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ZAMPBHHEEZED RZMFRAXBRHERMHAT AR
cathelicidin B350

T R, EEE, BREE, 3 &°, XEEE®, KB
L LRl EE B IR H LR, S LERRAENAN LT ESSRE, LI 200002; 2. L3Ok ¥ EE IR L LEEY
Al LEERER, L 200127, 3 EEERM K R B, BN 350002

[{BZ= ] By - FiHZRnifn gtk 2 D G Z A K BB 13 BE S BLIF K cathelicidin (cathelicidin antimicrobial peptide, CAMP) 1)
Wi, HiE - oFF 24 28 JEERMEYE SD KB 3, AHA (CH). AAEFEDEZH (VDD A) k4R D thsedl (VDS4H) %
8 W, il Bk D RHR S A K BRI 4 A 3R D B Z BERY, BERLZRSE 14 H FIBOM G - BB I00 TS I0E A T M 3 25(OH)D 7k
o FRUA FEERRE, BUMAS N 25(0OH)D /K1 B AS M i B s IES A2, St 988 & & RT-qPCR 3, Western blotting 7
53 E KB CAMP ) mRNA J B\ RIEKFE, SR - REZBRTZANYEE % D shZ B0 @%), C4. VDD 4Kk VDS 4kl
% it LI FF 7 1 4 X 32 BE 43 3124 0.050£0.016, 0.028+0.013 J% 0.033£0.021, 5 C 41k, VDD 2 5Ui% & FLAR #T 1 RO FE T 3 e
BHREAL (P<0.05), %% CAMP ) mRNA J & [ KK TIR B#H AL (3 P<0.05), 5 VDD 4ifHLt, VDS 41+ RI%iE FLER AT i
HAR T B A Tt sy, HESIELEI ¥R 45 CAMP ) mRNA Kik/K R SEE, &ARBKFEEF R (P<L0.05),
58 - 4R D BRZ B ROK LSS CAMP /) mRNA J& 2 5 3 357K Fin i i 2LER AT 8 WO AR = 8 0 3 e AIG, Z2 438 D #b
Fe)a, FAUKEE W CAMP R A REK T BET S, WHiE LR 3 3 WA T & pta s,

[ R8BiE ] 2230 44K D W E R HUd ik cathelicidin

[DOI] 10.3969/j.issn.1674-8115.2018.08.004 [ FE4ZFEKS ] R392 [ XEkFERE] A

Effects of maternal vitamin D deficiency before and during pregnancy on intestinal flora and cathelicidin
antimicrobial peptide expression in offspring rats

WANG Lei', JIAO Xian-ting', WEI Zhen-zhen', LIU Bin®, LIU Xiao-yan®, YU Xiao-dan"*
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of Developmental and Behavioral Pediatrics, Shanghai Children's Medical Center, Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China; 3. College of
Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China

[Abstract] Objective - To explore the effects of maternal vitamin D deficiency before and during pregnancy on the intestinal flora and cathelicidin
antimicrobial peptide (CAMP) in offspring rats. Methods - Twenty-four female Sprague-Dawley rats (8-week-old) were randomly assigned to three
groups (n=8 per group), i.e. control group (C group), vitamin D deficiency group (VDD group), and vitamin D supplement group (VDS group).
Special diets were used to build the rat models of vitamin D deficiency before and during pregnancy. Maternal 25(OH)D level was detected by liquid
chromatography tandem mass spectrometry (LC-MS/MS) at gestational day 14. At the age of 4 weeks in offsprings, the level of 25(OH)D was measured;
the faeces were collected for the detection of intestinal flora; the mRNA and protein expression of CAMP were evaluated by real-time quantitative RT-
PCR and Western blotting, respectively. Results + The rat models of vitamin D deficiency before and during pregnancy were successfully established. The
relative abundance of intestinal Lactobacillus in the offspring rats in C group, VDD group and VDS group was 0.050+0.016, 0.028+0.013 and 0.033+0.021,
respectively. Compared with C group, the relative abundance of intestinal Lactobacillus in VDD group significantly decreased (P<0.05), and the mRNA
and protein expression of colonic CAMP significantly decreased as well (P<0.05). Compared with VDD group, VDS group showed a trend of increase in
the abundance of intestinal Lactobacillus; the mRNA expression of colonic CAMP didn’t change significantly, but the protein expression of colonic CAMP
significantly increased (P<0.05). Conclusion - Vitamin D deficiency during pregnancy results in decreased abundance of intestinal Lactobacilli as well
as reduced mRNA and protein expression of colonic CAMP in offspring rats. Vitamin D supplementation significantly improves the protein expression of
colonic CAMP and induces a trend of increase in the abundance of intestinal Lactobacilli in offspring rats.

[Key words] pregnancy; vitamin D; intestinal flora; cathelicidin antimicrobial peptide (CAMP)
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e R Do ZRWILE, HOH. BAENFIEE
NP R, AR 4k A 3R D k2 1Y R B EX
AR R X, A2 a0fEgeEE D
ik Z ", PR G LA IR 8 1 (developmental origins of
health and disease, DOHaD) BN, = NIREE 5200
G LR & B HEH A e e B ) B e ¥, e 2 M 55 A
ARl BARHIE . R B PRI o Y W, 24k
# DURULS LS M e P VR AR O . 1 2 JL 2 L0 o 0%
WRERI R B b kb, WiERMES I EER, 1B R
A5 (5 — 2R B Gl I SIIR I R AR 7, TEANERIAN,
1% 8 T RERI BRI T o, B B I X FNPLEE K cathelicidin
(cathelicidin antimicrobial peptide, CAMP) Z& 4y it 1y i
2™, CAMP & A Wyt 8 — B HL A Bt 1 3 P 1 /oy 1
Rk, PRAMIEZE " UE S 1, 25 (OH) D, i i {2+ cAMP
B R F 44 3 D fE STk (vitamin D response
elements, VDREs) H.1%15S CAMP Y3k, mtkar I,
Yk 3 D AR T ULSZ I V38 G E S e 2 . 2 H R A
1k, ZRTFn e A 3R D ke Z 52RO R IR A
WARE, Bk, AWFTEESL 2R 244 3 D Bz ik
BUREAY, FEAG I BLI% 8 B EE AR Rl CAMP HYR KK T,
T 2 A= 25 D ik Z 3RO BV & R DU
JRFRI S

1 HHS%HE

1.1 2453

SPF &% Sprague-Dawley (SD) KRR, MEp: 8 Ry, &
J5iT 5 200 ~ 220 g5 MEPE 12 G, PR 350 ~ 370 g,
W1 b e R - USRS B A R . sh i
AJIEZ o SCXK (/) 2013-0016, ¥ {E M VF vl UE5 4
SYXK ({r") 2013-0106, Ak i ARSI 45 &
% E E 7 D AWF5EE: (National Institutes of Health, NIH)
TS5 A B AL BRI

1.2 e brk

b o TR FD 4 AR 2R Dk Z TR W T UL I e 0
IEAE TR B A R W], o bR R AR 2R D, & =
J) 1000 Ukg, 4Dk Z fHF4EFED, & &N
25 U/kg,

DNA Ffy £2 i #1 & W T 3% [ Life Technologies 2% #,
RNA $E B &0 T 78 E Qiagen 23w, & [ Lty 5¢
JeE & PCRIXF &I T H 4 TaKaRa 2y w], BCA & E
wIAF G T LiEE R EWRHEAE R A R, K CAMP
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% ya DU T 5 Mt Innovagen 23y ],

1.3 Jjik

1.3.1 ZERi A 4L 35 D i Z B EEST e SD K
24 HBENLo 4 3 41, XL (C4l). 42 Dz
(VDD 4) Fnger: D74l (VDS4) &8 H, 5%
Til¥. VDD 4 K& VDS HE T4A4: 3% D ik Z talkh, HHEk
B, k. fEiR (22.0£05) C, fH{E (50+10) %, &
T2 h R G 8 BN EE ) . C 414 TArifk 1A
BE, IEECH, HRARI AL 2 H, MRIFE 4 FfadE A
P 2:1 &%, &k BRI, ERIEENH R
B, HEMERSE 1 (D), dERES) S C 4% VDS
45 ThrifETakE, VDD RSN LLE A 35 D i Z [ 8
YTR D14 AL BUZ 226t A 6 HURER, A8 2 Hp i
{# 25 (OH) D k>, 44lfix 6 REFHR )5, Rl
B2 AR (1 HAERUR 1 R, B 12 AR,
oy )a 3 BRI TAREFRINR SR, B 5 AR R IR il
TREAERRE, FR21dEKFL, WG 3 4 rRE8
bR R SR, 2754 YR, B 4% M 25 (OH) D
KF,

1.3.2  IfiF 25 (OH) D 7k P45

(1) W& /N G fl 2 3 g, B
2.14 g Na,HPO, - 7H,0. 0.268 g Na,H,PO, - H,O, 0.9 g
NaCl 1 5 g /4= Ifi i ¥y 71, % F 75 mL 2% & 7k v,
iR E 100mL, {FHE SRS EEFT —4 C
IKFH o

(2) FEAFICE CRRRUMTE —80 CrhEuH, BT
HR P R MR SRS, B 200 pL i {5 E T 1.5 mL &
O H, A 10 uL AR, FEAIA 250 pL HHEE . 100 pL
O B 50 pL B2 B i AA IR, %% 10s, & S min,
24 C 2700 x g B0 7 min, BLOSEHEARTEE AT 4 Cik
CERRUR

(3) Fiysitiofilg  fERE S mA 2 mL KBk,
FEA R A) 15 min J5dkfT4y%E, A% 200 uL JE 5y 10 X,
it 4C,

(4) G &k X RTE S i 44 oA Poroshell 120
EC-C18 (2.1 mmx50.0 mm, 2.7 um), /&4 50 C,
Ay 0.5 mL/min, PEFEEA 10 uL, JahtH A KBk
+0.1% W, imah4H B o HEE +0.1% W, %3k 1 dt47
B FEVEN

JROHE R M 55 8 1R, 22 ML, Wi% s
Ay 241.325 kPa, MW{ZEim oL 180 C, AR JE A 350 C,
PR A 11.0 L/min, @ 843 Hriy e 74 ik B8 L3 2,
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1 ALk +0.1% HER (A) S5HELH0.1% HER (B) MIBSREEIRYF

Tab 1 Procedure of mobile phase gradient elution

it ] /min WA A/% s B/%
0 20 80
2.30 20 80
2.40 2 98
3.90 2 98
4.00 20 80
# 2 AT E B HT D B 4
Tab 2 Ton pairs for quantitative analysis
AR VRS i etk
(I THT
25 (OH) D, 416.4 398.3 T
25 (OH) D, 4133 395.3 TERK
25(OH) D, 4133 3552 TERK
25 (OH) D, 404.3 386.3 A
25(OH) D, 4013 383.2 15)/4
25(0OH) D, 401.3 159.1 1EAR

(5) DFERT: RACPRAFOREASRE , R _ETFR 100 pL
TEA 96 fLB, 42 BRigAR G R — SAIBCBEROT (liquid
chromatography tandem mass spectrometry, LC-MS/MS)
%M, R inject/waste J5 {5 AT,

1.3.3 B IE G RERI ARSI g 2 4 e A 55 LU (9 4 B 6
AR, 4 JREBGEE (491 g), RIdEBARR &
R, IR A —80 CokFafRfr. MR IUEA R
PIZ DNA, TFok S8 Tk AE_LilEik 5 AR P be < Bt A i
2], RPAEAREAT PCRPHE Rl . B4 168 rRNA
V3~ VAKX, AHAAE AT (barcode) HIBEREIH,
Rl F 343F (5-CCTACGGGNGGCWGCAG-3") #i 798R
(5-GACTACHVGGGTATCTAATCC-3") 2 Ff 5| ¥ i#* 17
PCR 3, $5&FEARFPFIE T BURAE HIL 8, xHAE ik
AT A BRI T

1.3.4 FR& M CAMP ) mRNA Jp & [ %k B 133
R 4 JE% 1 BRE A, FRICFHARE D&, b5
FEFE A =80 CoRFRAF. A EIRILRNA, Sl &
A cDNA, fRAFT —20 CHE. LA Gapdh N2, {E1
SYBR Green & 7l &3k 47 526 2 & PCR, A& Camp mRNA
ik, FRRACERIAX 2R, FiAsIIE 3,

# 3 9t sE & PCR 514351

Tab 3 Primer sequences in real-time qPCR

HFRAE

Gapdh

Ef5H (5= 3) Rl (5= 3)
GCATCTTCTTGTGCAGTGCC ~ TACGGCCAAATCCGTTCACA

Camp ACCTGAGCAATGTGCCTTCA TGTATACCAGGCGCATCACA

http://xuebao.shsmu.edu.cn

Z g AN A 3R D it Z 6 AROK R B T S DU Ik cathelicidin B2 | 877

R AR ER, A BCA K G M E &R
FEJ5, BEAAEAER 20 ug JH T Western blotting 45 41, 45
M CAMP 1 — B ok R R IR 19 £ sd BE DL ik, B L
15005 LLB-ALah & A h NS, HARI —Hioh %ok IR
My SO BULOR, FREEL B h 1:10005 4T B LL ] 24
1:10 000,

1.4 il %o

% FH SPSS 19.0 k-t S 06 B Hs #e A1 e ik oo b,
HPORICA x5 Fon, A LLECR M AT 25 B
P<0.05 £z FHAAGHHE L,

2 &R

2.1 ZpR 2ol 25 (OH) D /kF

5 C4 Z2i ARk, VDD £ 2 R ifit & 25 (OH) D 7k
- EFEAE (P<0.05); 5 VDD 4 AHLL, VDS 40 22 R i
{# 25 (OH) D /k ¥ .2 T+ (P<0.05); VDS 4 72 Kl IfiL i
25 (OH) D k-5 C R ER LI B (F4),

#e 4 PRI 25 (OH) D K (x+s)

Tab 4 Serum level of 25 (OH) D during second-trimester in female rats (x +)

215 FEAREL /n 25 (OH) D/ (ng/mL)
CH 6 12.84+3.51
VDD #H 6 7.78+1.53°
VDS 4 6 12.67+1.78°

E: “P=0.008, 5 CH4ltbik; “P=0.007, 5 VDD 4L,

2.2 FRimdy 25 (OH) D K F

5 C4 ¥ R A EL, VDD 4+ R if #% 25 (OH) D 7k
PR PR (P<0.05); 5 VDD 4 - #H L, VDS 4
T R Ifn i 25 (OH) D 7k *F B 2% F+ & (P<0.05); VDS 41
TRUME 25 (OH)D kF5 CH TRER LG -
(%5),

#5 FRUME 25 (OH) D KT (x=*s)
Tab 5 Serum level of 25 (OH) D in offspring rats (x +s)

gkl HAEL /n 25 (OH) D/ (ng/mL)
CH 12 10.07+£2.27
VDD # 12 7.17£1.75°
VDS 4 12 9.84+1.53"

: “P=0.004, 5 CHlLb#L;°P=0.037, 5 VDD 4iLbiL,

RS  (BERD) L 2018, 38 (8) ()
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2.3 AN R B KRS

e 1R, 3 R AR IR R K R 22 e g
S, R R, 2 FERYFD 3 AR, VDD 4 BUAR B
BCEY B ERT C4l (39 P<0.05); 1fi VDS A TR5
CHERTHIFE L., 154 JIEEr, 3 HF ARk
FERTGUE L,

120 1 ——Ci]
—— VDD
1M
—h— VDS
20 80
-
B
#= 60
o
P
404
204
O
0 - @ ; . ,
0 1 2 3 4
L

. “P=0.000, *P=0.038, 5 C 4Lz,

1 REAHFR SD AREREERIERL (n=12)
Fig 1 Weight gain of offspring SD rats in different groups (n=12)

2018, 38 (8)

2.4 1 RUnIE R DY

B 2 Fron A J@ 7k F EHELERT 15 ALAD NG BT 4 B
ek, HE R, 3 AR AP MBS A —, HAFE
J& (Bacteroidetes) FNTEWE )& (Lachnospiraceae) HJF-
FEE R . GETERT 10 A7 1738 BRI AR 2 B A5 R R
5 CH1EAHEL, VDD 2K VDS 41 5% FLIRAT i &
(Lactobacillus) FHIAHX =B B EFEAR (g P<0.05), it
RUNEREEZ R Lg% L 5 VDD HAHLL, VDS
HA NGB FLRAT B A E A T, H2ERT
Git#EENL (R6),

2.5 &% Camp ) mRNA K (18K F

W E 3AFiR, 5 C4l 1 R AHEL, VDD 4] & VDS
H B &5 Camp B mRNA 33K 7k °F- ¥ 8 35 B (1
P=0.000); VDS #415 VDD 4 Rl Z A ZF L H 45 L.

i’ 3B fion, 5 C4lTRAAEL, VDD 411 &5 1%
CAMP [ A Rk 7k F B F WL (P<0.05); 5 VDD 4
FEUAHEL, VDS 4551 CAMP [ & [ ik ko F 35
Fhm (P<0.05); VDS 4 7fl 5 C A TR ZEZEF L1

104 = ] e I I I I — I I I R R

80 — I I I N | I I I I
2 60 g L
% i
£ 40—

¥ I

0

C4l VDD & VDS #]

= fLEFIR ik _UCG-001 | R
= BRI m FLEEHF i R ® HREEE _NKIB3
m R L m S AR
R m A 9 w R
m YR o = A ek 1 m R - BT

B2 FREMERHERBKFLHEE (n=6)

Fig 2 Barplot of intestinal flora abundance in offspring rats at the level of genus (n=6)
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6 1 R IE B R AR R KT BT R (x5, n=6)

Z g AN A 3R D it Z 6 AROK R B T S DU Ik cathelicidin B2 | 879

Tab 6 Relative abundance of intestinal flora in offspring rats at the level of genus (x £, =6)

L1 (o
AT = 0.190+0.130
IR 0.062 +0.046
FLRRAT 0 )& 0.050+0.016
EAT T 0.038+0.038
EHIRE 9 0.023 +0.029
YU (1.358+3.010) x10°*
R H BRI _1 0.026 +0.027
WEKEE _UCG-001 0.043 +0.047
A IRE R 0.03140.028
FEREE 9 0.017+0.014
7. "P=0.013, *P=0.047, 5 C 41bvEs,
A

1.0+

i

T

3

0.5

CampiImRBNA 8k R T

i VDDH  VDS#H|

. “P=0.000, ©P=0.000, “P=0.021, 5 C#lLti; “P=0.016, 5 VDD 4Lb4z,

3 FREMH CAMP i) mRNA REHRIZKF (n=6)
Fig 3 mRNA and protein expression of colonic CAMP in offspring rats (n=6)

3 itig

SRR — AN RRRIIRTY], U BR A A RS TR I
AUE R A S5k, BEMEARIVERKRER, Hitks
ERHCE TR Z . T YC IR AR ART AR 2 14
A3 Dk Z A .

ALY 2 B ARk 3 D B Z R, B BT
AR D PEGZ (SERGhZ) R TRES HEARES M
I SARBRITIE , LI ROE B B2 A= 35 D ik Z P B A2 Bl
P2 D Gk Z AV EHRR R, IS, Bz 5 A4k
KRR, B, BRI S A RS2 D AR et
(Y35 D &84 25 Ukg), IZTERE AT CAZERE IE 10755,
BERF, Xt T VDD 4, AWFIEMAEIRAT 4 it s T 4L
F Dk Z Rl DAPRIUEREASZ240] 25 (OH) D kP #E4L T-Lb
BARHIRAS s Wizt T VDS 41, ik i 4 4L 2 Dz
TR IR, R B AE 2 BTN I 75 25 (OH) D 7k P-4k T-4%

http://xuebao.shsmu.edu.cn

VDD A VDS
0.138+0.104 0.096 £ 0.065
0.079+0.050 0.122+0.044

0.028+0.013" 0.033+0.021°

0.032+0.029 0.046 +0.040
0.040+0.053 0.027+0.016
0.062+0.050 0.070+0.091
0.035+0.024 0.022+0.013
0.013+0.023 0.047+0.028
0.015+0.023 0.034+0.032
0.019+0.012 0.017+0.013

B

Cil VDD VDS
CAMP - - (K
P-ULZH T - - 44 000
31 )

. 5

—

ci VDD

-

[3

CAMPRE B #2605 4F

VDS

AR, I AAMRCAZE A 38 D & BB WAk, AH
AT 3R D b et i, adid VDS HAMEED T
2R 2R D e Z 3 AOR BN, e VDD 4 AH
bb, MEZ et 3R D Ao RO, BER 22
Wk 2 D ASIIES RS R 5 CZ4HAALL, VDD 21 B i
25 (OH) D 7K\ 25 B, W2 14k A 35 D fik Z R
SLETs VDS BT 25 (OH) D 7k P18 % & T+ VDD 44
BRI C HRRC R 725, KW W43 D A7k
5B MEAEA R DARY. B, g ER D iz
AOBERL, - RUM{E 25 (OH) D KF- B35 T i, X5 A/
AT 8", 24k 3 D Fh o Al AR
25(OH) D AL FIEH/KF, #-/RnZ 4k A: 35 D (A 7E vl 2.
FokE MR D ACE, ABFLERIL, VDD 41
ARKRE A JE R 2 A RO R AE T C 4, J5 2 A
PRI gl T C 415 1 VDS - RORBUHAE TR
JREHCHR S CHTLRE R, X —4REW], 24

LSS (B L 2018, 38®) ()
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Az 3 D ik Z S5 AROK B BUR 3G, i 2214k A 2
D #p7e R - AROK B T S A S T 7T

HaiA g3 D ik Z 5178 mWREIHEIE, K848
SEAERIERTI S 4 A2 2 D 52 {& (vitamin D receptor, Vdr)
A PRI AT, ARSI SN B IR E A3 D
fifk Z FEUNREE M AH L DU YIEE T, AR IR
I vdr @RI/, R A R R, s
BRI S H R W (FLERAT ) BE
AW TENR R, T SR A RN M 4L R TR A
B, HeA3R D AT R AR AT SEAEAE & A AU AR A
fEREES", R R KN, PG E D HRZ /]
FEABRIDEFLERATER, 5 Vdr s/ NPT EE R
BAR 5, WA, AWTE K BLEER 4L D Gz 5 qb
YA FE D, HA RIS FLERAT A AA =E B B T
B, KT, XE—ERE FUHRIE R NG
JEME" =38 D ik Z 6 Il R RS A 58 2 Tk

24, 4iEFE D 20 g E LG A T S, BE
HEAAIMIFZR R W], 4432 D Al A CAMP JE R YRk,
M PTG ", fE BRI 3% CAMP /koF 5 i
{5 25 (OH) D 7k °F- £ iEAH 2 ", Pound % " 76 K B & P
WUESE, #h7E CAMP "] 512 K BNG E AL A w40l (f
FEFLRAT I ) FBMEE B, BT iXsemrse, HAHE
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