
fatty acids (5) and of ketone bodies 
(6). However, ours is the first demon- 
stration of the existence of thiolase in 
prenatal tissues. 

After birth, the development of thiol- 
ase activity reflects the nutritional en- 
vironment of the young rats whose 
nourishment for the better part of the 
first 3 weeks of life is maternal milk, 
which is high in fats. Evidence for the 

expected increased breakdown of fatty 
acids and ketogenesis by the liver was 
provided by its thiolase activity which 
increased threefold between birth and 
weaning. During the same period, brain 
thiolase activity was maximum. The 
fact that the kidney can utilize as well 
as produce ketone bodies is reflected in 
a pattern of thiolase development inter- 
mediate between that of liver and brain. 

Another and similar index of the nu- 
tritional environment of the growing 
rats is D-(-)-/3-hydroxybutyrate dehy- 
drogenase which has been shown by 
Klee and Sokoloff (7) to rise immedi- 
ately after birth in rat brain, to reach 
a maximum at age 30 days, and to fall 
to low levels in adulthood. This enzyme 
could then be reinduced by starvation 
(8) or by a diet high in fat (9). To test 
whether thiolase would exhibit a similar 
behavior, we subjected adult rats to 
starvation for periods up to 72 hours 
and determined the thiolase activity in 
brain and liver (Table 2). Although the 
rats became ketonemic after 24 hours 
and also showed increased cholesterol 
in the serum, brain thiolase activity was 
not elevated significantly and the in- 
crease of liver thiolase activity seen 
temporarily at 48 hours of starvation 
could not be correlated with concentra- 
tions of ketone bodies or cholesterol in 
the serum. Thus it seems that there is 
no need for adult brain thiolase to 
adapt during fasting. 
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phenomenon of genic exclusion does not 
lymphocytoid cells in culture. 

The development of techniques for 
establishing human lymphocytes in 
long-term culture (1) and more re- 
cently for cloning these cells (2) has 
enabled us to test the widely held view 
that single cells are capable of pro- 
ducing only a single, heavy chain class 
of immunoglobulins (3). On the basis 
of immunodiffusion studies of the con- 
centrated medium in which the lym- 
phocytes grow, it appears that clonal 
sublines, established from parental lines 
that produce both immunoglobulin 
G (IgG) and immunoglobulin M (IgM) 
of the kappa type, actively synthesize 
both classes of immunoglobulins, of 
the same type specificity as the paren- 
tal lines. 

Peripheral blood lymphocytes from 
three hematologically normal persons 
were established with the use of lysates 
of previously established lymphocytoid 
lines, as described by Choi and Bloom 
(1). These three lines, designated UM-1, 
-5, and -21 (University of Michigan, 
first, fifth, and twenty-first lymphocyte 
lines, respectively), were established 
in the course of our cytological, bio- 
chemical, and immunological studies 
on lymphocytes in long-term culture. 
All had been established and subcul- 
tured for at least 3 months prior to 
the cloning experiments; and all were, 
on karyotype analysis, normal diploid 
cell lines. Occasional aneuploid and 
tetraploid cells were seen, but these 
never exceeded 15 percent of the ex- 
amined cells of each line. 

In order to test the hypothesis of 
genic exclusion for the immunoglobu- 
lin loci. a number of clonal sublines 
was established from each of the three 
parental lines. The cloning technique 
has been described in detail elsewhere 
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hold for immunoglobulin production in hold for immunoglobulin production in 

(2), with approximately 50 percent of 
isolated, single cells, from established 
lymphocytoid lines, going on to form 
clones. Single cells from the lines were 
isolated in individual wells of plastic 
serotest plates (Falcon) and incubated 
for 4 to 8 weeks, with media changes 
and transfer to larger culture vessels, 
until clonal sublines were established. 
Eleven clones were established from 
the UM-1 line, eight from the UM-5 
line, and ten from the UM-21 line. 

When the concentration of cells in 
the cultures of the parental and clonal 
lines reached 1 X 106 cells per milli- 
liter, medium was obtained for im- 
munoglobulin studies. Medium was ob- 
tained by decanting after centrifuga- 
tion of the cells and medium at 1500 
rev/min for 10 minutes. The cells 
were then returned to culture with 
fresh medium added. Since no effort 
was made to synchronize the cells, 
they were in various stages of inter- 
phase and mitosis at the time the 
medium was tested for immunoglobulin 
production (4). The used medium was 
tested for the presence of immuno- 
globulins, after a 40-fold concentration 
of it had been obtained by vacuum 
suction. Concentrates were stored at 
-4?C until tested. 

Immunoglobulins were studied by a 
modification (5) of the double diffu- 
sion method of Ouchterlony (6), by 
using Oxoid lonagar No. 2 (Colab), 
with a barbital buffer of pH 8.5. 
Equine antiserums (Kallestad) to hu- 
man IgG (y chain specific) and IgM (ft 
chain specific), and to kappa and 
lambda light chains, were placed in 
the center wells of the agar-covered 
slides, and run against the concen- 
trated medium placed in the peripheral 
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Abstract. Immunoglobulin production was studied in established lines of normal 
human lymphocytes. Three lines which produced both immunoglobulin G and 

immunoglobulin M were cloned. Among the 25 immunoglobulin-producing clones, 
23 produced both classes of immunoglobulins. These findings suggest that the 
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wells. Slides were incubated at 37?C 
from 24 to 48 hours in a sealed box. 
With the emergence of precipitin 
bands, slides were stained with a 0.5 
percent amido black solution, diluted 
in a 9: 1 methanol: glacial acetic acid 
mixture. The precipitin bands were 
distinct, with no evidence of spurring; 
and no cross-reactivity was seen be- 
tween the two heavy chain antiserums 
or between the two light chain anti- 
serums. 

Since the lymphocytes were cultured 
in the presence of 20 percent fetal 
calf serum, we first had to test for 
cross-reactivity between the calf serum 
and each of the antiserums used. No 
precipitin bands were seen when any 
of these antiserums were run against 
fetal calf serum alone, or against the 
concentrated mixture of tissue culture 
medium RPMI (Roswell Park Memo- 
rial Institute) 1640 (Grand Island Bio- 
logical) with 20 percent fetal calf 
serum (Baltimore Biological Labora- 
tories). 

As seen in Table 1, each of the 
parental cell lines, UM-1, -5, and -21, 
produced detectable levels of both IgG 
and IgM, and each of the mediums was 
reactive with antiserum to kappa chain. 
No reactivity with antiserum to lambda 
chain was, however, seen. These im- 
munoglobulins were repeatedly demon- 
strable in the parental lines. 

Of the 29 clonal sublines, 25 were 
found to be immunoglobulin-produc- 
ing. Twenty-three of the 25 immuno- 
globulin-producing clones had detect- 
able levels of both IgG and IgM. 
Medium from all 25 clones reacted 
with antiserum to kappa chain. 

These data suggest that the loci re- 
sponsible for IgG and IgM synthesis 
in cultured human lymphocytes are 
operative simultaneously within the 
cells of a clone. Assuming that the in- 
munoglobulin activity in the clone ac- 
curately reflects the genic activity of 
the cell of origin of the clone, we may 
conclude that genic exclusion does not 
hold for the immunoglobulin loci in 
established lymphocytoid cells. This 
conclusion is supported by the studies 
of Takahashi et al. (7) who demon- 
strated by immunofluorescence that 
single cells of established lymphocytoid 
lines produce both gamma and alpha 
heavy chains. 

It is difficult to say at this time what, 
if any, influence the Epstein-Barr virus 
(EBV) may have on immunoglobulin 
production by established lymphocyte 
cell lines (8). While it is likely that 
virtually all well-established lines have 
23 APRIL 1971 

Table 1. Immunoglobuliamrl duction by three lymphocytoid cell lines (UM-1, -5, and -21) 
and their clones. The three lines were established from hematologically normal persons, and 
were cloned within 6 months of establishment. Equine antiserums (Kallestad) to y-chain 
specific human IgG, pu-chain specific IgM, and kappa and lambda chains were tested by the 
double diffusion method.* 

Heavy chain Light chain 
Cell line 

IgG(y) IgM(,u) K(K) L(X) 

UM-1 + + + 
Clones 1 to 11 - + + 

UM-5 + +- + 
Clones 1 to 8 + + +- 

UM-21 + + + 
Clones 1, 6 + - + 
Clones 2, 4 - - - 
Clones 3, 5, 8, 10 + + + 
Clones 7, 9 - - 

* The converse of this experiment was also done, that is, concentrated medium from each of the 
parental cell lines and clones were placed in the center wells and run against the chain-specific anti- 
serums in the peripheral wells. In all instances, a continuous precipitin band with no spurs was 
formed, linking the antiserums to the gamma and kappa chains and the antiserums to the mu and 
kappa chains. This suggests that the heavy and light chains are incorporated into the immunoglobulin 
molecule, and not free in the medium. 

EBV in a small percentage of cells 
(9), there is evidence that the propor- 
tion of EBV-infected cells declines with 
time, to under 0.2 percent of the total 
cell population once the line is estab- 
lished (10). Nonetheless, EB viral 
DNA is detectable after transformation 
has taken place (11), and this at least 
raises the possibility that the viral 
genome may affect the activity of the 
immunoglobulin loci. While our meth- 
od of establishing these lines involves 
addition of lysates of previously estab- 
lished lymphoid lines, we are not as 
yet certain of the presence of EBV in 
the lysates, parental lines, or clones. 
In any event, even if there are EBV- 
positive cells in the parental lines, the 
number of positive cells in the clones 
should amount to less than 1 percent 
(10). 

The fact that 23 of 25 clonal sub- 
lines produced the same classes of im- 
munoglobulins caused us to ask 
whether our three parental lines might 
each be derived from a rare, perhaps 
mutant, cell in which these immuno- 
globulin loci were active. We obtained 
evidence recently that lymphocyte lines, 
established by our method, are, in fact, 
mixtures of at least two subpopulations, 
by study of the glucose-6-phosphate 
dehydrogenase (G6PD) isozymes in 
two established lymphocytoid lines 
(UM-26 and -27) from a female 
known to be heterozygous for X-linked 
G6PD. Electrophoresis of her erythro- 
cyte G6PD (12) demonstrated both 
a fast (A) and a slow (B) moving 
band. Electrophoresis of lysates of her 
two established lymphocyte lines sim- 
ilarly revealed these two distinct bands, 
suggesting that these lines are a mix- 
ture of G6PD A- and B-producing 
cells. 

It is clear from the evidence pre- 
sented here that the ability of estab- 
lished lymphocytoid cells to produce 
multiple classes of immunoglobulins 
distinguishes such cells from both 
normal lymphocytes (13) and mye- 
loma cells (14) in vivo. The cultured 
lymphocyte may be in a less highly 
differentiated state than either of the 
other two cell types; or, alternatively, 
a specific, as yet undefined, mecha- 
nism of derepression of the immuno- 
globulin loci may exist in vitro. 
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