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%”n‘VltD ISt B A R A G R o Tk s R B R R R B R VL T R e 2016 4F 1 A —20174F 12 H #11i2 B4
RBIL AL 801, ¥ bR 45T M BETE 43, I BB 40 g R 22 L% BRZH , 43 JAG P 20 1l 375 25- 7 B 42 2 D 25-
(OH)D]ﬂ(qZ fﬁﬂ‘/ﬁ\: 'ﬁ%%i‘i’ﬁ%k?ifﬁﬁzwﬂﬂ%ﬁa@ﬁ TGN T 20 58 L7 2K MR PRAE R F (tumor necrosis fac-
tor, TNF)-a/K V- 3R SR VitD K96 R o RIS AL 5 20 A549, 5 A B .C 341, A ZHAE J b HRZH R 2 355 575
W FE, B.C A AT IFEIE I A iR 25 (respiratory syncytial virus, RSV )JEHY 24 h, C 4 [G T LB L =BEA0 P, 24 h 5 L 3 40
RS 3 TP 2 M TNF-aK - 1 3 ZH A0S VitD 3244 (vitamin D receptor, VDR) .25-(OH)D -1o% L (CYP27B1)mRNA ik Y
5. BB LY LR 25-(0H)D K FB BAR TATHRZE (P < 0.001) , B40 37U 48 P T T4 5 HUA P 25-(OH) D /K4
T (R=0.539 8) . WAL LI TE I (P <0.01) \INF-a (P < 0.05) 7K P46 B4 B TH7 . RSV YL AR M 35 1) 20 it
J&i , BALREFRIR EE AL (TNF-o/K B 2 BT (P34 < 0.001) , C 4141 VDR .CYP27B1 mRNA ik 8 ETH(P 4 <0.001),
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Relationship between serum vitamin D Levels and severity of bronchiolitis in infants and

their effects on the function of A549 cells

Tang Huiya', Ge Xuhua®, Li Zhuo®, Zhao Jin', Liu Yong™

'Department of Pediatrics, Jiangning Hospital Affiliated to NMU, Nanjing 211100; *Department of Emergency/
Department of Intensive Care Unit ,the Affiliated Children’s Hospital of NMU , Nanjing 210008, China

[Abstract] Objective: To investigate the association between vitamin D (VitD) deficiency and the incidence and severity of
bronchiolitis in infants and young children, and the relationship between VitD level and response of alveolar epithelial cells in vitro.
Methods: A total of 80 children with bronchiolitis diagnosed during the period from January 2016 to December 2017 in Jiangning
Hospital Affiliated to NMU were selected. Severity scores were given according to the standard. Forty healthy infants were selected as
the control group. The level of 25-(OH)D was explored in relation to the severity score of bronchiolitis , and the levels of histamine and
TNF-a in the two groups of children were examined to investigate the relationship between the level of VitD and in vivo VitD levels.
Human alveolar epithelial cells A549 were cultured in groups A, B, and C. Group A served as the control group and were cultured in
the original culture medium. Group B/C were infected with respiratory syncytial virus (RSV) for 24 hours. Group C was treated with
calcitriol at the same time for 24 h. The levels of histamine and TNF-a in the culture supernatant and the differences of VitD receptor
(VDR)and CYP27B1 mRNA expression in the cells of three groups were measured separately after 24 h. Results: The 25-(OH) D

level in the bronchiolitis group was significantly lower than that in the healthy control group (P < 0.001). The severity score of
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bronchiolitis was negatively correlated with the 25-(OH)D level in vivo(R*=0.5398). The levels of serum histamine (P < 0.01 )and TNF

-a(P < 0.05)in the bronchiolitis group were significantly higher than those in the control group. After RSV infected cells in vitro, the

levels of histamine and TNF-a in the culture supernatant of group B increased significantly (both P < 0.001). The expression of VDR

and CYP27B1 mRNA in group C increased significantly (both P < 0.001). Conclusion: Increasing the VitD level in infants and young

children can reduce the incidence and severity of bronchiolitis, which may be related to inhibiting inflammatory mediators released by

type Il alveolar epithelial cells and promoting VitD activation and utilization.
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B CRE RSP E R L DL | i
Mk R S IR R R s AR R i DL A T P 3 J
P, A2 2 LR /NL, JELA 1~6 4> H %
ILE L., B R H 2P sk e pr i, e
rh i UL ) SR I I TE 5 L0 #: (respiratory syncytial
virus, RSV) ; ILAb, B ER 7 IR 7% 0B 2 M
AR B YL AW [ T4 S AR S YT S R B 2
TRER"Y, 2HHI, 4 90% M54 LY RSV, (H
XA 109% 19 FBOLTT A& J 22 )™ 1 I RRIGE JRR L, ¢
T RSV SECE 4 L™ 5T W GE SR 4 Ji7 R AR
25 (R E A BRI JCE S

#1: 2 D (vitamin D, VitD) 7E4K N 3222 H AT 4
LRSS BRI VR, A e 2 5Lk R
JERGRM T RS XL, VitD itz A
{UE L 5y B A fEs , 18 5 B S RE R 4R .
IS 45 % SR W g A TS P O i 8 WD A G
25- 23R4 R D[ 25-(OH) D & A5 I P v JiE e
1R P A AR T A 0 R S AR
VitD R AHIEOCT2E4 LA 25-(0H) D 7K F-
5B YN SR 9 R HL ™ E R B Y LR IE R JAH OC
BL, H AT EeE REEMENITIT .

AR I VID ik = 52 Y LB LB R
R S FE AT G, I I R AN A L S 5, R
VitD ZKF- 5 N 11 Bl 1 5 240 i AS49 76 RSV /8L
JE IR ZR R LB A0 S R I B iR HAt
BT

1 X&EFFAE

1.1 %

AT A B 5 RSB VLT B2 B 2016 4F:
1 A—2017 412 A 8041 34~ H ~2 i % i 41 32 <
R RS d(H BIRZMKl & ek 19 B LIE
B, BIBR T R (2 <37 J8) AR A AR
R BT R, A YENGR e AR
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RETIRE B I |« RE SR YL Ve AT 3 R A5
Bl ARHE AR 2R 2 LR o 23 22 2 (2014 4F
KF B ZERZW JRT7 0B & 50,
ICSE LA T I RREIR « PSR PR AT | b B g
A MR | B B SR | I AR TR R RS A IR
BLAF o BB A0 SR R G e RO R 1 ™ R
HEATHE o ER AT, R R B IR IAS 147
HRERE AR AR IS 2 43, E AR A 3 4, A NS
TR FE BB 1~6 43\ T~12 57 (13~18 73 Wiii2 |
RS R34, ARWFIE 26 BN E AL, 31 4k
WA, HAY 23 B R iR R4 . D3 A BE B 40 A1) 1E &
BLLAE A XF BRAR , 43 i K 4% 28 1ML 3 25-(OH) D 7K
o PRYLEILAE A 1 R SE R GOy 25 50
GBS A T (P >0.05,% 1),

®1 WA—RHAH

Table 1 General information of two groups

i H X HEZH (n=80) WML (n=40)
B (%) 56 61
Hi(H) 153 +8.7 162 +9.1
Hi(em) 812+ 11.0 79.8 £ 10.5
T (kg) 11.5+5.7 109 5.1
1.2 ik

1.2.1 ELISA #&®| 7 i%

o 2 W 5 Uk H RS IR (3 IR [R] =4 h) il i
FK I 2 mL, Z 15 3 000 r/min 5.0 5 min BUAL T -
AR ELISA 12050 G U6 A3 EAT 484 , I € M v 25-
(OH) D 7K B L35 20 B85 37 335 Hh 4 i K kg
IRFERF- (tumor necrosis factor-a, TNF-a ) 7K o
122 i A

I B AL AS549 (528 T o BE R R A7 fi
Jm L BE BB X H 2 ) , LA 1x10* 4> em®
AT 6 FLAR , 5537 3L RPMI1640+10% FBS+1%7
G R/BET R (PS), B A 37 C.5% CO. BT I 48 1%
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Fro MU TR 6091 , BEBREE SR, PBS gk 23
25T RPMI1640 + 1%(P/S) T MLIE YUK FE 6 h )5 , A
21 R X} B 4 2 S 57 A R LR 95, 2 m/AL; B LC
2R (A4 R 50 4 B 7 i v e R G 52 85 (multipli -
city of infection, MOI)=1fill A RSV J5 Stk B YL 40 it ,
C HB5 T2 W RIS A 10 nmol/L H fk = % (Sigma-
Aldrich A 7], 5[ ) , 24 h 5 WS B FL A9 BS F5 90,
FELA PBS ({4 A 2 3 , 77 1 mL/AL 0.05% Trypsin +
EDTA 81k 3 min J& ,2 mL_EiRSE 4B 33 ep R, WH T
WL, U6 R 1200 r/min B5.0 5 min, WCAELINL.
1.2.3  SEEF % &% F-PCR &AM VitD & 4K (vita-
min D receptor, VDR) .25-(OH) D - la & ¢ B (CYP
27B1)mRNA # & ik

H TRIzol (Invitrogen 28 ] , 32 [&] ) — > P HUEL
RNA, U %E D(260 nm)/D(280 nm) 4 1.8~2.0, & H 5
H & RNA, 7 SuperScript Il First - Strand Synthesis
System (Invitrogen 23 ] , 3& [E ) 47380 54 55 [ 4 B,
cDNA, WA Z 10 pL. BUcDNA HJEY, I SYBR
Green (ABI 2\ w] , 36 [F) i#E 47 52 1 28 O 3 & - PCR
(qRT-PCR)¥" 14, L GAPDH NS, WK ZR 12 pL,
PEIR 40 UK, B R H 27 itk 7404 o b 514
WAiTUF : GAPDH | 5'- TGTTGCCATCAATGAC-
CCCTT-3', R 5'-CTCCACGACGTACTCAGCG-3';
VDR | 5'-GGCTTTCACTTCAATGCTATG-3", F
it 5" -TGCTTCGCCTGAAGAAGCC-3' ; CYP27B1 |
i : 5'-GAAGTGCTAAGACTGTACCCTGT-3", F ¥if
5'-CCTTGAAGTGGCATAGTGACAC-3',
1.3 “%it¥rix

K H Graphpad Prism7.0 {453 Hr A 58 £t S
FEIZRZ: I, TR ORI £ brfi2s (x £ )RR, 0
2 () B e A7l ST RE A ¢ K 3 5 3 4 [B) PR L AT
Tukey Z 5 HL# one-way ANOVA K 5 5 DL 261 0] 15
(linear regression )11 RS & A 4047, P < 0.05 2

R AMI S RER R[] ). R At BE R R (SRR , 2019, 39(03) : 387-392 - 389 -
AR,
2 &# R
2.1 VitDR-F5 £ L AE KARET EEAAR
X HRA M3 25-(OH)D 2A7(30.98 + 14.37)ng/mlL,

WMELLH 9 (16.50 + 11.08)ng/mL, M2 8] 2% 54 4t it
FEX(P<0.001, B 1A) . #F—4 MEL L 77 Wi
JE R R 34, 34 [AIINYE 25-(OH) D AKSE43510 0
(27.80 + 11.11) ng/mL. (12.58 + 6.32)ng/mL. (9.01 +
3.86) ng/mL, 5 52 A1 Ho A, L AL M 25 -
(OH)D ZK-F-BH & TR, 2R A Gt # R L (P <
0.001) ;i \FEBEAL B AH LL , 22 S 412 = X (P=
0.071,E 1B) o K¢ LS 2H &L ™ 5 B PF43 -5 I
25-(OH) D 7KV 347 A S 43 B, e B 5 2 1A
%, M R=0.539 8([& 1C) o
22 £ XAEKEILaF T IENRAFI G

X R4 UL EE 2H 8 LR HH 2 CTNF - A 74
T, W5 20 1 %5 ZH B (16.67 + 5.72) ng/mL WA & =5 T
X IR ZH (10.39 + 4.09)ng/mL, B2 22 A Giit 5 X
(P <0.01) ; WL 1fiL 35 TNF-a(216.30 % 56.27 )ng/mL
B s X B 20 (173.40 + 42.63) ng/mL, P4 22 5
AL L (P <0.05),
23 FAL = BEE A7 4] AS49 48 i RSV B F U LA |
TNF-a% ik

ELISA #5:1 A549 415579 I 4 M TNF-o
K 3B AT . A ZHAIE(9.71 £ 1.91)ng/mL,
BZH (34.21 + 4.19)ng/mL, C 21 (14.04 + 3.60)ng/mL,
B 5 AH CALLE, AN RIS, 2550
GiileF B L (P <0.001, 8 2A) ,C 45 A4 R, 4L
AKF BB TR, 22 A it B (P <0.05, &
2A), AZHTNF-a(45.18 + 12.73)pg/mL, B 41 (270.60
+ 63.05) pg/mL, C 41 (91.0 + 20.34) pg/mL, B4 5 A
4 CH LB, TNF-a/K B T, 22 A Se i

A b * ¢ 209, ¥=-0.321 8X+14.66
= 50 - x 3 45 - & R=05398
£ £ — K I5{me @
240 A y B °
= 2 301 10 4®
= = i >
S 20 S LR R e N
& 5 157 2
[\l 10 - [\l .‘0 °®
o #r 0 T T Y T T
Z o . . g 9 . . . 0 15 30 45 60 75

Xof B WAL BEE hpEE HEREE 25-(OH)D(ng/mL.)
Az S IRZUAR B IERAL B LI IN 25-(OH) D /K B35 FAIK; B v FEEE B A0S U R BB LR N 9 25-(OH) D K- SR EEAL 1L, 835 T 1% 5

C: BASTSAS R HE 51l 25-(OH)D /K F27AHE, Mgl b, P<0.001,
Bl VitDKESEATZTRERAFR™EENHERE

Figure 1 Correlation between infantile VitD levels and the incidence and severity of bronchiolitis
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B X (P<0.001,K2B),C4H5 A4, TNF-a/K
T HE R TG FE X (P=0.058, K] 2B) .

A 3k
ek sk
40_ 1
330 1
5
220+
=
Eﬁ N ’—_r_‘
0 T T T
A B4 (0F:)
B
400 -

TNF-a(ng/ml.)
(3]
(=)
(=)

sk
| | —
300
100 A ’_—r_‘
0 T T T

okl
A4 B4 CH
A3 LA B 3 4 TNF-auK ¥ LA . MILLELES P <
0.05,"P<0.001,
E2 BU=EHAS49 MRSV BEREHR  TNF-a7 i
Figure 2 Calcitriol treatment inhibits the secretion of his-
tamine and TNF -« after RSV infection in A549

cells

2.4 EAL = BEAT HE AS49 48 it RSV & 4 J5 VDR F=
CYP27B1 mRNA & i&

X} F N2 GAPDH, B4 . C 41 VDR mRNA #H
XTFRR TS 518 0.74 £0.12.2.20 £ 0.23,C4H 5 A
4 B4 H#E, VDR mRNA kKA B T, 25
HG i mE X (P <0.001, F3A) ,B4L 5 A4l
BLOVDR RIKZEF RGIHFE L (P=0.17,E3A),
AHXF 2 GAPDH, B4 .C41 CYP27B1 mRNA AHX}
FERIKFA 4 1.30 £0.10.1.77 £ 0.20,CLH S5 A 4H .
BHLLLEL, CYP27B1 RKik/K - T 2 R A 50T
U (P<0.05,K3B), B4 5 A4l L%, CYP27B1
FKikEF TG X (P=0.08,K3B).

3 it it

BRI 2 % LT LA H DL T R E
RN, FER RSV IR TR, EEEE K
BE, RSV 85 S 40y L™ B WIS Y, B4R
Y125 000 Bil4E Be iy, 250 FIFET=" . FRIE H i
W CR LI HE . BT E B LAE RN
fa R R ALEE B R AR AR RN T 12
W& e B LT 4R | S R R RIE |
Fr WA D REAS PRI 22 1A 43 T T S0 e LA

20194F3 A
A s

é 31 ok
£

= 2

)

=9

%)

=

=

0 T T T

AH B cH
B sk

e |
sk
| — |
215
<~ -
S 10
g 05
~ 0.0 T T T
- Al B4l c4

A3 4] VDRmRNA 35K Fo 5 B: 3 41 CYP27BImRNA %1k
KA, PIdLEEE:, P < 0.05,7P<0.01,"P<0.001,
B3 BH=B1275 A549 4 i RSV B /5 VDR 0
CYP27B1 mRNA Fi%
Figure 3

Calcitriol treatment increases VDR and
CYP27B1 mRNA expression of A549 cells after
RSV infection

YEIG SRIEINREACTT . Downs 254 fiF 45 BLA Se R
o ol A BB 10 PR 2R o T G A A R A B L &
BIEH @R ILE, R A E B L E M N
KA

VitD J& TS [ EEY) 5T, & — P e gk E K
B Ik rp 7 R SR [ B SR AR AE R T 3 A ok B
fL B (VitD3) |, 28 1T i 25 - B AL il 7E )5 T8 i 25 -
(OH) D, F-H B I 1o- 2 A0 (CYP27B1) AR 42 1k
4 1,25-(0H).D"", EAE IR ZUF4E 2R W VitD A
A AR H 2 ML ()R A PN A AR 3 1T & HE D RE
LA X B 1 9 0 1 e 2 8 1 e e o e A
FH . Sh¥yscueiur s, VieD Sl s g R B E R
JERASFERE™ . TE 1A K 2 399 {9 e W4 s £
HIZ b SR 2B, VitD AN & k= 41
SR BE AR T, 10 ELIALE VitD KSRGS i
BE IR BAM R T 8 2 (B AR A R B A O 55 — Tt
LRI, AN Y 483 151 iy JL B P 68.1 % 1) Wi L
FAEAE VItD B2 | I35 VitD K-8t ie )L i B 1
15, IEPE AR VD f5k = T4 A LB I & 9 1)
FRZR™, BEhg ) LE S H A5 500 U VitD o] B
I R 3 Je e S SO Wit o B P KU S A RS AR
T, B NE M RD FE VitD , AT AR L AR T
Wig & AR 25 B BT LEAR Y VitD K F AT
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AT RE R ) ], B BRI A (B SRR ) ,2019,39(03) : 387-392 - 391 -

REXT AR L E T P 2 3 Ja e DA R v a5 | e ) g 2,
PRSI 15 o

FE LBl S MSE E P e S
IM% 25-(OH) D 7K =30 ng/mL 5& SN 1E W,
20~30 ng/mL H VitD /A & , <20 ng/mL H VitD {5k
Z , <10 ng/mL WA BE 6= AAHFFEGN A 1Y 40 1]
BT A4 LEE , I 25-(OH) D /K- 5 4 e a5
PR AT S5 AL . AWEIE B BN SRS R ILE
L3 25-(OH) D 7K BH I8 FEAR , FL 38 3 AH S P 2 At
RIR, BEZE M35 25-(OH) D KA, LB A
BRI CERERINE G, AEPELEEE
YA RN, VitD /K B 22 5. HIGIERT,
BLA LR VitD 7K 5 B 41 R AR A G
It 5T BB SRS R EH R B YIAEC

WP I b Kz AR Dy — R EGE B, BN A
HEWAY R Y , AR TE RAEVERRE I
KA W EBOCEEH . AP RIR RSV
SRR ] S BN R AT ) R E A TR,
It @ E R LT REDS I M A0 TS Ak 1 g L
PIAHE, PR, b R A0 nT e RSV B YL I8
ABLT™ H Mg EUR S B 2 T S R T B0 g 11 3 A
RAE T HEAEH . M TNF-o & PFIGE Rz 40
Z5 PRSI REERNEEN T, AR
X BEEH e, WEE 2 S8 LI 2H e S TNF-au 7K -
8 TF R, R il R 240 i R LR ) A B TNF -ac
SEINSAE R R BINEMGE, AR,
FE VitD B2 RS il b iz 20T DL A SiE Al R
K TNF-o 5 AHHFSE o IR F RE TR0 A549
MR 6 h )T, T LA 10 nmol/L B Ak = kb 38 | 35 i
A549 4 g BT AL BREE ) VieD 7K, 45 5 R 0, R
T RGBT BT, A0 85 55 L W, 4 e A
TNF-a/KF-IA St FEAEG, 2200 VieD nT A < 400 i 2L e A
TNF -, & 35 AR AS49 215 16 , 3%t mT 5 A2 1l v
VitD K45 1)) LEE B A0 2 A8 9% SR e IK LI
{6 A FE AR A S A AR R R 2 —

VDR 25 VitD & 48 A4 P10 (4% N A 0k
O3 NRVEZ A4 G i i -8 B 41 T 40 i
I 6 200 0 55, FR A AEAS [R50 1) VDR, VitD 9 3
B 1,25-(0H)-VD3 5 VDR 454 74 AL W)2¢ 3
g, FEENT VD WAIIEH . fEsh®scgi
Liu 55553 51 25 7 9P 2R PR R L 75 38 B0 /s
B VitD e = b e Rk SR 18R B, Bt = VitD
RE/INEL, VDR BER 2258 B R FRAIC, #h 78 VitD PR
B /NER, H VDR LR Rk B 8 B, AR A

P, N TARSNE 3510 AS49 40, 25T 54k = sl

J&i , H VDR B Feak A B TF. $E8 8 VitD 7K AT

DL VDR 5& R 3235, MO i — 25 3558 vieD i1

R TRE
VitD i A ok % v 75 2 2 MR g, Horh

CYP27B1 & X HEEf =~ — . 25-(OH)D 75 it CYP

27B1 564 1,25-(OH) D KAETEYEET . B A7

A= CYP27B1 Wy =R, HoAth Qn ity | je 1k L FLAR A5 1Y

b R A R g A M 3R 3k CYP27B1MY . B sk

g AT RS , B E CYP27B1 Kk N E™

ANFETE MR, MR CYP27B1 A 1a 1R AH

K, 4 25-(OH)D J , B WEZH i VDR F1 CYP27B1

PIZRIRIGIN Y AR R I, ARSME TR A549 4

T UAE AL =B  WOAR M4 T RT-PCRAG TN,

R CYP27B1 iAW EIH, MR, & Vit 7K

SF-Al BE FIE CYP27B1 YR IAIKF- e 25-(OH) D

A N HAG PR R 1,25-(0OH) D, 427 T VitD 7E 44

AT G2 I8 9 1 R A= T
ZE L riR, VilD fE 2 A LA K EF T,

R 1 2 IR A B G 2 Ah TR S e Iy

D7 R YRR S, BRI, VitD = 1 22

W LB SRS R BB B Ty, B

JEREZE VitD AV REARITSE I, W 2 AAHC, £

i S R LIS 2% (TNF-aK 7B 5l s, 46

FNIERY S i b R AR s AR T AR, H S LR N

VitD KA e IRSMSEIGIERA , 3 55 AS49 i 77

W) VitD K, BT LB (2 FRAIK RSV Y 5 21 e

TNF-o [ BB, AR 32F A549 4 g VDR L) K CYP27B1

Hy IR P2k VieD B s L SR, X AT GE 24

WA LA N VitD 7K 1T ARER B 40 X BRI E

e, IR AR R IR 2 —

(&%)
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