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Abstract

AlIM: To investigate the expression of phosphorylating p38
mitogen-activated protein kinase (MAPK) in rat small intestine
after ischemia-reperfusion (I/R) insult and its relationship
with the localization of intestinal stem cells.

METHODS: Forty-eight Wistar rats were divided randomly
into three groups, namely intestinal ischemia-reperfusion
group (R), intestinal ischemia group (1) and sham-operated
control group (C). In group I, the animals were killed 45
minutes after superior mesenteric artery (SMA) occlusion,
while in group R the rats sustained SMA occlusion for 45 minutes
and reperfusion for 2, 6, 12 or 24 hours respectively. In sham-
operated control group, SMA was separated, but without
occlusion. The activity of plasma diamine oxidase (DAO)
was determined. Intestinal tissue samples were also taken
for histological analysis and immunohistochemical analysis
of MAPK p38 detection and intestinal stem cell localization.

RESULTS: The changes in histological structure and plasma
DAO levels indicated that the intestinal barrier was damaged
after intestinal I/R injury. In group C and |, each crypt
contained 5-6 p38 MAPK positive cells, which were mainly
located in the lower region of the crypts. This was consistent
with the distribution of intestinal stem cells. The presence
of positive cells in crypts increased with the time of reperfusion
and reached its peak at 12 hours after reperfusion (35.6 %).

CONCLUSION: After intestinal I/R injury, the expression
of phosphorylating-p38 MAPK in small intestine increased
with the duration of reperfusion, and its distribution coincided
with that of intestinal stem cells and their daughter cells,
indicating that phosphorylating-p38 might be a possible
marker of intestinal stem cells.
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INTRODUCTION

Thefour principa differentiated cell lineages of the intestinal
epithelium are derived from a common multipotent stem cell
located near the base of each crypt. It is observed that normally
there are about 1-4 stem cellsin each small intestinal crypt.
These crypt stem cells are divided to produce a daughter stem
cell aswell asmore rapidly to replicate transit cells, which in
turn undergo 4-6 rapid cell divisionsin the proliferative zone
located in the lower half of each crypt™2. The mitogen-
activated protein kinase (MAPK) cascade, a cytoplasm protein
kinase which requires dual phosphorylation on specific
threonine and tyrosine residuesfor their activation, can transmit
the mitogen or the differentiating signals from the cell surface
into the nucleus, thus regulating the gene expression.
p38MAPK isan important member of the MAPK family®5,
There has been hardly any report to explore the expression
characteristics of phosphorylating-p38 mitogen-activated
protein kinase (MAPK) in rat small intestine after ischemia-
reperfusion (I/R) insult and its relationship with the
localization of intestinal stem cells. In the present study, we
used SMA occlusion rats as an animal model to determine
the expression of phosphorylating-p38 MAPK after intestinal
I/R injury, and to investigate its relationship with small
intestinal stem cells.

MATERIALS AND METHODS

Animal model and experimental design

Forty-eight healthy male Wistar rats (Animal Centre, Chinese
Academy of Military Medical Sciences) weighing 200-250 g
were used. After 1 week adaption in our animal centre and 12
hoursfasting and free drinking just before the experiment, the
animals were anaesthetised with 3 % sodium pentobarbital.
Ischemia/reperfusion injury was produced by clamping the
superior mesenteric artery (SMA) for 45 minutes and loosing
the splint to form reperfusion injury. The animalswere divided
randomly into ischemia-reperfusion insult group (R), ischemia
only group (1) and sham-operated control group (C). According
to the different periods after reperfusion, group R was further
dividedinto 2, 6, 12 and 24 hours subgroups. In group C, SMA
was separated but without occlusion, and samples were taken
after exposure of SMA for 45 minutes. In group I, animals
were killed after occlusion for 45 minutes. In group R, rats
were killed at different time points after reperfusion. Blood
samples and intestinal tissue biopsies were taken. Blood
samples were centrifuged and serum was frozen to measure
plasma diamine oxidase (DAO). Tissue biopsies were fixed
with 4 % paraformaldehyde for immunohistochemical
detection of MAPK p38 and localization of stem cells.

Detection index

Plasma DAO activity PlasmaDAO activity was determined
according to references 6 and 7.

Histological staining Polyformalin fixed, paraffin embedded
small intestinal sampleswere aso cut into 5 mm thick sections,
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deparaffinized in xylene, and rehydrated in graded ethanol, and
then stained with haematoxylin-eosine (HE) for histological
observation under light microscope (Olympus, Japan).

M easurement of phosphorylated forms of p38 MAPK
Formalin-fixed, paraffin-embedded small intestinal tissues
were used to measure the phosphorylated forms of p38 MAPK
by immunohistochemistry. Immunohistochemistry was
performed according to the instructions of the Power Vison™
kit (SantaCruze, USA). Briefly, sections (5 nm) were dewaxed
and rehydrated in graded alcohols. Endogenous peroxidase
activity was quenched, antigen retrieval was performed by
heating for 20 minutesat 100 °C in 0.01 mol/L sodium citrate.
The primary monoclonal antibody for p38 MAPK (Cell
Signaling Technology, Inc., USA) was diluted 1:100 with the
dilute buffer and incubated for 40 minutes at 37 C. Then
sections were incubated with HRP-conjugated secondary
antibody (Santa Cruz, USA) for 20 minutes at 37 °C. Positive
expression was detected with diaminobenzidine (DAB, Sigma,
St. Louis, MO, USA). Sections were lightly counterstained
with hematoxylin, dehydrated in graded a cohols, and mounted.
As negative control, the sections were processed in the same
way as above, but PBS was used as primary antibody instead
of the p38 MAPK monoclonal antibodies.

Results determination

Theresults of positive staining cellsand their distribution were
observed under 10 times eyepiece and 40 times object-lens
microscope. Visions of relatively good morphology of crypts
were chosen to count the positive staining cells. Among the
cellsin the centre of crypt basement, positive staining cells
and negative cells were counted upward till reaching the
boundary to villus. Fifty intestinal crypts were required for
counting, and then the ratio of positive cells were calculated
and analyzed.

Statistical analysis

Data were expressed as mean + standard error. Comparisons
between groups of datawere anayzed by Studentst test. P values
<0.05 were considered as statistically significant.

RESULTS

Histological changes

It was found under light microscopy that reperfusion resulted
in the damage of intestinal barrier. HE staining showed that
partial loss of mucosa was observed after 2 hours of
reperfusion, while at 6 hours after reperfusion, the damage of
epithelial cellsof intestinal mucosa, hemorrhage and necrosis
were observed and accompanied by inflammatory cell
infiltration in intestinal wall.

Changes of plasma DAO activity

Plasma DAO levels elevated from 2 hours after reperfusionin
all groups, and reached their peak at 6 hours, which was an
increase of 1.7 fold as compared with those in normal controls
(P<0.05), and then decreased gradually, almost back to normal
at 24 hours after the reperfusion (Table 1).

Table 1 Changes of plasma DAO activities in different groups

Groups DAO activity Groups DAO activity
(U/ml) (U/ml)
Group C 0.70+0.19 Group R6 1.20£0.24°
Group | 0.76+0.16 Group R12 1.00+0.282
Group R2 0.90+0.23 Group R24 0.80+0.17

ap<(.05, °P<0.01 compared with control.
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Figure 1 The expression of phosphorylated p38 MAPK in con-
trol group (A), ischemia group (B), ischemia-reperfusion 6 h
(C) and 12 h (D) groups. The positive expression of p38 MAPK
signals was localized mainly in the lower half of the crypts
and in the cytoplasm of the crypt cells. The positively stained
cells increased remarkably after 6 hours, and reached their peak
at 12 hours after reperfusion, which was about 35.6 % of the
total cells in crypts. At this stage, the positive staining was
primarily localized in nucleus of crypt cells.

P38 MAPK expression

The immunohistochemical staining for phosphorylated forms
of p38 MAPK was evauated and summarized in Table 2. In
groups C and I, there were only 5-6 p38 MAPK positive
staining cells in each crypt, which were localized mainly in
the lower half of the crypts and in the cytoplasm of the crypt
cells. When the cell in base of crypt was regarded as layer 1,
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then upward was counted till reaching the boundary to villus,
there were normally about 30 cell layers. The p38 MAPK
positive staining cells were mainly localized between layers 2
and 10, few positive cells were seen beyond this scale. The
number was decreased dightly after 2 hours of reperfusion.
The positively stained cellsincreased remarkably after 6 hours,
and peaked at 12 hours after reperfusion, which was about
35.6 % of the total cellsin crypts. At this stage, the positive
staining was primarily localized in the nuclei of crypt cells.
Thenumber of positive cellswas decreased and almost returned
to normal after 24 hours of reperfusion. A few positive cells
were found in the matrix of villus. However, no positive cells
were observed in the epithelium of villus (Figure 1).

Table 2 Ratio of p38 MAPK positively stained cells to total
cells in small intestinal crypts (X+s)

Groups Expression Groups Expression
ratio (%) ratio (%)
Group C 15.6£1.5 Group R6 27.0+1.82
Group | 14.0£1.0 Group R12 35.62.6°
Group R2 10.5£0.8 Group R24 19.3+2.1

ap<(.05, °P<0.01 compared with control.

DISCUSSION

It has become the center to study the internal organ injury and
repair after severe traumaand burnsin recent yearsand anew
focus to study stem cells and intestinal organ repair(®3,
Especialy, the regulatory effects of growth factors and stem
cellsin internal organs are the very important field4,
However, little is known about the molecular mechanisms that
regulate the dynamics of stem cell replication or stem cell fate
in intestinal epithelium during either normal epithelial renewal
or regeneration of a functional epithelium after injury.
Unfortunately, there have been no sensitive markers which
can be used to identify the intestinal stem cells. In the previous
studies, some positive expression of both PCNA and Ki67 in
G1 phase stem cells, transit cells and other daughter cellswas
observed, which made them unable to act as markers for stem
cells, thus becoming extremely difficult to study intestinal stem
celld%18, Thisfinding raisesabasic question: isthere any other
index which can be used as the suitable marker for stem cells?

Mitogen-activated protein kinases (MAPK) are mainly
composed of the “extracellular signal regulated” p42/p44
MAPK and “ stress-regulated” (SR-MAPKS) stress-activated
protein kinases (SAPKs)/c-Jun N-terminal kinases (INKs) and
the p38-M APKs. On stimulation, MAPK stranslocations to the
nuclei where they may phosphorylate nuclear transcription
factors, thus regulating gene expression*®, Philips et al?
found from an in vitro study of mouse embryo fibroblasts,
that inhibiting the activation of p38 could improve the
expression of cyclin A, which is closely related to cell
proliferation. p38 not only promotes the apoptosis in
hematopoietic cells containing some stem cell properties, but
also mediates the proliferating effect of IL-1. Various MAPK
subtypes have synergetic effectsd??. p38 may have a dual
function, and istissue specific. Its effect depends on the injury
degree, period and its activated condition. p38 also hasaclose
correlation with the activation of upstream and downstream
components of signaling pathways.

p38g, a subtype of p38, is involved in myoblast
differentiation® and its expression is enhanced with hypoxia.
p38g mediatesthe signaling pathway of DNA damage induced
by g ray, which protects DNA from radiative damage by
stopping the cellsin G2 phase. p38 may exert its effect by
different subtypes.

Up to date, the studies of p38 in intestinal cells have
remained on in vitro tissues and cultured cells. It has been
concluded that p38 isrelated to the differentiation of intestinal
crypts and villi?, The results of this study showed that in
normal rat small intestinal cells, phosphorylated forms of p38
MAPK were mainly located in the base of cryptsand cytoplasm
of crypt cells, and very few in the nuclei. Thislocalization
was similar to those of intestinal stem cells demonstrated by
other investigationg?. These positive cells might be composed
of stem cells, daughter stem cells as well as more rapidly
replicating trandit cells. After 45 minutes ischemiainsults, no
significant difference was found in the number of p38 positive
cells, indicating that ischemia can not activate p38 pathway.
Positively stained p38 cells increased markedly after 6 hours
of reperfusion, which might be aresult of activation of p38
MAPK signaling pathway. DAO islocated in the upper part
of intestinal mucosain human aswell asin mammals, andisa
highly active intracellular enzyme. Changes in DAO activity
are an ideal index to investigate intestinal barrier function
damage after trauma, especially changes in plasma DAO
activity!®28_Qur histological observations and DAO
examinations showed that I/R injury induced the damage of
intestinal barrier function. The activation of p38 MAPK might
be mediated by LPS, TNFa and peroxides generated after small
intestinal damage. However we found no positively stained
p38 cellsin villus epithelial cells both in normal and injured
intestines, which was different from the previous in vitro
studies. This might be related to the ischemia period, injury
degree we chosein the study and the distribution of p38 MAPK
and its subtypes in small intestined®-34,

In summary, our results indicate that intestinal 1/R injury
can induce the activation of p38 MAPK pathway. The
positively expressed cell number and their localization are more
likely closeto intestinal stem cells. Compared with PCNA and
Ki67, the distribution and expression characteristics of p38
MAPK are similar to the intestinal stem cells. Based on these
data, we suppose that p38 MAPK may not be an ideal marker
for intestina stem cells, itismore close to the goa and worthy
of further investigation.
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