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AGE RELATED CHANGES IN ERYTHROCYTE A AND B ANTIGEN STRENGTH
FMBOAS I B OMEROOFE B ZEI®

INTRODUCTION

Changes in erythrocyte antigen strength
during fetal development and childhood
have been recognized for many year5,1’2
but early studies failed to recognize that
subtle changes in erythroecyte antigeniecity
continue to ocecur throughout the 1ife span
of humans. In recent years, studies on
A and B antigen changes with age as
manifested by changes in agglutinability

of erythroeytes with specific antisera

have been reported by Lodenkdmper and

3

Steinen in Germany® and Furuhata and Eguchi

in Japan.? Similar age changes in strength
of the Rh antigen have been described by
I\{anning.5 From these observations it
appears that erythrocyte antigen strength
increases during childhood, reaches a
maximum in the third decade of 1life, and
then declines progressively in later years

to quite low levels.

Because of the hypothesis that radiation
indueces a nonspecific acceleration of the
aging processes,6 investigators at the
Atomie Bomb Casualty Commission (ABCC) are
studying a number of physiologic changes
with age. Most physiologie functions that
change with age may be attributed to the
accumulated 'wear and tear' of organs. The
changes in erythrocyte antigeniecity,
however, would seem related to some
inherent change in cell formation with
age, since an erythroeyte life span of
approximately 120 days has been found in
humans of all ages. Therefore, study

of erythrocyte antigen strength seemed
particularly appropriate as a test of
"differential aging between irradiated and
.nonirradiated SHbjects in Hiroshima.
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METHODS

POPULATION STUDIED. A sample of Hiroshima
residents, including those exposed to the
atomle bomb and the nonexposed, has been
selected as part of a continuing Adult
Health Study by ABCC. Four exposure
categories comprise the sample:

Group 1. Exposed within 2000 meters of
the hypocenter. In 1945 experienced acute
major radlation symptoms of epilation,
purpura, or sore throat suggestive of
agranulocytic angina.

Group 2. Exposed within 2000 meters of
the hypocenter. Did not experience acute
radiation symptoms in 1945.

Group 3. Exposed within the city at
3000-3499 meters from the hypocenter;
beyond the area of significant radiation,
but within the area of physical destruciion
by the bomb.

Group 4. Immigrants into the city after
the bombing.

All groups have a similar age-sex
composition; the specific age and sex
distribution of the Adult Health Study
sample has been described elsewhere.B

Blood groupings were performed for a
total of 2119 subjects during the period
April to October 1959.
subjects were not suitable for agglutina-

Since blood group 0

tion studies with specific antisera, the
tests were performed in the 1495 subjects
of blood groups A, B, or AB. Table 1 shows
the sex, exposure group, and blood group
distribution of the tested subjects.

ERYTHROCYTE AGGLUTINABILITY AS A TEST OF
ANTIGEN STRENGTH. The principle of the
test involved measurement of the lowest
antibody concentration at which definite
agglutination of washed erythrocytes
occurred. In practice, for each subject a
standard quantity of cells was incubated
with antisera dilutions and the highest
dilution of antisera by which the cells
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TABLE 1

DISTRIBUTION OF STUDY SAMPLE BY BLOOD GROUP,

SEX, AND EXPOSURE GROUP

#1 Ay 7AomiEi, s & UCEIEE NS A
EXPOSURE GROUP 48 47 2
BLODD GROUP MALE 5 FEMALE & BOTH SEXES Hi
il i T I
L v b e e deassdramey 5 1 5 | 5] 7 T[reRaE R om e o [T [reaal
il ] at
A 63 72 63 84| 282 115| 161 | 136| 130| 542 178 | 233| 199| 214 824
8 49 35| 33 43| 180 85| B2 76 56| 299 134 | 117 109 90| 459
AB 21 12 21 20 74 3t 37 33 37| 138 52 | 38 54 57| 212
TOTAL &t 133| 119] 117] 148} 516 231| 280| 245| 223| 979 364 | 398| 3gz| 3701495
were agglutinated was recorded. Thus, OEEIIRELIMMEORSHFNELLERLAL. L
agplutination with a high dilution (low : e A iy
&g e ( o o THE RIS ATRE 5 A BUE AT (FLME iR
conecentration of antiserum) indicated

greater antigen strength.

Commercial anti-A and anti-B agglutinat-
ing sera* were obtained, and preliminary
tests indicated that all cells were
agglutinated by a 1:100 dilution of the
A 1:100 'stock' was
made and frozen. For daily testing an”
aliquot of stock was thawed and diluted
further 1:10; 1:20; 1:40; 1:60; 1:80;
1:100; 1:120; and 1:140. Judged by the
agglutination titers, the antibody content
of the commercial serum was remarkably
similar for the anti-A and anti-B sera.

commercial serum.

Cell suspensions from all subjects were
prepared from clotted blood, washed three
times in 0.9 per cent NaCl and a final
2 per cent test suspension added to 0.1 ml
of each dilution of serum. The contents of
allowed to stand
at room temperature for 30 minutes,
centrifuged at 1000 rpm for one minute;
agglutination was read macroscopically.
The highest dilution of antiserum yielding
definite agglutination was recorded as the
agglutination titer.

the tubes were mixed,
and

Subjects of blood group AB were tested
with both anti-A and anti-B agglutinating
sera.
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RESULTS

CHANGES IN ERYTHROCYTE AGGLUTINATION WITH
AGE, The changes in mean agglutination
titer with age, for each blood group, are
shown in Tables 2 and 3, along with the
number of patients in each age category.
The same data are presented graphically in
Fipure 1.

It is obvious that erythrocyte agglutina-
bility changes qulte markedly with age,
reaching a plateau for both sexes in all
blood groups at ages 25-34, and declining
thereafter. Quantitatively, approximately
three times as much antisera was needed to
agglutinate the cells of very old indi-
viduals as that needed for young adults.
Statistically, the correlation ratios with
age for the various antigen-antibody
systems were quite high (.75 - .85). In
blood group AB subjects tested with both
anti-A and anti-B sera, agglutinability was
approximately equal and fully comparable
with the results obtained in group A or
group B subjects. The data for the
agglutination titers with the two antisera
for AB subjects are shown in Table 4. They
were very highly related statistically,
yielding a correlation coefficient of .98.

From Tables 2 and 3, erythrocyte agglu-
tinability values seemed somewhat lower in
women than in men at age 20-40. This
impression was subjected to analysis by
comparing differences in the means for each
decade between men and women of group A and
group B. Differences were statistically
significant in the younger ages (Table 5).

ERYT“ROCYTE AGGLUTINABILITY IN RELATION TO
RADIATION EXPOSURE. Since the particular
interest of the study was age change in
erythrocyte antigen strength as a possible
manifestation of radiation induced aging
acceleration, the agglutinability data were
analyzed extensively for differences
associated with radiation exposure. Among
the four exposure groups the differences
for each ten year age group, male and
female, were not found to be statistically

“significant. Analyses of variance by age,
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TABLE 2
#2

ERYTHROCYTE AGGLUTINATION TITERS, MALE SUBJECTS, BY BLOOD GROUP AND AGE
5T # MR O MHEEE B & & U84 ib 5 IR IR EE 4 5F il

BLOOD GROUP A BLOOD GROUP B BLOOD GROUP AB gLOOD GROUP AB
ANTI-A SERUM ANTI-B SERUM ANTI-A SERUM ANTI-B SERUM
A6k ATImPE A BRIMmiE B IMLi#E AB B iE BT A ML AB B M B il
4 | NUMBER | MEAN TITER | NUMBER | MEAN TITER | NUMBER | MEAN TITER | NUMBER | MEAN TITER
i 7 ) #E i Rk iz Fa%EMm - =] T 3 il
n-14 1 60.00
15-19 1 61.82 12 54.17 2 70. 00 2 70.00
20-24 15 78.67 6 16.67 1 50.00 1 60.00
25-29 iB 83.68 18 B5. 56 B 86.67 B 83,33
10-34 22 82.73 18 82.22 15 78.57 15 78.67
35-38 g 80.00 2 70.00 2 60.00 60.00
40-44 27 66.67 13 §7.68 5 52.00 5 52.00
45-489 3o 66.67 13 66.15 7 80.00 7 60.00
5O- 54 27 47. 41 13 52,31 g 44,44 9 46.87
55~ 58 ao 3B.67 22 42,73 1 40.00 7 40.00
60-64 a8 36. 41 18 30.00 8 32, 50 8 32. 50
§5-69 16 30.00 8 33.33 7 28. 57 1 28. 57
70-74 10 30.00 9 26.67 4 30.00 4 25.00
75-79 4 30.00 3 26,67 1 20. 00 i 1 20.00
BO-84 1 | 10.00 1 20.00 i
TABLE 3 ERYTHROCYTE AGGLUTINATION TITERS, FEMALE SUBJECTS, BY BLOOD GROUP AND AGE
3 i o IR B & TR B R O BRIEE 4 36
BLODD GROUP A BLODD GROUP B BLOOD GROUP AB BLDOD GROUP AB
AGE ANTI-A SERUM ANTI-B SERUM ANTI-A SERUM ANTI-B SERUM
i AT A L B #lifi i HB i AB RUmHE LA Ml AB M e $1 B il
NUMBER MEAN TITER MUMBER MEAN TITER NUMBER [ MEAN TITER HUMBER MEAN TITER
1 57 T4 3 fi iff 7 I 2 il i R 2k ] e o F 4 fif
0-14 1 60.00
15-119 ray 59.26 12 60.00 6 53.33 B §3.33
20-24 16 76.25 14 72.86 1 74.29 1 71. 43
' 25-29 40 B1. 50 21 75,24 9 75. 56 9 75. 56
30-34 87 75.22 45 76. 00 16 GB. 75 16 68.7%
35-389 64 72.14 38 T4.74 15 73,33 15 72.00
40-44 64 66.88 ir el 63.70 17 70. 59 17 70. 59
45-49 83 62. 86 23 §8. 26 20 §3.00 20 T
50- 54 59 46.10 34 45,88 10 50. 00 10 48. 00
55- 59 42 41,43 24 36.67 10 40.00 10 40,00
| GO-B4 43 32. 56 25 29.60 ' 31,11 A 3111
; 65-69 27 : 33.33 17 | L2 e 9 40, 00 9 40.00
; T0-74 15 24,87 11 23527 5 é 18.00 3 18.00
! 75-79 5 28,00 2 30.00 1 20,00 1 20. 00
80-84 5 20.00 4 22. 50 1 40,00 1 40,00




FIGURE 1 MEAN AGGLUTINABILITY TITERS, BY SEX AND BLOOD GROUP
B 1 15 & & U LAY B i B SR il

AVIDITY . : : " r T . r T - r T AVIDITY
ik 1} fiEl A
I GROUP A T GROUP B
A Fl B #Y
1:80 1:80
1:60 : 1:60
1:40 1:40
1:20 1:20
L | |
il | ' + + il
3 GROUP AB + GROUP AB
(Anti A Serum) (Anti B Serum)
1:80F AB #I T AB &Y 11:80
(#1 A IMiF) ($1 B (i)
i FEMALE -
1:60 e 180
1:40F - 1:40
1:20f 1:20
I 'l i I L ' I L L | L 1 1 i 'E: I
20- 30- 40- 50- 60- 70- 20- 30- 40- 50- gOD- 70-
24 34 44 54 64 74 24 34 44 54 64 74
AGE IN YEARS fEfih
TABLE 4 CORRELATION OF ERYTHROCYTE AGGLUTINATION, BLOOD GROUP AB,
FOR ANTI-A AND ANTI-B SERUM DILUTIONS
F4 AL LUHBMEHRFAEICHT 2 AB BIg#¥E o o I EREE 53 i o 1B B 4%
ANTI-B SERUM DILUTION ANTI-A SERUM DILUTION A LI 5 B HE
1 B i 5 fE 1:10 1:20 | 1:40 1:60 1:80 | 1:100 1:120 | TOTAL &
1: 10 1 e % = L 2 = 1
1: 20 - 75 - - - - - 25
1: 40 - - 52 2 - - - 54
1: B0 - - 1 68 2 - - 71
1: 80 - - - - 48 1 - 47
1:100 - - - - 1 10 - 11
1:120 - - - = - - 5 =
TOTAL  Ft 1 25 53 70 49 11 208




TABLE 5 ERYTHROCYTE AGGLUTINATION TITERS AND STANDARD DEVIATION,

BLOOD GROUPS A AND B,

BY AGE, AND SEX

£5 AR, BRUEEREOERN S L O IR MEkEE B R B & OB AR 2

BELOOD GROUP A A AU | BLOOD GROUP B B &l i ifg
B A i H [ %
o MALE % FEMALE & | oo0 oo MALE FEMALE % T
STANDARD STANDARD |SIGNIFICANCE STANDARD STANDARD |SIGNIFICANCE
;. E
s [MEAN geyration |MEAN [pEviaTion MEAN | oeyviation |[MEAN loeviaTion
Tery | iR | P | M= HElkom#E | FH Ty | tEdRE2E | AEEOHE
20-29182.2 11. 5 80.0 12.6 NS B3. 4 11.3 74.12 3.3 **
10-39(8z2.0 9.8 73.8 14,9 L B3.0 8,7 75.4 11.8 L f.d
40-49 |66. 6 17.0 64,8 14,8 NS 67.0 11.2 61.2 13.6 NS
50-508 |42.8 13.3 44,2 11,1 NS 46. 4 13.5 42.0 11.0 NS
60+ 33.2 14,8 30.8 14,8 NS 29.86 12.0 28. 4 10,3 NS
#+ Significant at level of 1%. NS Not significant

1% ke 12 v T HIE

HETEL L

TABLE 6 ERYTHROCYTE AGGLUTINATION TITERS FOR BLOOD GROUPS A, B, AND AB COMBINED,
BY

AGE, SEX,

%6 A%, BRSIUPAB HEAHL A

AND EXPOSURE GROUP

OEBH, PER & X OB 5y 20 A MEREE B 3K M

AGE  IFMb
EXPOSURE 15.18 20.28 . "~ 30-39 40-49 50- 59 60-74
FEX GROUP "N | SAMPLE| MEAN |SAMPLE| MEAN |SAMPLE| MEAN [SAMPLE | MEAN [SAMPLE]| MEAN |SAMPLE
14 5T [TiTeR| si1ze |TiTER| stZE | TITER| SIZE |[TITER| SIZE |TITER| SIZE | TITER| SIZE
iy v 7| Fy (7| FH || T e | T o] P T
i | ok x| 2 |OkEE] B |okss| £ |okss| B\ oz HE (okEs
1 56. 00 5 |78.84 19 |B1.66| 24 |63.34| 24 42.14| 28 32.80 27
MALE 2 57. 14 7 B2.60 23 80.00 13 |63.34 18 43.08 26 31.62 3t
% 3 47. 50 4 85.18 27 78. 94 19 63.76 16 |44.00| 20 ]32.66 30
4 B6.60 g 82.66 15 |83.34 12 |68.64 37 45, 88 34 31.88 32
1 §5.00 12 79. 16 24 73. 48 52, |e2.70 52 43. 26 49 30, 00 33
FEMALE 2 57.78 g TB. 94 19 77.34 50 B4.38 55 |44.00 50 [30.40 50
S 3 §2.22 ] 75.26| 38 69,38 49 |64.14 58 43,187 aB 33. 82| 47
4 52.00 15 [77.70 26 72.896 54 ﬁE,lZL 49 43.80| 42 28.38 31
sex, and exposure group were similarly
negative for evidence of radiation induced BOSHRIZ & » TELPFEHEE nRHiEn 6 n
changes. The data on which these analyses B . CAEDOBEATL D N4+ 6
T o oo s o vy AT ISTRMY E U ALEO RN
were not used and are not shown, since T, EEOKE AR EEBETHD, a3 Lk
these groups are unbalanced in size and are BT WO THEL L Ao 7. WAt T ko T
not comparable with the others. Because of
the possibility that radiation induced FHRINIPLEHEBCER S22 LMLV
changes may be related to dose, distances DT, B S OB (FIFSEICRFEL TV

from the hypocenter (roughly related to
dose) were subjected to multivariate
analysis. But again no relationship was
detected although the sample size was

small.
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DISCUSSION

Investigation of erythrocyte antigen
strength in a group of atomic bomb irradi-
ated and nonirradiated subjects was
undertaken as one of a series of physio-
logic tests of aging in Hiroshima subjects.
Although the concept of nonspecifiec aging
acceleration as a delayed radiation sequela
in man is not supported by present data? 10
and the animal data on which the concept is
based have been questioned,11’12 careful
investigation of the problem in atomiec bomb
Erythrocyte
agglutinability, as a manifestation of
strength of erythrocyte antigenicity, shows

survivors is warranted.

marked change associated with age. Between
irradiated and nonirradiated subjects,
however, no differences were detectable in
this study sample.

According to the sex of the subjects, a
difference appeared; females in the active
phase of reproductive life (age 20-40)
showed a small but definite decrease in
antigen strength compared to males. This
difference disappeared in the older age
group comparisons, and suggests that sex
hormones may play some role in the configu-
ration of the proteins and polysaccharides
comprising the reactive sites on the red
cell membrane.

A and B antigens were studied from the
standpoint of their chemical nature, and
relatively purified A and B substances
(antigens) were obtained from a variety of
sources. The A and B antigens are poly-
saccharides.® The Rh antigen is consider-
ably different in its chemical nature, but
Manning5 reports changes in its antigenic
nature with age. Therefore, it seems
likely that many structural changes in
Al though
these may prove to be changes of minor

erythrocytes occur with age.

nature chemically, study of age changes of
the erythrocyte, both physiologically and
biochemically, suggests a relatively direct
approach to the study of aging at a
cellular level.
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SUMMARY

The strength of A and B antigens of
the erythrocyte, as indicated by agglutina-
bility with dilutions of specific antibody,
has been investigated in a group of
subjects in Hiroshima.

Antigen strength was found to rise to
maximal levels at age 25-29, and decline
with advancing years.

Degree of irradiation from the Hiroshima
atomlc bomb in 1945 did not appear in the
limited sample to affect this age-dependent
structural property of erythrocytes.

Antigen strength of females was somewhat
less than that of males for those individu-
als from 20-40 years of age.

When compared with group A or B subjects,
individuals of group AB demonstrated ful]-
strength of both A and B antigens.

Since Rh antigenicity also has been
reported to change with age, 1t seems
probable that multiple changes in the
erythrocyte membrane occur with age.
Further investigation into the nature of
these changes may be frultful to an
unders tanding of aging processes at the
cellular level.
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