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220 5 (RNA-Seq ) £l CA 4035 MTB YL 1) [ I 40 A 5 A5 U 201 1) 2 53 3R 38 BE IR 5 o o 308 B Sf 3R 5 il =X /= i ( RT-
qPCR) K A A3 s TNF-ou IL-18 . IL-6 IRAK3 Fil p38 SESLIH 1) mRNA JKF- | BFIK G 5e WE BHI 7 ( ELISA) R 40 i 3 5% L
AR F TNF-ou IL-18 IL-6 (53 WA7K -, S E 3t i (WB ) A U] 4 i 38 14 OC $H 2 1 IRAK3 p38 Rl R 1k p38 My FikK
T, 5R CCK-8 Z5 3 IR ,30 160 pmol/L CA X} E Wi Mu o Bt E L, B S i BT SR 2 60 pmol/L CA b3 )5 1) E
IS A JC I Bk 4E . CFU S5 R, CA Ab PR HAE T 21 T 95 B0 W R g0, 32 7R CA m i ifil W4 il )9 MTB B 7%
1% o HPLC il E WA CA W <0. 8 wmol/L, 48R CA 3#F A L0 B4R AE T MTB A2 R TR EEHikz,
RNA-Seq w45 CA b3 f5 MTB JBRYL (1) B AN A S5 1S 700 20 AR RE 8 19 25 R 3k BE 1 . RT-gPCR 45 R 7w, CA Ab P20 445
RV RIE R F TNF-a JL-1B IL-6 Je RS EE UL R p38B ik W25 MR, 5 S I5tH 15 B ] IRAK3 323k W 3575 . ELISA
5 R, CA PR AL RAE B F TNF-o IL-1B IL-6 4330 i ERE K. WB &5 7R, CA IR 2] TIRAK3 K3k
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[ Abstract ] Objective Based on the IRAK3/p38 MAPK signaling pathway, this study explores the effect of cin-
namaldehyde (CA) on the survival of Mycobacterium tuberculosis (MTB) within macrophages. Methods The cy-
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totoxicity of CA on macrophages was detected by the CCK-8 assay; Transmission electron microscopy was em-
ployed to observe the impact of CA on the morphological structure of macrophages; The effect of CA on the sur-
vival of MTB within macrophages was evaluated by CFU counting; The concentration of CA was detected by
HPLC; RNA-Seq was used to detect the gene expression differences; RT-qPCR was used to detect the mRNA
levels of inflammatory factors such as TNF-a, IL-18, IL-6, IRAK3 and p38; ELISA was used to detect the secre-
tion levels of inflammatory factors TNF-a, IL-1B, and IL-6 in cell culture supernatants; WB was used to detect
the expression levels of IRAK3, p38, and phosphorylated p38. Results The CCK-8 results indicated that 30 and
60 wmol/L CA had no significant toxic effect on macrophages. Transmission electron microscopy revealed that
the morphological structure of macrophages treated with 60 pmol/L CA showed no significant change. CFU re-
sults showed that the number of colonies in the CA treatment group was significantly lower, suggesting that CA
could inhibit the survival of MTB within macrophages. HPLC detected that the concentration of CA in macropha-
ges was <0. 8 wmol/L, indicating that the direct action of CA entering the cells on MTB was not the main way
for it to exert antibacterial effects. RNA-Seq identified the differentially expressed genes in the inflammatory
pathways. RT-qPCR results showed that the expression of inflammatory factors TNF-a, IL-18, IL-6 and down-
stream gene p38B of the inflammatory pathways was significantly lower in the CA treatment group compared to the
model group, while the expression of negative feedback regulatory gene IRAK3 was significantly increased.
ELISA results showed that the secretion of inflammatory factors TNF-o, IL-13, and IL-6 in the CA treatment
group was significantly lower. WB results showed that the expression of IRAK3 was significantly increased and
the phosphorylated p38 expression was decreased in the CA treatment group. Conclusion CA can inhibit the sur-
vival of MTB within macrophages. The mechanism may be related to the upregulation of IRAK3 expression, inhi-
bition of p38 MAPK phosphorylation, and thereby reducing the secretion of TNF-a, IL-18, and IL-6 inflammato-
ry factors by MTB-infected macrophages.

[ Key words | cinnamaldehyde; interleukin-1 receptor-associated kinase 3; p38 mitogen-activated protein ki-

nase ; macrophage ; Mycobacterium tuberculosis
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JUREBUR PR PR A BT RN TR g I T S AR
FIYY 3 HL ARSI 1 400 S0 7 XU 9
G AR Ak A2 F 1 S B R 2 5 e S Y B AR )
REN . WFFTHRGE, CA T i 10 7 I W 40 i NF-
kB JAK MAPK 2555 F Jil TNF-o, IL-1B IL-6 %5
JAEA TR I3 W6, D B FEPTRAE S . CA fE
H—Fh 2RI G, HATE LA SUR PR T
ELHPURAE V5 SR A - IR ELAE Y A
R R 1

MHIFGE K 2 BT CA X MTB 1 st
ROV, & T HOO B g 40 L N MTB A FH A9 AR DG iz 18
BONBEZ B AMIERGE CA vt i S B 40 i
PET & HE M P T MTB AR FY B B R 3 %
TRAK3/p38 MAPK il %, T CA J& 45 Rets il o i
W AE JEARAE SO AT RE A B A I N MTB 471G
A DL o ASHIF 5 3 Ao A 7 A0 S 5 A% TR 43 A
CA Xf EL W21 B 9 MTB 4735 195 1) S 431 BIL

1 #MEE5RE

1.1 ##  MTB Jli 8 Pk H37Ra 2814 T 5t M4
PG, WA AR B Y i S ER A TR A
wlHR A, HiAb 2 C,H,CH = CHCHO, 4fi ff =
98% . AL T YL 29 (BSL2) S5
Eh IR, RAW264. 7 4l . 10% DMEM 3 7 5t
(WL n]) s PR -R 2 (LKT /A #]) 5 RIF ( Sigma
5] 51 x PBS 2w (BCA 25 [ & & i £ ( Ser-
vicebio 28 F] ) 5 A BRI/ 16 F1 KGR 4 (Solarbio
7)) 3 Middlebrook7H10Agar  OADC ( BD /A ] ) 5 Hi,
B 1A 5 W ORAR LR 24 1] ) s RNAiso Plus \PCR 5
& (Takara 24 #]) s ELISA 05 & (VLRAEYI A A 5
IRAK3 — i ( Abcam /3 7] ; AB307708 ) ; p38 MAPK
—3PL (CST 4\ 7] : 8690s ) ; phospho-p38 MAPK — i
(CST /3] :4511s) .

1.2 %

1.2.1 CCK-8 £l CA X . gk 40 jg ity 22144 FH
$e 5 % 10" 44/ FL 1) 96 FLAN A EE 3R LAY CA &b
PHZH K 2 %) B2 B AL AP 100 Wl 2 80, 25
FIXTIRZH AL INA 100 WL 85373, & F 37 C 5%
CO, BEFRAa I RN BE . ) CA /E R4 20 1)
FIA 10 WL 355 BERC ] 1A [R) ¥R B2 1Y CA I, 1
CA 243k i 7 30 .60 ,120 ,240 480 pumol/ L, 2 ffd Xf
W R8s I BRAL I 10 L 5953k, 43 5 #E Bs
12 F124 h J5, M4 FLINMA 10 wL CCK-8 %,
HTRFREAREE 2 h, 10 min N EEAR I & 54

FLAE 450 nm 7 AL ARG EE . S LR B Y
110 pL 10% DMEM #% 57 3 ; 40 Hd X B4 : 110 pL
B ; CA REFHZH 100 L 400 EWK + 10 ul &
AR EE CA [ RE R,
1.2.2 BHTHEBIIEE CA X W20 i T 25 25 4 1)
I 4% 2 x 10° N2 i/ ML) 60 mm 41 i 35 35 1L
R ILEERD 4 mL 40 MR, 55 5% A MG RE . 5%
VEHH PBS ¥ 3 WK, 1] CA Zb PR MA 4 mL
B FRIE I Ay 60 wmol/ L iy CA ¥R, 411 i
WHIRZATIIA 4 mL Higede, 597 24 h 5, 3 LIl of
I PBS P& 3 UK, WS 4 i 2 LA 800 r/min B0y
5min, 35,1 mL1:5(3% % .1 x PBS)
VR R A L T UE , 12 000 v/ min B0 10 ming,
I BN 3% IR B WARAF UL, e)E
FH 3% IS WEFN 1% DU I o , I REA T3
KK AT Epon-812 43171195 1% , Epon-812 4lify
R, ) IF UL €, fe i i JEM-1400FLASH
BT BB TSR R EIL
1.2.3  CFU 340k CA Xf 5 W 41 g )y MTB £%
TR 2 3 x 10° 4/ fL i 6 FLAN 8 35
ML RRFLEEFR 2 mL 41 BB, 15 5% 25 40 i I BE
Fv L5 T PBS ik 3 W, IS SR AL i
%(MOI) 2y 10 ) H37Ra B2, B 2 mL il A%
UYL E AN A 4 h, fCE 200 pg/mL Pk R A
FEFR.20 mg/mL Bk 2 1 mL + W3 (100 x )1
mL +98 mL 10% DMEM , iz i 7] 4 %04 KA b
MTB''" . 35 b 3% 3 PBS %L 3 Uk, RIF 4bBE 40
JIA 2 mL BAf oK R A2 8% 55 3 0 ) Bk B 1.2
pmol/L () RIF %5k , CA ALFRATIMA 2 mL KR 2
BEFR LI v BE A 30 F1 60 pmol/L (1) CA 51K,
BRI A 2 mL KRR R FREL 7 BAE B 57
12 .24 36 h J5, 5% B3G9 PBS eIk 3 I, B 1) &
FUIIA 1 mL 0. 1% Triton X-100 pK_I-Z44#% 10 min,, I
SEANI SR UEAT 107 1 10° A5 B, AR PRk
AL PRV A T T4, O RR S5 1) A 4 1
X3 25 pL A0 R T 3 J3ds THIO [ fAbs 55 5L 5
Fto 4 Ja R L RV TG
1.2.4 HPLC K E WE4n iy CA W %2 x
10° >4 /ML 1] 60 mm £ Jfd 1% 5% 1L 9 455 00 42 Fob
4 mLANMEAEIR, B R AN BE . 5% 3% 1 PBS
VU 3 Wk, AR #R FE B ] MOI = 10 1) H37Ra %
W, B4 mL 2RI AR RIZE (JC CA VERT) #1 CA 4b
FRL] (H37Ra B 3e ) JE YL 0541 A, 20 it ot BE 41 12
CA 4bFEZH (JC H37Ra J&YL) A 4 mL JE5EdE 5557
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4 h, 3F VG I PBS PE¥ 3 Ik, In) CA AbFEZH
(H37Ra JRYLFIARBYL) A 4 mL 5552 FE AL 6]
FER 60 wmol/L (1) CA W, 240 Xk 20 e #8024
(T CAFEAD A 4 mL 55508 5555 24 b, 3¢ 1T
JFH PBS Pk S UK, BEILMIA 4 mL PBS - F 4 fd 1]
A AMEER, 1 000 r/min B0 5 min, FF L3, il
A1 mL Bl v i F . 7K (HPLC 2% FH B = 2K =
70:30) R, IR AT, FE LN T ming 7S AR AN
500 W .50 HZ Z4fi# 15 min, K CA Bpifiidh J2 bk 4
LHREA (R S It K SR AR 2 Rt BR ) 25
K) % VA S SEE A TR . 4354 : Agela Venusil
AQCI8 4.6 x100 mm 4 wm; i35 C 3 K 5 =K.
UV290 nm; i 1. 0 mL/min; #5555 f# % | HPLC
P AR FH HPLC 9 )i < 4tk =55:45,
1.2.5 RNA-Seq ] CA Zb¥fj5 MTB JRYL 1 E
WE N S T ) 25 AR FE N 523 x 107 M4
Jd/fL 1] 6 FLZH RS IR ML N 42 2 mL 2080 , 55
FREAMMNGEE, FF B I PBS PEEk 3 W, S
FRIEWLHI MOI =10 [ H37Ra FE#ER, B2 mL fip A
BALURGE EAIH 4 b ¥ EIE IR PBS YRk
3 UK, 1) CA ZEFEA fiNA 2 mL 5532 BEEC ] vk 2
60 wmol/L [ CA ¥, BERIZL TN A 2 mL B5373E,
K3t 24 hy F BRI PBS YR 3 I, BALIMA
1 mL RNAiso™PLUS 2% % vk I 2% 10 min Ui
RN RLAR W . 2R VAE 1% BRBR eI L r
VK, K RNA R A A5 4% 5 Qubitd. 0 Fll Nanodrop

One Il & RNA £ ; Agilentd4200 2 G5 ERA 6N RNA
SEREVE . TE Qsepd00 il A% IR 5 /0 T R 48
P SO R Bery R/, 8 Qubitd. 0 301 i ST Y
W s SCEAE Nlumina -5 FJEFTI0 . 8
DESeq2 (v1.34.0) #4172 D Icf/ 410 2 e ik Bt
1% , B FDR <<0. 05 F | log2 (fold change) | =1
AR PRIy 22 S i Bk

1.2.6 RT-qPCR #&ill] CA ZbFif5 MTB J&YL i) B
WA A SRR SAE R I FL 4% 3 x 107 A 4
Jil/FLEC2 mL 20T 6 FLANMESE FRILN, B 7 2 40
e #5 F I 95 PBS PRIk 3 vk, I EE 3R 3D
il MOT =10 /) H37Ra 2 , L 2 mL il ABERIZH
F1 CA AbFRZH Y B RN 4 b, 4 X BRZL A 2
mL B SRAk, 35 R IEH] PBS YTk 3 1K, 1) CA 4b
FHEH A 2 mIL 85 5 56 0 A 19 e 8 O 30 A1 60
pmol/L 1) CA , 4 Jfl X REZA FNAL R ZH A 2 mL K%
Fedk, JPAAEE R 12.24 36 h J5, So 8 40 i 55 5
R 2 JOBE 0 1 B0 R TS 2L
ELISA il , B f5 I PBS M40 M e % 3 IS, &
FLimA 1 mLRNAiso™ PLUS 2 W T vk I 244% 10
min Ff WA BRI o 3 I PR M - S8 5 ((Trizol )
AR IS RNA JEI5E RNA Y B2, {0 4 o
AT G0 RNA 3050 cDNA - 28 geNorm B35
WE, MTB j& 4L Jz CA b3 J5 GAPDH F ik, A8
FRE <10% , K GAPDH iy N 2 B K k1T
qPCR A5, 51 81 W3k 1

&1 qPCR35|¥F3

LB FIMFHI(5"-3") B KRR/ C PR/ bp

Murine TNF-«a F AAGCCTGTAGCCCACGTCGTA 60.74 122
R GGCACCACTAGTTGGTTGTCTTTG 59.00

Murine IL-18 F TCACAGCAGCACATCAACAA 56.01 112
R TGTCCTCATCCTGGAAGGT 54.00

Murine IL-6 F ACAACCACGGCCTTCCCTACTT 59.56 129
R CACGATTTCCCAGAGAACATGTG 58.08

Murine IRAK3 F AGAGCAGCAGAGTTCTACCATAAA 59.38 141
R AGAACCTCCATGATCACGATTCC 57.85

Murine JAKI1 F CAGATGCCCACCATTACC 53.23 133
R CCCTCTTCACTCCCTTCC 48.55

Murine JAK3 F CCTGCCTGTTTATCATTCGC 55.85 388
R GGCTTTGTAACTGACCGTCTT 52.50

Murine NFkB F CCAGACACAGATGATCGCCAC 58.83 156
R GACAGAAGTTGAGTTTCGGGTAGG 58.90

Murine p38a F GACCGTTTCAGTCCATCATTCAC 56.78 147
R TCACCAGGTACACGTCATTGAAT 56.79

Murine p3883 F GGAGGAGTGGAAGGAGCTTACTT 59.44 101
R CAATGCCTCACTGCTCAATTTCA 59.05

Murine GAPDH F GAGCCAAACGGGTCATCATCT 59.67 232
R GAGGGGCCATCCACAGTCTT 57.62
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1.2.7  EILSA £ CA Ab3Ej5 MTB B4 i E 14
HL SRR 20 M 1 SR IS SAE R TR f B
R1.2.6 AIpEEEFE EWELL2 ~8 °C .3 000 1/min
B0 20 min, TEBFAR AL PR E 3B A TNF-o |
IL-1B  TL-6 Y 48 W B2 A E i SO WL, 5 I A i L
H S A3 A i B 40 WL, SR i AR A
10 WL BEAE AL A BE S A%, BT 37 °C 15 JR A BF
B30 min, AR VEVR S WE AT, AL
ABFRAFR 50 L, % 7 30 min, PEAR S RIFHA
T HE LS S A A A B % 50 ulL, sk
D E WG 10 min, FELLINAZIER S0 pL &k
BN, Phas LA, 15 min NAE 450 nm K 4b
2% LR WO BE o R b T ot R BE R W O B
EZ W AR T 205, B R O B AR A T
SRR

1.2.8  WB A3l CA 4b3 /5 MTB J& e i B 105 241 i
SRR SAEE O L 2 x10° A4
it/ ML) 60 mm 0 g 55 35 LN HFh 4 mL 4A i
W, B SR A NG BE . 3F RO PBS BERS X,
FAREFRFERLH| MOL =10 () H37Ra B &, B 4 mL
TINAREHRI A Je CA REFRZH YR B g 20 a4 b, 21
HOXFRRZAAN A 4 mL B34k, 3% B IR PBS I
Y3 K, ) CA REFRZL AN A 4 mL 3557 HE R ) i
JE2 30 160 pwmol/L 1) CA , 21 il Xof Bt 2H FIA Y 21
A 4 mL B5gR3E, 1E5% 24 he 57 EWIFH] PBS %
U3 U BN 400 L 5 25 1 I ) 7] ( PMISF)
A RIPA Z4 6@ ( RIPA : PMSF =100 : 1) 358 F K

1507

. 1007

N
7

Cell viability/%

12

Time/h

2 30 min, K20 SRR 4 BCA & & (hRifE
M2k R* =0.998) J5 17T SDS-PAGE Hi ik , bifi J5
el R 55 ED S PYDF B FH 5% IS W5#s 1A
2 h, YR 3 I, A GAPDH (1 :6 000) ,IRAK3
(1:1000) .p38(1:1000)F p-p38(1:1000)—Hi T
4 CHHE SR Br—PrOoFgeRE 3 W, ImA 5 —
O —HUERIFE 2 h IR UEE 3 K, e Ja i
ECL 2 525 T8 AR AL 252, >k ] Tmage] %X
153 A BAnEE R E{EL

. o bR
HprE B RS B = p TR

1.3 “%its 4% KA SPSS 29.0(IBM Corp,
Armonk, NY, USA, Version 29. 0) #A4H4755 15>
BT, BT AT B8 LA R + R 22 (x £5) R, 3 A &
3 UL E SR XA 2 7 2243 #t ( Two-way ANO-
VA) , >R ] Dunnert T3 K53 #1755 J5 2 # L
P <0.05 JEFAAGIE XL

2 R

2.1 CAxrE-dmmpeyFiERA CCK-8 451 e
7R, % 30 ~480 wmol/L CA fEFH T4l 12 h J5, 5
Xof BRZAH H, 30 ~ 120 wmol/L CA JGE: P4 FH , 240
1480 pmol/L CA Y REPEAE T BEVE 5 1 Iy 4 s
24 h 5,30 F160 wmol/L CA ToH B #HMEAEFT, 120 ~
480 wmol/L CA H)BEMEAE M EHI (&I 1) . 45
$&75,30 #1160 wmol/L. CA fEHI T E WEAN I 24 h Xf
B W2 i JC A S 2 EVE R

__ ¥  mm 0 pmol/L(Control)

= 30 pmol/L
B 60 pwmol/L
3 120 pwmol/L
B 240 pmol/L
= 480 pmol/L

24

ns, % s P>0.05 P<0.05.P<0.01,
1 CAXEMEEESHEIER

2.2 CAXEMmEALHYYh Ll
1 3% 5 FL AR K 60 wmol/L CA 1 15 ik 200 Jify
TEASEMIAE , 25 R Bon, CAEAJE I E e dh
JiE 200 T A% RO R OREL T P ST IR G AR 5 A OE

T, AN % 2 58 K, 5 IR A0 M A L TS B
B (1E2) , $278 60 wmol/L CA ASFZ M E I 2
N RIS 45
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AL TEHR B WA B: CA VR HTG i B W 2400 5 HORAE K. x 30 0005 21 (4 3k 45 il Mi

500 nm

|

SR, BT Sk AR 1)

RER LT A , 56 (0057 Sk 415 1) 2 MO N - 40 MO A% 5 Ly S A
2 CA XEMEERSEHEFN

2.3 CAXTE#@ii MTB A&6)%m I
CA JE7 X B WAL N MTB ({4736 7 A R, FFE
NGt CFU TR T CA Y N BT 1 H o
HiR LR K 60 wmol/L CA fEFIF MTB JEULH B
W20 36 h J5 , SR AT A H, HL A i 2 T AR

12h

24 h 36 h

A

H37Ra

1.2 pmol/LRIF
+H37Ra

30 pwmol/L CA
+H37Ra

60 pmol/LCA
+H37Ra

CFU/10%mL)

THIO #5553k 1155 4 JAJG 19 MTB B & 40 i %
(& 3) , CA X MTB 1 245 K e 3 BH S 1) 9 il £
L HAT RO 28 — a5 % 25%) 1.2 pumol/L
RIF fEFH 2. 25 R 48R, CA n] [ AK B W5 40 i iy
MTB (1715 Ko

mm H37Ra (Control)

= RIF1.2 pmol/L+H37Ra
= CA 30 pmol/L+H37Ra
=9 CA 60 pmol/L+H37Ra

*

Time/h

A:THIO 53255 - MTB B92E K A5 003 B CFU HH80 8 145 5 sns . # P >0.05 P <0. 05,
3 CAXEREZHAEA MTB FiE &0

2.4 HPLC %ol Ev# @it A CA R M CA
T i A R A 7 S e T AL, A5 81 CA ARl
HERTE R 2 min( & 4A B) o HIFRME S H 04T [E]
W CA + A ffIZH (CA + B4R AT R CA,
A X R IR R A i CA(E4C) . T CA
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A
2600 10 820.7 20 21817 20 1091.4
2200 450 220
2000 400 200
j] {283 — 350 - }?8
= 1400 = 300 = e
£ 1200 £ 250 = 120
1000 200 100
800 150 80
600 - 60
400 127.9 100 40 124
400 pmol/L% v 80 pmol/L. %) 33 40 pmol/L%) ralll
051.0152.0253.03.54.0 051.01520253.0354.0 051.0152.0253.03.54.0
Time/min Time/min Time/min
® 220.6 2 110.4 » 226
45 22 45
40 ‘ 0 40
35 — — 3.5
= % = = 30
£ 25 E 2 = 25
20 10 2.0
15 8 15
10 ) 4 1.0
8 pmol/L 4pmol/L 0.8umol/L 031 JU )
0.51.01.52.02.53.03.5 4.0 051.01.520253.03.540 051.0152025303540
Time/min Time/min Time/min
B CABRIES)
12 000- ZRGELE == 400
80
10 000 =
8 0001 = 8
= =4
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