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Role of Vitamin D in Improving Chronic Rhinosinusitis Model Induced by Streptococcus
Pneumoniae by Regulating the Imbalance of Treg/Th17 Cell Function®

HUANG Xiaorong', CHEN Xinxin®, TAN Hui', CHEN Lunjian’, Ailigan - ABUDUREYIMU'
(1. Otolaryngology Diagnosis and Treatment Center, People’s Hospital of Xinjiang Uygur Autonomous
Region, Urumqi 830001, China; 2. Dept. of Health Care, First Affiliated Hospital, School of
Medicine, Shihezi University, Xinjiang Shihezi 832008, China; 3. Dept. of Medical Affairs, People’s
Hospital of Xinjiang Uygur Autonomous Region, Urumqi 830001, China)

ABSTRACT OBJECTIVE: To probe into the role of vitamin D (VitD) in improving chronic rhinosinusitis ( CRS)
model induced by Streptococcus pneumoniae by regulating the imbalance of T regulatory cells/T helper 17 cells
(Treg/Th17) cell function. METHODS:. Totally 40 male C57BL/6 mice were divided into the control group
( Control) , model group (Model) , VitD group ( VitD) and clarithromycin group (CLR) according to the random table
method, with 10 mice in each group. Except for the control group, the other groups were filled with sponges containing
S. pneumoniae in the sinus cavity to replicate the CRS model. The VitD group and CLR group were administered with
VitD, solution and clarithromycin solution by gavage respectively. After 21 d, the levels of interleukin (1L)-6, IL-10,
IL-17, IL-23 and transforming growth factor-B ( TGF-B) in the serum of mice were detected by enzyme linked

immunosorbent assay. Hematoxylin and FEeosin staining and periodic acid-schiff staining were used to observe the
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pathological changes of mucous membranes of the nasal sinuses of mice, real-time quantitative polymerase chain
reaction and Western blotting were used to detect the mRNA and protein expression levels of retinoic acid-related
orphan receptor yt (ROR+yt) and forkhead family transcription factor 3 (Foxp3) in the mucous membranes of the nasal
sinuses of mice, immunohistochemical staining was used to detect the positive expression of IL-17 and Foxp3 in the
sinus mucosa of mice, and flow cytometry was used to analyze the distribution of CD4"IL-17A" and CD25" Foxp3" cells
in peripheral blood. RESULTS: Compared with the control group, the serum levels of 1L-6, IL-17 and IL-23 in the
model group increased, while the levels of IL-10 and TGF-B decreased ( P<0.05) ; obvioued lesions occurred in the
sinus mucosa, with a large number of inflammatory cells infiltrating, the number of goblet cells increased (P<0.05) ;
the relative expression of RORyt mRNA and protein was up-regulated, and the relative expression of Foxp3 mRNA and
protein was down-regulated ( P<0.05) ; the positive expression rate of 1L-17 increased, while the positive expression
rate of Foxp3 decreased (P <0.05), the proportion of CD4" IL-17A" cells in peripheral blood increased, and the
proportion of CD25" Foxp3™ cells decreased (P<0.05), with statistically significant differences. Compared with the
model group, the serum levels of IL-6, IL-17 and 1L-23 in the VitD group and CLR group decreased, while the levels of
IL-10 and TGF-B increased ( P<0.05); the infiltration was alleviated, and the number of goblet cells decreased
(P<0.05) ; at the same time, the relative expressions of RORyt mRNA and protein were down-regulated, the relative
expressions of Foxp3 mRNA and protein were up-regulated (P<0.05) , the positive expression rate of I1L-17 decreased
and the positive expression rate of Foxp3 increased (P<0.05), the proportion of CD4"IL-17A" cells in peripheral blood
decreased and the proportion of CD25" Foxp3® cells increased (P <0.05), with statistically significant differences.
CONCLUSIONS:; VitD can improve the pathological manifestations of sinus mucosa in CRS model mice and reduce

inflammatory cell infiltration, and its mechanism may be related to the regulation of imbalance of Treg/Th17 cell function.

KEYWORDS Chronic rhinosinusitis; Vitamin D; Inflammation; Treg/Th17 cell imbalance
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A EEFLE R VitD Bz & SR A R e DI
WFFE L T2 W], VitD ] AEFE CRS R HEAR IR SR,
KT VitD B3% CRS B AR FIALE & DI, A 52 R
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ELX808 FEHARIX ( 26 [# Biotek 23 | ) ; BX43 Y2 B i 1Al
1853 HT R G8( H A Olympus A H] ) 5 CFX-96 215 1t 3R 4 B
SR (PCR) ¥ 8K 22 55 ( 3% [ Bio-Rad A1) ; DYY-6C Hi ik
AL (AT — AW BHHEA R AR 5 CytoFLEX it U4 A (3%
[E Beckman A )) ; EM-UC7 VK%Y A WL (2 E Leica A F]) .
1.3 ZHR5iKH

VitD,( CAS &7 : 67-97-0; #L4% : 20 mg/ 32 ; % 1. 99. 9% ;
2E[E Sigma AT, i EE 2 [ 5. 562002; A% .0, 125 ¢; &
PR s 25 (SRR A BR AR ], i s Bk (it 5. 49619 3%
E ATCC ], FH 4l % (IL) 6 (Ht5: KGERC003) 1L-10
(5. KGERC004) \TL-17 (#it 5. KGERC170) . 1L-23 (it 5,
KGEHC171) M54k A=K HF B (TGF-B, L5 : KGERC107b) [
BFEBE Ge 8 W BHR 56 ( ELISA) A k50 & (YT oR L3 AR W B AR
AR BRAE]) , ARG (HE ) B 3857 £ (LS. ZN1970-
KPC, b5 E B RLECA BRA R ), i AR 57 9 (PAS) e 43
FEr (5. G1285; b R K E R A R A F]) | Trizol 151 &
(165 : 15596018 ; 32 [ Invitrogen 23 7] ) , PrimeScript ™ RT reagent
Kit with gDNA FEraser [ % 567 & (#1L*5-. DRR0O47A) . SYBR
Premix Ex Taq™ T PCR &7 & (#it 5. RR820A) W9 H H A&
Takara 72w, RIPA 27 (L5 . PO013B) \BCA #& il 5 15
& (5. P0009) \ECL A& il (L5 . P0018) J2 DAB . {1
G (5. P0202) 1 A 38 2= R AW BB, /N Bk
A A B (L5 . FL1086 s db 5t FEHm 48 AR R B A IR A 7))
S 1L-17 ZTEREDUA (15 : ab9565) i Forkhead 55
SRR T 3(Foxp3) A 5E R (41t . ab20034) S 4 H R AH SC IR
JLEZ A yt(RORyt) B 5w BEHTAA (L5 ab91187) (FITC FRic i
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CD4 BFATTREHTIA (5 . ab59474) APC FRICHY CD25 BATTREDT
(it 5 ab210330) K % HT GAPDH £ 7 B i i (it 5.
ab70699) W A ¥ [ Abcam A ], PerCP-Cy5. 5 bric #Y IL-17A
PATEREPUIAR (15 . 85-45-7177-82; 3£ [H eBioscience A 7] ) , PE
FRCHY Foxp B 58 BE B AR (L5 orb491130; 3 [E Biorbyt 2
Al BRI A ALY BAR T L 2B e (L5 . ZB2306; b 5T A2
S EYEAREIRAT) , FEHSIYFF)KH Primer Premier
5.0 AR, I b E R AR A R AR
2 Fik
2.1 FYERES S ELE

40 Hfitk C57BL/6 /N BRI B AL 7 3 1k 43 S X fR 4
(Control 21 ) MEEIZH (Model 2H) 4EA=28 D 20 ( VitD 4) 3%
P ZEA(CLR 41) , 541 10 2, Bk Control ZH 4N, Hi4v 45 4/
BRUEAT 1 o0 5% s L7 5 T 90 A R T4 T TR0V 40 T/ CRS A0
AN A B R MR 5T 109% K A AR 7 ORI, T 8745 1
2 3 mm KAGYT O, 438 T 20 2 58 S5 L A0S i
BT, TRIAST 1 AN ERZ 1 mm WML K G488 A
6x10° CFU/mL BRIV A s 15 TsAE A/ NFL AR SR T AR &
5, 55, VitD H/N % 10 ng/ (kg-d) B9 VitD, IER 3T
HEE , CLR 44/ B 103 mg/ (kg-d) B 5o 7 55 2 I8 Rtk 47
H , [, Control 411 Model 2H /5 R4 LA S5 R FLAY 0. 9% F Ak
PR 1 H LR R 21 d,
2.2 ELISA

21 d SRR, A4/ BRI 3 R I, B8 2 h, P
4 000 r/min IR (4 C) B0 (B02F42E 12,5 em) 10 min, 3RHEL
M, AR /N B ELISA 250 €046 I 45 i 35 £ 4 v 1L-6,IL-10
1L-17 . 1L-23 } TGF-B 7K, #i¢ B 5] G it BH i 5 , 2 Tl A o
PR RS S G O
2.3 HE #$f

KM fFABEAS /N, R IR E RS, BT 4% %
BB WD EE 24 bW BK 5B, A 0 R
JEZY 5 wm LHE A, BE4T HE e (0, BR P BN T . 40 4 i
IR, TR ik R AR ANE TP IEAZ 5 min, 1% 32 £ B
SHACECRD K TS PR AL Y 40T 3 min, K T
U, Bk 2 B N R S O B R A
APTRG TSR B FE R B AR O 0
2.4 PASf

BRI S S BRI AL 20 08 D0 R, 64700 5 Jid s Sk Ak,
RAGT ERES W AL PR 10 min, ZEIZK YL, A Leagene Schiff
Reagent IXFIBEYL A 15 min, sfPk 3505 , LAIRACKS Y2 40 k%
3 min, 1930 R L BE A3 AL BRD , /K iR i, 22K B i
T R R R A R BT R G AR S S A R 2
ZUNY BN AR BT S B RIS PAS FHPEZESE,
2.5 EHWEHXEE PCR

BT ST AR T B IEBEES , A Trizol iR
F R B UE I AL TR B RNA | #E 47 RNA #3845 i 5
MR S e ) G U 456 B cDNA | B2 oDNA , e AR
T ARSI cDNA 2R SIS 98516 % 8 PCR I 45 3k (R % 34
K, NS EF A B-actin, EL4A& S I SYBR Premix Ex Taq™ II
PCR 357 & U6 B 5l 4% 20 pl A9 REIAFR MU A 453851

P EBE 2SN 50 2023 4E5H 23 55 1

LY cDNA, 7 CFX-96 PCR ¥ {0 it £33 38, P ik &
$:95 C 3 min, JEFF 1 %595 °C 125,62 °C 405,95 C 15 5, 7§
W45, PG, 27 RS RN Fis ., 519
HARFF . B-actin, 1IE[7] : 5-CCCATCTATGAGGGTTACGC-3' | J
M 5'-TTTAATGTCACGCACGATTTC-3'; RORwyt, iF [l 5'-
TACCCTACTGAGGACAGG-3", JX [} 5'-CCACATTACACTGCT
GGCTG-3"; Foxp3, 1F [ : 5'-TTTCACCTATGCCACCCTTATC-3'
JZ 11 5'-CATGCGAGTAAACCAATGGTAG-3'
2.6 BARKRMTE

W 50 BRI S ORI IR BT T 55 BT IS, WS I RTPA %
W BT UK 5 E 30 min, B4 12 000 ©/min {KJE (4 °C) B0 (5
D242 12,5 em) 30 min, WHIE K, BCA & IE Ll H AN E A
WL ERE S min, IR 10% + e SE B 2 4 -2 TN 44 Tk e
JBEHL K ( SDS-PAGE ) BE 5 , B 50 pg BY BB B A R AL,
Zid Ik E M, FFFEENE PVDF B, DL 5% AR Wk 75 0
BIPAW, IR (25 C) B 1 h, JIA RORyt Foxp3 £ 7 BET
(399 1:1 000 i FE) ,4 CIEE ., WKH,FF £, TBST ¥
JE AR 3 S W B AR T L 2R BT BT (1:5 000) , iR
W ,1 h JFUEME ECL W5, Image ProPlus 3K {43 #7 2 11 454
JKEEMH, N2 E H N GAPDH, LI HWE A 5 NS E A B K E
B2 AR B IR AN Rk &,
2.7 EELEE

Ik £ 1 BRI 2V A S U0 R, R4 T ) e B Bk Ak,
S AL G AR IN Th17 AR Y) 1L-17 F Treg A iudR:E
Foxp3 MFRIXEN ., B TR S BUR, InA IR 4
AL BEBHT I E 10 min, 7 LA LLE M 37 2 3R B 30 min, ARYE
LHARYIF I 43 BN 1L-17 Foxp3 £ FLREPUAR (394% 1: 100
k) 4 CWE ., IKH,BEIRZE v LW (PBS) whik, AT 1Y)
R B E A bR i L A PR PR (121 000) , = iR
%8 30 min, PBS ik T4, DAB (0, S KAE & e, & i
K GEWE R R R R e B ER i R S
WME B FE A LN E IO, T E R, MR AR s
=AM O B BEFLE RS 5 A EF, 8 33 Image ProPlus
A TR OB EE
2.8 mAAMMA

SRAELAL/NFAMNE I F PR P, 50 RBR 2K, inA
SEIRAR 0. 9% SHAEA A W B, SR FH bk B2 40 43 25 43 24, LA
1 000 r/min il (4 °C) B0 (0242 12,5 em) 30 min, FHHL
FBZ 4N, PBS YE ik, 315 50 A 40 i, LA = 40 Fi A A6
CD25"Foxp3* #RiCHY Treg 418 5 CD4"IL-17A"#R1CHY Th17 48
JRLSE A, A8 IAE B G €0 28 o V0 il 45 40 I B, 7 100 L B
FA A FITC ARICHY CD4 BLiAFN APC #Ric B CD25 Bifk,
FIRBECPEE 30 min, B 4HHLLE [E 2 /85 LA AR PE 30 min,
FA PerCP-Cy5. 5 $7ic 9 IL-17A Hii&Hl PE FFiC 9 Foxp Hi
A AREFF 30 min, PBS G TR R T @ ol , i
KA ST HT Treg 5 Th17 40 A5
2.9 SZitFEHE

SRH SPSS 25.0 %4 45 b B 52 46 44 4#8 , GraphPad Prism
8.30 LG, A IESSMIITEREI xxs Tm, £
2R ) B0HE LA LB R R O 22 50T, SR A LSD-¢ R 47 4 1]
PSR g, P<0. 05 N ERHGITHE X,
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3 #R
3.1 FBHE/NRMFHAEFKE B

ELISA 5 455 7 , Model ZH/NEIMLE 1L-6,1L-17 K 11-23
IR Control 41 M 1225 T i (P<0.05) , 1L-10, TGF-B /K F- 4%
Control £ M &} 3 P& (P<0.05) ;55 Model 41 Lt 45, VitD 41l
CLR ZH/NEUILE 1L-6 1L-17 & 1L-23 7K - 5 A%, IL-10 ' TGF-B
K RZE TR (P<0.05) , FRZE Rt A et S Wk 1,

x1 FHHNRMFMIEEFKFLLE (x+5, pg/mL)

Tab 1 Comparison of serum cytokine levels of mice

in each group (x+s, pg/mL)

41 IL-6 IL-10 IL-17 1L-23 TGF-B

Control 1 8.65:0.79  17.32+1.40  5.65:0.52  7.54£0.59  156.72+13.58
Model 41 21.18+1.93*  8.72+0.75° 11.80+1.06* 32.16+3.04* 119.43:10.92*
Vit 41 10.4820.95%  15.56+1.39%  7.71x0.64% 12.17+1.58%  139.96+12.75%
CLR 4 10.15£1. 06" 14.99+1.20%  6.96£0.62* 10.96+1.04*  142.04£12.81%

T+ 5 Control Z1HLAL, * P<0. 05,5 Model 41HA, *P<0. 05

Note;zs. Control group, * P<0.05; vs. Model group, *P<0.05
3.2 BHNREEFBERETILE

HE He a4 B i R, Control 417N iR 5 5% Fh B 41 4145 # 5¢8

5, bR A S L EHERE 5T R LA RE 4H R s Model 217N
SR BB B R SR B, SL IS 2 R, £F BB K, OF
P B BT AN IR 5 AR T Model 41, VitD 4111 CLR 25/
BRI USSR BT, [ 5 A0 HE D) A X 5 57, IR AT
T B 5 i 240 =i 0 5 34 I o, DL 1,

PAS YL {0 25546 )5 78, Control 2H &5 52 26 IR T 248 AR
IR, 1T Model ZHZEAR T )2 0T WL EARIR A, 21 B 4% Control
20 i FHEZ (P<0.05) ; VitD 411 CLR 4104/ R 43 5 S 3
HIRFEMETE PG B4 Model £ , BHIE R 2 ARR AR A &
55 Model 41 8 87> (P<0.05) , 2R A G #E X, WK 2,
3.3 REANREEFERN RORyt, Foxp3 ) mRNA F1EH
RikKPEEL B

FU/N RSB Th7 5 5 5% 5% 1 F RORyt 5
Treg $5 5 PR 5 K T Foxp3 ) mRNA FIEE 1428 5K K T I 2 45
BN, Model 41/ S FEIE N RORyt mRNA FIER H AHXT &
KRB E ST Control 4, 1 Foxp3 mRNA Fl# I AH X 2 1k
B FEET Control £H ( P<0.05) ;5 Model 2H %%, VitD 20
1 CLR ZH £ 5E5 0 N RORyt mRNA FI&& AR X 7 ik 4 4
# T 14, Foxp3 mRNA F4E A X Rk R FEH EH(P<
0.05) ,ZR¥HEHEITHE X, WK 3—4,

3.4 BANREEFIERN IL-17 5 Foxp3 PRI RIERLLER

G S 2 Y ORI A /N BB BRI 1L-17 5
Foxp3 FerAAl ] WA ER AR, 5 Control 41 LA,
Model £/ LB SR IL-17 FHE 53R B 2 T, Foxp3 B
PEFIR R W T % (P<0.05) ;5 Model 41 Eb %2, VitD 41 il
CLR £/ SR TL-17 PHM: R I8 R 2 T %, 1M Foxp3
FHP:Z AR B T1 5 (P<0. 05) , 25 S A Gei2r i X, IRl 5,

“{'. ;

Control 41 Model 41

El1 HE $£&NRZHNMN

VitDZH

EEFERETH(x100)

Fig 1 Pathological changes of nasal sinus mucosa of mice in each group by HE staining ( x100)
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2 PAS RERNEHNRBEFRAFKAEM

Fig 2 Goblet cells in the nasal sinus mucosa of mice in each group by PAS staining
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Fig3 RORnyt and Foxp3 mRNA expression levels in the
sinus mucosa of mice in each group by real-time
fluorescence quantitative PCR detection
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Fig 4 Expression levels of RORyt and Foxp3 in the nasal sinus
mucosa of mice in each group by Western blotting protein
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Fig 5 Expressions of IL-17 and Foxp3 in the sinus mucosa of mice in each group by immunohistochemical staining
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Fig 6 Ratio of CD4"IL-17A" and CD25"Foxp3" cells in peripheral blood of mice in each group was detected by flow cytometry
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