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A WEAK VARIANT OF BLOOD GROUP A SIMILAR TO A, IN A JAPANESE FAMILY
BEAAD-—FRRALCHY3ABECEMNLLADOER

INTRODUCTION

A weak reacting subgroup of blood group A was
originally described in 1907 by Jansky.l In 1935
Fischer and Hahn were the first to perform serolo-
gical and immunological studies on a similar rare
blood group which they dubbed A.,? characterizing
their group as follows:

Red cells are agglutinated weakly or not at all by
group B (anti-A) sera, but are generally readily
agglutinated by group O (anti-A+B) sera; Aggluti-
nability of the cells in O sera is far lower than
those of group A,;B; The capacity of cells for
absorbing A agglutinin is weaker than group Ay or
A, cells and the absorbed agglutinin is readily
eluted act S6C; A, blood produces typical anti-A
agglutinins in immune antibody production experi-
ments in rabbits; Sera possess, in addition to anti-B
agglutinin, anti-A agglutinin that is active at low
temperatures (6-8C).

Subsequently a number of unusual and rare blood
groups have been reported, usually with serologic
characteristics similar to this original A, of
Fischer and Hahn, but often differing in certain
respects, though still behaving as weak A subgroups.
The heterogeneity of the weak A phenotype is
indicated by the notation developed as new variants
are discovered. Thus, in addition to A, 28 are the
following:

#

i

19074 12 Jansky |, ABYMHEIZE 8 RIC OV IR A
HAZEEHTHE LAY 19354 128 5 T, Fischer
& Hahn 13, SHIZHLL AR LRIz o T il
EN, REFEAMELMOTERL, Jhi AR L
mH LT, TOREEROLEEDHE LA

FrMmERE, BEL(HMA)MiBIE-TH{EEER 2D,
ECEHEINLGY, L L, —#ICOR (MA+B) M
TESIIEEEN S O8mit iz k2 mEko RN,
AsBR 0351080 MEIOMABER ZINT 2
MR FT I, A BRI it AU ERE NEG <, RAFEh
EEFEL, SBCTESCHEBINS,;, X IZLEH
BIRRE R EER T, ARIMREE, BUMLZIARER
BT A s, MBEEFROEH,C, K6 -
BC)THMEm s 2MAREEEAT 5.

% D%, Fischer & Hahn A28 L AR ETH
L MEFNERERT 2O B LuEn T MiER
AMEahtsY, wFhiREoHWAROER - L
TOHOEELZRLTWEN, 200 6rOHEN S
HEoNL. HIGogguw AR oKL, FFLLWERAER
ahf-bsriizontdficloTREaNTVS, %
LT, A8 LStk by 4 b ob@Eashntn 3.
Tibs,

..14 . -
Aple AL 915 AL16 A, 17 A 18:20 4 21

Still others have described further examples of weak
A phenovariants,22-26 eschewing specific notation
however, presumably to avoid adding to the confusion
of this quite complicated system. Notation to
indicate a specific characteristic of the red cells
(Ag)) or using the first three letters of the proband's
last name (A, 4) has also been suggested.27

The purpose of this report is to present evidence for
a weak reacting A subgroup in a Japanese family.
This subgroup is apparently not completely con-
sistent with any of those mentioned above, though it

SOERIZE, AMOBIGOBVWERBIARE LAHE
BB L RBH, BELL ZOEFIIHELERIIZA
LEknE#HoRilzEz vy, BHtgE20Tw
o, ERFEE LTAMBROBTEORA( Ag) b b
VLB OW ORI O 3 T A, ) EEH T3 HE
Lmrgahtws.?

ZOHEER, BEAO—RRIRBVLWESNAARORIBGD
BHWIER Y saR sl oTH B, ZOERI,
rEoFRHowFRIZEERIFI—BLLwY, LERo#



resembles A 18 in  agglutinability and As
(Dunsford’s)!l in serum reaction. However, as
recommended by Race and Sanger,28.29 that ‘it is
advisable to respect the prioricy of Fischer and
Hahn and treat groups Ay As. A, Ay and Ay
collectively as group Ay’ the term A will be used
to describe this subgroup until further precise
information regarding its characteristics warrants
the use of a more specific designation.

MATERIALS AND METHODS

Human anti-sera used in the various agglutination
tests, the results of which are described below,
were obtained from laboratory volunteers and from a
random selection of healthy donors. Commercial
serum for routine typing was purchased from Dade,
Ortho and Knickerbocker. Anti-O () serum was
prepared either from rabbit or eel blood.

Agglutination tests, unless otherwise specified
were performed as follows: Tubes conraining washed
cells plus anti-serum, after standing for at least
30 minutes at room temperature, were centrifuged
for 1 minute at 1000 rpm, shaken lightly and
inspected for agglutination. When there was any
doubr on gross examination whether or not aggluti-
nation had occurred, microscopic examination
was performed.

Absorption and elution tests were performed accord-
ing to the method of Fischer and Hahn.?

Anti-human group A rabbit serum was prepared by
serial injections of 5 ml of a 10% suspension of
human group A cells into rabbit ear veins. Details
of the procedure are given by Matsuda et al.30

Tubes of saliva were transported to the laboratory
in ice, immersed in a boiling water bath for 10
minutes, centrifuged and the clear supernatant
refrigerated until used. Inhibition tests were
performed by adding anrti-H (eel) serum in equal
volume to 10 tubes containing serial saline dilutions
(1:10 to 1:5120) of the test saliva. The mixture
was incubated for 2 hours at room temperature, a
washed O cell suspension added and each tube
inspected for agglutination.

RESULTS

Ascertainment of the Proband and Family Study The
proband, a 35-year-old female, the mother of three
healthy children, was hospitalized for cholelithiasis
in the 1st Surgery Department of Yamaguchi Prefec-
tural Medical College Attached Hospital, Ube City,
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Yamaguchi Prefecture, Japan. Her past history was
not remarkable. Her three pregnancies and deliveries
were uneventful. She had never received a blood
transfusion. On routine bhlood typing,
classified as group O, but contrary to expectation,
when cross matching was performed in preparation
for cholecystectomy, the patient’s cells were always
agglutinated by the sera of group O donor (either
preserved or fresh blood). other
members of her family were studied and blood from
three

she was

Subsequently,

other individuals, two siblings and the

patient’s mother, exhibited the same characteristics
(Figure 1).

with one another,

These four bloods did not cross-react
but sera from several other family
members, who apparently were of 'normal’ group O,
agglutinated the cells of the
Other blood groups of the proband, her two sibs and
mother are shown in Table 1.

four individuals.
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TABLE 2 RESULTS OF AGGLUTINATION TESTS: PROBAND CELLS AND DONOR SERA

R2 HEEBBRAUE: IR E O MR L IE O M

Donor Group Total Agglutination
1 i 5 o> 1l i B %4 iE 4 B0 B A

0O 450 448

A 107 0

B 112 ]

AB 55 0

Ay 2 0

Properties of the Red Cells The cells of the
proband were tested with sera from 726 randomly
selected donors. As is shown in Table 2,
group O (anti-A+B) sera agglutinated
while those of group A (anti-B), B
did not.

only
the cells
(anti-A) or AB

In addition to the standard 30 minutes incubation
period for the above tests, 10 group B sera were
tested the proband’s cells, employing
incubation periods of 2 and 10 hours, but no ag
glutination was observed. When the probands cells
were tested with strong commercial anti-A, anti-B,
anti-A; (Dolichos) or with a mixture of equivalent
amounts of group A and B human serum, no agglutina-
tion occurred.

against

Further, apparently very weak agglutination was
noted grossly in twoe A, five B, and two AB sera at
room temperature (15C), which disappeared upon
incubation for 30 minutes at 37C, and is probably

ascribable to a nonspecific cold agglutinin.

When the incubation temperature was lowered to 4C,
in addition to O sera, 2 of 10 B sera that were
tested weakly agglutinated the cells of the proband.
Coombs serum added to group B sera failed to
agglutination of the proband’s cells at
room temperature.

produce

The agglutination titer of the proband’s cells in O
sera varied somewhat depending on the donor and
was usually 16* or less, though a few were as high
as 64 and rarely 128, but no higher. Mixed field
agglutination, characteristic of A331 and AGIG
cells, was not observed.

All of the above tests were repeated on one or more
occasions in the course of 8 month’s study of the
proband and in each instance the initial observation
was confirmed.

FROMEROMIR (TR A X 726 Ao %o miE iz
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*Reciprocal of highest dilution in which agglutination occurred. This notation is used throughout the text and in the tables.
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A number of other procedures were employed in
attempts to more fully characterize the cells and
sera of this family. In the following sections, for
the sake of simplicity in presenting the data,
results of tests are described without referring
specifically to the source of the test sample,
(e.g.: whether it was derived from the proband, her
mother or siblings) since in all tests that were
applied to all four, the results were very nearly
identical. In the following sections the notation A,
will be used to describe the cells or sera of these
four.

Treatment of A, cells with papain or trypsin resulted
in an elevation of the agglutination titer in O sera by
about two tubes, but had no effect in A or B sera,

where no agglutination occurred.

Cells from the family were agglutinated by anti-H
reagents, either commercial lectin (Ulex) or eel sera.
The agglutination titer ofo and O cells in eel anti-H

COFEROMIME MBOBHEEMS 2B, 51203
VATMEBELFERLAL. 204 A2 TITE 2T
TORBOFKERIIELALRLTH S 20T, UBEOK
o, EHOMMLWMEICTI D, 2O RN
& BHEEZGEAFOCTRATHISAIIBMIAL T 2 0.
ZLT, T4 AomESLZIMEY AB E LT
W+ 3.

ARIMERE /7% v ERE YTy TRETSE, O
Mk 2 WmEEHLFEMIT, aERELALLY, A
H5VEBEMFICH LT IREIE, BREshad
e | f:.

COFERBEOMEE, TROLZF L ( Uex ) d 501013
v > FMBORH (PR ok - TR S AL, TTXNR
H i iokh 2 ek 8 302, A SImEks ORMER & T

TABLE 3 RABBIT ANTI-A, AND ANTI-A IMMUNE SERA vs DONOR CELLS
#£3 MASHIUHAREY S FME & MHMF DK OBERRKIG

Rabbit [mmune Serum
R ¥

Titer with Red Blood Cells
i i B o R A

A AB Ay
Anti-A, S0 ops 0
Anti-A 8192 neb 128¢

a, Insufficient anti-serum for complete titering; b, Not tested; ¢, Cells from II-3, cells from 1I-4

and 7 showed T at 256.

a, MAMRFEO R DR Et EEEEEOMETE b, BEET ¢, 0-30A%K; [ -4&7 OMMBBETEERL 2.

serum was (40 whereas A cells showed a titer of
160, presumably an indication that the A, and O
cells possess approximately equivalent amounts of
H activity. Others have made similar observations
in studies of rare A phenotypes. Thus, Weiner,
Sanger, and Race found equivalent reactions for O
and A, cells and those from a family with a weak
reacting A.22 Glover and Walford reported their
A, to be intermediate berween A, and O in titration
with anti-H lectin.4 Using a precise hemagglutina-
tion test, Solomon and Sturgeon, in a study of an
Ag) phenotype, placed this group closer to O than
As;in H antigenicity.32

Rabbit anti-human A and A, red blood cell immune
sera were prepared by serial injections of a suspen-
sion of appropriate cells into test animals. The
serum, repeatedly absorbed by O and B cells until
no further agglutination occurred, was then tested
against various donor cells with results as shown
in Table 3.

WTRhE 640 THEY, —F, ANMETIEIIOTH 2.
ZOZ ki, AL ORIMER & AT HIGE # ITIZRFEE
Lo TwnaZedmTintEbhnd. WOMEEL,
ARMNOBLOEOFETCHBLZ L 2HE LT w5,
+4b%H, Weiner , Sanger & Race &, OB L TUA,T
O MER & Ko AR & H+ 5 — 5RO Mk & 2%
ORIEEF 22 EEEB-.2 Glover & Walford |1,
HHLZ FrIlk38ERRT, AR AREORED
Rz H B2 EeRE LAY £/, Solomon & Sturgeon
i, AaBlomnRs B e mMERBEERICERCTHE
L, TOMmM#EN O HIEMEIZ, ABENE0RIIZFEWT
EExRHTWVE,®

e b AB LU AR RMERGE v+ Fliig g, EBRE
iz BRI A BES L TfE. A2, M0 E U
BRIMERCHEE LA 22 OREMRRL, B#nE0
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Others have likewise employed rabbit immune sera
as an aid in further characrerizing weak reacting A
variants., Dunsford and Aspinall used rabbit anti-A
immune serum to obtain agglutination of cells from
their A, subject but apparently did not prepare the
corresponding anti-A, immune serum.12  On the
other hand, Grove-Rasmussen et al prepared rabbit
immune serum using blood from their A, donor as
antigen and after absorption of the rabbit serum
with O and B cells, demonstrated the presence of
anti-A agglutinins in rests against A cells, but
evidently did not test the serum against A cells. 18
Wiener and Gordon, in testing cells of their A
subject with rabbit anti-A immune serum, did nor
observe agglutination.33 It may seem curious that
the rabbit immune serum prepared in our laboratory
using A, blood as antigen failed, after absorption
with O and B cells, to agglutinate A, cells, though
A cells were clumped. At least three altemative
explanations come to mind. First, A, in contrast
to A, may not be strong enough an antigen under the
conditions of our experiment to produce anti-A_
agglutinin in the rabbit. Or, if induced, the anti-A
agglutinin in the rabbit immune serum may be so
weak that only a sensitive technic, such as the
quantitative method of Wilkie and Becker,34 would
demonstrate its presence. Still another possibility
is that by preabsorbing with O and B cells, the A,
agglutinin is removed, implying some sort of cross
reaction or common antigenicity between these
groups, leading, in short, to the so-called C theory
that has been rather widely discussed in recent
years. 33,36 A subsequent paper with additional
pertinent data will discuss this problem.30

A number of the tests described above were per-
formed in several different laboratories and the
results of the duplicated tests were in agreement.
A summary of these results is shown in Table 4.

Properties of the Sera Serum from the four presumed
Ay members of the family agglutinated group Ay, A,,
AB and B cells at room temperature (13-18C),
4-5C and 37C but did not agglutinate Q cells. There
were no cross reactions among the cells and sera
of the four family members (e.g.: the serum from any
one of the four did not agglutinate cells of the
other three).

The agglutination titer of sera from II-3 and II-7 for
clumping A cells was 32 at room temperature and
4 at 37C. There was no change in agglutinarion
titer even after these sera were first absorbed by
group B cells.

Many of the above tests were performed in more
than one laboratory. Table 5 is a summary of data
from all the participating laboratories.

offEEd, MU HEYHFmE L TRIED
HWARIHEROMERE S5 CFEHLEI ELTWRS.
Dunsford & Aspinall (£, #{ A & H XM T A5
MEOHES BTV H, i AFIREM AR L
oty THAE — i, Grove-Rasmussen 5 (%,
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FOUHFMEEF OB IUBRMERTCRBP LZbETAR
MmERIZH+ 5 RERE2 T4 - THABERFLZEHL TV D
A, A BIMERE @ RIS ER L vy, Wiener &
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TABLE 4 SUMMARY OF DATA FROM SIX LABORATORIES, N FAMILY CELLS vs DONOR SERA

£4  60OWEETH S NAMBOBES, NERMERE im0 L ORIE
b o
Donor Serum Summary of Laboratory i % s
{4 oo mid Results Yamaguchi ABCC Michigan UCLA Ortho Gumma
#5 R 1igs] BHE
A or A - - = T
Ay = = -
B i — — L L i1 y
A1B - - oy
0 + + + + + + %
Anti-A Commercial Sera I A mif . - N 3 =
Anti-B Dolichos i B - Dolichos - s £ e
Anti—Al Ulex 1 Ay — Ulex - — -
Anti-H Eel, chicken fiH-%+%, =7 U + + +
Rabbit Anti-A Rabbit anti-human
A rbc immune semum + + +
w4 FHA-HE b
Ao L BR B ¥ LY
TABLE 5 SERA FROM N FAMILY MEMBERS vs DONOR CELLS
#£5 NFEAOME L #inEmER e oG
S Laboratory ffges
Donor Serum*  Summary of 2
{104 o ML ERY Results Yamaguchi ABCC Michigan TUCLA Ortho Gumma
R o FE )
A1 + + | + + + +
Aot + T + = + +
B - + + + 4 34
(0] = - = o
AlB + + +

*At 13-18C (room temperature), 4-5C, and 37C.
FUCLA reported no agglutination for this test,

Absorption-Elution Tests  Absorption tests were
performed with the A, cells and O sera and eluates
from the cells then tested against a panel of AB,
Ay, A, B, and Ay cells. The results of one such

series of tests are shown in Table 6.

Although A; and A, cells removed anti-A, ag-
glutinin from O serum judging by fall in titer after
absorption, there was no anti-A, activity demonst-
rable in the eluates. This may indicate that the
detecting technic is not sensitive enough; alterna-
tively, the absorbed agglutinin may be too tightly
bound to be readily eluted. Yokoyama and Plocinik
also reported that anti-Ax activity, removed from Q
sera by Aj and Aj cells, was not detectable in the
eluates.37

1B-18C (FiR), 4 -5 CHIUHC
UCLATRHCORBTEREED & o L.

BUNAREESEEE OMIMitid A, MER TR L, KT
FOMmMBALOEEFRRER L A/B, A, Ay, B
SJUABOMEEORGII2>VWTHELL TOBRED
1fl&E Ry ERE6DEENTHS.

MR CEERMAF TR 2P LHNLT, A &
FUTAUMERIE, ORMiBOIM ABERLBRET LY,
FOMBETRCE AARELEEIET 2 MAEERERL P
. ZHEBBEHESNFFIIBRETR VDY, BEE
NEBEEOMKEOFBEIE, SR IIKBEEL L
A d LA, Yokoyama & Plocinik &, A1 &
kU A RUMERIZ ko T OBl A 5 BT A IRIRIZERE &
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TABLE 6 TITER OF O SERUM BEFORE AND AFTER ABSORPTION BY Ay CELLS
AND TITER OF ELUATES FROM THE Ay CELLS (UCLA)

£6 A RIMEREC X2 RPHTH D ORI MEOBEEFEM & & 08 A B M BRERMERE O BEEFEM (UCLA)

Source of Agglutinin

Titer with Coombs Serum Treated RBC
Coombs MLiY TLHE L AMMER 26t + S EIE HEE

HREEOHE B e A_Z._,_.B___._._ ;\_x*

Unabsorbed O (Commercial anti-A,B) MR O O Mmi (RO A, B) 128 128 64 128 8
Q after absorption by Ay cells A RIMERIREH 0 O Bl nt 4 0 128 0
Eluate from A; cells ALY L A% M R nt 128 16 >8** 0
O after absorption by Aj Cells A% M ERIALHE & O B i nt 32 4 128 0
Eluate from Ag cells A o0 i B AR e ot Gd G4 8 0
O after absorption by B cellst  BAImEkm i o 0 Bt nt 128 64 4 4
Eluate from B cells B Y B A M nt ] 8 32 0
(O after absorption by Ay cells A FY i EROE AL o O B il 64 128 G4 128 2
Eluate from Ay cells A LT L 2R R R 16 =8 >8 > 8

*Cells of 11-3. I-2 and II-7 gave similar results. [ - 3 & @Ek.
*sNot titered beyond this dilution. z al) Lo fRBEoBRE LTS H 2

I-2:0-7¢8FBLWE%ERLE

o

1 In another experiment performed at Yamaglchi, B cells absorbed appreciable amounts of anti-Ax agglutinin, though to
a lesser extent than A cells. Eluates from the B cells agglutinated Ax cells, though eluates from A cells did not.

The significance of this finding is dealt with elsewhere.20

WOTHs- AfloRETBEmME, ARMBILTHLog, HUAOMACERESME LA, A0 M, ADOSRESETHELEEL S ©
A, BEMBEEMEE - L THEEAS., JOMROBERIMORBL TR LiF5.

The A, cells did not appear to have removed
appreciable amounts of anti-A;, A, or B agglutinins
from O serum, but eluates from these cells, in
addition to agglutinating A, cells, clumped A, A,
and B cells as well. Van Loghem and van der Hart
made similar observations in their A, family, except
that no anti-B agglutinating activity appeared in
Yokoyama and Plocinik, on the
other hand, reported that though A, cells lowered
the anti-A, titer of O sera, no such activity was
demonstrable in the eluates.37 Parenthetically it

the eluates.13

should be pointed out that the supernatant from
fresh washed A, cells, incubated at 56C (e.g.:
unabsorbed, but treated as in elution experiments)
contained no anti-A; or A, agglutinins in spite of
the fact that the sera of these A, individuals have
such agglutinins (Table 5). A similar observation
has been made by Glover and Walford. 4

In another experiment similar to that shown in
Table 6, O serum from a human donor was substi-
tuted for commercial anti-Al}j, and similar results
were obtained, save that in general the anti-A and
anti-B agglutination titers of the eluates from the
Ay cells were rather weak (between B and 16) and
no anti-A, agglutinin was demonstrable.

Finally, eluates from A, cells absorbed in human
B serum (unabsorbed anti-A titer 64, anti-A titer O)
weakly agglutinated A cells, but neither B nor
A cells.

ABUMERE, OMMBEH» S A, Av A5V IEBEERSE
EHEIWBRELEVEITH N, FOBMRRG,
ABRIMEBEFEETSIE,IZ A, MbBEUBEMIKE
HE®E L 2. Van Loghem & van der Hart &, A, M®
FHEEOMEIZ v T, MEHEICZBE L KT 2625
HTetho RiErGARO#BEEH T8 —7,
Yokoyama & Plocinik (£, A« BUMERIZ & - T OB
O AGHEZMAE T LAY, 20oREEECs Y L &
WBHEREHTE L Aot ZHELTVE.T 4 &,
MBI AOMEIZEH A LU ABERI 5128
b6 A, OFRMGE Iz 5 MG ER & L (2 AR MR R
OIHGEME CRIFTHMEL AR MRS EEFLT L%
BECltswT e, ZhooBEEESBvohidr 1l
EERFELTEL (#5520, Glover & Walford (£,
kD EeBELTVS. !
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ORMiEOMRH D IZ ORI F oM &My d, —ik
AR MER OB EERE DI A B £ I B EE B FE M AR
L (84w L16), MAHEEEINEHTE L, 21X
ir, AIROERRLNE.

Be#iz, & P BEIM 2 M Lk AR ER o B B K
(PRLRT OB AR FME, 1 AGEEFEMO ) FARM
REFEELALY, BEATAUNMKLEEL LA
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Secretion Studies  Agglutination inhibition tests
demonstrated no ABH substances in the salivas of
the proband and her two brothers. [e? was found
in II-7. Lewis blood grouping showed the two
brothers to be Le (a+hb-—), consistent with their
non-secretor status; the mother was Le (a—b+) and
H, but no Aor B substances were found in her saliva.
le? reagent was not available for testing the

mother's saliva.

Summary of Results The cells of this A, group are
agglutinated by most human O sera but not by those
of A;, A, or B or by strong commercial anti-A,
anti-A; (Dolichos), or anti-B reagents; mixed field
agglutination does not occur; cells are agglutinated
by anti-H lectin (Ulex) and eel sera, the H substance
of the cells is roughly equivalent to that of O cells
and greater than A cells; the cells are agglutinared
by rabbit anti-A immune serum and are not ag-
glurinated by rabbit anti-A, immune serum, although
A cells are; the serum agglutinates A, Ay AB
and B but not O cells at 4-5C, room temperature
and 37C; eluates from the A, cells previously
absorbed in O sera agglutinate A;, A,, A, and B
cells; eluates from A, cells absorbed in B sera
weakly agglutinate only A cells.

DISCUSSION

Clearly the blood group of the family described
here is a weak phenovariant of A, similar in many
ways to the A, of Fischer and Hahn,2 though not
identical with it. Where does our A, stand in
relation to the other weak A subgroups? Schemes
for relating these rare groups, one to another, show
that clear-cut distinctions between them are often
difficult to make. Further, such differences as do
exist may not stand up under searching scrutiny
since methods used in the investigation of these
unusual blood groups are by no means universally
identical, so that rigorous comparisons are not
always possible. Differences may exist that were
not sought for on the one hand and on the other,
some that have been reported are doubtless of
degree and not of kind. Be that as it may, certain
differences between the various subgroups so far
reported seem to permit a limited attempt at clas-
sification.

An obvious approach is to group the weak A pheno-
types with respect to their red cell reactivity in O
and B sera, where three large groups become
apparent; cells are not agglutinated by any available
O or B sera; agglutinated weakly by both O and B
sera; or agglutinated strongly by most Q sera but
weakly or not at all by B sera. Am33 and A 27

fall into the first group, A, 427 and A, 17 into the

EHEOBRE HEMHERBRTHE, HEHFEXE 2 AOE
bz ABHE RS 5t h oz, - 712k LA
b, Lewis AMEAMECE, 2 A0RBIEV
THhe Le(a+b=)7T, EFHEII—-FLTV &
MIE Le(a-bH)BThma, EHERIHBED
GTAMELBHUELED NG o 2. BROEHEE
BETEZ200 L, RERAFTE LA 5.

REOKE o ABOmRIE, K oL FORM
Bl TEHEERGY, A, AELZEBEOMES
SWiFm oM 23T A, H AL Dolichos ) £/212{1B
Mz k - TEEs LY BEEEREZI L0,
Helt, SiHL 75 v ( Ulex ) LU FF¥FMFBIZE- T
R aha MEROHEMEE, O MR &IFIFFEEE T,
ARV ER & O MERIE, FLAGRE Y F JILL?E.-CL'
THBEIRS, MAGLEIHFME I LT, ARM
RupgRaN oA, ZoMmMBEELE L L v mE I,
4"5(:, %l‘}!?\.-?a ,.(_)'JHC’C’ I\_‘[ Ag, A]Baa.lU‘H’TJ
MEREEE+ S5, OWMEREER Loy, AL BMERT
ORMBEAMM LA Mk BEERE, A, A
Ay BFIUBRMEREGERE TS, BUMBARILAE AR
MEROBEREET, AMMERO S %55 < EHET 5.
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TABLE 7 PROVISIONAL SCHEME FOR DIFFERENTIATING WEAK A PHENOVARIANTS
#T AMOPOE IS WT OROEN S

Cells not agglutinated by any available O or B sera

mi#FpLeFhoOoF A 3BEMEC s TEESLRE AL L

Cells agglutinated weakly by O and B sera
MEEOHLIUBEME THCHEEENS

Cells agglutinated strongly by most O sera
MEFELAEODORMBECHBRENS

Secretor of H butnot of A ......... Ael
He& G+ 2XARaHLLY

Secretorof Hand A ......... An
HbELUARTHT S

Mixed field agglutination ......... Acnd
B R

Microscopic agglutination ..... R

S 1R 958 1) 0% B

No agglutination by any

available B sera ... Ag, Ao, Ax

FOBEMB L TEEEERL W Present Cases
FHEH

Agglutination in some B sera ..... Ay, A4, As

HEMOBRHMBII & » TEEZHE

Ag has been omitted, since it seems to be an acquired characreristic.

AgtikFEHEOMER L EbN 0 TH LA

second, and most of the other weak A’s into the
third, with the possible exception of A, of Hirzenfeld
and Amzel? which seems to fall somewhere in
between, since the cells are agglutinated by about
50% of O sera and rarely by B sera.

The third category may be further subdivided into
two subgroups whose cells do not agglutinate in
any available B sera, or agglutinate in some B sera.
Corresponding to the former are A616 and A 18 as
well as the A, reported here; in the latter are the A,
of Fischer and Hahn? and others3.4.6.8 the Ay of
Dunsford,1l of Gammelgaard and Marcussen.10
The Ay of Friedenreich3! can be separated from the
others on the basis of mixed field agglutination.

Table 7 is a summary of the above categories with a
few further subdivisions to distinguish between
some of the variants.

Our A, apparently is not exactly like any of the
other variants so far reported. The single distin-
guishing factor that sets it apart from most other
weak A’s is the failure of the cells to agglutinate,
at room temperature, in any B (anti-A) sera so far
tested, although agglutination occurs in most O sera.
AG and A, differ from our A, in that their sera have
no anti-A activity at 37C whereas ours does.

Our A, is strikingly similar to Dunsford’s A4ll in
several respects; both have anti-A agglutinin
activity in the serum at 37C; cells of both absorb
anti-A agglutinin from O sera which is readily
eluted; cells have about the same amount of H
substance as O cells; rabbit anti-A immune sera
agglutinate the A, or A, cells. The one difference
is that the A, cells are weakly agglutinated by some

10

ARV 2B, ZLTFDMMDIELALYDOTFTVAR
TE I BIZET A, /L, Hirzenfeld & Amzel * @
AgENE, OBIMBHhOIZIEN%IcE-TEHESH, £h
EBRMBI - THEEhLZOT, 56, ¥In
dHEosoIzHY T 240 b3,
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B sera whereas our A, cells are not. It is possible,
of course, that we have not tested enough B sera
against our A, In fact well over 100 such
tests have been performed, however, in 5 different

using not only normal human donor

cells.

laboratories,
sera but potent commercial anti-sera as well, so it
seems likely that this is a real difference. It would
appear, therefore, that the blood group reported here
is yet another variant to be added to the expanding
list of rare A subgroups. However, pending further
detailed studies in these groups, in accordance with
Race and Sanger's suggestion,28:29 the collective

notation of A is still to be preferred.

The inheritance of the A trait in our family seems
to be fairly straightforward, being similar to that
reported for some weak A variants,6,19,22,25 and
unlike the as yet unexplained genetic mechanism
for others, has been transmitted either
through phenotypically or A,B3 or 013 individual.
On the basis of the meager evidence provided in the
pedigree, this phenotype seems to be produced by
an allele at the ABO locus, probably dominant to O,
if one accepts at face value the reported O group
for 1-3 (series I-2, 3 and 11-G, 7, Figure 1). The case
for recessivity of our A, to A is less convincing,
though it may appear probable from the series II-4, 5
and III-3, 4, S.
and the data available here so fragmentary (II-2,3
and [I[-2) that there is no pointin
line of inquiry.

where A

The relationship to B is less clear

pursuing this

The nature of the differences between the various
A subgroups, other than those brought out by study-
ing agglutination phenomena of the red cells and
That the A variants are
inherited traits implies genetic control over the
Yet,
current serological technics are measuring reactions
several steps removed from the gene or its product
and tell us nothing about the basic biochemical
processes involved in antigen-antibody reactions.

sera, are fairly obscure.

molecules participating in such reactions.

Plainly, in order to distinguish one variant clearly
from another, more precise methods are needed.

One line of attack is suggested by recent work of
Yokoyama and Plocinik37 who have identified a
probable A, agglutinin in the 19S fraction of O
One might hope to extend this through
chemical characterization of the agglutinin. Con-
siderable progress has indeed been made in chemical
identification of the ABQ blood group substances.
In soluble form in most
mucopoly-saccharides; on

sSerum.

these are
they are

secretions
erythrocytes
glycolipids.38.3% The active part of the molecule
resides in specific carbohydrate
units40-42 and while the evidence is less clear,
also in the larter.

in the former

The amino acid constituents of
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the mucopolysaccharides have largely been determin-
ed,43 but their sequence is not yet known. Less is
known of the specific structure of the erythrocyte
lipid. Though the protein of the soluble substances
does not participate directly in immune reactions,
it is an essential part of the molecule insofar as its
orientation and structural integrity are concerned.40
Conceivably subtle the
composition or arrangement of the polypeptide or
subunit of the soluble or red cell antigen
respectively, reflecting, presumably, changes in the
parent DNA, may account for some of the A variants.
Moreover, that
quantitative differences in serological behavior are

differences in chemical

lipid

Pusztai and Morgan have shown

related to the size of the macromolecule44 (the
protein moiety of the mucopolysaccharide) suggest-
ing the intriguing possibilicy that differences in
the A subgroups in the series A -A;, if due to

decreasing antigenic strength, as suggested by
Gammelgaard,15 may be ascribed to inherited
differences in size of the carrier subunit. Recently,

with reference to the quantitative variation of A
Grundbacher has pointed out the
existence of genetic factors. 43 With
reference to the Watkins-Morgan46 and Ceppellini47
theories of development of the ABO antigen system,
Race and Sanger postulated that the A; gene is
able to convert precursor substance to A substance
more completely than the A, gene.29 Extended to
include the weaker subgroups where inheritance is
straightforward (e.g.:
are not involved),
allelic genes at the ABO locus with decreasing

antigenicity,
probable

modifying or supressor genes
one might envision a series of

ability to act on the precursor.

In light of the specific knowledge concerning the
ABQ determinants and the requirement of an intact

carrier for them, this explanation is only one of
several alternatives. For example, perhaps the
weaker A’s have a genetically altered carrier

macromolecule, so that even in the presence of a

normal A gene, the final conversion from precursor
to A substance fails because of internal structural
defects.

by one of

mechanisms:

This altered precursor could be produced

several different genetically induced
a deletion of a portion of the gene
the
coupling

either in

responsible for synthesis of the polypepride;
absence of a
enzyme, the

gene responsible for a

latter enzyme necessary
synthesis of the precursor or in joining the sugar
the precursor. further
speculation along these lines is premature in light
of our meager knowledge of the A, subgroups, and

the results of detailed biochemical

determinant to However,

must await

investigation.

12

OEAHE, UHREEORERIGIIEEBNT 32 &1
FoMBEMFOErMELELFSRNE, 5F
ODHEELHFTTHA.Y BEELEL, LLODNADOEL %
ZUT, RKEERE & 32 vizhnIKFIcE T, 24
FHARN)ATF FE R ILEAROMB LS £ 2 i
Bl EomMMis ZRELE L TWAZ LN, 2O AN
BoBETH ML LAy,
I3, MEFEMBEEIZHT 2 BRMAEF ST FY (43 %
HEOECNHER ) ORESEMEIFH22L58B0T
ZhHZERE, ARLSAZTTOARERO
Gammelgaard ¥ A7l L /2 k912, Mo

thEThE, FRERELTVw A O
EEILBEMNLERI I LD THIPE LAZLEY
RS SBELAHTHS. AfBEoRI o0 T,
Grundbacher 13, & # HEMEHEAFALTVWAD
FAMITIERM LT wvwa .Y ABOHIIN Z o3& E s B+
% Watkins-Morgan * & & UF Ceppellini *7 ¢ #lE (2[4

L,

# %, Pusztai & Morgan

vy 3 A,
A A,

BORIZE B
&

LT, Race & Sanger ¥, AE{Z 712 Axli(Z F £
MR DL E A e s ARREME CcERTE 2
NTHAIEFELTVA.Y BMEEBRFAFMEL (T4
b, EFEBEEFLIEEE FEME Lo v E0HvE
Blizg zco#FaHedH+E, msEfoesmE

SABIETOREBENYIERESH LTS L) 2—i
DA BEFAABOEM G AT A AT E 3

ABOBRMEOREBCODVWTOMME, £/, 2o

i+ 20 foEH s REOEEELEE2 5L, 20k
IEHAE, W DHOUMEBEDIBOULEDILTEL
A d Lhfn, Ak, BuAR s, FELTY

BEAFIEEFNEL S5 2012, EH % ABET
PIFETHHEICE, TONMNEEORBIZE S TE
EmED 6 AME~ORESOERFTE2bN L E-T
wanHE Lhgw. REHEOELIE, (2> DH
EFHEFOILOVTATEREIN IS, T4 b b,
FUNRTF FERERABEETOMSORE; 5510
i, EEMEOGHRE L THRER L EHEME L 0L
CUVELMEOELELFSBEFORNLECHS, L
AL, AU T MBI wEZEbDTZLL, 20
HizowT, ZhU FwAana 4BELTERS I LIEE
MERTH - T, 7ORFIIEEERZEEENHRO R
RethounENH 5.



SUMMARY E M

Four members in two generations of a Japanese HAAD I FED 2HE 4 ACRIGO[VAR O %

family were found to possess a weak reacting
phenovariant of blood group A.  This subgroup
resembles the A, earlier described in that red blood

Bk, CoHEME, KRG shTtwd A BERD
RTHMLTWE, v4bs, FMREAHFIOOR

cells are agglutinated by most group O (anti-A, B) (A, B)MEIZ&-> THES R, MR ORIMIE 2 5
sera, and the cells absorb anti-A agglutinin from O MABLEELBRNLTChE2ER CBET2. —8, =
sera which is readily eluted. Two characteristics Oz, R E T wai ot ER L 2N
distinguish this subgroup from all others heretofore 2ohG, thbh, MBI, ShilolKnGs s

described: the cells are not agglutinated by any
group B (anti-A) sera so far tested including high
titer commercial reagents, and the A, serum has

T, #NEGEHEOT<TOBR (HA) S & - TEE
ghzwzed, A ML, 4C, U-18CL37C T

anti-A acdvity at 4C, 14-18C and 37C. Known MAWEERY 2L Ths. ABOAMMEO LI FHF
biochemical features of the ABO system are B2 TOMREE A B> wTEEE
discussed with reference to the A, subgroups. mz 7.
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