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ABSTRACT

We investigated the tumorigenicity and immunogenicity of tumor cells
transfected with an allogeneic class I major histocompatibility complex
gene. A single clone (3LL/3) from a Lewis lung carcinoma in the C57BL/
6 strain (H-2*) was cotransfected with a BALB/c genomic clone contain
ing an 11-21J gene and a bacterial neo gene conferring resistance to
G418. Three Â¿'-positive, three Â¿''-negative,and two Neo' clones were
selected by means of a lzsl-protein A binding assay using an ami-//-J//
monoclonal antibody. The antigenic expression of the 11-21/ gene prod
ucts was only 20-40% on the Â¿'-positive clones compared with Meth-A

tumor cells of BALB/c mice. The 50% lethal tumor dose of these clones
in C57BL/6 mice was 5.6 x IO6in the Â¿'-positive clones, but only 1.3 x
10s in the 3LL/3 parent clone, 1.2 x 10s in the Neo' clones, and 2.2 x
10s in the Â¿'-negativeclones. The tumorigenicity of the Â¿'-positiveclones

was, therefore, reduced to less than 1/40 ofthat of the parent tumor cells.
The decreased tumorigenicity of the Â¿'-positive clones was abrogated in

mice irradiated with 600 rads. After inoculation and spontaneous regres
sion of the viable Â¿'-positive clone cells, the mice acquired transplanta

tion resistance against the challenge of a parental 3LL/3 tumor. However,
the immunogenicity variation between Â¿'-positive, Â¿'-negative.Neo', and

3LL/3 parent clones showed no statistical difference. These results
indicate that tumor cells transfected with an allogeneic class I 11-2 gene
can express an 11-2 foreign antigen, can regress in syngeneic hosts, and
can induce antitumor transplantation resistance against the original tu
mors, although they are not able to enhance their immunogenicity.

INTRODUCTION

Most experimental tumors induced by viruses or chemicals
generally express antigens which are easily recognized as for
eign. Spontaneous tumors, however, apparently lack such an
tigens and seem to escape from or impede host immunological
defense ( 1). It has been suggested that the lack of antigenicity
of spontaneous tumors could be overcome by artificial modifi
cation of such cells (2). This modification has been called the
"xenogenization of tumor cells" (3) and can be achieved by the

use of viruses (4-7), chemical coupling (8,9), enzyme treatment
(10, 11), or somatic cell hybridization (12-15). On acquiring a
new antigen, xenogenized tumors can now engender a response
not only to the "neoantigen," but also to their TATA3 likely

through helper antigen mechanisms (16-18).
Recent advances in molecular biological technology have

made it possible for tumor cells to be modified by gene transfer
techniques (19-21). In this study, we transfected an allogeneic
H-2La gene into a lung tumor (H-20) and assessed whether an
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allogeneic class I MHC antigen can act as a foreign antigen for
the xenogenization of tumor cells. We also determined the
tumorigenicity and immunogenicity of the transfected tumor
cells in comparison with the parent tumor.

MATERIALS AND METHODS

Mice. An inbred strain of male C57BL/6 mice (H-26) was supplied

by the Experimental Animal Institute, Hokkaido University School of
Medicine, Sapporo, Japan. The mice were used at 3 months of age.

Tumor Cells. Lewis lung carcinoma (3LL) (which developed spon
taneously in C57BL/6 mice) was kindly provided by I. Azuma, Immu
nology Institute, Hokkaido University, Sapporo, Japan. The 3LL/3
clone used in transfection studies was a single clone isolated from the
primary culture by limiting dilution. The clone was maintained as a
monolayer in DMEM with 10% heat-inactivated fetal calf serum. The
BMT-11 fibrosarcoma (which was induced by 3-methylcholanthrene in
C57BL/6 mice) was used as a control and was maintained in the same
medium as that used for the 3LL/3 (22). Cells were routinely subcul-
tured by trypsin-EDTA treatment. The cells used were free of myco-
plasma contamination.

Plasmid and Cosmid. CI 59.2, a pTL-S cosmid containing the 41-
kilobase pair Bgl II fragment of the 11-21.J gene, was generously

provided by L. Hood, California Institute of Technology (23). The pSV-
2 neoplasmid containing the geneticin-resistant gene Neo', was origi

nally supplied by M. Green, St. Louis University, and was kindly
provided by K. Fujinaga, Sapporo Medical College, Sapporo, Japan.

Transfection Procedure. Our transfection protocol was based on the
method of Van der Eb et al. (24) with some modifications. Salmon
sperm DNA (Sigma) was used as carrier DNA. Briefly, subconfluent
cultures of 2 x 10* cells of the 3LL/3 clone were cotransfected with a
solution containing a DNA-calcium phosphate coprecipitate of clone
59.2 DNA (10 /ig), pSV-2 neo (0.4 ug), and salmon sperm DNA (10
/ig) and left for 20 min at room temperature. Cell cultures in dishes
were then added to the growth medium and incubated for 4 h in a CO;
incubator. After the removal of the medium containing the DNA-
calcium phosphate coprecipitate, the cells were treated with a 25%
solution of dimethylsulfoxide in 4-(2-hydroxyethyl)-l-piperazineeth-
anesulfonic acid-buffered saline for 3 min, were washed twice in the
medium, and were then allowed to incubate in DMEM with 10% fetal
calf serum for an additional 24 h. Thereafter, the cells were trypsinized
and replaced in the incubater at a lower density (about 2 x 10s cells/6

cm dish). After 16 h incubation, the transfectant cells were replaced in
a medium containing 0.8 mg ml ' Geneticin (G418; GIBCO); the

selective media were changed every 3 days for 2 or 3 weeks while the
transfectant clones developed. Transfectant clones were cloned by using
the limiting dilution method twice and the colony pick up method once.
H-2Ld transfectant clone cells were expanded and stocked in large

quantities. We used early passaged transfectant cells and renewed them
every 6 weeks to avoid depression of the transfected antigen (25).

Radioimmunoassay. A cellular radioimmunoassay was performed as
described previously (26) to test the expression of class I H-2 gene
products. We used two MoAbs: (a) an anti-//-2Â¿' MoAb (30-5-7S;
Bionetics), specific for H-2Ld, L', and Â¿>4antigens, but not reactant to
other H-2 antigens (especially the H-2* antigen) (27); (b) an anti-//-2ÃŸ*
MoAb (27-11 -13S; Bionetics), cross-reactant with H-2Dd and H-2q, but
never reactant to H-2Ld (28). Fifty ti\ of a single cell suspension of

transfectant or parent cells (1 x Id cells per ml) were mixed in flexible
microtiter plates (Corning) with 50 u\ of diluted MoAb. After 4 h of
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incubation at 4"C, the cells were washed twice in the medium and
resuspended in SOp\ of a medium containing approximately 75 x 10'
cpm (1 ng) of '"I-labeled protein A (Amersham). The cells were
incubated for 4 h at 4"C, washed twice in DMEM, after which the
amount of bound radioactivity was counted by a Packard auto -, coun

ter. The antigenic expressions are shown by specific radioactivity,
expressed as cpm after the subtraction of any background with irrele
vant antibodies that always show less than 1000 cpm.

Transplantation Studies. To estimate the immunogenic potential of
viable xenogenized tumor cells (5), 1-3 x 10' cells of viable /.''-positive
clones were injected into C57BL/6 mice. After observation for 60-70
days, 1 x 105-107 cells of the parent 3LL/3 clone were challenged s.c.

in the right flank, and the development of an antitumor immune
response was evaluated. Immunogenicity was also assessed with cells
treated with agents which prevent replication. The cells were suspended
in DMEM at a concentration of 1 x IO6 cells/ml, and were treated
with MMC (25 Mg/1 x IO6 cells) for l h at 37Â°Cin a water bath,

followed by washing three times with medium. One million cells of
these MMC-treated clones were injected once a week into C57BL/6
mice. Ten days after the final immunization, the mice were challenged
with 1 x 106-107 viable parent cells. In order to abrogate the host-

mediated immune response, normal C57BL/6 mice were irradiated
with 600 rads of cobalt-60 (Toshiba KXC-18-2 X-ray) and the following
day the animals were injected s.c. with 3x10' cells of an H-2Ld-

positive clone. The tumor diameters were measured every third day
after challenge. The observation was terminated on the 90th day after
the inoculation of the tumor, by which time all the surviving mice were
tumor free. The number of tumor cells required for LTDso was esti
mated by the method of Read and Muench (29). The statistical differ
ence in the lethal rate between the two groups examined was calculated
by the x2 test.

Table 1 Expression ofH-2Ld and H-2D* antigens on the surface of a Lewis lung
carcinoma clone (3LL/3; H-2") transfected with a H-2Ld class IMHC

antigen gene
Specific radioactivity of '"I-protein A bound"

H-2L"
H-2Ld

transfectant
clonesusedÂ¿''-positive

clone

cl 15
cl 19

cl36Â¿''-negative

clone

cl 12
cl46

cl63pSV-2

neotrans-
fectant

Neo'-\
Neo'-23LL/3

parent
cloneC57BL/6

spleen
cells(H-2")Cultured

Meth-A
(H-2")Anti-i."X406,918

Â±934*

6,003 Â±814
2,997 Â±339423

Â±32
481 Â±44
462 Â±28141

Â±16301
Â±3471

Â±2728

Â±1416,919

Â±892MoAbX804,010

Â±311
4,51 3 Â±504
2,832 Â±284343

Â±21
216Â± 19
294 +31102

Â±13
ND57

Â±14ND14.496

Â±464Ann-iÂ»

MoAbX404.983

+ 513
5,277 Â±449
5,152 +392ND'5,842

Â±749
3,331 Â±4545,283

Â±376
ND6,079

Â±5879,335

Â±428NDantigen

expres
sion++c

+++----+++

" Specific radioactivity is expressed as cpm after subtraction of the background

with irrelavent antibody which was usually less than 1000 cpm.
* Mean Â±SE (net cpm) of triplicate wells.
'+++,>! 0,000 cpm; ++. 4,000-10.000 cpm; +, 1,000-4.000 cpm; -, < 1,000

cpm.
' ND, not done.

RESULTS

H-2Ld Antigenic Expression in Transfectants. Parent 3LL/3
clone cells from a Lewis lung carcinoma (//-2*) were cotrans-
fected with the H-2L" (clone 59.2) and pSV-2 neo genes. The

transfectants were grown in medium containing geneticin,
which selects for cells that have integrated and express the Neor
gene. By means of an I2sl-protein A binding assay using ami
H-2Ld MoAb, we selected a series of clones which express
different amounts of H-2Ld antigens on their cell surface. We

arbitrarily defined the radioactivity of more than 1,000 cpm as
positive expressions of the H-2Ld antigen (/.''-positive), and
that of less than 1000 cpm as negative expressions (L''-nega
tive). The frequency rate of the Â¿''-positive clones was 40%,

among the 20 clones examined (data not shown). Table 1 shows
the radiobinding analysis of the H-2Ld transfectants used in
this experiment. The expression of the Ld antigen on positive
clones was at the level of 3000-7000 cpm; a rate that was 20-
40% of the expression of Ld on the control Meth-A cells (H-
2d). Ld antigen expression of clones considered Â¿''-negativewas
300-500 cpm. Clones transfected with the Neo" gene only had
100-300 cpm, while the parent 3LL/3 cells had only 50-70
cpm, reflecting background cpm. We also studied the expres
sion of native H-2D" antigen on these clones (Table 1). The Db
antigenic expressions of the H-2Ld transfectants examined

ranged between 3000 and 6000, and no significant difference
was observed in Db antigen expression between the Ld transfec

tants and the parent clone.
Reduced Tumorigenicity of the Â¿'-positive Clone Cells by the

Host-mediated Immune Response. We studied the tumorigenic-
ity of//-2Â¿'-transfected clones by injecting 1 x 10"-107 Ld-

positive 3LL/3 cells s.c. in syngeneic mice. Table 2 shows the
tumorigenicity of these clones as expressed by their LTD50. Ld-

positive clones showed extremely low tumorigenicity in com
parison with //-negative clones, Neo' clones, and a 3LL/3

parent clone. The LTD50 value of clone 15 and clone 19, which
showed the highest expression of the Ld antigen, were 93 x 10s
and 126 x 10s cells, respectively. The LTD50 value of clone 36,
which showed a moderate expression of the Â¿'antigen, was 21
x IO5 cells. The LTD50 value of the //-positive clones thus
averaged 56 x 10s cells. These tumors immediately regressed

and never regrew to a palpable level after rejection. On the
other hand, the LTD50 value of the L'-negative clones averaged
2.2 x IO5 cells (<0.2-5.8 x 10s cells); that of the Neo' clones
averaged 1.2 x 10s cells, while that of the 3LL/3 parent clone
was 1.3 x IO5 cells. These data demonstrate that the tumori
genicity of /.'-transfectant clones correlate with the antigenic
expression of the transfected H-2Ld gene, and that the tumori
genicity of Â¿'-positive clones was significantly reduced to less

than 1/40 of the parent tumor clone (P < 0.001).
To investigate whether any host-mediated immunity partici

pated in the regression of Â¿'-positive clones, normal C57BL/6
mice were irradiated with 600 rads from a cobalt-60 source,
and were challenged with 3 x IO6cells Â¿'-positive clones (clone
15 and clone 19). Table 3 shows a 100% lethal growth of Ld-

positive clones in immunosuppressed mice, although these
clones grew poorly if at all in normal mice.

Augmentation of the Antitumor Transplantation Resistance in
Mice Which Have Rejected the Viable Â¿'-positive Clones. We
next determined whether the mice which rejected viable Ld-

positive tumors were able to induce antitumor transplantation
resistance. After 1 x IO6 or 3 x IO6cells of Â¿'-positive clones

spontaneously regressed in syngeneic mice, the animals were
challenged with an s.c. inoculation of parent 3LL/3 tumor cells.
Table 4 shows that animals that had rejected Â¿'-positive cells

were more resistant to a parent tumor challenge: The LTD50 of
these mice averaged 3.3 x 10* cells (2.6-4.6 x IO6 cells),
whereas the LTD50 in nontreated mice was 1.3 x 10* cells. In
contrast, immunization with Â¿'-positive 3LL/3 clones did not
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Table 2 Decreasedtumorigenicityof a Lewislungcarcinomaclone(3LL/3;H-2b)transfectedwithan allogeneicH-2Ldgenein C57BL/6 mice

H-iLd transfectant
cloneschallengedÂ¿''-positive

clonecl
15cl

19cl36TotalÂ¿''-negative

clonecl
12cl46cl63TotalpSV-2

neotransfectantNeo'-\Neo'-Ã¯TotalParent

-3LL/3cloneNo.

of micedied/no.of mice used(%)1

x10"NTNTNTNTNTNT0/6

(0)0/5
(0)0/11(0)0/6

(0)1

x10s0/13(0)0/10

(0)0/10
(0)0/33
(O)'9/1

1(82)1/7(14)1/10(10)11/28(39)''9/16

(56)2/8
(25)11/24(46)''7/14

(50)'1

x10Â«0/13(0)3/15(20)3/11(27)6/39(15)*15/15(100)4/6

(67)12/16(75)31/37(84)'16/16(100)8/8

(100)24/24
(100)'13/15(87)'3x

IO61/15(7)2/13(15)8/14

(57)ll/42(26/8/8(100)6/7

(86)13/13(100)27/28

(96/12/12(100)6/6

(100)18/18
(100/10/10

(100/1

x10'8/16

(50)4/12(33)11/11

(100)23/39
(59)NTNTNTNTNTNTTumorigenicity

(LTDÂ«,Â»;
X105)931262156<0.25.84.22.20.72.21.21.3

' Numberof tumor cellschallengeds.c.
bThe numberof tumor cells requiredfor a 50%lethalgrowth in C57BL/6 mice.
' NT, not tested.
' Â¿'-positiveclone versusÂ¿'-negativeclone; P < 0.001 by x2test.
' Â¿'-positivecloneversuspSV-2neotransfectant;P < 0.001 by x2test.
'Â¿'-positiveclone versusparent 3LL/3 clone;P < 0.001 by x2test.

Table 3 Tumorigenicityof the iS-positiveclonecellswhichs.c. inoculatedinto
immunosuppressedCS7BL/6 mice

Micetreated
withIrradiation*

NontreatmentÂ¿'-positive"

clonesused for
inoculationcll5

cll9
total
cl 15
cl 19
totalNo.

of micedied/
no.of mice used(%)6/6

(100)
7/7 (100)

13/13(100)'
1/15(7)
2/13(15)
3/28(1 If

" Three million cells of Â¿'-positiveclone were s.c. inoculated into C57BL/6
mice.

*C57BL/6 mice were irradiated with 600 rads of cobalt-60 1 day before
inoculation.

' P < 0.001 by x2test.

protect against a challenge with the unrelated syngeneic BMT-
11 fibrosarcoma. We concluded that immunization with Ld-
positive cells increased resistance to parent 3LL/3 cells 20-35-

fold.
Immunogenicity of Mitomycin C-treated /.'-positive Clone

Cells. In order to investigate whether the transfection ofH-2Ld

genes can augment the immunogenicity of the original TATA
of the parent 3LL/3 tumor, C57BL/6 mice were immunized
twice with 1 x IO7 of MMC-treated cells and then challenged

with 1 x 10* or 1 X IO7parent 3LL/3 cells. As shown in Table
5, the LTDso value was 3.0 x IO6 3LL/3 cells in animals
immunized with MMC-treated L '-positive cells; 4.0 x 10* cells
in those immunized with Â¿'-negative cells, 1.9 x 10* cells in
animals given the Neo' cells, and 3.4 x 10" cells if animals were

pirimniuni/ed with MMC 3LL/3 parent cells. The LTD50 value
in the nontreated control was 1.3 x 10s cells. There were no
statistical differences between the Â¿'-positive clones and the
Â¿'-negative, Neo', or parent 3LL/3 clones. Similar results were
obtained after a single immunization of 1 x IO7 of MMC-

treated clones.
A syngeneic BMT-11 fibrosarcoma was used as a control for

immunization and challenge to evaluate the specificity of the
cross-protection observed (Table 5). Mice immunized with
MMC-treated BMT-11 tumor cells could not reject a challenge
with 1 x IO6cells of parent 3LL/3 tumor. When 1 x IO6 BMT-
11 cells were injected into mice immunized with any MMC-
treated clones, all mice succumbed to the tumor challenge.
These results indicate that the transfection of the allogeneic //
2Â¿' gene is unable to enhance TATA immunogenicity of the

original tumor cells and that the antitumor immunity induced
by Â¿' transfectants in syngeneic mice is specific for the TATA

of parent 3LL/3 cells.

Table4 Occurrenceof antitumor resistanceagainstparent 3LL/3 tumor after spontaneousregressionof the viableLa-positiveclonecellsin C57BL/6 mice

ViableÂ¿'-positive"
clonesused for

immunizationImmunized

group
cl 15
cl 19
cl36

TotalNontreatmentLethal

growth of parent 3LL/3 tumor"
(no. of micedied/no.of miceused)1

x10s*NT*

NT
NT7/14

(50)1

x10Â«3/11(27)'

3/10(30)
1/9(11) ,
7/30(23/13/15

(87/3x

10Â«4/15(27)

8/1 1 (73)
4/11(36)

16/37(43)*10/10

(100)Â«1

x10'7/10(70)

7/9 (78)
NT

14/19(74)NTLethal

growth
of syngeneic

BMT-11
tumor1

xlOÂ»3/3

(100)
5/5 (100)

NT
8/8(100)12/12

(100)LTDÂ»'

(XIO5)4626

39331.3

" One or three millioncellsof the Â¿'-positivecloneswere s.c. inoculatedinto C57BL/6 mice,and after observationof 60-70 days, parent 3LL/3 tumor cellswere
s.c. challenged.

*Number of cellschallenged.
' The number of 3LL/3 tumor cells requiredfor a 50%lethal growth in C57BL/6 mice.
' NT, not tested.
' Numbersin parentheses, %.
'/Â»< 0.001, by x2test.
*P < 0.005, by x2test.
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Table 5 Comparison of immunogenicity between a H-2L4 transfectant and a

3LL/3 clone against parent 3LL/3 tumors

Mitomycin C treated"

clones used for
immunizationÂ¿''-positive

clonecl

15cl
19cl36TotalÂ¿'-negative

clonecl

12cl63TotalpSV-2

neotransfectantNeo'-\Neo'-2TotalParent

3LL/3cloneSyngeneic
BMT-11tumorNontreatmentLethal

growth of pa
rent 3LL/3 tu
mor* (no. dead/

no.immunized)1

x10"1/6(17)'2/10(20)NT/3/16(19)Â«1/11(9)2/10

(20)3/21
(\4f2/7

(29)2/6
(33)4/13(31)Â«2/10

(20)Â«5/5(100)'13/15(87)'1

xIO77/9

(78)12/14(86)7/8

(88)26/31
(84)*4/4

(100)7/11(64)11/15(73)*8/8

(100)5/5
(100)13/13(100)*6/8

(75)*5/5(100X10/10

(looyLethal

growth*

of unrelated
BMT-11
tumor1

xIO610/10(100)7/7

(100)NT17/17(100)3/3(100)2/2(100)5/5(100)5/5(100)NT5/5(100)12/12(100)0/5

(0)12/12(100)LTDÂ«,"

(x10*)3629NT30294840201819341.01.3

* Cells were treated with mitomycin C (25 jig/106 cells) at 37*C for 1 h, and 1
x 10' of these cells were s.c. inoculated into C57BL/6 mice twice.

* Tumor cells were s.c. challenged 10 days after the final immunization.
' Number of cells challenged.
d The number of 3LL/3 tumor cells required for a 50% lethal tumor growth.
' Numbers in parntheses, %.
rNT, not tested.
* Â¿'-positive versus, Â¿'-negative, no significant difference.
* Â¿'-positive versus. pSV-2 neo transfectant, no significant difference.
' Â¿'-positive versus, parent 3LL/3, no significant difference.

DISCUSSION

The present study demonstrates that 3LL/3 lung tumor cells
transfected with an allogeneic class I MHC (H-2L") gene ex
press H-2Ld gene products on their cell surfaces, and that these

antigens are recognized and immunologically rejected as foreign
bodies by normal syngeneic mice (H-2b). In addition animals
that had rejected //-positive cells acquired cross-protective
transplantation resistance against parent tumor cells. These //'-

positive cells failed, however, to augment the original TATA
immunogenicity when compared with parent 3LL/3 tumor
cells.

Many studies indicate that tumor cells, which have been
modified in order to acquire new surface antigens, show
stronger immunogenicity than the original tumor cells (1-18,
25). The most extensive studies in this area have been carried
out using viruses which produce new antigenic determinants on
the surface of tumor cells (3-7, 16-18). Viable rat tumor cells
infected with nonlytic murine leukemia viruses exclusively re
gressed in syngeneic rats after initial temporary growth and
these hosts acquired a strong transplantation resistance against
the uninfected parent tumor (3, 5, 16, 17). Another procedure
for the addition of new antigens involves somatic hybridization
of the tumor cells with allogeneic normal or malignant cells,
The immunological rejection of hybrid cells through foreign
histocompatibility antigens might initiate immunity against
TATA of the tumor (12-15). Such studies are often difficult to
evaluate, however, since they do not include any comparison of
immunogenicity between inactivated hybrid cells and inacti
vated parental cells (13). A transfection experiment using a
single H-2 gene (19-21) might be able to provide a useful means
of analyzing the mechanisms of such augmentation of TATA,
while also making it possible to obtain the tumor cells which
newly express the distinct H-2 antigen as well as possessing the

appropriate amounts of intrinsic H-2 antigens (17).
Concerning the use of class I MHC gene transfection as a

means of augmenting tumor immunogenicity, studies of MHC
gene transfection of tumors might be categorized in one of the
following ways: First, tumors expressing low MHC may be
transfected with syngeneic class I genes in order to strengthen
the class I-restricted recognition of tumor cells ( 19-21 ). Second,
as shown herein, tumors may be xenogenized by transfection
with allogeneic MHC genes; this latter approach, although less
"physiological," provides a more analytical means of under

standing the xenogenization in that the process can be con
trolled and defined antigens can be introduced.

It has been reported that when foreign class I MHC genes
are transfected into normal cells, new class I MHC gene prod
ucts form in association with excess 02-microglobulin (30),
although the amounts of native class I MHC antigens mostly
show no change (21,31). The H-2Ld transfectants used in this
experiment also expressed constant amounts of native D" anti

gens (Table 1), but this did not interfere with the expression of
H-2Ld antigen, for these were able to act as rejection antigens

(Table 2). These results are different from those of Talmadge
et al. (32), who showed that mouse melanoma cells (H-2b)
transfected with an allogeneic H-2Dd gene were not rejected by
syngeneic normal mice, nor even by mice immunized with H-
2d antigens and challenged with /X-positive clones. This differ

ence might be explained by the continuity of expression of the
genes used for transfection. They used the recombinant gene
without an enhancer, in which an H-2Dd gene (approximately
3 kilobase pair) was linked to the pSV-2 neo plasmid alone.
Recombinant genes without an enhancer may be less efficient
in allowing for expression of gene products after transfection
(20, 33). In their experiment, in fact, immunohistochemistry
failed to detect the expression of Dd antigen on the tumor cells
obtained from Â¿T'-positiveclones growing in the H-2d immune
mice. D^-positive clones are therefore thought to be very sen

sitive to down regulation (32). On the other hand, the gene we
used was a native (or authentic) gene (approximately 41 kilobase
pair). Tanaka et al. (20) have reported that the native Ld gene

can express the same level of mRNA and protein as a recom
binant gene with an enhancer consisting of long terminal re
peats when transfected into tumor cells. As for tumor cells
transfected with a foreign class I MHC gene, there is still no
report that the immunization of these transfected cells can
induce any cytotoxic T-lymphocyte activity against the foreign
class I MHC. When these transfected cells are used as target
cells, however, they are sensitive to the cytotoxic activity of
alloreactive cytotoxic T-lymphocytes (33). It is, therefore, rea
sonable to think that 3LL/3 tumor cells transfected with the
native H-2Ld gene show a loss of tumorigenicity in syngeneic

mice.
Our results (Table 5) show that (a) immunity to a "common"

antigen is generated against the parent 3LL/3 clone after in
oculation of the derived sublines, and (b) all sublines are equally
immunogenic for the "common" TATA irrespective of the level
of Â¿''-expression. (The protocol we used might not work for

nonimmunogenic tumors; parent 3LL/3 tumor is weakly im
munogenic.) The TATA immunogenicity of Â¿V-positiveclones
was not augmented, however, when compared with the parent
3LL/3 clone. This may suggest the following three possibilities.
The first is that the antigenic expression of an allogenic H-2L"

gene is too strong for xenogenization to act as a helper deter
minant for TATA augmentation (18, 33). Yamaguchi and Ho-
sokawa et al. (16, 17) have reported that, in tumor cells xeno
genized by a virus, the TATA immunogenicity increases when

3139

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2428166/cr0470123136.pdf by guest on 19 M

ay 2023



XENOGENIZATION OF TUMOR CELLS BY GENE TRANSFER

an appropriate amount of VAA is expressed on the tumor cell
surface, but tends to decrease when the amount of VAA ex
pressed is excessive. They hypothesized that an appropriate
amount of VAA may act as a carrier or helper determinant to
augment TATA immunogenicity, while an excessive amount of
VAA may act as a "competitive antigen" which is responsible

for the reduction of TATA immunogenicity. The second pos
sibility is that allogeneic class I MHC antigens may be unable
to play a role as a helper determinant. Mitchison et al. have
reported that, in the case of alloantigens, it is not H-2 antigens
but non-H-2 antigens which work as helper determinants (34).
The third possibility is that the original TATA antigenicity of
the parent 3LL/3 clone is too weak (or too low) to be recognized
by the mice. When tumor cells with low antigenicity are xeno-
genized by a virus, the increase in the immunogenicity of the
tumor cells is limited, although the tumor cells can regress
spontaneously in a syngeneic host (5). In our experiments, the
LTDso value in the mice which rejected viable Â¿''-positiveclones

was only 30 times greater than that of the parent tumor cells
(Table 4). This augmentation is much smaller than that of
virally xenogenized tumors with high antigenicity, whose
LTDso value is over 1000 times higher than that of the parent
tumor cells (5, 16).

In this experiment, we have attempted to investigate whether
tumor cells can be xenogenized by transfection of a gene.
Present results clearly demonstrate that the gene products
expressed on tumor cells can be recognized as foreign antigens
by the host and that these tumor cells are subsequently rejected
by a host-mediated immune response. In order to advance these
studies (which we have tentatively called "xenogenization of
tumor cells by gene transfer") it is essential to determine which

genes are suitable for increasing the immunogenicity of original
TATA as foreign antigen and which vectors (35) are also
suitable for efficient transfer to tumor cells.
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