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Alpha-1-antitrypsin deficiency (A1ATD) due to homozygosity for the Z allele (ZZ) is an established risk factor for cirrhosis,
but the liver disease risk in heterozygous Z allele carriers (MZ) is controversial. The aim of the present study was to determine
the prevalence of the MZ genotype among patients with cirrhosis and the associated risk of decompensation and liver trans-
plantation/mortality. An unselected cohort of 561 patients with cirrhosis and 248 deceased liver donors were genotyped for
the A1ATD risk alleles Z and S using a validated allelic discrimination assay. Clinical and biochemical parameters were
assessed in 488 genotype MM and 52 MZ patients at baseline when cirrhosis was diagnosed and at the last contact, before
liver transplantation or death, as study endpoints. MZ prevalence was 2.8% among liver donors, 5.8%, 9.1%, 10.9%, and
19.0% in patients with cirrhosis and Model for End-Stage Liver Disease—sodium (MELD-Na) <10, 11-20, 21-30, and >30,
respectively. Among liver transplant recipients, MZ prevalence was 9.7%. MS prevalence was not different between donors,
patients with cirrhosis, or transplant recipients. At the end of follow-up, MELD-Na scores were higher among heterozygous
Z risk allele carriers (16 versus 19; P = 0.03). Decompensation of cirrhosis with ascites or encephalopathy was significantly
more frequent in patients with MZ than in MM patients. In the subgroup with transferrin (Tf) saturation >50% or Tf <180
mg/dL, MZ patients had a significantly higher risk of liver transplantation or death than MM patients. In conclusion, the
genotype MZ is a genetic risk factor for more advanced cirrhosis and decompensation. MZ patients with cirrhosis and hypo-

transferrinemia or increased Tf saturation are at higher risk of death and liver transplantation.
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Alpha-1-antitrypsin deficiency (A1ATD)-associated
liver disease is caused by the aggregation and intracel-
lular accumulation of the mutant protein in hepato-
cytes. The most relevant hepatic risk allele for ATATD
is the serpin peptidase inhibitor Al (SERPINAI) Z
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reticulum; INR, international normalized ratio; IQR, interquartile
range; MELD, Model for End-Stage Liver Disease; MELD-Na,
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fatty liver disease; PIL, protease inhibitor; SERPINAIL, serpin pepti-
dase inhibitor A1; T, transferrin.
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allele. A substitution of a glutamic acid to lysine in
position 342 of the serine protease inhibitor (PI)
alpha-1-antitrypsin (A1AT) causes irreversible mis-
folding and intracellular protein polymerization.")
Clinical consequences of AIAT accumulation in
hepatocytes include cholestatic hepatitis in newborns
and development of cirrhosis, which can affect
patients at all ages.”) Homozygosity for the Z allele
is an established risk factor, but it is unclear why only
a minority of homozygous individuals ever develop
clinically significant liver disease.” The risk con-
terred by heterozygosity for the Z allele is controver-
sial, and genotype MZ is not a generally accepted
risk factor. The S allele is another common A1IATD
risk allele, which does not cause abnormal protein
folding and is not associated with an increased liver
disease risk, unless in compound heterozygosity with

the Z allele (SZ).®¥
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In A1ATD-associated lung disease, the severity of
emphysema is inverse%y correlated to the concentration
of A1AT in plasma.®® The plasma concentration of
the acute phase protein A1AT is only in part deter-
mined by the SERPINAI genotype and is highly vari-
able in MZ patients. This complicates studies on the
liver disease risk mediated by the MZ genotype
because not all patients have low A1AT plasma con-
centrations.”” A1ATD is defined as A1AT in plasma
<80 mg/dL, which has a high positive predictive value
tor PI*Z or PI*S in patients with normal liver func-
tion.®® However, normal plasma A1AT concentrations
exclude neither Z or S allele carrier status nor the pres-
ence of Z protein accumulation in the liver.”®

Hepatocellular damage correlates with the amount of
Z protein accumulation within the cell, which cannot be
assessed noninvasively.”” Data from epidemiological
studies suggest that A1ATD due to heterozygous
SERPINAI mutations is not associated with an
increased cirrhosis risk. ' However, studies in patients
with additional risk factors for chronic liver disease such
as hepatitis C virus infection, cystic fibrosis, or hemo-
chromatosis show that Z allele carriers are more likely to
progress to or present with advanced cirrhosis. '™

To overcome the limitation that the concentration of
A1AT in plasma has poor sensitivity and specificity for
diagnosing heterozygous risk alleles, especially in the
context of advanced liver disease, we genotyped an unse-
lected group of patients with liver cirrhosis, liver trans-
plant recipients, and liver donors for the SERPINAI
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S- and Z-risk alleles and compared allele frequencies
among groups. To determine the liver disease risk medi-
ated by the MZ genotype, clinical and biochemical
parameters of liver function and Model for End-Stage Liver
Disease—sodium (MELD-Na) scores were ascertained at
baseline when the diagnosis of cirrhosis was made and at
follow-up before death or liver transplantation.

Patients and Methods

For this single-center retrospective study, informed
consent for genetic testing, biobanking, and survival
analysis was obtained from all patients included. This
study was approved a priori by the ethics committee of
the Medical University of Innsbruck (study number
UN4218/AN3478).

PATIENT SELECTION
AND DATA ACQUISITION

An electronic medical record search of documents
from the Gastroenterology and Hepatology Depart-
ment of the University Hospital of Innsbruck was car-
ried out. Patients referred for genotyping of
SERPINAI to the Laboratory of Hepatology, Medical
University of Innsbruck, Austria, between January 1,
2000 and December 31, 2016 (n = 2117) were ana-
lyzed. Patients with cirrhosis were identified by an
electronic medical record search of documents of the
University Hospital of Innsbruck for the diagnosis of
cirrhosis. A total of 16,931 documents were identified.
These documents referred to 596 individual patients
with SERPINA1 genotype MM or MZ. A manual
search in these documents was carried out to confirm
the correct diagnosis of cirrhosis based on clinical, lab-
oratory, radiological, and/or histological findings (545
patients, 51 were excluded because cirrhosis could not
be confirmed) and to obtain additional clinical data
(etiology of liver disease and hepatic decompensation).
Patients with ZZ (n = 3) and SZ (n = 2) were also
excluded. DNA samples from 248 SERPINAI geno-
typed liver transplant donors and 21 MS patients with
cirrhosis were used as a control group for comparison
of genotype frequency.

Time of death was obtained from social insurance
institutions. Baseline and follow-up biochemical para-
meters were determined by routine laboratory tests and
were extracted from the electronic medical records.
Baseline laboratory parameters collected at the time of
first cirrhosis diagnosis were recorded for each patient.
The study endpoint was defined as last patient contact,
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liver transplantation, or death. Laboratory parameters
at the last possible follow-up visit were recorded. For
liver transplant recipients, the last blood test prior to
liver transplantation was used. For survival analysis, the
time from the diagnosis of cirrhosis to liver transplan-
tation or death as a combined endpoint was assessed.
Genotyping was carried out using an internally vali-
dated TagMan allelic discrimination assay (TagMan
SNP Genotyping assay for reference SNP ID number
rs17580 and rs28929474, ThermoFisher Scientific,

Vienna, Austria).

STATISTICAL ANALYSIS

Quantitative data were expressed as means * standard
deviation if normally distributed or for non-normally
distributed variables as medians with first and third
quartiles. Normality of distribution was determined
by the Kolmogorov-Smirnov test. Frequencies are
reported as absolute numbers or percentages as indi-
cated. Quantitative variables were compared using the
paired or unpaired Student # test or the nonparametric
Mann-Whitney U or Wilcoxon signed-rank test as
appropriate. Contingency tables were tested for sig-
nificance using the Fisher’s exact or %2 tests. A P value
<0.05 was considered as statistically significant. Rece-
iver operating characteristic calculations were per-
formed, and the Youden index was applied to calculate
the optimal threshold. Binary logistic regression analy-
sis was used to estimate the probability of the associa-
tion between explanatory variables with SERPINAI
genotype. Survival was graphed using the Kaplan-
Meier method, and groups were compared with the
log-rank test. To assess prognostic significance of spe-
cific parameters in a cumulative incidence analysis, the
Gray’s test was used. To identify predictors of mortal-
ity, a Cox proportional hazards model was used. Cor-
relation was carried out using the Spearman’s rank
correlation  coefficient. The Benjamini-Hochberg
method was used with an accepted false discovery rate
of <0.05 to correct for multiple testing. All statistical
analyses were performed using SPSS Statistics, version
22 (IBM, Chicago, IL); MedCalc, version 17 (Med-
Calc Software, Ostend, Belgium); and R, version 3.4.1
(R Project for Statistical Computing, Vienna, Austria).

Results

In this cohort of 540 patients with cirrhosis, heterozy-
gous Z allele carriers and patients with SERPINA1
genotype MM had comparable liver function at

746 | ORIGINAL ARTICLE

LIVER TRANSPLANTATION, June 2018

A L, — B .. —_—
Q
5 % o 3
A o
o o
1] w
Z o
Q 20 o 204
o =
=
104 I 101
.
MM Mz MM Mz

SERPINA1 genotype SERPINA1 genotype

89.1

w o i s

Percent

MM MZ MM MZ MM MZ MM MZ
MELD-Na €10 MELD-Na 11-20 MELD-Na 21-30 MELD-Na >30

FIG. 1. (A) MELD-Na and (B) MELD scores of patients with
MM or MZ SERPINAI1 genotype at the time of follow-up. (C)
Comparison of SERPINAI genotype frequencies in patients
grouped according to MELD-Na score quartiles. The overall
degree of association between increasing MELD-Na score and
MZ prevalence was statistically significant (P = 0.01, 1-sided
Mantel-Haenszel test for linear-by-linear association).

baseline and a significantly higher median MELD-Na
and Model for End-Stage Liver Disease (MELD)
score at the end of follow-up (Fig. 1A,B; Supporting
Table 1). Age and underlying etiology of liver disease
were not significantly different between the group of
MM and MZ patients (Tables 1 and 2). Patient

TABLE 1. Etiologies of Patients With the MM or

MZ Genotype
n MM n MZ
Alcoholic liver disease 122 25% 10 23%
NAFLD/cryptogenic 144 30% 11 26%
Viral 138 28% 14 33%
Other 84 17% 8 18%

NOTE: Nine patients with the clinical diagnosis AIATD were
excluded from the analysis.
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TABLE 2. Patient Demographics and Follow-Up Biochemical Characteristics in Patients With SERPINA1 MM and

MZ Genotype

n MM n Mz P Value
Age, years 488 59.0 (562.3-65.5) 52 59.2 (52.6-64.5) 0.95
BMI, kg/m? 305 25.5 (22.5-28.6) 30 28.1 (24.6-30.8) 0.03
MELD score 488 14 (10-19) 52 15 (11-21) 0.047
MELD-Na score 488 16 (11-22) 52 19 (14-24) 0.03
ATAT, mg/dL 378 170 (146-197) 39 100 (81-118) <0.001
Iron, umol/L 443 17.2 (10.6-26.1) 44 20.4 (12.9-27.3) 0.20
Ferritin, ug/L 443 196.0 (62.0-510.0) 44 280.5 (82-686.8) 0.13
Tf, mg/dL 447 214.0 (151.0-267.0) 48 199.0 (151.0-244.3) 0.31
Tf saturation % 443 36.0 (19.0-69.0) 44 42.0 (20.0-82.5) 0.16
Creatinine, mg/dL 488 0.9 (0.7-1.1) 52 0.92 (0.8-1.2) 0.70
Bilirubin, mg/dL 488 2.0 (1.1-3.9) 52 271 (1.4-5.1) 0.03
INR 488 1.3 (1.2-1.6) 52 1.6 (1.3-1.8) 0.004
Fibrinogen, mg/dL 466 231.0 (166.8-319.3) 51 164.0 (96.0-243.0) <0.001
Albumin, mg/dL 486 3452.0 (3003.8-3930.0) 52 3090.0 (2762.5-3730.0) 0.02
Platelets, G/L 488 81.0 (63.0-123.0) 52 72.5 (563.0-130.0) 0.88
Sodium, mmol/L 488 137.0 (134.0-140.0) 52 136.5 (132.0-139.8) 0.06
CRP, mg/dL 488 0.6 (0.2-1.5) 52 0.8 (0.3-1.6) 0.28
ALT, UL 488 33.0 (22-51.8) 52 33.0 (23-568.3) 0.69
Time diagnosis to follow-up years 488 2.4 (1.0-6.4) 52 2.0 (0.8-4.6) 0.16
Death or transplantation affer 1 year (numbers at risk), n 488 80 (375) 52 11 @7) 0.43
Death or transplantation after 3 years (numbers at risk), n 488 189 (218) 52 25 (20) 0.27

NOTE: Data are given as median (IQR), unless otherwise noted.

stratification by MELD-Na quartiles showed a gradu-
ally increasing prevalence of risk allele carriers (MZ) in
subgroups with higher MELD-Na scores (Fig. 1C).
When individual markers of liver function were com-
pared, albumin and fibrinogen were significantly lower
and international normalized ratio (INR) was signifi-
cantly higher in the MZ group (Table 2). These find-
ings show that across etiologies MZ is associated with
more advanced liver disease at the end of follow-up.

When patients were grouped by transplant status,
the prevalence of MZ was highest among liver trans-
plant recipients. Heterozygosity for the Z allele was
less prevalent in nontransplanted patients with cirrho-
sis than in liver transplant patients, but still signifi-
cantly more common than in a control group of liver
donors, representing a control group from the same
geographical region (8.8% versus 3%; P = 0.01). This
difference was not found for the S allele, which had a
similar prevalence among the 3 groups (Fig. 2). Taken
together, these findings demonstrate that the Z but
not the S allele is more prevalent among patients with
end-stage liver disease and liver transplant recipients
than in liver donors.

In search for specific decompensating events in asso-
ciation with PI*MZ, the prevalence of ascites, hepatic
encephalopathy, variceal bleeding, and hepatocellular
carcinoma was compared between groups of patients
with cirrhosis and different SERPINAI genotypes.
This analysis revealed that at the end of follow-up,

hepatic encephalopathy and ascites were significantly
more common in MZ patients. No statistically signifi-
cant differences in variceal bleeding or HCC were
observed (Table 3).

Next, the diagnostic utility of A1AT concentration
in serum was assessed for the identification of MZ
patients at baseline. As shown in Fig. 3, mean serum
A1AT concentration was significantly lower in the
MZ patient group when compared with MM patients
(108.0 versus 174.0 mg/dL; P < 0.001). Although
A1AT is negatively correlated with MELD-Na score
(p = —0.13; P = 0.009; Fig. 4), binary logistic regres-
sion analysis showed that the plasma concentration
of A1AT is a MELD-Na independent predictor of
SERPINAI1 genotype (P < 0.001). The optimal diag-
nostic test performance was achieved with a cutoft
of 137 mg/dLL A1AT concentration (Supporting Fig.
1). An A1AT concentration <137 mg/dL had a
sensitivity of 84% (95% confidence interval [CI],
70.9%-92.8%) and a specificity of 86.9% (95% CI,
83.4%-89.9%) for the diagnosis of risk allele carrier
status. The corresponding negative predictive value is
97.7%, and the positive predictive value is 43.2%.

In search for laboratory parameters associated with
A1AT, a significant negative correlation with MELD-
Na and INR as surrogates of liver function was con-
firmed. In addition, AIAT and C-reactive protein
(CRP) as an indicator of inflammation were positively
correlated. AIAT is negatively correlated with
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FIG. 2. Comparison of SERPINAI genotype frequencies in patients with liver cirrhosis, liver transplant recipients, and controls

(healthy liver donors).

transferrin (Tf) saturation and positively with Tf (p =
-0.28, P < 0.001; p = 0.17, P < 0.001; Fig. 4), but
no significant correlation with the acute-phase reactant
ferritin was found.

To study the impact of the MZ genotype on sur-
vival, a Kaplan-Meier curve analysis was carried out.
As shown in Fig. 5A, the proportion of patients sur-
viving without liver transplantation was lower in the
group of Z allele carriers at all time points, when
compared with MM patients. However, this differ-
ence did not reach statistical significance (P = 0.07).
To further stratify survival analysis for established
risk factors for liver transplantation and death,
patient subgroups with MELD-Na score >15, Tf
saturation >50%, or Tt < 180 mg/dL were analyzed
independently. As shown in Fig. 5B-D, MZ was

TABLE 3. Decompensating Events in Patients With
Cirrhosis Stratified by SERPINA1 MM and MZ Genotype
n MM n MZ P

No ascites 144 30.2% 9 18.0% 0.046
Ascifes 333 69.8% 41 82.0%

No encephalopathy 251 524% 19 38.8% 0.047
Encephalopathy 228 476% 30 61.2%

No variceal bleeding 328 788% 38 826% 0.35
Variceal bleeding 88 21.2% 8 17.4%

No hepatfocellular carcinoma 329  67.4% 40 76.9% 0.11
Hepatocellular carcinoma 159 326% 12 23.1%
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associated with increased risk of liver transplanta-
tion/mortality as compared with MM when strati-
fied for each risk factor. Significant differences were
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FIG. 3. A1AT plasma concentrations of patients with SERPINAI
genotype MM and MZ at the time of diagnosis of cirrhosis.
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noted in patients with a Tf saturation >50% and in
patients with Tf < 180 mg/dL. Multivariate Cox
regression analysis further showed that in the
subgroup of patients with high Tf saturation, the
SERPINAI genotype was a MELD-Na independent
predictor of transplantation/survival (hazard ratio,
1.32; 95% CI, 1.03-1.70; P = 0.03; Supporting
Table 2).

To assess the effect of the SERPINA1 genotype
on each outcome of the combined endpoint trans-
plantation/mortality separately, a competitive risk
analysis was carried out. The majority of patients
underwent liver transplantation, and only a small
proportion of patients died. As a result, for the entire
cohort and all subgroups analyzed (patients with Tf
saturation >50%, Tf of <180 mg/dL or MELD-Na
>15 at baseline), the likelihood for receiving a donor
organ was higher in patients with the MZ genotype
at all time points, whereas mortality did not differ

between subgroups (Supporting Fig. 2).

Probability
g

0.00

o 12 24 36 48 60 72 84 96
Time (months)
Number at risk:

MM 156 106 66 51 39 30 25 18 15

MZ 22 11 5 4 3 2 2 1 0

0.50:

Probability

0.00:

Time (months)
Number at risk:

MM 293 213 151 125 94 74 58 43 34

MZ 36 23 14 9 7 5 4 3 2

FIG. 5. Kaplan-Meier analysis: (A) transplant-free survival in all patients stratified by SERPINAI genotype. Transplant-free survival
in the subgroup of patients with (B) Tf saturation > 50%, (C) with Tf of <180 mg/dL, and (D) with MELD-Na >15 at baseline.
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Discussion

In this cohort of patients with cirrhosis, we found that
MYZ patients have significantly higher MELD-Na
scores and impaired hepatic synthetic function without
differences in kidney function. These findings support
the conclusion that the MZ genotype is a risk factor
for more advanced disease in patients with cirrhosis.

Hepatocellular accumulation of misfolded A1AT Z
protein polymers is an established risk factor for the
development of cirrhosis in adults homozygous for the
7 allele.*>'® In contrast, the risk conferred by the
MZ genotype is controversial. ') It has been pro-
posed that endoplasmic reticulum (ER)-stress
response and ER-associated degradation can protect
affected cells from potential damage and remove the
mutant protein. When only a single allele is affected as
in MZ patients, these protective mechanisms are more
likely to fully compensate for the genetic defect.**®
In accordance with this hypothesis, one can speculate
that additional hepatocellular stressors such as alcohol,
fatty liver, or chronic hepatitis virus infection are more
likely to overcharge the cellular ER-stress response in
MY patients and cause cell death.

Findings from our cohort also demonstrate that
higher MELD-Na scores and more advanced liver dis-
ease are reflected in a higher prevalence of patients with
the MZ genotype, but not the genotype MS, among
patients with liver cirrhosis and liver transplant recipi-
ents when compared with liver donors. The prevalence
of MZ in the donor group matched the expected fre-
quency of the general Austrian population (2.9%).%

The higher liver transplantation rate among MZ
patients was also paralleled by more frequent hepatic
decompensation with ascites and hepatic encephalopathy
but not due to variceal hemorrhage or occurrence of
hepatocellular carcinoma. Epidemiological studies sug-
gest the ZZ patients have an increased risk for the
development of hepatocellular carcinoma.™ Obvious
differences between previous studies and the present
cohort are that liver disease in MZ patients may not just
be a mild variant of ZZ A1ATD and the increased risk
reported in patients with the AIAT phenotype PI*ZZ
could be accounted for by the increased prevalence of cir-
rhosis in these patients. PI*ZZ therefore is a risk factor
tor HCC when compared with a control group without
cirrhosis, but patients with established cirrhosis heterozy-
gous for the Z allele do not have a higher HCC risk than
patients with cirrhosis and SERPINAI genotype MM.

The risk for reaching the combined endpoint death
or liver transplantation was not significantly different
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for patients with cirrhosis with genotype MZ and
MM. In contrast, in the subgroup of patients with low
Tt (<180 mg/dL) or elevated Tf saturation (>50%),
MZ patients had significantly worse outcomes com-
pared with MM controls. This observation further
supports previous studies showing an association
between ATATD and iron metabolism.?°?¥ The
functional link between iron and A1AT in cirrhosis is
also reflected in the results of our correlation analysis.
Impaired hepatic synthetic function is expected to
reduce the concentration of A1AT and Tf, whereas
inflammation is expected to increase A1AT but reduce
Tt. The observed negative correlation between A1AT
and Tf suggests that in cirrhosis, inflammation rather
than liver function determines the functional interac-
tion of A1IAT and serum iron parameters.

The prognostic implication of the Z allele renders
diagnosis of this risk factor important. In contrast to
previous studies, we have used genotyping instead of
isoelectric focusing for the diagnosis of the SERPINA
genotype in unselected patients with cirrhosis.
Although median AIAT concentration was signifi-
cantly lower in MZ patients, the positive predictive
value was only 43%. This highlights that quantitative
analysis of A1AT concentration in plasma is insuffi-
cient to screen for the risk allele. Accordingly, Cox
regression analysis did not show that AIAT concen-
tration is a MELD-Na-independent significant pre-
dictor of clinically relevant endpoints. In contrast, MZ
is an independent risk factor for liver disease severity,
liver transplantation and death in patients with cirrho-
sis, and elevated Tf saturation.

According to current guidelines, only patients with
unexplained chronic liver disease should be tested. Our
results indicate that in all patients with cirrhosis,
regardless of the underlying etiology Z allele carriers
are at higher risk.?? Considering the low positive pre-
dictive value of A1AT serum concentration, for accu-
rate risk assessment and prognostication genotyping
tfor the Z allele should be considered the first-line
test in all patients with cirrthosis. Currently, early
liver transplantation is the only causal treatment for
A1ATD, but targeted therapies are under develop-
ment, which include chemical chaperones, autophagy
stimulating agents, and silencing of A1AT production
in the liver (reviewed in Ref. 16).

In conclusion, SERPINAI genotyping for the Z
allele when cirrhosis is diagnosed can assist risk assess-
ment. PI*MZ patients with low Tf concentration or
elevated Tf saturation are especially more likely to
develop encephalopathy or ascites.
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