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AbstractmThe use of gene-modified tumor cells as a
strategy for active immunotherapy is currently undergoing
intensive fundamental and clinical research. Most clinical
trials use g-ray-irradiated tumor cells as vaccine, although
little is known about the effects of irradiation on the
immunogenicity of tumor cells. In particular, no data
have been reported so far concerning the effects of g-ray
irradiation on the expression of B7 molecules in tumor
cells. In this paper, we show a neoexpression of the B7.1
molecule after g-ray irradiation in tumor cell lines from
different tissues, while the B7.2 molecule remains unex-
pressed in all the cell lines tested. Furthermore, the induc-
tion of B7.1 molecule membrane expression after irradia-
tion is shown to result from the neoexpression of B7.1
mRNA, and to be reproduced with H2O2 oxidative stress.
These data could explain the enhanced immunogenicity of
many tumor cells after irradiation, and could lead to new
immunotherapy protocols.
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Introduction

Tumor cells engineered to express various immunomodu-
latory molecules have shown a promising potential as

vaccines in various experimental animal models [32]. The
results of these studies have provided the groundwork for
numerous clinical trials of gene therapy in cancer patients
[1, 32]. Notably, most protocols in humans are performed
with irradiated tumor cells for safety reasons. It is known
that irradiation of tumor cells often increases their inherent
immunogenicity [13], but the mechanisms of this effect
have not been extensively studied. Some authors have
reported that MHC class I or II molecules show enhanced
expression upon irradiation of tumor cells [21, 25], while
others report an up-regulation of interleukin(IL)-8 or the
costimulatory molecule intercellular adhesion molecule
(ICAM) 1 [36, 37].

However, no data showing the effects of g-ray irradiation
on the expression of B7.1 (CD80) and B7.2 (CD86)
molecules in tumor cells have been reported to date. B7.1
and B7.2 molecules are essential membrane proteins giving
a costimulatory signal necessary to activate T cells [17, 19].
Recognition of MHC class I peptide presentation without
B7 costimulation leads to T cell anergy [18]. B7.1 and B7.2
are normally expressed in activated ªprofessionalº antigen-
presenting cells (APC) [15, 20]. However, B7.1 expression
has also been reported in various tumor cell lines [4] and in
melanoma cells of some patients [22]. The expression of
B7.1 in tumor cells may have physiological significance
since many authors have reported that gene transfer of B7.1
or B7.2 molecules into different tumor cell lines enables
them to generate a strong immune response [9, 23, 34]. In
view of these data, we decided to study the effect of g-ray
irradiation on B7.1 and B7.2 membrane expression in
different tumor cell lines.

We demonstrate that g-ray irradiation selectively induces
B7.1 expression in several tumor cell lines, while B7.2
remains unexpressed after irradiation in all cell lines tested.
These data may have important implications for immu-
notherapy protocols.
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Fig. 1A, BmEffect of g-ray irra-
diation on the expression of B7.1
(A) and B7.2 (B) molecules in
tumor cell lines. Fluorescence-
activated cell sorting (FACS)
analyses were performed under
normal culture conditions (N) or
3 days after g-ray irradiation (IR)
on different tumor cells. M12B
lymphoma cells were used as
controls, stimulated or not with
300 mg/ml dibutyryl-cAMP for
48 h. Cells were immunostained
with either rat anti-(mouse CD80)
monoclonal antibody (white) or
isotype control (black), followed
by phycoerythrin-labeled goat
anti-(rat IgG). This procedure re-
sulted in a very low non-specific
staining for P815 cells (not
shown), requiring the use of
2.4G2 antibody, which blocks
non-antigen-specific binding to
the mouse FcgII/III receptors. It
was followed by the staining with
the rat anti-(mouse CD80)
monoclonal antibody directly
coupled to fluorescein (Figs. 1,
and 2). Experiments were per-
formed three times for each cell
type and gave similar results



Materials and methods

Cell lines and culture

Hepatoma cell lines mhAT3F and mhAT2 were derived from trans-
genic mice synthesizing the simian virus 40 (SV40) large T and small t
antigens in the liver under the control of antithrombin III gene
regulatory sequences [3, 26]. The leiomyoma cell line mM116 was
derived from transgenic mice synthesizing the SV40 large T and small t
antigens in the uterus under the control of a short region of calbindin
D-9K gene regulatory sequences [6]. Hepatoma cells were grown in
Ham F12/Dulbecco's modified Eagle's medium (DMEM)/glutamax
(Gibco, Chagrin Falls, Ohio, USA) medium supplemented with 1%
penicillin/streptomycin, 0.1 mM insulin, 1 mM dexamethasone, 1 mM
triiodothyronine and 5% (v/v) fetal calf serum. Leiomyoma cells were
grown in M199 glutamax (Gibco) medium supplemented with 1%
penicillin/streptomycin, 0.5 mM insulin, 1 mM transferrin, 1 mM
selenium, 0.1 mM estradiol and 10% (v/v) fetal calf serum. MCA-
101 fibrosarcoma [29], P815 mastocytoma and M12 lymphoma [35]
cells were grown in RPMI-1640 medium supplemented with 10% fetal
calf serum, 50 mM 2-mercaptoethanol, 4 mM glutamine, 1 mM sodium
pyruvate and I % combined antibiotics. AK7 mesothelioma cells were
grown in DMEM (Gibco) supplemented with 10% fetal calf serum and
1% combined antibiotics. NIH3T3 cells were grown in the same
medium supplemented with 10% newborn calf serum and 1% com-
bined antibiotics.

Stress induction

For heat-shock treatment, cells were exposed to 42 °C for 2 h and then
returned to 37 °C, and further incubated for 7 h (total incubation time
9 h) (for RNA extraction) or 18 h (for immunostaining with anti-
CD80). For oxidative stress, H2O2 was added to the medium at 1±2 mM
final concentration and cells were further incubated at 37 °C for 9 h
until RNA extraction or 18 h until immunostaining. Irradiation with
45 Gy by a 137Cs source was performed 2 days before RNA extraction
or 3 days before immunostaining, except for the study of B7.1 time-
dependent regulation in irradiated mhAT3F cells (Fig. 2). The different
incubation times were consistent with the known time-dependent
effects of each stimulus on other genes. As a control, M12 B lymphoma
cells were stimulated with 300 mg/ml dibutyryl-cAMP for 48 h [35].

Reverse transcription/polymerase chain reaction (RT-PCR)

Total RNA were isolated from cell lines by lysis in 7 M guanidine
hydrochloride, followed by phenol extraction [10] and reverse tran-
scription into cDNA as described by Akli et al. [2]. The PCR buffer
contained 500 mM of each dNTP, 2 units Taq polymerase (Gibco BRL)
and 200 ng each primer. PCR primer sequences used were as follows:
B7.1 = 59-CAGTTGATGCAGGATACACC-39and 59-TGTTCTTGC-
TATCAGGAGGG-39; b-actin = 59-CGTGGGCCGCCCTGGCACCA-
39 and 59-TGTGCCTTAGGGTTCAGGGGGG-39. Amplification pro-
ducts were run on a 1% (w/v) agarose gel.

Immunostaining

Cells were suspended in phosphate-buffered saline/2 mM EDTA,
washed twice and incubated with either rat anti-(mouse CD80) mono-
clonal antibody (Pharmigen, San Diego, USA) or the isotype control
(rat IgG2a purified protein; Caltag, San Francisco, USA), followed by
phycoerythrin-labeled goat anti-(rat IgG) (Immunotech, Marseille,
France). Immunostained cells were analyzed on a FACScan flow
cytometer (Coulter, Miami, USA) or visualized by fluorescence mi-
croscopy. Staining of P815 cells required the preliminary use of 2.4G2
antibody (Pharmingen) which blocks non-antigen-specific binding to
the mouse FcgII/III receptors. It was followed by staining with the rat
anti-(mouse CD80) monoclonal antibody directly coupled to fluores-
cein (Pharmingen).

Results

Irradiation-induced B7.1 expression in tumor cell lines

Mouse cell lines originating from different tissues and with
different differentiation levels were selected to test the
effects of g-ray irradiation on B7.1 membrane expression;
these include hepatoma cell lines mhAT3F and mhAT2
[3, 26], the leiomyoma cell line mM116 [6], fibrosarcoma
cell line MCA-101 [29], mesothelioma cell line AK7
(submitted), mastocytoma cell line P815 and fibroblast
cell line NIH3T3. B7.1 expression was tested by FACS
analysis 3 days after irradiation with 45 Gy (Fig. 1A). None
of the tumor cell lines tested expressed B7.1 constitutively
on the membrane. However, irradiation induced the neoex-
pression of the B7.1 molecule in P815 cells (95% cells
staining positive), in mhAT2 and mhAT3F hepatoma cells
(60% positive), and, to a lesser extent, in NIH3T3 fibroblast
cells (30% positive) and AK7 mesothelioma cells (25%
positive). mM116 leiomyoma cells and MCA-101 fibrosar-
coma cells failed to express B7.1 on the membrane after
irradiation. M12 lymphoma cells were used as positive
controls for B7 membrane expression; they expressed
B7.1 on the membrane when treated with dibutyryl-cAMP
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Fig. 2A, BmB7.1 immunostaining in live or irradiated P815 mastocy-
toma cells. N normal conditions, IR irradiated cells

Fig. 3A, BmB7.1 time- and dose-dependent regulation in irradiated
mhAT3F hepatoma cells. FACS analyses were performed 8±72 h after
irradiation with 48 Gy (A) or 72 h after mhAT3F cells were irradiated
with 30±48 Gy (B). Data shown are from one of two independent
experiments giving similar results



for 48 h before cell staining (Fig. 1A), in agreement with
previously published data [35].

In contrast, none of the tumor cells tested (mhAT2,
rnhAT3F, P815 or mM116) were B7.2-positive, either
before or after irradiation (Fig. 1B). B7.2 was expressed
in unstimulated M12 lymphoma cells and this basal expres-
sion was further enhanced after treatment with dibutyryl-
cAMP. Watts et al. have reported a slight membrane
expression of B7 molecules in some unstimulated cells
derived from M12, when the CTLA4Ig fusion protein that
recognizes both B7.1 and B7.2 was used [35]. The im-
munostaining of B7 in unstimulated M12 cells may be due
to B7.2 expression. Membrane expression of B7.1 protein
was further established by fluorescence microscopy, as
shown for irradiated P815 cells (Fig. 2b).

Analysis of B7.1 neoexpression in mhAT3F hepatoma cells

mhAT3F hepatoma cells were selected for the further study
of B7.1 neoexpression after irradiation. B7.1 time- and
dose-dependent expression was studied by fluorescence-
activated cell sorting analysis (Fig. 3). Surface expression
of B7.1 protein was seen 8 h after irradiation, and gradually
increased for 3 days (Fig. 3A). B7.1 neoexpression was
shown to be induced by 3 Gy irradiation and to be dose-
dependent (Fig. 3B).

Reactive oxygen species are important mediators of the
effects of g-ray irradiation on gene activation [24]. Further-
more, activation of transcriptional factors by reactive oxy-
gen species resembles that induced by heat shock [31]. Both
of these conditions are known to act via different though
overlapping pathways and to induce heat-shock proteins
[24, 30, 31]. We thus compared the effects of radiation on
B7.1 expression to those of hydrogen peroxide (H2O2) and
heat shock (Fig. 4). RT-PCR revealed no B7.1 mRNA in
non-stressed mhAT3F cells, nor in mhAT3F cells submitted
to 42 °C heat shock for 2 h (Fig. 4A). In contrast, both
irradiation and H2O2 stress induced B7.1 mRNA and
protein expression (Fig. 4A,B). In all cases, a qualitative
correlation was found between B7.1 mRNA and protein
expression, suggesting that B7.1 expression is primarily

regulated at the RNA level, at least under the conditions
used in these experiments.

Discussion

Irradiation induces B7.1 neoexpression in tumor cells

B7.1 membrane neoexpression was induced by g-ray irra-
diation in several tumor cell lines, but not all. This is the
first report to our knowledge that g-ray irradiation induces
B7.1 membrane expression in tumor cells. Irradiation
selectively induced B7.1 neoexpression, since B7.2 mem-
brane expression was not detected in any of the cell lines
tested. B7.1 and B7.2 costimulatory molecules, the respec-
tive functions of which have not been conclusively dis-
criminated [28, 33], are known to be differentially regulated
in APC upon stimulation [20]. The inducibility of B7.1
protein expression by irradiation could depend, to some
extent, on the tissue of origin of each tumor cell line.
Notably, B7.1 expression was detected in tumor cell lines of
fibroblast (NIH3T3) and hepatic (mhAT2 and mhAT3F)
origin, two tissue types known to have antigen-presentation
capabilities. Consistent with the idea that these two cell
types can act as APC in some circumstances, B7.1 protein
expression has been reported in specific liver tissues of
patients with chronic hepatitis C [27], and the embryo-
derived fibroblast cell line C3H10T1/2 has been shown to
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Fig. 4A, BmB7.1 expression in mhAT3F hepatoma cells submitted to
different stress conditions. A Reverse transcriptase/polymerase chain
reaction (20±35 cycles) was performed on RNA extracts from mhAT3F
cells under normal conditions (N) or submitted to heat shock (HS),
irradiation (IR), or 1 mM H2O2. b-Actin oligonucleotides were used in
separate reactions for control of amplification. B FACS analyses of
B7.1 membrane expression in mhAT3F cells under normal conditions
(N) or submitted to heat shock (HS), irradiation (IR), or in the presence
of 1±2 mM H2O2. Cells were immunostained with either rat anti-
(mouse CD80) monoclonal antibody (white) or isotype control (black),
followed by phycoerythrin-labeled goat anti-(rat IgG). Data shown are
from one of three independent experiments giving similar results



express B7.1 constitutively [4]. However, the fibrosarcoma
cell line MCA-101, like the leiomyoma cell line M116,
failed to express B7.1 after irradiation.

B7.1 membrane expression in tumor cells has been
observed in some other rare circumstances. Melanoma
cells in some patients present a slight B7.1 membrane
protein expression that can be increased by various cyto-
kines [22]. Also, a murine B16 melanoma cell line engi-
neered to express the MHC class II molecule has been
reported to show neoexpression of B7.1 and B7.2 proteins
during in vivo tumor rejection [5]. Antonia et at. [4] found
B7.1 protein expression in a pancreatic cell line derived
from transgenic mice expressing the SV40 T antigen. The
authors suggested that oncogenic transformation could
induce B7.1 expression, but that this expression was unable
to result in an effective antitumor immune response because
the associated immunotolerance to transgenic cells. How-
ever in our study, mhAT2, mhAT3F and mM116 cell lines,
derived from tumors of transgenic mice, did not constitu-
tively express B7.1 protein on the membrane (Fig. 1).

Possible mechanisms supportive of irradiation-induced
B7.1 neoexpression

It appears from our data and other reports in the literature
that B7.1 expression occurs in a number of situations,
including transformation and immune rejection (in vivo),
and g-ray irradiation (in vitro), all of which have in common
an increased generation of reactive oxygen species. In our
experiments, we were able to reproduce the effects of g-ray
irradiation using H2O2. Thus, it is possible that the neoex-
pression of B7.1 mRNA we report is induced by the
activation of reactive-oxygen-species-responsive transcrip-
tional factors, like early growth response factor 1 (egr-1) or
NF-kB-like factors, known to be involved in the up-regu-
lation of other genes upon irradiation and H2O2 stress [7,
11]. The promoter region and one cell-type-specific en-
hancer of the B7.1 gene have recently been characterized
[14, 38]; of interest, while no egr-1 elements were found,
one essential region of the enhancer bound several mem-
bers of the NF-KB family in B7.1-positive cells [14, 38].
These proteins could be involved in the neoexpression of
B7.1 in irradiated tumor cells. However, incubation of
mhAT3F cells with the anti-oxidant N-acetyl-L-cysteine
(10 mM) prior to irradiation did not prevent B7.1 neoex-
pression (data not shown), so the involvement of reactive
oxygen species in the effects of irradiation is still unclear.
In addition, UV-B irradiation, known to induce reactive
oxygen species, has been shown to reduce the up-regulation
of B7.1 in activated monocyte APC [ 16], which contrasts
with our observation.

Another possibility could be the involvement of heat-
shock factor, known to induce up-regulation of heat-shock
proteins under stress [31]. However, mhAT3F cells sub-
mitted to heat shock did not express B7.1 mRNA or protein
(Fig. 4), while expressing high levels of hsp72 proteins
(data not shown). In addition, no heat-shock elements have
been found in the B7.1 promoter or enhancer regions [14,

38]. These data suggest that heat-shock factor is not
involved in the irradiation-induced expression of B7.1.

B7.1 mRNA induction

B7.1 mRNA and protein were both induced by irradiation
and H2O2, albeit not by heat shock (Fig. 4). This qualitative
correlation between B7.1 mRNA and protein expression
suggests that B7.1 expression was primarily regulated at the
mRNA level under these conditions, as has been demon-
strated for activated professional APC [15]. In contrast,
Hersey et al. [22] found B7.1 mRNA expression in 50% of
melanoma cells, although most melanoma cells did not
express B7.1 protein on the membrane.

Prospects

In conclusion, we demonstrate a specific B7.1 neoexpres-
sion induced by g-ray irradiation in tumor cells. This
neoexpression of the B7.1 molecule could explain the
irradiation-enhanced immunogenicity of many tumor
cells, which may present the antigen and then directly
prime the lymphocytes, provided that they express both
B7.1 and MHC class I molecules [8]. Consistent with this
idea, animals immunized with irradiated P815 or mhAT2
cells (MHC-class-I-positive, B7.1-positive) develop a long-
lasting antitumor immunity [9] (and personal data). By
contrast, irradiated AK7 cells (B7.1-positive but MHC-
class-I-negative) or MCA101 cells (expressing low levels
of MHC class I and no B7.1) are unable to induce and
enhance systemic immunity [9].

It has recently been reported by Eton et al. [12] that
UV-B irradiation of human melanoma cells induces expres-
sion of the B7.1 molecule, which is associated with tumor
regression in some patients injected with UV-B-irradiated
autologous melanoma cells. This further emphasizes the
importance of the expression of B7 costimulatory mole-
cules in tumor cells used as vaccines. Furthermore, our data
suggest a possible mean of inducing B7.1 molecule expres-
sion in vivo, which could lead to new protocols, investigat-
ing the possible cooperation between tumor irradiation and
immunotherapies.

References

1. Regulatory issues: human gene therapy protocols. (1996) Hum
Gene Ther 7:1064±1078

2. Akli S, Guidotti JE, Vigne E, Perricaudet M, Sandhoff K, Kahn A,
Poenaru L (1996) Restoration of hexosaminidase A activity in
human Tay-Sachs fibroblasts via adenoviral vector-mediated gene
transfer. Gene Ther 3:769

3. Antoine B, Levrat F, Vallet V, Berbar T, Cartier N, Dubois N,
Briand P, Kahn A (1992) Gene expression in hepatocyte-like lines
established by targeted carcinogenesis in transgenic mice. Exp
Cell Res 200:175

4. Antonia SJ, Munoz-Antonia T, Soldevila G, Miller J, Flavell RA
(1995) B7-1 expression by a non-antigen presenting cell-derived
tumor. Cancer Res 55:2253

281



5. Baskar S, Clements VK, Glimcher IH, Nabavi N, Ostrand-Rosen-
berg S (1996) Rejection of MHC class II-transfected tumor cells
requires induction of tumor-encoded B7-1 and/or B7-2 costimula-
tory molecules. J Immunol 156:3821

6. Blin C, L'Horset F, Romagnolo B, Colnot S, Lambert M, Tho-
masset M, Kahn A, Vandewalle A, Perret C (1996) Functional and
growth properties of a myometrial cell line derived from trans-
genic mice: effects of estradiol and antiestrogens. Endocrinology
137:2246

7. Brach MA, Hass R, Sherman ML, Gunji H, Weichselbaum R,
Kufe D (1991) Ionizing radiation induces expression and binding
activity of the nuclear factor kappa B. J Clin Invest 88:691±695

8. Cayeux S, Richter G, Noffz G, Dorken B, Blankenstein T (1997)
Influence of gene-modified (IL-7, IL-4, and B7) tumor cell
vaccines on tumor antigen presentation. J Immunol 158:2834

9. Chen L, McGowan P, Ashe S, Johnston JV, Hellstrom I, Hellstrom
KE (1994) Tumor Immunogenicity determine the effect of B7
costimulation on T-cell mediated immunity. J Exp Med 179:523

10. Chomczynski P, Sacchi N (1987) Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chloroform ex-
traction. Anal Biochem 162:156±159

11. Datta R, Taneja N, Sukhatme VP, Qureshi SA, Weichselbaum R,
Kufe DW (1993) Reactive oxygen intermediates target
CC(A/T)6GG sequences to mediate activation of the early growth
response 1 transcription factor gene by ionizing radiation. Proc
Natl Acad Sci USA 90:2419

12. Day M (1997) Irradiated cells teach immune system to fight
cancer. New Sci 2079:18

13. Dranoff G, Jaffee E, Lazenby A, Golumbek P, Levitsky H, Brose K,
Jackson V, Hirofumi H, Pardoll D, Mulligan RC (1993) Vaccina-
tion with irradiated tumor cells engineered to secrete murine GM-
CSF stimulates potent, specific and long lasting anti-tumor im-
munity. Proc Natl Acad Sci USA 90:3539

14. Fong TC, Wu Y, Kipps TJ (1996) Identification of a promoter
element that regulates tissue-specific expression of the human
CD80 (B7.1) gene. J Immunol 157:4442

15. Freeman GJ, Freedman AS, Segil JM, Lee G, Whitman JF, Nadler
LM (1989) B7, a new member of the Ig superfamily with unique
expression on activated and neoplastic B cells. J Immunol
143:2714

16. Fujihara M, Takahashi TA, Azuma M, Ogiso C, Maekawa TL,
Yagita H, Okumura K, Sekiguchi S (1996) Decreased inducible
expression of CD80 and CD86 in human monocytes after ultra-
violet-B irradiation: its involvement in inactivation of allogenecity.
Blood 87:2386

17. Galvin F, Freeman GJ, Razi-Wolf Z, Hall W Jr, Benacerraf B,
Nadler L, Reiser H (1992) Murine B7 antigen provides a sufficient
costimulatory signal for antigen-specific and MHC-restricted T
cell activation. J Immunol 149:3802

18. Gimmi CD, Freeman GJ, Gribben JG, Gray G, Nadler LM (1993)
Human T-cell clonal energy is induced by antigen presentation in
the absence of B7 costimulation. Proc Natl Acad Sci USA 90:6586

19. Gimmi CD, Freeman, GJ, Gribben JG, Sugita K, Freedman AS,
Morimoto C, Nadler LM (1991) B-cell surface antigen B7 pro-
vides a costimulatory molecule that induces T cells to proliferate
and secrete IL-2. Proc Natl Sci Acad USA 90:6586

20. Hathcock KS, Laszlo G, Pucillo C, Linsley P, Hodes RJ (1994)
Comparative analysis of B7-1 and B7-2 costimulatory ligands:
expression and function. J Exp Med 180:631

21. Hauser SH, Calorini L, Wazer DE, Gattoni-Celli S (1993). Radia-
tion-enhanced expression of major histocompatibility complex
class I antigen H-2Db in B16 melanoma cells. Cancer Res 52:1952

22. Hersey PSZ, Smith MJ, Thomas WD (1994) Expression of the co-
stimulatory molecule B7 on melanoma cells. Int J Cancer 58:527

23. Katsanis E, Bausero MA, Panoskaltsis-Mortari A, Dancisak BB,
XU Z, Orchard PJ, Davis CG, Blazar BR (1996) Irradiation of
singly and doubly transduced murine neuroblastoma cells expres-
sing B7-1 and producing interferon-gamma reduces their capacity
to induce systemic immunity. Cancer Gene Ther 3:75

24. Keyse SM (1993) The induction of gene expression in mammalian
cells by radiation. Semin Cancer Biol 4:119

25. Klein B, Loven D, Lurie H, Rakowsky E, Nyska A, Levin I,
Klein T (1994) The effect of irradiation on expression of HLA
class I antigens in human brain tumors in culture. J Neurosurg
80:1074

26. Levrat F, Vallet V, Berbar T, Miquerol L, Kahn A, Antoine B,
(1993) Influence of the content in transcription factors on the
phenotype of mouse hepatocyte-like cell lines (mhAT). Exp Cell
Res 209:307

27. Mochizuki K, Hayashi N, Katayama K, Hiramatsu N, Kanto T,
Mita E, Tatsumi T, Kuzushita N, Kasahara A, Fusamoto H,
Yokochi T, Kamada T (1997) B7/BB-1 expression and hepatitis
activity in liver tissues of patients with chronic hepatitis C.
Hepatology 25:713

28. Natesan M, Razi-Wolf Z, Reiser H (1996) Costimulation of IL-4
production by murine B7-1 and B7-2 molecules. J Immunol
156:2783

29. Papa MZ, Mule JJ, Rosenberg L SA (1986) Antitumor efficacy of
lymphokine-activated killer cells and recombinant interleukin 2 in
vivo: successful immunotherapy of established pulmonary metas-
tases from weakly immunogenic and nonimmunogenic murine
tumors of three district histological types. Cancer Res 46:4973

30. Sen CK, Packer L (1996) Antioxidant and redox regulation of gene
transcription. FASEB J 10:709

31. Storz G, Polla BS (1996) Transcriptional regulators of oxidative
stress-inducible genes in prokaryotes and eukaryotes. Experimen-
tia Suppl 77:239

32. Tepper RI, Mule JJ (1994) Experimental and clinical studies of
cytokines gene-modified tumor cells. Hum Gene Ther 5:153

33. Thompson CB (1995) Distinct roles for the costimulatory ligands
B7-1 and B7-2 in T helper cell differentiation? Cell 81:979

34. Townsend SE, Su FW, Atherton JM, Allison JP (1994) Specificity
and longevity of antitumor immune responses induced by
B7-transfected tumors. Cancer Res 54:6477

35. Watts TH, Alaverdi N, Wade WF, Linsley PS (1993) Induction of
costimulatory molecule B7 In M12 B lymphomas by cAMP or
MHC-restricted T cell interaction. J Immunol 150:2192

36. Yakamana R, Tanaka R, Yoshida S (1993) Effects of irradiation on
cytokine production in glioma cells. Neurol Media Chir 33:744

37. Zamai L, Rana R, Mazzotti G, Centurione L, Di Pietro R, Vitale M
(1994) Lymphocyte binding to K562 cells: effect of target cell
irradiation and correlation with ICAM-1 and LFA-3 expression.
Eur J Histochem 38[Suppl]1:53

38. Zhao J, Freeman GJ, Gray GS, Nadler LM, Glimcher LH (1996) A
cell type-specific enhancer in the human B7.1 gene regulated by
NF-kappaB. J Exp Med 183:777

282


