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We have explored aspects of a suggested relationship between the expression
of simian virus 40 tumor-specific transplantation antigen (TSTA) and tumor
antigen (TA). A unique rat embryo cell line transformed by a temperature-
sensitive A mutant that loses TA during exposure to the nonpermissive temper-
ature (A28-RE) was found to lose TSTA. On the other hand, a typical control
tsA-transformed cell line (A239-MB) expressed both TA and TSTA at the non-
permissive temperature. TA in lysates obtained from A239-MB cells was found
to be three to four times more thermolabile by complement fixation than TA
obtained from wild-type-transformed cells (SVWT-MB) when incubated at
either 33 or 400C. These data complement previous reports using TA from lytic
infection and are consistent with the suggestion that TA is virus encoded. In
contrast to TA, which even in wild-type-transformed cells was completely de-
stroyed in <10 min at 500C, TSTA, assayed in vivo by tumor rejection, and
tumor-specific surface antigen(s) (TSSA), defined by an in vitro cytolytic assay,
were thermostabile. Even after 24 h of incubation of extracts at 500C, high levels
of TSTA and TSSA activity were present. Since these surface antigens when
obtained from cells transformed by tsA mutants were also thermostabile, they
could not be distinguished from the wild-type antigens. These results (i) indicate
a coordinate expression of TA and TSTA in transformed cells; (ii) confirm that
TA is virus encoded; and (iii) confirm that the antigenic and immunogenic
determinants that characterize TA and TSTA activities are distinct. However,
the possibility that TSTA, like TA, is of viral rather than cellular origin is not
excluded.

Genetic studies with simian virus 40 (SV40) now show in addition that the TA from tsA-
mutants indicate that the "early" gene A is transformed cells is more thermolabile by com-
essential for the initiation ofviral replication in plement fixation (CF).
permissive infection and for the initiation and Tumor-specific transplantation antigen
maintenance of transformation in nonpermis- (TSTA) is more difficult to assay and has been
sive infection (3, 6, 9, 14, 22, 23, 25, 26, 29, 30). less thoroughly investigated than TA, although
The SV40-specific antigens T, TST, and U are its expression also requires part of the early
expressions of this early region of the SV40 region ofthe SV40 genome (17, 19). Specifically,
genome (17); however, relatively little is still TSTA, but not TA, is expressed during infection
known about their functions, origins, and possi- with the adeno-SV40 hybrid Ad2+ND2, which
ble interrelatedness. contains only that segment of the early region
T antigen (TA) appears to be the primary of the genome of SV40 spanning the hindII +

protein product oftheA gene. The complement- m cleavage fragments H, I, and B (17, 19).
fixing activity of TA extracted from cells lyti- Several lines ofevidence suggest that TA and
cally infected with tsA mutant viruses has been TSTA are related polypeptides. First, the mo-
shown to be more thermolabile than that ofTA lecular weight ofTA is sufficiently large that it
produced during infection with wild-type virus would appear to require the entire coding ca-
(2, 15). TA binds to DNA (7), and, after incuba- pacity of the early region of the SV40 genome
tion at 440C, TA obtained from tsA-transformed (25, 31). Second, all known tsA mutants synthe-
cells loses binding activity more rapidly than size defective TAs (2, 15, 32), but contain ge-
TA from wild-type-transformed cells (32). We netic lesions that map within the region re-
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quired for TSTA expression (16, 17). Third, TA S. Aaronson and G. Todaro), and Meth-1-A, a meth-
and TSTA are expressed coordinately after in- ylcholanthrene-induced tumor line (obtained from
fection of monkey cells by SV40 (4). Fourth L. Law; 21), were used in specificity experiments. A
nuclear fractions of an SV40-transformed cell BALB/c 3T3 wild-type SV40-transformed cell line,
line contain more TSTA activity than mem- SV-3T3-J, was also used (4).
brane fractions (5). Fifth, TSTA and TA copu- Cells were grown in Dulbecco-Vogt medium (NIH
rifythroughseveralstemedia unit) supplemented with 10% fetal bovine

rify through several steps of purification (5). serum and penicillin/streptomycin under humidi-
Sixth, anti-T serum immunoprecipitates an fied CO2 at 330C (the permissive temperature for tsA
SV40-specific polypeptide after infection by the transformants) or, where noted, at 40.5 + 0.5°C (the
Ad2+ND2 hybrid (11). We now demonstrate in nonpermissive temperature).
addition that a tsA mutant-transformed rat em- Cell extraction for TA assays. TA was extracted
bryo cell line (A28-RE) that loses TA expression from confluent cultures of transformed cells in a
in vivo after incubation at the nonpermissive manner similar to that of Kuchino and Yama-

temperature (26) also loses TSTA expression guchi (15). Briefly, cell pellets were diluted in gela-t
tin veronal-NaCl buffer (0.15 M NaCl, 0.5 mMAs control, we demonstrate that a typical tsA MgCl2, 0.15 mM CaCl2, 0.1% [grams/100 milliliters]

mutant-transformed cell line that continues to Difco gelatin, 0.05 M sodium barbital, pH 7.5) to
express TA at the restrictive temperature (as give about 20% (vol/vol) suspensions, sonicated at 0
do most tsA-transformed cell lines [3, 6, 14, 24, to 40C for 2 min, and stored at -70°C; these TA-
29, 30]) also continues to express TSTA. In a containing lysates were used directly as TA or after
separate communication we demonstrate that clarification by centrifugation at either 1,000 x g for
several different cell lines transformed by tsA 10 min or 17,000 x g for 15 min.
mutants continue to express TSTA and tumor- CF test. The CF test for TA was performed by a
specific surface antigen (TSSA) at the nonper- standard microtiter assay as described by Casey (8).Briefly, 25 Al of anti-T antibody (Huntingdon Re-missive temperature (Chang, Anderson, Mora, search Center, Brooklandville, Md.) containing 2 or
and Martin, manuscript in preparation). We 3 CF units and 50 Atl of guinea pig complement
have already demonstrated that tsA mutants (GIBCO, Grand Island, N.Y.) containing 5 CF units
express TSTA upon lytic infection of monkey were added to microtiter wells containing serial di-
cells at the nonpermissive temperature (4). lutions of antigen in veronal-NaCl buffer. Duplicate
Although TA and TSTA appear to be related wells were used for each experimental point. The

polypeptides, the antigenic determinants that wells were incubated overnight at 4°C, and 25 pl of
specify TA antigenicity and TSTA immunogen- 1.4% sheep erythrocytes, optimally sensitized with
icity appear to be different Heating at 500C rabbit hemolysin (GIBCO), was added. Incubation
inactityappepartoalbe duriffere HeAti athuma was then carried out at 370C for 1 h. After centrifu-inactivates partially purified TA from a human gation, wells were assessed for percentage of hemol-
cell line transformed by SV40, but does not ysis by comparison with standardized control wells.
inactivate TSTA (5). Finally, we demonstrate Detergent extraction of surface antigens. Solu-
here that at 50°C TSTA extracted from a wild- bilization of surface antigens followed an extraction
type-transformed line and a tsA mutant-trans- procedure described elsewhere (C. Chang, S. Pan-
formed line is thermostable for 24 h, whereas cake, S. Luborsky, and P. Mora, Fed. Proc. 35:545,
TA activity is completely lost in less than 10 1976; Chang et al., manuscript in preparation.)
and 4 min, respectively. Washed and scraped cells were extracted at 0 to 4°Cfor 30 min in 5 volumes of 0.5% Triton X-100 and 100

MATERIALS AND METHODS ,uM phenyl-methylsulfonyl fluoride in Tris-buffered
saline (4). The membrane-cytosol extract was freed

Cells. The murine cell lines A239-MB (A239- from nuclei and particulate matter by centrifuga-
transformed mouse brain), A7-MB (A7-transformed tion at 27,000 x g for 15 min and filtered through a
mouse brain), C219-MB (C219-transformed mouse 0.22-,um membrane filter (Nalgene). Protein content
brain), and SVWT-MB (wild-type SV40, strain 776, of the extracts was determined by the method of
small plaque-transformed mouse brain), and cloned Lowry et al. (20).
sublines were derived from a secondary line of astro- Heat inactivation of antigens. Cell lysates in
cytes originating from National Institutes of Health buffer or detergent extracts obtained as described
(NIH) Swiss mouse brain and have been previously above were heated in equal-volume aliquots in plas-
described (3). A rat embryo line transformed byA28 tic vials in a water bath for various times, quenched
(A28-RE; Osborn and Weber [26]) was kindly sup- on ice, and stored at -70°C if not used immediately.
plied by R. Pollack and W. Topp for comparison In vitro assays for TSSA. SV40-associated surface
studies. antigens determined by a modified in vitro cytolytic-
The mKSA-ASC line is an SV40-transformed antibody test are designated TSSA. Details of the

BALB/c tumor line carried by in vivo (intraperito- assay are described elsewhere (27; Chang et al.,
neal [i.p.]) passage and displays an ascites 50% le- manuscript in preparation). In brief, soluble antigen
thal dose of <103 cells (12). This cell line was kindly extracts were first absorbed with Biobeads SM2
provided by L. Law. PY-3T3-4a (18), a polyoma- (Bio-Rad Laboratories, Richmond, Calif.) to remove
transformed Swiss 3T3 line (generously supplied by detergent (13) and then reacted with anti-TSSA an-
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tibody at 4°C. The residual antibody activity in di- On the other hand, a rat embryo transformed
luted aliquots was determined by measuring the cell line, A28-RE, showed a dramatic drop in
amount of chromium-51 released in a microcytolytic CF titer for TA after incubation at the nonper-
assay from target SV-AL/N mouse cells reacted with missive temperature (Table 1B), as originally
antibody in the presence of rabbit complement at reported by Osborn and Weber (26). After 5

In vvo assays for TSTA. Female BALB/c mice, 6 days at 40.5°C, TA content fell from 36 to 1.4 CF
to 8 weeks old, were obtained from the NIH breeding unts per mg of soluble protein n the cell ly-
colony. Immunization consisted oftwo i.p. injections sates, a drop of 25-fold. It has been prevously
of the detergent extract, 1 week apart, followed 10 reported that the percentage of A28-RE cells
days later by an i.p. tumor challenge of 104 mKSA- staining for TA by immunofluorescence also
ASC cells. Later experiments (see table legends) drops dramatically under these conditions (25,
were done with a single immunizing dose after it 26).
was observed that protection against tumor chal- Thermostabilities of TA. TA from cells
lenge was not substantially improved by a second transformed by the A mutant (A239) was more
injection. Mice were followed for at least 5 weeks thermolabile than TA from cells transformed
post challenge for ascites tumor development and by the wild-type virus. Figures 1 and 2 demon-
death.b h idtp rs Fgrs1ad2dmndeath.

strate the loss of CF activity for TA after incu-
RESULTS bation of lysates at 40 (Fig. 1) and 33°C (Fig. 2).

At both temperatures the inactivation of TA
betoetermiAaneTSTAwhether relation exi/rste from cells transformed by A239 was three- to

between TA and TSTA expression and/or sta-forodmeraithnhencivinofT
bility, various transformed cell lines were
grown under defined conditions and assayed for from wild-type-transformed cells. The inactiva-
each activity. Although TA expression and tion experiment at40.C was performed three
thermolabilitstudis hebn r d ,, 3, times with similar results: TA from A239-MB

thermolabli2tystu3 ieshave been reported (2,3, cells inactivated with a half-life of 4 ± 1 min,
15,i25, 26, 3)we aver the wit whereas the half-life for wild-type TA was 14 ±-
different cell lines and under slightly different 3 mm, a ratio of 1:3.5. As noted, 4000 is the
conditions as controls for the TSTA studies. npmiss. iveitemperatu5.re fote t'sAtrn

Expresson of T. Th conten of TAi.y nonpermlssive temperature for the tsA-trans-Expression of TA. The content Of TA in ly- formed cells. During incubation of cell lysates
sates ofmouse brain cells is presented in Table ao330 lbt T wre relativl ore ste
1A.~ ~ .Whe nomlie to soulroenh at 33 C, both TAs were relatively more stablelA. When normalzed to soluble proten, te (by 8- to 10-fold) than at 400C, but again the tsA

cell line transformed by wild-type SV40,
SVWT-MB, contained about twice as much an- antigen inactivated approximately four timestigenMB,both the permissivea (33t admunoanp- more rapidly. tsA TA displayed a half-life of 35
tigen at both the permissive (3300) and nonper-
missive (40.50C) temperatures as the tsA-trans-
formed cell line, A239-MB. The ratio of TA in 100
nonpermissively versus permissively grown so00
cells was about unity for each cell line. We have

60 SVWT-MB TA
previously reported that A239-MB cells, like t, 17 min.

most tsA-transformed cell lines (3, 6, 14, 24, 29, c O
30), retain TA at the nonpermissive tempera- 4ts02-MB TA
ture as detected by immunofluorescence (3). t = 4 min.

0

TABLz 1. TA contenta of several cell lines at 33 or 20
40.50C

Temp (°C) of
culture Rto i --

Cells 4Rat1o20 2

40.5 for 40.5/330C 4 8 12 202A4
33 5 days MINUTES AT 40

(A) SVWT-MB 19 24 1.3 FIG. 1. Decay ofTA during in vitro incubation at
A239-MB 9.2 10 1.1 40°C. Whole-cell extracts were incubated in 0.2-ml
Ratio wild-type TA/ 2.1 2.4 aliquots and assayed in duplicate at the indicated
tsA TA times. The t1l2 of inactivation is given in the figure,

and the average values of three separate experiments
(B) A28-RE 36 1.4 25 are presented in the text. Before heating, all extracts

contained 64 to 128 CF units per 25 pi of lysate.
a Assayed by CF; results are presented in CF Results are plotted as percentage of CF titer at zero

units (as defined in reference 8) per milligram of time ofincubation. Solid square at 16 min represents
protein in the cell lysates. 6% CF titer.
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100 on the lysis of target (SV-AL/N) cells by com-
80 plement and serum hyperimmune to SV40-
60

transformed cells (27, 28). When measured by
SVWT-MB

m
the ability of transformed cells to inhibit target

° \SVWT-MBTA140mi. cell lysis, TSSA shows a high degree of specific-
t 40-\ ity to SV40 and correlates with TSTA activity
U_ \(27, 28; Chang et al., manuscript-in prepara-

A239MB-TA t, =35mm. tion). The TSSA assay has the advantage of
20 being more rapid and considerably less expen-

sive than that for TSTA. TSSA solubilized by
detergent extraction of cell membranes and cy-
tosol proved considerably more resistant to in-

o0 \activation at 50°C than did TA (Fig. 4). Fur-
/2 1 1 '12 2 thermore, in contrast to TA, no significant dif-

HOURS AT 330 ference in stability was evident (within the lim-
FIG. 2. Decay of TA during incubation at 330C. its of the assay) on comparing the inactivation

Similar to Fig. 1. curves of TSSA from tsA- and wild-type-trans-
formed cells. Assays having a precision of

± 5 min, whereas the half-life of wild-type TA ± 15% were performed in duplicate or triplicate
extrapolated to 140 ± 20 min (average of two on each of four separate occasions with similar
independent experiments). In this regard it is results: in each case there was an initial rapid
known that five of six A mutants examined drop of activity within 5 to 15 min to 50 to 75%
(including A239), function somewhat defec- of the starting activity. Further incubation re-
tively even at 330C, the permissive temperature sulted in only a gradual decline in activity over
in culture (10). At both temperatures, the TA several hours. Significant activity was retained
thermal stabilities were the same whether
crude' sonicates or clarified supernatants
(17,000 x g for 15 min) were used.
A mixing experiment was done to exclude the \

possibility that lysates of wild-type-trans- so
formed cells stabilize TA, or that lysates oftsA- \V\\ T

transformed cells render TA more labile to * SVWTMBTA
thermal inactivation. Equal amounts of TA 60

from A239-MB and SVWT-MB lysates were
mixed and then incubated at 400C (Fig. 3). As
can be seen, the half-life of inactivation was 7 MIXED TA t = 7 min.
min, intermediate between that of wild-type 40
and tsA TA, and approximately coincident with \
the decay line expected for mixtures of equal \
amounts of antigen decaying with half-lives of u

-4 and -14 min.
TA preparations were highly unstable during

incubation at 50°C. Supernatants oflysates cen- A239-MB TA
trifuged at 1,000 x g for 10 min were incubated 20
in 0.25-ml aliquots and assayed at 0.5- to 1-min
intervals. All antigen activity was lost by 10
min in wild-type samples and by 3 to 4 min in
the tsA samples. The half lives of inactivation
were, respectively, about 1.8 and 0.5 min.
These data demonstrate a greater thermal

instability for TA activity from the cell line lo 2 4 6 8 10 12 14
transfonned by A mutant virus than from the MINUTES AT 40°
cell line transformed by wild-type SV40, as as- FIG. 3. Decay of TA in mixed extracts incubated
sayed by CF. This finding is similar to and at 40°C. Extracts from the same TA batches as in Fig.complements data already reported for antigen 1 and 2 were incubated at 40°C either separately or
obtained from cells lytically infected with tsA mixed before incubation in a 1:1 ratio (by CF units)
mutant or wild-type virus (2, 15). and assayed at various times for CF activity. SVWT-
Thermostability of TSSA. TSSA is defined MB and A239-MB plots represented the average of

by an in vitro cytolytic microassay that depends two experiments (open and closed symbols).
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100 graded amounts ofthese extracts and evaluated
for their ability to reject an SV40 ascites tumor
challenge of 104 mKSA-ASC cells (210x 50%
lethal dose). Typical immunization results are

75 [ presented in Table 2. Tumor rejection was com-
_ plete at immunizing doses of 1 mg of protein,
V) partial (25 to 62%) at 250- or 50-,ug doses, and
o negligible at 10-,ug doses of extracts obtained
L.L

X from permissively grown cells (Table -2A). This
° 50 R dose response was similar both in experiments
o where two (not shown) or one immunizing in-
_ A2-MB jection was used. Extracts from cells grown at
z the nonpermissive temperature contained com-

parable amounts ofTSTA (Table 2B). The same
25 £

150

TSSA

1 2 3 4 5A488
HOURS AT 50°

FIG. 4. Stability of TSSA in detergent extracts. '
A239-MB and SVWT-MB cells grown at 33C were A239-MB

extracted for TSSA by 0.5% Triton X-100, incubated ° TA
at 500C for various times, and assayed for TSSA as
detailed in Materials and Methods. Each point was 20
assayed in duplicate. TSSA is measured in the figure K
as percentage of inhibition of cytolysis of SV-ALIN I.
target cells. 5 MT30 60 90 120

MINUTES AT 50°

FIG. 5. Stabilities of TSSA and TA in the same
in both preparations even at 24 to 48 h. The whole-cell sonicates. Whole-cell sonicates in NaCl-
TSSA inactivation curve for extracts of mouse veronal buffer were prepared as described for TA in
brain cells transformed by A7, which maps (16) Materials and Methods (without centrifugation).
in restriction fragment hin B (A239 maps in After incubation for various times at 50°C, TA activ-
fragment hin I), was similar to that shown in ity (given as percentage of CF titer at zero time) and
Fig.4(datanotshown). TSSA activity (given as percentage of inhibition of

Fig. 4 (data not shown). lysis) were assayed from aliquots of the same sam-
To eliminate the possibility that detergent ples. Each point represents the average of duplicate

extraction was responsible for stabilizing assays.
TSSA, assays were also performed on the same
whole-cell lysates as used in the TA assays. TABLE 2. TSTA activity of extracts of SV40-
Significant TSSA activity remained both in tasom mofastrocteSa
wild-type (not shown) and A239-MB lysates transformed mouse astrocytes0
after 2 h at 500C, whereas TA activity in these Malignant ascites after inoc-
samples was completely lost by 15 min (Fig. 5). ulation with cell extractssamples~ ~completely (tumor-bearing mice/total

In summary, each preparation tested for Source of extract mice)
TSSA included, in addition to a rapidly inacti- -c-te
vating component, large amounts of a thermo- None 10 50 200 1 mg
resistant component. The inactivation curves Jg ,.g 9g
for tsA and wild-type TSSA activity were indis- None (uninjected control) 15/15
tinguishable. (A) Permissively grown cells
Expression of TSTA in transformed cells. (338C7239-MB 8/8 6/8 5/7 0/7

Because it is not known whether TSSA activity SVWT-MB 8/8 3/8 5/7 0/7
is entirely analogous to TSTA activity, in vivo (B) Nonpermissively grown
tests for tumor rejection were carried out. De- cells (40.5'C for 5 days)
tergent extracts of SV40-transformed mouse 239-MB 7/8 4/8 5/7 1/8
brain or Chinese hamster lung cells that are

7

- - _38___
active in TSSA assays are also active for TSTA a Female BALB/c mice were inoculated i.p. with
(Chang et al., manuscript in preparation). Ex- amounts of protein indicated and challenged itp. 10 days
(Changetal.,manuscript ~later with 104 mKSA-ASC cells. Mean time to death in

periments below quantitated TSTA content control mice was 21 days after challenge. Inoculated mice
more precisely. Mice were immunized with were followed for 5 weeks.
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result has been found with several different TABLE 4. Thermostability of TSTA at 500Ca
tsA-transformed cell lines (Chang et al., manu-
script in preparation). The continued expres- Time of Malig-
sion of TSTA by A239-MB at 40.5°C paralleled incuba- nantt as-
the continued expression ofTA at this tempera- Source of extract tion ofexa mt o

ture (cf. Table 1), although these cells show tract at deaths/to-
restricted growth at 40.5°C (3). tal mice)
On the other hand, the rat embryo line, A28- None (control) 9/9

RE, which lost most of its TA activity at the Normal NIH Swiss Mouse 0 8/8
nonpermissive temperature (Table 1B; 26), also (brain) (control)
lost most of its extractable TSTA (Table 3) ac- A239-MB 2 0/10
tivity. Cells grown both at permissive and non- 24 0/9
permissive temperatures (for 5 days) were ex- SVWT-MB 0 1/9
tracted and assayed for TSTA in mice. (These 2 0/8
cells survive at 400C although their growth rate 24 0/5
slows. They become uniformly TA positive
upon reincubation at 33°C for several days [W. a Female BALB/c mice were inoculated on days 0
upon pereincubaticonmatuicator Asevea eW. and 7 with 1 mg of detergent extract of permissivelyTopp, personal communication].) AS noted, ex- grown cells (incubated at 50°C as above) and chal-
tracts from cells grown at 330C protected 50% of lenged i.p. on day 17 with 104 mKSA-ASC cells.
mice at immunizing doses of -25-fold less pro- Evidence of ascites tumor appeared by about 2
tein than similar extracts from cells grown at weeks in control mice, with a mean time to death
40.50C. Results of in vitro TSSA assays (unpbu- after challenge of 20 days. Inoculated mice were
lished data) support this in vivo TSTA result. followed for 5 weeks.
Thus, in both the mouse and rat SV40-trans-

formed cell lines, TA and TSTA are expressed unprotected against a challenge of 104 mKSA
in parallel. cells. This protection was not diminished when
Thermostability of TSTA. The relative sta- extracts were incubated for 2 or 24 h at 500C. In

bility of TSTA was tested by assaying heated contrast, TA was completely destroyed at this
extracts for TSTA activity in BALB/c mice. On temperature by 15 min (cf. Fig. 5). Extrapolat-
the basis of the dose response for extracts of ing the logarithmic loss of TA activity (cf. Fig.
transformed mouse cells grown at 330C (Table 1-3) and assuming -2 min to represent the
2A), mice were immunized with 1-mg aliquots half-life of inactivation for wild-type TA at 500C
of these extracts, which had been incubated in (see above), incubation for 24 h, which repre-
vitro for 0, 2, or 24 h at 500C. Results in Table 4 sents -720 half-lives for TA, would result in a
demonstrate the protection afforded against a 2720 _ 10216-fold decrease in TA activity. TSTA
subsequent (i.p.) challenge with 104 mKSA- thus appears to be considerably more stable
ASC cells. Consistent with other results than TA, since a 5- to 20-fold drop in antigen
(Chang et al., manuscript in preparation), failed to protect completely against tumor chal-
BALB/c mice were protected by 1-mg immuniz- lenge, and a 100-fold drop afforded no signifi-
ing doses of unheated extracts of A239-MB and cant protection (Table 2). The results of TSTA
SVWT-MB cells, whereas control mice were inactivation are consistent with those of TSSA

inactivation; an active form is significantly sta-
ble at 500C for at least 24 h.

TABLE 3. TSTA activity of extracts ofan A28- Specificity of TSTA. Detergent extracts of a
transformed rat embryo cell linea polyoma-transformed murine line (PY-3T3-4a)

M were compared with extracts of an SV40-trans-
Dose (,ug acites (tu- formed line (SV-3T3-J). Whereas a single dose

Group (source of extract) of pro- mor-bear- of 375 ,ug of protein from the SV-3T3 extract
tein) ing mice/ protected 8 of 10 mice from malignant ascites, a

total mice) similar protein dose of PY-3T3 extract failed to
Control (uninjected) 16/16 protect 8 of 8 mice (P < 10-3) when challenged

(A) Permissively grown 10 5/10 with 104 mKSA tumor cells and followed for 5
A28-RE cells (33°C) 50 1/10 weeks. Mice injected with polyoma extracts

250 1/10 died of ascites tumor at a mean of 16 days.

(B) Nonpermissively 10 9/9 Detergent extracts ofA239-MB cells grown at
grown A28-RE cells 50 6/6 330C did not induce significant protection
(40.5°C for 5 days) 250 4/9 against a tumor challenge with Meth-1-A, a

methylcholanthrene-induced, non-SV40 tumor
a Methods as described in Table 2 legend. line (21). Two injections (1 mg each) of deter-
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gent extracts of normal NIH Swiss mouse brain This finding complements observations made
or A239-MB cells failed to protect 7 of 9 and 14 on TA from lytic infection. Alwine et al. (2)
of 19 mice, respectively, from subcutaneous tu- found that lytic TAs were inactivated at 41°C
mor development after a challenging subcuta- with half-lives of 1.8 to 3.2 min when obtained
neous dose of 104 Meth-1-A cells. There was no from infections with various wild-type viruses
significant difference between these groups. and late mutants, and with half-lives of 0.5 to
These results suggest specificity of the tumor 0.75 min when obtained from infections with

transplant rejection response. Protection af- various tsA mutants of SV40. TA from trans-
forded by the detergent extracts of SV40-trans- formed cells was somewhat more stable than
formed cells (Table 2-4) was not provided by this in our assays at 40°C. TA from A239-MB
extracts of normal brain or by extracts of cells inactivated with a half-life of 4 min, as com-
transforned by the closely related papovavirus, pared with 14 min for SVWT-MB cells. It is not
polyoma. Moreover, although extracts of SV40- clear whether this is due to differences in assay
transformed cells protected against mKSA, conditions or to differences in lytic versus
they did not protect against a non-SV40 tumor transformed cell TA (1). However, the two sets
line, Meth-1-A, which possesses its own strong of data are consistent in two regards: (i) the
TSTA (21). half-life of tsA-TA was consistently shorter

than that of wild-type TA (by ratios of 1:2-6);
and (ii) the same ratios also occurred at 32 to

DISCUSSION 330C, even though individual half-lives were
about eightfold longer. At 500C, where trans-

We have compared the expression of TSTA formed cell TA was rapidly inactivated, we
and TA in cells transformed by SV40 wild-type could still distinguish wild-type from tsA mu-
and tsA mutant virus. Cells transformed by tsA tant TA. Kuchino and Yamaguchi (15) simi-
mutants of SV40 have been shown to behave larly noted rapid inactivation for lytic TA dur-
like nontransformed cells with respect to sev- ing 500C incubation and could distinguish wild-
eral parameters ofgrowth at the nonpermissive type from tsA mutant TA. The data presented
temperature (3, 6, 14, 23-26, 30). At this tem- here for TA from transformed cells thus further
perature, most ofthe lines retain TA expression support the suggestion that TA is virus en-
although rat embryo transformants appear to coded.
lose TA expression (26). We therefore assayed a Whereas TSSA (Chang et al., manuscript in
representative cell line that retains TA and one preparation), TSTA (Tables 2 and 3), and TA
that loses TA at the nonpermissive tempera- (Table 1) expression is parallel, their ther-
ture to see whether TSTA would parallel TA mal stabilities are distinct. The in vitro assay
expression. The mouse astrocyte-transformed for TSSA represents a great savings in time
line, A239-MB, retained TA at nonpermissive and effort over classical in vivo studies for
temperatures. TSTA, when assayed, was pres- TSTA. Several types of controls indicate that
ent in equivalent amounts at both tempera- the assay under appropriate conditions is quite
tures, thus paralleling the expression of TA. specific to SV40-induced surface antigens (27,
Similar results have been obtained with 28, 33). It therefore seemed reasonable to expect
Chinese hamster lung cell lines transformed by that changes in TSTA activity would be re-
several different tsA mutants (Chang et al., flected in changes in TSSA activity. The TSSA
manuscript in preparation). The rat embryo assay allowed generation of kinetic curves for
line A28-RE lost TA activity when grown at the thermal inactivation of the TSSAs, which
nonpermissive temperature (26; Table 1). When showed considerable amounts of a thermosta-
these cells were tested for TSTA, it was found bile component in extracts of both wild-type-
that -25-fold greater amounts of extract from and tsA-transformed cells (Fig. 4). We thus
cells grown at the nonpermissive temperature were led to predict that TSTA might be simi-
were required to protect 50% ofthe mice than of larly heat stable.
extract from cells grown at the pernissive tem- Complete protection against SV40 tumor
perature. Thus, the loss ofTA expression paral- challenge was afforded by extracts incubated
leled the loss of TSTA. These results suggest for 24 h at 500C, suggesting that TSTA is rela-
that TA and TSTA are coordinately expressed tively heat stable. Differences between TA and
in transformed cells. TSTA heat stabilities are not explained by a
A viral origin for TA (2, 15, 25, 32) is again "threshold" effect in the in vivo assay of heated

suggested by the results ofthermal inactivation lysates (Table 4), since as little as a 5- to 20-fold
tests. When assayed by CF, TA from the tsA decrease in the amounts of injected TSTA led to
transformant, A239-MB, was more thermola- incomplete protection against challenge with
bile than that from the wild-type transformant. SV40 tumor cells (Table 2). Curiously, the other
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known early antigen, U, requires a smaller 8. Casey, H. L. 1974. A standardized diagnostic technique
segment of the distal portion of the early region for complement fixation and adaption to micro test.
ofthe SV40 genome for expression than TSTA In Public Health Service, Monogr. No. 74, Washing-of thze SV4O genome for expression thzan TSTuA ton D.C.
and is heat stable when incubated at 56°C for 30 9. Chou, J. Y., J. Avila, and R. G. Martin. 1974. Viral
min (17, 19). DNA synthesis in temperature-sensitive mutants of

In summary, TA and TSTA expression have simian virus 40. J. Virol. 15:145-150.
beenquantitatedin representative.rodentl s

10. Chou, J. Y., and R. G. Martin. 1975. Products of com-
been quantitated in representative rodent lines plementation between temperature-sensitive mu-
transformed with tsA mutants. Expression of tants of simian virus 40. J. Virol. 15:127-136.
the antigens was coordinate. When TA was 11. Deppert, W., and G. Walter. 1976. Simian virus 40
retained at nonpermissive temperatures, TSTA (SV40) tumor-specific proteins in nucleus and plasma
wasretained, and when TA was lost, TSTA membrane of HeLa cells infected by adenovirus 2-

was retained, and when TA was lost, TSTA SV40 hybrid virus Ad2+ND2. Proc. Natl. Acad. Sci.
activity fell. The TA from A239-MB was more U.S.A. 73:2505-2509.
heat labile during in vitro incubation than the 12. Drapkin, M. S., E. Appella, and L. W. Law. 1974.
TA from SVWT-MB, consistent with a viral Immunogenic properties of a soluble tumor specific
originoftransformed-cellTA.Incontrasttotransplantation antigen induced by simian virus 40.origin of transformed-cell TA. In contrast to J. Natl. Cancer Inst. 52:259-264.

TA, TSTA (defined by in vivo assay) and TSSA 13. Holloway, P. W. 1973. A simple procedure for removal
(defined by in vitro assay) were relatively sta- ofTriton X-100 from protein samples. Anal. Biochem.
bile during incubation at 50°C for 24 h or more. 53:304-308.14. Kimura, G., and A. Itagaki. 1975. Initiation and main-
This held whether the latter antigens were ex- tenance of cell transformation by simian virus 40: a
tracted from cells transformed by wild-type or viral genetic property. Proc. Natl. Acad. Sci. U.S.A.
by tsA mutant virus. These results do not ex- 72:673-677.
clude the possibility that the TSTA of tsA 15. Kuchino, T., and N. Yamaguchi. 1975. Characteriza-tion ofT antigen in cells infected with a temperature-
transformants is actually "mutant" (i.e., more sensitive mutant of simian virus 40. J. Virol. 15:1302-
thermolabile than wild type) or that TSTA is, 1307.
like TA, a virus-encoded protein. The results 16. Lai, C-J., and D. Nathans. 1975. A map of temperature-
presented here do indicate, however, that the sensitive mutants of simian virus 40. Virology 66:70-
structuraldterminants ecessary fo TSTA ac- 1

81.
structural determinants necessary for TSTA ac- 17. Lebowitz, P., T. J. Kelly, D. Nathans, T. N. Lee, and A.
tivity differ from those for TA activity, confirm- M. Lewis. 1974. A colinear map relating the simian
ing earlier studies with the nondefective adeno- virus 40 (SV40) DNA segments of six adenovirus-
SV40 hybrids (17). SV40 hybrids to the DNA fragments produced by

restriction endonuclease cleavage of SV40 DNA.
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