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g i, 1L R A 14-3-3e, %95 3 HAn ELISAS 7 % M & 2 4F NF-kB 89 /& AL vA B 3E 3 £ & P TNF-af=
IL-63RZ 69 %mh . /G iB i gh4h LRI H] 14-3-3e89 7% M3 NTHiR £ /5 Il 38 K I R L 69 %

R 27, NTHiZ LR )z, 14-3-3869 % & A2 mRNAK-F [ A MOI 49 i 38 3% &, KA ActD
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Abstract
tokines by human bronchial epithelial cells induced by NTHi (non-typeable Haemophilus influenzae) and its
mechanism. BEAS-2B cells were infected with NTHi with MOI (multiplicity of infection) of 5, 10, and 20, re-

spectively. Real-time quantitative PCR or Western blot were used to detect the expression of 14-3-3¢ in the cells

This paper aimed to investigate the effect of 14-3-3¢ on the secretion of proinflammatory cy-

and the role of tyrosine kinase c-Src before and after infection. The binding levels of 14-3-3¢ and TLR2 were
detected by co-immunoprecipitation. The activation of NF-kB and the concentration of TNF-a and IL-6 in the
culture supernatant after RNA interference or BEAS-2B cell overexpression of 14-3-3¢ were measured by immu-
nofluorescence and ELISA. Finally, the effects of 14-3-3¢ inhibitor treatment on pulmonary inflammation after
NTHi infection were observed in animal experiments. The results showed that following the infection of epithe-
lial cells with NTHi, there was an observed elevation in the protein and mRNA levels of 14-3-3¢ concomitant
with increasing MOI. However, upon pre-treatment of cells with ActD and CHX, the expression levels of 14-3-
3¢ decreased by 71.05% and 59.21% respectively, in comparison to the control group. At 15 minutes post NTHi
infection, the phosphorylation levels of c-Src in BEAS-2B cells surged by 3.63-fold. However, upon inhibition
of c-Src activity, the expression of 14-3-3¢ decreased by 50.60%. Immunoprecipitation results also revealed that
following infection with varying MOI of NTHi, the binding of 14-3-3¢ to TLR2 was augmented by 1.78, 4.33,
and 6.89-fold respectively. Silencing of 14-3-3¢ expression led to a decrease in the inhibitor of NF-«xB, 1B,
by 75.24% and an intranuclear increase of the p65 subunit by 36.9%. The secretion levels of TNF-a and IL-6 were
elevated from (269.24+16.71) pg/mL and (116.08+5.61) pg/mL to (332.27+20.57) pg/mL and (172.32+9.78) pg/mL
respectively. Conversely, cellular overexpression of 14-3-3¢ resulted in reduced levels of TNF-o and IL-1 to
(145.34+22.16) pg/mL and (65.22+11.74) pg/mL respectively. All aforementioned differences were statistically
significant (P<0.05). Additionally, following NTHi infection in C57BL/6 mice, there was a noticeable increase in
the mRNA expression levels of 14-3-3¢ in lung tissues. However, prior intraperitoneal injection with the 14-3-3¢
inhibitor R18 led to an escalation in the pathological scoring of mouse lung tissue from 6.42+1.52 to 11.86+1.63.
The levels of TNF-a and IL-6 in bronchoalveolar lavage fluid were increased from (186.39+16.71) pg/mL and
(76.21£12.63) pg/mL to (258.91432.05) pg/mL and (151.25+£23.87) pg/mL respectively. These results indicated
that infection with NTHi leads to the upregulation of 14-3-3¢ expression in airway epithelial cells. Subsequently,
14-3-3¢ acts to downregulate the activity of the TLR2/NF-kB signaling pathway, culminating in the negative
modulation of pulmonary inflammatory responses.

Keywords  nontypeable Hemophilus influenzae; 14-3-3¢; NF-kB; cytokines

AN 43 R BWE I AT TR (non-typeable Hemophi-
lus influenzae, NTHi) & 3 A4 T WP TE 1) — Fh 25413
TREE, 2 REhH R 9 R SCRUE R H W R
Wz — o B 7 PPIGE LA, NTHiH AT 5] i 5 2 |
T TILRE 55 EE B L2, FENTHIEUR R, H 32 2
T T R0 PR T PP K 1 455 3 A 1 24 L R 1 A
glR RS BRI, BIINTHUZR S S, H 51 &
T 5 Z2 4t (1) FH ELAE T L6 T 10 7 428 fINTH U G
SRS B S HL L

1433 AR R ZAET HEZEM T
TRSF IR 1 B 1 X0, HRE 8 e 1 45 G B IR AL 1) 22

RIR TEIR, IS 5400 A K 3 5 DA K JE
P TNRER . 14-3-3efE N IZ G H M E A, |
255 MR RS M L R TR
s B AR B ARED . WA W I ROR, 14-3-3ex — P R
i J5 7 1) A7 ) 1 458 [R5, B8 A TollFf: 52 445 (Toll-like
receptors, TLRs){& ‘5 i i T ¥l 22 M 145 & MM i
W GNE SN SR . {H & 14-3-3e/ENTHI 5] /& 1) %
i [ B & A B R FE R AIE F A TS 2. |
TNTHUE G4 BT T B0 280 BV 5 TLR2A KU, 384T
HEMINTHIE G2 5 HAE TG L TLR2(1 [R] B, 78 Bt
PE FR14-3-3eR 15, Bt J514-3-3¢fE B 1 fITLR24,
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BRI

A NI — R LA PR UHE 5 0 T kA 1
kB(nuclear factor kappa-B, NF-xB)H i & 7% 4k M1
B Y RRE RO . PR AT 72 B AR R T NTHiEk
PN 14-3-3eRIK 520, T FLHAE 50E N )
WL .

1 HRS5AE
1.1 EZELI

NTHI(TD-4, ATCC-49247)t) 4 2 E ATCC;
NS B4 i BEAS-2BIY [ o [ i 7Y B 954
A L. ASEC RISV E EiBE R
RAEDEARFR AT ; L H 2 D(actinomycin D,
ActD). JRZETH A (cycloheximide, CHX)LL & PP1
) H Sigma-Adrich A 7] ; BBTA Src 2 s FEHUIA (T
TR A5 AR IR A ) LA K SR IxB o 5 [ ST 40 H
CST/AT]; Pt AN GAPDH. 14-3-3e. p65M% Cy2kx
L PPk B Santa Cruz/A 7l ; Sy iiid R &
I & Millipore /A & ; N TNF-a il IL-62 Jfd K118 71
& AR EMHEARAIR A A . pcDNA3.0-
14-3-3eJiifi gk B B A=) TR et A BR A =1 14
##; 14-3-3¢ siRNAH M A5G AR A R 2
CiRSd2
1.2 ‘ApEiEFR. NTHiRGRS 5 4E

BEAS-2B4Hfiid FIBEGM3 573 (Lonza) 1737 °C+ 5%
CO M TH 7% . FreifuA: K 2 L EF 1 80%~90%
I, ARHE 22 SOl (813 AL 7, IIAAS[FR G
H(multiplicity of infection, MOI)(5+ 10 20)[*JNTHi
YL . B S IR M A B IR RIS T 20
WEFt. TERFENTHUR SN 14-3-3eRIA 5200, 3H4T
c-Sre IR Ak S5 LA K TLR2 4 8 FLPTE S2 I i, S2ie
Iy NARAEFRL UL L ASE MOL, AN A [R] J g4l . 7
TP 9 T8 2% B 2 DA SR B 0T 14-3-3e 355 1R s MRV
SEEG A AR YA . NTHUZLZ(20 MO FINTHi+
FOHIFLH o LEHD 5 SL58 H (SrcHiil AN 14-3-3edl
HIF), SLIG S N ARG . AR, NTHiZl
AINTHi+HM#IF 4. ERNAT-H LR ik i #5852
Bk, SZUS Oy N ARG . NTHiEKS4] . NTHi+x}
B SIRNA (B0 25 5RL ) ZH AT NTHi+siRNA (B #2557
AL
1.3 SCETE EPCRAMNTHIRNS 14-3-3c mRNATR
o opA

28 PR AL FS 40, K Trizol 4 HUZH i &

RNA. i J5 K H Life2 & 3005 30857 &% RNA
W5 cDNA. B 2547 SER) 3 & PCRYT 1 (ABI
7500), S IHTR: 80 °CHIAEES min; i 592 °CAEME:
25's, 60 °CiE /K30 s, 72 °CHEMH20 s, FL3SAMEIR. §™
WEIM N HTR. 14-3-3¢ R #514): 5'-TGC AGA
ACT GGA TAC GCT GAG TGA-3'. 5'-TCA CCC
TGC ATG TCT GAA GTC CAT-3'. GAPDH I Fif
514 5'-GAA GGT GAA GGT CGG AGT C-3'. 5'-
GAA GAT GGT GAT GGG ATT TC-3'.
1.4 Western blot#; 0l NTHiR:2 %t 14-3-3¢. IkB
FIE LA K c-Src S EE 1L RO 220

eI B, IE HIR B FFEL 10 pLiEAT
SDS-PAGE#ER HLik , T ML IA H % I 40 min.
B J5 B PVDEJE NN 5%2F 13/ H 25 H 37 °CH
12 he PRSI —$t(1:1 000) 4 °CiF F 12 h,
B J5 BRI HRPARIC I —HT(1:5 000) iR & 1 ho
A HHTECLKR G, B,
1.5 SEiE M ENTHIR X TLR2F114-3-3¢
Z B EBE IR M

WCEE NTHiGL 5 it BEAS-2BZH i, $2 50 4H A
S, IMAEE A/GEENEHEER (Sigma-Adrich) 14T
TLR2$i#A(Santa Cruz) 37 & . 4 °C. 8 000 xg& >
10 min /5 CE 5 2P A TLR2FUIR S5 & Bk KL, JF
FH 2R SR e 31k . Bl JE NN 2% SDS_FAEZR
W 5 H T Western blot4h T ZHEE . ¥EI&G,
IEAPT14-3-3e L K TLR2MA AR 4 °CIF B 12 h, 285
N HRPARIC —$% (1:5 000) =160 & 2 hjE bk
1.6 RNAFHSLLE

AW A 0 BT AT siRNAR f T N T B 1 4
VIR AR AT G . WS, ¥ AR K T 6L+
') BEAS-2B4H fif (%% £ 21 1x10°/mL) ] Lipofectamine
3000(Invitrogen)’¥f 100 nmol/L siRNA%% 4k 42 4 ffy
Mo ¥Uk6 hjg, KB R AR o i 1 7 0k, JEAR
P A [R5 H AN NTHUR AR BN K. 55
PR EL A A S 85 (A T Western blotZ3 #r RNA T4
RO, e B 7% BIE A R Tk B DL A DB R
B AT 14-3-3¢ siRNAFE N : 5-GUG
AUA UUG CAA UGA CAG A-3'F15'-UCU GUC
AUU GCA AUA UCA C-3'. X 1B 4HsiRNA A4 5'-GAU
CAU ACG UGC GAU CAG A-3'fl15-UCU GAU
CGC ACG UAU GAU C-3',
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1.7 [E3ERERARMNTHIR L FTNF-B p651
S A

4K F 35 E R BEAS-2BYH il 22 NTHi/E %44 h
Ja, KHZ RFHBET 37 °)CH&MF FE 2 15 min. Fff5
B Triton X-1003#i%E20 min. 78434655 TN BT
A p65% TLEPIR(1:200) 4 °CHF B L. PBSEE3IX
Ja 43 MR RE 1 Cy 24518 1 —H1 B & DAPI(1:400
PLE1:1 000)i#E G0 B 1.5 he PBSHEEULIR3KG, K
6 RS N M EINE-kB L A1 M o
1.8 14-3-3&iTRIASLIE

X H Lipofectamine 3000(Life Technologies)*
0.5 mgHJ 1T 1) pcDNA3.0-14-3-3eid ik ik 34
2 BEAS-2BAH i (£14%10°), 24 hJ5 B # N 5¢
SRR R Ak SR FR 48 ho BHJGIRECA S R E,
Western bloth il 14-3-3e ) #% Je R L, B NTHi K 4L
24 hja e £5 7% EiEH TNF-afHIL-6 1 FE o
1.9 ELISARNIRE S, i3 1K 14-3-3ef5 RIS 7+
L ESRTNF-0FIL-689K E

YN AL B S5 WG, RIS 9% B, R ig IR
DA YRS BR A 7 52 4 ¥ ELIS A7) & )
SE A 3 R TNF-abL L IL-613Kk . & 2,
TNF-ofll TL-6 28 XA Je Lok Ml G , B T REbRAX
FINE 450 nmAb WO EEE . I R & bR
k() b 2 1V D7 R S 2R RIS R TNF-a il
IL-6 1R .

(A)
. *
34
= *
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:
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a9
14
0
0 5 10 20
MOI

1.10 ZH4NARSELE

6~8 JE & C5TBL/6 e /1N B 4t BE AL 4> 9 PBS
B ZH . NTHiBE G2 . 5 ali 1 1] 77 F1 NTHi+40
Hil3R, B 3~7H o S HT T SPFIASE T iE b M 1A
T KA KRS R AT R NTH T R 5N
1107 CFU/40 pL, B 40 pL T/ R 5 Jfs 2212 7
N, Ao B VBB I S s B3 T IR 3 A ) R[]
FEN o 0T REZE /N B DATRIRE 77 2R 5 40 pLAEBEER K,
A SR LI s v 5 R18(0.2 pg/kg-d), SELEVESS 5%,
WEFREER S, AAE/N R, SR My e 10 e
TNF-ofl IL-63KR & . ASLIGAFERFIREE RS
HEUE (BE2A G 2R 5 2022-05-02331). [l Jo ¥ 3R EX
(Pt 23— 50 F T S0 58 5 PCRY™ Y 14-3-3¢1) 3R
ik, BB T HER 54
111 itEREE

FIA v B B RER S bR 22 R0 . ZHIR] EE
BERF B T7 2087, PR ELECR A Tukey’ s S J5
4. P<0.05FRZRA S ERE Lo

2 H#R
2.1 NTHiiESSE LR MApI4-3-3:3R1K

SR 2 S PCREZE HL 7R, MO0 HEZH 40 i
W 14-3-3¢ mRNARKILKFEAL. 1MKHMOLN 5.
10F120/F)NTHi/Z 4424 hji5, 4N 14-3-3e mRNAZK
o R IR A A 1.52 2320013525 (K1A) . kAL,

®)

MOI 0 5 10 20
14-3-38

*
*
0 5 10 20
MOI

e
N

S
~

(=]
[N

(=)

14-3-3¢/GAPDH ratio (gray scan)

A: NTHUR G X 14-3-3e mRNAFIL PI540; B: NTHURK G 14-3-3e 8 I 9 RIE TN . *P<0.05, SMOI=0ff 0 B LL; n=3.
A: expression of /4-3-3¢ mRNA by NTHi infection; B: expression of the 14-3-3¢ protein by NTHi infection. *P<0.05 compared with the control group

(MOI=0); n=3.

E1 FREIMOIXT14-3-3¢ mRNAFNZE [ RIZHIFNG
Fig.1 Effect of different MOI on the expression of 14-3-3¢ mRNA and protein
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MOI 0
Inhibitor —

14-3-3¢ |

GAPDH §

o o
[*) o]
1 1

14-3-3¢/GAPDH ratio (gray scan)
;

20 20
ActD

CHX

(]
|8

MOI 0
Inhibitor —

#P<(0.05, 5% A (MOI=0)# Lt; n=3.
*P<0.05 compared with the control group (MOI=0); n=3.

20 20 20
— ActD CHX

E2 ActDFICHX¥T14-3-3eFRIARF N
Fig.2 Effects of ActD and CHX on the expression of 14-3-3¢

Western blot4h 27~ , NTHi/# 4L 5 BEAS-2B4H
MY 14-3-3e 8 AR LK R A RO S (-
1B).
2.2 NTHiifS14-33eRIEA £ EERR R EPFEKT
W 257~ ,, BEAS-2B/r AN 5 ng/mL%% 3% K
BHEFNH I ActDELCHX AL 30 min, B 5 FINTHi
JXGL 24 hJG 4l N 14-3-3e 8 A KL KFRIKR L
1] 351 4k 2 ZHAH BE B R BRI (20 BRI T 71.05% 0
59.21%, K2).
2.3 NTHii%514-3-3eR 1A c-SrcHyiF#E
Western blot4h R .7~ , NTHi/Z 4 BEAS-2B4i]
He 5 minJi5 B A] 35 A0 I8 U IR P c-Ste, BRI N
BERR LR L 2 o BEAE BRI (R B K, B IR
A IK V2 48 s, R 15 min /e A7 IR K P e 8
AN T 3.63R% . 140N &L c-Sre REFA AR (K]
3A). K 50 umol/L c-SrcI 55 PP 1Ak B2 41 g
1 hJi, NTHii% 5 14-3-3¢ %75 /KT EL AL BRI A T
50.60%(E3B).

2.4 NTHii%ES14-3-3eFITLR2E &

R ILVTE S R BN, 2 H MO S5, 101
20/ NTHiE G40 M 24 h, 0] 25 1958 14-3-3e 1
TLR2Z (B Z5A B 71, 40 IR B4 1)2.78 . 5.33
H17.8915%(4).

2.5 ER14-3-3¢{BIHENTHI#H — L BENF-xB

KHRNAT#14-3-3eK 15 )5 (Bl 5A), Western
blot A K 545 ¢ S 5256 45 B 7R, MO0 INTHi
Y4 hAT B RS T IkBIEAR, FEAE(EEE NF-xB p65
MV 3 DA D 5 A AR A A% (B SBRTEISC) . k4,
K siRNATTER BEAS-2BA il h 14-3-3ef R iE A,
NTHi/E 345 kB K P BRI 1 75.24%(&I5B), [A]
4 M A% N p65 B 1 % 67 K SF 38 17 36.9% (] 5C
MESD), Z 586 it % 5 X (P<0.05).

2.6 ER14-3-3e{RHTNF-aF1IL-653 70
siRNAVTER 14-3-3e ) RIA J5 , A I siRNAZ

TNF-of1 IL-63K & 43 51 N (269.24+16.71) pg/mL

H1(116.08+5.61) pg/mL, 14-3-3¢ siRNAZL TNF-o
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(A) Time /min (B)
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) * E
2 =
2 041 &
=
£ : 1
g
< 02'
©)
= 0
o MOI 0 20 20 20
<+ 0- SiRNA  — + — +

0 5 10 15

Time /min
A: NTHiE R c-Srel BR Ak [ F2 1, *P<0.05, 50 minff%F HRZLHE LL; B: 40 ifillc-Sreit 14-3-3e mRNAR L [F4M; *P<0.05, 5 A AINTHI4IAH L
n=3,
A: phosphorylation of c-Src by NTHi infection, *P<0.05 compared with the control group (0 min); B: inhibition of c-Src on the expression of /4-3-3¢
mRNA, *P<0.05 compared with the NTHi group; n=3.
[El3 NTHiif S-SR (L B1E14-3-3e3R1E
Fig.3 c-Src phosphorylation regulates the expression of 14-3-3¢ induced by NTHi
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P: TLR2 [IB: TLRD | e S —

IB: Input | *— .-.I

0.8+ *

=
P
>
% 0.6 *
=
E
T 0.4+
Q ES
A
<
S
& 0.2
n
* e

0-

0 5 10 20
MOI

#P<0.05, 55 HZH(MOI=0)4f EL; n=3.
*P<0.05 compared with the control group (MOI=0); n=3.
El4 14-3-3: 5TLR2HIZE A 7K FE
Fig.4 The binding level of 14-3-3¢ and TLR2
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siRNA — — Control 14-3-3¢

A: 14-3-3e T PUER R 40 HT; B: PUER14-3-3eXBEAS-2BAI L Y IkBZR 1A 5210, C: LR 14-3-3eXNF-kB p65 V. 3 A% 1 457 1 5 ) (4 €426 '6); D:

NE-kBIZ 57 58 7301, *P<0.05, 50 IEsiRNAZ M LL; n=3.

A: the silencing efficiency of 14-3-3¢; B: the effect of silencing of 14-3-3¢ on the expression of kB in BEAS-2B cells; C: the effect of silencing of 14-3-3¢
on the nuclear translocation of p65 subunit of NF-kB (green); D: quantitative analysis of NF-kB nuclear translocation; *P<0.05 compared with the control

siRNA group; n=3.
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Fig.5 The effect of silencing of 14-3-3< on the activation of NF-kB by siRNA
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Fig.6 The levels of TNF-a and IL-6 after silence of the 14-3-3¢ in the culture supernatant
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A: Western bloth #llpcDNA3.0-14-3-3e%% e 2% ; B: ELISAKG I TNF-0.LA L IL-6 8453 .  *#P<0.055 %] I ZHAH L (MOI=0); “P<0.05, 5% H ki 2H
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A: the transfection efficiency of pcDNA3.0-14-3-3¢ by Western blot; B: detection of the secretion of TNF-o and IL-6 by ELISA. *P<0.05 compared
with the control group (MOI=0); "P<0.05 compared with the control siRNA; n=3.
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Fig.7 The effect of overexpress the 14-3-3¢ on the secretion of TNF-a and IL-6
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Fig.8 The effect of inhibition of the 14-3-3¢ activity on pulmonary inflammatory response after NTHi infection
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