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Abstract

AIM: To explore the alterations of intestinal mucosa
morphology, and the effects of tumor necrosis factor o
(TNFa) on enterocyte apoptosis in mice with fulminant
hepatic failure (FHF).

METHODS: Liver damage was induced by lipopolysaccharide
(LPS)/TNF-a. in D-galactosamine (GalN) sensitized BALB/c
mice. There were 40 mice in normal saline (NS)-treated
group, 40 mice in LPS-treated group, 40 mice in GalN-treated
group, 120 mice in GalN/ LPS-treated group and 120 mice
in GalN/ TNFo-treated group. Each group was divided
into five subgroups of eight mice each. Serum samples and
liver, intestinal tissues were respectively obtained at 2,
6,9, 12 and 24 h after administration. Anti-TNFo. monoclonal
antibody was injected intravenously into GalN/LPS-treated
mice. Serum TNFa levels were determined by enzyme-
linked immunosorbent assays (ELISA). Serum ALT levels
were determined using an automatic analyzer. The intestinal
tissues were studied under light microscope and electron
microscope at 2, 6, 9, 12 and 24 h in mice with fulminant
hepatic failure, respectively. Enterocyte apoptosis was
determined by terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labeling (TUNEL) method. The
expression of tumor necrosis factor receptor 1 (TNFR1)
in intestinal tissue was tested by immunohistochemistry
Envision Two Steps.

RESULTS: Gut mucosa was morphologically normal at all
time points in all groups, but typical apoptotic cells could
be seen in all experimental groups under electron micro-
scope. Apoptosis rate of gut mucosal epithelial cells were
significantly increased at 6, 9 and 12 h, peaked at 12 h
in mice with fulminant hepatic failure. TNFa induced
apoptosis of enterocytes in mice with FHF. The integrated
OD (I0D) levels of TNFa receptor 1 protein expressed in
the intestine of mice with GalN/LPS and GalN/ TNFa-
induced FHF at 2, 6, 9, 12 and 24 h after GalN/LPS and

GalN/TNFa administration were 169.54+52.62/905.79+
111.84,11 350.67+2 133.26/28 160.37+4 601.67, 25 781.00
+2 277.75/122 352.30+49 412.40, 5 241.53+3 007.24/
49 157.934+9 804.88, 7 086.13+1 031.15/3 283.45+127.67,
respectively, compared with those in control groups (with
NS, LPS and GalN administration, respectively). IOD level
of TNFR1 changed significantly at 6, 9 and 12 h after
GalN/LPS and GalN/TNFa administration. The expression
of TNFR1 protein was significantly higher at 9 h after
GalN/LPS and GalN/TNFa administration than that in
control groups. Protein expression of TNFR1 was positively
correlated with enterocyte apoptosis.

CONCLUSION: TNFa can induce apoptosis of enterocytes
in mice with FHF. Anti-TNFa IgG can inhibit this role.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.

Key words: Enterocyte; Apoptosis; Fulminant hepatic
failure; TNFo; TNFR1

Song HL, Lu S, Liu P. Tumor necrosis factor-alpha induces
apoptosis of enterocytes in mice with fulminant hepatic
failure. World J Gastroentero/ 2005; 11(24): 3701-3709

http://www.wjgnet.com/1007-9327/11/3701.asp

INTRODUCTION

Tumor necrosis factor oo (TNFa) is a key cytokine with a
broad-spectrum of physiopathological effect, and secreted
mainly by monokatyons and macrophages. Besides participating
in humoral and cell immunity, TNFa also plays an important
role in many diseases such as severe hepatitis, septic shock
and inflammatory bowel diseasel'!.

Patients with severe hepatitis are at high risk for serious
complications such as spontaneous bacterial peritonitis (SBP),
which is an important cause of death in patients with severe
hepatitisl®®. SBP is related with the changes of intestinal
permeability, bacterial translocation, ez.’'?, as well as the
production of inflammatory mediators such as TNF, IFN-y
and IL™". However, whethet there is a relatdonship between
acute liver necrosis and barrier function of intestinal mucosa
injury is still unknown.

No study has reported the important role of intestinal
function in patients with fulminant hepatic failure (FHF)
complicated by SBP. Additional studies are needed to clarify
the degree of mucosal damage and gut barrier dysfunction
induced by FHF, and if possible, to explore the potential
mechanisms. Therefore, we performed a series of studies
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on intestines of mice with FHF. The purpose of this study
was to explore the alterations of intestinal mucosa morphology,
and the effects of TNFa on apoptosis of enterocytes in
mice with FHF.

MATERIALS AND METHODS

Mice models of acute liver necrosis and specimens
Six-week-old male BALB/c¢ mice (provided by Laboratory
Animal Center in China Medical University, China) wete housed
at a constant room temperature and humidity with free access
to food and water, and subjected to a 12-h light/dark cycle.
Food was withdrawn overnight before experiments. Mice with
fulminant hepatic failure (FHF) were given an intraper-
itoneal injection of D-galactosamine (GalN) (800 mg/kg
body weight, Sigma), followed by lipopolysaccharide (LPS)
(100 pg/kg body weight, Sigma). For preparation of mice
with GalN/TNFo-treated induced fulminant hepatic failure
mice were given an intraperitoneal injection of GalN
(800 mg/kg body weight, Sigma), followed by TNFa
(10 pg/kg body weight, Sigma). In control groups, mice were
given an intraperitoneal injection of GalN (800 mg/kg body
weight, Sigma), LPS (100 mg/kg body weight, Sigma), NS
(equal volume GalN and LPS, body weight), respectively.
There were 40 mice in NS-treated group, 40 mice in LPS-
treated group, 40 mice in GalN-treated group, 120 mice in
GalN/ LPS-treated group and 120 mice in GalN/TNFa.-
treated group. Each group was divided into five subgroups
of eight mice each. Serum samples and liver, intestinal tissues
were respectively obtained at 2, 6, 9, 12 and 24 h. Anti-
TNFa monoclonal antibody (100 pg/mouse, Fitzgerald)
was injected intravenously into GalN/LPS-treated mice 1 h
before GalN/LPS administration. Serum samples and liver,
intestinal tissues were respectively obtained at 9 h (5 mice)
after administration of GalN/ LPS.

Serum levels of alanine transaminase (ALT) were
deter-mined, liver and intestinal tissues wete fixed for
histopathologic analysis. Intestinal tissues were fixed for
electron and light microscopy. Liver and intestinal
specimens were taken and stained with hematoxylin-eosin.
Morphological change was observed under transmission
electron microscope.

Blood Biochemistry and Serum Cytokine Assay

Serum alanine transaminase (ALT) levels were determined
using an automatic analyzer (HITACHI 7250; Hitachi, Japan).
Serum TNFo (INFa mouse EIA kit; Genzyme, Cambridge,
MA) was determined by enzyme-linked immunosorbent
assays (ELISA) according to the manufacturer’s protocol.

Transmission electron microscopy

Samples for electron microscopy were fixed in phosphate-
buffered glutaraldehyde (2.5%) and osmium tetroxide (1%).
Mucosa was dehydrated in acetone solution. The tissue was
embedded in an epoxy resin. One micrometer thick section
was made and stained with toluidine blue. Six hundred angstrom-
thin sections wete made from a selected area of tissue and
stained with lead citrate and uranyl acetate. Ultrastructures
of mucosa wete observed under a transmission electron
microscope (H-600; Hitachi, Japan).

Histopathologic analysis and detection of apoptosis using
the in situ labeling method

After liver and intestine tissues were fixed in 10% phosphate
buffered formalin and embedded in paraffin, 5-um thick
serial sections were stained with hematoxylin-eosin for
histopathologic analysis. Apoptotic enterocytes were detected
by the 7 sitn terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling (TUNEL) method according to the

test instructions of kit.

Immunohistochemistry for TNFR1

Sections were indirectly immunolabeled with an ABC kit
according to the manufacturer’s instructions. Sections were
deparaffined and diluted in normal goat serum for 20 min.
Following incubation with polyclonal antibody (rabbit anti-
mouse TNFR1 diluted in phosphate-buffered saline (PBS)
1:100; Sigma) applied for 12 h in a humidified chamber at
4 °C. These sections wete then tinsed thrice for 10 min in
PBS, and the secondary antibody (goat anti-rabbit IgG),
diluted 1:100 in PBS was applied for 2 h at room temp-
erature. Sections were rinsed in PBS as beforeand then rinsed
in distilled water. Fresh peroxidase reaction mixture containing
equal amounts of 0.02% hydrogen peroxide in H,O and
0.1% diaminobenzidine in PBS were prepared. Sections
were mounted on Uvinert mountant (BDH, UK). Positively
stained cells were expressed as integrated A value.

Judgment of positive standard in TUNEL and immunohist-
ochemistry

We chose three fields of vision in microscopy at random, and
analyzed the positive rate of apoptotic cells and TNFR1 protein
expression using ‘multi-system colot/RGB monitot’ computer
image processing system. Accounting formula was positively
cells stained (rate) = the area of brown cells/total areaX100%.

Statistical analysis

Software SPSS 11.0 was used in statistical analysis. Each
parameter was expressed as mean®SE, and compared using
one-way ANOVA, followed by Tukey test. P<0.05 was
considered statistically significant.

RESULTS

Mortality of mice with GalN/LPS and GalN/TNF c-induced FHF
Administration of lipopolysacchatide (ILPS, 10 pg/kg body
weight/ TNFa 100 pg/mouse) and D-galactosamine (GalN,
800 mg/kg body weight) respectively induced acute liver
necrosis. Nine hours after GalN/LPS or GalN/TNFa
administration, the mortality of mice reached 60% (72/120)
and 60.83% (73/120). However, the mortality of mice with
acute liver necrosis induced by GalN/LPS did not increase
after 12 h. The total mortality was 66.6% (80/120) and
73.3% (87/120).

SerumALT levels in mice after treatment

Serum ALT levels in LLPS, GalN, and NS-treated mice were
almost normal at different time points. But serum TNFa
levels in GaIN/LPS and GalN/TNFa-treated mice began
to increase at 6 h after GaN/LPS administration (2 513.15+
874.18 U/L) and (204.1+82.05 U/L), 9 h (6 235.451£912.43
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U/L) and (4 774.82%+1 117.95 U/L), and reached a maximal
level at 12 h (10 215.75+967.71 U/L) and (6 177.84%
1280.96 U/L). It began to dectease after 12 h (10 251.94
1104 581 U/L).

Anti-TNFa IgG significantly reduced serum ALT levels
in mice with fulminant hepatic failure at 9 h after GalN/
LPS administration (6 235.45£912.43 U/L »s 257.1%
83.17 U/L, P<0.01) (Figure 1A).

A 120007 — & Anti-TNFIgG
3 10000 - . DGalN
= 8w —a—LPS+D-GalN
+ -
2 6000 a
g 4000 |- —¥— TNF+D-GalN
& 2000 —4—LPS
0 [
| | | | |
2 6 9 12 24
Time (h)
B 400 b —@— |PS+D-GalN
£ 350 |
S 300 —=—LPS
= 250 | — & D-GalN
S 200 | Ga
E 150 -
£ 100 |
35
g s0r
0 L
| | | | |
2 6 9 12 24
Time (h)

Figure 1 Serum ALT (A) and TNFa. (B) levels in mice after treatment with GalIN,
LPS, anti-TNFa, IgG, GalN/LPS. °P <0.01 vs GalN, LPS and anti-TNFa. IgG groups.

Serum TNF « levels in mice after treatment

Serum TNFa levels in LPS, GalN and NS-treated mice
were almost normal at different time points. But serum
TNFa levels in GalN/LPS-treated mice began to increase
and reached a maximal level at 12 h (201.12£81.73 ng/L)
after treatment with LPS, GalN, NS and GalN/LPS. It
began to dectease at 24 h (22.37£12.03 ng/L) (Figure 1B).

Assessment of liver and intestinal injury with hematoxylin—
eosin staining

Nine hours after injecting GaIN/LPS and GalN/TNFa,
liver tissues from most mice with acute liver necrosis/FHF
presented severe hemorrhage and hepatic necrosis, but
acidophil degeneration or formation of apoptotic bodies
was found in some residual hepatocytes. The hepatic cord
disappeared and the structure of liver leaflet deranged. Fatty
degeneration and swelling were observed in LPS-treated
group. However, degeneration or spotty necrosis of hepatocytes,
congestion, acidophil degeneration and dilatation of hepatic
sinusoids were found in GalN-treated group. Nine hours
after anti-TNFa monoclonal antibody was injected
intravenously into GalN/LPS-treated mice, liver tissues
in most mice did not present severe hemorrhage and hepatic
necrosis, but some residual hepatocytes appeared as spotty
and focal necrosis. Cloudy swelling of hepatocytes was
seen in central veins.

The degrees of liver injury in mice with acute liver
necrosis were increased remarkably as compared with
control group (Figure 2).

Intestinal samples at different time points were taken
for hematoxylin-eosin (HE) staining. Pathomorphology of
intestinal mucosa was not remarkably altered in mice with
acute liver necrosis compared with that in control groups.
Epithelial cells shed normally from the top of villi and villi

Figure 2 Liver injury stained with hematoxylin-eosin. A: NS-treated group
100x; B: LPS-treated group 400x; C: GalN-treated group 400x; D: GalN/LPS-

treated group100x; E: GalN/TNFo-treated group 100x; F: anti-TNFa. |gG-treated
group 100x.
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were arranged 9 h after treatment (Figure 3).

Ultrastructural observations
TEM analysis of apoptosis in colon and small intestinal epithelia
of acute liver necrosis and control was performed.

In transmission electron microscopy (TEM), well-developed
structure of intestinal epithelial apoptosis was clearly observed
in small intestine and colon of experiment groups. There
were significant differences in the appearance and number
of apoptosis cells between liver necrosis and control groups.

In GaIN/LPS-treated group, the nuclei of epithelial
cells were irregular, but their membranes were still intact.

Obvious ultrastructural alterations were found, including
reduction of matrix of mitochondria and disruption of their
cristae, ruptured, distorted and sparse microvilli, apoptosis
bodies in cytoplasms, disrupted and wider tight junction
between epithelial cells, swollen and degenerated vascular
endothelial cells. The ultrastructure of intestinal epithelium
was almost normal. In anti-TNFo IgG-treated group, the
ultrastructural alterations were small (Figure 4).

Enterocyte apoptosis
In this study, we examined the effects of TNFa on apoptosis
in the intestine of NS, GalN, LPS, anti-TNFalgG, GalN/

Figure 3 Morphology of large (A-F) and small (a-f) intestinal samples stained
with hematoxylin-eosin; A, a: NS-treated group; B, b: LPS-treated group; C, ¢:

GalN-treated group; D, d: GalN/ LPS-treated group; E, e: GaIN/TNFa 1gG-
treated group; F, f: anti-TNFa-treated group.
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Figure 4 Structure of apoptotic enterocytes with transmission electron microscopy.

LPS and GalN/TNFao.-treated mice. Few TUNEL-positive
cells were found in the intestine specimens of NS, GalN,
LPS-treated mice 2 h after treatment. There were a few
TUNEL-positive cells in GalN/LPS and GalN/TNFa.-
treated mice 2 h after treatment (Figure 5). A small number
of apoptotic enterocytes were seen in the intestines of GalN/
LPS and GalN/TNFa-treated mice 6 and 9 h after treatment.
A large number of TUNEL-positive enterocytes were seen
in the intestine of GalN/LPS and GalN/TNFo-treated
mice 12 h after treatment. In NS, LPS, GalN, and anti-
TNFa IgG-treated groups, a few TUNEL-positive cells
were found in the intestine specimens 9 h after treatment
(Figure 6). These findings indicate that anti-TNFa
antibody could inhibit enterocyte apoptosis in GalN/LPS-
treated mice.

Expression of TNFR1 protein with immunohistochemistry
The changes of TNFR1 protein expression are shown in
Figure 7. At 9 h, in LPS and DalN-treated groups, the
expression was less than that in GalN/LPS-treated groups.
But in anti-TNFa IgG-treated group, the expression was
decreasing.

We analyzed the TNF related to TNFoa-induced apoptotic
pathways by means of computer image processing system
assays. The 10D levels of TNFR1 protein expression in
the intestine of mice with FHF at 2, 6,9, 12, and 24 h after
treatment with GalN/LPS and GalN/TNFa,, were compared
with those of control mice (Figure 8). However, IOD value
of TNFR1 changed significantly at 6, 9, and 12 h after
treatment with GalN/LPS and GalN/TNFa. The expression
of TNFR1 proteins was significantly higher at 9 h after
GaIN/LPS and GaIN/TNFa treatment than other control
groups. Anti-TNFa IgG inhabited the expression of TNFR1
proteins in mice with acute liver necrosis. There was a slight

difference in IOD level of TNFR1 between large intestine
and small intestine tissues (the peak time point was at 9 h in
small intestine, but at 12 h in large intestine).

DISCUSSION

The pathogenesis of severe hepatitis complicated by SBP
still remains obscure. Intestinal tract is not only an important
organ of digestion and absorption of nutrients, but also
prevents bactetial penetration?. The function of the intestinal
tract in monitoring and preventing intruders is called the
gut barrier. A variety of specific and nonspecific mechanisms
are in operation to establish the host bartiet"*'l. Recent
study showed that acute hepatic failure results in intestinal
endotoxemia (IETM), and increases intestinal mucosal
permeability™®. The intestinal mucosal bartier is composed
of mucosal fluid, microvilli, epithelium mucosae cell tight
junction and special structure!"”. Maintaining the stability
of epithelial mucosa depends on the balance between
proliferation and apoptosis of epithelial cells®. Once some
changes occur in components, it can result in dysfunction
of the barrier.

Many scholars have discovered that the level of serum TNFa
is obviously increased in patients with severe hepatitis®!.
We made the animal model of FHF induced by GalN/LPS
ot GalN/TNFa. The clinical manifestation, biochemistry
analysis and liver histopathology ate coincident with FHF??,
We clearly demonstrated that anti-TNFa antibody could
prevent the necrosis of liver in mice with fulminant hepatic
failure induced by GalN/LPS.

Recent studies showed that TNFa binds to the soluble
tumor necrosis factor receptor, (STNFR), sSTNFR 1(*P)
and STNFR 2(”P) are expressed in intestinal epithelial cells™.
Members of TNF and TNF receptor families play important
roles in inducing apoptosis. TNF induces apoptosis of
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Figure 5 Morphology of enterocyte apoptosis in large (A-F) and small (a-f) intestine.

enterocytes®?? and increases the permeability? . TNFo
causes cell apoptosis by activating caspases-3 in cells, but
TNFa-induced apoptosis of enterocytes in mice is mediated
by TNF receptor 1P, The empifical study on TNF-induced
apoptosis of enterocytes demonstrated that TNFa-
induced apoptosis requires activation of ICE caspase
family whereas complete inhibition of the caspase cascade
leads to necrotic cell deathP". At the same time, TNFa
has cytotoxic action, which directly causes edema and destroys
tissues. Apoptosis accounts for about half of TNFo-induced
permeability 2. Corredor found that a physiological
TNFa level (1 pg/T.) enhances migration through TNFR2,
wheteas a pathological TNFa level (100 pg/L) inhibits

wound healing through TNFR1. TNFa is a prominent
cytokine in the pathogenesis of severe hepatitis, yet its
effects on intestinal epithelium in mice with severe hepatitis
remain poorly understood.

In our studies we observed apoptosis of large and small
intestinal tissues at different time points in the mice model
of FHF. The result of electron microscopy confirmed the
occurrence of apoptosis in intestine of mice with FHF.
But the apoptosis enterocytes in large and small intestine
dramatically decreased in anti-TNFa IgG group. Therefore
we suggest that TNFa can induce apoptosis of enterocytes
in mice with FHF, and anti-TNFa. IgG can inhibit its action.
Apoptosis is not only a physiologic phenomenon of death,
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Figure 6 Enterocyte apoptosis rate of mice at different time points after GaIN/
LPS injection. A: large intestinal tissues. B: small intestinal tissues °P <0.01 vs
other time points in the same group.

but also involves many processes of disease. In common,
in a 24 h period, there may be 960-1 200 apoptotic bodies
per villus, which are approximately equal to the villus influx
to maintain the physiological function of intestinal tract
bartierP!.

Regulation of the cells in adult tissues is determined by the
balance between cell production and loss. In the gastrointestinal
tract, where there are well-defined zones of proliferation
and migration of both epithelial cells and associated fibroblasts,
cell loss occurs by shedding into the gut lumen. Taking the
absolute number of apoptotic bodies into consideration,
the rapid clearance and the size of small intestinal villi and
colonic crypts indicate that the cell loss in normal murine
intestine can largely be explained by the observed apoptosis.
Though being inconspicuous in histological material,
apoptosis probably accounts for the bulk of cell loss in the
gut and is a central feature of the regulation of cell number
in intestinal tissues.

The biological action of TNFa is brought into full play
through two distinct cell surface receptors, TNFR1 (55 ku)
and TNFR2 (75 ku), and both of them could combine
with TNFo and TNFf. TNFR2 only plays a role in signal
transmission™. TNF binding to its receptor enters cells by
receptor mediating endocytosis, and induces cytolysis and
cytotoxic action”*". In contrast to the rapid onset of apoptosis
seen after bacterial infection of mouse monocyte-macrophage
cell lines, the commitment of human intestinal epithelial cell
lines to undergo apoptosis is delayed for at least 6 h after
bacterial infection, and the ensuing phenotypic expression
of apoptosis is delayed for 12-18 h after bacterial entry.
TNFo and nitric oxide produced as components of the
intestinal epithelial cell proinflammatory program in the early
period after bacterial invasion, play an important role in the
later induction and regulation of the epithelial cell apoptotic
programP®. Apoptosis in response to bacterial infection
might function to delete infected and damaged epithelial
cells and restore epithelial cell growth regulation and
epithelial integrity that are altered during the course of
enteric infection. In our study, immunohistochemistry analysis
indicated that the expression of TNFR1 protein was
significantly higher at 9 h after GaIN/LPS and GalN/
TNFo administration, than that in control groups. Protein
expression of TNFR1 is positively correlated with enterocyte
apoptosis. The time of TNFoa-induced apoptosis of enter-
ocytes was coincident with that of hepatocytes in FHFPZ,
Therefore, TNFa could induce apoptosis of enterocytes
in mice with GalN/LPS-induced fulminant hepatic failure.
This apoptosis is mediated by a positive apoptotic signal
leading to activation of the caspase (ICE family of prot-
cases) cascade via TNFR1-associated death domain protein
and additional apoptotic signals via receptor-interacting
proteins.

Figure 7 Changes of TNFR1 protein expression.
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Figure 8 10D level of TNFR1 in mice at different time points after GaIN/LPS
treatment. A: large intestinal tissues. B: small intestinal tissues. 2P<0.05; °P <0.01
vs 2 h time point.

In conclusion, apoptosis of enterocytes occurs with high
serum level of TNFa in severe hepatitis complicated by
SBP, and the regulation of intestinal cell apoptosis by TNFou
seems to be mediated by TNFR1, and anti-TNFoa IgG can
inhibit intestinal cell apoptosis by reducing the expression
of TNFRI1.
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