
Transformation of Bloom's Syndrome Fibroblasts 

by DNA Transfection 

Abstract. Nonmalignant diploid human fibroblast cells (GM3498B) derived from a 
skin biopsy of a patient with Bloom's syndrome have been transformed by transfec- 
tion with DNA from a tumorigenic mouse cell line (Ha-8) carrying a single copy of 
the Harvey murine sarcoma virus (Ha-MuSV) genome. The transformed cell lines 
have an extended life-span, form colonies in agarose, and proliferate in nude mice- 
characteristics of neoplastic transformation. Like the parental cells, they also exhibit 
a high spontaneous level of sister chromatid exchanges. Finally, the transformed 
cells contain most, if not all, of the Ha-MuSV genome as well as the human rasH 
sequence. These experiments show that these diploid nonmalignant human cells can 
be used as recipients in transfection experiments for studying the genetic control of 
neoplastic transformation. 

Transfection of DNA isolated from 
neoplastic cells into nonneoplastic recip- 
ient cells is an effective approach for the 
study of the genetic control of cancer. 
Tumorigenic cells from a variety of 
mammalian organisms contain DNA- 
transforming sequences that control the 
expression of the neoplastic state (1-10). 
These tumorigenic cells have been de- 
rived from cells transformed in vitro by 
chemicals or viruses and from both spon- 
taneous and induced tumors. DNA- 
transforming sequences identified in hu- 
man tumors fall into two classes, one 
with and one without sequences homolo- 
gous to retroviral oncogenes. These hu- 
man retroviral-related DNA-transform- 
ing sequences all contain homologs of 
the ras family (9-12). The DNA-trans- 
forming sequence from a bladder carci- 
noma cell line has been isolated in sever- 
al laboratories (8,13,14); sequence anal- 
ysis indicates that the transforming ac- 
tivity is the result of a single base change 
in the rasH gene (15-17). Thus, transfec- 
tion studies provide relevant information 
for determining the molecular basis for 
the control of the tumorigenic pheno- 
type. 

NIHl3T3 (3T3) cells have been com- 
monly used as recipients for identifica- 
tion and isolation of DNA-transforming 

sequences (1-10). Similiar experiments 
with human cells would be useful for 
studying the regulatory effects of human 
DNA-transforming sequences on growth 
and development of nonmalignant hu- 
man cells and for the isolation and identi- 
fication of DNA-transforming sequences 
from other species. Experiments with 
human cells may resolve questions con- 
cerning the relevance of data obtained 
when rodent cells are used as receptors. 
Our study demonstrates that human fi- 
broblast cells can be transformed by 
DNA transfection. The recipient cells, 
GM3498B, were isolated from a patient 
with Bloom's syndrome, an autosomal 
recessive disease characterized by 
growth retardation, sun sensitivity, im- 
munodeficiency, and an increased pre- 
disposition to an early onset of cancer 
(18). The cells, derived from a skin biop- 
sy of nonmalignant tissue, have a finite 
life-span in vitro and do not express any 
marker of transformation. 

DNA from Ha-8, MRC-5, or 3T3 cells, 
or from salmon sperm (75 pg of each in 
five dishes) were used to transfect 
GM3498B cells. Only cultures treated 
with Ha-8 DNA developed foci with an 
altered cellular orientation characterized 
by a piling up of rounded and hyper- 
refractile cells at the center and criss- 

Fig. 1. Colony morphology of transformed Bloom's syndrome cells. (A) Typical focus of 
transformed Bloom's syndrome cells transfected with Ha-MuSV DNA. (B) Anchorage- 
independent colony derived from GM3498B-HV2-transformed cell line. 

crossed pattern of spindle-shaped fibro- 
blasts at the periphery (Fig. 1A). The 
Ha-8 cell line [designated Ha-Balb in 
(19)l was derived from NIHl3T3 mouse 
cells transformed by Harvey murine sar- 
coma virus (Ha-MuSV) DNA. These 
cells have a single copy of Ha-MuSV 
DNA incorporated in their genome (20) 
and do not produce viral particles. In 
contrast, no focus was present in cul- 
tures treated with DNA from nontrans- 
formed MRC-5, 3T3, or salmon sperm 
cells, or with calcium phosphate trans- 
fection buffer alone. In these dishes, the 
confluent cultures maintained an orient- 
ed cell pattern during 5 weeks of obser- 
vation after DNA treatment. The ob- 
served frequency of transfection with 
Ha-8 DNA was 0.16 foci per microgram 
of DNA, consistent with that observed 
with NIHl3T3 cells as recipients (0.1 to 
0.5 foci per microgram) (21). 

Progressively growing cultures were 
obtained from 2 of 12 foci; the rest failed 
to grow beyond four passages (Table 1). 
The two progressively growing cell 
lines, designated GM3498B-HV1 and 
GM3498B-HV2, were subcultured week- 
ly at a ratio of 1:4; these cultures 
have an indefinite life-span, whereas the 
GM3498B parental culture ceased to 
grow after 19 passages (five passages 
after the initiation of transfection). 

Anchorage-independent growth is of- 
ten considered a marker of malignancy 
because it correlates with the tumorige- 
nicity of animal cells transformed by 
various carcinogenic agents (22-24). 
Growth in agarose after 3 weeks of incu- 
bation was observed in three separate 
experiments only with GM3498B-HV1 
and GM3498B-HV2 cell lines (Fig. 1B 
and Table 1). The two cell lines had a 
similar frequency of colony formation 
and a similar colony size. The colonies, 
with approximately 2000 cells after 4 
weeks of growth, lacked a well-defined 
circumference. 

Nude mice inoculated intracranially 
with GM3498B-HV1 or GM3498B-HV2 
cells developed neurological dysfunc- 
tion 6 to 8 weeks after injection (Table 
1). Those inoculated with parental 
GM3498B cells showed no such effects. 
Some animals were killed when locomo- 
tor difficulties occurred; histological 
brain preparations showed fibroblastic 
cellular infiltration of the cerebral hemi- 
sphere, evidence of neoplastic potential. 
The neurological dysfunction resulted in 
progressive paralysis and death within 10 
days of onset. Mice injected with 
GM3498B parental cells lived at least 6 
months without developing abnormal 
neurological symptoms. 
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The transformed cell lines and the 
parental cells have a normal human chro- 
mosome constitution (46;XY) and the 
high frequency of sister chromatid ex- 
change (SCE) (55 to 65 per cell) charac- 
teristic of Bloom's syndrome cells [Table 
1 and (25)l. As often observed, two sub- 
populations with distinct SCE frequen- 
cies were present in each culture; one 
with 45 to 50 and another with 70 to 95 
SCE's per cell. Therefore, the two trans- 
formed lines, GM3498B-HV1 and 
GM3498B-HV2, have retained the char- 
acteristic phenotype of a high spontane- 
ous SCE level associated with Bloom's 
syndrome cells. 

The transformed cell lines were exam- 
ined by Southern blot analysis (26) to 
determine whether they have acquired 
the Ha-MuSV sequence. The blots were 
probed with v-bas, the mouse homolog 
of the Ha-MuSV oncogene (ll) ,  which 
also recognized the human rasH homo- 
log. Endonuclease Sst I was used to 
restrict the DNA to distinguish the nor- 
mal v-bas human homolog from that of 
Ha-MuSV; Sst I digestion of human and 
Ha-MuSV DNA gives rise to a 3- and a 
4.5-kb fragment, respectively, contain- 
ing rasH sequences (Fig. 2). The DNA's 
of the transformed lines GM3498B-HV1 
and GM3498B-HV2 both have se- 
quences of 4.5 and 3.0 kb homologous to 
v-bas, whereas parental cells have only 
the normal human 3.0-kb fragment. Fur- 
thermore, the 4.5-kb v-bas homologous 
sequence is observed in Ha-8 but not 3T3 
DNA. As a positive control, DNA was 
included from 3T3-HV1, a 3T3 cell line 
derived by transfection with Ha-8 DNA. 
The large amount of the 4.5-kb rasH 
sequence in 3T3-HV1 relative to Ha-8 
probably reflects gene amplification that 
occurred during the transfection pro- 
cess. The data suggest that the Bloom's 
syndrome cells were transformed by ac- 
quiring the Ha-MuSV genome. 

To confirm that the 4.5-kb fragment of 
the Bloom's syndrome transformants is 
the Ha-MuSV genome and not a fortu- 
itous insertion into a 4.5-kb Sst I frag- 
ment, the DNA's were analyzed for Ha- 
MuSV sequences other than rasH. The 
v-bas probe was eluted from the South- 
ern blots, which were then probed with 
p-14, a fragment of the Ha-MuSV 
genome that contains the long terminal 
repeat (LTR). Both Bloom's syndrome 
cell transformants contain a 4.5-kb frag- 
ment hybridizing top-14, whereas paren- 
tal GM3498B DNA contains no se- 
quences homologous to p-14 (Fig. 2B). 
The DNA from all the mouse cells con- 
tained multiple bands homologous to p- 
14 because multiple LTR's in mouse cell 
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DNA exist in the genome as part of 
endogenous C-type viral DNA. Ha-8 and 
3T3-HV1, however, contain an addition- 
al 4.5-kb fragment homologous to p-14 at 
exactly the same position as the frag- 
ment that hybridizes to v-bas; again, 
because of many gene copies, 3T3-HV1 
exhibits more hybridization with this 4.5- 
kb fragment. Therefore, most if not all, 
of the Ha-MuSV genome has been in- 
serted into two transformed human cell 
foci. Furthermore, these data show con- 
clusively that these transformed human 
cells had incorporated foreign DNA dur- 
ing transfection. 

The presence of the Ha-MuSV 

genome in any one observed trans- 
formed line could be purely fortuitous 
because approximately 0.1 percent of the 
genome becomes incorporated into the 
recipient cells when genomic DNA is 
used as a donor in transfection experi- 
ments (27). The probability that any non- 
selected gene is present in both trans- 
formants is Therefore, it is highly 
probable that the Ha-MuSV genome is 
the transforming sequence. 

Normal human cells have been neo- 
plastically transformed by infection with 
whole oncogenic avian, murine, and pri- 
mate RNA retroviruses, including Kir- 
sten MuSV (28-30). Because Kirsten 
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Fig. 2. Transformed Bloom's syn- 
drome cells contain the Harvey virus 
genome. Sst I-digested DNA (25 kg) 
was subjected to electrophoresis in 0.8 
percent agarose gels (26) and electro- 
blotted (36) onto Gene Screen (New 
England Nuclear, Boston, Massachu- 

GM3408B 
setts). Hybridization with "p-labeled 

M p alkali denatured DNA probe was car- 
= M M ried out for 16 hours at 42°C in 50 

C 5 '3 
C 
m  5 percent (by volume) formamide, 10 

m  (I) (I) m  percent (weight to volume) dextran sul- 
fate, 5x SSPE (saline, sodium phos- 

~ ~ ' ~ & $ $ $ $ $ $ ~ '  phate, and EDTA). IOx Denhrardt's 
solution, and I percent (weight to vol- 

O t * e kb  ume) sodium dodecyl sulfate. After hy- 
bridization the filters were washed for 20 minutes at 60°C in 0.1 x SSPE, and 0.1 percent sodium 
dodecyl sulfate. The restriction maps of DNA sequences in Ha-8 and in GM3498B human cells 
with regions homologous to v-bas are shown. Data for restriction sites in Ha-8 DNA are from 
Ellis et al. (37) and those for the p-14 homologous sequence, LTR, and rasH positions are from 
Ellis et al. (38); data for restriction sites in the human Barn HI 6.6-kb fragment with the v-bas 
homolog is from Tabin et al. ( I S ) .  DNA sizes were determined from the positions of 
electrophoresed A phage Hind I11 fragments. (A) Hybridization with the v-bas probe, a 0.6-kb 
Hind 111-Bam HI (clone HB-I) fragment from plasmid pHB-I. HB-1 lacks homology to lytic 
retroviral sequences (39). (B) Probe was eluted for 30 minutes at 60°C in % percent (by volume) 
formamide, 10 rnM EDTA, and 20 mM tris-HC1, pH 7.5. The filters were then hybridized with 
the p-14 probe, a subcloned Hind 111-Bam HI fragment (2.4 kb) from cloned Ha-MuSV DNA 
(38). 
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Table 1. Properties of transformed foci and parental Bloom's syndrome cells. Bloom's 
syndrome GM3498B cells (Human Genetic Mutant Cell Repository, Institute for Medical 
Research, Camden, New Jersey) were transfected with 75 p+g of DNA from Ha-8 (Ha-MuSV- 
transformed 3T3 cells). Cultures (14th passage) were trypsinized and 3 x lo5 cells were placed 
in 35-mm dishes. After 24 hours, the cells were fed and incubated for an additional 24 hours. 
The calcium phosphate coprecipitation procedure was similar to that described (32, 33). 
Cultures (five dishes) were incubated with 15 p.g of DNA per dish for 7 hours. After 5 weeks of 
incubation, 12 foci were observed, isolated, and characterized. To determine frequency of 
colony formation, cells (lo4 per 60-mm dish) were placed in agarose medium (22) and incubated 
for 3 weeks; the foci were counted and their frequency was determined. The frequency of 
neurological abnormalities was determined by injecting nude mice intracranially with 5 x lo5 
cells into the right parietal subcortical region (34). Mice that did not develop neurological 
abnormalities after injection of cells had a normal life-span and showed no abnormal brain 
histology. Sister chromatid exchange frequencies of exponentially growing cultures were 
determined after fluorescence-Giemsa staining (35). The chromosomes of 25 cells were 
examined for each point; data are means ? standard errors. 

Frequency Ratio of 

Life- of mice with 
neurological span colony SCE 

Focus motor dys- 
(pas- formation Per 

function and sages) in agarose cell 

( X  104) death to 
mice injected 

GM3498B-HV 1 
GM3498B-HV2 
GM3498B-HV3 
GM3498B-HV4 
GM3498B-HV5 
GM3498B-HV6 
GM3498B-HV7 
GM3498B-HV8 
GM3498B-HV9 
GM3498B-HV10 
GM3498B-HVll 
GM3498B-HV 12 

Parental cells 

*Life-span of control cultures after initiation of experiment 

MuSV codes for a transforming protein, 
p21, serologically related to that of Ha- 
MuSV (19), infection of human cells by 
Ha-MuSV would be expected to  result in 
transformation. Our results suggest that 
the Ha-MuSV genome does transform 
human cells by transfection. Thus, the 
genomes of oncogenic retroviruses in- 
cluding Ha-MuSV can serve as complete 
DNA-transforming sequences for human 
cells. 

The information acquired from the use 
of rodent cells for transfection with DNA 
DNA-transforming sequences, although 
important for elucidating gene action in 
rodent cells, may not be entirely applica- 
ble to human biology. Importantly, hu- 
man cells are not easily transformed to 
the maligr~ant state (31). Furthermore, 
there are no reports of transfection ex- 
periments in which human cells are used 

as  recipients for DNA-transforming se- 
quences. The specific human cells used 
in this study behave like normal cells in 
that they maintain a stable diploid karyo- 
type and finite life-span in culture. How- 
ever, these cells from a patient with 
Bloom's syndrome have abnormal genet- 
ic attributes, including a high spontane- 
ous sister chromatid exchange frequen- 
cy, which may be facilitating DNA trans- 
fection. The use of human cells such ac 
these may be useful for a complete anal- 
ysis of the molecular control of human 
cancer. 
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