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Hepatic expression of glucocorticoid receptors and 11 beta- 
hydroxysteroid dehydrogenase type 1 in AIH in pediatric

Abstract

Introduction: Autoimmune hepatitis (AIH) is a chronic inflamma-
tory liver disease particularly aggressive in children and progresses 
rapidly unless immunosuppressive treatment is promptly started.

Aim: We aim to study the hepatic expression of 11β hydroxyster-
oid dehydrogenase type 1(11β-HSD1) and Glucocorticoid Receptor 
(GR) in children with AIH. 

Patients and methods: This study was conducted on one hundred 
AIH patients at the Pediatric age group. Liver biopsies of selected 
cases were retrieved. Biopsy specimens were subjected to; routine 
histopathological evaluation, 11β-HSD1 and GR immunostaining us-
ing antibodies against 11β-HSD1 and GR. 

Results: Out of the 100 AIH patients, 39% were males and 61% 
were females. The mean age at time of diagnosis was 8.03 ± 4.29 
years old. The main clinical presentation was recurrent jaundice 
(38%) followed by manifestations of chronic liver failure (34%). The 
mean of AIH score was 14.7. The histopathological assessment of the 
studied group found that; most of cases show mild activity (57%), 
moderate fibrosis (46%), moderate portal inflammation (58%), mod-
erate IH (41%). The immunohistochemical detection of 11β -HSD and 
GR of the studied group revealed that the median (25th -75th) ex-
pression of 11β –HSD was 2 (1-3) and GR was 200 (100- 300). The GR 
intensity score has significant positive correlation with intensity of 
11β -HSD ( P-value <0.05). 

Conclusion: Patients with AIH showing different levels of expres-
sion of 11β-HSD1 and GR which may explain the difference in pa-
tients’ response to steroid therapy.
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Introduction

Autoimmune hepatitis (AIH) is a chronic inflammatory he-
patic disease, aggressive in children and can progresses rapidly 
unless immunosuppressive treatment is adequately started [1]. 
The treatment aim is induction and maintenance of remission 
and prevention of subsequent complications, as cirrhosis and 
hepatocellular carcinoma (HCC) [2]. Glucocorticoids (GCs) are 
considered the most common anti-inflammatory agents used 
in treatment of inflammatory and immune diseases. Unfortu-
nately, steroid therapies are accompanied with severe side ef-
fects during long-term treatment, which include osteoporosis, 
hypertension, dyslipidemia and insulin resistance/type 2 diabe-
tes mellitus; so much has been learnt of the molecular mecha-
nisms by which they act [3]. Corticosteroid-related side effects 
are the most common causes for premature drug withdrawal in 
AIH that may reach up to 13% of patients. While corticosteroids 
are used as the first-line therapy for AIH, it has been shown that 
about 10% of AIH patients are resistant to steroid therapy. These 
patients have a high risk of disease progression and steroid tox-
icity, which complicates treatment [4]. 13% of patients are clas-
sified as incomplete responders. In these patient alternative 
strategies must be considered [5]. The perspective tools that 
allow identification of patients with increased risk of probability 
of adverse events and lack of efficacy to a particular medication, 
is particularly desirable and promising [6]. Many factors such 
as corticosteroid binding globulin, 11β-HSD, and ultimately, the 
glucocorticoid receptor (GR) affect the local tissue regulation of 
glucocorticoid availability and action [7]. We aim to study the 
hepatic expression of glucocorticoid receptors and 11 beta-hy-
droxysteroid dehydrogenase type 1 in children with AIH.

Patients and methods

This study is retrospective cohort hospital-based study which 
was conducted on one hundred patients diagnosed as AIH col-
lected from the Pediatric Hepatology, Gastroenterology, and 
Nutrition department, National Liver Institute- Menoufia Uni-
versity. Medical records related to hospital and outpatient care 
were analyzed and the data was collected from diagnosed AIH 
patients. All data were collected from the files of the patients 
that include: demographic data, presenting clinical features, 
clinical examination, biochemical parameters, radiological and 
histological findings, treatment response and outcome. Liver bi-
opsies were retrieved from archives of Pathology Department. 
Biopsy specimens were fixed in formalin, embedded in paraffin 
and subjected to; routine histopathological evaluation (stained 
by hematoxylin and eosin (H&E), Masson’s trichrome, Perls’ 
Prussian blue stain and Periodic acid-schiff (PAS) stain), 11β hy-
droxysteroid dehydrogenase type 1(11β-HSD1) and Glucocor-
ticoid Receptor (GR) immunostaining using antibodies against 
11β-HSD1 and GR.

Figure 1: 11β hydroxysteroid dehydrogenase (11β –HSD) expres-
sion in the studied group.

Figure 2: Glucocorticoid receptor (GR) expression in the studied 
group.

Statistical analysis

Data were collected and entered to the computer using SPSS 
(Statistical Package for Social Science program, version 18, Chi-
cago, Inc, Illinose). Data were entered as categorical or numeri-
cal, as appropriate. Quantitative data were expressed as mean± 
stander deviation (SD) (minimum-maximum) or median (25th 
-75th) as appropriate. Qualitative data were shown as frequency 
and percent (%). Mann Whitney U test was done to compare 
medians of 2 sets of quantitative data non-parametrically dis-
tributed. Spearman correlation was used to assess the correla-
tion between quantitative variables. P (probability) value was 
considered to be of statistical significance if it is ≤ 0.05.
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Results

The study included 100 AIH patients 39 (39%) were males 
and 61 (61%) were females. The mean age at time of diagnosis 
was 8.03 ± 4.29 years old while the age of first presentation of 
the disease was 6.8 ± 4 years old. The main clinical presentation 
of the studied group was recurrent jaundice (38%) followed by 
manifestations of chronic liver failure (34%). On examination 
most cases had hepatomegaly (65%) and 45% had splenomeg-
aly. 54% of cases were jaundiced at time of diagnosis (Table 1).

Laboratory parameters of the studied group showed promi-
nent elevation of liver enzymes and bilirubin levels. Most cases 
had positive ASMA (79%). All cases were negative HCV and HBV 
(Table 2).

The ultrasonographic findings in the studied group revealed 
presence of hepatomegaly in 54% of cases, splenomegaly in 
80%, and ascites was found only in 7% of cases. The most com-
mon type of AIH in the studied group was type 1 (75%) followed 
by seronegative AIH (16%) and Type 2 AIH (9%). The mean of 
AIH score was 14.7. The most of cases received combined treat-
ment in the form of steroid and azathioprine and only few cases 
were on steroid monotherapy. Upper gastrointestinal endos-
copy was done for 45 cases. It showed that, the most frequent 
finding was the portal hypertensive gastropathy (PHG) that 
found in 68.9% of cases followed by dudenopathy and esopha-
geal varices (OV) that were present in 55.5% and 48.9%; respec-
tively. The histopathological assessment of the studied group 
found that; most of cases show mild activity (57%), moderate 
fibrosis (46%), moderate portal inflammation (58%), moderate 
IH (41%), spotty necrosis found in most cases (92%), while con-
fluent necrosis found in 66% of cases (Table 3).

The immunohistochemical detection of 11β –HSD and GR of 
the studied group revealed that the median (25th-75th) expres-
sion of 11β –HSD was 2 (1-3) and GR was 200 (100- 300). The GR 
intensity score has significant positive correlation with intensity 
of 11β –HSD (r = 0.369, P-value� <0.0001). On comparing be-� <0.0001). On comparing be-
tween male and female regarding to 11β –HSD and GR expres-
sion, both 11β –HSD and GR were more intense significantly in 
female than male (P-value < 0.05).

Table 1: Clinical presentations and clinical examination findings 
of the AIH patients.

Items AIH (n=100)

Clinical presentation

Recurrent jaundice 38 (38%)

Chronic liver failure 34 (34%)

Picture of acute hepatitis 28 (28%)

Elevated enzyme 24 (24%)

Incidentally US finding 23 (23%)

Fulminant hepatitis 10 (10%)

GIT bleeding 10 (10%)

Extrahepatic manifestations 10 (10%)

Clinical examination

Jaundice at admission 54 (54%)

Encephalopathy 6 (6%)

Hepatomegaly 65 (65%)

Splenomegaly 45 (45%)

Ascites 2 (2%)

Table 2: Laboratory parameters of the AIH patients.

    AIH (n�100)

Before treatm
ent

M
ean ± SD

M
in - m

ax

TB (mg/dl) 5.67 ± 7.79 0.3 - 31

DB (mg/dl)  3.7 ± 5.6 0.1 - 25

TP (g/dl) 7.54 ± 1.14 44473

ALB (g/dl) 3.44 ± 0.7 44318

AST (U/L) 424 ± 458 19 - 2051

ALT (U/L) 365 ± 406 13 - 2389

ALP(U/L) 298 ± 203 43 - 1120

GGT (U/L) 116 ± 193 11 - 1816

PT (sec) 16.5 ± 5.3 16742

INR 1.6 ± 0.5 1 - 4.3

HB (g/dl) 10.9 ± 1.59 42186

WBCs (× 103 /mm3) 7.3 ± 3.018 42430

PLT (× 103 /mm3) 225 ± 117 38 - 510

IgG (g/dl) 2584 ± 1270 702- 6820

  Autoantibodies

   ASMA +ve 79 (79%)

   ANA +ve 26 (26%)

   LKM +ve 9 (9%)

   Viral markers (IU/mL)

   PCR HCV +ve 0 (0%)

   HCV-Ab +ve 0 (0%)

   PCR HBV +ve 0 (0%)

Tb: Total Bilirubin; Db: Direct Bilirubin; Tp: Total Protein; Alb: Albumin; 
Wbcs: White Blood Cells; Plts: Platelets.

Table 3: Histopathological findings of the AIH patients.

 AIH (n=100)

Fibrosis stages

No Fibrosis 7 (7%)

Mild Fibrosis 31 (31%)

Moderate Fibrosis 46 (46%)

Severe Fibrosis 16 (16%)

Necroinflammatory activity grades 

No Activity 2 (2%)

Mild Activity 57 (57%)

Moderate Activity 32 (32%)

Severe Activity 9(9%)

Portal Inflammation grades

None 2 (2%)

Minimal 1 (1%)

Mild 35 (35%)

Moderate 58 (58%)

Marked 4 (4%)

Interface hepatitis grades

None 15 (15%)

Mild 38 (38%)

Moderate 41 (41%)

Marked 6 (6%)

 Spotty necrosis
Present 92 (92%)

Absent 8 (8%)

Confluent necrosis
Present 66 (66%)

Absent 34 (34%)
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Table 4: 11β -HSD and GR intensity score in males and females.

 Male Female  P-value

 (n=39) (n=61)

Median (25th -75th) Median (25th -75th)

11β -HSD 1 (1-2) 2 (1-3) 0.015

GR 100 (100-200) 200 (100-300) 0.031

Discussion

Autoimmune hepatitis is a progressive inflammatory hepa-
topathy, if untreated, leads to end-stage liver disease. The 
common typical features of AIH are female preponderance, se-
ropositivity for circulating autoantibodies, hypergammaglobu-
linemia, and a presence of interface hepatitis on histology [8]. 
Glucocorticoids can effectively relieve AIH, but some patients 
with this disease are refractory even when GCs are adminis-
tered. They comprise a group of patients at high risk of disease 
progression and development of liver failure. These patients 
are in need of more aggressive immune-modulating treatment, 
and valuable time may be lost awaiting the absent response 
to standard treatment [9]. The pharmacological and physi-
ological effects of GCs occurring through the binding to the GR 
[10]. 11β-hydroxysteroid dehydrogenase type 1 is a crucial en-
zyme converts inactive cortisone into active hydrocortisone, 
so it regulating multiple functions of GCs. 11β-HSD1 is widely 
expressed in tissues and particularly abundant in liver, muscle 
and fat tissue [11]. Despite that, some studies have investigated 
the 11β-HSD1 and GR, none was been performed in liver tis-
sues of pediatric nor adult AIH before [12-14]. So, our work had 
been performed to investigate the hepatic expression of GR and 
11β-HSD1 in pediatric AIH.

This study included 100 patients with AIH. Most of AIH pa-
tients had received immunosuppressive treatment in form of 
low-dose prednisolone combined with azathioprine while few 
patients were treated initially with prednisolone. Autoimmune 
hepatitis mostly involves patients in second and third decade 
of life with peak age around 10 years old in children. The mean 
of the age at time of diagnosis were 8.03 ± 4.29 years old. Our 
study showed predominance of females (61%). The reason for 
the high prevalence in females is unclear. Females respond to 
vaccination, infection and trauma, through increased antibody 
production and exaggerated T helper 2 predominant immune 
response [15].

The clinical spectrum in our patients was broad ranging from 
acute hepatitis with or without liver failure to chronic, unap-
parent disease with mild, fluctuating increase of liver enzymes, 
most cases were presented by recurrent jaundice (38%). 75% of 
AIH patients were type 1. On examination most cases had hepa-
tomegaly (65%) and 45% had splenomegaly. 54% of cases were 
jaundice at time of diagnosis. Our study is supported by report-
ed observations that prevalence of patients with jaundice as an 
initial manifestation is high (44-69%). These are considered fea-
tures of pediatric AIH [17]. On analyzing the laboratory param-
eters, a wide range due to their different stages of liver disease 
were present. Elevation of AST and ALT greater than three times 
the upper limit of normal was observed. The diagnosis of AIH 
can be challenging with no single pathognomonic feature. IAHG 
developed and subsequently revised a scoring system to weigh 
each clinical, laboratory and histological finding at presentation 

as well as after corticosteroid therap. A pretreatment score of 
15 and post treatment score of 17 was considered indicative of 
‘definite’ AIH. The mean score of our studied group was 14.87. 
In the present study, most of cases received combined therapy 
(steroid+ azathioprine) as standard treatment, based on ste-
roids and azathioprine, is effective in the vast majority of pa-
tients [17]. 

Liver biopsy is necessary for the diagnosis of AIH, also it is 
used to guide treatment decisions and should be done before 
starting treatment, unless there are contraindications. Although 
the histological appearance of AIH is characteristic, there is no 
morphological feature that is pathognomonic of AIH [18]. In our 
study, the histopathological findings were quite variable. Most 
of cases showed moderate portal inflammation (58%), moder-
ate IH (41%), spotty necrosis found in most cases (92%), while 
confluent necrosis found in 66% of cases. This is agree with [19], 
who mentioned that, histologic findings that sug gest AIH are 
described as interface hepa titis and/or multilobular hepatitis. 
Inter face hepatitis is characterized by dense inflammatory lym-
phocytes and plasma cells that infiltrate the portal tracts, swell-
ing of hepatocytes, and necrosis.

Fibrosis and necroinflammation were moderate in most of 
our cases. This illustrate that AIH is particularly aggressive in 
children and progresses rapidly unless immunosuppressive 
treatment is promptly started [20]. In the current study, GR ex-
pression found in all cases. The median of its expression was 
200 according to H- score. Iguchi et al., 2018 demonstrated, 
strong and abundant expression of GR in the submaxillary 
gland, kidney, and retroperitoneum of IgG4-related disease pa-
tients. They suggested the abundant expression of glucocorti-
coid receptor in various types of cells, including resident fibro/
myofibroblasts in IgG4-related disease patients might provide 
clues to the mechanism of steroid responsiveness in immune 
mediated disease patients [21]. Although 11β-HSD1 activity has 
been shown to play an important role in the metabolic actions 
of glucocorticoids, its role in the immune response has, until 
recently, remained unclear. We hypothesize that the regulation 
of cortisol by 11β-HSD1 in liver tissue is a determinant of the 
pathogenesis of AIH and modulation of this enzyme may pro-
vide a novel therapeutic target for the treatment of this com-
mon sight-threatening disease. The expression of 11β –HSD in 
our study had significant positive correlation with the GR inten-
sity score. Although no previous study assessed of 11β-HSD1 
expression in AIH disease, several studies assessed the hepatic 
11β-HSD1 expression in others liver diseases with conflicting re-
sults. Ahmed et al., suggested that in the early stages of nonal-
coholic fatty liver disease (NAFLD), with steatosis alone, hepatic 
11β-HSD1 activity decreases with the progression to NASH, 
which is associated with increased 11β-HSD1 levels [22]. Fur-
ther studies correlating the different expressions of 11β-HSD1 
and GR with patients’ response to therapy are needed.

Conclusion

Patients with AIH showing different levels of expression of 
11β-HSD1 and GR which may explain the difference in patients 
response to steroid therapy. 
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