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A B S T R A C T   

Background: Autoimmune hepatitis (AIH) is a relatively rare chronic liver disease of unknown etiology. The 
genetic background affects susceptibility, clinical phenotype, and prognosis. The programmed cell death-1 
rs11568821 polymorphism (PD1.3) has been associated with susceptibility to autoimmune diseases. The inter-
leukin-28B (IL28B) rs12979860 polymorphism has been associated with steatosis, inflammation, and fibrosis in 
liver diseases. 
Aim: Our aim was to investigate for the first time the incidence and clinical significance of PD1.3 and IL28B 
rs12979860 in AIH. 
Methods: Two hundred patients with AIH were evaluated, while 100 healthy subjects were used as controls. 
Genotyping was performed with in-house allelic discrimination End-Point PCR. 
Results: The SNP PD1.3/A was present in 36/200 (18%) AIH patients compared to 28/100 (28%) healthy controls 
(p = 0.065). The AA/GA genotypes were not associated with the mode of presentation of AIH, the histological 
grade or stage, the presence of cirrhosis, risk of disease progression, response to treatment and survival. The 
IL28B rs12979860 genotype distribution was CC 79/200 (39.5%), TT 36/200 (18%) and CT 85/200 (42.5%), in 
similar rates with healthy controls (p = 0.878). Inflammatory activity and fibrosis stage did not differ between 
CC homozygotes and CT/TT carriers. LDL cholesterol was significantly higher in CC than CT/TT patients (P =
0.027), though no differences was found regarding the presence of steatosis or steatohepatitis. On-treatment 
response to immunosuppressive treatment was not affected by the IL28B rs12979860 polymorphism. Howev-
er, CC homozygotes AIH patients achieved treatment withdrawal in significantly higher rates (OR 2.3, 95%CI: 
1.1–4.7, P = 0.02) irrespective of the presence of steatosis or steatohepatitis. 
Conclusions: The PD1.3 and IL28B rs12979860 variants are unlikely to contribute to AIH susceptibility, disease 
presentation and prognosis. The IL28B rs12979860 is not associated with the presence of concurrent steatosis or 
steatohepatitis. However, although on-treatment response rates to immunosuppression were not affected by the 
IL28B rs12979860 polymorphism, AIH patients with CC homozygosity were more likely to achieve complete 
treatment withdrawal. This novel finding needs validation and further clarification from larger multicenter 
studies.   
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1. Introduction 

Autoimmune hepatitis (AIH) is a relatively rare, chronic, progressive 
autoimmune liver disease characterized by polyclonal hyper-
globulinemia, autoantibodies, interface hepatitis on liver histology and 
a favorable response to immunosuppressive treatment [1–5]. It affects 
all ages (about 30% above 60 years), both sexes (approximately 30% 
males) and all ethnic groups with an increasing prevalence [6–8]. 

Although AIH etiology remains undefined, it is widely accepted that 
genetic factors interplay with environmental triggers to generate a 
continual autoimmune attack against the liver [3,5,9,10]. Τo date the 
strongest genetic associations lay within the Human Leukocyte Antigen 
(HLA) class II region and include specific DRB1 alleles [11]. Since they 
exhibit important variations between different ethnic and age groups as 
well as geographic regions [6,11–14] the quest for additional contrib-
uting factors outside the major histocompatibility complex is appealing. 
A unifying theory proposes that the initial triggering event that is anti-
gen selection is dictated by HLA II predisposition and subsequently 
polymorphisms in other immune regulatory and cytokine-producing 
genes may promote and perpetuate immune reactivity, loss of 
self-tolerance and inflammatory responses that affect the clinical 
phenotype [10,15,16]. 

Programmed cell death-1 (PD1) is a member of the B7-CD28 regula-
tory pathway [17–19]. It is expressed on the surface of activated CD4+

and CD8+ T-cells and following interaction with its ligands (PD-L1, 
PD-L2), it hinders T-cell proliferation by arrest in the G0-G1 phase and 
inhibits cytokine production, favoring self-tolerance [20–23]. PD1 
deficient mice (PD-1− /− ) develop arthritis and lupus-like glomerulone-
phritis, autoimmune dilated myocardiopathy and other types of organ 
specific autoimmunity depending on the mouse model examined 
[24–26]. Fatal AIH with characteristic infiltration of the liver paren-
chyma with autoreactive T-cells and production of anti-nuclear anti-
bodies (ANA) developed in mice that are both PD-1− /− and Treg 
deficient [27]. In clinical practice, monoclonal antibodies that block the 
PD1-PD-L axis have resulted in a variety of immune-mediated side ef-
fects, including hepatic assault that is sometimes histologically indis-
tinguishable from AIH [28–30]. It was found that a single nucleotide 
polymorphism (SNP) in the PD1 gene (rs11568821, SNP G/A, PD1.3) 
could be a functional polymorphism [31]. The PD1.3A allele, which is 
found in the intron 4 enhancer region, changes the binding location of 
the RUNX1 transcription factor, resulting in abnormal protein expres-
sion and suggesting a mechanism for self-tolerance failure [32]. In this 
context, PD1.3 has been associated with susceptibility to systemic lupus 
erythematosus (SLE) in Caucasian non-Spanish populations, rheumatoid 
arthritis and disease progression in multiple sclerosis [33–35]. 

Interleukin 28B (IL28B) is a member of the type III interferon family 
(INF-λ) that gained attention, when the genetic polymorphism 
rs12979860 (SNP C/T) was strongly associated with response to treat-
ment with pegylated-interferon and ribavirin in hepatic C virus (HCV) 
infection and even spontaneous viral clearance [36]. The same poly-
morphism has been associated with the lipid profile, insulin resistance 
and the presence of hepatic steatosis in patients with HCV infection 
[37–39]. The IL28B CC genotype was linked to higher total cholesterol, 
apolipoprotein B and low-density lipoprotein cholesterol, as well as 
lower triglyceride levels [37], reduced insulin resistance [39] and lower 
frequency of hepatic steatosis [38]. Besides, in patients with 
non-alcoholic fatty liver Disease (NAFLD), the IL28B CC genotype was 
associated with milder lobular inflammation [40]. To the best of our 
knowledge the role of the IL28B SNP in inflammatory response and liver 
damage has not been studied in autoimmune liver diseases. Also keeping 
in mind, the significant coincidence of NAFLD in AIH, reaching about 
20% in certain populations and with impacts in disease prognosis [41, 
42], the possibility that the rs12979860 polymorphism might act as a 
disease modifier in AIH is appealing. 

Accordingly, in the present study we aimed to investigate the prev-
alence and clinical significance of the IL28B rs12979860 and the PD1.3 

polymorphisms in patients with AIH. 

2. Materials and methods 

2.1. Study population 

Two hundred patients of Greek descent with well-established AIH [1, 
2] were included in the study. Clinical presentation was classified as 
insidious, when symptoms were vague and non-specific or abnormal 
biochemistry was discovered during a routine check-up. Acute presen-
tation refers to episode of acute icteric hepatitis, with aminotransferases 
≥10x the upper limit of normal (ULN) plus clinically evident jaundice. 
Acute severe AIH was defined, according to our previous publications, as 
an acute symptomatic presentation of newly diagnosed acute hepatitis 
with international normalized ratio (INR) ≥1.5 but without any sign of 
hepatic encephalopathy and without chronic disease at the histological 
level [43,44]. One hundred age- and sex-matched healthy subjects 
served as controls. 

AIH treatment algorithms and response to treatment were in accor-
dance with the European [1] and the Hellenic Clinical Practice Guide-
lines [2] as well as our previous reports [6,44–46]. Based on our 
experience and previous publications [6,44–46], 152 (76%) patients 
received prednisolone in combination with mycophenolate mofetil, 26 
(13%) received prednisolone with azathioprine and 17 (8.5%) received 
only prednisolone (3 due to current history of non-liver related 
neoplasia, 4 pediatric patients whose parents denied immunomodulat-
ing agents, 1 because of lethal acute liver failure and 9 because of per-
sonal choice). Two patients were not eligible for treatment due to 
burn-out compensated cirrhosis and 3 declined treatment because of 
personal reasons. Treatment response was defined as complete response 
(CR), when aminotransferases and immunoglobulin G (IgG) normalized, 
symptoms improved or disappeared, and liver histology (if performed) 
showed minimal or no inflammation. 

Clinical and laboratory data, including metabolic parameters to 
assess for the presence of Metabolic Syndrome (MetS) were available for 
all patients. The presence of MetS was documented in patients fulfilling 
at least 3 out of 5 of the following criteria: (1) waist circumference >94 
cm for men and >80 cm for women, (2) arterial pressure >130/85 
mmHg or treated for hypertension, (3) fasting glucose >100 mg/dL or 
treated for type 2 diabetes mellitus, (4) serum triglycerides >150 mg/ 
dL, and (5) high density lipoprotein (HDL) < 40 mg/dL for men and <50 
mg/dL for women [47]. 

2.2. Liver histology 

Liver biopsies from 186 AIH patients at the time of diagnosis were 
available for analysis. Liver biopsies were assessed using the Knodell 
histologic/activity index score [48]. According to our previous publi-
cations [6,45,46,49], patients were divided into two groups according to 
inflammation: minimal-mild (score: 0–8) and moderate-severe (score: 
9–18) and according to fibrosis: minimal/mild-moderate (score: 0–2) 
and severe fibrosis-cirrhosis (score: 3–4). All biopsies had detailed 
documentation of possible concurrent NAFLD findings (amount and 
location of steatosis, presence/absence of Malory’s hyaline, hepatocyte 
ballooning, lobular inflammation, zone 3 fibrosis). 

As we have reported previously, in patients without available liver 
biopsy, cirrhosis was established by findings from ultrasonography, 
and/or transient elastography, endoscopy or physical findings (ascites, 
hepatic encephalopathy) [50]. 

2.3. Autoantibodies 

Smooth muscle antibodies (SMA), ANA, antibodies against liver 
kidney microsomal type-1 (anti-LKM1), and against liver cytosol type-1 
(anti-LC1) were initially detected by indirect immunofluorescence on 5- 
μm fresh frozen sections of in-house rodent kidney, liver, and stomach 
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tissue sections as described [3,5,51]. Anti-LC1, anti-LKM1, and anti-
bodies against soluble liver antigen/liver pancreas (anti-SLA/LP) were 
additionally evaluated by immunoblotting using rat liver microsomal or 
cytosolic extracts. Commercially available enzyme-linked immunosor-
bent assays using recombinant formiminotransferase cyclodeaminase 
(Euroimmun Medizinische Labordiagnostika, Lubeck, Germany), 
SLA/LP/tRNP (Ser) Sec (Inova Diagnostics, San Diego, CA, USA) and 
cytochrome P450 2D6 (Inova) were used also for anti-LC1, anti-SLA/LP 
and anti-LKM1 determination respectively, according to the manufac-
turer’s instructions [3,5,52]. 

2.4. DNA extraction and quantification 

Genomic DNA was extracted from whole blood samples (stored at 
− 80 ◦C) by binding to a silica-based membrane using the QIAamp Blood 
mini purification kit (QIAGEN, Hilden, Germany). Quantification of the 
isolated product was determined by measuring the absorbance at 260 
nm in a UV-VIS Nanodrop spectrophotometer (Thermo Fisher Scientific, 
Waltham, MA, USA). DNA purity was also determined by calculating the 
ratio of 260 nm to 280 nm absorbance levels (A260/A280). 

2.5. PD1.3 and IL28B rs 12979860 SNP genotyping 

PD1.3 and IL28B rs12979860 genotypes were determined by a Taq-
Man 5′- nuclease chemistry real-time polymerase chain reaction (PCR) 
method designed for amplification and detection of the specific poly-
morphism. Approximately 20 ng of each purified genomic DNA sample 
was amplified using TaqMan® Gene Expression Master Mix (Applied 
Biosystems, ABI, MA, USA) and specific custom-made primers and minor 
groove binder probes (TIB MolBiol, Germany). The sequences of the 
primers and probes used for the PCR assays are provided in Table 1. 
Quantitative PCR was carried out in a total volume of 15 μl, containing 
0.5 μM specific forward and reverse primers and probes. Amplification 
and detection were performed in a Lightcycler® 96 Instrument (Roche 
Life Sciences, Bavaria, Germany), under the following conditions: 10 
min at 95 ◦C, 45 cycles: 10 s at 95 ◦C, 30 s at 60 ◦C, and 1 s at 72 ◦C. 
Automated allele calling was performed by means of endpoint geno-
typing software (Roche Life Sciences, Bavaria, Germany) to identify the 
genotypes and simplify discrimination into homozygous and heterozy-
gous samples. Validation experiments were carried out in duplicates and 
negative and positive controls were used in every experiment. 

Confirmation of results for PD1.3 was made by restricted fragment 
length polymorphism PCR on a GeneAmp PCR System 9700 thermo-
cycler (Applied Biosystems, Waltham, MA, USA). 100 ng of genomic 
DNA was used at a final volume of 25 μl with 1.5 mM of MgCl2, 100 μМ 
of dNTPs and 5 Units of AmpliTaq Gold DNA polymerase (Applied 
Biosystems, Waltham, MA, USA) and 0.1 μМ of each of the specific 
primers (Forward: 5′-CCTCAATCCCTAAAGCCATGATCTG-3′, Reverse: 
5′- CAGGCAGGCACACACATG-3′). The amplification was performed 
under the following conditions: initial denaturation step of 10 min at 
95 ◦C, followed by 35 cycles: 15 s at 95 ◦C, 30 s at 60 ◦C, 15 s at 72 ◦C and 

then another cycle 5 min at 72 ◦C before termination. Ten microliters of 
the PCR product were digested (incubation for 60 min at 37 ◦C) with 0.5 
Units of the restriction endonuclease PstI (Thermo Fischer Scientific, CA, 
USA). The digested products were electrophoresed on 2% agarose gel, 
stained with ethidium bromide, and visualized under ultraviolet light. 
According to the allele present the AA homozygotes yielded bands of 
130 bp and 50 bp, the GG wild type yielded one band of 180 bp, and the 
GA heterozygotes yielded three bands of 180 bp, 130 bp and 50 bp. 

Confirmation of results for IL28B rs12979860 was made by direct 
sequencing. In details, a semi-nested PCR was designed for the ampli-
fication of a fragment of 228 bp. The reaction was carried out in a total 
volume of 50 μl containing 1.5 mM MgCl2, 0.2 mM of each dNTP, 0.4 μM 
of each primer (Forward 5′-CCCCTAACCTCTGCACAGTC-3′, Inner 
Reverse 5′- AGGCTCAGGGTCAATCACAG-3′, Outer Reverse 5′- AGG-
GACCGCTACGTAAGTCA-3′), 2.5 U AmpliTaq Gold® DNA polymerase 
(ABI) with a buffer supplied by the manufacturer, using 5 μl of genomic 
DNA in the first PCR or 2 μl of product in the second PCR. The PCR 
conditions were as follows: denaturation at 95 ◦C for 10 min, followed 
by 35 cycles of three steps holds (94 ◦C for 30 s, 58 ◦C for 30 s, and 72 ◦C 
for 30 s) before final extension at 72 ◦C for 10 min. Validation of PCR 
amplicon size was performed by gel electrophoresis. Finally, bi- 
directional analysis sequencing of amplicons was performed using the 
Big-dye Terminator v3.1 Cycle sequencing Kit on an ABI 3730 DNA 
sequencer (ABI). Genotyping was based on the chromatographs of 
nucleotide bases [53]. 

All subjects provided written informed consent to participate in the 
study. The protocol was approved by the Ethical Committee of the 
Larissa University Hospital in accordance with the protocol and princi-
ples of the 1975 Declaration of Helsinki. 

2.6. Statistical analysis 

Normality of the distribution of variables was assessed by 
Kolmogorov-Smirnov test. Normally distributed values are expressed as 
mean ± standard deviation (SD), while non-normally distributed as 
median [interquartile range (IQR)]. The Hardy-Weinberg equilibrium 
(HWE) was tested for both SNPs for patients with AIH by comparing 
observed and expected frequencies of genotypes using χ2 analysis. Ge-
notype and allele comparison data were analyzed by Pearson chi-square, 
Fisher’s exact test, t-test, Mann-Whitney U test and Cox regression 
analysis where applicable. Two-sided p values < 0.05 were considered 
significant. 

3. Results 

3.1. General characteristics of AIH patients 

The baseline characteristics of AIH patients (females 142/200, 71%) 
enrolled in the study are summarized in Table 2. Disease presentation 
was symptomatic in 135 (67.5%) patients, while 44 out of 200 (22%) 
patients had established cirrhosis at baseline, including 7 (16%) patients 
who had already experienced at least one episode of decompensation in 
the past. Concurrent presence of NAFLD was confirmed in 49 out of 186 
(26.3%) patients with available liver biopsy [simple steatosis, 35/186 
(18.8%); steatohepatitis, 14/186 (7.5%)]. At least one metabolic risk 
factor was present in 135 out of 200 (67.5%) patients with 29 (14.5%) 
fulfilling the criteria for the diagnosis of MetS (Table 2). 

Other concurrent autoimmune diseases were present in 48.5% of 
patients (Table 2; Hashimoto thyroiditis, n = 37; Biermer’s anemia, n =
16; multiple sclerosis, n = 12; inflammatory bowel disease, n = 7; 
rheumatoid arthritis, n = 5; Sjogren’s syndrome, n = 7; celiac disease, n 
= 3; psoriasis, n = 3; SLE, n = 2; immune thrombocytopenia, n = 2; 
scleroderma, n = 1; retroperitoneal fibrosis, n = 1; giant cell vasculitis, 
n = 1). 

On-treatment CR was attained in 176 out of 195 (90.3%) patients, in 
3 (5) months after treatment initiation. At the time of this writing, 

Table 1 
Oligonucleotides for genotyping of SNPs studied.  

SNP Primers Sequences 

PD1.3 Forward primer 5′-CCTCAATCCCTAAAGCCATGATCTG-3′

Reverse primer 5′-CAGGCAGGCACACACATG-3′

Probe (G allele) 5′-FAM- ACCTGCGGTCTCC-3′

Probe (A allele) 5′-VIC- ACCTGCAGTCTCC-3′

IL28B Forward primer 5′-TGCCTGTCGTGTACTGAACCA-3′

Reverse primer 5′-GAGCGCGGAGTGCAATTC-3′

Probe (C allele) 5′-VIC-AAGGCGCGAACCA-3′

Probe (T allele) 5′-FAM-TCCCCGAAGGCGTGA-3′

Abbreviations are same as in the text: SNP, single nucleotide polymorphism; 
PD1, programmed cell death-1; IL28B, interleukin 28B.*The position of the SNP 
alleles in sequence of each probe is depicted with bold. 
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corticosteroids withdrawal was reached in 86 out of 176 (48.9%) pa-
tients who achieved on-treatment CR while complete withdrawal of 
immunosuppression according to the European and the Hellenic rec-
ommendations [1,2] was feasible in 46 out of 176 (26.1%) patients who 
achieved on-treatment CR. After treatment discontinuation, 34 out of 46 
(73.9%) patients, maintained CR (Table 3). 

Analysis of disease progression was performed in the 195 treated 
patients with AIH (42 cirrhotic and 153 non-cirrhotic at baseline). Five 
non-cirrhotic patients progressed to cirrhosis during follow-up (3.3%). 
Development of at least one episode of decompensation was observed in 
9 out of 47 (19.1%) patients with cirrhosis either at baseline or during 
follow-up. Seven patients died due to liver-related cause, 1 patient 

Table 2 
Baseline demographic, clinical, laboratory and histological characteristics of AIH patients in total and according to PD1.3 and IL28 rs12979860 genotype (n = 200).    

PD1.3 IL28B rs12979860  

Total (n = 200) GG (n = 164) GA/AA (n = 36) P value CC (n = 79) CT/TT (n = 121) P value 

Age at disease onset (years) 44.6 ± 27 43.6 ± 17.6 49.4 ± 16.1 0.071 46.1 ± 17.4 43.6 ± 17.5 0.314 
Female 142 (71%) 118 (72%) 24 (66.7%) 0.667 52 (65.8%) 90 (74.4%) 0.252 
Time to diagnosis (months) 11 (56) 11 (58) 6.5 (34) 0.301 14.5 (59) 10 (51) 0.448 
Disease duration till last follow-up (months) 124 (131) 128 (131) 109 (134) 0.787 117 (138) 130 (125) 0.674 
Follow-up (months) 71 (93) 73 (94) 69 (99) 0.754 67 (81) 77 (101) 0.365 
Type of presentation        
Insidious 119 (59.5%) 97 (59.1%) 22 (61.1%) 0.837 48 (60.8%) 71 (58.7%) 0.922 
Acute 46 (23%) 39 (23.8%) 7 (19.4%)  17 (21.5%) 29 (24%)  
Acute severe 35 (17.5%) 28 (17.1%) 7 (19.4%)  14 (17.7%) 21 (17.4%)  
Presence of symptoms 135 (67.5%) 113 (68.9%) 22 (61.1%) 0.479 51 (64.6%) 84 (69.4%) 0.573 
Concurrence of extra-hepatic autoimmune diseases 97 (48.5%) 89 (54.3%) 8 (22.2%) 0.001 37 (46.8%) 60 (49.6%) 0.814 
AST (IU/L, ULN: 35) 133 (379) 133 (366) 132 (571) 0.890 136 (335) 125 (451) 0.569 
ALT (IU/L, ULN: 40) 187 (515) 187 (478) 182 (603) 0.850 223 (467) 169 (544) 0.955 
γ-GT (IU/L, ULN: 37) 83 (137) 83 (143) 91 (140) 0.639 88 (128) 82 (144) 0.824 
ALP (IU/L, ULN: 120) 106 (81) 110 (81) 100 (81) 0.471 106 (76) 107 (88) 0.426 
Bilirubin (mg/dL, ULN: 1.1) 1.04 (1.66) 1.03 (1.53) 1.19 (2.26) 0.947 1 (1.7) 1.1 (1.5) 0.665 
Albumin (g/dL, normal range: 3.5–5.2) 4 ± 0.6 3.9 ± 0.6 4.1 ± 0.6 0.102 3.9 ± 0.6 4 ± 0.6 0.450 
γ-globulin (g/dL, ULN: 3.5) 3.7 (1.2) 3.6 (1.2) 3.7 (0.8) 0.428 3.6 (1.1) 3.6 (1.2) 0.784 
IgG (mg/dL, ULN: 1400) 1859 (1039) 1820 (1030) 1920 (910) 0.161 1803 (915) 1889 (977) 0.260 
INR 1.06 (0.23) 1.07 (0.24) 1.04 (0.19) 0.901 1.04 (0.22) 1.07 (0.24) 0.251 
Platelets (x103/mm3, normal range: 140–400) 214 (90) 208 (93) 220 (89) 0.595 215 (79) 210 (103) 0.996 
Cholesterol (mg/dL) 185 (67) 188 (66) 172 (78) 0.196 196 (61) 180 (67) 0.083 
HDL (mg/dL) 52 ± 20 54 ± 20 45 ± 20 0.019 53 ± 18 52 ± 21 0.638 
LDL (mg/dL) 112 (49) 112 (48) 115 (67) 0.416 124 (52) 104 (46) 0.027 
Triglycerides (mg/dL) 104 (66) 103 (68) 112 (56) 0.454 106 (64) 103 (70) 0.741 
Positive ANA 123 (61.5%) 99 (60.4%) 24 (66.7%) 0.607 50 (63.3%) 73 (60.3%) 0.786 
Positive SMA 186 (93%) 151 (92.1%) 35 (97.2%) 0.472 75 (94.9%) 111 (91.7%) 0.559 
Positive anti-LKM 12 (6%) 10 (6.1%) 2 (5.6%) 1.000 5 (6.3%) 7 (5.8%) 1.000 
Positive anti-SLA/LP 22 (11%) 19 (11.6%) 3 (8.3%) 0.771 6 (7.6%) 16 (13.2%) 0.311 
Histology n = 186 n = 153 n = 33  n = 74 n = 112  
Moderate or Severe Grade 114 (57%) 93 (60.8%) 21 (63.6%) 0.914 48 (64.9%) 66 (58.9%) 0.509 
Severe Fibrosis or Cirrhosis 59 (29.5%) 50 (32.7%) 9 (27.3%) 0.690 26 (35.1%) 33 (29.5%) 0.514 
Steatosis 35 (18.8%) 31 (20.3%) 4 (12.1%) 0.401 19 (25.7%) 16 (14.3%) 0.079 
Steatohepatitis 14 (7%) 11 (7.2%) 3 (9.1%) 0.717 4 (5.4%) 10 (8.9%) 0.544 
Presence of cirrhosis 44 (22%) 38 (23.2%) 6 (16.7%) 0.507 18 (22.8%) 26 (21.5%) 0.862 
Decompensated cirrhosis 7 (3.5%) 7 (18.4%) 0 (0%) 0.568 4 (22.2%) 3 (11.5%) 0.419 

Normally distributed values are expressed as mean ± standard deviation (SD), while non-normally distributed as median [interquartile range (IQR)]. Abbreviations are 
same as in the text. n, number of patients in each group; AST, aspartate aminotransferase; ALT, alanine aminotransferase, γ-GT, gamma-glutamyl transpeptidase; ALP, 
alkaline phosphatase. 

Table 3 
Response to immunosuppresive treatment accoring to IL28B rs12979860 genotype (n = 195).    

PD1.3 IL28B rs12979860  

Total (n =
195) 

GG (n = 159) GA/AA (n =
36) 

P 
value 

CC (n = 77) CT/TT (n =
118) 

P 
value 

Treatment schedule        
Prednisolone + Mycophenolate mofetil 152 (77.9%) 126 (79.2%) 26 (72.2%) 0.489 61 (79.2%) 91 (77.1%) 0.659 
Prednisolone + Azathioprine 26 (13.3%) 19 (11.9%) 7 (19.4%)  11 (14.3%) 15 (12.7%)  
Prednisolone only 17 (8.7%) 14 (8.8%) 3 (8.3%)  5 (6.5%) 12 (10.2%)  
Treatment duration (months) 63 (77) 66 (69) 62 (74) 0.830 61 (46) 67 (81) 0.172 
On-treatment complete response 176 (90.3%) 144 (90.6%) 32 (88.9%) 0.758 72 (93.5%) 104 (88.1%) 0.323 
Time to achieve complete response (months) 3 (5) 3 (5) 3 (3) 0.891 2 (4) 3 (5) 0.426 
Corticosteroids withdrawal in patients with on-treatment 

complete.response 
86/176 
(48.9%) 

70/144 
(48.6%) 

16/32 (52%) 1.000 31/72 
(43.1%) 

55/104 
(52.9%) 

0.259 

Relapse during treatment after corticosteroids withdrawal 38/86 
(44.2%) 

32/70 (45.7% 6/16 (37.5%) 0.751 14/31 
(45.2%) 

24/55 (43.6%) 1.000 

Complete treatment withdrawal 46/176 
(26.1%) 

38/144 
(26.4%) 

8/32 (25%) 1.000 26/72 
(36.1%) 

20/104 
(19.2%) 

0.020 

Maintenance of response after complete treatment withdrawal 34/46 
(73.9%) 

28/38 
(73.7%) 

6/8 (75%) 1.000 17/26 
(65.4%) 

17/20 (85%) 0.245 

Abbreviations are same as in the text. n, number of patients in each group. 
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underwent orthotopic liver transplantation and 6 patients developed 
hepatocellular carcinoma (HCC). In total, disease progression with at 
least one of the above events was documented in 17 out of 195 (8.7%) 
treated patients. 

3.2. PD1 rs1156882 (PD1.3) 

The allele and genotype frequencies of PD1.3 polymorphisms found 
among the disease and healthy control group are shown in Table 4. The 
genotype distribution of PD1.3 in AIH patients (GG 82%, GA 17%, AA 
1%) and controls (GG 72%, GA 26%, AA 2%) was similar to that pre-
dicted by the HWE model (P = 0.872 and P = 0.844, respectively). No 
association was found regarding the alleles or genotypes (dominant or 
recessive models) of PD1.3 SNP with the risk of AIH (Table 4). 

PD1.3 genotypes were not associated with epidemiological charac-
teristics of the patients such as, age at disease onset and sex. Similarly, 
no correlation was found with the type of disease presentation or the 
clinical stage at diagnosis (presence of cirrhosis, decompensation). On 
liver histology, the grade of inflammation and the stage of fibrosis at 
diagnosis did not correlate with the presence of SNP PD1.3/A. On lab-
oratory investigations, the only significant difference was the presence 
of higher HDL levels in GG genotype (Table 2; P = 0.019). Interestingly, 
GG homozygotes suffered more frequently from concurrent extra- 
hepatic autoimmune diseases (Table 2; P = 0.001), but without pre-
disposition for a particular autoimmune disease compared to GA/AA 
haplotypes (data not shown). The presence of autoantibodies (ANA, 
SMA, LKM, SLA/LP) was not affected either. Response to 

immunosuppressive treatment was similar between GG and GA/AA 
patients (Table 3). Finally, the PD1.3 genotype did not affect the survival 
free of cirrhotic events (decompensation, liver transplantation, HCC) 
(HR = 2.27, 95%CI 0.29–17.7, P = 0.436) and liver-related death/liver 
transplantation (HR = 1.65, 95%CI: 0.20–13.41, P = 0.640) in treated 
patients with AIH. 

3.3. IL28B rs12979860 

The distribution of IL28B rs12979860 genotypes in AIH patients (CC 
39.5%, CT 42.5%, TT 18%) and controls (CC 42%, CT 42%, TT 16%) was 
in concordance with HWE (P = 0.123 and P = 0.321, respectively). 
Neither the dominant nor recessive models used in the study showed a 
connection of the IL28B rs12979860 SNP with the risk of AIH (Table 4). 

This polymorphism was not associated with epidemiological char-
acteristics of AIH patients, the mode of presentation of the disease, the 
clinical stage at diagnosis, levels of liver function tests, γ-globulin and 
IgG levels. Similarly, the grade of inflammatory activity and stage of 
fibrosis at the histological level at diagnosis did not differ between CC 
homozygotes and TT/CT carriers. However, low density lipoprotein 
(LDL) cholesterol was significantly higher in CC patients compared to 
those with CT/TT (Table 2; P = 0.027), even though no differences was 
found regarding the presence of steatosis, steatohepatitis or MetS 
(Table 2). 

On-treatment response was not affected by the rs12979860 poly-
morphism. However, among patients with on-treatment CR [n = 176, 
72/77 (93.5%) CC and 104/118 (88.1%) CT/CC patients], CC homo-
zygotes achieved significantly higher treatment withdrawal rates 
compared to CT heterozygotes and TT homozygotes [26/72 (36.1%) in 
CC vs. 20/104 (19.2%) in CT/TT patients; P = 0.02] (Table 3). This 
favorable response of CC homozygotes remained statistically significant 
even after adjustment for the presence of simple steatosis or steatohe-
patitis [OR = 2.3, 95%CI: 1.1–4.7, P = 0.02]. Finally, the rs12979860 
genotype did not affect the survival free of cirrhotic events (decom-
pensation, liver transplantation, HCC) (HR = 0.67, 95%CI 0.18–2.54, P 
= 0.559) and liver-related death/liver transplantation (HR = 0.58, 95% 
CI: 0.12–2.91, P = 0.513) in treated patients with AIH. 

4. Discussion 

To the best of our knowledge, this is the first molecular epidemio-
logical study addressing the potential association between PD1.3 and 
IL28B rs12979860 polymorphisms and AIH. 

AIH is a complex autoimmune disease whose pathogenetic mecha-
nisms cannot be fully explained by a single pathway defect. T-cell dys-
regulation and breakdown of self-tolerance are key playmakers. PD1 is 
involved in immune response regulation at several levels from thymic 
selection to lymphocyte activation and peripheral regulatory T cells 
differentiation [21,54,55]. Several studies have associated PD1 poly-
morphisms with diverse autoimmune diseases [31,33–35,56,57] while 
increasing body of evidence in vivo and in vitro support the relation 
between disruption of the PD1/PDL1/PDL2 axis and autoimmunity [17, 
19,22,23,27–30]. It has also been shown that PD1 and its ligands are 
expressed on lymphocytes that infiltrate the liver at portal and sinu-
soidal areas and this phenomenon was restricted to patients with auto-
immune liver diseases and not in heathy controls [58]. Other studies 
have associated the presence of putative antibodies against PD1 in AIH 
patients, with possible implications in treatment response [59,60]. 

However, we did not find any association between PD1.3 and sus-
ceptibility to AIH for patients of Greek descent. Furthermore, we tested 
for correlation with clinical aspects of the disease such as, mode of 
presentation, severity, risk of progression, treatment response and 
prognosis, but no correlations were detected. Similar investigations in 
SLE patients, found no consistent link between PD1.3 and the risk of SLE 
development [61–63]. In a recent meta-analysis in SLE patients [64], 
there was a link between PD1.3 polymorphism and SLE risk in 

Table 4 
Distribution of PD1.3 and IL28B rs12979860 genotypes in AIH patients and 
healthy controls.   

AIH patients (n 
= 200) 

Controls (n =
100) 

Model P- 
value 

PD1.3 
(rs11568821)     

Genotype     
GG 164 (82%) 72 (72%) Codominant 0.132 
GA 34 (17%) 26 (26%)   
AA 2 (1%) 2 (2%)   
Allele     
G 362 (90.5%) 170 (85%)  0.062 
A 38 (9.5%) 30 (15%)   
Genotypes     
GG 164 (82%) 72 (72%) Dominant 0.065 
AA + GA 36 (18%) 28 (28%)   
Genotypes     
AA 2 (1%) 2 (2%) Recessive 0.603 
GG + GA 198 (99%) 98 (98%)   
Genotypes     
GG + AA 198 (99%) 98 (98%) Over- 

dominant 
0.603 

GA 2 (1%) 2 (2%)   
IL28B 

(rs12979860)     
Genotype     
CC 79 (39.5%) 42 (42%) Codominant 0.878 
CT 85 (42.5%) 42 (42%)   
TT 36 (18%) 16 (16%)   
Allele     
C 243 (60.8%) 126 (63%)  0.656 
T 157 (39.3%) 74 (37%)   
Genotypes     
CC 79 (39.5%) 42 (42%) Dominant 0.771 
TT + CT 121 (60.5%) 58 (58%)   
Genotypes     
TT 36 (18%) 16 (16%) Recessive 0.787 
CC + CT 164 (82%) 84 (84%)   
Genotypes     
CC + TT 115 (57.5%) 58 (58%) Over- 

dominant 
1.000 

CT 85 (42.5%) 42 (42%)   

Abbreviations are same as in the text. n, number of patients in each group. 
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Caucasians and Mexicans, but not in African American and Asian pa-
tients. Additionally, there is a spatial heterogeneity in the frequency of 
PD1.3A allele across Europe, with the frequency decreasing from 
northern to southern Europe [63]. This may reflect ethnic differences or 
point to a possible interaction between this polymorphism and an 
environmental factor. With these findings in mind, it is reasonable to 
assume that the contribution of genetic variants to the risk for diseases 
will vary depending on the population investigated, as well as on the 
etiology and pathogenesis of different diseases. Further research of 
PD1.3 polymorphism in diverse diseases and populations is needed [65]. 
Another possibility is that other PD1 polymorphisms that were not 
investigated in the present study could be responsible for AIH 
susceptibility. 

The IL28B rs12979860 polymorphism has been implicated in in-
flammatory response in patients with HCV and NAFLD. Indeed, the 
rs12979860 CC genotype, which has been linked to favorable response 
to antiviral treatment with pegylated interferon and ribavirin, was 
associated with more pronounced liver inflammation and biochemical 
activity [66,67]. The effect on inflammation extends to NAFLD patients 
as well [40]. The proposed mechanism involves increased IL28B tran-
scriptional activity in CC homozygotes that upregulates 
interferon-stimulated genes including pro-inflammatory cytokines and 
leads to increased liver inflammation [68–70]. However, our results 
demonstrated that the CC genotype was not associated with inflamma-
tory activity of the disease either at the biochemical or at the histological 
level. Besides, no relation was found regarding the clinical manifesta-
tions and prognosis of the disease. 

Metabolic associations of the rs12979860 CC genotype include a 
correlation with less hepatic steatosis and lower insulin resistance in 
HCV patients, again through the effect of upregulated interferon- 
stimulated genes [39,40,67]. Our results showed an association of 
significantly higher LDL cholesterol levels in AIH patients with the IL28B 
CC genotype similarly to previous studies [37], while no association was 
found between the presence of steatosis or steatohepatitis and IL28B 
genotypes indicating that the effect of IL28B polymorphisms may have 
impact only in HCV patients as has also been shown in a previous study 
in NAFLD [71]. Quite interestingly, however, CC homozygotes patients 
with AIH achieved significantly higher rates of treatment withdrawal 
after on-treatment CR. This novel finding of the association of IL28B 
rs12979860 genotype with the potential of treatment discontinuation in 
autoimmune liver diseases needs confirmation and further clarification 
in a larger group of AIH patients in an attempt to see whether this 
specific polymorphism could identify a subgroup of AIH patients who 
are candidates for complete treatment cessation after on-treatment CR. 

5. Conclusion 

In conclusion, this is the first report to explore a possible relation 
between PD1.3 and IL28B rs12979860 polymorphisms in a homogenous 
cohort of AIH patients. Both polymorphisms do not seem to contribute to 
AIH susceptibility, disease manifestations, treatment response rates and 
prognosis. However, even though on-treatment response rates to 
immunosuppression were not affected by the IL28B rs12979860 poly-
morphism, CC homozygotes AIH patients were more likely to achieve 
complete treatment withdrawal suggesting its use as a surrogate marker 
for deciding treatment cessation in AIH treated patients who are in CR 
on-treatment. 
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