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ABSTRACT

The purpose of this study was to determine the role of sympathetic nerves on distribution of the
gut immune-associated cells {Including Intraepithelial Lymphocyte (IEL), mast cell, IgA*, CD4" and
CD8&" cell) in small intestine. A model of chemical sympathectomy in mice was established by
intraperitoneal injection of 6-hydroxydopamine (6-OHDA). The gut immune-asscciated cells were
investigated by histology and immunochistochemistry method. This study found that from proximal
to distal segments in small intestine of normal mice, the numbers of intraepithelial lymphocyte, IgA*
and mast cells decreased gradually, whereas CD4" and CD8' cell number increased gradually.
When 6-hydroxydepamine (6-OHDA) was intraperitoneally injected into mice, IEL numbers were
significantly decreased in whole small intestines. However, IgA' and mast cell numbers decreased
merely in the proximal segment while CD4" and CD8& cell numbers and their ratic reduced
mainly in the distal segment. These findings indicated that sympathetic denervation
disturbed the patterns of gut immune-associated cell distribution. It would substantiate the thesis
of neuro-immune-endocrine and provide the new ideas for the intestinal disease prevention and
drug developments.

Key words: Sympathetic nerve, gut immune-associated cells, histology, immunohistochemistry,

mice

INTRODUCTION

The intestinal epithelium has the largest body surface area so the nutrients can be efficiently
absorbed and the rapid and effective protective immune responses are also needed to exclude
pathogens. A number of important chronic diseases of mucosal surfaces, such as Crohn's disease
and ulcerative colitis were related to the mucosal immunity disorder in the intestine
{(Deshmukh et al., 2010; Nikfar et al., 2011). Thus, further studies of the mechanisms underlying
the modulation of intestinal mucosal immunity would be important for preventing and treating
those diseases. On the other hand, the intestinal immunity is influenced by extrinsic and intrinsic
factors. The extrinsic factors include nutrition (Ramiro-Puig ef al., 2008; Harmdi ef al., 2010), stress
(Jarillo-Luna et «al., 2008), microorganism (Nasrollah, 2009; Swinkels ef al., 2006), vaccines
{Bailey et al., 2007) and antimicrobial peptides (Yurong et al., 2006; Oda ef al., 2010). The intrinsic
factors include age (Gonzalez-Ariki and Husband, 2000), endocrine (Cima ef al., 2004) and
neurotransmitters (Levite and Chowers, 2001). Peptidergic neurctransmitters such as substance
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P and nerve growth factors have been the main focus of neuroimmunomodul ation research in the
gut, (Straub ef al., 2006), but the studies about the neurotransmitters such as catecholamine which
are released by sympathetic nervous were scarce. In fact, sympathetic nerve fibers enter the
intestinal wall along arteries and terminate in the myenteric and submucosal plexuses and the
extrinsic noradrenergic nerve fibers provide 90% of the noradrenaline present in the gut
(Nijhuis et al., 2010). Therefore, the Sympathetic Nervous System (SNS) plays an important rele
in modulating intestinal function.

The previous study demonstrated that the sympathetic nerves regulated the CD8" cells and
I1.-2 production in the uterus during early pregnancy (Dong et al., 2007). It indicated that the SNG
also play an important role in nen-lymphoeid organs. In fact, the gut has dense sympathetic
innervations and T0-80% of the body’s immune cells (Straub ef al., 2006) and the immune cells
possess adrenergic receptors (Emeny ef al., 2007). Thus the SNS may have the potential to modify
intestinal immunity. 6-Hydroxydopamine (6-OHDA) is a neurotoxin that selectively destroys
sympathetic nerve fibers with the catecholamine high affimty carrier which is found on nerve
terminals in the peripheral nervous system. It had been reported that the chemical sympathectomy
could change the Intraepithelial Lymphocycle (IEL) number in the duodenum of mice
(Jarillo-Luna et al., 2008) and IgA* cell number in the jejunum of rat (Gonzalez-Ariki and
Husband, 1998, 2000). However, less is known about the regulation of the sympathetic nerve in
distribution pattern of gut immune-associated cells in various segments of small intestine. The gut
mucosal immune-associated cells are the first line of defense against food-derived and bacterial
antigens penetrating to the mucosal epithelium (Bar-Shira et al., 2003). These cells usually include
IEL, IgA*, Mast Cell (MC), CD4" and CD8' cells which are the chief components of intestinal
immunological barrier. The purpose of this study was to determine the role of sympathetic nerves
on distribution of the gut immune-associated cells Including [EL, MC, IgA*, CD4" and CD8" cell)
from proximal to the distal small intestines.

MATERIALS AND METHODS
Animals and 6-OHDA treatment: This study was conducted from April to May 2010, A total of
59 male (35-40 gy Kun-ming albino mice of 7-week-old were housed under controlled temperature
(24+1°C), humidity (404£5%) and lighting (12 h light, 12 h dark cycle) conditions and had free
access to standard food and water. After an adaptive period of 1 week, the mice were randomly
divided inte 6-OHDA group (n = 30) and control group (n = 29). In 6-OHDA group, the mice were
intraperitoneally injected for 5 consecutive days with 100 mg kg ! Body Weight (BW) of 8-OHDA
(Sigma) diluted in a sterile saline solution containing 0.01% L-ascorbic acid (Dong et al., 2007). The
control mice were treated with vehicle alone (0.01 mL g=' BW). This research was conducted in
accordance with the Guidelines for Chinese National Animal Experimentation.

All the mice were killed by cervical disleeation under nembutal deep anaesthesia (50 mg g+
BW) on the sixth day after 6-OHDA injection. The intestinal segments (1 ¢cm) were removed from

the duodenum, jejunum and ileum under sterile conditions.

Histology and immunohistochemistry: Intestinal tissues were immediately immersed in 4%
paraformaldehyde in 0.1 M PB (pH 7.4) fixed overnight and dehydrated in graded ethanol series,
then embedded in paraffin. Sections (5 um) were mounted on gelatinized glass slides and were

deparaffinized, rehydrated and rinsed with 0.01M PES.
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For histological studies, sections were stained with hematoxyhn and ecsin. Eight cross-sections
for each intestinal segment were prepared for each mouse. Number of intestinal IEL was counted
from 5 intact villus of each section and data were expressed as the average number per 100
Intestinal Epithelium Cells (IECs). The other eight. cross-sections for each intestinal segment were
stained for 15 min with toluidine blue solution (8 g L™ toluidine blue and 6 mg L™ KMnO,
dissolved in distilled H,O). Density of Mast Cell (MC) was calculated on each histological section.

For immunohistochermstry, sections were treated with 3% hydrogen peroxide in methanol for
30 min and incubated with 2.5% normal goat serum (Sigma) for 20 min at room temperature. After
rinsing with PBES, sections were incubated overnight at 4°C with monoclonal rat anti-mouse CD4"
(1:200, Santa Cruz Bictechnology, Inc., CA), CD8* (1:100, Thermo) or [gA* (Beijing Biosynthesis
Biotechnology Co., LTD) primary antibodies, respectively. Then the sections were rinsed in PBS and
incubated with biotinylated goat anti-rat secondary antibody (1:200, Sigma) for 2 h at room
temperature. After washing, the tissues were incubated with streptavidin-horseradish peroxidase
{1:250, Sigma) for 1 h at 25°C. Immunoreactivity was visualized by incubating in 0.01 M PBS
containing 0.05% 3'3-diaminobenzidine tetrahydrochloride (DAEB, Sigma) and 0.003% hydrogen
peroxide for 10 min in the dark. After the final rinsing, the sections were mounted. The specificity
of the immunostaining was checked by omitting incubation in primary antibodies. Number of
positive cells was counted in the total areas of three cross-sections of each animal and the areas of
the cross-sections were measured by the Scan Image software. Densities of these cells were

calculated.

Statistical analysis: Results were expressed as Mean+5D and statistical analyses were carried
out with ANOVA or independent-samples t-test of SPSS 16.0. The p-value of less than 0.05 was
considered statistically significant.

RESULTS

Changes on gut mucosal immune-associated cell number in mice treated with 6-OHDA:
TEL is a special lymphoeyte distributed in the enterocytes in villi. As seem from the picture, most,
of the TELs are located in the basal membrane of the enterocytes (Fig. 1a, ¢). As shown in Table 1,
in the control group, the number of IEL generally decreased from proximal (duodenum) to distal
(ileum). The cell number in duodenum (16.1£2.8 cell 100 IECs™) was larger than that in ileum
(9.2+£1.8 cell 100 IECs™) (p<0.01). After 8-OHDA treatment, IEL number was significantly
decreased in the whole of small intestine (p<0.05).

Mast cells scattered around the intestinal gland. They were identified by metachromatic
granules with toluidine blue staining and displayed round shapes, fusiform shapes or elongated
shapes in the intestine (Fig. 1b, d). In the control group, the cell number in duodenum
(207.64+36.0 cell em™ ) was 131.6% larger than in ileum (89.6+14.3 cell em™?) (p<0.01). After 6-
OHDA treatment, the cell numbers in the duodenum (128.8414.5 cell em™?) were remarkably lower
than that of the control (207.8436.0 cell em™) (p<0.01). But there were no significant difference in
jejunum and ileum compared with the control (Table 1).

IgA* cells predominated in the lamina propria. All positively labelled cells had characteristic
plasma cell morpholegy (Fig. 2a, d). In contrel group, the numbers of IgA™ decreased gradually from
proximal to distal intestines. The cell number in duodenum (307.2+£35.4 cell mm?) was larger than
in ileum (235.9425.0 cell mm™?) (p<0.01). After 8-OHDA treatment, the IgA* cell numbers of
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Fig. 1{a-d): Photomicrographs represent the [EL (arrow) in the mice jejunum (a, ¢) and MC in the

duodenum (b, d). The sections of a and ¢ were stained with hematoxylin and ecsin and
the sections of B and D were stained with toluidine blue. Cell numbers of IEL and MC
were significantly decreased in the 6-OHDA-treated group (a and b) than in the control
group (¢ and d). Bar = 20 pm
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Fig. 2(a-f): Photomicrographs depicting appearance of the IgA” cells (a, d) in the mice duodenum

and the CD4* (b, e) and CD8" (¢, f) cells in jejunum. Note that the sections were stained
with 1immunohistochemistry. Cell numbers of IgA', CD4" and CD8" were
significantly decreased in the 6-OHDA-treated group (a-c) than in the control group
{d-f). Bar =50 pm
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Table 1: The changes on the cell numbers of KL, MC and IgA*in each intestinal segment in mice treated with 6-OHDA (MeantSD)

IEL {cell 100~ IECs) Mast Cell (cell cm—2) IgA+ (cell mm™2)
Segments Control 6-OHDA Control 6-OHDA Control 6-0HDA
Duoderm 16.1+2.8* 12,442 3% 207.6+36.0% 126,814 .5%* 307.2+35.44 263.8£31.7%
Jejunum 11.8+2.0F 0.0+1.3% 57.1+15.0° 64.0+12.7 269.8+23.78 240.1+27.3%
Tleum 9.241.8° £.341.8* 89.6+14.38 82.0+£12.1° 235.9+25.0° 223.4+31.6°

* **Indicate significant differences (p<0.05; p<0.01 according to independent-samples t-test) between the control and 6-OHDA treated
groups. The different letters within the same group (control group: A-C, 6-OHDA-treated group: a-c) are significantly different
(p=<0.05; LSD post hoc analysis condncted for each group after ANOVA)

Table 2: The changes on the cell numbers of CD4*, CD&* and the ratio of CD4*/CD8&*in each intestinal segment in mice treated with
6-OHDA (Mean+SD)

CD4+ (cell mm—2) CD8+ (cell mm—2) CD4+CD8+
Segments Control 6-OHDA Control 6-OHDA Control 6-OHDA
Duoderm 224.2433.9 222 4424 .22 125.6+£15.5° 122.1+£15.9° 1.8+£0.3% 1.8+0.22
Jejunum 275.2+22 28 173.6+26. 8% 153.4+24.9 125.5+22.5% 1.8+0.4% 1.4+0.4*
Tleum 313.4436.14 2025123 6% 165.4+17.6% 139.9+£28.0%= 1.9+0.3% 1.5+0.4*%0

* **Indicate significant differences (p<0.05; p<0.01 according to independent-samples t-test) between the control and 6-OHDA
treated groups. The different letters within the same group (control group: A-C, 6-OHDA-treated group: a-c) are significantly different
(p=0.05; LSD post hoc analysis condncted for each group after ANOVA)

duedenum (263.8+531.7 cell mm™) and jejunum (240.1£27.3 cell mm™? were remarkably lower than
the duodenum (307.2435.4 cell mm™% and jejunum (269.8423.7 cell mm ™2 in control group (p<0.05)
but no statistical differences with respect to the IgA* number in ileum (Table 1).

The CD4" (Fig. 2, e) and CD8" (Fig. 2¢, f) labelled cells were scattered in the lamina propria,
some [EL were detected as the CD8" positive cells. The CD4" and CDE&" cell numbers increased
gradually from proximal to the distal intestines in control group. There was no significant
difference among three segments in the ratio of CD47/CD8 cells in control group (p>0.05). After
6-OHDA treatment, the CD4" cell numbers of jejunum (173.6+26.8 cell mm™) 4and ileum
(202.5423.6 cell mm?) were remarkably lower than the jejunum (275.2422.2 cell mm ™2 and ileum
(313.4£38.1 cell mm ™) in the control group (p<0.01). The reduction of CD8" cell numbers was also
found in jejunum and ileum (p<0.05) but no statistical difference was chserved in duodenum. As
a consequence, the ratios of CD4%CD8" cells of 6-OHDA treated group were significantly decreased
in the jejunum (1.440.4) and ileum (1.540.4) than that of the control group (1.8+£0.4 in jejunum,
1.920.3 in ileum) (p<0.05) (Table 2).

DISCUSSION

Present results showed that these gut mucosal immune-associated cells were distributed in the
small intestine with a characteristic pattern. In this study, the numbers of IEL, IgA* and MC
decreased gradually from proximal to distal intestines, whereas the CD4" and CD8" cell number
increased gradually. The similar findings were also reported 1in the Balble mice
{Resendiz-Albor ¢t @l., 2010) and the rabbit (Iau ef al., 2008). In contrast, some previous studies
also found that the numbers of CD4" and CD8" cells were no difference among the intestinal
segments in dog (Elwood et al., 1997) and the IgA* cell number was the highest in the jejunum in
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cat (Waly et al., 2001). The different results between previous and present studies were probably
caused by the difference between species. Nevertheless, these results suggested that the distribution
of immune-associated cells showed a characteristic pattern in the small intestine. It was likely to
be critical for maintaining constancy of normal mucosal environment.

Some previous studies found that the number of IgA® cells was more in duodenum than in
ileum. It could be due to a decreasing antigen load from duodenum to ileum as a consequence of
degradation of ingesta (Kleinschmidt ef al., 2008). The lack of epithelial cell-derived cytokines such
as IL-7 and IL-15, significantly enhance IEL survival but T cell receptor stimulation and
glucocorticoids exhibit antagonistic activity on [EL survival (Inagaki-Ohara et al, 1997,
Brunner et al., 2001). In contrast, there were no significant changes in the number of whole IEL
after repeated electric foot shock in C3H/HeN mice (Zhang et al., 2005). The present study observed
that the injection of 6-OHDA decreased the cell numbers of IEL, IgA*, CD4*, CD8', MC and
depressed the ratio of CD4"/CD8". However, the descending amplitude varied according to the
immune-associated cell types and intestinal segments. The 6-OHDA induced the proximal intestine
with a significant decrease in both cells of [gA™ and MC, whereas distal intestine presented no
obvious alteration (14.1% versus 5.3% in IgA* and 28.9% versus 8.5% in MC). In contrast, the
reductions in cell numbers of C14"and CD8" were larger in the distal segment than in the proximal
segment. (35.4% versus 0.8%, 15.4% versus 2.8%, respectively). Therefore, present results indicated
that chemical sympathectomy disturbed the constancy of dynamic distribution in mucosal
immune-associated cells of small intestine. Some researchers found that sympathectomy decreased
the IgA* cell number in jejunum of adult rats (Gonzalez-Ariki and Husband, 1998). On the other
hand, some researchers demonstrated that noradrenaline treatment resulted in an inhibition of
IgA secretion in porcine ileal (Schmudt ef al., 1999). In fact, these studies were in accordance with
this view,

The previous studies found that the CID8" cell number increased ten-fold at K5 but no obvious
changes to the CD4" cell number occurred in the maternal uterus during pregnancy after 6-OHDA
treatment (Dong ef al., 2007). However, the present study indicated that chemical sympathectomy
could dramatically decrease CD4" cell number but slightly decrease CD8" cell number 1in jejunum
and ileum and then resulted in a significant reduction of CD4%CD8&" ratio. Tsao et al. (1996)
reparted the reduction of CD4" and CD&' cell numbers in mouse thymus after 6-OHDA treatment.
These data indicate the modulation of sympathetic nerves on the number change of CD4" and CD8&'
cells could vary depending on the target organ type. A similar phenomenon was also observed in
the MC. The present study reported the reduced MC number in duodenum after 8-OHDA
treatment. In other studies, the MC number was increased in the cardiovascular system
{(Facoetti et al., 2006) and skeletal muscle (Sanchez-Mgjorada and Alonso-deFlorida, 1992) but was
decreased in the cerebral dura mater (Artico et al., 1998), skin (Souza et al., 2005) after 6-OHDA
treatment.

This study suggested that the sympathetic denervation led to an alteration of the intestinal
immuneclogical barrier by modulating the distribution of gut immune-associated cells. The study
also could be contribute to further elucidation of the concrete mechanisms of intestinal
inflammation, such as Crohn’s disease and Trinitrobenzene Sulphonic acid (TNBES) colitis model.

Norepinephrine and dopamine tissue levels were markedly lower than in control subjects
(Magro et al., 2002, 2004) in these inflamed tissues.
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CONCLUSION

Consequently, chemical sympathectomy disturbed the constancy of dynamic distribution in
mucosal immune-associated cells of small intestine. The present study indicated that sympathetic
activity played an important role in maintaining the normal function of the intestinal
immunological barrier,
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