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Abstract: To explore the effect of tanshinone IIA (TanlIA) on the occurrence and development of breast
cancer, we employed the mouse mammary tumor virus-polyomavirus middle T antigen (MMTV-PyMT) transgenic
mice as a spontaneous breast cancer mouse model. Animal welfare and experimental procedures were in accordance
with the regulations of the Animal Ethics Committee of Nanjing University of Chinese Medicine. The animals
were divided into control group, low-dose TanlIA treatment group (30 mg-kg'-day"), and high-dose TanIIA
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treatment group (60 mg-kg'-day™). The treatment was administered orally and daily for 5 weeks. The mice were
sacrificed after final treatment. Mammary gland and lung were collected for histopathology studies. We evaluated
the chemoprophylaxis effect of TanlIA on breast cancer in mice according to the pathological characteristics of
breast cancer at different stages of development. Immunofluorescence staining were employed for blood vessel
analysis. The expression levels of E-cadherin, proliferating nuclear antigen (PCNA), and oncogene c-Myc were
detected by immunohistochemistry. Flow cytometry was used to analyze cell cycle and Cytoscape was used to
construct drug-disease protein-protein interaction (PPI) network. Our results showed that TanlIA inhibits breast
tumor progression by delaying malignancy from adenoma to early carcinoma, and inhibits blood vessel formation
during tumor development. TanIIA (60 mg-kg'-day") inhibits the expression levels of PCNA and c-Myc, upregulates
the expression of E-cadherin. In addition, cell cycle experiments showed that the cell cycle of PyMT primary
mammary cells in the high-dose TanIIA group was arrested in the GO/G1 phase. Our study demonstrated that
TanlIA can significantly inhibit breast tumor progression in MMTV-PyMT mouse model, which may be related to
the inhibition of angiogenic switch and cell cycle arrest.
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Figure 1 Tanshinone IIA (TanIIA) inhibits malignant transformation of breast cancer in MMTV-PyMT transgenic mice. A: Identification
of MMTV-PyMT mice genotypes (lane 1: 100 bp DNA ladder; 2: Positive mouse of MMTV-PyMT; 3: Negative mouse of MMTV-PyMT);
B: Growth curve of MMTV-PyMT mice in different groups (n = 6); C: Representative hematoxylin and eosin (HE) staining images of

MMTV-PyMT at different tumor progression stages; D: Representative HE staining images of mammary glands (upper panel) and lungs

(lower panel). Scale bar: 50 um; E: The percentage of different tumor progression stages in each treatment group (n = 12). Data are presented

as x £ 5. 'P < 0.05 vs the corresponding control group (ctrl) by Fisher's exact test. H: Hyperplasia; Ad: Adenocarcinoma; EC: Early

carcinoma; LC: Late carcinoma
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Figure 2 Histopathological analysis of TanlIA on breast cancer-related proteins in mammary glands. A: Representative images of laminin
subunit beta 1 (LAMBI) staining of mammary gland of MMTV-PyMT transgenic mice. Arrows indicate basement membrane; B: Represen-
tative images of immunohistochemistry (IHC) staining of proliferating nuclear antigen (PCNA), E-cadherin (E-cad), and c-Myc in the mam-
mary gland of MMTV-PyMT transgenic mice. Scale bar: 100 um; C: Quantitative analysis of [HC in B. n =3, x 5. "P <0.01 vs ctrl. DAPI:
4',6-Diamidino-2-phenylindole
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Figure 3 TanlIA inhibits angiogenesis. A: Representative images of Texas red conjugated-dextran staining of blood vessel in the mammary
gland of MMTV-PyMT transgenic mice. Scale bar: 200 um; B: Vessel density quantification as the ratio of Texas red dextran intensity/DAPI

nuclear counterstaining (vessel/nuclei) in mammary glands. n = 3, x£s. "P<0.01 vsctrl
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Figure 4 TanlIA arrests cell cycle in GO/G1 phase in PyMT primary mammary cells. A: Representative cell cycle histogram results for

PyMT primary mammary cells; B: Quantification of results of A; C: The proliferation index of primary mammary cells in A. n = 6, x + s.

"P<0.05 vs ctrl

Wit

AW TR B K AR N B MMTV-PyMT /)
SRS AL, 3 Ik TR 45 24, R T TanllA X T 0 i g 3% 1t
FEAR A FRIALH o 1245 L /)N B 1) FH B BE DR R AR
FUR b B 40 4 3 1 3k MMTV-PyMT fif & 3L K], 7]
PRTHT 52 S5 A7 L g I 40k 1T e e A% BN, A K
AR Tk R R R B 8 T 9 % I T B
ELG U 0 L R i A R s B AE AN SRR I G 2 R
G, |z T FUIRE R A R IR B AL 7T
JEAZ RN B AN R SN SO B
IR R R R B — B BRI, AR SRS R 2 IR E AL
ARH¥ FVB H 54 N AR E I C5TBL/6 1 5t e

S A 2 TR 4 8 SRS F R SR B 2 ok 1
e A ) B PH LB 30 (HZR TRl ) A/ECE R A ) R 28
PRI RE (IR TR ) Bk ™, Hmil R 56 4 R &
B 330 2R 2 A R T R A B 25 L TR S SR T R R
EC 7L R 98 v XU R 22 P 1 RE AR e, 0 R R
50%" T I A TR 6 45 SR b B s K 48 F SR i 2
Vi iE szl e 28T 8 W AR, 48
[FRE R AR F= P & R B 28 KRS bR Rk
Py 28 R0 A AL S 4, TEIRERE AL 2 Ty b J 3 s,
(EECISE o] SN -y o S =30 5 g

W58 2 W TanlIA 5 Bt 83 V6 F, w7 od i 4ok 4 4k
BORFTE T 2R NS R T, Wnnl 7R A S
PI3K/AKT/INK 15 5 18 #% 5 k2 N\ GF 515 480 i 4 =, X

FAE K AR 28 7047 B 2 A V8 FH P, o N % O g 24 i
HAEESMESET/ER, 813305 caspase-9 il
caspase-3 HE 1M 75 5 N BB Dt e 200 B 26 4 i 0 120Y; Ok
UK AR I A R 1 G il 00 ) i A AR
N I FOXMI #0112 i 38 5 A0 IE #2; ga b
AKT-c-Myc {5 5 /1 3 B FORE B A, 40 11 i o082
i 9 AR Y5 B INK-MFF 15 5 38 8%, 2 i3k 28R 1k 43
24, BEAIK SW837 K i i 4 L A7 3 %%, Lv PR I
TanllA (30 mg-kg', 5K/, 42 Ji) 45 245 7] &2 2 40
) Y5 LR g8 40 L 2R MCF-7 B /DR R R S
PR, AR F AL 2 Bl [7] Hsp9o #1 il] 51 - 4t MCF-7
A 22y R B h E 2R R A AR . AT,
30 mg-kg'-day f) TanlIA 1F F Hf A L35, 3X 8755 9 oA
FUHT R i RAEA K, B245 2577 AN R 2454
ER N AR ) ) e et 2 7 . AR TR R IETR,
60 mg-kg"-day™ {f) P2 fid n] 4101 FL R H IR 1) 7 0 e
PR, B R H R LR I R R . EAE TR, A
JiR2H 217 PCNA Fil c-Mye F) 3% F# 1K, E-cadherin [ 3
1538 2 B 7R TanllA 46 % 0G5 4F FH B 1 40 i i 3 BE
T A, 3 A FE A e 4 P 3 G B o R 2 TR] ) B
B, AT 460 61 fek 8 4 B 2 2R FR RS 55

SR A A 5256 04 2% B TanlIA ) 2 224 H 9
S, AEER T KV 1 2 AR B SRR A, R
2R R o G5 GIKBAR A s 25k RG]
P 2080 P R B R LR BT 2% il AHF 7T K



RS SFSRE A B/ B S 7L R A A AR L)

3283

Figure 5 Identification of the TanlIA and its mechanism on breast cancer based on network pharmacology. A: Hub nodes from breast

cancer protein-protein interaction (PPI) network; B: TanlIA-targeted PPI network; C: PPI network of core protein; D: Gene Ontology (GO)
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