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MZRFHEAEZE NG, FERBIGFEDNA IR
SALCpGIFF, TEHUBYL e b & R TLRO
FEARFIAAF IFEFAAFAEFIL. A58 /R TLROK
Bl SRR g AR U, Sy — e g )
KIMARFIAA B E JRERA LI (AN S BB . ~AE)TLRO#E
K BV B S Em A EAEM, AR HEE TLRY
Z 5P Th2 R G S 2, H 56T A% 4 i B 5 w2
I TLROZE A5k 5 ARFIA A 5 3511 56 B FSY S L IR
BT D

S i — L PR TLROTEAR . AA R IRHLH i1
FH, AR SCHRE T e 2o B s &1 ) ot B4 40 e %
HAUP B REAN P TLROM b AR LR, W HfRAR |
AAREIRHLEISEAE T H 0 A
1 PR
1.1 S50

(i) 1%#%. FACSVerseifi 204X (BD Biosciences,
ZEEH); KRS #E OHL(Thermo Fisher, 35 [E); DM500
{85 B (Leica, 8 [E); MPS52/E %) B i Hi(Leica,
[); XSE105DUJT 43 2 —HL T - (R, i 1); Hera
cell150i CO, 5 374# (Thermo, FE[H); MSCH:¥) 2 4AE
(Thermo, ZE[H).

(i) 5. A YIAEZA#A . Human TruStain FcX™
(FAZARPHIIR) . 5248510 "mol/L Zombie Aqua™ii 4]
% E W . PE/CyThricHi ACD144i{A (clone HCD14),
FITChRiEHT ATLROH A (clone S16013D). TruStain
FeX™H B CD16/32%/K(clone 93). PerCPHRICHL I

CDI11bHifA(clone M1/70), 5548510™45ic 4t FlLy-6G/
Ly-6C(Gr-1)#7if#(clone RB6-8C5). PE/Cy7HiFlCDllc

F1 EEE—RIH

Table 1 General information of volunteers

Pii(clone N418). 5Z4510™hricHi FUF4/80Ti4 )
¥ Biolegend s Bl (32 ), ¥ 4100 tests. Cytofix/Cyto-
perm™ZJI i [ 5 /375 JER ) & F Biosciences Pharmin-
gen’/A I (FE). KRAFE TR (Artemisia
sieversiana wild allergen extract, ASWE). FERiiid &
JEHH) (house dust mite allergen extract, HDME), &
WAl 4643 1 BB L B (platanus  pollen allergen extract,
PPE) I T AR I RN 24k 23 ) ().

1.2 WFosht%

(1) HBF. AU A20214E1 H~20224E6 H #H]
TH N BB KA 8 5 — E B AR S R T 12 B R
(#1), ARAFFA (b EARRNE SRS WFRYT 16 B
(2015KH) ) Uhbrufs, AAZHATA (S A B
BRI CGE—RR, 2019) ) UIyhrife, s bk & 9 A )R
(ARA)Z (JF] il 2 LR PHIARIE), fat XS B (HC) 4 :
TCid WU BOR s . JCIT IR R SRR . AR
55 TR B M BB 2 — BR B I R 00 A B 22
BRI HE(KY201801)

(2) /N AT FHCS7 BL/6H ey A4 BI(WT)
NEROT TR AE A A= 2 A I 1gESZ AR (FeeR 1)
R (KO NI SR 2R 2 R AL ). T fa SE 3 sh
6~8JEli%, AT 18~22 g, 1A THi M ER K 2#SPF 3
WsEge L. LI T R MM R S YR B2
2 41£(20180916002)

1.3 AR AR TLRY HY#ER

(1) ANAMNE MARAS LB : SR E MAEAZ:1500x g3 0
10 min3 B MR ARAL. i i 2% FBSHY
RPMI 16408555 HA S5, 430 1.0 pg/mL ASWE,

HC(n=18) AR(n=36) AA(n=24) ARA(n=21)
RIS (S) 23(20~45) 34(6~52) 47(11~58) 32(17~60)
Btk 8/10 13/11 12/9
RIRAERE H IR ) 25(6~47) 35(7~50) 27(9~49)
s (GRS 4(1~40) 5(1~45) 7(1~38)
FAFEIEAD(SPT") 6 12
B (SPTY) 12 8
FEH AR (SPTY) 6 6

a) AR RS AN AR O IR P OB (B ME R (E). SPTOR BB AUiKSG.  HC(healthy control), fEHEXTIRAL;
AR(allergic rhinitis), [T 8{PEFJ41; AA(allergic asthma), HHi2l; ARA(allergic rhinitis combined with asthma), i SR 5 &I EERGAL
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HDMEE{PPEFECO, 35 774 3 7°CHll i 25 F F il 1 h.
F1£70.5% FBSHYRPMI 1640375357 #5241l

) AP AAKEI: $+Human TruStain FcX™, 7%
2510 "mol/L Zombie Aqua™iif £l g 45 22 i 5 1A 1M 41
MBI AE Z IR T REREE 15 min. =R T APE/Cy7
FRIEHTACD14IA, HEHFE 15 min. JIALLAA I
R 2 IR REE12 min, B5.0(1200xg, 6 min, 20°C)F I
. A4 E B R, 4°CIFF 20 minf/5 ITAS uL
FITCHRiCHT ATLROBLIA4°CIFH 30 min. JIIA1 mLi%&
BRI, B5.00(2500%g, 10 min), 3¢ 7%, 400 HmsRRLR
2% 0Pk (PBS) B J5 7EFACS Verse Uit = 40 LA _F 463,
SEETLRO ML b A1 A% A e v i AR AL A TLROAE
PR LA P 23k 1 T DR BE (M AR L.

1.4 /DR

(1) ARFEARL: Bt SPFHIAHE Hh a5 AW T /N ERURT
FceR | KO/NRILBENLE RN =4 FH—4HH
a0 S 2 (o A AR i R o R B B U
), B8 T A ST HRZH G AR B OB e e+ B
£h/K(normal saline, NS)#k), 5 =41 M55 X IRAH
(NSHE+ NS, gl R, 2 BRRRA: SCiik bk adt

> BREIEBER <

SEARU N USRL, BB E R NP IR,
(2) AABL: SRRSO @ r AAU SN R
BA, BRI AR AN 2 7.

1.5 /hEbRAC R AR B AP

(1) . ARBEL/N G — UK 524 hJE B,
AAREY/ NI S — IR S A 24 Wi i, Pt e,
A HU/NE50 pL.

(2) MfigHEl. AABCHY/ N UL 2. BTtz 21
2 FERKREVE R, SRR, BT Z20.5 mm® K/,
FH0.5% FBSHIRPMI 16403538 i BE % (500xg, 20°C,
6 min), FE2U. HL:10(w/v)IA S 1 B 5 i
(2 mg/mL)F1i%E B i R fiff (1 mg/mL) Y DMEME; F# 7%,
FE37°C N 52U IL R F 65 min, THALIE 421
100 umE (i 8 5 25 00(500%g, 20°C, 6 min). UK
A, FHABRTHEOR AL, FH0.5% FBSAYRPMI 1640
B A, AL E1x10° cells/mL.

1.6 AL TLRY Hy#A

(1) IM&. KBV510 Zombie Aqua™(1 uL)+TruStain
FeX™(3 L )i 4 i 4 W5 40 i A M BT = iR T

o & —
-

7

M 55 0. 7. 14 RERESES 100 pg IBERIBAGR2 mg
AI(OH)s+NS—500 uL /R

B 0. 7. 14 KA 500 uL NS HITERESTS

I ~s A B IsRNEA

Bl 1 (28R () S AR/ FUSE Y

Figure 1 (Color online) Establishment of AR mouse model
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Figure 2 (Color online) Establishment of AA mouse model
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BEEHEF 15 min, IR FAIABVS510™-Gr-1+PerCP-
CD11b(£55 pL)Z R EOEHFE 15 min. S A LA 2467
W, ZEIEH#OE12 min, B5.0(1200%g, 6 min, 20°C)FE |
. AN E E B, 4°CIF F 20 minf/5 IITAS uL
APC-HTFLTLRO (CD289)HiiAk, 4°ChEGIFE 30 min.

(2) Mid1Z 4B, ¥BVS510 Zombie Aqua™
(1 pL)+TruStain FeX™(3 pL)i 2 L 45 e W1 -5 M 20 21 4
i ERAE 2 IR R ROEMEF 15 min. Z & FAINAPE/Cy7-
CD11c+BV510™-F4/80(4%5 uL), 2 kG 15 min.
FIAT mLEER, B5.05(2500xg, 10 min), 3+ [F, 4000
PBSH &5 fEFACS Versei 40 Me {3 A&,

L7 i br

— G ] AL A R T U (FSC/SSCY 24U
Bl AL RE. k] A (Zombie
Aqua™ [P XN, A MEARAS ACD 14" 4 S ARy 5
AREE, /N BUME LAGr-1"m1 CD11b™ 94 ffa /Ay 2
R ARMOAE /N BT 2 2 40 M2 LI F4/80T . CD11c”
WA B AN 7R R AR RS, AR
TLROTEAH PN 5.

1.8 B bPRngs it ot

ffFHSPSS 13.04E4 74811244017, R HKruskal-
Wallis Bk FIRS 5 50 Hr 45 4 [R5, ansfaim) 22 A 4eit
2775 X, HMann-Whitney URGEGHE— FLBCZH N 4F2H
BB AG AR L. NFEREARD: AR, AAFI
ARA JE 35 55 il 0T HE ZH B4 20 il TLRO R GA 1% (L i 25
PR FHHIO S, R /N R b L0 A% S i 4
E WA TLROFR A E R FHAE XK 23, BT ot s
RP<0.053R" BA W2 5.

2 g
2.1 ANSMHEIMAREANITLRY ke it

AN B SN LCD 147 A A0 i E (1513 ()
RIRTLRO MM L FITEARZH . AAZH X ARAZH Y L 3
i THCA, 4r3Iiin2.64. 2.05F12.324%(P<0.05)(13
(b, ¢)). ASWERIE(HTLRO 41 L 5 7E AAZHAG b 2544
J(P<0.05). E3(d, e)@s~, TLROTEFARZANM N FILAY
MFI/EARZL . AAZH J ARAZH Y B 27 THCA, 434
127, 1.45F12.141%(P<0.05). HDMER i ARZH
TLR9 MFHET}F1.151%(P<0.05); AAZHFIARAZTE

4

JE I 5 TLR9 MFIG . 35484k,

2.2 ARFIAABTRDR i Yz giifar-h TLR9FGA

FFAIE
22.1 ARMEANE

AR SZIG FHGr-1"™HICD 11b™ U 105 W 45 78 /)N
SR SAAZ AL (114 ). TRCHIR M ES R s, WT
JNELP: S ASWEHIHDMERL & 2H TLRO 4 Jifd 15 43
LU S NSHAH L3 8 3 7R (P<0.05); ASWE-ASWEZL]
ASWE-NSAHH ., HDME-HDME 5HDME-NS#H It
TLRO™ 40 il B 43 L35 5 35 T 55 (P<0.05) (&4 (b,  d)).
FceR T KO/, ASWE-ASWE 5 ASWE-NSHE{NS-
NS AH L TLRO ™40 i A 43 Lb & 3 Ft = (P<0.05),
HDME-HDME, HDME-NS5NS-NSZ{AH L TLRO 4
JiET 3 o2 25 TR (P<0.05). RASWE-ASWEZH AL,
FceR | KORHABA 4 TLRO 4 i L 5l W/ B 25
/D (P<0.05)(K4(b, d)).

WT/NER T, 5NS-NSHAEL, 45 f il 4 o
A TLR9 MFIHA & i (P<0.05)(Kl4(c, e)).
FceR I KO/NR A, ASWE-ASWEZH 5 ASWE-NSH{
NS-NSH A, TLR9 MFI¥ R 2T (P<0.05);
1, HDME-HDME#] 5 HDME-NS5NS-NSZH A I,
TLR9 MFI¥J & THE(P<0.05)(El4(c, e)). FANS-NSZH
Ak, FeeR 1 KOR A4 2H TLR9 MFIZE KK 4 W T/
BRUXT I A 45 2L A TLRO - MFT ik K - 44 i 3 i /b (P<
0.05)(Kl4(c, e)).

222 AABERNE

TAKI T EE R s WIZNR T, ASWE-ASWE .
HDME-HDME . HDME-NSZH i 5% 4 B P TLRO™
YA 43 F S NSLAH He 2T 55 (P<0.05)(K15(a, ©));
ASWE-ASWEZI TLRY 41 fifd /5 43 bb i 3 = T ASWE-NS
ZH(P<0.05); FceR 1 KO/NMRH, HDME-NSHIHDME-
HDMEZ TLRO 4 il /i 4 kb {2 3 5 FNS4L(P<0.05)
(F5(a, c)). FceR I KO ASWE-ASWEZ FiIHDME-NS
ZHTLRO 20l LL 1 48 WT /IS BRI X 7 1 45 2 J 2 s 2
(P<0.05)(¥l5(a, ¢)).

WT/NR A, 5NS-NSHH L, ASWE-ASWE
HDME-HDME ., HDME-NSZ i) B A% A1 i fE H TLROFE
AR (MFD) 4 118 (P<0.05); ASWE-ASWEL
ASWE-NS. HDME-HDME 5 HDME-NSZHAf L, A%
AL MFIE R B #(P<0.05)(KI5(b, d)). FeeR I
KO/NRH, 5NS-NSZI#itk, ASWE-ASWE, HDME-
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(a) SARCANEAYBIT TRIE IR (b) HAZANMIRE T TLRO 40 /1 3 UARER I (o) SR ANM i -PTLRO A 7 43 HUHLA AL, (d) SRS TLRO
IIMFIRZR L (o) S AU RIS TLROIIMFIRL . *, P<0.05. FMO: 26— %o R 180 xT G Ay il SURMUR B (A2 150 (HO) . il i d
R(AR), IHIERENG(AA) . SEEPER R AIFIENARA) B . R A SUSHRII(HDME) . FORFES 1 USSR IR (ASWE) B AT 1 M ik 65
RIBYIPPEWKEEI N1 pg/mL. BAFHSARR— A, o i — 240 (R PR

Figure 3 (Color online) Flow cytometry analyses of changes in percentage and mean fluorescence intensity (MFI) of TLR9 expression in human
peripheral blood CD14" monocyte population. (a) Gated strategy diagram for monocytes; (b) representative graph of percentage of TLR9" cells in
monocyte population; (c) scatter plot of percentage of TLR9" cells in monocyte population; (d) representative graph of TLR9 MFI in monocyte
population; (¢) MFI scatter plot of TLR9 expression in monocyte population. *, P<0.05. FMO: fluorescence minus one. The test subjects are healthy
subjects (HC), patients with allergic rhinitis (AR), allergic asthma (AA), and allergic rhinitis combined with asthma (ARA) before and after the allergen
challenge. The concentration of house dust mite allergen extract (HDME), artemisia sieversiana wild allergen extract (ASWE) and platanus pollen
allergen extract (PPE) was 1 pg/mL. Each symbol represents a specimen, with the median value represented by a red horizontal line in the middle
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PAREANMIR T, LAGr-1""FICD 1 16™ U 10 SR M /N BRUML I SAAZ AN (b) TLRO A i B ALY T 43 HE (%) R R (o) HAZEANMTLRO
IBHIMFURC R (d) TLROAME 5 A% AN TT 40 H(%); (€) AN TLROZKIAMIMEL *, P<0.05. FMONSEIGE— X HE. NS-NS, A HER 7K G s -
A BEER KR ASWE-ASWE, JORF 5 i BURHR ) S - JORF RS BUS SR IR 4 ASWE-NS, JOFF it SRR I S i -4 BRER K Ok
#41; HDME-HDME, J& i SR R CY) S e -Fot At SURUR BU UK 20, HDME-NS, 2R it SR R ICY) S i - A B /KU 41, WT, B AR TR
JNBR; FeeR T KO, FeeR T KD RERR /N R

Figure 4 (Color online) Flow cytometry analyses of changes in percentage and mean fluorescence intensity (MFI) of TLR9 expression in the blood
mononuclear cell population of allergic rhinitis (AR) model mice. (a) Mouse blood mononuclear cells were identified using a dual labeling strategy of
Gr-1lowmid and CD11bmid; (b) representative graph of the percentage (%) of TLR9" cells in the monocyte population; (c) representative graph of MFI
of TLRY expression in monocytes; (d) percentage of TLR9" cells in monocytes (%); (¢) MFI of TLR9 expression in monocytes. *, P<0.05. FMO is a
fluorescence minus one. NS-NS, the NS immunization and NS challenge group; ASWE-ASWE, the ASWE immunization and ASWE challenge group;
ASWE-NS, ASWE immunization and NS challenge group; HDME-HDME, the HDME immunization and HDME challenge group; HDME-NS, the
HDME immunization and NS challenge group; WT, wild-type mouse; FceR I KO, FceR I gene knockout mouse
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Figure 5 (Color online) Flow cytometry analyses of changes in percentage and mean fluorescence intensity (MFI) of TLR9 expression in the blood
mononuclear cell population of allergic asthma (AA) model mice. (a) Mouse blood mononuclear cells were identified using a dual labeling strategy of
Gr-1lowmid and CD11bmid; (b) representative graph of the percentage (%) of TLR9+cells in monocyte population; (c) representative graph of MFI of
TLRY expression in monocytes; (d) percentage of TLR9+cells in monocytes (%); () MFI of TLR9 expression in monocytes. *P<0.05 indicates a
significant difference. FMO is a fluorescence minus one. NS-NS, the NS immunization and NS challenge group; ASWE-ASWE, the ASWE
immunization and ASWE challenge group; ASWE-NS, ASWE immunization and NS challenge group; HDME-HDME, the HDME immunization and
HDME challenge group; HDME-NS, the HDME immunization and NS challenge group; WT, wild-type mouse; FceR I KO, FceR [ gene knockout
mouse
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Figure 6 (Color online) Flow cytometry analyses of changes in percentage and mean fluorescence intensity (MFI) of TLR9 expression in the
macrophage populations obtained from the lung tissue of allergic asthma (AA) model mice. (a) Mouse lung tissue macrophages were identified using a
CD11c" and F4/80" dual labeling strategy; (b) representative graph of the percentage (%) of TLR9" cells in macrophages; (c) representative graph of
TLR9 MFI expression in macrophages; (d) percentage of TLR9" cells in macrophages (%); (¢) MFI of TLR9 expression in macrophages. *, P<0.05.
FMO is fluorescence minus one. NS-NS, the NS immunization and NS challenge group; ASWE-ASWE, the ASWE immunization and ASWE challenge
group; ASWE-NS, ASWE immunization and NS challenge group; HDME-HDME, the HDME immunization and HDME challenge group; HDME-NS,
the HDME immunization and NS challenge group; WT, wild-type mouse; FceR I KO, FceR [ gene knockout mouse
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Changes in the expression of TLR9 in PBMCs and pulmonary
macrophages during allergic rhinitis and asthma attacks
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In recent years, the role of the monocyte macrophage system and Toll like receptor 9 (TLR9) in the pathogenesis of allergic
diseases has attracted attention, but little is known about the relationship between changes in TLR9 expression on
monocytes and macrophages and allergic rhinitis (AR) and allergic asthma (AA). This article uses flow cytometry to
analyze the expression changes of TLR9" monocytes in peripheral blood of patients with AR, AA, and allergic rhinitis
combined with asthma (ARA). And the AR and AA models of wild-type (WT) and FceR I gene knockout (FceR I KO)
mice were used to investigate the expression changes of TLR9 in monocytes and macrophages in lung tissue of mice after
allergen stimulation. It was found that the proportion of TLR9" cells in the peripheral blood mononuclear cell population of
AR, AA, and ARA patients was significantly increased, indicating an increase in MFI expression representing the number
of TLRY molecules expressed in each mononuclear cell. Artemisia selengensis allergen extract (ASWE), house dust mite
allergen extract (HDME), wutong pollen allergen extract (PPE) stimulate to increase the proportion of TLR9" monocytes in
the blood of AR and AA model mice, upregulate the expression level of TLR9 MFI in monocytes, and make the expression
level of TLRY in macrophages in lung tissue higher than that of control mice. In AR and AA mouse models with high-
affinity IgE receptor (FceR I ) KO, ASWE, especially HDME, can also induce upregulation of TLR9" cell percentage and
TLR9 MFI in monocytes. Based on the significant reduction in the proportion of TLR9" cells and TLR9 MFI expression
levels in AR and AA mice compared to wild-type (WT) mice, it can be concluded that the increase in the proportion of
blood monocytes induced by allergen extract and the upregulation of TLR9 expression levels in monocytes are achieved
through both FceR I dependent and non-dependent pathways. Similarly, compared with WT mice, the AA model mice of
FceR I KO showed a significant increase in the proportion of lung tissue macrophages induced by allergen extract and a
significant decrease in the upregulation of TLR9 expression level. In summary, monocytes may participate in the
pathophysiological processes of AR, AA, and ARA through upregulation of TLR9 expression. The upregulation of TLR9
expression in lung tissue macrophages further suggests that monocytes and macrophages may form a new inflammatory
signal amplification loop in local tissues through high expression of TLR9 under allergen stimulation, providing new ideas
for understanding the pathogenesis of allergic airway diseases.

allergic rhinitis, allergic asthma, monocyte, macrophage, Toll-like receptor 9
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