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Abstract:  Objective To investigate whether lactate exerts a time-dependent bidirectional regulatory
effect in the pathogenesis of gout and its underlying mechanism, based on the pro-inflammatory effect of lactate
and the anti-inflammatory potential of lactylation. Methods A gout inflammation model was established u-
sing monosodium urate (MSU)-induced THP-1 cells. Firstly, the effects of lactate on the expression of genes
and proteins related to the NLRP3 inflammasome and the secretion of 11.-1f were detected by RT-qPCR, West-
ern Blot, and ELISA. Secondly, THP-1 macrophages were pretreated with lactate to induce histone lactyla-
tion, followed by MSU stimulation. The mRNA expression levels of the pro-inflammatory gene IL-18 and the
repair gene VEGF were then detected by RT-qPCR.  Results Compared with the model group, lactate treat-
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ment significantly enhanced the mRNA and protein expression levels of NLRP3 and Caspase-1 induced by MSU
( P <<0.05, P <<0.01, P <<0.001) and promoted the secretion of 1L.-18 in the supernatant ( P <{0. 05, P <<
0.01, P <<0.001), suggesting a synergistic pro-inflammatory effect between lactate and MSU. This pro-in-
flammatory effect showed a tendency to weaken with prolonged action time. In addition, exogenous lactate
treatment significantly upregulated the protein level of H3K18 lactylation (H3K18la) in a time-dependent man-
ner ( P <C0.001). At the transcriptional level, after lactate pretreatment, the mRNA expression of the pro-in-
{lammatory gene IL-1B was significantly downregulated, while the mRNA expression of the repair gene VEGF
was significantly upregulated ( P <<0.05, P <<0.01, P <{0.001).

ent bidirectional regulatory effect in gout inflammation. In the early stage of inflammation, lactate synergizes

Conclusion Lactate exerts a time-depend-
with MSU to activate the NLRP3 inflammasome and exacerbate the inflammatory response. In the later stage
of inflammation, lactate may promote the transformation of macrophages into an anti-inflammatory/repair phe-

notype by inducing histone lactylation modification, thereby participating in the alleviation process of inflam-

mation.
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A& (55 . EK101B, bt N B R A= 9 B AR B A R
A HED s GAPDH Fifk (585 . LF205S, |- 5 i i A4 9 =
R ATBR 2 7DD s NLRP3 Huik (485 . R014488, | iff
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RO13737, L ERG £ B AR AT BR A D s HRP ¢
Ptk 1gG P (R 5 . LF102, [ ¥ i i 4k 4 B2 25 Bl 4%
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1.3.1 4MERi3: THP-1 417ESA 10 %64 ik
(FBS) . 1% % R — 8% & FZ BPUH I 1Y RPMI-1640
BRI N AT R % B R IR W JC T .37 CHE R .5 %
CO, Y20 M50 7 35 7248, OE KRS B4 19 40 B i A7
1.3.2 THP-1 ZHMIA 9 KR AE & B B Ak T X 20k
KHI Y THP-1 240 M 250 IR, A S 1<10° 4/ 4L
PR T 6 LA I A U iR (PMAD E R 100 nM,
BT ANMER R4 AR 24~48 h 5% S0 BE R MO
i 20 M 35 W, JCTE 1 X PBS e 40 M, JH e B R
100 pg/mL MSU i {4 T 2 V3 3 240 H , #) 8 0 XL R
i 290 L ASS Y AT 3 43 200 i B - 3 TR DS ] S
R0 b A Je - 1 200 A Y 43 RS A 4 (MSU 41)
AL AR 4L (MSU + FLER 41 . Hip R 48 i 10 mM
FLR . FLRALINA 10 mM FLER . I 76 A Rl A] 25 (4 by
8 h.12 h.24 UKL K 7K.

1.3.3 FLER T THP-1 4l Kk FxBAERKE
THP-1 4 &5 0l FB SR 1 X 10° A /fL3Efh T
6 FLA . A % Fis (PMAD ZEHEE N 100 nM, B T 40
L5 R4 L B 24~48 h % S BE AL MO 20
ML SRR, JCTE 1 X PBS YR A0, Ik 4 i 4r ok 3
0. MO 41, MSU 41, Lz + MSU 41, H v Mo 41 fl
MSU 21 B 46 57 119 3% 772 W 4k 22 85 5% , LR + MSU 4
A 10 mM FLERALBE 16 h. i P 418 H LR L S . B
JCHE 1 X PBS ¥k %40 i, MSU 20 Fl 5L R + MSU £ 1]
WelE R 100 pg/ml MSU 4 44 1R 2 9 30 3 40 i, Mo
A SE RS MSU By 1E 7 25 AR 4 SClk i . MSU
3% 6~24 h AT g A S THP-1 J5 5 M40 T-18 4
WA PR I AR Al S 50 A HE e B MSU B 12 h AR S
G FLAS oIS S W 2 i

1.3.4  MTT oo vk K 40 i o6 F1 i 4 X 500
THP-1 4 ff LA &3 v B #2807 96 fLAR . ] 100 nM 3
WEEHFE THP-1 BARZ4IM 24 h, 5 S0 Mo
EWE4afd, % 0 mM.2 mM.5 mM,10 mM,15 mM,
20 mM FLIR 4y AIA/EH B WEan i 24 h, & 3 &
fL. B MTT %W 10 pL.H 4 h 5, 7. H
&AL 110 L Formazan % f# W . K IR % 10 min i
G S SR A VR R L AE 490 nm A0 E £ FL G BE (OD)
1. MRHEAZ M AE SR 0 =LA HE —
25 A BED / O BREH P 90 — 25 A 4ED 1 X
100 % , 1H 545

1.3.5 SEAF9EE i PCR(RT-qPCR)
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KNS R 25 T ROE 2 b, L B4 A TE] NL-
RP3.Caspase-1,1L-13, VEGF mRNA K % ik /K ¥,
BT E S 3K EEHF LR 1,

x1 5l9F35

Es L 51 Y 5
NLRP3

F 5'-GATCTTCGCTGCGATCAACAG-3'

R 5'-CGTGCATTATCTGAACCCCAC-3'
Caspase-1

F 5'-GCCTGTTCCTGTGATGTGGA-3'

R 5'-TCACTCTTTCAGTGGTGGGC-3'
I1L-18

F 5'-CCTGAGCTCGCCAGTGAAAT-3’

R 5'-CATGGCCACAACAACTGACG-3'
VEGF

F 5-CATTGGAGCCTTGCCTTGC-3'

R 5'-AGAAGCTGCGCTGGTAGACAT-3'
Bactin

F 5'-AGAAGGATTCCTATGTGGGCG-3'

R 5'-GGATAGCACAGCCTGGATAGCA-3'

1.3.6 ZEHA BT ZE (Western Blot) O F#
B i 58 6 FLARCh 40 i 1 X PBS Uk 2 K,
LA 100 pL Z4/# W, vk £ 24 6# 30 min, H 1.5 mL
EP & Y& .4 °C .12 000 r/min &> 20 min, JL £
WU, WEFN LEBR T ZE EP &b g E N
RS 5 X R ph R R B 4 2 1R 2,100 CHY
L JEB NI 5~10 min AR @ AL K LUk A 5
EAERT 100 °Cm#k 2min, MK &M E R 80 V H
FE 530 min HH 4 IS L S LR B 120 VL, IR
W ) I A5 L R K 5 % S . B A I AT B
KA 4% — U8 4K — i — PVDF B — 18 4K — i 4 .
5 EHT PVDF RS S8R I 7E JCK £ BE 2 min; 0K
TE 7 250 mA,60 min; D 5P E . H AR SR
B 1 h, HASRGEHEEE T 50 TAE®R T (NL-
RP3 $i4A& 1 ¢ 1 000, Caspase-1 $ifk 1 : 1 000, GAP-
DH $ifk 1 : 5 000, H3K18 FLEHi& 1+ 1 000),4 °C
WEE LR, 2 K TBST Bk 3 WK, B & T X5 b —
PP (HRP F4if 1gG 1 : 1 0000, HRP E41 i 1gG
1:10000), FEFKBEHE 1 h; @ BF . TBST Pk 3
W, WM R ERAR : BE=1: 1, ¥k
MG B3,

1.3.7 ELISA 2% WCAE 4 M 3 . 300 X g 250
10 min EU0VE . BABEARAR AR L AN A 300 pL BB
12U 30 s, FEU L INFRVE S AREAR 100 oL, BEFLE N 50
pL BEAR A I PR S I H 2 h, 3. FH VB VE AR 6
W IFEN KA BT, AL i A 100 pL B55E
R B T YA, R FE 45 min J5YEHR 6
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2.1.1  FLERXT THP-1 [ v i ok B i ik ok
TR A ) LR VA BE L K AN R VR BE LR (0 mMLL 2
mM.5 mM, 10 mM, 15 mM. 20 mM) 4> 5 /E H T
THP-1 E W40 24 ho i 3~5 R L. 55X
HO mMYM I, FLRHEIEN 2 mM.5 mM,10 mM
B, % THP-1 E W 40 i i AE fF S E B B % ( P >
0.05), FLER W BEAE 15 mM.20 mM A5 F . THP-1
I 200 i 1 A A R A B R (P <<0. 05, P <<
0.01), WLIE 1, byl R ZLIR Mk B b v, B AU I SE T
T 5 Wi ST 36 235 L, 76 IR B E 8 20 2, ZLIR A B vk
JEZ) 1. 5~3 mM, I 76 I I S0 B8 855 | OG5 48 61 S5 R
E TR FEHE BE AT A 10~40 mM., 3 T I, AR5 1k £
10 mM () FLIR W B2 HEAT 5 22 ) F 25006

150

ns ns ns
100 * k%

A HLAFE R 1100%
3
1

0- ‘&n T T
SRR IR
4%\$ & o)@ \Q& \q,((\ ‘19(0
FLERIKFE ImM
. P <<0.05," " P <{0.0l,ns: P >>0.05,

B1 flext THP-1 E4 &£ F RN EH

2.1.2 FLBRX THP-1 40 MG X 58 5E B A NL-
RP3.Caspase-1 mRNA RKiL/KFEm 8 7 AL FL
2 %t 9 DA 98 i 52 07 A DG & PR K P 1 2 ), 18 ¢ THP-1
200 0 A O XU 8 A LA AL THP-1 4 i FH 19
Pt 15 Ut B i 1 W 4 i, JH 100 pg/mIL MSU i 44 1R
S VR 200 N ek S WSO S - A R A %) 40 A
AN 10 mM FLER  IFAEA R B[] 50 (4 h.8 h 12 h.24
WA, REL RT-qPCR, % NLRP3.Caspase-1
mRNA FiKKF, RE/R, SEMAME, 10 mM
FLER AL B F R IR R AR 5 S W 40 g b NLRP3,
Caspase-1 mRNA ik (P <0. 05, P <0.01, P <

0.001), $2 78 LR 5 IR IR ER n] BEAT A Pp [R] 00, KT
DHRAE L o SR LR A i 98 280K B3 A I ] 19
FEA, B L ILIA 2,

* % %k %k %%k *

= VSU
25 - B MSU+ELE
[ =
S 2.0
R
[
35 1.5
3
32
Z g
< 0.5
©
0.0- T T T
4h 8h 12h 24h
* %K kK %k * %k *
5 = VSU
_ E 2 =3 MSU+ELE
£
- g 3_
T X
2 0
22 27
S
o 14
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4h 8h 12h 24h
. P<C0.05," " P<0.01,""" P <0.001,
2 Bt THP-1 40 f0 5 At R AEH A NLRP3,
Caspase-1 mRNA % ik K F % g

2.1.3  FLEXT THP-1 40 K PE R AR NLRP3
Caspase-1 8 HRIKK T30 O 1k — B3P Al 3L
X9 AU A S5 g A DG 28 7K SF B B2 e e THP-1 24
AL R IRV 2 I A0 B AR L . THP-1 40 g O 5 i
5 W BE J B W A0 L ] 100 g/ mL MSU iy IR %
VBOR 420 o T 5 WSO S G 00 L R0 4 1 2 T A
10 mM FLER , I FEN R B [E] 45 (4 h.8 h,12 h.24 h)
ISCEE I, SR B Western Blot, £l NLRP3,Caspase-1
HHRIXKF, iR ER, SEBHMIL, 10 mM 3,
B b FE P 2 4E 9R R R Hh 5 = 09 48 g b NLRP3.
Caspase-1 75 4235 ( P <<0. 05), 8% 1Mj , FLW& bl 5 7 H
B[] A B, 2 KT 2 59 e, LBl 3. 2. R
36

MSU MSU+ &3
0 4 8 12 24 4 8 1224 Timeh

T1S KD ittt it it e 54 0 ) 8¢ NLRP3

45 KDA  yu bt e ot o 5 ) o a9 Caspase-1
36 kDa S emesssapes et GAPDH
B3 FLExt THP-1 4 M8 JUME 3k JE B8 NLRP3,

Caspase-1 & A % ik K F % " Western Blot £ &
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F 2 FLEAX THP-1 ARamX M RERE NLRP3 EERIXEKEZE (2 =3)
2H 531 4 h 8 h 12 h 24 h
MSU 0.78%+0.09 0.90=40. 04 0.9440.05 0.7240. 04
MSU + #L. 12 1.024-0.11° 1.1240.11° 1.08+0.07¢ 0.8740.02°
H.OF NI EXRBHE U (L)% T3Qa: P <0.05,b: P <0.01,
£ 3 FLEEX THP-1 ZHRa R KR EHEE Caspase-1 EEAREKEEE (2 =3)
2H 531 4 h 8 h 12 h 24 h
MSU 0.824+0.05 0.85+0.07 0.874+0.02 0.88+0.06
MSU + #L.##2 1.16+0.19° 1.0740.02° 1.07+0.12° 1.030. 01"
H.OF NI ERBHE U L) FF;Qa: P<<0.05,b: P <0.01,
2.1.4 THP-1 F W40 b 35 % b e 1L-18 19wk B
control laetate-12h lactate-16h
AT RGN L R AN TR B JR] S, RRE R TL-18 Y
AI, THP-1 41 8 Wb 9% FR 75 5 W BE Bl B 41 A,
HB40 20 L 3 VR R 4 ) 40 B0 s AN i 10 mM FLR
I AEA R B ] (0 ho4 ho8 ho12 h.24 £ i, *kk
R ELISA St IL-18 W . 45 R W, 5 HEm 41 £ M e
ATEE > 10 mMLFL R AL 33494 5% DR i 175 5 1) 0 L 2 I
o
IL-18 4+l ( P <<0.05, P <<0.01, P <0.001), W,/ 4., & B 1.0 =
(<]
TS
28
2000+ " — MSU °>’ g 0.5
g 1500 I x p MSU+5LE % >
g ®  g.0- ,
@ 1000
. /// © 00 &
~ 500 = & & SF
\’bé \’bé
0 T T T T T 1 E 00T P <<0.001,
0 4 8 12 16 20 24 o i o
i} 1 (h) M5 FLEx THP-1 E "% 4 88 H3K18 #L B
BEHRkEKTEH

P <0.05," " P<C0.01,""" P <C0.001,
M4 Bt THP-1 @k A RESEE - 134 BN W

2.2 FLER AL KUA AT 1 52 e

2.2.1 FLEX THP-1 B W40 H3K18 FLER L E A
FRAKFR M A T R AR P LR X THP-1 g
YA H3K18 FLMR Ak (H3K18 FLFR) & 11 19 3k K 1Y
YEH . THP-1 400 Fl PMA i S 5 B2 e 4E 10 mM 3L
MR Ab BEAS [R] B8] 45 (12 ho16 h) 5 i THP-1 W 40 i,
K H Western Blot £l H3K18 7Lz & 1 3 ik K F.
iR, 55X A A L AN IR ME LR AL B THP-1 B
Wi 20 i, S R H3K18 FLIR & [ Rk K (P <
0.001) , i 25 I a] Y ZE K, H3K18 FL R AH X 36 3k 5 1%
i, L 5,
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2.2.2 HEAFLMRALR THP-1 201908 XM 28 5 # #
IL-18.VEGF mRNA Kik/KF5m S 1 R4 &
F1 7L IR T 6T 98 XU BN A 52 M), 4% THP-1 B I 41
JH 10 mM FLERALHE 16 h J5 . 5 5 40 i 4 5 11 3L R
fRR 3k AR5 P PR R 46 B 4N M, 12 h 5 YR8 36
10 mM FLER AL B 40 B, R B RT-qPCR, A6l £ 48 5
IL-18. 82 3N VEGF mRNA F£ikK¥, &R E
7N SRERIA AR LG, FLER AL BRS L 40 Y IL-18 mRNA
KKK FEAR, VEGF mRNA RikKFThm (P <
0.05, P <C0.01, P <C0.001), WK 6,
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E.:" P <<0.05,"" P<C0.01," " " P <C0.001,
B 6 4% & ILE bt THP-1 40 58 KU %
#A IL-18.VEGF mRNA % i & F &

3 itig

B 25 +E 23 205 & L 9 KUEL A BN B DL R
PG, IF R IR R A F . 32 2 18 1 S5 4 e X
(14 2 95 KU R SRy 38 2 o R 1 I G ) i 6 PR 36 22—
Frek & w42 o 2 5 BOFL R HE B, LT B ) R R HE
M, A ZHANG D %558 5 73 5 AR & 30— BB
RUEE A B S B i —— FLER A AB M . 12 AE M Hh L Tk
B 55 21 B R e R A ) 0BG S R O s e £ o
PRI % 3 114 307 780 2% U0 38t A% L, 4 S LR K # /E F
SRR IR S SRR AR B A0 AR AR
2 RGP T RE SN GF B A A TR . AR
¢ E BT LR AE R KU h VR S B AL R fk
A& X e XU R 0L 1) B . 45 R o L FLIR 5 R R
ERAEAE DM RILE L 858 T NLRP3 48 k44 i 1% 4k & 1L~
18 A 23 0 o ¢ TR H BH S5 A9 41 8 458 0 {HL B 25 A F ek 1)
(4 FE K, T2 AR 9 500 % 7 55 . [ B LR T TR B
YR A FLIR LB i Y o, {2 R B 1L-18 K38 TR,
&2 B K VEGFE K3k Fh&, JUHJE 12 h, 5 B0 i 9
G, 3k — 45 PR FLIR 7E R KR AE P AT BB LA B[R] 4
I B UL 1 A 1

B AR IESE LR AE 10 mM ¥ B 1T i 3
iR MSU % S5 /9 NLRP3, Caspase-1 mRNA Fl & H 7K
S 3K AR BE R TL-18 B9 . X 5 SR R AT 5T
NN FLIR AE A S T B R 4% 7 4 T B W s —
Y, FLER AT AEE i S NF-«B 88 HIF-1o 2545 5
B, PR MSU i #E NLRP3 % 1 1A (1 4 2 5 15 1k, M
7T TR 98 i S g . A F 5% 26 B, 2L R A P9 R 40 B v ]
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