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Abstract
Purpose  Immunological abnormalities have been hypothesized as a pathogenesis of biliary atresia (BA). We previously 
investigated the frequency and function of circulating regulatory T-cells (Tregs) and reported no differences compared to con-
trols. However, the local Treg profile remains uncertain. We aimed to investigate the frequency of Tregs in BA liver tissues.
Methods  The number of lymphocytes, CD4+ cells, and CD4+FOXP3+ Tregs infiltrating the portal tract and the percent-
age of Tregs among CD4+ cells of BA and control patients were visually counted. The correlation between these data and 
clinical indicators was also examined.
Results  The number of lymphocytes, CD4+ cells, and CD4+FOXP3+ Tregs was higher in the BA group. However, the per-
centage of Tregs among CD4+ cells was similar in both groups. Each parameter was correlated with serum γ-GTP, but there 
was no clear association with liver fibrosis, jaundice clearance, and native liver survival.
Conclusion  The number of Tregs infiltrating the portal tract was higher in BA patients. However, the infiltration of lympho-
cytes was also generally increased. Tregs appear to be unsuccessful in suppressing progressive inflammation in BA patients, 
despite recruitment to local sites. Investigation of Treg function in the local environment is warranted.
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Introduction

Biliary atresia (BA) is a severe neonatal liver disease char-
acterized by an inflammatory and fibrotic biliary obstruc-
tion causing cholestasis and progressive liver failure [1–3]. 
Although BA is a rare disease, the incidence of which has 
been reported as one in 8000–15,000 live births, it is the 
most common cause of neonatal cholestasis [4, 5]. Even in 
cases with successful hepatoportoenterostomy, more than 

half of patients eventually develop cirrhosis and require liver 
transplantation before adulthood. The etiology and patho-
genesis of BA remain unclear, and various problems also 
exist in managing postoperative patients [1, 5–8]. Multifac-
torial etiological factors with developmental and environ-
mental origins contribute to disease development. These 
factors include viruses, toxins, environmental exposures, 
developmental pathology, genetic abnormalities, aberrant 
neonatal immune responses, and abnormal fibrogenesis [1, 
9, 10]. A leading hypothesis in the pathogenesis of BA is 
that unknown factors initiate bile duct injury within the peri-
natal period (e.g., virus, toxins, vascular insults), followed 
by an exaggerated inflammatory or autoimmune response 
targeting the bile duct epithelia, resulting in progressive bile 
duct injury and obliteration, and subsequently, secondary 
biliary cirrhosis [1, 6].

Autoimmune diseases develop from either a primary 
breakdown in tolerance or a breakdown secondary to a defi-
ciency in immune regulation [1]. Regulatory T-cells (Tregs) 
are the key population of lymphocytes central to self-toler-
ance regulation and tissue homeostasis maintenance [11]. 
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Treg defects have been shown to contribute to the loss of 
tolerance in human autoimmune diseases. Earlier studies 
have reported evidence supporting a role for numerical and 
functional Treg impairments in systemic and organ-specific 
autoimmune disorders, including autoimmune liver disease 
[12].

We recently investigated the circulating Tregs of BA 
patients and found no significant differences in Treg fre-
quency and function compared to the control group. How-
ever, these results do not necessarily exclude the possibility 
that abnormal Treg frequency and function at the local site 
(e.g., liver, portal tract) play critical roles in the pathogen-
esis of BA. It is known that the number of Tregs is gener-
ally increased in the inflammation sites of an organ-specific 
autoimmune disease but is not significantly altered in the 
peripheral blood [13].

There is controversy concerning the population of Tregs 
infiltrating the hepatic system in BA. Some studies have 
shown the decreased frequency and function of Treg cells 
in the liver parenchyma using BA mouse models [14–17]. In 
contrast, the mRNA expression level of forkhead box protein 
3 (Foxp3), a specific marker of Treg, was reported to be 
increased in BA liver in other studies [14, 18, 19], and an 
immunohistochemical analysis showed a decreased Foxp3-
positive Treg cell percentage in one study [18] using human 
BA specimens. To date, only one published study has evalu-
ated Treg infiltration to the portal tract. In this study, Treg 
was assessed by histological techniques using human speci-
mens, and patients with non-cholestatic diseases, such as 
duodenal atresia/stenosis, were used as controls. It is known 
that bile acid metabolites promote the generation and dif-
ferentiation of Treg cells [20, 21] and that bile duct ligation 
results in an expansion of liver Tregs [22]. Thus, cholestasis 
in BA patients may influence Treg frequency. Patients with 
non-cholestatic diseases may not be suitable as controls, and 
a study using patients with cholestatic diseases as controls 
is ideal.

In the present study, we aimed to investigate the fre-
quency of local Tregs in BA patients compared to patients 
with other underlying cholestatic diseases and to evaluate the 
significance of Tregs in the pathogenesis of BA.

Patients and methods

Patients and samples

Liver tissue sampled by wedge biopsy was collected from 
eight BA patients and seven age-matched control cases. The 
control group consisted of four cases with suspected BA 
who had undergone cholangiography via laparotomy, two 
cases of congenital biliary dilatation (CBD), and one case 
with temporary liver damage after strangulated small bowel 

obstruction. Wedge biopsy was performed during hepato-
portoenterostomy in BA patients, laparotomy for cholangio-
graphy in suspected BA, hepaticojejunostomy in CBD, and 
stoma closure in small bowel obstruction. We also collected 
the clinical parameters, namely, serum total bilirubin (T-bil), 
direct bilirubin (D-bil), alanine aminotransferase (ALT), and 
gamma glutamyl transferase P (γ-GTP) levels at the preop-
erative date closest to the date of sample collection, achieve-
ment/non-achievement of postoperative jaundice clearance, 
and histological liver fibrosis evaluation of each patient.

Histopathological findings

Lymphocyte counting and evaluation of liver fibrosis were 
performed by a single pathologist with hematoxylin and 
eosin (HE) staining. Lymphocytes infiltrating the portal tract 
were counted per 10,000 μm2. Liver fibrosis was evaluated 
according to the fibrosis score developed for BA as previ-
ously reported [23], in which fibrosis was defined as follows: 
mild (I), fibrosis ranging from portal fibrous expansion to 
bridging fibrosis involving < 50% of portal tracts; moderate 
(II), bridging fibrosis with > 50% of portal tracts involved 
without nodular architecture; and severe (III), bridging 
fibrosis with > 50% of portal tracts involved and nodular 
architecture.

Immunohistological staining

Liver tissue samples were fixed in 10% neutral buffered for-
malin and embedded in paraffin wax. After the sections had 
been deparaffinized in xylene and rehydrated in a graded 
ethanol series, they were immersed in EDTA solution (pH 
8.0) and heated in a pressure cooker for antigen retrieval 
in the staining of FOXP3. For the CD4 staining, the sec-
tions were immersed in EDTA solution (pH 8.0), irradi-
ated in a microwave oven for 5 min, and then allowed to 
cool down at room temperature for 20 min. The primary 
antibodies used were anti-FOXP3 (Abcam, ab20034) and 
anti-CD4 (Invitrogen 14-2444-82). Following the reaction 
of the primary antibodies, the samples were incubated with 
horseradish peroxidase (HRP)–labeled secondary antibod-
ies (Nichirei). Double immunostaining was performed to 
identify the colocalization of FOXP3 and CD4. First, the 
sections were stained with anti–FOXP3 and visualized with 
DAB as described above. After the sections were rinsed with 
phosphate-buffered saline, they were heated in a microwave 
for antigen retrieval. Anti-CD4 antibody was used as the 
second antibody and visualized with HistoGreen (Linaris). 
Photomicrographs were taken with a BZ-X710 (KEYENCE 
CORPORATION, Osaka, Japan) microscope. For the semi-
quantitative evaluation of the immunohistochemistry, five 
representative portal tracts containing interlobular bile ducts 
were chosen randomly in each section.



Pediatric Surgery International (2023) 39:259	

1 3

Page 3 of 7  259

Statistical analysis

Statistical analysis was performed using JMP® Pro 16.0.0 
software (SAS, Cary, NC, USA). The differences between 
the two groups were analyzed by Fisher’s exact test, the Wil-
coxon rank-sum test, or Student’s-T test. The correlations 
for continuous variables were evaluated using Spearman’s 
rank correlation coefficient. A p-value of less than 0.05 was 
considered statistically significant.

Compliance with ethical standards

This study was performed in line with the principles of the 
Declaration of Helsinki. This study was approved by the Eth-
ics Committee of the Graduate School of Medicine, Chiba 
University (approval number 908) and the Institutional 
Review Board of Chiba Children’s Hospital (2017–046). 
Samples were taken as clinically necessary and used for the 
study after informed consent from the patient’s family was 
obtained.

Results

Patient characteristics

Table 1 shows the patients’ demographic data, including the 
sample collection timing and laboratory parameters of the 
BA and non-BA groups.

There was no significant difference in the female:male 
ratio (BA: 5:3; control: 2:5) (Fisher’s exact test, p = 0.31). 
The BA and non-BA groups were similar in age at the time of 
specimen collection (median [minimum—maximum]: BA: 
43.5 [20–128] days; non-BA: 80 [30–157]; p = 0.46) serum 
ALT levels (BA: 59 [33–133] U/l; non-BA: 58 [19–112]; 
p = 0.63). Serum T-Bil (BA: 6.45 [4.4–15.2] mg/dl; non-
BA: 3.5 [0.2–7.4]; p < 0.01), D-Bil (BA: 3.7 [2.6–11.1] mg/
dl; non-BA: 2.5 [0–4.5]; p < 0.05), and γ-GTP (BA: 486 
[207–633] U/L; non-BA: 165 [17–613]; p < 0.05) levels 
were significantly lower in the non-BA group (Table 1). The 
BA group included one case of prenatally detected cystic 

biliary atresia and seven cases of isolated type. There were 
no patients with CMV-IgM+-associated biliary atresia or 
biliary atresia splenic malformation syndrome.

Frequency of infiltrating CD4+ T cells 
and CD4+FOXP3+ Tregs in BA group and non‑BA 
group

First, we counted the lymphocytes infiltrating the portal tract 
(Fig. 1). The number of lymphocytes per 10,000 μm2 was 
significantly higher in the BA group compared to the non-
BA group (mean ± standard deviation [SD]: BA: 36 ± 12; 
non-BA: 22 ± 9.5; p < 0.05). Next, we counted the number 
of CD4+ cells and CD4+FOXP3+ cells (Tregs) infiltrating 
the portal tract (Fig. 2a, b). Both CD4+ T cells (BA: 26 ± 12; 
non-BA: 6.4 ± 4.1; p < 0.001) and CD4+FOXP3+ Tregs (BA: 
8.5 ± 4.7; non-BA: 2.1 ± 1.9; p < 0.01) infiltrating the portal 
tract were significantly higher in the BA group. However, 
the percentage of Tregs among CD4+ cells (CD4+FOXP3+ 
Tregs/CD4+ cells) was similar in both groups (BA: 
0.32 ± 0.10; non-BA: 0.30 ± 0.13; p = 0.78) (Fig. 2c). These 
results indicate that Treg infiltration into the portal tract was 

Table 1   Patient characteristics

Data are shown as the median and the minimum–maximum

BA (n = 8) Control (n = 7) p-value

Male: Female 5:3 2:5 0.31
Age (day) 43.5 (20–128) 80 (30–157) 0.46
T-bil (mg/dL) 6.45 (4.4–15.2) 3.5 (0.2–7.4)  < 0.01
D-bil (mg/dL) 3.7 (2.6–11.1) 2.5 (0–4.5)  < 0.05
ALT (U/L) 59 (33–133) 58 (19–112) 0.63
γ-GTP (U/L) 486 (207–633) 165 (17–613)  < 0.05

Fig. 1   The number of lymphocytes/10,000  μm.2 infiltrating to the 
portal tract (non-BA: 22 ± 9.5; BA: 36 ± 12; *p < 0.05)
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high, although the proportion of Tregs in CD4+ T cells was 
consistent in the portal tract of BA liver tissue.

Correlation between clinical data and frequency 
of infiltrating cells to the portal tract

Next, we examined whether CD4+ T cells and Treg infiltra-
tion were associated with the progression of liver injury, 
liver fibrosis, and prognosis of BA. First, we examined the 
correlation between each laboratory data (ALT, γ-GTP, 
T-Bil, D-Bil) and the number of lymphocytes, CD4+ cells, 
and CD4+FOXP3+ cells, and the percentage of Tregs among 
CD4+ cells (CD4+FOXP3+ Tregs/CD4+ cells). Among 
them, no correlation was found with ALT, T-bil, or D-bil, 
but γ-GTP was correlated with the number of CD4+ cells, 
CD4+FOXP3+ cells, and CD4+FOXP3+ Tregs/CD4+ cells 
(Table 2). For liver fibrosis, there appeared to be a trend 
towards increased infiltration of each lymphocyte in livers 
with moderate (II) fibrosis compared to mild (I) fibrosis, 
although there was no statistically significant difference in 
each lymphocyte. In contrast, the percentage of Tregs was 
similar between livers with mild (I) and moderate (II) fibro-
sis (Online Resource 1). Lymphocyte infiltration into the 
portal tract may be associated with the degree of biliary 
tract damage.

We also investigated the association between these infil-
trating cells and the jaundice clearance and outcome at 
3 years of BA patients. For jaundice clearance, although 
we could not test for statistical significance due to the small 
sample size, there appeared to be no clear associations 
between the BA and non-BA groups (Online Resource 2). 

Fig. 2   a CD4 and FOXP3-positive cells in the portal tract of BA and 
non-BA liver. Arrows indicate the CD4+ cells, and arrowheads indi-
cate the CD4+FOXP3+ cells. Scale bar = 20 μm b The mean number 
of CD4+ cells (non-BA: 6.4 ± 4.1; BA: 26 ± 12; ***p < 0.001) and 

CD4+FOXP3+ cells (non-BA: 2.1 ± 1.9; BA: 8.5 ± 4.7; ** p < 0.01) 
infiltrating the portal tract c The percentage of Tregs among CD4+ 
cells (CD4+FOXP3+ Tregs/CD4+ cells) (non-BA: 0.30 ± 0.13; BA: 
0.32 ± 0.10; p = 0.78)

Table 2   Correlation between clinical data and frequency of infiltrat-
ing cells to the portal tract

P-values of less than 0.05 are shown in bold

Spearman’s rank cor-
relation coefficient

p-value

No. of lymphocytes/10,000 μm2

 ALT 0.4279 0.1116
 G-GTP 0.1270 0.6519
 T-bil 0.2093 0.4541
 D-bil 0.1962 0.4833

Mean no. of CD4+ cells
 ALT 0.263 0.3437
 G-GTP 0.7203 0.0025
 T-bil 0.4826 0.0685
 D-bil 0.4924 0.0622

Mean no. of CD4+Foxp3+ Tregs
 ALT 0.1979 0.4797
 G-GTP 0.7335 0.0019
 T-bil 0.4848 0.067
 D-bil 0.5027 0.0562

CD4+Foxp3+ Tregs/CD4+ cells
 ALT  – 0.1269 0.6522
 G-GTP 0.55 0.0337
 T-bil 0.3286 0.2318
 D-bil 0.3309 0.2282
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For outcome at 3 years, there was no significant difference 
between native liver (n = 5) and transplanted (n = 3) in each 
lymphocyte and the percentage of Tregs (Online Resource 
3).

Discussion

Immune dysfunction is a leading hypothesis in the patho-
genesis of BA. Tregs are key players in immune homeo-
stasis and are impaired in autoimmune diseases [24–26]. 
Failure of Treg function may be caused by a lack of Tregs 
with the specificity required to suppress inflammation in an 
organ, cell-intrinsic defects, or extrinsic factors that impede 
Treg function, such as resistant effector cells, altered anti-
gen-presenting cell function, or increased proinflammatory 
cytokines [27].

In this experiment, there was no decrease in the number 
of infiltrating Tregs. While the absolute number of infiltrated 
lymphocytes and Tregs into the portal tract increased in BA 
patients, a consistent proportion of Tregs in CD4+ T cells 
was observed compared to the non-BA group. Furthermore, 
the number of these cells was correlated with γ-GTP and 
appeared to increase with liver fibrosis, although not signifi-
cantly, probably due to insufficient sample size. Lymphocyte 
infiltration is a major feature of many forms of chronic liver 
disease [28]. Our results are very similar to those of a previ-
ous study by Ward et al. [29]. In their research, they counted 
CD4+ cells and FOXP3+ cells infiltrating the portal tract 
with immunohistochemistry using liver biopsy specimens 
from chronic hepatitis C patients. They showed a striking 
number of infiltrating FOXP3+ cells present in the portal 
tract. A remarkably consistent ratio of total CD4+:FOXP3+ 
cells in the liver across a wide range of disease states was 
also observed. Moreover, the average number of CD4+ cells 
and FOXP3+ cells was found to correlate with the portal 
inflammation score. These results suggest that Tregs in BA 
patients are properly recruited to local inflammatory sites 
due to biliary tract injury.

Our results are discrepant from those of Yang et al. They 
reported that the number of Foxp3+ cells were significantly 
higher in BA livers than in healthy controls, but the ratio 
of Foxp3+T cells to CD4+T cells was significantly lower 
[18]. Although their results agree with ours in that the abso-
lute number of Tregs is increased in the portal tract, the 
decrease in the Foxp3+T / CD4+T ratio was not reproduc-
ible in our study. Some differences in their experimental set-
tings from ours may have caused this discrepancy. First, they 
obtained the liver tissues from the hepatic side of the hilar 
fibrous mass and liver parenchyma from the quadrate lobe, 
whereas we used tissues from wedge resection of the liver 
parenchyma. The hilar fibrous mass may have more intense 
inflammation than the intrahepatic bile ducts we evaluated. 

Moreover, the hilar fibrous mass may have additional inflam-
mation caused by the surgical invasion, which would bias 
infiltrating cells toward the effector cells.

Secondly, they selected patients without cholestasis as 
their controls, such as those with intestinal atresia, whereas 
we selected patients with cholestasis as often as possible to 
minimize the potential bias that the cholestasis itself could 
cause. Hill et al. also used cholestatic control–proven α-1 
antitrypsin deficiency and Alagille syndrome, and did not 
show any difference in infiltrating hepatic Treg numbers 
between BA and pathological control [30]. It is known that 
bile acid metabolites promote the generation and differentia-
tion of Treg cells [20, 21], that bile duct ligation results in an 
expansion of liver Tregs [22], and that the number of CD4+ 
cells and FOXP3+ cells correlate with the portal inflam-
mation score [29]. In addition, our results suggested that 
lymphocyte infiltration into the portal tract was correlated 
with biliary damage and fibrosis. As such, any cholestasis 
or biliary damage may influence the results of the control 
group. We believe that a comparison with an appropriate 
cohort of patients with cholestatic status is better than nor-
mal control. The comparison among the three groups of BA, 
cholestatic control, and healthy control might be more ideal, 
but the collection of normal control samples has practical 
and ethical difficulties.

The third difference is that Yang and colleagues evalu-
ated CD4 and Foxp3 in different sections, whereas we used 
double staining techniques. Although Treg defects are fre-
quently reported in autoimmune diseases, there are frequent 
discrepancies in the literature. It is known that variation in 
the choice of study participants and the techniques used to 
study Treg cells can lead to inconsistency in the results [12].

Our results suggest that Tregs appear to be unsuccessful 
in suppressing the progressive inflammation of the bile ducts 
in BA patients, even though they are properly recruited to 
local sites. Yang et al. demonstrated decreased peripheral 
Treg cell population and increased interlobular bile duct 
Foxp3 expressions and speculated that Treg cells are actively 
recruited to the liver to suppress proinflammatory immune 
responses and accumulate around the damaged intralobu-
lar bile ducts. However, they also showed a decrease in the 
Foxp3+T cell/Th17 ratio in the portal tracts of BA subjects 
and presented the possibility that Treg cells may not retain 
their suppressive functions [18]. Hill et al. also showed 
unchanged Treg cells and increased Th-17 cells in the portal 
tract of BA patients compared to cholestatic control patients 
[30]. Treg/Th17 imbalance has been reported to be impor-
tant in various chronic inflammatory diseases [31, 32]. As 
BA is a chronic progressive disease that leads to liver fail-
ure, these observations provide interesting insights from a 
pathological perspective.

Functional impairment of locally accumulated Tregs is thus 
a topic to be addressed in the future. We previously examined 
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the function of the circulating Tregs of BA patients using a 
suppression assay, the results of which were similar to those 
of the control group [33]. If Tregs themselves are originally 
dysfunctional, genetically for example, dysfunction should be 
observed in circulating Tregs. If the Treg dysfunction is lim-
ited to the local area, the local environment must be causing 
Treg dysfunction either directly or through altered resistance 
of effector T cells to Tregs.

Recently, there have been conflicting reports on whether 
Treg frequency and/or function is actually reduced in autoim-
mune diseases [27]. Compelling evidence suggests that con-
ventional T cells (Tcon cells) refractory to Treg suppression 
also act as mediators of autoimmune disease [34]. Tcon cells 
can become insensitive to Treg-mediated suppression when 
intracellular signaling pathways have been modified by muta-
tions or through extracellular signals such as strong activation 
or a specific cytokine milieu that induces Tcon cell–intrinsic 
changes [35]. The latter mechanism refers to potentially patho-
genic Tcon cells that have become resistant to Treg suppres-
sion, a phenomenon observed in several autoimmune diseases 
[34]. Extracellular factors include IL-6, TNFα, and IL-1β, and 
intracellular signaling molecules linked to Tcon resistance 
include Cbl-b, TRAF6, and SHP-1 [34]. These factors are 
thought to finally act on phosphatidylinositol-3 kinase (PI3K)/
Akt signaling, which may be at the heart of Tcon resistance 
[34]. Yang et al. investigated the cytokine environment within 
the liver of BA and HC patients and found that the expression 
of cytokines IL-1β and IL-6 was enhanced in BA livers. They 
pointed out the possibility that in a cytokine microenvironment 
rich in IL-1β and IL-6, these Treg cells may not retain their 
suppressive functions, which may contribute to the disease 
[18]. Conversely, recent reports of single-cell RNA profiling 
using BA liver tissues have not shown elevated levels of IL-1β, 
IL-6, and TNFα. The cytokine microenvironments and Tcon 
resistance in BA liver remain unclear and are to be addressed 
in further studies.

There are several limitations in the present study. First, the 
sample size was small to evaluate the association of liver fibro-
sis and jaundice clearance with Tregs. Second, designing opti-
mal inclusion criteria for the non-BA group was challenging. 
We employed patients with cholestatic disorders other than BA 
for the control group, but the differences in cholestatic param-
eters between the BA and non-BA groups reached statistical 
significance. Furthermore, since the non-BA group contained 
various primary diseases, the possibility that Treg frequency 
is affected by the primary disease cannot be excluded.

Conclusion

We investigated the infiltrating regulatory T-cells in the 
portal tract of biliary atresia and their correlation to clini-
cal parameters, including laboratory data associated with 

cholestasis, liver fibrosis, and jaundice clearance. The abso-
lute number of Treg infiltration into the portal tract was 
increased in BA patients, whereas the Treg proportion in 
CD4+ cells was consistent, suggesting that Tregs are unsuc-
cessful at suppressing the progressive inflammation of the 
bile ducts in BA patients, even though they are adequately 
recruited to local sites. Investigation of the suppressive func-
tion of Tregs in the local environment, together with extrin-
sic factors such as Treg resistance, is warranted.
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