Somatic Cell Hybrid between the
Established Human Line D98
(Presumptive HeLa) and 3T3

Abstract. Somatic cell hybrids have
been made between an established hu-
man cell line with a long culture history
and an established mouse fibroblast line.
When first analyzed, the hybrid cells
contained nearly twice as many mouse
chromosomes as the mouse parent line,
and a human chromosome complement
of about half that of the human parent.
There was further loss of human chro-
mosomes on continued cultivation. This
behavior resembles that of other human-
mouse hybrids and appears to be charac-
teristic of the human-mouse combina-
tion. However, the number of human
chromosomes is greater than in hybrids
made from human diploid fibroblasts.
Some clones contain more than a hap-
loid quantity of human DNA per cell
and should synthesize a much greater
number of human gene products.

Among the somatic cell hybrids pro-
duced in culture, the majority contain
most or all of the chromosomes present
in the original parent cells (/). How-
ever, hybrids produced between human
diploid fibroblasts and an established
line of mouse cells behave differently
(2, 3). They maintain the entire chro-
mosome complement of the mouse par-
ent cell, but during cultivation pro-
gressively lose human chromosomes.
The same process occurs in human-
mouse hybrids made with human fibro-
blasts that had previously been trans-
formed with the oncogenic virus SV40
(4). Loss of human chromosomes is a
very valuable property of the hybrids
since it permits chromosomal assign-
ment of human genes (2, 3). However,
the preferential loss of human chromo-
somes is puzzling, and because of it
there are no human-animal cell hybrids
available which could synthesize a full
set of human gene products.

The human parent cells used in these
crosses were all of fibroblast origin, and
all had a relatively short culture history
compared with the mouse parent cl 1D,
a derivative of L cells, which has been
in culture for about 25 years (5). The
possibility was considered that elimina-
tion of human chromosomes might be
related to a comparatively poor adapta-
tion of the human parent cells to cul-
ture conditions. If so, a hybrid be-
tween an old and well-established hu-
man line and a relatively recently estab-
lished mouse line might be expected to
maintain the human chromosome com-
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plement and possibly to lose mouse
chromosomes.

A thymidine kinase-less (TK—) de-
scendant of the mouse line 3T3 (6) was
prepared by serial culture of 3T3-4 (a
clone of 3T3) in the presence of bro-
modeoxyuridine (BUDR) as described
previously for other mouse lines (7).
Cells were first plated in the presence
of BUDR (5 pg/ml), which killed most
of them. Two of the colonies that grew
out were thereafter serially transferred
as separate lines. After four transfers
in medium containing BUDR (5 png/
ml), each line was carried for 14 trans-
fers in the presence of BUDR at a
concentration of 30 ug/ml, first at a
low cell dilution while the cells grew
poorly and later at higher dilutions as
growth improved. One clone was then
isolated from each line, and they were
designated 3T3-4(E) and 3T3-4(C2).
These lines were able to grow with a
doubling time of 20 hours; the growth
rate was not affected by 30 ug of
BUDR per milliliter. The cells were de-
ficient in thymidine kinase and were
killed in HAT medium (hypoxanthine,
aminopterin, and thymidine) (8, 9).

The karyotype of 3T3-4(E) is shown
in Fig. 1A. All the chromosomes are
telocentric in type, which is character-
istic of the mouse; no metacentrics
have been introduced by chromosomal
rearrangements, as often occurs in long-
established mouse lines (/0). The chro-
mosome number is in the subtetraploid
range, as previously reported for wild
type 3T3 (6). However, in the 3T3
TK— variants, as in TK— L cells (7),
there was a reduction in modal chro-
mosome number, in this case from 72
(characteristic of the wild type) to 68
or 69.

The human parent line D98/ AH2
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(8), which must be considered a de-
scendant of HeLa (1), lacks hypo-
xanthine phosphoribosyl transferase and
could be used together with 3T3 (TK—)
in the double selective system of Little-
field (9). The karyotype of D98/ AH2
is shown in Fig. 1B. It contains a mode
of 63 human chromosomes, most of
which are typical. The majority are
metacentric or submetacentric and are
easily distinguishable from 3T3 chro-
mosomes. Those of groups D and
G are acrocentrics, and are difficult
to distinguish from mouse chromo-
somes.

Two cell mixtures were prepared for
hybridization, one of D98 X 3T3-4(E)
and one of D98 X 3T3-4(C2), by inoc-
ulating 5 X 103 cells of each type to-
gether into petri dishes. Twenty-four
hours later the contents of each dish
were transferred at dilutions of 1:5, and
HAT medium was added to each. Hy-
brid colonies developed at a frequency
of about eight per 103 of 3T3-4(E) and
about two per 105 of 3T3-4(C2). Ten
clones of D98/3T3-4(E) hybrids (desig-
nated as HLE) were isolated, and the
nature of their chromosome comple-
ment was examined in metaphase prep-
arations.

Figure 2 is a frequency distribution
diagram of the number of human type
and mouse type chromosomes in par-
ents and hybrids. Unexpectedly, all hy-
brids contained more than a full com-
plement of 3T3 type chromosomes—
usually close to a double complement
(average mode = 122 telocentrics). All
clones also possessed human chromo-
somes, but fewer than the HelLa com-
plement. The overall average mode was
27 human chromosomes; clones B and
C had the highest number (20 to 45).
The amount of human genetic material
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Fig. 1. (A) Karyotype of mouse line 3T3-4(E) containing 69 telocentric chromosomes.

(B) Karyotype of human line D98/AH2.

(C) Karyotype of hybrid HLE-cl-C.

Thirty-eight chromosomes (top three rows) have been classified as human, and 137

(bottom seven rows) as mouse.
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Fig. 2. Frequency distribution diagram of human type and mouse type chromosomes

in ten clones of human-mouse hybrid HLE.

per cell is therefore considerably
higher than in the hybrids described
previously (2, 4); but because of the
duplication of the 3T3 complement, an
unusual feature of this combination, the
ratio of human to mouse genetic mate-
rial is still only about 1:4. A karyotype
of HLE~<I-C is shown in Fig. 1C; 38
chromosomes have been classified as
human, and among them are members
of every group.

The hybrid cells were very large.
Growth was very slow at first, but with-
in 2 months growth rates of the hybrids
were of the same order as those of the
parent lines, or slightly lower. On serial
culture in standard medium, there was
a slight tendency toward further loss of
human chromsomes; clone C decreased
in modal human chromosome number
from 38 to 17 over the course of 100
cell generations. There was no concur-
rent loss of mouse chromosomes. Pref-
erential loss of human chromosomes
therefore occurs as in the human-
mouse hybrids reported earlier (2, 4),
but considerably more slowly.

In an attempt to introduce a greater
number of human chromosomes, a hy-
brid line was rehybridized in the fol-
lowing manner. A clone of HLE-C was
transferred into medium containing
BUDR at a concentration of 30 ug/ml.
This selectively eliminates cells with the
human chromosome bearing the thymi-
dine kinase gene (2, 3). Approximately

. 1 percent of the cells survived and grew
into TK— colonies. One subline origi-
nating in this way had an average of 11
human chromosomes per cell and an
undiminished number of 3T3 chromo-
somes. This population was mixed with
D98/AH2 and the hybridization car-
ried out in the usual manner, with the
use of HAT to eliminate the parent cell
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types. Four clones of hybrid cells were
isolated. All possessed from 15 to 45
human chromosomes, clone AB2 hav-
ing the highest mode of 34 chromo-
somes. The number of chromosomes
per cell was therefore not higher than
that obtained after a single hybridiza-
tion (HLE-C had a modal human chro-
mosome number of 35).

Thus the selective elimination of hu-
man chromosomes occurring in human-
mouse somatic cell hybrids reflects fun-
damental properties relative to the two
species, while the culture history of the
parent lines plays only a small part. To
date the highest numbers of human
chromosomes per hybrid cell occur in
the HLE hybrids. Since (i) chromosome
loss appears random, (ii) the average
number of human chromosomes in
some clones considerably exceeds 23,
the number of haploid human chromo-
somes, and since most parent cell func-
tions are expressed in somatic cell hy-
brids, most human gene products found
in the human parent cell may be ex-
pected to be present in the HLE hy-
brids. For example, in contrast to the
human-mouse hybrids reported earlier
(2), which lack human gene products
necessary for polio virus infection, the
HLE hybrids are susceptible to this
virus and may be used to identify hu-
man chromosomes bearing cellular
genes necessary for the infectious proc-
ess. In addition, study of these hybrids
has revealed an interesting problem
with respect to the control of ribosomal
RNA synthesis, which will be reported
elsewhere.
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Human Serum Inhibitor of
C’1 Esterase: Identity with
a,-Neuraminoglycoprotein

Abstract. A comparison of highly
purified C'1 esterase inhibitor from hu-
man serum and a,-neuraminoglycopro-
tein from human plasma by immuno-
fusion, immunoelectrophoresis, and
discgel electrophoresis showed them to
be antigenically identical.

The esterase activity (C’1 esterase)
associated with the first component of
human complement can be blocked by
a protein inhibitor in normal human
serum (7). This inhibitor (EI) is a heat-
and acid-labile a,-globulin which com-

Fig. 1. Ouchterlony double. diffusion ex-
periment. Wells, cut in 0.5 percent (weight
to volume) agarose, contained: top, C'l
esterase inhibitor; bottom, a-neuramino-
glycoprotein; right, antiserum to C’1 ester-
ase inhibitor; left, antiserum to whole
human serum. Photographed after 26
hours of diffusion at room temperature.
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