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Abstract

Purpose: The precise etiology of autoimmune hepatitis (AIH) remains unknown, although a number of genetic loci
have been implicated in the susceptibility of type 1 AIH. The purpose of this study was to test for association of
these loci with type 1 AIH in New Zealand Caucasians.

Methods: 77 AIH patients and 485 healthy controls were genotyped for the SNPs rs2187668 (HLA-DRB*03:01),
rs660895 (HLA-DRB*04:01), rs3749971 (HLA-A1-B8-DR3), rs231775 (CLTLA4), rs1800629 (TNF), and rs1800682 (FAS) using
predesigned TaqMan SNP genotyping assays. Chi square analysis was used to test for association of allele and
genotype with overall AIH, and with severe fibrosis and ALT levels at 6 months.

Results: Significant risk of AIH was conferred by the minor alleles of rs2187668 (OR = 2.45, 95% CI 1.65-3.61, p <
0.0001), rs3749971 (OR = 1.89, 95% CI 1.21-2.94, p = 0.004) and rs1800629 (OR = 2.06, 95% CI 1.41-3.01, p = 0.0001).
Multivariate analysis showed that rs2187668 was independently associated with type 1 AIH susceptibility (OR = 2.40,
95% CI 1.46-3.93, p = 0.001). The C allele of FAS SNP rs1800682 was associated with increased risk of severe fibrosis
at diagnosis (OR = 2.03, 95% CI 1.05-3.93, p = 0.035) and with incomplete normalization of ALT levels at 6 months
post-diagnosis (OR = 3.94, 95% CI 1.62-9.54, p = 0.0015).

Conclusions: This is the first population-based study to investigate genetic risk loci for type 1 AIH in New Zealand
Caucasians. We report significant independent association of HLA-DRB1*03:01 with overall susceptibility to type 1
AIH, as well as FAS with a more aggressive disease phenotype.
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Background
Autoimmune hepatitis (AIH) is a chronic progressive in-
flammatory liver disease of unknown etiology. It has a pre-
sumed autoimmune basis to its pathogenesis that is likely
to involve a complex interaction of genetic and environ-
mental factors (Czaja et al. 2010). Identification of these
factors can potentially provide novel targets for treatment,
diagnosis and prevention. AIH can be classified into two
types according to circulating auto antibodies present in
the patients’ sera. Type 1 AIH is characterized by the pres-
ence of anti-nuclear antibodies (ANA) and/or anti smooth
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muscle antibodies (SMA), whereas type 2 AIH is defined
by the presence of anti-liver-kidney microsome antibodies
(LKM1) (Czaja et al. 1995).
Type 1 AIH constitutes the vast majority of the disease

in Caucasian populations. Genetic predisposition in type
1 AIH has been linked especially to the human leukocyte
antigen (HLA) class II haplotype HLA-A1-B8, and the
alleles HLA-DRB1*03:01 and HLA-DRB1*04:01 in North
America and Europe (Doherty et al. 1994; Strettell et al.
1997). However, distinct differences in the pattern of as-
sociation between genetic susceptibility and type 1 AIH
are seen in populations from various geographical re-
gions. For example, type 1 AIH is associated with HLA-
DRB1*04:05 in Japan and Argentina (Seki et al. 1992;
Pando et al. 1999), with HLA-DRB1*13:01 in Brazil and
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Venezuela (Fainboim et al. 1994; Czaja et al. 2002; Fortes
Mdel et al. 2007) and with HLA-DRB1*04:04 in Mexico
(Vazquez-Garcia et al. 1998). Polymorphisms in genes
outside the HLA locus have also been associated with
type 1 AIH. An A to G base-exchange polymorphism in
exon 1 of the cytotoxic T-lymphocyte antigen 4
(CLTLA4) is associated with increased incidence of AIH
in white North American and northern European pa-
tients (Agarwal et al. 2000; Djilali-Saiah et al. 2001), but
not in South American (Bittencourt et al. 2003) and
Japanese patients (Umemura et al. 2008). In young white
AIH patients, the tumor necrosis factor (TNF) poly-
morphism -308G > A is associated with a poorer re-
sponse to corticosteroid therapy. A Fas gene promoter
polymorphism was found to influence susceptibility to
AIH and its progression (Hiraide et al. 2005; Agarwal
et al. 2007), leading to a more aggressive disease with an
early development of cirrhosis (Hiraide et al. 2005).
Polymorphisms in the vitamin D receptor gene have also
been associated with AIH in German and Chinese pa-
tients (Vogel et al. 2002; Fan et al. 2005).
In New Zealand, only 2% of the AIH cases have a posi-

tive LKM1 antibody, indicating that type 1 AIH is the
predominant disease in this population (Ngu et al.
2010). However, genetic loci previously shown to alter
susceptibility to type 1 AIH have yet to be investigated
in the New Zealand population. Our study had two aims.
The first aim was to test for the association of six candi-
date risk loci (HLA-A1-B8, HLA-DRB1*03:01, HLA-DRB1
*04:01, CTLA4, FAS, and TNF) in a population-based AIH
New Zealand Caucasian cohort. The second aim was to
examine whether these loci are associated with specific
AIH phenotypes such as severe liver fibrosis stage at diag-
nosis and response to initial immunosuppression.

Patients and methods
Study population
Cases were New Zealand Caucasian with type 1 AIH
who resided in the geographically defined region of
Canterbury between 1st July 2011 and 30th June 2012.
The list of AIH patients in Canterbury was generated
from the established population-based AIH database that
was set up in 2006 which has recorded information on
the demography, biochemistry, serology, histology, radi-
ology, and treatment of these patients. The methods used
to identify these patients were described in detail in our
earlier studies (Ngu, Bechly et al. 2010; Ngu et al. 2012).
In brief, every new diagnosis of AIH in Canterbury was
recruited prospectively since 2007. Cases diagnosed before
2006 were identified retrospectively by detailed searching
of all private and public gastroenterology records in
Canterbury. Cases were included into the database if they
had definite or probable AIH as determined using the re-
vised original scoring system (Alvarez et al. 1999). Cases
that had a positive anti-LKM antibody (type 2 AIH) were
excluded from this study. Stages of fibrosis were evalu-
ated using the Metavir scoring system, and severe liver
fibrosis was defined as Metavir stage 3 and 4. Response
to initial immunosuppression was defined as normal
ALT (<30 U/L) at 6 months from diagnosis, as incom-
plete normalization of ALT had been identified as an in-
dependent predictor of poor outcome in our earlier
study (Ngu et al. 2013). Controls were healthy New
Zealand Caucasians who were aged over 17 years of age
at the time of the study and who had no personal or
family history of autoimmune or inflammatory disease
(Simkins et al. 2005). All study participants gave their in-
formed written consent and ethical approval for this
study was obtained from the Upper South A Regional
Ethics Committee of New Zealand (approval number
URA/10/07/055).

Genotyping of susceptibility loci
Genomic DNA was obtained from peripheral blood
using sodium chloride extraction (Miller et al. 1988) and
re-suspended in Tris-EDTA buffer (pH 8.0) and stored
at −20°C until analysis. Study participants were geno-
typed for all six loci using predesigned TaqMan SNP
genotyping assays following the manufacturer’s instruc-
tions (Applied Biosystems, Foster City, CA, USA).
Briefly, assays were performed in a total reaction volume
of 5μl containing 2.5μl of 2× TaqMan® Universal Master
Mix (Roche Molecular Systems Inc, Branchburg, NJ,
USA), 0.25 μl of 20× working mix of SNP genotyping
assay and 12 ng of genomic DNA. The PCR was
performed on an Roche LightCycler 480 Real-time PCR
system, with an activation step of 10 min at 95°C, fol-
lowing by 40 cycles of denaturation (15 sec at 92°C) and
annealing/extension (1 min at 60°C). Genotypes were
assigned using the end-point genotyping analysis soft-
ware. CTLA4 rs231775, FAS rs1800682, and TNF
rs1800629 genotyped using the predesigned TaqMan
SNP genotyping assays C_2415786_20, C_9578811_10,
and C_7514879_10, respectively. HLA-A1-B8, HLA-DR1
*03:01, and HLA-DR1*04:01 were genotyped indirectly
using the tagging SNPs rs3749971 (C_25983472_20)
(Santos et al. 2008), rs2187668 (C_58662585_10)
(Stanescu et al. 2011), rs660895 (C_26546458_30)
(Ahmed et al. 2012). The web-based analysis programme
SHEsis (http://analysis2.bio-x.cn/myAnalysis.php) (Shi
et al. 2005) was used to check for deviations in Hardy-
Weinberg Equilibrium (HWE).

Statistical analysis
Tests for association of allele and genotype with overall
AIH, and comparisons between groups with and without
severe fibrosis at AIH diagnosis, and between those who
did or did not normalize ALT within the first six months
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were made using chi square analysis and summarized as
odd ratios (OR) with 95% confidence intervals (CI). As-
sociations were considered significant if p < 0.05.
Bonferroni corrections of α = 0.05/6 (p < 0.008) and
α = 0.05/12 (p < 0.004) were used to adjust for multiple
testing for associations with overall susceptibility and
clinical phenotypes, respectively. Multivariate analysis,
using a conditional logistic regression was used to deter-
mine the independent association of significant risk al-
leles identified from the univariate analyses.

Results
Characteristics of the study cohorts
Of the 85 type 1 AIH patients that fulfilled the study in-
clusion criteria, 77 cases (91% of the eligible cases)
agreed to participate in this study. The basic demo-
graphics of these cases are shown in Table 1. All cases
and controls (n = 455) were successfully genotyped for
the six SNPs. No deviations from HWE were observed
for any of these SNPs in either cases or controls.

Association of HLA, CTLA4, FAS and TNF with type 1 AIH
susceptibility
Chi-square analysis identified significant association of
rs2187668 (HLA-DRB1*03:01), rs3749971 (HLA-A1-B8-
DR3), and rs1800629 (TNF) with overall susceptibility to
type 1 AIH (Table 2). No evidence of association of
rs660895 (HLA-DRB*04:01), rs231775 (CLTLA4), or
rs1800682 (FAS) with overall AIH susceptibility was
detected. Minor allele A of HLA-DRB1*03:01 SNP
rs2187668 conferred nearly 2.5 times increased risk of
susceptibility to type 1 AIH (OR = 2.45, 95% CI 1.65-
3.61, p < 0.0001). Minor alleles of both rs3749971 (HLA-
A1-B8-DR3) and rs1800629 (TNF) were associated with
2 times increased risk of type 1 AIH with OR of 1.89
(95% CI 1.21-2.94, p = 0.004) and 2.06 (95% CI 1.41-3.01,
p = 0.0001) respectively. All three associations remained
significant after adjustment for multiple testing.
Table 1 Baseline characteristics of type 1 AIH patients at
diagnosis

Baseline features

Total number of included cases 77

Female 61 (79%)

Male 16 (21%)

Caucasian 77 (100%)

Mean age (years) 45

Median age (years, range) 50 (12–74)

ALT U/L (mean, 95% CI) 571 (428–714)

Bilirubin umol/L (mean, 95% CI) 95 (62–128)

Albumin g/L (mean, 95% CI) 37 (36–38)

No. cases with histological stage≥Metavir 3 45 (58%)
Multivariate logistic regression was performed using
both forward and backward stepwise analysis, and in-
cluding all factors significant (p < 0.05) from the univari-
ate association. This analysis showed that only
rs2187668 (HLA-DRB1*03:01) was independently associ-
ated with overall susceptibility to type 1 AIH (OR = 2.40
[95% CI 1.46-3.93], p = 0.001). SNP rs3749971 (HLA-A1-
B8-DR3) and rs1800629 (TNF) did not show independ-
ent association under this multivariate model. Further
scrutiny indicated that the presence of minor allele
rs2187668 (HLA-DRB1*03:01) was in fact significantly
associated with the presence of minor allele rs3749971
(HLA-A1-B8-DR3) and rs1800629 (TNF) (p < 0.001).

Association of HLA, CTLA4, FAS, and TNF loci with severe
liver fibrosis and normalization of ALT
We examined whether these loci are associated with
specific AIH phenotypes such as severe liver fibrosis
stage at diagnosis and normalization of ALT at 6 months
post diagnosis (Table 3). At diagnosis, 58% of the cases
had severe liver fibrosis (Metavir ≥ 3), and 68% of the
cases achieved complete normalization of ALT at
6 months post diagnosis. Within case analysis showed
that whilst the C allele of the FAS SNP rs1800682 was
significantly associated with incomplete normalization of
ALT at 6 months post-diagnosis (OR = 3.94, [95% CI
1.62-9.54], p = 0.0015), this allele also increased the risk
of severe fibrosis at diagnosis (OR = 2.03, [95% CI 1.05-
3.93], p = 0.035). The latter association did not remain
significant after Bonferroni correction. In addition, no
association of rs231775, rs2187668, rs660895, rs3749971,
or rs1800629 with severe fibrosis at diagnosis or with in-
complete normalization of ALT at 6 months post-
diagnosis was detected.

Discussion
AIH is a multi-factorial disease that is believed to de-
velop when a genetically susceptible individual is ex-
posed to an environmental factor that triggers the loss
of immune tolerance towards hepatocyte antigens. The
number and nature of the genes that play a role in AIH
development is, at present, poorly defined. To date, the
strongest genetic associations for type 1 AIH have been
observed with genes located in the major histocompati-
bility complex (MHC), although several non-MHC genes
have also been implicated in type 1 disease including
CTLA4, FAS, and TNF. Our study is the first to investi-
gate type 1 AIH susceptibility loci in New Zealand
Caucasians.
In our cohort, the most significant association was ob-

served between the HLA-DRB1*03:01 tagging SNP
rs2187668 and overall AIH susceptibility, with the minor
allele of this SNP conferring a strong risk effect. This
finding is consistent with previous reports in European



Table 2 Allele and genotype frequencies of HLA, CTLA4, FAS and TNF SNPs in New Zealand Caucasian controls and patients with type 1 AIH

SNP Phenotype Genotype frequency Minor allele frequency Unadjusted P (allele) Odd ratio (allele) [95% CI]

rs2187668 (HLA-DRB1*03:01) AA AG GG A

AIH 10(0.130) 26(0.338) 41(0.532) 46(0.299) <0.0001± 2.45 [1.65-3.61]

Controls 13(0.029) 109(0.240) 333(0.732) 135(0.148)

rs660895 (HLA-DRB1*04:01) AA AG GG G

AIH 41(0.532) 31(0.403) 5(0.065) 41(0.266) 0.10 0.72 [0.49-1.07]

Controls 288(0.633) 145(0.319) 22(0.048) 189(0.208)

rs3749971 (HLA-A1-B8-DR3) AA AG GG A

AIH 4(0.052) 23(0.299) 50(0.649) 31(0.201) 0.004± 1.89 [1.21-2.94]

Controls 4(0.009) 98(0.218) 348(0.773) 106(0.118)

rs231775 (CTLA4) AA AG GG G

AIH 33(0.429) 32(0.416) 12(0.156) 56(0.364) 0.42 1.16 [0.81-1.65]

Controls 168(0.369) 212(0.466) 75(0.165) 362(0.398)

rs1800629 (TNF) AA AG GG A

AIH 10(0.130) 29(0.377) 38(0.494) 49(0.318) 0.0001± 2.06 [1.41-3.01]

Controls 20(0.044) 128(0.281) 307(0.675) 168(0.185)

rs1800682 (FAS) CC CT TT C

AIH 19(0.247) 35(0.455) 23(0.299) 73(0.474) 0.93 1.01 [0.72-1.43]

Controls 107(0.235) 214(0.470) 134(0.295) 428(0.470)
±Significant at α=0.05 after Bonferroni correction (0.05/6 tests, p < 0.008).
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Table 3 Association of HLA, CTLA, FAS, and TNF loci with severe fibrosis and normalisation of ALT in type 1 AIH patients

SNP Genotype MAF Unadjusted
±P value
(allele)

OR (allele)
[95% CI]rs2187668

(HLA-DRB1*03:01)
AA AG GG A

Fibrosis ≥Metavir 3 Yes 4(0.089) 16(0.356) 25(0.556) 24(0.267) 0.46 0.76 [0.38-1.55]

(at diagnosis) No 5(0.161) 10(0.323) 16(0.516) 20(0.323)

Incomplete normalization of ALT Yes 1(0.067) 6(0.400) 8(0.533) 8(0.267) 0.67 0.82 [0.34-2.01]

(at 6 months post diagnosis) No 9(0.145) 20(0.323) 33(0.532) 38(0.306)

rs660895 (HLA-DRB1*04:01) AA AG GG G

Fibrosis ≥Metavir 3 Yes 27(0.600) 15(0.333) 3(0.067) 21(0.233) 0.22 1.56 [0.76-3.22]

(at diagnosis) No 13(0.419) 16(0.516) 2(0.065) 20(0.323)

Incomplete normalization of ALT Yes 9(0.600) 4(0.267) 2(0.133) 8(0.267) 0.96 1.00 [0.40-2.46]

(at 6 months post diagnosis) No 32(0.516) 27(0.435) 3(0.048) 33(0.266)

rs3749971 (HLA-A1-B8-DR3) AA AG GG A

Fibrosis ≥Metavir 3 Yes 3(0.067) 13(0.289) 29(0.644) 19(0.211) 0.26 1.24 [0.54-2.83]

(at diagnosis) No 1(0.032) 9(0.290) 21(0.677) 11(0.177)

Incomplete normalization of ALT Yes 0(0.000) 6(0.400) 9(0.600) 6(0.200) 0.98 0.99[0.37-2.68]

(at 6 months post diagnosis) No 4(0.065) 17(0.274) 41(0.661) 25(0.202)

rs231775 (CTLA4) AA AG GG G

Fibrosis ≥Metavir 3 Yes 20(0.444) 15(0.333) 10(0.222) 35(0.389) 0.29 0.69 [0.35-1.38]

(at diagnosis) No 13(0.419) 17(0.548) 1(0.032) 19(0.306)

Incomplete normalization of ALT Yes 7(0.467) 6(0.400) 2(0.133) 10(0.333) 0.70 1.18 [0.51-2.74]

(at 6 months post diagnosis) No 26(0.419) 26(0.419) 10(0.161) 46(0.371)

rs1800629 (TNF) AA AG GG A

Fibrosis ≥Metavir 3 Yes 5(0.111) 19(0.422) 21(0.467) 29(0.322) 0.68 1.16 [0.57-2.35]

(at diagnosis) No 4(0.129) 10(0.323) 17(0.548) 18(0.290)

Incomplete normalization of ALT Yes 1(0.067) 7(0.467) 7(0.467) 9(0.300) 0.81 0.90 [0.38-2.14]

(at 6 months post diagnosis) No 9(0.145) 22(0.355) 31(0.500) 40(0.323)

rs1800682 (FAS) CC CT TT C

Fibrosis ≥Metavir 3 Yes 14(0.311) 21(0.467) 10(0.222) 49(0.544) 0.035 2.03 [1.05-3.93]

(at diagnosis) No 5(0.161) 13(0.419) 13(0.419) 23(0.371)

Incomplete normalization of ALT Yes 9(0.600) 4(0.267) 2(0.133) 22(0.733) 0.0015± 3.94 [1.62-9.54]

(at 6 months post diagnosis) No 10(0.161) 31(0.500) 21(0.339) 51(0.411)
±Significant after Bonferroni correction (0.05/12 tests, p < 0.004).
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and North American Caucasian populations which have
found the HLA-DRB1*03:01 allele to be the principle
genetic risk factor for type 1 AIH in these populations.
The HLA-DRB1*04:01 allele has also associated, albeit to
a lesser degree, with the type 1 AIH in European and
North American Caucasians (Czaja 2008). In our cohort,
we did not find an association of HLA-DRB1*04:01 with
overall susceptibility, despite having 100% power to de-
tect an effect size of 5.97 at α=0.05 (Strettell, Donaldson
et al. 1997). We also found that the minor allele of SNP
rs1800629, which tags the extended haplotype HLA-A1-
B8-DR8, was significantly associated with overall disease
risk (p = 0.004, OR = 1.89, 95% CI 1.21-2.94) in New
Zealand Caucasians, consistent with findings of previous
studies (Donaldson et al. 1991, Al-Chalabi et al. 2008).
In addition to the HLA locus, we tested SNPs within

the CTLA4, FAS and TNF genes for association with
type I AIH. TNF is a key cytokine in the inflammatory
response and variations in expression of TNF have been
implicated in many autoimmune diseases. There is
evidence suggesting that the promoter polymorphism
TNF -308G > A (rs1800629) increases expression of
TNF, and an association of this polymorphism with type
1 AIH has been reported in a number of cohorts (Tang
et al. 2012). In our cohort of New Zealand Caucasians,
the minor allele TNF -308A conferred susceptibility to
AIH (OR = 2.06, 95% CI [1.41-3.01], p = 0.0001). In con-
trast to overall susceptibility, we found no evidence of
association of TNF -308G > A with either severe fibrosis
at diagnosis or incomplete normalization of ALT at
6 months.
CLTLA4 codes for a T cell surface molecule that plays

a key role as a negative regulator of T cell responses by
inducing T cell apoptosis on binding to B7 molecules on
antigen-presenting cells. CTLA4 49G/G genotype
changes the sequence of CTLA4 (threonine to alanine)
and leads to diminished inhibitory effects on T cell pro-
liferation, and hence, hyperactivity of T cells (Kouki
et al. 2000). Several studies have examined CTLA4 49A
> G (rs231775) in AIH although nearly all them have
failed to show a definitive association between rs231775
polymorphism and disease susceptibility (Agarwal, Czaja
et al. 2000; Bittencourt et al. 2003; Fan et al. 2004; Schott
et al. 2007; Umemura et al. 2008). Nevertheless, a recent
combined analysis of these studies comprising 526 pa-
tients with type 1 AIH and 631 matched controls
reported the CLTLA4 49A/A genotype conferred protec-
tion against type 1 AIH (OR = 0.66, 95% CI 0.50-0.86)
(Miyake et al. 2011). In our cohort we detected no asso-
ciation of the exon 1 SNP CLTLA4 49A > G (rs231775)
with overall disease susceptibility. However, we did find
an increased risk of severe liver fibrosis at presentation
in patients who were homozygous for minor allele of
rs231775 (OR = 8.57, 95% CI [1.04-70.89], p = 0.046),
although this association was not significant after cor-
rection for multiple testing.
FAS is a member of the TNF receptor superfamily of

membrane-bound molecules. In vitro studies have shown
that FAS plays a prominent role in the induction of hep-
atocyte apoptosis and tissue destruction in AIH (Fox et al.
2001). Moreover the promoter polymorphism FAS -670
T > C results in higher expression of FAS on the surface
of activated T cells (Sun et al. 2005) and, although this
polymorphism has not been associated with overall sus-
ceptibility to type 1 AIH, the minor allele FAS -670C was
found to confer protection against early onset cirrhosis in
Caucasian type 1 AIH patients (Agarwal, Czaja et al.
2007). In our study we found that whilst FAS -670A > C
was not associated with overall disease susceptibility in
our New Zealand Caucasian patients, the FAS -670C allele
confers risk of severe fibrosis at diagnosis (OR = 2.03, 95%
CI 1.05-3.93, p = 0.035). In addition, the FAS -670C allele
was significantly associated with failure to achieve
complete normalization of ALT at 6 months post-
diagnosis compared to the FAS -670 T allele (OR = 3.94,
95% CI 1.62-9.54, p = 0.0015). Our earlier study had dem-
onstrated that incomplete normalization of ALT at
6 months is an independent predictor of liver related
death (Ngu, Gearry et al. 2013). These observations sug-
gest that the presence of the FAS -670C allele is associated
with a more aggressive disease phenotype.
Multivariate analysis showed that rs2187668 (HLA-

DRB1*03:01) was the only independent risk allele signifi-
cantly associated with the overall susceptibility to type 1
AIH. This result is of interest as we have shown for the
first time that while HLA-A1-B8-DR3 and TNF were as-
sociated with type 1 AIH susceptibility, they were also
significantly associated with HLA-DRB1*03:01. Our
study demonstrates that, under the multivariate model,
HLA-DRB1*03:01 was the dominant risk allele.
The strength of the present study is its population-

based nature leading to results that are representative of
the spectrum of AIH, as opposed to clinic-based studies
where patients with more severe phenotypes are often
over-represented. The weakness of this study is its small
study size, and therefore it may be underpowered in
confirming weaker associations. Nevertheless, it is im-
portant to note that despite the relatively small sample
size, the results presented in this study did show highly
significant associations.

Conclusions
Our study is the first population-based study to test for as-
sociation of selected genetic loci with type 1 AIH and also
the first study performed in New Zealand Caucasians.
We report significant independent association of HLA-
DRB1*03:01 with overall susceptibility to type 1 AIH. FAS,
whilst not associated with type 1 AIH susceptibility, was
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significantly associated with a more aggressive disease
phenotype. These findings are an important first step in
increasing our understanding of the genetic basis of type
1 AIH, and may help guide the selection of candidates for
future functional studies.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JHN planned the study, recruited and phenotyped the AIH patients,
performed statistical analysis, and participated in the drafting of the
manuscript; MCW carried out the genotyping of controls and AIH patients
and performed statistical analysis; TRM recruited the controls and assisted in
manuscript preparation; RBG & CAMS assisted in the planning of the study,
recruitment of AIH patients, and drafting of the manuscript; RLR assisted in
analysis of the genetic data and preparation of the manuscript. All authors
read and approved the final manuscript.

Acknowledgements
We thank all the patients and controls who gave generously of their time to
participate in this study. Financial support for this study was provided by
Royal Australasia College of Physicians (New Zealand). Dr Ngu is the recipient
of a Clinical Fellowship from the Health Research Council of New Zealand.

Author details
1Department of Medicine, University of Otago, PO Box 434, Christchurch
8140, New Zealand. 2Department of Gastroenterology, Christchurch Hospital,
Christchurch, New Zealand. 3Department of Surgical Sciences, Dunedin
School of Medicine, PO Box 913, Dunedin 9054, New Zealand. 4Department
of Biochemistry, University of Otago, PO Box 56, Dunedin 9054, New
Zealand.

Received: 30 April 2013 Accepted: 29 July 2013
Published: 30 July 2013

References
Agarwal K, Czaja AJ, Donaldson PT (2007) A functional Fas promoter

polymorphism is associated with a severe phenotype in type 1 autoimmune
hepatitis characterized by early development of cirrhosis. Tissue Antigens
69:227–235

Agarwal K, Czaja AJ, Jones DE, Donaldson PT (2000) Cytotoxic T lymphocyte
antigen-4 (CTLA-4) gene polymorphisms and susceptibility to type 1
autoimmune hepatitis. Hepatol 31:49–53

Ahmed I, Tamouza R, Delord M, Krishnamoorthy R, Tzourio C, Mulot C, Nacfer M,
Lambert JC, Beaune P, Laurent-Puig P, Loriot MA, Charron D, Elbaz A (2012)
Association between Parkinson’s disease and the HLA-DRB1 locus. Mov
Disord 27:1104–1110

Al-Chalabi T, Underhill JA, Portmann BC, McFarlane IG, Heneghan MA (2008)
Impact of gender on the long-term outcome and survival of patients with
autoimmune hepatitis. J Hepatol 48:140–147

Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK, Cancado EL, Chapman
RW, Cooksley WG, Czaja AJ, Desmet VJ, Donaldson PT, Eddleston AL,
Fainboim L, Heathcote J, Homberg JC, Hoofnagle JH, Kakumu S, Krawitt EL,
Mackay IR, MacSween RN, Maddrey WC, Manns MP, McFarlane IG,
Buschenfelde KH M z, Zeniya M et al (1999) International Autoimmune
Hepatitis Group Report: review of criteria for diagnosis of autoimmune
hepatitis. J Hepatol 31:929–938

Bittencourt PL, Palacios SA, Cancado EL, Porta G, Carrilho FJ, Laudanna AA, Kalil J,
Goldberg AC (2003) Cytotoxic T lymphocyte antigen-4 gene polymorphisms
do not confer susceptibility to autoimmune hepatitis types 1 and 2 in Brazil.
Am J Gastroenterol 98:1616–1620

Czaja AJ (2008) Genetic factors affecting the occurrence, clinical phenotype, and
outcome of autoimmune hepatitis. Clin Gastroenterol Hepatol 6:379–388

Czaja AJ, Manns MP (1995) The validity and importance of subtypes in
autoimmune hepatitis: a point of view. Am J Gastroenterol 90:1206–1211

Czaja AJ, Manns MP (2010) Advances in the diagnosis, pathogenesis, and
management of autoimmune hepatitis. Gastroenterology 139:58–72, e54
Czaja AJ, Souto EO, Bittencourt PL, Cancado EL, Porta G, Goldberg AC, Donaldson PT
(2002) Clinical distinctions and pathogenic implications of type 1 autoimmune
hepatitis in Brazil and the United States. J Hepatol 37:302–308

Djilali-Saiah I, Ouellette P, Caillat-Zucman S, Debray D, Kohn JI, Alvarez F (2001)
CTLA-4/CD 28 region polymorphisms in children from families with
autoimmune hepatitis. Hum Immunol 62:1356–1362

Doherty DG, Donaldson PT, Underhill JA, Farrant JM, Duthie A, Mieli-Vergani G,
McFarlane IG, Johnson PJ, Eddleston AL, Mowat AP et al (1994) Allelic sequence
variation in the HLA class II genes and proteins in patients with autoimmune
hepatitis. Hepatology 19:609–615

Donaldson PT, Doherty DG, Hayllar KM, McFarlane IG, Johnson PJ, Williams R
(1991) Susceptibility to autoimmune chronic active hepatitis: human
leukocyte antigens DR4 and A1-B8-DR3 are independent risk factors.
Hepatology 13:701–706

Fainboim L, Marcos Y, Pando M, Capucchio M, Reyes GB, Galoppo C, Badia I,
Remondino G, Ciocca M, Ramonet M et al (1994) Chronic active autoimmune
hepatitis in children. Strong association with a particular HLA-DR6
(DRB1*1301) haplotype. Hum Immunol 41:146–150

Fan L, Tu X, Zhu Y, Zhou L, Pfeiffer T, Feltens R, Stoecker W, Zhong R (2005)
Genetic association of vitamin D receptor polymorphisms with autoimmune
hepatitis and primary biliary cirrhosis in the Chinese. J Gastroenterol Hepatol
20:249–255

Fan LY, Tu XQ, Cheng QB, Zhu Y, Feltens R, Pfeiffer T, Zhong RQ (2004) Cytotoxic T
lymphocyte associated antigen-4 gene polymorphisms confer susceptibility to
primary biliary cirrhosis and autoimmune hepatitis in Chinese population. World
Journal of Gastroenterology 10:3056–3059

Fortes Mdel P, Machado IV, Gil G, Fernandez-Mestre M, Dagher L, Leon RV, Bianco NE,
Tassinari P (2007) Genetic contribution of major histocompatibility complex class
II region to type 1 autoimmune hepatitis susceptibility in Venezuela. Liver Int
27:1409–1416

Fox CK, Furtwaengler A, Nepomuceno RR, Martinez OM, Krams SM (2001) Apoptotic
pathways in primary biliary cirrhosis and autoimmune hepatitis. Liver 21:272–279

Hiraide A, Imazeki F, Yokosuka O, Kanda T, Kojima H, Fukai K, Suzuki Y, Hata A,
Saisho H (2005a) Fas polymorphisms influence susceptibility to autoimmune
hepatitis. Am J Gastroenterol 100:1322–1329

Hiraide A, Imazeki F, Yokosuka O, Kanda T, Kojima H, Fukai K, Suzuki Y, Hata A,
Saisho H (2005b) Fas polymorphisms influence susceptibility to autoimmune
hepatitis. American Journal of Gastroenterology 100:1322–1329

Kouki T, Sawai Y, Gardine CA, Fisfalen ME, Alegre ML, DeGroot LJ (2000) CTLA-4
gene polymorphism at position 49 in exon 1 reduces the inhibitory function
of CTLA-4 and contributes to the pathogenesis of Graves’ disease. J Immunol
165:6606–6611

Miller SA, Dykes DD, Polesky HF (1988) A simple salting out procedure for
extracting DNA from human nucleated cells. Nucleic Acids Res 16:1215

Miyake Y, Ikeda F, Takaki A, Nouso K, Yamamoto K (2011) +49A/G polymorphism
of cytotoxic T-lymphocyte antigen 4 gene in type 1 autoimmune hepatitis
and primary biliary cirrhosis: A meta-analysis. Hepatol Res 41:151–159

Ngu JH, Bechly K, Chapman BA, Burt MJ, Barclay ML, Gearry RB, Stedman CA
(2010) Population-based epidemiology study of autoimmune hepatitis: a
disease of older women? J Gastroenterol Hepatol 25:1681–1686

Ngu JH, Gearry RB, Frampton CM, Stedman CA (2012) Mortality and the risk of
malignancy in autoimmune liver diseases: a population-based study in
Canterbury. New Zealand Hepatology 55:522–529

Ngu JH, Gearry RB, Frampton CM, Stedman CA (2013) Predictors of poor
outcome in patients with autoimmune hepatitis: a population-based study.
Hepatology 57:2399–2406

Pando M, Larriba J, Fernandez GC, Fainboim H, Ciocca M, Ramonet M, Badia I, Daruich
J, Findor J, Tanno H, Canero-Velasco C, Fainboim L (1999) Pediatric and adult
forms of type I autoimmune hepatitis in Argentina: evidence for differential
genetic predisposition. Hepatology 30:1374–1380

Santos PS, Fust G, Prohaszka Z, Volz A, Horton R, Miretti M, Yu CY, Beck S,
Uchanska-Ziegler B, Ziegler A (2008) Association of smoking behavior with
an odorant receptor allele telomeric to the human major histocompatibility
complex. Genet Test 12:481–486

Schott E, Witt H, Pascu M, van Boemmel F, Weich V, Bergk A, Halangk J, Muller T,
Puhl G, Wiedenmann B, Berg T (2007) Association of CTLA4 single nucleotide
polymorphisms with viral but not autoimmune liver disease. Eur J
Gastroenterol Hepatol 19:947–951

Seki T, Ota M, Furuta S, Fukushima H, Kondo T, Hino K, Mizuki N, Ando A, Tsuji K,
Inoko H et al (1992) HLA class II molecules and autoimmune hepatitis
susceptibility in Japanese patients. Gastroenterology 103:1041–1047



Ngu et al. SpringerPlus 2013, 2:355 Page 8 of 8
http://www.springerplus.com/content/2/1/355
Shi YY, He L (2005) SHE sis, a powerful software platform for analyses of linkage
disequilibrium, haplotype construction, and genetic association at
polymorphism loci. Cell Res 15:97–98

Simkins HM, Merriman ME, Highton J, Chapman PT, O’Donnell JL, Jones PB, Gow
PJ, McLean L, Pokorny V, Harrison AA, Merriman TR (2005) Association of the
PTPN22 locus with rheumatoid arthritis in a New Zealand Caucasian cohort.
Arthritis Rheum 52:2222–2225

Stanescu HC, Arcos-Burgos M, Medlar A, Bockenhauer D, Kottgen A,
Dragomirescu L, Voinescu C, Patel N, Pearce K, Hubank M, Stephens HA,
Laundy V, Padmanabhan S, Zawadzka A, Hofstra JM, Coenen MJ, den Heijer
M, Kiemeney LA, Bacq-Daian D, Stengel B, Powis SH, Brenchley P, Feehally J,
Rees AJ, Debiec H, Wetzels JF, Ronco P, Mathieson PW, Kleta R (2011) Risk
HLA-DQA1 and PLA(2)R1 alleles in idiopathic membranous nephropathy. N
Engl J Med 364:616–626

Strettell MD, Donaldson PT, Thomson LJ, Santrach PJ, Moore SB, Czaja AJ,
Williams R (1997) Allelic basis for HLA-encoded susceptibility to type 1
autoimmune hepatitis. Gastroenterology 112:2028–2035

Sun T, Zhou Y, Li H, Han X, Shi Y, Wang L, Miao X, Tan W, Zhao D, Zhang X,
Guo Y, Lin D (2005) FASL -844C polymorphism is associated with increased
activation-induced T cell death and risk of cervical cancer. J Exp Med
202:967–974

Tang J, Zhou C, Zhang ZJ, Zheng SS (2012) Association of polymorphisms in
non-classic MHC genes with susceptibility to autoimmune hepatitis.
Hepatobiliary Pancreat Dis Int 11:125–131

Umemura T, Ota M, Hamano H, Katsuyama Y, Muraki T, Arakura N, Kawa S,
Kiyosawa K (2008a) Association of autoimmune pancreatitis with cytotoxic
T-lymphocyte antigen 4 gene polymorphisms in Japanese patients. Am J
Gastroenterol 103:588–594

Umemura T, Ota M, Yoshizawa K, Katsuyama Y, Ichijo T, Tanaka E, Kiyosawa K
(2008b) Association of cytotoxic T-lymphocyte antigen 4 gene
polymorphisms with type 1 autoimmune hepatitis in Japanese. Hepatol Res
38:689–695

Vazquez-Garcia MN, Alaez C, Olivo A, Debaz H, Perez-Luque E, Burguete A, Cano S,
de la Rosa G, Bautista N, Hernandez A, Bandera J, Torres LF, Kershenobich D,
Alvarez F, Gorodezky C (1998) MHC class II sequences of susceptibility and
protection in Mexicans with autoimmune hepatitis. J Hepatol 28:985–990

Vogel A, Strassburgx MP, Manns MP (2002) Genetic association of vitamin D
receptor polymorphisms with primary biliary cirrhosis and autoimmune
hepatitis. Hepatology 35:126–131

doi:10.1186/2193-1801-2-355
Cite this article as: Ngu et al.: Association of the HLA locus and TNF with
type I autoimmune hepatitis susceptibility in New Zealand Caucasians.
SpringerPlus 2013 2:355.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com


	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Background
	Patients and methods
	Study population
	Genotyping of susceptibility loci
	Statistical analysis

	Results
	Characteristics of the study cohorts
	Association of HLA, CTLA4, FAS and TNF with type 1 AIH susceptibility
	Association of HLA, CTLA4, FAS, and TNF loci with severe liver fibrosis and normalization of ALT

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

