believed to be transmitted as an auto-
somal recessive trait. Parents of patients
can generally be considered to be obli-
gate heterozygous carriers of the dis-
ease. If lack of galactocerebroside B-
galactosidase activity is the genetically
determined defect, parents are expected
to have low enzyme - activity in all
somatic cells and probably also in
serum, because the deficiency of this
enzyme in homozygous patients is sys-
temic and not limited to the brain (7).
Four of the six parents we examined
gave, as expected, low enzyme activity.
However, the two exceptions require
careful evaluation.

The mother of family 1 is excep-
tional, because she showed normal
activity of galactocerebroside 3-galacto-
sidase not only in leukocytes but pos-
sibly also in serum. She was pregnant
when the blood sample was drawn.
We plan to follow up the enzyme ac-

tivity of this individual in order to rule

out the possible effect of pregnancy or
any other extraneous factors which

might have affected the enzyme activity. .

We cannot exclude another rare pos-
sibility, germinal mosaicism, in which
only the gonad carries the mutation
(8).

The father of family 3 had low en-
zyme activity in serum, but his leuko-
cytes showed normal galactocerebroside
B-galactosidase activity. This may be
the result of technical problems asso-
ciated with leukocyte preparations.
Leukocytes prepared from normal indi-
viduals in different laboratories showed
significantly different enzyme activities,
despite the fact that presumably the
same isolation procedure was used. Un-
like serum, there are a number of fac-
tors which can affect the final calcu-
lated enzyme activities of leukocytes,
such as a partial blood clotting due to
incomplete anticoagulation, contamina-
tion by plasma protein due to incom-
plete washing, incomplete elimination
of red cells, errors in cell count or pro-
tein determination, or the variable pro-
portions of granulocytes and lympho-
cytes.

Our study on heterozygous carriers
of Tay-Sachs disease also demonstrated
better reproducibility in hexosamini-
dase assays in serum than in leukocytes
(4). Unlike galactosidases, hexosamini-
dase was stable in serum, and hetero-
zygous carriers of Tay-Sachs disease
could be detected by assaying hexo-
saminidase A in serum, without over-
lap of values with normal controls.
When hexosaminidase A was assayed
in leukocytes, however, there was an
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overlap between heterozygous carriers
and normal controls, although the dif-
ference between the two groups was
statistically significant.

We conclude tentatively, therefore,
that, despite exceptions, the activity of
galactocerebroside [-galactosidase is
generally lower than normal in parents
of patients with Krabbe’s disease, as
predicted from the assumption that the
deficient activity of this enzyme is the
genetically determined defect underly-
ing globoid cell leukodystrophy. One of
the two siblings of the patient in family
3 is asymptomatic but had partially
deficient activity of galactocerebroside
B-galactosidase both in serum and leu-
kocytes, and we believe that this indi-
vidual is heterozygous. For the detec-
tion of heterozygous carriers of the
disease, serum, if available fresh, ap-
pears to give more consistent data.
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KuNmaiko Suzuki
Department of Neurology, University
of Pennsylvania, School of Medicine,
Philadelphia 19104

References and Notes

1. K. Suzuki and Y. Suzuki, Proc. Nat. Acad.
Sci. U.S. 66, 302 (1970); K. Suzuki and Y.
Suzuki, in The Metabolic Basis of Inherited
Disease, J. B. Stanbury, J. B, Wyngaaden, D.
S. Frederickson, Eds. (McGraw-Hill, New
York, ed. 3, in press); K. Suzuki, Y. Suzuki,
Y. Eto, in Lipid Storage Diseases: Enzymatic
Defects and Clinical Implications, J. Bernsohn,
Ed. (Academic Press, New York, in press);
M. J. Malone, Abstr. Ist Mtg. Amer. Soc.
Neurochem., Albuquerque, 1970, p. 56.

. C. A. Mapes, R. L. Anderson, C. C. Sweeley,
FEBS Lett. 7, 180 (1970).

. R. A. Snyder and R. O. Brady, Clin, Chim.
Acta 25, 331 (1969).

. Y. Suzuki, P. H. Berman,
Pediat., in press.

. R. Matalon and A. Dorfman, Proc. Nat. Acad.
Sci. U.S. 56, 1310 (1966).

. O. H. Lowry, N. J. Rosebrough, A. L. Farr,
R. J. Randall, J. Biol. Chem. 193, 265 (1951).

. P. A, Ockerman, Clin. Chim. Acta 20, 1 (1968).

. V. A. McKusick, Human Genetics (Prentice-
Hall, Englewood Cliffs, N.J., ed. 2, 1969), p. 51,

. We thank Dr. B. O. Berg (University of
California School of Medicine, San Francisco),
Dr. F. M. Yatsu (San Francisco General
Hospital), and Dr. W. D. Grover (St. Christo-
pher’s Hospital for Children, Philadelphia) for
providing us with serum and leukocytes of
families 1, 2, and 3, respectively. Dr. G. Daw-
son (University of Chicago) and Dr. W, J.
Mellman (University of Pennsylvania School
of Medicine) provided cultured fibroblasts of
the patient and normal controls. Supported by
PHS grants NS-08420 and NS-08075 and by
the Inex J. Warriner Memorial Grant for Re-
search on Multiple Sclerosis (670-A-1) from
the National Multiple Sclerosis Society.

31 July 1970; revised 23 September 1970 ™

A OWN

K. Suzuki, J.

W

O o &

Hybrid Cell Line from a Cloned Immunoglobulin-Producing
Mouse Myeloma and a Nonproducing Mouse Lymphoma

Abstract. A hybrid cell line was established by cell fusion between a cloned
Balb/c myeloma that is resistant to 8-azaguanine and produces immunoglobulin
(vyG and free kappa chain) and C57BL/6N lymphoma that is resistant to bromo-
deoxyuridine and does not produce immunoglobulins. The hybrid cells contained
the membrane antigens of both parents; they synthesized free kappa chain; no
synthesis of yG (yq,) heavy chain was detected.

Recent experiments support the no-
tion that the nucleus of the differen-
tiated cell contains large numbers of un-
expressed genes (I, 2). Discovery of
repressors that control gene expression
in bacteria has stimulated the search for
evidence of similar nature, which may
explain the selective gene expression
observed in the differentiated cells of
the higher organisms. One approach
to this problem has been hybridization
of two cells which differ in their ex-
pression of specific genes. Experiments
along this line have provided evidence
both in favor of and against the “repres-
sor mechanism” (3, 4). We have ex-
amined this question with respect to
immunoglobulin synthesis by hybridiz-
ing a cloned immunoglobulin G (yG;
also called y,,) producing mouse mye-
loma and a nonproducing mouse lym-
phoma cell line. The hybrid cells were
capable of continuous growth in - cul-
ture. They produced kappa light chain

but not the yG heavy chain of the im-
munoglobulin synthesized by the pa-
rental myeloma clone.

An RPC-5 myeloma tumor of Balb/c
origin (5) was adapted to tissue culture
and grown in Eagle’s minimal essential
medium supplemented with glutamine,
sodium pyruvate, nonessential amino
acids, penicillin, and 10 percent fetal
calf serum (MEM+) (6). Ten clonal
lines were isolated (7). Clone number 4
(CL4), one of the two parents in this
hybridization study, produced yG and
free kappa chain with no qualitative
change in immunoglobulin synthesis
after 214 years of continuous culturing.
The other parent, E.L.4, was a suspen-
sion culture of a lymphoma that was
induced in a C57BL/6N mouse by
9,10-dimethyl-1,2-benzanthracene (8).
The E.L.4 was maintained in MEM+
with 10 percent fetal calf serum, and
did not produce any immunoglobu-
lins. 8-Azaguanine-resistant CL4 (CL4-
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Table 1. Detection of histocompatibility antigen of E.L.4 and CL4 on E.L.4 X CL4 hybrid
cells by 5ICr cytotoxicity assay. Three Balb/c mice (female 10 weeks old) were immunized by
intraperitoneal injection of 3 X 107 E.L.4 cells. Conversely three C57BL/6N mice were
similarly immunized with LSTRA lymphoid cells. The E.L.4 and LSTRA tumor cells were

derived from their ascitic tumors carried in C57BL/6N and Balb/c mice, respectively.

Lysis of target cells (mean percent = 1 S.D.)

Assay Hybrid
E.L4 CLA-8AZA EL4 % CL4
Immunized Balb/c anti-E.L.4 spleen cells 585 101 58 =44
Normal Balb/c spleen cells 6+ 0.6 1012 10 += 3.7
Immunized C57BL/6N anti-LSTRA spleen cells 6+=04 2+2 38+3
Normal C57BL/6N spleen cells 6+ 0.6 11 +0.1 9+06

8AZA) and bromodeoxyuridine-resist-
ant E.L.4 (E.L4-BUdr) were devel-
oped as described by Littlefield (9). The
CL4 subline thus developed was resistant
to 15.2 pg of 8-azaguanine per milliliter
and the E.L.4 subline was resistant to
100 pg of BUdr per milliliter. The modal
chromosome number of CL4 decreased
from 57 to 54 after development of
resistance to 8-azaguanine. However,
the type of immunoglobulin synthesized
did not change in this drug-resistant
subline. The modal chromosome num-
ber of E.L.4 was 40 and decreased to
39 in the BUdr-resistant subline. The
CL4-8AZA had two marker chromo-
somes: one metacentric, another sub-
metacentric. The E.L.4-BUdr had one
submetacentric marker chromosome.
Cell fusion was performed (2) with
1 X 107 cells of each parental cell line
and 2000 hemagglutination units of
Sendi virus inactivated by B-proprio-
lactone (10). Cells were resuspended in
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Fig. 1. Chromosome numbers for each
cell type were obtained by counting 50
photomicrographs of stained chromosome
preparations. E.L.4-BUdr had one submet-
acentric marker, while CL4-8AZA had
one submetacentric and one metacentric
marker chromosome. The hybrid cells had
all three marker chromosomes.
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HAT medium (MEM+ medium with
20 percent fetal calf serum, 1 X
10~4M hypoxanthine, 5 X 10—"M
aminopterin, 2 X 10—5M thymiidine)

and incubated at 37°C (90 percent

air and 10 percent CO,). After 2
weeks in HAT medium, nonfused
parental cells died and lysed. Many
fused giant cells were observed. A
month later, the large monolayer
cells began to divide and increase in
number. The original E.L.4 parent was
a suspension culture, while CL4 was
85 percent suspension and 15 percent
monolayer culture. The hybrid cells,
however, grew as a complete mono-

layer. After 2.5 months in culture,

the hybrid cells became more uniform
in size. Doubling time of CL4-8AZA
was 23 hours, and that of E.L.4-BUdr
was 21 hours. However doubling time
of the hybrid was 39 hours.

Chromosome analysis 3 months after
hybridization showed that the hybrid
cells in general had the sum of the
chromosome numbers of the respective
parent lines (Fig. 1). The metacentric
and submetacentric chromosomes of
CL4-8AZA and the submetacentric
chromosome markers of E.L.4-BUdr
were present in the hybrid cells. In
vitro cytotoxicity tests were performed
(11), by 51Cr release from labeled tar-
get cells. Spleens of Balb/c mice im-
munized against E.L.4 and spleens of
C57BL/6N mice immunized -against
LSTRA, a Balb/c lymphoma (12), were
used as the source of attacking cells
against the hybrid and both parental
cell lines. Normal Balb/c and C57BL/
6N spleens were used as controls. The
hybrid cells contained both of the
parental cell lines’ membrane antigens
(Table 1).

Ouchterlony analysis of intracellular
and secreted protein showed that the
hybrid cells synthesized kappa chains;
but no yG heavy chain was detected.
No other immunoglobulins were de-
tected in either the hybrid cells or the
parental cell lines when other mono-
specific antiserums -or when antiserum

to mouse serum was used. The E.L.4-
BUdr was a nonproducer, and CL4-
8AZA produced yG and free kappa
chain. Immunoelectrophoresis supported
these findings (Fig. 2). Antiserums used
were monospecific when tested against
various purified mouse immunoglobu-
lins by Ouchterlony analysis and im-
munoelectrophoresis (13, 14).

Our experiments have demonstrated
the feasibility of fusion of myeloma
cells for studies of control mechanisms
of immunoglobulin synthesis. Absent
or markedly decreased production of
vG heavy chain in hybrid cells derived
from producing and nonproducing cells
is consistent with the observation (3)
that melanin production and synthesis
of dopa oxidase ceased in hybrid cells
of melanin-producing cells and several
nonproducing cell lines. However, the
synthesis of light chain in our hybrid
cells is not consistent with these obser-
vations and is in agreement with the
finding (4) that hyaluronic acid pro-
duction continued in hybrids of hyalu-
ronic acid producers and nonproducers.

Several explanations are possible for

A1 7S,

Fig. 2. Ouchterlony analysis at cell con-
centrations from 5 X 10° to 4 x 107 cell/
ml were performed with the lysates of
the three cell types. These analyses were
in complete agreement with the immuno-
electrophoresis results. The vyG was from
MCS821 myeloma tumor purified by
diethylaminoethyl cellulose chromatog-
raphy (13); C is CL4-8AZA, one applica-
tion of cell lysate from 1 X 10° cell/ml;
E is E.L.4-BUdr, one application of cell
lysate from 4 X 10° cell/ml; and CE is
CL4 x E.L.4 hybrid, one application of
cell lysate from 4 x 107 cell/ml. Anti vG,
antiserum to vG; Antix, antiserum to
kappa chain.
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expression of light chain gene in these
hybrids while the heavy chain gene is
not being expressed.

1) The population of hybrid cells is
made up of cells that contain the CL4

- chromosome for light chain but not the
heavy chain, and, perhaps, also of cells
that do not contain either chromosome.
The modal chromosome number in the
hybrid cells was 92. This was one less
than the sum of the two parent lines.
However, the range was 70 to 97.
Although chromosome dropout may be
responsible for the lack of heavy chain
synthesis in the hybrid cells, it seems
rather an unlikely explanation. Of the
hybrid cells, 83 percent had 88 to 97

" chromosomes, while 15 percent had 80
to 86 chromosomes. Only 2 percent had
70 chromosomes. This observation im-
plies that dropout of the heavy chain
chromosome, if it occurred, has been a
highly selective process. If chromosome
dropout were responsible for lack of
heavy chain synthesis in the hybrid
cells, then cloning of these cells should
show that the cells with highest chromo-
some number are light chain producers,
whereas those with low chromosome
numbers may be totally nonproducing.
Furthermore, the light chain producing
clones may also become nonproducing
after further chromosome dropout.

2) The lack of heavy chain synthesis
in the hybrid cells may be due to inter-
ference with its synthesis during either
transcription or translation possibly by
“repressor” or other control molecules
that may have been contributed by the
nonproducing E.L.4 parent line. Such
an explanation would permit us to pre-
dict that clones of cells with highest
chromosome numbers may be totally

nonproducing, whereas those with low
chromosome numbers produce light
chains. In addition, further chromo-
some dropout from the hybrids may
cause the cells to revert and become
heavy chain producers.

BEHZAD MOHIT
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Repression of Interferon Action: Induced
Dedifferentiation of Embryonic Cells

Abstract. Cells cultured from young (6-day) chicken embryos differ from those
of older (13-day) embryos in having a greater susceptibility to infection by certain
viruses and a considerably lesser sensitivity to the action of interferon. These
circumstances parallel those observed in the intact embryo. The addition of a
small percentage of cells from young embryos alters the response of cells cultured
from older embryos by increasing viral susceptibility sevenfold and decreasing
sensitivity to interferon 25-fold. We postulate that a repressor which inhibits the
expression of interferon in older embryonic cells is elaborated by cells from young

embryos.

Susceptibility to viruses decreases in
general from early life to adulthood
(I). This decrease has been thought
to be due in part to maturation of spe-
cific immune mechanisms and in part
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to interferon (2). Interferon is a pro-
tein produced by appropriately stimu-
lated vertebrate cells. It appears to be
one of a group of biologically active
peptides which includes hormones and

bacterial colicins (3). The antiviral ac-
tion of interferon is thought to be ex-
pressed by a newly formed polypeptide,
the synthesis of which is induced by
exposure to interferon (4). Mammalian
fetuses during the latter half of preg-
nancy have' the capacity to produce
interferon (5). During chicken embry-
onic life, the progressive development
of antiviral resistance, interferon pro-
duction, and interferon sensitivity is
manifest not only in the intact embryo
but also in cells cultured from it (6-.
9). Since the chicken embryo remains
relatively isolated from maternal in-
fluence and immunologically immature
throughout its development, in contrast
to mammalian fetuses (/0), the roles
of cellular resistance and interferon in
natural age-related susceptibility to vi-
ruses can be readily studied. Using this
embryonic model, we have shown that
a small proportion of cells from young
embryos (during the first trimester)
will markedly influence a culture of
predominately older cells (from em-
bryos at the end of the second tri-
mester) by (i) increasing viral suscep-
tibility and (ii) decreasing interferon
action. These findings suggest that
young embryonic cells elaborate a sub-
stance which represses the expression

. of interferon such that “old” cells react

to interferon like “young” cells.
Dispersed cells were cultured (8)
from chicken embryos on day 6 and
day 13 of embryonic life, a period en-
compassing much of the development
of the reticuloendothelial system (77).
Mixtures of cells from embryos of the
two ages were then made in order to
study the cellular interactions possibly
involved in the changing viral suscep-
tibility observed during embryogenesis.
Cells from embryos of the two different
ages were dispersed by trypsin, then
counted in a hemocytometer, and, fi-
nally, mixed in the various ratios de-
sired in growth medium (72). The
population densities were such that
either 6- or 13-day cells grown sep-
arately would form confluent cell layers
in 24 hours, a time chosen to avoid
further possible aging in vitro. Such
cell layers were washed, and vesicular
stomatitis virus (VSV) was adsorbed
to replicate cultures either of unmixed
6- or 13-day cells or of mixtures of the
two cell populations prepared in vary-
ing ratios. As shown in Fig. 1, fewer
plaques formed in cultures of 13-day
cells (mean of 11.7) than in 6-day cell
populations (mean of 56.7). In cultures
of mixed populations, an increasing
proportion of 6-day cells resulted in
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