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Human colonic myocytes are involved in postischemic
inflammation through ADAM17-dependent TNFa production
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1 The aim of this study was to identify human colonic resident cells able to initiate an inflammatory
response in postischemic injury.

2 Postischemic colonic injury, a condition relevant to various clinical settings, involves an
inflammatory cascade in intestinal tissues through the recruitment of circulating inflammatory cells.
However, there is no information on the nature of resident cells of the different intestinal layers able
to initiate a postischemic inflammatory response. It is however an important issue in the context of
a pharmacological approach of the early phase of intestinal ischemia.

3 We reasoned that maintaining the different colonic layers as explant cultures in an oxygenated
medium immediately after colonic resection, that is, after an ischemic period, would allow one to
identify the resident cells able to initiate an inflammatory cascade, without interference of recruited
inflammatory/immune cells. To this end, we designed an explant culture system that operationally
defines three compartments in surgical specimens of the human colon, based on the microdissected
layers, that is, mucosa, submucosa (containing muscularis mucosae) and muscularis propria. To
validate the results obtained in explant cultures in the clinical setting of ischemic colitis, eight cases of
sigmoid volvulus were examined.

4 Only the myocytes-containing explants produced tumor necrosis factor alpha (TNFa), via an
ADAMI17 (a disintegrin and metalloproteinase-17)-dependent pathway, as shown by the abrogation
of TNFu« production by the inhibitor Tapi-2. Immunofluorescence studies identified nonvascular
and vascular myocytes as resident cells coexpressing TNFo and ADAM17, both in our postischemic
explant system and in surgical specimens from ischemic colitis patients. Finally, time-course
experiments on explanted tissues showed that TNFo production by myocytes was an early event
triggered by a postischemic oxidative stress involving nuclear factor kappa B (NF-xB).

5 In conclusion, this study identifies human intestinal myocytes as resident cells able to initiate
an inflammatory reaction through TNFa production in postischemic conditions, and delineates two
points of control in TNFa production, NF-kxB and ADAMI17, which can be targeted by
pharmacological manipulation.
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Introduction

Large intestinal ischemia exhibits a spectrum of lesions ranging
from fatal infarctions with gangrene to reversible ischemia.
Reversible ischemia is characterized by inflammatory changes,
the so-called postischemic colitis, obliterating the normal tissue
architecture, the severity of the lesions depending on the cause,
duration of ischemia and reperfusion. Postischemic colitis
affects patients with low flow states. Occlusive causes include
arterial or venous compression during volvulus, for example
(Fenoglio-Preiser, 1999). Finally, postischemic colitis also
complicates major surgery (Fenoglio-Preiser, 1999). Although
numerous studies based on experimental models have dealt
with the potential mechanisms causing the development and
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progression of postischemic injury, including recruitment and
activation of circulating inflammatory cells, release of proin-
flammatory cytokines and reactive oxygen species (ROS)
(Grisham et al., 1986; Zimmerman & Granger, 1990; Kurtel
et al., 1992; Anup et al., 1999; Mallick et al., 2004), there is
only limited information about the participation of resident
cells of the different intestinal layers in the initiation of the
inflammatory response. In addition, in humans, it is difficult
to design an experimental setting allowing one to address this
important issue.

We reasoned that maintaining the different colonic layers as
explant cultures in an oxygenated medium immediately after
surgical colonic resection, that is, after an ischemic period,
would allow one to identify the resident cells able to initiate
an inflammatory cascade, without interference of recruited
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inflammatory/immune cells. To this end, we designed an
explant culture system that operationally defines three com-
partments in surgical specimens of the human colon, that is,
mucosa (devoid of muscularis mucosa), muscularis mucosae-
containing submucosa and muscularis propria, based on the
microdissected layers. Since the explanted tissues cannot
recruit circulating inflammatory cells, they form an ideal
system to identify the resident cells that initiate an inflamma-
tion in postischemic conditions. Attention has been focused in
this work on tumor necrosis factor alpha (TNFa«)-producing
cells, since TNFo has been shown to orchestrate the develop-
ment of inflammation and tissue disruption in the intestine
(Neurath et al., 1997, D’Hauteville et al., 2002). In addition, a
blocking antibody against TNFa was found to attenuate
postischemic intestinal changes in an animal model (Russell
et al., 2000). Finally, consistent with its key role, TNFa
production is tightly regulated at several levels, that is,
transcriptional and post-transcriptional (Collart et al., 1990;
Gueydan et al., 1999) that can be considered as points of
control in inflammation (Kontoyiannis et al., 1999). Of
particular importance is the TNFa-converting enzyme or
ADAMI17, which belongs to the ADAM (a disintegrin and
metalloproteinase) family of transmembrane multidomain zinc
metalloproteinases (Blobel, 2000; Primakoff & Myles, 2000).
ADAMI17 has been identified as the main secretase responsible
for the proteolytic release or shedding of the precursor,
membrane-bound form of TNFu (Black et al., 1997; Moss
et al., 1997).

In this work, we identified the intestinal nonvascular and
vascular myocytes as resident cells able to initiate an
inflammatory reaction vie TNFa production, both in our
ex vivo system of postischemic oxidative stress, and in the
clinical setting of ischemic colitis.

Methods
Explant culture

Colon specimens were obtained from 19 patients undergoing
surgery for colon carcinoma (16 men, three women, mean age
69+3 years, range: 53-86 years). Fragments of the human
normal colon, mainly distal, were taken at about 10cm
downstream to the tumor. These tissues were processed
according to the Guidelines of the French Ethics Committee
for Research on human tissues. Data included in this report
concern only those patients who did not undergo radiotherapy
or chemotherapy. The mean duration of ischemia after surgical
ligation of vessels was about 45 min. A sample, taken adjacent
to the explants, was systematically submitted to histological
analysis and subsequently reported as normal by the patho-
logists. Immediately after removal, the tissues were placed in
4°C oxygenated Krebs as described previously (Neunlist et al.,
2003; Rouet-Benzineb et al., 2004). As shown in Figure 1,
microdissection under microscopic control in a Sylgard-
containing Petri dish led to the identification of three different
compartments, that is, mucosa without muscularis mucosae,
submucosa including muscularis mucosae, and muscularis
propria. These compartments are referred to throughout the
text as mucosa, muscularis mucosae-containing submucosa
and muscularis, respectively. The muscularis (longitudinal and
circular muscle layers) was first removed and then placed in

explant culture 24

Figure 1 Experimental setup and morphological assessment of the
explants integrity after a 24 h culture. Histology (HE staining) of
the human colon before microdissection (left) and of the three
microdissected layers after a 24 h explant culture (right). The mucosa
explants (M) contain the epithelial lining and the underlying lamina
propria. The submucosa explants (SM) contain the muscularis
mucosae (arrow) and the submucosa. The muscularis propria
explants (MP) contain the two muscle layers and myenteric plexuses
(*). Original magnification x 200.

Krebs solution. Then, the mucosa was carefully stripped from
the underlying compartment made of muscularis mucosae and
submucosa. Fragments of 20-30 mg were cut out and pinned in
Sylgard-coated Petri dishes and maintained in culture in 2 ml
of RPMI 1640 (InVitrogen, Cergy Pontoise, France) contain-
ing BSA (0.01%; Sigma, Saint Quentin Fallavier, France),
antibiotics (200 ugml™' penicillin, 200 Uml~" streptomycin;
InVitrogen) and fungizone (1%; InVitrogen). The explants
were maintained at 37°C in 95% oxygen, 5% carbon dioxide
humid atmosphere on a rocking platform at 30r.p.m. At least
three explants of each layer in a given condition were cultured.
Before culture (T0), some dissected fragments were frozen
before further processing with the different assays performed
(morphology, cell viability and RNA extraction, n=3 for
each). Most explants were maintained in culture for 24h.
Kinetic studies (5, 9 and 24h) were also performed (one
experiment at time points 5, 9 and 24 h, n =4 each).

Some muscularis mucosae-containing submucosa explants
were treated with Tapi-2 (50 uM; Calbiochem, VWR, France),
an ADAMI17 inhibitor (Mohler ez al., 1994), for 24h. Some
muscularis mucosae-containing submucosa explants were
treated with the nuclear factor kappa B (NF-xB) inhibitors
curcumin (25 uM; Sigma) or triptolide (55 and 550 nM; Sigma)
and with N-acetylcysteine (NAC, 20mM; Sigma), a well-
known antioxidant and scavenger of ROS (Zafarullah et al.,
2003), for 5h.

At the end of the culture, the culture medium was
centrifuged, aliquoted, and stored at —80°C for further
analysis. The cultured tissue specimens were cut out into three
fragments: the largest was used for RNA extraction, and two
smaller fragments were used for intracellular ATP measure-

British Journal of Pharmacology vol 147 (1)



66 A. Jarry et al

TNF« production by human colonic myocytes

ment, and for histological examination after formalin fixation/
paraffin embedding, respectively (Rouet-Benzineb ez al., 2004).

Tissue integrity and cell viability of the explants were
assessed by standard morphological analysis, that is, by
hematoxylin—eosin (HE) staining on paraffin sections. Cell
viability was also assessed by two assays: measurement of the
% of LDH released and of the intracellular ATP level. LDH
was measured with the Enzyline LDH Kit (Biomérieux,
France) both in the supernatant after the 24h incubation
(extracellular LDH or LDHe) and in a small fragment of the
tissue (intracellular LDH or LDHi). Percent toxicity, repre-
sented by % LDH released, was calculated as LDHe/
(LDHe + LDHi) x 100, as described previously (Le Goffe
et al., 2002; Rouet-Benzineb et al., 2004), taking into account
the weight of the tissue samples. ATP was measured in tissue
lysates with a luminometric assay (ATPlite kit, Perkin-Elmer,
Wellesley, MA, U.S.A.) according to the manufacturer’s
instructions. Proteins were measured by the Bradford method.
Results were expressed as pmol ATP per ug proteins. Results
show that cultured explants maintained a good morphology as
assessed on HE staining. LDH release was limited in the
mucosa and muscularis mucosae-containing submucosa ex-
plants (13.4+1.4 and 17.3+2.7%, respectively, n= 17 explant
cultures from five different experiments), but significantly
higher in the muscularis explants (25+3%, n=17, P<0.01
compared with mucosa and submucosa explants). Accord-
ingly, ATP levels after a 24h culture (T24) was not
significantly different from that at TO in the mucosa and
submucosa explants (mucosa at T24: 128 +15% relative to TO;
submucosa at T24: 89419% relative to TO; n=15 from five
different experiments), but was significantly lower in the
muscularis explants (T24: 67+16% relative to T0O, P=0.02;
n=15 from five different experiments). The inhibitors used in
muscularis mucosae-containing submucosa explant cultures
(Tapi-2, curcumin, triptolide and NAC) did not significantly
modify LDH release or intracellular ATP levels, and did not
alter tissue morphology.

Patients with ischemic colitis

Surgical specimens from eight patients undergoing volvulus
were studied (three men and five women, mean age 71+6
years, range: 39-89 years). These tissues were processed
according to the Guidelines of the French Ethics Committee
for Research on human tissues. The lesions were located in the
sigmoid colon in five cases, and in the ascending colon in three
cases. Histologically, early ischemic lesions were observed,
consisting in mucosal and submucosal edema, with a mild
inflammatory infiltrate. Only minor architectural alterations
of the colonic crypts were noted in some cases, with no sign of
necrosis. Paraffin sections from six cases were immunostained
for NF-kB p65 (see below). Frozen tissue was available in
three cases, and processed for ADAMI17 and TNFa« double
immunofluorescence staining followed by confocal micro-
scopy, as described below.

Immunofluorescence and immunoperoxidase studies

For ADAMI17 and TNFo immunostaining followed by
confocal microscopy, 7 um cryostat sections were performed,
fixed in 4% paraformaldehyde in PBS buffer, pH 7.4, for
15min on ice, and processed for immunofluorescence as

reported previously (Jarry et al., 2004). Briefly, tissue sections
were preincubated for 30 min with PBS/4% horse serum, and
exposed for 1h at room temperature with a mixture of
antibodies directed to TNFa (monoclonal, 1:100; Diaclone,
Besangon, France) and ADAM17 (polyclonal, 1:200; Chemi-
con, Temacula, CA, U.S.A.). After washing, sections were
incubated for 30min with a mixture of Alexa Fluor 488-
conjugated goat anti-rabbit and Alexa Fluor 568-conjugated
goat anti-mouse antibodies (1 : 200; Molecular Probes, Eugene,
OR, U.S.A)). Nuclear staining was performed with TOPRO-3
(1 uM; Molecular Probes). Double immunostaining with anti-
desmin (monoclonal, 1:50; Immunotech, Marseille, France)
and anti-TNFu (polyclonal, 1:150; Abcam, Cambridge, U.K.)
antibodies was also performed as described above. Sections
were then mounted using Prolong antifade medium (Molecular
Probes). Imaging was performed on a Leica TCS-SP confocal
laser-scanning microscope (Leica, Heidelberg, Germany)
equipped with an argon—krypton laser. Sections were visua-
lized with a x 63/1.4 oil objective lens. Image processing was
performed using TCS-NT software (Leica). Quantification of
the overlay of labeling was carried out using a MetaMorph
4.6.5 program (Universal Imaging Corp., Downingtown, PA,
U.S.A.). Results are expressed as the mean +s.e. of at least 10
different regions analyzed per tissue section.

Cells exhibiting NF-xB activation were identified by
examining the nuclear translocation of the p65 subunit that
contains a strong transcriptional activation domain, using
immunohistochemistry. A standard immunoperoxidase stain-
ing was performed on 4 um paraffin sections after antigen
retrieval and endogeneous peroxidase quenching with 3%
H,0,, using a monoclonal anti-p65 antibody (1:300; Santa
Cruz, CA, U.S.A)), and a streptavidin—biotin—peroxidase
method (LSAB-peroxidase-DAB kit; DakoCytomation,
Trappes, France).

RNA extraction and real-time RT-PCR analysis

RNA isolation and ¢cDNA synthesis Total RNA was
extracted from the explanted colonic layers (TO and T24) from
10 patients, using the Qiamp Total RNA kit (Qiagen,
Valencia, CA, U.S.A.) and the Fast Prep cell disrupter (Bio
101). RNA (5 ug) was denaturated at 72°C for 3 min and then
reverse transcribed for 60min at 42°C in a 20 ul reaction
volume (50 mM Tris-HCI, pH 8.3, 75SmM KCI, 3mMm MgCl,,
10mM DTT) containing 0.5 ug of random hexamers (Promega,
Madison, WI, U.S.A.), dNTPs (I mM each), RNasin (50 U)
and RnaseH™ MMLYV reverse transcriptase (200 U).

Quantitative PCR Real-time PCR was performed accord-
ing to previous reports with some modifications (Renaudin
et al., 2004; Toumi et al., 2004). The amplification conditions
of the TNFo and f-actin templates were optimized for the
Rotorgene 2000 instrument (Corbett Research). Primers were
designed from the sequence of the human cDNAs using the
GenelJockey software. They were selected for binding to
separate exons to avoid false-positive results arising from
amplification of contaminating genomic DNA. The sequences
of these primers are as follows: 5-CCTTCCTGGGCATG
GAGTCCTG-3 and 5-GGAGCAATGATCTTGATCTTC-
3 for p-actin; 5-AGGCGGTGCTTGTTCCTCA-3’ and
5-GTTCGAGAAGATGATCTGACTGCC-3' for TNFa.
PCR amplifications were performed using Titanium Taq
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DNA polymerase (Clontech, Palo Alto, CA, U.S.A.). The
reaction mixture contained 2 ul of the supplied 10 x Titanium
Taq PCR buffer (containing magnesium chloride), 2 ul of a
1/1000 dilution of SYBR Green I (Roche Molecular Biochem-
icals, Meylan, France), 1 ul of each primer (0.4 uM each), 0.2 ul
of Titanium Taq DNA polymerase, 0.5 ul of dNTPs (10 mM
each) and PCR-grade water to a volume of 10 ul. Microtubes
(0.2ml) were loaded with 10 ul of this master mix and 10 ul of
the template (cDNA diluted 1:50) and the run was initiated.
The cycling conditions were as follows: denaturation for 5min
at 95°C; amplification for 35 cycles, with denaturation for 5s
at 95°C, annealing for 5s (at 63°C for f-actin, 67°C for TNFa)
and extension for 5s at 72°C. To exclude primer—dimer
artifacts, fluorescence was not measured at the end of the
extension step, but a separate detection step was added (10s) at
a temperature above the melting point of primer—dimers and
below the melting point of the specific PCR product (87°C for
p-actin, 88°C for TNFua). After completion of the cycling
process, samples were subjected to a temperature ramp from
63°C to 99°C, with continuous fluorescence monitoring for
melting curve analysis. For each amplification, apart from
primer—dimers, a single narrow peak was obtained at the
expected melting temperature, indicating specific amplification
without significant by-products. An external standard curve
was generated with serial five-fold dilutions of pooled cDNAs
samples. The reference curve was constructed by plotting the
relative amounts of these dilutions vs the corresponding C,
(threshold cycle) values. The correlation coefficient of these
curves was always greater than 0.99. The amount of TNF« and
p-actin transcript was calculated from these standard curves
using the RotorGene software. Samples were tested in
triplicate and the average values were used for quantification.
For each sample, the ratio between the relative amount of each
specific transcript and S-actin was then calculated to compen-
sate for variations in quantity or quality of starting mRNA as
well as for differences in reverse transcriptase efficiency.

ADAMI17 mRNA was quantified using a commercially
available kit (TagMan Gene Expression Assay Hs00234224,
Applied Biosystems, Foster City, CA, U.S.A.) according to the
manufacturer’s recommendations. Amplifications were per-
formed in a 7700 thermocycler (Applied Biosystems), using the
ABI Prism 7000 SDS software.

TNFo assay

Soluble TNFu released from tissue to the incubation solution
was determined by ELISA (OptETA™ Set Human TNF«; BD
Biosciences, San Diego, CA, U.S.A.) in samples collected at
the end of the experiment, according to the manufacturer’s
protocol.

Statistical analyses

Statistical analyses were performed with Statview F-4.5
(Abacus Concepts, Berkeley, CA, U.S.A.). Mann—Withney
U-test was used to compare mRNA and protein levels between
mucosa, muscularis mucosae-containing submucosa and mus-
cularis explants. For each type of sample, Wilcoxon’s paired
test was used to compare protein and mRNA levels before (T0)
and after 24 h culture (T24). For all analyses, a probability
value (P) of less than 0.05 was considered as statistically
significant.

Results

TNFo. production by myocytes-containing compartments
of the human colonic wall

We first evaluated TNFo production in explant cultures of the
three compartments dissected from the human colonic wall,
that is, mucosa, muscularis mucosae-containing submucosa
and muscularis propria. These explants were maintained in
organ culture for 24h in good viability conditions as
mentioned in Methods. TNF« concentration was determined
in culture medium by ELISA. TNF« production was restricted
to muscularis mucosae-containing submucosa explant cultures
where it reached up to 29 pgmg~" wet tissue, and to a lower
rate to muscularis explants (Figure 2a). No significant TNFo
production was observed in mucosa explants from the same
colon samples (Figure 2a). To investigate the functional
connection between ADAMI17 and TNFa«, muscularis muco-
sae-containing submucosa explants, releasing the highest
TNFu levels, were treated with Tapi-2 (50 uM), an ADAM17
inhibitor. As shown in Figure 2a, Tapi-2 abolished TNFu
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in the culture medium after a 24 h incubation. Each point indicates
individual explant culture (mucosa, muscularis mucosae-containing
submucosa, treated or not with the ADAMI7 inhibitor Tapi-2
(50 uM) and muscularis propria). Data are expressed as pgmg~' of
wet tissue. Horizontal lines represent median values of 19-20
determinations from six different experiments for mucosa, sub-
mucosa and muscularis, and of seven determinations from two
experiments for submucosa+ Tapi-2. (b) Time course of TNFu
secretion by the muscularis mucosae-containing submucosa ex-
plants. TNFu levels were analyzed by ELISA in the culture medium
at the indicated time points. Data, expressed as pgmg~' of wet
tissue, represent the mean+s.e.m. of four determinations from one
experiment. P=0.02 at time points 9 and 24h vs 5h.

o

Soluble TNFa
(pg per mg tissue)

(=T SR ]

British Journal of Pharmacology vol 147 (1)



68 A. Jarry et al

TNF« production by human colonic myocytes

production. Altogether, these data show that TNFa produc-
tion by muscularis mucosae-containing submucosa explants is
an active, ADAM17-dependent process.

We then analyzed TNFa and ADAM17 expression at the
mRNA level in the explant cultures. Real-time PCR allowed us
to detect both TNFo and ADAMI17 mRNAs, at a very low
level in the mucosa, submucosa and muscularis explants before
culture (TO) (Figure 3a and b). Interestingly, both genes were
significantly upregulated (six- to eight-folds) in the submucosa
and muscularis explants after a 24 h culture (T24) (Figure 3a
and b). In contrast, in the mucosa explants, neither TNFa nor
ADAMI17 mRNA levels were modified after a 24h culture
(Figure 3a and b).

Morphological evidence for ADAM17 and TNFa
coexpression by vascular and nonvascular myocytes, in
postischemic explant cultures and ischemic colitis patients

Immunofluorescence followed by confocal microscopy showed
that ADAMI17 was expressed in the muscularis mucosae-
containing submucosa (Figure 4a) and muscularis propria (not
shown) both before and after a 24 h culture (Figure 4a). It was
mainly expressed by muscularis mucosae and muscularis
propria myocytes, as confirmed by double staining with an
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Figure 3 Relative expression of TNFo (a) and ADAMI17 (b) in the
mucosa, muscularis mucosae-containing submucosa and muscularis
propria explants before (TO0) and after a 24 h explant culture (T24).
Total RNA was isolated from each sample, cDNA was synthesized
and TNFo, ADAMI17 and f-actin mRNAs were quantified as
described in Methods. The ratio TNFu/f-actin and ADAMI17/f-
actin were calculated and the results are expressed considering 1 as
the ratio for mucosa before culture. Each point represents the mean
of duplicate measurements obtained for one sample. Horizontal
lines represent median values (nine determinations from three
different experiments).

anti-desmin antibody. The other structures expressing
ADAM17 were endothelial cells, vascular smooth muscle cells
and a few immune cells (Figure 4a). Double immunostaining
showed that these ADAM17-positive cells scored negative with
an anti-TNFa antibody before culture (data not shown).
However, after a 24h culture, ADAM17-positive cells also
expressed TNFa (Figure 4a). Quantification of the overlay of
labeling with the image-processing Metamorph showed that
the majority of TNFu colocalized with ADAMI17 (74+5%).
Finally, the demonstration that myocytes produced TNFa was
provided by double immunofluorescence using anti-desmin
and anti-TNFa antibodies (Figure 5a).

In order to validate these results, that is, TNFa-expressing
myocytes in postischemic conditions, in the clinical setting of
ischemic colitis, we examined TNFx and ADAM17 expression
on frozen tissue sections of three cases of ischemic colitis
(sigmoid volvulus). Double immunofluorescence (ADAM17/
TNFa and desmin/TNFa) showed results paralleling those
obtained on submucosa explants, that is, the coexpression of
TNFa and ADAM17 (Figure 4b; 62+3% of TNFu coloca-
lized with ADAM17), by nonvascular and vascular myocytes,
that were labeled with the specific myocyte marker desmin
(Figure 5b).

TNFa production by human colonic myocytes is an early
event mediated by oxidative stress and which involves
NF-xB activation

Time-course experiments of TNFa production by muscularis
mucosae-containing submucosa explants showed that TNF«
was released as early as 5h culture into the medium, peaked at
9h and remained constant thereafter (Figure 2b).

To test whether a redox state imbalance resulting from the
production of ROS could account for this early TNFa
production, we used the antioxidant NAC (20 mM). As shown
in Figure 6a, NAC significantly inhibited TNF« production by
muscularis mucosae-containing submucosa explants cultured
for Sh.

In order to define whether the transcription factor NF-xB
may be involved in the TNFa production, submucosa explant
cultures were treated or not with 2 NF-xB inhibitors, curcumin
(25 uM) and triptolide (55nM and 550 nM), for 5h. Curcumin
and triptolide significantly inhibited TNFa production
(Figure 6a). As expected from two drugs that target the
transcription factor NF-xB, both curcumin and triptolide
inhibited TNFaz mRNA levels (Figure 6b). Interestingly,
ADAMI17 mRNA levels were not significantly downregulated
(Figure 6c¢).

In order to precise the cells exhibiting activated NF-«xB,
immunohistochemistry was performed on paraffin sections of
submucosa explants before and after culture, using a p65
monoclonal antibody. Before culture (TO0), vascular and
nonvascular myocytes exhibited a weak cytoplasmic staining
(Figure 7). Some endothelial cells and immune cells displayed a
nuclear staining. As early as 2h culture, the majority of
nonvascular and vascular myocytes showed an NF-«B nuclear
translocation (Figure 7). This NF-xB staining pattern was
identical after a 5h culture. In the experiments using NF-xB
inhibitors in 5h cultures, the number of vascular and
nonvascular myocytes with a nuclear staining was highly
reduced (not shown).
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ADAMA17 TNFa merg

Figure 4 Coexpression of TNFa and ADAMI17 in postischemic conditions. (a) Explant culture of the muscularis mucosae-
containing submucosa (24 h culture) and (b) muscularis mucosae and submucosa from a patient with ischemic colitis (sigmoid
volvulus). Double immunostaining of ADAM17 (green) and TNFo (red) was performed on frozen sections as described in Methods.

Nuclei appear in blue. Myocytes of the muscularis mucosae (arrow) and of blood vessels (*) scored positive with both ADAM17 and
TNFu antibodies. Original magnification x 630.

Desmin merge

Figure 5 Coexpression of TNFo and a myocyte marker (desmin) in postischemic conditions. (a) Explant culture of the muscularis
mucosae-containing submucosa (24 h culture) and (b) muscularis mucosae and submucosa from a patient with ischemic colitis
(sigmoid volvulus). Double immunostaining of desmin (green) and TNFa (red) was performed on frozen sections as described in
Methods. Nuclei appear in blue. Myocytes of the muscularis mucosae (arrow) and of blood vessels (*), expressing the cytoskeletal
marker desmin, produced TNFa. Original magnification x 630.

Activation of NF-kB was also examined on paraffin sections Discussion
of six cases of ischemic colitis, using a p65 monoclonal
antibody. Nuclear staining was observed in vascular and

This work brings up novel findings in relation to the initiation
nonvascular myocytes, and in endothelial cells (Figure 7).

by human colonic resident cells of postischemic inflammation.
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Figure 6 Effect of a scavenger of ROS, N-acetylcysteine (NAC)
and of NF-«B inhibitors on TNFa production and synthesis by the
muscularis mucosae-containing submucosa explants. (a) TNFu«
levels were analyzed by ELISA in the culture medium after a 5h
culture in the presence or absence of NAC (20 mM), or the NF-«xB
inhibitors curcumin (25uM) or triptolide (550nM). Data are
expressed relative to the control value, considered as 100%.
Mean+s.e. of seven determinations from two experiments.
**P=0.0005 for each inhibitor vs control. (b and c) Relative
expression of TNFo (b) and ADAM17 (c) mRNAs in the submucosa
explants after a 5h culture. Quantification was performed relative to
f-actin, as reported in the legend of Figure 3. Results are expressed
relative to the control value, considered as 100%. Mean =+s.e. of six
determinations from two experiments. *P =0.02 vs control.

We identified human intestinal myocytes, both nonvascular
(muscularis mucosae and muscularis propria) and vascular, as
resident cells that constitutively express the molecular machin-
ery involved in TNFa« production, that is, ADAMI17. There-
fore, we reasoned that these cells could rapidly induce an
inflammatory response in postischemic conditions. We tested
this hypothesis by using an explant culture system that
operationally defines three compartments, one devoid of

myocytes (mucosa) and two containing myocytes (muscularis
mucosae-containing submucosa and muscularis propria).
Interestingly, we found that only the two myocytes-containing
compartments are able to produce TNFa upon a 24 h culture,
via an ADAM17-dependent pathway, as shown by abrogation
of this TNFa production by Tapi-2. This production occurs
very early, as soon as 5h culture. Finally, our demonstration
of a TNFa and ADAMI17 coexpression by human intestinal
myocytes clearly identifies these cells as TNFa-producing cells.
Recent studies have shown that human cultured intestinal
myocytes are not passive bystanders in an inflammatory
reaction, since they can respond to various cytokines by
producing proinflammatory mediators (Salinthone er al.,
2004). However, up to now, the ability of intestinal myocytes
to produce TNFa has not been examined. In light of these
findings and of ours, it is now clear that human intestinal
myocytes are not only able to contribute to an inflammatory
reaction triggered by inflammatory/immune cells, but are also
able to initiate an inflammatory cascade through TNFu
production following a period of ischemia. Finally, we show
here that, in addition to colonic myocytes, some endothelial
cells, which are known to express ADAM17 (Blanchot-Jossic
et al., 2005), are able to participate in ADAM17-dependent
TNFa production.

Finally, our findings, in patients undergoing sigmoid
volvulus displaying early lesions of ischemic colitis, show that
muscularis mucosae and muscularis propria myocytes as well
vascular myocytes strongly coexpressed TNFo and ADAM17.

Based on our experimental system, it was possible to
perform both mechanistic and pharmacological studies.
Cellular hypoxia and hypoxia-reoxygenation are known to
produce ROS, leading to the development of an oxidant stress
(Li & Jackson, 2002). In addition, several antioxidants
including NAC were found useful to prevent postischemic
damage in a rat model (Ferrer et al., 1998). In this context, we
were prompted to examine the role of the ROS scavenger NAC
on the TNFa production. Interestingly, we found in our
ex vivo human model system that NAC abolished the TNFu
production.

As we identified a parallel upregulation of TNFo and
ADAMI17 mRNA levels, we sought for a common transcrip-
tional regulatory pathway. NF-xB activation was a likely
candidate to regulate TNFo upon oxidative stress as (1) the
TNFo promoter has a number of functional NF-xB sites (Yao
et al., 1997; Baer et al., 1998) and (2) NF-xB was found to be
involved in hypoxia-reoxygenation injuries in several animal
models (Russell ez al., 2000; Yeh et al., 2000; Nichols, 2004;
Souza et al., 2005). In fact, in our experimental setting, NF-xB
activation, as shown by the nuclear translocation in myocytes
of the NF-xB p65 subunit, known to have a strong
transcriptional activation domain, was found to precede TNFo
production. In addition, we examined the effects of two NF-
kB inhibitors, that is, curcumin, which blocks inhibitory factor
IxBo activity (Jobin et al., 1999), and triptolide, which
promotes nuclear inhibition of NF-xB transcriptional activa-
tion (Qiu et al., 1999). Our inhibition studies clearly indicate
that in our model of postischemic stress, TNFa production
was dependent on NF-xB activation. Interestingly, while
TNFa mRNA levels were significantly downregulated by
NF-xB inhibitors, the downregulation of ADAM17 mRNA
levels was not significant, thus indicating a more complicated
regulation of ADAM17 mRNAs, which may involve other
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Figure 7 NF-«B nuclear translocation in human colonic myocytes in postischemic conditions. (a) Explant culture of submucosa
before treatment (TO) or after a 2h culture (T2h). (b) Ischemic colitis (sigmoid volvulus). NF-xB activation was determined by
cytoplasmic-to-nuclear translocation of the NF-«B p65 subunit by immunohistochemistry. In submucosa explants at TO, muscularis
mucosae (MM) myocytes as well as vascular myocytes (VSMC) displayed a cytoplasmic NF-«xB staining. At T2 h, the majority of
nonvascular and vascular myocytes showed an intense nuclear expression of NF-xkB. Some endothelial cells exhibited a nuclear
expression of NF-xB before and after culture. In ischemic colitis, muscularis mucosae (MM) myocytes and endothelial cells of the
submucosa displayed a nuclear expression of NF-x. Original magnification x 400.

transcription factors in addition to NF-xB. Interestingly,
Hurtado et al. (2001) have shown an upregulation of
ADAMI17 in a rat model of oxygen—glucose deprivation
forebrain slices. Together, their findings and ours strongly
suggest that ADAMI17 upregulation may be a general
mechanism involved in the initial steps of ischemic injury.
However, further work is needed to decipher the mechanisms
underlying ADAM 17 upregulation.

In conclusion, this experimental setting allows one to study
the very initial steps of a postischemic inflammation in the
human colon at the cellular and molecular levels, that is, the
sequence of events following the postischemic redox imbal-
ance. It identifies human intestinal myocytes as resident cells
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