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Summary The plasma ceruloplasmin of 22,367 children of A-bomb
survivors in Hiroshima and Nagasaki was examined for variants by elec-
trophoresis. The sample was composed of 14,964 unrelated children and
7,403 siblings of the unrelated persons. A total of seven types of electro-
phoretic variants were detected; four migrating anodally and three cath-
odally to the normal B band. We have reported two of these variants,
CP Ang; and CP Cyg:, previously but the other five, CP Angz, CP Aggri,
CP Apgrs, CP Cygry, and CP Cggs, are newly identified. The allelic fre-
quency of CP*CNGI was 0.00916, so that the variant is considered to be a
polymorphic allele. Homozygosity for the CP*CNGI allele was detected
in five individuals. This is the first report of a homozygous phenotype
for a ceruloplasmin variant in a Japanese population. Family study of
the new five variants all demonstrated patterns of codominant inheritance.

INTRODUCTION

Ceruloplasmin (CP), first isolated from pig serum by Holmberg and Laurell
in 1948, is a copper-containing protein which electrophoretically comigrates with
the a,-globulin fraction. McAlister et al. (1961) reported the first electrophoretic
variant of CP in humans, a fast (more anodally) migrating variant termed 1F.
Shreffler et al. (1967) then identified various types of CP variants in American
Negroes and Caucasians and showed that these variants could be explained if three
kinds of alleles, CP*4, CP*B, and CP*C, associated respectively with a fast migrat-
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ing, the normal, and a slow migrating phenotype, are presumed to exist. Sub-
sequently, Shokeir and Shreffler (1970), Tanis e al. (1973), Neel et al. (1977), and
Mohrenwiser and Decker (1982) identified new variants. To date, nine types of
variants which migrate anodally to normal CP B, namely, CP Michigan, CP A-
MAC-1, CP A-YAN-1, CP A, CP A-CAY-1, CP A-WAP-1, CP Th, CP Bpt, and
CP Axgi, and six which migrate cathodal to normal CP B, namely, CP NH, CP
CAnnArbor-1, CP C-WAP-1, CP C, CP C-WAP-2, and CP Cxyg;, have been re-
ported. Four of these alleles achieve polymorphic proportions, CP*4 in Negroid,
Caucasoid and Indians (Shreffler ef al., 1967; Kellermann and Walter, 1972; Bajat-
zadeh and Walter, 1969; Mohrenweiser and Decker, 1982), CP*NH in Negroids
(Shokier and Shreffler, 1970; Mohrenweiser and Decker, 1982), CP*Michigan in
Caucasoids and Negroids (Mohrenweiser and Decker, 1982) and CP*C in Mon-
goloids (Bajatzadeh and Walter, 1969).

In an earlier study of 4,026 Japanese adults residing in Hiroshima and Nagasaki,
we detected one case each of CP Cyg; and CP Axg; (Ferrell ef al., 1977). In the
present study, we extend this series, reporting on the findings in 22,367 children
born to A-bomb survivors in Hiroshima and Nagasaki, as a part of a study whose
purposes were described in detail in the first report of this series (Satoh et al., 1984).

MATERIALS AND METHODS

Population, sample preparation, family study, and nomenclature of variants. The
general procedures employed in our study were described in detail in the earlier
paper (Satoh et al., 1984). Briefly, blood samples were obtained from a total of
22,367 children (Hiroshima, 11,996; Nagasaki, 10,371) including those born to
proximally exposed survivors (one or both parents exposed to A-bomb within
2,000 m from the hypocenter) and those born to distally exposed survivors (one or
both parents exposed to A-bomb more than 2,500 m from the hypocenter). So
far, no measurable genetic effect due to A-bomb exposure of the parents has been
observed (Satoh er al., 1984). Therefore, in this report, data obtained from the
children of the both groups are combined. About 30%, of this sample consisted of
siblings. When only one child was selected from one family using the same method
described in the first report of this series, the number of unrelated children accounted
for 14,964 (8,548 for Hiroshima, 6,416 for Nagasaki). The frequency of alleles
which code variant types was calculated for this latter population. Blood samples
were collected using ammonium-potassium oxalate or ACD solution as anticoagu-
lants, centrifuged at 1,500 x ¢, and the plasma stored at —70°C or in liquid nitro-
gen. Variants have been named by mobility class (A, fast; C, slow) and place (HR
or NG) and sequence (1.2...) of discovery.

First screening and comparison of variants. As the first screening, vertical starch
gel electrophoresis, an improvement of the method of Weitkamp et al. (1972), was
conducted at 4°C using 0.0285 M boric acid-LiOH, pH 8.05, as bridge buffer and
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0.061 m tris-citric acid and 0.0285 M boric acid-LiOH, pH 8.6, as gel buffer. Poly-
acrylamide slab gel electrophoresis (PAGE) was employed for confirmation and
comparison of variants. PAGE was performed at 4°C with a gel composed of
running gel (T, 7.2%;; C, 2.8%) and stacking gel (T, 4.0%{; C, 5%;) and tank-gel
buffer of 0.04 M tris-glycine, pH 8.5, employing the Pharmacia Mark II electropho-
resis apparatus. Staining was conducted on the basis of oxidase activity of CP
using dianisidine as a substrate following the method of Shreffler e al. (1967).

Tests on storage effects on migration rate. Samples were stored at 4°C and
—20°C, and one, two, three, and four weeks thereafter, PAGE was carried out.
After dianisidine staining, the gel was examined to measure the concentration ratio
of each band, using a densitometer. A second identically prepared gel underwent
immunofixation as follows: 1) A cellulose acetate membrane was immersed in a
solution containing an anticeruloplasmin antibody (Behring Inst.) diluted to 1/6
by 0.15% NaCl, and this membrane was put on the gel and allowed to react for
five hours at room temperature. 2) Bands of precipitation with Coomassie blue
staining were identified. Protein quantitation of CP was carried out by single radial
immunodiffusion (SRID). As controls, dithiothreitol was added to the samples to
make the final concentration 0.1 mM, incubated at 4°C for 30 min, stored at 4°C or
—20°C, and electrophoresis was done one, two, three, and four weeks thereafter.

RESULTS

Five rare variants were detected among a total of 22,367 children in addition
to the two variants reported by Ferrell ef al. (1977). The order of the migration
rate of these variants including CP Ayxg; and CP Cyg; and normal type B is as
follows (Fig. 1): CHR1<CHRg<CNG1<B<AN(;2<AHR1<AHR2<ANG1. Except for
five cases of the homozygous phenotype CP Cyg:, all the other variants encountered
were heterozygous for the normal allele, CP*B, and a variant allele. Table 1 shows
the frequencies of each of these CP phenotypes and alleles by city for the populations
composed only of unrelated children. The frequency of CP*CNGI was 0.0095 in
Hiroshima and 0.0087 in Nagasaki, each being almost in polymorphic proportions.
The allelic frequency of all of the other six variants was less than 0.001, with no
significant difference between the cities. CP*4HR2 and CP*CHR2 were detected
in only one family. As a result of family studies, the five new types were all con-
fimed as genetic variants (Table 2).

When plasma samples containing a CP variant were stored under various con-
ditions, the electrophoretic pattern changed over time in some cases. Figure 2 shows
the result of PAGE of plasma samples containing homozygous CP Cng; which had
been stored at 4°C for four weeks. After two weeks of storage, in addition to the
CP Cng: band, a new band, both dianisidine and immunofixation positive, appeared
anodal to normal B band. At the same time, the staining intensity of CP Cyg;
decreased almost to the same level as that of the new band. With further elapse
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Fig. 1. Ceruloplasmin variants encountered in the present study on polyacrylamide slab
gel electrophoresis. 1, 6 and 11, CP B; 2, CP B/Cury; 3, CP B/CHgz2; 4, CP B/
CnGt1; 5, CP CGt; 7, CP B/ANGe; 8, CP B/AHR1; 9, CP B/AHRz; 10, CP B/ANGI.

Table 1. Ceruloplasmin phenotypes observed among children of Hiroshima (HR) and
Nagasaki (NG) and allele frequencies among the unrelated children.

Unrelated children®

Phenotype Total —m8 ™ ——————— Allele Combined HR NG
Combined  HR NG

CPB 21,917 14,678 8,380 6,298 CP*B . 99034 L9901 . 9907

CP B/ANG1 16 10 3 7 CP*ANGI . 00033 .0002 .0006

CP B/ANG2 2 1 0 1 CP*ANG2Z . 00003 0 . 0001

CP B/AnR1 2 2 2 0 CP¥*AHRI . 00007 . 0001

CP B/AHR2 2 0b 0 0 CP*AHR2 0b 0

CP B/CnG1 419 268 159 109

CP CnaG1 5 3 2 1 CP*CNGI . 00916 .0095 .0087

CP B/Cur1 3 1 1 0 CP*CHRI . 00003 . 0001

CP B/CHR2 1 1 1 0 CP*CHR2 . 00003 . 0001

Total 22,367 14, 964 8,548 6,416

e The population of unrelated children was composed of children without siblings and those who

received the first test among their siblings.

b According to the above described rule, the brother with

normal phenotype (CP B) who fulfilled the condition was selected as a member of the population and
the propositus having variant phenotype was excluded.
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Table 2. Family studies of new ceruloplasmin variants encountered in this study.

City Propositus Mother Father Siblings
1. NG (D B/Ayg2 O 1 |

2. HR (P B/Ayg, (] O

3.HR (D B/AuR, P> ] O

4. HR (P B/Ayg, NT NT

5. HR [l B/Aug, d O omao
6. HR [l B/Cymq O 1B O @
7.HR [l B/Cyps ® O

8. HR [l B/Cyg, O I |

O, Heterozygote; OO, Normal; 1, Deceased; NT, Not tested

2 3

4

6

7

Fig. 2. Storage effects at 4°C on a ceruloplasmin variant (CP CNG1) shown by polyacryl-

amide slab gel electrophoresis.

1 and 7, control fresh CP B; 2, fresh CP CNGi;

3, CP CNa after 1 week; 4, CP CNa1 after 2 weeks; 5, CP CNGi after 3 weeks; 6,
CP CNg1 after 4 weeks.

in time, the staining intensity of the new band increased, and two weeks thereafter,
the pattern was similar to phenotype CP A/Cng; -
the staining intensity of the CP B band was always stronger than the CP Cyg; band.
The difference in staining intensity of the two bands became greater with time, and
there or four weeks later, CP Cyg; band became undetectable by either dianisidine

staining or immunofixation. On the other hand, the width of the CP B band be-

As for heterozygous CP B/Cyg1,

47

came broader on the anodal side, but the pattern was scored as phenotype CP B.

In the electrophoretic pattern of heterozygous CP B/Aygi, the staining intensity
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of the CP Ang: band was slightly stronger than that of CP B band no change of
migration rate with time was observed. The band pattern of homozygous CP B
also showed no change over time. At the same time, the protein concentration of
CP Cnci, CP B/Cyg;, CP B/Ayg:, and CP B quantitated by SRID showed no
change over time. When samples were stored at —20°C, change of migration rate
was not apparent four weeks later, and those stored in liquid nitrogen showed no
change in migration rate for at least six years. Storage of samples at 4°C after
dithiothreitol processing prevented a part (not all) of storage effects on the migration
rate of the CP Cyg; band.

DISCUSSION

The variant designated as CP Cyg; which migrates cathodal to normal CP B
band was identified in 268 individuals as the heterozygous phenotype CP B/Cyg;
and in three as the homozygous phenotype CP Cyng; among 14,964 unrelated chil-
dren studied. Therefore, the frequency of the CP*CNGI allcle was 0.00916. How-
ever, our previous study conducted on 4,026 subjects in Hiroshima and Nagasaki,
the same cities of the present study, which included many parents of these children,
identified only one case of this variant (Ferrell et al., 1977). This apparent disparity
between the two investigations merits further comment. There seems to be essen-
tially no difference in the character of the previous and present study populations.
Furthermore, conditions of starch gel electrophoresis were basically the same. We
have experienced a difference between starch lots in the ability to separate CP vari-
ants. In the starch gel electrophoresis of the present study, even when separation
of variants was poor, confirmation could be made by PAGE. A second important
factor is judged to be the effect of freeze-thawing conducted on samples used for
the confirmation studies of variants. Since the storage effect observed in CP Cyg;
(Fig. 2) became apparent after freeze-thawing, it is thought that, of the two bands
of the heterozygote, CP Cyg; band showed remarkable decrease of staining intensity
as well as its change of migration rate, it could be mistaken for the CP B. In the
detection of CP variants, full consideration should be given to the selection of the
supporting gel medium, the storage, and treatment of samples.

The polymorphic allele of CP, CP*4 was observed in American and African
Negroid populations in a frequency of 0.041-0.147 and in Caucasoid populations
(Greeks, Germans, and Irelanders) in a frequency of 0.01~0.068 (Kellermann and
Walter, 1972). However, Morhenweiser and Decker (1982), in a detailed examina-
tion on 1,853 Caucasians and 199 Blacks in the US by PAGE using a combination
of three types of buffers and gradient gel, reported that the Negroid population
had two types of variants with migration rate faster than CP B, CP A and CP
Michigan, with the allele coding for each variant being in polymorphic frequencies
of 0.033 and 0.010. In the Caucasoid population, the CP A phenotype which was
detected in Blacks was not identified, and only CP Michigan was observed, the allele
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frequency being 0.012. They suggested that as the frequency of the CP Michigan
was quite similar to that reported for CP*4 in European Caucasian populations by
Kellermann and Walter (1972), the CP A variant which had been previously reported
in the Caucasoid population was actually CP Michigan. Its migration rate is slightly
slower (more cathodal) than that of CP A, the variant of Blacks. CP Michigan
was thought to be the more ancient of the two because it was common to both
populations.

Fast migrating variants present in polymorphic frequencies have not been iden-
tified in Japanese and Korean populations. On the other hand, in addition to CP
Cna: reported here, the CP C variant was reported as polymorphic in a Korean
population (Bajatzadeh and Walter, 1969). They examined 115 Koreans using
horizontal starch gel electrophoresis and detected one homozygote CP C and one
heterozygote CP B/C. The frequency of the CP*C allele was thus 0.013. Unfor-
tunately we have not had the opportunity to compare CP Cyg; and the Korean CP
C variant on the same gel. However, it seems possible that these variants may be
identical. If this is so, as is the case with TF Dgy;, these CP variants may be useful
markers for Mongoloid populations. Therefore, identification of these variants is
of more than routine interest.

We already reported that on PAGE when the CP Ayg; and CP Cyg; variants
detected in our population were compared with the CP A and CP C variants de-
tected in a Negroid population, the order of the migration rates was CP Axg;>CP A
and CP Cyg;>CP C (Ferrell et al., 1977). However, comparison between the newly
detected five variants and those detected in other populations was not possible.
Since CP is a large molecule composed of 1,046 amino acids (Takahashi ef al., 1984),
the probability that electrophoretically identical rare variants detected in only two
or three families result from the same type of amino acid substitution at the same
site appears to be quite small.
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