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Increased susceptibility of fibroblasts to  
SV40-induced transformation has been dem- 
onstrated in certain groups at high risk for 
cancer (1, 7, 10, l l ) ,  and may serve as a 
means to  identify cancer-prone patients ( 6 ) .  
SV40 T-antigen is an easily quantified, viral 
specific marker that correlates with cell 
transformation (2, 3, 8). The nuclear im- 
munofluorescent assay for measuring T-anti- 
gen required that cultured cells be grown on 
glass cover slips when acetone fixation was 
used. Employing a fixative which does not 
dissolve plastic would allow the use of a 
more simple method which required less 
time to execute. To remedy this problem, 
four fixatives, three temperatures and two 
culture substrates were tested and an im- 
proved method was developed. 

Cell Culture. Human fibroblasts were 
grown from forearm skin biopsies of clini- 
cally normal individuals and persons with 
genetic predisposition (e.g., Fanconi's ane- 
mia and Down's syndrome) or strong fa- 
milial susceptibility to cancer (4). 

Cells were grown at 37" in an atmosphere 
of 10% C02 in Dulbecco's modification of 
Eagle's medium (DMEM), supplemented 
with 10 % heat-inactivated fetal calf serum 
(Colorado Serum Co.), and penicillin and 
streptomycin. Cultures were maintained in 
65 X 15 ml plastic cell culture petri dishes 
(Falcon Plastics) and subcultured using 
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0.1 % trypsin in phosphate buffered saline 
(PBS). Tests were performed between the 
fifth and tenth passage before onset of the 
decline in growth rate characteristic of 
human fibroblast cultures (5). 

Virus. The SV40 virus was a small plaque 
variant with a titer of 3 X lo8 plaque form- 
ing units (PFU) per ml, propagated and 
assayed on African green monkey kidney 
cells (9). 

Infection. Cell suspensions were trans- 
ferred into 60 X 15 mm petri dishes; glass 
cover slips were used for acetone, but not 
for other fixatives. At 30-50% confluency 
(usually after 24 hr) cell sheets were washed 
twice with DMEM, infected with 0.5 ml of 
SV40 virus (multiplicity of infection ap- 
proximately 100 PFU/cell) and rotated 
every 15 min for 3 hr in a COB incubator. 
The inoculum was removed and cells washed 
once with DMEM. Cultures were then 
incubated under COz in DMEM plus SV40 
antisera for 3 days. 

Fixation. Acetone was compared to abso- 
lute ethanol, methanol, and formalin at  
three temperatures: room temperature, 4" 
and -20". For the standard method (2), 
cover slips were rinsed twice in PBS (pH 
7.2), fixed in acetone solution for 15 rnin 
and, following distilled water rinse, placed 
on a dry gauze prior to  staining. 

For the other fixatives, cell cultures in 
petri dishes were washed with cooled PBS 
(except for room temperature assay) and 
maintained at 4" for 1 min. Five ml of fixa- 
tive were then added to  the petri dishes and 
incubated for 15 min at all three tempera- 
tures, the fixative removed, and the dishes 
air dryed at 4" for 5 min. Acetone fixation 
was not performed on plastic petri dishes 
since this solvent crazed the plastic. 

Staining. Hamster anti-SV40 T-antigen, 
rhodamine, and fluorescein-conjugated rab- 
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TABLE I. COMPARISON OF CELL MORPHOLOGY AND SV40 T-ANTIGEN NUCLEAR FLUORESCENCE FOR 
VARIOUS METHODS OF FIXATION TESTED.~ 

Acetone Absol. ethanol Methanol Formalin 

Temperature of Cellular Nuclear Cellular Nuclear Cellular Nuclear Cellular Nuclear 
Fixation morph! fluor.c morph. fluor. morph. fluor. morph. fluor. 

Room Temperature + + ++ ++ + + ++ 0 
4" + + ++ ++ + + ++ 0 

-20" adjusted to -60" + ++ +++ +++ ++ ++ NDd ND 
~~~ ~ ~~ 

a Results reflect observations on two skin fibroblast strains assayed in duplicate. 
Criteria in judging morphology of cells: (+++) no apparent change in cell morphology; (++) 

noticeable change in cell morphology; (+) considerable change in cell morphology. 
Criteria in judging nuclear fluorescence: (+++) very sharp confluent nuclear fluorescence, with 

large nonfluorescing nucleoli; (++) observable nuclear fluorescence with distinguishable nonfluores- 
cing nucleoli ; (+ +) observable nuclear fluorescence with distinguishable nonfluorescing nucleoli; 
(+) dull nuclear fluorescence with no distinguishable nucleoli; (0) no nuclear fluorescence. 

ND Not Done (samples freeze at this temperature with cell detachment). 

bit anti-hamster gamma globulin was ob- 
tained from Dr. Roger Wilsnak, Hunting- 
don Research Center, Baltimore, MD, as 
part of the Special Virus Cancer Program. 
Cells fixed on cover slips or petri plates were 
exposed to a few drops of hamster SV40 
T-antibody (diluted 1 : 10 in PBS) and placed 
on a rocker platform in a CO2 incubator for 
30 min. Plates were then rinsed three times in 
PBS, and 0.5 ml of an equal mixture of 
rhodamine (diluted 1:30 in PBS) and fluo- 
rescein conjugated rabbit antihamster globu- 
lin were added. Plates were then incubated 
for an additional 30 min on a rocker plat- 
form, and rinsed three times with PBS. 
Cover slips were mounted, and plates and 
cover slips were employed and at times 
stored at -70". Freezing and storage of 
fixed, stained petri dish cultures did not 
affect fluorescence for up to 6 mo. 

Slides were examined at  250 X magnifica- 
tion with a Leitz Fluorescent microscope. 
Ten fields of cells were counted to determine 
the average number of cells per field. Enough 
cells were then viewed to give a total of 
3000 cells (except in the cases where cell 
density did not permit) and the number of 
nuclei with positive fluorescence was re- 
corded. When uninfected fibroblast cultures 
were stained by the above method, only 
nonspecific rhodamine-type fluorescence was 
observed. 

Results. During the course of initial ex- 

periments, fixation at -60" gave the best 
nuclear fluorescence for methanol, ethanol, 
and acetone. However, cellular detachment 
remained a problem until the fixatives were 
precooled to -20" prior to addition to cell 
cultures. Subsequently, culture dishes were 
transferred to a -60" freezer for 15 min. 
This temperature modification was incor- 
porated into the procedure in later experi- 
ments presented here. 

As shown in Table I, the effect of the 
various fixation methods on cellular mor- 
phology and nuclear fluorescence was com- 
pared to room temperature, 4", and -20" 
adjusted to -60". Absolute ethanol gave 
the best nuclear fluorescence (Fig. l ) ,  per- 
mitting brilliant and sharply contrasting 
T-antigen positive nuclei with crisp non- 
fluorescing nucleoli typical of SV40 T-anti- 
gen positive cells. Cellular morphology was 
well preserved, particularly with the low 
temperature modification. Fixation using 
methanol was associated with inferior nu- 
clear resolution and greater disruption of 
cellular morphology. Acetone, although ac- 
ceptable, was less desirable; cell nuclei as- 
sumed a rough appearance leading to hazy 
nuclear fluorescence which obscured differ- 
ences between true and false positives. For- 
malin was unacceptable as a fixative, since 
it permitted no nuclear fluorescence. In 
general, the degree of cell detachment was 
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FIG. 1A SV40 T-antigen positive skin fibroblasts (fifth passage) 3 days after infection. Note fluorescing 
nuclei with various levels of T-antigen expression against a background of antigen-negative, non-fluorescing 
cells. Mag. 250X. B. SV40 T-antigen positive skin fibroblasts (fifth passage) 3 days after infection. Note two 
brightly fluorescing nuclei containing noduorescent nucleoli. Mag. 450X. 

similar to  the level of alteration in cell 
morphology . 

Table I1 demonstrates that the employ- 
ment of the ethanol method did not signifi- 
cantly alter the cell density, compared with 
the older acetone fixation method. The 
former technique consistently showed 
slightly smaller variability in several replicate 
experiments employing normal and cancer- 
prone cell lines. 

T o  test whether the method of fixation 
causes quantitative variation in T-antigen 
production, skin biopsies from a total of 45 
persons (normal individuals and persons 
genetically prone to cancer) were cultured 
and assayed using both acetone and abso- 

lute ethanol fixation. As summarized in 
Table 111, there were no significant differ- 
ences (paired t test) in T-antigen production 
between the ethanol and acetone methods. 

Ethanol fixation of petri dish cultures also 
resulted in considerable savings of time 
compared with acetone-fixation. The former 
method dispersed with the lengthy manipula- 
tion of cover slips, one distilled water rinse, 
and cover slip mounting procedures em- 
ployed in the latter method. 

Conclusion. The assay for SV40 T-antigen 
shows promise as a means of identifying 
persons at  high risk of cancer (6) .  T o  clarify 
its epidemiologic significance, the test will 
require application to various groups of 
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FIG. 1B 

TABLE 11. EFFECT OF ETHANOL OR ACETONE FIXATION ON CELL DENSITY IN FIBROBLAST CULTURES. 
~~ ~~ ~ 

Normals Cancer prone 

Cell density Acetone Ethanol Acetone Ethanol 

Cell densitya 2500.64 2942.73 2344.77 2826.31 
(53) (51 1 (35 1 (38 1 

Standard deviation range 496-4900 1000-4800 1000-3990 1400-6OOo 

a Mean number of cells per 10 microscope fields. Number in parentheses indicates the number of 
cultures examined. 

individuals with cancer and predisposing 
conditions. In efforts to improve the effi- 
ciency of the assay for expanded testing, we 
found that ethanol is superior to  other 
fixatives. It is not destructive to plastic and 
allows the entire assay to be performed in 
petri dishes without cover slips. It is more 
convenient, results in considerable saving of 

time, and has at  least equal reproducibility. 
Furthermore, a modification of the tempera- 
ture during the period of fixation leads to  
superior nuclear fluorescence with little cell 
detachment. The new fixation method does 
not alter the sensitivity of the T-antigen 
assay in discriminating between normal and 
susceptible cell lines. 
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TABLE 111. EFFECT OF ACETONE OR ETHANOL 

NUCLEI I N  FIBROBLAST CULTURES INFECTED 
FIXATION ON MEAN % T-ANTIGEN POSITIVE 

WITH sV40 VIRUS. 

Normal population 

Alcohol- 
Num- acetone 
ber of paired t- 
sam- Mean yo Positive statistic 

Fixation ples nuclei (range) (P value) 

Ethanol 24 0.90 f 0.61 0.21= 

Acetone 24 0.86 f 0.57 
(0.1-1.9) (0.8) 

(0.0-2.3 ) 
Cancer-prone population 

Ethanol 21 3.37 f 2.20 - 1.38 
(0.5-9.3) (0.15) 

Acetone 21 3.98 f 3.40 
(0.7-16.2) 

In both normal and cancer prone populations, 
analysis by paired t test showed no statistically 
significant differences in T-antigen values be- 
tween the two methods of fixation. 

Summary. Improved fixation for immu- 
nofluorescence staining in the SV40 T-anti- 
gen test has been developed utilizing ethanol 
in place of acetone. The modified method 

improves resolution, results in smaller varia- 
bility of cell numbers, and reduces the time 
of assay, while maintaining its sensitivity in 
discriminating between normal and cancer- 
prone groups. 
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