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Human immortal cell lines have been classified into at least four (A-D) genetic complementation
groups by cell-cell hybrid analysis, i.e., a hybrid derived from different groups becomes mortal.
Recently we have demonstrated that introduction of human chromosome 7 suppresses indefinite
division potential in the non-tumorigenic human immortalized fibroblast lines KMST-6 and SUSM-1,
both assigned to complementation group D. By extending our microcell-mediated chromosome
transfer, we found that chromosome 7 also suppresses division potential in the human hepatoma line
HepG2 (again, assigned to group D). Chromosome 7 was thus shown to suppress indefinite growth in
the above group D cell lines irrespective of their cell types, or whether they are tumorigenic or not.
Since chromosome 7 had no such effect on representative cell lines derived from complementation
group A, B or C, these results indicate that the senescence gene(s) commonly mutated in the group D

cell lines is located on chromosome 7.
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Normal human diploid fibroblasts have a limited pro-
liferative capacity and senesce after 50-80 population
doublings in culture.” Transfection of the cells with a
DNA tumor virus such as simian virus 40, polyoma
virus, adenovirus, and papilloma virus extends their life
span, but such cells eventually lose their division poten-
tial.> ¥ However, a population of heavily mutagenized
cells*? or the cells transformed with the above tumor
viruses gives rise to mutant clones which have acquired
an indefinite division capacity, although at a very low
frequency. ? Therefore, immortalization is now thought
to occur by mutational inactivation of multiple genes in
normal human cells or a single gene in virally trans-
formed cells.

The immortal trait is indeed genetically recessive since
cell-cell hybrids obtained by fusing an immortal line to a
normal mortal line or most of those obtained by crossing
immortal lines to one another become mortal.*'? Based
on these observations, intensive cell-cell hybridization
analysis has revealed that human immortalized lines
fall into at least four (A, B, C, and D) genetic com-
plementation groups with respect to the phenotype of
immortality.'® Tt is therefore suggested that at least four
genes are involved in cellular senescence in human cells.

Subsequently, transfer of human metaphase chromo-
some 1 by microcell-mediated chromosome transfer has
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made it possible to suppress indefinite division potential
in the established Chinese hamster cell line.'® In accor-
dance with the presence of the above four genetic com-
plementation groups, human chromosome 4 specifically
suppresses the indefinite division potential in Hel.a and
two other cell lines all belonging to complementation
group B.'M Recently, we have found that chromosome 7
suppresses the division potential in two non-tumorigenic
fibroblast cell lines'> that had been immortalized in cul-
ture by repeated y-ray irradiation” or 4-nitroquinoline
l-oxide treatment™ and assigned to complementation
group D.'® Alihough these cell lines are derived from
normal fetal diploid fibroblasts by in vitro mutagenesis
and are phenotypically similar, it appears that chromo-
some 7 is generally effective in suppressing the division
potential of group D cell lines.'

Here we demonstrate that chromosome 7 also sup-
pressed indefinite division potential in HepG2, which was
derived from a human hepatoma and assigned to group
D.*® We also present evidence that several representative
cell lines assigned to complementation group A, B, or C
were not affected by introduction of chromosome 7.

MATERIALS AND METHODS

Cell culture HepG2 (hepatoma) cells were cultured in
Dulbecco’s modified Eagle’s medium (Nissui Seiyaku
Company Ltd., Tokyo) supplemented with 12.5% fetal
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calf serum (Sigma, St. Louis, MO). HT1080 (fibrosar-
coma), HelLa (cervical carcinoma), and TE85 (osteo-
sarcoma) cells were cultured in ES medium (Nissui)
supplemented with 10% fetal calf serum as described.'?
The microcell donors A9(NTI8)-2 and A9(3552)-2 con-
tain a single copy of human chromosome 7 and 11,
respectively, each tagged with the neomycin-resistance
gene (neo) in an A9 mouse fibroblast background.'” The
donor cells were cultured in Dulbecco’s modified Eagle’s
medium containing 10% fetal calf serum and 800 zg/ml
G418 (Geneticin, Sigma). Microcell hybrids were
selected in the medium containing 200 uzg/ml G418,

Microceil-mediated chromosome transfer Microenuclea-
tion, microcell fusion and hybrid isolation were per-
formed as described.' The donor cells were cultured in
25 cm’® flasks (Costar No. 3025, Cambridge, MA) for
2 days. Micronuclei were induced by treatment with
colcemid (0.05 1g/ml) for 48 h in the medium containing
209% fetal calf serum and G418. The flasks were filled with
serum-free medium containing 10 ¢g/ml of cytochalasin
B (Sigma), and enucleation was performed by centrifu-
gation of the entire flasks placed in acrylic inserts filled
with tempered water in a fixed-angle rotor at 10,0007.
After 1 b of centrifugation, microcells were collected in
serum-free medium and the microcell suspension was
filtered through & g#m and 5 gm polycarbonate filters
(Nucleopore, Pleasanton, CA) in series. The purified
microcells were pelleted by centrifugation at 400g for 10
min and resuspended in serum-free medium containing
phytohemagglutinin (100 zg/ml). The microcells were
attached to the prewashed recipient cell monolayers by
incubation for 15 min at 37°C. The cells were fused by
treatment with 3 ml of 47% polyethylene glycol (MW
1540, Baker Chemical Co., Phillipsburg, NJ) solution
for 1 min followed by extensive washes with serum-free
medium. After 1 day of incubation in growth medium,
cells were trypsinized and plated onto 90 mm dishes

Table T. Division Potential of the Microcell Hybrids Iso-
lated by Introduction of Chromosome 7 in Representative Im-
mortalized Cell Lines Assigned to Each of the Four Genetic
Complementation Groups

No. of clones

Range of PDs with arrested

Complementa-

Cell line tion group e_whieved befo.re division/No. of
division cessation clones tested
HepG2 D 10-24 12/17
KMST-6 D 10-309 15/232
SUSM-1 D 10-45% 307449
HT1080 A >100 0/11
HeLa B >100 0/9
TES5 C >100 0/14

a) Results from ref, 15.
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(Nunclon, Denmark) containing G417 at the indicated
concentration.

Detection of the neo gene on introduced chromosomes
Genomic DNA was prepared from the microcell donors,
the recipient lines, and microcell hybrids using a DNA
extraction kit as described.'” To detect the meo gene
tagged on the introduced chromosomes, a sequence in the
neo gene was amplified from these samples by polymerase
chain reaction using a primer set(5-CATGGTGGAA-
AATGGCCGCT-3" and 5'-GAAGAACTCGTCAAG-
AAGGC-3") as described previously.'® After polymerase
chain reaction using the reported thermal cycle condi-
tions,'" amplified products were resolved on 3% agarose
gel (NuSieve, FMC BioProducts, Rockland, ME) by
electrophoresis and stained with ethidium bromide.

RESULTS

We introduced chromosome 7 and chromosome 11 by
microcell-mediated chromosome transfer into HepG?2
and control cell lines such as HT 1080, HeLa, and TE85
that have been assigned to complementation groups A, B,
and C, respectively. G418-resistant microcell hybrids
arose at a frequency of 1 to 10X 1078 per treated cell for
both chromosome 7 and 11 when the above cell lines
were used as recipients. Of 17 microcell hybrids of HepG2
containing introduced chromosome 7 examined, 12
clones stopped dividing after 1024 population doublings
(PDs) (exact PD values observed before senescence
were: <18 PDs, 5 clones; <20 PDs, 4 clones; <22 PDs,
2 clones; and <24 PDs, | clone). In contrast, all of the
microcell hybrids of HepG2 containing introduced chro-
mosome 11 tested continued to divide for more than 100
PDs, the criterion for a microcell hybrid to be judged
immortal. The proportion of the suppressed to the un-
suppressed (~60%) in the microcell hybrids of HepG2
was similar to those obtained in our previous experi-
ments, in which the same donor of chromosome 7, N'TI8,
was used as in the present study, with KMST-6 and
SUSM-1 as recipients.'” It is therefore suggested that the
same senescence gene on chromosome 7 should operate
in suppressing indefinite division potential in HepG2,
KMST-6 and SUSM-1, since the above value is expected
to depend on the position of the putative senescence gene
relative to the integration site of the neo marker (7q32-
33). On the other hand, introduction of chromosome 7
did not affect division potential in any of the microcell
hybrids derived from HT1080, HeLa, or TE85 (Table I).
All of the microcell hybrids examined continued to
divide for more than 100 PDs,

Fig. 1 shows the morphology of two representative
microcell hybrids of HepG2 which responded to intro-
duced chromosome 7 as well as one hybrid of HepG2
containing introduced chromosome 11, The affected
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Fig. 1. Phase-contrast micrographs of the microcell hybrids of HepG2. (a) and (b), HepG2 and one microcell hybrid
containing introduced chromosome 11; (¢) and (d), one microcell hybrid of HepG2 containing introduced chromosome 7
cultured for 4 and 8 weeks post-fusion; and (e) and (f), another microcell hybrid of HepG2 containing introduced chromosome
7 cultured for 4 and 8 weeks post-fusion, respectively. The cells are magnified 100 fold.

hybrids of HepG2 exhibited increase in cell size, hetero-
geneous cell shapes and orientation, and lower saturation
densities, which are all characteristic of normally se-
nesced cells, i.e., the normal diploid cells cultured until
their division potential has expired. The unsuppressed

microcell hybrids of HepG2 and any of the microcell
hybrids of the control cell lines each containing intro-
duced chromosome 7 or 11 did not show any growth
retardation or change in cell morphology, as shown in
Fig. 2.

37



Jpn. J. Cancer Res. 86, January 1995

Fig. 2.

Phase-contrast micrographs of the microcell hybrids isolated by introduction of human chromosome 7 in HTI1080,

Hela, and TE85. (a) and (b), HT1080 and its microcell hybrid; (¢) and (d), HeLa and its microcell hybrid; and (e) and (f),
TES85 and its microcell hybrid, respectively. The cells are magnified 100 fold.

The presence of introduced chromosome 7 in the
suppressed microcell hybrids of HepG2 was confirmed by
detecting the neo marker integrated on the introduced
chromosome after amplification by polymerase chain re-
action. Fig. 3 shows clearly the presence of the amplified
neo sequence in the chromosome donor and the microcell
hybrids tested but not in the recipient HepG2.
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DISCUSSION

Recently we have demonstrated that introduction of
normal chromosome 7 reverses the immortal phenotype
of the non-tumorigenic fibroblast lines KMST-6 and
SUSM-1 established in vitro from normal diploid fibro-
blasts through physical and chemical treatment, respec-
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Fig. 3. Detection of the neo marker in the microcell hybrids
of HepG2 isolated by introduction of human chromosome 7.

Lane 1, DNA size marker; lane 2-4, microcell hybrids of

HepG2; lane 5, HepG2 (recipient); and lane 6, NTI8 (mouse
A9 donor of human chromosome 7). The arrow (right) indi-
cates the 206 bp band derived from the neo gene.

tively.* ™ Since both lines are assigned to complementa-
tion group D, it is suggested that the gene(s) responsible
for immortalization in the group D cell lines is located on
chromosome 7. However, since KMST-6 and SUSM-1
are both derived from fetal diploid fibroblasts and show
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