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Abstract

Objective: To investigate the effect of TMAO on the progression of hepatocellular carcinoma (HCC)
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in mice by promoting NLRP3 inflammasome activation and its underlying mechanisms. Methods:
Twelve 6~8-week-old SPF-grade C57BL/6] mice were used to establish an orthotopic HCC model by
intrahepatic inoculation of Hepa1l-6 cells. The mice were randomly divided into a control group (NC
group) and a TMAO group, with 6 mice in each group. One week after inoculation, the TMAO group
was intraperitoneally injected with a TMAO solution, while the NC group received an equivalent
volume of saline. Body weight changes were recorded during the experiment. Four weeks later, liver
tumors were isolated, and their size and weight were measured to determine the effect of TMAO on
tumor progression. Serum levels of IL-1 and IL-18 were detected, and pathological changes in liver
tissues were observed using HE staining. The mRNA levels of NLRP3, Caspase-1, and GSDMD in liver
tissues were measured by real-time quantitative PCR (RT-PCR). Results: The orthotopic HCC model
was successfully established. Compared with the control group, TMAO promoted liver tumor growth
(P < 0.05), increased serum levels of IL-1$ and IL-18 (P < 0.05), and enhanced the mRNA expression
of NLRP3, Caspase-1, and GSDMD in liver tissues (P < 0.05). Conclusion: TMAO promotes the pro-
gression of hepatocellular carcinoma by releasing inflammatory factors through the NLRP3/GSDMD
signaling pathway.
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1. 7

JFF e A2 A BRIEDRE A AR T 38 — R SR IR, RO 2R AIBE T2 IR IR A Tt o JH- 40 & (Hepatocellular car-
cinoma, HCC) & 5 7 WL 2R A, 2947 90% M1 fl[1]. HCC kAR — MR 4R 2D\, ZF
IRl 25 A LA FH AR 2 4 P S M L AL T HCC R, 29 90%11) HCC S s tERT %8 . W&l A i i 51
A 28 SiE A 9%[2]. NLRP3 (NOD-likereceptorprotein3) # /M & —F Z A E &4, H NLRP3 & H.
PR T AH OB SR 2R 1 (Apoptosis-associated speck-like protein containing a CARD, ASC)F1: R A&l 1 14
(pro-Caspase-1)ZH i[3]. NLRP3 % %E /MAIE 5146 1) caspase-1 —J7 % gasdermin D (gasdermin & H
FIEHGL, GSDMD)#EATUI#], GSDMD-N i fEA0 i LR BALI, SIRMET: 5—TmiEFAN R
(Interleukin, 1L)-18 F1 1L-18 HIRTAIE4L A IL-18 & 1L-18, ¥JrliEit GSDMD-N Sitd e i@ E B i, 5l
RRIE RN [4]. B TR S IEH S EL, NLRP3 A 23 R 76 FF 4l fo e v R IA ik, HIHFERFRE
P2 IE 5 e BB B A A7 2 AHOC[5], NLRP3 #GE/NMATE HCC Tl 5 A e iy r AT = o Ak, #x
IR — SR e R B, Wi E AU =P 4k = F i (Trimethylamine oxide, TMAO)- 5k & & 1 XUS: 2 [8] 477
BER, SRR PEIFE B 2% TMAO /K-F &2 71 51[6]. TMAO @it £ Fiig 2 0% NLRP3 4 /MA[7] [8],
HRAEFEVIBE R, H % HCC WfE ML FE— B0t e, A0t g/ B ALY, JF 8
JEVES TMAO AT T3, Al NLRP3 RAE/IMARIIELL, #R1F TMAO 8 i#iF NLRP3 AE/IMATE
HCC KA K R HIE -

2. MG E
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SPF 2 C57BL/6J IfEFR,, 6~8 JEWk, 1K &E 20~22 g, W E RS 38 70 BHA LI s FR 2 =] (VF AT IE
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%i'5: SYXK (JH) 2018-0002), /INRIAFET1HIR . ARifE G/ B IEIEIAFI 60%1 5 7%, B KA
. TIEMBRTRENLE /N R ot 45 TMAO 4, B41 6 H. /Nl Hepal-6 4l H 224k /R AEV R
BRATE . A shY s SR iR b E R R 2 R KA S T80T, AR S RER 20 B
Z: o AR HE .

2.2. ZimSiRH

TMAO (sigma-aldrich); Hepal-6 4fiffl % H5e &85 750k . & QBG4 R AR AR A A]); A
42 18 (interleukin 1), 1L-18 ELISA far il il & ( iR AR A IR A 7)) SI24H 416 RNA #2
ORI & Wi ) qPCR R & A% B @ W (R 4R AE MR A R A R, HEVEENL. VIR HLA
TIARER . PRI CR IR 58— B I B e i BB A1)«

2.3. MNERFERAERE

Hepal-6 ZHfuss %, 4045 £ A K e B i, K20 Mk FE VR 2 0 45 10 wl 108 4 i, DA
20 I JRATEERPF/NERFF A0 o ANERRATAA/KAR 4 h, FRESEH/NRARE, % 0.25 mL/10g A 5 S il
I T RRIE S, D) B EE T A A, A O B A S AR A IR 20 pl #ERR TR ZE 0, AR ER A 1k 1
JEBE A LA kI A

B RFAEE S 7 RIFME, TMAO H TR S TMAO ¥##(80 mg/kg), &EfE 4 Ik, T 3 Ji;
X HE A IS B v E S TMAO 2P 357k AR AR BE B K, B 2 Rids— R NRIAER . REH 21 K, R
BRAFRRARE, # 8 2h 5 4°CE0HL 3000 rpm B0 15 min, BB JZ G H 4 FT-80°CUkAf . Ja iaiak
SE/ANER, FRRIIE S B ATIE, PBS ME T, T KEFRE L & . B G 2 AT 2 e T A e
W, HARID SR J5 RN 80°CUKFE RAF -

2.4. HE 36

JFHZARE 2 R e M ER PG, B RS, U, 17 HE ett, TyEm i fr, 400
Ot RS T WS HGUEEZA, WuE e R .

2.5. ELISA

M—80°CUKFTI /NIRRT, UK R Ja A bR & A Rl e 2 1%, AR ELISA Bl & it
5 b KRR E SRR SR A AN B T B AR R AR SN £ AU T 8 AR RS X 450 nm K
RERHIROEAE AR bR HE B 2 S OB BT SRS b IL-158+ 1L-18 7K~

2.6. gRT-PCR

FREXZ) 50 mg FHAFZHZ, HEASIRMLR G S H, 1B 2 RNA $ BGaR) & 1 B - iU 2H 24
& RNA, A 2366 BE TR I RNA FEASIR BE S AR ARYEAE AT RNA R FETHEW A% 1 F 75 1) RNA 1R,
IR A AR B U R C ) 20 pl SORiAR 2R, B T AR 7 4 cDNA. R4 gPCR 7 & it B 45
il 20 ul R BifA %, HEAT QRT-PCR R M. LA p-actin AN SEER, KA 2744CT 3501 H R R (1 AH X R A
7KF. NLRP3 5|#)/F 5| A1EH: 5-GCCGTCTACGTCTTCTTCCTTTCC-3', Jx[A:
5-CATCCGCAGCCAGTGAACAGAG-3'; caspase-1 5|#7 4N 1EA: 5'-AGGAGGGAATATGTGGG-3,
S : 5-AACCTTGGGCTTGTCTT-3'; GSDMD 5| #7414 1E A : 5-TGCGTGTGACTCAGAAGACC-3',
J2Jh): 5'-CAAACAGGTCATCCCCACGA-3'; f-actin SI#F41 N IE[A]:
5-TATGCTCTCCCTCACGCCATCC-3', xIil: 5-TGTAGCCACGCTCGGTCAGG-3'.
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2.7. GtE S

KH SPSS23.0 AT G220 M1, IESDARIITHE VTR IS £ b (X +s)Roxw, WAL
R FMSTREAS t K50 B Kruskal-Wallis #6556, P < 0.05 NZERA gt %5 Y.

3. R
3.1 MNR—RIE R

SEEG RS A, PRAL/NBROT O IS e R AR, WEE S RRD, R E g .. xR, TMAO
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Figure 1. Weight changes curve in both groups of mice ("P < 0.05)
B 1. B NRAETLEIZ(P < 0.05)

Table 1. Comparison of body weight, liver weight and liver index of the two groups of mice (X+s, n =6) (P <0.05)
F 1 FHDOREE, FREESFEREER(X+s, n=6) (P <0.05)

ZH 3 R E (g) FF 2 () FFEFE $0(%)
SR 26.6 £0.85 1.74 +0.30 6.2+15"
TMAO 4 249+15 1.98 +0.61 9.0+1.2

3.2. RRUMGEFE AL/ RATERE

X EZH

Figure 2. Pathological changes in liver tissues of two groups of mice (HE, 400%)
2. PLR/NRTRARRIETE ((HE 8, 400x)
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HE B RER, ANEITEASR AT ZAL, M LI e, B tl, AR,
TR A R G WM AR AR, BRI R IER B, HRAE XN KR et
YIIE, WL 2. HE Hetis 201/ BT8R AR b )«

3.3. FFAA NLRP3 HRE/IMERE

RT-PCR 58 B7r, SXTHAML, TMAO 4/ RHE L4 (1) NLRP3. Caspase-1 mRNA ik /K-
BEE(P<0.05), WA 3. ELISA it —2i7n, TMAO 41/NR LGS IL-15 K 1L-18 7K tH B 2. 14
(P < 0.05), W.FE 4. 455%EH TMAO 7] S /N B NLRP3 Z85E/IMATE, FF(EEE IL-18. IL-18 1)
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Figure 3. Relative expression levels of NLRP3 and Caspase-1 mRNA in liver cancer tissues of two groups of mice (*P < 0.05)
[& 3. ®4A/\FRATHELEZRH NLRP3, Caspase-1 mRNA FEXH5AKFE(*P < 0.05)
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Figure 4. Comparison of serum IL-1/ and IL-18 levels in the two groups of mice (‘P < 0.05)
& 4. FLENRIE IL-18 & 1L-18 7K FELE (P < 0.05)

3.4. TMAO B/ NBRAFEELEZ F GSDMD mRNA AR

GSDMD {ENET AR E A F G EE R IA Z —, " caspase-1 ZfgIFidt— L SAMAET, B
UM IL-18. IL-18 FERIER T Nilt—0 T TMAO ¥ih NLRP3 J&%E /M 5 2 75 52 M R i L K]
GSDMD #ik, A7kl 7 GSDMD mRNA FikfEil. 2R EH, TMAO TG [FIFER R 1/ B
141F GSDMD mRNA KiA(P < 0.05), WA 5. 454 LRseierh, My IL-18. IL-18 /AP, #2m
TMAO #JiEit GSDMD i 4 fE 17,
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Figure 5. Relative expression level of GSDMD mRNA in liver cancer tissues of two groups of mice (‘P < 0.05)
Bl 5. FLA/NRATERELSF GSDMD mRNA 3¢ #RIEKF('P < 0.05)

4. ¥1ig

ITAER, TEZ Pl s rh 5 21 i 18 B R X 8L, W TE R R Sl I 2 Mg 2 5 BUR 1) 5 i
[9], b s B A4 B AR A mT DA S 5 e S e R B TR, I R e A= K ) S B A 45 R 7 10]
[11]. 28 i AR T R 1 TMAO 5 J5 A VeI 1) R g B IEAROE[12], {H TMAO =& i it — AN ek
IR, 342 e B8 TV T A P A A RSB B P A A G P 5 i3 — AP B0 IE o AT 7388 5 8 7 ¥ S T e 4
P g FFF e /N BRABEZRY , 45 AR TMAO 705 35 19 T JF9 /I8 BRUA) iR 7 i, 3 5 11 PR E 9 R W 452 31
(9 23 I TMAO 7K T A — 2.

NSRBI A R RN R 0 BAR B, AR MERIRREE SORE vl B35 AP, ST 4R RFAE L, B
K3t NP [13] - NLRP3 J8E/AIMATE N JOERZ Ay, VEZHE T HAE HCC HIE T T, 45 KW,
NLRP3 #$5E/MAZ 5 T HCC (1) AR KM AR s AR [14] . FEHR R, X ATREZ R NLRP3 44
MR TN ENE 5B S B, 7 TR R 98 A R DN n] S R R A, IRk HCC 4
K[15] [16]: F3— 751, NLRP3 #EMAS TR TRl Gedifi] HCC A4 K [17]. NLRP3 #AE/MATE HCC i
(IVE FHE P2 2 B E F X B AL s —Fb . ABFFS R, TMAO @ NLRP3 Z8E/MA, I
5 GSDMD /ST, BRORERIER T, 0 IL-18 A1 IL-18, AR NRITERE. WY
TMAO fE4 NLRP3 S8 RE/MABIEFIRT, LR ACAE R T, 3 K SRE S S I I s /) SR8 £

AT E K TMAO-NLRP3-GSDMD & 5 il 5 FF ik e 1k Rk >k, AR TMAO IR HL I $2 (it
TR A o SR, A FEANAFAE — 2SR o B 5, ARWFFAAE D RS AL R E T TMAO {2 fEH
MTRAENMGARFEAR P — P 500F TMAO AKFEHEEE TR KRR IR, AR FEET TMAO Xt
JFHR A AR B 520, T TMAO /2 75 3 Ik 5 M Ji R bR B vp (0 A A L, I G e A P 24 40 i 55
(e 0 Pt g, ATh AR AR SR BB Fe itk — PR R .

£ E&WA
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