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Sodium houttuyfonate alleviates acute pulmonary infection
caused by Pseudomonas aeruginosa by promoting polarization
of alveolar macrophages via activation of the
TLR-4/MyD88/NF-kB pathway

WANG Dinghui', XU Qianwen', YANG Shan', WANG Changzhong', WANG Tianming',
WU Dagiang"?"

1 Department of Pathogen Biology and Immunology, School of Integrated Traditional Chinese and Western Medicine,
Anhui University of Chinese Medicine, Hefei, Anhui, China
2 Hefei Institute of Pharmaceutical Industry Co., Ltd., Hefei, Anhui, China

Abstract: Pseudomonas aeruginosa is a widely distributed Gram-negative opportunistic pathogen
that poses a serious threat to immunocompromised individuals, often leading to severe clinical
infections. Sodium houttuyfonate (SH), the main active derivative of the Chinese medicinal herb
Houttuynia cordata, has been widely used for anti-infection therapy. Recent studies suggest that the
efficacy of SH against antibiotic-resistant pathogens extends beyond direct antibacterial effects to
include delicate regulation of the host immune system. [Objective] To investigate the role of SH in
promoting M1 polarization of alveolar macrophages against P. aeruginosa infection. [Methods] A
mouse model of acute pneumonia caused by P. aeruginosa was established via intratracheal
intubation. Hematoxylin and eosin (HE) staining was used to evaluate the histopathological
changes in the lung tissue. Bacterial load in the lung tissue was determined by the plate counting
method, and the expression of Toll-like receptor 4 (TLR-4) in the lung tissue was analyzed by
immunohistochemistry (IHC). In the cell experiment, MH-S alveolar macrophages were
co-cultured with SH for 6 h to induce M1 polarization. Polarization markers CD86 and CD206
were analyzed by immunofluorescence and flow cytometry, and phagocytic capacity was
evaluated with P. aeruginosa at 1x10° CFU/mL. The mRNA levels and inflammation levels of
tumor necrosis factor-a (TNF-a), interleukin-1B (IL-1f), interleukin-6 (IL-6), and interleukin-
10 (IL-10) were measured by RT-qPCR and ELISA, respectively. The expression of proteins in the
TLR-4/MyD88/NF-kB signaling pathway was analyzed by Western blotting. To decipher the
mechanism, we constructed TLR-4 overexpression and knockdown cell models to confirm SH
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regulation of this pathway and related inflammatory factors via TLR-4. [Results] The in vivo
experiment results indicated that SH significantly reduced P. aeruginosa proliferation in the mouse
lung tissue. Both HE staining and IHC results demonstrated that pulmonary inflammation in the
treatment group was alleviated compared with the model group, suggesting that SH may enhance
host immune clearance and thereby mitigate acute pulmonary infection. The cell experiment
showed that SH promoted early M1 polarization of MH-S cells and enhanced their phagocytosis
of P. aeruginosa. Western blotting further confirmed activation of the TLR-4/MyD88/NF-«xB
pathway with upregulated protein expression after SH treatment. [Conclusion] SH can activate
the TLR-4/MyD88/NF-xB pathway to induce M1 polarization of alveolar macrophages during

early infection, thereby exerting significant phagocytic and anti-infective effects.

Keywords: sodium houttuyfonate;

polarization; immunomodulatory anti-infection
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HEEIFE 30 min, PEIA)S LA Intracellular Fixation
AW, FIA FITC-Hi/Mil CD206 Fifk(Mm2
TR, 4 °CHEOLIFE 30 min, [F]ATEE
Y I R R A . W E 45 R LATIYS PBS Tk
W2k, 4200 HZeugM ik, PBS B
Mg, SEBD EAUREI, {8 Flowlo v10 #4547
B30
1.11 SH X MH-S E & A fa & %
Pseudomonas aeruginosa Bt J1HIEZN

MH-S F A% 1.8 35 kAL B, i AL
RPMI-1640 S fili 55 % 54 B (1) 1.5%10° CFU/mL
P. aeruginosa Wil . 7% ARSI T BATE 240
DA M It B e i g T R R B, LSS 20 min Al
120 min J& W5 F W5 28 P e 107 K D) R A6 Y
B 41 1 I O G S T A N S 1 71 sl
2 B ] SR AN A IS REAS, R R
Tk AR, A D200 W, TAE
3s, [AEKSs, EAFHE 8 min, PIJCE PBS #H17
B A R, L 50 uL #5111 T LB Bl F
Be, 37 °CHFH 24 h, 459 LUAEZ T % AL
{3 (colony-forming unit per milliliter, CFU/mL)
eV
1.12 RT-qPCR # U MH-S E I 28 ff
TNF-a. IL-18. IL-6. IL-10 mRNA &
187K

MH-S F g% 1.8 15 ik AbBE, UEE 40
il J5 A Trizol 3% # HUE RNA. 4 415 800 ng
RNA, K H ToloBio HiScript II 1st Strand cDNA
Synthesis Kit 1% 5% 4 cDNA. 3054 5% [ 1A £
(20 pL): 2xRT Mix 10 pL, HiScript II Enzyme

Mix 2 uL, RNA 1 pL, ddH,O 7 pL. FZJ 5544
50 °C¥i%% 5% 15 min, 85 °CHEI% 55, &AM
cDNA 7= #) F-20 °CI_- 17, LI cDNA MR,
{ifi Ff§ ToloBio SYBR Green qPCR Master Mix A &
P S PES W 1T RT-qPCR . S WiA ZR (20 pL):
2xQ3 SYBR Master Mix 10 pL, . FiF514
(10 pmol/L)4% 0.4 pL, cDNA #ifg 1 pL, ddH,O
8.2 uL. FN&cft: 95 °cCHIAEE 30 5 95 °C7%
£ 10s, 60°CiE-k 30s, 40 PMEH, P igsh
Ja TR ZE . 95°C 155, 60°C 60s, 95°C
15 s, RFFEMIE 3 ANHRER, R 27295
H R R X RaA IR AR RS S
5T, SIS 1,
1.13  ELISA #& ) MH-S E & 46 i@
TNF-a. IL-1p. IL-6. IL-10 #%EEF
28

MH-S g0 1.8 15 i Ab B, U4E 40
MOEE 3 VS, LARHR ELISA X5 & & L
W h TNF-a. IL-1B. IL-6. IL-10 4 45E K 77
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1.14 Western blotting &1 MH-S E &
Y0 Bl TLR-4/MyDS88/NF-kB i % & H
=ik

W TR 1.8 15 ik A HE R MH-S 40, LA

%1 PCR3|#F%

Table 1 Primer sequences used for PCR
Gene Primer sequences (5'—3")
TNF-0.  Forward: AAGCCTGTAGCCCACGTCGTA

Reverse: AAGGTACAACCCATCGGCTGG

IL-18 Forward: CAACCAACAAGTGATATTCTCCATG
Reverse: GATCCACACTCTCCAGCTGCA

1L-6 Forward: CTGCAAGAGACTTCCATCCAG
Reverse: AGTGGTATAGACAGGTCTGTTGG

1L-10 Forward: CTTACTGACTGGCATGAGGATCA
Reverse: GCAGCTCTAGGAGCATGTGG

Forward: CGTAAAGACCTCTATGCCAACA
Reverse: CGTAAAGACCTCTATGCCAACA

p-actin
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¥ RIPA 24 fif W 78 vK 1 2% 30 min, 4 °C.
12 000 r/min & 0> 15 min 5 # 3% . BCA %
M\ AWwE, FEIMEEMA loading buffer
Fh AR . BEFL B RE 30 pg B A UEAT 10%
SDS-PAGE, fHK /25185 2 PVDF i€, 5%
NG W ky/ TBST & i M1 1 h, TBST PEik)5—
L4 CMH R ; TBST Rk E s E
1 h, BCL {2z kW w5, LA B-actin HHZ,
Imagel M 56 B, TR HMWEARS
WS KA, Phas Adla—Ab)a T4l e 4t
oM.

1.15 3%

MH-S W5 41 i F X 504 K (£ %>95%)
HeRh B BRI, FRAn Rl & Bk 60%—70% i i
e, BAELRUT: W 1SmL HOLE ALY
B, A& NA 200 uL JCIfiL7E 1640 B5 3735
5 uL # LR, BRIEAE R IRHE 5 min; B
A 200 uL JCIMTE 1640 B 545 5 ul 4
i siRNA 8 it 3% ik £ {4 (Ad5-TLR-4/Ad5-gfp),
IRAIHHE S min. B A SWIAZHIMA B, 1R
A)J5 IR ERE 20 min, 5 YL HTR SRR IR 3
FEAL N TB Y 1640 FE fill 15 97 2k 2 4R R
2mL, BEEVINA LR IRE5Y). 6 h 5l h
1640 SE &R FRIE, A AXTIRAL, 5t 24 h
JE WA, FH TS 22 mRNA B8R A .
SIRNA GIYIFFITEILE 2,

#&2 Oligo575l
Table 2  Oligo sequences

Oligo name  Primer sequences (5—3')
siRNANC  Forward: UUCUCCGAACGUGUCACGUTT
Reverse: ACGUGACACGUUCGGAGAATT
mmu-TLR-  Forward: GGUAGUGUCUAGACACUUUTT
4-si3 Reverse: AAAGUGUCUAGACACUACCTT
mmu-TLR-  Forward: GGUAAAGAAUUUAGAAGAATT
4-si2 Reverse: UUCUUCUAAAUUCUUUACCTT
mmu-TLR-  Forward: GGAUCUUUCUAAAUGUCAATT
4-sil Reverse: UUGACAUUUAGAAAGAUCCTT
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MyD88/NF-kB B E B FRIA

B IR 11475,
1.17 RT-qPCR #& 1 SH 1€ T TLR-4
Z X MH-S ENE4HRE TNF-a. IL-1B.
IL-6. IL-10 mRNA FRiZBI50

PRAEALBRIASE 112 75,
118 HitFE oM

S B4 % Fil GraphPad Prism 9.5.0 /4 3F
gt ortr. BRI AR EZE (SD) &R, A&
T2/ 3 WM ST (n=3), ML) L3R ¢
iy, 222 8] H R H B PR R J7 2240 M7 (analysis
of variance, ANOVA). ¥ 28 1EVE K7 22551
KRG, fFES8RRAEE RIS,
IR HAESHR S . P<0.05 hERHA 5T
2 ERGH
2.1 SH Xf/NER Pseudomonas aeruginosa
S A SR R B S M

oy g /N B2k il R BE R, A SH O XF
P. aeruginosa 75 1A SR MG TRI TR, 1R
S7 R 24 h (B 1A). il R A 73 WL 4% 8 7
(B 1B), AR ZH it 0 S I Feaf . K R
FETH AT WL AR MR AR, RS 2P I A A
PR . SR AR L, SH 7 42 5] S A1
P MU e bR R AR B ek AE . HE Je e 45 R
(1 TC) A A2 TSGR 1 SH A PRIFZ50 A5
5l RS o PR TN 2 N R O ET ] T s o S i £
PR R R VEARE ;T SH AbIEZE FiRZH 2
PR R W UGE, RN IEA T
B, RUEREREV B, 2 RIFHEK
PR o /N EUITT 4 e 23 A4t R s (18] 1D),
Xt B& 24 (Control ZH)K Il P. aeruginosa =15 5 #5
BIZH (Model 4H)H 74 Bt i 22, 145 25 2 TR 75 5K
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Figure 1

SH ameliorates acute Pseudomonas aeruginosa pneumonia infection in mice. A: Flow chart of

P. aeruginosa infection modeling and treatment in mice; B: Morphological observation of mouse lung tissue; C:

HE staining of lung tissues; D: Quantitative assessment of P. aeruginosa load in lung tissues of mice after

treatment with different SH doses; E: Detection of TLR-4 protein expression by IHC. ns: Not significant; **:

P<0.01; *#*: P<0.001; ****: P<0.000 1.
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Figure 2 The promoting effect of SH on M1 polarization of macrophages during the early stage of infection. A:
Immunofluorescence images and quantitative analysis of CD86 and CD206 expression in MH-S macrophages,
scale bar=50 pum; B: The distribution of MH-S macrophage polarization after drug treatment; C: Representative
APC flow cytometry plots and quantitative analysis of CD86 expression; D: Representative FITC flow cytometry

plots and quantitative analysis of CD206 expression. ns: Not significant; *: P<0.05; ***: P<0.001; ****;
P<0.000 1.
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Figure 3  Anti-infection effect of SH by promoting M1 polarization of MH-S macrophages. A: Bacterial
clearance capability of polarized MH-S macrophages against P. aeruginosa at indicated time points; B: mRNA
levels of TNF-a, IL-1f, IL-6, and [L-10 in polarized MH-S macrophages; C: Expression levels of the
inflammatory cytokines TNF-a, IL-1B, IL-6, and IL-10 in polarized MH-S macrophages. ns: Not significant; *:
P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1.
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Figure 4 Expression of the TLR-4/MyD88/NF-«B pathway in MH-S macrophages after SH intervention. A:
Western blotting band diagram; B: Quantitative analysis of TLR-4 protein expression; C: Quantitative analysis of

p-p65 protein expression; D: Quantitative analysis of MyD88 protein expression. ns: Not significant; *: P<(.05;
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Figure 5 Expression of proteins and inflammatory genes in MH-S macrophages after TLR-4 overexpression. A:
Validation of TLR-4 overexpression by Western blotting and RT-qPCR; B: Effect of TLR-4 overexpression on
TLR-4/MyD88/NF-«xB pathway protein expression; C: Quantitative analysis of TLR-4/MyD88/NF-kB protein
expression in TLR-4-overexpressed cells; D: Expression of inflammatory cytokines (7NF-a, IL-1f, IL-6, and
1L-10) in TLR-4-overexpressed cells. ns: Not significant; *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1.
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Figure 6 Expression of proteins and inflammatory genes in MH-S macrophages after TLR-4 silencing. A:
Screening of TLR-4 silencing sequences by Western blotting and RT-qPCR; B: Effect of TLR-4 receptor silencing
on the protein expression of the TLR-4/MyD88/NF-«B signaling pathway; C: Quantitative analysis of TLR-4/
MyD88/NF-kB pathway protein expression in cells following TLR-4 receptor silencing; D: Expression levels of
inflammatory cytokines (TNF-a, IL-1p, IL-6, IL-10) in cells after TLR-4 receptor silencing. ns: Not significant; *:
P<0.05; **: P<0.01; ***: P<0.001; ****. P<0.000 1.
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