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Abstract

The Leonardo da Vinci project "Introducing standards of the best medical practice for patients with
inherited alpha-1-antitrypsin Deficiency in Central Eastern Europe" belongs to a sub-programme of
the European Commission's Lifelong Learning Programme. It started in November 2011 and is con-
ducted in cooperation with eight European partners. The project’s main goal is to support deve-
lopment of a Central-Eastern European Network (CEE) for alpha-1-antitrypsin Deficiency (AATD)
early diagnostics and treatment. Alpha-1-antitrypsin (AAT) is one of the major serine protease inhi-
bitors in the human circulation, and is an acute phase protein produced predominantly by hepatocytes.
Severe inherited AATD deficiency occurs in about 1 in 2.500 individuals; most commonly in those
of European ancestry. AATD considerably increases the risk of liver disorder in infants, children and
adults, while respiratory complications are observed mainly in adults. The average concentration of
AAT in plasma in healthy individuals is 1.3 mg/ml. The concentration of AAT during acute phase
processes rises 3- to 4-fold above normal. Alphal-Antitrypsin deficiency (AATD) is a disorder
inherited in an autosomal co-dominant fashion. The mutant Z AAT protein differs from the normal
M variant by a single amino acid substitution (Glu 342 Lys). Severe ZZ AAT deficiency was first
recognized as a hereditary condition predisposing to disease on the basis of 90% lower plasma levels
of the protein arising not from the lack of AAT synthesis, but from a defect in its secretion. Most
Caucasians of North European descent are homozygous for the normal M variant of AAT, but some
carry the Z allele, which is associated with an increased risk of early-onset emphysema and liver
disease. The great advantage and main focus of the project is to create a long-lasting European
network of cooperation between medical institutions involved in AATD medical care. The network
is a response to the needs of CEE countries and at the same time it will help them to participate in the
broader frame of the European network of medical centres specializing in AATD.

Key words: rare diseases, alpha-1-antitrypsin Deficiency, Central-Eastern Europe, European Commis-
sion's Lifelong Learning Programme, clinical manifestation, diagnostics, networking.

The project "Introducing standards of the alpha-1-antitrypsin Deficiency in Central Eastern
best medical practice for patients with inherited Europe" (Alfa-1-Qual) belongs to a group of
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medical initiatives funded by the Leonardo da
Vinci programme. It is a sub-programme of the
European Commission's Lifelong Learning Pro-
gramme which was established in 2007. It is con-
centrated on the teaching and training needs of
European workers who can acquire new skills,
knowledge and qualifications. Our project fun-
ded by the Leonardo da Vinci programme star-
ted in November 2011 and is conducted in a
cooperation between eight European partners:
Vilnius University Faculty of Medicine, Lithua-
nia, The National Institute of Tuberculosis and
Lung Diseases (project coordinator), Poland,
Hannover Medical School, Germany, Marius
Nasta Institute of Pneumophysiology, Romania,
Leiden Univeristy Medical Centre h/o Aca-
demisch Ziekenhuis Leiden, the Netherlands,
PJ Safarik Univeristy, Faculty of Medicine,
Slovakia, Dr.Georgi Stranski UMHAT Pleven
EAD, Bulgaria, Universita degli Studi di Pavia,
Italy. The project’s main goal is to support the
development of a Central Eastern European
Network (CEE) for alpha-1-antitrypsin Defici-
ency (AATD) early diagnostics and treatment
and to serve as a model of control of single rare
disease in the CEE region.

Discovery of Alphal-antitrypsin defici-

ency and its link to emphysema and

liver cirrhosis

In 1952, C-B Laurell at Malmo Univer-
sity Hospital, Sweden, made outstanding con-
tributions to protein research by introducing
plasma protein electrophoresis as a tool for cli-
nical investigations. Medical investigators in
Malmo began to use this technique, and in
1961 clinicians in respiratory medicine intro-
duced the use of plasma electrophoresis for all
patients. C-B Laurell personally checked every
electrophoretic result and, unexpectedly, noted
the absence of the alphal band in two samples,

both of which were from a hospital specialized
in respiratory medicine [1, 2]. At this point C-B
Laurell and his co-workers verified that the two
sera had a very low AAT activity, and there-
fore the two patients had an apparent defici-
ency of AAT. Both suffered from severe respi-
ratory insufficiency caused by emphysema.

This finding led to a retrospective analy-
sis of hundreds of stored paper electrophoretic
patterns in the laboratory archives of the Malméo
and Lund hospitals. Investigators found several
more AAT deficiency patterns, which had earlier
been overlooked. C-B Laurell and Sten Eriksson
evaluated these patients thoroughly including
spirometry, chest X-ray and plasma samples. It
then became evident, as published in 1963 by
Laurell and Eriksson [3], that AAT deficiency is
an inherited condition and relates to emphysema.

Since AAT is an acute phase protein
produced mainly in the liver, investigators in
Malmé expected to find abnormal liver func-
tion in AAT deficient patients. However, they
were disappointed to find normal results for
liver function tests in a number of cases. Eriks-
son wrote that in 1962 they had seen a patient
with cryptogenic, decompensated cirrhosis who
also lacked the AAT band in the electrophore-
sis strip. Unfortunately, the finding was misin-
terpreted in the belief that the patient had
developed an acquired AAT deficiency second-
dary to a severely impaired liver function. The
association between liver diseases and inheri-
ted AAT deficiency, therefore, was document-
ted for the first time not in Malmo, but in the
USA by Sharp and colleagues, in 1969 [4].

Thus, the clinical importance of AAT was
highlighted in individuals with inherited AAT
deficiency who exhibit an increased suscepti-
bility to developing chronic inflammatory con-
ditions including chronic obstructive pulmo-
nary disease, and liver diseases (Figure 1).
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Figure 1 — Aschematic diagram depicting the role of polymers of alpha-1-antitrypsin in the
development of liver and lung diseases (Alam et al. J Respir Cell Mol Biol, 2010)

Genetic variants of Alphal-antitrypsin

and diagnosis

Alphal-Antitrypsin (AAT), also referred
to as alpha;-proteinase inhibitor or SERPINAL,
is an acute phase protein mainly synthesised
(70-80%) by the liver cells and secreted into the
circulation. The average plasma concentration
of AAT is normally about 1.3—1.7 mg/mL, with
a half-life of 3 to 5 days. Caucasians of nort-
hern Europe and North America have the highest
allele frequencies for AAT deficiency [5]. The
alleles of AAT are inherited in an autosomal
codominant manner (Figure 2), and the most
common allele is M, its frequency being at least
0.87. The Pi-system was developed, based on

the migration of the AAT variants in an electric
field. The position of the migrated proteins is
identified by a letter, where M is normal, while
the positions of the slower-moving proteins are
marked by letters before M in the alphabet and
those of the faster-moving proteins are denoted
by letters after M. At least 60 deficient muta-
tions have been described [6]. They comprise
single point mutations, truncated (nonsense,
frameshift and splicing) mutations, deletions of
single codons and larger deletions. Most of
them are located in the four coding exons of
the gene. The most common deficient variants
are named Z (G/A, Glu342Lys, in exon V) and
S (A/T, Glu264Val, in exon III) (Table 1).

Table 1
Main genetic variants of AAT
Plasma Allele frequency
Variant Mutation Genotype levels in European Effect of mutation
(mg/dL) Caucasians

M MM 150-350 93/100 Normal function and
plasma levels

V4 Glu 342- MZ 90-210 4.6 or 10/100 Plasma levels lower;

Lys 342 V4 2.5-7 1/1600 increased risk of
ZS 75-120 1/750 developing disease
S Val264- MS 80-136 5 or 10/100 Plasma levels lower;
Glu264 SS 100-140 1/1600 associations with
Sz 75-120 1/750 diseases increased or

not clear

Null (Q0) | Various <25 Rare No detectable AAT
levels; increased risk
of developing
disease

Dysfunc- | Various Variable Rare Reduced levels or

tional lost function;
increased risk of
developing disease




When both parents are heterozygotes,
each sibling of an affected individual has a 25%
chance of being affected, a 50% chance of being
a carrier, and a 25% chance of being unaffected
and not a carrier (see Figure 2). In the rare
instance in which one parent is homozygous (ZZ)
and one parent is heterozygous, the risk to each
sibling of being affected is 50%. Unless an indi-
vidual with AATD has children with a reproduc-
tive partner who is affected or a carrier, his/her
offspring will be obligate heterozygotes (carriers)
for the disease-causing mutation.

The current approach to laboratory diag-
nosis of AAT deficiency uses a combination of
serum AAT measurement and identification of
the AAT phenotype by the isoelectric focussing
(IEF) pattern. More recently, genotyping for S
and Z variants is performed by PCR-RFLP (Po-
lymerase Chain Reaction-restriction fragment
length polymorphism) or melting probes. Sequ-
encing is the final procedure carried out to deter-
mine the actual variant(s) when genotyping is
unable to provide a complete identification of
both AAT deficient alleles.
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Figure 2 — Alpha-1-antitrypsin is inherited
in an autosomal codominant pattern

Liver diseases with AAT deficiency

Histological examination of the liver of
individuals who are homozygous (ZZ) or hete-
rozygous (MZ or SZ) for the Z allele typically
shows that the hepatocytes contain globules of
an amorphous material which are resistant to
diastase and positive for periodic-acid-Schiff
(PAS), and immunologically stained for AAT
[7]. Today it is well established that Z, but also
Siiyama (Ser53Phe) and Mmalton (52Phe del)
variants of AAT, form polymers and are retai-
ned as PAS-positive inclusion bodies in the
liver. This accumulation of polymerized AAT

within the endoplasmic reticulum (ER) of hepa-
tocytes is thought to be associated with increa-
sed risk of ing liver diseases. Research from
several laboratories has identified a possible
role for the ER stress in Z AAT-induced heap-
tocyte injury, however, the causative role of ER
stress in human liver diseases has yet to be
proven [8, 9].

Specific symptoms of an AAT deficiency
child can be such as abdominal (belly) swelling
or pain that does not go away, bruising easily,
dark urine, or light coloured stools. Moreover,
there can be seen itching all over body, not gai-
ning weight or growing as fast as other children
of the same age; vomiting (throwing up) blood,
or passing bloody or black stools, yellowing of
the skin or the whites of the eyes.

In infants liver disease associated with
77 AATD typically presents as neonatal chole-
static jaundice which often subsides spontaneo-
usly after a few months. However, the outcome
in later childhood and adolescence varies a lot,
ranging from normalization of liver test results
to early cirrhosis requiring liver transplantation
[10]. As a matter of fact, even in children with
an apparently favourable outcome, a significant
degree of liver fibrosis may be present [11].
Why only some Z subjects develop liver dise-
ase is not known, and currently no medical tre-
atment is recommended for liver disease asso-
ciated with AATD.

In the follow-up study of 44 children with
AATD-associated liver disease initially mani-
fest as cirrhosis or portal hypertension, outco-
mes ranged from liver transplantation in two, to
relatively healthy lives up to 23 years after dia-
gnosis in seven [12]. The overall risk to an
individual with ZZ of developing severe liver
disease in childhood is generally low (~2%);
the risk is higher among siblings of a child with
the ZZ type and liver disease. When liver abnor-
malities in the proband are mild and resolve,
the risk of liver disease in siblings with the PI
Z7Z type is about 13%. When liver disease in
the proband is severe, the risk of severe liver
disease in siblings with the ZZ type may be
about 40% [13].

Identification of pre-symptomatic biomar-
kers is, therefore, the prerequisite for further
pathophysiological studies of the liver disease
processes in ZZ AATD.

In a prospective screening study of 200,000
newborns in Sweden, between November 1972
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and September 1974, 120 children were identi-
fied as being ZZ and 48 SZ AATD [14]. Out of
these 168 children with AAT deficiency, 1 SZ
and 5 ZZ children died in early childhood, 14
77 infants had prolonged obstructive jaundice,
9 had severe clinical and laboratory evidence
of liver disease, 5 had only laboratory evidence
of liver disease, and 8 had minimal abnormali-
ties in serum bilirubin and hepatic enzyme
activity and variable hepatosplenomegaly. 52%
of ZZ and 24% of SZ infants gave abnormal

results from the liver-function tests at 3 months.

From this study the conclusion is that most of
the PiZZ and PiSZ cases are associated with he-
patic dysfunction during the first three months
of life.

In this cohort the natural history of liver
diseases and routine liver test abnormalities have
been surveyed from infancy up to 40 years of
age in AATD individuals identified. A subset
of 14 patients presented with neonatal cholesta-
sis, and 3 of them developed severe liver dise-
ase [14]. Other ZZ AATD individuals from ado-
lescence onwards presented no clinical symp-
toms of liver disease, and less than 10% had
marginally abnormal liver test results [15-17].
Unfortunately, from retrospective studies we
know that up to 25% of those with ZZ AATD
may suffer from liver cirrhosis and from liver
cancer in late adulthood [18-20].

Respiratory disorders with AAT

deficiency

The first signs and symptoms of lung dise-
ase caused by AAT deficiency usually appear
between ages 20 and 50. The earliest symptoms
can be shortness of breath following mild acti-
vity, wheezing, persistent cough, recurrent lung
infections, persistent sputum (or phlegm) produc-
tion. In addition, a history of suspected aller-
gies and/or asthma, and sinus infections can be
related to inherited AAT deficiency.

If a child has been diagnosed with AAT
deficiency, it is important to protect him/her from
exposure to environmental pollutants that can
be inhaled, including pollen, dust, organic fumes,
and second-hand tobacco smoke. These sub-
stances can irritate airways, and cause or worsen
lung problems. Chemicals can also be absorbed
through the skin and thus damage the liver.

This protection is necessary because envir-
onmental pollutants, specifically second-hand
smoking, can destroy functional activities of
AAT protein which is already at much lower
concentrations in AAT deficiency subjects if
compared to those with a normal genetic variant.

The statements above are clearly suppor-
ted by the results from the study investigating
the effects of second-hand tobacco smoke on
children with reduced levels of AAT [21]. Ran-
dom samples of school children (aged 9-11 yrs)
(n = 3,526) were studied according to the Inter-
national Study of Asthma and Allergies in
Childhood (ISAAC) phase II protocol, inclu-
ding parental questionnaires, pulmonary function
and allergy testing. Children with low levels of
AAT showed significant, albeit small, decree-
ments in baseline lung function. When exposed
to second-hand tobacco smoke pronounced de-
crements of pulmonary function, particularly in
measures of mid- to end-expiratory flow rates,
were seen in these children as compared to
exposed children with normal levels of AAT.

Thus parents of children with AAT defi-
ciency should be advised to prevent their children
from being exposed to environmental tobacco
smoke and dissuade them from taking up smoking.

Whether AAT deficiency increases the
risk of developing early childhood asthma is
not clear. For example, in a random sample of
children (aged 9-11 years; n = 5629) AAT geno-
types MS or MZ, or low AAT plasma levels,
were found not to be associated with an increa-
sed risk of developing asthma. However, asthma-
tics with low levels of AAT were particularly
prone to develop airway hyperresponsiveness
and reduced lung function [22].

In another study 1992 [23] ten children and
adolescents (aged four to 21 years) with the ZZ
AAT deficiency were investigated with regard
to obstructive airway disease, and tests of lung
function and allergy tests were performed. It
was shown that bronchial asthma occurred in
three out of ten patients and was no indication
of emphysema in any of the nine patients. No
statistically significant increased incidence of
bronchial asthma was found among unselected
ZZ-patients compared to the overall population.

However, in a study performed by Colp
et al, 1993, a survey of 393 Puerto Rican and
354 non-Hispanic paediatric patients at Beth
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Israel Hospital, New York, revealed a signifi-
cantly larger percentage of asthmatic subjects
among Puerto Ricans [24]. Next, AAT concen-
tration and phenotypes in 61 Puerto Rican
asthmatic children revealed a significantly larger
number with a deficient S or Z variant of AAT.
A family history of asthma was more common
among asthmatic than control subjects and was
most common for AAT deficiency AAT car-
riers in either asthmatic or control subjects.

The development of childhood asthma or
other airways disorders may occur in separate
cases with AAT deficiency. Whether asthma is
more common or not among AAT deficiency
subjects remains to be proven.

Other diseases associated

with AAT deficiency

Although AAT deficiency is perhaps best
known as a cause of early, severe, and rapidly
progressive emphysema in adults, and liver cir-
rhosis in children and adults, multiple organ sys-
tems may be affected resulting in a broad spec-
trum of clinical disease such as hepatitis, haemor-
rhagic diathesis, Ehlers-Danlos-like syndrome,
pancreatic disease, and panniculitis. Specifically,
several case reports show an association between
AAT deficiency and allergic dermatitis, eczema,
panniculitis and other disease in childhood [25].

AAT deficiency was recently found to be
associated with joint dislocation and scoliosis
in Williams syndrome (WS). Elastin deficiency
is the proximal cause for the connective tissue
abnormalities in WS and elastase is the primary
enzyme that causes elastin degradation. Low
levels of AAT result in decreased elastase inhi-
bition and therefore uncontrolled elastase may
promote increased elastin degradation during
inflammation.

Inguinal hernias are typically diagnosed
in infancy in WS and occur in ~40% as compa-
red with ~5% incidence in the general paedi-
atric population [26]. Because decreased elastic
fibres in the abdominal wall as a consequence
of aging are associated with inguinal hernias in
the general population, it was speculated that
AAT deficiency might be associated with her-
nia occurrence in WS. Authors [27] examined a
cohort of 205 individuals (age at the time of
examination ranged from 9 months to 45 years)
with WS for mutations in the AAT gene, and
found that individuals with classic WS dele-

tions and AAT genotypes MS or MZ were more
likely than those with a normal MM genotype
to have joint dislocation or scoliosis. However,
carrier status for AAT deficiency was not cor-
related with the presence of inguinal hernia or
with presence or severity. These findings sug-
gest that genes important in elastin metabolism
are candidates for variability in the connective
tissue abnormalities in WS.

Conclusion

AAT deficiency is a genetic disease cha-
racterized by low levels and/or function of AAT
protein. AAT deficiency can result in the deve-
lopment of COPD, liver disease, and certain
skin conditions [28]. The disease can be diagno-
sed by demonstrating a low level of AAT pro-
tein and genotype screening for S and Z muta-
tions, which are the most common. However,
there are many genetic variants in A1AT defi-
ciency, and this screening may miss rarer cases,
such as those caused by dysfunctional protein
but not the deficiency in protein levels. The
wide variation in possible mutations, limita-
tions in diagnostics, points to the importance of
combining clinical suspicion with measurement
of protein levels, phenotypic analysis, and in
appropriate cases expanded genetic analysis.
So far, the main facts suggesting when to
suspect deficiency of AAT are:

» Asthma, chronic bronchitis, emphysema
in a young individual (less than 45 years old).

* Emphysema in a non-smoker.

» Family history of emphysema and/or li-
ver disease (unexplained cirrhosis or hepatoma).

* Clinical findings or history of unexpla-
ined chronic liver disease.

* Clinical findings or history of pannicu-
litis.

The great advantage and main focus of the
Alfa-1-Qual project is to create a long-lasting
European network of cooperation between me-
dical institutions involved in AATD medical
care and strengthen efforts in favour of innova-
tive pulmonology. The network is a response to
the needs of CEE countries and at the same
time it will help them to participate in the bro-
ader frame of the European network of medical

centres specializing in AATD [29].
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Pesume

BOBEJIYBAILE CTAHJAPIA

3A HAJJIOBPA MEJULIMHCKA TPAKTHKA
3A IAIMEHTH CO HACJIEJHA
AJI®A-1-AHTUTPUIICUH
JEPULMEHLMIA BO LIEHTPAJTHA

H BO NICTOYHA EBPOIIA

Apynnc Baanymuc', Anrupaac Yrryc?,
Pumanrac CTyKac3, Auarupaac Bame.Jmc“,
Jlec6er Cunepuyc’ u Leonardo da Vinci Alfa-1-
Qual No. LLP-LdV-PRT-2011-LT-0300 project

group

! Knuuuka 3a nercku 6oiecty,

Yuusepsurer Bo Bunnyc, JIutBanuja

> Ozzen 3a XyMaHa i MeIMIIMHCKA TeHETHKA

’ IHCTHTYT 3a jaBHO 371paBje

*Onnen 3a husnkanHa pexaGUINTAIH]a M CTIOPTCKA
Meaunmnaa, Bunnyc, Jlurpanuja

> PaGoTHa rpyma 3a peTku 6osectu Ha EBporckara
akajeMuja 3a neaujarpuja, bpucen, bexruja

IIpoexrot Jleonapno na Buwum ,.BoBemysa-
b€ Hajao0pa MeIMLMHCKA MPAKTUKa 3a MalUEeHTH
co HacnenHa anda-1-aHTUTPHUIICUH IepUIHEHIIH]ja
Bo llentpanna u Bo VMcrouna EBpona“ mpumara Ha
moTnporpaMara Ha JI0)KMBOTHA Mporpama 3a yuermhe
Ha EBpornickara komucuja. Toj 3ari04Ha BO HOEMBPH
2011 roguHa U ce crpoBeayBa BO KOomepalyja co
OocyM eBponcku mnaptHepu. I'nmaBHa men Ha Ilpo-
rpamara € Aa ro noJAp>ku pas3ojot Ha LlenTpanHo-
uctouna esporcka mpexa (LIUE) 3a anda-1-anTu-
tpuncul neduimenipja (AAT]T), pana qujarHocTrka

u TpetMaH. Anda-1-antutpuncut (AAT) e enen ox
IJIaBHUTE MHXUOUTOPU Ha CepHHCKaTa MPOTEHHA3a
BO YOBEYKaTa IUPKyJalKja U € PeakTaHT Ha aKyT-
Hata (haza KOj MPEJOMHUHAHTHO C€ MPOAYLHpa Ol
xermarouutute. [Ipoceyna konuneHtpanuja Ha AAT
kaj 31paBu Jmna e 1.3 mr/min. Konnenrpanujara Ha
AAT Bo TekoT Ha akyTHata ¢aza pacte 3—4 maru
Haj HopMmanata. AAT/I e 3aboiyBame Koe ce Hacie-
JyBa Ha aBTO30MEH KOJAOMHHAHTEH HayuH. MyTaHT-
HUoT Z AAT mpoTenH ce paznuKyBa o] HOpMalHaTa
M-BapujaHTa MO NOEAWHEYHATa aMUHOKHCEITNHCKA
cyncrutynuja (Glu 342 Lys). [IpBa temka ZZ AAT
JeHIMeHIIMja € TpPENno3HacHa KaKo XepeauTapHa
KOH[IMIIMja, KOja IpeIuciionupa 3a Ooecra Bp3 0a3a
Ha 90% MOHUCKY IUIa3Ma-BPEIHOCTH Ha MPOTEUHOT
LITO HE MPOU3JNIETYBaaT OJ HEJOCTATOKOT BO CHHTE-
3aTa Ha IPOTEHHOT, TYKy IHopaxd IeQULUTOT BO
HeroBata cekpenuja. [loBekeTo mnpunajHUIU Ha
KaBKaCKUTE W Ha CEBEPHOEBPOIICKUTE HApOIU ce
XOMO3HUTOTH 3a HopMaiaHa MM-Bapujanrta Ha AAT,
HO HEKOW ro HocaT Z-alejoT, KOj € acolHpaH Cco
HarojeMeH pU3UK 3a paH IOYEeTOK Ha eM(useM U
xenaTaiHa Oonect. ['oreM Hampeok 1 riaaBeH (oKyc
Ha MPOEKTOT € Jia ce Kpeupa NonrorpajHa EBporicka
Mpeka 3a KooIepainyja moMery MeITUIIMHCKUTE WH-
CTUTYLIMU UHBOJBHpPAHU Bo rpwxkata 3a AAT/ u na
Ce 3acWiaT HAIopUTe BO OJHOC HAa HHOBAaTHBHATa
MyJIMOHOJIOTHja. MpeskaTa € OATrOBOp Ha MoTpeduTe
Ha [IME-3eMjuTe 1 UCTOBPEMEHO K€ M OBO3MOXH
Jla TIAPTULIMIIAPAAT BO MOUIMPOKATa paMKa Ha MeEIH-
LIUHCKY IIEHTPH crienjanu3upanu 3a AATI.

Kayunn 360opoBu: perku Oonectu, Anda-1-anTurpur-
cuH nedunuennuja, LentpanmHoucrouna Espomna, IIpo-
rpama Ha EBporickara KoMucHja 3a TOITOTPAjHO yueHe,
KJIMHUYKHA MaHU(eCTalli, BMPEXKyBambe.



