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SUMMARY

This report presents the results of an electro-
phoretic survey of approximately 4000 indivi-
duals from the cities of Hiroshima and Nagasaki,
Japan, for four serum proteins: albumin,
ceruloplasmin, haptoglobin, and transferrin. The
haptoglobin gene frequencies obtained for the
HP' - HP? polymorphism are in agreement with
earlier reports. Rare electrophoretic variants of
albumin, ceruloplasmin, and haptoglobin occur
with frequencies of 2.48, 0.50, and 0.58 per
1000 determinations, respectively. The note-
worthy finding of eight distinct transferrin
variants in these populations, with a combined
frequency of 20.90 per 1000 determinations, is
also presented. Four of these variants (Dgy;,
D,, B;, & B;) have been reported in other
populations in Japan, but the other four have
not previously been differentiated.

INTRODUCTION

During 1972-75, aliquots of whole blood
specimens collected in the course of the research
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program of the Atomic Bomb Casualty
Commission — now the Radiation Effects
Research Foundation (RERF) — were processed
for the occurrence of electrophoretic variants of
18 erythrocyte proteins and 4 serum proteins.
This investigation was undertaken in connection
with a pilot study to determine the feasibility of
carrying the appraisal of the potential genetic
effects of the atomic bombs to the protein
level. However, since the individuals studied
were all born prior to the bombs, the possibility
of genetic effects of the bombs does not enter
into the findings of this investigation. The
present series of five papers describes the results
of the survey, as a contribution towards delineat-
ing the frequency and types of variation of
these proteins in the Japanese population. This
paper presents the findings with respect to
albumin (ALB), ceruloplasmin (CRPL), hapto-
globin (HP), and transferrin (TF). The next
three papers in the series present results for the
18 erythrocyte proteins. Throughout the first
four papers we routinely compare our findings
with the results of other similar studies on
Japanese. However, of the similar studies on
other ethnic groups, only those on inhabitants
of the British Isles and Western Europe will be
routinely cited. In the final (fifth) paper in the
series the thesis will be developed that there are
such similarities between the histories of the
Japanese and British Islands as to make this
comparison especially appropriate, and that such
comparisons permit tentative inferences concern-
ing similarities and differences in the mutation
rates of the structural genes encoding for the
proteins in question.

THE SAMPLE

The individuals upon whom this study is based
are members of the Adult Health Study (AHS)
being carried out in Hiroshima and Nagasaki by
RERF. This study, basically an ongoing medical
surveillance, has been described elsewhere.!'?
The blood samples for these analyses were
aliquots of samples drawn at the time of
biennial physical examinations. Since the
number of persons examined weekly in con-
nection with the AHS was in excess of the
capacity of our laboratory to process samples,
priority was given to those samples obtained
from the parents of children included in the
previous genetic studies of RERF.** Otherwise
the selection of study samples from members of
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the AHS was essentially at random. The
participants in the AHS include a group who
received relatively large doses of radiation at the
time of the atomic bombs and a matched control
group who received little or no radiation
exposure at that time. Although the two groups
are largely composed of unrelated persons, the
manner of selection of the groups did allow for
some biologically related persons in the sample.

MATERIALS AND METHODS

The primary determinations were made on fresh
plasma from whole blood, drawn in a mixed
ammonium-potassium oxalate anticoagulant,
between 8 August 1972 and 31 August 1975.
Aliquots of each sample were stored at —70 C,
and also in liquid nitrogen. When repeat
determinations were necessary, the fresh sample
was first exhausted, then recourse was had to
the sample stored at —70 C, then to the sample
in liquid nitrogen.

Ceruloplasmin, haptoglobin, and transferrin were
typed using vertical starch gel electrophoresis on
Electrostarch (Electro-Starch Co., Madison,
Wisconsin, lots 146 and 371) at 4 C, as described
by Smithies® and modified by Weitkamp et al.®
Albumin was routinely typed using the pH 5.0
sodium acetate system of Weitkamp et al.”
Some comparison runs were made using the
pH 6.9, trissEDTA-borate system reported by
the same authors and the pH 5.3 system of
Arends et al.®  Albumin and transferrin were
stained with Amido Black 10B, and haptoglobin
was stained using 1% benzidine in 1.5M sodium
acetate, pH 4.47, followed by 3% hydrogen
peroxide, or by the o-dianisidene procedure of
Owen et al.? Ceruloplasmin was detected by
the method of Shreffler et al.!®  Critical
comparisons of suspected variants of transferrin
and ceruloplasmin were carried out using poly-
acrylamide gel electrophoresis (Beckman Micro-
zone System, Beckman Instruments Co., Palo
Alto, California), 7% acrylamide, 0.036M tris-
glycine, pH 8.4. Transferrin variants were also
compared using the 0.096M tris-glycine, pH 8.8,
and the 0.005M ftris-borate, pH 6.5, polyacryl-
amide gel systems suggested by Sutton &
Jamieson,'! with samples of standard transferrin
C-D, and C-Dgy; provided by Dr. Sutton
(Department of Zoology, University of Texas,
Austin, Texas). However, the rivanol precipita-
tion step was omitted from our procedure.
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As the number of reported rare variants in any
system increases, so does the problem of nomen-
clature. This is especially true with respect to
the transferrin variants to be described in this
study. For all systems, we have identified each
variant which did not clearly correspond to a
known type, in order of discovery and by the
city where the variant was first observed, with
abbreviations of HIR for Hiroshima and NGS
for Nagasaki. Because the sample from
Hiroshima was approximately twice the size of
the sample from Nagasaki, electrophoretically
indistinguishable variants which occur in both
populations were generally encountered first in
Hiroshima. When the electrophoretic identity
of a variant encountered in Hiroshima or
Nagasaki with a previously described variant was
established to our satisfaction, the temporary
terminology was abandoned and the previous
terminology adopted. While we are aware that
identical electrophoretic mobility for two
variants does not mean chemical identity, we
see no alternative to this procedure at the present
time. Where for a system conventional nomen-
clature involves an electrophoretic classification,
we have followed it.

In any study of this nature, there are always a
few patterns which for a variety of reasons
cannot be typed with confidence, even after
repeated efforts. We omit these from the figures
for ‘numbers typed’, recognizing that this group
has a disproportionately high probability of
containing poorly resolved variants.

FAMILY STUDIES

Throughout this work an effort was made to
establish the genetic nature of each variant as it
was encountered. However, some individuals
with a variant protein had no relatives in the
immediate vicinity of Hiroshima or Nagasaki, or
did not desire their immediate relatives contact-
ed. Furthermore, personnel shortages precluded
extensive family studies. Therefore, the general
philosophy was adopted of pursuing family
studies only until one other family member with
the variant was encountered, or until all the
immediately available relatives had been found
to be negative. However, because in some
family studies samples were obtained from
several relatives in the course of a single house
call, we do have some instances of multiple
affected family members in addition to the
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propositus. The family data will be presented
in tabular fashion in the course of the description
of the findings for each system.

RESULTS

Albumin

During the course of this investigation, among
4029 examinations, 10 individuals (5 from
Hiroshima and 5 from Nagasaki) were encounter-
ed who showed an albumin pattern with both
the normal and a more cathodal migrating (slow)
band. All 10 of these cases showed identical
mobility patterns in the routine screening
system and the two alternative methods already
described. The variant was first observed in an
individual from Nagasaki and therefore has been
designated albumin Nagasaki 1 (NGS 1). We were
able to compare this variant with two previously
described albumin variants from Japanese popu-
lations, namely albumin Kyoto and albumin
Otsu, for which some comparative data are
available.'> Figure 1 shows the results of this
comparison as well as a comparison with three
Amerindian variants, namely, albumin Naskapi,'
albumin Wapishana,'* and albumin Yanomama
2.1%  Albumin NGS 1 is clearly different from
the two available Japanese variants, as well as
albumin Naskapi and albumin Wapishana. Al-
though not clearly shown in Figure 1, albumin
NGS 1 tends to migrate more slowly than
albumin Yanomama 2 (The degree of separa-
tion of Yanomama 2 from normal at a given pH
varies with the lot number of the starch;
resolution is poor in this figure but see Tanis
et al's). Albumin NGS 1 is also clearly
different from albumin Yanomama 2 and
albumin Otsu when compared using the pH 6.1
gel system of Tanis et al.'®  Limited family
studies were carried out for 9 of the 10 cases,
and the presence of the variant albumin pattern
was observed in at least one first-degree relative
in 7 of these cases (Table 1). There seems to be
no surveys on Japanese for the frequency of
albumin variants comparable to this one.

Because an electrophoretically identical rare
variant was observed in several individuals drawn
from a random population, it was of interest to
ascertain whether these individuals were related.
For 7 of the 10 cases, it was possible to construct
a geneology involving at least three generations
preceding that in which the variant was discover-
ed; for no two cases could a common ancestor
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TABLE 1 SUMMARY OF FAMILY STUDIES FOR RARE ELECTROPHORETIC VARIANTS OF
ALBUMIN, HAPTOGLOBIN, AND TRANSFERRIN
#£1 WREBBEIZL->THED 547 albumin, haptoglobin, # X OF transferrin o
EFNGERBIIMT AFERAEOHRE

Family Studies

System Variant City Propositus  Sex
MF No. Mother  Father Sibs Children
Albumin NGS 1 N M . L = 5
N F - 2 % # (P
N F * O - | Do
H F - - - * Ol
H g ; ; ; |
I M *0 ’ : i
N M - " R * (P
N F Q) =[] O 5
H F & *
Haptoglobin 2]—LIR 1 H F " e # [
INGs 1 L F - - *00
Transferrin DHir 1 N F - - - *OJO
Dyir 2 H F 2 . . «0
Dyir 3 H M - - - *0
H M - - - * O
H F = = * () -
Dnes 1 N M - *Omo
By H M - - - L |
H, F 2 - - Om
H F = (P -
H F - - *OMm
N F - - _ * ]
Biig 2 H F = : - 0
H M 5 - R * ]
H M - - . |
H F L e |
N F *QOMm O
H M - *O
Brir 4 H -0
*First family member tested. O- No variant, - variant

be demonstrated. The remaining three cases
have not been investigated to date.

Ceruloplasmin

In this survey we have encountered two electro-
phoretic variants of plasma ceruloplasmin in
4026 individuals tested (2652 from Hiroshima
and 1374 from Nagasaki). Three specimens
could not be typed. Both of these variants

boTWwaWwZ EAHERsNE, Boo 3#Izo0n
T, FERMEL2FEBL TRV,

Ceruloplasmin

M4Ep @ ceruloplasmin |23 2 3 1, 4026 A
(IRM52652 A, Felif1374 A ) f, @HKD) Lo 25 Bk
Fefl@n sk, 3MEIIoOVTIREREIR TS
Ghot, Zhb2GIOEREMEE, wTFhb EWE
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Figure 1. Starch gel electrophoresis of albumin variants in two buffer systems:
A. TrissEDTA-borate, pH 6.9; B. Sodium acetate system, pH 5.0. Wells 1, 6, 7,
9, & 12, normal albumin; well 2, N-Naskapi; well 3, N-Kyoto; well 4, N-Otsu;
well 5, N-Yanomama 2; well 8, N-Wapishana; wells 10 & 11, N-NGS 1.

1., 2MIMOMME T % v 23 E0 albumin Z Rk B« V8 Sk I iF R,

A, +) A-EDTAKE-+ 4, pH6.9. B, BEEEF Y 7 L4BilF#, pHS5.0.

#H1, 6, 7, 9 L F12%F H, [E¥% albumin; #2F H, IF % 5 - Naskapi;

F3HFHE, EHAEE Kyoto; HAFH, EWHE Osu; HSHFH, FHHL

Yanomama 2 ; &5 8 # H, % & ¢ Wapishana; #5105 X 0F115%F B, E#HH e

albumin NGS 1.

occurred in individuals from the Nagasaki
sample who also possessed the normal B pheno-
type, and have been designated ceruloplasmin
Angg 1 for a sample showing a band migrating
anodal to the normal B band, and ceruloplasmin
Cngsg 1 for a sample showing a band migrating
cathodal to the normal B band. We have not
encountered any previous reports of cerulo-
plasmin variants in the Japanese.

Comparisons of the variants encountered in this
study have been made with the A-B and B-C
ceruloplasmin types encountered in American
Negro populations by Shreffler et al.'® The
results of this comparison are shown in Figure
2A. As can be seen from this comparison, the
two Japanese variants are clearly different from
the ceruloplasmin variants from Negro popula-
tions. The Ayngg | variant appears to be
electrophoretically similar to the Ag,, ., variant
reported by Tanis et al'* in South American

HrEoxRFEZTOSAALOT, WTFholgd
FHEa2BH#RMEEM IO s, EHLZB/ AV F
LN PR A O L % 212 Ceruloplasmin A
Nagasaki 1 (Aygg ;) &f&ah, EHAEB/IYF
EVEMmMAFE L 24 ok, Ceruloplasmin C
Nagasaki 1 (Cygg () @B &N, SETIHF
AiZ#H 1T 3 ceruloplasmin ZFSKICM T 2 RET £
ERYES W,

EFHETRD-LERE L, Shreffler 5" ARED
BAHH TS 7~ ceruloplasmin @ A-BR & L OF
B-CR:DIEEEiTo~. 20ERIR2AIIFR
L., ZOREBOEXErvicashs ki, 24
DARAOEREIE, BALHADPO ceruloplasmin
DERKEEEHEL P IZELE STV S, Aygs | BRE
i, #RA 747y EEOREET Tanis 5 A
ELZA TR BRI LT 6 TR

Cayapo
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Figure 2.

variants, and comparison with previously reported variants.

A. Polyacrylamide gel electrophoresis of Japanese ceruloplasmin

Wells 1, 4, & 8,

Indian populations. The Cygg ; variant appears
similar to the New Haven variant reported by

normal ceruloplasmin B; well 2, type B-A from Negro populations; well 3, type
B-AnGs 1 well 5, type A-C from Negro populations; well 6, type B-C from
Negro populations; well 7, type B-Cngs ;. B. Starch gel electrophoresis of
haptoglobin variants from Hiroshima ang Nagasaki, Well 9, HP 1; wells 10 & 15,
HP1-2; wells 12& 16, HP 2; well 11, HP 1-2[yR j; well 13, HP 1-2NGg 1, son of
the propositus; well 14, HP 1-2Gs . propositus (MF
#2. A, HAEA® ceruloplasmin ZER{ED A ) 72U NT I F7 L@ RKHEGEE
SULAETIIREShATRFLOLE. 51, 45 L0 8%FH, EH cerulo
plasmin B; 2% H, BALMAA»SHB2B-A%, H3&FH, B-Aygg M, H5F
B, BAEBA»5E2A-CH; ®H6FE, BALEM»51542B-CR; HT7F&E,
B-Cpgg 1 ¥ B. B & & U REBFTHR &1/ haptoglobin 28 5% (4 o B i v i
Aok, woFHEH, HP 1; S0 LUHISHFE, HP 1-2; HF12H L UHE16HE
H, HP2; ®11#&H, HP 1- 2y |, H13EH, HP 1-2 oq,, RMHEOLT;
F14%HE, HP 1- 2 y5q,, JME (MF

)

LTwak)iBhhd. Cys X8

{41, Shokeir
+ & UF Shreffler,® A'#id5 L /= New Haven ZE5E{k

Shokeir & Shreffler!® (see also Giblett!”). No
direct comparison with these variants was pos-
sible. Family studies could not be carried out
on these variants.*

Haptoglobin

The well-known haptoglobin polymorphism due
to the HP' and HP? alleles has been described in
a large number of Japanese populations as
summarized by Omoto.'® The phenotypes and
gene frequencies encountered in our screening of

ESEML T3 EE b a (Giblett @& 2
ZE). LAPLEAFSINSDT Rk L OB B
BTEhhrok., BREMAZERKIZIODVTIE, F
REESTICENTE Lo, *

Haptoglobin

Omoto™ MIMHIZH A LI IZHP 5 LU HP? &t 31
(% 12 & 2B %10 haptoglobin @ £ /U4, £ ®
HEAEFOWEFI W TRESh TS, £ 213,

*Family studies for both variants were done after 31 August 1975. The genetic nature of Ceruloplasmin Ap 46

was confirmed.

19754 8 H3LA LM 22T Cygg 1» Angs 1 & bERBEA T b, Aygg | BBENERETHZ 2 & AR

shic.



RERF TR 3-76

TABLE 2 PHENOTYPES AND GENE FREQUENCIES FOR THE HAPTOGLOBIN POLYMORPHISM
IN HIROSHIMA AND NAGASAKI
#2 JREG - RIFIZH1T 3 haptoglobin M £ EI L 7 0 HWA & & (ST 46 5

) Phenotype Gene Frequency**
City No type* Total
1 21 2 Variants Jiid HP?
Hiroshima 132 764 1165 1 11 2073 0.249 0.751
Nagasaki 98 500 767 1 8 1374 0.255 0.745
Total 230 1264 1932 2 19 3447 0.252 0.748

*These samples gave no haptoglobin pattern or a pattern too weak to be typed accurately.
Zhs@BEATIE, haptoglobin MY FEFRahdord, Ay FAMT ETERLNORENTE 2ok,
**Calculation of gene frequencies excludes “‘no-types’ and variants.
WMIZTHEOREIZG, "HOREAFANTELZVLO" PERAREETAT VLV,

3447 individuals are shown in Table 2. There is
no significant departure from Hardy-Weinberg
proportions in either city, and the gene fre-
quencies for HP' do not differ between
Hiroshima and Nagasaki. The gene frequencies
for the HP! allele fall within the narrow range of
0.23-0.29 observed in other Japanese popula-
tions. The HP' frequency of 0.255 obtained
for the Nagasaki sample is in agreement with the
frequency reported in two previous studies in
Nagasaki Prefecture.'®®  Although  several
samples failed to exhibit a haptoglobin pattern
following starch gel electrophoresis, no effort
was made to determine whether this was due to
the presence of an HP® allele or to some non-
genetic factor. Ogawa & Kawamura?' have
reported the presence of a haptoglobin variant
similar to haptoglobin Carlberg, first reported by
Galatius-Jensen,”> in 10% of the unrelated
outpatients seen at Kyushu University Hospital.
These results were obtained using polyacrylamide
gel electrophoresis, and it is probable that this
haptoglobin type would not have been detected
by the starch gel method employed in the work
reported here.

A single individual from the Hiroshima sample
exhibited a variant haptoglobin 1 pattern,
designated HP lyp 1@ The variant pattern was
characterized by a reduced staining intensity and
an anodal shift of the bands characteristically
present in the normal HP 1-2 phenotype. This
pattern is shown in Figure 2B well 11, and
resembles closely the haptoglobin 2-H reported
by Robson et al.?® In the figure, the anodal
shift of the first HP band is observed by the
presence of hemoglobin, but the existence of
this band has been clearly demonstrated by

UATANLE D2V TIT o AL EDA Y Y —= v I TRD
AEBEUSIVCEEZTHELARLELOTHS. W
i & b (S T4 12 Hardy- Weinberg iR A 5 1%
S AHGHIE & KEIXE {, HP! OBAIEF 4 E (3
R - B2 e, o7, HP Y 33 S 1
OMIZFHEE L, o EDAARAEFATHED 5L
T150.23—0.29& v I BVFEIHAIZ & - /2. Kl
HHIZ>WTEBS N HP B{ETHHE 0.255L 19
g, BB ICHVTIThhBAED —SORES
THESALEEII-BT 2. W 2»OfEETII,
By 4L B R ki3 Tl haptoglobin /Y4 — ¥ &5
HETENTEED, ZTHHHPO I MET
DHEEIZL L0, dHVIEFIEBREEORTFIZ X
ALOHELERETALODOWTIT LA, o2,
A E A2 12, Galatius-Jensen?®? |2 & - T %
#1Z # 45 = #1 ~~ Haptoglobin Carlberg (23T 4L L 7=
haptoglobin % S % JLM| K SRR T LA BIFO % »
NERBREOWBIZBDA-ZLERELTWVWS. Zh
ENEERIE, YT 2ULT I FYLERKDEIC
koTEHsN2EDT, 2O haptoglobin M SR
&, RAMTHC SN B S VIREEID - TIRE
RTeahghrobtEIZILENS.

ot B EHO 112 35T, haptoglobin 1 %8
mEFRP s, HP lyg b @wE&hi. COER
BNy, @BIpgs HP 1- 2 8o 3y KA, i g &
n, poBEAIITR ALY Sy - ERT L
FEHMTh-o7. 2Oy —v %, H2BoHELE
BIZRLTHBA, Robson 5 ¥ 12 koTHE s~
haptoglobin 2-H ¢ JE# Iz L < UTwa, HbhTIt
ANEFOE Y HH D 2012 HP %R o) — F SRR o
Ny Fi, Bo&n@BOohiwh, 727>}
(BEDREOHZ)FENVT7ULTIFSVERCT
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gradient polyacrylamide gel electrophoresis
employing a tris-boric acid-EDTA buffer at
pH 8.4, Unfortunately only one family member
was available for study and this individual did
not show the variant phenotype.

Another single individual exhibited the unusual
haptoglobin phenotype shown in Figure 2B,
characterized by an extra, weakly staining band,
migrating cathodally to the normal HP! band,
the remainder of the pattern being typical of a
1-2 type. This pattern does not conform to any
of the previously reported haptoglobin variants.
In order to rule out artifacts that might result
from sample preparation or storage, we collected
a second sample from the propositus, and also
samples from two children of the propositus.
The wunusual pattern was confirmed in the
propositus, and was also present in the son, the
daughter showing a normal haptoglobin pattern.
Although we have not done any detailed studies
of this unusual haptoglobin, we have assumed
that it represents a new genetic phenotype,
designated HP 1-2yqg ;- The absence of any
apparent doubling of the bands in the 1-2 region
of the pattern is probably due to the low level
of the variant material in the sample.

Ogawa & Kawamura® encountered one indivi-
dual showing the phenotype HP 1-2 Johnson in
a survey of 1000 Japanese from Fukuoka
Prefecture and Sugita & Tsunenari®® have
reported a single case of the same type in 1100
individuals from Kumamoto Prefecture. This
type was not seen in our study.

Transferrin

Eight different electrophoretic variants of
transferrin, involving 84 persons, were encounter-
ed during the screening of 4020 persons; the
frequency of each is shown in Table 3. Nine
additional samples were not typed because the
transferrin region was obscured by hemoglobin
due to hemolysis. Electrophoretic comparisons
of these wvariants, using polyacrylamide gel
electrophoresis, are shown in Figure 3. Fifty-five
of these, of five different mobilities, are variants
showing a band cathodal to the normal C band,
generically termed D variants. The most com-
monly encountered D variant in our study is
identical in electrophoretic mobility to the
variant Dgy; first reported by Parker & Bearn?s
in Chinese living in New York City. This
comparison was made with a sample of trans-
ferrin C-Dy,; provided by Dr. H. E. Sutton. The

10

FU A~ FIEEFFY Y L - EDTA, pH 8.4% #ifi
M&Lf"imM§ﬁatma nWEARBHLENS,

Bahh»s, FRAECRAZ—AOEE,»L LA

$M%ﬁé_tbfeT,# ,1@AL@££@
IO hahoi.

izt 53—, M2BlzA6N 5455 4458 % hapto-

globin B AR U 2fflA b -7, Zoik@§iy, HP!
MEFIZERT 55 P& & EEm s, 55 ¢ i%'é@
ENLNYFAFLEAEGITH S 415 BEIAY

- 28t hod. TONF—TF, SFTIZ iﬂu
=¥ (s haptoglobm FREOWTFhoORIZE T3
¥6 7% ZOEREEADELBTE LR TRIREE
u$vfﬁotklmttm?tu:aéﬁ#m%
iz, BIEE» SHBUERLHERL, F-8mE
D2ADTHH» S LEFEREL L. BRET, &
RIIFMER SN, ZORBTIILERMABH S A
7oA, IHIXIE % % haptoglobin BI&F L /-, Hhb
NE 2 DR O haptoglobin 122w T @ FEHAN 4 £ 3T

BERAT-TIRVAEVY, HLLEREMNZEE LR
THOLEZTEN, HP 1- 2 g L HLE. 20
Ny —vrlE, 1- 2BI@EEIZ, Ny FAE#MLT

Rh3E0IBRRERENELH,
Hifk by 28 BT O B A5 b o T &

Inlt, B725¢
ekaEBHsd.

ME E A, @REELAN O H A A 1000 A % 5
%Lu:;ﬁﬂ‘f‘, HP 1- 2 Johnson @ #E 4 7574
HE 1HIEED AREBLUEMRY (L, RN
mnmkwﬁ%#¢1%trmzmmf_t&ﬁm
LTna, 2o SRIOFETEHROsNEL - /.

Transferrin
4020ADHBEIZODVWTODATY Y —=2 7T, 84A
DOEATKMAT Rz 8 fF @ tranferrin ZF 5 {4 & iY
. FOBHEEERIIRLE. '«mmiﬁgi(u;gf\%
7Y -8 transferrin &) 3@ G A A G B -
Lok 9WOEFII2VTIHBORERITHhNEL -
oo B3, KT T RS VEAKENEC
LB NERKORBERLELOTHS. =
NeERMEPOSHIL, EWECHAY &0 bEME
MIzBb 53 vwbWADRERET, Z4HIE
ORLEL5MBAE-L. BLELEREsN L LD
Parker £ & U Bearn® #' New York filzfE{E+ 3
FEACET2RAAETCRLELODTEALTHREL -
Doy ERAUBMELZRL . ZOmBHETIL, Dr.
H. E. Sutton 7» 5 {f & 417 transferrin C-D, %
GUEFEEZLLEVTITo A, SRO0OFEFED2WURE
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TABLE 3 PHENOTYPE AND GENE FREQUENCIES FOR TRANSFERRIN
VARIANTS SEEN IN HIROSHIMA AND NAGASAKI

#3 JEE - BB TAH S N/ transferrin R A0 F R B £ & O (EFAEE
Phenotype Hiroshima Nagasaki Total
C 2580 1356 3936
C-Dyi 36 11 47
CDyr 4 1 1 2
CDyir 2 2 0 2
CDyr 3 3 0 3
C-Dyes 0 1 1
CB, 6 3 9
CByig 2 15 4 19
CByr 4 1 0 1
No type* 9 0 9
TOTAL 2653 1376 4029
TFC 9879 9927
7 D Chi 0068 .0040
rrDHIR 1 0002 .0004
TF DHIR 2 .0004 0
TFDHIR3 0006 0
TF DNGS 1 0 .0004
TFB3 0011 0011
TF BHIR 3 0028 0014
7FBHIR4 .0002 0

*These samples gave a transferrin pattern which could not be typed accurately.
IheoEdCl, EHMCSHTESL9% transferrin W39 -2 P RBS Aot
**Calculation of gene frequencies exclude “no type",
WIETHEOHETIE, "HORENTEL2OLO" ERINLTH 3.

gene frequency for TFP Ch in our overall
sample was 0.006. We have also observed two
examples of a D transferrin with a mobility
faster than D¢y, and probably corresponding to
the variant D, (see Sutton & Jamieson!! for the
standard mobility table used). This variant has
‘been designated Dy ,. As discussed later in
this section, both of these variants have been
encountered in previous Japanese studies.

We have also observed three D variants not
previously reported in Japanese. Three indivi-
duals from the Hiroshima sample showed a
variant, designated Dy 5, which migrates in a
relative  position equivalent to transferrin
DRaifora I the polyacrylamide test system.!!
Two examples were encountered of a variant,
designated Dy ¢, which migrates near the
normal C band on starch gel, but is well
separated by polyacrylamide gel electrophoresis.
This variant seems to correspond to the D
variant reported by Giblett et al.?®*  We have

11

2k113 TF D OW oo (E-FHE 1L, 0.006TH- 7.
Z®iEA 12 D transferrin (2 T 3 A, DM
bBEMEOROERKE LAY, ZhIEERAK
WEIZE D, LRLEOLEE LS50S (Sutton & & U
Jamieson" A WA HER @ E £ A B E v,
COERMEE, Dyro b Ehs, BB+ 2L
CChsnERFIVTNLBEOAFOWRETE
BOENALOTH S,

FRETIE, ChETHFRALIDOLTERE SATY
HZWIMODRIERMEERD TS, EEIELMAP 3 A
DEFHEIE, Dypg B ENZEREIRDH S
Nnd, Zhid Sutton & Jamieson" @Oy
TEUNT I FEEEMRELTIE Transferrin Dy,
YT AU@EETHILA. Dyp, b hi
2HOERMEKEZ, BHrL ke, TEC/AYF
DELETHWMT 24, RUTZULT IS LA
Ao EBRERMTIECHAY P s, 5258 -,
ORI, Giblett 5 AL L D ERFIL
WETSELII2Bbh 3. £/, Dy &@BELL
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1 VIR &1ty 7 8

T2 e 45908 6 7 8

Figure 3. Polyacrylamide gel electrophoresis in tris-glycine buffer pH 8.4 of
transferrin variants encountered in this study. A. Transferrins C-D; wells 1, 7, &
8§, normal controls, type C; well 2, C-Dyrr 3 well 3, C-Dopj; well 4, C-Dgrg 2;

well 5, C-Dyrr 17 well 6, C-Dy
controls, type C; well 7,
C-Depi.

3.

GS IJ B. Transferrins C-B; wells 2, 5, & 8, normal
C-B3; wells 4 & 6, C-Byrr 2, well 3, C-Byigr 4 well 1,

AWME TS 5 N/ transferrin ZRED LY A - 7Y ¥ 4%, pH 8.4

AHWAEBEGOREYVTZULT I FALEAKEE. A Transferrin C-D: & 1,
7, 8%H, EWAaMBAIOCE,; #2&FH, C-Dypr,, HIFEB, C-Dgy, 5
Wa®EH, C-Dyjp,; B5&H, C-Dyg 3 H6&FH, C-Dygg - B. Trans

ferrinC-B: & 2,

S5 EU8ER, EWaxBMaoCE, H7#&#H, C-B,;

WapkU6®HE, C-Byp,: #3&HHE, C-Byp,; #1%HH, C-Dgy,.

also found a single example of a variant, Dygg s
which is indistinguishable from the normal C
type in the routine starch gel screening system,
and was discovered when run in the tris-glycine,
pH 8.4, polyacrylamide gel system as a putative
normal (Figure 3). We have examined 100
randomly chosen samples presumed to be
transferrin C by this polyacrylamide gel electro-
phoresis method without finding additional
Dngg | tvpes. The frequency of this type in the
total sample cannot be accurately estimated at
this time, but it is probably quite low. Family
studies have confirmed the genetic nature of
three of the five D types. For Dyp o the only
family member available for testing was pheno-
typically normal, for Dy ;. two children were
tested without finding the variant.

Parker & Bearn®® also reported the discovery of
a single example of a rapidly migrating transferrin
type, which they designated By, in a sample of

12

TG A 1HRG A, ThIEEEORE Y L% [
WhEAZ ) -2 TETREEOCREOEMNIE-
Ahwv., TOERMKE, EFERMEshTurEEs,
FYA-7Y3Yy, pHB ADEMH A A WT, &Y
ToUNT I FEXLETHRDL BB EREN
EH0OThHA([H3). Transferrin CHI & H i h
BAREZEEBIZIONRAT, ZORYT27YLT 3
RVl Gk i CHME L Ta 7Y, Dygs BT,
ErIZERBOe o, HEDEZIAEHEE
FOCOROBEEZEMIZERETE 20, %
LN EvLOEBbhs. ERAEIZL-T,
SHEODRO ) 5, IFZ>VTEBEEMNERR
ThadTePMBENRL, Dyg, 20Tk, BE
BT EOTELM-ADOFTEANIEH L RER
EFALTEY, Dy li20Tid, 2A0T#E2#H
NEA, BRBEIRD SN b7,

Parker # & UF Bearn® I3, F#IZFE O HAA46A
ORIz, BB A transferrin B % 1 {3



46 Japanese from Ube, Japan. In this study, we
have seen nine examples of a B type variant
which has the same relative mobility as By in
the standard system of Sutton & Jamieson.'!
We have therefore designated this variant B, but
no direct comparison has been made. We have
also observed 19 examples of a B type variant
which migrates anodal to the B; type, designated
Byir . Its relative mobility in the standard
system places it between the variants B, and B;.
However, it may be identical to the B variant,
designated B,, seen by others in Japan (see
below). In addition to these more common B
types, we have observed a single variant,
designated Byp 4. which has an electrophoretic
migration anodal to Byir - Transferrin By 4
shows, at both pH 6.5 and pH 8.8, an electro-
phoretic mobility similar to that of By, . at
pH 6.5  Family studies have confirmed the
genetic nature of the three B types observed in
this study. Table 1 shows the results of family
studies for both the B and D types and Figure 4
shows the results of family studies for three
cases.

Following thediscovery in 1961 of the transferrin
variant designated Dgy; in New Yorkers of
Chinese extraction,?® Japanese investigators soon
demonstrated the presence of a D variant in
Japan, presumed to be the same as DChi-
Matsumoto?” has reported 12 instances of the
C-D type in 822 unrelated Japanese, and Omoto
& Harada®® reported three examples of what
they presumed to be C-Dgy; in 245 people from
Amami Oshima Island. Since these early studies,
many additional examples of the transferrin C-D
phenotype have been reported in studies of
Japanese populations, but in many of these
studies primary standards were not available for
comparison. However, Omoto & Harada®
using a direct comparison with Dgy; reported the
presence of 19 examples of a phenotype indistin-
guishable from Dgp; in a sample of 1085
non-Ainu Japanese from the district of Hidaka,
Hokkaido, and 14 examples of the Dgy; pheno-
type in 466 Ainu. The frequency observed in
non-Ainu Japanese (0.009) is similar to that
found in this study.

In addition to the commonly encountered
C-Dgy; phenotype, two other C-D transferrin
patterns have been reported in earlier studies of
Japanese populations. These involved a total of
29 persons. Omoto & Harada®® found a D
variant with an electrophoretic mobility slightly

13
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RU, Bpem&LAE., 4EOHMETIL, Sutton &
LU Jamieson" DEEHEHXOE LT B, &7 L #
MBME+RTBRIZERKE OffizH T w5, L
HoT, TORREEB, &faL AN, EEN
ZHBIEIT>Tvaw, $ABMERKT, B, B
D ISEMATEIT 2L 0 & 190D T By, &
At L7 By, @GR BEE S8 RO b LT,
LRHB, LB, ORMIZMT 5. LAL, HECS
AR E (TRBHE)FERLTB, s &4L
LBERMBLE-—DLOTHEALLNAGEW. Zh
50K NA5NEBREOIENIC, Byga &9 5 BN
KB T AL R A IHIER LBy, b AL~
Transferrin By , #8113, pH 6.5, pH 8.80
WTFAUZEVRTE, Blper PPH 6.5 125115
MELEELL TS, FHEMAECL-T, K#lET
RO 3MOBENE, MIEMERYTHZ Z -
AR E N, £11E, BESLUDROMNAIZM
TOERMEOHERETRL, W41 3HoFEHRMAE
DFERERL TS,

1961 4 12 New York i R odth [E A2 Dy, & & #
&7 transferrin ZREFFER N THE 1 <5
HEAMEELIHZ6L ThER—EBbRADE
REFHATHLREL LA, BFEYT ZMFREGEO 50
HA A 82 A 1z 12D C-DHEIA#4% L, Omoto
H LU Harada® (FEERBOER 245 AF12 C-Dgy,
LEbLN2EFEIFEMEL TS, ZhoiioHA
LK, E2IZHAANEROBWET transferrin
C-DERABOM AP FHW|EEATV B, ZThs
DWNED L CHBHEEREA L OB TbAT L L
V. LA L, Omoto & & U Harada® 1%, Dy, ¢
BILBk#E T- T, LEEE &R ADET 4 20
A A8 ADEMP Iz, Do, EEHTELVRER
EROLMAERD, T4 X ALB6AFH D, #B
BEUFERSAZEEREL TS, ET42AEA
IZERO S N (0.009) 13, SEOFETCE S
EbOEEWETH B,

RSB B 6 15 C-Dy, EEHLCMATHKRA K
HlizowtofEfRoRFIZHENT, Mo 280 C-D
transferrin OFIARE TN TS, ZThEITEFH29A
BN DTH 5. Omoto & L U Harada®
i, BRIAMLEOBMEN Dy, &0 X0 D R
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5

Figure 4. Starch gel electrophoresis of some transferrin variants encountered in
this study. A. Transferrin C—Bﬂjﬁ Fz; wells 1 & 5, normal controls, type C; well 2,
C-Byr 2 well 3, propositus (MF 263809); well 4, son of the propositus. B.
Transfgrrm C—Dc;} i well I, normal control; well 2, propositus with C-Dcp;i
(MF 267406); wei 3, mother of propositus; wells 4 & 5, affected brothers of
propositus. C. Transferrin C-Bz; wells 1 & 5, normal controls; well 2, normal son
of propositus; well 3, affected son of propositus; well 4, propositus (MF]| 4
4, FPWETPEY 7 transferrin ZRIED EH 4 L EAKME. A, Transferrin
C-Byp,: BLIHIUHESHFE, EWNGHmE, CR; H2%FH, C-Bypr,:
#3HA, Ko H (MF263800); H 47 H, EMAOMF. B, Transferrin C-Dgy. e
H1HFH, EXEMBE; H2HHE, C-D,, EHT2HMH (MF267406); 3 3 &
B, &R, B4p LU SHEH, BMEONBTERIEE B AH, C. Trans-
ferrinC-B ,: H1HEUPS5HE, Efzulad,; BekE, BEEOEH2LT,
WIHE, RMEOLTFCERGORD S h5%; B4FHHE, %éi'n“é%‘(MF.).

faster than Dgy; and Kudo & Ishimoto® have Bk ¥, THSLUEERE, BMEHF D,

observed a D variant with an elecf_rophoretic ENLES, 25264 D ENLF R LS

mobility slowsr than Dey and Possibly SIOWer 4, 5D Mg k& 20 T 12 5. RO KM 2
an . ough no direct comparisons were N o i

Possiblel, our variagnt Dygr » exhibits an electro- Gabadedly Dl m'géﬁ L tﬁ%“" D g2 @

phoretic mobility similar to the fast variant fe gz, Omoto 45 & U° Harada 438 72 (Dgy; &

(faster than Dgy,;) seen by Omoto and Harada. NE)BROERMEIZIEF(ZHE V.

The transferrin variant B; has been shown to be Transferrin ZHEB, 2B FAEFH P Iz 2028

widespread in Japanese populations. This variant AHEHENT VS, ZOERME, 19644 4 5 1973 4
. . 2‘]’ ’

lcl)as been rePUrtEdzén St;ld;fsdby &I?Ialt;l.}moio,m F T M2 Matsumoto,?”” Omoto & Harada® & L&

i M W e ikhone i UIMEGHD Sl ko THRES ATV S, KL

Earlier studies in Japanese populations have also o i oL
reported the presence of the transferrin variant ErenLHFARA IS SHECHTY,

B,. Kudo & Ishimoto® have observed this type transferrin B, O BFE & s Twa, Liksk
more frequently than the By variant in a sample CREAE®IX, ZBEROE0ADERF 12, B, Bz
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of 630 individuals from Mie Prefecture. As
discussed earlier, we also have encountered a
variant of the B type (Byir o) more frequently
than the B, variant, but our comparisons suggest
that the variant encountered in this study is not
electrophoretically the same as B,. Because of
the similarity in gene frequencies it seems likely
that the variant designated B, by others and the
variant designated Byr o represent the same

variant. No direct comparisons with either a
standard B, or the Japanese B, have as yet
been made.

DISCUSSION

The most interesting finding with respect to
these serum proteins has been the variety of
transferrin variants present in Hiroshima and
Nagasaki. We have encountered 84 individuals
apparently heterozygous for one or the other of
eight distinct types of transferrin variants in a
sample of 4020 individuals. The genetic nature
of most of these variants has been verified by
family studies, and their relative mobilities
verified by electrophoresis in both starch gel and
polyacrylamide gel under a variety of conditions.
This work confirms the findings from other
investigations of Japanese populations with
respect to the occurrence of the variants Depis
By, and a variant electrophoretically similar to
B, and a D variant which migrates faster than
Depi- Four of the variants encountered in this
study have not been previously distinguished.
As mentioned earlier, the comparison of observed
electrophoretic variants, between and within
populations, is complicated by the lack of
adequate standard electrophoretic types in this
and other studies. We have tried to standardize
our results using polyacrylamide gel electro-
phoresis at two pH values, one acidic and one
basic, as suggested by Sutton & Jamieson,'' but
until this or some other standard system becomes
more widespread the comparison of findings
from different studies remains somewhat
arbitrary.

The variant Dy, is widespread in Chinese and
Japanese populations, but appears to be absent
from Caucasian and African popu]ations.al
Arends and Gallango®*>® have reported a variant
with the mobility of Dgp; in high frequency
among the Yupa Indians of Venezuela, and
Tanis et al'* have observed a similar variant in
the Piaroa of Venezuela. Others have reported
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Bza f’l-f?F:t"Jt? (BHTVS. *r—ﬁ’u‘iﬂ?mctﬁt:
KWHETH, bHMOBR B+ 2% A (Byg, )
EB,ZERMHEVL, BEETHERELTWVWE, LA
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an unspecified D type variant or a variant
similar to D, in Indian tribes, but many tribes
lack the Dgy,; variant. If the Dgy; variant
encountered in some Indian populations is indeed
identical with the Dgy; of Chinese and Japanese,
then this may be viewed as a Mongoloid trait of
great antiquity which is lacking in Negro and
Caucasian populations. The Dgy; variant also
appears to be absent from Asiatic and Oceanic
populations geographically close to the Japanese.
We have confirmed the reports'® that the
transferrin variant D, present in Negro, Asian,
and Melanesian populations, is not found in
Japanese.
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