
KIR/HLA genotypes confer susceptibility and progression
in patients with autoimmune hepatitis

Authors
Takeji Umemura, Satoru Joshita, Hiromi Saito, Kaname Yoshizawa, Gary L. Norman, Eiji Tanaka, Masao Ota

Correspondence
tumemura@shinshu-u.ac.jp (T. Umemura)

Graphical abstract

genotyping

HLA-Bw4,
C1, C2

HLA-A3/A11,
Bw4, C1, C2

Activating
receptors

KIR
2DS1,2DS2
2DS4, 3DS1

KIR
2DL1,2DL2/3
3DL1,3DL2

Inhibitory
receptors

154 patients with AIH

HLA

KIR

Years

Su
rv

iv
al

p <0.001

High risk

Intermediate risk

Low risk

Conclusion:
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Highlights
• KIR3DL1/HLA-B Bw4-80Ile is significantly associated
with autoimmune hepatitis.

• KIR2DL1/HLA-C2 and KIR3DL1/HLA-B Bw4-80Thr
have protective associations with autoimmune
hepatitis.

• KIR3DL1/HLA-B Bw4 is a novel KIR/HLA pair related
to a favorable outcome in autoimmune hepatitis.

• Combined KIR3DL1/HLA-B Bw4 and cirrhosis at diag-
nosis relate to autoimmune hepatitis progression.
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Lay summary
Autoimmune hepatitis (AIH) is a disease of the liver
that can present in acute or chronic hepatitis. We
examined whether KIR/HLA pairs were associated with
AIH susceptibility or disease progression. KIR3DL1/
HLA-B Bw4 was a novel KIR/HLA pair related to a favor-
able clinical outcome, while cirrhosis at the initial diag-
nosis was a risk factor for poor prognosis. Thus,
frequent and careful surveillance is advised for
KIR3DL1/HLA-B Bw4-negative patients with AIH and
cirrhosis.
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Background & Aims: Natural killer (NK) cells are key participants in the innate immune response. Killer cell

immunoglobulin-like receptors (KIRs) are involved in the activation and inhibition of NK cells through the recognition of
human leukocyte antigen (HLA) class I molecules. We investigated the impact of KIR/HLA combinations on susceptibility
and long-term clinical outcome in Japanese patients with type 1 autoimmune hepatitis (AIH).
Methods: A total of 154 cases of AIH were recruited at Shinshu University Hospital between 1974 and 2018. KIR genes
and HLA class I and II alleles were genotyped in all patients along with 201 healthy individuals. Associations between KIR/
HLA pairs and clinical outcomes (liver decompensation and liver-related death) were evaluated using the Cox propor-
tional hazards model with stepwise method.
Results: After a median follow-up period of 11.1 years, 12% of patients experienced liver decompensation and 8% died
from liver disease. KIR3DL1/HLA-B Bw4-80Ile (p = 0.0062) and the HLA-DRB1*04:05-DQB1*04:01 haplotype (p <0.001)
were significantly associated with AIH. Conversely, significant protective associations were found for KIR3DL1/HLA-B
Bw4-80Thr (p = 0.0092) and KIR2DL1/HLA-C2 (p = 0.0025). The KIR3DL1/HLA-B Bw4-positive phenotype was strongly
associated with a favorable clinical outcome (liver decompensation: hazard ratio [HR] 0.37, p = 0.037; liver-related
death: HR 0.26, p = 0.038). Cirrhosis was detected in 16 (10%) patients at diagnosis and was significantly related to
poor survival (HR 17.87, p <0.001) and progression to liver decompensation (HR 9.00, p <0.001).
Conclusions: This study revealed the impact of specific KIR/HLA pairs in AIH susceptibility and progression in Japanese patients.
KIR3DL1/HLA-B Bw4-negative patients with AIH and cirrhosis at diagnosis are at high risk of adverse outcomes and require careful
surveillance.
© 2019 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Autoimmune hepatitis (AIH) is characterized by an autoimmune
reaction towards hepatocytes.1 The nature of AIH is complex
and may depend on interactions between genetic susceptibility
and environmental triggers.2 Understanding the exact mechan-
isms involved in AIH development remains elusive. There is con-
siderable evidence supporting a strong association of type 1 AIH
with human leukocyte antigen (HLA) (Table S1). In particular,
the HLA DRB1*04:05-DQB1*04:01 haplotype is related to type 1
AIH in the Japanese.3 In northern Europe and North America,
the DRB1*03:01-DQB1*02:01 and DRB1*04:01-DQB1*03:01 hap-
lotypes are seen at an increased frequency in patients with AIH,
while DRB1*15:01-DQB1*06:02 is observed at a lower fre-
quency.4 In Latin Americans, DRB1*13:01-DQB1*06:03 correlates
significantly with the disease.5
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Natural killer (NK) cells play crucial roles in the innate immune
response to viruses, bacteria, and tumor cells.6 NK cell-mediated
responses have also been implicated in the pathogenesis of AIH
and other autoimmune diseases.7–9 NK cells express a wide
array of inhibitory and activating killer cell immunoglobulin-like
receptors (KIRs) that detect the expression levels of MHC class I
ligands on normal and diseased cells in humans.10 The inhibitory
signals that are transduced from KIR binding toMHC class I mole-
cules allow NK cells to acquire their full cytotoxic potential.11

KIR2DL1 recognizes HLA-C group 2 (HLA-C2) allotypes that
share lysine at position 80, while KIR2DL2 and KIR2DL3 are speci-
fic for HLA-C group 1 (HLA-C1) allotypes that have asparagine at
position 80.12 KIR3DL1 binds with high affinity to HLA-B Bw4
molecules containing isoleucine at position 80 (Bw4-80Ile) com-
pared with Bw4 molecules containing threonine at that position
(Bw4-80Thr).13 KIR3DL2 interacts with HLA-A3 and -A11.14,15

Although KIR gene complexes are important regulators of innate
and adaptive immune responses as well as pathogenetic factors
in several autoimmune diseases, there remain few reports on
KIRs in AIH susceptibility16,17 and none addressing disease pro-
gression. We therefore sought to determine whether KIR genes,
HLA class I molecules, and KIR/HLA pairs were associated with
AIH susceptibility or disease progression in a Japanese population.
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Patients and methods
Patients
Between January 1979 and June 2018, a total of 255 Japanese
patients were diagnosed as having type 1 AIH at Shinshu Univer-
sity Hospital or its affiliated institutions. Among them, 101
patients were excluded for the following reasons: (1) no stored
DNA samples (n = 76); (2) other chronic liver disease, such as
hepatitis B, hepatitis C, or non-alcoholic steatohepatitis (n = 5);
(3) incomplete medical records (n = 8); (4) follow-up <6 months
(n = 2); and (5) AIH-primary biliary cholangitis overlap syndrome
(n = 10). The remaining 154 patients with type 1 AIH were retro-
spectively included in this study along with 201 volunteer
healthy blood donors.18 The diagnosis of type 1 AIH was made
according to the scoring system of the International Autoimmune
Hepatitis Group (IAIHG) revised criteria.19 Anti-nuclear antibody
and anti-smooth muscle antibody were determined as reported
previously.20 The antibody titers to soluble liver antigen (SLA)
were determined using ELISA kits (QUANTA Lite® Inova Diagnos-
tics, San Diego, CA), whereby a titer of ≥25 U was interpreted as
a positive finding according to the manufacturer’s protocol
and instructions for all assays. Cirrhosis was diagnosed by
histological examination and/or imaging studies. Hepatocellular
carcinoma was diagnosed by imaging studies, and liver decom-
pensation was identified by bleeding from esophageal varices,
ascites, and hepatic encephalopathy. Each patient was initially
treated with prednisolone at an oral dosage of 20–50 mg/day
that was gradually reduced and then maintained at 5–10 mg/
day as reported previously.21 Azathioprine at a dose of 50 mg/
day was added for only 3 patients whose alanine aminotransfer-
ase (ALT) level did not normalize or in whom severe adverse
effects were seen from prednisolone therapy, since it and
other immunomodulatory drugs were not covered by national
health insurance in Japan. Complete biochemical remission was
defined as the normalization of aminotransferases and IgG
levels.22 If patients exhibited an increase in ALT >3 times the
upper limit of normal as defined as a biochemical relapse, predni-
solone therapy was reinstituted.23 All individuals were negative
for hepatitis B surface antigen, antibodies to hepatitis B core
antigen, hepatitis C virus, and the human immunodeficiency
virus. No patient had a history of excess alcohol consumption.
This study was reviewed and approved by the Institutional
Review Board of Shinshu University School of Medicine in
Matsumoto, Japan (approval number: 524). Written informed
consent was obtained from all participating patients. The investi-
gation was conducted according to the principals of the Declara-
tion of Helsinki.

HLA and KIR genotyping
Genomic DNA from all participants was extracted from whole-
blood samples using QuickGene-800 assays (Fujifilm, Tokyo,
Japan). We genotyped HLA-A, HLA-B, HLA-C, HLA-DRB1, and
HLA-DQB1 as reported previously.24 HLA-A3 and -A11, HLA-
Bw4, HLA-B Bw4-80Ile, HLA-B Bw4-80Thr, HLA-C1, and HLA-C2
KIR ligands were assigned based on the amino acid residues of
the HLA-A, HLA-B, and HLA-C alleles, as described previously.25,26

KIR genotyping was performed using PCR with sequence-specific
primers.27 HLA typing was combined with KIR typing to stratify
patients according to predicted KIR-ligand interactions and bind-
ing affinities. The selected KIR-HLA pairs were KIR2DL1/2DS1-
HLA-C2, 2DL2/2DS2-HLA-C1, 3DL1/3DS1-HLA-Bw4, and 3DL2-
HLA-A3 and -A11.
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Statistical analysis
Categorical variables were compared by Pearson’s chi-squared
test or Fisher’s exact test, as appropriate, and continuous vari-
ables were compared using the Mann-Whitney U test. Optimal
cut-off values were determined by the Youden index. Clinical
outcomes as of December 2018 were recorded as liver-related
death. Genetic power was calculated using the EZR program of
R commander software.28 Logistic regression analysis was per-
formed to evaluate associations between HLA-DRB1*04:05 and
KIR3DL1/HLA-B Bw4-80Ile in patients with AIH compared to
healthy individuals. The Kaplan-Meier method and log-rank test
were used to estimate progression to liver decompensation and
survival rates of patients. Multivariate analysis was performed
using the Cox proportional hazards model with stepwise method
to identify independent factors associated with progression to
liver decompensation and liver-related death. Variables with a p
<0.1 in univariate analysis were included in this step. A p value
of <0.05 was considered statistically significant. Statistical ana-
lyses were performed using IBM SPSS Statistics version 24 soft-
ware (IBM, Chicago, IL).

Results
Baseline clinical characteristics of patients
The clinical profile of the experimental patient cohort is shown in
Table 1. Median age was 59 years and 88% were female. Median
follow-up was 11.1 years (interquartile range: 6.4–17.3 years).
According to the IAIHG revised scoring system, 135 and 19
patients fulfilled the criteria for definite and probable AIH,
respectively. No patient was positive for anti-SLA in our cohort.
At diagnosis, liver biopsy was performed in 152 of 154 patients.
One hundred and thirty-eight patients (90%) had chronic
hepatitis and 16 patients (10%) had cirrhosis; 14 were diagnosed
by liver histology and 2 were identified by liver imaging.
Prednisolone was administered to all patients and 97% achieved
a complete biochemical response. Prednisolone therapy was
reinstituted for 64 patients (42%) who relapsed.

Distribution of HLA, KIR, and KIR/HLA in patients with type 1
AIH and controls
We determined the KIR ligands (HLA-A3 and -A11, HLA-Bw4,
HLA-C1, and HLA-C2) of 154 patients with type 1 AIH and 201
controls (Table S2). The frequency of HLA-B Bw4 was identical
between AIH and controls (77%). The frequency of HLA-B Bw4-
80Ile was significantly higher in patients with AIH (69%) than in
controls (55%) (odds ratio [OR] 1.83; 95% CI 1.18–2.84; p =
0.0070), while that of HLA-B Bw4-80Thr was lower (16% vs.
28%; OR 0.47; 95% CI 0.27–0.79; p = 0.0045). The positivity rate
of HLA-C2 was significantly less prevalent in patients with AIH
(12%) than in controls (24%) (OR 0.41; 95% CI 0.23–0.74; p =
0.0025). There were no significant differences between the
groups for the frequencies of HLA-A3 or -A11 or HLA-C1. Further
analysis of 14 KIR genes in patients with AIH and controls showed
the frequencies of all KIR genes to be comparable (Table S2).

Since KIRs interact with specific HLA class I molecules, we
examined KIR/KIR-ligand combinations in AIH and control groups
to investigate susceptibility or resistance to the disease (Table 2).
The frequency of KIR3DL1/HLA-B Bw4-80Ile in patients with AIH
was 64% and significantly higher than the 50% observed in
healthy individuals (OR 1.82; 95% CI 1.18–2.80; p = 0.0062). In
contrast, protective effects were seen for KIR3DL1/HLA-B Bw4-
80Thr (15% vs. 26%, OR 0.49; 95% CI 0.28–0.84; p = 0.0092).
vol. 1 | 353–360 354



Table 1. Demographic and clinical characteristics of 154 patients with type 1
AIH.

Characteristic Total
(n = 154)

Age at diagnosis (years) 59 (48-66)

Female, n (%) 135 (88)

Follow-up (years) 11.1 (6.4-17.3)

AIH score 18 (17-19)

Definite AIH, n (%) 135 (88)

AST (U/L) 409 (148-818)

ALT (U/L) 405 (161-948)

Total bilirubin (mg/dl) 1.7 (0.9-6.5)

IgG (mg/dl) 2,714 (2,051-3,497)

Platelets (×104/μl) 17.4 (15.7-18.7)

Prothrombin % 78.7 (60.0-96.6)

ANA, n (%) 150 (97)

SMA, n (%) (n = 122) 66 (54)

SLA, n (%) 0 (0)

Cirrhosis, n (%) 16 (10)

Complete remission, n (%) 149 (97)

Relapse, n (%) 64 (42)

Values are expressed as the median (interquartile range) unless otherwise noted. AIH,
autoimmune hepatitis; ALT, alanine aminotransferase; ANA, anti-nuclear antibody;
AST, aspartate aminotransferase; SLA, anti-soluble liver antigen; SMA, anti-smooth
muscle antibody.
Patients with AIH had a significantly lower frequency of KIR2DL1/
HLA-C2 compared with controls (12% vs. 24%, OR 0.41; 95% CI
0.23–0.74; p = 0.0025). There were no remarkable differences in
the frequencies of other KIR/HLA pairs between the groups.

The frequency of the HLA-DRB1*04:05-DQB1:04:01 haplotype
was significantly higher in patients with AIH (69%) than in
healthy individuals (28%) (OR 5.62; 95% CI 3.52–8.97; p <0.001)
as in previous studies (Table S2).29 Next, we evaluated this haplo-
type and the KIR3DL1/HLA-B Bw4-80Ile found in association with
AIH for independence by logistic regression analysis. Both the
HLA-DRB1*04:05-DQB1:04:01 haplotype (OR 5.67; 95% CI
3.53–9.11; p <0.001) and KIR3DL1/HLA-B Bw4-80Ile (OR 1.86;
95% CI 1.17–2.98; p = 0.009) were independent susceptibility
genes related to AIH. AIH susceptibility correlated positively
with the combination of the HLA-DRB1*04:05-DQB1:04:01
Table 2. KIR/HLA frequencies in type 1 AIH and healthy individuals.

AIH
(n = 154)

Heal

KIR2DL1/HLA-C2 18 (12%)

KIR2DL2/HLA-C1 24 (16%)

KIR2DS1/HLA-C2 7 (5%)

KIR2DS2/HLA-C1 26 (17%)

KIR3DL1/HLA-B Bw4 111 (72%)

KIR3DL1/HLA-B Bw4-80Ile 99 (64%)

KIR3DL1/HLA-B Bw4-80Thr 23 (15%)

KIR3DS1/HLA-Bw4 50 (33%)

KIR3DL2/HLA-A3, -A11 38 (25%)

AIH, autoimmune hepatitis; HLA, human leukocyte antigen; KIR, killer cell immunoglobu

JHEP Reports 2019
haplotype and KIR3DL1/HLA-B Bw4-80Ile (59 of 154 [38%] vs.
20 of 201 [10%]; OR 5.32; 95% CI 3.20–9.89; p <0.001). We there-
fore tested for synergic effects between the genetic factors as
reported previously.30 Based on logistic regression analysis, this
method evaluated whether the observed ORs of the 2 indepen-
dent factors were greater combined than separately. No synergy
was observed between the 2 factors in the AIH group (synergy fac-
tor = 1.10; 95% CI 0.42–2.85; Psynergy = 0.852), which confirmed
their independence from each other.
Prediction and risk factors associatedwith liver decompensation
and liver-related death
As shown in Table 3, 19 patients experienced liver decompensa-
tion (7 with ascites, 6 with hepatocellular carcinoma, 3 with
hepatic encephalopathy, and 3 with bleeding esophageal varices)
during a median follow-up period of 10.5 (interquartile range:
6.4–16.7) years. Serum ALT levels (222 vs. 428 U/L, p = 0.021), pla-
telet count (15.5 vs. 17.4x104/μl, p = 0.002), and prothrombin
time (PT) % (46.9 vs. 83.8%, p <0.001) were all significantly lower
in patients who developed liver decompensation than in those
who did not. The presence of cirrhosis at diagnosis was also
significantly associated with future liver decompensation (47 vs.
5%, p <0.001).

When HLA, KIR, and KIR/HLA were compared between
patients with and without liver decompensation, the frequen-
cies of HLA-B Bw4 (53 vs. 80%; OR 0.28; 95% CI 0.10–0.74; p =
0.008) and HLA-B Bw4-80Ile (42 vs. 73%; OR 0.25; 95% CI
0.08–0.80; p = 0.007) were significantly lower in patients
with liver decompensation (Table S3). Although no KIRs were
notably associated with liver decompensation development
(Table S3), KIR3DL1/HLA-B Bw4 (47 vs. 76%; OR 0.29; 95% CI
0.11–0.78; p = 0.010) and KIR3DL1/HLA-B Bw4-80Ile (37 vs.
68%; OR 0.27; 95% CI 0.10–0.74; p = 0.008) were significantly
less frequent in patients who experienced decompensation
(Table 4).

Among the 154 patients with AIH, 13 (8%) succumbed to liver-
related death (6 from advanced hepatocellular carcinoma and 7
from liver failure) during follow-up. None had received liver
transplantation. Those patients had significantly lower median
ALT levels (222 vs. 423 U/L, p = 0.049), platelet count (15.5 vs.
17.5 ×104/μl, p = 0.020), and PT % (46.0 vs. 80.6%, p = 0.001) com-
pared with survivors. Moreover, patients with a poor outcome
more frequently had cirrhosis than those with a favorable out-
come (46 vs. 7%, p <0.001) (Table 3).
thy individuals
(n = 201)

OR (95% CI) p value

49 (24%) 0.41 (0.23-0.74) 0.0025

28 (14%) 0.662

19 (9%) 0.079

32 (16%) 0.808

146 (73%) 0.907

100 (50%) 1.82 (1.18-2.80) 0.0062

53 (26%) 0.49 (0.28-0.84) 0.0092

70 (35%) 0.642

48 (24%) 0.862

lin-like receptor; OR, odds ratio.
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Table 3. Demographic and clinical characteristics of patients with type 1 AIH.

Characteristic Liver decompensation
(n = 19)

Liver compensation
(n = 135)

p value Death
(n = 13)

Survival
(n = 141)

p value

Age (years) 63 (54-72) 59 (48-66) 0.241 63 (55-70) 59 (48-66) 0.198

Female, n (%) 18 (95) 117 (87) 0.529 13 (100) 122 (87) 0.331

Follow-up (years) 6.3 (0.9-16.3) 10.5 (6.6-16.8) 0.146 19.1 (4.7-25.0) 10.5 (6.5-16.8) 0.326

AIH score 18 (17-19) 18 (17-19) 0.686 19 (17-19) 18 (17-19) 0.353

Definite AIH, n (%) 17 (90) 118 (87) 0.908 11 (85) 124 (88) 0.927

AST (U/L) 376 (78-594) 410 (149-835) 0.235 428 (65-595) 408 (149-834) 0.387

ALT (U/L) 222 (95-591) 428 (177-997) 0.021 222 (41-528) 423 (174-983) 0.049

Total bilirubin (mg/dl) 3.5 (1.4-10.3) 1.6 (0.9-6.5) 0.054 3.5 (1.3-10.9) 1.6 (0.9-6.4) 0.194

IgG (mg/dl) 2,981 (2,040-4,306) 2,692 (2,053-3,464) 0.401 2,981 (1,950-4,121) 2,698 (2,060-3,465) 0.609

Platelets (×104/μl) 15.5 (10.6-17.5) 17.4 (16.3-20.3) 0.002 15.5 (11.0-17.5) 17.5 (16.3-19.9) 0.020

Prothrombin % 46.9 (41.0-75.2) 83.8 (67.3-98.0) <0.001 46.0 (36.5-75.0) 80.6 (65.0-98.0) 0.001

ANA, n (%) 18 (95) 132 (98) 0.992 13 (100) 137 (97) 0.767

SMA, n (%) 8/12 (67) 58/110 (53) 0.358 6/9 (67) 60/113 (53) 0.661

SLA, n (%) 0 (0) 0 (0) - 0 (0) 0 (0) –

Cirrhosis, n (%) 9 (47) 7 (5) <0.001 6 (46) 10 (7) <0.001

Complete remission, n (%) 18 (95) 131 (97) 0.872 12 (92) 137 (97) 0.899

Relapse, n (%) 11 (58) 53 (39) 0.123 9 (69) 55 (39) 0.068

Values are expressed as the median (interquartile range) unless otherwise noted. AIH, autoimmune hepatitis; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
ANA, anti-nuclear antibody; SLA, anti-soluble liver antigen; SMA, anti-smooth muscle antibody.
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The presence of HLA-B Bw4 (79 vs. 46%; OR 0.22; 95% CI
0.07–0.71; p = 0.007) and Bw4-80Ile (72 vs. 39%; OR 0.25; 95%
CI 0.08–0.80; p = 0.031) were significantly associated with a
favorable outcome (Table S4), with no remarkable associations
seen for HLA-A3 or -A11, HLA-C1, or HLA-C2. The frequencies of
KIR genes did not differ noticeably between survivors and
patients with liver-related death (Table S4). Among KIR/HLA
combinations, KIR3DL1/HLA-B Bw4 and KIR3DL1/HLA-B Bw4-
80Ile were significantly associated with survival versus liver-
related death (75 vs. 39%; OR 0.21; 95% CI 0.06–0.67; p = 0.012
and 67 vs. 31%; OR 0.22; 95% CI 0.06–0.74; p = 0.020, respectively)
(Table 5).

According to Cox proportional hazards regression analysis,
liver decompensation and liver-related death had significant
associations with KIR3DL1/HLA-B Bw4 (hazard ratio [HR] 0.37;
95% CI 0.14–0.94; p = 0.037 and HR 0.26; 95% CI 0.07–0.93; p =
Table 4. KIR/HLA frequencies in patients with type 1 AIH with or without liver

Liver decompensation
(n = 19)

KIR2DL1/HLA-C2 3 (15%)

KIR2DL2/HLA-C1 1 (5%)

KIR2DS1/HLA-C2 2 (11%)

KIR2DS2/HLA-C1 1 (5%)

KIR3DL1/HLA-B Bw4 9 (47%)

KIR3DL1/HLA-B Bw4-80Ile 7 (37%)

KIR3DL1/HLA-B Bw4-80Thr 2 (11%)

KIR3DS1/HLA-B Bw4 5 (26%)

KIR3DL2/HLA-A3, -A11 7 (37%)

*Fisher’s exact test. AIH, autoimmune hepatitis; HLA, human leukocyte antigen; KIR, kille
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0.038, respectively) and histological evidence of cirrhosis at initial
diagnosis (HR 9.00; 95% CI 3.11–26.05; p <0.001 and HR 17.87;
95% CI 4.61–69.18; p <0.001, respectively) (Table 6). A PT % of
>47.5% was a protective factor against liver decompensation
(HR 0.21; 95% CI 0.08–0.55; p = 0.002), but not against liver-
related death.

Cumulative incidence of liver decompensation and liver-related
death by risk factor
Kaplan-Meier survival estimates showed that patients with
KIR3DL1/HLA-B Bw4 had a significantly lower risk of liver decom-
pensation and liver-related death (log-rank test; p = 0.013 and p =
0.042, respectively) (Fig. 1A and 1C). In Kaplan-Meier plots for
patients with or without cirrhosis, the cumulative liver decompen-
sation and survival rates between the groupswere significantly dif-
ferent (log-rank test; p <0.001 and p <0.001, respectively) (Fig. 1B
decompensation.

Liver compensation
(n = 135)

OR (95% CI) p value

15 (11%) 0.831*

23 (17%) 0.324*

5 (4%) 0.454*

25 (19%) 0.264*

102 (76%) 0.29 (0.11–0.78) 0.010

92 (68%) 0.27 (0.10–0.74) 0.008

21 (16%) 0.816*

45 (33%) 0.726*

31 (23%) 0.303

r cell immunoglobulin-like receptor; OR, odds ratio.
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Table 5. KIR/HLA frequencies in patients with type 1 AIH according to survival and liver-related death.

Death
(n = 13)

Survival
(n = 141)

OR (95% CI) p value

KIR2DL1/HLA-C2 0 (0%) 18 (13%) 0.358

KIR2DL2/HLA-C1 1 (8%) 23 (16%) 0.674

KIR2DS1/HLA-C2 0 (0%) 7 (5%) 0.899

KIR2DS2/HLA-C1 1 (8%) 25 (18%) 0.591

KIR3DL1/HLA-B Bw4 5 (39%) 106 (75%) 0.21 (0.06-0.67) 0.012

KIR3DL1/HLA-B Bw4-80Ile 4 (31%) 95 (67%) 0.22 (0.06-0.74) 0.020

KIR3DL1/HLA-B Bw4-80Thr 1 (8%) 22 (16%) 0.720

KIR3DS1/HLA-B Bw4 3 (23%) 47 (33%) 0.655

KIR3DL2/HLA-A3, -A11 4 (31%) 34 (24%) 0.844

AIH, autoimmune hepatitis; HLA, human leukocyte antigen; KIR, killer cell immunoglobulin-like receptor; OR, odds ratio.
and 1D).We further divided the patients into 3 groups according to
the number of risk factors identified by multivariate analysis
(KIR3DL1/HLA-B Bw4-negative and cirrhosis at diagnosis). Patients
with both risk factors were assigned to the high-risk group, those
with 1 factor to the intermediate-risk group, and thosewith no fac-
tors to the low-risk group. Kaplan-Meier testing showed that the
cumulative incidences of liver decompensation and liver-related
death were highest in the high-risk group, followed next by
the intermediate- and low-risk groups (log-rank test; p <0.001
and p <0.001, respectively) (Fig. 2A and 2B).

Discussion
The present study examined HLA class I and II alleles, 14 KIR
genes, and KIR/HLA combinations in type 1 AIH in a Japanese
Table 6. Factors associated with liver decompensation and liver-related
death in AIH.

Factor HR 95% CI p value

Association with liver decompensation

KIR3DL1/HLA-B Bw4

Positive 0.37 0.14-0.94 0.037

Negative 1

Cirrhosis

Yes 9.00 3.11-26.05 <0.001

No 1

Prothrombin %

>47.5 0.21 0.08-0.55 0.002

≤47.5 1

Association with liver-related death

KIR3DL1/HLA-B Bw4

Positive 0.26 0.07-0.93 0.038

Negative 1

Cirrhosis

Yes 17.87 4.61-69.18 <0.001

No 1

Cox proportional hazard model. AIH, autoimmune hepatitis; HLA, human leukocyte
antigen; HR, hazard ratio; KIR, killer cell immunoglobulin-like receptor.
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population. The KIR gene family is highly polymorphic and not
well captured by standard genome-wide association study
approaches. The key findings were: i) KIR3DL1/HLA-B Bw4-80Ile
was significantly associated with the disease and was an inde-
pendent susceptibility gene along with the HLA-DRB1*04:05-
DQB1*04:01 haplotype; ii) patients with AIH had significantly
lower frequencies of KIR2DL1/HLA-C2 and KIR3DL1/HLA-B Bw4-
80Thr, suggesting protection by those KIR-HLA pairs against the
disease; iii) KIR3DL1/HLA-B Bw4 and KIR3DL1/HLA-B Bw4-80Ile
were protective against liver decompensation and liver-related
death; and iv) the absence of KIR3DL1/HLA-B Bw4 and the pre-
sence of cirrhosis at diagnosis were strongly related to AIH
progression.

This study revealed KIR3DL1/HLA-B Bw4-80Ile to be signifi-
cantly increased in AIH in addition to the HLA-DRB1*04:05-
DQB1*04:01 haplotype, a confirmed susceptibility factor in
Japan.3,29 This haplotype has also been associated with primary
biliary cholangitis in the Japanese.24 Although both genetic fac-
tors correlated positively with AIH, we did not observe any syner-
gistic properties. The synergy factor calculations in the present
study were designed to be robust for small sample sizes, even
when individual cells were zero. The results corroborated the
findings that the combination of KIR3DL1/HLA-B Bw4-80Ile and
HLA-DRB1*04:05-DQB1:04:01 haplotypes had no significant
advantage over each factor in isolation towards AIH susceptibil-
ity, confirming them both as independent disease risk factors.

All HLA-B molecules express 1 of 2 mutually exclusive serolo-
gical epitopes (Bw4 or Bw6) that are encoded by 5 variable amino
acids spanning positions 77–83. Bw6 is exclusive to HLA-B mole-
cules and is present in roughly two-thirds of molecules, while
Bw4 is present in the remaining third of HLA-B molecules, as
well as in several HLA-A molecules. In this study, Bw4 motifs in
HLA-B and HLA-A alleles were further analyzed.31,32 Receptor-
ligand binding and lysis inhibition assays have shown that HLA-
B molecules containing Bw4-80Ile may be more effective ligands
for KIR3DL1 than those containing Bw4-80Thr.13,33 This differ-
ence might have accounted for the susceptibility observed for
KIR3DL1/HLA-B Bw4-80Ile and protection for KIR3DL1/HLA-B
Bw4-80Thr in AIH. At present, we can only describe the observa-
tion of an inverse effect on AIH development without a sound
scientific basis for its occurrence.

Importantly, the present study revealed that the KIR2DL1/
HLA-C2 combination, which also has the strongest inhibitory
receptor-ligand interaction, was protective against AIH. In Japan,
vol. 1 | 353–360 357
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Fig. 1. Cumulative progression to liver decompensation and survival rates of AIH patients were analyzed using the Kaplan-Meier method. Progression to liver
decompensation was significantly lower in (A) patients with KIR3DL1/HLA-B Bw4 (p = 0.043) and higher in (B) those with cirrhosis at diagnosis (p <0.001). Survival
was significantly higher in (C) patients with KIR3DL1/HLA-B Bw4 (p = 0.042) and lower in (D) those with cirrhosis at diagnosis (p <0.001). p values were calculated
by the log-rank test. AIH, autoimmune hepatitis.
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no correlations have been found between KIR2DL1/HLA-C2 and
autoimmune diseases. Only a prior study from our group has
detected an association of KIR2DL1/HLA-C2 with ulcerative coli-
tis.34 Concurrent AIH and inflammatory bowel disease might
represent unique entities from either process alone.35 Several
reports have described that some patients with AIH had ulcerative
colitis in addition to features of primary sclerosing cholangitis and
younger age of onset.36,37 In our cohort, however, no case exhibited
concurrent inflammatory bowel disease, primary sclerosing cholan-
gitis, or young age of onset, althoughwe could not exclude the pos-
sibility that HLA-C2 alone might play a prominent role in AIH
resistance since all patients and controls possessed KIR2DL1. The
decreased frequency of the strongly inhibitory KIR2DL1/HLA-C2
pair might have been difficult to overcome by simultaneous activa-
tion signals to promote autoimmunity in patients with AIH. Pre-
vious investigations have revealed that KIR allotypes modulate
major NK cell effector function38 and KIR3DL1 allotypes modify
HLA-B*57 protection against human immunodeficiency virus-1.39

Thus, further studies are required on KIR allotypes to clarify their
relationship with AIH.

Interestingly, we observed novel protective effects for
KIR3DL1/HLA-B Bw4 and KIR3DL1/HLA-B Bw4-80Ile against pro-
gression to liver decompensation and liver-related death in AIH,
with KIR3DL1/HLA-B Bw4 remaining an independent predictor
JHEP Reports 2019
of disease progression in multivariate analysis. Several reports
have identified that genetic features, in particular HLA DRB1
alleles, influence disease outcome in AIH.3,40–42 However, none
have demonstrated that KIR/HLA combinations influence disease
progression and mortality in AIH despite significant associations
between KIR/HLA pairs and hepatocellular carcinoma in hepatitis
C virus infection.27 The precise reasons for this observation are
unknown, but the association of this KIR/HLA pair and protection
against disease progression is striking.

Kirstein et al. reported poor survival in patients with AIH who
were anti-SLA positive.42 Although none of our patients were
positive for anti-SLA antibodies, previous data have suggested
an association between SLA antibodies and HLA class II
DRB1*03:01 in Caucasians.42 HLA-DRB1*03:01 was absent in
our cohort as its allele frequency is less than 0.15% in the Japanese
population.

Lastly, we noticed that patients with cirrhosis at diagnosis had
significantly increased risks of liver-related death and liver decom-
pensation in Cox regression and Kaplan-Meier analyses, whichwas
in agreement with studies in Germany and the Netherlands.42,43.
No significant associations were seen between the frequencies of
cirrhosis and KIR3DL1/HLA-B Bw4 by the chi-square test. When
the factors of cirrhosis at diagnosis and KIR3DL1/HLA-B Bw4 nega-
tivity were combined, patients with both risk factors tended to
vol. 1 | 353–360 358
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Fig. 2. Cumulative progression to liver decompensation and survival according to the number of risk factors of KIR3DL1/HLA-B Bw4 (-) and cirrhosis at
diagnosis. Kaplan-Meier testing showed that the cumulative incidences of (A) liver decompensation and (B) liver-related death were highest in the high-risk
group, followed next by the intermediate- and low-risk groups (log-rank test; p <0.001 and p <0.001, respectively). Green, red, and blue lines indicate high-risk
patients (2 risk factors), intermediate-risk patients (1 risk factor), and low-risk patients (no risk factors), respectively. p values were calculated by the log-rank test.
exhibit amore rapid progression to liver decompensation and liver-
related death. In contrast, patientswithout either risk factor seldom
showed liver failure or liver-related death, even at 20 years after
diagnosis.

There were several limitations to this study. It was retrospective
in nature and contained a small sample size despite its longmedian
follow-up period of 11.1 years. As the numbers of patients who
developed liver-related death and liver decompensation were
small, further longitudinal multicentric studies including a larger
number of cases and controls are required. However, power calcu-
lations based on the study of 154 patients with AIH and 201 con-
trols, and an OR of 1.82 at KIR3DL1/HLA-B Bw4, demonstrated
sufficient power (0.814) at the 0.05 level of significance.
JHEP Reports 2019
In conclusion, KIR3DL1/HLA-B Bw4-80Ile, KIR3DL1/HLA-B
Bw4-80Thr, and KIR2DL1/HLA-C2 were associated with either
AIH susceptibility or protection in a Japanese population.
KIR3DL1/HLA-B Bw4 is a novel KIR/HLA pair related to a favor-
able clinical outcome, while histological cirrhosis at the initial
diagnosis is a risk factor for poor prognosis. Thus, frequent
and careful surveillance is advised for KIR3DL1/HLA-B Bw4-
negative patients with cirrhosis. It should be noted, however,
that genetic analysis alone is insufficient to pinpoint the contri-
butions of predisposing KIR-HLA factors; functional clinical and
basic studies are also needed to identify the mechanisms by
which NK cells protect or predispose individuals to AIH patho-
genesis and progression.
Abbreviations
ALT, alanine aminotransferase; ANA, anti-nuclear antibody; AST, aspartate
aminotransferase; HLA, human leukocyte antigen; HR, hazard ratio; KIR,
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