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Abstract

Purpose The roles of commensal bacteria after intestinal ischemia and reperfusion (IIR) are unclear. In current study, we
aim to investigate the effects and underlying mechanisms of commensal bacteria in injury and epithelial restitution after IIR.
Methods Commensal gut bacteria were deleted by broad-spectrum antibiotics in mice. IIR was induced by clamping supe-
rior mesenteric artery. Intestinal injury, permeability, epithelial proliferation, and proinflammatory activity of mesenteric
lymph were investigated.

Results Commensals deletion improved mice survival in the early phase, but failed to improve the overall survival at 96 h
after IIR. Commensals deletion reduced proliferation of intestinal epithelial cells (IEC) and augmented proinflammatory
activity of mesenteric lymph after IIR. Lipopolysaccharides (LPS) supplement promoted IEC proliferation and improved
survival in mice with commensals deletion after [IR. LPS induced production of prostaglandin E2 (PGE2) in mucosa via
toll-like receptor 4-NFkB-cyclooxygenase 2 pathway. PGE2 enhanced IEC proliferation in vivo, which was preceded by
activation of Akt and extracellular signal-regulated kinase (ERK) 1/2. Blocking of EGFR, PI3K/Akt activity abolished
LPS-induced IEC proliferation.

Conclusions Commensal bacteria are essential for epithelial restitution after IIR, which enhance IEC proliferation via induc-
tion of PGE2.

Keywords Commensal bacteria - Intestinal ischemia and reperfusion - Epithelium - Proliferation

Introduction translocation of bacteria and endotoxins to distal organs,

which further triggers SIRS [3]. Recent evidence supports

Intestinal ischemia and reperfusion (IIR) occurs in a wide
range of diseases [1]. If severe enough, it may result in sys-
temic inflammatory response syndrome (SIRS) or multiple
organ dysfunction syndrome (MODS) [1, 2]. Reported IIR-
associated mortality was up to 30-40% [1].

The orthodox theory regarding the role of intestine is
that IIR induces disruption of mucosal barrier, allowing
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that post-shock mesenteric lymph is responsible for the
development of SIRS and MODS [3, 4]. The intestinal epi-
thelium separates the lumen from the underlying intestinal
mucosa [3]. Compromised mucosal barrier after IIR results
in direct contact between commensal bacteria and immune
system to produce proinflammatory products carried out by
mesenteric lymph [5].

Yoshiya found that deletion of commensal bacte-
ria reduced intestinal expression of Toll-like receptor 2
(TLR2) and TLR4, production of inflammatory mediators,
and attenuated intestinal damage [6]. Germ-free mice were
reported to have less local and remote injury following IIR
[7]. Intestine decontamination with antibiotics reduced IIR-
induced lung injury [8]. Recent studies have shown that the
interaction between intestinal epithelium and bacteria medi-
ates mucosal defense and homeostasis. These knowledge
have led to new hypotheses to explain the SIRS and MODS
development after IIR. Chen found that lipopolysaccharides
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(LPS), a ligand for TLR4, decreased IIR injury-induced
intestine damage through tumor necrosis factor a (TNF-a)
signaling [9]. Similarly, luminal LPS was found to amelio-
rate IIR injury of the intestinal wall in germ-free pigs [10].
Tatum found neonatal mice deficient in TLR4, either alone
or also deficient in TLR2 as well as those lacking normal
commensals, were more susceptible to IIR [11]. Importantly,
selective intestinal decontamination has not been consist-
ently shown to increase the survival of patients with IIR
[12]. These findings indicate the possibilities that the inter-
actions between intestinal mucosa and commensal bacteria
play multiple roles during IIR.

We hypothesized that commensal bacteria were essential
in maintenance of intestinal homeostasis and epithelial res-
titution after IIR. In this study, we investigated the effects
of commensals deletion with or without LPS supplement
in intestinal injury and restitution, using a murine model of
IIR. We also explored the mechanisms of LPS in promoting
IEC proliferation. Our study provides a new perspective on
intestinal epithelium—commensal bacteria symbiosis in the
pathophysiology of IIR, which may be helpful to develop
new therapeutic strategy for the treatment of IIR and related
SIRS and MODS.

Methods
Mice

Specific pathogen-free male TLR4 ™~ knockout (KO) mice
on a C57BL/10 background and TLR4* wild type (WT)
C57BL/10 mice were maintained in the specific patho-
gen-free animal facility. All studies were approved by the
Institutional Animal Care and Use of the Committee at
Tongji Medical College (Wuhan, China) (Permit Number
2012-AR0122).

Commensal bacteria deletion and LPS supplement

Commensal bacteria were deleted using an established
protocol [13]. Briefly, C57BL/10 mice were provided
ampicillin (1 g/L), vancomycin (500 mg/L), neomycin sul-
fate (1 g/L), and metronidazole (1 g/L) in drinking water
from 4 to 8 weeks of age. Fecal sample was collected from
colon using a sterile technique. Both aerobic and anaero-
bic cultures were performed to confirm the commensals
deletion.

To study the effects of bacteria on injury and restitution
after intestinal ischemia and reperfusion (IIR), LPS was
given to the mice with commensals deletion. At the 4th week
of antibiotics treatment, LPS (1, 5 or 25 pug/mL) was added
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to drinking water for 1 week. After 4 weeks’ antibiotics and
1 week LPS treatment, the mice were subjected to IIR.

Mouse model of intestinal ischemia and reperfusion
(IIR)

Eight-weeks-old male mice were anesthetized and per-
formed a midline laparotomy. The superior mesenteric
artery (SMA) and the collateral branch from the celiac
axis were identified and occluded with non-traumatic
vascular clamps. The clamps were removed after 45 min
of ischemia to induce reperfusion. In the sham-operated
group, the SMA and collateral branches were identified,
but were not occluded. Mice were provided drinking water
containing antibiotics until the end point was reached. At
endpoints, mice were killed and their intestine, lung, and
blood samples were harvested.

Histologic injury of ileum was graded using a histo-
logic scoring system. Intestinal permeability of the distal
jejunum was assessed using the everted sac method [14].
Apoptotic epithelial cells were detected by TUNEL stain-
ing. Proliferating enterocytes were detected by immunop-
eroxidase staining for the thymidine analog bromodeoxyu-
ridine (BrdU).

Western blot and qRT-PCR analysis was carried out to
study the cell signaling proteins. PGE2 levels were deter-
mined by enzyme-linked immunosorbent assay.

Survival study

Mice were randomized into the following groups (n =40
for each group): (1) control group: the mice with nor-
mal commensals were subjected to IIR. (2) AT group:
after 4 weeks’ antibiotics treatment (AT), the mice
with commensals deletion were subjected to IIR. (3)
AT+LPS, : after commensals deletion, mice were fed
with LPS (1 pg/mL) for 1 week and subjected to IIR. (4)
AT +LPSs,,., : after commensals deletion, mice were fed
with LPS (5 pg/mL) for 1 week and subjected to IIR. (5)
AT +LPSy5, /¢ after commensals deletion, mice were
fed with LPS (25 pg/mL) for 1 week and subjected to IIR.
Death of mice was recorded every 4 h until the endpoint.

Pulmonary injury secondary to lIR

Tissue sections were stained with H and E. Injury was
assessed using an established scoring system. Myeloper-
oxidase (MPO) activity in homogenates of the lung and
Evans blue dye assay for pulmonary vascular permeability
was determined as previously described [15].
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Determination of neutrophil respiratory burst
induced by mesenteric lymph

Whole blood was obtained via cardiac puncture from
naive male mice. PMNs were isolated. Medium or the
collected mesenteric lymph was then added and PMN
respiratory burst was measured by flow cytometry [14].

Cell proliferation assay

Caco-2 cells (1 x 10° cells) were plated on 96-well plate.
After LPS or specific blockers treatment, proliferation
was assessed after 36 h incubation using Quick Cell Pro-
liferation Assay kit [16].

Statistical analysis

The Student ¢ test or Wilcoxon two-sample test was used
to compare the differences between two groups and one-
way analysis of variance or Kruskal-Wallis test was used to
compare differences, among multiple groups. For survival
determination, Kaplan—Meier analysis was used. Statistical
analyses were performed using SAS software (SAS 9.2, SAS
Institute, NC, USA). p values less than 0.05 were considered
statistically significant in all the studies.

Results
Intestinal ischemia and reperfusion injury

Prior to IIR, bacterial cultures were performed to confirm
the complete deletion of commensals. After IIR, histologic
injuries were manifested as: vacuolization of IEC, presence
of a sub-epithelial space, separation of epithelium and basal
membrane, mucosal ulceration, and necrosis (Fig. 1a). Inju-
ries to jejunum, ileum, and colon peaked at 4 h after IIR.
Most severe IIR was found at ileum. However, at 72 h, integ-
rity of epithelium was almost restored, indicating accom-
plished epithelial restitution.

Injury scores of ileum (Fig. 1b, e), intestinal permeability
(FD4 clearance) (Fig. 1d), and apoptosis of IEC (Fig. 1c, f)
significantly increased after IIR. Importantly, intestinal per-
meability and apoptotic indices peaked at 4 h, and decreased
thereafter until 72 h.

Commensals deletion failed to improve the overall
survival after IIR

After IIR, 22 (55%) of the 40 mice died during the 96 h
observational period. None of the 40 sham-operated mice
died. Among the 40 mice with commensals deletion, 20
(50%) died during 96 h, which was not significantly different

from the mice with normal commensals (Fig. 2a). However,
in the first 36 h, mortality of the mice with normal commen-
sals was 47.5% (19/40), which was significantly higher than
that of the mice with commensals deletion (27.5%, 11/40)
(Fig. 2b). Because intestinal injury peaked in the first 36 h,
during which most mortality occurred, we defined the first
36 h as the early phase after IIR and the subsequent period
as the restitution phase. After IIR, commensals deletion
reduced mortality in the early phase, but did not improve
the overall survival.

Commensals deletion impeded intestinal epithelial
restitution

At 4 h after IIR, intestinal injury scores of the mice with
commensals deletion were lower than controls with normal
commensals (4.25+0.67 vs 3.5+0.52, p <0.05) (Fig. le).
At 4 h and 12 h, intestinal permeability and IEC apop-
totic indices of the mice with commensals deletion were
lower than controls with normal commensals (all p <0.05)
(Fig. 1f). However, at 48 h and 60 h, intestinal permeabil-
ity of the mice with commensals deletion were higher than
controls with normal commensals (all p <0.05) (Fig. 1d).

Commensals deletion impaired proliferation of IEC,
augmented pro-inflammatory activity of mesenteric
lymph in restitution phase

In mice with commensals deletion, calculated proliferation
(13.20+1.41 vs 8.67+2.16, p <0.05) was lower than con-
trols with normal commensals (Fig. 2c—e).

Naive neutrophils were isolated from blood by density
gradient centrifugation. The purity of PMNs was > 95%, as
confirmed by flow cytometry (Fig. 2f). The mice with or
without commensals deletion were subjected to IIR. At 12 h
after I[IR, mesenteric lymph was collected. In vitro respira-
tory burst of neutrophils was measured after treatment by
mesenteric lymph (Fig. 2g). Neutrophil response induced
by the lymph from the mice with commensals deletion was
weaker than the lymph from controls.

Lymph collected at 48 h induced neutrophils response
was weaker than those collected at 12 h after IIR (Fig. 2h).
Neutrophil response induced by lymph from the mice with
commensals deletion was stronger than the lymph from con-
trols (Fig. 2h).

LPS supplement improved survival of mice
with commensals deletion after IIR

After antibiotics treatment (AT), the relative mRNA expres-
sions of TLR4 reduced from 1 to 0.20+0.04 (Fig. 3a).
Luminal LPS reduced from 4.68 +0.53 to 0.16 +0.08 pg/
mL (Fig. 3b). Before LPS, ., feeding, mRNA expression
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Fig. 1 Intestinal ischemia and reperfusion injury (IIR). a Injury of
jejunum, ileum, and colon at 4 h, 24 h, 48 h, 72 h after IIR. b Histo-
logic injury scoring system. Grade 0: no injury; Grade 1: presence of
a sub-epithelial space; Grade 2: loss of mucosal lining of the villous
tip; Grade 3: loss of less than half of the villous structure; Grade 4:
loss of more than half of the villous structure; Grade 5: transmural
necrosis; c¢ intestinal epithelial cells (IEC) apoptosis at 4 h, 24 h, 48 h,

of TLR4 decreased to 0.20 +0.04. After LPS feeding,
it increased to 0.89 +£0.11 prior to IIR, and 1.13 +0.16
at 3 days after IIR (Fig. 3c). However, higher dose (5 or
25 pg/mL) of LPS did not further increase TLR4 expression
(Fig. 3c¢).

At 96 h, of the mice treated with antibiotics (AT mice)
and fed with 1 ug/mL LPS, mortality was 7.5%. Mortality
was 32.5% and 40% of in the AT mice fed with 5 ug/mL or
25 ug/mL LPS. Compared with AT mice, LPS; ., feed-
ing improved survival after IIR. However, higher dose LPS
(5 pg/mL or 25 pg/mL) did not improve survival (Fig. 3d).

Compared with AT mice, IEC apoptotic indices of
AT +LPS, ./, mice were not different after IR (all
p>0.05) (Fig. 3e). At 24 h, 36 h, 48 h, and 60 h intestinal
permeability of AT +LPS,,,,; mice was significantly lower
than AT mice (Fig. 3f). The findings suggested that LPS
did not increased injury to intestine, but promoted intestinal
barrier recovery.
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sals were subjected to IIR. *vs Antibiotics treatment, **vs Controls,
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LPS supplement elevated expression of TLR4
and production of PGE2 in mucosa

After antibiotics treatment, mucosal PGE2 (prostaglandin
E2) reduced to 0.38 +0.10 pg/mg protein. After LPS (1, 5
or 25 pg/mL) feeding for 1 week, mucosal PGE2 increased
(Fig. 4a). At 24 h after IIR, LPS (1, 5 or 25 pg/mL) feeding
significantly increased mucosal PGE2 in mice with com-
mensals deletion. No difference was found between the mice
fed with LPS of different dose. Same results were found
at 48 h and 72 h, LPS increased mucosal PGE2 in mice
with commensals deletion, regardless of LPS dosage (all
p>0.05) (Fig. 4a). At 24 h, PGE2 production abolished
TLR4 gene knockout or a COX2 inhibitor, Celecoxib treat-
ment (Fig. 4b).

The results suggested LPS feeding in AT mice increased
mucosal PEG2 at 24 h, 48 h, and 72 h. However, increasing
dose of LPS did not further increase PEG2.
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Fig.2 Commensals deletion does not improve the overall survival
after IIR. Mice were subjected to IIR. Death of mice was recorded
every 4 h until 96 h after IIR. n=40 per group. a Commensals dele-
tion failed to improve the survival at 96 h; b commensals deletion
improved the survival at the early phase after IIR. ¢ Each mouse was
injected intraperitoneally with 5-BrdU at 2 h (120 mg/kg) before
being killed. BrdU immunohistochemistry demonstrates labelled
crypt cells at 96 h after IIR in mice with normal commensals; d pro-
liferative IEC in mice with commensals deletion; e quantitation of
BrdU labelling was by determining per cent positive cells in 20-35
well-oriented villi and crypts measured per sample, n=3 per group.
*ys Controls, p<0.05. Controls: the mice with normal commensals

LPS supplement promoted IEC proliferation
via TLR4-COX2-PGE2 signaling pathway

Mucosal PGE2 was produced by COX2 (cyclooxygenase).
Of the mice with commensal deletion, at 24 h and 72 h,
mucosal COX2 increased. LPS supplement (1 pg/mL) fur-
ther increased mucosal COX2 at 24 h and 48 h (Fig. 4c, d).
Expression of PCNA did not change at 48 h and 72 h in the
mice with commensals deletion. However, LPS treatment
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were subjected to IIR. Antibiotics treatment: the mice with commen-
sals deletion were subjected to IIR. f Neutrophils purification was
determined by flow cytometry; g neutrophils were treated with mes-
enteric lymph from the mice at 12 h after IIR. Proinflammatory activ-
ity of mesenteric lymph was measured by PMN respiratory burst; h
neutrophils were treated with mesenteric lymph from the mice at 48 h
after IIR. Controls the lymph from the mice with normal commen-
sals, AT the lymph from the mice with commensals deletion, SO the
lymph from the sham-operated control mice, /IR + LPSI, 5, 25 LPS
(1, 5 or 25 ug/mL) was fed to the mice for 1 week before IIR. *vs
Controls, p <0.05; **vs AT, p<0.05

increased the expression of PCNA at 48 h and 72 h (Fig. 4c,
d).

At 48 h after IIR, LPS, ., increased proliferation of
IEC in mice with commensals deletion, which was abol-
ished by Celecoxib (Fig. 4e). Furthermore, LPS, ., or
LPS,o/mr, + Celecoxib treatment did not change IEC prolif-
eration of the TLR4 knockout mice with commensals dele-
tion (all p>0.05) (Fig. 4f). The findings suggested LPS-
induced IEC proliferation was TLR4- and COX2-dependent.
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Fig.3 LPS supplement alleviates intestinal injury and improves the
survival of the mice with commensals deletion after IIR. a mRNA
expression of TLR4 at terminal ileum of mice before antibiotics
treatment (0 w), after treatment for 1 week (1 w), 2 weeks (2 w),
and 3 weeks (3 w), *vs 0 w, p<0.05. b LPS concentration at termi-
nal ileum before antibiotics treatment (0 w), after treatment for 1 w,
2 w, and 3 w, *vs 0 w, p<0.05. ¢ The mice with commensals dele-
tion were fed with LPS (1, 5 or 25 pg/mL) in drinking water. After
LPS feeding for 1 w, the mice were subjected to IIR. mRNA expres-
sion of TLR4 at terminal ileum at 1 day, 2 days, and 3 days after IIR.

LPS supplement activated mucosal NFkB, EGFR,
and PI3K/AKT signaling pathway

At 24 h after IIR, phosphorylation of IkB and expression
of nuclear p65 in the mucosa of the AT mice increased,
but they were lower than those of AT +LPS,,,,,, mice.
Celecoxib did not alter phosphorylation of IkB and nuclear
p65 expression in mice fed with LPS (Fig. 5a, b).

Phosphorylation of EGFR, AKT, and P38 in mucosa
increased. Celecoxib abolished LPS-induced phosphoryla-
tion of EGFR, AKT, and P38 in AT mice. In AT +LPS mice,
phosphorylation of EGFR, AKT, and P38 of TLR4 KO mice
was lower than WT mice (Fig. Sa, c).

Phosphorylation of ERK1/2 in AT +LPS mice was
higher than AT mice. Celecoxib abolished LPS-induced
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n=3 per group. *vs LPS (1, 5 or 25 pg/mL), p<0.05. d LPS (1 pg/
mL) supplement improved the survival of the mice with commensals
deletion at 96 h. AT vs LPS; ., p<0.05. e IEC apoptotic index at
0-96 h after IIR; f intestinal permeability. n=6 per group. Controls:
the mice with normal commensals; AT: the mice with commensals
deletion; AT+LPS, 5 o5 omi: LPS| 5 25 ,mi Was fed to the mice
with commensals deletion for 1 week prior to IIR. AT+LPS: LPS
(1 pg/mL) was fed to the mice with commensals deletion for 1 week
prior to IIR; * AT vs AT+LPS, p<0.05

phosphorylation of ERK1/2 in AT mice. In AT +LPS mice,
phosphorylation of ERK1/2 in TLR4 KO mice was lower
than WT mice (Fig. 5a, c).

LPS promoted PGE2 expression via TLR4-NFkB
signaling pathway

Caco-2 cells were treated with LPS (1 ug/mL). Expression
of PGE2 increased at 1 h after treatment and peaked at 4 h
(Fig. 6a). LPS-induced expression of PGE2 was abolished by
MYDSS inhibitor Pepinh-M YD, NFkB inhibitor BAY 117085
and COX2 inhibitor (Fig. 6b).

EGFR inhibitor AG1478, PI3K inhibitor LY294002, p38
MAPK inhibitor SB203580 and ERK inhibitor UO126 did not
alter PGE2 production induced by LPS (Fig. 6b).
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LPS promoted IEC proliferation via PI3K/AKT
signaling pathway

After incubation with LPS (1 pg/mL) for 36 h, Caco-2 cells’
proliferation was promoted, which could be reversed by NF«xB

w

PGE2(pg/mg protein)

D

2 - [JiRod
BRr1d
1.6 1
1.2 1
0.8 1
0.4
AT+LPS AT AT+LPS AT+LPS AT+LPS
+TLR4 KO +Celecoxib
] cox2 W PCNA
4.5 4 *
T »
44 T
™ 3.5 1
2 34
2 s . 2 .
o T 1
b - | ; -
s 2
W 154
191 = T
0.5
0
0123 0123 0123 0123
d ddd d ddd d ddd dddd
AT AT+LPS AT AT+LPS
121
10
% * * *
S . 81
2 5
25 61
3
e o
P 4
T
fd
)
”
T & & P
P T NP
Oo(\ «x «X
Ao e}
X

p<0.05. f IEC proliferation of TLR4™~ mice at 48 h. Controls: the
mice with normal commensals; AT: the mice with commensals dele-
tion; AT+LPS: LPS, 5 55 o/mr, Was fed to the mice with commensals
deletion for 1 week prior to IIR. AT+LPS: LPS, ,,,,; was fed to the
C57BL/10 mice with commensals deletion for 1 week prior to IIR.
TLR4 KO+AT+LPS: LPS, ., Was fed to the TLR4™~ mice with
commensals deletion for 1 week prior to IIR; AT +LPS + Celecoxib:
LPS,, o/ and Celecoxib;gyen, Was fed to the TLR4~'~ mice with
commensals deletion for 1 week prior to IIR. *vs Control, p <0.05

inhibitor, BAY117085; EGFR inhibitor, AG1478; PI3K inhibi-
tor, LY294002; and COX2 inhibitor, Celecoxib. P38 MAPK
inhibitor, SB203580; and ERK inhibitor, UO126 did not
reverse Caco-2 cells’ proliferation promoted by LPS (Fig. 6¢).
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Fig.5 Western blotting of signaling pathway molecules. a West-
ern blotting; LPS activates NFkB signaling pathway in mucosa,
which could be abolished by knockout of TLR4. b Mucosal IkB
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blotting at 24 h after IIR. Each protein was normalized to f-actin.
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AT+LPS+1IR1d, p<0.05. ¢ LPS activates EGFR, PI3K/AKT,
and MAPK/ERKI1/2 signaling pathway. Phosphorylation of EGFR,
AKT, ERK1/2, P38, and JNK in mucosa examined by western blot-
ting. *vs AT +1IR1d, p<0.05. **vs AT+LPS +I1IR1d, p<0.05. AT:

Discussion

Commensal bacteria are recognized as important regula-
tors of intestinal homeostasis and innate immunity [13].
Our study firstly confirmed that commensals were essential
for intestinal epithelial restitution after IIR.

To study the role of the commensals in facilitating
inflammatory responses after IIR, previous study employed
germ-free mice [7]. Intestinal commensals are crucial for
development of the intestine-associated lymphoid tis-
sue (GALT) [17]. The inflammatory hyporesponsiveness
in germ-free mice after IIR might be due to insufficient
production of post-shock mesenteric lymph by defected
GALT. Our model is more clinical-relevant because of
normally developed GALT. Previous study deleted com-
mensals with antibiotics and found attenuated intestinal
inflammation and injury following IIR [9]. However, the
mice were killed shortly after IIR. The results reflected the
role of commensal bacteria at the early phase after IIR.
Similarly, after commensals deletion, we found survival
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the mice with commensals deletion; AT+LPS: LPS; ., was fed
to the C57BL/10 mice with commensals deletion for 1 week prior
to IIR. AT+IIROd: the C57BL/10 mice with commensals dele-
tion prior to IIR. AT +IIR1d: the C57BL/10 mice with commensals
deletion at 1 day after IIR. AT+LPS+IIR1d: the C57BL/10 mice
with commensals deletion and LPS supplement at 1 day after IIR.
AT +LPS + Celecoxib+IIR1d: the C57BL/10 mice with commensals
deletion and LPS,,,;,; and Celecoxibggn,, treatment at 1 day after
IIR. TLR4 KO+ AT+ LPS +IIR1d: the TLR4™~ mice with commen-
sals deletion and LPS supplement at 1 day after IIR

was better in the early phase. However, the overall survival
was not improved, suggesting no reduced mortality in the
restitution phase.

Human intestine serves as a reservoir of commensal
bacteria and its products [17]. Translocation of bacteria
and endotoxins after disruption of the gut barrier were
thought to be responsible for SIRS and MODS [3]. How-
ever, it failed to find either bacteria or endotoxin in the
portal blood of severe traumatic hypovolemic shock
patients or experimental animals [8, 18-20]. Clinical tri-
als in which anti-endotoxin antibodies were injected into
patients have failed to show consistent benefit [21]. Recent
studies suggested that the factors carried in the mesen-
teric lymph contributed to the development of SIRS after
IIR [22]. The post-shock mesenteric lymph contains cells
and a collection of unknown proinflammatory mediators
[3, 22]. Loss of gut barrier is a major contributing fac-
tor leading to the production of proinflammatory mesen-
teric lymph [14]. At 48 h and 60 h, intestinal permeability
was still higher in the mice with commensals deletion,
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Fig.6 LPS promotes epithelial cells proliferation via PI3K/Akt and
MAPK/ERK1/2 signaling pathway. a LPS promotes production
of PGE2 in Caco-2 cells. Cells were treated with LPS, ., for 4 h.
*vs NC, p<0.05. b Caco-2 cells were treated with 1 pg/mL LPS
and signaling pathway blockers, including BAY 11-7085 (10 pM),

indicating commensals deletion postponed recovery of
barrier function. Crypt cell proliferation is the main mech-
anism involved in intestinal restitution after IIR [23]. At
48 h, commensals deletion compromised IEC prolifera-
tion. Moreover, the proinflammatory activity of mesenteric
lymph was augmented at the restitution phase.

TLRs comprise a family of pattern-recognition receptors
expressed on IEC and are critical for the initiation of inflam-
matory response [24]. Commensals deletion reduced intralu-
minal LPS and TLR4 expressions. Interestingly, LPS supple-
ment restored TLR4 expression in a dose-independent manner.
In mice with commensals deletion, 1 pg/mL LPS improved
survival after IIR. Under normal conditions, LPS present in
the intestine is harmless. However, elevated LPS in colon was
able to initiate inflammatory responses in intestine, reflecting
concentration-dependent effects of LPS between inflammation
and intestinal homeostasis[9]. In this study, higher LPS did not
confer better survival.

Prostaglandins (PG) are generated throughout the gastro-
intestinal tract and play critical roles in a series of physiologic

PGE2(pg/mg protein)

AG1478 (500 nM), Celecoxib(100 pg/mL), LY294002 (20 mM),
U0126 (0.07 uM), or SB203580 (10 Mm) for 4 h. PGE2 was exam-
ined by ELISA. **vs Controls, p <0.05. *vs LPS, p<0.05. ¢ Prolifer-
ative assay of Caco-2 cells. **vs Controls, p <0.05. *vs LPS, p<0.05

and pathophysiologic conditions [25]. Administration of PGE2
stimulated IEC proliferation and the weight of the intestinal
mucosa [26, 27]. Mucosal PGE2 reduced after commensals
deletion, but could be recovered by LPS supplement. Impor-
tantly, at 48 h, LPS improved migration and proliferation of
IEC, which was abolished by Celecoxib or TLR4 gene knock-
out. At 24 h and 48 h, LPS did not alter the level of activated
Caspase-3, but increased the expression of PCNA. The results
suggested that LPS-induced IEC proliferation was TLR4-,
COX2- and PEG2-dependent. LPS activated mucosal NFkB,
EGFR, PI3K/AKT, MAPK/ERK1/2, and P3SMAPK signaling
pathway. Celecoxib abolished LPS-induced phosphorylation
of EGFR, AKT, P38, and ERK1/2. These findings revealed the
signaling pathway involved in LPS-induced IEC proliferation.

To examine the biologic effects of these signaling pathways,
in Caco-2 cells, expression of PGE2 increased at 1 h after LPS
treatment and peaked at 4 h. LPS-induced production of PGE2
was abolished by Pepinh-M YD, BAY 117085, and Celecoxib,
suggesting LPS promoted PGE2 expression via TLR4-NFxB
signaling pathway.

@ Springer
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In conclusion, commensals deletion abolished inflamma-
tory response in the early phase, but failed to improve the over-
all survival after IIR. Moreover, it impeded intestinal epithelial
restitution by inhibiting IEC proliferation. LPS increased pro-
duction of PGE2 in mucosa via TLR4-NFxB-COX2 pathway,
by which it enhanced IEC proliferation and migration. A new
TLR4 ligand that is originated from LPS structures, which can
promote intestinal epithelial restitution, but without its proin-
flammatory ability could be developed in the future to improve
clinical outcome of the patients with IIR.
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