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The simian virus 40 (SV40) tumor antigen (T-antigen) and tumor-specific
transplantation antigen (TSTA) have been partially purified and studied to clarify
their relationship. The T-antigen and the TSTA were partially purified from
nuclei of SV AL/N cells, an SV40-transformed mouse embryo fibroblast line, by
precipitation with ammonium sulfate and chromatography on DEAE- and DNA-
cellulose. The T-antigen was assayed by complement fixation, and the TSTA was
assayed by its ability to immunize mice against SV40-containing ascites tumor
cells. When T-antigen- and TSTA-containing preparations were sedimented
through sucrose gradients, each antigen had a major peak of activity at a
sedimentation coefficient of 6.7 and minor peaks in other regions. Antiserum
against T-antigen (from tumor-bearing hamsters) immunoprecipitated the TSTA
activity. A preparation of T-antigen from human SV80 cells, which exhibited only
one protein band after sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
had TSTA activity when as little as 0.6 ,g of protein per mouse was used for
immunization. These experiments demonstrate that the T-antigen, the product
of the SV40 early A gene, is capable of inducing specific immunity against
transplantation of SV40-transformed tumor cells in mice.

The simian virus 40 (SV40) tumor antigen (T-
antigen) was first demonstrated by complement
fixation by using sera from hamsters bearing
tumors induced by SV40 (22, 26). The T-antigen
is localized mainly in the nuclei of SV40-trans-
formed cells, as demonstrated by immunoflu-
orescent staining (35, 38).
Recent studies have identified two proteins

with T-antigen activity. Their molecular weights
are about 94,000 (large T-antigen) and 17,000
(small t-antigen) (1, 8, 36, 37, 40). Both of these
polypeptides are products of the early half of the
SV40 genome (2, 13, 19, 27, 37, 40). It has been
suggested that T-antigens play a role in the
stimulation of host cell DNA synthesis, the ini-
tiation of viral DNA synthesis, and the mainte-
nance of cell transfornation (5, 32-34).
The SV40 tumor-specific transplantation an-

tigen (TSTA) is responsible for the induction of
specific immunity against SV40-transformed tu-
mor cells (15, 20, 24, 26). The SV40 TSTA can
be solubilized by treatment with papain (17) or
detergent (12). To understand the immune
mechanism of surveillance against SV40-trans-
formed cells, it is important to understand the
nature of the SV40 TSTA.
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Recently, several findings have suggested a
close relationship between SV40 T-antigen and
TSTA. In a series of nondefective SV40-adeno-
virus hybrids, the expression of TSTA is asso-
ciated with the early region of the SV40 genome
(29, 46) that encodes the T-antigen (2, 13, 19, 27,
37, 40). Nuclear fractions from SV40-trans-
formed human or mouse cells are enriched in T-
antigen and also in TSTA (4,39). The expression
of T-antigen and TSTA is modulated coordi-
nately in cells transformed by temperature-sen-
sitive SV40 viruses (3, 10, 44). Furthernore, the
SV40 T-antigen and TSTA copurify during
chromatography on DEAE-cellulose and phos-
phocellulose and both bind to double-stranded
DNA (7, 11). These findings, however, do not
prove that the T-antigen has TSTA activity.

In this communication we show that partially
purified T-antigen and TSTA have similar sed-
imentation properties in solution, that anti-se-
rum against T-antigen interacts with TSTA, and
that purified T-antigen possessesTSTA activity.

MATERIALS AND METHODS

Cell lines. SV AL/N, an SV40-transformed AL/N
mouse embryo fibroblast cell line, and SV80, an SV40-
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transformed human fibroblast cell line, have been
described previously (21, 41). The mKSA-ASC
BALB/c mouse cell line, an SV40-transformed ascites
tumor line derived from the mKSA-TU5 cell line (17,
25), was passed twice monthly intraperitoneally in
syngeneic mice; it served as the tumor line for testing
anti-SV40 TSTA activity in immunied animals. This
cell line expresses strong SV40 TSTA activity, and
<103 cells produced tumors in 50% of the mice within
14 days after intraperitoneal injection. The control cell
line was Meth-l-A, a methylcholanthrene-induced
BALB/c tumor cell line which contains its own non-
SV40 TSTA (31). The line was grown in tissue culture
and used as a specificity control for rejection of non-
SV40 tumors in immunized mice. For this line, the
dose which produced tumors in 50% of the mice was
-103 to 104 cells.

Partial purification of T-antigen and of TSTA
from SV AL/N cells and preparation of purified
T-antigen from SV80 celi. The T-antigen and the
TSTA were solubilized from a nucleus-enriched frac-
tion of SV AL/N cells by Triton X-100 detergent and
further purified by ammonium sulfate precipitation
and chromatography on DEAE-cellulose and DNA-
cellulose as previously described (11). The purified T-
antigen from SV80 cells was prepared as previously
described (43).

Sucrose gradient ultracentrifugation. The frac-
tions with T-antigen and TSTA activity eluted from
the DNA-cellulose column in a sharp peak (peak III,
Fig. 2 in reference 11). From the pool of these fractions
300 ,ug of protein (30) was layered on a linear 5 to 20%
sucrose gradient containing 10mM Tris, pH 8.0,0.6 M
NaCl, 100 JM L-1-tosylamide-2-phenyl-ethylchloro-
methyl ketone, 100 JM phenylmethylsulfonylfluoride,
and 10% glycerol and centrifuged for 20 h at 4°C and
40,000 rpm in a Spinco SW41 rotor. Fractions of 0.3
ml each were collected from the bottom of the gra-
dient. Each fraction was tested for T-antigen activity
by using 25 Il per complement fixation assay; the rest
of the fractions were pooled as indicated in Fig. 1. The
pooled fractions were divided into two aliquots and
injected 1 week apart into mice for the determination
ofTSTA activity.
Complement fixation assay. The complement

fixation assay was performed by the standard micro-
titer method with 5 U of guinea pig complement (9).
The hamster anti-T serum (lot 2x0857) was obtained
from Jack Gruber, National Cancer Institute; the same
lot was used for our previous study of the T-antigen
(11).
Immunoprecipitation. The partially purified T-

antigen and TSTA preparations were added to appro-
priate amounts of normal hamster serum or hamster
anti-T antiserum (see Table 2). The mixtures were
incubated for 30 min at 40C with constant shaking.
For each 1 p1 of serum, 10 pl of Staphylococcus aureus
cowan I, prepared as reported previously (14), was
added to precipitate antigen-antibody complexes, and
shaking was continued for 1 h. The mixture was then
centrifuged at 5,000 rpm for 10 min. The supernatant
solutions were saved for TSTA tests. The pellets were
washed three times with Tris-buffered saline (TBS)
and suspended in TBS for TSTA tests.
Assay for cell surface antigens. The assay for
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FIG. 1. Sedimentation velocity analysis of T-anti-
gen and TSTA activities on a sucrose gradient. The
preparation from SVAL/N cells, containing 300 pg
ofprotein (30) and obtained from combined T-anti-
gen-active fractions after the DNA-celulose chro-
matography (11), was layeredton a linear 5 to 20%
preformed sucrose gradient and centrifuged for 20 h
at 4°C and 40,000 rpm. Fractions of 0.3 ml each were
collected from the bottom; 25 ILI of each fraction was
tested by the complement fixation (CF) test for T-
antigen (11); the fractions were pooled as indicated
and injected in two doses for the TSTA test. Because
10 of 10 animals in the control group died of ascites
tumors, the TSTA activity is presented as the per-
centage of animals protected; e.g., of the mice inocu-
lated with pool I, 67% were protected (2/6 died of
ascites tumor; Table 1). In parallel separate gra-
dients protein standards were run (aldolase and im-
munoglobulin G, with sedimentation coefficients of
7.35 and 7.12, respectively); sedimentation coeffi-
cients, corrected to water at 20°C (S2"o (and molec-
ular weights, M x 10r-), calculated from their posi-
tions, are indicated at the top of the figure (dotted
lines) for the peaks obtained.

cell surface antigens was a modification of the method
of Dorval et al. (16), which detects cell surface antigens
by allowing them to react with antiserum and then
detecting the complex by its "MI-labeled protein A
from S. aureus. SV AL/N cells were trypsinized and
grown overnight in Eagle spinner culture medium.
The cells were washed three times with TBS, with
centrifugation at 1,200 rpm for 5 min. Cells were
resuspended, and 106 cells in 1 ml of TBS were put in
each of several tubes. Next, 2, 5, or 20 p1 of normal
hamster serum, hamster anti-T serum, rabbit anti-
mouse spleen serum, or normal rabbit serum was
added to each tube, and the resulting mixtures were
shaken at 40C for 1 h. After the cells were washed
three times in TBS, they were resuspended in 1 ml of
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TBS. Protein A from S. aureus (106 cpm), labeled with
"I and prepared as reported previously (16), was
added to each tube, and the mixtures were incubated
at 4°C for 1 h. Finally, the cells were washed three
times with TBS, and the radioactivity in the cell pellet
was counted with a gamma counter.
Assay for TSTA activity. The TSTA assays were

performed as described previously (12). Adult BALB/c
mice, 5 to 8 weeks old, were obtained from the Na-
tional Institutes of Health breeding colony. The anti-
gen samples were injected twice intraperitoneally at
1-week intervals to immunize the animals; control
animals received TBS alone. At 10 days after the
second injection, some of the mice were injected intra-
peritoneally with 104 SV40-transformed BALB/c
mKSA-ASC cells. As another control, other mice were
injected intramuscularly with methycholanthrene-
transformed Meth-1-A BALB/c cells, which produce
a non-SV40 TSTA. Inoculated mice were followed for
5 weeks. Ascites tumors appeared by about 2 weeks
after injection with tumor cells; the mean time to
death was 20 days.
SDS-gel electrophoresis. Approximately 5 pg of

purified T-antigen from SV80 cells, purified as de-
scribed earlier (43), was applied to a 7.5% sodium
dodecyl sulfate (SDS)-polyacrylamide gel tube and
subjected to electrophoresis by the method of Laem-
mli (28). The gel was stained with Coomassie brilliant
blue (0.2% in methanol-acetic acid-water, 5:1:5) and
destained in methanol-acetic acid-water (5:1:5).

RESULTS

Sucrose gradient ultracentrifugation of
partially purified T-antigen and TSTA. T-
antigen and TSTA activities were purified as
described above. A sample containing 300 jg of
protein was overlaid on a 5 to 20% sucrose gra-
dient. The results in Fig. 1 and Table 1 show
that the T-antigen activity appeared in multiple
peaks. Most of the activity had a sedimentation
coefficient ofapproximately 6.7, whereas the rest

TABLE 1. TSTA activity offractions from sucrose
gradienta

Tumor cell

Imnmization challenge Tumor
fraction (no. of incidenceb

cells)

Pool I 10' 2/6 (P < 0.003)
Pool II 104 6/6
Pool III 104 5/6
Pool IV 104 8/8
Pool V 104 0/7 (P < 0.001)
Pool VI 104 7/7
None 104 10/10

'Adult BALB/c mice were immunied with frac-
tions from the sucrose gradient (Fig. 1) and then
injected intraperitoneally with 104 mKSA-ASC tumor
cells.
bNumber of mice developing tumors/number of

mice inoculated. All tumors were lethal in -20 days.

appeared in minor peaks that were apparently
aggregated forms of the main component. This
result was similar to those obtained with less
purified preparations (7). The TSTA activity
was similarly distributed across the gradients.
Mice infected with the fraction having a sedi-
mentation coefficient of 6.7 were completely pro-
tected against the challenge with SV40-trans-
formed tumor cells. The similarity in the sedi-
mentation profiles of T-antigen and TSTA fur-
ther supports the suggestion that both activities
reside in the same protein. To extend this hy-
pothesis further, antibody studies were under-
taken.
Immunoprecipitation ofTSTA with anti-

T serum. TSTA was immunoprecipitated with
the hamster anti-T serum. Immunization ofmice
with 5 or 15 yg of the parially purified protein
(after the DNA-cellulose chromatography) pro-
tected them against an otherwise lethal dose of
SV40-tumor cells (Table 2, first section). Normal
hamster serum (2 to 20 pl) mixed with theTSTA
preparation and S. aureus bacterium did not
precipitate TSTA activity from the supernatant;
the inoculated supernatant contained nearly its
initial level of TSTA activity (Table 2, second
section). In contrast, increasing volumes of anti-
T serum in the presence of S. aureus precipi-
tated proportionally increasing amounts of
TSTA activity from the supernatant; 5 Id of anti-
T serum removed 57 to 85% of the original
TSTA (15 ug), and 20 pl of anti-T serum re-
moved 85 to 100%. There was no TSTA activity
in the precipitate formed by incubation of 15 Ag
of the TSTA preparation with 20 pl of normal
hamster serum and S. aureus, but TSTA activ-
ity was recovered from the precipitate formed
with 20 Al of the anti-T serum. The TSTA
activity was SV40 specific; it did not protect the
mice against a lethal dose of methylcholantrene-
induced tumor cells (Table 2, fourth section).

Cell surface antigens. To determine
whether the anti-T serum possessed reactivity
against cell suface components of SV AL/N
cells, a sensitive assay with "MI-labeled protein
A from S. aureus was carried out as described
above; the results are shown in Table 3. The
anti-T serum behaved like normal hamster se-
rum and did not bind to the SV AL/N cells. As
a positive controL rabbit anti-mouse serum or
normal rabbit serum was allowed to bind to the
SV AL/N mouse cells. The anti-mouse serum
bound eight times more "MI-labeled protein A to
the SV AL/N cells than did the normal rabbit
serum.
TSTA activity of purified T-antigen from

SV80 cells. The T-antigen, purified from SV80
cells as previously described (43), was homoge-
neous on SDS gels (Fig. 2) and had an apparent
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TABLE 2. Interaction of TSTA with anti-T serum

Immunization pro- Incubation with serum Tumor cell challenge Tumor incidence p value
tein (uAg) (W) (no. of cells) Expt 1 Expt 2 Expt 1 Expt 2

DNA-cellulose-
bound frac-
tionc

0 (TBS) 10 mKSAd 12/12 14/14
15 10' mKSA 0/7 0/7 <0.001 <0.001
5 104 mKSA 0/6 2/7 <0.001 <0.001
1 104 mKSA 6/8 6/7

Supematant'
15 NHS (2) 104 mKSA 0/6 1/8
15 NHS (5) 104 mKSA 1/7 1/8
15 NHS (20) 104 mKSA 2/7 3/8
15 Anti-T serum (2) 104 mKSA 2/7 3/7
15 Anti-T serum (5) 104 mKSA 4/7 6/7 0.03 <0.002
15 Anti-T serum (20) 104 mKSA 6/7 7/7 <0.002 <0.001

Precipitatef
15 NHS (20) 104 mKSA 7/7 8/8
15 Anti-T serum (20) 10' mKSA 0/7 1/8 <0.001 <0.001

Precipitatef
15 Anti-T serum (20) 10' Meth-1-Ag 3/6

TBS 104 Meth-1-A 4/7

a Number of mice developing tumors/number of mice inoculated.
P values given when significant (18).
BALB/c mice were immunized intraperitoneally twice with the indicated dose of the DNA-cellulose-bound

fraction (T-antigen and TSTA) from SV AL/N cells as described in the text.
d mKSA, mKSA-ASC tumor cell line.
'Mice were immunized with the supernatants obtained after the immunoprecipitation of 15 jig of antigens

with either normal hamster serum (NHS) or anti-T serum and S. aureus.
f Mice were immunized with pellets obtained from immunoprecipitation as described in footnote e.
' Meth-1-A is a chemically induced tumor cell line which has its own TSTA (31). It served as specificity

control, as described previously (12).

TABLE 3. '2I-labeled protein A cell surface antigen
test of anti-T serum against SVAL/N cellsa

Ratio of
Amt of Imn

Dose 12"I-labeled Immune
Serum

() protein Ab serum to
normal se-(cpm) ru

rum

Normal hamster 2 640 ± 12
5 785±5

20 1,210 ± 20
Anti-T 2 658 ± 5 1.0

5 734 ± 16 0.94
20 1,199 ± 12 0.98

Normal rabbit 2 805 ± 7
Rabbit anti-mouse 2 6,477 ± 35 8.1

a The test was carried out as described in the text.
bAmount of '25I-labeled protein A bound to the

serum-treated SV AL/N cells.
'Ratio was calculated by dividing the counts per

minute in the immune serum-treated SV AL/N cells
by the counts per minute in the normal serum-treated
SV AL/N cells, both at the same dose.

molecular weight of 94,000. This T-antigen prep-
aration was tested for its TSTA activity;
BALB/c mice were immunized with 0.024, 0.12,
or 0.6 ,ug of the purified protein and later injected
with SV40-transformed mKSA-ASC cells (-10
to 100 times the dose which produced tumors in
50% of the mice). An immunizing dose of 0.6 ,Lg
protected the mice against the SV40-trans-
formed tumor cells (Table 4).

DISCUSSION

The sedimentation pattern of our partially
purified T-antigen contained a number of peaks
of T-antigen activity, similar to the pattern re-
ported previously (8). The pattern suggests that
the protein has a tendency to aggregate. The T-
antigen and TSTA activities had similar sedi-
mentation patterns.
The relationship of T-antigen and TSTA was

further demonstrated by immunoprecipitation
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TABLE 4. TSTA activity in purified SV80 large T-
antigen

Tumor cell
Immuniza- challenge Tumor .ci-
tion dosea (no. of denceb P value'

(lug) mKSA-
ASC cells)

0 104 10/10
0.024 104 8/8
0.12 104 6/8
0.6 104 2/7 <0.003

a Adult BALB/c mice were immunized intraperito-
neally twice with purified SV80 large T-antigen with
the indicated dosage.

b Number of mice developing tumor/number of
mice inoculated.

'See reference 18.

FIG. 2. SDS-polyacrylamide gel electrophoresis of
the purified T-antigen from SV40 cells. Approxi-
mately 5 pg of T-antigen from SV40-transformed hu-
man SV80 cells, purified as describedpreviously (43),
was applied to a 7.5% SDS-polyacrylamide tube gel
and subjected to electrophoresis by the method of
Laemmli (28). The gel was stained with Coomassie

brilliant blue (0.2%, in methanol-acetic acid-water,
5:1:5) and destained in methanol-acetic acid-water

(5:1:5).

of TSTA with anti-T serum. No measurable
antibodies against the cell surface antigens of
the SV40-transforned SV AL/N cells were
found in our anti-T serum, even though a sen-
sitive "2I assay was used. This result confirms
previous findings, which used a less sensitive
immunofluorescent assay (6, 45). Anti-T serum
in the presence of S. aureus did, however, quan-
titatively precipitate the solubilized TSTA,
whereas normal hamster serum did not remove
significant amounts of TSTA. Conversely, the
TSTA activity was found in the precipitated
complex formed with anti-T serum, but not with
normal hamster serum. These results indicate
that anti-T serum interacted with TSTA. A low
dose of purified T-antigen from human SV80
cells, homogeneous by SDS-polyacrylamide gel
electrophoresis, was able to induce immunity
against SV40-transformed mKSA tumor cells.
We believe that these results prove that the
same polypeptide product of the SV40 A gene
contains both T-antigen and TSTA activities.
The SV40 A gene products have at least two

properties. One property is that of the TSTA,
which is responsible for transplantation immu-
nity in mice. The other property is that of stim-
ulating host cell DNA synthesis (47) and possi-
bly initiating and maintaining transformation (5,
32, 33). Although it appears that one polypeptide
accounts for both the T-antigen and TSTA ac-
tivity, the antigenic determinants for these two
activities may be different, as reported previ-
ously (3, 29). It is also possible that early gene
products other than the 94,000-dalton T-antigen
(e.g., small t-antigen) will also be shown to pos-
sess TSTA activity.
The T-antigen and TSTA are located predom-

inantly inside the nucleus (4, 39). The immuno-
genicity ofthe intracellular T-antigen andTSTA
activity might be explained by the disintegration
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of tumor cells and subsequent exposure of the
intracellular antigens to immunocytes. There
must, however, be some TSTA on the cell sur-

face which is responsible for immunosensitivity,
because it is difficult with the current concepts
of immune mechanisms against tumor cells to
conceive of an intracellular antigen being re-

sponsible for in vivo cytotoxic or cytostatic ef-
fects on tumor cells. This SV40 cell surface
TSTA, which may be then responsible for im-
munosensitivity, is yet to be identified. Recently,
Ito et al. have identified a T-antigen on the cell

surface from polyoma virus-transformed cells,
with a molecular weight of 56,000 (23). An anti-
gen of the same molecular weight which is ap-

parently SV40 specific, has been identified in
SV40-transformed cells (Chang et al., manu-

script in preparation). Whether this antigen is
the cell surface TSTA, however, remains to be
shown.
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