
Int J Clin Exp Pathol 2015;8(5):5153-5160
www.ijcep.com /ISSN:1936-2625/IJCEP0007815

Original Article 
Abnormal intestinal permeability and  
microbiota in patients with autoimmune hepatitis
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Abstract: Background: Autoimmune hepatitis (AIH) is a chronic, progressive, and immunologically mediated inflam-
matory liver disorder. The etiology of AIH still remains unknown. The aim of this study was to investigate the changes 
in intestinal permeability, bacterial translocation, and intestinal microbiome in patients with AIH and to evaluate 
the correlations of those changes with the stages of the disease. Methods: 24 patients with autoimmune hepatitis 
and 8 healthy volunteers were recruited for this study. We assessed (1) the integrity of tight junctions within the 
gut by immunohistochemical analysis of zona occludens-1 and occludin expression in duodenal biopsy specimens; 
(2) changes in the enteric microbiome by 16S rDNA quantitative PCR; and (3) the presence of bacterial transloca-
tion by the level of lipopolysaccharide (LPS) using ELISA. Results: Increased intestinal permeability, derangement 
of the microbiome and bacterial translocation occurred in AIH, which correlated with the severity of the disease. 
Conclusions: Autoimmune hepatitis is associated with leaky gut and intestinal microbiome dysbiosis. The impaired 
intestinal barrier may play an important role in the pathogenesis of AIH.
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Introduction

Autoimmune hepatitis (AIH) is a chronic, pro-
gressive, and immunologically mediated inflam-
matory liver disorder. It is characterized by 
female preponderance, elevated levels of 
serum transaminases, presence of autoanti-
bodies and hypergammaglobulinemia, and 
interface hepatitis [1]. The etiology of AIH still 
remains unknown. Pathogenesis may be a 
result of the breakdown of immune tolerance; a 
genetic predisposition, and environmental fac-
tors triggering the autoimmune process, which 
in collaboration induce a T cell mediated 
response to liver antigens for the development 
of necroinflammation and tissue destruction 
[2].

A close relationship exists between the gut and 
liver is named “gut-liver axis” because of the 
anatomical construction and its unique vascu-
lar character [3]. The liver receives approxi-
mately 75% of its blood supply from the intes-
tine through the portal vein [4] it represents the 
initial organ exposed to gut-derived products, 

including not only alimentary substances but 
also bacteria and their products [5]. The defen-
sive mechanism maintaining the hepatic 
immune homeostasis mainly depends on the 
intestinal barrier functions and the detoxifying 
capacity of the liver in healthy condition [6, 7]. 
However, disruption of the gut barrier by various 
pathological conditions can lead bacteria and 
their products such as LPS and unmethylated 
CpG containing DNA to the liver [8]. These gut-
derived toxins may break liver homeostasis 
through aberrant activation of the innate 
immune system, triggering signaling pathways 
involved in liver inflammation [9]. 

Various studies suggested that the gut-liver axis 
plays an important role in the pathogenesis ini-
tiation and progression of many types of liver 
diseases [10-14]. However, there are currently 
no patient studies assessing gut barrier func-
tion and changes in the microbiome in patients 
with AIH. In this study, we examined AIH patients 
and found that the disease is associated with 
leaky gut and intestinal microbiome dysbiosis. 
Our data indicate that the impaired intestinal 
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barrier may play an important role in the patho-
genesis of AIH.

Methods

Patients

Twenty-four patients confirmed for AIH with dif-
ferent stages, were enrolled into this study from 
April 2011 to March 2013 at the Department of 
Digestive Diseases, General Hospital, Tianjin 
Medical University, Tianjin, China. The diagno-
sis of AIH was performed according to simpli-
fied criteria for the diagnosis of autoimmune 
hepatitis [15]. The AIH patients included 4 
males and 20 females (57.3±20.4 years old). 
Based on the results of alanine aminotransfer-
ase (ALT) (normal ≤ 40 U/L) and ultrasound or 
CT of the abdomen, the patients were classified 
as AIH normal liver function group (ALT ≤ 40 
U/L, no cirrhosis), AIH abnormal liver function 
group (ALT > 40 U/L, no cirrhosis) or AIH cirrho-
sis group (cirrhosis). None of the patients had 
received any treatment.

For comparison, we recruited 8 healthy volun-
teers matched for both sex and age. The group 
was composed of 2 males and 6 females 
(52.1±21.9 years old), with normal serological 
levels and hepatic ultrasound examination, and 
no family history of celiac disease.

All procedures followed were in accordance 
with the ethical standards of the responsible 
committee on human experimentation (institu-
tional and national) and that it conforms to the 
provisions of the World Medical Association’s 
Declaration of Helsinki in 1995 (as revised in 
Tokyo 2004). The institutional Review Board 
and Ethical Committee of Tianjin Medical 
University General Hospital approved the study 
protocol. All patients provided written informed 
consent for their participation in this study.

Upper gastrointestinal endoscopy and duode-
nal biopsy

All participants took upper gastrointestinal 
endoscopy examination with a high-resolution, 
high-magnification videoendoscope (Olympus, 
model GIF-XQ240, Japan). The biopsy speci-
mens were collected from the descending duo-
denum (two from the first and two from the  
second portion). The tissues were stained with 
hematoxylin and eosin and examined under 
blinded conditions by an experienced patho- 
logist.

Immunohistochemistry for ZO-1 and occludin 

Duodenal biopsy specimens were fixed in 4% 
buffered formalin and embedded in paraffin. 
Immunohistochemistry was performed on 
5-micron sections. Anti-ZO-1 antibody (1:50, 
Santa Cruz, USA) and anti-occludin antibody 
(1:50, Santa Cruz, USA) and subsequently with 
avidin-biotin-peroxidase (Vector, CA). Reactions 
were detected with 3.3’-diaminobenzidine 
(Vector, CA).

The sections were examined independently by 
two experienced pathologists. Results were 
expressed as previously reported [16] based 
on the proportion of positively stained cells and 
intensity of staining. Positively stained cell pro-
portion was scored as follows: 0 (< 5% positive 
cells), 1 (5~25% positive cells), 2 (25~50% pos-
itive cells), 3 (50~75% positive cells), and 4 (> 
75% positive cells). The intensity of staining 
was graded as follows: 0 (no staining), 1 (weak 
staining = light yellow), 2 (moderate staining = 
yellow brown), and 3 (strong staining = brown). 
Staining index was calculated as the intensity 
score and the proportion score: 1~2 (+ = weak 
positive), 3~5 (++ = moderate positive), and 
6~7 (+++ = strong positive).

16S rDNA quantitation in feces

Fresh fecal samples were collected from all 
participants, frozen immediately and stored at 
-80°C until further processing.

DNA was extracted from feces using QIAG- 
ENQIAamp® DNA stool mini kits (Qiagen Ltd., 
UK) described by Skrivanova et al [17]. The 16S 
rDNA gene was amplified by using the universal 
bacterial Primers of Bifidobacterium (5’-GA 
TTCTGGCTCAGGATGAA CGC-3’), Lactobacillus 
(5’-AGCAGTAGGGAATCTTCCA-3’), Escherichia 
coli (5’-CATGCCGCGTGTATG AAGAA-3’) and 
Enterococcus (5’-GCAAGCGTTGT CCGGATTT- 
AT-3’). 

DNA was amplified in a reaction mixture con-
sisting of 5.0 mmol of MgCl2 and 0.25 mmol of 
each primer in a final volume of 20 μl. The reac-
tion conditions for amplification of DNA were 
95°C for 5 min, followed by 30 cycles of 95°C 
for 45 s, 52°C for 30 s and 72°C for 40 s with a 
final extension at 72°C for 10 min. Real time 
PCR was performed in duplicates for each stan-
dard dilution and sample and mean CT value of 
the duplicate PCRs was determined and used 
for the calculations. A standard curve was cre-
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ated from serial dilutions. Copy numbers of the 
samples were calculated from the standard 
curve. Results were expressed as Log10 16S 
rDNA copy number/g feces.

LPS detection in plasma 

Plasma LPS were measured by ELISA according 
to instruction (Shanghai Elisa Biotech Co. Ltd., 
China) [18].

Statistics

Data are presented as the means ± SE. 
Significant differences were evaluated by 
Student’s t-test or ANOVA. The Spearman coef-
ficient of correlation was used to examine the 

correlation. A p value < 0.05 was considered 
significant.

Results

Integrity of intestinal tight junctions is impaired 
in AIH patients 

In healthy control group, we observed normal 
duodenal villus, intact epithelial cells arranged 
regularly. In contrast, in AIH group, the duode-
nal villus was small, scarce irregular in arrange-
ment, and the tight junctions were disrupted. 
Inflammatory cells were visible in the lamina 
propria. Also, the morphological changes with 
advanced stages of disease were observed in 
AIH patients (Figure 1).

Figure 1. Pathology studies of the duodenum. H&E-staining of the duodenum in AIH and controls. A. Displayed the 
normal duodenal mucosa in healthy control group. B-D. Showed disruption of the architecture of the duodenal mu-
cosa in AIH; B. AIH normal liver function group; C. AIH abnormal liver function group; D. AIH cirrhosis group.
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control group, and indicates that the integrity of 
intestinal tight junctions is impaired in AIH 
patients.

Elevated plasma LPS levels in AIH patients

To assess the presence of bacterial transloca-
tion, plasma LPS levels were analyzed by ELISA. 
As shown in Figure 4, the level of plasma LPS 
was significantly increased in AIH patients com-
pared with healthy controls (P < 0.05). We also 
found a strong association of increased level of 
LPS associated with advanced stages of the 
disease (P < 0.05). These results indicate that 
bacterial translocation may occur in AIH pati- 
ents.

Discussion

Data reported for this study show that leaky gut 
and microbiome dysbiosis are present in 

ZO-1 and occludin expression in duodenal tis-
sue was examined by immunohistochemistry. 
As shown in Figure 2 and Table 1, both ZO-1 
and occluding appeared as a continuous band 
localized at the intracellular border in healthy 
controls, but with displacement of the protein 
away from the cellular border and increased 
frequency of strand breaks. The levels of ZO-1 
and occludin expression were significantly 
decreased in AIH patients compared with 
healthy controls. There was a significant asso-
ciation of decreased expression of ZO-1 and 
occludin with advanced stages of the disease 
(P < 0.05).

Changes in the enteric microbiome by 16S 
rDNA in AIH patients

To assess whether or not changes occur in the 
enteric microbiome of patients with AIH, we 

quantitatively analyzed major enteric 
bacteria. Compared with the healthy 
controls, a reduced quantitative amo- 
unts of anaerobes (represented by the 
Bifidobacterium and Lactobacillus) were 
found (P < 0.05), while aerobes (repre-
sented by Escherichia coli and Entero- 
coccus) were unchanged in AIH. Bifido- 
bacteria/Escherichia coli (B/E) which 
indicated a balance of intestinal flora 
was decreased (P < 0.05) (Figure 3; 
Table 2). The results demonstrate the 
intestinal microbiome dysbiosis occurred 
in patients with AIH, but not in healthy 

Figure 2. Immunohistochemistry analysis of ZO-1 and occludin expression on intestinal mucosa of AIH and controls. 
The expression of ZO-1 (A-D) and occludin (E-H) in the duodenal biopsy specimens from AIH patients were examined. 
A, E. Healthy control group; B, F. AIH normal liver function group; C, G. AIH abnormal liver function group; D, H. AIH 
cirrhosis group.

Table 1. Expression of ZO-1 and occludin in duodenal 
tissues

Group n
ZO-1 occludin
+++ ++ ++ +++ ++ ++

Healthy control 8 4 3 1 5 2 1
AIH normal liver function 8 2 4 2 3 4 1
AIH abnormal liver function 8 1 5 2 1 5 2
AIH cirrhosis 8 0 5 3 1 3 4
χ2 14.775 16.351
P 0.0389 0.0216
AIH: autoimmune hepatitis; ZO-1: zona occludens-1.
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The derangement of gut flora [31] and endotox-
emia are frequently found in hepatic cirrhosis, 
and the degree of endotoxemia is correlated 
with the degree of liver failure [31]. Never- 
theless, no data assessing intestinal barrier 
and the enteric microbiome in AIH patients 
have been reported.

The maintenance of gut barrier integrity 
depends on villus, tight junctions, and normal 
intestinal flora [33]. We found that duodenal vil-
lus in AIH was small, scarce, and irregular in 
arrangement. Inflammatory cells were visible in 
the lamina propria as well. The integrity of tight 
junctions within the gut was assessed by immu-
nohistochemical analysis of ZO-1 and occludin 
expression in duodenal specimens. Tight junc-
tions normally connect together at the apicolat-
eral membranes of adjacent epithelial cells, 
forming a mucosal barrier against luminal bac-
teria, byproducts, and noxious substances [34, 
35]. They are consisted of a series of trans-
membrane proteins, including occludin, clau-
dins, and junctional adhesion molecules [36], 
which are linked to the actin and myosin fila-
ments through cytoplasmic plaque proteins, 
including ZO-1 [37]. It is widely considered that 
the correct and intact linkage of transmem-
brane and cytoplasmic proteins is essential for 
maintaining a functional gut barrier [38]. On the 
whole, impaired gut villus and lower expression 
of tight junction proteins may result in structur-

patients with AIH and correlate with the severi-
ty of disease. Histologic assessments show 
that disruption of the architecture of the duode-
nal mucosa and the intensity of duodenal ZO-1 
and occludin staining by immunohistochemis-
try are significantly lower in patients with AIH 
compared with healthy controls, suggesting 
that disruption of tight junction integrity may 
result from the increased permeability in these 
patients.

The gastrointestinal tract contains the body’s 
largest interface between a person and the 
external environment, characterized by a high 
complexity in terms of functions. It is not only a 
passive organ of alimentary substances 
absorption, but also the first-line barrier to the 
gut’s harmful entities. It prevents exposure of 
the gut microbiota to maintain the host immune 
homeostasis [19-21]. Because of the anatomi-
cal construction and its unique vascular char-
acter, a close relationship exists between the 
gut and liver, named “gut-liver axis” [22]. In 
healthy conditions, only very small amounts of 
bacteria or their products can reach the liver, 
where they are cleansed and detoxified by the 
liver immune system. However, disruption of 
gut barrier by various pathological conditions 
can lead the entry of large amount of gut-
derived toxic factors, e.g., LPS, into the liver 
[23], and induce aberrant activation of immune 
system, which can trigger harmful or chronic 

inflammations in the liver [24, 
25]. Currently, there have 
been various studies providing 
strong evidences that the liv-
er-gut axis plays an essential 
role in the pathogenesis of 
chronic liver disease. Miele et 
al found that the patients with 
non-alcoholic fatty liver dis-
ease are associated with inc- 
reased gut permeability, which 
are caused by impaired inter-
cellular tight junctions in the 
small intestine [26]. Bacterial 
translocation induced by im- 
pairment of the function of 
tight junction [27, 28] and bac-
terial proliferation [29] plays 
an important role in the patho-
genesis of alcoholic liver dis-
ease, which activates immune 
cells to release various pro-
inflammatory cytokines [30]. 

Figure 3. Changes in the enteric microbiome. Compared with the healthy 
controls, a reduced quantitative amount of Bifidobacterium and Lactoba-
cillus in different stages of the disease (*P < 0.05 vs Healthy control), the 
amount of Escherichia coli and Enterococcus were unchanged in AIH. Bifido-
bacteria/Escherichia coli (B/E) which indicated a balance of intestinal flora 
declined (P < 0.05).
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al deficiencies that enable bacterial translo- 
cation.

Gut microbiota forms an integral biological bar-
rier in the maintenance of intestinal homeosta-
sis. The microbiot performs defensive function 
supported by the synergistic commensal re- 
lationship, including inhibition of pathogens, 
metabolism of toxic compounds, prevention 
against penetration and immunological clear-
ance mechanisms [39]. Derangement of the 
gut flora leads to a break in the gut barrier, 
increased intestinal permeability and conse-
quent endotoxemia that triggers inflammation. 
Our analysis of fecal microbiome by 16S rDNA 
quantitative PCR demonstrated a significant 
decrease of Bifidobacterium and Lactobacillus 
in AIH patients compared with healthy subjects, 
while no changes was observed in Escherichia 
coli and Enterococcus. The imbalance in the 
composition of anaerobes/aerobes classes 

can impair the gut barrier and promote bacteri-
al translocation.

Bacterial translocation is defined as the pas-
sage of viable endogenous bacteria or their 
products, such as LPS and bacterial DNA, from 
the gut to the mesenteric lymph nodes, system-
ic circulation and extraintestinal organs [40]. 
LPS is the outer membrane molecule derived 
from gram-negative bacteria. As a marker of 
bacterial translocation, LPS is a potent activa-
tor of immune responses, which may induce 
liver damage [41]. In our study, plasma LPS lev-
els were increased in AIH, and the degree of 
increase level was significantly related to the 
severity of disease.

According to these results, we hypothesize that 
leaky gut and microbiome dysbiosis may be 
causally linked to pathogenesis of AIH. 
Alteration of gut microbiota and impaired intes-
tinal barrier which eventually induce bacterial 
translocation and portal endotoxemia and 
increase exposure of the liver to gut-derived 
bacterial products: LPS and unmethylated CpG 
DNA. These products break in the liver immune 
tolerance, aberrantly activate innate immune 
receptors--namely Toll-like receptors, which 
may trigger “harmful inflammation” that con-
tributes to liver inflammation and tissue 
destruction. Therefore, it is conceivable that 
the impaired intestinal barrier function and 
may be part of the initiation of the autoimmune 
attack in AIH.

In summary, our results have been demonstrat-
ed that AIH is associated with impaired intesti-
nal barrier and microbiome dysbiosis and that 
these changes are associated with the severity 
of the disease. We found evidences of “leaky” 
intestine with tight junction disruption in AIH 
may result in microbiome dysbiosis. These 
observations have important implications for 
understanding the linkage between gut-liver 
axis and the autoimmune reaction in AIH. Thus, 

Figure 4. Plasma LPS levels of AIH. The level of 
plasma LPS was detected by ELISA in the patients 
with different stages of AIH. The LPS level of each 
group of the AIH patients was compared with that of 
healthy control, respectively, *P < 0.05.

Table 2. Changes in the enteric microbiome (Log10 copies/g feces)
Group Bifidobacterium Lactobacillus E. coli Enterococcus
Healthy control 10.24±0.54 10.57±0.62 10.96±0.55 6.84±0.76
AIH normal liver function 8.97±0.37* 8.47±0.35* 11.56±0.42 7.06±0.47
AIH abnormal liver function 7.05±0.83* 7.29±0.78* 11.43±0.72 6.90±1.02
AIH cirrhosis 6.93±0.73* 7.04±0.63* 10.89±1.16 7.25±0.93
AIH: autoimmune hepatitis, *p < 0.05 compare with Healthy control.
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restoration of intestinal barrier integrity may be 
a potential target therapy of AIH patients.
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