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Mechanism of Chidamide Combined with Compound Kushen Injection on

Breast Cancer Cells Based on Transcriptomics

BI Yanxing', LI Yuning', LI Ge', CUI Wenping', YANG Xiaolai*
(1. College of Pharmacy, Gansu University of Chinese Medicine, Lanzhou 730000, China;
2. Gansu Provincial People's Hospital, Lanzhou 730000, China)

[ Abstract] Objective: To investigate the synergistic inhibitory effect of chidamide (CHI) combined with compound
Kushen injection (CKI) on breast cancer MCF-7 cells and to elucidate the potential molecular mechanisms based on transcriptomics
analysis. Methods: Cell proliferation was detected by the methyl thiazolyl tetrazolium (MTT) assay, and the "one belt and one
line" method was adopted to screen the optimal mass concentration for synergistic effect. According to the combination index (CI)
values, cells were allocated into the blank, CHI (1.6 mg-L"), CKI (0.4 g-L"), and CHI+CKI (1.6 mg-L'+0.4 g-L"') groups.
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Transwell assay was employed to examine cell migration, and flow cytometry to measure cell cycle distribution and apoptosis rate.
Transcriptome sequencing (RNA-seq) and weighted gene co-expression network analysis (WGCNA ) were performed to screen the
key modules highly correlated with the cell inhibition rate. Candidate genes were identified by intersecting module genes with
differentially expressed genes (DEGs) , followed by functional enrichment analysis. Western blot was employed to quantify the
protein levels of histone deacetylase 1 (HDAC1), cyclic adenosine monophosphate (¢cAMP ) -dependent protein kinase A (PKA) ,
cyclin-dependent kinase inhibitor 1 (p21) , cAMP response element-binding protein (CREB) and its phosphorylated form
(p-CREB) , B-cell lymphoma-2 (Bcl-2), and Bcl-2-associated X protein (Bax) in cells of each group. Results: Compared with
the blank group, both CHI and CKI monotherapies inhibited the proliferation of MCF-7 cells in a mass concentration-dependent
manner. Compared with the blank and monotherapy groups, CHI+CKI inhibited cell migration, increased the proportion of cells
arrested in the G,/G, phase, and elevated the apoptosis rate (P<0.01). WGCNA identified the MEred module strongly correlated
with the inhibition rate (#=0.90, P<0.01), yielding 97 candidate genes upon intersection with DEGs. Kyoto Encyclopedia of Genes
and Genomes (KEGG) analysis indicated significant enrichment of the cAMP signaling pathway. Western blot results showed that
compared with the blank group, all treatment groups down-regulated the expression of HDAC1, up-regulated the expression of PKA
and p21, and increased the p-CREB/CREB and Bax/Bcl-2 ratios (P<0.01). Compared with the monotherapy groups, CHI+CKI
further up-regulated the PKA and p21 expression and increased the p-CREB/CREB and Bax/Bcl-2 ratios (P<0.01). Conclusion:
The combination of CHI and CKI exerts a significant synergistic anti-tumor effect. CHI exerts epigenetic regulation by inhibiting
HDACI, which, in combination with CKI, may further contribute to the activation of the cAMP/PKA/CREB signaling pathway,

leading to up-regulation of p21 expression and the Bax/Bcl-2 ratio, thereby promoting cell cycle arrest and apoptosis.
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monophosphate (cAMP) signaling pathway
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Fig. 1 Schematic of dose-effect band construction
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5 A S K CLE AW R — 1 — 4
AR 5 B LA S5 A 1 S 0 i o
M4, Hd,CHI 1.6 mg-L"' 5 CKI 0.4 g-L"4 &%
PR A i Y P IR R A (CT,=1.264 5, C1,=1.079 3),
WO 12 0T e R B A AT S 2 I A i R R % 4y
FHUHIGGAE . L% 2 B 1 5t U B fn b4 A
3.3 CHI A CKIXJ XL i 9 40 il MCF-7 1L % 1) 52 i)

a4 %, CHI 4 . CKI 4 . CHI4+CKI 4
MCF-7 41l Jfd 3 32F /)N % 28 b 11 40 i 4502 &8 3% 0 /b (P
<0.01); 5 CHI4 .CKI4 b % , CHI+CKI 4 3 i /s
T 2F L Y A0 M At 3 > (P<0.01) , $2 7R CHI
5 CKIBE A g A 2 40 6 MCF-7 40 i iE 7%, W
Kl2,%&3.
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&2 CHIMCKISHEAR BIRAFREMNE Xk HBAE MM ER CLE

Table 2 Expected additive effect values and CI, values following sequential equivalent dose conversion with CHI and CKI as respective

target drugs

CHUmg-L"' CHI® 255 /% CKUg-L' CKIMZEIR/% ACHI+CHIL, )/% g(CKI+CKI,)/% Sha)i/% CL, cL,  HE
0.34 20.81 0.4 19.76 24.25 34.06 35.68 14716 1.0476 P
0.4 24.72 0.4 19.76 25.36 35.21 37.51 1.4792 1.0653  {h[A
1.0 38.01 0.4 19.76 34.19 42.80 4529  1.3247 1.0583 A
1.6 44.58 0.4 19.76 40.40 4733 51.09  1.2645 1.0793 P
2.2 46.29 0.4 19.76 45.12 50.61 53.62 1.1882 1.0593 Pl
2.8 48.19 0.4 19.76 48.88 53.19 53.67  1.0979 1.0090 P}[H
3.4 49.30 0.4 19.76 51.97 55.31 54.01 1.0394 09766 #iJm
4.0 50.05 0.4 19.76 54.56 57.11 53.67  0.9837 0.9396 Hibt
4.6 54.64 0.4 19.76 56.78 58.68 5253 09252 0.8951 #E#t

T L, SEPRAR N /I CHI+CHI ) 5 CL,, S PRAL M /g( CKI+CKI,,,)

A2 H4];B.CHI 4 ; C.CKI4 ; D.CHI+CKIZ (K 3 [7])
B2 CHIF CKIXYZLARE MCF-7 4 B iE & A9 S0 (45 548 . x100)
Fig. 2 Effects of CHI and CKI on migration of MCF-7 breast
cancer cells (Crystal Violet,x100)

%3 CHIF CKIX ZLBRFE MCF-7 A EB MR (F+s5,n=3)
Table 3 Effects of CHI and CKI on migration of MCF-7 breast

cancer cells (x+s,n=3)

215 JF e /g L i i B 2 /%
sk 100.00£1.85
CHIZ 1.6 63.66+0.73"
CKIZ 400 82.41+2.32"
CHI+CKI# 1.6+400 41.38+0.50'%Y

5% H A LRV P<0.01; 5 CHI b #2P<0.01; 5 CKI It
BVP<0.01(F 4-£ 7))
3.4 CHI A CKI X} 2L i 9 240 il MCF-7 i T A1 J&] 1]
I 528 A4 &, CHI 4 . CKI 4 . CHI4CKI
20 4 f 4 T B 2 v (P<0.01) 5 5 CHI 4 .CKI4
It 3, CHI+CKI 41 9 4 ffg 94 T % i W 2 F+ &
(P<0.01) , 4% 78 CHI 5 CKI Bk 4 HE & £ %5 s {2 vk
MCF-7 4 M 1>, 525 H4A # , CHI 4 2 CHI4
CKI4l Gy/G, It 4 a4t & 3 T+ & (P<0.01) ; 5 CHI
-6 -

4 CKIZH % , CHI+CKIZH G,/G, 1 40 i 5 e B 3%
JHE(P<0.01),#4/8 CHI 5 CKIBE S fE A S T £
B MCF-7 20 (5 3 76 G/G 30 . UL 4 J 38 5 H bt
B o A 6k o

R4 CHIF CKIXZL R MCF-7 AR AT HAMBE NN

(X+s5,n=3)

Table 4 Effect of CHI and CKI on apoptosis and cell cycle in

MCF-7 breast cancer cells (x+s,n=3)

251 R /e L AN TR % G,/G,
= A 4.62+0.16 56.35+0.24
CHI# 1.6 11.50£0.94"”  63.46+1.31"
CKI4] 400 6.84+0.50"  57.39+0.57
CHI+CKI4 1.6+400 17.60£0.57">% 78.36+0.34'2%

3.5 WS ¥ BT PFAE XF2S H L CHILCKI &
CHI+CKIH AT sl )y . &5 Xt Ja , i
HREA B9 A SO Bl 3 i (clean bases) #47E 6.56 G
PLb, 5 B e - i E B AL (GC) % & 7E 48.65%~
51.45% 2Z [8] , Bl 35 55 1R R <1% Y & B i 5% L B
(Q20) Fl Bl i 4% 15 5 <0.1% (1) # =y JiR 2 ol 56 L 9]
(Q30) Fli it o 451 43 W 7E 99% . 97% LA -, 2 B I )¢ 5t
A, T LU TR0

3.6 WGCNA 4 & 5 s B H iR I % &% 5% 21 4k
A @ WGCNA o B 0 6 25 2 o, 2 3% K
15 {E B=21 B, X 2% (1) JC KB #0 F 0L G 46 % R°>0.85,
FLV ¥ B e T AR, 3R WA A 1 k3R N 4% 1F
B TC R oy A R TR R B=21 AT J5 SRR B iR
o AEZ AR AR 9 A JE SRR B IR
R A o 2 S DR B HE B o 45 A58 e 5 IR B 0
7 M & Pk o B, 45 R K U], MEdarkorange .
MEgreenyellow . MEdarkgreen Fll MEred #& B 55 2] i
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T 441 2R ¥ 5 0 8 A 56 (P<0.05) . H: v MEred #%
F FH 56 f% 58 (7=0.90, P<0.01) , H 5 3 IF A1 56 .
UL, B MEred B¢ 8 ) 2 O OC B A B, Jh
1 508/ HE A, 2 B 5 A A] BB 7E CHI 5 CKIEK A 1E
FH BT ML o R B AR R . DB o
s B i A 6

3.7 DEGs/r#r 5k H N it 1] DESeq2 3k
Xy 25 B AT 22 5 KiK. S BHA A,
CHI 4 34 4 907 4~ DEGs( L8 3 053 4~ . F M
18544 );CKIAHILAH 2 5204 DEGs( Fi# 1 1024
T 14184 ) ; CHI+CKI £ 4 4 268 > DEGs( I
I3 2324 VT 10364 ), i i 5 BUE X MEred
B 55 45 21 (6] DEGs HUAZ 48, i 1 15 97 A e L A
B TR 3R 3K S AP SR Y 3K B 34 5 PR A AN ) 4 ) 3%
MR EFEMRELES, S CHIL A CKIH &,

£ ; 1 BDNF J& CREB i [ 19 28 #L T i i JE ], L I
P — 2P R ST A% N B SR R E BTG o X SR
A DR ) B o el AR AR B U A% O R 5 B T B
PSR 2k 5250 E — 2B X cAMP/PKA/CREB #%
38 B%AH G I R AT TR AIE o UL R R
{EpiE g

3.9 Western blot ¥ ill HDAC1.cAMP {5 5 i J§ &
oA JE N S R T A ORI R IE 5 A4, CHI
20 . CKI 41 & CHI+CKI 4 ¥ & % T % HDACI
(P<0.01) ;5 45 25 41 34 0 2 19" PKA .p21 B3R iE K&
p-CREB/CREB ., Bax/Bcl-2 {H (P<0.01) ; 5 CHI 4 .
CKI 4 I3, CHI+CKI 41 PKA . p-CREB/CREB fH .
p21 } Bax/Bel-2 B ¥ it 3% 7t & (P<0.01) ; CHI+CKI
24 HDAC1 £ 5 7K F i K T CKI 41 (P<0.01), 5§
CHIH WK Z R LGt ¥E L. WE3. %S5,

CHI+CKI 4 H 35 43 3 18] 1 35 5 705 Al U 2 T g b 2%

HR S SE L R TTRE S 5 CHI S CKUBE & Jit Mo 1 HpACH _ ke
ORI EL ST R S s [ -
3.8 GO 5 KEGGIIRE & &b X 97 Ao 1k %t Bax _ o
K17 GO 5 KEGG & % 43 #r (P<0.05) : GO & 4 45

SR R 0 1 [ T N R AL I R A p21 _ 21 kDa
I 20 R R L 4 2R T B K A D 34 A .

KB BP. MF J2 1 & 4 T2 K H F 3 1k 32 (I 14 pacin. [N -
W B A T RS P S S = [
A fige 3 5k TR 7 e 2 A i L 40 i 45 4 4 3 M (s S CREB _ 15 kDa
AR A AR KEGG & 4545 1 iR £ 4

B 3 S L R L A — _ o
2 £ 5 B 6 2 R A CAMP {5 Sl L (i

T B0 L cAMP {5 25 B 1E KEGG 57 8 45 3 — _ o
WA . TEVOE R L ARSI 4 AN e

DEGs, cAMP 2 i st 445 5 & 1 3+ 3(CREB3L3) |
i V5 A 228 5% 17 (BDNF) (SRY &6 %41 9
(SOX9) il % & IR B ¥ A 2 & NMDA % i %t 3B
(GRIN3B). H:f',CREB3L3f{E& CREB %K & il b ,
H AL B W T cAMP {55 5 38 5% 1 55 55 1%

A B C D
3 JBEMCF-7HK+ HDACI A EH AT R cAMPES &
BiEXEARIEBRK
Fig. 3 Electrophoresis of HDAC1, cell cycle, apoptosis, and
cAMP signaling pathway related proteins in MCF-7 cells of each

group

£S5 CHI.CKIRHESLEN MCF-7H+ HDACL AEEAH AT R  AMPESERBEXEAREMNEM (x+s,n=3)

Table 5 Effect of CHI, CKI, and their combined treatment on expression of HDAC1, cell cycle, apoptosis, and cAMP signaling pathway
related proteins in MCF-7 cells (x+s5,n=3)

4153 e /ge L HDAC]1 B-actin Bax/Bcl-2 p21/3-actin PK A [3-actin p-CREB/CREB
ZHA 1.00+0.01 1.00£0.02 1.00+0.01 1.00+0.01 1.00+0.01
CHI# 1.6 0.27+0.02" 2.87+0.05" 8.99+0.11" 1.98+0.05" 1.78+0.05"
CKI41 400 0.59+0.01" 1.89+0.04" 5.69+0.2" 2.70+0.08" 1.26+0.01"
CHI+CKIZH 1.6+400 0.29:£0.02"% 5.12+0.17'%% 16.26+0.93"%? 3.61+£0.311%2 2.56+0.08'¥

o 7 .
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ABEFEWIHG T CHI S 2455 Jr CKLHE & I HI X
HR"F M) 88 MCF-7 40 Jfd 5 A7 5 2 /9 Bl W] 4 b 983 %
PEo ZIRE T REA M A TR S B E
G,/G, W BH ¥ I A2 SF A e g 1~ 0 itk — B ERTEE S
BT 4 HLE AR BF 5 i i RNA-seq Bt &
WGCNA F 87 0 1 H -5 20 B 00 7] 23R 5 B 4 G A O
BEH (MEred B8 ) , Jf 525 141 vs CHI 4 . &5 1
2H vs CKIZH .25 (14 vs CHI+CKI 4 ¥ DEGs #1758
AR R LARAT 9T MG FE IR . Xof 3k S K L IR AT
GO M1 KEGG & 4 43t & B, 3 26 56 (R = 2295 ) AR
R M EE A W RS S S R HARE R
B )&, cAMP {5 53l I} £ KEGG & £ 45 R B & &
£, H 43 % CREB3L3 . BDNF %5 £ > 5 4 T i 5 A
) 2235 e A | $ 7R HL B U# 1 PKA/CREB #% 0 {5 45 3l
BT RE OB o W UESE X —HEDN AR HE— 25
E 2R KT A6 I 32 B OC S8 43 - 1 R IR 5 B R b
RAE . cAMP {5 538 B AR & A4 R b B %L
HEZMIEEER . cAMP/E R 2 Mg 5 — (Z i,
2 S o TR PKA, T R Ak T I 48 5 sk T
CREB (1935 P4, DA 5% Wi 240 it J&] 359 L 0 1~ L 344 5 45 A6
FHE R F R . KOK %677 e 4 K 52 & (ER) FH
P FL R 95 & 3 PKA 5 3 19 ERa S305 B R 1k 5
PAK 1 /K V- Th i, 5 = A S et 2540 ¢ . bbb, iF 5%
¢ W 135 2% 0 i cAMP/PKA 15 5 18 % 34 i £& ki 4k
AWy s S G R 1 B BX ER i i cAMP/PKA/
CREB 15 & il [ B4 Jn 43 %00 B2 '™ . M =,
PERSAUD %V F 5% 4¢3 1 40 L A % -24 (IL-24) fiE
% 3 o S PKA £ i i 9 25 F1 pS3 (TP53) #t 1Y
8T RPN PR R AT A LR e A X
SEFE 4 B, cAMP/PKA/CREB {55 5 3l J% 7 HR %1,
JiR g v R — A 52 A% G OB R S A AL, E AR
WF 5T v, B S5 21 0 B 3 7R cAMP {5 53l % b R I 5%
W JE K CREB3L3 Hl BDNF f) mRNA /K °F i & JF
5o HH T I S ] Y # 5 32 %2 3% I i PKA-CREB
I I PR AR, R B SR AX — i SR SR 1 Ui 9K Bl BIL
i, AW 9% gk — 238 3 Western blot K1 T 4% 05 5
E L4 BAES: T F I PKA %3k 8 /2 CREB 1Y
B2 AL BTG o X PP AR K AR S 6 AL B IR B T
TR R B ik o 7, R T DA I il R Ak T
WUR TSR SRR MR A SRR T
cAMP/PKA/CREB {5 5l #% 7] B 7E 3K & 1] 25 Wp [al bt
Jie 73 2550 I H A O R R A A

CHIYE iy HDAC # il %) , & A B 5% % W 2L v] i

. 8 .

I HDACT 3 M 42 & 41 2R F1 2 Ik 7K F ok Pk
S EE N K RD . A B A Western blot 45 3 i
/N, CHI 415 CHI+CKI 41 ) HDAC1 £ ik K F 257
TGt 2E X, H KT CRI4L M Zs (4], X R
CHI & 5 HDAC!1 By il /£ F , HDAC1 (9 #1l #l v] fig
SRR AU R S WA NN A R i I DS S N
T R 95 T e e R 1) e 5 o

B A #F 5% I 52 HDAC I #] 5 cAMP/PKA/
CREB {5538 % Z (M fEAE % VI DI REIE R . WANG
SEUVHT Y $ R HDACT 3l 5 25 2 WAk PKA {1k 7
F 1 ) H 9% 1, 22 1 BEL BT CREB #§ 2 1L 5 Iff HDACI
B4 L PKA £ WAk 3035 | 3 17 {2 #F CREB W 2
AN % R ¥4 AL 1 (Tph1)#% 5% . VECSEY %5 /ff
FEAE S, HDAC 41 il 55 7] 38 4o 3 58 20 28 11 & Bk Ak K
-, $ 15 CREB U 3% [H R 2l 1 DX i) e 6 5 T Bk
M\ T 3% SR cAMP/CREB K #i fy 3 [N #% 3¢ .
MICHAEL %5 #f 58 2 B3, HD AC 1) i 51 3 1 4 5
et i £ Bt AR S 0 B % /MR S5 4, 1 5 PKA X
CREB iy A Je 4, AT 4E £ CREB Ser133 v £ 14
iR Ak 45 2 ) 8], I 45 22 40 55 2L 005 I F CREB 45 &
HE/BLA 454 8 11 p300(CBP/p300) 4t 7 7% 5t 0%
RS 45 ERIERESY , HDACT 36 7] E il 4 5% i
ety [ WAL IR 75 5 PKA/CREB {5 5 #H 56 8 45 i
T2, T i c AMP/CREB 5 i 4 &% 5 482 147 B 5 1F
AW 5T 25 AL AR 1 33K )2 X — AT RE A E
o FHLRIA A it — 2P Bk

i S E TE N Re
B . Western blot 25 g /5 , R 4 CHI+CKI 4
HDACI1 [ %A K-S CHIA M, R 2 BE—E T
¥4, {H cAMP ji % T 75 5 43 F PKA %35 .p-CREB/
CREB {8 } p21 % ik Ml Bax/Bcl-2 {8 ¥ i % % T CHI
5 CKIF A o p21 Ay JE 99 25 1 A0 st A i i 411 o1
FR, v 2 A AT 2 LA 40 R JE S99 a2k AR ; i Bax/Bel-
2 (T v WO i e 2 A 3 B R T e R A
B2, CHI+CKI 41 HDAC1 7K °F Jf & % CHI 41 i
— G BRAIK, X — 45 AR I G IR T B R Y B i 9
SN AT 8 I AN 58 @ MK T X HDACT i TR BE il
Ifii AT fiE BF £ 4 5 PKA-CREB {5 5 18 [ A9 3 1% 1% &
BOEA K, HAREENE, B BEUHE KB CKI
2 L P A T S 0 AT 3 B SR 41 21 p-PKA I
p-CREB 1) 3 ik 7K °F , i i 1% /& PKA/CREB {55 %5 i
B R AR AW RN L B G A S A R RN CKI
AJ fig 38 13 XF PKA/CREB {5 5 i B B i iG 1EH , 5
CHI {14 2 W358 1% 18 45 T WML ) BB 2% 45 1 [ 47 i Jgg
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RN, (H 1238 6 AR D[] VR o 00 6 U0 bl 67 43 75 5 2
Ty ge Pk 52 5 i — 2P ik

RUEARBFSE48 77 T CHI S5 CKI B 0 [ 4t i g 4
FH ARAR A — 52 B SRy BR A o AR 5% A FE MCF-7 31X
— HR-FLAR I 20 i & b BEAT 30 E , AR IZ A A 5 CHI
Ik PRARAE (4 HR 3 7 S AR AT, {H 5 — 20 i 3% 0 ok 42
T Sz e = BF P o HER2 BH 4 LM o 45 HAth 43 7 43 784
XTI BTV I SN2 5 5 AW 58 B B 32 3 3l A
A0S 565 B UE IR [R) %5007 R 2 ok 21 2 R R H 4k 1AL
il , B TE N J5 SR A N S G 1) 25 24 7 SR T B S A
F bR 1 R B A, R T R A X LE A4 L 1
W3 K A Py Bl 55 A 1) 22 4 MR P Al . RAR CHI S
CKI¥ & R4t b i iy Il IR FH 259, HLE 7 2 33
Meta 4387 55 LAl AfF 58 3 W CKI A B A 0 g 25 9 st
R ERTE AR F @k (o R (€ P S Rl LR E 2
SRS W 2 2 P2 R R B S AR AR U Y 24
YA EAE SO R BN RS FEA E AR . R, A
2l (A A S 1 R IR DA 4 T AR I RS T SRR R
GV AR MBS R 8 MCF-7 #3 BURS Al R
B RPN PR 26 2 3 4% , K B0 6 PR 245 X6 /)N BRUAR 7
JHF B ) 6 B T B I 1) 52 W) R R YRR € 3 - A IR T
7k (LC-MS/MSS ) H2 A Al il 24 v B Ko 1 4353 4, OF
455 sy g 2 GE SCHE 7y 1B AR W AR Ak s Wik
F 32 W5 7 SR 1 LR AR I R AR AR R
KA T hR B WAL, IR 45 G I RYT O, AT
SRR T ZE IR N AP R DR Al 4 L T i S
PITESE . HL Ak A 9T B AR WL 2 15 I 2 J5 PKA/
CREB {5 5 i % #H 5C 81 1 3R 35 W 35 20 B AR
PKA 5 5 M 00 61 5] = 35 PR U0 R B R (siRNA) BH 7 %
% LB IR R R OC R AT R D) R S5 AR IE

gk LTk AW 5T IR 52 CHI 5 CKI 7 {4 4h Xf
HR*Z 98 MCF-7 40 il B A7 & 25 19 B [8] 450 1 96 £
FH . HHLH T RE# K CHIM i 41 HDAC1 Kk #5%
W38t 12 8 P AR T B 2 AT g i — 20 i 4
PKA/CREB {5 5 il #% ¥ 5% CREB [ # iR 1k , vk i -
¥ p21 5 Bax/Bel-2 {H , 5 Z 40 M Ji) W BH Ay 5 4
CHL N L 3 i s R BEE i A L) o AR B 50 S 3 2 B 2Y
Py 1 s PR 3K A5 07 FH B4 2 1 S 3 AR Al 5 B e T
Fe P MR R T RWBHE Y S5 2 A
FLNR I TR 7 T W HE BT A BIF o SR
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