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Summary An alpha,-antitrypsin deficiency associated with pulmonary
emphysema was investigated in a 32-year-old Japanese male. Polymerase
chain reaction (PCR)-amplified fragments and dot blot hybridization with
allele-specific oligonucleotide probes revealed that the patient was homo-
zygous for a C to T transition at codon 53, resulting in the substitution
of Phe®® for Ser’® (PI*S;yum.). Crossedimmunoelectrophoresis after iso-
electric focusing and agarose gel electrophoresis showed atypical banding
patterns.  PI*S;y.mq is a rare deficiency gene, but it can occur sporadically
all over the Japan.
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INTRODUCTION

Alpha,-antitrypsin (AAT) is a plasma glycoprotein, synthesized mainly in
the liver and released into the circulation. It is present in normal plasma at con-
centrations of 150-350 mg/dl. AAT is an acute-phase protein and is markedly
elevated during inflammation and infection. It is an about 52,000 Da constituent,
composed of a single polypeptide chain of 394 amino acids and three N-linked
oligosaccharide chains. Its most important function is the inhibition of neutrophil
elastase, capable of destroying most components of the extracellular matrices.
A deficiency of AAT is associated with pulmonary emphysema and childhood
liver diseases (Arnaud and Chapuis-Cellier, 1988; Cox, 1989; Crystal, 1990).

In the Japanese, deficiency and null genes are extremely rare and PI*Z, a de-
ficiency gene occurring at polymorphic frequencies in the Caucasians, has not been
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reported (Yuasa er a/., 1984). In 1990 we reported the first Japanese case of AAT
deficiency, caused by a deficiency gene, PI*M,; pina, (Matsunaga er al). In this
paper another case with a deficiency of AAT in a Japanese patient with pulmonary
emphysema is investigated.

MATERIALS AND METHODS

Patient. The proband is a 32-year-old male Japanese living in Yonago, western
Japan. He had asthma in the childhood. Since the age of 28, he sometimes suffered
from cough, phlegm, and dyspnea. After hospitalization his disease was diagnosed as
emphysema by various clinical tests. The development of emphysema seemed to be
accelerated by his smoking 20-30 pieces of cigarette per day for more than 10 years.
Laboratory data showed no apparent liver dysfunction. His parents were cousins.
The serum levels of AAT were 12 mg/dl in the patient, 173 mg/dl in his father and
133 mg/dl in his mother by laser nephelometry. The AAT level in the patient’s
serum collected later for this study was estimated to be 5.5 mg/dl by Laurell’s rocket
immunodiffusion. He had no sibling.

Electrophoretic analyses. Isoelectric focusing (IEF) was carried out according
to an instruction of supplier of carrier ampholytes. The pH gradients were estab-
lished with Pharmalytes (Pharmacia). Crossed immunoelectrophoresis after IEF
and agarose gel electrophoresis (AGE) was carried out with anti-AAT antibodies
(Dako) by the lay-on method as described previously (Laurell, 1965; Séderholm
et al., 1975).

Polymerase chain reaction (PCR) and related techniques. Amplification of
the AAT gene of the proband and direct sequencing of the PCR-amplified products
were performed under the condition as described (Fucharoen ef af., 1989; Matsu-
naga et al., 1990). The sequence of primers used for amplification of the coding
exons of the AAT gene was as follows:

(BP3) TAAGCTGACTGCAGGAGCATZ, and

(BP2) 5’GTTCTGCAGAGCGTCAGTAG3' for exon II;

(BP4) SSAAGCTGAGCCTCGAGGGATG3Y, and

(BP6) SSTCACAAAAGCTTGAAATGCCACY for exon I,
(BP5) 5’GGTGGCATTTCAAGCTTTTG3, and

(BP8) 5’ACCAGCTCAACCCTTCTTTA?2' for exons IV and V.

Primers used in direct sequencing were described previously (Matsunaga et
al., 1990). Amplified products of exon IT were dot-blotted onto nylon membrane
and hybridized with allele-specific oligonucleotide probes at 42°C for 1 hr and then
washed at 55°C for 10 min (Fucharoen et al., 1989). The sequence of the two
probes was as follows:

(SA7) 5TCACTGGGGAGAAGAAGATSZ for the normal allele and
(SA10) 5TGCTCACTGGGAAGAAGAAZJ’ for the mutant allele.
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RESULTS

A serum sample from the proband was analyzed by IEF in a pH gradient of
4.2-4.9 followed by protein staining (Fig. 1). No AAT bands were observed in
the patient. Neither immunofixation nor immunoblotting could identify any
unambiguous AAT bands. In contrast, the products of deficiency genes, PI*Z
and PI*Z,, gurg (Faber et al., 1990) were detected at the cathodic side.

Crossed immunoelectrophoresis was performed to detect AAT bands after
IEF and AGE (Fig. 2). Atypical patterns of precipitation peaks were observed
as compared with the control. IEF showed that AAT of the patient consisted
of three major peaks. Two of them were located at similar positions to m6 and
m8§ isoproteins of the normal PI M phenotype, and the other peak was between
them. A broad shoulder was formed at m4 zone. In AGE a major broad pre-
cipitation peak was observed at a similar position to that in the control. A shoulder
peak was also accompanied at an anodal position.

DNA sequencing showed that a gene responsible for the deficiency of AAT
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Fig. 1. Banding patterns of AAT as revealed by IEF at pH 4.2-4.9 followed by staining
with Coomassie Brilliant Blue R-250. Anode at top. The isoproteins of PI M1
are indicated by arrowheads. The major 4 and 6 bands of PI Z and PI Zaygsburg
are indicated by dots. Lanes 1 and 5, M1M2; lane 2, M1Siiyama-mother; lane 3,
Siiyama-proband; lane 4, M2Siiyama-father; lane 6, M1S; lane 7, M1Z; lane 8,
M1Zaugsburg.
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Fig. 2. Crossed immunoelectrophoresis after 1EF (A) and AGE (B). The second dimen-
sional gel (FMC corporation, agarose LE) contained 1/200 diluted anti-AAT anti-
bodies (Dako). Control serum with a phenotype of P1 MIM2 was diluted (about
1/50) to give the same peak height as native serum from the patient. (A) The first
dimensional 1EF was performed in a pH gradient established with a 1: 1 mixture of
Pharmalytes pH 4.2-4.9 and 4-6.5. Anode atright. Panel a, diagram of panel b;
panel b, precipitation peaks in the patient’s serum; panel ¢, precipitation peaks in
the control serum; panel d, diagram of panel ¢c. Note that the isoproteins mé and
m7 separated by [EF were fused in crossed immunoelectrophoresis due to a low
resolution capacity. The numbers indicate the locations of the isoproteins m4,
mé6, m7, and m8. (B) The first dimensional AGE was performed using conven-
tional barbiturate buffer, pH 8.6. Anode at right. Panel a, pattern after AGE of
the patient’s serum; panel b, native serum from the patient; panel ¢, a 50: 1 mix-
ture of patient and control sera; panel d, 1/50-diluted conirol serum; panel e,
pattern after AGE of the control serum. O and TF indicate the locations of
origin and transferrin, respectively.

n the patient differed from a normal PI M gene by a single base transition in exon
IT in the codon for residue 53, resulting in the amino acid change Ser®® TCC to
Phe®® TTC (Fig. 3). As the polymorphic sites of the codons 101, 213, and 376
were CGT (Arg), GTG (Val), and GAA (Glu), respectively, AAT of the proband
had the P1 M1 (Val?®) background.

Dot blot hybridization of the amplified DNA of the proband and his parents
with the allele-specific oligonucleotide probes confirmed that he was homozygous
and his parents were heterozygous for this mutation (Fig. 4).
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Fig. 3. Sequence of the region around a mutation in exon li founid)in the proband. Tt is
identical to that of PI*Sjiyama, having the same sequence as PI MI1(Val?%) except
for the C to T alteration indicated by an arrow, resulting in the substitution of
Phe®® for Ser®*. Codon numbers and corresponding amino acids in the mature

protein are indicated.
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Fig. 4. Dot blot hybridization with specific oligonucleotide probes for the detection of the
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The deficiency genes of AAT are extremely rare in the Japanese population
and only two genes have been reported thus far. One gene is PJ *M ichinan, found
in the southern Japan. It was characterized by a deletion of Phe (TTC) at codon
3L or 52 and a mutation from Gly (GGG) to Arg (AGG) at codon 148 (Matsunaga
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et al., 1990). The other gene is PI*S;y,,, observed in the central Japan. It
had a substitution of Phe (TTC) for Ser (TCC) at codon 53 (Seyama er al., 1991).
The mutation revealed by PCR-related techniques in this study was identical to
that of PI*Syya,,. This deficiency gene is rare but it can occur sporadically all
over the Japan, because both families are unrelated. This gene is easily overlooked
in heterozygous states. By IEF the banding patterns in the parents were similar
to those of PI M2 and PI M! phenotypes, respectively. These findings also suggest
the existence of a deficiency gene showing an inverse homozygosity between alleged
father and child in paternity testing,

In spite of a neutral amino acid mutation from Ser to Phe, the product of
PI*Siiyame was shifted cathodally by about one positive charge to the normal PI
M product after IEF. This mutation affects the three-dimensional structure of AAT.
The Ser® plays important roles in forming of the helix B and in stabilizing of the
sheet 5B (Loebermann et al., 1984; Huber and Carrell, 1989). Electrophoretic
analyses have shown that the homozygous products of deficiency genes such as
PI*Z (Jeppsson et al., 1978), PI*Meppen (Kramps et al., 1981), and PI*M ey
(Martin et al,, 1975) also have the same microheterogeneity as the normal AAT.
In contrast, the product of PI*Sj;y,m,, in serum was characterized by atypical band-
ing patterns, differing in number, location and relative concentration from normal
PI products.
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