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£5F RNA-seq £ B35 MLALIE 16 )7 2L IR O o
L D] A s 325 R 46

MA ', RBET, AHE
(1. T PER, Td M8 457001; 2. 2/ FEH KT, &8 330004)

[FfE] B U506 L8 2 (the medicine group of promoting blood circulation and removing stasis, PBCRS) X} 7,12-—
FH L2807 ,12-dimethylbenz( a) anthracene , DMBA ] 5 & P K B Z2L i 988 0 410 i 4 1, 2238 % S 400 )5 B2 R (RNA sequencing,
RNA-seq) FI 5 5 [ 4 53 H7 (ingenuity pathway analysis, TPA ) 14 i 48 OG5 36 R B HE . 77 3% - 96 H SD KR BEHL 738 =5 1
2 ,DMBA 5 # 20 | My #% B2 fb 32 3 75 ( Tamoxifen, TAM) 20 (1.9 mg-kg™' -d™"), PBCRS 7. o ik # & 41 (12.96, 6.48,
3.24 g-kg ' -d7) YT R, B EALA0, R DMBA 3755 B R SR A A0 (RE IR 2 v, M) & 1R, 3 100 me-kg )
Y525 10 JAJa , WA R B far 97 7 98 MR B AR Ak, AL RNA 2 B0 7] & 42 O RNA ) DMBA 27 2 Al PBCRS b 1] 4t 21 45 JX 3
A~ RNA B G 647 3 BRGN035 1 G 22 S5 S R, Y S0 5% 1 7 4t PCR (Real-time PCR) B TE CHEIE R . 458 : 55 DMBA #i %!
41 Lb %, PBCRS w571 & 41 o 984 T 1 Ao 98 R ARLES ] L B AR (P < 0.05) , PBCRS {1 ) dak 2 fif 98 o 01 i 98 PR B B B AR, (B 5
DMBA R4 WAL 22 3 ¥ KGRI % & X5 5T RNA-seq £ R K IPA 20 B 3 44 0 3 8 R0 1,6 @ MR 1 (fructose-1, 6-
bisphosphatasel , FBP1) , ¥ 15 1 4 Jifd & [ 4 ( purkinje cell protein 4 ,PCP4) , JJL£T % [1 ( myoglobin, MB)3 4~ 3¢ &L A ; 5 DMBA
TIZH %%, PBCRS & .l i 41 FBP1 mRNA 350 & F1 %5 (P <0.05) ,PBCRS ikl f£ 41 FBP1 mRNA ik T  H2E 5 L4
TH2% 3 L, PBCRS & . K7 5 41 PCP4 mRNA By iA34 & (L4124 25 5, PBCRS L £ 41 MB mRNA (1) 3% 35 B AR, 22
ST F 7 L. 4518 :PBCRS W] fgid i T WAL s 41 41 rh FBPL [y 335, 41 2L o 1 & 2
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Screening and Verification of RNA-seq-based PBCRS for Treating

Key Genes of Breast Cancer
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[ Abstract | Objective; To study the inhibitory effect of the medicine group of promoting blood circulation
and removing stasis (PBCRS) on breast cancer induced by 7, 12-dimethylbenz (a) anthracene (DMBA) in rats,
and screen out and verify key genes based on RNA Sequencing ( RNA-seq) technology and Ingenuity Pathway
Analysis (IPA). Method: Totally 96 Sprague-Dawley (SD) rats were randomly divided into blank group, DMBA

[WFEEHE] 20180622(014)
[E€TIB] EZEXAAREESTH(81360513) ;7LI44 H AR Z R 4T H (20151BAB205067 ) ; VLPY 4 BAET I H (2012A062)
[$E—1EH] AR, 0L, NF LA RO 5B A U5, E-mail :281866537@ qq. com
[BEMEE] 85, M, B ECRE IR N 24 WF 5T, Tel :0791-87142859 , E-mail : zhysyz2008 @ 163. com;
CINAE L, BB LR B R L B AT 25 Y B TR BESY, Tel :0791-87118796 , E-mail :254051136@ qq. com

- 101 -



5525 B4 4 W FEXEAFFEHRE Vol. 25, No. 4
2019 4£ 2 A Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2019

-, high-dose, middle-dose and low-dose PBCRS

One week after drug intervention, except for the blank group, the

model control group, tamoxifen (TAM) group (1.9 mg-kg "-d
groups (12.96, 6.48, 3.24 g-kg '-d™").
DMBA was used to induce the rat model of breast cancer (with an interval of a week, irrigation for two times at the
dose of 100 mg-kg '). After 10 weeks, the changes in tumor weight and tumor volume were observed. The total
RNA was extracted by total RNA extraction kit, and three RNA samples were collected from the DMBA model
control group and the middle-dose PBCRS group for genetic testing. Based on RNA-seq, key differential genes were
screened out and verified by Real-time PCR. Result; Comparing with the DMBA model control group, the tumor
volume and tumor weight in middle-dose PBCRS group were decreased significantly ( P < 0.05). Although the
tumor weight and tumor volume in high and low-dose PBCRS groups were decreased, there was no statistically
significant difference. Based on RNA-seq technology and IPA analysis software, fructose-1, 6-bisphosphatasel
(FBP1) , purkinje cell protein 4 ( PCP4), myoglobin (MB) key genes were screened out. Compared with the
DMBA model control group, the mRNA expressions of FBP1 in the high and middle-dose PBCRS groups were
significantly increased (P <0.05). Although the mRNA expressions of PCP4 in the high, middle and low-dose
PBCRS groups were increased, there was no statistical significance. The mRNA expression of MB in the low-dose

group was decreased, but there was no statistical significance. Conclusion: PBCRS may inhibit the occurrence of

breast cancer by interfering with the expression of FBP1 in breast cancer tissue.

[ Key words |

breast cancer; RNA-seq; promoting blood circulation and removing stasis; fructose-1, 6-

bisphosphatasel (FBP1); purkinje cell protein 4 (PCP4); myoglobin ( MB)
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JRIREHT , T LUK 2R A& IR A Joe B 0F 50 4 R o IR b AR S
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OB A ) VG IE , 44 3 4 I A 958 1% %o L O B YR
YEHI B AT RE ML o

1 #ra

1.1 Zh¥y SPF %% SD Mt KR, BTt 60 ~80 g,
W F R R v Sk SRR S A IR A R S ARE S
SCXK (1)2013-0004 , 7 3L #6 K (1) 5l 4 55 B 28 71
VG R 24 KA S 3 W) A0 B 2R B S A L it v
= JZLLSC2017016,

1.2 Z45%F  PBCRS Il % (2046 WP S A AL,
By QSN L NS e o TR RPN E S €8S
E L NE RAETERMEY N E Ligusticum chuanxiong )
THEARZE 206 N 3R Y 2148 Carthamus tinctorius
ML WS NEEREY 2 Savia
miltiorrhiza )T MR AR AR 25 (09 5 i o 259 LB Ry
211,55 1 Jm 10 457K 32 130 min, FIZE 2 h, 2 2
U 8 %K, B 1 h, 591 2 B, W 4 = PBCRS
R EE 1. 08 g-mL ', R REL - 20 °C UKH £
(VLA R R TR A R STAE A A ) o 4 5 R il 32
VEoF b (B Fin gy £ WA RA A, #i S
16041211) ,

1.3 5] DMBA ( 2£[# Sigma-Aldrich 2\ &, 5
SLBM4575V) , I 2 e 244 (1 B AR ) kA PR
7y )45 9221031) , RNAstore £ AR A7 I (A6 58 B
e A BB R 2 ] S 03935/60125)
Eastep® Super . RNA #2 R 7 & ( 3¢ [E Promega
o), b5 0000278076 ) , PrimeScript RT reagent Kit
with ¢cDNA Eraser ( H A< Takara £ ¥ 2\ &), it 5
AK4401) ,FastStart Essential DNA Green Master( Fi +
Roche 2y #] , I 5 27122300) ,,

1.4 U4 MNT-150 B 750k RO( L L
Rzl A5 BRZN F]) JD1000-3 43 2 — K5 (i FH
B 5 A R W) 5 Veriti B A J& PCR X (€ [
Applied Biosystems /3 ] ) ; Mini-P25 # 96 |, PCR #x
425,00 B OB LB 3357 LA 1) 5 Lighteyele96 15
i} 7% Y6 € ' PCR( Real-time PCR) {¥ ( i 1 Roche 2
Al

2 AFiE

2.1 ZhWor A AE R LR AR T KR
TENVPE MR SR 3 d, i BRAK BT R R AL > A A
DMBA FiAIZ , TAM 4 ,PBCRS & . tp fILH &4, &
416 H ., 4% 2015 48 g (b [ 24 ) 25 9 H 4 34 3
6 g MRE 70 kg N5 KRB MHE R 0. 018, J7 5 1
KRB 8, 4, 2 4%, PBCRS & ARG i 53 Sl
& 12.96, 6.48, 3.24 g - kg ' - d7', TAM 4

1.9 mg-kg ™", HoAin 21 7 IR AR 7] 44 B G 2k BEER K,
BB 12 mL-kg™'o #EWEE 1 G, RasAd
S, E O [ 14 ] ik, A 2,3 A A
100 mg-kg ™' DMBA 5] & 2 57 K Bl FL AR 8 i A2
DMBA WS 1 K E 555 30 RIFIR, B K H F#
FLAR B A7 19 Jr 2K I DMBA £ AL 41, TAM 41,
PBCRS 7 ot AR5 2k 2 R B2 AR i g 10 ™ 2 156
DAL AR B A H 0L M ik B Sk 122 B AL 45 e i By, A
T LV IR AH L W 10 ] o
2.2 iR MR AR R 10 A, ke
U2 A7 W A 1 mL- kg™ %k oK B A7 s 1 R
P o ) B LR A b e, FH P 0 R RO 2L
il g B e AR b AR KA a, LTI AR = 1/2ab”
R 2 L g R A R AR R, AR 1 R R
A 22 g, W) es 98 A B O 32 R BT A 3L AR O i U
WRZ M, PhT5r 22— KRR B HOR R A 2L
i ygg 1 J5i ek, R SRy R R A 98
2.3 RNA-seq {ll F/1i§ 5
2.3.1 FHAES A DMBA #2741 F1 PBCRS Hrf|
w4 P4 B3 ASFE S (BRid Sy DMT, DM2, DM3,
PB1,PB2,PB3) , 4 BUHE i 5 RNA %,
2.3.2 WFHERAEFRAE RNA M FE b ol n Ak oKk F
PHEABRA A SE M. F B HAE R, FH 5 & e
&L RNA X RE f 2E 47 B Bk I, A Oligo dT
PR A polid B ELA) mRNA K T 3k /53 1 mRNA
FHFT B buffer 4T 1K1, Bl mRNA K Bt ik, FHBE ML N6
1%k I35 e S B 4 cDNA 5, BB BRLAE cDNA
A RN o B WS (9 cDNA HEAT 573 B R 1k, % B
B AT B AR U Y 3 0 — A 3 A T Y
S R Hz 3k, 8 R S S A PCR 4T 5
W EBJEEM G AVE T L DNA SCHEE 04T |
HLI 34
2.3.3 [FREAMWE BRGS0 T
AL, DAUT T bR 50 BR AR B4 195 51, O 5 B % 42 3k
(adaper) [ 751 ; @ X5 R BB B 2L =2t > 10% 1
J7 51 5 ) 5 B3k Jo i L (A 0 5 Xof 1o, — A o 1, 1%
(EL S, D) 287 T P A R R BRAIR ) <5 A B BE B 4
WP Z L >50% o SRS, B4 1 S5 16 7 5 B
H TP 55 58 5 H Bowtie2 #4452 2% B K 41 L
Xt 5 22 3 AL 5% R 1 1 A (LD L R
D 5T FI R E SR EBITE R, LS5 %
BE P2 1 — A0 A5 DS Y e 7 81 (M — DR L) (Y
T P B 4 LRR O ME— DC LR IE R LT, A
VERC %25 > 70% , HorprfE — DC i % > 60% . F] H
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FPKM ( Fragments Per Kilobase of transcript per Million
fragments mapped ) 715 5L A 1) K ik &, 3k T FPKM
SE AR TER Y 6 FhRE i T P 22 [ AR DG AH O
FRBOBAE T T 1, 3R R i 18] O R, 52 56 AT 5 R
FIREA B £ 85 B . F ] NOISeq B AT LAXS 42 &
RS 2 A1 5RO B SOPR M 1 5t () DARR I
F 0 R 52 W) el R A B PP 2R ) L ik 2 DA
st [H) 4 22 S A5 B0 (M) RN 48 XEE (D) 2l P 327 M
A D[R] R T AH RO SR R AR, L C,
M. =log,[ FPKM(PB)/FPKM(DM) ] 1 D. = | FPKM
(PB) - FPKM (DM ) |, P, = (M, = {M| &D,. =
{D}),log,[ FPKM(PB)/FPKM(DM) ] >0 %A |
W, 22 FiE. A28 2L | log, [ FPKM ( PB)/FPKM
(DM) 11 >2 3F H P, > 0.8 Sy fifi i 22 5 H [N 5 1f
e I IPA B 22 S5 5 IR ik 47 2 g J 1tk 23 A,
— AP 8 Y G BREAE I

2.4 5 RNA fRIRCHIEE & SCE g5l , B Ry 3L
I e R 2, A AR B K P R R UK AR DDA
K/NAH T emx1 emx0.3 em (Y 6 ~8 B AZEH
RNAstore #£A PR AF IR A B O T, PR 4 °C UkAR i
%o F Eastep® Super & RNA $2 B 77 & £ BB
RNA , A PrimeScript RT reagent Kit with cDNA Eraser
e TR Bk B RNA B4 5% it eDNA, BLAR D B 4 IR
) UL A R

2.5 Real-time PCR ¥l #§ ¢ mRNA F£ik 1 H
NCBT 4l e 09 5| 9y it F e S MEAS 40 T A Primer-
BLAST % K BURBE 1,6 8RR Fg 1 (FBPL) i 5 BF
MM 4 (PCP4) WL &E H (MB),B-IL3h & A
(B-actin) & 5| ¥y gk 47 B3t IF th AR T AR ) TR
(big) B A1 R A " & e FBPL b iF
5'-CCACCAGAAGGCACCAGTTATC-3', K ¥ 22 bp,
Y5 7 V5 B (melting temperature, Tm ) 58.29 °C ; T iif
5'-AACTCCTGCACGTCTTCGGT-3", K J# 20 bp, Tm
59.28 C; PCP4 I jif 5'-CGGAGTCAGGCCAACA
TGAG-3', K F 20 bp, Tm 58.90 C; T Jf
5'-TGAATGGCCACAGCTGCAC-3", K & 19 bp, Tm
59.30 C; MB I Jif 5 -GACAACATGCTGCTG
AGATCCA-3', K & 22 bp, Tm 57.60 °C; T Ji%
5'-TTGACCGGGATCTTGTGCTT-3",  F 20 bp, Tm
56.74 C; B-actin: I Jif 5'-CCCATCTATGAGGG
TTACGC-3', K F¥ 20 bp, Tm 55.30 °C; T Jf
5'-TTTAATGTCACGCACGATTTC-3', K & 21 bp,Tm
50.73 C ., JH FastStart Essential DNA Green Master
W &, LI DMBA #5221 41 Sy % B8, B-actin g N 2,
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20 wLAY 54K Z& ( Master Mix, 2 x conc 10 pL, | |
TSI ¥4 1 pl, cDNA 2 ulL, Water, PCR grade
6 wL) , BEAS W AL 3 U, W AR PF LR 1,

%1 Real-time PCR g [ & &
Table 1 Reaction conditions of Real-time PCR

AR T IR HL R/ C R i)
A% 1 95 10 min
HAE A 45 95 10 s
56 10 s
72 10 s
95 10 s
I A 2 1 65 60 s
97 ls

2.6 Giilrik s SPSS 19.0 Gt il # i Xt
BRI AT oA AL EL R ¢ K, T i ) & £ s
FoR,LLP<0.05 MAESGH#EE X,

3 £R

3.1 X fug Jg ER R AT IR A B A R 0 TAM HAUA
— HR BRI e Ge i b ok e, MORTE S o
5 DMBA 5% 2H %%, PBCRS H 5 & 2H faf Y83 & 1 faf
AR TR BEAR (P <0.05) ,PBCRS & K71 3t 20 far I
R AR LA B AIG, (H 5 DMBA B AL 4] b 2%
SMTGEITFE L, WE2,

%2 PBCRS WEIBREXREEEMEEERAZIE (2 £5)
Table 2 Effect of PBCRS on tumor volume and weight of tumor-

burdened rats(x +s)

GiLl) /j'lk ? n ﬁ;/:.zi “/’iﬂi*ﬂ
DMBA #5176 - 7 9.96£6.27  9102.31 £6913.22
PBCRS 12.96 6  4.53+4.25 306133 £3 096.30

6.48 8 1.97 £1.37" 2 053.30 £2 257.98"

3.24 6 7.80 +5.71 8 731. 17 =7 005. 88

1.5 DMBA BE#I2H L% P <0.05(F 6 [[)

3.2 RNA-seq M ¥ 2%

3.2.1 IR R R EAT S T A R E
99.6% UL b AT #7590 Tl 2250 . W3R 3.
3.2.2 THIFH 555N HITH R N
93.04% ~ 94.15% ; M — U B K K 67.01% ~
69. 45% ;T 15 )7 5 5 2 25 3L 4 1 2 A o7 15 DE i
(Z M S VCE) B A 55t B 2 7 8 DT e 25
24.21% ~26.43% , W3 4,
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Table 3 Statistical table of tumor tissue sequencing
[RATE A2 IR 7 51 KN/ bp T3 5 B it/ A T e 51 K/ bp T 5 B /A T 752 %
DM1 1 206 924 400 24 138 488 1204 027 050 24 080 541 99.75
DM2 1 206 955 150 24 139 103 1204 613 650 24 092 273 99. 80
DM3 1 206 935 000 24 138 700 1204 156 100 24 083 122 99.76
PB1 1172 332 650 23 446 653 1 168 238 800 23 364 776 99. 65
PB2 1 169 471 500 23 389 430 1165 590 350 23 311 807 99. 66
PB3 1169 218 000 23 384 360 1 164 843 050 23 296 861 99. 62

TE < JRUR e 81, 3 P B S 0B AR U7 A 30 89 e 81 5 DU e 1 K/ = DU P S B0 < I BE 5 T 81 R/ = T e A1 8k < I3 5 1 1 41

= T IR/ R I SR X 100%

*4 BERTEFIESZERAMEINFRET

Table 4 Comparison between clean sequence and reference genome

group
B FHT s BILEE ME—DCE BIA BRI
Bt/ A /% /% VCFE/ % BCHE/ %
DMI1 24 080 541  93.23 67.01 26.22 6.77
DM2 24092273  94.13 67.70  26.43 5.87
DM3 24083122  93.04  68.83 24.21 6.96
PBI 23 364 776 94.13 69.02  25.11 5.88
PB2 23311 807  94.15 69. 45 24.70 5.85
PB3 23296 861  93.80  68.08 25.72 6.20

3.2.3 RN AT FPKM B4R, AL
B 6 ANHE R BRAFA OC R B > 0. 8, IR X AH G R AL
PRI WL 1 B 1 DMBA 41 5 PBCRS Hil
22 SN 145 A4, Horp 1A 90 A4S, R 5S4,

FBCR B s B @ AR N B, i ORI T
P ULIE 2,

0.868

P
M 100 “5505 o
S oos | ofon ofes EEEEEEEEEEE PB2

0.90
085 0826

0.908 E o R ] DM3

| o878

0.835 0.885

,,,,,,,,,,,,,,,,, - 0.s08 0.826 0.903 0.868 DM1

DMI DM2 DM3 PBI PB2 PB3
Bl 1 6 4-H 2 8 8 55 M $R

Fig.1 Correlation heat map in 6 samples

3.3 IPAp#r A XF 145 A4S 25 5k N Ty AE Jm
g3 M ik — 20 i 3t t FBP1, PCP4, MB 3 ik & 5 A 5
e — 3 3 N CREEN . WS,

3.4 PBCRS XJ FBP1,PCP4,MB mRNA 2 ik #) 52

1 Epaa s ¥
3 (90)
£ 5 - FI(55)
= 2
=
b
£ o
(=}
i
35 0 2 4
log10(DMZE K 7K )

E 2 DMBA EAIA5 PBCRS HFBEHERER
Fig.2  Scatter plot of differential genes in DMBA model control
group and middle-dose PBCRS group

RS INMXBEEEE

Table 5 Information of three key genetic

log,
o 5
[FPKM(PB) JEH 1D JE[A LR /A A

/FPKM(DM) ]

2.705 24362  FBP1 fructose-bisphosphatase 1 #iJlJ#
-2.303 25510  PCP4 purkinje cell protein 4 ES¢]
-8.007 59108 MB myoglobin ES¢

5 DMBA #i7U4 L %5, PBCRS & | i 41 FBPIL
mRNA [ £k 8 8 7+ & (P <0.05) , PBCRS L %
4] FBPImRNA )Rk BT, B LS #2 5%,
PBCRS &, K it 41 PCP4 mRNA () 3 ik /3
= ,fH 5 DMBA B2 th 8 22 S5 R4 it 22 B X
PBCRS X5 # 41 MB mRNA [ 32 ik B F A%, 15%%
h2ER, WEK6,

4 itig
FLIREAE B IA R T3, H R R AL R
Bt , S ECRMLB AT ARG, 5 W RS AT, B I
WE . T EBUE P T R W P S LI R I
B 2 RBMH A U 2 AT 5T & B, I
85 LRI AR R R R R S A I
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%6 PBCRS 3f FBP1,PCP4,MB mRNA £k M (s +s,n=5)
Table 6  Effect of PBCRS on expressions of FBP1, PCP4, MB
mRNA (x £5,n=5)

2| 5
it "J%l FBP1 PCP4 MB
/g kg
DMBA % - 1.29+0.46  1.10+0.82 10.61 +13.30
PBCRS 12.96  4.54£1.79" 40.90 +56.53 17.16 £25.52

6.48 7.28 +6.27" 14.03 +18.81 14.63 +17.14

3.24  2.17+1.07 23.70 +46.05 0.65 +0.50

776 T FUIR I B 1) 45 06 v BE, 35 M4 1 A1 G BF
Foo SIS S X A R Al L LR LCC2
2B s R RLFL IR R 2 25 TR, =&
SR IR = b R A, U A = S 4 AR L A
2 Bl S A e A L A R 2 A R, LB
PRI B AL 7 0 3 e T L R L 3 A 10 Y A1
W RBEHF ST HIS R T, DMBA ¥ 5 1 3L I s i
7 78 DR R L 34 786 R R e , L 9 TR 3R 3% B B
B, DA A I S LA 434 A i A0 % R ) B S R
AR R R L. EEREEN
Walker-256 i 923 240 il 42 Fo b 2 B L g 3 A5 780 A
FE A2, 25 5 AT A 8 08 7 2L T 1 e L
R LA L P TG B O v e B R L PR O 5 LR
TE 0 R R A TR, T 253G T U E
EN

RSP LA TS 3 Fep R A
T 28 09 355 M A R 25 20 25 4 . 1 2= R, VAT
DAL HA I AT R XU 2 Th Ak, i
25, NIE RS i F A BOR S, U HESE 0,
D25 ELAT 4 K O A 00 /D AR SR A R AR 34 8
PR BURME T gk LA TS B
LB 2 R DA, A AR R R
VRS BRSO A Y R, AR %
W, 21 46 8 (0 26 HLAT I 58 L 0 /AR 3R 4 0 g
BVERT L PES e, L O TS, B
W LR 2 KR AL AL I R IR 2 T,
ERHEZ 2% 25 . PRSI S 08 0k 00 508
S BUACHESE R W, P2 0 BAT B B4 R
SEMEFRTCY PRSP 2 00 FE 2, B
166 L /1N AR 1) 58 4 760 286 IO 40 0 0 2 20, AT 094 3
TG ML 1R BB R 3 R i Ak
25 R IR 2 2 T T AR S 3 0 A YA 12 % LR
W () BF 5%

DMBA ¥ % ¥ K BUFL I 9 9 4% i
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i, 5 AR

LB b Bz U380 A O SR 36 A g A R P L
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