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Effects of THBS1 gene-edited BMSCs on nasal mucosal barrier function and inflammatory response in model
mice with allergic rhinitis

WANG Li,HUANG Yong-yang ,ZHANG Yi, QI Bin, WAN Long,DU Yan-ping, CHEN Cai-sheng ( Department of Otolaryn-
gology and Head and Neck Surgery,Huanggang Central Hospital , Huanggang Hubei 438000, China)

Abstract: Objective To explore the effects of thrombospondin-1 ( THBS1) gene-edited bone marrow mesenchymal stem cells
(BMSCs) on the nasal mucosal barrier function and inflammatory response in mice with allergic rhinitis ( AR). Methods Mouse BMSCs
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were isolated and cultured. The expression of stem cell surface markers was measured by flow cytometry. Alizarin red staining and oil red O
staining were used to detect the osteogenic and adipogenic differentiation abilities, and the isolated results were identified ; Lentivirus contai-
ning THBS1 gene was used to infect BMSCs, fluorescence microscope was used to observe the expression of green fluorescent protein EGFP in
cells,and real-time fluorescent quantitative PCR and Western blot were used to detect the expression of THBSI mRNA and protein of cells to
identify the infection effect. The experiment was divided into the control group,the model group,the BMSCs group,and the THBS1-BMSCs
group ,with 15 mice in each group,and the other three groups except the control group all constructed AR models. The mice in the control
group and the model group were injected with 0. 1 mL PBS through tail vein. The mice in the BMSCs group and the THBS1-BMSCs group
were injected with 0. 1 mL. BMSCs and 0. 1 mL THBSI gene-edited BMSCs through tail vein, respectively. After the treatment, the runny
nose , nosal scratching and sneezing of mice in each group were statistically analyzed. ELISA was used to detect the serum contents of IFN-y,
IgE, TNF-a,IL-4 and IL-6 ,HE staining and PAS staining were used to observe the pathological changes of nasal mucosa,immunofluorescence
staining was used to detect the expression of CK-5 and B-tubulin in the nasal mucosa, Western blot was used to detect the levels of tight junc-
The isolated cells showed positive expression of CD105, CD90 and
CD73,and negative expression of CD34 and CD45,and had good osteogenic and adipogenic differentiation abilities, indicating that BMSCs

tion proteins Claudin-1 and Occludin in the nasal mucosa. Results

were successfully isolated. BMSCs infected with the lentivirus containing THBS1 gene showed obvious green fluorescent protein EGFP expres-
sion,and the relative expressions of THBSI mRNA and protein were up-regulated (P <0.05). Compared with the control group,the mice in
the model group were lethargic,,accompanied by continuous sneezing and frequent nasal scratching (P <0.05) ,the serum IFN-y content
decreased ,and the IgE, TNF-o, 114 and IL-6 contents increased (P <0.05) ,the structure of nasal mucosa was damaged ,a large number of
eosinophils were infiltrated , and the number of goblet cells was also significantly increased (P <0.05) ,the fluorescence intensity of CK-5 and
B-tubulin were both weakened (P < 0. 05), and the relative protein expressions of Claudin-1 and Occludin were all down-regulated
(P<0.05). Compared with the model group,the mental state of the mice in the BMSCs group and the THBS1-BMSCs group were improved ,
the times of sneezing and nasal scratching decreased (P <0.05) ,the serum IFN-y content increased, and the IgE, TNF-a, L4 and IL-6
contents decreased (P <0.05) ,the number of eosinophils and goblet cells in the nasal mucosa decreased (P <0.05) ,and the fluorescence
intensity of CK-5 and B-tubulin increased (P <0.05),the relative protein expressions of Claudin-1 and Occludin were all up-regulated
(P <0.05). Compared with the BMSCs group, the times of sneezing and nasal scratching of the mice in the THBSI1-BMSCs group decreased
(P <0.05) ,the serum IFN-y content increased,and the IgE, TNF-a,IL-4, and IL-6 content decreased (P <0.05) ,the number of eosino-
phils and goblet cells in the nasal mucosa were further decreased (P <0.05) ,and the fluorescence intensity of CK-5 and B-tubulin signifi-
cantly enhanced (P <0.05) ,and the relative protein expressions of Claudin-1 and Occludin were all up-regulated (P <0.05). Conclusion
THBS1 gene-edited BMSCs can significantly strengthen the nasal mucosal barrier function of AR mice, reduce the inflammatory response,
thereby reducing nasal symptoms.

Keywords: thrombospondin-1;bone marrow mesenchymal stem cells;allergic rhinitis ;nasal mucosal function ;inflammation
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80% ~90% B, 1 0. 25% [ 25 11 I AL, ALA% AR S
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FR) 452 rBE,95 °C 125,62 °C 40 5,95 C 15 s(42 4
PER) . LS 9% %] : THBSL L3819 5 -AGCCGC-
CACATCAAACACATA-3" , Fii 2|4 5’ -CGCTGGAT-
TCTCAAGTCGTT-3 " ; GAPDH | 78| % 5’ -AACG-
GATTTGGTCGTATTG-3" , Fii7 5|4 5’ -GGAAGATG-
GTGATGGGATT-3" , P84kl 5, R 242 it
THBS1 mRNA % ik 7K.
1.6 Western blot
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1.7 SR ELS HEAFE
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NS AR BEAL AR L. B N M A R IS
BALB/c /N, 2% SCHR [ 9] &7 AR S35 3h P 7
B AT R R, DL 1 mL AR B KR 0.3 mg
OVA 5 30 mg A A5, 1R A1 £ TR 2, dE 47/ R
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Tl ERE AR /N BOBUI S8 i A, B R 1 IR 1 2R T d,
o HE A [] et A S5 AR R K 22 d RS5Ok A
5522 ~25 K, RS HE 4 BB Dk 0 B, % IR A RN A
HIZH /NI R ER K ST 0. 1 mL PBS, BMSCs 2 /ML 2
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W, ECHE T WSS 2055 B 2= 2 Ay | R B EIMG A AT, 1T
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25 1) S R L 2200 Tt s 22 K, IR A BT BT
WEYRAR TR 15 min, ZEIR/KIE R, B T BRI 4R
1t 5 min, ) SchiffReagent JZ%% 10 min, /K #p¥L )5 , BR
PRI, EAGR S, &0 CBEBLK S — K%
BJE , I dF , AE G EE W 4E T AR IR 40 i 4
H , REEUGAEAE, FIFEREPLIEEE 5 D HLET, 25 R LIF
BIEER
111 R A FE ek F 458 CKS 5 B-tubulin &

B Rk

Vo S el R 2 A T I Mt T, Al FH 004 1 T ]
10 min, PBS y&5E , 20 Ak 2 76 4 21 5] 6] 1) e, 3% n 25
fiff K % TR N ,37 CHEE 30 min 5, 76 B PNl A GG &
RS AW, #9530 min, PBS % ,3% BSA 4]
30 min, FRBPHRG, V) A LI INAG RS 1 Rt
CK-5 5 B-tubulin F5EFEH 1A (1:200) ,4 CRREIFH -

WH, 3 R, A SR E I 1 2E T TeG Brik
(1:200) , 25307 2 h, DAPL BEE YL 4% 10 min,
BT, FE 986 0 e T MR 4L 4L (015 Dl O R4
EUL Gk AT, BEPLIERE 5 NPUEF 1148 R R IR 3
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1.12  %it oM

KA SPSS 23.0 GEit- 8 Mgt . T E ek
PR £ bRt (v £5) Foom, 2220 1B I 500 10 He g
K FH LR R T 225301, AL W PSS 1 L3R ) LSD-t
g, LA P <0.05 R R B G5 L.

2 HR

2.1 BMSCs %%

T I {5 0 AR R G B B SR A L, AT L A4 A
KRS R A, KAh—3, R RREGEIR, WA 1a, Z0d
PERL YL HNMET O Yoo, Z0Ma Py H BAH BAG L (55
DLERZ gL, WL 1b co JMMLE R ER,
YR PL)E CD105 ,CD90 F1 CD73 ¥ &L fH M2k, i
CD34 F1 CD45 ¥ MRk, I B R H -5 g
SALRETT U ) 3 2531 BMSCs, ULIE] 1d,

2.2 THBSI # B %% BMSCs # 20 E 0l 2

1805 5¢ 6 0 1 B WL 8 3] NC-BMSCs 41 #1 THBSI -
BMSCs 20 4l fifd v X5 ] LB & (R s €5 Y B | EGFP 3%
KUY RAE 90% LA F, i %k BE 41 oK LA 5 1) 4 (0, 5¢
HE I EGFP ik, WA 2a, SCHF2¢)%E 7 PCR Al
Western blot £ 5 87 , 5 %] 2 Fl NC-BMSCs 41
Fb#s, THBS1-BMSCs 414 it THBS1 mRNA F14E [
AEXTF A R B B (P <0.05), WL 2b (¢,

2.3 BW ) RAEMFREIKIES

2t S /NRAEY SR KT 5 41, 42
TG o 5T R A LA, AR A /)N R B0 S
WGTIE B S R G I (P < 0.05) 3 54
Fb45 , BMSCs 41 il THBS1-BMSCs 21 /] i % W8 il 3¢ £
WHUE /0 (P <0.05) ;5 BMSCs 41 H %, THBSI -
BMSCs 2 /N BRI W55 M B & vk U1 8 3 e >
(P<0.05), W31,

2.4 B R ik K gm B F KR AR

ELISA 253 B /R, AR A1 /N R 3 TFN-y 75 & 12
FART X B 1gE [ TNF-o \IL4 K 116 &1 B 5
TXT R (P <0.05) ; 5188 AU 41 Lk 4%, BMSCs 41
THBS1-BMSCs 41/]N UL IFN-y &5 i % T4 5, IgE
TNF-o IL4 IL-6 & E ¥ 8 ZBHBIL(P <0.05); 5
BMSCs4 % , THBS1-BMSCs 41 /)N BRI TFN-y 25
PE— B 5 M IgE [ TNF-o IL4 (1L-6 &1 g 3%
TRE(P<0.05), 01032,

2.5 BMDRBFBBEHBEFE EERBILK

HE Jeft 2t B i 7R, b B8 21 /)N B 268 % 4 g 5 ol
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SERE R LR b K A M R v 55 SR 20 IR 1 5 1B AR 4
/NS FERRAT BHES AN BRI, b Kz 40 e R 7 L 18] 5 7K
Jib | A R R PR 0 3T B TR e 400 e s At}
HEZH i E 3G (P <0.05) , Zh T B4R 4E SRR
FLH, BMSCs 2H /)N Bl 5 280 158 Bz 240 i e v ) S 9 2
J2 T) Ta] 5T 7K B s 5, o8 IR 1k R A0 M %% B S 3 e >
(P <0.05) , [l A 38 A= sk 5% , THBS1-BMSCs £ /)N il £
R X B Rl o N v 0 3 N A SN
WG R 1 s 20 R T, TR R R 4 R AN H I 3 e D
(P <0.05) , AR

PAS Lt 25 S rh PR EE A AR AR AL, 22 W58 R B,
X HRAH /N BRER AR T B 2 R D B S bR 40 e i A 75
ZH/INER BRI 7 J2 R L R AR A, 5 H 0] e
B ERIN(P <0.05) ; 5HEAIL L, BMSCs 4 Fll
THBS1-BMSCs 41/ FR B B 1 Bz JZ AR AR i e %5 H
28/ (P <0.05) , THBS1-BMSCs 414 BMSCs 41 i —

A RFEW (P <0.05), WK 3,
2.6 AR BEME CK-5 5 B-tubulin & & £k Hdk

TPEd OGP AL R IR BRI/ N IR CK-5 5
B-tubulin AYZEHREER) R TRIIRZ (P <0.05) ; 545
TUZH L%, BMSCs 2H 1 THBS1-BMSCs £H /)N Bl £ 2 st
CK-5 5 B-tubulin A5¢ G50 1Y g s (P <0.05) ;
THBS1-BMSCs 21 /) [ &2 26 iE CK-5 5 B-tubulin ) 5%
S5 i 2 5 T BMSCs 4 (P <0.05) , L&l 4,

F1 FHENBREESHEERHILE (X £5,)R)

21 31 Ui Ei

X HEZH 0.85 £0.06 1.76 +0. 14

(T RIUEE| 34.42 £2.30" 32.50 £2.91*
BMSCs 41 26.56 +1.95% 18.75 +1.49*%

THBS1-BMSCs 41 8.95 +0.76*2 10.45 +0.84*~

* GATRBALILE P <0.05;#: 5AEA 20104 P <0.05; A: 5
BMSCs 481635, P <0. 05

a: B B BRI &b R4 AT N R S ACRE H e i O B & 4m IR IR A AE 7 5 d iR Xt Ae AL 2 T 4w

JOARIT F ik

1 BMSCs HI¥EZE
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a: B B RABEMBEINRLEE R XEG EGFP &% ;b: 8t % % % % PCR 40 THBSI mRNA %X ;c: Western blot #- THBS1 & & &
. 5B ALIE P <0.05:#: 5 NC-BMSCs 41164 P <0.05
2 THBS1 E A %48 BMSCs &R
F2 FAEMRMFXRERFKELRE (X £s,pg/mL)

2H 5 IFN-y IgE TNF-a L4 1L-6
popictil 198.34 +17.02 141.67 +11.72 203.59 +18.65 56.81 +5.01 24.50 £2.33
AL 129.03 £10.56 * 338.51 £28.99 * 534.65 £45.84 " 111.72 £9.34* 73.81 +6.96*
BMSCs 4 167.88 +12.43* 255.63 +£20. 46" 336.70 +21.96* 79.67 +7.17* 56.70 +5.34"
THBS1-BMSCs 4 177.91 +13.75%~ 236.70 +19.85%~ 285.17 +24.43%4 71.63 +6.91%4 42.74 +3.88%2

# G, P <0.05;#: AR 20 0k4 P <0.05; A : 55 BMSCs 2830425, P <0. 05

w5 AFBRLLPRAR P <0.05;#: 5 A 21 4% P <0.05;5 A+ J5 BMSCs £8064% P <0.05
H3 SANRBFERERSESN
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2.7 &R B A58 Claudin-1 5 Occludin & & £ %
AR
Western blot 459 i /15 , 5 %F BEZH Ho A, R 26 /N B
BF5HE Claudin-1 5 Occludin 5 [ 257K 2 & T
(P<0.05) ; 5K 4, BMSCs 411 THBSI-BMSCs

H/NREEE Claudin-1 5 Occludin 85 [ FE A5 /K 3 8
% FIH(P <0.05) ; 5 BMSCs #( 4%, THBS1-BMSCs 41
INEREBZEIR Claudin-1 5 Occludin & [ 3235 7/K -3 i 2
FiEH(P<0.05), WLE S,

% G5t IBLAIER P <0.05;#: SRR Mtz P <0.05; A5 BMSCs 201645, P <0. 05
4 BERALENZLZANREFFEALSR B-tubulin KX

1. RE4R ;2 A2 A 20 ;3. BMSCs 48 ;4 : THBSI-BMSCs 20

. G pbas P <0.05;#; SARA 20 b4 P <0.05; A ;&5 BMSCs 41pb4%, P <0.05

5 Western blot #& il &40/ R EFIEA L A Claudin-1 5 Occludin T Rik
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3 it

WATHG I ,10% ~40% (SAEN52% ~
25% B JLEBA AR, H AR By B FRTE BRI E N A
Wrsghn' . e B B AR 5 ORRE RAE TgE A
SRR PR I SR ) S N A G, Hg ) a—
KRERGIREVT I K I, i BOR R IR T A
A TS BRI B B , TR I 2 I AE
IR B TR R e K R ST BRI R,
LR IA RGRYT AT T B 2P iy KA o R
PEAN A 22 T AR 2 4 A T 9k 2 4 %o o s
SR, R S A LA T S AR B TR, 3 3 Al e B R
R IR AL 2 25 5 At bk R 4 b i) T R 40 i, 5 15k 2 Y
HBhYE T Ik 2 20 M ( T-helper lymphocyte type-2, Th2 )
AR, PRI, Th2 AH 5G40 i R A B o 1 B
WA 2R T, R4 HE 1 £ 2H 2 v g P 40 i
M5 . SERA DI UL, IgE 7 7 BB 2 1 i h OF 5
ZH SR A0 L FRATE BV B 200 5 TR ) 8 2 0 ) 52
K55, RIS MR Bt (I 2H i ) PR BT, A
15 1 S IREAR , AT mEmE  SRE R Sk o TR i/
BT (A E =4 C4 MIETHIR R D2) #97™AE il i RN
B A bR 35 B 28 8 AR 2 W TR P 0 L | o
KL AN CDA ™ T 4 M55 AT AL T A, 5| R 5 2855
BRITAECIR 2 EURI, B2 W09A YT AT AR M 3
AR EIFARE TP U Y . AR, 2593697 f5 5 & A
LRI A= AR 2 50mm AR (07 850, ™ E 5 Ml 2 1 A
TG, R, SRR AR AT SR B LR,

I 4E 3k, [A] 38 8 T 20 M2 ( mesenchymal stem cells,
MSCs) T BIESE Al S JAE , & —FA B Y IG ST AR
(9971 . Desai 4 GESE, 55 1 fMERE R ) MSCs 4
o, AR /)N BB i) MSCs ] i i 48 i 41 i BXL 5 1 7™
Az 10) APCs 52 346 3ot 50 J5E, DA T X2 2F 7K B8 400 e 48 4
Fan 25" 55 01, V5 7 22 RE T 40 MUY 2 1) MSCss 1]
W% CD4* [CD8 " T 4 Jifd M Treg 40 My, ¥875 Thl/Th2
R T KF i AR BB IR M T 40l sy, I
AR AN [R) 55 i B A FAS [) 1) 4 92 3] 19 I BE 5 Zhao
ZEVOTIE I AR /)N U R Ha i S BMS Cs T B 458 i
BT BORE AR I T WG IR M 0 M=, REAIG Th2 AL 2
LB TL-4 (TL-5 (1L-13 28 7KF-, Fhm Thl BL40 A
IFN-y Ko ABFFES R TR, AR /N BRUTE R Dk i S
BMSCs J& , L7 IFN-y & &t 7+75 i 1eE . TNF-o 114 .
IL-6 E BEH R, S0 1 55 20 6E 20 2 8 IR 1 e 4 i v

T ARG I BES o H R, & DB i AT 40 i
FHEE G 7 ¥ 2 — WU 78 30 A, 485 ik T 4 4 1)
BMSCskii ik BIMLIAR G , A LRERS & #4141 i 1 51 5 48
SVERT, 3R] Lhd ey B BB ek , P bRl gk i
G 2170 N T iV 1 R 1 ORI PR /10N (R N e
RS, AHECT BMSCs BUph/E T, 4 THBS1 Ji PR 2
BMSCs JAY7 Y AR /N, HEZE S P W A0 3 18 5 A
RiE—L G, 13 TFN-y & & T, IgE [ TNF-o 14|
TL-6 & F XTI ]I, S5 286 5 2 2 8 1 s 400 f = 47
TS BAR 20 A B S s/ , p IR, THBST R PR 4
BMSCs X AR /NRAYBEESE LT BMSCs HplifE

SRRAIEE b B S5k AR Ay LA B 32 I 40 114 55 — T8 Bl
22, BEMSHLAE S0 50 22 Fhoii I T L 55 70 55 AR SOBEOR , %
TR L RN BOCHE Y, 5 AR kg K&
ARG RIS BRI b R AN S
bR R , HEEAR I BE R T 2R R Z
[T S5 00 B 58 2 T HE R RE T, DT A =3 fs
RN H A Z A N BGE fE, Hod, Claudin-1 5
Occludinf Ay 58 %5 % #2285 1 , 76 200 Jif0 32 42 vh J 4% e e
FAREAE R, A e 0 M 5530 2 M 1) G B A 3% L e (i
INAIIE B B B e . CK-S 1B T b
B2 Af ARy bR AR AR ) BB S IR EE
B AR R 2%, BT RE S 4k 4 I B2 44U 52 Rk
S, O TE MR B RAE S5 T BA AR
FI ., B-tubulin JE4UMI—F B, B 5L E
SERAN L T R, 04k 15 45 1 L 0z i A R0 20 i 4y 3
BRI R, AR N EUR BB CKS 5
B-tubulinZZ Y58 B U 55 , Claudin-1 5 Occludin 5 [ 3
RIS TR, 4 BMSCs 5, THBS1 & [K 45 %5 BMSCs
IRITHY AR /LAY S A B CK-5 5 B-tubulin 52558 B
a5 | Claudin-1 5 Occludin & [ 3235 /K 8 1L
Hh, F% T BMSCs 5/, THBS1 JE [H 45 i BMSCs
BIFH AR /N BLGR R CK-5 5 B-tubulin 5250 B3,
Claudin-1 5 Occludin & [ 35 K75 &, f b & HA,
THBS1 K| 4% BMSCs e 50 & 26 5 ¢ B D) g, 104
SRR

25 I, THBSI J£[H Zw%H BMSCs n]Jsif2 AR /)N B
Ty AT S FECRE AR Y20 W TR M s 200 B 322 1 L AR
20 ok J3E S B LA % AR PR ) R TR, 4 i £ o I
IR, LS AR fEJE. SR, THBST Kk A 4 %4 BMSCs
Xof 44 e 1) 32 4 ) LAt 2 )8 23 LA S BARBILRL AT A
RS — 25,



BB F K% 4E ]REG ANAT OPER SURG  2022,31(9)

http : //www. jjssxzz. cn 773

[ &% 30k ]

[1] Zhang K, Li M, Yin L, et al. Role of thrombospondin-1 and throm-
bospondin-2 in cardiovascular diseases (Review) [J]. Int J Mol Med,
2020,45(5) ;1275 —1293. doi:10. 3892/ijmm. 2020. 4507.

[2] Shoemark DK, Ziegler B, Watanabe H, et al. Emergence of a throm-
bospondinsuperfamily at the origin of metazoans [ J]. Mol Biol Evol,
2019,36(6) ;1220 —1238. doi:10. 1093/molbev/msz060.

[3] Isenberg JS,Roberts DD. THBS1 ( thrombospondin-1) [ J]. Atlas Genet
Cytogenet Oncol Haematol, 2020,24 (8):291 - 299. doi: 10. 4267/
2042/70774.

[4 ] Murphy-Ullrich JE, Suto MJ. Thrombospondin-1 regulation of latent
TGF-B activation: a therapeutic target for fibrotic disease [ J]. Matrix
Biol ,2018 (68/69) :28 —43. doi:10. 1016/j. matbio. 2017. 12.009.

[5] Kaur S, Bronson SM, Pal-Nath D, et al. Functions of thrombospondin-1
in the tumor microenvironment[ J]. Int J Mol Sci,2021,22(9) :4570.
doi;10.3390/1jms22094570.

—
=)}
[

Rodriguez-Fuentes DE, Fernandez-Garza LE, Samia-Meza JA, et al.
Mesenchymalstem cells current clinical applications; asystematicreview
[J]. Arch Med Res,2021,52(1):93 - 101. doi:10. 1016/j. arcmed.
2020. 08. 006.

—
)
[

Costa LA, Eiro N, Fraile M, et al. Functional heterogeneity of mesenchy-
mal stem cells from natural niches to culture conditions; implications for
further clinical uses[ J]. Cell Mol Life Sci,2021,78 (2) :447 - 467.
doi:10. 1007/500018 —020 - 03600 - 0.

(8] XUZEEE, Sk ®e 4 k. BN VLS R PEIR YT BIWF TS e[ T]. 46
PR 24 Sl PR, 2021, 18 (21) : 3201 - 3204. doi: 10. 3969/j. issn.
1672 —9455.2021.21.037.

BB =, TN R, . 7 O % Bl W R A B ()
[J]. J 5 25,2018,49 (1) :50 — 57. doi: 10. 7501/j. issn. 0253 —
2670.2018.01.006.

[10] Wang L,Lv Q,Song X, et al. ADRB2 suppresses [L-13-induced allergic

(9

[

rhinitis inflammatory cytokine regulated by miR-15a-5p[ J]. Hum Cell,
2019,32(3) :306 - 315. doi:10. 1007/s13577 — 019 - 00259 - z.

[11] Bernstein DI, Schwartz G, Bernstein JA. Allergic rhinitis ; mechanisms
and treatment[ J ]. Immunol Allergy Clin North Am,2016,36(2) :261 —
278. doi:10. 1016/]. iac. 2015. 12. 004.

[12] Drazdauskaité G,Layhadi JA,Shamji MH. Mechanisms of allergen im-
munotherapy in allergic rhinitis[ J]. Curr Allergy Asthma Rep,2020,
21(1) :2. doi:10.1007/s11882 - 020 — 00977 -7.

[13] Rahim NA, Jantan I, Said MM, et al. Anti-Allergic rhinitis effects of
medicinal plants and their bioactive metabolitesviasuppression of the
immune system : amechanistic review[ J ]. Front Pharmacol ,2021,12.
660083. doi: 10.3389/fphar. 2021. 660083 .

[14] Desai MB, Gavrilova T, Liu J, et al. Pollen-induced antigen presenta-
tion by mesenchymal stem cells and T cells from allergic rhinitis[ J].
ClinTrans] Immunology,2013,2(10) :€7. doi:10. 1038/ cti. 2013. 9.

[15] Fan XL, Zeng QX,Li X, et al. Induced pluripotent stem cell-derived
mesenchymal stem cells activate quiescent T cells and elevate regulatory
T cell response via NF-kB in allergic rhinitis patients[ J]. Stem Cell
Res Ther,2018,9(1) :170. doi:10. 1186/513287 - 018 — 0896 — z.

[16] Zhao N,Liu Y, Liang H, et al. Bone marrow-derived mesenchymal stem

cells reduce immune reaction in a mouse model of allergic rhinitis[ J].

Am J Transl Res,2016,8(12) :5628 -5636.

HET, ERE, & 0. 5L R G BRI AT A RN E R

SRR L], b E A2 5 0 T AR5 4, 2020,36 (1)

1265 —1272. doi: 10. 13865/j. cnki. ¢jbmb. 2020.09. 1261.

[18] Nur Husna SM,Tan HT,Md Shukri N, et al. Nasalepithelial barrier in-

[17

[

tegrity and tight junctions disruption in allergic rhinitis: overview and
pathogenic insights [ J ]. Front Immunol, 2021, 12 663626. doi: 10.
3389/fimmu. 2021. 663626.

(197 2 I, BREGWT, SR IR IR, 45, 78 N4 B3 48 o BIL ] B A 3o Jé
[J]. BARA Wy =2k i ,2019,19(6) 11180 — 1183. doi: 10. 13241/
j. enki. pmb. 2019. 06. 040.

[20] Bergougnan C, Dittlein DC, Hiimmer E , et al. Physical and immunologi-
cal barrier of human primary nasal epithelial cells from non-allergic
and allergic donors[ J]. World Allergy Organ J,2020,13(3) :100109.
doi ; 10. 1016/j. waojou. 2020. 100109.

[21] Eldirany SA,Ho M, Bunick CG. The Interface between keratin structu-
rotype and human disease [ J]. Structure,2020,28 (3) :271 - 273.
doi;10. 1016/j. str. 2020. 02. 002.

[22] Binarova P, Tuszynski J. Tubulin;structure , functions and roles in dis-
ease[ J]. Cells,2019,8(10) :1294. doi:10. 3390/ cells8101294.

[23] Eshun-Wilson L,Zhang R,Portran D, et al. Effects of a-tubulin acety-
lation on microtubule structure and stability [ J]. Proc Natl Acad Sci
USA, 2019, 116 (21 ): 10366 - 10371. doi: 10. 1073/pnas.
1900441116.

(i - B )



