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Effects of hydrogen sulfide synthase CBS and CSE on malignant
biological behaviour of breast cancer cells
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ABSTRACT Objective: To investigate the expressions of cystathionine- B -synthase (CBS) and
cystathionine-y-lyase (CSE) and their effects on the malignant biological behaviours of breast cancer cells,
and to elucidate their mechanisms. Methods: The breast cancer tissue and paracancerous normal tissue
from 15 cases of patients were selected, and RT-qPCR and Western blotting methods were used to detect
the mRNA and protein expression levels of CBS and CSE in breast cancer tissue, paracancerous normal
tissue, MCF-7 cells, and MDA-MB-231 cells. The MCF-7 cells were divided into siNC group
(transfected with siNC) and siCBS group (transfected with siCBS) , and the MDA-MB-231 cells were
divided into ovNC group (transfected with CSE over-expression empty plasmid) and ovCSE group
(transfected with CSE over-expression plasmid). CCKS8 assay was used to detect the proliferation activities
of breast cancer cells in various groups, Transwell assay was used to detect the numbers of migration and
invasion cells in various groups, and Western blotting method was used to detect the protein expression
levels of E-cadherin, N-cadherin and Vimentin proteins in the breast cancer cells in various groups.
Results: Compared with paracancerous normal tissue, the expression levels of CBS and CSE mRNA and
proteins in breast cancer tissue were increased (P<C0.05 or P<C0.01). Compared with MDA-MB-231
cells, the CBS mRNA expression level in the MCF-7 cells was increased (P<C0.05) ; compared with
MCF-7 cells, the expression level of CSE protein in the MDA-MB-231 cells was decreased (P<C0.05).
Compared with siNC group, the proliferation activity, the numbers of migration and invasion cells, the
expression levels of N-cadherin and Vimentin proteins in the MCF-7 cells in siCBS group were significantly
decreased (P<C0.05), and the expression level of E-cadherin protein was increased (P<C0. 05). Compared
with ovNC group, the proliferation activity, the numbers of migratoin and invasion cells, and the
expression levels of N-cadherin and Vimentin proteins in the MDA-MB-231 cells in ovCSE group were
increased (P<C0.05), while the expression level of E-cadherin protein was significantly decreased (P<<
0.05). Conclusion: The expressions of CBS and CSE are upregulated in breast cancer tissue, and high
levels of CBS and CSE promote proliferation, migration, invasion and epithelial-mesenchymal transition
(EMT) of breast cancer cells.

KEYWORDS Cystathionine-§3-synthase; Cystathionine-y-lyase; Hydrogen sulfide; Breast neoplasms;

Cell proliferation; Cell migration
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mercaptopyruvate sulfurtransferase, 3-MST) F=4:
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G WE BRI bR 41 20 >>5 em HL BR 2 W ok i e 4L
BUE NS5 IEHHE . A B R B2 W o 3
BRI S, RETE R Z T - ey R
b i 83 AH IR T o ASBIFSE 2 A0 ] R 5 — B R B2
BE A BB 2 B 2t (/R3S . KJ2023-433-01),
Hr A B#F e &R ZH . MCF-7 41
AR DU 4E /R A R A BR A Rl , MDA-MB-231
NMLNE A AR AR R A A G AR i
H LA 5] BIZAF], TB Green® Premix Ex Taq™ Il
WAAAEHBEEYHEARARAA, BCAHEAE
AR & 3 2518 Thermo Fisher A, CCK-8
K50 & H 2 AR RHE A R A, Transwell
/NE W B 3% E Coming 28 A, CBS#Hi{K . CSE#t
. EfEEH (E-cadherin) HUik . i 245 55 &
1 (N-cadherin) $HTRFPEIE H 1 (Vimentin) $i
g AR =AY ARG RA R, GAPDHUK
WA PRZERATR, CBS/ATHRNA (siICBS) K&
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Lipo8000™ %% Ye ik 7l Wy [ 11 38 2= K A= W 4 AR e 40y
HIRAT, CSEFRAFR (over expression CSE,
ovCSE) FIFPEXT B (ovNC) W [ & RIE LW
BRI A B2 A1), Bk 48 BUR R £ 1 3 46w KAR
AACBHE A R AR, 41N i A b s 23 5 R
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HARE A A, Gelview 6000Pro I k2% & 6 AL W
FT M 1 s A= Wy B 4 A BR A W), 7500 Fast Real
Time PCR System %¢ )t & it PCR AL [ 3 [ ABI
YN8
1.2 @i .o i MCF-7 4000 A
MDA-MB-231 41l ild 1 & A 10% 9 it - 1 iE 5 1%
H-WEHEZXRA WM DMEM K 53, 5% CO,.
37 CHEA —ERENERM PSR, 2~3d%
TR AL T 0B A K 1 MCF-7 40 Jfl 5 4
SINC £ (%L siNC) M siCBS 4 (%% 4t siCBS),
MDA-MB-231 41l ifd 5+ }1 ovNC 20 (§% 4 CSE i %
ik 25 OB ) R ovCSE 41 (% 4 CSE i % ik
JEARL)

Fit 1R Lipo8000™ #% Y i 71 146 B 43°4% siCBS I H
BF P X BR SINC $5 ¢ 2 MCF-7 40 ffi b, 3 %35 CSE
5T KL A CSE 3 3 3k 25 2 i bL#% 4 2= MDA-MB-231
oMb, e gh S Y 4 M A: 4K 24 RN 48 h JE 3 AT
RT-qPCR F1 Western blotting 3 5 ul HAth 52 5 .
1.3 RT-qPCR &4 M LA & A R A B SLAR &
Je.F CBS #2 CSE mRNA & & K-F R TRIzol %4
R SUR AN R, Wesk B, RIS . R IEERL
K P B RNA, I e B8 30 5% 58350 & vl B 15
B RNA 655 5o MR TR 20 ul 19 cDNA, FJJ TB
Green® Premix Ex Taq™ Il i 7] & #1417 PCR P14 .
PCRILER I 4&MF: 95°C, 30s, 95°C. 55, 60°C,
20s, 40 ME¥ . LA GAPDH AN Z K, R
2 MR H R R IR, SRS 1,
1.4 Western blotting 3 # M $LAE & 48 28 F CBS #»
CSEREZMILMEME T EMT ALK G RAK
P R RIPA 2 45 T2 20 R 4% 240 40 i 1) 2R
F, i BCA 8 o i 3 7 & gF 47 8 1 vk B 1%
JE o FIH SDS-PAGE WLk 70 8§ 1, R W #% 1
¥ A 2 PYDF I L, 1 5% 09 JBEAS W5 8 1
P2 h, F P 45 S $e B8 R L i A CBS . CSE,
E-cadherin, N-cadherin, Vimentin fl GAPDH — ¥t ,
ACHERME IR, F2 RETHBE . WE _H.
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Tab. 1 Primer sequences

Gene Forward Primer(5'—3") Reverse Primer(5'—3")

CBS TCGTGATGCCTGAGAAGATG TTGGGGATTTCGTTCTTCAG
CSE GGACTCCAGCTTCACTCCGCTT TTAGCGGGTCTGCAGTCTCACG
GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA

WEG . i Image JEMF 0 AT 85 1 250 K AR,
HWHMEARSKE, BHEARKIKE=HWE
I 27 IR BB/ N 5 88 1 2k IR B E .

1.5 CCK-8 kA ml A48 2m fo 3% g5 & b 20 M0 4 e
J&, %4l 3 000~5 000 441 ¥, ¥ 45 2H 40
JitL 4 T 96 L 4 Bt 5 % A o TR A0 NG RE S, TR
B K e 0, 24, 48 #172 h, £FLINA 10 pL
CCK-8 XA, 4kL® T 37 CHFM P F2~4h
Jei . SR 4 SRR ORI A AL B (A) fE .
MM = [ (LRAAE - FTHAAM) /
(W HAABE—=HAAHE) ] X100%, = HHAIL
AR FRHE (HFIHZE).

1.6 Transwell )T 354 W) & 20 29 JoL i A5 Ao 42 2
R Transwell 40 J0 1T B8 520 . 0 5% YL U 11 4%
140 M PR AT I AT B, = A AR 200 pL G
ER AN B, % R 600 pll & 20% I i A9 B
FEE, BT 37 CHi M TS 24 hads 24 L 40
ML RE FEAR L, TR #h 22 " (phosphate buffer
saline, PBS) ¥Et/NE, 4% LR HEH % 30 min,
Y 20 min, HMZRFEEIL/NE N
a0, TS TE R B PR, &5 R
Image J BG4 AT 2R A M 1150 . Transwell 41
AR 28 52 50 B 9 T RS Z A0, HAth 20 R 5 40 i
TR S5 AH A

1.7 %% 4% R SPSS 26. 048 H %4 vk 17
Gt hr. ARREAL . o EH AL LI RS A
41 i CBS Fil CSE A mRNA M & H# ik KFE, &
ARG TR M SRR A Mg . R R, R
1 E-cadherin. N-cadherin #1 Vimentin 2% 1 3 ik 7K
T REA TERA G, VhatsFox, 2 A AREA B
L3R P A 7 FEAR (K58, 22 41 IRDRE AR B 50 L 3%
KA R T 2550 M, 20 TR B AR 350 K0 G L 4R P
LSD-r# 5 . PLP<<0.05 M ERAHSit¥E X,

2 7F R

2.1 LMBARPEFEF AL P CBSACSE
mRNA A & & & £ A KF RT-qPCR %L I 25 J

WoR: S RIE R A, FLIRE 441 CBS
Ml CSE mRNA £ikKFFm (P<<0.05), W 1.
Western blotting 4 U 45 5 W7« 76 FL B s 41 40
CBS F1 CSE 4 H 3k 7K 1 W] b & 98 5% 1F % 41 24
(P<<0.01), W& 2.
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‘P<<0.05,"P<C0.01 ws paracancerous normal tissue.
Bl 5 IE R AL REAE L CBS(A) & CSE(B)
mRNA FEKFE
Fig. 1 Expression levels of CBS (A) and CSE (B)
mRNA in paracancerous normal tissue and breast

cancer tissue

2.2 EXRF SIS 2P CBS 4 CSE mRNA &
EHkEZARF RT-qPCR Ml Western blotting ¥
MEER TR 5MDA-MB-231 4/l b #, MCF-7 41
fir CBS mRNA RikKF-Fhim (P<<0.01), 7E 24k
LR 9% 40 i P CSE mRNA %3k K i 22 73 84
P23 X (P>>0.05), Western blotting 32 4 ] 4%

WoR: 5 MCF-741 M b4, MDA-MB-231 4 jifd
CSE & 1 ik K FFEAL (P<<0.01) . UWIE 3 F14,
[H I A B 5T 3k % AE MCF-7 401 i b i {1 CBS, 7
MDA-MB-231 4fi Jifg v it % ik CSE, 73 #7 38 i +
VAR 2 Fh HLS S5 B 5 0 FL R g A0 1 AR AT
yoRiop- A e

2.3 siCBS# ovCSE# &4 i HIER
RT-qPCR 1 Western blotting 7 #fi & CBS & #& 7F
MCF-7 i fik, 458 EoR: 5sINC4h#, CBS
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Lane 1, 2: MCF-7 cells; Lane 3, 4: MDA-MB-231 cells. "P<<
0 ' . 0.01 vs MDA-MB-231 cells.
CBS CSE B4 Western blotting ¥4 MCF-7 #il MDA-MB-231
B #ffirh CBS X CSE B H RBHIKE (A) AR HAAE(B)
Lane 1: Paracancerous normal tissue; Lane 2: Breast cancer Fig. 4 Electrophoregram (A) and histogram (B) of
tissue. "P<C0.01 vs paracancerous normal tissue. expression of CBS and CSE proteins in MCF-7 and
Bl 2 Western blotting RN 55 1 B A AL RS MDA-MB-231 cells detected by Western blotting method
HH P CBS t CSEF A FRZBKE (A LUK E KB (B)
Fig. 2 Electrophoregram (A) and histogram (B) of & (pg) @ Lipo8000™ (pl) M 1: 1.6 % 4L 1k )
expressions of CBS and CSE proteins in paracancerous T, MDA-MB-23140fih CSE £k K EBE (P<
normal tissue and breast cancer tissue detected by 0.01). TLIE7HIS.
Western blotting method
1.5p
1.5 1.5r <
z
s . s E
g10f 25 1.0p % 10k
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S g S E °
22,4l fu | 3
go 0 go el 5
o & £ o05F
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J A\ ; NS
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\ohd o 0
¥ ¥ B RRS AR LT
A B . © © .
& P ¢ s~°
P<0.01 vs MDA-MB-231 cell.
. ~ “RQ "P<C0.01 ws siNC group.
B 3 MCF-7 f1 MDA-MB-231 41 i #* CBS (A) X
CSE(B) mRNA £k F B5 RT-qPCR¥EHI MCF-7 41 CBS MR RS %
Fig. 3 Expression levels of CBS (A) and CSE (B) Fig. 5 Knockdown efficiencies of CBS in MCF-7 cells
mRNA in MCF-7 and MDA-MB-231 cells detected by RT-qPCR method

9 mRNA 1% (1% KK W BB (P<0.01)., 2.4 ZASLRBEEGHAENE CCK-SEMN
LI 5 H 6, K H RT-qPCR Al Western blotting 525 Zi R /8. 5 sINCALHLE, siCBS 41 MCF-7 4f fitd
Bk id Rk CSERE e b, &5 R Won: U BFAEEN BT (P<<0.01). WEI9. 5ovNCH



MBS, 4 BiALA G R CBS FI CSE X 3L 5 5 40 MW PE 2 B 24T S 14 52 39
1 2 3 4 5 Mr 1 2 3 4 5 6 Mr
CBS e 1 000 cSE B e — 5000
GAPDH “P* 35 000 GAPDH e cmp cssss «mp s e 35 )00
A
1.5
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0 I I
e

RS A LS
° C% %'\ % 5’\0
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Expression leveo of protein

Lane 1:SiNC group;Lane 2: SICBS#1 group; Lane 3:SiICBS#2
group; Lane 4:SiICBS#3 group; Lane 5: SiICBS#4 group. "P<C
0.01 ws siNC group.

B 6 Western blotting ¥ & @& CBS J5 &4 MCF-7
4Mfa CBS A RKAIKE (A)FEFKKE(B)

Fig. 6 Electrophoregram (A) and histogram (B) of
expressions of CBS proteins in MCF-7 cells in various
groups after CBS knockdown detected by Western
blotting mothod
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Expression level of
CSE mRNA

"P<<0.01 ws ovNC group.
B 7 RT-qPCREIIE MDA-MB-231 41 g F CSE i3
FIK TR e L 1)

Fig. 7 Transfection ratios of CSE over-expression
plasmid in MDA-MB-231 cells verified by RT-qPCR
method

FH#, ovCSE 4 MDA-MB-231 40 ifd 3% 5 75 ¥ B &

HaE (P<<0.01). W10, #// T #W CBS #l CSE

14 22 38 AT LS e 2L R 9 440 L P 3 5

25 BUMEEETESBFEZE LK
Transwell /N2 206 A0 25 S 7R . 5 sINC 41 kb

foal

Expression leveo of protein
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Lane 1:OvNC1:1.6 group; Lane 2: OvCSE1:1.6 group; Lane 3:
OVNC1: 3 group; Lane 4: OvCSEL: 3 group; Lane 5: OvNC1:
4 group; Lane 6:OvCSE1:4 group. 'P<C0.05 vs ovNC group.
Bl 8 Western blotting ¥ # I 1 38 & CSE J§ & 41
MDA-MB-231 4 Jfi /1 CSE & [ &K B K B (A) TE %
& (B)

Fig. 8 FElectrophoregram (A) and histogram (B) of
expressions of CSE protein in MDA-MB-231 cells in
various groups after over-expressing CSE detected by

Western blotting method
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0 24 48 72
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"P<<0.01 ws siNC group.
B9 MAKCBSJE 241 MCF-7 40 A 3% 7 5
Fig. 9 Proliferation activities of MCF-7 cells in two
groups after knockdown of CBS

B, siCBS 4 MCF-7 41 il if: % F112 22 40 i B0k 2>

(P<<0.05) . UL 11 f1 12, 5 ovNC 4 I %,

ovCSE 4 MDA-MB-231 4il Jitd 1T %% F1 1= 2% 41 Jitd %5 38

Jin (P<<0.05). WL 13 #0114, $£/8 CBS A1 CSE Af

VLR 428 L B s 240 L 70 S0 B8 AR 28

2.6 BHMMmBEBETEMTAXEGRALKT
E MCF-7 40 j b, 5 siNC 41 b %, siCBS 41
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Fig. 10 Proliferation activities of MDA-MB-231 cells
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in two groups after over-expressing CSE

MCF-7 40 il tf E-cadherin 25 11 % 1k 7K °F B & 7+ 55
(P<<0.01), N-cadherin #1 Vimentin 5§ 4 % ik /K F
BB RS (P<<0.01). WK 15, 8 MDA-MB-231
i, 5 ovNCH L, ovCSEZ MDA-MB-231
20 g h E-cadherin 85 1 £ 1k 7K F B B BEAR (P<<
0.05), N-cadherin Fll Vimentin 25 [ %% ik /K 5 B &
FHEs (P<<0.01), W.E 16, #/~ CBSHICSEZ 5
FL A ML EMT .

3 3

TR AR T A A VAT R, RIEL
Ji g £ S AR AR AR R . SRR R AR B I R
R SIS EEEN L Y
Py Ae ZU I vh B N T S, (R s B 2
W, AR A2 Y TR e TR BRI B R T
MELHEI,

TE 22 Pl iia e 28 0 e R BT HLS A R Y O A
3 I HLS A e 2Rk, AR T R R HLS K
S, DT B AR b R S R B L 5 PR 1 AR KRN
UL EAMAMT, 3-MST Xt H,S 1 ot #ik 4
ik 7, R AR F 5T 2k % CBS Fil CSE 1R S BF 58 %)
., SRR fEFL A 2 CBS F1 CSE 1Y
mRNA N & H LXK PP 8 A&, HCBSTE
MCF-7 40 g h g5 26 %, CSE £ MDA-MB-231 44 il
LR IA o PRI A B 5% 2k £ 7E MCF-7 48 Jifd v e ik
CBS, £ MDA-MB-231 4ii jifd # i & ik CSE, Kl
PE% HLS & BUBG 8 11 /KT J5 6 LR Ji 38 58 R AT e
TR . ARWFR AR BoR . HS A BUEE CBS Al
CSE 2 5 7 L I¢ % 40 M ) % M 2B W) 417 o W
g8 B OR s HLS A U Y 2 1K 5 ) i 98 20 i Y 1
B AT R BE F71 . 75 HCT116 45 Jig 9 40 L 2 v Bl MG

A—B:Migration; C—D:Invasion; A,C:SiNC group; B,D:SiCBS group.
B 11 R CBS)E 24l MCF-7 41 E B MR RE UL (48 %, < 100)
Fig. 11 Migration and invasion of MCF-7 cells in two groups after knockdown of CBS(Crystal violet, X 100)
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A :Migration; B : Invasion. "P<Z0.05 vs siNC group.
B 12 @ik CBSJE 241 MCF-7 iU # AR R 40 M %k
Fig. 12 Numbers of migration and invasion MCF-7

cells in two groups after knockdown of CBS

CBSH{ & LA £ (aminooxyacetic acid, AOA)
HEAT LW ], A0 R G AE A HLS & s/, 4 AT
BRI 22 ae J wpam il . CBS By 2 3 i =l K
PRI 350 R o TIE B A A1 0 o A R OREE R T
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Fig. 13 Migration and invasion of MDA-MB-231 cells in two groups after over-expression of CSE (Crystal

violet, X 100)

S

(=]

(=]
1

Number of migration cells
Do
(e}
o S
T

Number of invasion cells
—
o
S
T

k3

w
S
T

—_

(=]

(=}
T

OVNC OvCSE OvNC OvCSE
A B

A :Migration; B : Invasion. "P<C0.05,"P<0.01 vs ovNC group.
B 14 ik CSEJg 24 MDA-MB-231 40 g i # #
R E
Fig. 14 Numbers of migration and invasion cells of
MDA-MB-231 cells in two groups after over-expres-
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Lane 1: SINC group; Lane 2: SiCBS group. "P<C0.01 vs siNC
group.
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Fig. 15 Electrophoregram (A) and histogram (B) of
expressions of E-cadherin, N-cadherin, and Vimentin
proteins in MCF-7 cells in two groups after CBS
knockdown detected by Western blotting method
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Fig. 16 Electrophoregram(A) and histogram (B) of
expressions of E-cadherin, N-cadherin, and Vimentin
proteins in MDA-MB-231 cells in two groups after
over-expression of CSE detected by Western blotting
method
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