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A. Introduction 

Transplantation experiments have clearly 
demonstrated the existence of unique (indi
vidual) tumor-specific antigens on cancers 
induced by physical or chemical carci
nogens. These antigens often induce a tu
mor-specific immune response upon immu
nization with a tumor which protects the 
host against a subsequent challenge with the 
same tumor, but not against a challenge with 
any other independently induced tumor [1]. 
Unique antigens were observed even when 
the tumors were induced with the same car
cinogen in the same organ system in the 
same strain of mice [2]. This finding of 
unique tumor specificity raises questions 
about the mechanism by which these tumor
specific antigens are generated. The critical 
questions regarding such unique tumor-spe
cific antigens ar~ their composition, genetic 
origin, and possible role as target antigens 
for the immune system. However, the identi
fication of tumor-specific antigens that 
cause tumor rejection has proven to be ex
tremely difficult in the past. Serological 
probes with unique tumor specificity are dif
ficult to obtain [3], and the serologically rec-
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ognized antigens may not be the target for 
tumor rejection [4] that is primarily T-cell 
mediated [5]. 

We used UV-induced tumors of mice for 
studying the nature of tumor-specific 
antigens for the following reasons: (a) the 
unique tumor-specific rejection antigens on 
UV -induced tumors are stronger than those 
on chemically induced tumors, in that UV
induced tumors often regress after trans
plantation into normal mice even without 
prior immunization; (b) several of the tu
mor-specific rejection antigens on one such 
UV-induced regressor tumor, called 1591-
RE, have been defined by cytolytic T-cell 
clones; (c) monoclonal antibodies with 
unique specificity for this UV -induced re
gressor tumor have been generated which 
reacted with novel MHC class I molecules 
on this tumor; and (d) the genes encoding 
the antibody-recognized novel class I mole
cules have been cloned and identified by 
transfection. We describe here the relation
ship between the novel MHC class I mole
cules encoded by the cloned genes and the 
rejection antigens of the 1591 tumor. Re
cently, we found that one of the novel 1591 
class I genes encodes an antigen that causes 
immunological tumor rejection in normal 
mice [6]. Transfection of this novel class I 
gene into a 1591 progressor tumor variant 
leads to the rejection of the gene-transfected 
progressor tumor, demonstrating that a sin
gle gene can revert the progressive growth 
behavior and establish the regressor pheno
type characteristic of the parental 1591-RE 
tumor. 



B. Results 

The 1591 tumor contains three novel class I 
genes designated 216,166, and 149 which ac
count for the abnormal reactivity of the tu
mor cells with MHC class I-specific mono
clonal antibodies [7]. The gene 216 encodes 
an antigen that is selectively recognized by 
the 1591 tumor-specific antibody CP28 [8]. 
The molecules encoded by the genes 149 and 
166 cross-react with monoclonal antibodies 
specific for allogeneic MHC class I antigens. 
Together, the three 1591 class I genes 216, 
166, and 149 can account for all the novel 
MHC class I determinants expressed by 
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Fig.t. The 1591 class I genes 216,166, and 149 ac
count for all the novel MHC class I determinants 
that are expressed by the parental 1591-RE tu
mor. Furthermore, the novel class I gene 216 se
lectively encodes for the antigen reactive with the 
syngeneic tumor-specific monoclonal antibody 
CP28. Shown is the binding of nine MHC class I
specific monoclonal antibodies to the parental 
1591 tumor (1591-RE1) or to mouse L cells trans
fected with the 1591 class I genes 216, 166, and 
149, respectively. Untransfected L cells do not 
react with any of the nine monoclonal antibodies 
(not shown). The fluorescence-activated cell 
sorter, FACS IVB, was used to determine the indi
rect fluorescence listed as binding ration, i.e., flu
orescence of the cells stained with the first (anti
MHC class I) and second (fluoresceinated goat 
anti-mouse) antibody over the fluorescence of the 
cells stained with the second antibody alone. The 
bars (left to right) indicate the binding of the anti
bodies CP28, 34-2-12 (Dd), 34-5-8 (Dd), 28-14-8 
(LdDb,q), 34-4-20 (LdDd), 30-5-7 (LdDqLqLb), 23-
5-21 (DbDdDS,q,p), and CP3F4 to the tested cells 
(Reproduced from Ref. 6 with permission of the 
editors) 
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Fig. 2. The 1591 class I gene 216 encodes the 
antigen that is recognized by the tumor-specific 
anti-A CTL clone. This T-cell clone defines the A 
antigen on the 1591 tumor as rejection antigen be
cause it selects in vitro from the parental regressor 
tumor for antigen loss variants that grow progres
sively in normal mice. The two 1591 regressor tu
mors with the phenotype (A +B+C-D-) and (A + 
B-C-D-), and the 216 gene-transfected L cells 
are lysed by this CTL clone. L cells transfected 
with the 1591 class I genes 149 or 166 or the A -
variants of the 1591 tumor or an unrelated UV-in
duced C3H tumor (2240-RE) are not lysed in a 
4.5-h 51Cr release assay. (A, B, C, and Dare CTL 
defined 1591 tumor-specific antigens) (Repro
duced from Ref. 6) 

1591 tumor cells (Fig. 1). In addition, the 
1591-RE1 tumor expresses multiple inde
pendent CTL-defined antigens [9] each of 
which can independently cause tumor rejec
tion. In the first part of our study, we deter
mined whether any of the three novel MHC 
class I genes (216, 166, or 149) encoded the 
antigen recognized by anti-A CTL. We have 
shown previously that tumor variants se
lected for the loss of the anti-A CTL-defined 
antigen are no longer rejected by normal 
mice [10] implicating a close linkage between 
(or even identity of) the A antigen and the 
antigen leading to tumor rejection. How
ever, careful attempts to block A antigen
specific CTL clones with antibodies specific 
for anyone of the three novel class I MHC 
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antigens encoded by the 216, 166, or 149 
genes failed [11]. Therefore, the relationship 
of the serologically defined novel class I 
antigens to the CTL-defined antigen re
mained uncertain. We transfected the novel 
1591 class I genes into mouse L cells and 
used these gene-transfected cells as targets 
for the 1591 tumor-specific CTL lines. 
Figure 2 shows that only the 216 gene-trans
fected L cell line was killed by the anti-A 
CTL line while L cells transfected with the 
166 gene or the 149 gene were not affected by 
the anti-A CTL clone. The A -B+C-D- or 

Table 1. Reversal of malignant growth in normal 
mice by transfection of the novel class I gene 216 

Cell linea Expression Tumor incidence C 

of the 216 
gene Normal Nude 
product b mIce mIce 

1591-PRO + 1/5 d 2/2 
TR216-:1 

1591-PRO + 0/5 2/2 
TR216-:1 
Total 1/10 (10%) 

1591-PRO 5/5 2/2 
TR216-:-3 

1591-PRO 4/5 2/2 
TR216-:-4 
Total 9/10 (90%) 

1591-PRO 5/5 (100%) ND 
TR216.1 
reisolate d 

1591-PRO 8/10 (80%) ND 
1591-RE + 0/10 (0%) 2/2 

a A clone of the progressor tumor, 1591-PRO was 
transfected with the 216 gene and the neomycin
resistant gene. The G418 drug-resistant cell pop
ulation was cloned and two clones which ex
pressed the 216 gene-encoded antigen (1591-PRO 
TR216-:1 and 1591-PRO TR216:2) and two 
clones which did not express the 216 gene-encoded 
antigen (1591-PRO TR216-:-3 and 1591-PRO 
TR216 -:- 4) were used to challenge five normal mice 
or two nude mice with tumor fragments con
taining > 108 tumor cells. 
b Expression of the 216 gene product was de
termined by F ACS IVB analysis using the mono
clonal antibody CP28 that specifically recognized 
this gene product and a fluoresceinated second 
antibody. Cell lines designated positive for ex
pression of the 216 gene product stained at least 
two times above background (binding ratio > 2), 
while all cell lines designated negative for 216 gene 
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the A -B-C-D- variants of the 1591 were 
not killed. As expected, however, the A +B
C - D - variant of 1591 was killed by the anti
A CTL, as was the A +B+C-D- parental 
1591-RE regressor tumor line. Anti-B, anti
C, or anti-D CTL did not kill any of the L 
cells transfected with the novel MHC class I 
genes (not shown). Together, our data 
clearly indicate that the 216 gene-encoded 
novel class I antigen is recognized by both 
the CP28 monoclonal antibody (Fig. 1) as 
well as the anti-A CTL clone (Fig. 2). 

We have shown previously that all the in 
vivo- or in vitro-derived progressor variants 
of the 1591-RE tumor had lost all three 
novel class I genes 216, 166, and 149 simulta
neously [6]. It was not clear whether the 
presence of the 216 gene would alone be suf
ficient to establish the regressor phenotype. 
To test this, we introduced by transfection 
the 216 gene into a progressively growing 
A - 1591 variant, designated 1591-PRO, 
which had lost all three novel class I genes. 
This progressor tumor was cotransfected 
with the 216 gene and the gene encoding the 
enzyme amino glycoside phosphotransferase 
which confers resistance to the drug 0418. 
The 0418-resistant cell population was 
cloned and 24 of 77 clones expressed the 216 
gene-encoded antigen as determined by their 
reactivity with the CP28 antibody. Two 216 
genes expressing, A antigen-positive clones, 
designated TR216+.1 and TR216+ .2, and 
two negative clones, designated TR216-.3 

expression stained less than 1.5-fold above back
ground (binding ratio < 1.5). 
C Number of mice with progressively growing 
tumors/number of mice challenged. Mice receiv
ing the 216- clones died within approximately 6 
weeks due to the large tumor burden. The mice 
that were challenged with the 216+ transfectants 
did not develop tumors even after 4 months, 
except for one mouse that grew out an antigen loss 
variant approximately 2.5 weeks after injection. 
All cell lines used in this experiment readily 
formed tumors in nude mice. 
d One of the mice injected with the transfected 
1591-PRO TR216-:1 cell line developed a pro
gressively growing tumor that was reisolated 
(designated 1591-PRO TR216.1 reisolate) and 
reanalyzed for expression of the 216 gene by 
F ACS IVB (Fig. 3) and for tumor incidence in 
normal mice. (Reproduced from Ref. 6) 
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Fig.3. Loss of expression of the transfected 216 
gene in a reisolated 1591-PRO tumor that grew 
progressively despite transfection with the 216 
gene. The 216 gene-transfected tumors analyzed 
are the same as those used for the experiments de
scribed in Table 1. Thefirst panel shows the histo
gram of the 1591-PRO TR216+.1 cell line and the 
second panel shows the histogram of the 1591-PRO 

and TR216-.4, which were G418 resistant 
but did not express the 216 gene-encoded 
antigen were analyzed further. Cells of these 
four clones were injected into nude mice and 
fragments of the growing tumors were used 
to challenge normal animals. The use of tu
mor fragments grown in nude mice ensured 
that the cloned transfectants were still ca
pable of growing as a malignant tumor in 
nude mice. Table 1 shows that the 216 gene 
expressing TR216 + .1 clone grew out in only 
one of five animals and the 216 gene express
ing TR216+.2 clone was rejected in all ani
mals despite the fact that the mice were chal
lenged with a large tumor dose (> 108 cells). 
In contrast, the clones TR216 -.3 and 
TR216 -.4 which do not express the 216 
gene-encoded antigen grew in five of five 
and four of five mice, respectively, and all 
these mice died of progressive tumor 
growth. The single tumor which grew out in 
one of the animals that were challenged with 
the 216 gene expressing TR216 + .1 clone was 
readapted to culture and analyzed for the ex
pression of the 216 gene-encoded antigen 
with the fluorescence-activated cell sorter. 
All cells of the reisolate were negative for the 
216 antigen, indicating that the cells either 
lost the transfected 216 gene or that its ex
pression was prevented by some other mech
anism. This variant that did not express the 
216 gene-encoded antigen was injected into 
five normal animals and tumor growth re
sulted in all the mice (Table 1). Together, 

TR216.1 reisolate. Cells were incubated with the 
monoclonal antibody CP28 followed by incuba
tion with fluerescein-coupled goat anti-mouse im
munoglobulin antibodies (--) or incubated with 
only the goat anti-mouse immunoglobulin (-). 
Ten thousand cells were analyzed with the F ACS 
IVB. (Reproduced from Ref. 6) 

these data indicate that the stable expression 
of the 216 gene-encoded antigen is sufficient 
to change the phenotype of a progressor tu
mor so that it is rejected by the normal ani
mal. Furthermore, the loss of the expression 
of this 216 antigen in transfected tumor cells 
allows these cells to regain the progressor 
phenotype characteristic of the untrans
fected parental progressor tumor. 

C. Discussion 

Many years ago, studies clearly demon
strated that tumor-specific antigens that are 
distinct (unique) for each individual tumor 
can lead to a complete immunological de
struction of experimental cancers. However, 
the molecules eliciting (and being the target 
of) these immune responses have remained 
obscure. We have cloned and analyzed the 
genes encoding novel class I molecules ex
pressed by a UV-induced murine skin tu
mor, designated 1591, to determine their 
role in the immunobiology of tumor rejec
tion and tumor progression. Several lines of 
evidence clearly indicate that one of these 
genes, called gene 216, encodes an antigen 
that elicits 1591 tumor-specific rejection and 
is the target molecule of tumor rejection: 

1. The 216 gene-encoded antigen must be 
lost before the tumor can grow progres
sively in a normal immunocompetent 
mouse. Southern blot analysis showed 
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that all of the in vivo- or in vitro-derived 
progressor variants analyzed had lost the 
216 gene [6]. 

2. The molecule encoded by the 216 gene is 
specifically recognized by the A antigen
specific cytolytic T-cell clone that we 
have previously shown to select in vitro 
for progressor variants from the parental 
regressor tumor cell line. 

3. The most conclusive evidence comes 
from the fact that transfection of the 216 
gene into progressively growing 1591 tu
mor variants leads to the expression of 
the 216 gene-encoded antigen on the tu
mor and to complete rejection of all cells 
expressing this antigen. Thus, the pro
gressor tumor reverted to the parental re
gressor phenotype following transfec
tion. 

Unique tumor-specific transplantation 
antigens are antigenically distinct for inde
pendently induced tumors. These different 
antigens may, therefore, be encoded either 
by numerous different unrelated genes or by 
a single gene which underwent multiple dif
ferent mutational changes. Alternatively, 
these antigens might be encoded by the 
members of a gene family such as the immu
noglobulin genes, the T-cell receptor genes, 
the MHC class I and class II genes, or the 
genes of the mUltiple retroviral proviruses 
which are present in the murine genome. 
Some of these gene families are known to 
contain the coding information for a large 
variety of distinct molecules and could 
therefore account for the observed remark
able antigenic polymorphism among tumor
specific transplantation antigens. It is inter
esting to notice that even a single malignant 
cell can express multiple unique tumor-spe
cific antigens as has been shown for the tu
mor P815 [12] or 1591-RE [9]. To determine 
whether these antigens are encoded by a 
family of related genes or by multiple unre
lated genes, it is necessary to analyze more 
tumors and to identify molecularly and ge
netically more unique tumor-specific trans
plantation antigens. 

Another important and still unresolved 
question regarding the origin of unique tu
mor-specific antigens is whether the genes 
encoding such antigens are preexisting in the 
genome or whether these genes appear as the 
result of somatic mutation and as such re-
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present the product of the mutagenic action 
of carcinogens. Previous studies demon
strating unique antigenicity of each of the in
dependent transformants which were all de
rived from one single parental cell seemed to 
suggest somatic carcinogen-induced muta
tions as a likely mechanism [13]. However, it 
was not excluded by these studies that the 
carcinogen treatment activated heritably, 
but at random, different preexisting, pre
viously silent genes. Such a mechanism 
could also account for the observed immu
nogenicity of tumors in the autochthonous 
host [2]. In order to determine whether so
matic mutations are involved in the malig
nant transformation and in the generation 
of tumor-specific antigens, we are presently 
searching for genetic changes in tumor cells 
which are not present in normal cells of the 
same individual. 
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