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Abstract 

Billiary atresia (BA) is still a major challenge for clinicians, as without surgical intervention, more than 80% of 

patients will develop liver cirrhosis, or die within 2 years of life. The pathogenesis is still unknown, but a theory 

of primary perinatal hepatobiliary viral infection followed by auto- immune-mediated bile duct injury had been 

hypothesized. The objective of this study is to determine the change of regulatory T cells and inflammatory 

reaction in liver after rhesus rotavirus (RRV) infection in BA mice model. Two groups of newborn mice, those 

were RRV group consisting of 24 newborn mice injected by RRV 1.5 x 106 PFU intraperitoneally less than 24 

hours after birth, and control group comprising of 24 newborn mice injected with buffered saline were used as 

BA model. The expression of Tregs and infiltration of inflammatory cells in the liver of the two groups of 

newborn mice were studied on day 3, 7, 14, and 21 after birth.  
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The results shows that tregs expressions of RRV group on day 3, 7, 14 and 21 were significantly higher than 

control group (p<0.05). There were also significant increases of Tregs expressions on day by day, both in RRV 

group (p<0.001), as well as in control groups (p=0.002). The excessive infiltration of inflammatory cells and 

narrowing of bile duct lumens were detected on day 14. As a conclusion we can say that the Induction of 

Rotavirus (RRV) in newborn mice model BA increases the expressions of Tregs, and may cause damage of bile 

ducts within two weeks of life. 

Keywords: mice model biliary atresia; rhesus rotavirus (RRV); regulatory T cells; CD4+ CD25+. 

1. Introduction  

Biliary atresia (BA) is a serious pediatric health problem due to its potency and progressivity in damaging both 

the intra- and extra-hepatic biliary ducts.  Approximately 80% of patients require a liver transplantation to 

survive and almost all patients die by 2 years of age without surgical intervention [1;2;3].  The etiology of BA 

remains unclear. The pathogenesis of BA involving viral infections of the hepatobiliary tract and bile duct 

damage mediated by auto reactive T cells had been hypothesized. However, so far there is no infectious or toxic 

agents proven to be directly implicated in biliary atresia, as although the virus had been eliminated, persistent 

inflammation of the bile duct and epithelial cells damage still occur [4;5].  

Current management of biliary atresia including surgical (Kasai porto-enterostmy / KPE) and medical 

approaches still has no satisfactory outcomes [6]. Some authors reported that the outcomes of treatment of the 

patients with BA are strongly related to the course of disease and the time of intervention. Diagnosis performed 

within the first two months of life, followed by performing KPE can improve the prognosis and prevent 

worsening of the disease [2;7;8]. On the other hand, regulatory T cells (Tregs), either natural or induced, 

suppress a variety of physiological and pathological immune responses. In certain diseases Treg-mediated 

suppression is a multi-step process and impairment or augmentation of each step can alter the ultimate 

effectiveness of Treg-mediated suppression [9]. 

In BA, the damage of bile duct occurs due to the expression of epithelial cells as an antigen, or the “self” 

proteins that are recognized as an “non-self”, leading to auto-reactivation of T-cells and release of inflammatory 

mediators. It can be explained by the evidences of bystander effect of Tregs on immune responses under 

particular conditions (bystander activation pathway) as well as Tregs that exert multiple effects on different cell 

targets [10]. 

Based on the facts mentioned above, it seems there is an opportunity to get a new approach in preventing the 

progressiveness of BA, or to stop the subsequence damage process on biliary duct by utilizing or manipulating 

the change of Treg expression following the onset of BA on mice model infected by rhesus rotavirus (RRV). 

2. Materials and Methods 

2.1. Biliary atresia mice model  

Twenty pregnant BALB/c mice were divided into two groups those were ten mice in study group and the other 
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ten mice as control group respectively. The mice were kept separated in separate cages and a virus-free 

environment at the Laboratory of Molecular Biology the Faculty of Medicine Universitas Brawijaya Malang 

Indonesia. They had free access to food and water. Each neonates from mice in the study group were given a 

single intraperitoneal (i.p.) injection of as much as 0.05 mL containing 1.5 X 106 pfu/mL of  RRV strain MMU 

18006 (ATCC Virginia # VR 1739),  while neonate mice from control group were injected with 0.05 mL of 

balanced salt solution (BSS). All of the injections were performed not more than 24 hours after birth. Infected 

neonate mice which died within the first 2 days after birth, or were not fed by their mothers, were not included 

for further analysis. The neonate mice were weighted on the day of delivery and then were sacrificed by cervical 

dislocation on day 3, 7, 14 and 21 after birth. Liver and biliary tissues were removed by standard surgical 

procedure for further processes The protocol of this study had been approved by the Ethical Committe of Health 

Research Faculty of Medicine Universitas Brawijaya Malang Indonesia ( Reg #.. 361/EC/KEPK-83/11/2012). 

2.2. Histological slides of liver and biliary tissue 

Isolated liver and biliary tissues were fixed with formalin, before being embedded in paraffin block. After the 

tissues were cut by microtome with 4-5 µm of thickness, the slices were put on the object glasses, and after 

deparafinized they were stained with Hematoxylin Eosin.  All of histological slides were examined under light 

microscope with 400.x magnifications. Only the slides containing hepatic artery, portal vein and bile duct 

components were selected. The examination of the selected slides focused on the lumen and infiltration of 

inflammatory cells surrounding the bile duct. Digital photographs were obtained using the Olympus BX51 

microscope with DP20 camera.  

2.3. Flowcytometric analysis 

Tissues were homogenized and red cells were lysed with ACK (Ammonium-Chloride-Potassium) Lysing 

Buffer. Liver immune cells were enriched by Percoll gradient (40/60). Single-cell suspensions were incubated 

with Fc-block and ready for stained. A mouse Treg staining kit was used according to the manufacturer’s 

instructions (Bioscience, San Diego, CA). Cells were visualized with BDFACSCalibur Flow Cytometer 

(Becton-Dickinson, Mountain View, CA), FlowJo (Tree Star, Inc., Ashland, OR) software used for analysis. 

Flowcytometric analysis was done at the Laboratory of Biomedics Universitas Brawijaya Malang Indonesia. 

2.4. Statistical analysis 

The differences of histological features were compared qualitatively, while the difference of the expression of 

regulatory T cells CD4+CD25+ in each group from different days of sacrifices were analyzed using independent 

sample t-test, Mann Whitney test, One-way Annova, and Kruskal-Wallis. Data were analyzed using 95% 

confidence level (α=0.05).  

3. Results  

There were totally 48 newborn mice elligible in this study, consisting of 24 neonates infected by RRV 1.5 x 106 

PFU intraperitoneally less than 24 hours after birth (RRV group) and 24 neonates injected with buffered saline 
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Day 
RRV group Control group 

p Median 
(Interquartile) 

Median 
(Interquartile) 

3 1,06 (0,05) 0,92 (0,09) 0,003 * 

7 1,37 (0,07) 0,24 (0,08) 0,011** 

14 3,67 (0,4) 1,51 (0,24) <0,001* 

21 10,46 (0,10) 2,43 (0,73) 0,011** 

p 0,002**** <0,001*** <0,001**** 
 

(control group). 

Expression of Tregs both in the RRV and control group were studied on day 3, 7, 14, and 21 after birth. Table 1 

shows that the expression of Tregs in RRV group were significantly higher than those of control group, and 

significant differences in the expression of Tregs on day by day in RRV group were also noted (p<0.001), as 

well as in control groups (p=0.002). 

Table 1: Treg cell CD4+CD25+ expression in the RRV and control group 

 

 

 

 

 

*  Significant different with independent t-test, α=0.05 

** Significant different with Mann Whitney, α=0,05 

*** Significant different with one-way annova, α=0.05 

**** Significant different with Kruskal Wallis, α=0,05 

 

Figure 1: The comparison of regulatory T cells expressions between control group and RRV group on      

different days of life. 
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Figure 1 shows that even there is a trend of increasing expression of Tregs in control group as well as in RRV 

group during the 21 days of life, but the upward trend of Tregs expression in RRV group (red boxes) was more 

prominent compared to the control group (blue boxes) on day by day. The expression of Tregs in control group 

is slightly decreased on the day 7 after birth. 

After histological processing and staining of liver and biliary tissues of all samples, the results of their 

histological features are shown at Figure 2, 3, 4, and 5 below. There were differences of histological features 

especially the lumen and the thickness of biliary duct walls and the inflitration of inflammatory cells in liver 

tissues of study group and control group on day 3, 7, 14, and 21 respectively.  

 

Figure 2: Histological features of liver and biliary tissues of mice on day 3. 

A. Control group: no infiltration of inflammatoy cells and no narrowing of the lumen of bile duct (black arrow); 

B. RRV Group: infiltration of inflammatory cells accompanied by mucosal swelling that causes narrowing of the 

lumen of bile duct (black arrow). bHA: hepatic artery; bPV: portal vein. 

 

Figure 3: Histological features of liver and biliary tissues of mice on day 7. 
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A. Control group: no infiltration of inflammatoy cells nor narrowing of the lumen of blie duct (black arrow); B. 

RRV Group: infiltration and multiplication of inflammatory cells, bile duct mucosal swelling and lumenal 

narrowing become more prominent (black arrow). bHA: hepatic artery; bPV: portal vein. 

 

 

Figure 4: Histological features of liver and biliary tissues of mice on day 14. 

 A. Control group .No infiltration of inflammatoy cells nor narrowing of the lumen of bile duct (black arrow); B. 

RRV Group: excessive infiltration of inflammatory cells causes the narrowing of bile duct lumen become more 

apparent (black arrow). bHA: hepatic artery; bPV: portal vein. 

 

 

Figure 5: Histological features of liver and biliary tissues of mice on day 21. 

A. Control group: no infiltration of inflammatoy cells neither narrowing of the lumen of bile duct (black arrow); 

B. Expression of inflammatory cells decrease, but bile duct lumen looked  has undergone atresia (black 

arrow).bHA: hepatic artery; bPV: portal vein. 
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4. Discussion 

This study was conducted to confirm the profile of regulatory T cells expressions and their role in the 

pathogenesis of biliary atresia in newborn mice inducted with rhesus rotavirus (RRV) as a model of biliary 

atresia. 

Histological examination was conducted to prove the occurrence of inflammation and bile duct obstruction 

(atresia) as a result of the immunological response after induction of rhesus rotavirus. Overview of the 

pathogenesis of biliary atresia in newborn mice induced by RRV in this study showed that on day 3 of the 

inflammatory process had been going on. On day 7 it  intensified the inflammatory process, while on day 14 

most of the subjects had shown the condition of bile duct atresia and. finally,  on day 21 all subjects had 

experienced a total obstruction. On the other hand, the subjects in control group did not experience 

inflammation, narrowing nor obstruction of the bile duct. These results are also consistent with studies 

conducted by Carvalho (2005) who reported that the severe inflammation of the bile ducts in the subject also 

occur on days 3 and 7 after induction of RRV. However, that is different from our study. In this study the entire 

subjects already undergo atresia on day 14 [11]. 

Induction RRV in less than one day after birth in Balb/c mice in our study was able to increase the number of 

Regulatory-T cells, while this condition did not occur in the control group. There was only a  slight increase in 

the number of Regulatory-T cells on day 3, but the greater and sharp increase occurred on day 7 and 14. The 

absence of Regulatory-T cells within the first 3 days of life caused liver of the newborn susceptible to pro-

inflammatory response due to viral challenge. A sharp increase in the number of newborn mice liver 

Regulatory-T cells 7 days after RRV infection occurred at the same time with the start of blockage of the bile 

ducts in the biliary atresia mice. A study in human subjects found that up regulation of Regulatory-T cells 

cytokines genes in the liver of newborn babies suffered from biliary atresia, whereas in the liver of normal 

newborns this did not happen [12]. Immunologically,  definition of Regulatory-T cells activation in humans, as 

reflected by the activity of some existing markers, including FOXP3, is still difficult, because these markers can 

be transiently activated upon activation of  T cells [13]. 

In normal conditions, which in our study were represented by the control group, the number of Regulatory-T 

cells was lower on day 3 and even lower on day 7 compared to the group induced by RRV. Research has shown 

that the slow development of Regulatory-T cells is a risk factor of developing specific autoimmunity strain 

[14,15]. The lower increasing number of regulatory-T cells than cytotoxic-T cells or NK-cells is associated with 

the pathogenesis of biliary atresia occurring in mice. Biliary atresia which is modeled with RRV infection has a 

lower number of regulatory-T cells compared with cytotoxic-T cells or NK-cells and repression-immunological 

function [16]. Further studies on the role of higher number of regulatory-T cells than cytotoxic-T cells or NK-

cells compared with Treg cells associated with the development of fibrosis and autoimmunity needs to be done. 

In biliary atresia condition that was modeled by RRV infected mice and enriched with Regulatory-T cells, the 

development of biliary atresia can be prevented. While the reduction in Regulatory-T cells in non-biliary atresia 

mice increased the incidence of biliary injury [17]. Previous research on autoimmune models had demonstrated 
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changes in both the number of Regulatory-T cells or function [18;19]. Adoptive transfer of Regulatory-T cells 

function has been pressing the autoimmune response and the development of disease [16]. Regulatory-T cells 

population intact is correlated with immunological tolerance, while the loss of Regulatory-T cells population 

results in inflammation due to organ-specific autoimmunity [20;21]. 

RRV-induced mice model of biliary atresia is characterized by the specific bile duct inflammatory cells 

infiltration containing autoreactive CD4+ T cells. Our study proves that inflammation and bile duct obstruction 

(atresia) are the result of the immunological response after RRV induction which delays the development of 

Regulatory-T cells implicated as the cause of autoimmunity. In the prevention of autoimmune processes, 

conditions Regulatory-T cells in mice are difficult to distinguish in their expression patterns (whether they are in 

the "activated condition", "conditions as memory cells", or "condition as effectors"), the type of molecules on 

their cell surfaces (including CD45RB and CD5), as well as the cytokines produced. When CD25-Tcells 

population increases, the activation of CD25+ effector T cells increases. From this study, although we know that 

the population of basal and time of availability of Regulatory-T cells determine the effectiveness of the 

prevention of autoimmunity process, but we have not obtained information on how large the number-needed 

Regulatory-T cells population. What we know so far is just the information that the improvement and activation 

of Regulatory-T cells can lower the immune response against non-self-antigens. A complete explanation of the 

control mechanisms of Regulatory-T cells need to be rechecked for whether cytokines such as IL-10 or TGF-β 

produced by Regulatory-T cells is responsible for supporting self-reactive T cells in CD25+ dormant status [22]. 

5. Conclusion 

Induction of rhesus rotavirus increases the expression of Regulatory-T cells in mice model of biliary atresia, 

which sharply increase after day 7 and peaks on day 14. It also may cause damage of bile ducts within two 

weeks of life.  

Conflict of interests 

The authors declare that there is no conflict of interests regarding the publication of this article. 

References 

[1] Chardot C. 2006. Biliary atresia. Orphanet J Rare Dis; 1(28):1-9. 

[2] Sokol RJ, Shepherd RW, Superina R, Bezerra JA, Robuck P, Hoofnagle JH. 2007. Screening and 

outcomes in biliary atresia: summary of a National Institutes of Health workshop. Hepatology;46:566–

81. 

[3] Muraji T, Suskind DL, Irie N. 2009. Biliary atresia: a new immunological insight into etiopathogenesis. 

Expert Rev Gastroenterol.Hepatol;3:1-7. 

[4] Mack CL, Falta MT, Sullivan AK, Karrer F, Sokol RJ. 2007. Oligoclonal expansions of CD4+ and 

CD8+ T-cells in the target organ of patients with biliary atresia. Gastroenterology;133:278-87. 

[5] Harada K, Sato Y, Isse K, Ikeda H, Nakanuma Y. 2007. Induction of innate immune response and 

absence of subsequent tolerance to dsRNA in biliary epithelial cells relate to the pathogenesis of biliary 

363 
 



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2015) Volume 23, No  1, pp 356-365 

atresia. Liver Int 2008;28:614-21. 

[6] Kelly DA, Davenport M. Current management of biliary atresia. 2007. Arch Dis Child.;92(12):1132-5. 

[7] Tiao MM; Chuang JH; Huang LT; Hsieh CS; Lee SYi; Liang CD; Chen CL. 2007. Management of 

Biliary Atresia: Experience in a Single Institute. Chang Gung Med J;30:122-7. 

[8] de Vries W, de Langen ZJ, Aronson DC, Hulscher JB, Peeters PM, Jansen-Kalma P, Verkade HJ; 

NeSBAR. 2011. Mortality of biliary atresia in children not undergoing liver transplantation in the 

Netherlands. Pediatr Transplant.;15(2):176-83.  

[9] Sakaguchi S, Wing K, Onishi Y, Martin PP, Yamaguchi T. 2009. Regulatory T cells: how do they 

suppress immune responses? International Immunology;21:1105-11.  

[10] Morlacchi S, Dal Secco V, Soldani C, Glaichenhaus N, Viola A, Sarukhan A. 2011. Regulatory T cells 

target chemokine secretion by dendritic cells independently of their capacity to regulate T cell 

proliferation. J Immunol.;186(12):6807-14. 

[11] Carvalho E, Liu C, Shivakumar P, Sabla G, Aronow B, Bezerra JA. 2005. Analysis of the biliary 

transcriptome in experimental biliary atresia. Gastroenterology;129(2):713-7. 

[12] Miethke AG, Saxena V, Shivakumar P, Sabla GE, Simmons J, Chougnet CA. 2010. Postnatal paucity 

of regulatory T cells and control of NK cell activation in experimental biliary atresia. J Hepatol;52:718-

26. 

[13] Zheng Y1, Manzotti CN, Burke F, Dussably L, Qureshi O, Walker LS, Sansom DM. 2008. Acquisition 

of suppressive function by activated human CD4+ CD25 + T cells is associated with the expression of 

CTLA-4 not FoxP3. J Immunol;181:1683–91. 

[14] Asano M, Toda M, Sakaguchi N, Sakaguchi S. 1996. Autoimmune disease as a consequence of 

developmental abnormality of a T cell subpopulation. J Exp Med;184:387-96. 

[15] Nair S, Caspi RR, Nelson LM. 1996. Susceptibility to murine experimental autoimmune oophoritis is 

associated with genes outside the major histocompatibility complex (MHC). Am J Reprod 

Immunol;36:107–10. 

[16] Lages CS, Simmons J, Chougnet CA, Miethke AG. 2012. Regulatory T cells control the CD8 adaptive 

immune response at the time of ductal obstruction in experimental biliary atresia. Hepatology;56:219–

27. 

[17] Tucker RM, Feldman AG, Fenner EK, Mack CL. 2013. Regulatory T cells inhibit Th1 cell-mediated 

bile duct injury in murine biliary atresia. J Hepatol;59(4):790-6. 

[18] Gültner S, Kuhlmann T, Hesse A, Weber JP, Riemer C, Baier, M, Hutloff, A. 2010. Reduced Treg 

frequency in LFA-1-deficient mice allows enhanced T effector differentiation and pathology in EAE. 

Eur J Immunol;40:3403–12. 

[19] Tucker CF1, Nebane-Ambe DL, Chhabra A, Parnell SA, Zhao Y, Alard P, Kosiewicz MM. 2011. 

Decreased frequencies of CD4+CD25+Foxp3+ cells and the potent CD103+ subset in peripheral lymph 

nodes correlate with autoimmune disease predisposition in some strains of mice. 

Autoimmunity;44:453–64. 

[20] Stephens LA, Gray D, Anderton SM. 2005. CD4+CD25+ regulatory T cells limit the risk of 

autoimmune disease arising from T cell receptor crossreactivity. Proc Natl Acad Sci U S A;102:17418–

23. 

364 
 



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2015) Volume 23, No  1, pp 356-365 

[21] Kim J1, Lahl K, Hori S, Loddenkemper C, Chaudhry A, deRoos P, Rudensky A, Sparwasser T. 2009. 

Cutting edge: depletion of Foxp3+ cells leads to induction of autoimmunity by specific ablation of 

regulatory T cells in genetically targeted mice. J Immunol;183:7631–4. 

[22] Eksteen B, Miles A, Curbishley SM, Tselepis C, Grant AJ, Walker LS, Adams DH. 2006. Epithelial 

inflammation is associated with CCL28 production and the recruitment of regulatory T cells expressing 

CCR10. J Immunol;177:593-603. 

365 
 


