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DNA polymorphisms of the human acx antitrypsin gene
in normal subjects and in patients with
pulmonary emphysema
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From the Department ofMedical Biochemistry, University of Wales College ofMedicine,
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SUMMARY Alphal antitrypsin deficiency predisposes subjects to developing pulmonary emphy-
sema and childhood liver cirrhosis. We have studied restriction fragment length polymorphisms
(RFLPs) of the * antitrypsin gene in a normal population and a group of patients with pulmonary
emphysema. We have identified five RFLPs with eight restriction enzymes. The most frequent
polymorphisms have been detected with the enzymes MspI, PstI, and TaqI at frequencies of 46 8%,
6X4%, and 50O% respectively in the group of normal subjects.

Alpha, antitrypsin (AAT) is a major serine protease
inhibitor in the blood.' Physiologically it is particu-
larly effective against leucocyte elastase, but it also
inhibits other proteases including trypsin, chymo-
trypsin, and cathepsin G.2 Over 30 different AAT
variants have been described on the basis of iso-
electric focusing.3 The Z variant of the protein, which
is due to a single amino acid change, predisposes
subjects to pulmonary emphysema4 and liver dis-
ease.5 The homozygous ZZ subject is deficient in
AAT with 15% of the normal mean plasma AAT
concentration. AAT deficiency is thought to result in
uninhibited leucocyte elastase, and the enzyme has
the propensity to digest the connective tissue of the
lung.6
Only about 5% of those with pulmonary emphy-

sema have abnormal AAT as detected by serum AAT
concentrations and isoelectric focusing.7 We antici-
pated that there would be protein variants which
could not be detected by isoelectric focusing as well
as possible variants which affect transcription of the
genes or translation of the protein. Therefore, we
have used specific gene probes to look for sequence
variation in and around the gene for AAT.
We describe here the results of screening a normal

South Wales Caucasian population and a number of
patients with pulmonary emphysema for restriction
fragment length polymorphisms (RFLPs) of the
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human AAT gene. We have estimated the degree of
heterozygosity in the gene.

Methods

PATIENTS
We screened 101 healthy white Caucasian adult
blood donors (mean age 31 years) and 24 patients
with clinically well defined pulmonary emphysema
(mean age 56 years). Criteria used for the evaluation
of pulmonary emphysema included clinical, physio-
logical, and radiological features. The radiological
criteria used to diagnose pulmonary emphysema
included hyperinflated lung fields, a paucity of
vascular markings at the lung periphery, and en-
larged pulmonary arteries, and in three patients thin
walled bullae were evident.

AAT PHENOTYPING
AAT or proteinase inhibitor (Pi) phenotyping was
performed by isoelectric focusing in agarose" or ultra-
thin polyacrylamide gels.9

DNA POLYMORPHISMS
DNA was extracted from 10 ml unclotted blood by
standard procedures.10 About 10 jig of DNA was
digested to completion with restriction enzymes
according to the manufacturer's instructions (usually
for 12 to 16 hours). The DNA fragments were
separated on a 1% agarose gel by electrophoresis at
40 V for 16 hours and then transferred onto
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nitrocellulose by Southern blotting." The nitro-
cellulose strips were prehybridised overnight at 55'C
in 6 x concentrated SSC, 5 x Denhardt's,t2 0 5 SDS,
100 pg/ml herring sperm DNA, and 0 05% sodium
pyrophosphate.
Two different DNA probes were used: a cDNA

probe of 250 bp at the 3' end of the AAT gene
including most of exon V (pNJ),13 and a genomic
clone containing a 6 5 kb BamHI fragment of the
AAT gene (pAT 6 5), a generous gift from Dr S
Woo, Howard Hughes Medical Institute, Baylor
College of Medicine, Houston, Texas.t4 15 These were
labelled by nick translation using a p2P] dCTP.16

Hybridisation was carried out at 55°C (pNJ) or
58"C (pAT 6-5) for 48 to 72 hours in 6 x concentrated
SSC, 1 x Denhardt's, 100 pg/ml poly A, and 0 05%
sodium pyrophosphate. Filters were washed at room
temperature in 2 x concentrated SSC, 0-5 SDS for
five minutes, 2 x concentrated SSC, 0 1 SDS for 15
minutes, and finally 0 5 x concentrated SSC, 0 5 SDS
for one hour at hybridisation temperature. Auto-
radiography was carried out at - 70°C for three to
seven days.

Often fainter bands are seen on autoradiographs
which are presumably due to the homologous
sequence previously described,17 and they can be
removed by more stringent washes.

Results

A number of polymorphisms have been found in
samples obtained from apparently normal healthy
blood donors and patients with pulmonary emphy-
sema (table 1). Polymorphisms were detected most
frequently with the enzymes MspI, PstI, and TaqI at
frequencies of 46.8%, 644%, and 5.0% respectively in
the normal group (figs I and 2). There are four MspI
fragments screened by pAT 6 5 as predicted by the
genomic sequence of AAT.'5 The MspI fragments
screened range in size from 0 79 to 41 kb but only
two fragments are large enough to be seen easily.

TABLE 1 Restriction fragment length polymorphisms of
the AA T gette.

Restriction Fragmetit No of ps/cmorplivns total
enY-lme screened (kb) screened

TaqI IS Normal 5 101
Affected 5 24

BamHI 6 5 Normal 101
Affected 24

Hinci 3 2,2 9 Normal 38
A ffected 0 22

Hid!ill 2 7 Normal 0 43
Affected 0 18

EcoRI 96 Normal 0 35
Affected 0 15

Xhol 26 Normal 0 27
Affected 0 15

Pstl 5-7, 2 4 Normal 3 47
Affected 0 18

M!pl 3 3, 41 Normal 22 47
Affected 12 21*

*Three subjects were homozygous for the polymorphism.

These are fragments of 3-3 and 4 1 kb. The MspI
polymorphism is due to deletion of a recognition site
for the enzyme in the 3' non-coding region (fig 1)
which could be part of the gene or a flanking
sequence; the precise 3' end of transcription of the
gene has not been established." There are five PstI
fragments screened by pAT 6 5 as predicted by the
genomic sequence of AAT,15 which range from 0 37
to 5-7 kb. Three fragments are easily seen at 1 9, 2 4,
and 5 7 kb. Other fainter bands are often seen which
are presumably related to the homologous sequence
and the most consistent of these are present at 1-6,
1-4, and 13 kb (fig 2). The PstI polymorphism
appears to be due to the creation of a new site in the
gene close to the site of the MspI polymorphism (fig
1).
There are eight TaqI sites in and around the AAT

gene which range in size from 0 09 to 5 7 kb. The
cDNA probe which spans exon V detects an
invariant allele at 1 5 kb and also detects a 2 4 kb
variant allele (fig 2) confirming the location of the
polymorphism (fig 1). Therefore, the TaqI poly-
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FIG 1 Schematic representation of the human al antitrvpsin gene. Shaded areas represent coding sequences and non-shaped
areas are introns. Only the relevant sites for some restriction enzymes are shown. B= BamHI, T= TaqI, P= PstI, M= MspI.
pNJ and pA T 6-5 represent the cDNA and genomic clones respectively, M, P, T represent the approximate locations of the
most frequent polymorphisms. The MspI and Taql polymorphisms are due to loss of a restrictiont enzyme site and the PstI
polymorphism due to creation of a new site.
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FIG 2 Autoradiographs showing three common RFLPs of the AA Tgene detected with the restriction enzymes MspI, PstJ,
and TaqL P=subjects with DNA polymorphism, N='normal' subjects. The arrowheads show the position of the RFLPs.
The MspI and PstI digests were probed with pA T 6 5 and the TaqI digest was probed with pNJ. The faint bands seen in the
PstI digest are related to a homologous sequence.

morphism is almost certainly due to loss of a

recognition sequence in the 3' end of the gene (fig 1).
There is a small but significant increase in the
frequency of the polymorphism in the emphysema
group compared to the normal population (two
tailed Fisher's exact probability test, p < 0-05) in
contrast to other polymorphisms which do not show
significant differences in frequencies in the two
groups. A study of a seven member family extending
over two generations demonstrated that the poly-
morphism shows Mendelian inheritance and in this
particular family is confirmed by the fact that the
polymorphism segregates with the F allele, which is a

fast moving isoelectric focusing variant. The Pi types
of the subjects with the TaqI polymorphism include
FM, MM (two subjects), MS, MZ in the blood donor
group and FM, MM (two subjects), MZ, and ZZ in
the patient group. The RFLP does not appear to
have an association with any particular protein
variant. The Pi types for the healthy blood donors
and the patient group are summarised in table 2. The
BamHI and HincII polymorphisms are isolated
examples.

We have calculated an estimate for heterozygosity
by the formula of Nei18

H= 1-[a/b)2 + (b- a/b)2]
where a= number of polymorphic base pairs found
with all the enzymes and b= total number of base
pairs screened. These figures give an estimate of
0 00615 for heterozygosity of the AAT gene.

Discussion

In a previous study using a cDNA probe, only six
polymorphisms out of a total of 43 232 bp were

TABLE 2 Pi phenotypes.

Normal .subjecs Patients
(n= 101) (n=24)

MM 82 16
MS 11 4
MZ 4 2
FM 2 1
zz 0
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found. Based on these figures an estimate for
heterozygosity is 0.000277.19 In contrast, we have
screened a total of 10 376 bp in and around the
human AAT gene and found 32 bp which are
polymorphic, corresponding to one polymorphism in
every 325 bp or an estimate for heterozygosity of
0-00615. This figure is also higher than the average
estimate for the human genome of 0.0037.2021
The difference in the estimate for the hetero-

zygosity of the human AAT gene in our study
compared to that reported may in part be due to
differences in the populations studied. However,
significantly, the MspI polymorphism, which is the
major contribution to our high value of hetero-
zygosity, has not been reported previously.'922 There
are two possible reasons for this. Firstly, it is not
always possible to resolve clearly bands which differ
in size by about 100 bp. Secondly, and the more
likely possibility, is that the MspI polymorphism is
found in our South Wales white Caucasian popu-
lation group and not in that studied in the United
States, indicating perhaps that it is of relatively
recent origin. Our estimate for the frequency of the
TaqI polymorphism in the normal group is in close
agreement with that previously reported.'9 An AvaII
polymorphism within the gene which segregates with
the Z allele has also been identified with pAT 6-5, in
addition to two TaqI polymorphisms whose fre-
quencies and locations are not given.22 Three other
polymorphisms have been identified with a 5' AAT
probe which includes the first untranslated exon and
first intron.22

It is clear that the AAT gene is highly poly-
morphic, but many of the polymorphisms occur at
low frequency. The DNA polymorphisms are not
related to any particular protein variants and are not
associated with AAT deficiency. The high frequencies
of MspI, PstI, and TaqI RFLPs contribute signi-
ficantly to our estimate for heterozygosity and they
all occur in close proximity to one another (fig 1).
Mspf and TaqI detect polymorphisms due to the
CpG dimer occurring in their recognition sequence.23
Methylated cytosine is thought to deaminate to
thymine resulting in loss of the recognition site.24

In our relatively small group of patients the TaqI
polymorphism is present at a significantly higher
frequency (20.8%) compared to the normal group
(5.0%). The polymorphism is clearly also present in
apparently healthy blood donors who have no
evidence of lung disease. Consequently, it may be a
coincidental finding which reflects some subtle popu-
lation difference, though we have not been able to
observe any obvious or consistent differences in the
populations studied.

We would like to thank the physicians who co-

operated in providing blood samples from patients
with pulmonary emphysema and Dr A Napier from
the Regional Blood Transfusion Service for pro-
viding samples from healthy blood donors. Mr G
Watkins prepared the human DNA samples and did
the isoelectric focusing. The work was supported by a
grant from the Welsh Scheme for Health and Social
Research.
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