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ABSTRACT

We examined in different culture conditions alterations in the tumori-
genicity and immunogenicity of an A3 clone that had been derived from
a rat fibrosarcoma KMT-17. When a fetal calf serum concentration in a
culture medium was lowered from 10 to 1%, the tumorigenicity was
diminished while the immunogenicity was enhanced in a reversible man
ner; this was accompanied by a reversible prolongation of the in vitro
doubling time. These phenomena were not due to an increase in the
quantities of the original tumor-associated antigen and/or of the rat major
histocom patibili!) complex (RT1) but seemed to be due to the appearance
of a unique antigen(s) that was detected by an antibody taken from rats
immunized with A3 tumor cells cultured in the low fetal calf serum
concentration; this antigen(s) may consist of glycoprotein and exist as a
crypt antigen(s). These phenomena were measured by an absorption test
and flow cytometric analysis. Our observations suggest that the in vitro
culture condition of tumor cells, in particular their culturing in the low
fetal calf serum concentration medium, modifies the surface of tumor
cells and causes a diminishment in their tumorigenicity and an enhance
ment of their immunogenicity.

INTRODUCTION

Efforts to augment the antigenicity of tumor cells have been
extensively made by many investigators. We ourselves have
reported that rat tumor cells, artificially infected with a nonlytic
foreign virus, acquire foreign antigen(s) and regress sponta
neously in a syngeneic host as a result of a host-mediated
immunological response to this foreign antigen(s). After the
regression of the tumor cells infected with the virus, the host
becomes highly resistant to challenge by the original tumor
cells that have not been infected with the virus, even though
these tumor cells possess only a very weak TAA.3 We have
termed this phenomenon "xenogenization" (1-6).

It has recently been reported by several laboratories that
tumor cells may be xenogenized not only by viral infection but
also by cell fusion (7-9) or by treatment with certain mutagenic
or nonmutagenic chemicals (10-15).

In this report, we propose that the biological characteristics
of tumor cells may be changed by an artificial alteration of the
environment of the tumor cells. We have devoted particular
attention to the culture conditions of tumor cells, and we have
investigated how tumorigenicity, immunogenicity, and the
expression of antigens are likely to be altered by changes in the
culture conditions. Using a rat fibrosarcoma KMT-17 clone
A3, we have found that the tumorigenicity diminishes and the
immunogenicity is enhanced when the FCS concentration in a
culture medium is lowered from 10 to 1%; we discuss the
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possible mechanisms responsible for these changes from the
viewpoint of the xenogenization of tumor cells.

MATERIALS AND METHODS

Rats. Inbred female WKA/Hok rats, 8 to 12 weeks old, were obtained
from the Experimental Animal Institute, Hokkaido University School
of Medicine, Sapporo, Japan.

Tumor. KMT-17 is a transplant able fibrosarcoma induced by 3-
methylcholanthrene in a WKA rat and maintained in asci ics form (16-
18).

Cell Culture. A cultured KMT-17 cell line (c-KMT-17) was main
tained in Eagle's minimal essential medium supplemented with 10%

heat-inactivated FCS, sodium pyruvate (1 HIM),L-glutamine (2 mM),
glycine (0.1 HIM),and i.-scrino (0.25 mM); the cells were incubated at
37'C in a humidified atmosphere of 5% CO2.

Cloning of c-KMT-17 Cell Line. Cloning was carried out by the
limiting dilution method, using 96-well tissue culture plates (Corning
Glass Works, Corning, NY). Several clones were isolated from the c-
KMT-17 cell line (19), while clone A3 was used in this experiment
because it demonstrates the highest level of tumorigenicity and the
lowest level of immunogenicity among the clones. The A3 cells were
found to be negative for Mycoplasma contamination when tested by
routine screening for growth on the Mycoplasma, by staining with
Hoechst 33258, and by scanning electron microscopic analysis. No
viral antigens were detected by a fluorescence assay using an antiserum
to a Friend leukemia virus-associated antigen or by a complement-
dependent cytotoxicity test using ant i-.W,70,000 glycoprotein antibody.

Culture Conditions of the A3 Clone. The A3 clone was cultured in a
medium containing 10% FCS as a progressive growing condition or
1% FCS as the slowest growing condition.

Measurement of Growth Rate in Vitro. A3 cells were seeded at a
density of 10s cells/60-mm plastic dish with 5 ml of Eagle's minimal

essential medium containing 10 or 1% FCS in triplicate; 3, 5, and 7
days after inoculation the cells were harvested and the cell numbers
were counted in a hemocytometer.

Comparison of Tumorigenicity. The A3 cells were cultured in a
medium containing 1% FCS (A3-1% FCS) or 10% FCS (A3-10% FCS)
and were transplanted i.p. into normal rats or rats irradiated with 250
R from a MCo source.

Comparison of Immunogenicity. Syngeneic rats were immunized i.d.
with 8000 R MCo irradiated cells of A3-1%FCS and A3-10%FCS and
challenged s.c. with in r/w-mai ntai nod KMT-17 cells 10 days later.

Preparation of Antiserum and Monoclonal Antibody. Anti-TAA serum
or anti-A3-l%FCS serum was obtained from syngeneic WKA rats
immunized by serial injection of viable in vivo KMT-17 cells or A3-
1%FCS cells, respectively. The anti-RTlk monoclonal antibody was

kindly provided by Dr. Takashi Natori, the First Department of Pa
thology, Hokkaido University School of Medicine, Sapporo, Japan.

Quantitative Absorption Test. The absorption test was carried out as
described previously (18). Briefly, diluted anti-TAA serum (x8) or ami-
RTlk monoclonal antibody (x25) was mixed with an absorbing cell
suspension, and the mixture was incubated overnight at 4"C. The

mixture was centrifuged, and the cytotoxicity of the supernatants was
measured by a cytotoxicity test of the standard target cells.

Indirect Fluorescence Assay. Antigens detected by anti-TAA serum,
anti-RTlk monoclonal antibody, and anti-A3-l%FCS serum were in
dividually stained with FITC-conjugated anti-rat IgG serum, and the

1815

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2430549/cr0470071815.pdf by guest on 19 M

ay 2023



EFFECTS OF FCS CONCENTRATION ON IMMUNOGENICITY

fluorescence intensities were measured by FCM (Cytofluorograf, Ortho
Diagnostic Systems, Inc.).

Enzymatic Sensitivity of Antigen(s). The enzymatic sensitivity of the
antigen expression detected by anti-A3-l%FCS serum was examined.

The A3 cells were treated with 1 mg/ml neuraminidase or 1 mg/ml
trypsin at 37'C for 1 h; they were made to react to anti-A3-l%FCS
serum and stained with I-TK "-conjugated anti-rat IgG serum.

Chronological Changes of the Expression of Antigen(s). A3-10% FCS

cells were maintained in a new medium containing 1% FCS for 1, 3, 5,
7, and 30 days, while A3-1 'â€¢'!â€¢'('S cells were incubated in a new medium

containing 10% FCS for IS, 30, and 60 min and 3 days; they were then
made to react with anti-A3-l%FCS serum, and stained with FITC-
conjugated anti-rat IgG serum. The fluorescence intensities were also

measured by FCM.
Correlation between Cell Cycle Distribution and Expression of Ami-

gen(s). To determine whether the cell cycle distribution and the antigen
expression correlated or not, a double staining assay was performed.
The living tumor cells which had reacted to anti-A3-l%FCS serum
were stained with FITC-conjugated anti-rat IgG serum, fixed with

methanol, and washed; the cell suspension was then incubated with
RNase (1 mg/ml in Sorenson's phosphate buffer) at 37"C for 30 min.

Propidium iodide (0.05 mg/ml) in 1.12% sodium citrate was added for
a further period of incubation at 4*C for at least 15 min.

Table 1 Tumorigenicity ofc-KMT-17 clone (A3) by cultivation in a low
concentration of FCS

FCSconcen

tration\%10%Doublingtime(h)31.514.9Irradiation*YesNoYesNoLethalgrowth*4/50/25/55/6Mean
survival(days)

Â±SD10.3

Â±1.98.2

Â±0.810.8
Â±2.3

* WKA rats were irradiated with 250 R "Co 1 day prior to tumor challenge.
" A3 cells (1 x IO7)were challenged i.p.

Table 2 Enhanced immunogenicity ofc-KMT-17 clone (A3) by cultivation in a
low concentration of FCS

FCS
concen
tration

Doubling
time (h)

Lethal growth of KMT-17 tumor, no. of A3
cells used for immunization'

10* 10s IO4

1% 31.5 5/2 Ie (23.8)'' 7/27'(25.9) 16/23'(69.6) 4X104
10% 14.9 15/22'(68.2) 19/26'(73.1) 18/23'(78.3) 63 x Iff1

Â°WKA rats were immunized i.d. with a "Co-irradiated (8000 R) c-KMT-17
clone (A3) and in vivo maintained KMT-17 cells (1 x IO7 100% lethal growth)

were challenged s.c. 10 days after immunization.* I l'I >,â€ž.effective tumor dose for 50% inhibition of tumor growth.
'P<0.01.
d Numbers in parentheses, percentage.
' No significance.

RESULTS

Growth of A3-1%FCS in Vitro and in Vivo. When the FCS
concentration in the medium was reduced from 10 to 1%, the
doubling time of A3 cells was prolonged from 14.9 to 31.5 h.
The in vivo growth of A3-1%FCS, however, was not different
from that of A3-10% FCS in rats immunosuppressed by irradia
tion (250 R), while no growth of A3-1%FCS was observed after
i.p. implantation into normal rats. The tumorigenicity of A3-
1%FCS was therefore reduced as compared with the tumori-
genicity of A3-10% FCS (Table 1).

Immunogenicity of A3-1%FCS and A3-10%FCS. To examine
the alteration of the immunogenic potency of A3 cells depend
ing on the FCS concentration, we induced transplantation
resistance against KMT-17 cells maintained in vivo by immu
nization with either A3-1%FCS or A3-10%FCS and compared
their immunogenicity. The immunogenicity induced by 10" or
10s A3-1% FCS cells was significantly stronger than that in
duced by the same number of A3-10%FCS cells. The effective
tumor dose for 50% inhibition of tumor growth of A3-1%FCS
(4.1 x IO4) was reduced by less than one-tenth of that of A3-
10%FCS (6.3 x IO5) (Table 2).

Reversibility of Enhanced Immunogenicity. In order to clarify
the mechanism of these phenomena, it is necessary to determine
whether enhanced immunogenicity is reversible or not. A3 cells
cultured in the medium containing 1% FCS were reseeded in a
medium containing 10% FCS and cultured for 1 week; the
immunogenicity of A3-1 %FCS and A3-10%FCS was then com
pared (Table 3). The in vitro growth of A3-1%FCS cells re-
seeded in the medium containing 10% FCS was restored and
the immunogenicity was found to have declined again to the
level of the immunogenicity of A3-10%FCS (Table 3).

Comparison of the Quantities of Antigens. In order to find out
whether the difference in immunogenicity between A3-1%FCS
and A3-10% FCS was caused by a difference in the quantities
of original TAA or RTlk, the residual cytotoxicity of anti-TAA
serum (x8) or anti-RTlk monoclonal antibody (x25) that had
been absorbed by A3-1%FCS or A3-10%FCS was measured by
a cytotoxicity test of KMT-17 cells maintained in vivo (Fig. 1).
The capacity of A3-1% FCS to absorb the anti-TAA serum or
the ami RIIk monoclonal antibody was found to be equal to

that of the A3-10% FCS cells. No differences in the quantities
of TAA or RT1" were thus detected.

Immunoreactivity of A3 Cells and Various Rat Tumor Cells to
Anti-A3-l%FCS Serum. The anti-A3-l%FCS serum (x4) was
absorbed twice with packed A3-10% FCS cells, and an indirect

Table 3 Reversible change of immunogenicity of c-KMT-17 clone (A3) by alteration of the FCS concentration

Culture conditions of immunized cells
(week)

Doubling0123
time(h)10%FCS10%FCSWTTTTTTffi10%FCS

Â¿1%FCS4X'//J
/ / /S///.^1%FCS^

///// / / ///10%FCS14.9 31.5

15.1Lethal

growth of KMT- 17 tumor, no.
immunization"IO411/14

(78.6)'

4/14'' (28.6)

11/14'' (78.6)Iff14/18

(77.8)

7/18' (38.9)

13/17' (76.5)of

A3 cells usedforIO412/14

(85.7)

15/18/(83.3)

U/l^OOO)ETDÂ»*100

x 104<

7x 10Â«

100 x 10*<

" WKA rats were immunized i.d. with a "Co-irradiated (8000R) c-KMT-17 clone (A3), and in vivo maintained KMT 17 cells (1 x IO7 100% lethal growth) were

s.c. challenged 10 days after immunization.
b I 11>.,i.effective tumor dose for 50% inhibition of tumor growth.
1Numbers in parentheses, percentage.
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Fig. 1. Absorbing capacities of A3-1%FCS (â€¢)and A3-10%FCS (O) for the
cytotoxicity of anti-TAA serum (A) and anti-RTlk monoclonal antibody (//).

Table 4 Reactivity of rat tumor cells in various culture conditions to an anti-A3-
1%FCS serum absorbed with packed A3-10%FCS cells

Positive cells(%)*Anti-A3-l%FCS

ser
um"UnabsorbedAbsorbed

withA3-10%FCSAbsorbed

withA3-1%FCS"First

antibody (â€”)Target

cellsA3A3A3A3A3A3KDH-8KDH-8SST-2SST-2ATlaATlaA3A3A3Cultureconditions10%FCS1%FCS10-1%-10%FCS10%FCS1%FCS10-1%-10%FCS10%FCS1%FCS10%FCS2%FCS10%FCS1%FCS1%FCS10%FCS1%FCSExperiment122.044.222.44.962.54.8â€”â€”â€”â€”â€”â€”6.2â€”â€”Experiment213.642.4â€”8.738.9â€”â€”â€”â€”â€”â€”â€”4.90.30.8Experiment3Câ€”â€”8.143.6â€”6.14.19.14.21.60.8â€”â€”

' Diluted anti-A3-l%FCS serum (X4) was absorbed twice with 1 x IO7 A3-
10%FCS or A3-1%FCS cells.

* Fluorescence intensities were measured by FCM.
' â€”,not done.

Table 5 Reactivity ofA3-l%FCScells recloned with 10%FCS to
anti-A3-l%FCS serum

Positive cells(%)*A3

clones"A3aA3bA3cA3dA3eA3fA3gA3hA3iA310%FCS11.08.912.211.99.49.39.210.89.48.11%FCS38.146.235.332.334.0Câ€”â€”â€”43.3

â€¢A3-1% FCS cells were recloned under 10% FCS culture condition by limiting

dilution methods. A3a to A3e clones were cultured an additional week under 1%
FCS culture condition.

* Fluorescence intensities were measured by FCM.
c â€”,not done.

fluorescence assay was performed with FITC-conjugated anti-
rat IgG serum, while the fluorescence intensities were measured

sorbed anti-A3-l%FCS serum reacted by 40 to 60% in the A3-
1%FCS cells (Table 4, Line 5). As a control, the serum absorbed
by packed A3-1% FCS cells did not react to A3-1% FCS cells
(Table 4, Line 13). In addition, the reactivity of A3 cells to anti-
A3-1%FCS serum was reversible (Table 4, Line 6). This revers
ibility was also confirmed by clonal analysis (Table 5). A3-
1%FCS cells were recloned with 10% FCS by the limiting
dilution method. The reactivity of these clones cultured in 10%
FCS to anti-A3-l%FCS serum decreased to the level of the
controls. The reactivity of A3 clones increased again, however,
when these cells were cultured with 1% FCS. A newly expressed
antigen(s) therefore appeared reversibly, but not selectively, in
A3-1%FCS cells.

The specificity of the anti-A3-l%FCS serum was tested by
using various cultured rat tumor cells. The serum did not react
significantly to KDH-8 (hepatoma), SST-2 (adenocarcinoma),
or ATla (fibrosarcoma) (Table 4, Lines 7 to 12).

Enzymatic Sensitivity of Antigen(s). For the purpose of clari
fying the properties of the unique antigen(s), the enzymatic
sensitivity of the antigen(s) was examined by FCM. A3-1%FCS
cells which were treated with 1 mg/ml neuraminidase showed
a level of reactivity similar to that of nontreated A3-1% FCS
cells (Table 6). A3-1% FCS cells treated with 1 mg/ml trypsin,
however, failed to react to the anti-A3-l%FCS serum. Further
more, 53.6% of the A3-10%FCS cells reacted when A3-
10%FCS cells were treated with 1 mg/ml neuraminidase.

Table 6 Enzymatic sensitivity of the antigen(s) reacting to anti-A3-l%FCS serum
Diluted anti-A3-l%FCS serum (x4) was absorbed twice with 1 x IO7 A3-

10%FCS cells.

Culture
conditions1%FCS10%FCS1%FCS10%FCSPositive

cells(%)"A3

cells treated with Experiment11

mg/mlneuraminidasefor
1 h at37'C1

mg/ml trypsin for 1hat
37'CNontreated1

mg/mlneuraminidasefor
1 h at37'C1

mg/ml trypsin for 1hat
37'CNontreatedFirst

antibody(-)First
antibody (â€”)69.02.945.8tâ€”10.00.20.3Experiment

256.63.264.253.64.89.9â€”

" Fluorescence intensities were measured by FCM.
*â€”,not done.
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Fig. 2. Chronological change of reactivity of c-KMT-17 clone (A3) to anti-
A3-1%FCS serum absorbed twice with packed A3-10%FCS cells. A3-1%FCS

by FCM (Table 4). The anti-A3-l%FCS serum absorbed with ce"? were maintained in a medium containing 10% FCS (A) for the indicated

packed A3-10%FCS cells reacted by less than 10% in the A3-
10%FCS cells (Table 4, Line 4). On the other hand, the ab-

periods while A3-10%FCS cells were maintained in a medium containing
FCS (A) for the indicated periods. Fluorescence intensities were measured by
FCM.
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Fig. 3. Correlation between cell cycle distribution and expression of antigen(s)
of A3-1%FCS (A) and A3-10%FCS (B) reacting to anti-A3-l%FCS serum ab
sorbed twice with packed A3-10%FCS cells. X and Y axes show fluorescence
intensities and DNA contents, respectively.

Chronological Change in Expression of Antigen(s). The
expression of the unique antigen(s) recognized by the anti-A3-
1%FCS serum was measured chronologically by FCM. The
reactivity to anti-A3-l%FCS serum appeared at least 5 days
after the culture with 1%FCS and disappeared 3 days after the
culture with 10%FCS, but the reactivity did not disappear when
A3-1%FCS cells were incubated for a short interval with 10%
PCS (Fig. 2).

Correlation betweenCell Cycle Distribution and Expression of
Antigen(s). In order to clarify the cell cycle dependency of the
antigen expression, a double staining assay was performed (Fig.
3). Positive cells were detected throughout all phases of the cell
cycle of the A3-1%FCS cells. On the other hand, few positive
cells were detected during any phase of the cell cycle of the A3-
10%PCS cells.

DISCUSSION

It has been generally observed that some tumor cells will
change their biological nature when they are transferred from
an in vivoto an in vitro state. As many authors have reported
(20-25), tumorigenicity is usually diminished and immunoge-
nicity is enhanced as a result of a change in the growth environ
ment. Similar observations have also been reported by our own
laboratory (19), but the mechanisms responsible for these phe
nomena have not yet been identified. Several other reports also
discuss the alteration of antigen expression (26) or immunoge-
nicity (27) caused by an alteration of the culture conditions.
These studies suggest that the biological modification of tumor
cells can be induced by an artificial changing of the environment
in which the tumor cells grow.

In this study, particular attention has been devoted to finding
the correlation between tumorigenicity, immunogenicity, and
the culture environment of the tumor cells. The data presented
here show that the doubling time of the A3 cells is prolonged

by culturing A3 cells in a low concentration of PCS contained
in a culture medium, and that although A3-1%FCS cells are
still able to form tumors in irradiated rats the tumorigenicity
of A3-1%PCS cells is diminished in normal rats while the
immunogenicity is enhanced.

This enhanced immunogenicity of A3 cells is reversible and
is closely aligned to an increased expression of the unique
antigen(s). Our data therefore indicate that the enhanced im
munogenicity does not seem to be caused by mutation or by
selection but by certain epigenetic mechanisms. Boon and Kell-
erman (10), Van Pel et al. (11), and Boon (12) have reported
that by treatment with a mutagen (Ar-methyl-,/V'-nitro-ALnitro-

soguanidine) and subsequent cloning it is possible to obtain
highly immunogenic variants, while GÂ¡ampietri et al. (13) and
Fioretti et al. (14) have also reported that in vivoexposure of
tumor-bearing mice to mutagen (S-(dimethyltriazeno)-
imidazole-4-carboxamide) results in the increased immunoge
nicity of tumor cells. In contrast with our observations, how
ever, the phenomena that they observed are not reversible.

We propose a possible mechanism to account for the reduced
tumorigenicity and the enhanced immunogenicity: since the
quantities of original TAA and RTlk did not alter (Fig. 1), a
unique antigen(s) that was not expressed on the A3-10%FCS
cells did appear on the A3-1%PCS cells. This possibility is
supported by the fact that the anti-A3-l%FCS serum absorbed
by packed A3-10%PCS cells reacted only to A3-1%PCS cells
(Table 4). Since the antigen expression was increased while the
doubling time was prolonged by a decreased concentration of
PCS, we devoted particular attention to determine if a correla
tion between growth and antigenicity of the tumor cells could
be established. The data derived from the double staining assay
show, however, that the expression of the antigen(s) does not
depend on Gl of the cell cycle, as Cikes (28, 29) and Cikes and
Friberg (30) have reported, but is uniform throughout it. The
expression of the antigen(s) does not depend simply on a
particular phase of the cell cycle.

Furthermore, our data given in Fig. 2 and Table 6 suggest
some of the mechanisms that may be responsible for the ap
pearance of the newly expressed antigen(s); since the reactivity
of A3-1%FCS cells to anti-A3-l%FCS serum did not change
even if the cells were incubated for a short interval with
10%FCS, it is unlikely that the antigen(s) on the cells kept in
10% PCS is simply masked by the PCS components; nor is it
likely that the antigen(s) is derived from the fetal calf serum in
the culture medium, such as the heterologous membrane anti
gen described by Irie et al. (31, 32), which is not related to cell
proliferation. The antigen(s) was originally exposed on the A3-
1%FCS cells without neuraminidase treatment, possibly by a
decrease in the activity of sialyltransferase, or by changes in the
structure of the cell surface sugar chains; at the same time, the
antigen(s) may exist on A3-10%FCS cells as a cryptantigen(s),
while the removal of cell surface sialic acid of A3-10%PCS by
neuraminidase may cause the increase in the antigenicity of
tumor cells by exposing new immunogenic sites. These possi
bilities are supported by 2 or 3 authors (33-35). The results in
Table 6 also indicate that the antigen(s) consists of glycoprotein
since the antigen(s) is trypsin sensitive. In addition to the data
in Table 6, preliminary evidence detected by surface labeling
with neuraminidase-galactose oxidase-sodium borotritide indi
cates that after treatment with neuraminidase, galactose sites
in A3-10%FCS cells become more extensive than in A3-1%FCS
cells (data not shown).

The unique antigen(s) that appears on the A3-1%PCS cells
as a result of the mechanisms mentioned above may act as a
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helper antigen to the original TAA, as Mitchison (36) and
Yamaguchi et al. (37) have reported and may cause the en
hanced immunogenicity. It is still not clear, however, whether
enhanced immunogenicity depends on the unique antigen(s) or
not.

Our findings indicate that the environment of the tumor cells
modifies their surface and that the modification of the antigenic
expression influences both the tumorigenicity and the immu
nogenicity of the tumor cells. We propose, therefore, that the
phenomena presented in this paper may be broadly explained
as a kind of "xenogenization" of tumor cells.
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