nus of mature glucoamylase. Because
both the primary signal peptidase cle-
veage and the secondary trypsin-like
processing occur efficiently for pre-pro-
glucoamylase, it may be possible to use
the glucoamylase signal sequence to di-
rect secretion of other foreign proteins
from yeast.
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Reversal of Oncogenesis by the
Expression of a Major Histocompatibility
Complex Class I Gene

Kenichi Tanaka, Kurt J. Isselbacher, George Khoury, Gilbert Jay

The immune system is involved not
only in defense against infections but
also against ‘‘spontaneously derived”’
aberrant cells (/). This latter immune
function appears to be essential for the
removal of autonomous cell variants that
presumably arise frequently in multicel-
lular organisms (2).

The development of malignant tumors,
therefore, represents not only neoplastic
transformation but the failure of host
resistance to eliminate certain abnormal
cells. Transformation of a cell is insuffi-
cient to ensure its escape from immune
surveillance. Cells transformed in cul-
ture very often do not induce tumors
when transplanted back into immuno-
competent syngeneic hosts (3). It is
those properties of certain tumor cells
allowing them to resist immune recogni-
tion that are ultimately responsible for
their tumorigenicity (4).

The major histocompatibility complex
class I (H-2) antigens (designated K, D,
and L in mice) are indispensable for the
presentation of cells bearing ‘‘foreign’’
antigens to the cytotoxic T lymphocytes
(5). The finding that certain malignant
tumors, including teratocarcinomas (6),
eccrine porocarcinomas (7), and cervical
carcinomas (8), have markedly reduced
or nondetectable levels of class I anti-
gens at the cell surface (in contrast to
their normal cellular counterparts) sug-
gests a possible mechanism for their es-
cape from immune surveillance. In sup-
port of this hypothesis is the recent find-
ing that cells transformed by the highly
oncogenic strain of human adenovirus
(Ad12), in contrast to the nononcogenic
strain (Ad5), also express reduced levels
of class I antigens on their surfaces (9,
10).

This observation with Ad12 provides

Kenichi Tanaka, George Khoury, and Gilbert Jay are members of the Laboratory of Molecular Virology,
National Cancer Institute, Bethesda, Maryland 20205. At the time this work was done Kurt J. Isselbacher
was a Fogarty Scholar on leave of absence from the Gastrointestinal Unit, Massachusetts General Hospital,
and Harvard Medical School, Boston, Massachusetts 02114.

26

27. (Cl9 igZ) Langford and D. Gallwitz, Cell 28, 519

28. K. S. Zaret and F. Sherman, ibid., p. 563.

29. C. E. Ballou, in Molecular Biology of the Yeast
Saccharomyces: Metabolism and Gene Expres-
sion, J. N. Strathern, E. W. Jones, J. R. Broach,
Eds. (Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y., 1982), pp. 335-360.

30. R. Sheckman and P. Novick, ibid., pp. 361-398.

31. D. Beach and P. Nurse, Nature (London) 290,
140 (1981).

32. M. A. Innis and F. McCormick, Methods Enzy-
mol: Interferon, part C, in press.

33. M. J. Holland and J. P. Holland, Biochemistry
17, 4500 (1978).

34. J. M. Bailey and N. Davidson, Anal. Biochem.
70, 75 (1976).

35. A. L. Tarentino, T. H. Plummer, Jr., F. Maley,
J. Biol. Chem. 249, 818 (1974).

36. S. D. Emr, R. Schekman, M. C. Flessel, J.
;l;l;%gt;er, Proc. Natl. Acad. Sci. U.S.A. 80, 7080

37. We thank the following colleagues at Cetus who -
provided advice or assistance: M. Moreland, J.
Flatgaard, D. Inlow, A. Ben-Bassat, K. Mullis,
E. Ladner, E. McCallan, J. Davis, and T.
White. We thank R. Wickner and J. Thorner for
providing the kex2 yeast strain used in this
study. A portion of this research was supported
at Cetus by National Distillers and Chemical
Corporation.

17 September 1984; accepted 13 December 1984

an experimental system for demonstrat-
ing that the absent or reduced expression
of class I antigens is directly responsible
for oncogenicity. We now show that
transfection of a functional class I gene
into a highly tumorigenic Adl2-trans-
formed cell line that expresses no detect-
able class I surface antigens resulted in
its complete loss of oncogenicity. This
finding indicates one possible mecha-
nism for the escape of certain tumors
from immune surveillance and suggests
future therapeutic approaches for the
reversal of certain malignancies.

Expression of genes encoding class 1
antigens in Ad12-transformed mouse cell
lines. Since it was not clear whether the
suppression of class I antigens by Ad12
occurred only in rat cells and since at
least one other study did not substantiate
this finding (1), we sought to confirm
and extend the observation. Two Ad12-
transformed cell lines, designated
C57AT1 and C3AT1 (12), established by
transformation of embryonic cell cul-
tures derived from C57BL/6 and C3H
mouse strains, respectively, were select-
ed.

Polyadenylated [poly(A)*] RNA was
extracted from these two cell lines and
was compared to a preparation from
nontransformed BALB/c3T3 cells by
Northern blot analysis (Fig. 1). To deter-
mine the relative amounts of RNA in
the three samples, the RNA blot was
first hybridized with a 3?P-labeled geno-
mic actin probe (Fig. 1, panel A). All
three cell lines expressed comparable
levels of an RNA transcript (~20S) char-
acteristic of actin messenger RNA. Sub-
sequent hybridization of the same RNA
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blot with the Ad12 early region 1A (E1A)
genomic probe revealed the expression
of the 125 and 135 RNA species (as well
as a larger precursor component) in both
C57AT1 and C3AT1 cells, but not in
BALB/c3T3 cells (Fig. 1, panel B). An
~235 RNA species (and a precursor)
hybridized to the early region 1B (E1B)
genomic probe in the two Adl2-trans-
formed cell lines but not in BALB/c3T3
cells (Fig. 1, panel C). The expression of
E1A and EI1B functions in both C57AT]I
and C3AT1 cells demonstrated that the
cell lines are stably transformed by
Adl12.

The expression of class I genes in
these cells was examined with a comple-
mentary DNA (cDNA) probe derived
from a segment of the L gene that detects
all of the class I transcripts that accumu-
late in the cell (Fig. 1, panel D). An 185
species, characteristic of class I tran-
scripts, was readily detected by this
probe in RNA from BALB/c3T3 cells;
no hybridization was observed with
C57AT1 RNA, and a very low amount of
hybridization was seen with C3ATI
RNA. Since the amount of RNA in all
three cell lines was comparable (see Fig.
1, panel A), class I gene expression was
totally suppressed in C57AT1 cells and
reduced more than 20-fold in C3ATI
cells.

Because expression of class I antigens
on the cell surface requires that the anti-
gens physically associate with B,-micro-
globulin (/3), attempts to modulate the
transcription of class I genes in Adl12-
transformed cells depend on the B,-mi-
croglobulin gene being active. The levels
of transcription of the B,-microglobulin
gene were comparable among the three

Fig. 1 (left). Characterization A
of messenger RNA expressed
in Adl2-transformed mouse
cells by Northern blot analy-
sis. Poly(A)* RNA obtained
from BALB/c3T3 cells (lanes
1), C57AT]1 cells (lanes 2), and
C3AT1 cells (lanes 3), was
fractionated in a 1.0 percent
agarose gel, in the presence of
formaldehyde, as described
(28). The RNA was then trans-
ferred from the gel to a nitro-
cellulose membrane and the
resulting RNA blot was hy- 1.:2°8
bridized successively to one of

cell lines (Fig. 1, panel E). Differences
between cell lines were observed in the
broadness of the bands in the Northern
analysis. This suggests that while both
potential B,-microglobulin polyadenyla-
tion sites appear to be utilized in BALB/
¢3T3 and C3AT]1 cells, only the down-
stream recognition signal may be utilized
in CS7ATI cells. Since there is no evi-

were injected into C3H/HeJ mice. As
class I molecules are the major trans-
plantation antigens responsible for graft
rejection, the Adl2-transformed cells
should also be accepted in allogeneic
immunizations. The C57ATI cells (H-2°
haplotype) induced a virtually 100 per-
cent tumor response in BALB/c mice
(H-2¢ haplotype) at a dose of 5 x 10°

Abstract. The classical transplantation antigens (the major histocompatibility
complex class I antigens) play a key role in host defense against cells expressing
foreign antigens. Several naturally occurring tumors and virally transformed cells
show an overall suppression of these surface antigens. Since the class I molecules
are required in the presentation of neoantigens on tumor cells to the cytotoxic T
lymphocytes, their absence from the cell surface may lead to the escape of these
tumors from immunosurveillance. To test this possibility, a functional class I gene
was transfected into human adenovirus 12-transformed mouse cells that do not
express detectable levels of class I antigens; the transformants were tested for
expression of the transfected gene and for changes in oncogenicity. The expression
of a single class I gene, introduced by DNA-mediated gene transfer into highly
tumorigenic adenovirus 12—transformed cells, was sufficient to abrogate the oncoge-
nicity of these cells. This finding has important implications for the regulation of the

-malignant phenotype in certain tumors and for the potential modulation of oncoge-

nicity through derepression of the endogenous class I genes.

dence that the two RNA species have
different translational efficiencies (14),
there is no reason to suspect that the
expression of B,-microglobulin is per-
turbed in either Adl2-transformed cell
line.

The effect of class I antigen expression
on tumorigenicity. The tumorigenicity of
both transformed cell lines was tested in
syngeneic hosts. Complete tumor re-
sponse was observed when S x 10°
C57AT]1 cells were injected into C57BL/
6 mice, and a comparable response was
also found when 5 x 10° C3AT1 cells

LT RTa R R PR ERETS

cells. The higher cell dose required for
allogeneic immunization (BALB/c mice),
as compared to syngeneic immunization
(C57BL/6 mice), might be explained by
the involvement of minor histocompati-
bility antigens or the presence of residual
class I antigens in C57AT]1 cells.

The fact that Ad12-transformed cells
are highly tumorigenic even across histo-
compatibility barriers provided the op-
portunity to introduce, by DNA-mediat-
ed gene transfer, a cloned class I gene
whose product was serologically and
biochemically distinguishable from those

five 3?P-labeled DNA probes at 45°C in 50 percent formamide, Sx standard saline citrate, 10 percent dextran sulfate, and 5x Denhardt’s solution.
(Panel A) Nick-translation probe derived from a genomic clone of human actin (29); (panel B) nick-translation probe derived from a genomic
clone of Ad12 E1A gene (30); (panel C) nick-translation probe derived from a genomic clone of Ad12 E1B gene (30); (panel D) single-stranded
primer-extension probe derived from an L cDNA clone that spans the region encoding amino acid 237 to a position 239 base pairs downstream
from the termination codon in the region of all class I genes (28); (panel E) nick-translation probe derived from a cDNA clone of mouse By

microglobulin (/4). The top arrow indicates the position of 285 ribosomal RNA and the bottom arrow that of 18S ribosomal RNA.

Fig. 2

(right). The construction of a recombinant plasmid that carries the complete L4 gene immediately downstream of the Rous sarcoma virus LTR. In
addition to the plasmid origin of replication and the gene for ampicillin resistance (Ap®), the pRSV vector contains the RSV LTR (I5) which is fol-
lowed by the SV40 t-antigen splice site and polyadenylation site (A,) (16). A single Bgl II recognition sequence has been placed at the 3’ side of
the LTR for the insertion of a partial Bam HI fragment of ~4.5 kilobases which contains the entire L¢ gene.
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encoded by the endogenous loci which
are suppressed in these transformed
cells.

To avoid the possibility that the Ad12
function, which is directly or indirectly
responsible for repression of the endoge-
nous class I loci, might also suppress the
exogenously introduced class I gene, the
cloned LY gene was modified by the
replacement of its 5’ flanking sequences
with the Rous sarcoma virus long termi-
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Fig. 3. Characterization of messenger RNA
expressed in individual clones transfected
with either the native L¢ gene or the RSV L¢
gene. Poly(A)" RNA obtained from the pa-
rental tumor CS7AT1 (lanes 1), from four
individual clones with the transfected L¢
gene, designated L8 (lanes 2), L9 (lanes 3),
L12 (lanes 4), and L14 (lanes 5), and from
three individual clones with the transfected
RSV LY gene, designated R2 (lanes 6), R3
(lanes 7), and R4 (lanes 8). The RNA was
fractionated in a 1.0 percent agarose gel and
transferred to a nitrocellulose membrane. The
resulting RNA blot was hybridized with a
nick-translation probe derived from a geno-
mic clone of the Ad12 E1A gene (30) (A),
denatured, and rehybridized with an end-
labeled synthetic oligonucleotide probe that is
specific to the L gene (25) (B). The top arrow
in each panel indicates the position of 28§
ribosomal RNA and the bottom arrow that of
18S ribosomal RNA.

28

nal repeat (RSV LTR) (15). The RSV
LTR contains both a transcriptional en-
hancer and a promoter (/6) (Fig. 2). In
this chimeric construction, all of the ex-
ons of the L¢ gene were retained, includ-
ing that encoding the polyadenylation
site (I7). Since the S’ cap site of the L¢
gene has not been identified, we must
presume that initiation of transcription
will be directed by the RSV promoter. In
either case, the size of the L¢ transcript
would not be detectably different.

The cloned L¢ and the chimeric RSV
L4 genes were separately introduced into
CS7ATI1 cells by cotransfection with
pRSVNEO (a derivative of pBR322 car-
rying the neomycin resistance gene un-
der the control of the RSV LTR) in the
presence of G418 selection (/8). Individ-
ual neomycin-resistant clones were first
tested for the stable integration of the
appropriate L9 gene. Poly(A)* RNA was
obtained from two sets of transformants,
one group transfected with the LY gene
(designated clones L8, L9, L12, and
L14) and the other with the RSV L9 gene
(designated clones R2, R3, and R4).
These RNA’s and RNA from the original
C57ATI1 tumor (as control) were then
analyzed by Northern blot hybridization
(Fig. 3). The Ad12 E1A genomic probe
was used for hybridization to establish
the maintenance of the transformed phe-
notype and that the relative amount of
RNA was comparable among the sam-
ples (Fig. 3A). All seven transformants
expressed similar levels of both Adl2
El1A and EIB transcripts. For reasons
that are unclear, the relative abundance
of the E1A transcript in each of the
transformants was higher than in the
parental C57AT1 tumor.

To determine whether the transfected
class I gene was expressed in the stable
transformants, a synthetic oligonucleo-
tide probe specific for the L gene was
used (Fig. 3B). All transformants,
whether transfected with the authentic
L9 gene or the chimeric RSV LY gene,
expressed detectable but varying levels
of L-specific transcripts. No hybridiza-
tion was detected when a synthetic oligo-
nucleotide probe specific for the K gene
(an endogenous class I gene) was used
with the RNA blot described in Fig. 3.
This suggests that expression of the
transfected LY gene was not accompa-
nied by derepression of the endogenous
K" gene. Thus, the Ad12 function cannot
act, either directly or indirectly, in trans
to repress the expression of the trans-
fected LY gene. This is true whether it is
under the control of its own regulatory
elements or under the control of a heter-
ologous regulatory sequence such as the
RSV LTR. There was no detectable dif-

ference in efficiency between the ho-
mologous and heterologous control sig-
nals. The class I gene expression in clone
L9 (transfected with the authentic L¢
gene) and clone R4 (transfected with the
chimeric RSV L gene) are much higher
than those observed in other transfor-
mants, but are comparable to levels ob-
served in BALB/c3T3 cells.

The cell-surface localization of the L¢
antigen in both L9 and R4 was confirmed
by indirect immunofluorescence staining
of live cells with an L%specific monoclo-
nal antibody, designated 30.5.7 (Fig. 4).
While this antibody did not detectably
stain the parental C57ATI cells (panel
A), both L9 (panel B) and R4 (panel C)
showed intense fluorescence at the cell
surface comparable to that observed
with BALB/c3T3 cells. Incubation of the
same set of cells with a KP-specific
monoclonal antibody, designated 34.1.2
(19), resulted in no detectable cell sur-
face fluorescence. This finding also con-
firms that the endogenous class I genes
remained suppressed while the transfect-
ed LY gene was efficiently expressed.

Since the C57ATI cells are highly tu-
morigenic when transplanted - into
BALB/c mice and express high levels of

Fig. 4. Immunofluorescent staining of the L¢
antigen on the surfaces of individual clones.
CS57ATI1 cells (panels A), L9 cells containing
the transfected L9 gene (panels B), and R4
cells containing the transfected RSV L9 gene
(panels C) were trypsinized, incubated with a
mouse monoclonal antibody 30.5.7 directed
against the LY antigen (19), further treated
with rhodamine-conjugated rabbit antibody to
mouse immunoglobulin G, and visualized
with a fluorescence microscope (31). Each
field of cells was photographed both with
bright-field optics (left) and with fluorescence
optics (right).
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the corresponding class I surface antigen
when transfected with the BALB/c-de-
rived LY gene, it was possible to deter-
mine whether oncogenicity induced by
Ad12 could be reversed by the expres-
sion of a class I antigen that is syngeneic
with the host. Two high-producer clones
(L9 and R4) and two low-producer
clones (L8 and R3), together with the
parental C57ATI1 cell line, were tested
for tumorigenicity in BALB/c mice (Fig.
5). While the low-producer clones L8
and R3 were as tumorigenic as C57ATI1,
high-producer clones 1.9 and R4 were
greatly reduced in tumorigenicity. At a
cell dose of 3 x 107, 50 percent of the
animals died (TDso) at about 28 days for
the control and low-producer cells, and
at about 55 days for the high-producer
cells (Fig. 5C). When the number of cells
in the inoculum was reduced to 1 x 10’
per animal, the TDs, for the control and
low-producers was found at 37 days, and
that for the high-producers was delayed
to >60 days (Fig. 5B). When the cell
number was further decreased to 5 x 10°
per animal the TDs for the control and
low-producers was about 40 days (as an
average); there were virtually no deaths
observed for the high-producer clones
(Fig. SA). Regardless of the cell dose,
the clones expressing high levels of the
transfected LY gene (clones L9 and R4)
were much less tumorigenic in BALB/c
mice (H-2¢ haplotype) than the parental
cells.

A determination of the average tumor
size in each group of animals also led to
this conclusion (Fig. 6). At a dose of
5 x 10° cells, C57ATI and R3 cells in-
duced gradual increases in tumor size
that ultimately led to the death of virtual-
ly all animals. In contrast, R4 cells in-
duced tumors which rapidly regressed;
all of the animals ultimately appeared
“‘cured”” and healthy (Fig. 6A). When
the cell dose was increased to 1 x 107,
the induction of tumors by C57AT1 and
R3 was more rapid. At this dose, R4 cells
induced a bimodal response reflecting
rapid regression of tumors in some, but
not all, animals (Fig. 6B). This bimodal
response induced by R4 cells was detect-
able even at a dose as high as 3 x 107
cells (Fig. 6C). These findings are con-
sistent with the interpretation that tumor
growth outpaces the rejection response
when the tumor cell dose is sufficiently
high. In other words, when the challeng-
ing dose is not too high, the host suc-
ceeds in completely eradicating all tumor
cells. With increasing tumor doses, few-
er and fewer individuals are capable of
completely resisting the challenge. Nev-
ertheless, the host response is indicated
by the increase in the survival time
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of all animals within the group.

As further demonstration that the L¢
antigen on the surface of the transfected
clones is recognized by the immune sys-
tem, both L9 and R4 cells, along with
C57AT]1, were transplanted into CS7BL/
6 (H-2" haplotype) mice. Since the L¢
gene was derived from BALB/c (H-2¢
haplotype) mice, this immunization was
expected to induce an allogeneic reac-
tion which would lead to the rejection of
both L9 and R4 cells, but not the control
CS57ATI1 cells. The results obtained are
in agreement with this expectation (Fig.
S5, D to F) and confirm the immune
recognition of the novel class I antigen in
these cells.

Discussion. The effectiveness of the
host’s immune system in recognizing and
destroying tumor cells depends not only
on the magnitude of the immune re-
sponse but also on the capacity of tumor
cells to evade destruction. The lack of
recognition by the immune system will
suffice to allow tumor cells to escape
surveillance, a phenomenon that will
permit tumors to grow, metastasize, and
kill.

Since neoantigens on tumor cells are
recognized only in context with MHC
class I antigens (5), failure to react to a
foreign determinant can simply be the
result of a deficiency in expression of
endogenous class I antigens. There is

evidence to suggest that some benign
tumors express class I antigens while
malignant tumors of the same tissue deri-
vation do not. This correlation is based
on clinical observations with, in particu-
lar, teratocarcinomas (6), eccrine poro-
carcinomas (7), and cervical carcinomas
@®.

In confirmation of a previous observa-
tion with rat cells (10), we have observed
that mouse embryo cells transformed by
Ad12 have greatly reduced or undetect-
able levels of expression of class I anti-
gens. Transfection of a cloned class I
gene containing its own regulatory ele-
ments resulted in efficient expression
under conditions where the endogenous
genes are repressed. We have demon-
strated that the Ad12 function directly or
indirectly responsible for the suppres-
sion of class I gene expression cannot act
solely in trans. Furthermore, introduc-
tion of a functional class I gene into the
highly tumorigenic Ad12-transformed
cell line resulted in complete loss of

. oncogenicity at certain tumor cell doses.

However, as the challenging dose in-
creased, tumor growth outpaced the mo-
bilization of the rejection response de-
spite the expression of class I antigens.
Although survival was significantly pro-
longed due to immunological interven-
tion, virtually all animals eventually suc-
cumbed to a high dose of tumor cells.
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Fig. 5. Survival rates of mice injected with varying doses of tumor cells. Groups of ten mice,
either BALB/c or C57BL/6, were each given a subcutaneous injection in the thigh with a fixed
dose of cells in phosphate-buffered saline. The mice were 6 weeks old at the start of the
experiments. Cell lines used were C57AT1 (@0—@), L8 (A—A), L9 (A- -A), R3 (O—O), and R4

(O--0).
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This latter observation supports the ra-
tionale for removing or killing portions of
the cells either by surgery or radiation
treatments (or both), in conjunction with
any attempt at immunotherapy for the
treatment of cancer.

While the suppression of class I gene
expression has been demonstrated with
transformed cells in culture, a similar
phenomenon may also be achieved by
immunoselection in syngeneic hosts. Al-
though cells transformed by SV40 in
culture continue to express class I anti-
gens, their serial passage in a syngeneic
host results in enhancement of tumorige-
nicity and concomitant suppression of
class I gene expression (20). It seems
likely that the low level of expression of
class I antigens in several natural tumors
(7, 8) is the result of similar immunose-
lection processes which results in their
escape from surveillance.

Suppression of MHC class I genes is
not a universal characteristic of malig-
nant tumors. In fact, in certain instances,
stimulation of these genes has been ob-
served. Lymphomas in AKR (H-2* hap-
lotype) mice, for example, show a signif-
icant increase in total class I antigens on
the cell surface (21). This change appears
to be a reflection of a marked increase in
the expression of the D¥ antigen (22).
The level of the K¥ antigen, however,
remains essentially unchanged, although
an increase or decrease has been ob-
served in a small number of individual
lymphomas (22). This observation is not
restricted to AKR lymphomas but is
also true in radiation leukemia virus
(RadLV)—-induced thymomas (23). One
such AKR leukemia cell line (designated
K36.16), which expresses a reduced lev-
el of K* but a fourfold increase in DX,
was used to determine whether the intro-
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3x 107 was measured. The cell lines
plotted were C57AT1 (A), R3
210 L 4'0 4 (O), and R4 (@).

duction of a K* gene by transfection has
an effect on tumorigenicity (24). While
the results were consistent with the
transfected KX gene in the atypical
K36.16 cell line inducing tumor rejec-
tion, the implications of that experiment
are not entirely clear because of the
variability in the expression of the KX
antigen and the marked increase in the
DX antigen in AKR lymphomas in gener-
al.

Suppression of class I genes has been
observed in a variety of carcinomas (6—
8), which are derived from epithelial cell
types. The generality of this observation,
however, awaits the analysis of more
carcinomas with well-defined DNA
probes (25). In the case of Ad12-induced
tumors, the expression of all class I
genes is coordinately suppressed. The
addition of a single class I gene was able
to significantly reduce the oncogenicity
of the Adl2-transformed cell line. This
result, therefore, does not support the
argument that different class I antigens
play different yet essential roles in the
immune response.

One approach to cancer therapy may
be to modulate the expression of endoge-
nous class I genes in certain tumor cells.
Success in such attempts will depend
upon defining the factors that regulate
the expression of this family of MHC
genes in both normal and transformed
cells (26). A potential group of immuno-
modulators which may play such a role
are the interferons. The «, B, and vy
interferons induce a marked increase in
the surface expression of class I antigens
(27). While the molecular mechanism for
this phenomenon has not been defined,
our results suggest that it may underlie
the efficacy of interferon in the treatment
of certain malignancies.
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