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Abstract: As important constituents of the first-line of host defense barrier, intestinal cytochrome P450 3A
(CYP3A) and P-glycoprotein (P-gp) play important roles in disease pathogenesis as well as drug absorption and
exposure. Clinical reports and experimental data revealed diminished intestinal CYP3A and P-gp expression
accompanying with gut dysbiosis in inflammatory bowel disease. Yet whether gut dysbiosis is associated with
the down-regulation of CYP3A and P-gp and the underlying mechanisms are unclear. In this study, daily
administration of fresh feces from normal rats and rats with ulcerative colitis (UC) induced by dextran sulfate
sodium to normal rats resulted in alterations of gut bacterial compositions. Intestinal CYP3A2 and P-gp were
significantly down-regulated in rats receiving UC feces. Outer-membrane vesicles (OMVs) are nano-scale
special buds of the outer membrane which are produced by Gram-negative bacteria and mediate diverse functions
including interactions within bacterial communities and communications with host. Expressions of CYP3A4
and P-gp mRNA were diminished in human epithelial colorectal adenocarcinoma cells (Caco-2) treated by OMVs
from all different groups with OMVs from UC rats or rats receiving UC feces showing more significant effects.
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Moreover, the OMVs fractions within 30 000-50 000 Daltons from both normal and UC rats elicited more effects
than fractions of other molecular weights. Treatment of Caco-2 cells with toll like receptor 4 (TLR4) inhibitor
resatorvid (TAK-242) or TLR4 silence RNA (siRNA) blocked CYP3A4 and P-gp down-regulation induced by
bacterial OMVs. Taken together, we proved in this study that gut microbiota can down-regulate intestinal

CYP3A and P-gp partially through producing OMVs to activate the TLR4 signaling pathway.

Key words: gut dysbiosis; fecal microbiota transplantation; outer membrane vesicles; intestinal cytochrome

P450 3A; intestinal P-glycoprotein; toll like receptor 4
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GAPDH). [ P4 %} FE# AT TLR4 [1]77T Bk RNA (silence RNA,
siRNA) W H g5 LR A ] I ybFE4E (resatorvid,
TAK-242) W2 E APEXBIO A # . DMEM. fa4:
I35 AR 0 75 2 BE R T B 55 [ Gibeo A ] o
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Table 1 Primers for 16S rRNA genes of target bacteria

LXK R IERE T, —80 CURAE, FHT 18 4L B I
R 8 K, ShsMEN FIALSE, W+ 4R, =
Vo 1Bl Je S5 W, BRI TE A A, TG SR

MEERNE BORRIEMEEMANGEERS,
2 BRI 7 iU O & i T R (0.1 g'mL T
YIS DNA 142 B R R & U Bk AT A . B
A DNA Ff i 5115 3 N AL, 84 ABI 7500 PCR 2[4
P HACHATY 3G . B H bR 2 RR S MRS Y RS
R 117, 3% PCR RONAR RN 50 pL, 4
1XSYBR Green Master Mix 26 uL, 5I#% 1 pL (&R
JE4 0.2 pmol-L™"), DNA 4 uL, KKK 18 pL. 33k
55 KA 7 UL B T o, JREERAE A
AR IR 2722 AT B

ME OMVs R AEHSBIIREL 1&H8 k74
P 7 RS HIAEREN, HAFIEFE LR, JFH Luria-
Bertani W73 # AR EBHFHAE 2 mgmL'. 37 C
5 24 h J5, 6000 xg 5.0 20 min Yt 4E LiE. EiEZ
0.45 pum BT ¥ENS, 4 C K 150 000 xg 2514 T M mris
B0 3 0P T, HFIE B IR

53 3R FH A 4 F i & 3000, 10000+ 30000
50000 R IEME, 2 KGRI U0 BA F BT R (1 0 25 24
HATEAR, > SEH&E OMVs ANE . Fifdd
IR IRARXT /T RSN S A /T 3000 (F<3).
3000~10000 (F3~10). 10000~30000 (F10~30).
30000~50000 (F30~50). AT >50000 (F>50).

Caco-2 {HpEIEF R AIE  Caco-2 H & 10% G4
M. 1% EBFEILRE. 100 vml ' FHEXMES
Z K DMEM 55375 F 37 C. 5% CO, 414 FH: 5%,

AT 6 fLIR EKEmMAER, 2HHKE 4 H

Target bacteria Primer Sequence (5'-3") Reference

Bifidobacterium Forward CTCCTGGAAACGGGTGG [17]
Reverse GGTGTTCTTCCCGATATCTACA

Enterobacteriacea Forward CATTGACGTTACCCGCAGAAGAAGC [18]
Reverse CTCTACGAGACTCAAGCTTGC

Bacteroides Forward ATA GCC TTT CGA AAG RAA GAT [19]
Reverse CCA GTA TCA ACT GCA ATT TTA

Lactobacillus Forward TGGAAACAGTTGCTAATACCG [20]
Reverse GTCCATTGTGGAAGATTCCC

Clostridium coccoides Forward AAATGACGGTACCTGACTAA [19]
Reverse CTTTGAGTTTCATTCTTGCGAA

Clostridium leptum Forward GCACAAGCAGTGGAGT [21]
Reverse CTTCCTCCGTTTTGTCAA

Universal primer 341F CCTACGGGAGGCAGCAG [22]

534R ATTACCGCGGCTGCTGG
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KREIZEEE OMVs (50 pgmL ™) 50 OMVs HIAR
&) A %43 7 B4 R BAR A 24 b, B TAK-242
(1 pmol'mL™") Fikb# 1 h JEEINAKEIEH M UC
1 OMVs (50 pg-mL™") W& 24 h, UERTA 4
TR DR S A

TLR4 siRNA #3 k#5330 L RVE T
(75 GAPDH £:[X 74153 71F 8 TLR4 siRNA
YL X (negative control, NC) & FH 4 X 1
(positive control, PC). Caco-2 41857 & 40% @&
J&i, Hl Lipofectamine 2000 7% 5 nmol-mL ™' TLR4
siRNA. NC siRNA }2 PC siRNA 43 51 %4 YL 2 Jfl 3 3%
7% 48 h. 1M real-time quantitation PCR (QPCR) 75
ERT I siRNA 4L 5 B X . GAPDH ¢ TLR4
FRXF R IA B AR, VPAL 7R AT SE M DL TLR4 UL
BR% . TLR4 siRNA #4457 %143 540 R : TLR4-770,
3% 5'-“GCUCACAAUCUUAUCCAAUTT-3', Fijif 5'-
AUUGGAUAAGAUUGUGAGCTT-3'; TLR4-931, I
Jif 5-CCUGAACCCUAUGAACUUUTT-3', Fiif 5-AA
AGUUCAUAGGGUUCAGGTT-3'; TLR4-1240, i
5-CCUGGUGAGUGUGACUAUUTT-3", Fif 5-AAU
AGUCACACUCACCAGGTT-3'; BIPEXTE siRNA K]
By FHh: B 5-UUCUCCGAACGUGUCACGU
TT-3', Fiff 5-~ACGUGACACGUUCGGAGAATT-3"
FHYEX B GAPDH siRNA (#5447 %128: Bl 5'-UG
ACCUCAACUACAUGGUUTT-3', Fiff 5-AACCAU
GUAGUUGAGGUCATT-3',

ZEEYL] Caco-2 U >k H IEH 1 UC K%
B OMVs (50 pg-mL™") 2» BI%IEL 24 h, #% Bk Ty
R BT 40 B T R R AR

CYP3A FA P-gp 7ZERAALAFN4HAE A9 mRNA &
EME FRAADFELARRGT T8 =8, =

Table 2 Primers for target genes in human Caco-2 cells and rats.
P-gp: P-Glycoprotein

W G5 RHERASF T 15 AR B Caco-2 A Trizol i
TR, JF4e UL 52 I mRNA. AR 0 5%
7 3B 4R VE 15 2 B4 DNA (complementary DNA,
cDNA). fiii cDNA #Emigik 3 NEAL, HH ABI
7500 PCR F: PR HACHEAT Y 15 . R K5I S5
SCHR L ZE 20427 8 A S R SRR A R Y i
ATE, JEE A B R R R 270 iR AT
A b

KRG8 PrA # a1 Ll mean+SD Fx .
B R Z= 5 Wi iL GraphPad Prism 6 A4 K XU
] ¢ KB BEAT IR, P<0.05 FHA NS BB B3k

Z 5t o

4
1 DSSIESREEBENAREEFHMAEZMN
WIE 1 A7, SEEG AT, T 2H K BRUEL B AR X AR
€, DSS 2 UC 4l K e fH IR [z UC R AL
B ERLIEH AR A R . UC 4K B FE T XL
W EJE (Bifidobacterium)~ AT JE (Lactobacillus)-
ZWAR W (Clostridium leptum) FERIERE (Clos-
tridium coccoides) WX LLAI ¥ Fr kD, T A AT
WA} (Enterobacteriacea) MAFFH JE (Bacteroides)
B LB RREE T . B R IE R K RAZER S5, NN 44X
A TR & A FLAT R 8 W >, BT R A
B RN, A FBREE, JCH IR E
LU B SR T e T EAE UC 3B NU 41, XUBOHF 1
J& LT B B R b, SRS S Y AT T R AT
BRI LL G n, HAREARFESS T UC; FW 1w A
BRIEAR TR (1A 34 5 NN ZHARACL, BV B (14 Bl 451 35
#irEE T IEH A .. DL g5 RR B, DSS 7 F KR
UC, 5l IE w iR, & IE R R R 23R )5,

CYP3A2: Cytochrome P450 3A2; CYP3A4: Cytochrome P450 3A4;

Gene Primer Sequence (5'-3") Reference

hCYP3A4 Forward CCTTACATATACACACCCTTTGGAAG [24]
Reverse GGTTGAAGAAGTCCTCCTAAGCT

hP-gp Forward CCCATCATTGCAATAGCAGG [24]
Reverse GTTCAAACTTCTGCTCCTGA

hp-Actin Forward TACGCCAACACAGTGCTGTCTGG [24]
Reverse TACTCCTGCTTGCTGATCCACAT

rCYP3A2 Forward AGTAGTGACGATTCCAACATAT [25]
Reverse TCAGAGGTATCTGTGTTTCCT

rP-gp Forward GCAGGTTGGCTGGACAGATT [26]
Reverse GGAGCGCAATTCCATGGATA

rf-Actin Forward ATCGCTGACAGGATGCAGAA [27]

Reverse

TAGAGCCACCAATCCACACAG
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Figure 1 Alterations of total and six main bacteria in fecal samples from normal and ulcerative colitis (UC) rats, and rats receiving

normal or UC rat feces. mRNA levels were measured by QPCR.  Animals received water (Nor), 5% DSS (UC), feces from normal
(NN) or ulcerative colitis rats (NU), respectively, for 7 days. Data were expressed as mean =+ SD of triplicate determinations. The
relative level of each bacterium at each time point was obtained by comparing with the level of the same group on day 0
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Figure 2 mRNA expression of CYP3A2 and P-gp in different
intestinal segments of rats. mRNA expression was measured by
QPCR. Data were expressed as mean + SD (n=6). "P<0.05 vs
Nor; "P<0.05 vs NN
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Figure 3 Effects of rat OMVs on mRNA expression of CYP3A4
and P-gp in Caco-2 cells. Cells were treated by OMVs from
normal (Nomvs) and UC (UCowmvs) rats, and rats receiving normal
(NNomys) or UC (NUomys) rat feces, respectively. mRNA
expression was measured by QPCR. Data were expressed as
mean = SD of triplicate determination of one representative
experiment. "P<0.05 vs control; #P<0.05 vs Nomvs or NNomvs
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Figure 4 Effects of OMVs different fractions on mRNA

expression of CYP3A4 and P-gp in Caco-2 cells. Cells were
treated with or without different OMVs fractions from normal or
UC rats. mRNA expression was measured by QPCR. Data
were expressed as mean £SD of triplicate determination of one
representative experiment. P < 0.05 vs control; “P < 0.05 vs

Nomvs
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Figure 6 Effects of TLR4 inhibitor and siRNA transfection on mRNA expression of CYP3A4 and P-gp in Caco-2 cells.
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Figure 5 Effects of TLR4 siRNA transfection on TLR4 mRNA
expression in Caco-2 cells. Cells were transfected with TLR4
siRNA for 48 h. Cells treated with negative siRNA (NC) or
GAPDH siRNA (PC) were processed in parallel to serve as
mRNA expression was determined by QPCR. Data
was expressed as mean + SD of triplicate determination of one
representative experiment. P < 0.05 vs control, P <0.05 vs
NC. TLR4: Toll like receptor 4; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase
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Cells were

treated with TLR4 inhibitor (A), transfected with TLR4 or negative siRNA (NC) (B) followed by treatment of OMVs from normal or UC
rats. mRNA expression was determined by QPCR. Data were expressed as mean +SD of triplicate determination of one representative

experiment. "P<0.05 vs control; #P<0.05 vs Nowmvs or UComys.
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