]);
PowerPac HV BYHyk{X (3£ [E Bio-Rad A& ); Ti2-
U B9 B R EE (HA Nikon A,
2 HE
2.1 HYHpEIESFE

MCF-7 208 F & 1%%0P0 . 10%)A 24 I35 (1)
RPMI 1640 1535 %L, T 37 C. 5% CO, 55 -5 7% .

MCF-7/DOX 4 ffid H ¥ 250 ng/mL DOX [
RPMI 1640 58285755, T 37 C. 5% CO, ¥55% 48
HRE IR DR R 2457, S RT 20 7 d BHCAA
ARG TR DL AT R S5
2.2 CCK-8 JE#&N ZmAa5E S

MCF-7 1 MCE-7/DOX 4fijffg L 5000 4~/FL#EH
+ 96 FLARH, A TFHEEEHE (0~100 pmol/mL) ¥
DOX 73 7{EH -+ MCF-7 1 MCF-7/DOX 41 fig 48 h,
PG MCF-7/DOX 4[N 25 R4 245 TR
(0~500 mg/mL) [ TGT 1f T MCF-7/DOX 4fiffd
48 h, VFfl TGT XTZHMIEE MR 457 TGT
(15.63+ 31.25 mg/mL) 73 I A Hof B A FE 117 (0~ 100
umol/mL) DOX {1 -F MCF-7/DOX #iiffl 48h, ¥
Y TGT BtA DOX Wikt 254k, 7 EAFEF A
WA E 2 m oL, FZ4917ER 48h J5, &FLIN
A 10% CCK-8 VAW 100 L, AkZERFFE 1h, {6
FRXATE 450 nm b5 SAFLFIR R (4D H, 15
MIAFIEHR, KH GraphPad Prism 5.0 #KF2: 41
A7 M 2 B, IR TS EE A (half inhibitory
concentration, ICso) {H.

MAFIE R = (A s—A we)/(A ww—A =)

25 2 %(=1Cso (MCF-7/DOX ZHJf1) /ICso (MCF-7 ZHJifd)

i 253 #4 (% $=1Cs0 (DOX) /ICso (TGT+DOX)
2.3 TGT 5 DOX B &R EIASIIER 1

K H Combenefit # {4 5 & VPl TGT 5 DOX Bk
FA B3 R A5 P08 AR 4R CLA5 1) TGT A DOX 4
HE T MCF-7/DOX 40/ 1Cso {Hi% B B A FH 2
HIREFE 25Dk FE, TGT DOX Bk 24 K k& 1 24
43 MAER T MCF-7/DOX 41 48 h, CCK-8 7kl 5E
MG, B TS EdE T A\ Combenefit Hf4, I
{4 F§ LOEWE 84k 47 ¥ [F] A& i o 03,
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2.4 YRAATERER ALAS

B B K% MCF-7/DOX 481, LL 5 000
ANFLEFRT 12 FLAR, A0 RS A W B X R A
DOX (0.5 umol/L) #H. TGT (31.25 mg/mL) 4.
DOX (0.5 pmol/L) +TGT (31.25mg/mL) 4,
3 REHe | IRKGFRHE, ELREE 9d, PBS Wik/EH
FH ] 5 30 min, 0.1%%5 458 445 30 min. PRI T
e BT WA TSR A TR T BRI IR, R
H Image J 35X HEAT € 85317 o
2.5 HHREITFEEE SR

B B4 K1 MCF-7/DOX #iijfl, LL 4X 105
AN/mL #EET 200 pL o Mg E IR, EM T
Transwell /NE [ L%, F=E44HIA 700 uL 5684
Rige¥e. & DOX (0.5 pmol/L) [l5e4kididk. &
TGT (31.25mg/mL) WE4EFREE. & DOX (0.5
umol/L) +TGT (31.25mg/mL) [5E &3k, ¥
F 48 h, L LEAMME, H 4%2 5K PREET
€, PBS PRI, BHJEH 0.1%%5 S dett, 158
TR TR EIME, FIFH Image J AR T 5L
YA T 2 T
2.6 TUNEL & EMAEHTIFR

BUG B4 K9 MCF-7/DOX 4Hiffl, L 5% 104
ANFLEERD T R R I, 3B WTIEZE . DOX (0.5
pumol/L) #. TGT (31.25 mg/mL) 41, DOX (0.5
umol/L) +TGT (31.25mg/mL) 4, Z5%{F/ 48h
Ji H PBS BE¥ 11k, 4% % 5 H EE ] 52 41 i 30 min,
A 0.2% Triton X-100 T 37 CH##E 10 min, %
241 i R A TR S U B 15347 TUNEL Jeth, %
Je R, WG HMRE T E, R
Image J #0458 1240 B3k AT 2 B0 AT
2.7 Rho-123 ShHESEIE

B B4 K9 MCE-7/DOX #Hifif, 58 B 5t
ZH. DOX (0.5 umol/L) #H. BHEXTIE 254 hir ik
(10 pmolV/L) #H. Z4¥fER 48 h J5, FZEEFRE,
TN EE N 0.5 pmol/L [1) Rho-123, 4k 4E17E 37 °C
8 3h, 5 B3, PBS Yk 3 IX)a, IRERHAGE] &
Y B, FEET 0.5mLPBS 1, 2RISR
JACAS, Ad ] CytExpert 2.4 #4F 53 B Rho-123 ()
S35 R
2.8 FMMERFES

BT RS TGT &R, FFFIH Swiss
TargetPrediction  ( http://www.swisstargetprediction.

ch/) ‘P&, PL “homo sapiens” AEFYIFH, $ZHERL

A3 IR F T Z AR AR T M A A% “ probability >
07 Ny 7 S5 A1 FRUI T 7E 35 A B 7y HO A FHEEFRUA) 38
i Metascape 45 /# (https://metascape.org/gp/index.
htmD), W& LEAE I FEARBEAT S HR R DN 5 2 R 40 i R
2=F5 (Kyoto encyclopedia of genes and genomes,
KEGG) i & 01, FFiE P<0.01, iU Top
10 f&7R. K PI3K/Akt {5 5 (Top 1) ‘= HHEFR
F N STRING ¥ (http://cn.string-db.org/) #1725
-2 A BAEA  (protein-protein interaction,
PP W% IR, FH{EH Cytoscape 3.9.1 AT
AR BT, e O AR

PL “breast cancer doxorubicin resistance” NI
HiA], £ GEO ¥ % (http://www.ncbi.nlm.nih.gov-
s.dres. hactem.edu.cn/geo/ ) H K & I T #H
GSE125187 #: [H £ &%, F|H Sangerbox 3.0
(sangerbox.com/login.html) 43 #7 MCF-7 4tk
MCF-7/DOX 4l Jfg #k % 53 % 35 2 X ( differential
expression genes, DEGs), PAllogoFC|>0.585 Fll P<<
0.05 NFfiEsAF, JRI IR K DEGs /F Rl
DOX i 2 #8475, & T Metascape %} DEGs 17 KEEG
WK E S, WE P<0.01, EELEE Top 10 &
7~o HMIF STRING - &% PI3K/Akt 5 5 i## (Top
D BRI PP NS, FdAT T A 4T
2.9 Western blotting S23%

B A K MCF-7/DOX 4, LA 5X10°
AR 6 fLiRh, WEXEA. DOX (0.5
umol/L) #H. TGT (31.25 mg/mL) #41. DOX (0.5
umol/L) +TGT (31.25mg/mL) 41. fF4HiuNGEE 5,
A SLZMEF 48 h, USCEEZHMI, fn RIPA 2
fEA, FUK R2E 30 min, BF 10 4-ERRGE 1 IR, 7
5r%#)5 12 000 r/min £5.0> Smin, B EIER, KA
BCA &€ HWE . R EFE A+ e
FRAN-SR B RBEAL H UK, #2 % PVDF B, T 5%
fi g 2 g rbdst 4], TBST #efi 10 min, 3% 3 X,
Sy HIMN p-PI3K. p-Akt. PI3K. Akt. Bcl-2. Bax.
ABCB1. ABCG2. B-actin Hifk (1 :1000), 4 CHig
BIEAG VR, IMAARR. P (1150000, i@
B 2h, BEHRJETEH] ECL BOGIERR, FIH Image )
B BUREAT 707
210 FHUFEH

FrE$#E L X £ s%7~, H GraphPad Prism 5.0
AP BAEHEAT AR, PIRE AR B LR
K5, ZAFEARLELECR FH B R 7 250 M.
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3 %R FIMEF, HICso MM 59.02mg/mL; 4 TGT Jfi &k

3.1 TGT %f MCF-7/DOX 4RI 2515451

CCK-8 Z5 5 B, B B & DOX 1 H T MCF-
7 1 MCF-7/DOX 4ffl 48 h Ji7, 1Cso{H 4374 0.73+
6.38 umol/L (& 1-A. B), 15 if§ MCF-7/DOX 4
Mo I 25 RN 8.74, FRE MCF-7/DOX 4 g %}
DOX HA B ) 24514 .

HE—H 0 TGT % MCF-7/DOX 40 #i, 4n
& 1-C ffi7n, TGT % MCF-7/DOX 2 i 3% 58 E A5 411
A
120~ MCE-7 4}y 1201 MCF-7/DOX 4 iy
7% 1C=073 pmol- L 100 IC59=6.38 pmol - L"!
X NS
80 S <
E ﬁ 80
& 604 & 601
= 2
§ 401 § 404
204 201
*
0 T T T T 0 T T T T
0.01 0.10 1.00 10.00 100.00 001 0.10 1.00 10.00 100.00

DOX/(pmol-L") DOX/(pmol L)

D

1204 DOX+TGT (15.62 mg'mL™")

1004*_4
1C50=1.66 umol-L"!

80

60

SN HAF /%

40

204

0 T T T T
0.01 0.10 1.00 10.00 100.00

DOX/(umol-L")

GHHLAAE /%

FEA 62.50 mg/mL i, MCF-7/DOX ZHfEEFN
37.91%, TGT AHEMEME (P<0.001); 4 TGT
IR N 31.25 mg/mL i, T 80% LA L4
YR 475, W TGT 1E 31.25 mg/mL i EIKE R Xf
R R RER . AL, 3% 31.25 mg/mL 1
N TGT [ K TG 3 A0 =k AT JE 225558, 3F A
W 15.63 mg/mL SKEGE TGT % M2 B B A 7 &
FHIGAE

C
1207 MCF-7/DOX 4 Jifd

100 IC50=59.02 mg-mL"!
80

601

HHNLAFE /%

40

HIE ok ks

20

X 195 391 781 1563 3125 6250 125.00250.00500.00
TGT/(mg mL™?)

1204 DOX-+TGT (31.25 mg'mL™)

100 4

1C50=0.50 pmol -L"!
801

60 1
40

20

0 T T T T
0.01 0.10 1.00 10.00 100.00
DOX/(umol-L™")

A-RFEWE DOX A MCF-7 4G /(50 ; B-AFEWKE DOX 4 MCF-7/DOX 4% /754 ; C-A IR Bk E TGT % MCF-7/DOX 4Hitl
IR D-TGT (15.63 mgmL™) BAAARFKEE DOX X MCF-7/DOX 4HuiG 77 f95m; E-TGT (31.25 mg:mL™) AR DOX Xt

MCF-7/DOX 4ffLiE J 54 SxTERZA LA “"P<<0.001.

A-effect of different concentrations of DOX on cell viability of MCF-7 cells; B-effect of different concentrations of DOX on cell viability of MCF-7/DOX
cells; C-effect of different concentrations of TGT on cell viability of MCF-7/DOX cells; D-effect of TGT (15.63 mg-mL™") combined with different
concentrations of DOX on cell viability of MCF-7/DOX cells; E-effect of TGT (31.25 mg'mL™") combined with different concentrations of DOX on cell

viability of MCF-7/DOX cells; ***P < 0.001 vs control group.

B 1 TGT E& DOX ¥4k MCF-7/DOX 4REMITHZ51E (n = 6)
Fig.1 TGT combined with DOX reversed drug resistance of MCF-7/DOX cells (n = 6)

CCK-8 #&ll TGT B4 DOX J&5 X MCF-7/DOX
Yo GFEHNHEIE A, 45 R ER, TGT (15.63. 31.25
mg/mL) 7 Hl B A B W E DOX {E T MCF-
7/DOX 4l )5, 1Cso E 737N 1.66+ 0.5 pmol/L (]
1-D. BE), #HET DOX $hfEH T MCF-7/DOX 4f
HLR ICso {8 (6.38 pmol/L) & F#A%, 8] TGT *f
MCF-7/DOX (it Z5tk DOX i 241t B A o 35 1 4
H, 2508455000 3.84, 12.6 fi (3R D).

%1 TGT B4 DOX i#%: MCF-7/DOX 4R 25
Table1 TGT combined with DOX reversed MCF-7/DOX

cells resistance

1Cso/

gl %) PN
(umol-L™h)
MCF-7 DOX 0.73 —
MCEF-7/DOX DOX 6.38 —
MCF-7/DOX DOX+TGT (15.63 mg':mL™) 1.66 3.84
MCF-7/DOX DOX+TGT (31.25 mg'mL™") 0.50 12.76
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3.2 TGT t#[E DOX #li# MCF-7/DOX 4HREE5E
T

JHIT Combenefit # A4, f# | Loewe 17 5 & 7
T TGT 5 DOX BXH MMM EAEH . 4R EoR,
2 TGT (31.25mg/mL) 5 DOX (0.5 pmol/L) Bt#
R, 25 EE RS S EcE, SEZIRE T
TGT 5 DOX R4 EEH (KBl 2-A), Kit/E
SRR PRZ IR AT 23R SAIE . N T k25
fifi TGT B4 DOX % MCF-7/DOX 4 A= K Bir [4]
FOHIVER S @i CCK-8 S48 RN ZH A v 4 v T BR S
IHHTINE. Z5RE/R, TGT BEA DOX H#4 S
TGT. DOX Hf F 25 25 AH Lb 41 3 7752 21 Sl 25 F i)
(P<0.01, KlI2-B), [N, BEAHZHMEEREE
FCBCR B A F 245 AR et B BRI (P<<0.001,
K 2-C).

JE L Transwell S5 i Bk & F 25 %5 MCF-
7/DOX MR R MIHIE/EM, 5 DOX. TGT Hih

MM, TGT Bk& DOX 4 & & M 1
MCF7/DOX 4Hfu L #45e/) (P<0.001, & 2-D).
3.3 TGT t#E DOX {2i# MCF-7/DOX 4HRE/A T
KA TUNEL Zeta k460 TGT A DOX Xf
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Fig. 2 TGT combined with DOX inhibited proliferation and migration of MCF-7/DOX cells
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Fig. 3 TGT combined with DOX synergistically promotes apoptosis in MCF-7/DOX cells (x 100; X+ s,n=3)
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Fig. 5 Screening of potential active components of TGT and enrichment analysis of key pathways
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Fig. 6 GEO analysis results of DOX resistance in breast cancer
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Fig.7 TGT combined with DOX inhibits PI3K/Akt-apoptosis signaling pathway (X £ s, n =3)
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