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During the past decade, several groups of in-
herited human serum proteins constituting poly-
morphic systems have been discovered. These in-
clude the haptoglobins, transferrins, gammaglob-
ulin groups, and the group-specific substances (for
review see Reference 1). In some of these sys-
tems the gene frequencies are such that a patient
receiving repeated blood transfusions would have
a high probability of receiving serum from an in-
dividual of a phenotype different from his own.
For example, in a single transfusion, a European
of haptoglobin type 1-1 (approximately 15 per
cent of a European population) would have a
chance of about 1 in 3 of receiving a serum of
haptoglobin type 2-2 and a chance of about 1 in 2
of receiving type 2-1. Consideration of some of
the other serum systems leads to the same general
conclusion: a frequently transfused individual
would almost certainly receive transfused plasma
containing some proteins slightly different from
his own. There is no evidence that any of the
known differences among these proteins leads to
antibody formation (2, 3). Nonetheless, under
some circumstances and in some individuals either
the known protein polymorphisms or other still
undiscovered polymorphisms may induce isoim-
munization. This has been considered possible
for some time, and analogous findings are known
in animals (4-6).

In a study of human material, Allison and Blum-
berg (7) collected sera of patients who had re-
quired multiple transfusions for a variety of rea-
sons and examined them for precipitating antibod-
ies against normal human sera. With the Ouch-
terlony technique, a substance which acted as a
precipitating antibody was found in the serum of
a patient, C. de B., who had received approxi-
mately 50 transfusions because of a refractory
anemia of unknown cause. The precipitin line
was formed between the serum of C. de B. and
some, but not all, normal sera (Figure 1). The

antibody-like material in the serum of the trans-
fused patient appeared to be 7S gamma globulin
(7) and the "antigen" with which it reacted was
a low-density beta-lipoprotein (8). Sera of 55 per
cent of a U.S. population formed precipitin lines
with this serum (see below), suggesting that the
reacting "antigen" might be inherited. Prelimi-
nary population and family studies were consistent
with the hypothesis that individuals homozygous
for a recessive autosomal allele, termed Ag, were
non-reactors, of phenotype Ag(a-). Those ho-
mozygous or heterozygous for its dominant al-
lele AgO, those of phenotype Ag(a +), did react
(7, 9).

Additional studies are presented on the system
determined by the C. de B. serum, the Ag (a) sys-
tem, and further evidence for the genetic hypothe-
sis is advanced. Other sera containing precipitins
from transfused individuals have been found, and
some of their properties will be described.

MATERIAL ANDMETHODS

Ouchterlony procedure. The precipitin reaction was
carried out in agar gel as previously described (7). In
testing the sera of transfused patients with a panel of
normal sera, each transfused patient's serum was placed
in the center well, and a different panel serum in each
of the six peripheral wells.

Post-transfusion sera. The blood of 109 frequently
transfused patients was obtained by venipuncture. Each
serum was removed from the clotted blood on the day of
venipuncture and stored at - 20° C until tested. In
some cases, plasma separated from acid citrate dextrose-
treated blood was used. Specimens were collected at the
following institutions: Clinical Center of the National
Institutes of- Health, Bethesda; New York Hospital-
Cornell Medical Center, Frances Delafield Hospital, and
Presbyterian Hospital, New York City; Children's Hos-
pital Medical Center, Boston; and Mt. Alto Veterans'
Administration Hospital, Washington, D. C. The diag-
noses of these 109 patients are listed in Table I. All of
these patients had received 5 or more transfusions, and
33 had received approximately 40 or more.

Panel sera. Each transfused serum was tested against
a panel of 24 sera obtained from non-hospitalized, ap-
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TABLE I

Disease categories of transfused patients

No. of patients with Patients
with anti-

About 40 serum
5 or more or more protein

Disease category transfusions transfusions antibody*

Cancer, all kinds except blood 50 1 1
Leukemia, acute childhood 6 4 0
Thalassemia major 18 17 3
Refractory and aplastic anemia 8 7 1
G.I. bleeding 7 1 0
Coagulation defects 2 2 0
Lupus erythematosus 2 1 0
Other 16 0 0

Total 109 33 5t

* Detectable by the Ouchterlony method.
t All with about 40 or more transfusions.

parently normal individuals, including males, females,
children, and adults (Table II). The sera were from
U. S. whites (7);, Negroes, Indians (10), Eskimos
(10), Vietnamese (11), Micronesians (12), and Poly-
nesians (11). The samples for the population studies
were selected casually from sera collected for popula-
tion studies of other inherited traits (7, 10-12). The
U. S. white sample was composed of presumably healthy
employees of the National Institutes of Health and mem-
bers of U. S. white families described elsewhere (7).
The U. S. Negro sample was obtained during a popula-
tion study in Evans and Bulloch counties, Georgia.'
Methods of collection of the remaining sera are given
in the references for the other populations; those of
family and twin sera will be described in the next section.

RESULTS

Studies on sera of transfused patients. To help
rule out the possibility that the antibody was nat-
urally occurring and not related to multiple trans-
fusion, the sera of 163 apparently normal individu-
als who had received no transfusions were tested

TABLE II

Distribution of Ag(a) phenotypes in
various populations

Ag (a +) Ag (a-)
Total

Population no. No. % No. %

Polynesian, Bora Bora 96 96 100 0 0
Micronesian, Rongelap Atoll 101 95 95 6 5
Eskimo, North Alaska 97 79 81 18 19
Vietnamese 99 70 71 29 29
Athabascan Indian, Alaska 102 69 68 33 32
U. S. Negro 167 92 55 75 45
U. S. white 188 103 54 85 46

1 In preparation, by A. J. Cooper.

for the presence of antibody in the same manner as
the 109 sera of transfused patients. Five of the
transfused patients, but none of the nontransfused
had a precipitin (Table III, p < .01). All the
antibodies were found in the sera of patients who
had received approximately 40 or more transfu-
sions (Table IV).

Some of the family members of three of the
antibody-formers were studied. The parents of
Ba., the parents and brother of P. C., and the
daughter of C. de B. were tested and no antibody
was found. The family of P. C. is particularly
interesting. Both she and her brother have thalas-
semia, for which they have received multiple
transfusions. P. C. was born November 2, 1942,
and the diagnosis of Cooley's anemia made at age
4 years. She has required nearly monthly trans-
fusions and has received about 250 transfusions.
Her brother was born September 19, 1945, nearly
3 years after his sister, and the diagnosis of
Cooley's anemia was made at 11 months. He
also has been treated with monthly transfusions,

TABLE III

Comparison of antibody frequency in transfused
and nontransfused subjects

No. of subjects with

5 or Above
No more 40 or

trans- trans- more
fusions fusions transfusions

Number studied 163 109 33
Number with antibody 0 5 5
Per cent with antibody 0 4.5 15.1

p <.01 p <.001
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TABLE IV

Transfused patients forming precipitins

No. of Year of Date blood
transfusions first trans- collected forPatient Age Sex Diagnosis fusion antibody study

C.deB. 66 M Refractory anemia t50 1957 Aug., 1960
P.C. 18 F Cooley's anemia -250 1946 Dec., 1960
Br. 45 M Zollinger-Ellison .40* 1956 Jan., 1961

syndrome
M. 6 F Cooley's anemia .40 1956 Dec., 1960
B. 14 M Cooley's anemia -250 1947 Dec., 1960

* Exact number of transfusions received is not known, but is probably 40 or more.

and at the time of testing had received approxi-
mately 200. Despite the similarity in disease pat-
tern and the nearly similar number of transfusions
given at the same frequency, only P. C. has de-
veloped a detectable antibody. It is possible that
her brother will develop an antibody later in life.

Repeated transfusions in antibody-formers.
With the exception of Br., who died presumably
as a result of his primary disease, all the antibody-
formers continued to receive frequent transfu-
sions after the discovery of antibody. In no case
did they develop sufficiently severe transfusion
reactions to require interruption of transfusion

FIG. 1. PRECIPITIN LINE IN OUCHTERLONYPLATE
FORMEDBETWEENCENTER WELL, CONTAINING SERUM OF
C. DE B., AND 2 OF 6 OUTER WELLS, CONTAINING SERA
FROM NORMALSUBJECTS. Note concavity of line toward
the peripheral wells, suggesting an antigen of high mo-
lecular weight.

therapy. C. de B., whose case has been previously
described (7), was observed at the Clinical Cen-
ter, National Institutes of Health, for the possi-
bility of transfusion reactions. The patient regu-
larly had a moderate rise in temperature every
afternoon. After the administration of 2 units of
Ag (a-) blood, there was a rise slightly above
the usual; a similar rise was seen when 2 units of
Ag(a +) blood was administered. Comparable
results were obtained with 6 other units of blood.
Figure 2 shows a typical study.

Studies on the Ag(a) system. The first and
most clearly reacting antibody was found in the
serum of patient C. de B. His serum defined the
Ag(a) beta-lipoprotein system (7-9). Further
studies on the Ag(a) phenotypes are presented
here. With nearly all sera, the precipitin line was
concave towards the antigen well and coalesced
with the precipitin line of adjoining sera. Occa-
sionally, other kinds of reaction were seen. These
included instances where two separate lines were

I I I I I I
Patient C. deB.

Aglo-)B/ood Ag(o*) Blood

8-38
w

1L37UI-
w

0 1 2 24 36 48 60 72
HOURS

FIG. 2. TEMPERATURECHARTOF C. DE B. IN RELATION TO
TRANSFUSIONS OF AG(A+) AND AG(A-) BLOOD.
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TABLE V

Frequency of Ag(a+) phenotype by sex in U. S. Negro and white populations

Males Females Males and females

Ag (a +) Ag (a +) Ag (a +)
Total Total Total

Population no. No. % no. No. % no. No. %

U. S. Negro 69 38 55 98 54 55 167 92 55
U. S. white 85 41 48 103 62 61 188 103 54
Total U. S. 154 79 51 201 116 58 355 195 55

seen and also where the single precipitin line was
qualitatively different from the usual line.

Sex and age. There was no significant sex
difference in the frequency of positive reactors,
those of Ag(a +) phenotype, in U. S. white and
Negro populations (Table V). The distribution
of positive reactors by age in 356 Americans (168
U. S. Negroes, 188 U. S. white) is shown in Table
VI). Although there appears to be little age non-
homogeneity, the sample is not large enough to
rule out small differences. Testing a larger num-
ber of people older than 60 might show whether
the observed slight drop in the frequency of
Ag (a +) in this group is significant.

Twin studies. The twin sera were presented
to us by Dr. J. McDonough of the Public Health
Service Heart Disease Control Program, and were
collected in Evans and Bulloch counties in south-
ern Georgia (13). A census of the area was
taken and the total number of twin pairs ascer-
tained. Whenever both twins were still resident
locally, they were asked to participate in the study.
All those volunteering were examined and blood

TABLE VI

Frequency of Ag(a+) phenotype in combined U. S. white
and Negro population by age group

No. Ag(a+)

Age group Total Expected * Observed

years

0 to 9 28 15.4 16
10 to 19 79 43.5 40
20 to 29 52 28.6 25
30 to 39 56 30.8 36
40 to 49 87 47.9 50
50 to 59 31 17.1 18
60+ 23 12.7 10

Protal 356 195
0.8 >p >0.9

* Calculated by multiplying total number of group by
0.55, (the fraction of the entire population that is Ag(a+).

samples obtained; 56 pairs of twins were located,
23 monozygotic, 27 dizygotic, and 6 undetermined.
Blood specimens from a total of 18 identical and
27 nonidentical twin pairs were available for the
present study. The diagnosis of zygosity was
made with the following criteria: sex; gross phys-
ical appearance; A-B-O, Rho, rh', and rh" red
blood cell groups; and haptoglobin serum types.
For 4 identical and 4 nonidentical pairs, the fol-
lowing blood group data were also obtained:
M-N-S, Fy, Jk, Cw, P, Le, Lu, Diego, and Js.

Of the 18 supposed identical twin pairs, 17 were
concordant and one discordant for the Ag (a)
phenotype (Table VII). Of the 27 nonidentical
twin pairs, 17 were concordant and 10 discordant.
The difference in concordance between the identi-
cal and nonidentical twin pairs is highly significant.

Both members of the discordant, presumably
identical twin pair, were white males of blood
group 0 Rh0Rhl and haptoglobin type 2-2.
Smith and Penrose (14) have provided a method
for calculating the probability of zygosity from
blood groups and other traits. From the blood-
group frequencies in their tables and a frequency
of 0.387 for the haptoglobin type one (Hp-) gene,
it was calculated that the chances of dizygosity in
this pair are approximately 3 in 10. It is diffi-
cult to explain the existence of a discordant pair
among the presumably identical twins, but there
are several possible explanations: the twins may
not have been identical; the phenotype may have
been misclassified; or there may be a nongenetic
factor affecting the phenotype.

Family studies. Preliminary family studies of
the Ag(a) phenotype in 29 U. S. and 8 Micro-
nesian families have been presented previously
(7). The results supported the hypothesis that
individuals homozygous for the recessive gene
Ag did not react with the C. de B. antibody. Those
homozygous or heterozygous for its dominant al-
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TABLE VII

Twin studies of Ag(a+) phenotype

Concordant pairs
Discordant

Twins Ag(a +) Ag (a -) Total pairs Total

Identical 11 6 17 1 18
Nonidentical 8 9 17 10 27

Total 45
.01 <p <.02

lele AgA did react. According to this hypothesis,
the offspring of Ag(a +) and Ag(a +) matings
or of Ag(a +) and Ag(a-) matings could be
either Ag(a+) or Ag(a-). The offspring of
Ag(a-) and Ag(a-) matings must all be
Ag(a-).

Results in an additional 24 U. S. Negro families
are presented in this report. These were casually
selected from families whose sera were collected
in Evans and Bulloch counties, Georgia. Studies
on the following red blood cell groups were avail-
able on nearly all the family members: A, A1, B,
0, C(Rh'), D(Rho), E(Rh"), c, d, r, M, N, S,
s, Fya, Lea, Leb, Kpa, Kpb, K, CW, Lua, Wra, Vw,
Mg, and Js. With these, some offspring who were

not the children of the supposed parents could be
detected, and they were excluded from the compu-

tations.
The frequency of the Ag(a +) phenotype in

the population studied was 55 per cent. On the
assumption that mating is random, that marked
selection does not occur, and that the genetic hy-
pothesis is correct, the expected number of each
kind of mating and offspring can be calculated.
The expected and observed results are shown in
Table VIII.

A method summarized by Smith (15) per-

mits more complete use of the data: four types of
comparison are made in each of which a correc-

tion is included for family size (Table IX). For
classes 3 and 4, an estimate of 0.33 was used for
the AgA gene frequency. The observed results
are close to those expected and agree with the
previous family studies.

Population studies. These are shown in Table
II. The red blood cell groups (listed previously
under Family studies) and Ag(a) phenotypes of
96 Georgia Negroes and 79 white inhabitants of
Tangier Island, Maryland, were determined.
There was no apparent association between
Ag(a) and red blood cell phenotypes.

Mother-child studies. Information on the time
of life when gene expression is detectable can be
obtained by the study of mothers and their new-

born children. Eighty-one pairs of mother and
newborn sera were obtained from the U. S. Naval
Medical Center, Bethesda, and the Johns Hopkins
Hospital, Baltimore. The blood was drawn from
the mother at term. With the exception of 16
cases where the blood was removed from the in-
fant's heel between the second and fourth days of
life, the newborns' blood was obtained from the
umbilical cord at the time of delivery. Sera were

also obtained from 9 infants approximately 7
weeks old, and from two of these blood was also
withdrawn at age 3 months. Sera withdrawn at
age 2 years were available from 12 children.

Table X shows the results of the mother-new-

TABLE VIII

Family studies of Ag(a) phenotype in U. S. Negroes

No. of families Ag(a +) children Ag (a-) children

Mating type Obs.* Exp. Obs. Exp. Obs. Exp.

Ag(a+) X Ag(a+) 9 8.3 29 29.4 6 5.6
Ag(a+) X Ag(a-) 8 11.8 20 19.2 12 12.8
Ag(a-) X Ag(a-) 7 4.9 0 0 18 18

Total 24 24.0 49 48.6 36 36.4

* Obs. = observed, and Exp. = expected.
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TABLE IX

Observed and expected number of Ag (a-) children from various matings in U. S. Negro population,
by method of C. A. B. Smith (15)

Test comparison Mating x2 d.f.

Observed no. of Ag(a-) children, given no. Ag(a+)
of families with Ag(a-) children X .174 1

Ag(a-)
Observed no. of Ag (a-) children, given no. Ag(a+)

of families with Ag(a-) children X .870 1
Ag(a +)

Observed no. of families with at least one Ag(a+)
Ag(a-) child, given total no. of families X .006 1

Ag(a-)
Observed no. of families with at least one Ag(a+)

Ag(a-) child, given total no. of families X .099 1
Ag(a +)

x2= 1.149 d.f. = 4
0.9>p>0.8

born child studies arranged according to the pos- calculated, and are shown in the fourth column of
sible combinations of mother and child pheno- Table X. There is a large deficiency of the
types. Two major hypotheses may be considered Ag(a -) mother,-Ag(a +) infant combination.
to account for the observed results: 1) The trait If hypothesis 2a is correct, then the presence of
is inherited according to the genetic hypothesis the Ag (a+) material in some of the newborn chil-
stated above, and the genes are expressed at dren could reflect the difference in the times that
birth; and 2) the trait is inherited according to the the gene is expressed. The children of Ag(a +)
genetic hypothesis, and the genes are expressed mothers, however, are much more frequently posi-
not at birth but at varying times thereafter. Two tive than those of Ag(a-) mothers. In the
further possibilities follow from the second hy- children of the Ag(a+) mothers, 24 of an ex-
pothesis: a) The Ag(a) material is not trans- pected 29.1 infants are Ag(a+) at birth; in the
mitted placentally, and b) the Ag(a) material is children of the Ag(a-) mothers, 12 Ag(a+)
transmitted placentally in some or all cases. children would be expected, whereas only one

The data can help in deciding among these questionable case was seen. Hence, for hypothe-
possibilities. The frequency of Ag(a+) in the sis 2a it would be necessary to assume that the
mother was 51 per cent, which was not signifi- children of Ag(a+) mothers express the gene
cantly different from the frequency in the gen- earlier than the children of Ag(a-) mothers.
eral U. S. population. On the assumptions that If hypothesis 2b is correct, then none of the
the genetic hypothesis is correct and that mating is Ag(a -) mothers should have Ag(a +) chil-
random for Ag(a) phenotype, the combinations dren. Mothers who are Ag (a+) might or might
expected according to the first hypothesis can be not have children with reactive serum. In one

TABLE X

Comparison of Ag(a) phenotyes in mother-child pairs

Expected no. of pairs
Observed

Mother* Child no. of pairs Hypothesis 1 Hypothesis 2

Ag(a-) Ag(a-) 39 28 40
Ag(a-) Ag(a +) 1 12 0
Ag(a+) Ag(a-) 17 11.9 41
Ag(a+) Ag(a+) 24 29.1 41

Total 81 81 81

* Ag(a+) frequency in mothers = 51 per cent.
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TABLE XI

Sersal studies of Ag(a) phenotypes in mother-child pairs

Children
Mother

40 to 60
No. Term Birth Days 3 Months 2 Years

1 Ag(a+) Ag(a+) Ag(a+)
2 Ag(a-) Ag(a-) Ag(a-)
3 Ag(a+) Ag(a+) Ag(a+)
4 Ag(a-) Ag(a-) Ag(a+)
5 Ag(a+) Ag(a+) Ag(a+) Ag(a+)
6 Ag(a+) Ag(a+) Ag(a+)
7 Ag(a+) Ag(a+) Ag(a+)
8 Ag(a-) Ag(a-) Ag(a-) Ag(a-)
9 Ag(a-) Ag(a-) Ag(a-)

10 Ag(a+) Ag(a-) Ag(a-)
11 Ag(a+) Ag(a-) Ag(a+)
12 Ag(a-) Ag(a-) Ag(a+)
13 Ag(a-) Ag(a-) Ag(a+)
14 Ag(a-) Ag(a-) Ag(a+)
15 Ag(a-) Ag(a-) Ag(a-)
16 Ag(a-) Ag(a-) Ag(a+)*
17 Ag(a+) Ag(a+) Ag(a+)
18 Ag(a-) Ag(a-) Ag(a-)
19 Ag(a-) Ag(a-) Ag(a+)*

* Double band on Ouchterlony plate.

case, the serum of a child of an Ag(a -) mother
gave a broad, diffuse band rather than the sharp,
narrow band characteristic of the usual precipi-
tin. The presence of the Ag(a+) material in
the children of the Ag(a+) mothers could be ex-
plained by placental transmission. This, of course,
would not occur in the children of the Ag(a-)
mothers.

In order to determine when after birth the AgA
gene is expressed, blood collected at 40 to 60 days,
3 months, and 2 years after delivery was studied
(Table XI). One infant's serum, which had been
negative at birth, was positive at 57 days (Table
XI, no. 4). Six others negative at birth were
positive at 2 years (Table XI, nos. 11-14, 16, 19).
If the positive material present in the cord blood
was placentally transmitted, then we could expect
to see some examples of the conversion of an
Ag(a+) to an Ag(a-) phenotype in the off-
spring of an Ag(a+) mother. This was not ob-
served. There were, however, only 6 cases in
which the necessary observations have been made,
and in 4 the observation period was less than 60
days. With the gene frequency of AgA as 0.33
and with random mating assumed, it can be shown
that approximately 30 per cent of Ag(a +)
mothers would be expected to have AgAg off-
spring. It is not surprising, therefore, that none
was seen. Further follow-up studies are needed
to see if such a conversion occurs.

Fetal Blood. Sera from five fetuses whose ages
were approximately 72, 73, 84, 109, and 143 days
were made available to us through the courtesy
of Dr. J. Robbins. One of these gave a positive
precipitin reaction with the serum of C. de B.
This fetus was estimated to be 72 days old, but
was one of the largest (13.0 cm) of all those
examined.

Transudates. A. Synovial fluid. Sera and syn-
ovial fluid from the knees of four patients with
gout was was made available to us through the
courtesy of Dr. J. E. Seegmiller. Patient 1 had
gout affecting primarily his metatarsal joints.
He developed transient inflammation in the left
but not the right knee; serum and synovial fluid
from both knee joints were Ag(a+), and there
was no evidence of gout in either knee. Patients
2, 3, and 4 had gout, but with only moderate in-
volvement of their knees. The sera and synovial
fluids of Patients 2 and 3 were Ag (a -); those of
Patient 4 were Ag(a-).

B. Cerebrospinal fluid. Both serum and cere-
brospinal fluid were available, through the cour-
tesy of Dr. P. Carbone, from ten patients with
neoplastic diseases. In nearly all cases, there was
no apparent involvement of the meninges. Six of
the sera were classified as Ag(a + ) and 4 as
Ag(a-) ; all the cerebrospinal fluids were clas-
sified at Ag (a-). The cerebrospinal fluids of the
six Ag(a+) individuals were pooled and con-
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centrated by ultrafiltration to 25 and 100 times
normal. Each concentrated preparation was non-
reactive.

DISCUSSION

It is reasonable to conclude tentatively that
these antibodies developed in response to multiple
transfusions and are comparable to those devel-
oped from repeated injections of foreign proteins
into experimental animals. In this case, the
foreign protein is a normal human serum com-
ponent, the low-density beta-lipoprotein, of which
at least two antigenically different, genetically de-
termined forms are presumed to exist in most
populations. The antigenic differences probably
derive from small physico-chemical variations of
the molecule. Individuals homozygous or heter-
ozygous for the AgA gene have a low-density beta-
lipoprotein that forms a precipitin with the anti-
body in the serum of C. de B. Ag homozygotes
presumably have an antigenic specificity, but to
date no antibody has been found that would de-
tect the presence of this hypothesized gene prod-
uct. C. de B. was presumably of type Ag(a-)
and developed an antibody as a result of multiple
transfusions with Ag(a +) lipoprotein.

The reaction between a patient's antibody and
the antigen in the transfused blood might be the
cause of some of the mild transfusion reactions
seen in frequently transfused patients. Four of
the five patients in whom antibody was detected
(see Table IV) continued to receive transfusions.
One of the patients, C. de B., had mild subjective
symptoms and a moderate rise in temperature
after most transfusions, but it appeared to be in-
dependent of the Ag (a) phenotype of the blood he
received (see Figure 2). There is no informa-
tion available on the long-term effect of repeated
transfusions in patients who are antibody-formers.
The reaction between the Ag(a+) protein and
C. de B. antibody does not fix complement (7),
nor does it give a positive passive cutaneous
anaphylaxis test. It is posible, however, that re-
current precipitin reactions may occur in vivo and
have long-term, chronic pathological consequences,
particularly in small blood vessels.

In three of the five antibody-formers, C. de B.,
P. C., and Br., the antibodies appeared to be
qualitatively similar. P. C. and Br. were both
Ag (a -), and none of these three sera formed

precipitin lines with each other. M. and Ba. were
both Ag (a +) and formed precipitin lines with
the antigen present in C. de B.'s serum. They
appear to determine quite different precipitin sys-
tems, and will be described in detail elsewhere.

It is not known why some of the transfused pa-
tients developed an antibody and others did not.
Those who did received a minimum of approxi-
mately 40 transfusions, but a large number of
transfusions is not the only requirement for anti-
body formation. Fifteen of the frequently trans-
fused patients had received more than 100 trans-
fusions, but antibody was detected in only two of
these. Of the 15, three had received 300 or more
transfusions, but no precipitin was found in any
of these. Three of the antibody-formers had
thalassemia. Here the antibody production may
result from the large number of transfusions these
patients receive, or it may reflect some inherent
characteristic of the disease.

The Ouchterlony method is a relatively crude
means for detecting antibody; it is likely that more
sensitive techniques would reveal a larger number
of antibody-formers, and studies using such meth-
ods are in progress.

The presence of a precipitin band with a dif-
ferent appearance from the usual concave one,
and the occasional finding of two separate bands,
suggest that the serum of C. de B. can react with
more than one antigenic site.

These studies are in general consistent with the
original genetic hypothesis. Weconclude that the
genetic mechanism proposed explains the major
variations of this trait, although other genetic and
environmental factors may have a bearing on the
formation of the specific lipoprotein. This trait
is polymorphic in most of the populations studied,
and the gene frequency varies widely.

The mother-child studies are consistent with the
explanation that the antigen is not generally pro-
duced at birth but that synthesis begins at a
variable time thereafter. This effect is analogous
to that with the serum haptoglobins, where a large
percentage of children have no haptoglobins un-
til after the third month of life (16). It is pos-
sible that the Ag(a+) material crosses the pla-
centa in sufficient quantity to be detected in some
offspring of Ag(a +) mothers.

The Ag(a+) material is present in the syno-
vial fluid of Ag(a+) individuals, implying that
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the specific lipoprotein either is transmitted across
the synovial membrane or is produced in the
joint. The Ag(a+) material was not detected
in the spinal fluid.

SUMMARY

1. Further studies on the Ag(a) human serum
polymorphism, which involves low-density beta-
lipoprotein components, are presented. Popula-
tion, family, and twin studies agree with the hy-
pothesis that the presence of this component,
which is identified by a precipitation reaction with
the serum of a patient who had received numerous
transfusions, is determined by an autosomal, domi-
nantly-transmitted gene designated AgA.

2. Examination of the paired sera of mothers
and newborn children leads to the conclusion that
the Ag(a) phenotype may not be expressed at
birth. Mothers may transmit the lipoprotein un-
der discussion across the placenta in some cases,
rendering the newborn a phenocopy. From the
evidence at hand, the Ag(a+) phenotype can be
expressed as early as 57 days after birth.

3. In one of the antibody-forming patients, C. de
B., the slight temperature rise in response to trans-
fusion was independent of the Ag(a) phenotype
of the transfused blood. After the discovery of
antibody, four of the five antibody-formers con-
tinued to receive transfusions with no apparent
severe reaction.

4. Study of other transfused individuals has de-
tected four subjects who form precipitins with
normal sera. All of these patients received ap-
proximately 40 or more transfusions.
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