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ABSTRACT

AIM: Polymeric immunoglobulin receptor (pIgR) transports
pIgA unidirectionally to form sIgA, and its effective production is
important for the immune stability of the intestinal mucosa. This
study aimed at evaluating the expression of pIgR in a mouse model
of acute liver necrosis and the relationship with sIgA.

METHODS: We induced acute liver necrosis using D-galactosamine/
lipopolysaccharide (GalN/LPS), and assessed the results using
immunohistochemistry, Western blotting, real-time quantitative PCR,
and radioimmunoassay.

RESULTS: Expression of pIgR mRNA was significantly decreased
in acute liver necrosis models (P<0.05), as was the level of pIgR
protein (P<0.05), compared to the control group. The intestinal
mucus sIgA content was also significantly reduced (P<0.05), and
was positively correlated with the expression of pIgR protein in acute
liver necrosis models (#=0.965, P<0.001).

CONCLUSIONS: Our findings first demonstrated pIgR expression
decreased in the small intestine mucosa in mice with acute liver
necrosis, which correlated with the intestinal mucus sIgA content.
pIgR decrease in the mucosa of the small intestine may play an
important role in reduced sIgA content and the development of
intestinal mucosal immune disorder in acute liver necrosis.
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INTRODUCTION

Secretory immunoglobulin A (sIgA) is an essential part of the intestinal
immune system, and comprises a secretory component (SC) connected
to two IgA molecules through a non-covalent bond and a J-chain™. The
SC is the extracellular part of the polymeric immunoglobulin receptor
(pIgR) that is responsible for transportation of pIgA and formation of
sIgA™. pIgR is transported unidirectionally and cannot be recycled,
and its effective production is thus important for the immune stability
of the intestinal mucosa’”.

Accumulated evidence has shown that disorders of the intestinal
mucosal barrier, including intestinal immune dysfunction, occur
subsequent to acute liver necrosis'”.

Although plgR plays an essential role in the intestinal mucosal
immune barrier, its expression in the small intestine mucosa in mice
with acute liver necrosis has rarely been reported. This study aims at
investigating its expression in the intestinal mucosa in a model of acute
liver necrosis, through detection of pIgR mRNA and protein expression
and the relationship with sIgA in the small intestine mucosa.

MATERIALS AND METHODS

Animals

Six-week-old male BALB/c mice (provided by Laboratory Animal
Center in China Medical University, China) were housed at a constant
room temperature and constant humidity with free access to food and
water, and subjected to a 12-h light/dark cycle. Food was withdrawn
overnight prior to experiments. All animal experimental procedures
were approved by the Ethics Committee of China Medical University
before the commencement of the study.

Reagents

D-galactosamine (GalN) and lipopolysaccharide (LPS, E. coli O127:
BS8) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Goat
anti-mouse pIgR antibodies were purchased from R&D (Minneapolis,
MN, USA). Rat anti-mouse B-actin monoclonal antibodies were
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obtained from Abcam (Cambridge, United Kingdom). Horseradish
peroxidase-labeled rabbit anti-goat secondary antibodies and
horseradish peroxidase-labeled rabbit anti-mouse secondary antibodies
were purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA).

Animal groups and acute liver necrosis model

Sixty mice were randomized into four groups (n=15 for each): one
group was treated with normal saline (NS control); one group was
treated with lipopolysaccharide (LPS)/D-galactosamine (GalN)
(LPS/GalN group); one group was treated with LPS (LPS group); and
one group was treated with GalN (GalN control). GalN (800 mg/kg
body weight, Sigma, USA) and LPS (10 pg/kg body weight, Sigma,
USA) were injected intraperitoneally to induce acute liver necrosis

as previously described™”

. Mice in the groups were euthanized 9h
after administration of GalN/LPS, intestinal mucus was collected as
described previously™”
the the ileocecal was taken. PBS rinsed the intestine, cut the intestinal

tissue longitudinally, scraped the intestinal mucus into the centrifuge

, and a 15 cm-long strip of intestinal tissue near

tube, mixed it with equal volume of normal saline, and centrifuged for
30 min at 6000 rpm/min. The supernatant was then used to detect sIgA
content, and the intestinal tissue was used to detect pIgR expression.
The study was approved by the Ethics Committee of China Medical
University.

Blood biochemistry assay
Serum alanine transaminase (ALT) levels were determined using an
automatic analyzer (Hitachi 7250; Hitachi, Japan).

Immunohistochemical staining for pIgR in small intestinal tissues
Wax sections were routinely dewaxed and dehydrated, and incubated
with 3% hydrogen peroxide for 10 min to eradicate endogenous
peroxidase. Following antigen retrieval in a high-pressure microwave
oven, the sections were blocked with rabbit serum for 20 min at
room temperature, and diluted with goat anti-mouse pIgR primary
antibody (1:100), followed by a procedure performed according to the
instructions for the immunohistochemistry kit. Sections were finally
stained with 3,3'-diaminobenzidine, restained with hematoxylin, and
sealed with neutral balsam. Cells with yellow membranes and nuclei
under the microscope were considered to be positive for pIgR.

Western blotting for pIgR protein expression in the small intestinal
mucosa

Small intestinal mucosa tissues were treated as described previously"”.
The tissues were placed in a homogenizer and mixed with cell lysis
buffer and protease inhibitor for homogenization. After 20 min, the
tissues were centrifuged and the supernatants were collected for protein
content quantification using an ultraviolet spectrophotometer DU8S00
(Beckman). Protein (50 pg) was electrophoresed on 10% sodium
dodecyl sulfate-polyacrylamide gels and transferred to membranes.
Primary (goat anti-mouse pIgR monoclonal antibody, 1:2000) and
secondary antibodies (rabbit anti-goat pIgR monoclonal antibody,
1:2000) were added. Specific pIgR bands were located using the
chemiluminescence technique. The membranes were washed, incubated
with primary (goat anti-mouse pIgR monoclonal antibody, 1:2000)
and secondary antibodies (rabbit anti-goat pIgR monoclonal antibody,
1:2000), and subjected to protein hybridization. The B-actin protein
band was used as an internal reference.

Detection of pIgR mRNA expression using real-time PCR
Total RNA was extracted from the mouse small intestine using Trizol,
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treated with DNase I, purified, and reverse-transcribed to cDNA.
Reactions were carried out at 37°C for 15 min and 85°C for 5 s.
Expression of the pIgR target gene was detected in intestinal tissues
in different groups based on SYBR-Green I fluorescence, relative to
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression.
Primers included pIgR-F:5’-TATAGCTGTGTGGGTGGCCAGA-3’,
pIgR-R:5’-GTCTGTCCTGTAGCTGATTGA-3’, GAPDH-F:5’-TGT
GTCCGTCGTGGATCTGA-3’, GAPDH-R:5’-TTGCTGTTGAAG
TCGCAGGAG-3’. PCR was performed at 5°C for 30 s, followed by
45 cycles of 95°C for 5 s, 57°C for 20 s, and 72°C 30 s. Extension was
performed at 72°C for 2 min.

sIgA content of the intestinal mucus using radioimmunoassay and
linear correlation analysis of sIgA and pIgR exprssion

Intestinal mucus supernatants were adjusted to room temperature. A
non-specific standard tube, a zero-standard tube, six standard tubes,
and a T tube were designated. I'-sIgA was added to the T tube, I'*-
sIgA and non-specific binding agent to the non-specific standard tube,
I'-sIgA and sIgA antibodies to the zero-standard tube, and I'*-sIgA,
sIgA antibody, and standard products at different concentrations to
the six standard tubes. I'~sIgA, and sIgA antibody (100 pL samples)
were added to additional sample tubes, followed by homogenization
and storage at 37°C for 1.5 h. The secondary antibody and
polyethylene glycol were subsequently added to the tubes, followed by
homogenization and storage at 37°C for 0.5 h. They were centrifuged
at 3500 rpm for 15 min and the supernatants were removed. The tubes
were finally placed in a liquid scintillation counter for 60 s to quantify
non-specific binding. The linear correlation between intestinal mucus
slgA content and pIgR expression was analyzed.

Statistical analysis

Statistical analyses were conducted using SPSS 11.0. Data were
presented as mean+SD (x+S). Measurement data were compared using
one-way ANOVA. A value of P<0.05 was considered to represent a
statistically significant difference.

RESULTS

Serum ALT levels

Compared to the NS control (20.6+10.4 U/L), the ALT serum level was
only slightly elevated in the LPS control (41.6+13.3 U/L) and the GaIN
control (68.7+16.5 U/L) (P>0.05), but it increased significantly in acute
liver necrosis models (6134.8+319.0 U/L) (P<0.05) (Table 1).

Table 1 Compared to NS control, ALT serum levels were only slightly elevated
in the LPS control and GalN control, but increased significantly in the acute
liver necrosis group (P< 0.05)

Group Number of mice ALT (U/L)

NS 15 20.6£10.4
GalN/LPS 15 6134.8+319.0*
LPS 15 41.0+¢13.3
GalN 15 68.7+16.5

Serum ALT levels in mice. All values are expressed as meantSE. *: P<0.01 vs
NS control.

Immunohistochemical staining for pIgR protein

plgR staining of the cytoplasm and/or the membranes of intestinal
epithelial cells was significantly weaker in acute liver necrosis models
(Figure 1B) compared to the NS control (Figure 1A), LPS control (Figure
1C), and GalN control (Figure 1D).

Semi-quantitative analysis of pIgR protein expression by western
blotting



Two specific protein bands of about 120 and 80 kDa were detected
using western blotting. The ratio of the absorbance of the sum of
the two bands to that of B-actin protein was regarded as the relative
expression level of pIgR protein. The relative expression of pIgR
protein in the LPS/GalN group was 1.27+0.13, which was significantly
lower than the values of 2.47+0.16 in the NS control, 2.09+0.15 in the
LPS group, and 2.34+0.19 in the GalN group (P<0.05) (Figure 2, n=3).

. .

Figure 1 Intestinal pIgR staining determined by immunohistochemistry (400
x). A: NS control; B: LPS/GalN group: pIgR staining of the cytoplasm and/or
the membranes of intestinal epithelial cells was remarkably weak or absent;
C: LPS control: pIgR staining of the cytoplasm and/or the membranes of
intestinal epithelial cells was slightly weak; D: GalN control: pIgR staining of
the cytoplasm and/ or the membranes of intestinal epithelial cells was slightly

weak.
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Figure 2 Intestinal pIgR expression determined by Western blotting. pIgR
expression in the acute liver necrosis group was significantly lower, while
the LPS group and GalN group pIgR expression was only slightly reduced.
(*P<0.05, compared with the NS control; #P<0.05, compared with the acute
liver necrosis group).

pIgR mRNA expression in intestinal tissues using real-time PCR
Real-time PCR quantitative analyses showed that there were marked
decreases in the relative content of intestinal pIgR mRNA in acute liver
necrosis models (0.49+0.11) compared to the NS control (1.00£0.03),
LPS control (0.90+0.08), and GalN control (0.96+0.05) (P<0.01) (Figure
3,n=3).

sIgA content in the intestinal mucus

Intestinal mucus sIgA in the LPS/GalN group was 132+29 ng/g, which
was significantly lower than the values of 232424 ng/g in the NS
control, 201+17 ng/g in the LPS control, and 218+21 ng/g in the GaIN
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control (P<0.05)(Figure 4).
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Figure 3 Real-time PCR method for detection of intestinal pIgR mRNA
expression. pIgR mRNA expression in acute liver necrosis was significantly
decreased, while pIgR mRNA expression in the LPS group or GalN group
only slightly reduced compared to the NS control. (*P<0.05, compared with the
NS control; *P<0.05, compared with the acute liver necrosis group).
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Figure 4 Radioimmunoassay method for detection of intestinal mucus sIgA
levels. Compared with the NS control, the content of intestinal mucus sIgA
in the acute liver necrosis group was significantly lower, while the content
of intestinal mucus sIgA in the LPS group and the GaIN group only slightly
reduced (*P<0.05, compared with the NS control; “P<0.05, compared with the
acute liver necrosis group).

Correlation between sIgA content in the intestinal mucus and pIgR
protein expression

Linear correlation analysis of intestinal mucus sIgA and intestinal
tissue pIgR was performed for three mice in each group. There was a
significant positive linear correlation between intestinal mucus sIgA
and intestinal tissue expression of pIgR, with a correlation coefficient of
r=0.965 (P<0.001) (Figure 5).
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intestinal mucus sIgA content and pIgR protein expression in the small
intestine (r=0.965, P<0.001).

DISCUSSION

The protective antigens secreted by the small intestine comprise a
complicated but effective immune system that presents an initial barrier
to prevent the massive invasion of microorganisms, thus avoiding

[11]

intestinal damage as a result of bacteria and toxins' . sIgA is an iconic

product in the intestinal mucosal immune system that can bind to

131 "and other poisonous molecules, and stop them

bacteria™?, viruses
from adhering to the intestinal mucosal membrane. Thus sIgA plays an
important anti-infection role"*'”. Reductions in sIgA weaken intestinal
immune function, induce intestinal bacterial disturbance, and can even
lead to intestinal duct-derived systemic infection caused by intestinal
bacterial translocation!*"",

Recent studies have suggested that patients with chronic liver
diseases sustain impairment to immune systems, which worsens over
time. These defects in their host defense lead to risks of bacterial
infections and increased morbidity™”. And bacterial translocation, the
key mechanism in the pathogenesis of (spontanetls bacterial peritonitis,
SBP), is only possible because of the concurrent failure of defensive
mechanisms in cirrhosis”". But the state of intestinal mucosa immunity
in acute liver necrosis is not very clear. In agreement with previous

I‘epOITS[S' =

, we found that injection of GaIN/LPS induced increases in
serum ALT and the development of severe hepatocyte necrosis. Our
study also demonstrated that sIgA decreased in acute liver necrosis
models, indicating that impairment to intestinal mucosal immunity was
found in acute liver necrosis.

The sIgA content of the intestinal mucus has been reported to correlate
with pIgR protein expression in the mucosa of the small intestine™.
pIgR is a type I cross-membrane glycoprotein with a molecular weight
of about 120 kDa that is transcribed by pIgR mRNA. It is a polymeric
IgA and IgM receptor that mediates transfer of immunoglobulin from

Y The extracellular

the basal membrane to the surface of the epithelium
apical domain of sIgR is dehydrated to free SC (molecular weight 80
kDa), or SC is combined with two IgAs and a J-chain to form sIgA
(molecular weight 410 kDa), which is secreted into the intestinal
cavity™,

Is decreased sIgA in the small intestine in acute liver necrosis
models caused by reduced pIgR expression? We observed pIgR
protein expression in acute liver necrosis models. Our study revealed
significantly lower levels of 120KD (pIgR) and 80KD (SC) protein
expression in the intestinal mucosa in acute liver necrosis models, and
a significant positive linear correlation with mucus sIgA content in the
small intestine.

The sIgA content of the intestinal fluid was positively correlated
with the expression of pIgR protein in the small intestinal mucosa,
indicating that the downward-regulation of pIgR in the mucosa of the
small intestine may play an important role in reduced sIgA content and
the development of intestinal mucosal immune disorder in acute liver
necrosis.

plgR production and secretion by the intestinal epithelial cells is

regulated by multiple factors™**”

. Some researchers have suggested
that increased serum inflammatory factors damage intestinal mucosal
epithelial cells and injure the intestinal microcirculation, induce ischemia
and anoxia of the intestinal mucosa, lead to epithelial cell dysfunction,
and activate a chain reaction leading to the production of more

inflammatory factors, protease and active oxygen, thus aggravating
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intestinal inflammation and microcirculation disorders™”. Intestinal

cells or their environment are thus threatened, causing exhaustion of
stored pIgR in the intestinal barrier, and decreased production and
secretion. Further studies are needed to verify these relationships, and to
explore the generation pathway of sIgA in intestinal fluid.

In summary, sIgA decreased in acute liver necrosis models, and
downward-regulation of pIgR in the mucosa of the small intestine may
play an important role in reduced sIgA content and the development of
intestinal mucosal immune disorder in acute liver necrosis.

ACKNOWLEDGEMENTS

This work was supported by National Science Foundation of China
grant (No. 30670947) and Natural Science Foundation of Zhejiang
province grant (No. Y2110416).

REFERENCES

1 Davids BJ, Palm JE, Housley MP, Smith JR, Andersen YS,
Martin MG, Hendrickson BA, Johansen FE, Svird SG, Gil-
lin FD, Eckmann L. Polymeric immunoglobulin receptor in
intestinal immune defense against the lumen-dwelling pro-
tozoan parasite Giardia. | Immunol 2006; 177: 6281-6290

2 Sait LC, Galic M, Price JD, Simpfendorfer KR, Diavatopou-
los DA, Uren TK, Janssen PH, Wijburg OL, Strugnell RA.
Secretory antibodies reduce systemic antibody responses
against the gastrointestinal commensal flora. Int Immunol
2007; 19: 257-265

3 Hempen PM, Phillips KM, Conway PS, Sandoval KH, Sch-
neeman TA, Wu HJ, Kaetzel CS. Transcriptional regulation
of the human polymeric Ig receptor gene: analysis of basal
promoter elements. | Immunol 2002; 169: 1912-1921

4  Song HL, Lv S, Liu P. The roles of tumor necrosis factor-al-
pha in colon tight junction protein expression and intestinal
mucosa structure in a mouse model of acute liver failure.
BMC Gastroenterol 2009; 9: 70

5 Fu JL, Wang ZH, Li GZ, Wang YR, Liu P. Decreased IgA+
plasma cells and IgA expression in acute liver necrosis mice.
World | Gastroenterol 2010; 16: 3827-3833

6 Song HL, Lu S, Liu P. Tumor necrosis factor-alpha induces
apoptosis of enterocytes in mice with fulminant hepatic fail-
ure. World | Gastroenterol 2005; 11: 3701-3709

7  Wang H, Li Y. Protective effect of bicyclol on acute hepatic
failure induced by lipopolysaccharide and D-galactosamine
in mice. Eur | Pharmacol 2006; 534: 194-201

8 Mantle M, Allen A. Isolation and characterization of the na-
tive glycoprotein from pig small-intestinal mucus. Biochem |
1981; 195: 267-275

9 Dong-Yan L, Weiguo J, Pei L. Reduction of the amount of

intestinal secretory IgA in fulminant hepatic failure. Braz |

Med Biol Res 2011; 44: 477-482

Sano Y, Gomez FE, Hermsen JL, Kang W, Lan ], Maeshima

Y, Kudsk KA. Parenteral nutrition induces organ specific

alterations in polymeric immunoglobulin receptor levels. |

Surg Res 2008; 149: 236-242

Kadaoui KA, Corthésy B. Secretory IgA mediates bacterial
translocation to dendritic cells in mouse Peyer's patches

with restriction to mucosal compartment. | Immunol 2007;

179: 7751-7757

Kudsk KA. Current aspects of mucosal immunology and its

influence by nutrition. Am | Surg 2002; 183: 390-398

Mantis NJ, Farrant SA, Mehta S. Oligosaccharide side chains

on human secretory IgA serve as receptors for ricin. | Immu-

nol 2004; 172: 6838-6845

Mazanec MB, Nedrud ]G, Kaetzel CS, Lamm ME. A three-

tiered view of the role of IgA in mucosal defense. Immunol

Today 1993; 14: 430-435

Bomsel M. Transcytosis of infectious human immunodefi-

10

11

12

13

14

15



16

17

18

19

20

21

22

23

24

ciency virus across a tight human epithelial cell line barrier.
Nat Med 1997; 3: 42-47

Mayer L. Review article: local and systemic reglation of
mucosal immunity. Aliment Pharmacol Ther 1997; 11(Suppl 3):
81-85

Mayer L. The role of the epithelium in mucosal immunity.
Res Immunol 1997; 148: 498-504

Macpherson AJ, Slack E. The functional interactions of com-
mensal bacteria with intestinal secretory IgA. Curr Opin
Gastroenterol 2007; 23: 673-678

Brandtzaeg P. Induction of secretory immunity and memo-
ry at mucosal surfaces. Vaccine 2007; 25: 5467-5484
Mehta AK, Lyon GM 3rd. Infectious diseases in end-stage
liver disease patients. Crit Care Nurs Clin North Am 2010; 22:
291-307

Koulaouzidis A, Bhat S, Saeed AA. Spontaneous bacterial
peritonitis. World ] Gastroenterol 2009; 15: 1042-1049
Miyanaga K, Yoshioka T, Nakagawa H, Kitahara T, To H,
Ichikawa N, Nakashima M, Nishida K, Nakamura J, Sasaki
H. Influence of murine hepatitis induced by D-(+)-galactos-
amine hydrochloride and lipopolysaccharide on gene ex-
pression of polyethylenimine/plasmid DNA polyplex. Biol
Pharm Bull 2008; 31: 1585-1589
Shimada S, Kawaguchi-Miyashita M, Kushiro A, Sato T,
Nanno M, Sako T, Matsuoka Y, Sudo K, Tagawa Y, Iwakura
Y, Ohwaki M. Generation of polymeric immunoglobulin
receptor-deficient mouse with marked reduction of secre-
tory IgA. | Immunol 1999; 163: 5367-5373
Mestecky ], Russell MW. Mucosal immunoglobulins and
their contribution to defence mechanisms: an overview. Bio-
chem Soc Trans 1997; 25: 457-462

Fu JL et a/. Changes of intestinal pIgR in acute liver necrosis

73

25

26

27

28

29

Mostov KE. Transepithelial transport of immunoglobulins.
Annu Rev Immunol 1994; 12: 63-84

Kaetzel CS, Blanch V], Hempen PM, Phillips KM, Piskurich
JE, Youngman KR. The polymeric immunoglobulin recep-
tor: structure and synthesis. Biochem Soc Trans 1997; 25:
475-480

Phillips JO, Everson MP, Moldoveanu Z, Lue C, Mestecky
J. Synergistic effect of IL-4 and IFN-gamma on the expres-
sion of polymeric Ig receptor (secretory component) and
IgA binding by human epithelial cells. | Immunol 1990; 145:
1740-1744

Mullen PG, Windsor AC, Walsh CJ, Blocher CR, Fisher BJ,
Leeper-Woodford SK, Jesmok GJ, Fowler AA 3rd, Suger-
man HJ. Combined inibuprofen and monoclonal antibody
to tumor necrosis factor-a attenuate hemodymic and sepsis-
induced acute lung injury. | Trauna 1993; 34: 612-621

29 Klahr S. Role of arachidonic acid metabolite inacute
renal failure and sepsis. Nephrol Dial Transplant 1994; 9 (suppl
4): 52-56

Peer reviewers: Anup Kumar Das, Professor, Dept of Medicine,
Assam Medical College, 201,Sagar Apartment Manik Nagar, Zoo
Road, GUWAHATI -781005, Assam India; Georg Alexander Roth,
Assistant Professor, Department. of General Anesthesia and Critical
Care, Medical University of Vienna, Waehringer Guertel 18-20,
Vienna, A-1090, Austria; Yoon-Seon Lee, Assistant Professor,
Cancer Emergency, Asan Medical Center, University of Ulsan
College of Medicine, 388-1, Pungnap-2dong, Songpa-gu, Seoul,
Korea, 138-736.

© 2012 Thomson research. All rights reserved.



