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The complete suppression of tumorigenicity of a human cervical cancer cell (HeLa) 
and a Wilms’ tumor cell line ((3401) following the introduction via microcell fusion 
of a single chromosome t(X;11) has been demonstrated by Stanbridge and co- 
workers. To determine whether other tumor cell lines are suppressed by chromosome 
1 1, we performed chromosome transfer experiments via microcell fusion into various 
human tumor cell lines, including a uterine cervical carcinoma (SiHa), a rhabdomy- 
osarcoma (A204), a uterine endometrial carcinoma (HHUA), a renal cell carci- 
noma (YCR-I), and a rat ENU-induced nephroblastoma (ENU-TI). We first 
isolated a mouse A9 cell containing a single human chromosome 11 with integrated 
pSV2-neo plasmid DNA. Following microcell fusion of the neo-marked chromosome 
1 1 with thevarious tumors mentioned above, we isolated clones that were resistant to 
G418 and performed karyotypic analyses and chromosomal in situ hybridization to 
ensure the transfer of the marked chromosome. Whereas the parental cells of each 
cell line were highly tumorigenic, SiHa and A204 microcell hybrid clones at early 
passages were nontumorigenic in nude mice and HHUA was moderately tumori- 
genic. On the other hand, YCR-1 and ENU-T1 microcell hybrid clones were still 
highly tumorigenic following the introduction of chromosome 1 1. Thus, the introduc- 
tion of a normal chromosome 11 suppresses the tumorigenicity of some but not all 
tumors, suggesting that the function of the putative suppressor gene(s) on chromo- 
some 1 1 is effective only in specific tumors. 
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The suppression of tumorigenicity of tumor cells by hybridization with normal cells 
has led to the hypothesis that normal cells contain gene(s) that suppress the neoplastic 
potential of tumor cells [ 11. Several studies have mapped putative tumor-suppressor 
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genes to specific chromosomes derived from normal cells by analysis of the loss of 
chromosomes in the hybrid cells that reexpress tumorigenicity [2-6]. 

A more direct approach to the identification of a chromosome(s) carrying tumor- 
suppressor gene(s) is the introduction of specific chromosomes into the tumor cells of 
interest. Saxon et al. first demonstrated the complete suppression of tumorigenicity of 
HeLa cells by introduction of a single human chromosome 1 1 via microcell fusion [7]. 
The same approach was also used to demonstrate the presence of tumor-suppressor 
gene(s) for Wilms’ tumor on human chromosome 11 [S]. In these studies, a normal 
human chromosome with a translocation between chromosome 11 and X chromosome 
was used. The translocated portion of the X chromosome encodes the hypoxanthine/ 
guanine phosphoribosyl transferase (HPRT) enzyme. HPRT-deficient HeLa tumor 
cells were used as recipient cells for microcell transfer, and cells with a transferred 
chromosome (X; 1 1) containing HPRT gene activity were selected in medium containing 
hypoxanthine, aminopterin, and thymidine (HAT media). In contrast, chromosomes 
tagged by DNA transfection with a dominant selectable gene, e.g., pSV2-neo gene 
[9,10] or pSV2-gpt gene [ 1 11, can be transferred into any mammalian cells without the 
requirement for isolating mutant cells that lack the enzymes. By this technique, we 
derived a pSV2-neo tagged chromosome 1 1 from normal human fibroblasts. 

In the present study, we examined whether the suppression of tumorigenicity by 
human chromosome 1 1 reported for HeLa cells was observed with other tumorigenic cell 
lines. 

MATERIALS AND METHODS 
Cells 

Mouse A9 cells containing a pSV2-neo-tagged chromosome 1 1, A9(neol1)-1 
[lo], were used as chromosome donors in microcell transfer to the following tumor cell 
lines: SiHa human cervical carcinoma [ 121, A204 human rhabdomyosarcoma [ 131, 
HHUA human uterine endometrial carcinoma [ 141, YCR-1 human renal cell carci- 
noma [ 151, and ENU-T1 rat nephroblastoma [ 161. All the cell lines were maintained in 
Dulbecco’s modified Eagle’s media supplemented with 10% fetal calf serum. The cells 
were screened for mycoplasma contamination and found to be negative. 

Microcell Mediated Chromosome Transfer 
The methods used were similar to those described by Fournier and Ruddle [17] 

with some modifications [lS]. Microcells containing only one or a few chromosomes 
from A9(neoll)-l cells were prepared and fused to the recipient cells of interest. 
Resulting microcell hybrids containing the human 1 lneo chromosome were isolated in 
growth medium containing 80(r2,000 gg/ml of G418 antibiotic. Clones were grown for 
several passages to obtain sufficient cells and then assayed for tumorigenicity and 
analyzed karyotypically. 

Chromosome Analysis 

Metaphase chromosomes were prepared by methods previously described [ 191. 
Chromosomes were analyzed by quinacrine plus Hoechst 33258 staining method, which 
can identify each human chromosome and chromosomal segment and can also distin- 
guish human centromeric regions from those of mouse chromosomes [20]. Twenty or 
more well-banded metaphases were fully analyzed for each karyotype. 
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Chromosomal In Situ Hybridization 

The in situ hybridization method of Harper et al. [21] was used to ensure the 
presence of the transferred human chromosome 11 containing integrated pSVZneo 
plasmid DNA. The pSV2-neo plasmid DNA was labeled by nick-translation using 
[3H]dATP (53.6 pCi/mmol), [3H]dGTP (34.5 pCi/mmol), and [3H]dTTP (103 pCi/ 
mmol). Specific activities of 4-5 x lo7 cpmlpg of DNA were obtained. After hybridiza- 
tion and washing, the slides were coated with NTB2 nuclear track emulsion (Kodak) 
and exposed for 2 weeks at 4°C. Exposed slides were developed in Kodak D-19 developer 
for 3 min, fixed, stained with quinacrine mustard stain for 30 min, and analyzed. 

Tumorigenicity Assay 

For assays of tumorigenicity, cells at passages 4-6 were trypsinized, harvested, and 
suspended in serum-free medium. Cells (5 x lo6 or 1 x 10’) in 0.2 ml media were 
inoculated subcutaneously into 4 to 6 week old athymic ICR nu/nu mice. Animals were 
examined for tumor formation at regular intervals for up to 120 days. Tumorigenicity 
was measured by the ability of the cells to form progressively growing tumors. 

RESULTS AND DISCUSSION 

In order to transfer a normal human chromosome 1 1 into different tumor cell lines 
via microcell fusion, we first isolated mouse A9 cells containing a single human 
chromosome 1 1 with integrated pSV2-neo plasmid DNA [ 181. The chromosomal 
location of the pSVZneo gene in the A9(neol1)-1 cells was determined by chromosomal 
in situ hybridization. A high percentage of the autoradiographic grains following 
hybridization with a [3H]pSV2neo probe were located on chromosome 11 in metaphase 
A9(neol1)-1 cells. In total, 187 grains were scored on 77 metaphase spreads and 45 
(24%) of them were on chromosome 1 1. The location of the pSV2-neo integration sites is 
estimated to be 1 lp l  1 since 58% of all grains on chromosome 11 were localized to this 
region [ 181. 

Chromosome analyses showed a modal chromosome number of 63-66 for SiHa 
cervical carcinoma cells with 14-1 9 marker chromosomes. The cells contained three 
copies of an apparently normal chromosome 11 (Table I). All the metaphases of the 
A204 rhabdomyosarcoma and 90% of the uterine endometrial carcinoma HHUA cells 
showed an apparently normal karyotype (46,XX), which is extremely unusual for tumor 
cell lines. Therefore, these cells contained two copies of chromosome 11. Renal carci- 
noma YCR-1 cells had a modal chromosome number of 5 8 4 1  with 23-28 marker 
chromosomes, most of which were of unknown origin. No normal chromosome 11 was 
observed in the metaphases analyzed. The modal chromosome number of the rat 
ENU-induced nephroblastoma (ENU-TI) cells was 44 with one to three marker 
chromosomes. 

Microcell-mediated transfers of the neo-tagged human chromosome 1 1 were 
performed using the A9(neol1)-1 described above as the chromosome donor. In three to 
five successive experiments with the five tumor cell lines, eight to 15 independent 
G418-resistant microcell hybrids from each tumor were isolated. Chromosome analyses 
with Q-banding plus Hoechst 33258 staining of these microcell hybrids showed that five 
clones of SiHa cells, five clones of A204 cells, six clones of HHUA, three clones of 
YCR-1 cells, and four clones of ENU-T1 cells contained one or two extra copies of an 
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TABLE I. Tumorigenicity in Nude Mice of Microcell Hybrids From Various Tumor Cell Lines Following 
Transfer of Normal Human Fibroblastderived Chromosome 11 

Percentage of metaphase Tumorigenicit y b  

spreads with indicated number No. tumors/ (Latency Tumor cell lines 
injected period of intact chromosome 11" 

their microcell hybrids 0 1 2 3 4 5  site in days) 
and 

Human uterine cervical carcinoma 
Parental SiHa 
Microcell hybrids 

#11-1' 
#11-7' 
#11-9' 
#11-I 1' 
#11-11 tumor' 
#11-17' 

Human rhabdomyosarcoma 
Parental A204 
Microcell hybrids 

#11-15 
# I  1-2w 
61 1-22 
#11-23 
#11-25 

Human uterine endometrial 
carcinoma 
Parental HHUA 
Microcell hybrids 

#ll-lC 
#11-5 
#ll-6' 
#11-7' 
#11-8' 
#11-9 

Human renal cell carcinoma 
Parental YCR- I 
Microcell hybrids 

#11-1' 
#11-1 tumor 
#11-2 

#11-3 tumor 

Parental ENU-T1 
Microcell hybrids 
#11-1 
#11-5 
#11-5 tumor 
#11-6 

#11-3' 

Rat ENU-induced nephroblastoma 

100 

20 80 
10 90 

100 
100 

90 10 
50 50 

100 

100 
100 
100 
I00 
100 

100 

100 
100 
100 
100 
100 
100 

100 

100 
10 90 

100 
20 80 
10 90 

100 

100 
100 

10 90 
100 

#l l -9  10 90 

"Twenty or more metaphases were analyzed. 
bobserved for up to 120 days after inoculation of 10' cells at  passages 4 8  into 4-6 week old ICR nu/nu 
athymic mice, except for ENU cells of 5 x lo6. 
'The introduction of chromosome 11 was confirmed by chromosomal in situ hybridization. 
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“intact” chromosome 11 (Table I). No extra mouse chromosomes detected by bright 
fluorescent centromeric regions with Hoechst stain were observed; this, hawever, does 
not exclude the possible presence of mouse sequences in the microcell hybrids, which will 
be discussed later. Chromosome in situ hybridization further confirmed the presence of 
the neo-tagged normal human chromosome 11 in the microcell hybrids containing extra 
copies of chromosome 1 1 examined (Table I). For example, 98 total grains were scored 
on the metaphase chromosomes of HHUA microcell hybrid # 1 1-7 cells; among them, 40 
grains were on 1 lp and 80% of all the grains on chromosome 11 were again located at 
I 1 p 1 1 - 12 (Fig. 1 a,b). Essentially the same results were obtained from the analyses of the 
other clones (data not shown). 

All the microcell hybrids from the five tumor lines were further analyzed for 
tumorigenicity in nude mice, and the results are summarized in Table I. Parental SiHa 
cells formed tumors at  13 of 14 inoculated sites with a latency period of 30 days [ 181. In 
contrast, four of five SiHa microcell hybrids with the introduced chromosome 11  were 
nontumorigenic for > 120 days after injection [ 181. One clone (#11- 11) formed a tumor 
at  one of three inoculated sites a t  90 days after injection (Table I). This tumor was 
removed and karyotyped after growth in culture. Chromosomal analysis revealed the 
loss of one copy of chromosome 1 1 in this tumor, and chromosomal in situ hybridization 
failed to detect the neo-tagged chromosome 1 1. Furthermore, reinjection of tumor- 
derived cells of clone # I  1-1 1 into nude mice resulted in the formation of tumors at  all 
sites with a 30 day latency (Table I). Taken together, these results indicated that 

Fig. 1 .  Chromosomal in situ hybridization showing a normal human chromosome tagged with pSV2neo- 
gene in HHUA microcell hybrid clone 81 1-7. a: Q-banded, partial metaphase of HHUA #11-7; b the same 
metaphase of HHUA # I  1-7 focused on the autoradiographic grain. Arrows indicate the chromosome 1 1 
tagged with pSV2neegene; the integration site is 1 lpl l-12. 
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introduction of single copy of normal human chromosome 1 1 into SiHa cells suppresses 
the tumorigenicity of this tumor. A clone that lost this chromosome reexpressed 
tumorigenicity. These results have been reported previously [ 181. 

Parental A204 cells formed tumors at 100% of the inoculated sites with a latency 
period of t 7  days, whereas all five A204 microcell hybrids were nontumorigenic for 
>120 days after injection. In contrast, five of six HHUA microcell hybrids were 
tumorigenic with variable take incidences. The tumor-take incidence of the tumorigenic 
microcell hybrids ranged from 17 to 55%. One clone (#11-1) did not form tumors over 
the observation period of 120 days. In contrast, the parental HHUA cells formed 
progressive tumors in 100% of the inoculated sites within 30 days after inoculation 
(Table I). 

Both parental YCR-1 and ENU-T1 cells as well as all their microcell hybrids 
containing neo-tagged chromosome 11 formed tumors a t  100% of the inoculated sites 
within 14 days and 17 days, respectively. Direct chromosome analyses of two tumors 
from YCR-1 microcell hybrids (#ll-1 and -3) and one tumor from ENU-T1 microcell 
hybrid (#11-5) showed more than 80% of metaphases to have retained an extra copy of 
chromosome 11. Therefore, it is unlikely that the cells that formed tumors in these 
microcell hybrids had lost the introduced chromosome 1 1. This is also supported by the 
evidence that the parental cells and their microcell hybrids had similar tumor latency 
periods. 

Thus, the results have clearly shown that the introduction of one or two extra copies 
of human chromosome 1 1, derived from normal human fibroblasts, into SiHa and A204 
cells leads to complete suppression of tumorigenicity of these cells, moderate suppression 
of tumorigenicity in HHUA cells, and no suppression of YCR-1 or ENU-T1 cells. These 
observations suggest that the function of the putative tumor suppressor gene(s) on 
chromosome 1 1 is effective only in specific tumors. 

A possible concern is whether mouse sequences play a role in the suppression of 
tumorigenicity. This is unlikely for several reasons. First, multiple independent clones 
following transfer of human chromosome 11 were isolated and suppression was corre- 
lated with the presence of the human chromosome 11 in SiHa and A204 tumors. If 
mouse sequences were involved in the tumorigenic potential of the cells, this clear 
correlation would not be expected. Second, we have isolated clones following transfer of a 
human chromosome 12, and no suppression of tumorigenicity was observed [ 181 even 
though the chromosome was from a mouse/human hybrid. 

The mechanism of the suppression of the tumorigenic phenotype of these cells has 
not been determined. Stanbridge [22] suggested that the putative tumor suppressor gene 
on chromosome 11 is a dominantly acting gene that prevents cells from expressing the 
neoplastic state and is analogous to the tumor suppressor genes involved in retinoblas- 
toma and Wilms’ tumor [23,24]. These genes are inactive or lost in the tumor cell lines, 
and reintroduction of an active gene by chromosome transfer results in suppression of 
tumorigenicity. The suppression of tumorigenicity after transfer of a human chromo- 
some 11 may also result from a change in gene balance or gene dosage [25]. The 
expression of tumorigenicity may be regulated by a balance between positive, tumor 
growth-stimulating genes (e.g., oncogenes), and negative, tumor growth-regulating 
genes (e.g., tumor-suppressor genes). Introduction of one or two extra copies of a normal 
chromosome 1 1 carrying the latter gene(s) could affect the dosage of this gene. Since the 
dosage of the positive factors may vary between subclones of the original parental cells, 
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this may result in different abilities of a single normal chromosome to suppress tumorige- 
nicity. This may explain the results obtained with the human uterine endometrial 
carcinoma HHUA cells (Table I). 

Stanbridge et al. have reported that the introduction of a single X-autosome 
translocation chromosome containing a large portion of human chromosome 11 is 
sufficient for the suppression of tumorigenicity of another cervical carcinoma cell line 
HeLa [7] and the G401 Wilms’ tumor cell line [8]. Our results also suggest the presence 
of putative tumor-suppressor gene(s) for SiHa cervical cancer cells, and A-204 rhabdc- 
myosarcoma cells on human chromosome 1 1, although it is not known whether the same 
gene(s) is responsible for the suppression of tumorigenicity of these cells. Mapping of the 
tumor-suppressor gene on human chromosome 11 might clarify this question. In our 
experiments, we analyzed only microcell hybrids that contained an intact transferred 
human chromosome. Among the G4 18-resistant clones obtained after transfer of 
neo-tagged human chromosome 1 1, a considerable number of clones contained no intact 
human chromosome 11. Some of these clones may contain additional chromosomal 
fragments derived from the transferred chromosome 1 1. Precise chromosome analysis 
using high-resolution banding techniques and/or RFLP analysis of chromosome 11 in 
conjunction with tumorigenicity studies of these clones may facilitate the chromosomal 
sublocation of the putative tumor-suppressor gene(s). These studies are currently in 
progress. 

Furthermore, it will be interesting to determine whether microcell hybrids, whose 
tumorigenicity was suppressed, terminally differentiate in vivo as reported for cell-cell 
hybrids [26,27]. An examination of the in vitro properties of suppressed microcell 
hybrids may provide information on the underlining mechanisms for the suppression of 
tumorigenicity and can be useful for developing new in vitro assays that can distinguish 
tumorigenic and nontumorigenic cells. 
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