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[ Abstract | Background and purpose: Esophageal carcinoma (ESCA) is one of the malignant tumors with high mortality rate,
and the underlying mechanism of its development is largely unknown. CDC20 plays an important role in tumorigenesis, and its
dysregulated expression is closely related to tumor occurrence and development. The expression of CDC20 is increased in a variety
of tumors, and knocking down CDC20 can inhibit tumor cell proliferation. NLRP3 is the main component of the inflammasome, and
inflammasome is also closely related to tumor occurrence and development. Here, our study aimed to investigate whether CDC20
promotes the proliferation of ESCA cells through NLRP3 and its regulatory mechanism. Methods: The expression levels of CDC20
and NLRP3 genes in ESCA patients were analyzed using The Cancer Genome Atlas (TCGA) detabase and GTEx public database.
We collected clinical and pathological data and tissues from 80 ESCA patients at the First Affiliated Hospital of Xinxiang Medical
College, and detected the protein expression of NLRP3 in ESCA patients through immunohistochemistry staining. This study was
approved by the Ethics Committee of the First Affiliated Hospital of Xinxiang Medical College (Number: EC-021-137). We studied
the effects of knocking down CDC20 and NLRP3 gene on the proliferation ability of esophageal squamous cell carcinoma cells
EC9706 and KYSE150 using short hairpin RNA (shRNA) technology. Co-immunoprecipitation (Co-IP), proteasome inhibitors and
ubiquitination experiments were used to detect whether CDC20 interacts with NLRP3, and to elucidate whether CDC20 regulates
NLRP3 expression through the ubiquitination pathway. This study was approved by the Ethics Committee of the First Affiliated
Hospital of Xinxiang Medical College (Number: EC-021-137). Results: The TCGA database analysis showed that the expression
levels of CDC20 and NLRP3 mRNA were significantly higher in the cancer tissues of ESCA patients than in the adjacent tissues.
The immunohistochemistry results further showed that compared with adjacent tissues, the protein expression levels of CDC20 and
NLRP3 were increased in ESCA tissues. Knocking down CDC20 and NLRP3 genes inhibited the proliferation of ESCA cells. Co-IP,
proteasome inhibitors and ubiquitination experiments confirmed that CDC20 interacted with NLRP3 through its leucine-rich repeat
(LRR), and CDC20 stabilized its expression by promoting NLRP3 ubiquitination. Conclusion: CDC20 and NLRP3 are upregulated
in ESCA tissues, and CDC20 stabilizes their expression through ubiquitination of NLRP3, promoting ESCA cell proliferation. This
suggests that CDC20 and NLRP3 may be potential diagnostic targets for ESCA.
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kB, NF-xB) , SEANMEHEH , REAEAE K
J& 24 A S SR R 4 195 ( head and neck
squamous cell carcinoma, HNSCC ) 524 % AE
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WA RIGPEIL- 1B ™= Az, DU A2 2 firb 38 41
(RRFIRG 0 ARk, A REST 0T W,

MR S 5 il g ik R B VA G . RAAERIE T
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10% I 4= L35 W8 A X0 A= ) B A IR 2
A, ARG & -8 (cell counting kit-8,
CCK-8) g H H ARG {2~ F 55y, PrimeScript
2 e SRR 8 S I 9Ol e e BRI BE S N
( real-time fluorescence quantitative polymerase
chain reaction, RTFQ-PCR) X &y H H A
TaKaRa/AF], Super-Bradford# [ &= ik 5 H
VLI RN 2 E MR B A BRA 7], NLRP34T
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& (19771-1-AP) W A BRI = JEAYE AR A R
A, CDC20 (E-7) ik (sc-13162) M HEE
Santa Cruz Biotechnology/A ] .

1.2 KRR ZA
121 FTH KRB A KIS

L dEaaE L 2H K% ( The Cancer Genome
Atlas, TCGA ) #(JE/% ( https://portal.gdc.cancer.
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FBEIRIR TR, A T GTEx B %
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MEAR2ZE RS RNTIUS 5307 o
122 WeEAFARR
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W & B2 e 5 — M R B A0 B 2% 51 2 Y o it

(45 EC-021-137) . @WAbRiE: O RIGHGE
“ERTAT ISR P2 R AN ESCC: @ AW g
tseas, TR . HEBRARE: QO IR K b ekt
At ; @ BEARFIHTEST
1.3 EWH*
131 B, mibssifest i

JFoRikg . NLRP3. ASCHIpro-Caspase-1
Jokr 347 P R 20 B o [ R S L 0 s R
2 42 k. & T Flag-PYRIN ., Flag-NACHT
FIFlag-LRRUALF HE, AR 38 A5 5> T 5d B2 7
%, KPYRIN. NACHTHMILRRSE ¥ 58 44 46 7
B i $pcDNA3. 1-FlagZk#& |- . PYRINIE [f]
S1W ¥4 K5 -GCATGGATCCAAGATGGCAA
GCACCCGC-3', 15197315 -GCATCTCG
AGCTATAAACCCATCCACTCCTCTTC-3';
NACHTIE M5 #1751 }5'-GCATGGATCCCTGG
AGTACCTTTCGAGA-3', S5 #F5 k5'-GC
ATCTCGAGCTAGATCTTGCAACTTAAT-3';
LRRIE [ 51 ¥)F75) }5'-GCATGGATCCTCTCAGC
AAATCAGGCTG-3', Ia5|¥))75k5'-GCATC
TCGAGCTACCAAGAAGGCTCAAAGAC-3',

YR RE IR AL Y . RS 10% 064 M3 . 75-
575 R IUDMEME{RPMI- 1640 M 1S F7 5L, B4
MIE T37 °C. COMMRFRITECN 5% 1 15 57 4 Hh 35
Feo T dH G RE ARl 5 2 IR 80% , AR
FEHE LI X T RURCDC20FINLRP3 1112
LSS, RAPEIFYLHEK-293 T4t A4 5 1k o
55 1 RHEK-293 T4 i A= K Rl B2 80% ~ 90%,
Bii1.5 mL Eppendorfisd & M pric, B
Eppendorfif & H il A700 pLICIMLIERF IR, 1 pL
PMD2H12 uL pspax2; %EEppendorfill & A
2.5 uL shCDC20mshNLRP3 5k, 5. FFIA
HEYERF16.5 uL, FHE 15 min, BFIIRSWRGREN
FIHEK-293 T4HAE ;7= ML
132 1ZomEr g

P BE R IR IRMERS . FENT I RHEK-293 T4 Y
B S 92K H 8 mL DMEMI; 5L, 453
FMCEENG TE R SR E 50 mLE L A4 CTEL,
P8 mL DMEM#EFREE; B4 RIEER BT R
WS R RIS, H0.45 nmad JE#s
Vg, BIHIAHSR BRI . AT -80 Cf7
i, R R, TR T SR T A A
TEREATR, 5 mL/AE o 1895 R YL AN ik .
BB K ECI706 FIKYSE-15041 8, T Ak
JEEEMT10 eI SR MLrh 3550 0 . B2 WEE 4
2 Bl B SR 20%~3 0% ] ] LA v 45 1 o 7 %
e, A-80 CUKAE HHIRCHS $ R £ b i 18 s i 15
TR, A AR L, JERYLET S mLp R
55 mL RPMI-164085 5 508 5, FRAA20 pL
BEM (5ERFRWL - 500) , FEIAMRAL, 4y
B2 YR, 2IR AR [E £912 hy B3 K
8 mL RPMI-164035F8 0 ; 54K X0 L 20 A4
Sy, Arp2dt AN, A8 pLIERER (H5a
FRFRMEL : 1.000) Fivk2eki4 dikgy o dnit, i
WE25k4 dJF A MR R T, R B S B
( Western blot ) A4
1.3.3 RTFQ-PCR#|

K HTRIzo & #E BLERNA i H
PrimeScript/Z % s iR 7 & 8 o I 5% sk 315
¢cDNA. RTFQ-PCRH ABI 7900HT RTFQ-
PCRZ % 1T, CDC20% A IF L3 ¥ % %
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N5'-CGGAAGACCTGCCGTTACATTC-3',
X5 ¥FH 5 -CAGAGCTTGCA
CTCCACAGGTA-3'; NLRP3F}LHIE LB Y751
$15'-AAGGGCCATGGACTATTTCC-3', & X 5|
Y174 H5' -GACTCCACCCGATGACAGT-3';
GAPDHAENIE LG FF 51 A5 -TGCACC
ACCAACTGCTTAGC-3", & XBI¥FHN
5'-GGCATGG ACTGTGGTCATGA-3',

1.3.4 Western blot#a |

WA g, $RECEEE T, HSuper-Bradford
M R & E R R, 40 nedi H
HEAT 8 % 1 e B 1R ) 2R VAT A4 I e R J P YKk

( sodium dodecylsulphate polyacrylamide gel
electrophoresis, SDS-PAGE ) 4355, K47 & 1
FIHLUK 78 2 PVDFIE |, 5%/ A5 28 473 6f 4]
2 h, DX EMR-20002292 W ( phosphate-
buffered saline with Tween-20, PBST ) PEE3
W, K10 min, MARFERCDC20, NLRP3
Hlvinculin—#T, 4 CHERIEF LR . 1 XPBSTk
AV, FIR10 min, HIAHURL ) 48010 40 it A Bk
B —Pr, FEPEIKIEF30 min, | XPBSTUER4
K, BR10 min, HHEE22%E (electrochemical
luminescence, ECL ) 5] % {4,

1.3.5 CCK-8%

X% & JERNA (short hairpin RNA,
shRNA ) (shscr) mishCDC20. shNLRP3€%%;
P AR IR Y ECOTO06 FIK Y SE 15041l , 7E4h 7T
4 10%FBSHIRPMI-164085 53 b, 3l 13 CCK-8
SRS AT A MG TN AE o TR PR R AR & U
BH-FEAT, 2450 nmAbIEREE (D) {H.
1.3.6  JJR LR AL F M

ik BURESCCA W W A TE Y i 2 )5 ] f g
HA FSPIEFAT YA, Jeta ) 1S5
1 B ZELE IR AR DR FR S R AT o S5 2R 2
AR YRR AT XUE ) B . NLRP3
PR 8 Ry 20 B o b S BAR B A 0k, CDC20FH
PRI AR B R A0 A - AR Ak, DA
R, BRI BEALR AR 1041 B AL AT
PAGE T PRSI & 23 LE RN gL (s B 25 T3P0 . G
0L i 9 0 L 1) B PR T 0 e e 0, o

1, <20%; 2, 20%~75%; 3, >75%. Yetafif
AN BE PR 0, BAE; 1, 39 (IR
W) 5 2, WE (FFEE) 5 3, mE (1548
) o YeEFE=FETEE 5 b X R
1.3.7 %97 250 ( Co—immunoprecipitation,
Co—IP) %3

fEHEK-293T4ifdrh, [A) 0} 4% L HA -
CDC20. Flag-NLRP3. Flag-ASC1.
Flag-Caspasel fIEV ( XM ) Fiki, %
JECDC205NLRP3, ASC1fliCaspasel
ZHMMEEEH. Bl H1XE
10 con 4 g 55 35 M, HEK-293 T 40 ity 2% f&F
HT70% ~80%, [FAfHEY*HA-CDC20. Flag-
NLRP3. Flag-ASC1. Flag-caspase-1FI1EV ( %}
M) ok, 2E2K5 LH 6 mL DMEME: 3%
e, W Fhne uL MG132, B3 RIS FREN,
1 mg S 2% ) 58 pLBUIRWE B v ETHA BT
K4 CHEIKIRE4 ho R AP HINETNG v
(20 mmol/L Tris, pH=8.0, 100 mmol/L NaCl,
1 mmol/L EDTA, 0.5%NP-40) ¥4k, K
Western blotfa il 4

HEHEK-293THi e, [A A5 L HA-
CDC20. Flag-NLRP3 . Flag-Pyrin, Flag-
NACHT. Flag-LRRHIEV ( %HAZH ) ok, HiF
CDC205NLRP3H (M — A XS AH BAEH .
A H1RAEL0 e SR L, HEK-293T
Y% T70% ~ 80% , [RIATHE Y HA-CDC20 .
Flag-NLRP3. Flag-Pyrin, Flag-NACHT. Flag-
LRRFIEV (XJHRAL) ki, 552 K4H L6 mL
DMEM#EFE3E, B Fine uL MG132, 3 RINEER
FAEAL, 1 mg SRR 58 nLBiAeh B re
PiFlaghtik ( >0.6 pg/ul ) 4 CHERIRT4 h, s
2AYHNETNG M9 (20 mmol/L Tris, pH=8.0,
100 mmol/L NaCl, 1 mmol/L EDTA, 0.5%NP-40 )
BEGRAUR , K Western blotFa il 4t
1.3.8 ZHENEE

B A B ARSI S (AIMG132525; ) -
JAXTBRShRNA ( shscer ) mishCDC2012 5 25 #4 43
ARG YECIT06 K'Y SE15040 0, 4r K24H, 1
HAXTIRA, H1HANIMAMG-132 ( 5150
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1:1000) 4k8e3E5%, 12~18 WG4 —WER IR
i, 1 TWestern blothil . 12 ZALSCH . FXT AR
shRNA ( shscr) BshCDC20 5 554 E A JB YL 1)
EC970641M1, INAMGI132 ( 55351 : 1000 )
PSR FR12 ~ 18 hig 5 —WEE B T FES,, o0
WCLZH FMINLRP3-1PZH, NLRP3-IPZH fit) 40 it 224 fi
P ENLRP3YUA4 CHERIAF4S h, FHIAProtein
A/G 4 CHIKIRE1~2 h, REEEWHNETN
W (20 mmol/L Tris, pH=8.0, 100 mmol/L
NaCl, 1 mmol/L EDTA, 0.5%NP-40) Ei541%,
K Western blot#a i 45 5 .
1.4 SEitFaE

K HISPSS 25. 08 % 5t i A T e it 50 o
TCGA%HE i HESCAL 41 FniiE 57 41 41 CDC20
FINLRP3 RNAF IRk KF-53Hr R FH WGt 37 A
Wlicoxn Bk IR B . HefE 21 ZUAk 2 S0 45 SR L 3%
ESCCZH 21 I 5540 21 CDC20 FINLRP3 25 [ 7K
SR ST FEAR R 56 . NLRP3FICDC207EESCC
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R TR 26 53 DA 5 R I R B4 R 1) S
PER KR, AHSEE ST R I Spearman Bk AH O
Ko . P42 [A] B CDC20FINLR P35 %28 4 il 43
Bk FHWlicoxnBk Mk 45, 22 [k HKruskal-
Wallis B[R F 5 22 7007 . 4 24 S 06 R H R 3R
J5 2253 BT RN 28 22 04T HUEOR [R) 20 22 [ 14 22
Sk, P<0.05NZERAGIEE L.

2 % R

2.1 CDC20FINLRP3ZEESCAALAFRIEFAS
JHIHHCDC20. NLRP3ZEESCAH (kK
Vo, H X TCGAZHE W ESCAZH ZURI i 55 21
AIrFCDC20FINLRP3 mRNAFE KK 475047
RN, tHESR44], CDC207FESCAZL S
hERATHE, ARSI (P<<0.000 1,
Kl1A ) . NLRP3{/EESCAH A hFik T, 2
RS AR 1.256% (P<<0.000 1, EIB) .

B
r kKoK ok Type

4r . © EG1 (n=163)
= ] Normal (n=1 456)
=} -
.a 3 -
8 .
o, i’ -
5 Ll s dy :{-.
& <
=4
=
Z 1r

ofF a

G1 (n=163) Normal (n=1 456)

E1 CDC20. NLRP3#ZEESCAHLR i 5kik Liff
Fig. 1 The expression of CDC20 and NLRP3 was up-regulated in ESCA tissues

TCGA database results showed that CDC20 (A) and NLRP3 (B) were highly expressed in ESCA tissues. ****: P<(0.000 1, compared with adjacent

tissue.
2.2 HREALNLZEKRNCDC20FINLRPIRIER
iEES

Fy it — B IFCDC20MINLRP3ZE H () £ ik
KEAEESCCH AR, Bifif5 T FHSOBIESCCHR#H
(98 LR 55 L bR AR A T T Sy e 4~ 58
5, IFHWRSE SN TSR E R ESCCH
CDC20FINLRP3#H H Y RIE K. 4R BN,
24148, CDC20 ( KI2A. 2C) FINLRP3

(2B, 2D) HHIMFREKFAEESCCHL H i
ZTbe (#2) o MHEENLPR3 mRNAKEAE AR
A1.25(% (E1B) , HEAKEI &2 (K
2B. 2D) . M4, iR R TNME
1) 5B H s L BUE 2= 25 5, R IR TNM A3
) FFE . CDC20MINLRP3HE 13k /K -t 7H s
( BKI2EFI2F ) . {HE]IVIJS, CDC20MINLRP3
TR RK T kST, T R
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o IAh, P SOFIESCC R 3 1yl PR %kl 1, P<0.05) , NLRP3HICDC207FESCAH 15
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Fig. 2 Immunohistochemical detection of NLRP3 and CDC20 protein expression in ESCC tissues and adjacent tissues, as well as correlation
analysis between NLRP3 and CDC20 protein

A, B: CDC20 (A) and NLRP3 (B) is highly expressed in ESCC tissues (SP staining, X40). C, D: Comparison of CDC20 (C) and NLRP3 (D) scores
between ESCC tissues and adjacent tissues generated in (A, B). E, F: The protein expression levels of CDC20 (E) and NLRP3 (F) in ESCC with
different degrees of differentiation ( I -IV phase). G: Positive correlation between CDC20 and NLRP3 expression in ESCC tissues. ***: P<<0.001,
compared with cancer tissues.

®1 80BIESCCEEMIERFRIEFFHESNLRP3FICDC20E B RIZHIMEX M
Tab.1 The clinicopathological features of 80 patients with ESCC were correlated with the expression of NLRP3 and CDC20 proteins

CDC20 expression n NLRP3 expression n
Pathologic feature Total n - y value P value - i value P value
High Low High Low
Organizational classification 5.788 0.016 4.290 0.038
Gl 54 24 30 36 18
G2-G3 26 19 7 11 15
Depth of infiltration 8.459 0.004 4.921 0.027
T1-T2 15 3 12 5 10
T3-T4 65 40 25 42 23
Lymph node metastasis 5.729 0.020 5.071 0.024
No 57 26 31 29 28
Yes 23 17 6 18 5
TNM staging
I 27 9 18 3.884 0.049 13 14 3.884 0.049

I 21 13 8 16 5
I 25 19 6 5.153 0.020 17 8 6.412 0.011
v
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Fig. 3 Analysis of the correlation between CDC20, NLRP3 and immune infiltrating cells

A, B: The TIMER system assessed the correlation between CDC20 (A), NLRP3 (B) and the level of infiltration of different immune cells (CD8"
T cells, CD4" T cells, macrophages, B cells, dendritic cells and neutrophils) in ESCA. C, D: Effect of CAN on the level of immune cell infiltration
in ESCA based on CDC20 (C) and NLRP3 (D) characteristics. E: Relationship between CDC20 and NLRP3 in TME. *: P<<0.05; **: P<<0.01;
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Fig.4 CDC20 protein positively regulates NLRP3 expression

A: Co-IP showed that CDC20 proteins bind to NLRP3 proteins. B: Schematic diagram of domain structure for CDC20 and NLRP3. C: Co-IP shows
that the binding region of CDC20 and NLRP3 is located in the LRR region. D, E: WB showed that knockdown of CDC20 in EC9706 (D) and
KYSE150 (E) cells resulted in decreased levels of NLPR3 protein expression. F, G: Image J analysis of NLRP3 protein generated in (D, E). H, I:
gqRT-PCR analysis the mRNA level of EC9706 (H), KYSE150 (E) cells generated in (D, E). J, L: WB results showed that knockdown of CDC20 and
treatment with MG132 in EC9706 (J) and KYSE150 (L) cells resulted in elevated levels of NLRP3 protein compared to shscr. K-M: Image J analysis
of NLRP3 protein generated in (J, L). N: WB results showed that knockdown of CDC20 decreased the ubiquitination level of NLRP3 in EC9706. **:

P<<0.01; ****: P<<0.000 1.
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Western blot analysis of EC9706 (C) and KYSE150 (D) cells infected with control (shscr) or the indicated shCDC20 lentiviral sShRNA constructs.
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