Basic research

Immunology

KIR2DL2/S2 and KIR2DS5 in alcoholic cirrhotic patients

undergoing liver transplantation

Isabel Legaz!?, Jose Miguel Bolarin!, Elena Navarro?, Jose Antonio Campillo*, Rosa Moya“,
Maria Dolores Pérez-Carceles'?, Aurelio Luna?!, Eduardo Osuna'?, Manuel Miras?, Manuel Muro?,

Alfredo Minguela*, Rocio Alvarez Lopez*

Department of Legal and Forensic Medicine, Biomedical Research Institute (IMIB),
Regional Campus of International Excellence “Campus Mare Nostrum”,

Faculty of Medicine, University of Murcia, Murcia, Spain

Research Institute on Ageing, University of Murcia, Murcia, Spain

3Digestive Medicine Service, Hospital Clinico Universitario Virgen de la Arrixaca
(HCUVA), Murcia, Spain

“Immunology Service, Instituto Murciano de Investigacion Biosanitaria (IMIB) and
Centro de Investigacion Biomédica en Red de enfermedades hepaticas y digestivas
(CIBERehd), Hospital Clinico Universitario Virgen de la Arrixaca (HCUVA), Murcia,
Spain

Submitted: 12 December 2018; Accepted: 23 March 2019;
Online publication: 9 April 2019

Arch Med Sci 2021; 17 (3): 764774
DOI: https://doi.org/10.5114/aoms.2019.84410
Copyright © 2019 Termedia & Banach

Abstract

Introduction: The molecular mechanisms underlying alcoholic liver fibrosis
and cirrhosis are not completely understood. Hepatic fibrosis involves the
interplay of diverse cells and factors, including hepatic stellate cells (HSCs),
Kupffer, NK cells, and T-lymphocyte subsets. Killer-cell immunoglobulin-like
receptors (KIR) are membrane receptors involved in mediation between NK
and activated HSCs, regulating NK cell function through their interaction
with HLA-I molecules. The aim of this study was to analyse the genetic as-
sociation between KIR genes and the susceptibility to or protection from
alcoholic cirrhosis (AC) in a cohort of male AC patients undergoing liver
transplantation (LT) with and without concomitant viral infections.
Material and methods: KIR genotyping was performed in nuclear DNA ex-
tracted from 281 AC patients and compared with 319 male controls.
Results: Significant differences between total AC patients and healthy con-
trols were only found in the case of KIR2DL2 and KIR2DS5. KIR2DL2 was sig-
nificantly underrepresented in non-viral AC patients (52.6% vs. 63.3%; p =
0.015), while patients heterozygous for KIR2DL2 were also underrepresented
in the non-viral AC group compared with controls (p = 0.034). KIR2DS5 was
overrepresented in this group compared with healthy controls (p = 0.002). All
these observations were only evident in AC patients older than 54 years old.
Conclusions: Our data suggest a contrary effect of KIR2DL2 and KIR2DS5
in AC patients older than 54 years, in whom the presence of KIR2DL2 ap-
pears to be protective against AC, whereas the presence of KIR2DS5 seems
to promote the fibrotic process, particularly in patients with no associated
viral infection.
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Introduction

Alcoholism is a major socio-economic and medical problem world-
wide, and a major risk factor for chronic liver disease, which includes
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fatty liver, alcoholic hepatitis, fibrosis, cirrhosis
and hepatocellular carcinoma [1-6]. Alcoholic
cirrhosis (AC) is the most common indication
for liver transplantation (LT), which accounts for
approximately 33% of all primary transplants in
Europe [7-11].

However, the molecular and cellular mecha-
nisms underlying alcoholic liver fibrosis and its
end-stage consequence, cirrhosis, are not com-
pletely understood [12-15], although it is gener-
ally believed that many factors and different types
of cells interact in their development [16, 17].

The liver is considered an organ with a predom-
inantly innate immunity, and rich in Kupffer and NK
cells, as well as in T-lymphocyte subsets [18-20].
There is evidence that innate immunity is involved
in controlling the development and progression of
liver fibrosis [21-23], and that liver hepatic stel-
late cells (HSCs) are activated as a consequence
of chronic liver injury, playing a central role in the
production of extracellular matrix proteins (ECM),
whose accumulation induces fibrosis [24, 25]. The
HSC activation appears to be controlled by many
types of cytokines, growth factors, immune cells
(especially NK and T-lymphocyte subsets) and oth-
er factors, including alcoholic detoxification prod-
ucts such as acetaldehyde [23-26].

Recent studies on killer-cell immunoglobu-
lin-like receptors (KIR) and HLA ligands suggest-
ed that they play a role in liver immunopathol-
ogy [27-29]. The NK cell function is regulated
through a balance of specific interactions be-
tween various membrane receptors, including
KIRs, and human leukocyte antigen IDEM (HLA)
class | molecules [30].

KIR receptors are encoded by a family of genes
located in the leucocyte receptor complex (LRC) of
chromosome 19q13.4 [28, 31, 32], which exhibit
a high degree of polymorphism and differ among
individuals [33, 34]. According to the cytoplasmic
tail structure, two kinds of functional KIR can be
distinguished — inhibitory KIRs (iKIRs), with a long
cytoplasmic tail with at least one immunorecep-
tor tyrosine-based inhibitory motif (ITIM), and
activating KIRs (aKIR), with a short cytoplasmic
tail in which ITIM motifs are absent [35, 36]. Thus,
there are six iKIR (KIR3DL1-3, KIR2DL1-3), six aKIR
(KIR3DS1 and KIR2DS1-5) genes, and one KIR2DL4
gene which encodes a receptor with both inhibito-
ry and activating functions.

The aim of the present study was to analyse the
influence of KIR genes on the susceptibility to or
protection against AC in a cohort of male patients
undergoing LT with and without concomitant viral
infections, in an attempt to identify biomarkers of
susceptibility to AC in order to design new strate-
gies to prevent, detect and reduce AC in men with
high alcohol consumption.

Material and methods
Studied populations

A cohort of 281 male AC patients undergoing
LT, recruited between 1990 and 2013, was anal-
ysed retrospectively. The clinical and biochemical
characteristics and short- and long-term surviv-
al of the same cohort of AC patients have been
published previously [9, 11]. In this study, the AC
patients were divided into two age groups and re-
ceiver operation characteristic (ROC) curves were
used to find an optimal cut-off value categorizing
it into young and old groups. A range of optimal
values was obtained between 51.5 and 55.5 years,
with sensitivity of 0.700-0.573, and specificity of
0.691-0.765 respectively. The final cut-off value of
54 years was chosen, making it correspond to the
sample median value, which corresponds to the
clinical diagnosis of the disease. A total of 143 AC
patients were 54 years old or less and the remain-
ing 138 AC patients were older than 54 years old.

Furthermore, a series of 319 male individuals
matched in age was used as a healthy control co-
hort to compare with the total male AC popula-
tion. In all cases, both populations were compared
between similar median ages.

Written informed consent was obtained from
all patients and controls in this study. The study
protocol was approved by the institutional ethics
committee study in accordance with the Helsinki
Declaration of 2000.

Alcoholic cirrhosis diagnosis

Alcoholic cirrhosis was diagnosed by reference
to clinical, radiological, and biochemical parameters
[37]. In cases of negative self-reporting concerning
alcohol consumption, the opinion of relatives was
taken into consideration. Data on alcoholic bever-
age type and average intake could not be obtained.
In most cases, there were no symptoms of cirrhosis
in the first stage of the disease, so the diagnosis
was made after a scan, ultrasound or clinical exam-
ination. In other cases, the disease remained un-
detected until the second stage of decompensated
cirrhosis, when complications such as ascites, up-
per gastrointestinal bleeding and encephalopathy
appeared. Cases of suspected cirrhosis were con-
firmed using specific analysis and imaging tech-
nologies. It is important to note that the degree of
hepatic fibrosis of all patients included in this study
was grade F4 (METAVIR score), at the time of inclu-
sion on the waiting list for LT.

Viral infection diagnosis

Hepatitis C virus (HCV) pre-infection was deter-
mined using a qualitative immunoassay (AXSYM
HCV v3.0; Abbott, Wiesbaden-Delkenheim, Ger-
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many) to detect the presence of anti-HCV anti-
bodies, and the results were confirmed by immu-
noblotting technology (recombinant immunoblot
assay) or reverse transcription and polymerase
chain reaction (PCR) (REAL; Durviz, Valencia,
Spain), following the manufacturer’s indications.
Hepatitis B viral infection (HBV) was determined
by measuring the HBV surface antigen using a ra-
dioimmunological method (Sorin Biomedica, Pe-
rugia, Italy). To determine cytomegalovirus (CMV)
infection, anti-CMV-IgG antibodies were tested by
immunoassay (Liason CMV-IgG; DiaSorin, Salug-
gia, Italy); CMV infection was diagnosed taking
into account an 1gG antibody level of > 0.6 1U/ml.
Data of these positive cases were confirmed us-
ing a real-time PCR (LightCycler CMV-Quant-kit;
Roche, Indianapolis, IN). According to the presence
or not of virus infections, male AC patients were
classified into viral (n = 68) and non-viral AC pa-
tient groups (n = 213).

Sample collection and DNA preparation

Samples obtained from peripheral blood as
sources of DNA were used for this genetic asso-
ciation study. Genomic DNA was extracted using
the QlAamp DNA Blood Mini Kit (QIAGEN, Hilden,
Germany), as recommended by the manufacturer.

KIR genotyping

Genotyping of the KIR genes was performed
using the multiplex KIR-SSO typing kit from Tepnel
Lifecodes Corporation (Ref: 545110, Connecti-
cut, USA). This product consists of a mixture of
locus-specific oligonucleotide probes coupled to
colour-coded microspheres (Luminex Corp) and
two PCR reactions for the amplification of KIR-ex-
ons 4, 5, 7, 8, and 9. To type each sample, PCR
was performed and the product was hybridized
with the SSO-probe mixture using the manufac-
turer’s protocol. After hybridization, the sam-
ple plate was placed in a Luminex instrument
for analysis [38—40]. In addition, KIR genotypes
were confirmed by PCR-SSP [41]. This method
identifies inhibitory KIR2DL1-3, KIR3DL1-3, acti-
vating KIR2DS1-S5 and KIR3DS1 genes, as well
as KIR2DL4. The genes KIR2DL5A and KIR2DL5B
could not be distinguished, while KIR2DP1 and
KIR3DP1 pseudogenes were identified. Given
that KIR2DL2 is generally closely associated with
KIR2DS2 and that their individual effects could
not be distinguished in our population, both genes
were studied together.

For further analysis, KIR genotype profiles were
classified in accordance with the Allele Frequen-
cies KIR Database website [42] and each genotype
was named according to the genotype number
(ID) defined in this website.

KIR haplotypes A and B and genotype
assignment

The KIR gene content was used to infer the
A and B KIR haplotypes and to assign three gen-
otypes, AA, BB and AB, to individuals [42]. Indi-
viduals carrying only KIR3DL3, 2DL3, 2DL1, 2DP1,
3DP1, 2DL4, 3DL1, 2DS4, 3DL2 genes of the A KIR
haplotypes were considered to be homozygous
for the A haplotype, and therefore as having the
KIR genotype AA [42]. Conversely, those individu-
als who lacked one or more of the KIR2DL1, 2DL3,
3DL1 or 2DS4 genes were regarded as carrying
two copies of the B KIR haplotype (BB genotype).

The remaining individuals were considered
to be AB heterozygous or bearing AB genotypes.
These individuals possessed all nine genes pres-
ent in the A haplotype, as well as one or more of
the B haplotype specific genes (KIR2DL2, 2DL5,
2DS1, 2DS2, 2DS3, 2DS5 and 3DS1). AB and BB
genotypes were also referred to together as KIR
genotype BX [43], and each individual KIR gene
was also assigned to the centromeric or telomeric
regions in the KIR gene complex [44, 45].

Statistical analysis

Demographic data and results of the KIR gene
analysis were collected in a database (Microsoft
Access 11.0; Microsoft corporation, Seattle, WA),
and statistical analysis was performed using the
SPSS 15.0 software (SPSS Inc., Chicago IL, USA). To
detect differences in the frequencies of KIR genes
and genotypes, Pearson’s 2 and two-tailed Fish-
er’s exact tests were run to compare categorized
variables between groups, and a two-sided Stu-
dent T test and the nonparametric Mann-Whitney
test were used to compare mean values. For con-
tinuous variables such as age and AC, a receiver
operation characteristic (ROC) curve was used to
acquire a cut-off value for stratification. Multivari-
able logistic regression analysis was applied to
confirm positive associations. A level of p < 0.05
was accepted as statistically significant. Odds ra-
tios (OR) and their 95% confidence intervals (Cl)
were calculated to estimate relative risk.

Results
Clinical characteristics of patients

Analysis of the different types of viral infections
revealed that most of the AC patients (75.8%; n =
213) did not present any kind of viral infection.
Thus, viral infected AC patients represented 23.4%
(n = 68) of the total number of AC patients, with
61.8% of them infected by HCV, 20.6% by HBY,
and 5.9% by CMV. Additionally, 5.9% of the AC
patients presented HCV associated with HBV in-
fection, 2.9% HCV associated with CMV, and 2.9%
HBV combined with CMV.
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KIR2DL2 and KIR2DL3 zygosity was
differently associated with viral
and non-viral AC patients

The frequency of five iKIRs was determined
in AC patients and healthy controls (Table I, top).
Univariate analysis revealed no significant differ-
ences in the iKIR gene frequency between AC pa-
tients and healthy controls, except in the case of
KIR2DL2+ patients, who were significantly under-
represented within the total group of AC patients
(53%; p = 0.013). In addition, a statistically signif-

icant reduced frequency of KIR2DL2 was observed
when the non-viral AC group was compared with
the control group (52.6% vs. 63.3%; p = 0.015).
KIR2DL2 and KIR2DL3 homozygosity was also
analysed in AC patients and healthy controls (Fig-
ure 1). This analysis revealed that KIR2DL2 (L2+/
L2+) homozygosis was similarly distributed in
controls and total AC patients (12.3% vs. 11.4%;
p = 0.801), while heterozygous KIR2DL2 (L2+/L3+)
combinations were underrepresented in total AC
patients with respect to the controls (41.6% vs.

Table 1. KIR gene frequencies in male patients with alcoholic cirrhosis and healthy controls

KIR P/A Healthy Alcoholic P2 P3 P4
genes* controls cirrhosis (AC)
(N=319) " qoa1 AC P1 Non-viral Viral
n (%) patients (N=213) (N =68)
(N = 281) n (%) n (%)
n (%)
iKIRs:
2DL1 + 197(61.8) 160(56.9)  0.244  115(54.0) 45(66.2)  0.088 0.581 0.092
1) - 122(38.2) 121(43.1) 98 (46.0) 23 (33.8)
2DL2 +  202(63.3) 149(53.0) 0.013° 112 (52.6) 37 (54.4) 0.015¢  0.173 0.889
- 117(36.7) 132 (47) 101 (47.4) 31 (45.6)
2DL3 + 279(87.5) 249(886) 0707 190 (89.2) 59 (86.8)  0.586 0.842 0.661
- 40(125) 32(11.4) 23(10.8)  9(13.2)
3DL1 +  304(953) 268(954)  1.000 201 (94.4) 67(98.5)  0.689 0.325 0.200
- 15 (4.7) 13 (4.6) 12 (5.6) 1(1.5)
2DL5 + 170(53.3) 158(56.2)  0.511 121 (56.8) 37 (54.4)  0.477 0.894 0.780
- 149 (46.7) 123 (43.8) 92 (43.2) 31 (45.6)
aKIRs:
2DS1 + 119(37.3) 119 (42.3) 0211 96 (45.1) 23 (33.8)  0.087 0.678 0.121
(L14) —  200(62.7) 162 (57.7) 117 (54.9) 45 (66.2)
2DS2 + 201(63.0) 146(52)  0.006®° 109 (51.2) 37 (54.4) 0.007¢  0.217 0.677
L) T 5 670) 135 @8) 104 (48.8) 31 (45.6)
2DS3 + 107 (33.5) 93(33.1) 0.931 65(30.5) 28(41.2)  0.508 0.263 0.107
- 212(66.5) 188 (66.9) 148 (69.5) 40 (58.8)
2DS4 +  305(95.6) 266 (94.7) 0704 199 (93.4) 67(98.5)  0.323 0.486 0.128
- 14 (4.4) 15 (5.3) 14 (6.6) 1(1.5)
2DS5 + 86 (27.0) 99(35.2)  0.033c  85(39.9) 14(20.6)  0.002°  0.360 0.004¢
- 233(73.0) 182 (64.8) 128 (60.1) 54 (79.4)
3DS1 +  129(404) 132(47.0) 0.117  105(49.3) 27(39.7)  0.050" 1.000 0.209
- 190(59.6) 149 (53.0) 108 (50.7) 41 (60.3)

+ presence; — absence; N — total number of individuals; n — number of individuals with the presence or absence of KIR gene. OR — odds ratio
with a confidence interval (Cl) of 95%. Comparisons were made by the two-sided Fishers exact test. Framework genes and pseudogenes
were not included. P-values marked in bold are statistically significant (p < 0.05). P1 — p-value obtained comparing total AC patients versus
healthy donors; P2 and P3 — p-values obtained comparing non-viral AC patients and viral AC patients versus healthy controls, respectively;
P4 — p-value obtained comparing non-viral versus viral AC patients. P5 — p-value obtained comparing VHC cirrhosis patients versus healthy
controls. “OR = 1.530; 95% Cl: 1.103-2.120, p = 0.013;°0R = 1.575; 95% Cl: 1.137-2.183, p = 0.006; ‘OR = 0.679; 95% Cl: 0.479-0.961,
p =0.033;90R = 1.557; 95% Cl: 1.095-2.215, p = 0.015; ¢OR = 1.625; 95% Cl: 1.143-2.311, p = 0.007;'OR = 0.556; 95% Cl: 0.384-0.804,
p =0.002;90R = 2.561; 95% Cl: 1.339-4.900, p = 0.004; "OR = 0.698; 95% Cl: 0.492-0.991, p = 0.050.
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Figure 1. Analysis of KIR2DL2/S2 and KIR2DL3 zygosity in AC patients and healthy controls. White bars desig-
nate healthy control population, grey bars designate non-viral AC patients and solid bars represent viral AC pa-
tients. KIR = killer-cell immunoglobulin-like receptors. The p-value was determined by two-sided Fisher’s exact test:
20R = 1.474; 95% Cl: 1.067-2.037, p = 0.022; ®OR = 0.683; 95% Cl: 0.481-0.969, p = 0.034; OR = 0.648; 95% Cl:
0.467-0.899, p = 0.010; “OR = 1.557; 95% Cl: 1.095-2.215, p = 0.015

51.3%; p = 0.022). On the other hand, differences It should be noted that the same effects on

between AC groups and controls were only statis-
tically significant when non-viral AC patients were
compared with the controls (41.8% vs. 51.3%; p =
0.034). As regard homozygosis in KIR2DL3 (L3+/
L3+), a significant increase was observed in total AC
patients compared with the healthy controls (47%
vs. 36.5%; p = 0.010), but when viral and non-viral
groups of patients were compared with the con-
trols, significant differences were only found in the
non-viral AC group (47.4% vs. 36.5%; p = 0.015).

these iKIR gene combinations was observed in AC
patients older than 54 years, but not in those pa-
tients of the AC group with a median age lower
than or equal to 54 years (Table II).

Activating KIR genes are more abundant in
AC patients

The frequency of the six aKIR genes was deter-
mined in the total and both AC groups of patients
and in controls (Table I, bottom). The univariate

Table II. Analysis of KIR2DL2/S2+ and KIR2DS5+ frequencies in male AC patients and healthy controls according
to median age of population

KIR Median Healthy Alcoholic cirrhosis (AC) P2 P3 P4
trol
genes age c?‘ln(;o) s Total AC P1 Non-viral Viral
()
patients n (%) n (%)
n (%)
2DL2 + Total 202 (63.3) 149 (53.0) 0.0132 112 (52.6) 37 (54.4) 0.015> 0.173 0.889
< 54 years 100 (60.2) 7 (53.8) 0.299 1 (56.0) 26 (50.0) 0.596 0.202  0.492
> 54 years 102 (66.7) 2(52.2) 0.012¢ 61 (50) 11 (68.8) 0.007¢ 1.000 0.190
2DS2 Total 201 (63.0) 146 (52) 0.006¢ 109 (51.2) 37 (54.4) 0.007° 0217 0.677
(L2+)
< 54years 99 (59.6) 7 (53.8) 0.357 51 (56.0) 26 (50.0) 0.598 0.261  0.492
> 54 years 102 (66.7) 69 (50) 0.0048 58 (47.5) 11(68.8) 0.002" 1.000 0.182
2DS5 + Total 86 (27.0) 99 (35.2) 0.033 85 (39.9) 14 (20.6)  0.0021 0.360 0.004*
< 54 years 5(27.1) 4 (30.8) 0.529 33 (36.3) 11 (21.2) 0.156 0.469 0.063
> 54 years 41 (26.8) 5(39.9) 0.024' 52 (42.6) 3(18.8) 0.007™ 0.765 0.102

N — total number of individuals; n — number of individuals with the presence or absence of KIR gene. OR — odds ratio with a confidence
interval (Cl) of 95%. Comparisons were made by the two-sided Fisher’s exact test. Framework genes and pseudogenes were not included.
P-values marked in bold are statistically significant (p < 0.05). P1 — p-value obtained comparing total AC patients versus healthy donors;
P2 and P3 — p-values obtained comparing non-viral AC patients and viral AC patients versus healthy controls, respectively; P4 — p-value
obtained comparing non-viral versus viral AC patients. “OR = 1.530; 95% Cl: 1.103-2.120, p = 0.013;’0OR = 1.557; 95% Cl: 1.095-2.215,
p =0.015;°OR = 1.833; 95% Cl: 1.141-2.945, p = 0.012; “OR = 2.000; 95% Cl: 1.227-3.261, p = 0.007; ¢OR = 1.575; 95% Cl: 1.137-2.183,
p =0.006;,0R = 1.625; 95% Cl: 1.143-2.311, p = 0.007; IOR = 2.561; 95% Cl: 1.339-4.900, p = 0.004; "OR = 0.556; 95% Cl: 0.384-0.804,
p =0.002;'0R = 0.679; 95% Cl: 0.479-0.961, p = 0.033; JOR = 2.207; 95% Cl: 1.353-3.599, p = 0.002; OR = 2.000; 95% Cl: 1.245-3.212,
p = 0.004;'OR = 2.000; 95% Cl: 1.245-3.212, p = 0.024; "OR = 1.698; 95% Cl: 1.492-2.291, p = 0.007.
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analysis showed a statistically significant de-
crease in KIR2DS2 frequency in total AC patients
compared with the healthy controls (52% vs. 63%,
respectively; p = 0.006). This lower frequency of
KIR2DS2 observed in patients was only statistical-
ly significant in the non-viral group of AC patients
compared to controls (51.2% vs. 63%; p = 0.007).

In contrast, KIR2DS5 was overrepresented in to-
tal AC patients with respect to the healthy controls
(35.2% vs. 27%; p = 0.033). This higher frequency
of KIR2DS5 with respect to the controls was also
significant in the non-viral AC patients (39.9% vs.
27%; p = 0.002) but not in those AC patients affect-
ed by viral infections (20.6% vs. 27%; p = 0.360).
In addition, the frequency of KIR2DS5 was signifi-
cantly higher in the non-viral AC group than in the
viral AC patients (39.9% vs. 20.6%; p = 0.004).

Both KIR2DS1 and KIR3DS1 genes also showed
a higher frequency in the non-viral AC patients
with respect to healthy controls, but only in the
case of KIR3DS1 could the difference be consid-
ered of borderline statistical significance (49.3%
vs. 40.4%; p = 0.050).

Subsequently, the frequency of KIR2DS1+ plus
KIR3DS1+ in association with KIR2DS5+ in both
AC patients and control was also analysed (Fig-
ure 2). In all cases, a higher frequency of these
three associated genes was observed in the
non-viral patients than in the viral AC patients,
but in no case were these three aKIR genes seen
to operate synergically.

It should be noted that the effects observed for
iKIR were also observed in AC patients older than
54 years but not in those AC patients less than or
equal to 54 years (Table Ill). Finally, logistic regres-
sion multivariable analysis was performed in or-

der to confirm the independent effects of KIR2DS5
(p =0.021) and KIR2DL2 (p = 0.009) (Table V).

KIR genotype profiles in alcoholic cirrhosis
patients

KIR genotype profiles in total AC patients and
the viral and non-viral subgroups are summarized
in Figure 3. All the above-mentioned genotypes
are referred to in the Allele Frequencies KIR Da-
tabase.

Thirty-nine different KIR genotypes were identi-
fied in total AC patients, 38 of which (70.8%) were
present as part of the BX genotype, while only
29.2% were integrated in the AA genotype. Similar
frequencies of AA and BX genotypes were found in
the healthy controls (data not shown).

The most frequent genotypes detected in vi-
ral and non-viral AC patients were ID1 (AA) and
ID4 (BX), while the ID2 and the ID3 genotypes
were less frequent in viral AC patients than in the
non-viral AC group. The remaining genotypes had
a low representation in both groups of patients.
Lastly, the possible influence of the number of to-
tal KIR genes, and total aKIR and iKIR genes on AC
was also analysed, but no difference between AC
patients and healthy controls was observed (data
not shown).

Discussion

The current work presents the first retrospec-
tive study of the KIR gene repertoire (aKIRs and
iKIRs) to be performed in AC male patients un-
dergoing LT, with or without concomitant viral in-
fections. This genetic association study revealed
differences in KIR gene distribution when total AC
or non-viral and viral AC groups were compared

KIR2DS1+

KIR2DS5+

KIR3DS1+

KIR2DS5+/KIR3DS 1+

KIR2DS1+/KIR2DS5+/KIR3DS 1+

0 10

‘MM

p = 0.050

20 30 40 50
Frequency (%)

Figure 2. Activating KIR gene frequency in AC patients and healthy controls. Telomeric activating KIR genes,
KIR2DS1, KIR2DS5, KIR3DS1 and their combinations, were considered. White bars designate healthy control pop-
ulation; grey bars alcoholic cirrhotic liver patients without viral infection and solid bars alcoholic cirrhotic liver
patients with viral infection. KIR — killer-cell immunoglobulin like receptors. P-value was determined by two-sided
Fisher’s exact test: 20OR = 1.582; 95% Cl: 1.151-2.173, p = 0.006; OR = 2.709; 95% Cl: 1.429-5.138, p = 0.002;
OR = 1.434,95% Cl: 1.057-1.946; 9OR = 0.595; 95% Cl: 0.432-0.819; °OR = 0.350; 95% Cl: 0.181-0.674; p = 0.001
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Table IlI. Analysis of KIR2DL2/S2 and KIR2DL3 zygosity in AC patients classified according to median age of popu-

lation and healthy controls

KIR genes Median Healthy Alcoholic cirrhosis (AC) P2 P3 P4
age controls
9 ota on-vira ira
n (%) Total AC P1 N iral Viral
patients n (%) n (%)
n (%)
KIR2DL2+ Total 39(12.3)  32(11.4) 0.801 23(10.8) 9(13.2) 0.680 0.840 0.661
homozygous
<54 years 20 (12.0) 18 (12.6) 1.000 12 (13.2) 6 (11.5) 0.844 1.000 1.000
> 54 years 19 (12.4) 14 (10.1) 0.583 11 (9.0) 3 (18.8) 0.438 0.442 0.208
KIR2DL2+/L3+ Total 163 (51.3) 117 (41.6) 0.022@ 89 (41.8) 28(41.2) 0.034> 0.143 1.000
heterozygous
<54years 80(48.2) 59(41.2) 0.252 39(42.8) 20(38.5) 0.435 0.265 0.724
> 54 years 83(54.2) 58 (42.0) 0.046¢ 50 (41.0) 8 (50) 0.030¢ 0.796 0.593
KIR2DL3+ Total 116 (36.5) 132 (47.0) 0.010¢ 101 (47.4) 31(45.6) 0.015° 0.171 0.889
homozygous
<54years 65(39.2) 66(46.2) 0.248 40 (43.9) 26 (50)  0.508 0.198 0.492
>54years 51(33.3) 66(47.8) 0.012¢ 61 (50) 5(31.3) 0.007" 1.000 0.190

N —total number of individuals; n—number of individuals with the presence or absence of KIR gene. OR — odds ratio with confidence interval
(Cl) of 95%. Comparisons were made by two-sided Fisher’s exact test. Framework genes and pseudogenes were not included. P-values
marked in bold are statistically significant (p < 0.05). P1 — p-value obtained comparing total AC patients versus healthy donors; P2 and
P3 - p-values obtained comparing non-viral AC patients and viral AC patients versus healthy controls, respectively; P4 — p-value obtained
comparing non-viral versus viral AC patients. °OR = 1.474: 95% Cl: 1.067-2.037, p = 0.022; *"OR = 1.465; 95% Cl: 1.032-2.079, p = 0.034;
‘OR = 1.635; 95% Cl: 1.028-2.601, p = 0.046; “OR = 1.707; 95% Cl: 1.055-2.762, p = 0.030; €OR = 0.648; 95% Cl: 0.467-0.899, p = 0.010;
fOR = 0.637; 95% Cl: 0.447-0.906, p = 0.015; OR = 0.545; 95% Cl: 0.340-0.876, p = 0.012; "OR = 0.500; 95% Cl: 0.307-0.815, p = 0.007.

with the controls, suggesting an opposite effect of
KIR2DL2 and KIR2DS5 genes in AC patients older
than 54 years.

It is well established that chronic alcohol drink-
ing is the main cause of liver fibrosis, which is ac-
celerated in patients with viral infection [9, 11, 13,
14]. After chronic liver injury, hepatocyte damage
and activated Kupffer cells lead to the activation
of hepatic stellate cells (HSC), producing a large
amount of ECM, which are accumulated within the
subendothelial space of Disse, and generate liver
fibrosis [26, 46].

In the present study, male AC patients who un-
derwent LT had a mean age of 54 years. Similar
data were observed in other studies on different
populations and periods of time [47-49]. It should
be noted that slight differences with respect to
this mean age have been described in other stud-
ies, suggesting a significant correlation between
ethnicity and age of cirrhosis diagnosis, and the
possibility of an ethnic and/or genetic basis for
cirrhosis [50].

There is wide evidence suggesting that innate
immunity is involved in controlling liver fibrosis
[26, 51, 52]. More specifically, liver NK cells may
be engaged in the inhibition of liver fibrosis and
liver regeneration [26, 51, 53].

Under normal conditions and in the absence of
fibrotic disease, NK cells are inhibited through in-
teraction of their iKIR and membrane MHC-I mol-
ecules of the silent HSCs, which trigger the con-
comitant inhibition of HSC [51]. However, such

Table IV. Logistic regression multivariable analysis
for KIR in healthy controls and alcoholic cirrhotic

patients
Group of patients OR (95% ClI) P-value
Age 1.017 (1.004-1.029) 0.009
KIR2DL1 0.622 (0.128-3.008) 0.554
KIR2DL2/S2 0.565 (0.369-0.866) 0.009
KIR2DL3 0.878 (0.461-1.671) 0.692
KIR2DL5 0.730 (0.356-1.498) 0.391
KIR2DS1 0.755 (0.315-1.806) 0.527
KIR2DS3 1.362 (0.770-2.408) 0.288
KIR2DS4 0.850 (0.373-1.937) 0.699
KIR2DS5 2.287 (1.135-4.608) 0.021
KIR3DL1/S1 1.296 (0.549-3.062) 0.554

In all cases, comparisons were made between each group of
patients and the control group as the reference group. OR, odds
ratio with a confidence interval (Cl) of 95%. Framework genes
and pseudogenes were not included. P-values marked in bold are
statistically significant (p < 0.05).

inhibition may itself be inhibited as a result of
abusive alcohol consumption, which down-regu-
lates class | MHC expression and leads to over-ex-
pression of RAE-1 (retinoic acid early inducible-1),
thus activating HSCs and making them suscepti-
ble to NK killing [26].

In this sense, in vitro studies have demonstrat-
ed the beneficial antifibrotic effect of NK cells in
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incipient liver fibrosis at the onset of liver disease
characterized by the presence of early activated
hepatic stellate cells (HCSs). Hence, NK cells were
shown to inhibit or ameliorate liver fibrosis via
the direct killing of early activated HSCs, through
the production of antifibrotic substances such as
IFN-y, or HSC proliferation induced by interactions
between NK and HSC that are dependent on KIR,
NKG2D or granzyme [21, 51, 53].

Nonetheless, interactions between NK and HSC
cells have not previously been studied in the fi-
nal stages of AC, when HSCs are totally activated
and there is no possibility of hepatic regeneration.
Whatever the case, the participation of iKIR recep-
tors has long been accepted, while the participation
of activating aKIR receptors remains to be studied.

To increase our knowledge in this respect, the
current study reports differences in the KIR gene
repertoire (aKIRs and iKIRs) of healthy individu-
als and AC patients. When AC patients and con-
trols were compared, a significant decrease in the
KIR2DL2/S2 frequency was seen in the non-viral
group of AC patients. This result suggests that
the presence of KIR2DL2/S2 protects against AC
disease development in individuals free of viral
infections, while the same kind of AC disease pro-
tection could not be confirmed in the viral group
AC patients, although they showed similar trends.

Unfortunately, this supposed protection could
not be attributed to either KIR2DL2 or KIR2DS2
genes, since these encoding receptors showed
contrary inhibitory and activating functions in
NK cells, and, particularly, because they showed
strong linkage disequilibrium. This means that it
is impossible to know whether the observed bene-
ficial effect in preventing AC corresponds to a par-
ticular KIR2D gene or involves both genes. A possi-
ble explanation for this observed protective effect
in non-viral AC patients could be the lower repre-
sentation of the stronger inhibitory KIR2DL2 gene,
which could, in turn, prevent NK cell inhibition,
and indirectly favour an increase in activating NK
cells, establishing signals to kill active HSCs and
so diminish any fibrotic effects [54].

Recently, Motavaf et al. [55] were be able to
amplify the anti-fibrotic activity of NK cells and
ameliorate hepatic fibrosis in mouse and human
co-cultures by iKIR silencing of specific siRNA in
cells from subjects with advanced liver disease.
This information agrees with our observations
about the protective effect of KIR2DL2 against AC
disease. Moreover, it should also be taken into
account that, as demonstrated here, the loss of
KIR2DL2 in patients homozygous for KIR2DL3
clearly reduces this protective effect.

Conversely, an increase in the telomeric activating
KIR (KIR2DS1, KIR2DS5 and KIR2D3DS1) frequency
was observed in AC patients, but this increase only
reached statistical significance when the KIR2DS5

genes in total or non-viral AC groups were compared
with the controls. Data suggest that in the absence
of concomitant viral infection, KIR2DS5 may act as
a susceptibility factor for AC disease.

Until now, the ligand of KIR2DS5 receptor has
remained unknown, although recently it has been
suggested that its association with HLA-C1 may
help protect against ankylosing spondylitis or
acute kidney graft rejection [56]. However, there
is no clear evidence of any interactions between
KIR2DS5 and HLA class | molecules. Despite hav-
ing no known ligand, there are numerous publica-
tions that describe the presence and implications
of the KIR2DS5 gene in various pathologies [57,
58] and others that suggest more strongly its pro-
tective effect in some clinical conditions [59, 60].

This putative effect of KIR2DS5 could be ex-
plained by considering that profibrotic cell types
involved in the production of extracellular matrix
proteins and collagens (myofibroblasts, bone mar-
row-derived progenitor cells or hepatocytes), as
well as Kupffer cells, may express specific ligands
for a receptor encoded by this KIR gene. This would
have a pro-fibrotic effect through the production of
different interferons and cytokines required for HSC
activation. From this point of view, it is important
to note that it has also been observed that alcohol
consumption amplifies the pro-fibrogenic effects
of Kupffer cells through gut permeabilization and
increasing hepatic endotoxin levels [61, 62], while
attenuating the NK-cell anti-fibrotic effect, changes
that would accelerate liver fibrosis in patients suffer-
ing from viral infections [63]. Taken together, these
observations suggest the possibility that a KIR2DS5
ligand is expressed in hepatocytes damaged by al-
cohol consumption, particularly in advanced stages
of AC in patients older than 54 years.

As in the case of the gene pair KIR2DL2/S2, the
effect of KIR2DS5 was mainly seen in non-viral al-
coholic cirrhotic patients older than 54 years, but
not in those aged 54 and under. Perhaps these
differences are due to the involvement of different
NK cell subtypes, depending on the age, because
a decrease in CD56 " NK cells and an expansion
of the CD56%™ NK subset have been associated
with healthy elderly individuals. Additionally, CD57
expression is also higher in elderly populations,
which supports the idea that a remodelling pro-
cess of NK cell subsets may occur during aging,
associated with a gradual decrease in the more im-
mature CD56"%" NK cells and an increase in highly
differentiated CD564™ CD57+ NK cells [64, 65], es-
pecially in light of the fact that age itself does not
necessarily increase the degree of fibrosis.

In view of the results obtained here, a dual func-
tion of NK cells in advanced stages of liver fibrosis
in genetically susceptible patients is conceivable.
Nevertheless, it should be noted that this retro-
spective study has certain limitations, mainly relat-
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ed to the fact that patients were asked to declare
their alcohol consumption, and their statements
did not allow us to extract data on the type of
alcohol or the real amount and intensity of their
consumption. Thus, although there were no limita-
tions concerning the number of analysed patients
for the above-mentioned statistical treatments to
be carried out, new prospective studies are needed
to determine the impact of these variables and to
ratify our results, especially using a larger cohort
of viral alcoholic cirrhotic patients. Moreover, these
results can only be extrapolated to populations of
Caucasian men with AC as the main indication for
LT, and with similar demographic characteristics in
terms of age, sex and body mass index.

In conclusion, the above data taken together
suggest that KIR2DL2 and KIR2DS5 genes behave
in opposite ways, KIR2DL2 appearing to act as
a protector against the cirrhotic process, whereas
KIR2DS5 seems to promote the disease, at least in
patients older than 54 years without viral infections.
For all these reasons and in view of our results, it
would be valuable to know the presence of the
KIR2DS5 gene in men with high alcohol consump-
tion to design new strategies to prevent, detect and
reduce this liver pathology in these patients and
avoid liver transplantation. It would therefore be
very interesting to continue this study, with partic-
ular attention paid to the expression and function
of KIR genes, analysing the interaction with their
known (HLA) class | molecule ligands, and also
to identify KIR2DS5 receptor ligands in cells that
might be involved in the development of AC.
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