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ABSTRACT: The use of dried blood spot (DBS) specimens in quantitative o;-an-
titrypsin (04-AT) detection or genetic analysis is limited because protein levels in the
samples are low and they contain components that can interfere with polymerase
chain reaction amplification. A methodological adaptation was developed to overcome
these drawbacks which is discussed here.

The study population consisted of 200 healthy volunteers and 300 patients with
chronic obstructive pulmonary disease (COPD). DBS specimens were tested for o;-AT
concentration using a modified nephelometric assay and phenotyped with an iso-
electric focusing method. Genetic diagnosis was established by deoxyribonucleic acid
sequencing using a simple purification procedure to remove contaminants.

The nephelometric method showed a detection limit of 0.284 mg-dL™, correspond-
ing to a serum concentration of 13 mg-dL'l. The correlation coefficient between o;-AT
concentrations in DBS versus serum samples was R?=0.8674 (P<0.0001). All 200
healthy individuals had DBS 0,;-AT concentrations >1.9 mg-dL™", corresponding to
114 mg-dL" in serum samples. One hundred and twenty-five COPD patients (42%)
showed 0;-AT values <1.8 mg-dL™. Twenty patients with the PIZ phenotype had o;-
AT values lower than 0.64 mg-dL™". On the basis of genotyping, one COPD patient was
classified as heterozygous (PIMMheerlen).

Selective elution of contaminants resulted in optimal o;1-antitrypsin genotyping.
Because of its sensitivity and excellent correlation with the standard method, the dried
blood spot quantitative assay is a reliable tool for routine measurement of o/;-anti-
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o, -antitrypsin (o1;-AT) deficiency is a hereditary auto-
somal codominant disorder resulting from mutations in the
a-AT gene. It is characterized by reduced serum concen-
trations of a;-AT and is associated with a high risk for the
development of early-onset pulmonary emphysema, occa-
sionally with liver damage [1].

0u1-AT is a highly polymorphic protein; >70 genetically
determined variants (called proteinase inhibitor (PI) types)
have been identified. The PIM variant and its serum sub-
types are the most common of the normal alleles. PIZ is the
most important allele associated with reduced concentra-
tions of plasma o,;-AT and a significant risk of developing
disease [2, 3].

The current approach to laboratory diagnosis of o;-AT
deficiency uses a combination of serum 0,-AT measure-
ment and identification of the o,;-AT phenotype by the
isoelectric focusing (IEF) pattern at pH 4.2-4.9 [4]. More
recently, methods such as the polymerase chain reaction
(PCR) and simple deoxyribonucleic acid (DNA)-based
methods for assigning the most common deficient alleles
have been incorporated into these studies [5, 6]. Although
diagnosis of deficiency is relatively simple, population
studies indicate that o,-AT deficiency is underdiagnosed

and that prolonged delays in diagnosis are common [7, 8].
Recent recommendations of the World Health Organiza-
tion advocate screening programmes using a quantitative
test, especially among patients with chronic obstructive
pulmonary disease (COPD) and adults and adolescents
with asthma. Patients with abnormal results on screening
should undergo PI typing [9].

Dried blood spot (DBS) specimens have been employed
for genetic screening and diagnosis of several diseases
[10]. However, their use poses considerable technical
obstacles in the study of o,-AT deficiency. o-AT quanti-
fication is affected by haemoglobin, and in genetic an-
alysis the low purity of DBS DNA and the natural PCR
inhibitors that are present can cause interference [10, 11].
In the present study, a simple specific immune nephelomet-
ric method for the quantitative determination of o.;-AT in
DBS samples was evaluated. In addition, to facilitate o;-
AT genotyping in these samples, a simple purification
procedure was applied to remove contaminants before the
PCR. The results obtained in DBS specimens were com-
pared to those from serum or fresh blood samples in
blinded experiments. The complete protocol employed
for o1-AT deficiency screening is described.
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Patients and methods
Patients

From June 1998 to June 1999, a total of 300 COPD
patients, 20 of whom were known to be o;-AT deficient
(phenotype PIZ), were recruited for the study, together
with a second group of 200 healthy volunteers. DBS and
serum specimens were obtained at the same time for each
subject.

Quantitative determination of o.;-antitrypsin levels

To prepare the DBS, ~30 UL of capillary blood was ap-
plied to individual 3-mm paper discs (No. 903; Schleicher
& Schuell, Dassel, Germany). The discs (three per patient)
were left to dry at room temperature (22°C) prior to storage
in plastic bags at -20°C until use.

For the dried blood quantitative assay, one disc per pa-
tient was eluted with 200 umL 10 mM phosphate-buffered
saline (pH 7.4) overnight at 4°C. Subsequently, each
sample was centrifuged at 1,000Xg for 1 min and o-AT
levels were determined in the eluate using a rate immune
nephelometric method (Immage Immuno Chemistry Sys-
tem, Beckmann, Fullerton, CA, USA). When working with
serum samples, the immune nephelometer used automa-
tically dilutes samples 1:36 to achieve optimum antigen/
antibody equilibrium in the assay. However, DBS samples
contain a much smaller volume of blood and o,-AT ab-
solute values are much lower, making dilution unneces-
sary. Thus the manufacturer's protocol was adapted to
work without dilution before determining ot;-AT levels in
the DBS samples. Haemoglobin interference, measured by
adding known concentrations of haemoglobin to DBS elu-
ates, was not observed at concentrations of <200 mg-dL™".

The normal range for o/;-AT in serum samples was 114—
170 mg-dL™".

o-antitrypsin phenotyping

One DBS disc from each patient was eluted with 30 uL
specimen diluent (60 UM cysteine, 1 M glycine, pH 7.4)
overnight at 4°C. Screening for o/;-AT variants was carried
out in 5 UL of eluate by use of an IEF technique using
carrier ampholytes on flat bed polyacrylamide gels in a pH
gradient of 4.2-4.9, as described previously [12]. After
silver staining according to the manufacturer's recom-
mendations (Protein Silver Staining Kit; Pharmacia, Up-
psala, Sweden), the o;-AT bands were examined for
phenotype. In each assay, controls consisting of DBS
samples corresponding to the PIM, PIMS and PIMZ phe-
notypes were included. To obtain good reproducibility
and optimum clarity of the major IEF band migrations, it
is important to stop the silver reaction at the point in time
when the weakest control band (PIZ variant) starts be-
coming visible.

o,1-AT phenotyping in serum samples was carried out as
previously reported [12].

o-antitrypsin genotyping by polymerase chain reaction
and direct deoxyribonucleic acid sequencing

For the molecular analysis, one 3-mm disc was cut into
four parts and each part was placed in a separate 1.5 mL
plastic tube. The forceps used for this procedure were
sterilized each time by dipping in ethanol and flaming to
avoid cross contamination of specimens. To eliminate
PCR-inhibiting substances, the disc fragments were wash-
ed twice with 1 mL of water by inverting the tube several
times, according to a method described by Makowski et al.
[13]. After this simple wash, each disc fragment was
transferred into a separate PCR reaction tube containing
25 uL water and heated in a PCR thermal cycler for 10
min at 99°C. Subsequently, the four exons of the o;-AT
gene were amplified by PCR (45 thermal cycles) and
directly sequenced. The reaction conditions and the PCR
and sequencing procedures have been described prev-
iously [14].

Stability of dried blood spot specimens

The DBS samples were stored at room temperature, 4°C
and -20°C and then processed for the three assays at in-
tervals of 1, 2, 3 and 4 weeks.

Statistical analysis

Values corresponding to those predicted and absolute
errors were calculated as mean and 95% confidence inter-
val. The correlation between serum and DBS «,;-AT con-
centrations obtained with the rate immune nephelometric
method was studied with linear regression analysis. The
statistical package for social sciences (SPSS, Chicago, IL,
USA) statistics program, version 7.5, was used for stat-
istical analyses.

Results

Experiments designed to assess the accuracy of the DBS
quantitative o;-AT assay were conducted with specimens
from two patients, one with the PIM (normal o;-AT level)
and the other with the PIMZ (low a;-AT level) phenotype.
The intra- and interassay variation coefficients were 4.5
and 9.8% (for PIM) and 4.1 and 9.3% (for PIMZ).

DBS specimens and serum samples from 143 patients
with different o;-AT phenotypes were analysed to obtain
a-AT concentrations spanning the useful range of the ne-
phelometric assay. In order to calculate the best regression
line, the square root of the DBS a;-AT concentration (x"-)
was used. The estimated regression line was y=-50.943+
118.59x%° (fig. 1). The correlation coefficient between
0,1-AT levels using DBS versus serum samples was R*=
0.8674 (p<0.0001). The mean prediction error and mean
absolute error were 2.4% (95% confidence interval (CI)
0.45-5.25) and 10.98% (95% C1 9.46-12.5), respectively.
The detection range of the DBS nephelometric assay was
0.284-2.84 mg-dL", corresponding to 13-160 mg-dL™!
a;-AT in serum according to the regression curve. Sam-
ples with concentrations >2.84 mg-dL™" were diluted and
reprocessed.
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Fig. 1. — Quantitative determinartion of o -antitrypsin (ct;-AT) levels
by the immune nephelometric method. Correlation between serum and
dried blood spot (DBS) (xl-AT levels in specimens from 143 patients.
y=118-59x"3 - 50.943, R?=0.8674.

All the 200 healthy individuals had DBS o.;-AT levels of
1.9 mg-dL™". One hundred and seventy-nine (89.5%) cases
had the phenotype PIM, 20 (10%) PIMS and one (0.5%)
PIMZ. Among the 300 patients studied, 125 (42%) had
DBS 0,;-AT concentrations of <1.8 mg-dL™'. Three (2%)
had the phenotype PIM, 28 (27%) PIMS, 71 (56%) PIMZ,
one (1%) PIS, two (2%) PISZ and 20 (16%) PIZ. Total
concordance was observed between the phenotype results
obtained using the DBS samples and those obtained using
the serum samples. The relationship between serum o;-AT
concentrations, DBS a;-AT concentrations and o;-AT phe-
notypes is shown in figure 2.

o1-AT genotype determination was carried out using
DNA from DBS and fresh blood samples from four pa-
tients with different phenotypes (PIM, PIMZ, PIMS and
PIZ). The PCR products and the sequencing peaks ob-
tained from DBSs were as sharp as those of fresh blood,
and identical genotypes were obtained in all cases. One
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Fig. 2. — o-antitrypsin (ot;-AT) levels in serum and dried blood spot
(DBS) specimens obtained from patients with chronic obstructive pul-
monary disease, relationship with the phenotype (¢: proteinase inhibitor
(PI) M; O: PIMS; A: PIMZ; [I: PIS; @: PISZ; <: P1Z).

patient w1th COPD showed DBS o,-AT levels of 1.4-1.6
mg-dL™" at various intervals. In the phenotype study he was
classified as phenotype PIM. However, since o-AT con-
centration and phenotype were not concordant (the otl-AT
DBS level of 1.6 mg-dL™', corresponding to 70 mg-dL™!
serum, is low for the PIM phenotype), DNA analysis was
performed. All the o;-AT exons (II-IV) were amplified
and the PCR products sequenced, as previously described
[12]. Analysis of the DNA sequence showed a change
from CCC to TCC at codon 369 in exon V. This sub-
stitution is characteristic of the heerlen PIM (PIMheerlen)
o-AT variant [15]. On the basis of genotyping, the
patient was classified as heterozygous PIMMheerlen. A
fragment of the 0,-AT exon V sequence around residue
369, obtained from DBS DNA, is shown in figure 3.

Storage of the DBS samples showed no in vitro destruc-
tion at room temperature over a period of 1 week. Samples
stored at 4°C and -20°C were assayed weekly for 4 weeks
and no significant decrease in o;-AT concentration, de-
gradation of phenotyping IEF bands or alterations were
observed.

Discussion

The automated immune nephelometric quantitative an-
alysis of o;-AT is a simple and sensitive method with
excellent correlation between DBS specimens and serum
sample results, making it suitable for routine screening of
hereditary o,,-AT deficiency. Quantitative determination of
serum 0,-AT levels is an important first step in the diag-
nosis of o;-AT deficiency. This is difficult in DBS sam-
ples, in which protein concentration is low and certain
blood components can interfere with the analysis [10].
Several assays have been developed for studying o;-AT
levels in DBSs. The semiquantitative methods used for
this purpose present limitations for the interpretation of
results; and the quantitative methods (e.g. radial immuno-
diffusion and rocket immunoelectrophoresis) are complex
and difficult to use with large series of samples [10, 11,
16]. The quantitative immune nephelometric assay dev-
eloped in this study is less time-consuming and can be
automated for large numbers of samples. Moreover, no
interference due to haemoglobin contamination was found.
Through the regression line, it was possible to estimate
o -AT concentrations in serum from DBS concentrations,
allowing use of the serum reference range as the normal
range for both methods.

In the DBS screening protocol proposed, deficiency is
evaluated by combining the results of o,-AT quantification
and o;-AT phenotyping. In cases in which there is dis-
cordance between o;-AT concentration and phenotype,
diagnosis of hereditary o.;-AT deficiency is established by
a,-AT genotyping. With the simplified procedure used to
study the a;-AT genotype, DNA extraction is not required
and the use of organic solvents is avoided. In addition, the
protocol overcomes the problems of PCR-inhibiting sub-
stances in DBS DNA samples by selective elution of con-
taminants before the PCR assay.

A sequencing method was used to study DNA poly-
morphism instead of a simpler allele-specific PCR because
the more common deficient variants, PIS and PIZ, are
always well-identified by the IEF phenotyping method and
the rare o,-AT deficient variants that are not recognized by



1114 X. COSTA ET AL.

b)

369

AAACAAACCCT TTGTCTTC

i

©)

A ACAAANCCITTTGTCTTC

W

Fig. 3. — Characterization of heerlen proteinase inhibitor (PI)M (PIMheerlen) variant. a) Isoelectric focusing gel of o,;-AT phenotypes (pH range 4.2-4.9)
obtained from dried blood spot (DBS) specimens. The anode is at the top. The normal isoprotein major band migration areas 4, 6 and 8 for o.;-AT are
shown (m4, m6 and m8). Lane: 1: PIMZ; lane 2: PIMMheerlen, lane 3: PIM; lane 4: PIMS. The PIMMheerlen and PIM variants show a similar isoelectric
point and therefore the same position in m4 and mé6. b, c¢) Direct sequencing of the 0,-AT gene from deoxyribonucleic acid obtained from DBS
specimens: b) fragments of exon V around position 369 from an individual without the mutation; and c) the corresponding fragment of exon V from a
heterozygous PIMMheerlen patient. PIMheerlen in exon V differs from the normal M variant by mutation of CCC to TCC. A: adenine; C: cytosine; G:

guanine; T: thymine; N:C/T heterozygous.

IEF must always be identified by complete study of the
four 0-AT exons. The value of o;-AT genotyping by
sequencing was demonstrated in the present study by
identification of the rare deficient PIMheerlen variant, char-
acterized by an allelic background, M1(valine®'?), and a
mutation of CCC to TCC in exon V of the o,;-AT gene
[15]. The patient presented low levels of o-AT and had
been phenotyped erroneously as PIM because the PIMM-
heerlen and PIM variants show a similar isoelectric point
and are difficult to differentiate using IEF methodology.
The present genotyping study characterized this patient
as heterozygous PIMMheerlen.

The allelic frequency of PIZ, the variant most com-
monly associated with the deficient state, is 0.01-0.02 in
the Mediterranean area and 0.02—0.03 in Northern Europe
[17]. In a recent study, it was found that the allelic fre-
quency of PIZ in North-East Spain was 0.15, one of the
highest in Spain [18]. The expected frequency of PIZ
individuals in this area is therefore 225 per million. In
general, the number of individuals definitely diagnosed
with deficiency is far lower than expected, suggesting that
many individuals with the condition are either undiag-

nosed or misdiagnosed [7-9]. A recent study has recom-
mended that neonatal screening programmes should be
undertaken in developed countries with a Caucasian pop-
ulation, and that all patients with COPD and adults and
adolescents with asthma be screened once for o-AT
deficiency using a quantitative test, to identify susceptible
individuals before onset of disease. Those with abnormal
results on screening should then undergo PI typing [7].
The test described here permits early diagnosis and gene-
tic counselling, with the opportunity for lifestyle adap-
tations and potentially life-saving therapy. In the general
population, it has been demonstrated that patients diag-
nosed early through family studies have a better progno-
sis than those diagnosed after the onset of symptoms [19].

The results of the present study indicate that dried blood
spot specimens provide a reliable alternative to plasma for
o -antitrypsin screening and a valuable source of deoxi-
ribonucleic acid for the detection of genetic diseases. The
dried blood spot method does not require elaborate speci-
men collection equipment and the samples obtained are
easy to store and transport, thereby providing an excellent
option for studying the frequency of deficient alleles in
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large populations. The o.j-antitrypsin quantification pro-
cedure described is simple, sensitive and correlates per-
fectly with the standard technique. Because the protocol is
less time-consuming, results from the three tests can be
obtained within 2 days after receiving the specimen.
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