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ABSTRACT

The molecular nature of a tumor-specific transplantation antigen
(TSTA) of a chemically induced BALB/c mouse colon tumor ( '-('26 was

investigated. The antigen was noncytolytically extracted by 2.5% n-
butanol treatment of the cells. Crude butano! extract from C-C26, but
not from colon tumor (-(SI and fibrosarcoma Met li-A of BALB/c mice
could provide protection against the challenged C-C26 tumor in the
transplantation experiment. Crude butano! extract from another synge-
neic colon tumor C-C36 also induced a cross-protection against the
challenged C-C26 tumor. C-C26 crude butano! extract was characterized

by biochemical procedures including the Sephadex G200 column, lens
culinaris affinity column, and anion-exchange Mono Q fast protein liquid

chromatography column, and by the enzyme digestion study of the
antigens and sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
The data indicated that C-C26 TSTA was eluted into fractions containing

molecules of approximately M, 200,000 on Sephadex (Â¿2011column
chromatography. This antigen was also found in unbound fractions on a
lens culinaris affinity column. The antigen was further separated into the
fraction that was eluted with 0.4 M NaCl in an ionic strength on Mono
Q fast protein liquid chromatography. Sodium dodecyl sulfate-polyacryl

amide gel electrophoresis of this fraction showed the molecule with a
molecular weight of 30,000. The enzyme digestion study indicated that
the immunogenicity of the antigen was inactivated by papain but probably
not by neuraminidase treatment. These data suggest that the immuno-
genic moiety of C-C26 TSTA molecules is located in the peptide portions

rather than in sialic acid residues or carbohydrate portions. Furthermore,
there are several similarities of the molecular characteristics between
C-C26 TSTA and previously reported C-C36 TSTA, such as the amen
ability to n-butanol extraction. Lens culinaris lectin inaffinity, and ionic

strength.

INTRODUCTION
TSTA2 is still the most important antigen to be analyzed,

since this provides a protection from the tumor development in
animal hosts. The investigations of the molecular characteris
tics of TSTA may lead to an application for immunological
manipulation of host immune responses against tumors. There
fore, it is important to study the nature of TSTA molecules in
each experimental tumor model. However, there have been only
a few reports demonstrating the molecular analysis of TSTA
(1-4). It is generally accepted that TSTA is a so-called lympho
cyte-defined antigen, and in fact TSTA is not capable of induc
ing antibody production in hosts except for a very few tumors
(5, 6). Many investigators feel that the experiments to analyze
TSTA molecules by developing monoclonal antibodies usually
resulted in unsuccessful attempts.

On the other hand, during the past decade an attempt was
made to solubili/o TSTA from the cell membrane of tumor
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cells by using various detergents such as Nonidet IMO and
sodium deoxycholate (7). However, extracted TSTAs in com
bination with these agents were frequently not amenable to
further biochemical purification of antigens due to aggregation
or miscelle formation among molecules during biochemical
purification procedures. Furthermore, the loss or reduction of
immunogenicity of TSTA as the tumor rejection antigen was
often encountered during these steps. This decrease may reflect
the insufficient number of experimental reports demonstrating
TSTA molecules.

LeGrue et al. (8) developed an excellent method to noncyto
lytically extract TSTA from the cell surface membranes using
n-butanol. This procedure has several advantages over other

extraction procedures (9). In our previous reports, we confirmed
that chemically induced C-C36 BALB/c colon tumor TSTA
was solubili/ed effectively with 2.5% n-butanol treatment of
cells (10-13). The immunogenicity of these crude butano! ex
tracts was higher than that of crude Nonidet I' 40 extracts. In

the present study, we demonstrated the successful extraction of
TSTA of another colon tumor C-C26. This antigen was also
amenable to n-butanol extraction. Immunogenicity in the syn-
geneic animal hosts during the biochemical purification steps
of antigens was fairly well maintained. The data suggested that
there were many similarities in the biochemical separation
profiles on the chromatography between these immunogenic
murine colon tumor TSTAs.

MATERIALS AND METHODS

Mice. Inbred BALB/c male mice used in the experiments were
obtained from CLEA Japan, Co., Shizuoka, Japan, and some mice
were maintained and raised in our own laboratory. In tumor transplan
tation assays, 6-8-week-old male mice were used.

Cells. Growth characteristics and the tumor rejection profiles of
BALB/c colon tumor C-C26 was previously reported (10). This tumor
is an in vitro line established from <V-nitroso-iY-methylurethane-induced
colon tumor C26 with the histopathology of an undifferentiated carci
noma. C-C36 is also an in vitro line derived from 1,2-dimethylhydrazine
dihydrochloride-induced C36 colon tumor. In addition, another
BALB/c colon tumor C51 has been adapted to grow in vitro. This
tumor is named C-CS1 and is less immunogenic and not cross-reactive
against C-C26 or C-C36 in transplantation assays. These lines were
kindly provided by Dr. M. k. Wallack of Mount Sinai Medical Center,
Miami Beach, FL, and were grown in modified Eagle's medium sup
plemented with 5% fetal bovine serum and L-glutamine (292 pg/ml).
Single cell suspensions of tumor cells were obtained by trypsinization
(0.05% trypsin-0.02% EDTA) of confluent monolayers. The cells were
washed with PBS and used for the assays. Meth-A is a methylcholan-
threne-induced fibrosarcoma of BALB/c mice (7, 14). This is serially
transplanted with the ascitic form in syngeneic mice. The cells were
aspirated from the mouse abdominal cavity, washed three times with
PBS, and used for the experiments.

n-Butanol Extraction and Assessment of Immunogenicity of TSTA. ri
fiutano! treatment and extraction of TSTA from the tumor cells was
previously reported ( 12,13). Briefly, 2.5% n-butanol (Nakarai Chemical
Ltd., Kyoto, Japan) in PBS was mixed with 1-2 x 10" cells/ml PBS.

After the solution was incubated at room temperature for 15 min with
C-C26, C-C36, and Meth-A cells, and 10 min with C-C51 cells, it was
centrifuged at 500 x g for 5 min. The supernatant was then centrifuged
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at 2,000 x g for 10 min. dialyzed for 24 h against PBS, and concentrated
partially against 50% sucrose in PBS. The supernatant was redialyzed
in PBS and centrifuged at 160,000 x g for 1 h. The supernatant was
referred to as CBE. Proteins for the extracts were measured by the
method of Lowry et al. (15). The preliminary study showed that the
antigen dose for immunizing mice with 25-30 Â¿tgCBE was sufficient
and actually reached a plateau level to induce rejection activity against
tumors. However, 5 MgCBE was not enough to induce rejection activity
(data not shown). Therefore, mice were immunized with 25-30 Mgof
each CBE once a week for a 2-week period, and were challenged with
10s C-C26 live cells.

Chromatographie Procedures and Immunization of Mice. Gel filtration
of CBE from C-C26 cells on Sephadex G200 chromatography was
carried out as described previously (12). A total 10 mg of CBE was
applied to this column (50 x 500 mm) that had been equilibrated and
eluted with 2.5 HIMphosphate buffer (adjusted to pH 8.0) containing
0.5 mM EDTA. The flow rate was 20 ml/h. Fractions of 4.8 ml were
collected and assayed for protein contents. The pooled fractions 13-
20, 21-28, 29-36, and 37-48 were designated as fractions I. II, III, and
IV, respectively, and were concentrated by a YM-10 membrane (Ami-
con Corp., Lexington, MA). Eight to 10 mice for each fraction were
immunized with approximately 10 Mgof each fraction once a week for
a 2-week period. Approximately 2 mg of pooled fraction II of C-C26
butano! extract was further applied to a lectin column as described
previously (12). LcHs were coupled to cyanogen bromide-activated
Sepharose 4B (Pharmacia Fine Chemicals) at a concentration of 4-5
mg Sepharose/ml. The column had been equilibrated and washed with
2.5 mM phosphate buffer (pH 7.4) containing 0.5 M NaCl and 0.01%
sodium azide. The eluent was then changed to 3% a-D-methylmanno-
side in the same buffer. Fractions of approximately 3 ml were collected,
and the protein concentrations were assessed. Mice were immunized
with approximately 5 Meof pooled bound or unbound fractions once a
week for a 2-week period. The unbound fractions, which showed TSTA
activity, to a lectin column were collected and concentrated by the YM-
10 membrane. A concentrate was also separated by ion-exchange chro
matography on Mono Q (Pharmacia Fine Chemicals) with an auto
mated FPLC system. Eluent buffer for this chromatography was 20
mM Iris IK I. pH 8.0, containing 0.01% sodium azide, and a linear
gradient elution from 0-1.0 M NaCl was applied to the column.
Approximately 1.6 mg of lectin unbound C-C26 antigen was applied to
this column. The flow rate was 1.0 ml/min, and each tube containing
1 ml of eluates was obtained. We combined three tubes to make five
samples, namely 7-9, 10-12, 13-15, 16-18, and 19-21 due to the
limited number of mice available for the transplantation experiment.
These pooled fractions were eluates having approximately 0.1, 0.2, 0.3,
0.4, and 0.5 M ionic strength in NaCl, respectively. Eight to 10 mice
for each group were immunized with 1-2 Mgof each sample from these
fractions.

Enzymatic Digestion and Thermostability Study of C-C26 TSTA. The
biochemical characteristics of C-C26 TSTA was tested by treating
fraction II antigens separated on Sephadex G200 column chromatog
raphy with papain (EC 3.4.22.2; Sigma. St. Louis, MO), neuraminidase
(EC 3.2.1.18; Sigma) and heating. Papain with a final concentration of
50 units and neuraminidase of 0.08 units were admixed and incubated
for 60 min at 37Â°Cwith approximately 200 Mgof fraction II antigens.

The same concentration of antigen preparation was also treated with
heating at 100Â°Cfor 10 min. Mice were immunized with 10 fig of these

treated antigens once a week for a 2-week period. Papain and neura
minidase without TSTA fractions were administered to the mice as the
control.

Determination of TSTA Activity. For determination of the inumino
genicity of TSTA obtained from the chromatography or enzymatic
digestion and thermostability study, we immunized s.c. eight to 10 mice
per group on the left side of the back once a week for a 2-week period
with varying doses of the antigen samples of C-C26 cells. A week after
the second immunization, mice were challenged s.c. on the right side
of the back with 10s C-C26 cells. Although there is no perfect method

for the accurate estimation of tumor burden, the animals were examined
once a week to record the width and length of their tumor diameter,
following tumor challenge into the right side of the back. Unlike C-

C36 tumor, C-C26 tumor showed a more enhanced tumorigenicity in
the syngeneic mice (10). In the transplantation experiments, it has been
difficult to assess TSTA activity against C-C26 cells in terms of tumor
incidence. It seems to us that this could be due to the high tumorigenic
nature of C-C26. In the present paper, therefore, TSTA activity of
antigen preparations was indicated and analyzed with the tumor di
ameter.

Data Analysis. The P values for the tumor growth were calculated by
Student's t test.

SDS-PAGE. About 20 jtl of 0.4 M NaCl C-C26 TSTA-positive
fraction separated on a Mono Q FPLC column was admixed with 50
M!SDS sample buffer containing 0.5 M Tris-HCl, pH 6.8, and 10%
SDS. These antigens were also mixed with or without 5% 2-mercap-
toethanol. The solubili/ed sample in SDS buffer was applied to SDS-
PAGE according to Laemmli (16). After electrophoresis, the gel slab
was stained with silver nitrate previously reported by Morrissey (17).

RESULTS

Immunogenicity of CBE. To test whether CBE from C-C26
and C-C36 cells contained C-C26 rejection antigen molecules
and reflect in vivo transplantation profiles, 25-30 /ig of each
CBE from C-C26, C-C36, C-C51, and Meth-A was immunized
in 10 mice once a week for a 2-week period for each CBE. A
week after the second immunization, mice were challenged s.c.
on the right side of the back with IO5 C-C26, and the tumor
growth of each mouse was measured at the third week after C-
C26 cell inoculation. Table 1 shows that C-C26 CBE was highly
immunogenic in the mice. It was also demonstrated that C-C36
CBE contained cross-reactive rejection antigen molecules
against C-C26. CBE from C-C51 and Meth-A was not immu
nogenic, indicating that CBE from these tumors could reflect
TSTA profiles of these cells against C-C26 as shown in the
previous transplantation experiment (11).

Separation of C-C26 TSTA by Chromatographie Procedures.
A total 10 mg of C-C26 CBE was separated by gel filtration on
Sephadex G200 column chromatography. Fig. 1 showed an

Table 1 Immunogenic activity of CBE from the cells against C-C26 tumor
Ten mice for each group were immunized with 25-30 /ig of CBE twice at

weekly interval, and were challenged with 10* C-C26 cells.

CBE of
Tumor diameter (mm) of C-C26
tumor at 3 weeks after challenge

C-C26
C-C36
C-C51
Meth-A
PBS

5.8 Â±3.0 (/>< 0.001)
7.1 Â±2.5 (/>< 0.001)

14.8 Â±5.0
13.4 Â±3.8
12.7 Â±4.7

1.5

1.0

0.5

50 100 150 200 ml

elutionvolume

Fig. 1. A separation profile of C-C26-soluble CBE on Sephadex G200 gel
filtration. Column fractions were pooled as follows: fraction I, fractions 13-20;
fraction Â¡I.fractions 21-28; fraction ill, fractions 29-36; fraction IV, fractions
37-48. A280, absorbance at 280 nm; arrows, standard molecular markers.
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elution profile of this chromatography. A high protein peak
corresponding to high molecular fractions appeared, then a
gradual flattened elution of proteins was obtained. In order to
detect the column fractions which contain C-C26 TSTA mole
cules, four pooled fractions, namely I (tubes 13-20, II (21-28),
III (29-36), and IV (37-48) were assessed for the presence of
C-C26 TSTA. The protein yield for each pooled fraction was
5.8, 2.1, 1.2, and 0.8 mg, respectively. Mice were immunized
once a week for a 2-week period left s.c. with 10 iig of each of
these fractions, and challenged with IO5 C-C26 cells on the

right side of the back s.c. at 1 week after the second immuni
zation. Table 2 demonstrated that C-C26 TSTA was eluted into
fraction II in which molecules with molecular weights of
150,000-250,000 were eluted. A purification of fraction II from
C-C26 CBE was approximately 5-fold greater than original
CBE.

Immunogenic fraction II was further characterized on the
lectin-affinity chromatography by Sepharose 4B. Approxi
mately 2.0 mg of the pooled fraction II of C-C26 CBE separated
on a Sephadex G200 column was applied on LcH coupled to
Sepharose 4B, and unbound fractions (total, 1.8 mg protein)
and bound fractions (total, 0.1 mg) to lectins was obtained
before or after 3% a-D-methylmannoside was added to the
buffer. As shown in Table 3, TSTA activity found in fraction II
was recovered in unbound fractions to the LcH affinity column.
However, the protective effect of these fractions was weak since
it was demonstrated only at the second week after C-C26
challenge as well as having no statistical significance at the
third week. Mice immunized with antigens from lectin-bound
fractions showed rather enhanced tumor growth of challenged
C-C26 as compared to control nonimmune mice.

In the next step of the experiment, the lectin-unbound frac
tions containing C-C26 TSTA molecules were concentrated
and further fractionated by anion-exchange chromatography

Table 2 C-C26 tumor growth in animals immunized with antigens from pooled
fractions separated on Sephadex G200 ofC-C26 CBE

Eight to 10 mice for each group were immunized twice at weekly intervals
with 10 jig protein of antigens, and were challenged with IO9 C-C26 cells at 1

week after second immunization.

Mice
immunized

Mean tumor diameter (mm) of
C-C26 tumor at 3 weeks after

challenge
C-C26 pooled fractions0

I
II
III
IV

PBS

15.8
6.8 (^< 0.001)

18.3
16.2

18.7
"Approximately 10 mg of C-C26 CBE was applied to a Sephadex G200

column. The protein yield of each pooled fraction was 5.8, 2.1, 1.2, and 0.8 mg
for fractions 1, II, III. and IV. respectively.

Table 3 C-C26 tumor growth in animals immunized with antigens with or
without affinity to LcH

Ten mice for each group were immunized twice at weekly intervals with 5 Â»ig
protein of antigens, and were challenged with 10* C-C26 cells at 1 week after

second immunization.

Mean tumor diameter (mm) of C-C26
tumor at 2 and 3 weeks after challenge

Mice immunizedwithUnbound
fractions to LcH"

Bound fractions to LcH
PBS control2

weeks3.5

Â±2.2 (P< 0.01)
8.1 Â±2.7
6.4 Â±1.73

weeks7.3

Â±2.1(NS)
13.4 Â±3.3
9.0 Â±1.7

Â°Approximately 2 mg of C-C26 fraction II on Sephadex G200 column chro

matography was applied to a Sepharose 4B column coupled with LcH. The
column was equilibrated and washed with 2.5 IHM phosphate buffer (pH 7.4)
containing 0.5 M NaCI and 0.01% sodium azide. The eluent was then changed to
3% a-D-methylmannoside in the same buffer.

using Mono Q FPLC. Approximately 1.6 mg of an antigen
sample was applied to this column. Fig. 2 showed the elution
profile of this chromatography, demonstrating that proteins
were eluted out with a buffer having an ionic strength of 0.05-
0.6 M in NaCI. We obtained five pooled fractions (tubes 7-9,
10-12, 13-15, 16-18, and 19-21) from this chromatography
for immunization of mice. These pooled fractions were eluates
having an ionic strength of approximately 0.1,0.2,0.3,0.4, and
0.5 M in NaCI. The protein yield for each pooled fraction was
approximately 0.28,0.36,0.32,0.42, and 0.21 mg, respectively.
Mice were immunized with 1-2 ng of proteins from each of
these fractions. As shown in Table 4, C-C26 TSTA appeared
in a 0.4 M NaCI fraction. The total protein recovery of the
fraction was approximately 26% of the protein applied to this
column. Although the fractions eluting at 0.1 and 0.3 M showed
reduced tumor growth, their statistical analysis indicated that
the P value for these fractions was more than 0.05. Therefore,
it was decided that the fraction eluting at 0.4 M NaCI contained
the immunogenic TSTA against C-C26 tumor.

Enzyme Digestion and Heat Stability Study of C-C26 TSTA.
To test the sensitivity of C-C26 TSTA to certain enzymes, the

antigen separated by gel filtration on Sephadex G200 column
chromatography was digested with papain or neuraminidase
treatment. Approximately 200 fig of fraction II antigen was
admixed and incubated for 30 min at 37Â°Cwith 50 units of

papain or 0.08 units of neuraminidase. Mice were immunized
once a week for a 2-week period with a mixture of enzyme and
10 /ig C-C26 antigen. Control mice were left s.c. injected with
the same amount of enzyme. Furthermore, we studied the

1.0

0.5

S IO 15 20 25

Fraction No,

Fig. 2. A Chromatographie profile on Mono Q FPLC of fraction II separated
by gel nitration of C-C26 CBE on Sephadex G200 column. The eluent was 20
mM Tris HC1, pH 8.0, containing 0.01% sodium azide, with a linear gradient
from 0 to 1.0 M NaCI. A280, absorbance at 280 nm.

Table 4 C-C26 tumor growth in animals immunized with antigens from fractions
separated on Mono Q ion-exchange chromatography ofC-C26 TSTA

Eight to ten mice for each group were immunized twice at weekly intervals
with 1-2 pg protein of antigens, and were challenged with IO' C-C26 cells at I
week after second immunization.

Mice immunized with

Mean tumor diameter (mm) of
C-C26 tumor at 3 weeks after

challenge
Mono Q fractions in Nad"

0.1 M
0.2
0.3
0.4
0.5

PBS

8.6 Â±3.0
11.9 Â±2.8
9.4 Â±3.9
7.6Â±3.0(/><O.OOI)

14.8 Â±2.8

14.8 Â±3.8
" Approximately 1.6 mg of C-C26 antigens, separated on Sephadex G200 gel

filtration and Sepharose 4B-LcH affinity column chromatography of C-C26 CBE.
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Table 5 Effect of enzyme digestion on the immunogenic activity ofC-C26 TSTA
Approximately 200 /ig C-C26 fraction II was treated with 50 units of final

concentration of papain, 0.08 unit of neuraminidase, or heated for 10 min at
100'C.

I

Antigen dose
Treatment0<g)NonePapain

(SOunits)Neuraminidase

(0.08units)Heating

(100'C. 10 min)0

100

100

1010C-C26

tumor
diameter at

3 weeks(mm)Â°6.4

Â±2.7
1.4Â±1.95.6

Â±3.4
6.7 Â±3.85.0

Â±2.0
2.5Â±1.83.8

Â±1.4Statistics

(P)<0.005NS*<0.04<0.08

" Mice were immunized with 10 ^g of treated antigens or enzyme only. A week
later of second immunization, mice were challenged with IO5C-C26 cells.

" NS, not significant.

94-
67-

43-

30-

20-
14-

Fig. 3. SDS-PAGE analysis of C-C26 TSTA. Lane 1, fraction no. 17 from
Mono Q FPLC of antigens expressed on C-C26 cells; lane 2, same sample as
lane I after 5% 2-mercaptoethanol treatment. The standard molecular weight
sizes xIO1 are shown on the left.

thermostability of C-C26 TSTA. The antigen was heated for
10 min at 100Â°C,and mice were injected s.c. on the left side of

the back with 10 Â¿igof the heat-treated sample. A week after
second immunization, these mice were challenged on the right
side of the back s.c. with l O5C-C26 live cells. Table 5 showed
that C-C26 TSTA was sensitive to papain digestion. Mice
immunized with neuraminidase-treated antigen demonstrated
the inhibitory growth of challenged C-C26 tumor, suggesting
that the immunogenic molecules of C-C26 TSTA was insensi
tive to neuraminidase treatment, although there was not a high
statistical significance. Mice immunized with heat-treated an
tigen sample showed 3.8 mm in diameter at the third week after
C-C26 challenge, whereas control mice showed 6.4 mm. How
ever, there was no statistical significance.

SDS-PAGE Analysis of C-C26 TSTA. Since it was indicated
in Table 4 that the fraction eluted with a buffer containing 0.4
M NaCl on Mono Q chromatography of C-C26 TSTA was
immunogenic, we characterized the antigen in fraction no. 17
by SDS-PAGE. As shown in Fig. 3, a band corresponding to
approximately 30,000 was demonstrated. This band showed an
enhanced intensity for the silver staining of the gel, when 2-

mercaptoethanol was added to the sample buffer. This suggests
that the molecule did not have a significant amount of disii Ifide
bonds.

DISCUSSION

The characterization of TSTA is very important because it
may lead to immunological manipulations of host immune
responses against tumors, and finally it could generate the best
way for immunotherapy in rejecting effectively tumors from
hosts. However, there is still a significant lack of research to
purify and analyze TSTA molecules in many tumor models
except for a very small number of mouse tumor models such as
methycholanthrene-induced fibrosarcoma Meth-A (7, 18-22).
There are several reasons why TSTA has been difficult to
analyze its biochemical characteristics. One of these is that
TSTA is possibly a so-called lymphocyte-defined antigen, and
it has been unsuccessful to generate antibodies specifically
reacting against TSTA molecules including our tumor models,
although there were a few exceptions for selected animal tumors
(5, 6). Furthermore, it is suggested that the immunogenic
molecules of TSTA on the cell surface are strongly associated
with the hydrophobic portions of the cell membrane. This
implies that the solubilization of TSTA is difficult without
using powerful detergents which could confer a hydrophilic
property on the molecules. Even though TSTA was successfully
extracted, these antigens were frequently not amenable to fur
ther biochemical purifications; a large scale of molecular aggre
gations or micelle formation among molecules was frequently
encountered, and/or on certain occasions their immunogenic
moieties were denatured during the purification procedures.

In our previous report, it was demonstrated that n-butanol is
very effective in solubilizing TSTA of BALB/c C-C36 colon
tumor from the cell surface in a certain condition of treatment.
Furthermore, this was performed without a significant cell lysis,
indicating that there could be less contamination of intracyto-
plasmic molecules by this procedure. Another syngeneic colon
tumor C-C51 showed a lack or reduced level of TSTA against
C-C51 tumor challenge, and it was also demonstrated that C-
C51 CBE was not immunogenic to this tumor. Moreover, CBE
from highly immunogenic Meth-A could offer the protective
immunity of mice against live Meth-A cell challenge, reflecting
their TSTA activity as well (23). An n-butanol extraction was
originally described by LeGrue et al. (8). They showed a suc
cessful solubilization and further purification of TSTA mole
cules of chemically induced mouse tumors using isoelectric
focusing.

In this paper, we described a subsequent experiment analyz
ing TSTA of N-nitroso-yV-methylurethane-induced BALB/c co
lon tumor C-C26. The data showed that n-butanol was also a
powerful agent in solubilizing TSTA of C-C26. C-C26 CBE
was amenable to the subsequent biochemical procedures for
purification. It was indicated that C-C26 TSTA was eluted into
(a) fraction II having approximately M, 200,000 of the molec
ular weights on a Sephadex G200 column; (/>)unbound fractions
to a LcH lectin on the affinity column; (c) fractions on Mono
Q anion-exchange column chromatography with 0.4 M NaCl of
an ionic strength. SDS-PAGE analysis of the immunogenic
fraction of Mono Q chromatography demonstrated the mole
cule corresponding to molecular weight 30,000 without intra-
chain disulfide bonds; (ti) the enzyme digestion study of the
antigen indicated that C-C26 TSTA was highly sensitive to
papain treatment but not possibly to neuraminidase. Moreover,
a cross-reacting C-C26 antigen against C-C36 tumor was shown
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to have the same sensitivity to enzyme treatment as C-C26
TSTA was (data not shown). Overall, these data may suggest
that the immunogenic moiety of C-C26 TSTA could be peptide
portions rather than sialic acid residues.

When we think of TSTA molecules expressed on murine
tumor cells, the relation of these antigens with the immunogenic
products of MuLV should be clarified. The endogenous MuLV
in C-C26 and C-C36 cells were already demonstrated (11, 12).
It was also indicated that another syngeneic colon tumor (
C51 was strongly positive for the endogenous MuLV expression
of the cells, and this tumor was not cross-reactive against C-
C26 and C-C36 in the cross-protective experiments in which
C-C51 CBE or live C-C51 were employed for the immunization
of mice. This may imply that C-C26 TSTA and cross-rejection
antigen molecules in our animal colon tumor models are not
the products which are associated with MuLV, although the
possibility that some definite determinants of MuLV were
expressed specifically on C-C26 and C-C36 but not on C-C51

still remains. Furthermore, Hellstrom et al. (24) suggested that
the immunogenicity of MuLV-related antigen in the animal
hosts was too weak to detect. The fact that the immunogenicity
of C-C26 TSTA could be easily detected with the simple im
munization demonstrated in this paper may indicate that C-C26
TSTA is not an MuLV-related antigen. However, as Lennox et
al. (25) suggested, MuLV could be sufficiently polymorphic to
account for the diversity of TSTA. TSTA molecules described
in this paper were probably not MuLV-related antigens. To
fully answer this possibility, a comparison of amino acid com
positions of TSTA and MuLV antigens will be required.

The molecular characteristics of TSTA is of crucial impor
tance when considering its relation to the malignant transfor
mation of cells (26, 27). It was shown that adenovirus EIA or
El B gene or SV-40 large T genes were responsible for the
TSTA expression respective for these virus-induced tumors
(28). Furthermore, Shilo et al. (29) suggested that the target
for transformation by a methylcholanthrene was limited in size
or possibly even the same in all cells transformed by the
carcinogen, since the same pattern of sensitivity and resistance
to inactivation by restriction endonucleases was found in all
methylcholanthrene-induced tumor DNAs examined. However,
there have been no definite reports in chemically induced tu
mors demonstrating that TSTA expression is directly associ
ated with the events of cell transformation. Ullrich et al. (30)
have reported recently that chemically induced Meth-A TSTA
is a heat shock-related protein. It is presently not clear whether
the rejection antigen demonstrated in this paper could be a heat
shock-related molecule or the products of the cellular trans
forming genes or associated with the transforming process of
C-C26 tumor. The recent advances of tumor DNA transfection
assays may make possible these important attempts to investi
gate the relationship between TSTA expression and cell trans
formation.
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