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INRAAFE A B R REEEL, Wil i aL s & ph
ZRAE, JF H A4 AR/ BZEfE v 1Y) SCFAs 5% i
HBFHERFZER " RSB /R T SCFAs 5
P2 R IR, ELAR[A) ¥R JEE 1) SCFAs 1] RE 5
RAIRASF] R BEER R

JIN JE T A0 B R R R 22 R R BE e e A
JitL 2 R N SR A R 2 R R B F,
TNF-a., IL-6 % 8ot 250, W]
DL 5 B — 4L & (nitric oxid, NO) A3t 4
RN A AR S R 2T i BE T L B
TE PR J8CTE A9 /)R o 200 L 22 T 28 9 E 2 5 () b 22
RGN, WIERTRIGEEN . NN, 2R
BEALAEAHOC o)

H A OT ST 2256 T B— SCFA /NI IR 40 i i)
S0, MFEAR N Z b SCFAs i EIVER,, 6T
AN TR] ¥ FE SCFASs YR A3 10 6 /0N e S5 40 i A ot 28 9 i
(1415 M S HAE FAIL o /R IR . A5 AR R
SCFASs 1A W%t S AE FRBE T /0N B S5 240 Jifd 1) 52 1)
T, WF5T SCFAs X /INE [ 240 it 5 i S5 7 i 4 FH &
FHSEHLH] .

1 HHSH%

1.1 FERFFUEE

CLREL . NRE: . THREL A LPS ¥ Sigma A
Al; DMEM gt #R5E . Wdi. PBS (pH 7.4) Fi
0.05% Jif3 25 1 i ) F Gibeo 23 W) 5 Ji 4= 1L 15 W4 T
Lonsera /A 7] ; ECL fk2# & i A1 PVDF J= I
Millipore 23 7] ; RIPA 2L A1 NO 5l 75 &0 H
o RN A CCKS & il ik ) & Wl T
MedchemExpress 7 7] ; TNF-a ELISA i 7l & #1
IL-6 ELISA 5 & T i - FEE W) A vl 5 RNA $2
B30 & 1 F Biomiga 23 /) 3 qRT-PCR AH 2 1551 1)
F TAKARA 78 f] 5 HL UK AU H Bio-Rad A 7 5
NF-kB. TRAF6 Fl MyD88 #i {4 Il T- CST 2\ #) ;
B-Tubulin. GAPDH. TLR4 # {414 T* Proteintec 2
Al MRS Bl AR A . 6 FLAR .
12 LMz . 96 FL A A1 100 mm 35 3% M. g T* Thermo
NGB
1.2 ZARatEsE

/INERUBV-2 /N S5t 44t 2R W T R 0 44 oL 9 5
EEWA AR ST A 10% a4 75 1% ST
DMEM gt sk, BF37°C, 5% CO, Hi774H
HihFE.

¥ BV-2 4 LA 23 10° A /LAEEFP T 24 FLAR, 15

#2405, s hadl, $:5%2 LPS FISCFA M &
(SCFAs mix) AYALFE . LPSYE 4 0.01 mg/L, V5
J& PBS; SCFAs mix W & . Z BN
20 mmol /L. R H N 1 mmol/L. T RN
1 mmol/L, ¥%7/ZPBS.

AN 5> A 44 a. a5 AR IRZE . PBS AR 3R
WZ4h)G, FIIAPBS4kZLAbH 12 h; b. LPS 4 .
LPSAPFEBV-2 41l 4 h)5, m¥EFRIAERPIA PBS
kS AL FE 12 h; c. LPS+SCFAs mix 41 : LPS 4b3§
BV-24iffi4 hJ5, [mIEEFRIARZTINA SCFAs mix 4%
228598 12 h; d. SCFAs mix 2 : PBS AR FR1A R
4hJ5, BN SCFAs mix Zk£E4EH 12 h.

1.3 CCKSE®NAaE A

1] 96 FLAR A FLINA 10 pl A CCK8RF],
T37°C. 5% CO 57T IEF 2 h, (AR 7
FEEEETTAE 450 nm Ab KGN 4, SR )5 MR 4R A
YpLfEIE = [ (CEIRALIOLE — 25 HLIOGED) /
OV FRALIO G — 28 (LG ) ] x100%, 115
YRS T
14 —fHRIAFERNMEE EEBRNOWESE

WAL TR 12 4 AN B A 5 97 3 LT,
4°C. 1000 r/min, B.0 5 min & FERARGF T
— 80°CYKA . MR ) 5 Ul W Azl 2% 28 At e |7
WNO Y5 1
1.5 ELISA:#MBV-2HfiEs 5w
TNF-a. IL-6HIEE

WedE Bk 4 g B, ik E 14 SR
TNF-a F11L-6 ELISA I & i B 45, Fi BEbRifE i,
156, 312, 625, 125, 250, 500,
1000 ng/L, #&25 AL, B FL A RF AL f AL,
Fie— 7 LR R S S AR UL R B E A T, )R
£ 450 nm Kb A5 FLI G
1.6 qRT-PCR#&NBV-240H A K EEE SHIZ L

WCAE R 4 B, e BE RNA R EGRA T &l
B 5 £ B 40 it 5 RNA, 2R J5 H Nano - Drop il 2
RNA (19 B 5 f H fifi HIL 51 4% #1 PrimeScript™ RT
Master Mix 4= i cDNA 4% ; {ifi /] SYBR Premix Ex
Taq™ Il #47 qRT-PCR i . fi A9 544 iNOS
TNF-o, IL-6. NLRP3 #IGAPDH. 5| #1)¥%1 W3 1.
1.7 Western blot#& il & H RFRKiA

WA PR AL ANME, FH RIPA 24 0 24 e 40 e
RECE AR, 8k BCA LRI E [ Rk E s, o
1T Western blot ki ] . — 4t NF-«xB (1 : 1 000) .
TLR4 (1:1000)., MyD88 (1:1000)., TRAF6
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Table 1 The primer sequences of iNOS, TNF-«,
IL-6, NLRP3 and GAPDH

Gene Sequences (5'-3") Length / bp

iNOS (F) CCTCCTCCACCCTACCAAGT 160
(R) CACCCAAAGTGCTTCAGTCA

TNF-o  (F) CGTCAGCCGATTTGCTATCT 167
(R) CGGACTCCGCAAAGTCTAAG

IL-6 (F) AACGATGATGCACTTGCAGA 244
(R) GAGCATTGGAAATTGGGGTA

NLRP3  (F) ATGCTGCTTCGACATCTCCT 157
(R) AACCAATGCGAGATCCTGAC

GAPDH (F) AGGTCGGTGTGAACGGATTTG 120

(R) TGTAGACCATGTAGTTGAGGTCA

(1:2000), B-Tubulin (1:1000), GAPDH (I:
1000), —#HilgGFyife. FHR (1 :4000) .
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AR CCKS 4 [t 75 77 55 564G I AN [] e i
SCFAs Xf BV-2 2 g i 5 1, DA 26 305 B ok B 1Y)
SCFAs 15 . 45 R . LMRENBIHRERRE R E N
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20 mmol/L Z BREN Jy AL FH 12 h F124 h YA 520 21 g
W E T eRE (Kla, d); NRIAIKRE
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Fig. 1 Effects of single SCFA with different concentrations and SCFAs mix on the BV-2 cells viability

(a, b,
sodium butyrate (NaB) on BV-2 cells after 24 h-treatment.

c) CCKS8 Kit was used to test the toxicity of different concentrations of sodium acetate (NaA) ,

sodium propionate (NaP) and

(d) CCKS8 Kit was used to test the toxicity of different concentrations of NaA,

NaP, NaB and SCFAs mix on BV-2 cells after 12 h-treatment. Statistical comparison by one-way ANOVA with post hoc comparisons of LSD,

N=5-6, *P<0.05, **P<0.01, ***P<0.001.
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BB 1, 4. 6. 8, 10 mmol/L, 1~8 mmol/L
RN & e B (B 1b) s T RRENA MR BEAA
WHH02, 06, 1.0, 1.4, 2.0 mmol/L, 0.2~
1 mmol/L ¥ K Z 4 (K 1c) . - FHENUEN,
PR TR AT R 6 A vie B8 L B 2 1 1,
1 mmol/L A TN B2 0 A1 1 mmol/L A9 T B8 4N 7F b 7
12 h #1124 hist B oA st (K 1b, ¢, d), LA
AN TR A LIRS SCFAs mix B ERC L N . 4R
£ 20 mmol /L., T MR 41 1 mmol /L. N iR #H
1 mmol/L. 1% Bt .Y SCFAs mix 2 BEAHAE 12 h
A I AIETE 7 (K 1d) .
2.2 SCFAs mix "] U HILPSHI A BV-240INO
R4

NO 77 A AT IR R PEAG 7N e J57 40 R v 7

{a)
25+

2.0

Fold change of NO release

IR b . R NO A &G I & B, BV-2 4l
R NO A B AELPS 4H B 3 FT 52 M
v, LPS+SCFAs mix 2| & % T % (& 2a, P<
0.001), HH—M L R4H (20 mmol/L) . NIREN
(1 mmol/L) . THH (1 mmol/L) ANREFEME LPS i
WMBV-2 41l = HINO (18 2a) . —E AL &
(iNOS) J&NO 7 B PR g, FLRs o] Dl
J e/ NS T 240 B4 T NO 14 7K - . LPS 4 1% BV-2 4
Jifd 75 # 35 iINOS mRNA, 15 LPS 4 A kb, LPS+
SCFAs mix 41 i iNOS mRNA i 3 F % (&l 2b,
P<0.001) . & W13 K E 1) SCFAs mix A LLHI 55
LPS 75 S /NI ST A B s . EA /MBI 4
JLA 5 (4 S SN, AR
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Fig.2 Effects of SCFAs mix on secretion of NO and the expression of iNOS of BV-2 cells under LPS treatment
(a) High release of NO from BV-2 cells into the culture supernatant induced by LPS-treatment was inhibited by SCFAs mix, but not single SCFA.
The relative mRNA level was normalized to GAPDH mRNA. (b) High expression of iNOS mRNA in BV-2 cells induced by LPS-treatment was

inhibited by SCFAs mix. Statistical comparison by one-way ANOVA with post hoc comparisons of LSD, N=6-8,

**%P<0.001.

2.3 SCFAs mix T LB K LPS K HBV-248 B 14
1 5 B F A S M B 7= 2

fERHF (TNF-oRfIIL-6) HIZSE/MA (NLRP3)
TSR P R R A BRI, RN RAIIS 5 %
iE SN Y HLZEAY 5T . A T BF9Y SCFAs mix S 75 Af LA
AHOCHE AT B, oA TR T bR H 7Y
BRI R T O . ELISA 25 5 R, 545 (4

*P<0.05, **P<0.01,

e, LPSA140M b if W - Y TNF-a fIIL-6 B3 Tt
(K 3a-b, P<0.001); gRT-PCRZ5HE /R, LPS4H
BV-2 4l i ) TNF-a, IL-6 F1 NLRP3 7E mRNA /K ¥
M FRIAWIH B (K 3c-e, P<0.001) . MZT
SCFAs mix ZbFH (LPS+SCFAs mix 1) W LI &0
il TNF-o F1IL-6 [ BEH, JFBE A4 A N TNF-a.
IL-6 FINLRP3 [7KF (& 3a-¢) .
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Fig. 3 Effects of SCFAs mix on the secretion or expression

of proinflammatory cytokines ( TNF-c, IL-6 ) and the

inflammasome ( NLRP3 ) of BV-2 cells under LPS stimulation
(a, b) High release of TNF-o and IL-6 protein into the supernatant of BV-2 cells culture medium induced by LPS-stimulation were inhibited by
SCFAs mix. The expression of protein of TNF-a and IL-6 were determined by ELISA. (c-e) High expression of TNF-a, IL-6 and NLRP3 mRNA

in BV-2 cells induced by LPS-stimulation were inhibited by SCFAs mix.
comparison by one-way ANOVA with post hoc comparisons of LSD, N=6,

2.4 SCFAs mix & it #]) §1 /s B 5 40 B &Y TLR4-
NF-«Bi&@ i ZEIMRIEA

Jg T i — L4558 SCFAs mix 7 1 LPS 5 & 1Y
BV-2 il ifd 4 4 s AL, FRATTHE 1 Western blot
K T BV-2 4 Jfl P TLR4 48 4iF 8 % () 1 B4 1
TLR4, MyD88. TRAF6 fINF-kB [)#ik (&l4) .
SEIREW], LPS Ml BV-2 40N iRy Ty
N LI, Y45 T SCFAs mix (b B 5, BV-
2HIMEN BB T RIR B TR (K4) X R
SCFAs mix 1] f J2: i i3 TLR4-MyD88-TRAF6-NF -

KB 1 i A A S AE A VEF
it
WFFERM, FERZRAE DG AR R G Y

o LT JRE rhr /NI T A0 D )98 T AR AR 4 TN
5, XU RIN T IMEMZ T RS

3 ®

The relative mRNA level was normalized to GAPDH mRNA. Statistical
*P<(0.05, **P<0.01, ***P<0.001.

MAITHISET: 7 S —TJ7 i, AT 2
PEE/ NI AR OE 2 Y S8 PR N -, i
PEAGER . DRI 0 1 /0 i ot 240 M 38 5 | A )
AE ] BRI DA T T TR TR IR T T RS
SCFAs AR G# B 149 I T /1 B IR A FR) /NS 5 40
FEAEGRIE , DB SCFAs X /1N 5 240 A 1 i e
B U SCFAs fEHELE M 2 JAE S S M A R
G dL T RER AR . SRR SEXT R AL,
22 R AR BE AR N\ FE A o L8 7= SCFAs 1) 20 T 2
FHRFRRAE 25 A4 AR AN FEE b SCFAs Rk JE 5
filt FE OB TE R RAH LL TR, 45 SCFAs A9 FL Il &
A TR N R ER IR AT AN [R] e B SCFAs
X 7 NIE T 240 L e I S A S 7 B8 52 e M FH AL
FATTRIWEFE L LPS A /NI 5 240 il BV-2 4
JLZ R JERERERY ,  JE 3 20 g S A
il RAEN T (NO) el S 58 4% T LA il /1 i it
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Fig. 4 SCFAs mix alleviates LPS—induced neuroinflammation by suppressing the TLR4/MyD88 /TRAF6/NF-kB signaling

pathway
(a) Representative Western blot for TLR4, MyD88, TRAF6 and NF-«B expression of BV-2 cells. (b-e) LPS-induced high expression of TLR4

(b), MyD88 (c), TRAF6 (d) and NF-kB (e) were suppressed by SCFAs mix treatment in BV-2 cells. Statistical comparison by one-way

ANOVA with post hoc comparisons of LSD, N=6, *P<0.05,

2L 8 90 S 1Y SCFAs mix F2E4s . A 30 i iRk
A GERFE, 5 LIPS X H— SCFA AbHi4]
HH, i3 SCFAs mix fUALFE, AT LA ZL AR LPS
T3 BV-2 40 L 77 A= 1Y NO,  FA AR 20 IS N TNF-a,
IL-6 Al R AE/IMA NLRP3 B 7K . I FEARAE R KT
] ZH M A BRI, 3 3R WA VAR FE 1% SCFAs mix X
T LPS 175 5 19 /INB 0 40 M AR A e i AT — 5 TR YT AE

**p<0.01,

**%P<0.001.

FH . ARSE B BE ) SCFAs, Qe 4 AR Al A 1]
JiE B A R 3 11 SCFAs KT 5%, T RE 2
TR IAE AR ITAE TR N R AL
e JE T L9 B SCFAs S — M X Uil 28 JAE 1 P 37
HLAH . SCFAs mix HYHI 5 A F e H A5 v A7 F
FE: WEFEN AR RAEAR I B4 BRI/ B
LW . Nk . THRERIREYIR A, SimHA
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SCFAs 524 GPR43 iAW b Fhiy, [l i
ARG FE AZ B, 4507 TNF-o. IL-6 55 480E A
TS B REAL. Ft, MR SCFAs B A &
YEFIWT BB 51K N SCFAs e B TH 1 . MM 3TE T 45
7 GPRA3 SZ AR AH G 2V FEARWESE Y, FRE MR EERY
Hi— SCFA I fig FH T A Re 0 e o 32 R T oy & 4%
IR AN, 1 GPR43. GPR109a % SCFAs 3% {414
Al LU Z Fh SCFAs s !, M5 i — SCFA &
e 2 A [R] 14 22 Bl SCFAs TR &l 1T BE B3 9] 980005 4
FEAZAAR, DTS T X ¥t 9 R 30 i 1) A 4 . L A&
BLHIA R R AT 5 S e it — 2L B

LPS ZMENER, FHH TI5S/ B4
A2 SRERR R 123 LPS A ARSI/ NI 40 L 1)
TLR4 24 , i 3 MyD88 < i F11 MyD88 JE 4 i 1
IS NF-xB, IS5 RAE S ', i) NF-xB J& it
HE LR TN — 3 g R
T 7N 5 40 i v 400 1) NF B 45 55 PR 8 05 2 ) 7]
LIl iINOS 9 #2314 DL B AR & 7 1 TNF-a, IL-6
R PR, FEFRANTABESEH, SCFAs mix
A] HE S 8 1 1 ] TLR4-MyD88-TRAF6-NF-«B jif
B% . FEMHIEINOS . TNF-o Fl IL-6 Y72 15 S E
RACFR . AT S L KL, SCFAs mix X LPS
5 B 2 RE /A NLRP3 B 59 25t A7 400 V5
NLRP3 S /IMAIE: /N J57 20 B AT 2R E 20 1 G
BN T, SCFAs mix W 7] fE i@ 17 NLRP3 -
Caspase 1 iBA2HL B JEAE HIRCR .

Zr bk, A RIS B E SCFAS mix
i 1 %t TLR4-MyD88-TRAF6-NF-«B il i 1) 8 4% 1]
LLA ] LPS S35 %) /0N s J53 240 Jfd ™= A= iNOS . TNF-a
FIL-6, JfHAME T 25 /MANLRP3 iy ik, M
IR AN AN A AR SR AE VR Tfi
XA N SCFAs RS ffy T ] B8 23 X 4l 28 R A Bl
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Anti—inflammation Effect and The Mechanism of Suitable Concentration of
Short—chain Fatty Acids Mixture on Microglia®

JIA Xue-Bing", ZHOU Zhi-Lan", ZHANG Bo-Ping", ZHAO Li-Ping”, QIAO Chen-Meng",
SUN Meng-Fei”, SUN Xiu-Lan”, CHEN Yong-Quan", CUI Chun"", SHEN Yan-Qin""

("Wuxi School of Medicine, Jiangnan University, Wuxi 214122, China;
2School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract To investigate the anti-inflammatory effect and mechanism of proper concentration of short-chain
fatty acids (SCFAs) mixture (SCFAs mix) on microglia under inflammatory environment. In this study, the
murine microglial cell line BV-2 treated with lipopolysaccharide (LPS) was used as an inflammatory cell model.
BV-2 cells were treated with different concentrations of sodium acetate, sodium propionate and sodium butyrate,
and SCFAs mix, the cell viability were detected by CCKS8 kit. The concentrations of each SCFA and SCFAs
mixture (SCFAs mix) will be selected by double standard: having no effect on cell viability and having the anti-
inflammation effect. The examination of anti-inflammation effect and its mechanism of SCFAs mix in proper
concentration on LPS-stimulated BV-2 cells include: (a) the production of NO of BV-2 cells was detected by NO
kit, (b) the inflammatory factors such as TNF-a and IL-6 released into the culture supernatant by BV-2 cells were
detected by ELISA, (c) the expression of inflammatory factors such as TNF-a and IL-6, inflammasome NLRP3
and some key factors within inflammatory pathways such as TLR4 and NF-«B, were detected by qRT-PCR and
Western-blot. We found that after 4 hours of LPS stimulation on BV-2 cells, the addition of a certain concentration
of single SCFA to the system for 12 h could not alleviate the inflammatory response of BV-2 cells, but SCFAs mix
with the same terminal concentration of each SCFAs could significantly reduce the levels of NO (P<0.001),
TNF-a (P<0.001) and IL-6 (P<0.001) in cell culture supernatants. Simultaneously, SCFAs mix inhibited the
increase of iNOS, TNF-a, IL-6 (P<0.001) and inflammasome NLRP3 (P<0.001) mRNA in BV-2 cells induced by
LPS. Further study showed that SCFAs mix could inhibit LPS-induced high expression of TLR4, MyD88, TRAF6
and NF -«B proteins, which were the key molecules of the inflammatory signaling pathway in BV-2 cells. In
conclusion, proper concentration of SCFAs mix could function as a protective role to inhibit LPS-induced
microglial inflammatory responses by regulation of the TLR4/MyD88/TRAF6/NF-kB signaling pathway.
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