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[Abstract] Objective To investigate the expression characteristics of cystathionine-f-
synthase (CBS) in esophageal squamous cell carcinoma (ESCC) tissues, to clarify its correlation
with clinicopathological parameters of patients, and to further explore the regulatory role of CBS
in the malignant biological behaviors of ESCC cells (including proliferation, migration, invasion,
apoptosis, and in vivo tumorigenicity) through in vitro and in vivo experiments, with the goal of
providing a theoretical basis for molecular targeted therapy of ESCC. Methods Tumor tissues
and paired adjacent normal tissues were prospectively collected from 38 ESCC patients undergoing
radical resection. Transcriptome sequencing was used to screen differentially expressed genes.
The expression of CBS was verified at the mRNA and protein levels by real-time quantitative
polymerase chain reaction ( RT-qPCR) and immunohistochemistry, respectively, and the
correlation of CBS mRNA levels with clinicopathological features (TNM stage, and lymph node
metastasis) and prognosis of patients was analyzed. Normal human normal esophageal epithelial
cells (HEEC) and ESCC cell lines (TE-1, ECA-109, KYSE-150) were selected to detect CBS
mRNA expression levels, and a target cell line was screened based on expression differences. A
CBS-knockdown KYSE-150 cell model was constructed using lentivirus-mediated shRNA
technology. The effects of CBS knockdown on cell proliferation, migration, invasion, apoptosis,
and in vivo tumor growth were analyzed comprehensively using the CCK-8 assay, Transwell
chamber assay, flow cytometry ( Annexin V-FITC/PI double staining), and a subcutaneous
xenograft tumor model in nude mice. Results Transcriptome sequencing and subsequent
validation experiments consistently showed that the mRNA and protein expression levels of CBS
in ESCC tissues were significantly higher than those in adjacent normal tissues (all P <{0.05).
Clinical correlation analysis revealed that CBS expression levels were positively correlated with T
stage (r=0.438, P =0.006), N stage (r=20.730, P=0.001), TNM stage (r=20.788, P <<
0.001), and lymph node metastasis (¥ =0.355, P<C0.001). A CBS-knockdown KYSE-150 cell
line was successfully established in vitro. Functional experiments demonstrated that compared
with the empty vector control group (sgRNA-NC), the CBS knockdown group (sgRNA-CBS)
showed significantly inhibited cell proliferation activity (OD values suggesting significant
differences at 48 h and 72 h, P <C0.001), migration capacity (approximately 31% reduction in
migrated cell number, P<C0.01), and invasion capacity (approximately 40% reduction in invaded
cell number, P <C0.01), while the apoptosis rate was significantly increased (approximately
54.4% increase, P<C0.01). In vivo animal experiments further confirmed that interfering with
CBS expression significantly inhibited the growth of xenograft tumors in nude mice [ At 22 d, the
tumor volume in the sgRNA-CBS group (624.0 mm?®) was significantly lower than that in the
sgRNA-NC group (974.2 mm®), with a significant difference, P <C0.001], accompanied by
decreased expression of the tumor proliferation marker Ki-67. Conclusion CBS is significantly
highly expressed in ESCC, and its expression level is closely related to malignant progression of
the tumor. In vitro and in vivo functional experiments confirm that CBS promotes the

proliferation, migration, and invasion of ESCC cells and inhibits their apoptosis. This study
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suggests that CBS may serve as a potential diagnostic marker and therapeutic target for ESCC,
providing important experimental evidence for the subsequent development of CBS-targeted
therapeutic strategies.
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Table 1 Primer sequence

FE A Forward(5'-3") Reverse(5'-3")
GAPDH CAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC
CBS TTCTTCCTGGGCTTCTCTGA GTTACACCTCATGTCCTCCT

15 fed gk e HAREARTE 1000 22
wpfE R SRR (pH=7.4) .4 “CIEE 72 h, HiJRHE L
B 7K (7096 ~100 %), — W A& W, A Wi 5t . B
JE il 4 pm EELED] . BB 2B 5
VBRI E SR 1 X & g 2R 2wl (pH =

9.0) B EHAEE (121 °C,15 min) , M5 H 3% H,O,
FIRIFH 30 min 10 % IE & LM% .37 °C 30 min,
ffi 4t CBS B sd BEHL AR (1200, Abcam , % )
4 CiE e, im A HRP #rid th 3 Hi e 1gG(1:1 000,
Abcam, #[H)37 ‘C 30 min, DAB i (% 5 40 " 4% 5
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SRR X R T A0 B A AT

112 hYses A5 6 Ji ik it BALB/c #%
B o P b T 4 5 1) A S50 Bl W R A R mT R AL L A
SPF 2% R85 1) 77 . 8 3 48 BE A 4L (AL 5 . K'Y-24004)
P E Yt sgRNA-NC 5 sgRNA-CBS () KYSE-
150 20 AL B B2 T 1 56 30 L BT I T A R R
R AR AR SRR R 2 R R RS )
1 000 mm® B A GEAbSEIURE . A 0 I g AR
IR IF AT MR 4R I 22 S 0 T SR A L B0 2 384y - R
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Table 2 Statistical results of sequencing data quality

. . . N s . \ PRI WWIEE WAL
A FRER JB 06 1 JEU A JEE BB HEL TR Q20(%)  Q30(%)
X 3 7 5l ) §)
Al 37655502 18827751 5685980802 35921478 5355099855 17960739 149.1 95.40 94.18 97.30 93.20
A2 34871724 17435862 5265630324 32839748 4907544395 16419874 149.4 94.17 93.20 97.35 93.00
A3 44723994 22361997 6753323094 43772284 6546679335 21886142 149.6 97.87 96.94 97.75 93.75
Bl 48526036 24263018 7327431436 47166786 7038434503 23583393 149.2 97.20 96.06 97.50 93.20
B2 35335188 17667594 5335613388 33889082 5061273032 16944541 149.3 95.91 94.86 97.45 93.20
B3 46919496 23459748 7084843896 45550278 6795379244 22775139 149.2 97.08 95.91 97.45 93.20
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Figure 1 Transcriptome sequencing results
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EIAL PR mRNA FEHRBKFH R ES T
i 57 1E % 4141 (P<C0. 001 FIP<C0.05), W% 3.%
K 2

®3 EREBRMEFEEHLATH CBS mRNA RiZFR
Table 3 Expression of CBS mRNA in esophageal cancer

g
I

e~
.

o

and adjacent normal tissues

(n=33,7+s)
215 CBS mRNA
Ji o7 4 1.34640.193
I 4 3.97440.244
tfH 8.442
P i < 0.001

x4 CEREENEFTEEHALAFHCBSEAREER
Table 4 Expression of CBS protein in esophageal cancer

and adjacent normal tissues

(n=3,x *s)
41531 CBS % 1
P 5 Ul 59.48009.363
Kl 111.900+9.179*
t {8 4,001
P {H 0.016
Lo ,“o"
LW
.‘ l 4
o
E2 CBSHEREBEMEFEFALTREA{/UFLE
5 ( x100)
Figure 2  Immunohistochemical staining results of CBS in

esophageal cancer and adjacent normal tissues ( X100)

2.4 CBS #K/KF5 ESCC ## I K H7AF 1Y A &
PEOAOC BT BoR, B R 414 CBS mRNA 5
R B A MR 7 B % e oy A R R TG A O
(P>>0.05);CBS mRNA £iEKF5 T 4N 4
1 TNM I PR 23 199 Bk B 45 5 B 5 I b 35 40 G, 22
S E X (P<<0.05), %5, GREWEE
T /-8 N 43 1 F1 TNM 43 B /) 32 '€ . CBS mRNA
FIRKFE B W T

2.5 CBS @il 20 bk by gt BOR E S5 IER &
LR HEEC M b, 8 4l i & b CBS %
KK 2 T Heoh KYSE-150 20 i Bk 7 7 4 W
W(FE6), M e KYSE-150 ghfTfm4escs,
& CBS TR 4 (sgRNA) K Hoxf B8 551 (NC) )
T8 7 40 BB e 4 KYSE-150 41 72 h )5 . )
I RT-qPCR Kl CBS @ B# &0 A 45 S B R
sgRNA-CBS4] CBSmRNA & & 11 /K F # W 2 %

i o sgRNA-CBS 414 g b CBS & H & ik K-
1 sgRNA-NC 4H % (0.532+£0.180) 15, 22 B A 5 it
RN (P<<0.05), W 3.3 7.3 8, ##/R CBS %
PR Rl e A8 L A S
®5 CBSKESIGKBEEMPBXRES
Table 5 Correlation analysis between CBS levels and

clinicopathological indicators

L7 r {8 P i
P 0.012 0.511
AE R 0.504 0.440
Jib 968 A7 0.079 0.236
Sy AR 0.070 0.281
T 534 0.438 0.006
N 434 0.730 0.001
TNM 4+ 0.788 <20.001
LR RS 0.355 <<0.001

®6 TRREEMAMET CBS mRNA Rik1FR
Table 6 Expression of CBS mRNA in different

esophageal cancer cell lines

(n=9,x *5)
251 CBS mRNA
HEEC 41 1.11340.178
TE-1 4 7.8034:0.690 "
ECA-109 41 3.9944:0.532"
KYSE-150 £ 8.41440.885 "
F 18 29.840
P1{E <20.001

* P {5<C0.05 5 HEEC 4 It % (Bonferroni )
7 KYSE150 #AaH CBS mRNA /K F
Table 7 CBS mRNA levels in KYSE-150 cells

(n=9,7 +s)
2 51 CBS mRNA
KYSE-150 41 1.01040.047
sgRNA-NC 41 0.96740.064
sgRNA-CBS 4 0.17240.018"
F{H 100.800
P18 < 0.001

* P {H<C0.05 5 sgRNA-NC 4 H % (Bonferroni 3%)
*x8 CBSEBRZEEENHFIT
Table 8 Quantitative statistical analysis of

CBS protein expression

(n=3,7+s)
4153 CBS # 1Rk KT
KYSE-150 41 1.00040.033
sgRNA-NC 21 1.081+0.012
sgRNA-CBS #41 0.53340.104"
F g 21.590
P18 0.002

* P {H<C0.05 5 sgRNA-NC 4 I % (Bonferroni %)
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26 CBS X ESCC 41912 i p B il i
o (D] ™ CCK-8 Al Transwell 525K 1 40 I 14 i i 75 % 2
TR SR L BOK CBS 5 4L 7T 2
ZHe ¥ B EM R (P<<0.05), WE 9,% 10, &

GAPDH | W AR — .

S © &
& & & AA B i 25 3 o 5 40 A T B
3 3t sgRNA 72 h /5 ,KYSET50 AR cBS BE Fix  Z AR KB AMELT sgRNA-NC 41, sgRNA-CBS 4111
*E A0 ML T He ) T L 22 AT SRR (P <0, 01D,
Figure 3  The expression level of CBS protein in KYSE150 DL 11 - 4C, BEHH AL CBS F 3k 0] #il #1 ESCC
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Table 9 The role of CBS knockdown in cell proliferation

(n=8,x *s)
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Table 10 The role of CBS knockdown in cell Table 11 The role of CBS knockdown in cell apoptosis
migration and invasion (n=3,x+s,%)
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Figure 4 Effect of CBS on the biological functions of ESCC cells
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Table 12 Comparison of tumor volame changes between two groups at different time points
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Figure 5 Effect of CBS on the proliferation of ESCC cells in vivo
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