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Abstract
AIM: To investigate the change in intestinal dendritic cell (DC) number in fulminant hepatic failure (FHF). 

METHODS: An animal model of FHF was created. Intestinal CD11b/c was detected by immunohisto​chemistry and Western blot. Quantitative real-time polymerase chain reaction (PCR) was used to detect intestinal integrin- mRNA expression. Intestinal CD83, CD86, CD74, CD3 and AKT were detected by immunohistochemistry, Western blot and PCR. Phosphorylated-AKT (p-AKT) was detected by immunohistochemistry and Western blot. 

RESULTS: In the FHF group [D-galactosamine (D-Galn) + lipopolysaccharide (LPS) group], the mice began to die after 6 h; conversely, in the D-Galn and LPS groups, the activity of mice was poor, but there were no deaths. Immunohistochemistry results showed that in FHF, the expression of CD11b/c (7988400 ± 385941 vs 1102400 ± 132273, P < 0.05), CD83 (13875000 ± 467493 vs 9257600 ± 400364, P < 0.05), CD86 (7988400 ± 385941 vs 1102400 ± 13227, P < 0.05) and CD74 (11056000 ± 431427 vs 4633400 ± 267903, P < 0.05) was significantly increased compared with the normal saline (NS) group. Compared with the NS group, the protein expression of CD11b/c (5.4817 ± 0.77 vs 1.4073 ± 0.37, P < 0.05) and CD86 (4.2673 ± 0.69 vs 1.1379 ± 0.42, P < 0.05) was significantly increased. Itg- (1.1224 ± 0.3 vs 0.4907 ± 0.19, P < 0.05), CD83 (3.6986 ± 0.40 vs 1.0762 ± 0.22, P < 0.05) and CD86 (1.5801 ± 0.32 vs 0.8846 ± 0.10, P < 0.05) mRNA expression was increased significantly in the FHF group. At the protein level, expression of CD74 in the FHF group (2.3513 ± 0.52) was significantly increased compared with the NS group (1.1298 ± 0.33), whereas in the LPS group (2.3891 ± 0.47), the level of CD74 was the highest (P < 0.05). At the gene level, the relative expression of CD74 mRNA in the FHF group (1.5383 ± 0.26) was also significantly increased in comparison to the NS group (0.7648 ± 0.22; P < 0.05). CD3 expression was the highest in the FHF group (P < 0.05). In the FHF, LPS and D-Galn groups, the expression of AKT at the protein and mRNA levels was elevated compared with the NS group, but there was no statistical significance (P > 0.05). The p-AKT protein expression in the FHF (1.54 ± 0.06), LPS (1.56 ± 0.05) and D-Galn (1.29 ± 0.03) groups was higher than that in the NS group (1.07 ± 0.03) (P < 0.05). 

CONCLUSION: In FHF, a large number of DCs mature, express CD86, and activate MHC class Ⅱ molecular pathways to induce a T cell response, and the AKT pathway is activated.
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Core tip: In this study, we showed that the expression of CD11b/c, CD83, CD86, CD74 and CD3 in the fulminant hepatic failure (FHF) group [D-galactosamine (D-Galn) + lipopolysaccharide (LPS) group] was significantly higher compared with the normal saline (NS) group. Additionally, the phosphorylated-AKT protein expression in the FHF, LPS and D-Galn groups was higher than that in the NS group. This result showed that a large number of dendritic cells mature, express CD86, and activate MHC class Ⅱ molecular pathways to induce a T cell response in FHF. In addition, the AKT pathway in FHF was activated.

INTRODUCTION
Fulminant hepatic failure (FHF) is a clinical syndrome resulting from a rapid loss of hepatocyte function with acute morbidity. A lack of effective treatment has resulted in high mortality so far[1,2]. During the progression of FHF, bacterial overgrowth in the small intestine affects intracellular signal transduction pathways, leading to the disruption of epithelial tight junctions and an increase in the paracellular permeability to macromolecules. Furthermore, intestinal bacterial translocation (BT) through the gastrointestinal barrier into the blood is associated with decreased intestinal resistance. This mechanism may lead to primary peritonitis. Clinically, this event is diagnosed as spontaneous bacterial peritonitis (SBP). Therefore, a decrease in intestinal permeability would prevent BT, suppress intestinal endotoxemia, prevent the occurrence of SBP, and thus enhance recovery from liver injury.

In the gut, dendritic cells (DCs), which are professional antigen presenting cells (APC), play a crucial role in both innate and adaptive immunity against microbial antigens. Activated mature intestinal DCs are the main stimulators of naive T cells, ultimately shaping the adaptive mucosal immune system[3]. Additionally, the invariant natural killer T cells regulate DC numbers[4]. T cell responses are initiated with specific peptide-MHC protein complexes on the surface of APC and through signals provided by co-stimulators expressed on APC[5]. In response to BT, gut epithelial cells release chemokines that induce the recruitment of DCs to the mucosa[6]. DCs that underlie the epithelium may open tight junctions between epithelial cells, sending dendrites into the lumen to directly sample bacteria[7,8]. Previous studies have shown that both viable and killed probiotic bacteria had strain-speciﬁc effects on the phenotype of human and murine DCs[9-11]. For example, lamina propria DCs can be distinguished according to CD11c (high and low), CD11b, CD103, CX3CR1, and CD70[12] expression. LP-DCs can be divided into two different subsets: CD103+CX3CR1-DCs that induce the development of regulatory T cells and CD103-CX3CR1+DCs with features of macrophages, which promote TNF production and the development of Th1/Th17 T cells. It has been reported that bacterial translocation in rats with cirrhotic ascites was associated with an increase in the total number of intestinal CD103+DCs in the lamina propria and in mesenteric lymph nodes[13]. 

Preventing the occurrence of SBP is essential to avoid liver damage and reduce mortality in patients with FHF. In this study, the intestinal CD11b/c, CD83, CD86, the major histocompatibility complex Ⅱ-associated invariant chain Ii (also known as CD74), the T cell marker (CD3), and AKT/ phosphorylated-AKT (p-AKT) were assessed to gain a better understanding of how the distribution of DCs and the corresponding immune response change after the onset of FHF. 

MATERIALS AND METHODS
All animals in this study were from the Animal Center of Shengjing Hospital of China Medical University. Adult wild-type rats were anesthetized and killed by cervical dislocation. All studies were performed in accordance with the protocol approved by the Institutional Animal Care and Use Committee of the China Medical University for Basic Research in Developmental Disabilities. All surgery was performed under anesthesia, and all efforts were made to minimize suffering.

Animal model

A mouse model of FHF was established as described previously[14]. BALB/C mice housed in a specific-pathogen-free environment, weighing 18-22 g, were purchased from the Experimental Animal Center of China Medical University. All pups were randomly divided into four groups: normal saline (NS, 15 mice), lipopolysaccharide (LPS, 30 mice), D-galactosamine (D-Galn, 30 mice), and FHF (LPS + D-Galn, 100 mice). Mice were injected intraperitoneally with LPS (10 g/kg, Sigma, United States) and/or D-Galn (800 mg/kg, Sigma, United States). Mice were sacrificed via decapitation 9 h after the injection of NS, LPS, or D-Galn. 

Tissue preparation

BALB/C mice were sacrificed by decapitation. To standardize analysis, half of the small intestine was fixed in situ with 4% paraformaldehyde in phosphate-buffered saline (pH 7.4) and then embedded in paraffin. The rest of the small intestine was harvested for mRNA and protein analysis.

Immunohistochemistry for the detection of CD11b/c, CD83, CD86, CD74, CD3, AKT, and p-AKT

Paraffin-embedded sections of intestinal tissues were deparaffinized, rehydrated, and incubated with mouse anti-mouse CD11b/c (Abcam, United Kingdom), mouse anti-mouse CD86 (Santa Cruz Biotechnology, United States), rabbit anti-mouse CD3 (Sigma, United States), rabbit anti-mouse AKT (Thermo Fisher Scientificm, United States), rabbit anti-mouse CD74 (Santa Cruz Biotechnology, United States), rabbit anti-mouse p-AKT(Santa Cruz Biotechnology, United States) and goat anti-mouse CD83 (Santa Cruz Biotechnology, United States). Slides were rinsed three times with PBS between incubations, and sections were incubated with biotinylated secondary antibodies and horseradish peroxidase labeled avidin (ZSGB-BIO, China). Slides were rinsed three times with PBS after each incubation, and sections were counterstained with hematoxylin. For negative controls, the primary antibody was replaced with PBS. After scanning, the median absorbance values were determined using Image-Pro analysis software (Media Cybernetics, United States).

Protein determination 

A BCA Protein Assay Kit (Beyotime, Shanghai, China) was used to determine the protein concentration of intestinal tissue according to the manufacturer’s instructions.

Western blot for analysis of CD11b/c, CD83, CD86, CD74, CD3, AKT and p-AKT protein in intestinal tissues

Proteins extracted from intestinal tissues were separated using sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to polyvinyl fluoride membranes. Membranes were blocked with Tris-buffer containing 5% skim milk and probed with anti-CD11b/c, -CD86, -CD74, -CD3, -AKT and -p-AKT antibodies or anti-GAPDH followed by a peroxidase-conjugated secondary antibody. They were then incubated with an enhanced chemiluminescent substrate and exposed to X-OMAT film (Perkin Elmer, American). Images were scanned, and densitometry was analyzed for protein levels normalized to GAPDH using the Image-pro plus 6.0 software (Media Cybernetics, American).

Quantitative real-time polymerase chain reaction of intestinal integrin-, CD83, CD86, CD74, CD3, and AKT mRNAs

Total RNA was extracted from the intestinal tissue of FHF mice using an RNA Mini Kit from Takara (Takara Biotechnology Co., Dalian, China). The quality of extracted RNA was determined by the number and size of the bands obtained using agarose gel electrophoresis. cDNA (Takara Biotechnology Co., Dalian, China) was synthesized using 100 ng RNA. The levels of individual RNA transcripts were quantified using quantitative real-time polymerase chain reaction (PCR). The primers used were as follows: CD3-Forward (F): 5’-TCACGGAGATGTCGCCAGA-3’, CD3-Reverse (R): 5’-TTGCCATCCAGTTTGCCCTTA-3’; integrin- (Itg-)-F: 5’-ATGGCTCCGGTAGCATCAACA-3’, Itg--R: 5’-CTCGTCCGAGTACTGCATCAAAG-3’; CD74-F: 5’-AGCCAGATGCGGATGGCTA-3’, CD74-R: 5’-TCCTGGGTCATGTTGCCGTA-3’; CD86-F: 5’-ATATGACCGTTGTGTGTGTTCTGGA-3’, CD86-R: 5’-AGGGCCACAGTAACTGAAGCTGTAA-3’; CD83-F: 5’-AAGTACAGGGCAGAAGCTGTGTTG-3’, CD83-R: 5’-AAGCTTGTTCCGTACCAGGTTTAGA-3’; AKT-F: 5’-GAGGTTGCCCACACGCTTA-3’, AKT-R: 5’-GGCGTACTCCATGACAAAGCAG-3’; GAPDH-F: 5’-GGTGAAGGTCGGTGTGAACG-3’, GAPDH-R: 5’-CTCGCTCCTGGAAGATGGTG-3’.

The primers and fluorescent probes were purchased from Takara. The PCR conditions were as follows: a preliminary cycle at 95 ℃ for 10 s, followed by 45 cycles at 95 ℃ for 5 s and at 60 ℃ for 20 s, followed by 1 min at 60 ℃ and 5 s at 95 ℃. We also confirmed that the efficiency of amplification for GAPDH was 100% in the exponential phase of PCR. The mRNA levels were normalized to GADPH mRNA according to the following formula: relative levels of target mRNA = 2-ΔΔCT × 100 %, where ΔΔ CT = (CTFHF, LPS, D-Galn groups - CT GAPDH) - (CTNS group - CTGAPDH). The intestinal mRNA levels of the FHF groups were compared with those of other groups.

Statistical analysis

For each experiment, at least 15 mice were tested per group. Data regarding group differences were reported as mean ± SD. Significant differences between treatment groups were determined using one-way analysis of variance with the Dunnett test.
RESULTS 

Number of mature DCs

The DC surface markers, CD11b/c (Figure 1A) and CD83 (Figure 1B), were detected using immunohistochemistry. Mature DC markers were expressed on the cytoplasmic membrane and in the cytoplasm of intestinal mucosal cells. In the FHF group, DCs were found to be distributed throughout the basal layer and in the lymphatic vessels, but they only appeared on the basal layer in the NS group (Figure 1A). In the FHF, LPS, and D-Galn groups, CD11b/c staining (Figure 1C) was significantly higher than that of the NS group. CD83 staining (Figure 1D) in the other three groups was higher than that of the NS group. To further confirm DC maturation, CD11b protein expression was measured (Figure 2A). The results demonstrated that the CD11b protein expression in the FHF, D-Galn and LPS groups was higher than that of the NS group (Figure 2B). At the genetic level, CD11b is encoded by the Itg-, which is part of the integrin family. The Itg- (Figure 3A) and CD83 (Figure 3B) mRNA expression changes were consistent with the changes in their protein levels; the protein levels observed in each of the three treatment groups were higher than those of the NS group. Additionally, an increase in protein expression was more pronounced in the LPS and FHF groups. These data indicated that a greater number of DCs matured in the intestinal tissues of the FHF mice.

Mature DCs express CD86 and induce the activation of MHC Ⅱ (CD74) to elicit a T cell response

To explore how DCs might influence the development of FHF, the co-stimulatory molecule, CD86, was tested. The staining results (Figure 4A and D) showed that CD86 expression in the FHF, LPS and D-Galn groups was significantly higher than that of the NS group. The CD86 protein (Figure 5A and C), approximately 56 kDa, was remarkably increased in the FHF group compared with the other groups. Similarly, CD86 mRNA (Figure 6A) in the three treatment groups was much higher than in the NS group. To determine whether the MHC Ⅱ molecular pathway was activated, CD74 was measured. As shown in Figure 4B, CD74 was expressed both on the cell membrane and in the cytoplasm and was significantly increased (Figure 4E) in the FHF group. In all the three treatment groups, CD74 protein was expressed at a significantly higher level compared with the NS group (Figure 5A), and CD74 mRNA was significantly increased as well (Figure 6B). To determine whether there was an increased number of T cells present in intestinal tissue samples from the FHF group, we measured CD3 staining. CD3 was distributed in the intestinal mucosal tissue (Figure 4C) and in the FHF group its number was the highest (Figure 4F). The CD3 protein expression (Figure 5B and 5) in the FHF group was also much higher than in other groups. The CD3 mRNA (Figure 6C) of the three treatment groups was still far higher than that of the NS group. However, there was no difference among the three treatment groups. Therefore, we concluded that in the FHF group, the number and activity of intestinal mature DCs were significantly increased and that the T cells were also increased. Thus, these data suggested that the entire intestinal mucosal immune barrier was influenced.

Alterations in the AKT signaling pathway

The AKT signal transduction pathway is an important mechanism by which cells avoid apoptosis because it promotes the progression of the cell cycle and thus cell proliferation and activation. The activation of AKT is usually characterized by phosphorylation. AKT is primarily expressed in the basal layer of the intestinal mucosa. The results of immunohistochemistry staining showed that in the FHF, LPS and D-Galn groups, AKT (Figure 7A and C) was not significantly changed, but p-AKT (Figure 7B and D) was higher than that of the NS group. Compared with the NS group, AKT protein (Figure 8A and B) was only non-significantly increased in the FHF, LPS and D-Galn groups. However, the expression of p-AKT protein (Figure 8A and C) showed a significant difference. In addition, the AKT mRNA (Figure 9) levels were not significantly different among these groups. We concluded that the AKT signaling pathway was activated in the FHF group.

DISCUSSION

The gut microbiome plays both physiological and pathological roles in intestinal homeostasis and the pathogenesis of inflammatory bowel diseases[15]. As effector cells of both innate and adaptive immune responses, DCs are central not only for maintaining protective immunity against pathogens but also for preventing inflammatory intestinal immune responses against the microbiota and food antigens. Similar effector functions to those involved in protective immunity against pathogens are engaged during inappropriate inflammatory responses against harmless antigens[16]. The pathological changes of other organs often affect the gut, as occurs in many hepatic diseases. In the case of FHF, SBP is a common complication caused by pathological BT. The clinical pathological causes of BT are the increase in intestinal permeability and the disruption of the intestinal mucosal barrier[17,18]. These changes indicate that DCs may be involved in FHF due to their role as professional APCs present in the gut and their ability to disrupt tight junctions to sample bacteria in the lumen. 

The intestinal mucosa contains many subtypes of DCs, which are present in two functionally distinct states; i.e., immature and mature cells. The subtypes of DCs vary based on their typical tissue localization. For example, DCs isolated from intestinal tissues are endowed with unique mucosal functions that are specific to these DC subsets. It was originally thought that mature DCs induced protective immunity to infectious agents but that immature DCs induced tolerance to innocuous antigens[19]. CD83 has been implicated in the regulation of inflammation, and it is expressed on a number of cell types[20]. In this study, by using CD11b/c and CD83 as DC maturation markers, we demonstrated that mature intestinal DCs in the FHF group showed a significantly increased trend. These data were in agreement with other studies in which CD83 expression was upregulated in a chemical-induced murine colitis model[21]. Some studies showed that LPS injection can influence the expression of MCH-Ⅱ and CD11b in brain sections[22]. Our results might also be associated with the concentration of LPS used in vivo[23].
DCs have roles in both the innate and adaptive immune responses. DCs are sentinels of the immune system recognizing and translating pathogenic signals into immune responses[24]. Thus, an increase of intestinal DCs suggested that the intestinal mucosa had been injured in FHF. Some studies have shown that the presence of CD83 on mDC membranes enhanced T lymphocyte proliferation[25]. For instance, CD80/CD86, expressed in DCs, plays a central role in T cell activation by delivery of co-stimulatory signals to naïve T cells, activating them to become effector T cells[26]. The report showed that the expression intensity of CD86 with LPS stimulation was significantly higher[27]. The results of the current study demonstrated that CD86 and CD3 were significantly increased in FHF tissues. These data indicated that intestinal T cell activation was increased in FHF as a result of ligation with CD80/CD86 on DCs.
CD74 is a type Ⅱ integral membrane protein and acts as a chaperone for MHC Ⅱ protein expression[28]. It is a key substrate that contributes to the survival of DCs[29,30]. Downregulation of CD74 has been shown to regulate DC migration in vitro and in vivo[31,32]. It was also reported that post-infectious intestinal lamina propria DCs displayed increased CD86 and MHC class Ⅱ, resulting in the enhanced induction of T cell proliferation[33]. Other reports suggested that DCs displayed higher expression of MHC Ⅱ and CD86 in LPS-induced liver injury[34]. In this study, CD74 was significantly increased in FHF tissue. Collectively, these results imply that in FHF, SBP would lead to the rapid maturation of DCs and the subsequent activation of T cells to produce an adaptive immune response.

AKT signaling has been reported to play a key role in regulating cell growth, survival, and metabolism in a variety of apoptotic paradigms[35]. Activated AKT, which in turn phosphorylates and inactivates components of the apoptotic machinery, participates in cell survival, proliferation and apoptosis inhibition[36,37]. Abnormal activation of the AKT pathway may lead to disease and dysfunction. Studies have found that crosslinking CD80/CD86 in human DCs activated the PI3K/AKT pathway[38]. AKT activation has also been shown to be an early sign of intestinal microenvironmental change and is closely related to the treatment of gut injury[39]. Therefore, we measured p-AKT as a first attempt to understand the role of the AKT pathway in FHF. Our results demonstrated that p-AKT was significantly increased in FHF. In addition, other researchers have shown that activation of the AKT pathway might be involved in the pathogenesis of Crohn’s disease[40]. Moreover, AKT activation might be involved in the transition from intestinal inflammation to cancer[41]. Taken together, these results suggested that the AKT pathway was activated in FHF and might participate in early intestinal mucosal injury.

DCs play an important role in intestinal mucosal health because they can induce a T cell adaptive immune response. In this study, a large number of DCs matured, expressed CD86, and activated MHC class Ⅱ molecular pathways to induce a T cell response in FHF. In addition, the AKT signaling pathway was activated in FHF.

COMMENTS 

Background

Fulminant hepatic failure (FHF) is often associated with spontaneous bacterial peritonitis (SBP), which is caused by bacterial translocation from the gut after serious liver damage and is associated with significantly increased mortality. Dendritic cells (DCs) play an important role in the generation and regulation of immune responses and oversee intestinal immune homeostasis in SBP. Studies on intestinal DCs were performed to understand the mechanisms of SBP.

Research frontiers

DCs are sentinels of the immune system that recognize and translate pathogenic signals into immune responses. Intestinal DC numbers and function in liver diseases have become a topic of interest. This study is basic to understanding the mechanisms of SBP.

Innovations and breakthroughs

To date, many studies have been carried out primarily on bacterial translation and cytokine expression by T cells and DCs. In this study, the authors carefully studied changes in the number of intestinal DCs by employing immunohistochemistry, Western blot and polymerase chain reaction and found that a large number of DCs matured, expressed CD86, and activated the MHC Ⅱ molecular pathway to induce a T cell response in FHF. Furthermore, the AKT signaling pathway was activated in FHF.

Applications

By identifying the intestinal DCs in FHF, the authors evaluated CD86, CD83 and CD74 in intestinal DCs, which could improve our understanding of the mechanisms of SBP in FHF.

Terminology

Integrin- (Itg-): At the genetic level, CD11b is encoded by the Itg- gene, which is part of the integrin family.

Peer-review

The authors performed experiments to detect CD86, CD83 and CD74 in the intestinal DCs in FHF and found that a large number of DCs matured, expressed CD86, and activated the MHC Ⅱ molecular pathway to induce a T cell response in FHF. Furthermore, the authors detected AKT and phosphorylated-AKT, and the results showed that the AKT signaling pathway was activated in FHF.
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Figure 1  Immunohistochemical staining of CD11b/c (A) and CD83 (B) and integrated optical density of CD11b/c (C) and CD83 (D). From left to right panel: Normal saline (NS) group, D-galactosamine (D-Galn) group, lipopolysaccharide (LPS) group, and fulminant hepatic failure (FHF) group (A and B). The integrated optical density of CD11b/c (C) and CD83 (D) in the FHF group was notably increased compared with those of the NS group, but there was no significant difference compared with the LPS and D-Galn groups. The integrated optical density of CD11b/c in the LPS and D-Galn groups, as well as CD83 in the LPS group, was notably increased compared with that of the NS group (bP < 0.001 vs the NS group, one way ANOVA with Dunnett test, n ≥ 15).
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Figure 2  Intestinal CD11b protein expression. A: CD11b protein was detected by Western blot; B: Densitometric analysis using Image-Pro software. The absorbance value of CD11b/absorbance value of GAPDH in the fulminant hepatic failure (FHF) was notably increased compared with those of the normal saline (NS) and D-galactosamine (D-Galn) groups, but there was no significant change compared with that of the lipopolysaccharide (LPS) group (bP < 0.001 vs the NS group, aP < 0.05 vs the D-Galn group, one-way ANOVA with Dunnett test; n ≥ 15).
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Figure 3  Relative expression of intestinal integrin- (A) and CD83 (B) mRNAs. The relative levels of intestinal integrin- (Itg-) mRNA in the fulminant hepatic failure (FHF) group were significantly increased compared to the normal saline (NS) group, but there was no significant difference compared with those of the lipopolysaccharide (LPS) and D-galactosamine (D-Galn) groups. The relative levels of intestinal CD83 mRNA in the FHF group were significantly increased compared with the NS group, LPS group and D-Galn group (bP < 0.001 vs the NS group, aP < 0.05 vs the LPS and D-Galn groups, one-way ANOVA with Dunnett test; n ≥ 15).
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Figure 4  Immunohistochemical staining of CD86 (A), CD74 (B), and CD3(C) and integrated optical density of CD86 (D) CD74 (E), and CD3 (F). From left to right panel: Normal saline (NS) group, D-galactosamine (D-Galn) group, lipopolysaccharide (LPS) group, and fulminant hepatic failure (FHF) group (A, B and C). The integrated optical density of CD86 (D) and CD74 (E) in the FHF group was notably increased compared to the NS group. However, CD86 and CD74 were not significantly different among the FHF, LPS and D-Galn groups. The integrated optical density of CD3 in the FHF group was notably increased compared with the NS, LPS and D-Galn groups (bP < 0.001 vs the NS group, aP < 0.05 vs LPS and D-Galn groups, one-way ANOVA with Dunnett test; n ≥ 15).
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Figure 5  Intestinal CD86 (A), CD74 (B), and CD3 (C) protein expression. A and B: CD86, CD74, and CD3 protein expression was detected by Western blot; C, D and E: Densitometric analysis using Image-Pro software. The absorbance values for CD86 and CD74 and the CD3/absorbance value of GAPDH in tissues from the fulminant hepatic failure (FHF) group were notably increased compared with those of the normal saline (NS) group. The CD86 and CD3 levels were increased, but for CD74 there were no significant differences compared with the lipopolysaccharide (LPS) and D-galactosamine (D-Galn) groups (bP < 0.001 vs the NS group, aP < 0.05 vs the LPS and D-Galn groups, one-way ANOVA with Dunnett test; n ≥ 15).
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Figure 6  Relative levels of intestinal CD86 (A), CD74 (B), and CD3 (C) mRNAs. Levels of intestinal CD86, CD74 and CD3 mRNAs in tissues from the fulminant hepatic failure (FHF) group were significantly increased compared with those of the normal saline (NS) group, but there were no significant differences compared with tissues from the lipopolysaccharide (LPS) and D-galactosamine (D-Galn) groups (bP < 0.001 vs the NS group, one-way ANOVA with Dunnett test; n ≥ 15). 
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Figure 7  Immunohistochemistry staining of AKT (A) and phosphorylated-AKT (B) and integrated optical density of AKT (C) and phosphorylated-AKT (D). From left to right panel: Normal saline (NS) group, D-galactosamine (D-Galn) group, lipopolysaccharide (LPS) group, and fulminant hepatic failure (FHF) group (A and B). The integrated optical density of AKT (C) in the FHF group was not significantly different compared to the NS group, LPS group and D-Galn group The integrated optical density of phosphorylated-AKT (p-AKT) (D) in the FHF was notably increased compared with the NS group but not significantly different compared with the LPS and D-Galn groups (aP < 0.05 vs the NS group, one-way ANOVA Dunnett test; n ≥ 15).
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Figure 8  Intestinal AKT and phosphorylated-AKT protein expression. A: AKT and p-AKT protein expression was detected by Western blot; B and C: Densitometric analysis using the Image-Pro software. The ratio of the absorbance of AKT/absorbance of GAPDH in the fulminant hepatic failure (FHF) group was not significantly different compared with those of normal saline (NS), lipopolysaccharide (LPS) and D-galactosamine (D-Galn) groups. The ratio of the absorbance of phosphorylated-AKT (p-AKT)/absorbance of GAPDH in the FHF group was notably increased compared with that of NS group, but was not significantly different compared with those of the LPS and D-Galn groups (aP < 0.05 vs the NS group, one-way ANOVA with Dunnett test; n ≥ 15).
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Figure 9  Relative levels of intestinal AKT mRNA. The relative levels of intestinal AKT mRNA among the four groups were not significantly different (P > 0.05, one-way ANOVA with Dunnett test; n ≥ 15). D-Galn: D-galactosamine; FHF: Fulminant hepatic failure; LPS: Lipopolysaccharide; NS: Normal saline.
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