
whereas the S fragment contains the L- 
chain and part of the H-chain (7). The 
specific Cr-determinants and Zu-deter- 
minants were found on the F (fast) 
fragment. Since the Cr- and Zu-proteins: 
differ markedly in carbohydrate content, 
further study may implicate this moiety 
in the antigenic differences. 

Serums of 150 normal individuals 
were examined, and all contained both 
populations of y-globulin. Several of 
these serums were known to be of dif- 
ferent Gm specificities. The results in- 
dicated that both antigenic types of 7S 
y-globulins (Cr and Zu) are present, 
regardless of the Gm type of the serum. 

These findings are consistent with the 
assumption that in normal human se- 
rums at least two populations of 7S y- 
globulins are Present which differ in 
part of the antigenic structure of their 
H-chains. To date it is impossible to 
state whether any more different types 
of H-chains of 7S y-globulins exist, as 
appropriate antiserums to study this 
problem have not been available. How- 
ever, an antiserum prepared against the 
reduced and alkylated 7S y-globulin of 
one individual gave two lines in im- 
munodiffusion experiments with 7S y- 
globulin, which fused with the two lines 
of the reaction of antiserum to Zu with 
normal human serum. 

The two antigenically distinguishable 
types of H-chains in normal and mye- 
loma 7S y-globulins may be compared 
to the two types of L-chains in these 
molecules. However, neither Cr-deter- 
minants nor Zu-determinants are con- 
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Antigenic differences in human 7S 

y-globulin, detectable by inhibition of 

agglutination methods, are determined 
by codominant alleles at two inde- 

pendent loci (Gm and Inv) (1). Anti- 
bodies to y-globulin, specific for one 
or another of these hereditary anti- 

gens, have been found in the serums 
of multiply transfused individuals (2), 
in some Gm(-) offspring of Gm(+) 
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fined to one or the other of the anti- 
genic type I or type II classes. 

It is proposed that these two popula- 
tions of normal and myeloma 7S y- 
globulins be designated 7S ycr and 7S 
yzu, at least until a functional name is 
applicable. 

RUDY E. BALLIEUX 
GEORGE M. BERNIER 

KIKUO TOMINAGA 

FRANK W. PUTNAM 
Department of Biochemistry, University 
of Florida College of Medicine, 
Gainesville 
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mothers (3), in children given multiple 
injections of pooled Cohn fraction II 
for "allergy" (4), and in children stud- 
ied 1 to 2 years after exchange trans- 
fusion for hemolytic disease of the 
newborn (4). Most reports state that 
the 7S y-globulin in the human fetus 
is acquired from the mother by trans- 

placental passage, so that the y-globu- 
lin phenotype (Gm type) of mother 
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and newborn child are identical (1, 5); 
however, endogenous production of 
small amounts of y-globulin (0.1 to 1.0 
percent of the total present in cord 
blood) by the fetus has recently been 
demonstrated in this laboratory (6) with 
the use of selected SNagg (aggluti- 
nating serums from nonarthritic pa- 
tients) reagents (7). In such systems 
Gm(+) normal serums still show in- 
hibitory activity when diluted up to 
500- to 2000-fold with saline or Gm 
(-) serum, and Gm(+) cord serums in- 
hibit at 1:2 to 1:20 dilutions. 

These findings suggested that "anti- 
y-globulins" might result from immuni- 
zation of the mother by fetal y-globulin 
bearing hereditary Gm determinants 
elaborated by genes inherited from the 
father but not present in the mother. 
In our study, the Gm types of the 
parents (the authors) (Table 1) made 
it likely that some of their offspring 
would be positive for the Gm(a) fac- 
tor present in the father (HHF) but 
absent in the mother (BRF). For this 
reason, multiple samples of serum were 
obtained from the mother when she 
was nulliparous and also during and 
after each of her four pregnancies and 
stored in portions in the frozen state. 
After each pregnancy a portion of each 
of the available samples was thawed 
and tested simultaneously for anti-Gm 
activity. Such activity did not appear in 
the mother's serum during or after the 
first three pregnancies, but these off- 
spring are Gm(a-)--confirmed by Gm 
typing at 3 years of age-(Table 1). 
The fourth pregnancy was uncompli- 
cated and the mother received no trans- 
fusions or injections during its course. 
Her serum did not contain rheumatoid 
factor (negative results in sensitized 
sheep-cell and latex-fixation tests). Dur- 
ing the fourth pregnancy, however, an 
antibody to y-globulin demonstrable by 
agglutinating systems was detected in 
the maternal serum at the beginning of 
the third trimester (Table 2) and per- 
sisted until the 35th week of gestation. 
This agglutinator was specific for the 
Gm(a) factor; it agglutinated Rh-posi- 
tive red cells sensitized by Gm(a+) 
"incomplete" anti-Rh reagents but did 
not agglutinate cells coated with Gm- 
(a-) anti-Rh. That the agglutinator was 
specific for Gm(a) was documented by 
the inhibition obtained with a panel of 
25 standard serums of known Gm and 
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Antibody to Hereditary Human Gamma-Globulin (Gm) 

Factor Resulting from Maternal-Fetal Incompatibility 
Abstract. Multiple samples of serum from a Gm(a-) female mated to a Gm(a+) 

male were obtained before, during, and after each of four normal uncomplicated 
pregnancies and tested for antibody to human gamma globulins of differing genetic 
types. An agglutinator for the Gm(a) factor first appeared in the mother's serum 
during the third trimester of the fourth pregnancy. The newborn (male) was geno- 
typically Gm(a+), since his serum contained, in addition to maternal Gm(a-) 
gamma globulin, small amounts of Gm(a+) gamma globulin. 
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anti-Rh coat (SW). All Gm(a+) serums 
but no Gm(a-) serums inhibited this 

agglutination system. Presumably pro- 
duction of agglutinator to Gm(a) was 
stimulated by the presence of fetal 
blood in the maternal circulation; evi- 
dence for maternal immunization by 
components of fetal blood is provided 
by the increase in titer of agglutinins 
for red cells of blood group B during 
the fourth pregnancy (mother, blood 
group A; infant, AB). As shown in 
Table 2, serum samples obtained at 
term and at weekly intervals thereafter 
lacked significant amounts of anti- 
Gm(a) and showed progressively lower 
anti-B titers. The cord serum was weak- 
ly inhibitory in the Gm(a) test system 
(Table 3). 

These data demonstrate that en- 
dogenous synthesis of y-globulin by the 
fetus in amounts sufficient to immunize 
a mother of "incompatible" Gm type 
is already occurring by the 7th month 
of gestation. Accordingly, the produc- 
tion and incidence of anti-Gm aggluti- 
nators will depend on maternal and 
fetal Gm genotype, differential "anti- 
genicity" of the various y-globulin fac- 
tors, and individual differences (perhaps 
genetically determined) in antibody re- 
sponse. That there may be a familial 
predisposition to the formation of ag- 
glutinator (or other "anti-" component) 

Table 1. Blood and serum groups of family F. 

Blood Type of 
ber Age group gamma globulin ber Age 

group 
ABO Rh Gm Inv 

Father 35 BO + (a+b+x-) (a-b+) 
Mother 37 AO + (a-b+x--) (a+b+) 
Son 7 O - (a-b+x-) (a-b+) 
Son 5 B + (a-b+x-) (a+b+) 
Son 3 B + (a-b+x--) (a+b+) 
Son * AB + (a+b+x-) ? 
* Newborn. 

Table 2. Isoagglutinin (anti-B) and anti- 
Gm(a) titers of mother's serum before and 
after birth of fourth son. 

Time Anti-B Anti-Gm(a) 

Pregnancy 
-2 mo 32 0 
+2 mo 32 0 
+5 mo 32 0 
+7 mo 128 4 
+9 mo 256 8 
+9/2 mo 256 4 
Term 256 * 

Postpartum 
1 wk 2048 /2 
2 wk 1024 0 
3 wk 640 0 
4 wk 640 0 

* Plus-minus reaction with undiluted serum. 
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Table 3. Inhibition of Gm(a) agglutination system by cord serum diluted from 1:1 to 1:2000 
in Gm(a-) serum. The agglutination system contained anti-Gm(a) No. 51 and anti-Rh SW. 
The system was controlled as follows: anti-Gm(a) and sensitized cells resulted in no inhibi- 
tion; saline and sensitized cells, anti-Gm(a) and uncoated cells, inhibitor and sensitized cells 
each resulted in no inhibition. Agglutination was graded from 0 to ++; ++ = no inhibi- 
tion, + - partial inhibition, 0 = inhibition. Similar results were obtained with anti-Gm(a) 
Con. 

1 2 4 8 16 32 64 125 250 500 1000 2000 

Cord serum 
0 0 0 + ++ ++ ++ ++ +++ + ++ ++ 

Newborn's serum at 3 months 
0 0 0 0 0 0 0 + ++ ++ ++ ++ 

Gm(a+b+) positive control 

0 0 0 0 0 0 0 0 0 + ++ 

Gm(a-b+) negative control 

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

to y-globulin has already been suggest- 
ed (8), and this predisposition may per- 
tain here. Of the three older children, 
all male and all Gm(a-) (Table 1), the 

youngest, age 3, developed agglutinator 
to Gm(a) after injection of 16 percent 
Cohn fraction II, in a dose of 0.02 ml 

per kilogram of body weight, whereas 
the other two boys, after similar injec- 
tion of Cohn fraction II in doses of 
0.02 and 0.04 ml per kilogram at com- 

parable ages, did not develop agglutina- 
tors for y-globulins. 

This is, to our knowledge, the first 

reported instance of the documented 

appearance of an agglutinator after 

antigenic stimulation by Gm-incompati- 
ble y-globulin in an individual whose 
serum, by test, contained no agglutina- 
tor previously. The incidence of such 
a phenomenon is unknown, but prob- 
ably is low. The maximum titer (1:8) 
of the mother's serum at 9 months' 

gestation and the barely detectable re- 
action with undiluted serum at term 

may be pertinent in this connection. It 
is probable that the presence of anti- 
Gm agglutinins with comparable activ- 

ity would not have been detected in 

previous studies of Gm types of paired 
mother-infant serums (1, 5) in which 
tests were performed only on post- 
partum serums and only at dilutions of 
1:4 or greater. 

The results of our study provide 
further documentation on the anti- 

genicity of Gm(+) y-globulin in pre- 
sumably normal Gm(-) individuals. 
Although Steinberg and Wilson's data 
suggest that, in retrospect, an anti-Gm 
agglutinin was present in one normal 
subject for at least 30 years (3), there is 
a paucity of data on the long-term con- 
sequences of anti-Gm antibodies in the 
serum of individuals with a predisposi- 

tion to connective tissue disorders (8) 
and other diseases. Furthermore, ag- 
glutinators directed against y-globulin 
of one or another genetic type are oc- 

casionally present in the 7S (72-) com- 

ponent of the immune globulins (6). 
Since 7S y-globulin passes the pla- 

centa, maternal production of 7S agglu- 
tinins directed against genetic (Gm) de- 
terminants in fetal y-globulin may be 

important in the etiology of the "func- 
tional" (transient) hypogammaglobu- 
linemia of infancy. Such anti-Gm ag- 
glutinators have been detected in the 
7S y-globulins of two of the mothers 
of infants with "functional" hypogam- 
maglobulinemia studied in our lab- 

oratory (9). 
H. H. FUDENBERG 
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